




A TEXT BOOK OF
PHARMACEUTICAL CHEMISTRY·I

(INORGANIC)
(FOR FIRST YEAR DIPLOMA & B.Pharm.)

(According to New Syllabus as Prescribed
by P.C.I. in Education Regulation 1991,

Implemented in the y~ar ~ 993)

By:
Dr. Mohammed Ali

Faculty of Pharmacy
Jamia Hamdard (Hamdard University)
Hamdard Nagar. New Delhi-11 0 062

~
CaS--------._.". ......

CBS Publishers Ii Distributors Pvt. Ltd.
New Delhi • Bengaluru • Chennai • Kochi • Kolkata • Mumbai

Hyderabad • Nagpur • Patna • Pune • Vijayawada



Disclaimer 

Science and technology are constantly changing fields. New research and experience broaden the scope of 
infonnation and knowledge. The authors have tried their best in giving information available to them while 
preparing the material for this book. Although, all efforts have been made to ensure optimum accuracy of the 
material, yet it is quite possible some errors might have been left uncorrected. The publisher, the printer and 
the authors will not be held responsible for any inadvertent errors, omissions or inaccuracies. 

elSBN: 978-93-883-2776-3

Copyright© Authors and Publisher 

First eBook Edition: 2018 

All rights reserved. No part of this eBook may be reproduced or transmitted in any form or by any means, 
electronic or mechanical, including photocopying, recording, or any infonnation storage and retrieval 
system without permission, in writing, from the authors and the publisher. 

Published by Salish Kumar Jain and produced by Varun Jain for 
CBS Publishers & Distributors Pvt. Ltd. 

Corporate Office: 204 FIE, Industrial Area, Patparganj, New Delhi-I !0092 

Ph: +91-11-49344934; Fax: +91-11-49344935; Website: www.cbspd.com; www.eduport-global.com; 

E-mail: eresources@cbspd.com; marketing@eduport-global.com 

Head Office: CBS PLAZA, 4819/XI Prahl ad Street, 24 Ansari Road, Daryaganj, New Delhi-I I 0002, 

India. Ph: +91-11-23289259, 23266861, 23266867; Fax: 011-23243014; Website: www.cbspd.com; 

E-mail: publishing@cbspd.com; eduportglobal@gmail.com. 

Branches 

Bengaluru: Seema House 2975, 171h Cross, K.R. Road, Banasarikari 2nd Stage, Bengaluru - 560070, 

Karnataka Ph: +9 l-80-26771678/79; Fax: +91-80-26771680; E-mail: bangalore@cbspd.com 

Chennai: No.7, Subbaraya Street Shenoy Nagar Chennai - 600030, Tamil Nadu 

Ph: +91-44-26680620, 26681266; E-mail: chennai@cbspd.com 

Kochi: 36/14 Kalluvilakam, Lissie Hospital Road, Kechi - 682018, Kerala 

Ph: +91-484-4059061-65; Fax: +91-484-4059065; E-mail: kochi@cbspd.com 

Mumbai: 83-C, 1" Door, Dr. E. Moses Road, Worli, Mumbai - 400018, Maharashtra 

Ph: +91-22-24902340 - 41; Fax: +91-22-24902342; E-mail: mumbai@cbspd.com 

Kolkata: No. 6/B, Ground Floor, Rameswar Shaw Road, Kolkata - 700014 

Ph: +91-33-22891126 - 28; E-mail: kolkata@cbspd.com 

Representatives 

Hyderabad 

Pune 

Nagpur 

Manipal 

Vijayawada 

Patna 



PREFACE

In every bral\ch of science, whether basic or applied, cherllistry
plays a very s if~rlificarlt role. PharlnaCelttical inorganic chemistry
is concernecl \\'ith tIle cllelnistry, properties, assay Inethods and
uses ofinorgaillc products. The book is interlded for use by the
undergraduate sttldetlts of pharmacy course according to the
Education Regulation-199I of the Pllannacy Council of India.
This edi~ion follows tile general arrangement and classification
of drugs as mentioned ill the syllabus. The general format of
presentation of each cornpound includes introduction,
preparation, physical cllaracters. chenlical properties,
identification tests. ptlrity tests, assay metllo<ls and uses.

1"he allthor has recei-J'e(l sllport and encouragement from
InarlY people. First. I \vitil to tllank all readers of my previous
books who appreciated the COIllplill\ents. I also acknowledge a
very pleasant and contirlliining association with Shri Satish
Kumar Jain and Vinod Kumar Jain, CBS Publishers &
Distributors. Tile project could not have been completed without
their encouragcInent alld assistance. Much of the book's final
form and appearance are dtle to contintlOtlS efforts of Mr. Sunil
Kumar OWr. Stlper Conlputers who has typeset it on a laser
printer. I also feel pleaStlre in expressing my sincere thanks to
Professor (Dr.) C.1. Jolly. Department of Pharmacognosy and
Phytochemistry. prine K.lVl. KUlldani College ofPllarmacy, Worli
Seaface. BOlnbay, Mrs. Sarita Gupta. Pharmacy College,
Bangalore, Mr. ShamimAhmed. DehatVikas CollegeofPharmcy,
Taigaon, Faridabad, Mrs. Pratibha Nand and Mrs. Neelima Gael.
Maharaja Surajrnal IIlStitute ofPharmacy and Technology, New
Delhi, Mr. P.N. Raju, College of Pharmacy, New Delhi, and Mr.
Sllahid H. Ansari, Faculty of Pharmacy, Jamia Hamdard, New
Delhi for providingexaminationquestion papers oftheir respective
Instittltions. I express my indebtedness to those authors of
monographs, articles and books from which I have gained so
ffillCll irlforrnation for conlpiling the mamuscript. Finally. my
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greatest debt of gratitude is to my family lnembers for b,~iIlg

supportive in tinles of stress and for assisting witll tIle tasks of
mantlscript preparation. No major professional project call be
undertaken withallt a cooperation of one's fanliIy.

Being a scieIltist, I appreciate the value of criticism. The
quality ofscience inlproves throughcriticaldecussions. Therefore,
constrtlctive suggestions, comments and criticism on the subject
matter of the book will be gratefully acknowledged as they will
certainly help to itnprove future editions of the books.

Dr. Mohammed Ali
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SYLLABUS

PHARMACEUTICAL CHEMISTRY-I

1. General discussion on the following inorganic compounds
including important physical and chemical properties,
medicinal and pharmaceutical uses, storage conditions
and chemical incompatibility.
A. Acids, bases and buffers - Boric acid, Hydrochloric

acid, strongammonium hydroxide, Calcium hydroxide,
Sodium hydroxir1~and official buffers.

B. Antioxidants - Hypophosphorous acid, Sulpher dioxide,
Sodium bisulphite, Sodium meta-bisulphite, Sodium
thiosulphate, Nitrogen and Sodium Nitrite.

C. Gastrointestinal agents :
(i) Acidifying agents - Dilute hydrochloric acid.

(ii) Antacids - Sodium bicarbonate, AluminiuDl
hydroxide gel, Aluminium Phosphate, Calcium
carbonate, Magnesium carbonate, Magnesium
trisilicate, Magne&ium oxide, combinations of
antacid preparations.

(iii) Protectlves and Adsorbents - Bismuthsubcarbonate
and Kaolin.

(iv) Saline cathartics - Sodium Potassium tartrate and
Magnesium sulphate.

D. Topical Agents :
(i) Protectives - Talc; Zinc oxide, Calamine, Zinc

stearate, Titanium dioxide, Silicone polymers.
(ii) Antimicrobials and Astringents - Hydrogen peroxide,

Potassium permanganate, CWorinated lune, Iodine,
Solutions of iodine, Povidone-iodine, Boric acid,
Borax, Silver nitrate, Mild silver protein, Mercury.
Yellow mercuric oxide, Ammoniated mercury.



(iii) Sulphur and its compounds - Sublimed sulphurs,
precipitated sulphur, Selenium sulphide.

(iv) Astringents: Alum and Zinc sulphate.
E. Dental products - Sodium fluoride, Stannous fluoride,

Calcium caroonate, Sodium meta phosphate, Dicalcium
phosphate, strontium chloride, Zinc chloride.

F. Illhalants - Oxygen, Carbon dioxide, Nitrous oxide.
G. Respiratory stinlulants - Ammonium carbonate.
H. Expectorants and Emetics - Ammonium cWoride,

Potassium iodide, Antimony potassium tartrate.
1. Antidotes - Sodium nitrite.

2. Major Intra and Extracellular electrolytes:
A. Electrolytes used for replacement therapy - SodiuIIl

cWoride and its preparations, Potassium chloride and
its preparations.

B. Physiological acid-base balance and electrolytes used­
Sodiumacetate, Potassiumacetate, Sodium bicarbonate
injection, Sodium citrate, Potassium citrate, Sodium
lactate injection, Ammonium chloride and its injection.

C. Combination oforal electrolyte powders and solutions.
3. Inorganic official compounds of Iron, Iodine, and Calcium

Ferrous Sulfate and Calcium gluconate.
4. Radio pharmaceuticals and Contrast media-Radio activity­

Alpha, Beta and Gamma Radiations, Biological effects of
radiations, Measurement of radio-activity G.M. Counters­
Radioisotopes-their uses, storage and precautioI1S with
special reference to the official preparations.
Radio Opaque Contrast Media - Barium Sulfate.

5. Quality control ofDrugs and Pharmaceuticals-Importance
of quality control, significant errors, methods used for
quality control, sources of impurities in Pharmaceuticals.
Limit tests for Arsenic, chloride, sulfate, Iron and Heavy
metals.

6. Identification tests for cations and anions as per Indian
Pharmacopoeia.
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INTRODUCTION

Inorgatlic phannaceutical c}lemistry deals with the preparatioll, assay
metllods and uses of inorganic agents used as phannaceutical aids and
as therapeutic and diagnostic agents. The acids, bases, buffer, alltioxidants,
water, etc. are the products used as pllannaceutical aids. The prodllcts
containing fluid electrolytes atld other iOIIS, antacids, protectives,
cathartics, topical agents, delltal products, irlllalaIlts, antidotes,
astringents, respiratory stimulants, expectorants and emetics are the
important therapeutical agents. Racliophannaceuticats are elnployed
both as diagnostic and as therapeutic products. 1I10rganic compounds
are also used as radiopaque contrast media, tablatingaids aIld suspending
agents.

Medicinal substatlces and pharmeceutical aids are included in
monographs of the pharmacopoeia of each cOUIltry and are considered
as official records. An official substance is required to comply with
certain standards of purity specified ill the phannacopoeia and may
often contain some other substances for specific reasons. For example,
all oxidants generally contain preservatives which reduce their oxidising
action. Official cWorofonn contains 1-2%. of ethyl alcohol to retard the
formation and to inactivate phosgene gas which is formed in contact with
the air during storage.

Monograph

Aphannacepoeiaitlcludes introductorysectionwhichsummarizes changes
in the current editions, general notice, monographs of official drugs,
preparations, appendices, etc. The mon.ographs give information about
titles, chemical fonnulae, description, solubilities, identification and
puritytests ,metllods ofassays, storage conditions, labelliIlg, preparations,
action and uses, and doses. The following points are considered for writing
a monograph.
Titles: The names ofthe pharmacopoeial drugs, preparations, substances
and process are given with capital initial letters in Ellglish.
Chemical Formulae : The graphic and molecular formulae and the
molecular weight are given at the beginning of the monograph.

This information refers to the chemically pure substarlces and is not
to be regarded as an itldlcation of the purity of the drug.
Chemical Names: Chernical names of specified substances are glven in
the monographs as employed by the International Union of Pure and
Applied Chelnistry (IUPAC).
Molecular Weights: 'fl'1e Glolecular weights are givell 011 the basis of
atomic weights alld of elements adopted by the IUPAC.
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stone age of making stone implements, this practice is recognised as
about 1000 years old.

PREHISTORIC PHARMACY

Prehistoric people gathered plants for medicinal purpose. By hit and
trial methods they gained kno.wledge of healing properties of certain
natural substances which grew with the passage oftime. The knowledge
gained by tribals was kept a secret. Some ofthe medicinal which were
sometimes used as food, spices or channs were apparently so widespread
that it hindered any necessity for a special class of drug gatherers and
keepers. The art of primitive pharmacy was mastered by all who
practised the domestic medicine.

WHAT IS PHARMACY

Pharmacy is the art and science ofpreparing and dispensing medications
and providing drug-related information to the public. It is concerned
with reading of prescriptions, compounding, packing in suitable/
appropriate container, labelling and dispensing ofdrugs. The mission of
pharmacy is to serve the suffering mankind and society.

For this purpose, a pharmacist is the right person to look all these
aspects because he is educated and trained for this job. They are experts
on medication. Pharmacists are considered the most suitable members
of healthcare team. Moreover, he can be approached easily whenever
need arises because he is the first source of assistance and can render
advice on many ailments and healthcare matters.

.EDUCATION

Previously diploma in phannacy was the basic qualification for registration
as a pharmacist but now the qualification for registration as a pharmacist
has been raised to B.Pharmacy by Pharmacy Council of India (PCI)
and All India Council for Technical Education (AICTE). Here the
students of pharmacy are taught different subjects like pharmaceutics,
pharmacology, industrial pharmacy, pharmacognosy, medicinal chemistry,
biopharmaceutics and clinical pharmacy. Courses in social and
administrative pharmacy as well as pharmacy law are also required to
be studied during the course. Some other courses are becoming more
prominent such as hospital pharmacy, nuclear pharmacy and
management and various research specialities in the pharmaceutical
industry.
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SCOPE

Pharmaceutical education offers various opportunities to pharmacists
with advanced degrees in any ofthe professional specialities. Increasing
enrolments and changes in curricula at colleges to meet the employment
needs of the future result in an increased need for college level trained
teachers/instructors. Potentially higher salaries, more freedom for doing
research and publications ofthe research work in educational/scientific
journals, independence of action and cultural surroundings in
pharmaceutical education make teaching quite attractive as compared
to education in other fields. Moreover, in pharmacy line there is a great
scope of advancement for all spheres.

Industrial pharmacy offers opportunities to pharmacists with degree
level qualification for employment in various fields of pharmacy. The
largest number of pharmacists are involved in marketing and
administration. Some manufacturers employ pharmacists as their
professional service representatives to educate physicians and
pharmacists about the manufacturer's products. This can be a rewarding
career for persons with good personality and motivation which proves
for his ability and very good salary and promotion. Pharmacists with
masters degree in pharmacy and business administration or additional
degrees in law find better opportunities in pharmace'utical industry in
marketing, sales and legal departments. With all these qualifications the
pharmacist can serve in production and quality control and can be
absorbed at various supervisory positions to run the affairs of the
pharmaceutical industry in a proper and appropriate manner.

Since there are large opportunities in pharmacy profession that is
why the people are attracted more to get a professional degree in
pharmacy so as to absorb themselves at most valuable and rewarding.
positions. Due to all these qualities pharmacy profession is respected
and gaining popularity in the field of education because by joining
profession ofpharmacy one can serve the suffering mankind and ailing
humanity.

PHARMACOPOEIAS AND FORMULARIES

The books containing the standards for drugs and other related substances
are known as pharmacopoeias and formularies; collectively these books
are known as the drug compendia. The pharmacopoeias or the
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Category : It generally represents an application of the best known
pharmacological action of the article or of its active ingredient.
Doses : Doses are mentioned for general guidance and represent the
average of quantities as suitable for adults. The oral doses may be
represented three to four times in 24 hours.
Usual Strength: It indicates the strength(s) normally marketed and
which the phannacist should dispense.
Description : It indicates properties of an article complying with the
standards. They may help in the preliminary ofthe integrity ofan article.
Odour and Taste: The terms 'odourless' or 'practically odourless' are
descriptive onl)' and are not to be regarded as standards of purity for a
particluar lot ofan article. Whetl there is an odour, it is mentioned in the
monograph.

Statements on taste are provided only in cases where this property
is a guide to the acceptability of the material.
Solubility: Defferent descriptive phrases used are: very soluble, freely
soluble, soluble, sparingly soluble, stightl.y soluble, very slightly soluble
and insoluble or practically insoluble.

The statemellts on solubility are not standards or tests for purity,
but are provided primarily an itlfonnation, aIld are applied at ambient
temperature.
Official Standards: A substance is not ofphannacopoeial quality unless
it complies with all the requirements stated under ·standards'.

Where the standard for a substance described in a monograph is
expressed in terms ofchemical formula for that substance and upper limit
is not stated, the upper limit is not more than the equivalent 100.5 per
cent.
Limits and Tolerances: Limits ofcontents are given in a monograph and
they are detennined by the metllod prescribed therein.

Where limits are expressed numerically, the upper and lower limits
of a range are inclusive. The values are expressed as precentages or as
absolute numbers.

The limits and tolerances stated in the definitions in the monograph
allow for analytical error, for unavoidable variations in manufacture and
compounding, and for deterioration.
Abbreviated Statements in Monographs : Incomplete sentences are
employed in parts of the monographs for directness and brevity (for
example. Iodine value.... or Arsenic-not more than.... parts per million).
Where the tests are so abbreviated, it is to be understood that the page
nunlber Sl10\V11 designates tIle relevant procedure to be followed, and the
values sl)ecified are the required limits.
General Monographs: These are 1l10110graphs whicll describe dosage
fonns and include requiremellt ofgeneral application and r 0 qllirelnents
of tests which apply to all tIle monographs for tIle relevant dosage form.
Other Requirements: In the nlonographs 011 dosage forms tInder the
sub-heading 'otller reqtliremellts' are iltcluded tIle rcquirenlents of tests
detailed iIl the gelleral monographs on dcs~ge fOITIlS sue}l as Capsllles,
Inje~tions, Tablets, etc.
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Tests and Assay. : A specification for a definite size or type of container
or apparatus in tests or assay is given. Concentrations of solutions are
mentioned. The term 'water bath' means a bath of bolling water.
Sometimes specific temprature is indicated. The term 'desiccator' means
a tightly-closed container of suitable size and design. The term 'vaccum
desiccator'means a desiccatorthat maintainsth~lowmoistureatmosphere
at a reduced pressure.
Expression of Strengths : In defining standards, the expression 'per
cent' is used with one offour different meanings:percent wIw (percentage
weight in weight); per cent wIv(percentage weight in volume); per cent v I
w (percentage volume in weight); per cent v/v (percentage volume in
volume) express the number ofgrams or milllitres ofactive substance in
100 grams or mililitres of product.
Limits of Impurities : In certain tests, the concentration of impurity
represented by the test is given in parts per million by weight (ppm) or as
a percentage.
Percentage of Alcohol: All statements of percentage of alcohol refer to
volume ofC

2
Hs-OH at 15.56°.

Reagents and Solutions: Their nature, degree of purity and the
strengths of the solutions to be made from them are mentioned.
Reference Substances andStandardPreparations: Theseofantibiotics
and other substances are authentic specimens that have been verlfted for
s¢tability for use as comparison standards.
Solvents : The term 'solution' implies a solution in 95 per cent v Iv of
ethanol. The term 'ethyl alcOll01' means absolute alcohol or dehydrated
alcohol.
Procedure : Assay and test procedures are provided for determining
compliance with pharmacopoeial standards ofidentity, strength, quality
and purity. In assays and tests, the quantity to be taken is indicated.
Assay and test procedures may be performed on the undried or unignited
substances.
Dllution : When required a solution is accurately diluted by adding water
or other solvent in one or more steps.
Filtration: When directed, the liquid is filtered through a suitable filter
paper or equivalent device until the filtrate is clear.
Blank Determination : Any necessary correction is made by a blank
determination using the same quantities and the same procedure, but
omitting the substance being examined.
Identification Tests: The identification reactions of Ions and groups of
substances are mentioned.
Ignition to Constant Weight: The specification 'ignite to constant
weight' means tllat ignition shall be continued at 800 ± 25°, unless
otherwise indicated. I

Indicators : ApproxiInately 0.1 nil or three drops of indicators Sllall be
added, unless otherwise directed.
Loss on Drying and Water : Absorbed water or \vater of llydration is
determined by drylng under specified conditions. Loss in weight also
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represents residual volatile constituents including organic solvents as
well as water.
Negligible: The term 'negligible' indicates a quantity not exceeding 0.5
mg.
Temperature: All temperatllres iII a monographs are expresed in celsius
(Centigrate) scale aIld all measurement are made at 25°.
Pressure Measurements: Pressure has been indicated in terms of'mm
of mercuny' or 'Torr'.
Normal Temperature and Pressure : This refers to an atmosphere
pressure of 760 Torr and a temperature of ()<>.

Time Limit: In COIlducting the tests and assays, five minutes shall be
allowed for the reaction to take place, othenvise specified.
Vacuum: The term 'in vacuo' or 'lll vaClluru' denotes exposure to a
pressure of less thatl 20 Torr.
Biologicaland MicrobiologicalTests and Assays: Tllese are ascertained
the purity of the material and to deterlnine the total activity of the drug
in a container.
CalculationofResults : The resttlts ofassays s}lould be calclilated to Olle
decimal place more than ~nu:cated in tIle requirelnellt.
Packaging, Storage and Lab·~lling : The 'contailler' is tIle device that
holds the article. The container should not interact physicallyor chemically
with the article placed in it so as to alter the strength, quality, or purity
ofthe article beyond the official requirements. A light-resistant container
protects the contents from the effects of light. A well-closed container
protects the contents from extraneous solids and from loss of the article.
A tightly closed container protects the contents from contamination by
exraneous liquids, solids or vapours, from loss of the article from
effervescence, deliquescence or evaporation. A gas cylinder may be
considered to be a metallic, tightly-closed container designed to hold gas
under pressure. A single dose container is designed to hold a quantity of
drug equivalent to a single dose. A multiple-dose container is designed to
pennit withdrawal ofsuccessive portion ofthe contents without changing
the strength, quality or purity of the remaining portion.
Storage: The terms used under this sub-llead are : 'cold' means any
temperature in between 2 to 8°: 'cool' means any temperature between 8
to 25°: 'room temperature' means the temperature prevailing in a working
area; 'excessive heat' is any temperature above 400; 'warm' means any
temperature between 30 and 400.

Where no specific directions are indicated in the individual
monograph, it is to be ullderstood that the storage conclitions include
protection from moisture, freezing and excessive heat.
Labelling: In some cases, adclitional informatioIl which must be stated
on the label is specified in the monograph.
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ACIDS AND BASES

There CIre many COI1CCl)1s ofacids and bases. An acid has a sour
taste, t\lrJl blll('litlllUS paper red and )1as pH lower thall 7. A base
llas a bitter taste, turJ1S litll1US paper bltle and has pH higher
tl1an 7. Trle Illi!leral acids, hydrochloric, nitric and sulphuric
acids. are whoBy iOllized in dilllte sOllltion and SllO\V apparent
dissociation constants greater thall one.

Arrhenius Theory (1887) : Acids are sllbstances which on
dissolution in water provide protolls (H+, hydrogen ions) and
bases are substances \Vllich on dissolving in water yields
hydroxyl ions (OH-).

liC] > H+ + CI- (Acidic)

NaOH "'----': Na+ + -OH (Basic)

Acids and bases react each other to yield water alld a salt.
The reaction is known as Ilelltralization.

HCl + NaOll ~ I-I
2
0 + NaCI

WIlen an acid yields excess concentration of protons, it is
known as strong acid and wIlen a base gives large amount of
hydroxyl ions it is termed a strong base. IftIle degree ofionization
is less, then they are called as weak acids or weak bases. The
ionization takes places only in aqtleous solution and the theory
is not applicable for solid substances; for basic substances like
ammonia and sodium carbonate which do not contain hydroxyl
grOltp, for acidic COlllpoUllds like carbon dioxide or sulphr.r
dioxide which do not contain protons and for non-aqueol1:~

systems. The neutralization ofan acid and Fl base in the abse'4 ''::c

of a solvent does not take plac~,
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Bransled-Lowry Theory (1923) : An acid is a substance that
can donate a proton to any other substance and a base is a
substance that accept a proton from any other substance. Th~•. ~~,
an acid is a proton donor and a base Is a proton acceptor. They
are conjugated to each other in a reaction.

HA <:: .... A- (conjugate base) + H+ (proton)

HCl <:: >. H+ + CI- (conjugate base)

H2S04 c:::: H+ + 5°42
- (conjugate base)

CH
3
COOH <:: H+ + CH

3
COO- (conjugate base)

NH
4
+ <:: >. H+ + NH

3
(conjugate base)

H2P04 <::: ..... H+ + I-IPO,,2- (conjugate base)

H
3
P0

4
<::: >. H+ + H

2
P0

4
- (conjugate base)

A base (proton acceptor) could be an electrically neutral
substance like aremonia (NH

3
) or a negative ion such as OH-, Cl"

CH
3
COO-, HP0

4
2-. The species fonned on addition ofa proton to

a base is called as conjugate-acid of that base.
B + H+ ~----=:. BH+

Base Conjugated acid

H"
H20~' ~ H

3
0+ (conjugate acid)

5°42 - + H+ '<: HS0
4

- (conjllgate acid)

NH
3

+ 11+ ~c:::::::---~ NH
4
+(Colljugate acid)

H
2
P0

4
- + H+ '< ...... H

3
P0

4
(conjugate acid)

Water acts as a proton donor in the presence of a proton
dOllar and as a proton acceptor in tIle presence ofan acid. Some
species like HS0

4
- and H

2
P0

4
- may react both as an acid or a

base. An acid can exhibit its acidic property in the presence of
a proton accepting species. e.g.

HA + B '<: '> HB + A-
Acid Base Conjugate Conjugate

acid base

Hel
Acid

+ H
2
0 -<:::---'>~ H

3
0+

Base Acid
+ Cl-

Base

In this reaction HCl is a proton donor yielding hydronium
ion (H

3
0+) and chloride ion (Cl-) in water. It is a reversible reaction

and Cl- accepts a proton to fornl HCI (Bronsted acid). The
hydronhJrn ion (H

3
0+) loses a proton and fornl H

2
0. Accordirlg to

Bronsted-Lowry theory the reactioIl ofan acid and a base yield.s
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anotller acid and base. The acidic and basic properties of the
->I~cies,e.g. water, ammonia, glacialacetlcacid, formic acid, etc.
are c'alle(j as amphoteric and tllese solvents are termed as
(lIIlI)!' 0 teric soIveIlts.

(1
2
S0t\ + H

2
0 ~--=: H

3
0+ + HS0

4
-

(~! 1:\CC)()il t H
2
0 <:: ...... 1-13°+ + CH

3
COO-

Nl {1+ I- II..!O" "'> 113°+ ... NH3

f{~~P()4 + 110- ::----~ 1-120 + H
2
P0

4
-

(IlPO'l- .. flO- ",,< " H 20 + HP0
4
2-

(~0:l2'- ... 1-1 20:;;-~ HC0
3

- + HO-

S()2 + 21-12° ~..::.-:=---== HS03 - +·H30+

CzII5
NH

2
t I-I:l0 :;,;==:~~~ C

2
H sNH+

3
·,+ OH-

According to EJronsted-Lowry concept the strongest acids
llave the weakest conjllgated bases and the strong bases have
weak conj ligated acids. TIle s trollg acids lose their proton as they
are llot attracted strongly and the proton is not expected to come
back to tile iorl. Tile COI1Jugated base ofa weak acid would be a
strorlg base (e.g. I acetate ion) wllich has great tendency to accept
a protoll.

Lewis Acid-Base Theory (1923) : An acid is an electron pair
acceptor alld a base is an electron pair donor. All compounds or
iOI1S COlltaillirlg UllSllared electron pairs are Lewis bases, e.g.
hydroxyl ion, anunorda, anul1es, etllers. alcohols, etc. All Bronsted
ackls arc electroll (lc'lir acceptor and are also Le\\is acids. All
IJrollste{( bases are also Le\\is bases since tlley donate a pair 0,,­
electrolls_ All Le\vis bases do not react \vitll a IlfOtOII, theycatmot
be Urollstecl bases.

Tile InoleCllles 8£1"3' ZrlC1
2

, AlCl
3

and 503 have a deflclellt
pair of electron in tlleir sextet and tiley carl accept a pair of
electrolIS from a (lonor species to form a CQvalellt bond to
cornplete sextet.

• J?..
: F:. ,
• B • F·. . ...

: CI :.. " ..
: Cl: AI : Cl :.. : Cl : Zn: Cl :

The Jnetal ions like Ag;. Fe2
+, Na+, and Zn2

+ accept electron
pairs frora the donor species, e.g. NH

3
• H

2
0. CI-. CN-. etc.

Ag+ + : CI­
Cl1Zi- + 4NI-I;j

------.. Ag: CI
---~~ Cu(NI-I)42 }-
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Copper ion, Cu2
+, accepts electrons from ammonia to form

cupra-ammonium ion. Therefore, the copper ion acts as a Lewis
acid anti ammonia is a Lewis base. Trallsition lnetal complexes
are fonJ.led \vhen metal catloIlS (Le\\ris acids) react witll1igands
(Lewis bases). There are some compounds. e.g. SiF

4
, Sn Cl

4
and

12 , in which a cerltral species expand the valence shell to accept
a pair ofelectrons and act as Lewis acid. Some examples ofLewis
acid base reactions are given hereurlder :

BF3 + : NH3 • BF3 : NH3

BF3 + : F- • BF4-

ZnCl2 + 2CI- • ZnCJ4

NH3 + H+ • NH4+

SiF4 + 2F- • (SiF6 J2 •

Fe3-t + 6H
2
0 • (Fe(I-I20)6 j3+

Ct12++ 4H
2
0 • [Ctl(H20)4 J2+

The acids and bases are used in the conversion ofdrtlgs to
chemical forms convenient to their product formulations. Acids
alld bases are further categorized according to the properties of
charge, size, polarizability, etc. Hard acids, H+, Na.. K+, Mg+2, Ca+2 •

AI+3, AS+3, Sn+4 , etc.. are electron acceptors having high positive
charges, relatively small sizes. and unfilled valence shell orbitals.
Due to these properties, the hard acids are high electronegative
and low polarizable. Soft acids, Cu.. Ag+, Hg+2, 1

2
, Br

2
• Br+. etc..

have the opposite properties, i.e. lo\v positive charges, relatively
large sizes alld filled valence s11ell orbitals. These are properties
which impart lowelectronegativities and lugh polarizabilities
Hard bases. H

2
0, -OH. C0

3
-?, CI0

4
-, N0

3
-, CI-, etc.. have hig]-.t

electronegativities, are easily redllced, have stable valence shelj
structures ..and low polarizabilities. Soft bases, 1-, CN-, H-, R

2
S,

RSH. etc., nave low electronegativitles. are easily oxidized, have
empty low lying orbitals alld high polarizabilities. The most
stable adducts are formed bet\\Feen hard acids and hard bases
and between soft acids and soft bases. The relative stabilities of
various adducts are dependent upon the relative softness or
hardness ofthe acids and bases involved. The harder acids have
th.e higher oxidation states. Hardness arid softness can be
influenced by the attached groups in a complex ion.

1'h~ reactivity of acids and bases is a function of tlleir
'; ,.~t}l. The strength of an acid is a measure of the ease of

proton donation, and in a base, tIle ease ofprotol"iation. There are
numerous acids and bases with spechlc tl1.~rap~utJcpropertie~s,
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Strong and Weak Acids and Bases

The strength of an acid or base depends on the degree of its
ionization in a sol\'ent. In aqueous solution hydrochloric acid is
a strong acid while in ammonia acetic acid shows strong acidic
character. The acids like HCI, HN0

3
• H2S04, etc. dissociate or

ionize completely in aqueous solutions and the amount of
dissociation depends on the strength of the acid. They release
excess amount of protons (H+ ions). These acids are called as
strong acids. The acids like HCOOH. CH

3
COOH. H2C0

3
• etc.

dissociate to a small extent in aqueous solution and release
small amount ofproton. Therefore. these acids are called a weak
acids. In the same way. the bases like NaOH and KOH ionize to
a greater extent in aqueous solutions and release excess amount
of hydroxyl ions (OH-). These bases are called strong bases.
Some bases, e.g. Ca{OH)2 and NH

4
0H, ionize to a small extent in

aqueous solutions and release small amount of hydroxyl ions.
Therefore, these bases are called weak bases.

Hydrogen Ion Concentration, pH

The strengthofanacid is determined by the degree ofdissociation
of proton from the conjugated base in aqueous solution.

HA +~O cc:: ...... ~()+ + A-

The degree ofionizationfor the above reactionisexpressed
by the equ1libr1umconstant (Keq) :

1I\001IA-)
Keq =-----

IHA]~O)

{~O+] {A-]

Ka + Keq I~O] = {HAl

Where Ka is ionizationconstant for anacidand is expressed
as the productofthe equilibriumconstantand the concentration
ofthe water. The Ka varies directly with the strength ofthe acid.
All strong acids (e.g., HCl, HN0

3
, ~S04)haveionizatloncoIlStant

more than 1 (Ka> 1), while weaker acids (e.g., HCOOH, CH
3
COOH)

have smaller ionization corlStant less than 1 (Ka< 1).

The strength of an acid can be expresed in terms of
hydrogen ion concentration. III aqueous solution tIle
concentration of proto 1' ~s COl1S1dered as the concentration of
hydronium ion (H

3
0+). r:u.re water dissociates as :

H20~ H+ + ()H-; 2H
2
0 ~H30+ + OH-
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The ion product constant, Kw is represented as :

Kw =[H
3
0+] [OH-] = 1 x 10-14

Kw is expressed by involving the concentration of ionic
species on right-hand side of the reaction and has a constant
vallIe of I x 10-14 at 25OC. In pure water, the concentrations of
both the ions are equal, each having the value 1 x 10-7 M, i.e. H+
=OH- = I X 10-7 •

When an acid is added to water, the concentration of
protons increases more than that ofhydroxyl ion concentration.
In the same way, if a base is added to water, the hydroxyl
concentration is greater than the concentration ofhydrogen ion.
To maintain tIle constant value ofKw, they are expressed by the
expression.

[H
3
0+] [OH-] = 10-14

TIle hydrogen ion concentration is usually expressed in
units of mole/litre or gram-equivalent litre.

In neutral solutioll the concentration ofproton [H+] is equal
to the concentration of hydroxyl group [OH-], in acidic medium
[H+] is greater than [OH-] and in alkaline medium, [H+] is lesser
than [HO-]. When an acid is added to an aqueous solution to the
extent that [H]+ = 1 x 10-4 M: than the corresponding hydroxide
ion concentration [OH-] is 1 x 10-10 M.

For expressing the hydrogen ion concentration, Sorenson
expressed acidity as a negative logarithm to the base 10 of the
hydrogen ion concentration, known as pH (p = power: H =
hydrogen). The pH is defined as negative logarithm of the
hydrogen ion concentration and is represented as :

pH = -log [H+] = log 1/[H+]

In pure water, [H]+ =[OH-l =10-7

pH =-log [10-7
] =-log 1/10-7 =log 1 + log 107 =7

Hence water is neutral, neither acidic, nor basic.

BORIC ACID

H
3
B0

3
: Mol. Weight =61.83

Boric acid, occurs in nature as the mineral sassolite,
contains not less than 99.5 per cent and not more than the
equivalent of 100.5 per cent ofH

3
B0

3
, calculated with reference

to the dried substance.
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Preparation

1. From Natural Source: It comes out with jets of steams,
called soifionl, from the ground in certain parts ofTuscany.
The condensed steam is concentrated by its own heat,
cooled and the crystallized boric acid is separated.

2. By Decomposition of Borax: A mixture of concentrated
sulphuric acid and water is added to a hot aqueous solution
of borax. The hot solution is filtered, cooled and the
crystallized boric acid is filtered off.

Na
2
B

4
0

7
+ H

2
S0

4
+ 5H

2
0 .. Na

2
S0

4
+ 4H

3
B0

3

Borax

3. From Colemanite : By passing sulphur dioxide through
colemanite suspended in water, crystals of boric acid
separate out on cooling.
Ca

2
B60

11
+ 4S0

2
+ lIH20 .. 2Ca(HS0

3
)2 +6H

3
B0

3

Borax

PhysicalCharacters: Boric acid occurs as odourless, colourless,
transparent plates, crystals or white granules or powder; some
what pearly lustrous scales. It is unctuous (greasy) to touch;
ID.p. 171 0; with a sweetish after taste. When heated to 1000 it
loses water and is slowly converted into metaboric acid (HB0

2
);

tetraboric acid (H
2
B

4
0

7
) is formed at 1400 and boron trioxide

(B
2
0

3
) at higher temperatures. It is volatiled with steam; pH 5.1;

soluble 1 in 20 ofwater; 16 ofalcohol and 4 ofglycerol. Solubility
in water is increased by He!, citric, tartaric acids or by heat. Most
solutions ofboric acid contains only small amounts oftetraboric
acid. When the solution is neutralized with an alkali, e.g. NaOH,
and concentrated, the stable crystalline salts, tetraborates, are
precipitated.

Boric acid is stored in well-closed containers.

Chemical Properties

1. It is a weak acid and in solution gives a sliglltly red colour
with litmus.

2. Heating of boric acid to certain temperatures produces
various dehydration products. For example, heating at 1000

causes the loss ofone molecule ofwater to produce metaboric
acid. Heating to about 1600 causes a further loss of water
to produce tetraborie or pyroboric acid. Heating to still
higher temperatures will yield the anhydride of boric acid.
boron trioxide, a glassy appearing solid.
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Red
1000 1600 heart"3B03 ----+ H80

2
-----.

"28 4°7
-----. 2B20 3-1\0 -H2O -H2O

Ortho- Meta- Tetra- Boric
boric boric boric anhy-
acid acid acid dride

3. It changes turmeric paper brown which turns blackish
when dipped in sodium hydroxide solution.

4. A mixture ofethyl alcohol and boric acid bums with a green
flame due to fonnatlon of ethyl borate.

5. The reaction of boric acid with equimolar amounts of
glycerin at 140°-150° produces a compound knoWn as
Boroglycerin glycerite (C

3
HsB0

3
) which is used as a

suppository base.

Tests for Purity: Tests for arsenic; lead; heavy metals; sulphate;
alcohol insoluble substances; acidity; clarity and colour of
solution; organic matter.

For determining sulphate, an acidified solution is boiled
and filtered. The ffitrate complies with the limit test for sulphates.

Tests for-Identification

1. Boric acid (O.lg) is dissolved in methanol (5 mIl by heating
to whicha few drops ofsulphUricacid have beenadded. On
ignition the solution, the flame has a green border.

2. An aqueous solution of boric acid is acidic in nature (pH
between 3.8 and 4.8).

Incompatibility: Alkali carbonates and hydroxides.

Assay

Boric acid is a very weak acid and cannot be titrated accurately
with alkali. However, it can be titrated acurately with a standard
solution ofa strong all<ali ifglycerol is first added to the boric acid
before starting the titration.

1. (I.P.) : Accurately weighed sample (2g) is dissolved in a
mixture of water (50 ml) and glycerin (100 mIl, previously
neutralized to phenolphthalein solution. The solution is
titrated with 1N sodillffi hydroxide, using phenolphthalein
solution as indicator. Each ml of IN sodium hydroxide is
equivalent to 0.06183 of H

3
B0

3
•
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The presence ofglycerin causes the acid to behave asa I

strong monoprotic acid which can be titrated to a
phenolphthalein end point. The monoprotic character of
boric acid in glycerin is thought to occur through
esterification to a tetravalent boron ester known as
gIyceroboric acid, with the net release ofone hydronium ion
into the solution. The glyceroboric acid has an ionization
constant 10,000 times greater than that of boric acid.
Therefore, glyceroboric acid gives a satisfactory end point
when it is titrated against a standard alkali.

CH
2
0H OH CH2 - OH HO - CH

2

I I I I
2 OHOH + B -----. CH - 0" vO -CH + H30+ + 2H20

I /\ I /B, I
CH

2
0H HO OH CH2 -O O-CH

2

Similarly, boric acid canbe esterified withotherpolyhydroxy
compounds such as glycol, mannitol, and catechol.

2. (D.P.): An aqueous solution ofboric acid (lg) and mannitol
(lOg) is titrated with IN sodium hydroxide, using phenol­
phthalein as indicator. Sodium metaborate is formed by
neutralizing one equivalent of sodium hydroxide.

• NaB02 + 21\0
Sodium
metaborate

Mannitol forms a mannitylboric acidwhichhelps for gMng
a sharp end-point. Each ml of IN sodium hydroxide VS'1s
equivalent to 61.8 mg of "aB03"

C~OH C~OH

(6HOHl:z (6HOH)2

6H-0 ~0- 6H

6H-0-- B 0- !H

6H20H 6~OH
Mannitylbonc acid

U8~8 : Boric acid possesses weak bacteriostatic, fungistatic,
astringent and antiseptic properties. It is externally used as a
buffer and antimicrobial in eye-drops, as insecticide for
cockroaches and black carpet beetles.
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It is also used as mouth washes, skin lotions for local anti­
infective action, as douches for irrigating the bladder and vagina;
in ointment for emollient and antiseptic action; and as an
ingredient in dusting powder due to its smooth-unctious touch.
Boroglycerin glycerite, formulated by combination of boric acid,
water and glycerin, is used as a suppository base. Boric acid is
used in buffer systems such as Ephinephrine bitartrate
ophthalmic solution, Aluminium acetate and Aluminium
subacetate solutions.

Side effects on ingestion include vomiting, diarrhoea,
erythematous rash, abdominal cramps, circulatory collapse,
coma, etc.

HYDROCHLORIC ACID

HCI; Mol. Weight =36.46

.Synonymes : Muriatic acid; Spirit of salt.

Hydrochloric acid is a solution ofhydrogen chloride gas (HCl) in
water.

Preparation
1. FromSodium Chloride: Hydrochloric acid is manufactured

by treating concentrated sulphuric acid with sodium
chloride (Leblanc Soda Process). Calculated amOllnts of
sodiumchloride andconcentrated sulphuric acid are heated
in the cast-iron pan of a salt-cake furnace. Hydrochloric
acid gas is produced by slow heating which passes out
through the exit at the top.

NaCI + H2S04 • NaHSO4 + HCI
Sodium
hydrogen
sulphate

The pasty mass ofsodium hydrogen sulphate is mixed
with more quantity of sodium chloride and heated to
redness to yield a further supply of hydrogen chloride
leaVing behind anhydrous sodium sulphate (Salt-cake).

NaCI + NaHSO4 • Na?, SO4 + HCI
Sodium
sulphate

HydrocWoric acid gas is collected in a chamber where
cold water is spread over the gas. The dilute acid is obtained
at the bottom. The acid so obtained is spread down the
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tower to absorb more HCI gas for getting concentrated
hydrocWoric acid.

The acid so prepared contains impurities of sulphur
dioxide, sulphuric acid, arsenic acid, ferric chloride and
cWorine. Treatment ofthe acid with bariumchloride removes
sulphuric acid by formation ofprecipitate of bariumsulphate.
Volatile impurities (SO4' C~) come out first and are rejected.
Ferric chloride is leftbehindas residue. Heatingthecommercial
acid with stannous chloride removes arsenic.

2 AsCl3 + 3 SnCl2 • 2 As + 3 SnCl4

2. By Synthesis: Large amount of hydrogen and chlorine
gases are obtained as by-products byelectrolysis ofsodium
cWoride solution during the manufacture of caustic soda.
These gases are dried and then combined to produce
11ydrogen cWoride gas. The gas is cooled and water is spread
over the gas. The solution of hydrochloric acid flows into
storage tank.

Physical Characters : Hydrogen chloride is a colourless gas
with an acrid irritating odour and an acid taste. It is about 25%
heavier than air. The gas can be liquefied under pressure. It is
very soluble in water. A 0.1 N aqueous solution is ionized at 180C
and conducts electricity. Muriatic acid is a technical grade of
hydrocWoric acid contanlng 35 to 38% of HCl and a number of
impUrities including chloride, arsenous and sulphurous acids,
and iron.

Hydrochloric acid is a clear colourless fuming aqueous
solution of hydrogen chloride with a pungent odour and sour
taste; specific graVity is about 1.18. It fumes in air and is heavier
than air. It maybe coloured yellow by traces ofiron, chloride and
organic matter. Reagent grade concentrated hydrochloric acid
contains about 38.0% HCl. Anonfumingsolutioncanbe prepared
by diluting hydrochloric acid with two voluines of water.

It gives constant boiling azotrope with water (b.p. 108.5°).
Boiling aqueous solutions results in loss of either component
until the constant boiling acid is obtained.

Storage : Hydrochloric acid should be kept in a stoppered
container of glass or other inert material and stored at a

, temperature not exceeding 30°.

Chemical Properties

1. It turns moist blue litmus to red.
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2. It reacts with metals and their salts likeoxides. hydroxides
and cartxmates to form the chlorides ofthe metals.

Mg + 2HCl • MgC~ + 1\
KOH + Hel • KCl+~O

N~C03 + 2HCl • 2NaCI + CO2 + ~O

The hydrogen in the hydrochloric acid is displaced by
metals yielding hydrogen gas.

With silver ni~ate, hydrochloric acid gives a white
precipitate soluble in ammonium hydroxide and insoluble
in nitric acid.

HCI + AgN03 ------+ Agel + HN0
3

Agel + 2NH40H ------+ Ag (~)2 CI + 2H20

Complex
compound
(soluble)

With lead acetate, it gives a white precipitate soluble in
hot water.

(CH3COO)2 Pb + 2HCI ------+ PbC~ + 2CH
3
COOH

White
precipitate

3. Fluorine decomposes hydrochloric acid to form chloride.

2HCl + F2 • 2HF + C~

4. Hydrochloric acid gas forms dense white fumes of
ammonium chloride with ammouia.

HCl +~ .. NH4C1

5. A mixture of concentrated hydrochloric add (3 parts) and
concentrated nitric acid (1 part) is calledaqua regia which
is used for dJssolvlng noble metals•. gold and platinum as
their chlorides.

3HCl + HN03 ---.-.. NOCI + 2~O + C~

6. Hydrochloric acid decomposes salts ofweaker acids such
as carbonates, bicarbonates, sulphides, sulphites, nitrites
and thiosulphates.

NaHC0
3

+ HCI -----. NaCI + CO
2

+ H
2
0

Na250
3

+ 2HCI ------. 2NaCl + 502 + H20

2NaN0
2

+ 2HCl ------. 2NaCl + NO + N02 + H 20
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Hydrochloricacid gt.ves chlorinewhenwarmedwithoxidising
agents. suchas manganesedioxide orpotassiumpermanganate.

Mn02 + Hel ~ Mn +~O + C~
2 KMn04 + 16 Hel ---+ 2MnC~+5C~ +2KCl +8~O

TestsforPurity : Weight per ml; tests for free chlorine; bromide;
iodide; sulphate: heavy metals; arsenic: lead; oxidizable
substances; clarity and colour: and non-volatile matter.

For determining bromide and iodide, chloroform and
chlorinated lime solution are added with constant shaking. The
chlorofonn layer does not become brown or violet.

The presence of sulphite is found out by treating the acid
with barium chloride solution and 0.001 N iodine. The colour of
the iodine is not completely discharged.

Sulphate as an impurity is detected by dissolVing sodium
bicarbonate in the acid and evaporating the solution to dryness.
The residue complies with the limit test for sulphates.

Free chlorine is detected by treating the acid with potasium
iodide solution and chloroform. The chloroform layer does not
become violet within one minute.

CdI2 + C~ ~ CdC~ + 12

For detection ofbromide and iodide a neutralized solution
of the acid is sligbtly acidified with sulphuric acid and treated
withanoxidizingagent. chloramine. to form bromine and iodine
from bromides or iodides. ThJs is extracted with chloroform to
remove bromine or iodine. The extract is shaken with an acetic
acid solution ofa dye. magenta.· Ifbromine is present. magenta
Is converted into a blue-violet chloroform-soluble product.
Iodine does not react with magenta and forms a violet solution
in chloroform.

Incompatibility : The chloride ion is precipitated with silver.
mercurous mercury and lead salts. It is oxidized by oxidizing
agents; chlorine is liberated.

CONCENTRATED HYDROCHLORIC ACID

Concentrated hydrochloric acid is anaqueos solutionofhydrogen
chloride in water. It contains not less than 35 per cent w Iw and
not more than 38.0 per cent w/w of Hel.

Tests for Identification
1. When neutralized and diluted, it gives the reactions of

chlorides.
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2. When added to potassium permanganate, cWorine is
evolved.

Assay: Hydrochloric acid is a strong monoprotic acid which can
be assayed conveniently by titrating against sodium hydroxide
solution using methyl red as an indicator.

Accurately weighed sample (4 g) is added to water (40 ml)
in a stoppered flask and titrated with IN sodium hydroxide,
using methyl orange. Each ml of IN sodium hydroxide is
equivalent to 0.3646 g of HCl.

HCI + NaOH --+ NaCI + H20

Uses

Hydrochloric acid is an escharotic; used as a pharmaceutical aid
or as acidifying agent. In dilute form it is used for the treatment
of achlorhydria (absence of HCI from the stomach juice). It is
given intravenously in the management of metabolic alkalosis
(increase in alkalinity of the blood).

Weak basic compounds form water-soluble hydrochloride
salts:

R-NH2 + HCI --+ R-NH
3

+ CI-

This type of reaction is used to convert water insoluble
organic bases, e.g. alkaloids, into a water soluble form for
extraction or other separations.

Concentrated solutions cause severe burns; permanent
visual damage may occur. Dertmatitis and photosensitization
mayoccUT. Inhalation may cause cuugh, choking, inflammation
and ulceration of respiratory tract.

AMMONIUM HYDROXIDE

NH
4
0H; Mol. Weight = 35.0

Preparation

1. In laboratory ammonia is prepared by heating ammonium
chloride with calcium hydroxide.

2NH
4
CI + Ca(OH)2 --+ 2NH

3
+ CaCl2 + 2H20

2. Commercially ammonia is obtained from the 'ammonical
liquor' which is a by-product during the production ofcoal­
gas. Ammonical gas is obtained by passing the hot gas
through cooling pipes. Lime water is added to the ammonical



Acids and Bases 21

liqllor and steam is passed through the mixture. The
mixture ofsteam and ammonia evolved is bubbled through
sulphuric acid. From it, ammonium sulphate is produced
which is the most important commercial ammonium salt
and .used as fertilizer.

2NH
3

+ H
2
S0

4
~ (NH4 )2 SO4

3. Ammonia is also synthesized by Habers' process in which
nitrogen and hydrogen are combined in the presence of a
catalyst (iron and molybdenum) at 450-500°C at 200-900
atm ospheric pressure.

N
2

+ 3H
2

.... > 2NH
3

The reaction is reversible and exothermic. The ammonia
produced is stored in liquid form in metal cylinder or
absorbed in water, or converted into ammonium salts by
combination with acids.

4. Hydrolysis of cyanamide with superheated steam gives
ammonia. Atmospheric nitrogen is passed over calcium
carbide and heated to a high temperature in an electric
furnace to yield calcium cyanamid~ which is used as a
fertilizer.

CaC
2

+ N
2
~ CaN.CN + C

Calcium
cyanamide

CaN.eN + 3H
2
0 -----+ Caco

3
+ 2NH

3

5. Ammonia is also obtained as a by-product in the purification
of bauxite (Serpek's process). Bauxite and coke are heated
in a current ofnitrogen to form aluminium nitride which is
hydrolyzed with water.

Al
2
0

3
+ 3C + N

2
-----+ 2 AlN + 3COt

AlN + 3H20 -----+ AI (OH)3 + NH3t

Physical Characters: Ammonia is a colourless gas; very pungent
odour; lighter than air; specific gravity is 0.596; extremely
soluble in water. One volume of water dissolves 1300 volumes
of ammonia at O°C and 760 mm to fonn ammonium hydroxide
which is a base :

NH
3

+ H
2
0 -----+ NH

4
0H === NH

4
+ + OH-

Mixtures of ammonia and air explode when ignited under
favourable conditions. The gas may be liquefied at atmospheric
pressure by cooling to 600C or by cooling to IOOC at pressures of
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6.5 or 7 atmospheres. Liquid ammonia is a good solvent and
ionizing medium.

In aqueons solution. ammonia exists in the form of NH
3

;

only a small amount reacts with water to form ammonium
hydroxide.

Chemicat Properties

Ammonia molecule possesses an unshared pair of electrons,
therefore, it acts as a ligand in forming soluble complex ions \\ith
many metal cations, e.g. Cu, Ag, Au, Zn, Cd, Cr, Ni, Co, Mn and
Pt. The hydroxides or insoluble salts of these metals dissolve in
ammonia solution. It reacts with certain metallic salts and
precipitates hydroxides of the metals.

3NH40H + FeCl3 ~ Fe (OH)3 + 3NH
4
Cl

Brown PPt

2NH
4
0H + ZnS04 --~)I Zn (OH}2 + (NH4)2 S04

White ppt

Ammonia forms ammonia-basic salts byammonolysis when
reacts with mercuric chloride.

HgC1
2

+ NH
3

~ Hg (NH
2

) Cl + HCl

Salts of ammonia react as acids in the presence of bases.
Dependingupon the particular salt. the pHofaqueous solutions
of ammonia compounds will range from neutral to acidic.

NH4Cl + NaOH II NH3 t + NaCl + ":ZO

Ammonia is burnt in an atmosphere of oxygen :

4NH3 + 302 II 2N2 + 6H20

Ammonia is a typical weak base. It turns red litmus blue,
phenolphthalein solution pink and forms salts with acids.

NH3 + HCl • NH4Cl

Ammonia is decomposed into nitrogen and hydrogen at red
heat.

2NH3 • N2 + 3H2

Ammonia is oxidized when passed over heated copper
oxide.

3CuO + 2NH3 • 3eu + N2 + 3H20

Both chlorine and bromine oxidize ammonia to give nitrogen.

8NH
3

+ 3C~ )I N
2

+ 6NH4Cl
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When ammonia is passed over heated sodiumor potassium
at 300OC, amides are produced.

2NH
3

+ 2Na ~ 2NaNH
2

+ H
2

Sodamide

Liquid ammonia dissolves alkali and alkaline earth metals
to form blue solutions which decomposes slowly in the presence
of impurities, yielding hydrogen and amide of the metal, e.g.
NaNH2 •

STRONG AMMONIA SOLUTION

It is a clear colourless liquid with a strongly pungentcharacteristic
odour, containing 27 to 30% w/w of ammonia. It is not qUite
saturated with the gas at ordinary temperatures. The most
concentrated commercial solution contains about 35% of NH

3
,

and has a specific gravity of0.880. Upon exposure to air, it loses
ammonia readily. The solution is clear, colourless liquid with a
strong pungent, characteristic odour. It is stored ata temperature
not exceeding 20° in airtight containers.

Tests for Identification

1. Strongly alkaline, even when freely diluted with water.

2. When the vapour is brought into contact with gaseous
hydrochloric acid. dense white fumes are produced.

Tests forPmity: Weightperml: tests for arsenic: heavy metals:
pyridine and homologues: tany matter; non-volatile matter.

Pyridine and homologues are determined by measuring
absorbance at the maximum at 252 run.

Tarry matter is detected by dissoMng citric acid in a dilute
ammonia solution. No tarry unpleasant odour is produced.

When evaporated on a water bath and dried to a constant
weight at 105°, not more than 10 mg of residue is left.

Strong ammonia solution complies with the limit test for
arsenic and heavy metals.

Strong ammonia solution is used carefully due to caustic
nature ofthe solution and the irritating properties of its vapour.

Assay: Strongammonia solution is assayed via residual titration.
The solution (2 g) is added to 1M hydrocWoric acid (50 ml), taking
precautions during the addition to avoid loss of ammonia and
the excess of acid titrated with 1M soditlm hydroxide usine:
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methyl red solution as indicator. Each ml of 1M hydrochloric
acid is equivalent to 17.03 mg of NH

3
• The proton acceptor

properties of ammonia are illustrated by its reaction with vel}'
weak acids, e.g., HCO3-, which are generally neutral in solution.

Ca(HC03 )2 + 2NH
3

) CaC0
3

~ + (NH
4

)2 C0
3

DILUTE AMMONIA SOLUTION

It is prepared by diluting strong Ammonia solution with freshly
boiled and cooled purified water. It contains 9.5 to 10.5 per cent
ofNH

3
; stored at a temperature not exceeding 20° in well-closed

containers.

Uses : Dilute solutions of ammonia have been used as reflex
stimulants, rubefacients and COllnter-irritants and to neutralize
insect stings. Strongammonia solution is used in the preparation
ofAromatic ammonia spirit and ammonical silver nitrate solution.
Dilute ammonia solution nlay be used as reflux stimulant in
fainted persons. It is inhaled from a smelling salt to cause
vasoconstriction in the nose, reducing flow ofnasal secretion in
cold. It is also used in the manufacture of nitric acid; sodium
bicarbonate and ammonium salts of acids, Aromatic spirit of
ammonia and strong ammonium acetate solution.

Ingestion of strong solutions of ammonia causes severe
pain in the mouth, throat, and gastrointestinal tract, with
cough, vomiting, and shock.

CALCIUM HYDROXIDE
(Slaked Lime)

Ca(OH)2' Mol. Weight =74.09

Calcium hydroxide contains not less than 90% ofCa(OH)2. It is
manufactured by spraying water on to qUicklime which is itself
is prepared by heating limestone. The lumps ofquicklime break
~to powder and heat is evolved. The process is known as
slaking.

CaC0
3

---:c:::--' CaO + CO2

CaO + H
2
0 ------+ Ca (OH)2

Water is absor"bed by the oxide with the evolution ofexcess
of heat; swelling of CaO lumps and fmally disintegration into a
fine powder take place.
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Physical Characters

Calcium hydroxide occurs as crystals or soft, odourless, granules
or powder with slightly bitter alkaline taste. It is almost entirely
soluble in water (1 in 600); soluble in aqueous solutions of
glycerol and of sugars. The aqueous solution is alkaline to
phenolphthalein and, readily .absorbs COz from air forming
Ca~03. The solubility of calcium hydroxide diminishes with
increasing temperature.

It is preserved in air tight containers.

Chemical Properties

1. Calcium hydroxide absorbs carbon dioxide from air forming
calcium carbonate. In the presence ofexcess ofCOz' soluble
calcium bicarbonate is formed.

-H
2
0

Ca(OH)z + COz--~
+c02 .

CaCOa~ Ca (HCOa)2

2. Calcium hydroxide loses water when ignited forming
calcium oxide.

heat
2Ca(OH)z ) 2CaO + HzO

When calcium hydroxide is mixed with 3 to 4 times its
weight of water, the suspension is called Milk of lime.

A clear and saturated aqueous SOltltion of calcillm
hydroxide is lime water which is used to neutralize acids
and to absorb acid gases (e.g. COz' 502' HzS).

Ca(OH)2 + SOz~ CaS03 + HzO

Ifcalcium hydroxide is added to the solution ofcalcium
bicarbonate, calcium carbonate is precipitated.

3. When HzOz is added to a solution of calcium hydroxide,
calcium peroxide is precipitated.

Ca(OH)2 + H20 2~ Ca02, 8H20 ~

4. Chlorine reacts with cold Milk of lime to form calcium
l1ypochlorite.

2Ca(OH)2 + 2Cl2~ Ca(CIO)2 + CaC12 + 2H20

With hot Milk of lime chlorine yields calcium chlorate.

6Ca(OH)2 + 6Cl2~ Ca(Cl03)2 + 5CaC12 + 6H20
Calcium
chlorate
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Chlorine reacts with cold r1ly calcium hydroxide to
fonn a mixture of calcium hypochlorite and basic calcium
chloride (bleaching.powder).

3Ca(OH)2 + 2Cl2 -----. Ca(CIO)2+CaCI2Ca(OH)2+2H20
Bleaching
powder

Test for Purity : Tests for aluminium. iron. phosphate. and
matter insoluble in hydrochloric acid; heavy metals; arsenic;
lead; chloride; and sulphate.

The test for aluminillm. iron. phosphate and HCI
insoluble matter is carried out by boiling the substance with
Hel to liberate carbon dioxide. The reaction mixture is made
alkaline witll ammonia to precipitate aluminium and iron. The
precipitated ions and acid insoluble matter (silicates, etc.) are
filtered offand washed with a solution ofammonium chloride. The
precipitate ofthe hydroxides on the filter is dissolved in dilute Hel
and reprecipitated with ammonia. It is filtered through the same
filter which may contain undissolved acid insoluble residue. The
residue. containingaluminiuffi, iron, phosphate, and Hel insoluble
matter, is fmally ignited at a temperature not below 1000° and
weighed.

For detecting the presence of heavy metals, the acidified
solution of the substance is treated with hydrogen sulphide
solution. Thecolourproducedmcomparedwiththecolourobtained
by treating standard lead solution with the hydrogen sulphide
solution.

The su~tancedissolved in water with the addition of nitric
acid complies with the limit test for chlorides.

The substance dissolved in water with the addition ofdilute
hydrochloric acid complies with the limits test for sulphates.

Test for Identification : A solution in acetic acid gives the
reactions of calcium.

Assay: Calcium hydroxide solutions are basic, pH 12.3, and are
neutralized by acids.

Accurately weighed sample (3g) is shaken with alcohol (10
mI), preViously neutralized to phenolphthalein solution. To it a
10% solution ofsucrose (490 ml) is added, preViously nel.ltralized
to p11enolphtllalein solution. The mixture is shaken Vigorously
for 5 minutes, and then at frequent intervals during fOUf hours.
The solution (250 ml) is filtered off and titrated with IN Hel,
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using phenolphthalein solution as indicator. Each ml of 1N HCI
is equivalent to 0.03705 g of Ca(OH)2.

Ca(OH)2 + 2HCI~ Cac~ + 2H20

CALCIUM HYDROXIDE SOLUTION

Calcillm hydroxide solution (lime water) contains not less than
0.15 percentw/vofCa(OH)2' containing in each 100 mI, not less
than 140 mg of Ca(OH)2. It is prepared by adding calcium
hydroxide (3gl to purified water (1000 mIl in a lead-free bottle,
and shaking, occasionally during a period of one hour. The
excess ofcalcium hydroxide is allowed to settle. When used, the
required clear colourless supernatant liquid is drawn off by
means of a siphon. It has an alkaline taste and is alkaline to
litmus.

Uses : Calcium hydroxide is internally used as an antacid; as
lime \vater in infantile diarrhoea and vomiting (astringent). Lime
water is added to milk to prevent formation oflarge clots ofcurd,
to increase digestibility; in sorne skin lotions and oily preparations
to forlD calcillm soaps of fatty acids which produce water-in-oil
emulsions.

Calcium hydroxide pastes are used in dentistry. Calcium
hydroxide is also used as pesticides; as egg preservative; and in
dehairing hides. As an astringent, it is used in betel leaves for
chewing. As a mild antacid, it neutralizes gastric acid and acts
as a source of calcium.

Calcium is used medicinally as a fluid electrolyte and a
topical astringent. Soda lime, prepared bycombinationofcalcium
hydroxide and soditlm hydrOXide, is used for its ability to absorb
CO2 from expired air in metabolic function test.

SODIUM HYDROXIDE

(Caustic Soda)

NaOH; Mol. Weight = 40.0

Sodium hydroxide contains not less than 97.0 per cent of total
alkali calculated as NaOH and not more than 2.5 per cent of
NC.1.2C03 •

Preparation

1. When Milk of lime is added to hot sodium carbonate



28 Pharmaceutical Chemistry-I Inorganic

solution (20%), sodium hydroxide and precipitate ofcalcium
carbonate are obtained. The reaction is reversible.

Na2C03 + Ca (OH)2 2NaOH + CaC03~

The precipitated calcium carbonate is separated, the
clear liquid containingsodium hydroxide is evaporated and
the molten product is converted into sticks, pellets, or
masses.

2. Sodium hydroxide is manufactured by tIle electrolysis of
sodium chloride. For this purpose a mercury diaphragm
cell, known as Castner - Kellner cell, is used. It consists of
a large rectangular trough with a layer of mercury at the
bottom. Sodium is electrolyzed from a concentrated brine
solution with a graphite anode and a mercury cathode to
produce a dilute sodium amalgam. The amalgam reacts
witIl water to form a dilute hydroxide solution in cathode
compartment in pure form.

Hydrogen and chlorine are the useful by-products at
the anode

At cathode (-): Na+----' Na

At anode (+) :

2Na + 2H
2
0 --~) 2NaOH + H

2

CI-----. CI
CI + CI--~) Cl

2

Sodium hydroxide solution is removed periodically and
water added. The concentrated solution is evaporated to get
fused sodium hydroxide.

3. Sodium hydroxide is also prepared from sodium metal and
water vapour at low temperature.

PhysicalCharacters: Drysodium hydroxide is verydeliqtlescent,
white sticks, pellets, spherical particles, fused masses or scales;
m.p. 318°. It is hard and brittle and shows a crystalline fracture;
strongly alkaline and corrosive to animal and vegetable tisStIeS
and to aluminium metal in moist condition and rapidly destroys
organic tissues. When exposed to air it rapidly absorbs moisture
and carbon dioxide. One gram dissolves in 0.9 ml water, 0.3 ml
boiling water, 7.2 ml absolute alcohol, also soluble in glycerol.
When sodium hydrOXide is dissolved in water or mixed with an
acid, considerable heat is generated. Solutions should be filtered
through glass wool or asbestos and the solution should be stored
in hard glass bottles, using rubber stoppers. If glass-stoppered
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bottles are used, the solution will dissolve the glass and the
stopper will stick in the neck of the bottle.

Chemical Properties

1. Sodium hydroxide is a strong alkali. It changes the colour
of indicators and neutralizes all acids or acid oxides
producing salts.

NaOH + HCI .. NaCI + H
2
0

Sodium hydroxide is highly ionized in solution making it
one of the strongest bases available.

2. It precipitates llydroxides of metals by reacting with the
salts of all metals in solution.

Fe2(S04)3 + 6NaOH
Ferrous
sulphate

Hydroxides of ZiI1C and alluninillm are soluble in excess of
sodium hydroxide

Zll(OH)2 + 2NaOH .. Na
2
Zn0

2
+ 2H~O

Sodium
zincate

Al(OH)3 + NaOH --~) NaAl0
2

+ 2H
2
0

Sodium nleta
aluminate

Sodiuln 11ydroxide catalyzes the hydrolysis of esters. It
is used as a saponifyingagellt. It reacts witll fats to produce
glyceriIl and sodium salts of fatty acid (soap).

CH
2

- OCO-C
17

H
35

6H-OCO-CI7H35 + 3 NaOH ---+ 3 CI7 H35 COO- Na' +

6H2-0CO-CI7H35 Soap

Stearin Glycerin

3. Ammonillffi salts are decomposed witll sodilllTI hydroxide
and form ammonia.

5. SodiUlTI l1ydroxide SOltltioTl reacts witll zinc, altlminitllll,
tin and silicon to form hydrogen.

Zn + NaOH + H')O ----~ NaHZnO? + H?
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4S + NaOH --~. 2Na2S + Na2S
2
0

3
+ 3H

2
0

Si + 2NaOH + H
2
0 » Na

2
Si0

3
+ 2H

2

Test for Purity: Tests for aluminium, iron, and matter insoluble
in hydrocWoric acid; arsenic; heavy nletals; potassium; chloride;
lead; carbonate; sulphate; clarity and colour of solution.

Aluminium, iron and matter insoluble in hydrocWoric acid
are estimated gravimetrically. The insoluble matter and
hydroxides ofaluminium and iron are collected together, washed
with aluminium nitrate solution, ignited and weighed.

Heavy metals are detected by treating the substance and
standard lead solution with hydrogen sulphide solution
separately and comparing the colour of both the solutions.

To an acidified solutionwithacetic acid, sodiumcobaltinitrite
solution is added. If precipitate is formed, then potassium is
present.

The substance dissolved in water with the addition ofnitric
acid complies with the limit test for chlorides. When the ~olution

is prepared by addition of nitric acid, it complies with the limit
test for sulphates.

Test for Identification: A solution (1 in 20) gives tile reactions
of sodium.

Ass.ay: Sodium hydroxide is a strong base which can be assayed
by titrimetry. The procedure involves titrating a solution
containillg a weighed sample of NaOH with IN II

2
S0

4
• Two end

points are determined.

A weighed amount of the substance (1.5g) dissolved in
carbon dioxide free water (40ml) is titrated witll IN sulphllric
acid llsing phenolphtllalein solution as irldicator. Whell the
pink colour ofthe solution is discllarged, VolUIlle ofacid solutioll
required recorded, methyl orange solution added and the titration
is continued until a persistent pink colollr is produced. Each ml
of IN H

2
S0

4
is eqllivalent to O.040g of total alkali, calculated as

NaOH and each ml ofacid corlsllmed in the titration with methyl
orange is equivalent to 0.106 g of Na:lC03.

This type ofassay is needed because of the ease with which
NaOH absorbs CO

2
from the air to form sodium carbonate.

Uses: A 2.5% soilition in glycerol is used as a cllticle solvent and
to remove warts 0 An escharotic preparation ofsodium hydroxide
"~nct ca!cil.l:n ox~de, knOWIl as London paste, is used for adjusting
Lle !)H ofsoilltjans. NaOH solutions are u3cd to nelltr::l.1i7P a('ids
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and make sodium salts; to treat cellulose in making viscose
rayon and cellophane. NaOH solutions hydrolyze fats and form
soaps; they precipitate alkaloids and most metals (as hydroxides).
It is an ingredient of Soda Lime and Sodium Hypochlorite
solution.

Ingesti,)n ofsodium hydroxide causes vomiting, prostration
and collapse. It is corrosive to all tissues.

BUFFERS

Buffers are the solutions of electrolytes which do not change
their pH values on :

(i) Standing for a long time.
(il) Exposure to atmospheric conditions.

(iii) Slight dilution, and
(iv) Addition of small amounts of acids or bases.

Thus buffer systems are pairs ofrelated chemicalcompounds
capable ofresisting large changes in the pH ofa SOltltion caused
by the addition of small amounts of acids or bases.

Buffer Action

In a buffer containing acetic acid and sodium acetate, tIle acid
is a weak electrolyte and sodium acetate is a strong electrolyte.
The dissociation of acetic acid is suppressed due to COmlTIOn
acetate ion (CHsCOO-) and the solution contains less proton (H+)
concentration and more Na+ and CHsCOO-ions. When a small
amount ofan acid is added, its protons combine with CHsCOO­
to yield undissociated CHsCOOH and the pH' ofthe solution does
not change. When a small amount ofbase is added, the OH- ions
are neutralized by acetic acid and pH is not effected.

CHsCOO- + H+ <:: > CHsCOOH

CHsCOOH + OH- <:: >. CHsCOO- + H
2
0

In the same way, addition ofsmall amount of base OH to a
basic buffer containing NH

4
0H and NH

4
CI combines with NH

4
+

ion and the pH does not change. When a small quantity ofan acid
is added, NH

4
0H neutralizes it and pH is not changed.

NH
4

+ + OH- ~---= NH
4
0H

NH
4
0H + OH- ...... ........ NH

4
+ + H

2
0

TIle pH ofacidic bttffer can be determined by tIle eqttation:
pH = pKa + log [salt]/[acid].
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The maximum buffer action is obtained when the
concentration of the acid and the base are equal, Le.,

pH = pKa + log I = pKa + OH = pKa

The pH of an alkaline buffer solution containing a weak
base and its salt with a strong acid can be calculated as :

pH = 14-pOH = 14 - (pKa + log [conjugate acidl/[basel

Buffer Capacity : Buffer solutions do not change pH upon
addition of strong acid or strong base. The buffering action is
determined in terms of buffer capacity wWch is defined as the
moles ofstrong acid or strong base required to change the pH of
one litre of buffer solution by one unit. The greater the buffer
capacity, the better is the buffer as it can tolerate more acid or
base without significant changes in pH.

Physiological Buffers: The pH of blood in human body is about
7.3-7.4 Wllich is controlled by buffering mechanism. In the body
acidic metabolites, e.g. CO

2
, proteins and amino acids, are

produced in greater amounts than the basic metabolites like,
bicarbonate ions. The resulted pH prCYluced due to neutralization
is slightly alkaline. When alkaline pH is increased, metabolic
acidosis is developed.

A buffer solution is prepared by dissolvi~ga solution of a
weak acid with the solution ofone of its salts with a strong base
or by mixing the solution ofa weak base with the solution ofone
of its salts with a strong acid. The pH of a mixed solution of an
acid and its salt is dependent on the ratio oftheir concentrations.
A change in ionic strength of a solution changes the actiVity
factors and consequently the pH values.

Buffer solutions are required as pH standards or for
conducting some biochemical and other experiments, which are
sensitive to the pH values of the reaction media and which
produce an acid or a base during the course of the reaction.
Normal or deci-normal solutions of strong acids and bases
would act as buffers of low and high pH value. Buffers of
intermediate pH values are prepared by mixing weak acids along
with their salts for acid buffers and weak bases along with their
salts for alkaline buffers.

The buffer sholiid not react with other chemicals in a
pharmaceutical preparation. The buffer pair should not
participitate in oxidation-reduction reactions; alter the solubility
ofother components; form complexes with active ingredients; or
participitate in acid-base reactions other than those required as
Dart of the buffer function. The bllffer should not chanQ"e
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pllarmacological properties ofthe active ingredients. The buffers
composed of common biochemical acids and conjugate bases
serve as nutrient media for microorganisms andsupport microbial
growth.

Maintenance of pH is necessary for chemical stability and
solubility of the drug. The pH is altered due to alkali in the glass
of some containers, and gases in the air such as CO

2
and NH

3
,

wllic11 can dissolve in the solution givingacidic or basic reactions.

The alkaline buffers should be protected from the absorption
of atmospheric CO

2
, which would finally produce a drop in the

pH.

Certain buffer systems, e.g. borates, are toxic when taken
internally. However, borate buffers can be used for topical,
(opllthalmic) preparations. Weak acids and congugate bases
lacking toxicity are found as common biochemicals in the body.

Standard Buffer Solutions

Standard buffer solutions are solutions ofstandard pH. Theyare
llsed for reference purposes in pH measurements and for
carrying out many pharmacopoeial tests which require
adjtlstments to or maintenance of a specified pH. For the
preparation of standard buffer solutions, all the crystalline
reagents except boric acid should be dried at 11 0° to 120° for one
hour before use. Freshly boiled and cooled water should be used.
TIle prepared solutions should be stored inchemically resistant;
glass-stoppered bottles of alkali free glass and used within 3
montl1S of preparation. Any solution which has become cloudy
or s how any other evidence ofdeterioration should be discarded.

Standard buffer solutions for various ranges of pH values
between 1.2 and 10.2 may be prepared by appropriate
combinations of0 .2N hydrochloric acid or 0 .2Nsodiumhydroxide
and of 0.2M solutions as described below.

1. Hydrochloric Acid, O.2N : HydrocWoric acid is diluted
witll fresWy boiled and cooled under water to contain in
1000 ml 7 .292g ofHCl. It is standardized by volumetric
titration.

2. Sodium Hydroxide, O.2N : Sodium hydrOXide is
dissolved in water to produce a 40 to 60 per cent w/v
solution and allowed to stand. Taking precautions to
avoid absorptionofcarbondioxide, the clearsupernatant
liqUid is siphoned off and diluted with carbon dioxide
free water to a suitable volume of the liquid to contain
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in 1000 ml8.0gofNaOH. It is standardized byvolumetric
reagents and solutions.

0.2N sodium hydroxide must not be used later than
one month after preparation.

3. Potassium Hydrogen Phthalate, O.2M : 40.846g of
potassium hydrogen phthalate is dissolved in water,
and diluted with water to 1000 mi.

4. Potassium Dihydrogen Phosphate, 0.2 M : 27.218 g
of potassium dihydrogen phosphate is dissolved in
water, and diluted with water to 1000 ml.

5. Boric Acid and Potassium Chloride 0.2 M : 12.366 g
of boric acid and 14.911 g of potassium chloride are
dissolved in water, and diluted with water to 1000 ml.

6. Potassium Chloride, 0.2 M : 14.911 g of potassium
chloride is dissolved in water and diluted with water to
1000 mI.

Composition of Standard Buffer Solutions

Hydrochloric Acid Butler: Potassium chloride solution (50ml)
is placed in a 200 ml volumetric flask, specified volume (85.0 to
7.8 ml) of hydrochloric acid solution is added to adjust pH from
1.2 to 2.2 and then water is added to volume.

Acid Phthalate Butler: Potassium hydrogen phthalate solution
(50 ml) is placed in a 200 m1 volumetric flask, the specific volume
(49.5 to 0.1 ml) of the hydrochloric acid solution is added to
adjust pH (2.2 to 4.0), and than water is added to volume.

Neutralized Phthalate Butler: Potassium hydrogen phthalate
solution (50 ml) is placed in a 200 ml volumetric flask, the
specified volume of the sodium hydroxide solution (3.0 to 42.3
ml) is added to adjust pH (4.2 to 5.8), then water is added to
volume.

Phosphate ButIel' : Potassium dihydrogen phosphate solution
(50 ml) is placed in a 200 ml volumetric flask, the specified
volume (3.6 to 46.1 mI) of the sodium hydrOXide solution
is added to adjust the pH (5.8 to 8.0), then water is added to
volume.

Alkaline Borate Buffer: The boric acid and potassium chloride
solution (50 ml) is placed in a 200 ml volumetric flask, the
specified volume (3.9 to 43.7 ml) of the sodium hydroxide
solution is added to adjust pH (8.0 to 10.0), than water is added
to volume.
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Other Buffer Solutions

Acetate Buffer pH 2.8 : Anhydrous sodium acetate (4 g) is
dissolved in about 840 ml of water. sufficient glacial acetic acid
(about 155 ml) is added to adjust the pH to 2.8 and diluted with
water to 1POO ml.

Other acetate buffer ofpH 3.5 to 5.0 are similarly prepared
bydissolvingcalculated amountofsodium acetate or ammonium
acetate as mentioned in the Indian Pharmacopoeia.

Acetic Ammonia Buffer pH 3.7, Ethanolic : To 5 N acetic acid
(15 mI). alcohol (60 ml) and water (24 mI) are added. the pH ofthe
soilltion adjusted to 3.7 with 10 N ammonia and diluted with
water to 100 mI.

Acetone Solution, Buffered: Sodium acetate (15 g) and sodium
chloride (42 g) are dissolved in water. 0.1 N hydrochloric acid (68
m!) and acctone (I 50 ml) added, and diluted with water to 500 ml.

Ammonia Buffer pH 10.0 : Ammoniunl chloride (5.4 g) is
dissolved in 5 Nammonia (70 ml) and diluted with water to 100 ml.

Barbitone Buffer pl-. 8.6 : To 0.1 N hydrochloric acid (129 mI),
sufficient 0.1 M barbitone solution is added to produce 1000 ml.

Copper Sulphate Solution pH 3.2, Buffered : Anhydrous
disodium hydrogen phosphate (7.0 g) is dissolved in sufficient
water to produce 247 mland a 2.1 % wlv solution (about 753 ml)
ofcitric acid added until the pH of the solution is between 3.15
and 3.25. The resulting solution (999 ml) is mixed with 1 ml of
a 0.51 per cent w Iv solution of copper sulphate.

Copper Sulphate Solution pH 4.0, Buffered: Copper sulphate
(0.25 g) and ammonium acetate (4.5 g) are dissolved insufficient
2 N acetic acid to produce 100 ml.

Glycerin Solution pH 7.2, Buffered : The pH of a 50% w Iv
solution of glycerin in carbon dioxide free water is determined.
If pH of the solution is above 5.5, the buffered glycerin is
prepared by method (A). and if pH is below 5.5. prepared by
method (B).

A. To glycerin (500 ml), a mixture (500 ml) ofM disodium
hydrogen phosphate (17.5 ml), M potassium dihydrogen
phosphate (7.5) and carbon dioxide free water (475 mll
are added.

B. To glycerin (500 ml), a mixture (500 m}) afM disodium
hydrogen phosphate (42 mI), M potassium di11ydrogen
phosphate (8 mI) and carbon dioxide free water (450 mI)
are added.
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If necessary, the pH is adjusted to 7.2 with M disodium
hydrogen phosphate or M potassium dihydrogen phosphate, as
required. Suitable quantities of the buffered glycerin are
distribllted in screw-capped bottles and sterilized by heating in
an autoclave at 121 0 for one hour.

Glycine Buffer Solution (Aminoacetate Buffer Solution) :
Sodium bicarbonate (42 g) and potassium bicarbonate (50 g) are
mixed wit11 water (180 ml) and a solution containing glycine
(37.8 g) and strong ammonia solution (15 ml) in water (180 m!)
is added. It is diluted with water to 500 ml and stirred until
solution is complete.

Imidazole Buffer pH 7.4 : Imidazole (3.40 g) and sodium
chloride (5.84 g) are dissolved in water, N hydrochloric acid (18.6
ml) is added and diluted with water to 1000 ml.

Palladium Chloride Solution, Buffered: To palladillm cWoride
(0.5 g), hydrochloric acid (5 ml) is added and warmed on a water
bath. Hot water 9200 ml) is added in small portions with
continued heating until solution is complete. It is cooled and
diluted with sufficient water to produce 250 ml. To 50 mI of the
resulting solution, M sodium acetate (10 mI) and N hydrochloric
acid (9.6 ml) are added and s ufficient water mixed to produce 100
ml.

Phosphate ButTer pH 4.0, Mixed : Disodium l1ydrogen
phosphate (5.04 g) and potassium dihydrogen phosphate (3.01
g) are dissolved in sufficient water to produce 1000 ml and the
pH adjllsted to 4.0 with glacial acetic acid.

Phosphate Buffer pH 6.8, Mixed : Disodium hydrogen
phosphate (28.8 g) and potassium dihydrogen phosphate (11.45
g) are added in sufficient water to produce 1000 ml.

Phosphate-Buffered Saline pH 7.4 : Disodium hydrogen
phosphate (1.38 g), potassium dihydrogen phosphate (0.19 g)
and sodium chloride (8 g) are added in sufficient water to
produce 1000 ml. Immediately before use, the pH is adjusted, if
necessary.

BufferSolutionpH2.5: ToO.2 Mpotassiumhydrogenphthalate
(25 ml), 0.1 Nhydrochloric acid (37 ml) is added, and diluted with
Sllfficient water to prodllce 1000 ml.
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ANTIOXIDANTS

Antioxidants are chemically reducing agents. They are used in
p11armaceutical preparations containing easily oxidized
sllbstances for maintaining these substances in their reduced
form. The antioxidant is oxidized in place ofthe active constituent.
If the active component is oxidized, the antioxidant reduces it
back to its normal oxidation state.

The mechanism of antioxidants is based on oxidation ­
reduction (redox) reactions. The transfer of electrons from one
cOITlpound to the other and the loss of electrons are used to
balance the oxidation states on both sides of the half-reaction
similarly to Br6nsted acid-base reactions. The reaction ofoxidized
compound (OX

1
) and -reduced compound (Red

l
) can be

represented as :

OX
1

+ e- " "> Red}

Redox reactions take place in electrochemical cells where
the electron transfer takes place through a systerJl ofelectrodes.
The electrical potential is measured with a potentiometer or a
voltmeter.

An antioxidant in a pharmaceutical preparation should be
physiologically inert; usually the concentrations employed ar~

sufficiently low. The possible toxicity ofboth the reducing agents
and its oxidized product must be assessed. Antioxidant selection
should consider possible solubility problems between the
reducing agent and the drug. Preparations containing calcium
should be adjusted to an acidic pH ifan antioxidant containing
tIle sulphite ion (S03-2) is used. Sulphite compounds will cause
the precipitation ofcalcium from solutions at neutral to alkaline



38 Pharmaceutical Chemistry-I Inorganic

pH. When bisulphites are added as antioxidant, it will form
addition compounds with many unsaturated organic functional
groups e.g., ethylene bonds and carbonyl groups. Very strong
reducing agents (e.g. hypophophorus acid and hypophosphites)
will form explosive mixtures when combined in dry form or in
concentrated solutions with strong oxidizing agents.

HYPOPHOSPHORUS ACID

H
3
P0

2
; Mol. Weight = 66.0

Hypophosphorus acid is a monobasic and reducing agent. It is
a colourless or slightly yellow odourless liquid, containing 30 to
32 per cent of H

3
P0

2
• It is conveniently prepared by treating

NaH
2
P0

2
with an ion-exchange resin. The water-free acid forms

deliquesc crystals; m.p. 26.5°; supercools to a colourless,
odourless, oily liquid. It is decomposed by heat into H

3
P0

4
and

spontaneously flammable PH
3

• It is miscible with water, alcohol
and ether. It is stored in airtight containers.

Hypophosphorus acid contains only one ionizable hydrogen.
Therefore, it reacts as a monoprotic acid and is assayed by titrating
against 1N sodium hydroxide to a methyl orange end point.

The oxidation state of the central phosphorus atom is +1.
It is a very powerful reducing agent. It can easily reduce many
compounds to form phosphorus acid (H

3
P0

3
) and an oxidation

state of +3. and finally phosphoric acid (H3PO4) with oxidation
state of+5. It on reduction forms phosphine which interacts with
mercuric halide papers. Therefore, it is- oxidized to phosphoric
acid by reacting with potassium chlorate and hydrochloric acid.
Excess of chlorine formed by interaction of chlorate and Hel is
removed by boiling and then by treatment with stannous
chloride.

Hypophosphorous acid is oxidized by sulphuric acid to
form sulphur dioxide and sulphur. The mixture of
hypophosphorus acid with any oxidizing agent can produce an
incompatibility and can be exploded. In diluted form it is very
effective reducing agent or antioxidant.

It reacts with molecular iodine to form iodide ions and
decolourizes acidic solutions of potassium permanganate
immediately.

H
3
P0

2
+ 21

2
+ 2H

2
0 -----+ 4HI + H

3
P0

4

5H3P02 + 4KMnO4 + 6H2SO4 -----+ 2~SO4 + 4MnSO4

+ 5H
3
P04 + 6H20
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Test for Pwity : Tests for barium; calcium; iron; chloride;
slilphate; phosphoric acid; oxalic acid; \veight per ml.

Barium and calcium are determined by adding dilute
sulphuric acid to dilute hypophosphorlls acid and allowing to
stand for one hour. No turbidity is produced.

For detecting phospll0ric and oxalic acids, calcium chloride
solution and dilute ammonia SOllltion are added to the dilute
hypophosphorus acid. Not more than a sligllt turbidity is
produced.

Incompatibility: Combination of hypopllosphorous acid with
oxidizing agents such as nitrates, chlorates or'permanganates
forms explosive mixtures in concentrated amounts. In dilute
solution it is a very effective antioxidant.

Assay: The acid (109) is diluted with water (50 mI) and titrated
with 0.5 N sodium hydroxide, using methyl orange solution as
indicator. Each ml of 0.5 N sodium hydroxide is eqUivalent to
0.03300 g of H

3
P0

2
•

Uses: Hypophosphorus acid is used as an antioxidant. Earlier
hypophosphates were used in tonics. It prevents the formation
offree iodine in diluted hydriodic acid and hydriodic acid syrup.
It also prevents the formation of both ferric ions and molecular
iodine in ferrous iodine syrup. Salts of hypophosphorus acid,
e.g. sodium and ammonium hypophosphite, are present as a
preservative in certain food and preparations.

SULPHUR DIOXIDE

S02; Mol. Weight = 64.06

Sulplllir dioxide contains not less than 97.0 per cent, by volume
ofS0

2
• It OCCllrs in volcanic gases and in atmosphere formed due

to burning of sulphur compounds in coal.

Preparation

1. Sulphur dioxide is manufactured by bUrning sulphur in air
or by roasting metallic sulphides like copper, iron or zinc.

S + 02 ---+ 802 t
4FeS

2
+ 1102~ 8S0

2
t + 2Fe

2
0

3

2ZnS + 302 ----+ 2ZnO + 2S0
2
t

2. Sulphuric acid is redllced to sulphur dioxide wll.en heated
with sulpllur, copper or :;-nercury.
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502 + C12 -+ S02C12

2H
2
S0

4
+ 5 -----+ 3S0

2
f + 2H

2
0

2H2504 + eu~ CuS0
4

+ 502 f + 2H
2
0

Treatment of sulphuric acid with sulphites or bisnlphites
also produces sulphur dioxide.

H2S0
4

+ Na2S0
4
~ Na2S0

4
+ 50

2
i + H

2
0

Physical Characters: Sulphur dioxide is a colourless gas witll
a typical pungent small ofburniIlg sulpllUr. I t condenses readily
under pressllre to a colourless liqtlid which boils at about -10°.
It is soluble ill \vater (36 ill 1) alld alcohol (114 in 1) at 20° and
nornlal pressllre; Solllble in cllloroform and ether. When passed
into water it yields a clear cOlOtlrless solution which is strongly
acidic to litllltlS paper. It is stored in cylinders and tlStlally
packaged under pressllre in liqtlid forIn.

SttlJ)h 11r d ioxilJe fornls Sll]!)htlrOtlS acid in aqueous solution.

S02 + H
2
0 ----~ H

2
S03~ 2H+ + S032

­

Sulphurous
acid

Chemical Properties

1. 5ulpllur dioxide is decolnposed bItO Slliphur alld Sllll)Lur
trioxide wIlen heated strongly.

3502~ S + 2S03

2. Sttlphtlr dioxide is incombtlstible. However, strongly
bllrl1ing potassillm or magneSitlm continues to btlm in 502

and decolnposes it into Slllphur and oxygen.

3Mg + 502 -+ 2MgO + MgS

4K + 3802 -----+ ~503 + ~S203

3. Stllpllur dioxide forms addition compounds with barium
peroxide, lead oxide. cll10rine and oxygen due to remaining
two valencies of stl1phur.

2502 + 02~ 25°3~

Light
502 + C12 -+ S02Cl2

Sulphuryl chloride
Heat

PbO:: + S02 -+ PbS0
4
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4. Sulphur dioxide acts as a strong reduciIlg agent in the
presence of moisture or an oxidising agent. Acidified
potassium permanganate is decolourized and potassium
dichromate is turned green. Halogens are reduced to halogen
acids and ferric salts are converted to ferrous salts.

2KMn04 + 5S02 +2H20~ ~S04 +2MnS04+2H2S04
~Cr207 + H2S04 + 3S02~ ~S04 + Cr2(S04)3 + H20.

Cl2 + S02 + 2H20 ~ 2HCI + H2S04
12 + S02 + 2H20 ~ 2HI + HZS04

Fe2 (S04)3 + S02 + 2H20~ 2FeS04 + 2H2S04

5. In the presence of moisture sulphur dioxide acts as a
bleaching agent.

6. Sulphur dioxide acts as an oxidizing agent.

2H2S + S02~ 3S + 2H20

4K + 3S02~ ~S03 + ~S203
3Fe + S02~ 2FeO + FeS

Test for Purity: Test for water; sulphuric acid and non-valatile
residue. To deterlnine non-volatile residue, a weighed sample is
evaporated and the ralnaining matter is weighed. If the non­
volatile matter is mixed with water and the mixture titrated with
N / 100 alkali, the amount of sulphuric acid is obtained.

Water of crystallization, or moisture content in volatile
compounds is determined by the Karl Fischer method which is
a volumetric procedure. Karl Fischer reagent is a solution of
iodine and sulphur dioxide in pyridine with added methanol.
WIlerl used for tIle titration of water, two reactions occur.

12 + 502 + 3C5H 5N +H20~ 2C5H5NHI /502

+ C5H 5N "I
~CH3~H

CsHsNHSO4CH3

Each lllolecllle of iodine is equivalerlt to one molecule of
water. The end point is determined visually or electrometrically.

Incompatibility: Under alkaline conditions, sulphuT dioxide is
converted to bisulphite and sulpllite. In buffer solutions, the 502
reduces hydroxide ion concentrations dtle to formation ofHS0

3
­

and the solution becolues more acidic.
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S02 + OH- -----. HS0
3

-

Assay (U.S.P.) : Sulphur dioxide is stable at moderate to strong
acidic pH. As the pH becomes neutral to alkaline values, sulphur
dioxide is converted into bisulphite and sulpllite. This fact is
used in the assay of S02. It is absorbed into 0.1 N sodium
hydroxide to form sodium bisulphite which is then titrated
against 0.1 N iodine solution to a pale blue end point with starch.
In unbuffered medium, sulphur dioxide will reduce hydroxide
ion concentrations and cause a shift to more acidic pH.

S02 + OH ----+ HS0
3

-

Gaseous sulphur dioxide (100 mI) is collected over mercury
and temperature and pressure upon it are noted. 0.1 N sodium
hydroxide (50 mI) is introduced slowly into the air space over the
mercury and the sample is absorbed in the solution by shaking.
When absorption is complete, the solution is transferred to a
conical flask, starch (3 mI) added and titrated with 0.1 N iodine
until the solution is pale blue in colour. Each ml of 0.1 N iodine
is equivalent to 1.094 mI of 502 at a temperature of 0° and a
pressure of 760 mm of mercury.

Uses : Sulphur dioxide has antioxidant and antimicrobial
properties and is used as a preservative for food. It is also used
as a fUmigant and to disinfect equipment in the wine and food
industries and houses. In industry it is used for bleachil1g wood
pulp, fumigating grains and arresting fermentation.Fruits are
generally exposed to 502 atmosphere to prevent darkening and
growth of micro-organisms. A lotion prepared from 502 and
glycerin is used to cure sore throat in cold, tonsillitis and skin
infections.

Sulphur dioxide is highly irritant to the eyes, skin and
mucous membrances. Inhalation results in irritation of the
respiratory tract which may lead bronchoconstriction and
pulmonary oedema.

SODIUM BISULPHITE

NaHS0
3

; Mol. Weight = 104

Soditlffi bislilphite consists chieflyofsodium bisulphite (NaHS0
3

)

and sodium metabislilphite (Na
2
S

2
0

S
) in varying proportions. It

possesses t11e same properties as the true bislilphite. It yields
58.5 to 67.4% of S02.

Na
2
S

2
0

S
+ H

2
0 ~ 2NaHS0

3



Antioxidants 43

Preparation

Sulphur bisulphite is prepared by passing sulphur dioxide into
a solution of sodium carbonate until the solution is saturated.
Evaporation ofthe so'tltion gives a mixture ofsoditlm bisulphite
and metabisulphite.

Na2C0
3

+ 2S02 + H
2
0~ 2NaH50

3
+ CO2t

2NaHS0
3

+ S02~ Na2S20 S
+ H

Z
S0

3

Characters : Sodillffi bisulphite is a white or yellowish white
crystalline powder l1aving pungent odour of btlrning sulphur
and disagreeable tclste. On exposure to air it is unstable, loses
some 502 and is gradually oxidized to sulphate. It is soluble in
cold \vater (2 in 3.5) and alcoll01 (1 ill 70). Its aqueous solution
is acidic. It is kept in well-closed containers and in a cool place.

Sodillm bisulphite forms water-soluble, stable compotlnds
with aldellydes aIld ketones and 11ence it is used to prepare t11eir
derivatives and in formlliations containing carbonyl compouTlds.

Test for Pmity : Tests for arsenic; heavy metals; and iron.

Assay : The Assay is dependent on iodimetric titration. The
substance is allowed to react with iodine. This is acidified with
hydrochloric acid and titrated with sodium thiosulphate usin6
starch solutions as indicator. End point is the disappearance of
bltle colour.

2Na2S 20
3

+ 12~ Na2S 4
0

2
+ 2NaI

Sodium
tetrathionate

A weighed amount (O.2g) is transferred to a glass-stoppered
flask, 0.1 N iodine added and the stopper of the flask inserted.
It is allowed to stand for five minutes, hydrochloric acid (1 ml)
added, and the excess of iodine titrated with 0.1 N sodium
thiosulphate, using starch solution as indicator added towards
the end of tile titration. Each ml of 0.1 N iodine is equivalent to
0.003203 g of502.

Uses: Sodium bisulphite acts as a disinfectant, antioxidant and
bleaching agent, particularly for wool; as antiseptic in
fermentation industries; as preservative and bleach in food. It
converts water-insoluble menadione (vitamin K analogue) to a
11ighly water soluble form menadione sodium bisulpl1ite without
significant loss of activity. It is used as an antiseptic in gastric
fermentation, in parasitic skin diseases, to stabilize kidney
stones, in injections of epinephrine hydrochloride, phenylne-
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phrine hydrocWortde and ascorbic acid, to remove permanganate
staiIlS aIld to stabilize certain dyes and other chemicals.

Concentrated solutions are irritating to skin and mtlCOUS
mernbrarles.

SODIUM METABISULPHITE

Sodillffi Inetabisltlphite contains not less than 95.0 per cent of
Na

2
S20 S

equivelent to not less tllall 66.0% of S02.

It is prepared by saturating hot, concentrated sodium
hydroxide solution with sulphur dioxide. COOliIlgoftile SOllttioll
yields the salt.

NaOH + S02 --+ NaHS0
3

Sodium bisulphite

2NaHS0
3
--+ Na

2
S

2
0

S
+ H

2
0

Physical Characters: It OCCllrs as colottrless or white prislnatic
crystals or a white or yellowish crystalline powder. It llas
sulphurous odour. On exposure to air and moisture, it is slowly
oxidized to sulpllate \vith disintegration of the crystals.

Na
2
S

2
0

S
+ H

2
0 --+ 2NaHS03

It is soluble in water (1 in 2); slightly soluble in alcohol;
freely soluble in glycerol. A solution in water is acidic to phenol
red. It is stored at a temperature not exceeding 40° in well-filled
airtight containers.

Chemical Properties

1. When anacid is added toa solutionofsodiummetabisulphite.
S02 gas is formed which is dissolved in solution as
sulphtlrOus acid (a solution of S02 in water).

H+ H
2
0

Na2S2
0

S
--+ S02 ----+ H

2
S0

3

? Sodium metabis lilphite is a powerful redueing agent. \Vhen
dissolved in water, it is irm.nediatelyconverted to bislliphite.

Na
2
S

2
0

3
+ f-I

2
0 ~ 2NaHS0

3

Like sulphur dioxide. it COlltains sulp11tlf in the +4
oxidation state.
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Test for Purity: Tests for acids; arsenic; lead; heavy metals; and
thiosulphate.

When the substance is heated with hydrochloric acid, then
an opalescence or turbidity ofsulphur is formed ifthiosulphate
is present.

Na
2
S

2
0

3
+ 2HCl --. 2NaCI + 802 t + 8 + H20

Thiosulphate

Na
2
S20 S

+ 2HCl -----. 2NaCI + 2S02t + H20

Metasulphite

For detecting the presence of iron, an acidified solution is
treated with bromine and then boiled. Ammonium persulphate
and ammonium thiocyanate solutions are added to the reaction
mixture. Any colour produced is not darker than that obtained
by adding ammonium thiocyanate solution to a mixture of
standard iron solution, hydrochloric acid, ammonium
persulphate and water.

Tests for Identification

1. A solution (1 in 20) decolourizes iodine solution, and the
resulting solution gives the reactions of sulphates.

2. The solution gives the reaction of sodium.

Incompatibility : The bisulphites of alkaline earth metals are
less soluble and their sulphites are insoluble. Only aikali metal
salts are soluble.

Assay : Like sulphur dioxide, sodium bisulphite and sodium
metabisulphite are assayed on the basis of reducing a 0.1 N
iodine solution which is added to the solutions in excess. The
residual iodine is titrated against sodium thiosulphate to
determine the amount reduced by the metabisulphite.

A weighed amount (0.2 gl of the substance is dissolved in
0.1 N iodine (50 mIl, hydrochloric acid (1 ml) is added and the
excess of iodine titrated with 0.1 N sodium thiosulphate using
starch solution, added towards the end of the titration, as
indicator. Each ml of 0.1 N iodine is eqUivalent to 0.004753 g of
Na2S20 S •

NaHS0
3

+ 1
2

+ H
2
0~ NaHS0

4
+ 2HI

2Na
2
S

2
0

3
+ 1

2
~ 2NaI + Na

2
S

4
0

6

Uses: Sodium metabisulphite is a strong reducing agent and is
used as an antioxidant in pharnlaceutical preparations to
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stabilize injections containing salts ofadrenaline, apomorphine
and sodium salicylate possessing phenol or catechol nucleus. It
also has an antimicrobial action. It is used as a preservative in
acidic solutions and syrups. It prevents oxidation ofquinone like
compounds. It is added to ascorbic acid injection as a reducing
agent.

It is used in the food industryas an antioxidant, antimicrobial
preservative and anti-browning agent. It is also used in wine­
making as an antimicrobial preservative, antioxidant, clarifier;
and equipment cleanser. Sodium bisulphite has been used
topically to treat dermatological disorders caused by certain
parasites.

Ingestion of the metasulphide causes gastric irritation.
Large doses of sulphites may cause gastro-intestinal upsets,
respiratory or circulatory failure and central nervous system
disturbances.

SODIUM THIOSULPHATE

Na
2
S

2
0

3
; 5H

2
0; Mol. Weight =248.17

Sodium thiosulphate contains not less than 99.0 per cent
of Na

2
S

2
0

3
, 5H

2
0.

Preparation

1. It is prepared by boiling sodium sulphite solution with
powdered sulphur. Sodium sulphite is obtained when an
aqueous solution of sodium carbonat~ is reacted with
sulphur dioxide and the sodium bisulphite is further
reacted with sodium carbonate.

Na
2
C0

3
+ H

2
0 + 2S0

2
--+ 2NaHS0

3
+ CO

2
t

2NaHS0
3

+ Na
2
C0

3
--+ 2Na

2
S0

3
+ H

2
0 + CO2 t

Na
2
S0

3
+ S --+ Na

2
S

2
0

3

The excess of sulphur is separated by filtration, the
filtrate is concentrated and crystallized.

2. Sodium thiosulphate is also prepared by reacting sodium
hydroxide with sulphur.

6NaOH + 4S --+ Na
2
S

2
0

3
+ 2Na

2
S + 3H

2
0

Physical Characters

Sodium thiosulphate occurs as colourless, odourless, transparent
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crystals or a coarse crystalline powder; cooling bitter taste;
effiorescent in dry air above 33°; deliquescent in moist air. It
dissolves in its own water ofcrystallization at about 49°. It loses
all its water at 100°; decomposes at higher temperature. It is
soluble in water (1 in 0.5); pH 6.0 to 8.4; practically insoluble in
alcohol. Its solutions are neutral or faintly alkaline to litmus. It
is store4 in airtight containers, and protected from light and
moisture.

Chemical Properties

Insodium thiosulphate sulphuroccurs in two different oxidation
states. The oxidized sulphur atom is in a +6 state resisting
further oxidation. The remaining sulphur atom is in a zero
oxidation state. Due to this property the compound acts as a
reducmg agent or as an antioxidant.

1. Sodium thiosulphate decomposes on heating yielding
sulphur dioxide, hydrogen sulphide and sulphur.

2. Aqueous solutions decompose slowly as

4Na
2
S

2
0

3
--+ 3Na

2
S0

4
+ Na

2
S

S
------. Na

2
S + 4S

3. Dilute acids convert it into thiosulphurtc acid which
decomposes yielding sulphur dioxide and sulphur.

Na
2
S

2
0

3
+ 2HCI ---. H

2
S

2
0

3
+ 2NaCI

H2S 20 3 -----+ S + S02 + H20

4. Silver halides are dissolved bysodiumthiosulphate solution.
Therefore, it is used in photography and known as 'hypo'. '

2Na
2
S

2
0 3 + AgBr "----+ Na3 lAg (52°3)2) + NaBr

SUver Sodium argento-
bromide thiosulphate

It must be buffered near pH 8.5 and covered with
nitrogen during autoclaving to prevent degradation by
oxidation.

°2Na
2
S

2
0

3
---. Na

2
S0

4
+ 5 or Na

2
5

4
0

6

H+
Na

2
S

2
0 3 ----+ H2S03 + NaHS03 + 5~

5. With dilute solution ofsodium thiosulphate, silver nitrate
gives a white precipitate, changing to yellow, brown and
finally black, due to the formation of silver sulphide.

Na2S 20 3 + 2AgN03 ----+ A~S203 + 2NaN03
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A~S203 + H20 -----+ A~S + H2S04

With a concentrated sodium thiosulphate solution,
precipitate is not formed due high solubility of the silver
thiosulphate. '

A~S203 + 3Na2S20 3 -----+ 2Na lAg (52°3)2]

6. Chlorine oxidizes sodium thlosulphate to sodiumsulphate.
Iodine is decolourized due to formation of tetrathionate.

Na25 20 3 + C~ + H20 -----+ Na2504 + 2HCI + S

2Na2S20 3
+ 1

2
-----+ Na2S 4

0
6

+ 2NaI

The reaction of the compound with iodine is used to
remove iodine st.ains and chlorine from industrial bleaching
operations.

7. Reaction of barium chloride with sodium thiosulphate
solution gives white precipitate of barium thiosulphate.
Calcium thiosulphate formed from calcium chloride is
soluble in water.

Na25 20 3 + BaC~ -----+ Ba520 3 + 2NaCI

8. It acts as a reducing agent and reduces ferric chloride
solution to fonn darkvioletcolourwhichquicklydisappears.

3Na
2
S20 3 + 2FeCl3 <:: ..... Fe

2
(5

2
0 3)3 + 6NaCI

2FeCl3 + 2Na
2
S

2
0 3 -----+ 2FeCl3 + 2NaCI + Na2S 40 6

Neutral
solution

This reaction is used to estimate iodine quantitatively.

Test for Pmity : Test for arsenic: calcium: heavy metals:
chloride: sulphate: sulphite: and sulphide._

Heavy metals are detected bycompa~colours fonned by
addition ofhydrogen sulphide solutionseparately to anacidified
solution of the substance and standard lead solution.

When ammonium oxalate solution is added to an aqueous
solution, no turbidity is produced indicating the absence of
calcium.

The substance dJssolved in water with the addition ofnitric
acid complies with the limit test for chlorides.
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For detecting sulphate and sulphite, iodine solution is
added to the aqueous solution until a very faint persistentyellow
colour is produced. The resulting solution complies with the
limit test for sulphates.

Sulphide is detected by treating aqueous solution with
sodium nitroprusside to produce a violet colour.

Tests for Identification

1. To a 10 per cent w/v solution, few drops of iodine solution
are added. The colour is discharged.

2. A solution (1 in 20) gives the rea(:~tions of sodium and of
thiosulphates.

Incompatibility: It is incompatible witll metal cations due to
the precipitation of the metal thiosulphate. In acid solution,
these precipitates may darken due to the formation ofthe related
sulphides.

\
Assay : TIle assay is based on lodimetric titration. A weighed
amount (0.8) dissolved in water (30 ml) is titrated with 0.1 N
iodine, using 3 ml ofstarchsolutionas indicator as the end point
is obtained. Each ml of0.1 N iodine is equivalent to 0.02482 g of
Na2S20 3 • 5H20. ,

2Na2S 2
0 3 + 1

2
----+ Na2S.06 + 2l'ial

I

Uses : Sodium thiosulphate is used as tin antidote in the
treatment of cyanide poisoning in combination with sodium
nitrite. It has antifungal properties and is used to treat pityriasis
versicolour; externally incombination with acids to treatvarious
dermatological disease, e.g. ringworm, mange, etc. It is also used
as a fIXer in photographic work as 'Hypo' solution, as a standard
titrant in iodimetric titrations and as an antichlor in bleaching
operations.

NITROGEN

N2 ; Mol. Weight =28.

Nitrogen is present more than 75 per cent ofatmospheric air. In
combined state nitrogen occurs in nitrates, nitrites, ammonium
salts, oxides of nitrogen, in proteins, alkaloids and coal. Fertile
soils contain nitrogen as ammonium salts and nitrates. Fixed or
combined nitrogen is present in many mineral deposits.
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Preparation

1. Nitrogen is manufactured by fractional distillation ofliquid
air. Oxygen is removed from air by burning phosphorus.
Phosphorus pentoxide is formed which is dissolved in
water leaving behind nitrogen.

6H
2
0

P
4

+ 502 --+ P
4
0

10
~ 4H

3
P0

4

Oxygen present in air can be removed by passing over
red hot copper gauze which forms copper oxide.

Carbon dioxide of the air is separated by passing it
through potassium hydroxide.

2. When a solution ofsodium nitrite and ammonium chloride
or sulphate is reacted, nitrogen is fonned.

NaN0
2

+ NH
4
CI~ NH

4
N0

2
~ N

2
+ H

2
0

-NaCI

3. Nitrogen is also formed when ammonium dicllfomate is
heated.

(NH4 )2 Cr
2
0

7
~ N2 + Cr

2
0

3
+ 4H

2
0

4. Oxidation ofammonia with red hot copper oxide or chlorine
also produces nitrogen.

8NH3 + 3C~ ~ N2 + 6NH4CI

Physical Characters

Nitrogen is a colourless, odourless and tasteless gas which is
non-inflammable and does not support in combustion. It
condenses to a liquid, b.p. -195.8°: solidifies to a snow-white
mass, mp-21 0°. It is soluble in water (1 in 65) and alcohol (1 in
9) at normal temperature and pressure. It is stored under
compression in metal cylinders.

Chemical Properties

1. Nitrogen neither burns nor support in bUrning. However,
burning of magnesium and aluminium continues in an
atmosphere of nitrogen forming nitrides.

3 Mg + N
2
~ Mg

3
N

2

2Al + N
2
--+ 2AlN

2. Nitrogen is an inactive gas andcombines withotherelements
with difficulty. With oxygen it combines only in the presence
of lightning discharge. With hydrogen it reacts under
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pressure and in the presence of a catalyst. With calcium
carbide it reacts at high temperature to form calcium
cyanamide (a fertilizer).

N
2

+ 02 <::: '> 2NO

200-900 atm
Fe + Mo

N2 + 3N2 • 2 NH3

CaC
2

+ N
2
-----.. CaCN

2
+ C

Calcium Calcium
carbide cyanamide

Test for Purity: Test for CO
2

•

Uses : Nitrogen is used as a diluent for pure oxygen or other
active gases and as an inert gas to replace air in containers
holding oxidisable substances, e.g. cod liver oil, olive oil, and
multivitamin preparations. Liquid nitrogen is used as a
cryotherapeutic agent for the removal of warts and malignant
growths, the treatment of cysts in acne vulgaris and for
preselVation of tissues and organisms. It is also used to retard
oxidation in the qualitative test for carbon monoxide. The
determination of a patient's nitrogen balance is an important
diagnostic parameter.

Nitrogen narcosis has been reported from nitrogen breathed
at high pressure.

SODIUM NITRITE

NaN0
2

; Mol. Weight = 69.0

It contains 97 to 101 per centofNaN0
2

, calculated with reference
to the substance dried over silica gel for four hours.

Preparation

l~ Sodium nitrite is prepared by strongly heating sodium
nitrate;

2. It is.. also prepared by heating sodium nitrate with metallic
lead or carbon which reduces it at lower temperature.

NaN0
3

+ Pb ----. NaN0
2

+ PbO

2NaN0
3

+ C ----. 2NaN0
2

+ CO
2
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The reaction mixture is cooled and the prodllct is
extracted with water. The insoluble lead oxide is filtered off,
the filtrate is concentrated and crystallized.

3. The gases fonned dUring the catalytic oxidation ofammonia
in sodium carbonate solution on absorption give sodium
nitrite.

2Na2C03 + 4NO + 02 • 4NaN02 + 2C02
4. It is also prepared by heating a mixture of sodium nitrate

solution and qUicklime and then passing air free S02
through the solution.

NaN03 + Cao + S02 • Cas°4 + NaN02

Physical Characters: Sodium nitrite occurs 'as white or slightly
yellow granular powder or fused masses or sticks; odourless;
taste is saline; deliquescent; hygroscopic; very slowly oxidizes to
nitrate in air; m.p. 271 0. It is soluble in water (1 in 1.5); sparingly
soluble in alcohol. Solutions in water are alkaline to litmus.

Chemical Properties

1. Sulphuric acid reacts with sodium nitrite solution forming
nitrous acid.

2NaN02 + H 2S04 • Na2S04 + 2HN02
~

H
2
0 + NO + HN03

2. Sodium nitrite acts as a reducing as well as oxidizing agent.
It is readily oxidized by KMn0

4
or KCI0

3
•

KCI03 + 3HN02 • 3HN03 + KCI

When nitrites react as oxidizing agents, the reduced
product will be nitric oxide (NO) in acidic solution.

3. With aniline hydrochloride at 4OC, nitrous acid forms
diazonium chloride;

C6HsNH2 , HCI + HN02 • C6HsN2CI + 2H20
Aniline Diazonium chloride

4. Sodium nitrite forms complex ions with metallic salts, eg.
Co3+, Fe2+, Cr3+, Pt2+. The cobaltic nitrite complex [Co (NO2)613­

is used in analytical chemistry.
5. Sodium nitrite oxidizes Fe"" in dilute acetic acid solution

forming a typical brown colour ofFe(NO)++ whereas sodium
nitrate does not.
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Tests for Purity: Tests for heavy metals; chloride; sulphate; loss
on drying.

Tests for Identification : A solution of it responds to the tests
for sodium and for nitrite.

Incompatibility: It is incompatible with acetanilide, antipyrine,
phenazone, caffeine citrate, chlorates, hypophosphites, iodides,
mercury salts, permanganate, sulphites, tannic acid, vegetable
astringent decoctiol1$, infusions or tinctures.

Assay: The assay is based on oxidation reduction titration as
discussed for hydrogen peroxide and ferrous sulphate. Aweighed
amount (1 gl is dissolved in water to make 100 mi. The solution
(10 mI) is added by a pipette to a mixture of O. 1 N potassium
permanganate (50 mI), water (100 mI) and sulphuric acid (5 mI)
immersing the tip of the pipette beneath the surface of the
mixture durtngthe addition. The liqUid is warmed to 40°, allowed
it to stand for five minutes, and 0.1 N oxalic acid (25 mil added,
the mixture heated to about 80°and titrated with 0.1 N potassium
permanganate. Each mI of 0.1 N potassium permanganate is
equivalent to 0.00345 g of NaN02 •

Uses : Sodium nitrite is used in the treatment of cyanide
poisoning in conjugation with sodium thiosulphate. The sodium
nitrite produces methaemoglobinaemia and the cyanide ions
combine with the methaemoglobin (modified haemoglobin
incapable of transporting oxygen) to produce cyanmeth­
aemogIobin, thus protectingcytochrome oxidase from the cyanide
ions. As the cyanmethaemogIobinslowlydissociates, the cyanide
is converted to relatively nontoxic thiocyanate by the sodium
thiosulphate and is excreted in the urine. Sodium nitrite is also
used as a rust inhibitor. preservative in foods such as cured
meats; for manufacturingdyes, photographs and as vasodilator.
Nitrites are used in urine solutions for the curtng of meals and
fish.

Sodium nitrite maycause nausea and vomiting, abdominal
pain, dizziness, headache, cyanosis and dyspnoea (difficulty in
breathing).
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GASTROINTESTINAL AGENTS

For the treatment of gastrointestinal disorders of more serious
conditions the inorganic drugs used are acidifyingagentchanging
gastric pH, protectlves for intestinal inflammation, adsorbents
for intestinal toxins and laxatives (cathartic) for constipation.

(A) ACIDIFYING AGENT

The condition of the absence of hydrochloric acid in the gastric
secretions (achlorhydria) maybedue to free ofgastric hydrochloric
acid after stimulation with histamine phosphate or due to a lack
ofgastric hydrochloric acid though there may be stimulation by
histamine. The first condition is found in persons with a
gastectomy, atrophic gastritis, carcinoma of the stomach, or
gastric polyps. The second condition is caused by chronic
nephritis and alcoholism, tuberculosis, hyperthyroidism, pellagra
(nutritional disorder), spru (frothy diarrhoea) and parasitic
infections.

The gastrtc hydrochloric acid promotes formation ofpepsin,
a proteolytic enzyme; softens fibrous foods and destroys the
bacteria in ingested food materials. When the pH of the gastric
contents drops below 6, pepsin in fonned from pepsinogen and
its activity is greatest below pH 3.5. Thus, a scarcity of
hydrochloric acid is responsible for gastrointestinal disorders.
The symptoms of achlorhydria include mild diarrhoea, loose
motions, epigastric pain, and sensitivity to spicy foods.

Acidifyingagents are givenorally. Mter absorption hydrogen
ion is fonned. Ammonium chloride, ammonium nitrate and
calcium chloride are used as acidifying agents. Liver converts
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ammonium ions to urea which is then excreted as diuretic. The
chloride ions form hydrochloric acid, which by reacting with
HCO3- ofblood, depletes the alkali reserve ofthe body. The excess
of acid is eliminated in urine to make the urine acidic.

DILUTE HYDROCHLORIC ACID

Dilute hydrochloric acid is 9.5 to 10.5% w/v ofHCI prepared by
mixing hydrochloric acid (274 gl with water (726 g). It is stored
below 30° in airtight containers of glass or other internal
material.

When diluted hydrochloric acid is further diluted with 25
to 50 volumes of water, it may be used as a gastric acidifier to
treat achlorhydria caused due to low level of hydrochloric a.eic}
on gastric juice.

Tests for Identification: As for concentrated HCI (page 19).

Assay: Accurately weighed sample (10 g) is titrated with 1 N
NaOH solution as described under concentrated HCl.

Diluted hydrochloric acid can be used as an acidifying
agent. It forms water soluble hydrochloride salts with organic
bases; is used to extract basic drugs and to test for alkaline
properties.

(B) ANTACIDS

Antacids are substances which reduce gastric acidity, resulting
in an increase in the pH of the 'stomach and duodenum. In
addition to increase of pH above 4, they inhibit the proteolytic
activity of pepsin. They produce symptomatic relief of the
uncomfortable feeling from overeating, heart burnand a grOwing
hungry feeling between meals. T~emain functions ofan antacid
are to neutralize excess gastric' hydrochloric acid which may
cause pain and ulceration and to inactivate the proteolytic
enzyme, pepsin. Certain antacids like sodium bicarbonate may
raise it above pH 7. Reduction in acidity may inhibit pepsin
release and interfere with digestic process. Antacids do not coat
the mucosal lining, but may have a local astringent effect. The
continual hyperacidity may lead to peptic or duodenal ulcer.

The stomach pH may be from 1 due to high concentration
ofendogenous hydrochloric acid when empty to 7 when food is
taken. In case of hyperacidity, gastritis (a general inflammation
of the gastric mucosa) and peptic ulcer may develop. A peptic
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ulcer may be present in the lower esophagus (esophageal ulcer);
stomach (gastric ulcer), duodenum (duodenal ulcer) or on the
jejunal side ofgastrojejunostomy. The esophageal ulcer occurs
when the esophagealsphincter is defective, suffer from heartburn.
These people get relief by sleeping in a bed elevated at the head
to reduce the flow of gastric fluid from the stomach into the
esophagus.

Gastric ulcer occurs in the lesser curvature ofthe stomach.
Patients with this ulcer have a lower secreation of acid.
Haemorrhage is more common with gastric than the duodenal
ulcers.

An ideal antacid (1) should be qUick acting, (ti) should not
liberate CO

2
, and cause rebound hyperacidity, (iii) should not

produce systemic alkalosis, (iv) should not interfere with
absorption offood, and (v) should be palatable and inexpensive.
The neutralizing capacity of the antacid substance is expressed
in milli eqUivalents (mEq) of hydrochloric acid. Every antacid
product must have a total neutralizing capicity ofat least 5 mEq
ofhydrochloric acid per dosage unit. This is enough to raise the
pH in an essentially empty stomach to 3.5. The more potent a
product is, the more acid it can neutralize. A product that
neutralize 2.5 mEq acid per dose is half as potent as one that
neutralizes 5 mEq, one that neutralizes 10 mEq is twice as
potent.

The choice of preparation usually depends on patient's
acceptability. Mixingsalts can preventconstipationordiarrhoea.
Liquids and powders have a more rapid action, but are bulky to
carry. Tablets should be chewed or sucked. Antacids should be
given after a meal as their action is then prolonged. Antacids
reduce the absorption oftetracycline antibiotics and should not
beadministeredalongwiththeseantlbiotics. Most ofthe antacid
preparations are available in combination formulations.

Antacids, which locally neutralize the hyperacidity, are
broadly grouped into;

(1) Systemic (absorbable) antacids, e.g. sodium bicarbonate,
which is soluble, readily absorable and capable of
producingsystemic electrolytic alterations arId alkalosis.

(ii) Non-systemic (non-absorable) antacids, e.g. aluminium
salts, magnesium salts, calcium carbonate and sodium
carboxymethylcellulose, which are not absorbed to a
significant extent and thus do not exert a systemic
effect.
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Antiflatllents are generally included inantacid formulations.
They act by reducing the surface tension of bubbles in the
stomach making them coalesce and more easily expelled by
eructation.

Antacids are norInally given between meals and at bedtimes
when sYInptoms occur. Gastro-intestinal absorption can be
reduced by adsorption on insoluble antacids or changes in
gastric emptying time. The effect ofa drug may be diminished or
enhanced by alterations in the intestinal pH or by the formation
of complexes.

ALUMINIUM HYDROXIDE GEL

Al(OH)3: Mol. Weight = 78.0

Aluminium hydroxide gel is an aqueous suspension ofhydrated
aluminium oxide with different amounts of basic aluminium
carbonate and bicarbonate. It contains about 3.5-4.4 per cent of
A120 3. It may contain glycerin, sorbitol, sucrose or saccharin as
sweetening 'agent, peppermint oU or other suitable flavours. It
Inay also contain suitable antimicrobial agent.

Preparation

Wilen an aluminium salt (such as aluminium chloride or
sulphate) is treated with ammonia or sodium carbonate, a white
gelatinous precipitate of aluminium hydtoxide is obtained. The
intermediate product, aluminium carbonate, is so unstable that

I it immediately hydrolyzes to yield aluminium hydroxide and
carbon dioxide.

AICl3 + 3NH40H --~. AI (OH)3 + 3NH
4
CI

Al (OH)3 + 3NaOH ~ Na3AI03 + 3H
2
0

DRIED ALUMINIUM HYDROXIDE GEL

It consists mainly of hydrated aluminium oxide and varying
small qllantities ofbasic aluminium carbonate and bicarbonate.
It contains not less than 47.0 per cent ofAl

2
0

3
in the form of the

hydrated oxide.

Physical Characters: Aluminium hydroxide is a white, light,
odourless, tasteless amorphOtlS powder coiltaining some
aggregates. It is practically insoluble in \vater and alcoho:..
soluble in dilute miner~" ->cids and in solutions of alka~,
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hydroxides. It forms gels on prolonged contact with water; pH
5.5-8.0. It absorbs acids and CO

2
• It is stored in airtight

containers at a temperature not exceeding 30°.

In the presence of an alkali, it behaves as an acid :

AI(OH) ..... 3H+ + AI03-
3 ~ 3

In acidic medium, it acts as a weak base :

A1(OH)3 <::: >, A13+ + 30H-

The aluminium hydroxide gels are ideal buffers in the pH
3-5 region due to their amphoteric character.
Test for Purity: Tests for arsenic; ammonium salts; cWoride;
lead; sulpllate; alkalinity; neutralizing capacity; microbial limits;
appearance; Viscosity; X-ray diffractioIl pattern; differential
thermal analysis.

The presance ofammonium salts is determined by heating
the substance with sodium hydroxide to yield ammonia which
is collected in standard acid arid back-titrated by the usual
procedure. The limit of ammonia in aluminium hydroxide is
determined to be 0.034 per cent.

Neutralizing capacity is found by measuring pH of
suspensionofthe substance in a medium which is approximately
N/20 in respect of hydrochloric acid.

An aqueous solution after addition of hydrochloric acid
complies with the limit test for chlorides.

An acidified solution with·hydrochloric acid complies with
the limit test for sulphates.

The total microbial count does not exceed 100 per mI. It
shows the tests for the absence of E. Coli: and pseudomonas.

Test for Identification: A solution in dilute hydrochloric acid
gives the reactions of aluminium.

Assay: Both the forms are assayed in terms of their aluniinium
oxide (AI

2
0

3
) content and their acid consuming capacity.

Accurately weighed substance (5 g) is dissolved in
hydrochloric acid (3 mI) and diluted with water (100 mI). To the
solution (20 mI), 0.05 M disodium ethylenediaminetetraacetate
(40 ml), water (80 mI) and methyl red solution (indicator) are
added and the mixture is neutralized with 1N NaOH. It is warmed
for 30 minutes, hexamine (3 gl is added and titrated with 0.05
M lead nitrate, using xylenol orange solution as indicator. Each
mlofO.05 M disodium ethylenediaminetetra acetate is eqUivalent
to 0.002549 g of Al

2
0

3
•
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Uses: Aluminium hydroxide is a gastric antacid. It buffers the
gastric acid and so raises the pH and reduces acid induced
damage. It is usedas a phosphate binder inpatients with chronic
renal failure and as an adjuvant in the manufacture ofadsorbed
vaccines. It is not absorbed in the gastro-intestinal tract and
does not generate carbondioxide as incaseofmetallic carbonates.
It is- also used in antiperspirants and dentifrices. It does not
significantly affect the pepsin activity. It has astringent and
demulcent properties by which it forms a protective coating over
the ulcer crater. It may also absorb toxins.

Aluminium hydroxide is astringent and may cause nausea,
vomiting and constipation: large doses can cause intestinal
obstructions.

Aluminium salts are available as liquid, powder or tablets.
The choice of preparation depends on patient acceptability.
Liquids and powders have a more rapid action but are bulky to
carry. Aluminium hydroxide has no effect on the volume of
gastric ,juice nor on the total output of hydrogen ions.

The antacid properties are lost on ageing. The rate of loss
Is dependent upon the pH used to precipitate the gel.

ALUlllNlUII_TE

AIPO..: MoL Weight = 122.0

Aluminium phosphate consists mainly ofbydrated aluminium
orthophosphate containing not less than 80.0% of AlPO4. It
occurs innatureas themineralsangellte:coerul.eolacute: evansite:
luclnite: sterreUte: varl.sclte: waveUite: etc. It is prepared by
treating aluminiumsodium"oxide (NaAl0

2
) with phosphoric acid

(H3PO4). It may be prepared by drying under suitable conditions
the product of interaction in aqueolls solution ofan aluminium
salt with an alkali phosphate such as sodium phosphate.

Characters : It is a white infusible powder containing some
friable aggregates: m.p. above 14600. It is practically insoluble in
water, alcohol (95~oJ, solutions ofalkali hydroxides or acetic acid:
very slightly soluble in concentrated hydrochloric acid and nitric
acid. A 4% suspension in water has a pH of5.5 to 6.5. It is stored
in well-closed containers at a temperature not exceeding 30°.

Aluminium phosphate gel is a white. viscous suspension
from which slnall amounts of water may separate on standing.
It may contain suitable preservatives. TIle gt::l l1as a pH in the
range 6.0 to 7.2.



60 Pharmaceutical Chemistry-I Inorganic

Tests for Purity : Tests for arsenic; heavy metals; chlorides;
sulphate; soluble phosphate; alkalinity; and neutralizing
capacity.

For determining neutralizing capacity the substance is
passed through a sieve and treated with hydrochloric acid at 37°.
The pH of the mixture at 37° is 2.0 to 2.5.

Soluble phosphate is determined by adding sulphuric acid,
ammonium molylxiate and methylanlinophenol- sulphite reagent
to an aqueous solution of the substance. The absorbance is
measured of the resulting solution. The content of soluble
phosphate is calculated from a calibration curve prepared by
treatings suitable aliquots ofa 0.00286% solution of potassium
dihydrogen orthophosphate in the same manner.

Tests for Identification

1. A solution in 2N hydrocWoric acid gives the reactions
characteristic of aluminium salts.

2. Asolution in2N nitric acid gives the reactions characteristic
of phosphate.

Assay : The assay is based on complexometric titration as
disassed for magnesium sulphate and calchlm gluconate. It is
assayed in terms ofaluminillm phosphate (AlPO4) content. To an
acidified solution of weiglled amount of t.he Stlbstance (0.8 g).
disodium acetate is added and made alkaline witll ammonia.
Ammonium acetate (7.7 gl is added. pH adjusted to 4.5 with
glacial acetic acid and a dithizone in ethanol added. Sllfficient
ethanol is added and titrated with 0.05 N zine cWoride until the
colour changes to red. A blank experiment is performed. The
difference between the titrations represents the arnOtInt of
disodium edetate required. Each ml of0.05 M disodiurn edetate
is eqUivalent to 6.098 mg ofAlP0

4
•

Uses: Aluminium phosphate is an antacid and used as an
adjuvant in the manufacture ofadsorbed vaccines. It is used in
p};lce of aluminium hydroxide gel where loss of phosphate may
be a problem to the patient. The acid consuming ability of the
ptosphate is dependent on the release of phosphate anions.

A1P04 '" ...., Al+3 + P0
4

-
3

-H
2
0

P0
4

-3 + H
3
0+ ---~~ HP03-2

-H 0+
3 ...., H

2
P0

4
- + H

2
0

Aluminium phosphate is highly water soluble and is
absorbed as ph("\~phDteanion by gastric acid.
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CALCIUM CARBONATE

(Precipitated Chalk)

CaC0
3

; Mol. Weight = 100.0

Calcium carbonate is found in nature as limestone, marble,
aragonite, calcite, vaterite, iceland spar, dolomite and shells of
sea' animals.

The official drug is the precipitated calcium carbonate
contairiing 98 to 100.5 per cent ofCaC0

3
•

Preparation

~ Ca(HC03)2

Soluble

CaCl
2

+ Na
2
C0

3
-:c:::::-_.......... CaC0

3
+ 2NaCI

Calciurn carbonate is precipitated when carbon dioxide is passed
through lime-water or a solution ofsodium carbonate is added
to calcium chloride.

CaC0
3

+ CO
2

+ H
2
0

Insoluble

Physical Characters : Calcium carbonate occurs as a white,
odollrless, tasteless microcrystalline powder which is stable in
air. It is dimorphous and two crystal forms are of commercial
ilnportal1ce :

0) Aragol1ite, orthorhombic, m,p, 825° (dec), formed above
30°;

(ii) Calcite, hexagonal rholnbohedral, m.p. 1339°, formed
below 30°. It is practically insoluble inwater; its solubility
in water is increased by the presence ofcarbon dioxide
or amlTIonium salts; practically insoluble in alcohol;
Soillble with effervescence in acetic acid, hydrocWoric
acid, and nitric acid. The presence ofany alkali hydroxide
reduces its stability.

Precipitated calcium carbonate is 98-99% CaC0
3

•

Calcite widely occurs in nature. Iceland spar is a very pure
form of calcite and present as transparent, colourless crystals.
Marble and limestone are also calcite having interlocking crystals~

Cllalk, eggshell, corals, shells of mollusca and bones also
~ontain calcium carbonate in the form of calcite.

Precipitated chalk is prepared as a fme precipitate by
adding a solution of ammonium carbonate and ammonia or
sodium carbonate to a solution of calcium nitrate.
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Hardness of water is due to the presence of calcium and
magnesium salts. If bicarbonates are present, water is boiled to
produce a carbonate and hardness of water is removed.

Calcium carbonate is stored in well-closed containers.

Chemical Properties

Calcium carbonate is decomposed at about 83° into Caoand CO
2

A
CaC03 • CaO + CO2

In the presence ofCO
2
calciumcarbonate dissolves in water

due to the formation of calcium bicarbonate.

CaC03 + CO2 + H 20 • Ca (HC03 )2

Insoluble Soluble

Tests for Purity: Test for aluminium; arsenic; iron; lead;
barium; magnesium and alkali metals; phosphate; sulphate;
chloride: heavy metals: hydrochloric insoluble matter; soluble
alkali; and loss on drying.

A solution of calcium carbonate in hydrochloric acid is
boiled to liberate CO

2
• When the solution is made alkaline with

ammonia. aluminium and iron are precipitated as hydroxides.
The hydroxides are filtered offand washed withdilute ammonium
chloride solution to prevent peptizationofaluminium hydroxide.
The adsorbedcalcium ions are separated by re-preclpitationand
the precipitate is washed finally with dilute ammonium nitrate
to prevent peptization. The residue containing aluminium. iron.
phosphate. and the hydrochloric acid insoluble matter is ignited
at about 10000c. The presence of iron can be determined by the
ordinary limit test.

Chloride and soluble alkali may be present when calcium
carbonate is not properly washed during its preparation.

An acidified solution with nitric acid complies with the limit
test for chlorides.

Acid-insoluble substances are determined by treating
calciumcarbonate with hydrochloric acid at higher temperature.
The solution is filtered, the residue washed with water and dried
at 105° for one hour.

Magnesium and alkali metals are detected by netltralizing
an acidified solution of the substance with dilute ammonia.
Acetic acid and ammonium oxalate solution are added, filtered
and dilute sulphuric acid added. The solution is dried, the
residue ignited and weighed.
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Soluble alkali is determine by neutralizing an aqueous
solution with 0.1N sulphuric acid using methyl orange solution
as indicator.

An aqueous solution is acidified with acetic acid and
calcium sulphate solution added. If the solution remains clear
for not less than fifteen minutes, barium is absent.

Tests for Identification: When calcium carbonate (few mg) is
added to acetic acid, efIeIVescence is produced and the resulting
solution, after bolling, gives the reactions of calcium.

Incompatibility: Acids, alum, ammonium salts.

Assay : The assay is based on the complexometric titration as
discussed for calcium gluconate and magnesium sulphate.
Accurately weighed calcium carbonate (0.1 g) is dissolved in
dilute hydrochloric acid (3 mI) and water (10 mI). The reaction
mixture is boiled for 10 minutes, cooled, and diluted to 50 ml
with ~ater. It is titrated with 0.05 M disodium ethylenediamine
tetraacetate; sodium hydroxide solution and calcon mixture are
added to get and point, and the titration is continued until the
colour of the solution changes from pink to a full blue colour.
Each ml of 0.05 M disodium ethylenediaminetetraacetate is
equivalent to 0.0050 of CaC03 •

Uses : Due to its fast action calcium carbonate is used as an
antacld; as a calcium supplement in deficiency states; as a food
additive and in homoepathic medicine (Calcarea carbonica;
Calc. Carb). Other uses ofcalcium carbonate are in dentifrices,
insecticides, cosmetics, antibiotics and antldiarrhoealagent. As
gastric hydrochloric acid consumes thesolubillzed calcium
carbonate, more compound is dissolved into the solution.

Caco
3
---.... Ca+2 + C0

3
-2

H30+ + C03-2 • H 2C03--~. H 20 + CO2

The calcium cations can be absorbed or precipitated as the
insoluble calcium phosphate salt in the intestine or as insoluble
calcium soap from the hydrolyzed glyceride formed due to
digesting of food.

Most calcium carbonate preparations are available with
magnesiuni antacid due to calcium's constipative effect.

Calcium carbonate may cause constipation and
hypercalcaemia. The liberation of carbon dioxide may cause
discomfort in some patients.
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MAGNESIUM CARBONATE

(MgC03)4; Mg(OH)2: 5H20: Approx. Mol. Weight = 485

Magnesium carbonate is a hydrated basic magnesium
carbonate containing the equivalent of 40.0 to 45.0% of MgO. It
occurs in nature as the mineral magnesite and lansfordite.

Preparation

Magnesium carbonate is precipitated by the addition ofsodium
carbonate to an aqueous solution of a magnesium salt and
saturating it with CO2.

MgCl2 + 2NaHC03 + CO2 + H2~MgC03~ + 2NaCI + 2H2C03
Usually a basic carbonate, (MgC03)4. Mg(OH)2. 5H20, is

obtained by precipitation ofa magneSium salt with any soluble
carbonate.

Heavy Magnesium Carbonate is a hydrated basic carbonate,
(MgC03)3. Mg(OH)2. 4H20 containing 40 to 45 per cent of MgO.

For its preparation the hotsolutions ofmagnesiumsulphate
(125 parts) and sodium carbonate (150 parts) in water (250 parts
each) are mixed, evaporated to dryness and the residue is treated
with water. The insoluble carbonate is filtered, washed and dried
in an oven.

Light Magnesium Carbonate, (MgC03)3 Mg(OH)2. 3H20 is a
hydrated basic carbonate, containing abo~t 40 to 45 per cent of
CaO. It is prepared by mixing solutions of magnesium sulphate
(125 parts) and sooium carbonate (150 parts) in water (1000
parts each). The combined solution is boiled (15 minutes). The
precipitate is filtered, washed and dried in oven.

Characters

Both heavy and light magneSium carbonate are hydrated basic
magneSium carbonates containing the eqUivalent of 40 to 45%
ofMgO. Both are white, odourless powders or light, white, friable
masses. They are stable in air: practically insoluble in water and
alcohol but dissolve in dilute acids with strong effeIVescence. At
about 700°, they are converted into MgO.

MgC0
3

~ MgO + CO
2

4MgC03.Mg(OH)2.5H20 ~ 5MgO + 4C02 + 6H20

Test for Purity : Tests for arsenic: calcium: chloride: copper;
iron; lead; sulphate; heavy metals; soluble matter; residue to
ignition; substances insoluble in acetic acid.
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On ignition the substance losses from 55.0 to 58.0 per cent
of its weight.

Test for Identification: A solution in dilute nitric acid gives the
reactioIIS of magnesium, and of carbonates.

Assay: The assay is based on the complexometric titration as
discussed for calcium gIuconat~ and magnesium sulphate.
Accurately weighed substance (O.18g) is dissolved in dilute
hydrochloric acid (2 mI). Water (50 mI) and strong ammonia­
ammoniUId chloride solution (10 mI)are added and titrated with
0.05 M disodium ethylenediamiIietetraacetate. using O.lg of
mordant black II mixture as indicator until the pink colour is
discharged from the blue. Each mI of0.05 M disodium ethylene­
diaminetetra acetate is equivalent to 0.002015 g of MgO.

Uses : Magnesium carbonate is an antacid, cathartic
and laxative; also used as a food additive, in tooth and face
powders.

The antacid properties of magnesium carbonate are due
to the carbonate and hydroxide anions reacting with
the hydrochloric acid of gastric Juice. Due to its slight
solubility, it dissolves only as carbonate and the hydroxide is
being utilized.

Magnesium carbonate in common with other magnesium
salts may cause diarrhoea. The release of CO

2
in the stomach

may cause discomfort.

MAGNESIUM OXIDE
(Magnesia)

MgO; Mol. 'Veight = 40.3

Magnesium oxide contains not less than 98.0% of MgO.

It Qccurs in nature as the mineralperfclase. Magnesium oxide
after ignition contains about 98 per cent of MgO. It is either the
heavy or light variety. Heavy magnesium oxide is a relatively
dense white powder with 5 g occupying a volume ofabout 10 to
20 mI. The light variety is a very bulky white powder with 5 g
occupying a volume of about 40 to 50 mI.

Preparation

Magnesium oxide is prepared by gently heating the magnesium
carbonate.

MgC03 --~. MgO + CO2
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When light carbonate is heated to redness, MgO is fonned;

3MgC03 Mg(OH). 3H20 • 4MgO + 3C02 f + 4H20

Characters

Light magnesium oxide is a very light, bulky, white powder
whereas heavy magnesium oxide is a dense mass. Both the
oxides are odourless, taste slightlyalkaline; practically insoluble
in water yielding a solution which is alkaline to phenolphthalein
but dissolve in dilute acid with slight effelVescence. They absorb
moisture and CO

2
when exposed to air. The aqueous solutions

are alkaline to phenolphthalein; pHofsaturatedaqueous solution
is 10.3. In the presence ofacid. the oxide forms the magnesium
hydroxide. Therefore. the chemJstry and phannacology are the
same as those of magnesium hydroxide.

MgO + H 30+ • Mg(OH)2 + 2H20

MagneSium oxide is soluble in carbonic acid solution.

MgO + H 20 + 2C02 • Mg+2 + 2HC03-

MagneSium oxide reacts with acids to fonn salts.

MgO + 2HCI • MgCl2 + H20

At very high temperatures it reacts with carbon to fonn
magneSium carbide (MaC

2
).

Cac2 + MgO • MgC + Cao + C

Magnesium oxide takes CO
2

and water from the air. the
light form more readily than the heavy.

MagneSiumoxide should be kept in a well-closed container.

Tests for Purity: Tests for arsenic; lead; calcium; copper; iron;
heavy metals; chloride; sulphate; colour ofsolution; substances
insoluble in acetic acid: soluble matter; and loss on ignition.

Loss on ignition of magnesium oxide is not more than 5.0
per cent of its weight.

For the test ofcalcium. it is precipitatedas calciumsulphate
irl aqueous ethanollc solution. The solution is kept for several
hours; the precipitate is filtered, washed withaqueous-alcoholic
sulphuric acid, dried, ignited and weighed.

The following are the tests of copper :

1. Hydrogen sulphide is passed through a solution of
copper salt to yield black precipitate ofcupric sulphide.
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CuS. The precipitate is insoluble in yellow ammonium
sulphide, but soluble in bolling dilute nitric acid.

2. When ammonia solution is added to a solution of a
copper salt, a pale blue precipitate ofcupric hydroxide,
Cu (OH)2' is formed. The precipitate is soluble in excess
ofthe ammonia solution giVinga deep blue solutiondue
to formation of the cuprammonium cation, CU(NH

3
)42+.

3. Treatment of a solution of a copper salt, acidified with
acetic acid, with potassium ferrocyanide. forms brown
precipitate of copper ferrocyanide.

4. When copper compounds are burnt in a flame. colour of
the flame becomes green.

TeSt for Identification: A solution in dilute nitric acid gives the
reaction of magnesium.

Calcium oxide is tested by calcination. The weight of
calcium sulphate is converted into percentage ofcalcium oxide
as:

136.1 g of calcium sulphate are equivalent to CaO.

Assay: The assay is based on the complexometric titration. A
weighed amount of the substance (0.1 g) is dissolved in dilute
hydrochloric acid (2 ml). Strong ammonia - ammonium chloride
(10 mI) is added and the reaction mixture titrated with 0.05 M
disodium ethylenediaminetetracetate, using 0.1 g of mordant
black 11 mixture as indicator until the pink colour is discharged
from the blue. Each ml ofO.05 Mdisoclium ethylenediaminetetra
acetate is eqUivalent to 0.002015 g of MgO.

Uses : Magnesium oxide is an antacid and possesses osmotic
laxative properties. It is also used as a food additive, in
hypomagnesemia, gastric ulcers, compounding and preserving
fluid extracts due to its absorptive properties and in dentrifices.

Adverse effects are the same as for mag~esiumcarbonate,
but without release of carbon dioxide.

MAGNESIUM TRISILICATE

2MgO, 3Si0
2

• 3H
2
0; Mol. Weight (anhydrous) =260.86.

Magnesium trisilicate is a hydrated magnesium silicate
corresponding to the formula 2MgO, 3Si0

2
with varying

proportions ofwater ofcrystallization. It contains about 29 to 32
per cent of MgO and 65 to 68.5 per cent of 5102.
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Its composition varies according to the conditions of
preparationand it contains 3 or 4 moles ofwater ofcrystallization.
I.P. and B.P. require it to contain not less than 30% and not more
than 32.0% ofMgO and not less than 66.0% and not more than
69.5% of Si0

2
calculated as residue left on ignition at 1000°C.

Preparation

It is prepared by precipitation from solutions of magnesium
sulphate and sodium silicate.

2MgS0
4

+ 2Na
2
0.3Si0

2
)I H20 + Na

2
80

4

The precipitate is filtered, washed, dried and powdered.

Magnesium trisilicate is also prepared by adding
hydrochloric acid to a solution of sodium silicate followed by
addition of precipitated magnesium llydroxide.

Characters: It is an odourless, fine, white, tasteless powder free
from gritty particles. It is practically insoluble in water and
alcohol; readily decomposed by mineral acids. It is stored in well­
closed containers.

Magnesium trisillcate is decomposed with hydrochloric
acid into a magnesium salt and silicic acid. In the presence of
alkali carbonates it is decomposed into magnesium carbonate
and soluble silicate.

2MgO. 38i0
2

+ 4HCl ------.)1 MgC~ + H
4
Si

3
0 s •

Trisilicic acid

In stomach, the gelatinous trisilicic acid is formed with
gastric hydrochloric acid.

Tests for Purity: Tests for arsenic; chloride; iron; lead; sulphate;
heavy rnetals; chloride; acid absorption; free alkali; soluble salts;
and loss on ignition.

Acid absorption is determined with a weighed quantity of
the substance and N/20 hydrochloric acid l{ept at body
temperature (37°) for three hours. Free alkali soluble salts are
determined by boiling the substance in water, cooling and
replacing the water loss by evaporation. The solution is allowed
to stand for 15 minutes and filtered. Free alkali is determined by
neutralizing with hydrochloric acid llsing phenolphthalein as
indicator. Free salts are determined by evaporating the filtrate to
(lrvness and then ignited.
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Development of any pink colour on addition of phenol­
phthalein to the aqueous solution indicated the presence of free
alkali.

For determining water soluble salts, an aqueous solution is
evaporated to dryness. The residue is ignited and weighed.

The presence of heavy metals, chloride and sulphate is
determined as mentioned in the limit tests".

Test for Identification: The substance (0.5 g) is boiled with
sodium hydroxide solution (10 ml), filtered; the filtrate is acidified
with dilute hydrochloric acid and boiled. A white gelatinous
precipitate is produced slowly. The residue is washed on the
filter paper with water, dissolved in dilute hydrochloric acid and
filtered. The filtrate gives the reaction of magnesium.

Assay: It is assayed in terms ofsilicon dioxide and magnesium
oxide and must have a definite magneSium oxide and
silicon dioxide ratio. As the amount of silicon dioxide
increases with respect to magnesium oxide, antacid property is
decreased.

For MgO : A weighed quantity of the substance (I g) is heated
with hydrochloric acid (35 mI) and water (50 mI), cooled, filtered,
and the residue washed withwater. The filtrate and washings are
diluted with water (250 ml) and neutralized with ION sodium
hydrOXide solution. Ammonia buffer (pH 10) and mordant black
11 mixture are added, heated to 40° and titrated with 0.05 M
disodium ethylenediaminetetra acetate until the colour changes
from violet to full blue. Each ml of 0.05 M disodium
ethylenediaminetetra acetate is eqUivalent to 0.002015 g of
MgO.

For Si0
2

: A mixture of the substance (0.7 g), IN sulphUric acid
(10 m!) and water (10 ml) is heated for 90 minutes. It is cooled,
decanted onto an ashless filter paper,. and the precipitate
washed with hot water to remove sulphate ions (filtrate is tested
with barium chloride solution and hydrochloric acid), The filter
paper is ignited and weighed.

Uses: MagneSium trisilicate is an antacid used to neutralize
excess amount of hydrochloric acid in the stomach. It relieves
pain in gastric and duodenal ulcers and possibly absorbs the
pepSin. When magnesium trisilicate is taken by mouth,
magneSium chloride and hydrated silica gel are formed
during neutralization. The hydrated silica gel passes into the
intestine where it acts as an adsorbent. The silica gel protects
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ulcers and acts as an antacid. Magnesium chloride has laxative
action.

Its side effects are similar to that of magneSium carbonate.

SODIUM BICARBONATE
(Sodabicarb)

NaHC0
3

: Mol. Weight =84.01

Sodium bicarbonate contains not less than 99.0 per cent and not
more than the eqUivalent of 100.5 per cent of NaHC0

3
•

Preparation

1. Sodium bicarbonate is prepared from ammonium
bicarbonate and sodium chloride.

2. Sodium carbonate is converted into the bicarbonate by
passing carbon dioxide through a saturated solution.

Na2C03 + H20 + CO2 • 2NaHCO,

Physical Characters

Sodium bicarbonate occurs as a white odourless crystalline
powder or granules. It begins to lose CO

2
at about 50~and at 100°

it is converted into Na
2
C0

3
• It is soluble in water (1 in 12);

practically insoluble inalcohol. The aqueous solution is alkaline
to litmus; aJkalinity increases on standing, agitation or heating.
It is stored in well-closed containers.

Insoluble precipitates are formed whensodium bicarbonate
solutions are mixed with calcium or magnesium salts, cisplatin,
dobutamine hydrochloride or oxytetracycline. The following
drugs are susceptible to inactivation on mixing with sodium
bicarbonate solution: adrenaline hydrochloride, benzyl penicillin
potassium, carmustine, glycopyrronlum bromide; isoprenaline
hydrochloride and suxamethonium chloride.

It is stable in dry air, but slowly decomposes in moist
air.

Chemical Properties

1. When sodium bicarbonate is heated, it is decomposed into
the nonnal carbonate, CO

2
and water.

2NaHC03 • Na2C03 + H 20 + CO2
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2. Asolutionofsodium bicarbonate is alkaline due to hydrolysis
(pH 8.2);

NaHC0
3

+ H
2
0 "'1:::"",,---' Na+ + H

2
C0

3
+ -·OH

Sodium bicarbonate is slightly alkalirle and fails to turn
phenolphtllalein red. On the other hand, in sodium
caroonate the carbonate ion is so extensively hydrolyzed
that the solution is quite alkaline (pH is 11.6).

C0
3

-2 + H
2
0 ~. HC0

3
- + -OH

3. When a mercuric chloride solution is added to a solution of
sodium bicarbonate there is no immediate formation of a
precipitate. Mter some time a reddish precipitate ofHgO is
formed.

2NaHC03 + HgC~ • 2NaCI + Hg (HC03 )2

Hg (HC03 )2 • HgO + H20 +2C02

4. When the bicarbonate is treated with an acid, carbon
dioxide is liberated;

NaHC03 + HCl • NaCI + CO2 + H20

Test for' Parity: Tests for alkalinity; aluminium: calcium;
insoluble matter; arsenic: iron; lead: chloride: sulphate;
ammonlum compounds.

For detecting the presence of aluminium. calcium and
Insoluble matter an aqueous solution is boiled with ammonia
solution and tlltered. The residue is ignited and weighed.

An aqueous solution after addition of nitric acid complies
with the limit test for chloride.

An aqueous solution after addition of hydrochloric acid
complies with the limit test for sulphates.

Evolution of ammonia on heating the substance with
sodium hydroxide indicates the presence of ammonium
compound.

An aqueous sQlution after addition of hydrochloric acid
complies with the limit test for iron.

Heavy metals are determined by comparing the colour
produced with the substance and with standard lead solution
after treatment with hydrogen sulphide solution.

Simultaneous administration of sodium bicarbonate with
other drugs inlubits the activity of the drug. Such a therapeutic
incompatibility is found w11en sodium bicarbonate and sodium
salicylate are used in equivalent amounts.
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Test for Identification: It gives the reactions ofsodium, and of
bicarbonates.

Assay: Titrate with 0.5 N hydrochloric or sulphuric acid, using
Inetllyl orange as indicator.

HCI + NaHC0
3
--~) NaCI + H2~ + CO

2

2NaHC0
3

+ H
2
S0

4
) Na

2
S0

4
+ 2H

2
0 + 2C02

Each ml of0.5 N hydrochloric acid is equivalent to 0.042 g
of NaHC0

3
•

It is a direct titration method. The end point in yellow to
pink. The equivalence point of this titration is at about pH 3.6
wl-uch corresponds to the colour change methyl orange (pH 2.8
- 4.0, red-yellow). The reaction at the equivalence point is acidic
because of the presence of carbonic acid.

CO
2

+ H
2
0 ) H

2
C0

3

Uses: Sodium bicarbonate is an electrolyte replenisher, and
systemic alkalinising agent used in the treatment of metabolic
acidosis (increase in acidity), diarrhoea, acute poisoning from
acidic drugs (phenobarbitone and salicylates), and as an antacid
to relieve dyspepsia. Solutions of soditlm bicarbonate are used
as eye lotions, to aid the removal ofcnlsts in blepharitis, as ear­
drops, to soften and remove ear wax, and as lubricating fluid for
contact lenses.

Administration ofsodillm bicarboIlate by mouth can cause
stomach cramps and flatulence. Its large quantities may cause
systemic alkalosis, vertigo (loss of power ofbalancing) and jerky
muscular movement.

Sodium bicarbonate is available as 111int-flavoured soda­
lninttablets. It is self·medicated, inexpensive and easily available
drug. It is absorbed from the intestines which produces effects
allover tIle body. It produces carbon dioxide gas in stomach and
may calIse perforation ofa deep ulcer. Its onset ofaction is quick
but the duration ofaction is short. It may cause rebound acidity
due to short dllration ofaction and systemic effects. When takell
with Inilk it may cause milk alkali syndrome, cllaracterized by
deposition ofcalcium of milk on the kidney and iIlcreased blood
Ui"ea.

COMBINATION ANTACID PREPARATIONS

No siIlgle ~Iltacid conlp'f~1,:.3all the criteria for an ideal antacid.
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several products are available in the marketcontaining mixtures
ofantacids. Mostofthese combination products have constipative
effect ofcalciumand aluminium and laxative effectofmagnesium.
Some of these products are also a mixture of an antacid
with rapid onset of action and one with a longer duration of
action.

Aluminium hydroxide magnesium carbonate co-dried gel: It
is 'a co-precipitate of aluminium hydroxide and magnesium
carbonate carefully dried to contain a critical proportion ofwater
for antacid activity. It acts as an antacid that is given in doses of
up to I g.

Algicon Tablets : The tablets are chewable, prepared by
aluminium hydroxide-magnesium carbonate co-dried gel (360
mg), magnesium alginate (500g), magnesium carbonate (320
mg) and potassium bicarbonate (100 mg).

The suspension is prepared by combining aluminium
hydroxide-magnesium carbonate co-dried gel (140 mg),
magnesium algillate (250 mg), magnesium carbonate (1 75 mg)
and potassium bicarbonate (50 mg/5m!). Dose. 1 or 2 tablets or
10 to 20 ml of suspension after meals and at bedtime.

Simeco tablets contain aluminium hydroxide-magnesium
carbollate co-dried gel (282 mg), magnesium hydroxide (85 mg)
alld activated dimethicone (25 mg).

Aluminium Hydroxide gel-Magnesium Trlsilicate Combinations:

Tllis is one of tIle more common combinations. It 11as laxative,
COllstipative and protective effect.

Magaldrate: It is a chemical combinationofaluminium hydroxide
al1d Inagnesium hydroxide. It contains the eqUivalent of 28 to
39% magnesium oxide and 17 to 25% of aluminium oxide. It
OCCllrs as a wll.ite, odourless, crystalline powder which is
insolllble in water and alcohol, but soluble in dilute solutions of
miIleral acids.

Calcium Carbonate Containing Antacid Mixtures : Calcium
carbonate witll alulninium hydroxide gel yields products which
have a rapid Ollset with prolonged action. Three -- part
combinations of calcitlm carbonate, aluminium hydroxide gel
and a magnesium containing antacid are also available.

Alginic acid Sodium Bicarbonate-Containing Antacid
Mixtures: The tablet is chewed when the- contents come ~T1

contact with water, the alginic acid reacts witll sod: . '.,
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bicarbonate, forming sodium alginate a.nd carbon dioxide. In the
acid environment of the stomach, alginic acid is precipitated in
the form ofa light, viscous gel which floats on top ofthe stomach
contents.

(C) PROTECTIVES AND ADSORBENTS

Inorganic agents used as protectives and adsorbents are used for
the treatment of diarrhoea which may be mild or chronic. Mild
diarrhoea is caused when some factors impair digestiQn or
absorption, thereby increasing the bulk of the intestinal tract.
Acute diarrhoea results from bacterial toxins, chemical poisons,
drugs, allergy, and disease, carcinomas, gastrointestinal surgery,
chronic inflammatoryconditions, and various absorptive defects.
Diarrhoea is a serious condition in which loss of fluids and
electrolytes can readily lead to dehydration and electrolyte
imbalance. Some of the bacterial toxins stimulate the flow of
electrolytes into the intestines, thereby increasing the intestinal
osmotic load. Most products used for the treatment ofdiarrhoea
Consist of an adsorbent protective, an antidiarrhoeal and
antibacterial agent. The ideal antidiarrhoea1 agent acts directly
on the smooth muscles ofthe gut to produce a spasm like eoect
which reduces peristalsis (worm-like movementofstomacb)and
increases .segmentation. 1be antibacterials are only eftectlve If
there is anactual infection in the Intestinal tract. The adsorbent
protecttves adsorb toxins.· bacteria. and vimses along with
providing a protective coating of the intestinal mucosa. They
include bismuth salts, activated charcoal and special clays.

BISMUTH SUBCARBONATE

[{Bi02)2 C03)2- ~O

Bismuth subcarbonate contains not less than 82.5% ofBi and
79% of Bi

2
0

3
• It is a basic salt of variable composition.

Its composition varies with the conditions of preparation.
It is prepared by dissolVing metallic bismuth in 50 per cent nitric
acid and the solution is concentrated by evaporation. The
solution is then added to a cold solutiorl of sodium carbonate
with constant stirring. T11e precipitated basic carbonate is
filtered, washed with an equal volume of cold water and dried
below 60°. Repeated \vashings of the precipitate decompose the
subnitrate into hydrOXide.

-- 2Bi + 8HN0
3

~ 2Bi (N0
3

)3 + 2ND + 4H,.,O
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H 20
~ {BiO)2 C0

3
Na

2
C0

3

It is a white, heavy, odourless, tasteless, microcrystalline
slightly hygroscopic powder; practically insoluble in water and
in alcohol, readily soluble with effeIVescence in nitric acid and
hydrochloric acids. It is kept in well-closed containers and
protected from light.

BiSilltlth subcarbonate is stable in pure air but is slowly
effected by light. It darkens in air containing traces of hydrogen
sulpllide. It is decomposed to Bi

2
0

3
and nitrogen oxIdes when

heated to red heat.

Incompatibility: It is incompatible with bicarbonates, soluble
iodides, gallic acid, calomel, salicylic acid, tannin alld sulphur.

Tests for Purity: Tests for chloride; nitrate; alkalis and alkalLie
earth rnetals: arsenic; copper; lead; silver; sulphate; loss on.
drying; and clarity and colour of solution.

Sodium carbonate and other basic compounds are
determuled in a solution from which the bismuth has been
separated as sulphide by addition of sulphuric acid, drying,
ignition of the residue, and weighing of the residual metallic
sulphates.

Sulpllate is detected by precipitation as barium slliphate;
copper by formation of the blue colour with ammonia; lead by
precipitation as the sulphate; and silver by precipitation as silver
chloride in the solution from which bismuth has been removed
as sparingly soluble basic nitrate, BiON0

3
•

For determiningalkalies and alkaline-eartll metals hydrogen
sulphide is passed thrOtlgh an acidified solution. The precipitate
fanned is filtered, the filtrate dried, sulphuric acid added to the
filtrates, ignited and the residue weighed.

Copper is detected by addition of amll10Ilia to an aqueous
solution. It is filtered and sodium diethyl dithiocarbamate is
added. Any colour produced is not more intellse than that
prOdtlCed by treating at the same time and in the same manner
a sollltion containing copper standard solution.

Le:ld is determined by atomic absorption spectrophotometry.

Silver is detected by treating a solution in nitric acid with
}lydrochloric acid to produce an opalescence.
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The presence ofnitrate is found out by treating the su~tance
with indigo carmine and sulphuric acid. It is titrated with indigo
carmine until a stable blue colour is produced.

Tests for Identification: It gives the reactions characteristic of
bismuth compounds and of carbonate.

Assay: The substance (0.5 g) is dissolved in nitric acid, diluted
to water (250 mI) and carried out complexometric titration of
bismuth. Each mI of 0.1 N disodium edetate is eqUivalent to
20.90 mg of B1.

Uses : Bismuth subcarbonate is used as an antacid, mild
astringent, dusting powder, antiseptic, protective and adsorbent.
It has been used in the form ofbismuth subnitrate and iodoform
paste as a wound dressing, and as topical protective in lotions
and ointments.

There is a risk ofthe nitrate being reduced to nitrite with the
development of methaemoglobinaemia.

KAOLIN

~03' 28i02 , 2H20

Kaolin (China clay) is a purified, natural, hydrated
aluminium silicate ofvariable composition. It is derived from th~

decomposition of feldspar of granitic rocks. Kaolin consists
mainly of aluminium silicate. with traces of compounds of
magneSium, calcium and iron. It is usually found together with
the vegetable carbohydrate, pectin.

Preparation

Kaolin is prepared when the rock is mined, excavated and the
impurities are washed with water and then powdered. The rock
is elutriated with water and large-sized particles are separated.
The turbid liqUid is allowed to settle, heavy kaolin containing
large particles and colloidal kaolin containing particles ofsmall
size are separated and dried.

Properties

Kaolin is slightly plastic-like and is normally white. It has an
earthy or clay-like taste. Its colour may be tinged grey, yellow
brown, blue or red due to impurities. It is unctuous and soapy
to touch; its surface takes a high polish on rubbing. Its fusion
point is in between 1700-1800°. On heating it losses water. It is
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notaffected bydilute hydrochloric or nitric acid, but is decomposed
by prolonged boiling or treatment with concentrated sulphUric
acid. It becomes more resistant to acids if it is first heated to
white heat. When moistened with water, it assumes a darker
colour and develops a marked clay-like odour.

Heavy kaoline is purified natural form ofvariable composition.
Its particles are 20 J1m in diameter, flat and irregularly arranged.
With water plastic-like fonn is obtained which is less sticky. It
is a fine white or greyish-white earthy mass or powder; unctuous
when moist. It is practically insoluble in water and in organic
solvents. When the aqueous suspension is kept for some time.
the whole kaolin settles belowleavinga clear supernatant liqUid.
Heavy kaolin polarizes light brightly.

Light kaolin is a native form. freed from most of its impurities
by elutriation, and dried. It contains a suitable dispersing agent.
The particles are small. less than 2 Ilm in diameter and have
various shapes and sizes. Theydo not polarize light. Ltghtkaolin
is a white, light. odourless unctuous powder free from gritty
particles. It is practically insoluble in water and mineral acids.
A sticky mass is obtained with water. Its aqueous suspension
remains turbid pennanentlyand onlya smallfraction is deposited.

Natural Light Kaolin is light kaolin which does not contain a
dispersing agent.

Tests for Purity: Tests for arsenic; carbonate; chloride; sulphate
calcium; heavy metals; loss on drying (15%); iron; loss on
ignition (1%); soluble matter inmineralacids; organic impurities;
absorption power; swelling power; particle sizes; alkalinity or
acidity.

Development of pink colour due to addition of
phenolphthalein to anaqueous suspension indicates the presence
of alkaline nature.

For determining lead. the substance is digested with nitric
acid. The reaction mixture is centrifuged and in the supernatant
liquid limit test for lead is carried out.

Iron is detected by triturating kaolin with water. Sodium
salicylate is added; the mixture does not acquire more than a
slight reddish tint.

If no effervescence occurs on addition ofsulphUric acid to
the aqueous solution, carbonate is absent.

For determining soluble matter an acidified solution is
filtered. Dilute sulphuric acid is added to t~'~e filtrate, evaporated
to dryness, ignited and weighed.
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Absorption power is determined by shaking the substance
with 0.37% methylene blue solution, centrifuging and diluting
the solution. The solution is not more intensely colollred tlIan
a solution of methylene blue.

Swelling power is detected by triturating tlle ubstance
with water; the mixture should not flow.

Uses: Kaolins are adsorbent, antidiarrhoeal, and when given by
moutll, adsorb toxic and other substances from the alimentary
tract and increase the bulk of the faeces. They are employed in
the symptomatic treatment of diarrhoea and to coat irritated
intestinal mucosa in case ofdiarrhoea, dysentery and intestinal
fermentation. Externally, light kaolin is used as a dusting­
powder and food additive.

Heavy kaolin is used in the preparation of kaolin poultice,
which is applied with the intention of reducing inflammation
and alleviating pain.

(0) SALINE CATHARTICS

Saline cathartics (purgatives) are agellts that fasten and increase
evacuation from the bowels. Laxatives are mild catllartlcs that
are used for short-term therapy. Cathartics are used to ease
defecation in patients with painful haemorrhoids (piles) or other
rectal disorders; to avoid excessive staining and concurrent
increase in abdominal pressure in patients with hernias; to
avoid potentially hazardous rises in blood pressure during
defecation in patients with hypertension, cerebral, coronary, or
other arterial diseases; to relieve acute constipation; and to
remove solid material from the intestinal tract prior to certain
roentgenographic (X-rays) studies. Material is propelled tllrough
the intestinal tract by peristaltic movements which are wave-like
contractions at 2 to 25 cm per secon.d. The contents are carried
out through the small intestine in about 3.5 to 4 hours. The last
partofa meal leaves the ileum about 8 or 9 hours after ingestion.
The products of digestion are held up at the ileocolic sphincter
for sufficient period to complete intestinal digestion and
absorption.

In the colon a strong peristaltic wave occurs about 3 or 4
times a day. The contents may be expelled into the rectum by one
ofthese massive movements and the individual feels a sensation
of fullness in the rectum and an intention to defecate. The
~:--C:<~l1ency of defecation varies from person to person, ranging
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from once every two or three days to up to three bowel movements
per day.

Difficult evacuation of the feces is known as constipation.
It may be due to dry and hard fecal material, intestinal atony,
irltestinal spasm, emotions, drugs, and diet. Laxatives may be
used for evacuation which are of four types :

(i) stimulant,

(ii) bulk forming,

(iii) emollient, and
(Iv) saline.

The stimulant laxatives, e.g. phenolphthalein, aloin, extracts
of cascara, rhubarb and senna. castor oil, etc. act by local
irritation on the intestinal tract increasing peristaltic actiVity.
The bulk-forming laxatives, e.g. psylllumseed, methyl cellulose,
sodium carboxymethyl cellulose and karaya gum. are made of
cellulose and other non-digestible carbohydrates. They swell
when moistened increasing bulk stimulate peristalsis. The
emollient laxative act either as stool softeners or as lubricants
facilitating the expulsion of compacted fecal.

Mineral oil is the main lubricant laxative while an anionic
surface active agent, d-octyl sodium sulphosuccinate, acts as
stool softener. The saline cathartics of the fourth group are the
salts of poorly absorbable anions and cations and act by
increasing the osmotic load of the gastrointestinal tract. The
body relieves the hypertonicity ofthe gut by secreting additional
fluids into the intestinal tract. Peristalsis is stimulated by the
resulting increased bulk. Poorly absorbed anions that are
used as saline cathartics are biphosphate (H

2
P0

4
-), phosphate

(HP0
4
-l. sulphate, and tartrate. The poorly absorbed cations are

the soluble magnesium salts. The saline cathartics are water
soluble and are used with excess amounts of water. This
prevents excess loss of body fluids and reduces nausea and
vomiting.

Certainsalts, whengivenorally. are notcompletelyabsorbed
and are retained in the gastrointestinal tract. Suchpreparations
exertan osmoticeffectand. therefore. hold considerable amounts
of water, thus increasing the intestinal bulk. This acts as a
mechanical stimulant causing an increase in the intestinal
motor activity and evaluation. The efficacy oftile saline laxative
is related to the osmotic activity exerted by the unabsorbed
fraction within the intestlnallumen. Magnesiumsulphate, milk
of magnesia, magnesium citrate, potassium sodium tartrate.
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etc. are the common saline cathartics. These compounds act in
the intestine and full catharticdoses produce a wateryevacuation
within 3 to 6 hours. Because of their quick onset ofaction, they
are given early in the morning before breakfast. They do not
cause irritation and there is very little griping. Adequate fluid
intake is necessary to avoid dehydration.

They are used for bowel evacuation before radiological,
endoscopic and surgical procedures, and also to expel parasites
and toxic materials.

Small amounts ofthese drugs may be absorbed in the blood.
causing occasional toxicity. The absorption of magnesium may
cause marked central nervous system depression while that of
sodium may worsen the existlrlg congestive cardiac failure.

MAGNESIUM SULPHATE

MgS04 • 7H
2
0; Mol. Weight =246.47.

Magnesium sulphate contains not less than 99.0 per cent of
MgS0

4
• Monohydrate form of magnesium sulphate occurs in

nature as the mineral kleserite. The heptahydrate form (bitter
salts: epsom salts) occurs in nature as the mineral epsomlte.

Preparation

1. In laboratory magnesium sulphate is prepared by
neutralizing hot, dilute sulphuric acid with magnesium, or
its oxide or carbonate. The solution is filtered, concentrated
and crystallized.

MgC03 + H2S04 • MgS04 + H20 + CO2

MgO + H2S04 • MgS04 + H20

2. On commercial scale it is manufactured by reacting
sulphuric acid with magnesiteorwith powdered and calcined
dolomite. Magnesium sulphate so formed dissolves in the
solution and the sparingly soluble calcium sulphate is
deposited. The liquid is filtered, the filtrate is concentrated
and crystallized.

MgC0
3

, Cac0
3

+2H
2
S0

4
----. MgS0

4
+Caso

4
+2C0

2
+2H

2
0

Dolomite

3. Magnesium sulphate is also prepared from the native
sulphate (kieserite), MgS04.H

2
0 by dissolving in hot water.

When the solution is cooled, rhombic crystals of hepta­
hydrate deposits.



Gastrointestinal Agents 81

Dried magnesium sulphate is prepared by heating the
heptahydrate at 1000 to lose about 25% of its weight.

Physical Characters

Magnesium sulphate occurs as odourless, brilliant, colourless
crystals or a white crystalline powder; with bitter, saline and
cooling taste. It effioresces in warm dry air. Each g represents
about 4.1 mmol of magnesium and of sulphate. It is soluble in
water (1 in 1.5) and very soluble in boiling water; practically
insoluble in alcohol. A 5% solution in water has a pH of 5.0 to
9.2. Onexposure to dryair atordinary temperature it loses about
1 mole of water; at 70-800 loses 4 moles of water; at 1000 loses
5 moles and at 1200 loses 6 moles of water; loses the last mole
ofwater at about 250°; rapidly reabsorbs water when exposed to
moist air. It is stored in well-closed containers.

Tests for Purity : Tests for arsenic; iron; lead; zinc: chloride:
heavy metals; acidity or alkalinity; loss on drying (51.1 %); and
clarity and colour of solution.

For detecting iron, a solution of magnesium sulphate is
heated on a steam both. A gradual development of a brownish
turbidity is observed.

Zinc is determined byprecipitationas white zinc ferrocyanide.

A 10% solution is neutral to phenol red solution.

Test for Identification: A solution (1 in 20) gives the reactions
of magnesium, and of sulphates.

Incompatibility: Alkalicarbonates and bicarbonates, tartrates,
soluble phosphates and arsenates. Potassium and ammonium
bromides in concentrated solutions forma precipitate ofdouble
sulphate.

Assay : The assay is based on the complexometric titration
carried out with ethylenediamine tetra-acetate (EOTA). It forms
complexes with almost all the metal ions which are water
soluble, stable and the formation is instantaneous and
quantitative. Since EOTA is less water-soluble, disodium salt
(Na2H2Y.H20) is used as titrant. The titration is carried out in the
presence ofa buffer suchas strongammonia-ammoniumchloride
solution using mordant black 11 mixture as indicator. The end­
point is the change of colour from pink to blue.

(HOOC CH2)2NCH2CH2N (CH2-COOH)2
EDTA
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To a weighed amount ofthe substance (0.3 g) dissolved in water
(50 ml), strong ammonia ammonium chloride solution (10 ml) is
added. The reaction mixture is titrated with 0.05 M disodium
ethylenediamininetetraacetate using 0.1 of mordant black 11
mixture as indicator, until the pink colour is discharged from the
blue. Each ml of0.05 M disodium ethylenediamine tetraacetate
is equivalent to 0.00602 g of MgS0

4
•

Uses : Magnesiumsulphate is used in the treatment ofmagnesium
deficiency. It acts as a saline laxative and has anticonvulsant
properties. It is used to control seizuses associated with acute
uraemia (failureofrenal function); hypothyroidismand eclampsia
(convulsions arising in pregnancy). Externally it is used for local
inflammations and infected wounds. It is also used in the
treatment of cholecystitis (inflammation of gall bladder), sea­
sickness, hypertension, to lower intercranial pressure, tetanus
spasm and as wet dressing for carbuncles (infection of hair
follicle and subacious gland) and boils.

Excessive use of magnesium sulphate causes hyper­
magnesaemia, gastro-intestinal irritation and watery diarrhoea.

SODIUM POTASSIUM TARTRATE

COONa~ CH (OH). CH (OH). COOK, 4H
2
0;

NaK C
4
H

4
0

6
, 4H

2
0; Mol. Weight = 282.17.

It contains 99 to 104% ofNaK C
4
H

4
0

6
• 4H

2
0

Sodium potassiumtartrate is prepared by boilinga solution
ofsodium carbonate and potassium bitartrate for some time and
allowing the reaction mixture to stand at 60°. The solution is
filtered, concentrated and crystallized.

2KHC
4
H

4
0

6
+ Na

2
C0

3
» 2KNaC

4
H

4
0

6
+ CO

2
+ H 20

Physical Characters : Sodium potassium tartrate occurs as
odourless, colourless, crystals or white crystalline powder,
with a cooling saline taste. It effioresces slightly in warm dry air,
the crystals often being coated with a white powder, m.p. 70-80°;
at 100° loses three moles of water; becomes anhydrous at 130-
140°; at 220° begins to decompose and gives off inflammable
vapours haVing the odour ofburnt sugar leaVing behind residue
of potassium and sodium carbonates. It is soluble in water (1 in
I); practically insoillble in alcohol. The aqueous solution is
slightly alkaline to litnllls, pH 7-8. It is stored in airtight
cOlltainers.
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Chemical Properties

1. It gives characteristic reactions of sodium, potassium and
tartrates.

2. When an equalvolume ofacetic acid is added to 5% solution
of the salt, a white crystalline precipitate of potassium
bitartrate is obtained after 15 minutes.

3. On ignition it gives the odour of burning sugar and forms
an alkaline residue consisting of sodium and potassium
carbonates which effelVesces with acids.

Assay : A weighed amount (2 g) is heated until carbonized,
cooled, and the residue boiled with 50 ml of water and 0.5 N
sulphuric acid (50 ml). It is filtered, washed with water and the
filtrate and washings are titrated wit11 0.5 N sodium hydroxide,
using methyl orange solution as indicator. Each ml of 0.5 N
sulphuric acid is equivalent to 0.07056 g ofNaK C

4
H

4
0

6
" 4H

2
0.

2NaKC4H40 6 + 502 ----.. ~C03 + Na2C03+6C02 + 4H20

Tests for Purity: Tests for arsenic; chloride; iron: heavy metals;
sulphate; loss on drying; acidity and alkalinity.

Incompatibility: Acids, calcium or lead salts, magnesium
sulphate, silver nitrate.

Uses: Sodium potassium tartrate is used as a laxative and food
additive in the form ofa stabilizer in cheese and meat products.
It causes wateryevacuationofbowels without causing irritation.
It is also used inSeidlitz powder, Fehling's solution, as antimony
potassium tartrate, and bismuth potassium tartrate.
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TOPICAL AGENTS

Topical agents are for external use only on the body surface.
Topical application of drugs may be accomplished within body
cavities that open to the outside (e.g. the oral, vaginal, and
colonic cavities). Topical agents are divided into two main
categories based on their action or use as (i) protective, (ill
antimicrobial, and (iii) astringent compounds.

They are not placed in eyes, nose or mouth. Before applying
the medicine, hands are washed thoroughly, skin area is cleaned
with soap and water each time before application, unless other­
wise directed by the physician. After applying the medicine, the
hands are washed and dried gently with a clean towel. This
avoids accidentally getting any medicine in eyes, nose or mouth.
The prescribed amount of the medicine is used. Any other
creams, lotions or cosmetics should not be used over the already
applied medicine. If the condition persists or becomes worse, or
if a constant irritation, such a~ bUrning or itching occurs, the
physician should be consul_ed. Only the medicine that is
actually touching the skin will work. A thick layer ofcreams and
ointments is not more effective than a thin hiyer. In case of
lotions, the liquid preparation is shaken well before using. A
small amount of medicine is applied to the affected part and
spreaded lightly. The containers, aerosols and sprays are shaken
well each time before using. The containers are held straight up
and about 6 to 8 inches away from the affected skin. The affected
area is sprayed for 2 to 3 seconds and eyes, nose or mouth to be
avoided. It should not be sprayed near food. Some sprays may
contain aIcoholwhich may catch on fire. While using the spray,
it should not be smoked and fired on open flame or heater.The
aerosol should not be punctured, broken or burnt even ifempty.
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(A) PROTECTIVES

Protectives are agents which are applied to the skin to protect
certain areas from irritation. These substances are insoluble
and chemically inert. The absorption ofthe compounds through
th~ skin makes it difficult to wash them off due to their
insolubility and diminishes metallic properties on tissue.
Unreactive nature ofthe compounds prevent interactions between
the protective substance and the tissue. Ideal protectives are
biologically inactive and efficient adsorbents useful for adsorbing
moisture from the surface of the skin. Protective and adsorbent
action becomes maximum with decreasing particle size. Small
particles occupy a larger surface area, allowing them to adhere
to each other, stick better to the surface of the skin, and adsorb
moisture more efficiently. Fine powder particles also offer a
smooth substance which is easy to apply and aids in preventing
irritation due to rubbing or friction.

Protectives are usually applied as ointments, dusting
powders and suspensions to the areas of the skin which are
subjected to constant irritation due to moisture and/or friction,
or areas which have already become irritated or inflamed due to
friction and allergy. If a fluid is exuding from the area to which
the protective is to be applied, adsorbent-type protectives should
not be used. These substances will mix with the exudate and
form a crust on drying which adheres to the open tissue.

BENTONITE

(Wllklnlte)

Bentonite is a natural, colloidal, hydrated aluminium silicate
consisting mainly of nwntmorilionite, ~03. 4Si02. H20. It may
also contain calcium, magnesium and iron. The silica content
may be less than shown, anc;l the water content depends upon
the treatment to which the natural substance has beensubjected.
The most common type is volclay bentonite, composed ofabaut
90% rrwntmorilionite (~Si401o(OH)2. nH20]. Other components
areJeldspar (K.z0. Al20 3. 65i02) and aluminosilicate containing
Si02. Al

2
0 3, Fe

2
0 3, CaO, MgO and some Na and K.

Characters: It occurs as a very fine odourless, pale buff, or
cream-coloured to greyish-white powder with a yellowish tint;
free from grit; taste is slightly earthy. It is insoluble in water but
swells into a homogeneous mass occupying about 12 times the
volume of the dry powder; insoluble in, and does not swell in
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organic solvents. A 5% suspensionofpurified bentonite has a pH
of 9.0 to 10.0. It is stored in tightly closed containers.

Tests for Purity: Tests for sedimentation volume; swelling
powder; alkalinity; arsenic; gel formation; coarse particles~ pH;
loss on drying; and gritty particles.

Sedimentation volume is determined by mixing the
substance (6 g) with light magnesium oxide (0.3 g) and water
(200 mIl, shaking for 1 hour and placing the suspension in a
cylinder. Mter 24 hours the volume of the clear supernatant
liquid is not greater than 2 ro!.

Swelling power is detected by adding tlle substance (2g) in
sodium laurylsulphate and allowing to stand for 2 11ours. The
apparent volume ofthe sediment at the bottonl of the cylinder is
not less than 24 mI.

Coarse particles are determined by triturating the substance
with sodium hexametaphosphate solution. separating the
.colloidal suspension by syphon and the coarse particles by a
sieve of nominal mesh aperture 125 ~m. The weight of the
particles on the sieve is not more than 5 mg.

pH is between 9.0 and 10.5. determined in a 2% w Iv
suspension in water.

Tests for Identification

1. The substance is fused with anhydrous sodium carbonate.
water added and flltered. The residue is dissolved in dilute
hydrochloric acid; the solution gives the reactions of
aluminium.

2. To the filtrate hydrochloric acid is added; a gelatinous
precipitate is produced.

Uses : Bentonite is used as pharmaceutical aid (suspending
agent). It absorbs water readily to form gels. It is used as
suspendingand stabillzingagentand as anadsorbentorclarifying
agent.

CALAMINE

ZnC0
3

• Fe
2
0

3
or ZnO. Fe

2
0

3
•

Calamine (I.P.) is zinc oxide with a small proportion of ferric
oxide. It contains not less than 98.0 per cent of ZnO.

Calamine (B.P.) is the basic zinc carbonate coloured with
ferric oxide. yielding on ignition 68 to 74% ofoxides of zinc and
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iron. It is a fine amorphous, impalpable, odourless, pink or
reddish-browrl powder, the colour dependiIlg on tIle variety and
amount of ferric oxide present and the process by which it is
incorporated. It is practically insolttble in water; soluble with
effervescence in hydrochloric acid.

Tests for Purity: Tests for barium salts; calcium; lead; chloride;
sulphate; alcohol-soluble dyes; alkaline substances; acid -insoluble
matter; water-soluble dyes; and residue on ignition (68-74%).

Acid-insoluble substances are determined by dissolving
calamine (1 g) in warm dilute hydrocWoric acid (25 mI). Any
insoluble residue is collected on a tarred filter washed with
water, dried to constant weight at 105°· cooled and weighed. The
weight should not exceed 20 mg.

For detectingalkaline substances, calamine (1g) is digested
in warm water (20 m}), and phenolphthalein (2 drops) added. If
a rer! rolour is produced, not more than 0.2 ml of0.1 N sulphUric
acid is required to discharge it.

To a solution (A) ofcalamine in water and glacial acetic acid,
5N ammonia and ammonium oxalate (2.5%, w/v) are added. If
the solution remains clear after two minutes, it indicates the
absence of calcium. A clear solution obtained on addition of
potassium chromate solution to the solution (Al suggests the
absence of lead in calamine.

Tests for Identification

1. The substance (1 g) is shaken with dilute hydrochloric acid
and fl1tered; the filtrate gives the reactions of zinc.

2. Calamine (1 g) is boiled with dilute hydrochloric acid (10 mI)

and filtered. Afew drops ofammonium thiocyanate solution
are added to the filtrate; a reddisll colour is prO<.luced.

.Assay : A weighed amount of the substance (1.5 gl is digested
with IN sulphuric acid (50 mIl, fl1tered and the residue washed
with hotwater. To the fl1trate and washings, ammonium chloride
(2.5 g}"is added and titrated with 1 N sodium hydroxide using
methyl orange solution as indicator. Each ml of IN sulphuric
acid is eqUivalent to 0.04068 g of ZnO.

Uses: Calamine is a topical protectant and has a mild astringent
actioll on the skin. It is used as a dllsting-powder, cream, lotion,
or ointment in a variety of skin conditions, including urticaria
(skin eruption), eczema, and the effects of sunburn. Calamine
lotion contains calamine and zinc oxide (1 %) suspended with
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Bentonite and calcium hydroxide. Phenolated calamine lotion
contains phenol (2%) which is used as a local anaesthetic and
antipyretic.

SILICONE POLYMERS

CH3[Si(CH3)n.O]3 Si(CH3)3

Silicone polymers (dimethicone) may be prepared by
hydrolyzing a mixture of dichlorodimethylsilane. (CH3)2SiC~.

and chlorotrimethylsilane. (CH3)3SiCl. The hydrolyzed products
containactive silanol groups (SiOHl through which condensation
polymerization proceeds. By varying the proportion of
chlorotrimethylsUane. whichacts as a chain terminator. silicones
of varying molecular weight may be prepared.

As the molecular weight increases. the products become
more viscous. The various grades are distinguished by numbers
relating to the viscosity. The physical properties depends on the
size and type of the radical and the molecular configuration of
the polymer (linear. cyclic. degree ofcrosslinking). The products
haveremarkablyhighthermalandchemicalstabilltyand unusual
release from sticking and surface properties.

The products occur as clear colourless. odourless liquids:
insoluble in water. alcohol, acetone and methyl alcohol and
soluble with chlorinated hydrocarbons. ether and xylene: very
slightly soluble in absolute alcohol and isopropyl alcohol; also
miscible with amyl acetate. cyclohexane. kerosene. toluene and
ethyl acetate.

The polymers are stored in airtight containers.

Uses: Silicone polymers are water-repellent and have a low
surface tension. They are used in barrier creams for protecting
the skin against water-soluble irritants. Creams. lotions and
ointments containing the silicone polymers are employed for the
prevention ofbedsores and napkin rash and to protect the skin
against trauma due to colostomy discharge. They are also used
as lubricants for hypodennic syringes and in the treatment of
flatulence. Dimethicone or Simethicone is a mixture ofdimethyl
polysiloxanes and silica gel.

Injections ofsilicone polymers may cause a granulomatour
reaction. They adhere very well to the skin and exclude contact
witl'! air. Therefore, they should not be applied over broken skin
or wounds. Contact with the eyes should be avoided.
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TALC

M~ (5i20 5 )4 (OH)2 or 3MgO, 45i02, H20

Talc is a finely powdered, purified, natural hydrous magnesium
silicate containing a small amount of aluminium silicate and
iron. The natural lumps are known as soapstone, foliated,
fibrous or steatite. The most desirable form for cosmetic and
pharmaceutical purposes is the foliated talc which has a plate­
like structure. The actual composition of talc is variable,
containing MgO (28-31.2%), 5i02 (57-61.7%) and H20 (3-7%).

Preparation : Talc is prepared by boiling fmely powdered talc
with dilute hydrochloric acid, allowing the insoluble talc to
settle, decanting the supernatant liquid and removing the acid
by washing with water. The impurities such as iron, calcium
oxide, aluminium oxide and ferric oxide are removed in this
process.
Physical Characters : Talc occurs as a very fme, light,
homogeneous, white, or greyish-white, odourless, impalpable,
and unctuous powder. which adheres readily to the skin. It is
practically insoluble in water and in dilute mineral acids and
dilute solutions ofalkali hydroxides. It is sterilized by exposure
to ethylene oxide or by heating so that the whole of the material
is maintained at 1600 for 1 hour. It is preserved in well-closed
containers.
Chemical Reactions: Chemically, talc may be considered ta be
a hydrated magnesium silicate.

When talc is heated to red heat (850-1 OOOOC), it loses water
and the natural mineral enstatite, Mg

4
5i

4
0 12. is formed.

When a mixture aftalc, anhydrous sodium carbonate and
anhydrous potassiumcarbonate is fused in a platinum crucible,
magnesium carbonate is formed.

3MgO. 4Si02.H20 + Na2C03 + 2~C03
- 3MgC03 + Na2Si03 + 2~Si03 + H2Si03.

The reaction on further treatment with hydrochloric acid
yields insoluble silica.

MgC03 + 2HCI ----+- MgC~ + H 20 + CO
2

Na
2
Si0

3
+ 2HCI ~ 2NaCI + 5i0

2
+ H

2
0

~Si03 + 2HCl ~ 2KCl + 5i02 + H2 0
1000

5i0
2

+ H
2
0 -----.~ 8i0

2

soluble
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Tests for Purity: Tests for iron carbonates; calcium; cilloride;
organic substarlces; acidity; alkalirlity; acid soluble Inatter (less
th.an I %); water soluble matter (0.2%); loss on drying (not Illore
than 4.8%); and loss on igrlition (not more tllan 6%).

Acidity is determiIled by s11aking talc (5g) with C<-'1rbOll

dioxide free water (25 mI) for one miIlllte. filtering aJld addiIlg to
tIle filtrate bromotllylnol blue solutioll (0.5 1111). TIle SOhltioll is
not acid and requires not more thall 0.3 1111 of 0.1 N llydrocllloric
acid.

If talc does not S110\V efferYescence by adding ill dilute
hydrocll10ric acid, carbonates are absent.

Talc is liable to be heavily contaminated with bacteria,
including Clostridium tetanl, Cl. welchii, and Bacillus anthrQ.cis.
When used in dusting-powders, it should be sterilized.

Tests for Identification

1. A mixttlre of the substance (0.5 g), anhydrous sodium
carbonate (0.2 gl and anllydrolls potassilllTI carbonate (2 gJ
are fused, cooled, and hydrochloric acid is added until it
ceases to cause effeIVescence. More acid is added and the
rillxture is dried. The residce is boiled with water, filtered,
arId to tIle filtrate ammonium chloride (2gJ and dilute
amm.onia solution (5 ml) are added. The solutioll is filtered,
disodium hydrogen phosphate solution added to the filtrate;
a wllite crystalline precipitate of magnesium ammonium
phosphate separates.

2. The substance (0.5 g) is fused with anhydrous sodium
carbonate (4 g), dissolved tIle melt in hot water and filtered.
To the filtrate hydrochloric acid is added to produce a
strong acid reaction and dried. The residue gives the
reactions of silicates.

Uses: Purified talc is used in lnassage and as a dusting powder
to allay irritation and prevent chafmg. It is usually mixed witll
starch or boric acid to increase absorption of moistlire, and zinc
qXide. It is also used as a Illbricant in making pills, tablets arid
for dusting tablet molds; to clarify liquids by filtration. Talc
poudrage has been used to treat recurrent spontaneOtlS
pnetlffiothorax (collection ofair in the pleural cavity) and pleural
effusions.

Contamination ofwounds or body cavities with talc is liable
"1~o cause granulomas. Prolonged or intense aspiration oftalc may
})roduce pneumoconiosis. Talc is used in preparations which
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may be perfumed for cosmetic purposes, or medicated with
antimicrobial agents, such as boric acid.

Dlle to its insoluble and chemically inertand non-adsorptive
natllre, talc is used as a filtering aid.

TITANIUM DIOXIDE

Ti0
2

; Mol. Weight =79.90

Titanium dioxide contains not· less than 98.0 per cent of
Ti0

2
, calculated with reference to the dried substance. It is found

in nature as the minerals rutile (tetragonal), brookite
(orthorhombic), anatase or octahedrite (tetragonal), ilmenite
(TiFe0

3
) andperovskite (TiCa0

3
). Titanium exhibits three or four

valencies. For example, titanous chloride, TiCI
3

, a reducing
agent, is readily oxidized to the tetrachloride, TiCl

4
due to loss of

the fourth electron.

Preparation

Titanium dioxide is prepared commercially by treating the
mineral ilmenite with hydrogen chloride and chlorine.

2FeTi0
3

+ 4HCl + Cl
2

It may be prepared by direct combination'of titanium and
oxygen; by treatment of titanium salts in aqueous solution; by
the reaction of volatile, inorganic titanium compounds with
oxygen; and by oxidation or hydrolysis oforganic compounds of
titanium.

Characters : Titanium dioxide is a white, or almost white,
infusible, odourless, tasteless powder. It is practically insoluble
in water, dilllte mineral acids, and organic solvents; slowly
,soluble inhotconcentrated sulphuric acid; soluble in hydrofluoric
acid. A 10% suspension in water is neutral to litmus. It is also
made soluble by fusion with potassium bisulpllate or with alkali
hydroxides or carbonates to form alkali titanates. Titania is a
name applied to large Ti0

2
crystals suitable for used injewellary.

These crystals have a refractive index (2. 7) higher than diamonds
(2.4), but lack the hardness ofdiamonds. It has high refractive
index and, therefore, high opacity.

Titatium dioxide is kept in well-closed containers.

The reactivity of the oxide depends on a previou~) heat
treatment. When hydrogen peroxide is added to dilute sulJ)Ltlric
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acid solution of the oxide, an orange-red colour of titanium
peroxide, Ti0

3
, is produced immediately.

Tests for Purity: Tests for arsenic; barium; lead; heavy metals;
iron; antimony; heavy metals; loss on drying; loss on ignition;
water-soluble matter; acid-soluble matter; clarity and colour of
solution; acidity or alkalinity.

For determining barium, the substance is dissolved in
hydrochloric acid, filtered and the filtrate washed water. Dilute
sulphuric acid is added to the filtrate; the solution remains clear
for not less than thirty minutes when barium is absent.

Acidity or alkalinity is determined by neutralizing aqueous
solution of the substance with 0.01 N hydrocWoric acid or with
0.02N sodium hydroxide using 0.1 ml of bromothymol blue
solution as indicator.

A weighed amount of the substance is dissolved in
water containing ammonium sulphate and filtered. The
filtrate is evaporated to dryness and ignited to get water soluble
matter.

For heavy metals the solution prepared in the test for
barium is diluted. To the solution, thioacetamide reagent and
acetate buffer (pH 3.5) are added. Any brown colour produced is
not more intense than that produced by similarly treating a
mixture of 1.0 ml of standard lead solution.

For detection ofiron, to solution Aobtained in identification
test (A) bromine water is added. Excess ofbromine is removed by
passing a current of air and potassium thiocyanate solution
added with shaking. After five minutes, any red colour in tIle
solution is not more intense than the colour obtained by treating
standard iron solution and sulphuric acid solution (20%) in the
same manner.

Tests for Identification

1. A mixture of the substance (0.5 g), anhydrous sodium
sulphate (5 g), water (10 ml) and sulphuric acid (10 ml) is
boiled until clear, cooled, and 25% sulphuric acid (30 ml)
is added. The solution is diluted with water and divided in
tV/O parts A and B. To part A (5 ml), strong hydrogen
peroxide soilltion (0.1 m)) is added; an orange- red colour is
prodLlced.

2. To part B (5 In1) one piece of grarlulated zinc is added. After
45 mirll1t:o,s a violet-blue COlOtlf is prOdtlCed.
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Assay: Reaction of titanium dioxide with hydrogen peroxide in
dilute sulphuric acid produces titanium peroxide (Ti0

3
) which

gives an orange red colour with solution. This reaction is used
in the official identification of the compound.

Assay: A weighed amount (0.3 g) is mixed to sulphuric acid (20
mI) and ammonium sulphate (8 g), heated until white fumes
appear, cooled and diluted with water. The reaction mixture is
re-heated, cooled, filtered and strongammonia solution is added
to the filtrate. The solution is diluted with water, strong hydrogen
peroxide solution and 0.05 M disodium ethylenediamine
tetra- acetate are added and the pH of the solution adjusted
to 5.0 with sodium hydroxide solution. Hexamine (5g) is
added and the solution is titrated with 0.05 M zinc chloride
using xylenol orange solution as indicator. Each ml of 0.05 M
disodium ethylenediamine tetraacetate i~ eqUivalent to 0.003995
g of Ti0

2
•

Uses: Titanium dioxide is applied to the skinas a mild astringent
and protective application in eczema; used for the relief of
pruritus and incertainexudativedermatoses. Itreflects ultraviolet
light and is used to prevent sunburn. It is an ingredient ofcertain
face powders and other cosmetics. It is used to pigment and
opacity hard gelatin capsules and tablet coatings and as a
delustring agent for regenerated cellulose. Purified grades may
be used in food colours. It is also used in sun-tan preparation
due to its high refractive index (2.7). TIns Wgh refractiv~tymakes
the compound useful for preparation ofvarious sun creams and
sun screen .products. As a solar ray protective, it is useful in a
conceIltration of5 to 25% in ointments or lotions. It is also used
as a white pigment in cosmetics and paints.

ZINC OXIDE

ZnO; Mol. Weight = 81.34

Zinc oxide contains not less than 99.0 per cent of ZnO.

It occurs as the mineral zincite.

Commercially zinc oxide is prepared by heating metallic
zinc to bright redness in the presence of preheated air (French
Process). The zinc vapours burn to form oxide which is obtained
as a fine, white powder.

2Zn + 02 • 2ZnO

In an another procedure a mixture ofzinc sulphate solution
'and sodiurn carbol1ate solution is boiled to prer ~t~:;~t zinc
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carbonate which is filtered and washed. When zinc carbonate is
ignited, carbon dioxide, and zinc oxide are fanned.

ZnS0
4

+ Na
2
C0

3
~ ZnC0

3
+ Na

2
S0

4

heat
ZnC0

3
~ ZnO + CO

2

Zinc oxide is also prepared from Jranklinite (American
process) or from zinc sulphide.

Physical Characters

Zinc Oxide is a white or faintly yellowish-white, odourless,
amorphous very frne soft powder, free from grittiness. It gradually
absorbs carbon dioxide from air to form basic zinc carbonate,
Zn2(OH)2C02; sublimes at normal pressure; practically insoluble
in water and in alcohol; soluble in dilute mineral acids, in
solutions of alkali hydroxides; are.monia and ammonium
carbonate solution to form salts. When treated with dilute
hydrochloric acid, the oxide forms the Lewis acid, zinc chloride.

ZnO + 2HCI • ZnC~ + H 20

ZnO + 2NaOH • Na2Zn02 + H 20

When fresWy ignited, it contains 99 to 100.5% of ZnO.
When heated to 4000C or 5000c. the oxide develops a yellow
colour that disappears on cooling.

Ammonia solution and ammonium carbonate form basic
ammonia complexes with zinc oxide which are soluble in basic
ammonia.

ZnO + 4NH20H -------. Zn (NH3 )4 (OH)2 + 3H20

ZnO + 2 (NH
4

) C0
3

------+ Zn (NH
3

)4 (OH)2 + CO2 f + H 20

It is stored in well-closed containers.

Tests for Purity : Tests for arsenic; iron; lead; metallic zinc;
sulphate; alkalinity; carbonate; substances insoluble in acids;
oily impurities; and loss on ignition.

Lead is precipitated as yellow zinc chromate from acetic
acid solution. The zinc chromate dissolves in the solution.

Metallic zinc is tested by displacement of lead from a
solution of lead acetate.

Alkalinity is determined by treating aqueous solution with
phenolphthalein. If red colour is produced, it is titrated with
0.1 N hydrochloric acid to discharge it.
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If an aqueous solution on treatment with dilute sulphuric
acid produces no effervescence and the resulting solution is
clear and colourless, carbonate and substances insoluble in
acids are absent.

For detecting iron, the acidified solution of the substance
should comply with the limit test for iron.

Tests for Identification

1. It becomes yellow when strongly heated; the yellow colour
disappears on cooling.

2. A solution in dilute hydrochloric acid gives the reactions of
zinc.

Assay: The assay is based on acidimetry-alkalimetric titration.
The end point is yellow to pink. Weighed amounts of the
substance (1.5 g) and ammonium chloride (2.5 g) are dissolved
in 1 N sulphuric acid (50 mI) and the excess sulphUric acid is
titrated with 1 N sodium hydroxide using methyl orange as
indicator. Each rol of 1N H

2
S0

4
is equivalent to 0.04069 g ofZnO.

Uses: Zinc oxide is applied to the skin as a mild astringent, as
a soothing and protective application in eczema, and as a
protective to slight excoriations often with coal tar. Zinc oxide
reflects ultraviolet radiation and is used in sunscreens, and in
the treatment of skin ulcerations and other skin problems.

A mixture ofzinc oxide and strong solution ofzinc chloride
is converted into an oxychloride which sets into a hard mass.
This mass is used in some dental cements. Mixed with clove oil
or eugenol, zinc oxide is used as a temporary dental filling. The
antimicrobial-astringent action is due to the release of a small
amount of zinc ions due to hydrolysis in the acidic moisture on
the skin. It is an ingredient ofcalamine, zinc gelatin, zinc oxide
ointment and zinc oxide paste.

Freshly formed fumes, as from welding, may cause metal
fume fever with chills, fever, tightness in chest, cough and
leukocytes.

ZINC STEARATE

[{CH3 (CH2 )16 CO2}2Zn]

Zn C36H7004; Mol. Weight =632

Zinc stearate is a compound of zinc with a mixture of solid
organic acids obtained from fat, and consists mainly ofvariable
proportions of zinc stearate ([C~3(CH2)16 CO2]2Zn) and zinc
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palmitate ([CH
3
(CH2)14 CO2)2Zn, and usually with some excess of

zinc oxide. It contains 10-12% ofZn.

It is prepared from stearic acid and a solution ofzinc acetate
or some other soluble salt. A calculated amount of commercial
stearic acid, which is a mixture of palmitic acid and oleic acid,
is added with stirring to a hot solution ofsodium hydroxide. The
solution of sodium stearate is allowed to cool and a solution of
zinc acetate is added. The precipitated zinc stearate is filtered,
washed, and dried.

Characters: Zinc stearate occurs as a veryfme, light, soft, bulky
powder, free from gritty particles; with slight characteristic
odour, m.p. 120°. It is unctuous to the toucll; readily adheres to
the skin; is insoluble in water, alcohol. ether; soluble in benzene.
It repels water; and is decomposed by hot mineral acids yielding
stearic, and palmitic acids. It is neutral to moistened litmus
paper, and stored in well-closed containers.

It is hydrolyzed by heating in dilute mineral acids to form
a soluble zinc salt and an insoluble oily layer of stearic and
palmitic acids.

Tests for Purity: Tests for arsenic; cadmium; lead; alkalies;
alkaline earths; free fatty acids; acid value of the free fatty acid;
acidity or alkalinity; colour of solution; cWoride; sulphate;
clarity and colour of solution of the fatty acids.

For the test ofalkali and alkaline earth metals, a sample is
dissolved in dilute hydrochloric acid, and a solutionofammonical
ammonium sulphide is added to precipitate zinc as zinc sulphide.
The sulphide is fl1tered off to separate liberated fatty acids, the
filtrate is acidified with sulphuric acid, dried, ignited and the
residue is weighed.

For determining free fatty acids, an ethereal solution is
dried to get a residue of the acids. Test for lead is performed in
an HN0

3
digested residue of the substance.

Tests for Identification

1. The substance (1 gl is added to a mixture of water (25 mIl
and hydrochloric acid (5 ml) and boiled. An oily layer of fatty
acids is produced on the surface ofthe liqUid and the lower
aqueous layer, after neutralization, gives the tests of zinc.

2. The oily layer is separated ona filter paper wetted with water
and washed with water until free from sulphate. The fatty
acid is collected, dried and melted (m.p. 54°).
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Assay: The assay is based on complexometric titrationas incase
of magnesium sulphate. A weighed amount of the substance (1
g) is boiled with 0.1 N sulphUric acid (50 mI) until the fatty acid
layer is clear. It is cooled, filtered, and washed with water. To the
filtrate and washings, strong ammonia-ammonium cWoride
solution (15 ml) and eriochrome black T solution (0.2 mI) are
added. The solution is heated to about 40° and titrated with 0.05
M disodium ethylenediaminetetra acetate until the solution is
deep blue in colour. Each ml of 0.05 M disodium
ethylenediaminetetra acetate is eqUivalent to 0.004069 g ofZnO.

Uses : Zinc stearate has mild astringent and antimicrobal
properties. It is used in dusting powders and ointments as a
soothing and protective agent in the treatment of skin
inflammation. It is used either alone or with other powders or in
the form ofa cream. As it is not wetted by moisture, the product
is more desirable in dermatological problems where large amount
of fluid exuded.

Zinc stearate is also added as a lubricant to the granules in
tablet-making.

Zinc stearate inhalation has caused fatal pneumonitis,
(pulmonary inflammation), especially in children.

(B) ANTIMICROBIALS

Antimicrobials include antiseptic, germicide, and disinfectant
agents as well as sterilization process. Antiseptic is any agent
which either kills or inhibits the growth of microorganisms, I.e.
growing on man especially or liVing tissue in general, e.g.
bacteria, fungi, protozoans, viruses, etc; thus preventing harmful
effects of infection. Germicide agents kill microorganisms.
Disinfectant agents destroy microorganisms, but not usually
bacteria spores. It does not necessarily kill all microorganisms,
but reduces them to a level which is harmful neither to health
nor the perishable substances. According to their specific
properties, disinfectants may be classified as bacteriocides ,
sporicides, viricides and fungicides. Sterilization is the to~l

removal or destruction of all living microorganisms which is
done by chemicals or by mechanical processes like heat or
radiation methods.

The mechanisms ofaction ofinorganic antimicrobial agents
may be by oxidation, halogenation and protein precipitation.
Primary chemical interactions or reactions that occur between
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the agent and microbial protein causing death of the microbe or
inhibition ofits growth. Oxidizingagents are generally nonmetals
and some anions, e.g. hydrogen peroxide, metal peroxides,
permanganates, halogens andcertainoxo-halogenanions. They
reduce some groups present in most proteins, e.g. sulphhydryl
(-SH) group in cysteine. As the proteins has a specific function
in tIle microorganism, e.g. enzyme, hence the rechtction of
sulphhydryl group forming the disulphide bridge will alter the
conformation of the protein and thereby changes its function;
Catlsing destruction of the microorganism.

Halogenation occurs with antiseptic. These compounds
serve as a source of cWorination of primary and secdt:ldary
amides. Similar reaction can take place with the peptide linl\age
ofprotein molecules to alter the function ofspecific proteins. The
substitution of the chlorine atom for the hydrogen produces
changes in the hydrogen bonding responsible for the proper
conformation of the protein molecule.

Metallic ions having large charge or radius ratio or strong
.electrostatic fields interact proteins. This property is found in
transition metal cations, e.g. Cu (II), Ag (I) and Zn (II). Aluminium
(III) also precipitates proteins due to its charge and small ionic
radius. Except the alkali and alkaline earth metals, most metal
cations precipitate proteins. The interaction of metal ions with
protein is nonspecific and at sufficient concentration, they will
react with the microbial protein and host. Some metals, e.g.,
mercury, arsenic and antimony, show some enzyme specificity
and form strong covalent bonds with specified enzyme systems.
The protein precipitant properties of metal cations can be
changed according to the concentration at the site of action.

BORAX
(Sodium Borate, Sodium Tetraborate)

Na
2
B

4
0

7
; Mol. Weight =201.2

Na
2
B

4
0

7
• 10H

2
0; Mol. Weight = 381.37.

Borax is the sodium salt of pyroboric acid which occurs
naturally in lakes of Tibet, Srilanka, India and California. It
contains not less than 99.0% of Na

2
8

4
0

7
• 10H

2
0.

Preparation

1. The mineral borate is boiled with a concentrated solution
ofsodium carbonate. The solution is filtered, concentrated
and cooled to crystallize borax.
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Ca2B60 11 + 2Na2C0
3

-----+ 2CaC0
3

+ Na
2
B

4
0

7
+ 2NaB°

2

Sodium
metaborate

A current of carbon dioxide gas is passed through the
mother liquor to convert the metaborate into borax.

4NaB0
2

+ CO
2

----+ Na
2
C0

3
+ Na

2
B

4
0

7

2. Naturally occurring crude borax (Tineal) is dissolved in
water, filtered, the filtrate is concentrated and cooled to
crystallize borax.

Physical Properties : Borax occurs as odourless transparent
colourless crystals, crystalline masses or white crystalline powder.
It effloresces in dry air, the crystal often being coated with white
powder; m.p. 75°. It loses 5 moles of water at 100° and 9 moles
of water at 150°; becomes anhydrous at 320°. It is soluble in
water (I in 20); boiling water (I in 1) and glycerol (1 in 1);
practically insoluble in alcohol. The aqueous solution is alkaline
to litmus and phenolphthalein; pH is about 9.5. It is stored in'a
cooled place in airtight containers.

Chemical Properties

1. The alkalinity of aqueous solutions of borax is due to its
hydrolysis :

Na
2
B

4
0

7
+ 2H

2
0 <::: ...... 2NaOH + H

2
B

4
0

7

In concentrated solution, hydrolysis is only partial.

Na2B 40 i + 3H20 • 2NaB02 + 2H3B03

2. With some metallic salts it gives coloured beads due to
formation of metal metaborates.

Na2B 40 7 + CoO ---~. 2NaB02 +
Cobalt oxide Sod.

meta
borate

Co {B02 )2

Cobalt ~

metaborate
(Blue)

Tests for Purity: Tests for arsenic; iron; lead; calcium; heavy
metals; carbonate; free boric acid; chloride; sulphate; alkalinity;
clarity and colour of solution, ammonium salt.

A solution prepared indistilled water complies with the limit
tests ofammonium, arsenic, calcium, heavy metals and sulphate.

Identification Tests for Borax and Boric Acid

1. Turmeric paper is dipped in a solution of borate containing
Hel or H

2
S0

4
• On drying the paper turns brownish red.
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When the paper is treated with dilute ammonia solution, or
sodium hydroxide or potassium hydroxide solution, the
colour changes to blue, green or greenish black.

2. When a mixture of borate, alcohol and concentrated
sulphuric acid is ignited in a porcelain dish, the flame
turned green due to formation ofvolatile esters. The esters
burn with their characteristic flame.

3CH
3
0H + H

3
B0

3
)I (CH

3
)2 B0

3
f + 3H

2
0

Trimethyl borate

3C
2
H

5
0H + H

3
B0

3
)I (C

2
H

5
)3 B0

3
f + 3H

2
0

Green flame
2(CH

3
)3 B0

3
+ 902 )I B

2
0

3
+ 6C0

2
+ 9H

2
0

3. Metal oxides obtained from coloured cations, on fusion
with meta- or tetraborates, give typical coloured glasses
called borax beads :

CuO + Na
2
B

4
0

7
---~)I Cu (B0

2
)2 + 2NaB02

Blue colour

In case ofcopper compounds, the reducing flame may give
a red opaque beads containing copper.

2Cu (B02)2 + 4NaB02 + 2C )I 2Cu+2C02f +2Na2B40 7•

Incompatibilities: Borax is incompatible with gums, alkaloidal
salts, zinc sulphate, mineral acids and metallic salts.

Assay : The assay is based on acidimetry and alkalimetry
tetration. To an aqueous solution of mannitol (20 in 100),
phenolphthalein is added and neutralized with O.lN sodium
hydroxide until the colour of the solution changes to pink.
The substance (3g) is dissolved and titrated with 1 N sodium
hydroxide until the colour of the solution again becomes pink.
Each ml of IN sodium hydroxide is equivalent to 0.1907 g of
Na2B 40 7 ·10H

2
0.

Uses: Borax is used as pharmaceutical aid (alkalizing agent); as
antiseptic, detergent and astringent for mucous membranes. Its
activity is the same as that of boric acid due to its hydrolysis to
boric acid in aqueous solution. It is used externally in 1 to 2%
solutions as an eye wash and as a wet dressing for wounds.

Ingestion of borax can cause severe vomiting, diarrhoea,
shock and death.
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CHLORINATED LIME

CaOCI (Cl). H20

Chlorinated lime (bleachining powder or chlorine of lime)
contains not less than 30% w / w ofavailable chlorine. It consists
of calcium cWoro-hypochlorite, and is a complex chemical
compound of indefinite composition, presumably consisting of
varying proportions of Ca(OCI)2' CaCI2, chlorine ions, Ca(OH)2
and H20 in its molecular structure. It is relatively unstable
chlorine carrier in solid form. Maximum available chlorine
content approaches 39%.

Preparation : Bleaching powder is prepared on commercial
scale by the action of chlorine on pure, dry calcium hydroxide
(slaked lime). The slaked lime is spread in lead chambers and
chlorine is passed into the chambers from 12 to 24 hours to
saturate the lime.

Ca(OH)2 + Cl2 ~ Ca(OCI)CI + H20

Physical Properties: Chlorinated lime is a dull white powder,
containing not less than 30% w/w of chlorine. It has strong
odour of chlorine. On exposure to air it becomes moist and
rapidly decomposes to release hypochlorous acid. Carbondioxide
being absorbed and chlorine evolved. It is partly soluble in water
and alcollol. Aqueous solutions are strongly alkaline. It is stored
in well-closed containers.

Chemical Reactions

1. When shaken with cold water and filtered, the cold filtrate
gives the reactions ofchlorides and hypochloride ions while
on heating it shows the presence of chloride and chlorate
ions. \

CaOCl2 --~~ Ca++ + CI- + CIO-
3CIO- ~ I CIO - + 2CI-,

3

2. Treatment of chlorinated lime with dilute acids liberates
hypochlorous acid which behaves as an oxidizing and
bleaching agent.

2CaOCl2 + H2SO4-~ CaC~ + Caso4 + 2HCIO
I-ICIO ~ HCI + 0

On treatment with excess ofdilute acid or CO2, the
whole of chlorine is liberated.

CaOC1
2

+ H 2S04 ~ Caso4 + H20 + C~
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CaOCl2 + CO2 ~ CaC0
3

+ Cl2

This amount of chlorine is called as "available
cWorine" which is about 35.38% in a good sample.

3. In the presence of cobalt chloride, chlorinated lime is
decomposed to liberate oxygen.

2CaOCl2 ~ 2CaCl2 + 02

Auto-oxidation of bleaching powder gives calcium
cWoride as :

6CaOCl
2

~ Ca(CI03)2 + 5CaCl2

Tests for Identification

1. It evolves cWorine copiously onadditionof2N sulphuric acid.
2. When shaken with water and filtered, the filtrate yields

reactions characteristic of calcium salts and chloride.

Assay : The assay is based on the iodometric and iodimetric
tetration. An aqueous suspension of the substance is treated
with acetic acid in the presence of excess of potassium iodide.

Ca(OCl) Cl + CH3COOH ~ Ca(CH3COO)2+HCI+HOCI
Hypochlorous acid

HOCI + HCl ~ H
2
0 + CI

2KI + Cl
2

~ 2KCI + 12

HypocWorous acid and hydrochloric acid react to form
chlorine which displaces an equivalent amount of iodine from
potassium iodide. The liberated iodine is titrated with a standard
solution of sodium thiosulphate using starch solution as an
indicator. The end point is disappearance of blue colour.

2Na
2
S

2
0 3 + 1

2
---~)1 Na2S 4

0
6

+ 2Nal
Sodium
tetrathionate

The substance (4 g) is triturated with successive small
quantities of water, diluted with water (1000 mI) and shaken.
The resulting suspension (100 m!) is mixed with a solution
containing potassium iodide (3 gl in water (100 mll, acidified
with 6N acetic acid and the liberated iodine titrated with 0.1 N
sodium thiosulphate. Each ml of O.IN sodium thiosulphate i~

equivalent to 3.545 mg of available chlorine, CL

Uses: Chlorinated line has a rapid bactericidal action. It is used
for the chlorination treatment of water in swimming pools, to



Topical Agents 103

disinfect faeces, urine, and other organic material, as a cleansing
agent for lavatories, drains, and effluents and in the preparation
ofsurgical chlorinated soda solution (Dakin's solution) employed
as a wound disinfectant. A mixture ofchlorinated lime and boric
acid solution (eusol) is used as a disinfectant lotion and wet
dressing. It kills most of bacteria, some fungi, yeasts, algae,
viruses, and protozoa.

Ingestion of the chlorinated lime causes irritation and
corrosion of mucous membranes with pain and vomiting. A fall
in blood pressure, delirium, and coma may occur. Inhalation of
fumes maycause laryngealand pulmonary irritation, pulmonary
edema and death.

HYDROGEN PEROXIDE SOLUTION

H
2
0

2
; Mol. Weight =34.02

Hydrogen peroxide is an aqueous solution containing 29 to 31%
w/w ofH

2
0

2
, corresponding to about 100 times its volume of

available oxygen. It may contain suitable stabilizing agent.

Preparation

1. From Bariwn Peroxide : Treatment of a thin aqueous
cream of barium peroxide with cold ,'0. ".te sulphUric acid
forms hydrogen peroxide :

Ba02 + H2S04 • BaS04 + H20 2

When carbon dioxide is passed slowly through ice-cold
paste of barium peroxide, hydrogen peroxide is produced.
The precipitated barium carbonate is fIltered off.

Ba02 + CO2 + H20 • BaC03 + H20 2

Hydrogen peroxide canalso be prepared bydecomposing
barium peroxide with phosphoric acid.

2. From Sodiwn Peroxide : Calculated amount of sodium
peroxide is decomposed by addition of ice-cold dilute
sulphuric acid. Most ofthe sodium sulphate is crystallized
on cooling as the decahydrate and the hydrogen peroxide
is distilled under 10 rom pressure.

Na20 2 + H 2S04 • Na2S04 + H20 2

3. By Electrolytic Process: Commercially hydrogen peroxide
is prepared by electrolysis of 50% sulphuric acid followed
by vacuum distillation. In the first step persulphuric acid
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is formed which on vacuum distillation is converted into
hydrogen peroxide.

Na20
2

+ H
2
S04 ---~.. Na2S04 + H 20 2

2H
2
S0

4
~ H

2
S

2
0

S
+ H

2

Persulphuric
acid

H
2
S 20 a + 2H20 ~ 2H

2
S0

4
+ H20 2

4. From Ammonium Sulphate : Ammonium sulphate and
sulphuric acid are mixed to form ammonium bisulphate
and the cold solution is electrolyzed to yield ammonium
peroxydisulphate.

(NH
4

)2S04 + H
2
S04 ~ 2NH4HS04

Ammonium
bisulphate

~

(NH4 )2S20 a + H 2

Ammonium
peroxyclisulphate

Ammonium peroxydisulphate is distilled directly, or treated
with sulphuric acid and distilled at reduced pressure to yield
strong hydrogen peroxide solution.

(N~14)2S20a+ 2H20 .. 2NH4HS04 + H 20 2

(NH4)2 S20 S + H 2S04 .. H2S 20 s + (NH4 )2 S04

H
2
S

2
0

S
+ 2H20 2 .. 2H2S04 + H 20 2

In an another procedure ammonium peroxydisulphate is
converted into intermediate less soluble potassium peroxy­
disulphate with potassium bisulphate and then hydrolyzed with
steam.

(NH4 )2 S20 2 + 2KHS04 --~. ~S208 + 2NH4HS04

~S208 + 2H20 ~ 2KHS04 + H20 2

Phys;.cal Properties: Hydrogen peroxide is a clear, colourless,
odourless or may have an odour resembling that of ozone;
llnstable liquid; bitter taste; caustic to skin; distilled in high
vacuum; acidic to litmus. It is miscible with water; soluble in
et11er; insoluble in petroleum ether; decomposed by many
organic $olvents.

SOh.liiorls of 11ydrogen peroxide gradtlally deteriorate on
starH.:ii.n.g and are us-naily stabilized by tIle addition ofacetarli.Hde
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or similar organic compounds. Agitation or contact with rough
surfaces, metals or many other substances accelerates
decomposition. It decomposes when in contact with many
oxidizing or reducing substances. It is rapidly decomposed by
alkalies, and finely divided metals. It is unstable on prolonged
exposure to light, and may decompose on heating.

Its stability is increased by adding small amount ofsulphuric
or phosphoric acid; by addition of inorganic or organic
preservatives; chelating or complexing agents such as quinine
Slllp11ate, 8-hydroxyquinoline, boric acid, urea, acetanilide, or
hexamine. These compounds chelate trace amounts ofpolyvalent
Inetals making them unavailable to catalyze the decomposition.
Many adsorbents, e.g. alumina and silica will remove impurities
from hydrogen peroxide solution.

Hydrogen peroxide solution is stored in partially-filled
containers haVing a stabilizing agent and a small vent in the
closure, at a temperature of 8 to 15°; protected from light.

Chemical Reactions

1. Decomposition : Pure hydrogen peroxide when kept in
suitable containers decomposes very slowly, even in
concentrated solution. It decomposes into water and oxygen
rapidly in alkaline solution or in the presence of copper.
iron or manganese ions, or when heated to 100°C.

2H20 2 ~ 2H
2
0 + 02

The oxygen acts as an oxidizingagenton bacteria. providing
antiseptic action.

2. OxidationReactions: Hydrogen peroxide is astrong oxidizing
agent and reacts Inany organic materials. It oxidizes lead
stllphide to lead sulphate, arsellites to arsellates, s<?dium
sll1p11ite to sodium sulphate. ferrolls stllphate to ferric
sulphate, potasSitlm ferrocyanide to potassium ferricyanide
and liberates iodine from potassiunl iodide solution.- -

PbS + 4H
2
0

2
) PbS0

4
+ 4H

2
0

Na:tAs03 + H 20 2 ~ Na3As04 + H20
Sod iu ITI Sodium
arsenite arsenate

SOdJUln Sodiunl
sulphate
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KN02 + H20 2 ---......~ KN0
3

+ H 20

Potassium Potassium
nitrite nitrate

2FeS0
4

+ H 2S0
4

+ H 20 2 ~ Fe2 (S04)3 + 2H20
Ferrous Ferric
sulphate sulphate

2K
4
Fe (CN)6 + H20 2 ~ 2K

3
Fe (CN)6 + 2KOH

Potassium Pot ferricyanide
ferrocyanide

2KI + H20 2 ~ 2KOH + 12

3. Reducing Properties : Hydrogen peroxide behaves as a
reducing agent towards other oxidizing agents. It reduces
silver oxide to silver, potassium permanganate to potassium
sulphate and manganese sulphate, ozone to oxygen, cWorine
to hydrocWoric acid and potassiumferricyanide to potassium
ferrocyanide.

H20 2 + ° ~ H20 +02

A&O + H20 2 ~ 2Ag + H20 + 02

2KMn04 + 3H2S04 +5H202~ ~S04 + 2MnS04

+ 8H20 + 502

0a + H20 2 ~ 202 + H20

Cl2 + H20
2

~ 2HCI + 02

2K3Fe (CN)6 + 2KOH + H
2
0

2
~ 2K

4
Fe (CN)6 + 2H20 + 02

4. Acidic Nature : Hydrogen peroxide is slightly acidic in
nature though in dilute solution it is neutral towards
litmus. It reacts alkalies and carbonates to form their
respective peroxides.

2NaOH + H
2
0

2
Na

2
0 2 + 2H20

Ba(OH)2 + H20 2
--~~ Ba02 + 2H

2
0

Na2COa + H20 2
~ Na20

2
+ CO2 + H

2
0

5. Colour Reaction: When hydrogen peroxide is added to an
acidified aqueous solution of potassium chromate
containing ether, a deep colour is formed between the ether
and the aqueous solution due to a perchromic acid (Cr02­
O-O-CrOz-OH) which is fairly stable in ethereal solution.
The test is very sensitive even when the dilution of HzOz is
0.0015%.
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Hydrogen peroxide reacts with diphenyl phenol in the
presence ofan enzyme, Catalase, which decomposes H

2
0

2
into

water and oxygen. The liberating oxygen oxidizes the phenols
into blue-coloured quinones.

Tests for Purity : Tests for acidity; barium; slabillzing agent;
and non-volatile matter.

For testing the presence ofa preservative, H
2
0

2
is extracted

with chloroform, the chloroform-layer is evaporated under
reduced pressure and the residue is weighed.

Acidity is determined by titrating diluted solution with
0.1 N sodium hydroxide using methyl red solution as an
indicator.

To 10 ml ofH
2
0

2
, 1 ml of dilute sulphuric acid is added. If

no turbidity is produced, barium is absent.

Incompatibilities: Reducing agents, oxidizing agents, alkalies,
organic matter, heavy metal ions, heat, agitation, iodides,
permanganates, copper, manganese ion and their salts; calcium
and strontium salts.

Tests for Identification

1. It decomposes with effervescence when made alkaline and
heated, evolving oxygen.

2. To one drop of H
2
0

2
, dilute sulphuric acid, potassium

chromate solution and solvent ether are added and shaked;
the ethereal layer is coloured blue.

3. To lml, sulphuric acid (IN, 0.2 mll and potassium
permanganate solution (0.02N) are added. The solution
becomes colourless with evolution of gas.

Assay: The assay is dependent on the oxidation-reduction
(redox) titration..Hydrogen peroxide is titrated with a standard
solution ofpotassium permanganate in the presence ofsulphuric
acid at room temperature. Potassium sulphate itself acts as an
indicator. The end point is appeared as a permanent pink colour.

2KMn04 + 3H2S04 + 5H20-----' ~S04 + 2MnS04 + 8H20 + 502

Hydrogen perOXide (10 ml) is diluted with water (250 mI);
5N sulphuric acid (5ml) is added to the solution (25 ml) and
titrated with O. 1N potassiurn permanganate to a permanent pink
end-point. Eael'l ml of 0.1 N KM~04 is eqUivalent to 0.00170 g of
HzOz·
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Uses: Hydrogen peroxide is used as a disinfectant, anti-infective
and deodorant. Antimicrobial effect of the liberated oxygen is
reduced in the presence of organic matter. It is used as mild
oxidizing antiseptic to cleanse wounds and ulcers in
concentrations up to 6%. It destroys most pathogenic bacteria.
e.g., Escherichia coli. Staphylococces aureus, and typhoid baciUi.
Hydrogen peroxide solution (1.5%) is used as a mouth-wash in
the treatment of acute stomatitis and as a deordant gargle. In
dentistry it is used to clean septic sockets and root canals.
Hydrogen peroxide ear-drops \have been used for the removal of
wax. It is also employed as bleaching and oxidizing agent. The
effeIVescent action removes dirt, bacteria and debris from the
surface ofa wound or difficult-to-reach areas, e.g. the ear canal.

Strong solution of hydrogen peroxide produce irritating
burns on the skin and mucous membranes with a white eschar.
Continued use of H

2
0

2
as a mouth-wash may cause reversible

hypertrophy of the papillae of the tongue.

IODINE

1
2

; Mol. Weight =253.8

Iodine contains not less than 99.5 per cent ofI. It occurs in
the combined state as iodides in California oil-well brines, sea
water, sea-weeds, Chile salt-petre mother liquors, and various
brines.

Preparation

1. From Seaweeds: Dried seaweeds ofLaminaria species is
burnt and the ash, called kelp, containing 0.4-1.3% iodates,
is extracted with wat~r. The aqllcous extract is concentrated
and crystallized to separate sl11phates and chlorides of
sodium and potassium. The small amOllnts of Slllphides
and thiosulphates present, are decomposed by adding
sulphuric acid and the precipitated sulphur is separated.
The acid solution contains soluble iodides and smallamounts
of bromides and chlorides. The solution is treated with
chlorine to precipitate iodine which is collected and purified
by sublimation. This iodine contains iodine chloride (lCI) and
iodine bromide (ISr). When it is sublimedwithasmallarnount
of potaSSium iodide, potassium chloride and potassium
bromide are formed with the production of iodine.

KI + ICI ~ KCI + 1
2

Kl + ISr ~ KBr + 1
2
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2. FromCaliche: Themother liquor leftafter the crystallization
ofsodium nitrate from the solution ofCaliche (crude Chile
salt petre) contains some iodine as sodium iodate. This is
treated with a calculated amount of sodium bisulphite to
precipitate iodine liberated due to reduction of sodium
iodate.

2NaI03 + 5NaHS03 ~ 3NaHS04+2N~S04 + ~ + H20

The precipitated iodine is illtered, dried arid purified by
sublimation.

Physical Characters: Iodine occurs as heavy bluish-black or
greyish-violet, brittle plates or small crystals or scales, with a
metallic sheen and a distinctive penetrating irritant odour;
sllarp. acrid taste; violet corrosive vapour, m.p. 113.6°. It is
slowly volatile at room temperature; very slightly soluble in
water; soluble in alcohol (1 in 8), cWoroform (1 in 30); slightly
soluble in glycerol and very soluble in concentrated solutions of
iodides. carbon disulphide, solvent ether and carbon
tetracWoride. Solutionsofiodine inaqueous solutionsofinorganic
iodides are brown. CWorofonn, carbon tetrachlorride, carbon
disldphide and phosphorus trichloride give violet solutions. The
solu bility in solutions ofiodides (e.g. sodium iodide) is due to the
formation oftTiiodide ion (1

3
). Both the iodide and triiodide do not

show antibacterial activity. The triiodide ion is converted into 1
2

and I, thllS retaining antibacterial potency.

IodiIle is stored in glass stoppered bottles.

Chemical Properties

1. loditlC is a llalogen but it is less active than chlorine and
brOlniIle. Iodine combines readily with elements like
Rlltimony, phosphorus. potassium. mercury and many
other Inetals yielding the corresponding iodide.

2Sb + 31
2
--~~ 2Sbl

3

P
4

+ 61
2

~ 4PI
3

Hg + 1
2

~ Hgl
2

2. In aqueous medium iodine behaves as an oxidizing agent.
It oxidizes hydrogen sulphide to sulphtlr. sulphur dioxide
to s ulpl1l1riC acid, nitrites to nitr~tes.Slllphites to sulphates.
arsenites to arsenates and sodium thiosulphate to sodium
tetrathionate.

--~~ HI+HIO
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H 2S + 12 • S + 2HI

S02 + 2H20 + 12 • H 2S04 + 2HI

KN02 + 12 + H 20 • KN03 + 2HI

Na2S03 + 12 + H20 • Na2S04 + 2HI
Na2As03 + 12 + H20 • Na3As04 + 2HI

2Na2S20 3 + 12 • Na2S 40 6 + 2Nal
3. With cold sodium hydroxide solution, iodine reacts to form

a hypoiodide which hydrolyzes to give hypoiodous acid.

-Nal
2NaOH + 1

2
------+ NalO + H

2
0 --+ HIO + NaOH

With hot or even in cold on long contact, iodine reacts
with alkali to form iodate.

"6NaOH + 31
2

----+ 5Nal + Nal0
3

+ 3H
2
0

Sodium
iodate

6NH
4
0H + 31

2
----+ 5NH

4
1 + NH

4
10

3
+ 3H

2
0

4. Iodine reacts with liquor ammonia to yield a black explosive
powder, nitrogen trioxide.

2NH
3

+ 31
2

----+ NI
3

+ 3HI

5. Iodine dissociates at 7000 to fann elemental iodine (1
2
===21).

6. Iodine reacts withconcentrated potassium cWorate solution,
in the presence ofsmall amount ofnitric acid on heating to
produce potassium iodate.

2KCI0
3

+ 1
2

----+ 2KI0
3

+ C~

7. Iodine reacts with organic compounds slowly to fonn alkyl
iodides.

CH
4

+ 1
2

----+ CH
3
1 + HI

CH
2
=CH

2
+ 1

2
----+ CH

2
1-CH

2
1

8. Iodine acts as a reducing agent and can be oxidized to iodic
acid (HI0

3
) and iodates by strong oxidizing agents.

1
2

+ 5Cl
2

(excess) + 6H
2
0 ~ 2HI0

3
+ 10HCI

312 + 5KCI03 + 31-1
2
°------+ 6HI03 + 5KCI

9. Iodine reacts with starch mucilage to form a deep blue colour
which disappears on heating and reappears on cooling.

Tests for Purity: Tests for chloride and bromide; cyanogen; and
non-volatile matter.
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CWorides and bromidess are tested by treating aqueous
extract of iodine, previously decolourized with zinc dust, with
silver nitrate in the presence ofnitric acid. Silver icxlide is almost
insoluble in dilute ammonia, whereas silver cWoride is freely
and silver bromide is less soluble. The soluble silver halide is
reprecipitated on addition ofexcess ofdilute nitric acid. Cyanogen
(leN) is detected in the solution by the Prussian blue test.

Incompatibilities : It has incompatibility with iodine oxides,
hypophosphites, sulphites and many reducing compounds. It
reacts with volatile oils, fIXed oils, turpentine, ammonia water,
ammoniated mercury, alkali hydroxides, and carbonates. It
precipitates many alkaloids and gives colour reaction with
starch.

Tests for Identification

1. When gently heated, it gives violet coloured vapours which
condense, forming a bluish-black crystalline sublimate.

2. With a solution ofpotassium iodide and starch, a deep blue
colour is produced whichdisappears on boilingbut reappears
on cooling.

Assay: The assay is based on iodometric titration. The end point
is disappearance of blue colour. An aqueous solution of iodine,
potassium iodide and dilute acetic acid is titrated with O.IN
sodium thiosulphate, using starch solution as indicator. Each ml
ofO.IN sodium thiosulphate is equivalent to 0.01269 g of iodine.

2Na
2
S

2
0

3
+ 1

2
~ Na

2
S

4
0

6
+ 2NaI

Sodium
tetraiodate

SOLUTIONS OF IODINE

Strong Iodine Solutionor Aqueous IodineSolution or Lugol's
Solution: It is the only official solution of iodine that contains
no alcohol and used for internal administration as counter
irritant and disinfectant. It is prepared by dissolving iodine (5%,
w/v) or potassium or sodium iodide (10%, w/v) in water.
Alcoholic solutions (tinctures) are more irritating than strong
iodine solution. They dry faster than the aqueous solutions
when appiied externally due to evaporation of alcohol. Strong
aqueous solution and tinctures can be diluted by addition of
water without effecting the antiseptic action.

Weak Iodine Solution: It contains iodine (2.5%, w/v) and pota­
ssium iodide (2.5%, w Iv). For its preparation a weighed amount of
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iodine is dissolved inaqueous solutionofpotassium iodideand the
required volume is made up by adding sufficient alcohol (90%).
Alcoholic rontent ofI.P. grade is from 45 to 48% v/v.
IodineTincture : It contains iodine (2%, w/vl and sodium iodide
(2.4%, wIvl. It is identical to weak iodine solution, but it contains
very small amount of alcohol.

Iodine Ampules : They are sealed ampules containing Iodine
tincture. The ampules are used for local application in frrst aid
treatment. Generally the ampules are covered with an absorbent
material to absorb iodine when the tip is broken. Iodine may be
directly applied to a wound from the ampule.

Phenolated Iodine Solution: (Binlton's solution or carbolized
iodine solution). It is prepared by mixing strong iodine solution
(15 mI), phenol (6 ml), glycerin (165 mI) and sufficient water to
make the volume up to 1000 ml. The mixture is heated ina tightly
closed glass-stoppered container below 700c or exposed to
sunlight for sometime until the solution becomes colourless or
faintly yellow. The solution is used as such externally as an
antiseptic mouthwash and as an antibacterial agent.

Uses : Iodine is used as antihyperthyroid, topical anti-infective,
germicides, antiseptics and in the manufacture of iodine
compounds. Iodine is the essential trace element in the human
diet; it is necessary for the formation of thyroid hormones. It is
adffiinistered as potassium and sodium iodides, as iodised oil
injection or as potassium iodate for the treatment of iodide
deficiency disorders, such as endemic goitre.

Prolonged use ofiodine may produce metallic taste, increased
salivation, bUrning or pain, and coryza. Topical application can
giv~ rise allergic reactions.

POVIDONE-IODINE

It is an iodophoric complex of iodine with povidone produced by
the interaction between iodine and poly (2-oxopyrrolidin-l-yl
ethylene). It contains 9 to 12% ofavailable iodine calculated on
the dried basis at l05OC. It occurs as a yellowish-brown
amorphous powder with a slight characteristic odour. It loses
not more than 8% of its weight on drying. It is soluble in \vater
and alcohol; insoluble in acetone, carbon tetrachloride,
chloroform, solventether alld petroleumether. AqtleollS SOltltioT1S
bave a pH of 1.5 to 6.5. The aqueous solutioIl rnay be Illade
l1eutral, but less stable, by the addition ofsodium biearborlate.
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Solutions do not give the familiar starch test when freshly
prepared. It is stored in airtight containers.

Povidone-iodine is an iodophor, Le. complex of iodine with
a carrier organic molecule serving as a solubilizing agent. Such
complexes slowly liberate iodine in solution.

Tests for Identification

1. T'o the aqueous solution starch mucilage is added. A deep
blue colour is produced.

2. When a filter paper moistened with starch mucilage is
covered on the mouth of the flask containing the aqueous
solution, no blue colour is produced on the paper within 60
seconds.

3. To the aqueous solution sodium thiosulphate solution is
added dropwise until the colour of the iodine is just
discharged. To the solutionhydrochloric acidand potassium
dichromate are added. A red precipitate is produced.

4. Tothesolutionoftest3afteradditionofsodiumthiosulphate,
ammoniumcobaltothiocyanate solution previously acidified
with 5N hydrochloric acid is mixed. A blue precipitate is
produced.

Assay: The acidified aqueous solution is titrated with 0.02 N
sodium thiosulphate determining the end point potentio­
metrically. Each ml of0.02 N sodium thiosulphate is eqUivalent
to 2.538 mg of I.

Uses: Povidone-iodine is used as a disinfectant and antiseptic
for the treatment of contaminated wounds and pre-operative
preparation of the s~ and mucous membranes. It is used in
gargles and mouthwashes for the treatment of infections in the
oral cavity.

Solutions of povidone-iodine release iodine slowly to exert
an effect against bacteria, fungi. viruses, protozoa, cysts and
spores. The antiseptic activity of povidone-iodine is reduced by
alkalies. The main advantages of slow release of iodine are
nonirritatingeffects on tissue, loworal toxicity, its water solubility
and its low iodine vapour pressure preventing iodine loss.

Povidone-iodine may produce local reactions.

MERCURY

Hg: Mol. Weight = 200.6.

Mercllry contains not less than 99.5% of Hg.
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The principal oreofmercury is a red sulphide mineral called
cinnabar, HgS. The metal is also found in free state in its ore in
the form of minute globules.

Preparation: For the extraction of mercury, the ore is crushed,
finely powdered and concentrated by Froth Flotation Process.
The concentrated ore is heated to form mercuric oxide by
oxidation of cinnabar. The oxide decomposes at 3000C to yield
mercury.

2HgS + 302 ---.) 2HgO + 2S02

2HgO ) 2Hg + 0

Mercury vaporizes and the vapours are condensed.

Physical Characters : Mercury occurs as a shining, silvery
white, velY mobile liquid, easily divisible into globules, which
readily volatilises on heating; m.p. -38.9°; b.p. 35.6°. Solid
mercury is a tin-white, ductile, malleable mass which may be cut
with a knife. When pure, it does not tarnish on exposure to air
at ordinary temperature, but when heated to near the boiling
point, it slowly oxidizes to HgO. It forms alloys with most
metals except iron and combines with sulphur at ordinary
temperature.

Chemical Reactions

1. Mercury tarnishes slowly in air (auto-oxidation). It forms
mercuricoxide on heatingat about 3000Cwhich decomposes
to give mercury again at higher temperature.

3000C
2Hg + 02 ) 2HgO.

2. Mercury reacts with oxidizing acids like nitric acid to yield
mercuric nitrate and nitric oxide. It does not react with
dilute Hel, cold H

2
S0

4
, or alkalies.

3Hg + 8HN0
3

) 3Hg(N03 )2 +2NO+4H20.

Reaction with concentrated nitric acid forms mercuric
nitrate and nitrogen dioxide.

Hg + 4HN0
3

) Hg(N0
3

)2 + 2N0
2

+ 2H20

Treating the mercuric nitrate with metallic mercury
undergoes auto-oxidation-reduction to produce mercurous
nitrate.
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3. When mercury is treated with concentrated sulphUric acid,
sulphur dioxide is formed.

2Hg (excess) + 2H2S04 • H~S04 + S02 + 2H20

Hg + 2H2S04 (excess) • HgS04 + 502 + 2H
2
0

4. Mercury combines directly with halogens and sulphur.
Mercuric iodide is formed by simply triturating the metal
with solid iodine.

Hg + C~ • HgCl2

Hg + S • HgS
5. Mercury reacts with ammonia solutions in air to form
H~NOH (Millon's base).

6. Mercury salts when heated with Na2C0
3

yield metallic Hg
and are reduced to metal by H20

2
in the presence of alkali

hydroxide.

7. Copper, iron, zinc and many other metals precipitate
metallic mercury from neutral or slightly acid solutions of
mercury salts. Soluble ionized mercuric salts give a yellow
precipitate of HgO with sodium hydroxide and a red
precipitate ofmercuric iodide with alkali iodide. Mercurous
salts give a black precipitate with alkali hydroxides and a
white precipitate of calomel with HCI or soluble chlorides.
They are slowly decomposed by sunlight.

Tests for Purity: Weight per ml; non-volatile matter.

Tests for Mercury: Most of the mercury compounds sublime
unchanged on heating in a dry tube. Characteristic precipitable
mercuric compounds are prepared. For example, mercurous
salts with dilute HCIgivedUute precipitate ofmercurous chloride,
HgCl, wWch is insoluble in hot water and turns black on treating
with ammonia. With hydrogen sulphide, mercuric salts give a
black precipitate of mercuric sulphide, HgS, wWch is insoluble
in nitric acid. The sulphide is soluble in concentrated nitric acid
and hydrochloric acid.

Addition ofa mercuric compound to a soluble iodide forms
red iodide, HgI

2
• The yellow mercuric oxide HgO, is formed by

addition of sodium hydroxide.

Assay: The assay is based on the modified Volhard's method as
discussed for sodium chloride and ammonium chloride. A
weighed amount (0.4 gl is dissolved ina mixture (20 mIl ofequal
parts ofwater and nitric acid and heated gently until the solution
is colourless. Water (150 ml) and sufficient potassium
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permenganate solution are added to produce a permanent pink
colour. The pink colour is decolourized by the addition ofa trace
offerrous sulphateand titratedwith0.1 N ammoniumthiocyanate
at a temperature not exceeding 20°, using ferric ammonium
sulphate solution as indication. Each ml of 0.1 N ammonium
thiocyanate is eqUivalent to 0.01003 g of Hg.

Uses: Mercury has cathartic action. The ionizable mercury salts
are used as disinfectants, parasiticides and fungicides. The
organic mercurials are used as preseIVatives. A nitrated oxide of
mercury is used in homeopathy.

Mercury is readily absorbed via respiratory tract, intact
skin, and gastro-intestinal tract. Solutions ofsalts have violent
carrosive effects onskinand mucous membranes; severe nausea,
vomiting, abdominal pain. bloodydiarrhoea, kidney damage and
death.

AMMONIATED MERCURY
(White Precipitate)

NH
2
HgCl; Mol. Weight =252.1

Ammoniated mercury is the mercuric chloride in which one
chlorine atom has been replaced by the univalent amino group.
It contains not less than 98.0 per cent of NH

2
HgCl.

Preparation: Ammoniated mercury is prepared by adding an
aqueous solutionofmercuricchloride to dilute ammonia solution
with constant stirring.

HgC~ + 2NH3 • NH2 + HgCl + NH4Cl

The precipitate is filtered. washed with cold water to remove
ammoniumchloride and dried ata temperature notexceeding 3Q<>.

Characters: Ammoniated mercury is a white heavy. odourless
amorphous powder which is stable in air; but darkens on
exposure to-light. It is practically insoluble in water and alcohol,
soluble in warm hydrochloric. nitric and acetic acids. It is stored
in well-closed containers and protected from light.

It is slowly decomposed when dissolved in cold water. In
boiling water it is hydrolyzed to a yellow basic compound, NH

2
­

HgCI H
2
0. When boiled with sodium hydroxide solution, it is

decomposed into ammonia, mercuric oxide and sodium cWoride.

NH
2

" I-IgCI + NaOH -------.~ NH
3

+ HgO + NaCl

Tests for PW'ity : Tests for mercurous chloride; carbonates; and
sulphated residue.
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Mercurous chloride is not soluble in acetic acid and
carbonate; gives effervescence in the same test. Ammonium
cWoride is generally present in the commercial sample of
ammoniated mercury in small amount.

Mercurous compounds are detected by dissolving the salt
in hydrocWoric acid. It is filtered, dried and weighed.

Tests for Identification

1. It is soluble in aqueous solution of sodium thiosulphate
with the evolution of ammonia. When this solution is
heated gently, a rust-coloured mixture is formed, from
which a red precipitate is obtained on centrifugation. If the
solution is strongly heated, a black mixture forms.

2. When heated with 1N sodium hydroxide, it becomes yellow
and ammonia is evolved.

3. A solution in warm acetic acid yields with potassium iodide
a red precipitate, which is soluble in an excess of the
reagent. The solution yields a white precipitate with silver
nitrate.

Assay : The assay is based on the neutralization titration
(acidimetry-alkalimetry). It is an indirect method where the
substance is treated to liberate alkali quantitatively. The
compound is treated with water and excess ofpotassium iodide.

NH2HgCI + 2KI + H20 • Hgl2+ KCl + KOH + NH3

Insoluble

HgI2 + 2KI --~.~Hg14

Soluble

NH
3

+ H
2
0 ---...... NH

4
0H

KOH + NH40H + 2HCl • KCl + NH4CI + H20

The liberated alkalies, Le. ammonium hydroxide and
potassium hydrOXide, are titrated with a standard solution of
hydrochloric acid using methyl orange as indicator.

Ammoniated mercury (0.25 gl is mixed with water (10 ml),
potassium iodide (3 gl added and dissolved and water (40 mI)
added again. The mixture is titrated with 0.1 N hydrocWoric acid
tlsing methyl red as iIldicator. A blank determination is performed
and any llecessary corrpction foarle. Each flU of0 . 1 N tlydrochloric
acid is eqtlivalent to 12.60 !Jlg of NII

2
l-IgCl.

Uses: Arnrnoniatccl i.lh 1" UI)! \VL1S f(H"rn.erly used topically as all
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anti-infective agent in the treatment of impetigo (infectious skin
disease) and other staphylococcal skin infections, in
dermatomycoses; in psoriasis; and in crab infestations.

Adverse effects of Ammoniated mercury therapy include
allergic reactions, acrodynia and mercury poisoning.

YELLOW MERCURIC OXIDE

HgO; Mol. Weight =216.6

It contains not less than 99% of HgO, calculated with
reference to the substance dried at 105° for one hour.

Preparation

Yellow mercuric oxide is prepared by precipitation of mercuric
nitrate or mercuric cWoride solution with sodium hydroxide
solution. The yellow precipitate is allowed to settle, washed by
decantation, filtered, re-washed to separate chloride and dried
in air.

Hg (N0
3

)2 + 2NaOH --~) HgO + 2NaN02 + H20
Yellow

HgCl2 + 2NaOH ) HgO + 2NaCI + H20

It is also prepared by decomposing the nitrate by heat or by
heating mercury for a long time in air at 300OC.

2Hg (N0
3

)2 ) 2HgO + 4N03 + 02

2Hg + 02 ) 2HgO

Characters: Yellow mercuric oxide is yellow or orange-yellow,
heavy, impalpable, amorphous, odourless powder haVing
orthorhombic structure. It is stable inair but becomes discoloured
on exposure to light; practically insoluble in water; soluble in
dilute Hel or HN0

3
or in solutions of alkali cyanides or iodides

forming colourless solutions; slowly soluble in solution ofalkali
bromides; insoluble in alcohol. It is protected from light;
incompatibility with reducing agents.

On heating, the yellow mercuric oxide is converted into red
variety but on strong heating it decomposes to give oxygen.

2HgO ) 2Hg + 02

The red oxide occurs as heavy, orange red, crystalline
scales or as a crystalline powder. When it is divided fmely, it
acquires a yellow colour.
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It is preselVed in a well-closed container. protected from
light.

Tests for Purity: Tests for mercurous salts: chloride: loss on
drying: sulphated ash: acidity or alkalinity.

For· detecting mercurous salts a solution in dilute
hydrochloric. acid is not more than slightly turbid.

Assay : The assay is dependent on the volumetric
Volhard's method. The substance is dissolved in dilute nitric
acid to form mercuric nitrate. This is titrated with a standard
solution of ammonium thiocyanate using ferric alum (ferric
ammonium sulphate). The end point is the appearance ofbrick­
red colour.

HgO + 2HN03 • Hg {N03)2 + H20

2NH4SCN + Hg(N03)2 --~. Hg{SCN)2 + 2NH4N03

3NH
4
SCN + Fe3

+ • Fe{SCN)3 + NH4+

Ferric
thiocyanate

A weighed alnount (0.4 g) is dissolved in nitric· acid (5 mI)
and diluted with water. It is titrated at a temperature not above
20° with 0.1 N ammonium thiocyanate using ferric ammonium
sulphate solution as indicator. Each mI of O.IN ammonium
thiocyanate is eqUivalent to 0.01083 g of HgO.

Uses: Yellow mercuric oxide is used in eye ointments for the
local treatment of minor infections including the eradication of
crab lice from the eye lashes and inflammation of the eye
includingconjunctivitis. It has been used as a topical antiseptic,
fungicide, in chronic skin conditions, conjunctivitis, corneal
ulcers and as oxidizing agent.

During its manufacture and storage, yellow mercuric oxide
ophthalmic ointment must not come into contact with metallic
utensils or containers except those made of stainless steel, tin,
or tin-coated materials.

POTASSIUM PERMANGANATE

KMn0
4

; Mol. Weight = 158.03

Potassillffi permanganate contains not less tl~an 99.0 per
cent of KMnO4.
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Preparation

1. Potassium pennanganate is prepared by heating potassium
hydroxide with manganese dioxide in the presence ofair or
an oxidizing agent, such as potassium nitrate or potassium
chlorate.

°
The greenish product, potassium manganate, is

extracted with water and treated with carbon dioxide, or
ozonized air to precipitate about one-third ofthe manganese
as the hydrated dioxide. The remaining manganese is
converted into KMn0

4
•

3~Mn04 + 2C02 • 2KMn04+ Mn02 + 2~C03

If chlorine is passed tllrough the solution in place of
carbondioxide, the whole ofthe nlanganese ofthe manganate
is converted into permanganate.

2~MnO4 + Cl2 • 2KMn04 + 2KCI

Manganate can also be converted into the permanganate
by electrolyzing a warm solution:

2~Mn04 + 2H20 • 2KMn04+ 2KOH + H2

. Any of th~ above solution is filtered to separate the
precipitated potassium manganate. The filtrate is concentrated
and cooled to crystallize potassium perlnanganate.

Physical Properties : Potassium pennanganate occurs as
odourless dark purple or almost black prismatic crystals or
granular powder; almost opaqlle by transmitted light and of a
blue metallic luster by reflected light. It decomposes, with a risk
of explosion, in contact with certain organic substances. It is
sweet with astringent after taste; stable in air, decomposes at
about 2400 with evolution ofoxygen. It is soluble in water (I in
16), and in boiling water (1 in 3.5); is decomposed by alcohol and
many other organic solvents, also by concentrated acids with
liberation of oxygen.

Chemical Reactions

1. Potassium permanganate is a strongoxidizingagent. Icxlides
are oxidized to icxlates by al~aline or neutral solution of
KMn0

4
, whereas in acidic solution iodine is liberated from

alkali iodides.
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KMnO4 + H 20 + KI • 2Mn02 + KI03 + KOH

2. With hydrocWoric acid, c~orine is liberated.

3. An acidified solution inwater is readily reduced by hydrogen
peroxide and by organic matter.

In acidic solution, iodides are oxidized to molecular iodine.

2KMnO4 + lOKI + 8H2S04 • 6~SO4 + 2MnSO4

+ 512 + 8H20

It oxidizes sulphides to free sulphur, ferrous salts to ferric
salts and nitrites to nitrates.

Tests for Purity : Tests for chloride and sulphate; colour of
solution; \\?ater-insoluble matter.

Potassium permanganate is boiled with 95% aqueous
alcohol to destroy the purple colourso that the colour should not
interfere with the limit tests. The precipitated manganese dioxide
is removed by filtration;

2KMnO4 + 3CH3CH20H • 2KO~ + 2Mn02

+ 3CH
3
CHO + 2H

2
0

A 20 ml portion ofthe filtrate complies with the limit test for
cWoride. Another 20 ml portion ofthe fIltrate complies with the
limit test for sulphates.

Incompatibilities: It is incompatible with iodides, bromides,
alcohol, arsenites, hydrochloric acid, charcoal; organic
SlllJstances generally; ferrous or mercurous salts,
hypophosphites, hyposll1phites, sulphites, peroxides and
oxalates.

Tests for Identification

1. A solution in water, acidified with sulphuric acid and
heated to 70°, is decolorised by. hydrogen peroxide solution.

2. Heated to redness, it decrepitates, evolves oxygen, and leaves
a black residue wInch with water forms potassillIll:.hydroxide
solution. The resulting solution when neutraliied with dilute
hydrocWoric acid, gives the reactions of potassium.

Assay: The assay is based on the oxidation reduction (redox)
titration, which is carried out with a standard solution of
oxalic acid in the presence of sulphuric acid at 70°C
throughout the entire titration. Potassium permailganate itself
serves as an indicator. End point is obtained as a permanent
pink colour.
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An aqueous solution is tltrate( with 0.1 N oxalic acid
solution containing sulphuric acid (5 ml). The temperature is
kept at about 70° throughout the entire titration. Each ml of0.1
N oxalic acid is equivalent to 0.00316 g ofKMn0

4
•

Uses: Potassium permanganate possesses oxidizing properties
and oxidizes proteins and other bioorganic substance. Therefore,
it acts as a disinfectant and deodorant. It is also astringent, anti­
infective and bactericidal. Solutions are used to clean ulcers or
abscesses, as wet dressings and inbaths ineczematous conditions
and acute dermatoses. Solutions have also been used in
bromhidrosis (evil smelling perspiration), in mycotic infections
such as athlete's foot, in poison ivy dermatitis and as a stomach
wash-out in the treatment ofpoisoning by morphine, opium a~d

strychnine.

The crystals and concentrated solutions of potassium
permanganate are caustic and irritant to tissues. Repeated use
of dilute solutions may cause corrosive burns.

S1LVER NITRATE

AgN0
3

; Mol. Weight = 169.9

Silver nitrate contains not less than 99.5 per cent of AgN0
3

•

Preparation: Silver nitrate is prepared by dissolving the metallic
silver in hot concentrated nitric acid.

Ag + 2HN03 • AgN03 + N02 + H 20

The solutlon is dried completelyand the product crystallized
from water.

Properties : Silver nitrate occurs as colourless or white
transparent crystals or crystalline odourless powder; taste is
bitter and metallic. It is not photosensitive when pure; presence
of trace amounts of organic material promotes photoreduction,
and it becomes grey or greyish-black; m.p. 212°, forming a
yellowish liqUid. It is soluble in water (1 in 0.5) and in alcoho~ (1
in 27). Its solubility is increased in boiling water or alcohol.

The aqueous and alcoholic solutions are neutral to litmus.
It is stored in airtight non-metallic containers and protected
from light.

Silver nitrate < ""dnced by hydrogen sulphide in the dark.
It is decomposed (-1- ~.:jO(' into metallic s':ver, nitrogen, oxygen
and nitrogen oxides.
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2 AgN03 ~ 2Ag + 2N02 + 02

It gives a black stain when comes in contact with skin or
cloth due to reduction to metallic silver;

2AgN02 + H20 • 2Ag + 2HN03 + °
Silver ion precipitates both bacterial and human protein.

Antibacterial, astringent, irritant and corrosive nature depend
upon the concentration applied. The ions precipitate protein
molecule containing -SH, -NH

2
, -COOH and heterocyclic

residues, e.g., histidine. Silver preparations darkens the skin
due to the deposition of free silver below the epidermis.

Tests for Purity : Tests for aluminium, bismuth, copper and
lead; foreign salts; acidity or alkalinity; clarity and colour of
solution.

A dark precipitate of silver oxide, A~O, is produced when
ammonia is added to a solution ofsilver nitrate. The precipitate
is soluble in excess ofammonia to give clear solution. Bismuth
and lead give a white turbidity on addition of ammonia to their .
solutions which is not soluble in excess of ammonia. Copper
forms a blue solution due to formation of cuprammonium ion,
eu (NH

3
)42+.

For determining foreign substances, the acidified solution
with 2N hydrochloric acid is filtered, the filtrate dried and the
residue weighed.

Incompatibility: Silver nitrate is incompatible with a range of
substances like alkalies, antimony salts, arsenites, bromides,
carbonates, chlorides, iodides, thiocyanates, ferrous salts,
hypophosphites, morphine salts, oils, phosphates, tannic acid,
tartrates, vegetable decoctions and extracts.

Test for Identification: A solution (1 in 50) gives the reactions
of silver, and of nitrates.

Assay: The assay is based on the modified Volhard's method. An
aqueous solution of the substance (0.5 gin 50 mI), acidified with
nitric acid (2 ml), is titrated with 0.1 N ammonium thiocyanate,
using ferric ammonium sulphate solution as indicator. Each mlof
0.1 N ammonium thiocyanate is equivalent to 0.01699 gofAgN03.

Uses : Silv~r nitrate possesses disinfectant, astringent and
irritant properties and is used for prophylaxis ofophthalmia, in
stick [aim as a caustic to destroy warts and other skin growths,
in cosmetics to dye eyebrows, eye lashes and in homoeopathic
medicine; and a~ hair dye.
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The bactericidal action is due to precipitation of tissue
proteins arId chloride ions in the tissue fluids catlsed by slow
release of silver ions from the silver proteinase and silver
cWoride. Silver nitrate solutions (0.01 - 10%) prevent rnicro­
organism activity. A 10% solution is llsed in the treatlnellt of
infected ulcers in mouth. A 1% silver nitrate Oplltllallnic solution
is enlployed locally in tIle eyes of infants for the propilylaxis.

Adverse effects include pain in the nlouth, sialorrll0ea,
diarriloea, vomiting, coma and convulsions.

MILD SILVER PROTEIN

It is prepared by addition ofsilver oxide to gelatiII solution in the
presence ofalkali, or from silver oxide and serum albumiIl, or by
stlspending moist silver oxide in a solution of caseirI. TIle
mixture is heated until no precipitate is obtained on the addition
ofa solution ofsodium chloride. The mixture is then evaporated
to dryness. It contains not less than 19 per cent and not more
than 23 per cent of silver.

It occurs as brown, dark-brown, or almost black, odourless,
lustrous scales or granules; somewhat l1ygroscopic. It is freely
soluble in w·ater; forming a colloidal solution; almost insoluble
in alcohol, cWoroform and ether. It is kept \vell closed and
protected from light. Solutions should be fresWy made and
protected from light.

Mild silver protein is differentiated from strongsilver protein
by tile fact that no or very little preCipitate of silver chloride is
formed by addition of soditlm chlorid~ solution to a filtrate
obtained by treating an aqueous solution of the silver, protein
with solid ammonium sulphate and filtering. Under the same
conditions strongsilver protein gives a heavy precipitate ofsilver
chloride. It is incompatible with acids and most neutral and acid
salts in concentrated solutions.

Colloidal solutions ofmild silver protein have no astringent
or irritant effect, therefore, they are applied to sensitive areas
and mucous membranes. Solutions of mild silver proteins
should be freshly prepared or contain a suitable stabilizer.

STRONG SILVER PROTEIN

It is a compound ofsilver and protein, containing 7.5 to 8.5% of
silver in tilc form of colloidal solutions with sucrose as the
stabilizLng t/-.:nt. It is prepared by adding a silver nitrate Soltltion
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to a solution of peptone. The precipitate is digested with
protalbumose until a solution is obtained which is evaporated
in a moderate vacuum. Instead ofthe silver nitrate solution silver
oxide may be suspended in the peptone solution. The suspension
is shaken until the silver peptone has formed. The digested
and dried product is identical with tlIat obtained from silver
nitrate.

Strong silver protein is differentiated from mild silver
protein in that its silver, most ofwhich is present in ionic form,
is found ~ the filtrate obtained as described under mild silver
protein, and gives a heavy precipitate with sodium chloride
solution. Although strong silver protein contains about one­
third as much silver as mild silver protein, it is more irritating
and stands midway between silver nitrate and mild silver protein
in both germicidal and irritant action.

It occurs as pale yellowish orange to brownish black,
odourless powder; somewhat hygroscopic. It is freely soluble in
water, almost insoluble in alcohol, ether and chloroform. It is
kept well closed and protected from light. Solutions should be
fresilly prepared witll cold water and be dispensed in amber­
coloured bottles.

Uses: Silver protein soilitions have antibacterial properties: due
to the presence oflo\v con~entrationsof ionized sUver, are used
on mucous membranes in the nose, throat, and conjunctiva of
the eye. The mild form is less irritating but less active: it is used
in nasal solutions. The solutions are employed to irritate the
urethra and bladder; to treatgonococcalinfections, Le. gonococcal
conjunctivitis; infections of the respiratory tract and as a
prophylactic medication against respiratory infections.

(C) ASTRINGENTS

Dilute solution of a metal cation has a local or surface protein
precipitant activityon a tissue. This activity is calledas astringent.
The substance is applied to skin or mucous membranes and
does not destruct the host tissue. Astringents will cause the
constriction ofcapillaries and small blood vessels. They are used
to stop bleeding from small cuts, to harden the skin to reduce the
volume of exudate from wounds and skin eruptions and as
antiperspirants in deodorants due to their ability to constrict
pores, for mouth ulcers, hyperhidrosis and haemorrhoids, and
destroy microorganisms. Some have been taken internally for
diarrhoea.
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Astringents may stimulate the growth of new tissues when
applied topically to wounds. However, the concentrated solutions
will produce an irritant or corrosive effect. Corrosive effect is
used to remove undesirable tissue, e.g. warts.

The concentrations of water-soluble compounds can be
altered ~o control the antimicrobial and astringent action.
Higher concentrations may. be used on the skin and not in the
eye. Soluble compounds may be administered in a vehicle like
glycerin or polyethylene glycol, which would slow their release
to the site of action. Ointments also release the antimicrobial
agents in a controlled manner. Complex formaton with a ligand,
e.g. povidone-iodine, also provides a controlled release of some
of these ~gents, reducing toxicity and activity at host cell. The
compounds may be used in the form ofsuspensions, ointments,
or creams to slow release their antimicrobial action. The
insolubility property of the compound is helpful in controlling
activity.

ALUM

~S04· Al2(SQ4)3. 24H20 (Potash alum)

(NH4)2 SO~. ~ (S04)3. 24H20 (Ammonia alum)

AlK(S04)2 12H20; Mol. Weight =474.4 .

Alum contai~s ~9 to 100.5% of AlK(S04)2 12H20.

When a mixture of potassium sulphate and aluminium
sulphate is dissolved in water and concentrated, a double salt is
separated in the form of crystals. All double salts with similar
compositionand properties are called alums. Alums are sulphates
of a univalent metal (or ammonium) and a trivalent metal.

Preparation: The official alums are prepared by adding a hot,
concentrated solution of potassium or ammonium sulphate to
a hot solution ofaluminium sulphate in equivalent amount. The
alum is crystallized on cooling the SOltltion. Large octahedral
crystals are formed on sloW ~rystallization.

Physical Characters

Mums occur as odourless, transparent, colourless crystals,
wWte granules or powder; taste is styptic. Alum crystals are
sometimes opaque on the surface due to formation of traces of
basic salt. On heating potash alum melts at water bath. It loses
whole of the water ofcrystallization below 200°, forming a white
residtle of anhydrous aluminium and potassium sulphates.
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Ammonia alum melts at 95°; becomes anhydrous at 250° and
decomposes above 280° leaving a residue ofaluminium oxide. It
is soluble in water (1 in 7), freely soluble in glycerol; practically
insoluble inalcohol. The aqueous solution is acidic to litmus; pH
4.6. Alum should be kept in a well-closed container.

The chemistry ofalum is that ofaluminium ion, potassium
and ammonium ions, and sulphate.

Tests for Purity: Tests for arsenic; heavy metals; iron; zinc;
clarity and colour of solutions; ammonium ions.

The solution of alum complies with the limit tests for
'" ammonium, heavy metals and iron.

The presence ofalkali salts in ammonia alum is detected by
dissolVing a weighed quantity ofthe s~bstancein water, adding
excess of ammonia to precipitate aluminium as hydroxide,
filtering, drying, and weighing the residue after ignition to
remo~e ammonium salt.

\
Zlpc is detected by the opalescence caused by its

ferrocyanide. Heavy metals are detected by passing hydrogen
sulphide througha sligl:1tlyacid solutionofthe saltand comparing
the colour with that given by a very dilute standard solution of
lead nitrate.

Tests for Identification

1. Its aqueous solution gives the reactions typical ofsulphate
and of aluminium.

2. The aqueous solution (10 ml) is shaken with sodium
hydrogen carbonate (0.5g) and filtered. The filtrate gives the
reactions of sulphate and of potassium salts.

Incompatibility : It is incompatible with alkali hydroxides,
borax and carbonates, phosphates, salts of calcium, lead and
mercury tannins, phenols and salicylates.

Assay: Complexometric titration of aluminium is carried out,
using 0.9 gdissolved in20 mlofwater. EachmlofO.l N disodium
edetate is eqUivalent to 47.44 mg ofAlK. (S04)2.12H20.

Uses : Alum precipitates proteins and is a powerful topical
astringent. Alum is used as a haemostatic agent; as mouth­
washes or gargles; as bladder irrigations; for hyperhydrosis; to
harden the epidermis and as a mordant in the dyeing industry.

Large doses ofalum are irritant and may be corrosive; gum
necrosis and gastro-intesttnal haemorrhage have occurred.
Adverse effects on muscle and kidneys have been reported.
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ZINC SULPHATE

ZnS0
4
.7H

2
0; Mol. Weight =287.54

Zinc sulphate containts about 99.0 per cent of ZnS0
4
.7H

2
0. It

is prepared by boiling slight excess amount ofmetallic zinc with
dilute sulphuric acid until liberation of hydrogen is ceased.

Zn + H2S04 • ZnS04 + H2

The solution is filtered to separate unreacted zinc.
concentrated and crystallized.

Characters: Zinc sulphate occurs as colourless, transparent
crystals or crystalline powder; odourless; taste is astringent and
metallic. It is efflorescent in dry air. It is very soluble in water;
freely soluble in glycerin and insoluble in alcohol. Aqueous
solutions are acid to litmus due to hydrolysis of the salt, pH is

. about 5.
Zinc sulphate is stored in tightly closed containers.

Incompatibility: It is incompatible with alkali carbonates and
hydroxides. astringent decoctions and infusions.

Tests for Purity: Tests for acidity; alkali and alkaline earths;
aluminium; copper. magneSium. manganese and nickel; arsenic;
iron; chloride; clarity and colour of solution.

Alkali and alkaline earths are detected by precipitation of
zinc in an aqueous solution of the substance by means of
ammonium sulphide solution. The precipitate is filtered,
sulphUric acid is added to the ffitrate. evaporated to dryness,
ignited and the residue is weighed.

Dilute ammonia solution is added in excess to an aqueous
solution of zinc sulphate and allowed to stand. The solution
remains colourless. and no precipitate is produced within thirty
minutes indicating the absence of aluminium. copper.
magneSium, manganese and nickel.

For determining heavy metals. potassium cyanide solution
is added to an aqueous solution of the substance in a Nessler
cylinder (Al. Into a similar matched Nessler cylinder (Blstandard
lead solution and potassium cyanide solution are added. Then
sodium sulphide solution is added to each cylinder, mixed and
allowed to stand for five minutes. The solution in cylinder A is
not darker than that in cylinder B.
Assay : The assay is based on the complexometric titration
forming a well-defined simplecomplex betweenzine and disodium
ethylenediamine tetra-acetate. The titration is carried out in the
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presence of a buffer, e.g. strong ammonia-ammonium chloride
solution using erichrome black T solution as the indicator. The
end point in appeared as a deep blue colour.

Zn2++ H
2
Y2- -------. ZnYl- + 2H+

To a solution of the substance (0.3 g) in water (100 ml)
strong ammonia-ammonium chloride solution (5 ml) and
eriochrome black Tsolution (0.1 ml)were added and the reaction
mixture titrated with 0.05 M disodium ethylenediaminetetra­
acetate until the solution was deep blue in colour. Each mlof
0.05 M disodium ethylenediaminetetra acetate is eqUivalent to
0.01438 gofztnc sulphate.

Uses: Zinc sulphate is given to treat conditions associated with
zinc deficiencysuchas acrodermatitis enteropathica. Externally,
zinc sulphate is used as an astringent in ,lotions and eye-drops.
Zinc sulphate has also been used internally as an emetic. It is an
ingradient ofan ophthalmic astringent known as zinc sulphate
ophthalmic solution.

(D) SULPHUR AND SULPHUR COMPOUNDS

Sulphur occurs both in free state and in combination, mainly as
sulphides and sulphates. Free elementary fonn is found in a
variety of allotropic forms (rhombic, monoclinic, liquid, plastic
and amorphous) involcanic regions ofSicily, Italy, Japan, South
America, Russia and Iceland. In combined state sulphur occurs
as sulphates of calcium (gypsum, CaSO..), barium (barytes,
BaSO4) and magnesium (epsom salt, MgSO... 7H20); sulphides of
zinc (zinc blends, ZnS), lead (galena, PbS), copper (copper
pyrites, CuFeS) and mercury (ethiops mineral, HgS). Traces of
sulphur occurs in volcanic gases, eggs, proteins, garlic, onions,
mustard, hair and wool.

Preparation

1. Sicilian Process: Sulphur containing clay, limestone and
other rocky impurities is heated in sloppy kilns. The melted
sulphur flows down the slope where it solidifies. About 33
per cent of sulphur is lost dUring burning in this process.
Crude sulphur is further pUrified by distillation in large
iron retorts. In the beginning wIlen the walls are cold,
sulphur vapours condenses on the walls to form a yellow
powder (flowers ofsulphurl. When the inside temperature
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is raised up to 120°, the condensate remains liquid which
may be run into cylindrical moulds.

2. Louisiana or Frasch Process : In Louisiana sulphur
occurs atadepthof160 to 1500 meters. Holes are bored and
a pipe is driven through the qUicksand down to sulphur
beds. Superheated water and hot air are sent through the
pipes surrounding the centralpipe. Sulphur-wateremulsion
is driven which is purified.

PhysicalCharacters: Sulphuroccurs as a paleyellow, odourless,
amorphous or microcrystalline powder. It is insoluble in water;
sparingly soluble in alcohol and ether; soluble in carbon
disulphide, benzene and toluene. It is incompatible with topical
mercurial compounds; and stored in well-closed containers.

Chemical Properties

1. Sulphur burns in air at 2500C with a pale blue flame
yielding sulphur dioxide and sulphur trioxide.

S + 02 • S02 + S03
2. Sulphur combines with elements like carbon, hydrogen,

chlorine, fluorine, lithium, sodium, potassium, copper,
mercury, silver and all other metals.

Red heat
C + 2S • C52

H 2 + S • H 2S

C~ + 25 • 52C~
Fe + S • Fe5

3. Sulphur reduces hot concentrated sulphuric and nitric
acids.

2H2S04 + S • 3502 + 2H20

6HN03 + 5 • H2S04 + 6N02 + 2H20

4. Sulphur reacts with alkalies on heating to yield sulphides
and thiosulphates.
125 + 3Ca (OH)2 -----... 2Ca5s + CaS

2
0 3 + 3H20

45 +.6NaOH • 2Na2S + Na2S20 3 + 3H20
+ Na2SS

5. With oxidizing agents (e.g. potassium nitrate) sulphur
forms explosive mixtures.

Tests for Purity: Tests for arsenic: acidity: matter insoluble in
carbon disulphide; ash; and water.
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Water is more conveniently determined by a volumetric
procedure using a solution of iodine and sulphur dioxide in
pyridine and methanol (Karl Fischer reagent).

PRECIPITATED SULPHUR

Preparation

1. When a solution of a tlliosulphate is acidified with a dilute
hydrochloric acid, an unstable thiosulphuric acid is formed
which readily decomposes to yield precipitated sulphur.

Na25 20 3 + 2HCI • H25 20 3 + 2NaCI

H25 20 3 • 5 + 502 + H20

2. For commercial preparation, quicklime is slaked and the
productmixed withwater. Sublimedor powdered rollsulphur
and water are added, and the mixture is bolled for an hour.
The liquid is filtered and the filtrate containing a mixture of
calcium thiosulphate and calcium polysulphides is treated
with hydrochloric acid so that the supernatant liquid should
be slightly alkaline. The precipitated sulphur is collected,
washed on filter to remove calcium ions and dried.

3Ca(OH)2 + 65 • 2Ca52 + Ca520 3

+ 3H20

2Ca52 + Ca520 3 + 6HCI • 3CaC~ + 65 + 3H20

Characters

Precipitated sulphur occurs as a greyishyellowor pale greenish­
yellow, soft powder, which is completely amorphous and not
gritty; odourless; tasteless.

It burns with a blue flame with the production ofS0
2

• It is
almost insoluble in water and alcohol; completely soluble in
carbon disulphide. Under a microscope it consists of grouped
amorphous subgIobular particle free from crystals.

It is preselVed in well-closed containers.

Tests for Purity : Tests for acidity; matter insoluble in carbon
disulphide; residue on ignition; water.

Test for Identification : It burns in air to sulphur dioxide,
which can be recognized by its characteristic odour.
Assay : Precipitated sulphur is burnt and the gas formed is
absorbed in water containing hydrogen peroxide. Water is added
and the solution boiled for 2 minutes. It is cooled, phenolphthalein
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added and titrated with 0.1 N sodium hydroxide. A blank
determination is performed and the necessary correction made
Each ml of 0.1 N sodium hydroxide is equivalent to 1.60 of S.

SUBLIMED SULPHUR (Flowers of SUlphur)

When sulphur condenses and falls in the form ofa yellow powder
in the iron retorts dUring purification by distillation, it is called
}lowers ojsulphur or sublimed sulphur. It consists of masses of
minute rhombic crystals, mixed. with a smaller proportion of
amorphous particles, haVing a faint odour and taste. It is
practically insoluble in water and alcohol, and sparingly soluble
in olive oil.

Its tests for purity, identification, storage conditions and
assay are similar as described under precipitated sulphur.

Uses : Sulphur is a keratolytic, a mild antisepticand a parasiticide.
It is widely used as a dermatological agent in the form of lotions
or ointments, in the treatment ofof acne, psoriasis, ringworm,
lupus erythematosus, dandruff, seborrhoeic conditions and
scabies. The scabicidal effect is probably due to its conversion
into H

2
S and parathionic acid. Lotions of precipitated sulphur

with lead acetate have been used to darken grey hair. Sltlphur
is also used in homoeopathic medicine. When taken by mouth,
sulphur is converted in the small intestine into alkali sulpllides,
which by their irritant action prcxluce a mild laxative effect. It
stains the clothes.

SELENIUM SULPHIDE

SeS2 : Mol. Weight == 143.1

Selenium sulphide contains 52 to 55% of See

Seleniumsulphide (selsun) is prepared byaddingselenious
acid solution to a solution ofaluminium chloride saturated with
hydrogen sulphide. The passage of the gas is continued
throughout the reaction period. The aluminium chloride acts as
a coagulant. The precipitated selenium sulphide is ffitered off,
washed, and dried.

H
3
Se0

3
+ 2H

2
S ~ SeS

2
+ 3H

2
0

Characters : It occurs as a bright orange to reddish-bro\\'I1
powder with a faint odour ofhydrogen sulphide. It is practically
insoluble in water and most of organic solvents; very slightly
soluble in chloroform and ether. It may discolour metals. It is
stored in well-closed containers.
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Test for Identification

1. Seleniumsulphide is soluble in nitric acidyieldingselemolls
and sulphuric acids.

SeS
2

+ 16HN0
3

~ H
2
Se0

3
+ 2H

2
S0

4

+ 16N02 + 5H20

Urea is added to inactivate excess ofnitric acid by forming
urea nitrate, and destroys any nitrous acid.

2HN0
2

+ H
2
NCONH

2
~ CO2 + 2N

2
+ 3H20

Potassium iodide is then added which yields iodine and
selenium forming orange colour which rapidly darkens.

H
2
Se0

3
+ 4HI ~ 21

2
+ Se + 3H

2
0

2. The filtrate responds positively to tests of sulphate.

Tests for Purity: Tests for residue on ignition; soluble selenium
compounds.

Soluble selenium compounds are detected by adjusting pH
of the water soluble extract to 2 to 3 with formic acid, adding
aqueous solution of 3,3'-diaminobenzidine tetrahydrochloride
and adjusting pH 6 to 7 with ammonia. The solution is shaked
with toluene and the absorbance ofthe toluene solution recorded
and compared with the standard solution of selenium.

Assay : The assay is based on the iodometric titration as
discussed for cWorinated lime. To the substance (0.1 g) fuming
nitric acid is added, heated for 1 hour and diluted with water. To
the solution (25 mIl dilute potassium iodide solution and
chloroform are added and titrated with 0.02 N sodium
thiosulphate until aqueous layer is a pale straw colour. Starch
mucilage is added and the titration continued to the complete
absence of blue colour in the aqueous layer. Each ml of 0.02 N
sodium thiosulphate is eqUivalent to 0.3948 mg of Se.·

Uses: Selenium sulphide has antifungal and antiseborrhoeic
activities. It is used as a shampoo in the treatment of dandruff,
seborrhoeic dermatitis of the scalp and as a lotion to cUre
pityriasis versicolour.

Topical application of selenium sulphide can produce
irritation ofthe conjunctiva, scalp, and skin. Scalp oiliI)ess, hair
discolouration and hair loss have been reported. In large doses,
seleniumsalts will cause irritationofthe gastrointestinal mucosa
and damage the renal tubules. Due to danger of introduction
into· the eyes or mouth, the hands should be thoroughly washed
and fmger nails cleaned after using selenium sulpWde.
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DENTAL PRODUCTS

Dental caries (tooth decay) is a chronic infectious disease, called
dental plague, in which the active agents are members of the
indigenous oral flora. It is a colourless sticky mixture ofbacterial
products, mucin, saliva and foodstuffattached to enamelcovering
the dentine on the crown. Dental plague is resulted by the
combined action ofbacteria, Streptococcus mutans, on teeth and
a periodental disease in which inflammation and swelling of
gingiva occurs. The bacteria survive on carbohydrates including
the sugar taken in tea and produce acids, especially lactic acids,
and proteolytic enzymes. Calcium salts are dissolved in acidic
medium, the remaining organic matrix is readily digested by the
proteolytic enzymes and cavities are formed. When a cavity
deepens, inflammation of the pulp results. A regular dental care
eliminates dental plague.

The drugs containing fluoride ions are used to control
dental plague. The best way to prevent caries is maintaining
optimal oral hygiene. The teeth should be brushed with a tooth
paste and flossed thoroughly tWice a day. Fluoride added water
supply is the most effective procedure for reducing the dental
caries. Sealing the cavities and fissures with inert polymer to
prevent the further teeth decay is also valuable. Topical fluoride
solutions, mouthwashes and gels are less effective thansystemic
fluorides.

Modification of food habits such as less frequent eating,
particularly less in between meals, and avoidance ofuse ofsugar
containing food materials that are retained on tooth surface, are
the precautionary measures. Replacing such snacks with fruits
or vegetables, cheese or nuts is considered better.
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DICALCIUM PHOSPHATE
(Dlbaslc Calcium Phosphate, Calcium Hydrogen Phosphate)

CaHP0
4

; Mol. Weight =136.06

CaHP0
4

• 2H
2
0; Mol. Weight = 172.1

Dicalcium phosphate is anhydrous or contains two molecules of
water of hydration. It contains not less than 30.9 per cent and
not more than 31.7 percent ofcalcium. calculated with reference
to the ignited substance.

Preparation

1. Dicalcium phosphate contains an amount of calcium
pyrophosphate (Ca

2
P

2
0

7
) eqUivalent to not less that 98 per

centofCaHP0
4

• It occurs in nature as the mineral rrwnetite.
It is prepared by reacting a neutral solution of calcium
chloride and disodium hydrogen phosphate. The white
flocculent precipitate ofdibasic calcium phosphate is filtered
off. washed and dried.

CaCl2 + Na2HPO4 • CaHPO4 + 2NaCI

In the presence of an alkali tribasic calcium phosphate.
Cas {PO4)2' is formed.

2. Treatment of powdered mineral. apatite. with sulphuric
acid forms insoluble calcium sulphate and phosphoric
acid. Calcium sulphate is filtered off and to the filtrate
calculated amount of calcium hydroxide is added to form
the dibasic salt.

Cas{PO4)2 + 3H2SO4--~. 2HsPO4 + 3CaS04
Apatite Phosphoric

acid

Physical Characters: It occurs as a white. odourless. tasteless
crystalline powder. It is stable in air; practically insoluble in cold
water and alcohol; soluble in dilute hydrochloric and nitric
acids. It loses water of crystallization slowly below 100°; is
dehydrated at red heat to calcium pyrophosphate. Each g
represe!1ts nearly 5.8 mmol of calcium and of phosphate. It is
stored in well-closed containers.

In the acid of stomach it is converted to the solubie
monobasic calcium phosphate and calcium cWoride.

2CaHP04 + 2HCl • Ca (H2P04 )2 + CaC~
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Tests for Purity : Tests for carbonate: chloride: fluoride: sulphate:
arsenic: barium: iron: monocalciumand tricalciumphosphates:
heavy metals: loss an ignition: loss on drying: acid-insoluble
substances: and pH (6 to 7 in 20% SUSpellsion in water).

To an aqueous solution dilute sulphuric acid is added. After
15 minutes the solution is not more opalescent than nlixture of
the solution and water indicating the absence of barium.

When hydrochloric acid is added to an aqueous solution, no
effervescence is produced suggesting the absence ofcarbonate.
Fordetermining ffionocalcitlffi and tricalcium phosphates, nlethyl
orange solution is added to an aqueous solution acidified with
hydrochloric acid. Excess of the acid is titrated wit11 sodillffi
hydroxide.

Aqueous solution ofthe salt complies with the limit tests for
arsenic, heavy metals, iron. cWoride. fluoride and sulphate.

Tests for Identification

1. The substance is dissolved in dilute hydrocllioric acid; the
solution gives the reactions of calcium.

2. Asolution indilute nitricacid gives the reactlonsofphosphates.

Assay : The assay is based on complexometric titration as
discussed. for calcium gluconate and magnesium sulphate. To
the solution of the substance (0.2 g) dissolved in hydrochloric
acid, triethanolamine and hydroxynaphthol blue indicator are
added and titrated with 0.05 M disodium ethylene­
diaminetetraacetate until blue end-point is obtained. Each ml of
0.05 M disodium ethylenediaminetetraacetate is eqUivalent to
0.002004 g of calcium.

Uses: Dicalcium phosphate is used as a calcium replenisher.
dietary supplement and as an antacid. Calcium salts are used
mainly in the treatment of calcium deficiency. Dicalcium
phosphate is also used to reduce dental caries.

Administration of some calcium salts by mouth can cause
gastro-intestinal irritation and constipation.

SODIUM FLUORIDE

NaF; Mol. Weight = 42.0

Sodium fluoride contains 98rS to "100.5% of NaF.

Preparation
1. Sodiurn fluoride is prepared by neutralizing sodium
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hydroxide or sodium carbonate with equivalent amount of
40 per cent hydrofluoric acid or by passing hydrogen
fluoride into a solution of sodium carbonate.

Na
2
C0

3
+ 2HF ~ 2NaF + H

2
0 + CO

2

Sodium fluoride is precipitated in the reaction mixture. The
precipitate is contaminated with the acid salt and with
fluorosilicate. The fluorosilicate is decomposed when the
reaction mixture is treated with sodium carbonate.

Na2SiF6 + 2H20 • 2NaF + 4HF + 5i02

The crystal size depends on pH, but too much HF yields
sodium bifluoride, NaHF

2
•

2. Sodium fluoride is also fonned when the mineral cryolite
(AIF

3
, 3NaF) is treated with excess of sodium hydroxide.

Aluminium fluoride is soluble in the alkali solutionwhereas
undissolved sodium fluoride is extracted with hot water.

PhysicalCharacters: Sodiumfluoride occurs as a white, odourless
powder or colourless crystals; m.p. 99.3°. It is soluble in water (1
in 25); practically insoluble in alcohol. Sodium fluoride and its
preparations should be stored in air-tight containers; plastic
containers should be used for the oral solution.

Chemical Reactions

1. Treatment ofsodium fluoride with concentrated sulphuric
acid liberates hydrogen fluoride. The gas attacks silica and
silicates and hence the glass.

Na2Si03 + 6HF • Na2SiF6 + 3H20
2. Sodium fluoride is an ionic salt. It gives reactions for

fluoride ion and sodium ion. When it is reacted with red
coloured zirconium-alizarin, the yellow colour of alizarin­
sulphonic acid is produced. The zirconi-fluoride ion fonned
in the reaction is colourless.

Tests for Purity: Tests for lead; fluorosilicate; sulphate; clarity
and colour of solution; acidity or alkalinity; loss on drying.

Acidity or alkalinity is determined by dissolVing potassium
nitrate in water. The solution is neutralized with either sodium
hydroxide or with hydrochloric acid.

The above neutralized solution is titrated wl1ile hot v!itll
sodium hydrOXide until a red colour is produced. Fron..: rhl~~

amount consumed of the alkali, the amount of flurosi1~c':-':'

found out.
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The solution of sodium fluoride complies with the limit
tests for chloride and sulphate.

Tests for Identification

1. The substance is dissolved in water and then calcium
chloride solution added. A gelatinous white precipitate is
produced which dissolves on adding 5 ml of ferric chloride
solution.

2. Alizarin solution (0.1 ml) and zirconyl nitrate solution
(0.1 ml) are added to the substance (4 mg). The red colour
changes to yellow.

3. The aqueous solution yields reactions characteristic of
sodium salt.

Assay: To the substance (80 mg) a mixture of acetic anhydride
and anhydrous acetic acid is mixed and heated to dissolve. To
it 1, 4-dioxane is added and non-aqueous titration carried out
using crystal violet solution as indicator, until a green colour is
produced. A blank experiment is operated without the substance
being examined. Each ml of 0.1 N perchloric acid is equivalent
to 4.199 mg of NaF.

Uses : Sodium fluoride is used as an adjunct to diet and oral
hygiene for the preventi.on of dental caries. It may render the
enamel ofteeth more resistant to acid; promote remineralization,
or reduce microbial acid production. It is also used as insecticide,
particularlyfor roaches and ants; in other pesticide formulations
and in the fluoridation of drinking water.

Adverse effects include nausea, vomiting, abdominal
distress, diarrhoea, stupor, weakness, tremors, convulsions,
collapse, dyspnea, respiratory and cardiac failure and death.

SODIUM METAPHOSPHATE
(Sodium Hexametaphosphate, Maddrell's Salt)

(NaP°3 )n

Sodium metaphosphate is prepared by dehydration of sodium
pbosphates (e.g. Na2H2

P20 7' NaH2P04 , Na2HP04 ).

NaH
2
P0

4
c:::: >" NaP0

3
+ H

2
0

It occurs as a white powder; practically insoluble in water but
soluble in mineral acids.

Sodium metaphosphate is used as a 5% dusting powder in
hyperhidros is and bromidrosis, as a prophylactic against athlete's
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foot. a water softner and in food industry as emulsifying and
chelatingagent. It is an ingredient in dentifrices as cleaning and
polishing agent and abrasive detergent.

STANNOUS FLUORIDE

SnF2 : Mol. Weight =156.70

Stannous fluoride contains not more than 71.2 per cent of
stannous ions (Sn++) and not less than 22.3 per centoffluoride (F).

Stannous fluoride is prepared by evaporating a solution of
stannous oxide in hydrofluoric acid in the absence ofoxygen or
by reacting tin with hydrogen fluoride.

SnO + 2HF • SnF2 + H20

Sn + 2HF • SnF2 + H2

Stannous fluoride occurs as a white crystalline powder
with a bitter saline unpleasant taste: m.p. 213°. It is freely
soluble in water: practically insoluble inalcohol, chloroform~nd
ether: pH of 0.4% freshly prepared aqueous solution is in
between 2.8 to 3.5. Aqueous solutions decompose within a few
hours with the fannation of a white precipitate: they slowly
attack glass.

Preparations are stored in well-closed containers.

TestsforPurity:Tests forantlmony; water-insoluble substances:
loss on drying: pH.

Tests for Identification

1. Whencalciumchloride solution is added to a solutionofthe
substance. white precipitate ofcalcium fluoride is formed.

2. An aqueous solution is mixed with silver nitrate on a spot
plate. a brown-black precipitate is formed.

3. The solution is added to mercuric chloride solution: a
white. silky precipitate is formed. On further addition ofthe
solution. a brown-black precipitate is formed.

Assay (U.S.P.)

For Stannous Ion: A mixture ofstannous fluoride dissolved in
3N hydrochloric acid and potassium iodide is titrated with
0.1 N potassium iodide-iodate, adding starch as the end-point
is approached. Each ml of 0.1 N potassium iodide-iodate is
equivalent to 5.935 mg of5n++.
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Assay for Fluoride: The standard preparations of4,5-dihydroxy­
3-(p-sulphophenylazo)-2, 7 -naphthalene-disulphonic acid
trisodium, zirconiumoxychloride, hydrochloric acid, and sodium
fluoride after addition as indicated in the USP monograph are
sereened at a wavelength of maximum absorbance at about
590 run and the quantily of F is determined.

Uses: Stannous fluoride Ims similar actions to sodium fluoride
and is used as ingredient of caries-preventing tooth pastes, in
dentifrices and mouth rinses. It increases teeth discolouration.

STRONTIUM CHLORIDE

srC~: Mol. Weight = 158.52

srC~. 6H
2
0: Mol. Weight = 266.6

Strontiumchloride hexahydrate occurs as colourless, odourless
crystals or white granules. It effloresces in air: deliquesces in
moist air: at 100° loses 5 moles of water: at 150° all its water is
eliminated: m.p. 61 ° when rapidly heated: the anhydrous salt
melts at 868°. It is soluble in water and alcohol. The aqueous
solution is neutral. It is kept well-closed.

Uses : Strontium chloride is used as a 10 per cent tooth paste
for the reliefofdental hypersensitivity or in dentifrice as a tooth
temperature desensitizing agent.

Strontiumcan replace in bone formation and has been used
to hasten bone remineralizatlon in diseases, e.g. osteoporosis.

ZINC CHLORIDE

ZnC~: Mol. Weight = 136.3

Zinc chloride contains 95 to 100.5 per cent of ZnCI
2

•

Zinc chloride is prepared by heating excess ofmetallic zinc
with mildly concentrated hydrochloric acid. When evolution of
hydrogen ceases, the.solution is filtered and dried.

Zn + 2HCl • ZnC~ + H 2

Zinc oxide and zinc carbonate may be reacted with the acid
in place of zinc metal.

Anhydrous zinc chloride is obtained by passing chlorine or
hydrogen ~hlorideover heated zincordistilling zinc with mercuric
chloride.

Zn + HgC~ -----..~ ZnC~ + Hg
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Characters : Zinc chloride occurs as a white, odourless,
deliquescent crystalline powder or granules or opaque white
masses or sticks; m.p. 290°. It is soluble in water, alcohol and
glycerol; freely soluble in acetone. With much water some zinc
oxychloride is formed. The aqueous solution is acidic to litmus,
pH of 10% solution is of 4.6 to 5.5. It is kept in airtight non­
metallic containers.

Zinc chloride always contains some oxychloride, Zn (OH)CI,
formed due to hydrolysis, which produces a slightly turbid
aqueous solution. Turbid solutions may be cleared by adding
gradually a small amount ofdilute hydrochloric acid. Solutions
of zinc chloride should be filtered through asbestos or sintered
glass, since they dissolve paper and cotton wool. Though acidic
to litmus, zinc chloride solution may be alkaline to methyl
orange.

ZnC1
2

+ H
2
0 • Zn(OH)CI + H+ + CI-

Tests for Purity: Tests for oxychloride, sulphate; ammonium
salts: calcium; iron: magnesium: alkali and alkaline earths;
heavy metals: acidity.

Alkali and alkaline earth metals are detected by dissolving
a sample in dilute hydrochloric acid, and the zinc is precipitated
as zinc sulphide by addition ofammonical ammonium sulphide
solution. The zinc sulphide is filtered off, filtrate is acidified with
sulphuric acid, dried, ignited and the residue weighed.

Ammonium salts are detected by heating a solution with
sodium hydroxide to evolve ammonia.

For detecting lead, potassium cyanide solution is added to
an aqueous solution of zinc chloride in a Nessler cylinder (A).
Similarly a mixture of standard lead solution and potassium
cyanide solution is placed in Nessler cylinder (B). Sodium
sulphide solution is added to each cylinder, the contents mixed
and allowed to stand for five minutes. The solution in cylinder
A is not more intensely coloured than the solution in cylinder B.

If an aqueous solution becomes cloudy on addition of
alcohol and becomes clear again on the addition of 2N
hydrochloric acid, oxychloride is absent.

Tests~ for Identification

1. An aqueous solution is acidified with 2 N hydrochloric acid,
until the solution is complete. The resulting solution is
complies the tests of zinc.
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2. A 5% solution in 2 N nitric acid gives the reactions of
chloride.

Assay: The assay is based on the complexometric titration as
discussed for zinc sulphate and calcium gluconate. To an
aqueous solution ofthe substance, ammonium chloride, strong
ammonia-ammonium chloride solution and eriochrome black T
solution are added and titrated with 0.05 M disodium
ethylenediaminetetraacetate to a deep-blue end point. Each ml
of0.05 M disodium ethylenediaminetetraacetate is equivalent to
0.006815 g of ZnC~.

Uses: Zinc chloride is a powerful caustic and astringent (protein
precipitant). Weak solutions are used as astringent preparatiolls
and as injection for zinc replacement. It is also used as an
obtundent in dentistry; as deodorant, disinfecting, embalming
material, as a desensitizer ofdentin, as mouthwashes, in ulcers,
fistulas and pododermatitis.
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INHALANTS

Drugs used as inhalants may. be administered as solid particles,
as nebulized particles from solutions or in tl:le form ofvapours.
They may be sprayed as fine droplets which deposite over the
mucous membrane producing local effects, e.g. salbutamol
spray is used inbronchialasthma. Theycanalso be administered
as gases, e.g. volatile general anaesthetics.

Drugs for inhalation are rapidly absorbed and produce
rapid localand systemic effects. Blood levels ofvolatile substances
such as anaesthetics can be controlled as their absorption and
excretion through the lungs are governed by the laws of gases.
These drugs arrive directly to the left side of the heart through
the pulmonary veins and may produce cardiac toxcity. Further,
local irritation may result in an increase in the respiratory tract
secretions.

OXYGEN

°2 : Mol. Weight =31.99

Oxygen contains not less than 99.0 per cent ofv/v of 02. The
remaining portion consists of argon, nitrogen and hydrogen. It
is available in metal cylinders. Argon is present in air as 1%.
Oxygen obtained by electrolysis of water contains traces of
hydrogen.

Oxygen is the most abundant element on the earth; makes
up 46.6% of earth's crust; 20.95% by volume of dry air. In
combined state it is present in water (89% by weight) and in
plants and animal tissues (50-70%).
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Preparation

1. Oxygen is prepared by subjecting liquefied air to fractional
evaporation. Nitrogen is more volatile and evaporates fITst
leaving behind oxygen. Argon, present 1 per cent in air, is
difficult to separate since its boiling point is only 3° higher
than that of oxygen.

2. Oxygen is also prepared by electrolysis of water. Water is
made conductor by addition of 20% of an alkali and the
electric current is passed. Oxygen evolved is collected at
anode. It contains traces of hydrogen and ozone.

3. Oxygen is also prepared by heatingsome oxygen containing
salts, metallic oxides, hypochlorites and by action of
concentrated sulphuric acid on manganese dioxide,
potassium permanganate or potassium dichromate.

f1
2KCI03 • 2KCI + 302

2Mn02 + 2H2S04 • 2MnS04 + 2H20

Physical Characters: Oxygen occurs as a colourless, odourless,
tasteless, neutral gas. It is soluble in water (1 in 32) and alcohol
(1 in 7) at normal temperature and pressure.

It is stored under compression in metal cylinders usually
marketed under pressure in metal cylinders which are usually
green-coloured or carry a green label. The cylinder should be
stored in a special storage room which should be cooled and free
from inflammable materials. The shoulder of the cylinder is
painted white and the remainder as black. The cylinder carries
a label stating the name of the gas or the symbol '02'

Chemical Reactions: Oxygen combines with a large number of
elements and this process is called oxidation. It oxidizes
phosphorus, nitricoxide, iron, sulphur, carbon, sulphur dioxide,
ammonia, etc.

P4 + 502 ----.... P40 10

4Fe + 302 • 2Fe20 3

°25 + 02 • 502----. 503
4NH3 + 5-°2 • 4NO + 6H20

Oxygen is essential for the production of useful energy in
the cell to synthesize adenosine triphosphate (ATP). When ATP
is hydrolyzed, energy is released to complete the process.
Oxygen requirements in the body can be classified into four
major divisions :

1. Anoxic,
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2. Anemic,
3. Stagnant, and
4. Histotoxic.

In the anoxic type the oxygen supply to the tissue is
inadequate due to lowered tension of oxygen in the blood.
Inhalation of oxygen enriched atmospheres containing 40 to
60% oxygen raises the oxygen saturation of arterial blood to
normal value in patients with pneumonia and cardiac
insufficiency. Oxygen therapy is used inasthma, massive collapse
of the lungs, incomplete of lungs at birth, bronchopneumonia,
congestive heart failure, coronary thrombosis (formation of a
blood clot), cerebral thrombosis, etc. The oxygen is administered
by nasal tubes, mask, or in tents at atmospheric pressure in
concentrations from 30 to 80%.' Sometimes 100% oxygen is
given for a short period.

In the anemic type the oxygen tension is normal, but the
amount ofhaemoglobin is inadequate to supply enough oxygen
to the tissues. This condition may be due to haemorrhage,
defective red blood cell formation, orcarbon monoxide poisoning.
Oxygen supply for many ofthese anemic anoxias is not effective.
However, in carbon monoxide poisoning, a carbon dioxide­
oxygen mixture administration is useful.

The stagnant type of anoxia is found when the general
circulation is not sufficientor whencirculation is lOcally retarded.
In this case oxygen therapy is not useful. It is treated with
cardiotonic drugs to facilitate circulation.

In the histotoxic type, tissue cell oxidation may interfere.
Transfer of electrons results reduction of atomic oxygen to the
oxide anion and formation ofwater, the released energy cannot
be used by the cell to form ATP. In the end the cell will not be able
to obtain usefulenergy to carryonessentialmetabolic processes.
The to~csubstances, e.g. cyanide, block electron transport and
stop the cell's capacity to cartyoutmetabolismrequiringoxidation
and reduction. In such cases oxygen administration will not be
effective; the toxic materials are neutralized.

Oxygen may be administered by hyperbaric oxygen therapy
in which 100% oxygen is given at 1.5 to 3 atmospheric pressure
for air embolism (air bubbles in the blood), carbon monoxide
poisoning, gas gangrene, crush injury, myocardial infarction
and peripheraland cerebralvascular disease. Apressure chamber
is needed.
Tests for Purity: Tests for acidityor alkalinity; carbon monoxide;
carbon dioxide; halogens; and oxidizing substances.
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For determining carbon monoxide, oxygen and carbon
monoxide free air is passed through iodine pentoxide granules.
The liberated iodine is titrated withO.002Nsodiumthiosulphate.
A blank determination is carried out under the same conditions
usingcarbondioxide-free air. The difference betweenthe volumes
ofthe sodiumthiosulphate gives the amount ofcarbon mQnoxide
in the oxygen sample.

If halogens are absent, no opalescence is produced by
passing oxygen in silver nitrate solution.

The colour of the aqueous solution containing soluble
starch, potassium iodide and glacial acetic acid, is not changed
on passing oxygen. This indicates the absence of oxidising
substances.

For detecting carbon dioxide, oxygen is passed through a
0.3 N barium hydroxide solution. Any turbidity produced is not
more intense than that produced by adding ofa 0.11 per cent w /
v solution of sodium bicarbonate in water to 0.3 N barium
hydroxide.

Tests for Identification

1. It causes a glowing splinter to burn with a flame.
2. It is absorbed whenshakenwithalkaline pyrogallolsolution,

the solution becoming dark brown. .
3. When mixed with an equalvolume ofnitric oxide, red fumes

are produced (distinction from nitrous oxide).

Uses : Oxygen is given by inhalation to correct hypoXia, in
asthma, inextensive fibrosingalveolltls, aftergeneral anaesthesia,
in inadequate oxygen supply, in circulatory failure, in treatment
of carbon monoxide poisoning, respiratory depression or
respiratory failure, in the management ofalxlominal distension,
intestirmlgas-filled cysts, and to persons working in pressurized
spaces. It is used as adiluentofvolatlle and gaseous anaesthetics.

At lower pressures puhnonaIY toxicity occurs causing
decreaseinvitalcapacity,cough,anddistress.Athigherpressures
eNS toxicity occurs involving nausea, mood changes, vertigo.,
convulsions and loss of consciousness.

NITROUS OXIDE
(laughing Gas)

N
2
0; Mol. Weight = 44.01

Nitrous oxide contains not less than 95.0 per cent of N
2
0 in the
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gaseous phase. It is manufactured by thermal decomposition of
ammonium nitrate at slightly above its melting point.

A
NH..NOs • N20 +2~O

The main impurity of the product is nitrogen. although
higher oxides ofnitrogen. oxygen. carbon dioxide and ammonia
may also be present which are formed as by-products.

Nitrous oxide is also formed by reducing nitric acid with
stannous chloride and hydrochl!lrlc acid.

2HNOs + 8HCI + 4SnC~ • 4SnCI.. + N20 + 5H20

Characters : It is colourless. odourless and tasteless gas;
heavier than air; it support combustion. One volume of gas
dissolves inabout 1.4volumes ofwater at20°at a pressureof760
mm; freely soluble in alcohol; soluble in solvent ether andlnoils.
It liquefies under 50 atmospheres pressure at 15°.

It is supplied compressed inmetalcylinders and kept under
pressure in the cylinders. The whole cylinder should be painted
blue; the name or chemical symbol of the gas should be
stencilled in paint on the cylinder.

The critical temperature at which the gas can be liquefied
by pressure is 36.5°. It is very stable and rather inert chemically
at room temperatures. Its dissociation begins above 300° when
the gas becomes a s~ong oxidizing agent.

2N20 • 2N2 + 02
It is incommbustible but due to decomposition, it supports

incombustion. Sulphurand phosphorus burn inanatmosphere
ofN

2
0.

S + 2N20 • 802 + 2N2

p.. + 10N20 • P40 10 + 10N2

C + 2N20 • CO2 + N2

When passed over red hot copper, it is reduced to nitrogen.

Cu + N2° · CuD + N2

Nitrous oxide is the only inorganic gas used as an
anaesthetic. It is administered with oxygen in the ratio of80 : 20.
It does nQt have very rapid recovery time.

Tests for Purity: Tests for acidity oralkalinity; arsine; phosphine;
carbon dioxide; carbon monoxide; halogens; hydrogen sulphide;
nitric oxide; nitrogen dioxide; reducing substances; oxidizing
substances; and water vapour.



148 Pharmaceutical Chemistry-I Inorganic

Nitrogen may be present up to 10 per cent or more in
the gaseous phase. In the liquid phase, the proportion is
usually much smaller. Large proportion of nitrogen may cause
asphyxia.

Arsine and phosphine are determined through a mercuric
chloride paper attached to· a glass tube, as in the limit test for
arsenic. No visible stain in produced.

Carbondioxide, carbonmonoxide and halogens are detected
as discussed under oxygen.

Nitric oxide and nitrogen dioxide are determined by passing
nitrous oxide through an aqueous solution of potassium
permanganate containing sulphuric acid. Then a mixture of
sulphanilic in glacial acetic acid and N-( I-naphthyl)
ethylenediamine hydrochloride is added and the extinction of
the resulting solution is measured at 550 nIn. The extinction
should not be greater than that of the solution obtained by
adding of a 0.00308% solution of sodium nitrite to the reagent
mixture.

On passing the gas through aqueous solution of 2.1N
potassium permanganate, the colour is notcompletelydischarged
indicating the absence of reducing substances.

On passing the gas through a freshly prepared aqueous
solution of soluble starch and potassium iodide containing I
drop of glacial acetic acid, no colour is developed indicating the
absence of oxidizing substances.

The amount ofwater content is determined by passing the
gas through an absorption tube containing magnesium
perchlorate. The increase in weight of the tube does not exceed
2 mg per litre of gas.

Tests for Identification

1. Aglowing splinter ofwood bursts into flame oncontact with
the gas.

2. It is not absorbed by alkaline pyrogallol solution.

Assay: Aquantity ofa bout 50 ml ofthe gas drawn from a cylinder
is measured into an evacuated vessel and immersed in liquid
oxygen or liqUid nitrogen for a suitable period. The uncondensed
gas is then drawn off into a small eudiometer and measured
which should not exceed 1 per cent vlv, showing the presence
of not less than 99 per cent v Iv of nitrous oxide.
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Uses: Nitrous oxide has weak analgesic properties. A mixture
Wlthoxygenin 1 : 1 ratio is used for the reliefofpaininchildbirth
and pain from myocardial infarction. It has strong analgesic
properties, but produces little muscle relaxation. When
administered without air or oxygen, nitrous oxide would produce
deep anaesthesia in about 1 minute but the signs of hypoxia
would occur.

CARBON DIOXIDE

CO
2

; Mol. Weight = 44.01

Carbon dioxide contains not less than 99% v Iv of CO
2

•

Carbon dioxide is present in air in about 0.03% v Iv. It is
evolved from volcanoes decaying ofdead bodies; dUring process
of respiration, combustion and fennentation.

Preparation

1. It is prepared by treatment with acids or by heating
carbonates ofheavy metals or bicarbonates ofalkali metals.

CaC03 • Cao + CO2

2NaHC03 • Na2C03 + CO2 + H 20

Na2C03 + H2S04 • Na2S04 + CO2 + H20

CaC03 + HCI • Cac~ + CO2 + H20

• Cao + C02 f
Lime

4. Fermentationofsugar produces alcohol and carbondioxide
as a by-product.

C
6
H

12
0

6
---... 2C

2
H

5
9H + 2C0

2
f

2. On commercial scale carbon dioxide is manufactured from
fuel gases wWch are passed under pressure over potassium
carbonate to fonn the bicarbonate. Carbon dioxide is
liberated by releasing the pressure and compressed into
steel cylinders.

~C03 + CO2 + H20 • 2KHC03

3. When limestone is burnt in lime kilns, carbon dioxide is
obtatned as a by-product.

CaC0
3

It is the normal end product of combustion of carbon
materials. It is also formed in the metabolism ofall aerobic
organisms, and the reaction is catalyzed by the enzyme
carbonic anhydrase.
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5. Carbon dioxide is absorbed by plants in the presence of
chlorophyll and sunlight to form carbohydrates
(photosynthesis).

6C02 + 6H20 ---- C6H 120 6 + 602
Glucose

6
X
C0

2
+ 5xH20 ---II (C

6
H

10
0

5
)X + 6xC02

Starch

PhysicalCharacters: Carbondioxide occurs as a colourless,
odourless gas which does not support combustion; faint
acid taste. It is supplied liquefied under pressure in metal
cylinders.

It is about 1.5 times as heavy as air. It can be liquefied
by pressure of 72 atmospheres at 31 0. It is soluble in water
(1 : 1) at normal temperature and pressure.

It is stored in cylinders painted grey or green in a cool
place free from materials of an inflammable nature. The
name of the gas or the chemical symbol 'C0

2
• should be

stencilled in paint on the shoulder of the cylinder and
clearly and indelibly stamped on the cylinder valve.

Chemical Reactions

1. Carbon dioxide is neither combustible nor a supporter of
combustion. Butsome active metals burn in the atmosphere
of carbon dioxide.

CO2 + 2Mg II 2MgO + C

CO
2

+ 4Na II 2Na20 + C

2. It dissolves in water to fonn an unstable carbonic acid
which turns blue litmus red and neutralizes alkalies.

CO2 + H20 - H2C03

2NaOH + CO
2

II Na
2
C0

3
+ H

2
0

Na
2
C0

3
+ CO

2
+ H

2
0 II 2NaHC0

3

The bicarbonate/carbonic acid ratio determines the
body fluid pH. A decreased removal of carbon dioxide can
cause respiratory acidosis while respiratory alkalosis is
due to increased removal of the gas.

3. When passed through lime water, it first turns milky and is
again clear. On boiling the clear solution. milkiness re­
appears.
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Ca(HC03 )2

Soluble
Caco

3
Insoluble
(milky)

Ca(OH)2
Lime
water I heat

I -C02

~ -H20
Caco

3
4. When passed through red-hot coke, it is reduced to carbon

monoxide.

CO2 + C --~. 2CO

Tests for Purity : Tests for acidity;. phosphoric hydrides;
hydrogen sulphide; organic reducing substances; carbon
monoxide; ammonia; nitric oxide; nitrogen dioxide; sulphur
dioxide.

For detenning acidity, the gas is passed through a solution
(1) diluted with water. Nitrogen is passed at a rate of 15-20 litres
per hour. Another solution (2) is prepared containing hydrogen
peroxide solution, hydrochloric acid and water. To each solution
methyl orange solution is added. Any orange-yellow colour in
solution (1) is not more intense than that in solution (2).

For detecting phosphoric hydrides, hydrogen sulphide and
organic reducing substances the gas is passed through a
mixture containing anunonical silver nitrate solution water alld
ammonia. The solution is not darker than a reference solution
prepared at the same time and in the same manner but through
which the gas has not been passed.

Carbon monoxide is detected by canying out the limit test
for carbon monoxide.

Tests for Identification

1. It extinguishes a flame.

2. When passed throughbariumhydroxide, a white precipitate
. is produced which dissolved, with effervescence, in 2M
acetic acid.

Uses : Carbon dioxide is added to the oxygen in certain types of
.pump oxygenators to maintain the carbon dioxide content ofthe
blood. It is used as a respiratory stimulant. Carbon dioxide and
oxygen (95:5) is used in the treatment of carbon monoxide
poisoning as CO

2
increases both the ventilatory exchange rate

and the rate of dissociation of carbon monoxide from
carboxyhaemoglobin.
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Inhalation of carbon dioxide has been tried for the relief of
intractable hiccups. Carbonated vehicles are useful for masking
the unpleasant taste ofsaline aperients. Carbon dioxide is used
for detoxifying heroin addicts without the painful withdrawal
syndrome.

Solid carbon dioxide, or dry ice; has a temperature of-BO°
and is used to treat warts and nae\i by cryotherapy, and skin
conditions as acne, angiomas (blood tumour), corns, callus,
eczema, moles and psoriasis.

Carbon dioxide is also used to prepare carbonated beverages
in the soft drink industry. The most effeIVescent preparations
contain sodium bicarbonate and an acid, usually citric acid.

NaHC03 + HA • Na+ + A- + H2C03

H 2C03 • CO2 f + H 20

Above a concentration of 6% carbon dioxide gives rise to
headache, dizziness, mental confusion, palpitations,
hypertension, dyspnoea, increased depth, rate of respiration
and depression of central neIVous system.
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RESPIRATORY STIMULANTS

Respiratory stimulants (analeptics) are CNS stimulants and
have a limited but useful role in the treatment of ventilatory
failure in patients with chronic obstructive airways disease.
They are effective only parenterally and have a short duration of
action. These should be given only under expert medical
supervision in hospital, except in a severe emergency and are
best combined with active physiotherapy. Maintenance treatment
with respiratory stimulant may be required in those patients
who are unable to tolerate even a 24% inspired oxygen
concentration without drowsiness or comatose and in patients
with a long history of intolerance respiratory disability in
contraindication to artificial ventilation. Respiratory stimulants
may be harmful in patien~where hypoxaemia is not associated
with carbon dioxide retention, such as asthma or in respiratory
failure due to neurological or musculardisease and drug overdose.
They are occasionally used in the asphyxiated newborn infant
but clearing the airways is the first essential and valuable time
may be wasted in giving the respiratory stimulants. A few drops
are placed on the tongue.

AMMONIUM CARBONATE

[NH4HC03 ]m [NH
2
C0

2
NH

4
]m

It is a variable mixture of ammonium bicarbonate (NH4HCQ3)
and ammonium carbonate (NH

2
CONH

4
). Itcontains the equivalent

of not less than 30.0·-per cent of NH
3

• It is manufactured by
subliming a mixture of ammonium sulphate or chloride and
calcium carbonate.
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(NH4)2S04 + Caco3 ft- (NH.. )2C03 + CaS04

'fhe product is resublimed after adding a small amount of
water to get a white semi-transparent fibrous mass ofammonium
carbonate with an outer layer of white opaque powder of
ammonium bicarbonate.

Characters: It occurs as translucent, hard, crystalline masses; .
odour is strongly ammonical; taste is pungent and ammonical.
When exposed to air, it partially dissociates, and loses ammonia
and carbon dioxide, becoming opaque and finally converted into
porous lumps or a white powder ofammonium bicarbonate. It is
freely soluble in water; partly soluble in alcohol yielding a
residue of the bicarbonate. It is decomposed by hot water. A
solution in water is alkaline to litmus. It volatilizes at about 60°.

NH2C02NH4 + H 20 • (NH4)2C03

Ammonium carbonate should be kept in a well-closed
container at a temperature not exceeding 30°and protected from
light.

Ammonium carbonate is readily converted into the normal
carbonate by dissolving it in dilute ammonia water.

NH4HCOa + NHa • (NH4 )2C03

The decomposition of the salt is caused entirely by loss' of
ammonium carbonate yielding a white powder of ammonium
bicarbonate.

(NH4HCOa)m (NH2C02NH4 )n • nC02 t + 2nNHa t
+ mNH4HCOa

Both ammonium carbonate and ammonium bicarbonate
decompose to ammonia and carbon dioxide at 60°.

NH4HCOa • NHat + C02 t + H 20

(NH4 )2COa • 2NH3 t + CO2 t + H 20.

Tests for purity: Tests for iron; chloride: sulphate: tarry matter:
non-volatile matter.

For detecting tarry matter, the substance (5 glis mixed with
. water (15 mIl and citric acid (7 gl and stirred until dissolved; no
tarry odour is produced.
Incompatibility : Acids and acid salts, salts of iron, zinc;
alkaloids, alum, calomel and tartar emetic.
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Assay : The assay is based on the acidimetry and alkalimetry
titration as discussed for sodiumbicarbonate. Aweighedamount
(2 gl dissolved in N sulphuric acid (50 mil is diluted with water
(50 mIl, boiled, cooled, and the excess of acid titrated with N
sodium hydroxide, using methyl red solution as indicator. Each
mI ofN sulphuric acid is equivalent to 0.01703 g ofNHs

Uses: Ammonium carbonate is used as respiratory stimulant,
expectorant and a pharmaceutical aid.
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EXPECTORANTS AND EMETICS

Expectorant: The cough is a protective physiological reflex to
clear the airway. Infections, chemical irritants, retained body
secretion and the presence of foreign bodie~ block one's airway
causing coughing by stimulating the nerve endings in the
respiratory tract.

Irritative cough is dry cough, which may be produced by
colds or by inhalation ofirritating dust or gases and produces no
sputum or other discharge. Productive cough is sputum or
exudate producing cough and is often associated with asthma
and bronchitis. Any cough that persists more than a week
should be checked by a physician to detect its cause.

The drugs used in various combinations to alleviate cough
are:

(i) Expectorants : They reduce the viscosity ofmucous and
increase the secretiorlS of the respiratory tract, e.g.
ammonium chloride, sodium citrate, potassium iodide,

(il) Bronchodilators : They are used in cough associated
with bronchospasm, e.g. ephedrine,

(iii) Cough sedatiues / Suppressants / Antitussives : They
generally act 011 the cough centre in the brain to
suppress cough, e.g. codeine;

(iv) Mucolytics : They liquefy mucoprulent or tenacious
sputum, e.g. acetylcysteine, and

(v) Anti-histamines: They are oftell beneficial and are used
in various combination products.

Since expectorullts increase t11e volume ofsecretions in the
respiratoI)' tract and, tllerefore, facilitate the1r- r(~lrlOValby ciliary
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action and coughing. The drugs are useful in the treatment of
coughdue to irritation ofthe respiratory conditions in which the
secretion is thick and viscid. requiring liquefaction. Expectorants
can stimulate the output of respiratory tract fluid. Agents used
as expectorant are terpine hydrate, which has a direct effect on
the bronchial secretory cells; ammonium cWoride, glyceryl
guaiacolate , potassium guaiacol-sulphonate, syrup of ipecac,
iodinated glycerin, potassium iodide, and hydriodic acid syrup,
which act with a reflex action by irritating the gastric mucosa
and stimulate respiratory tract secretion.

Emetics: Nausea is a compulsive desire to vomit which mayor
may not culminate invomiting. Vomiting is a complex physiologi­
cal process that ultimately results in the forceful expulsion ofthe
contents of stomach. The sensory stimuli causing vomiting
reflex may have their orgill in the mucosa ofthe gastro-intestinal
tract, the labyrinth of the inner ear, cerebral cortex or the brain
area associated with emotional res~nses.The brain area which
regUlates the vomiting reflex is called the vomiting centre which
is located in the medulla oblongata. Closely associated with this
is the chemoreceptor trigger zone which is sensitive to many drugs
and to certain lnetabolicdisturbances. Stimulationofthe vomiting
centre also occurs following actions on other areas such as the
vestibular apparatus ofthe ear in motion sickness. As a protective
reflex, vomiting is frequently a symptomofdisease and should not
be treated until the cause has been found.

If vomiting is prolonged. dehydration, hypokalaemia and
alkalosis may occur and replacement of fluid and electrolytes
may be necessary.

Cancer chemotherapy can produce severe nausea and
vomiting which will be difficult to treat. Post operative emesis
may be caused by anaesthetic agents or opioid analgesics.

The drugs that produce vOmiting are termed emetics. They
may be:

(i) centrally acting by stimulation of the chemoreceptor
trigger zone. (e.g. morphine);

(il) peripllerally acting (e.g. mustard, antimony and
potassium tartrate and sodium chloride),

(iii) bothperipherallyandcentrallyacting(e.g.ipecacuanhal.

The therapeutic use ofemetics is limited to certain cases of
poisoning, especially where facilities for gastric larvage are not
available. If the ingested poison is a caustic, emesis may cause
perforation of the stomach. Emetics should be avoided in
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children and in the elderly pregnant women and in patients
suffering from cardiac decompensation, hypertension, hernia,
peptic ulcer and pulmonary tuberculosis.

AMMONIUM CHLORIDE

NH
4
Cl; Mol. Weight =53.49

Ammonium chloride contains not less than 99.5 per cent of
NH

4
Cl.

Crude ammonium chloride is found is Karnal district of
Haryana.

Preparation

1. It is prepared by purifying the crude product by sublimation
or by boiling ammonium sulphate solution with sodium
chloride in eqUivalent proportions.

(NH4 )2S04 + 2NaCI • 2NH4CI + Na2S04

2. Neutralization of hydrochloric acid with ammonia and
evaporation of the solution to dryness yield ammonium
cWoride.

NH3 + HCI • NH4CI

The product is purified by sublimation from an iron vessel
or by recrystallization.

Characters: It occurs as a white, odourless crystalline powder
or colourless crystals with a cooling saline taste; somewhat
hygroscopic; strongly endothermic. It sublimes without melting.
It is freely soluble in water and glycerol; more soluble in boiling
water; sparingly soluble in alcohol. A 5% solution has a pH of4.6
to 6.0; almost insoluble in acetone, ether and ethyl acetate.
Hydrochloric acid and sodium chloride decrease solubility in
water. It is stored in airtight containers.

Ammonium ion plays an important role in the maintenance
of the acid-base equilibrium of the body, especially in acidosis.
T'he diuretic effect ofammonium chloride is due to formation of
a proton and a chloride ion, eqUivalent to hydrochloric acid. The
hydrogen ion reacts with the body buffers, mainly bicarbonate,
to form CO

2
and bicarbonate is displaced by a chloride ion.

The expectorant action of the ammonium salt may be due
to local irritation. The salt forms thin and increases the quantity
of the mucus.
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Tests for Purity: Tests for arsenic; heavy metals; lead; iron;
barium; sulphate; thiocyanate; sulphated ash; loss on drying
and non-volatile matter.

When dilute sulphuric acid is added to an aqueous solution,
no turbidity is produced within two hours indicating the absence
of barium.

To an acidified solution with hydrochloric acid, few drops
offerric chloride are added. No red colour is produced indicating
the absence of thiocyanate.

Incompatibility: Alkalies and their carbonates; lead and silver
salts.

Test for Identification : It gives the reactions of ammonium
salts and of chlorides.

Assay: The assay is based on indirect acid-base (acidimetry­
alkalimetry) titration. An aqueous solution of the substance is
treated with neutralized formaldehyde solution. This results in
the liberation of hydrochloric acid eqUivalent to ammonium
chloride. This is then titrated with a standard solutionofsodium
hydroxide using phenolphthalein as an indicator yielding pink
colour at the end point.

4NH
4
CI + 4H20 ~ 4NH40H + 4HCI

4NH40H + 6HCHO --~. (CH2)6N4 + 10H20

Hexamine

4HCI + 4NaOH --~~ 4NaCI + 4H20

To an aqueous solution, formaldehyde solution, previously
neutralized to dilute phenolphthalein solution, is added. After
two minutes the solution is titrated with 0.1 N sodium hydroxide
using dilute phenolphthalein solution. Each mIofO.! N sodium
hydroxide is eqUivalent to 0.005349 g ofNH4Cl.

Uses : Ammonium chloride is an expectorant, diuretic and
systemic acidifying agent. It is used in the treatment of severe
metabolic alkalosis, to maintain the urine at an acid pH in the
treatment of some urinary-tract disorders or in forced acid
diuresis; to potentiate mercurial diuretics.

Ammonium salts are irritant to the gastric mucosa and may
produce nausea and vomiting.
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ANTIMONY POTASSIUM TARTRATE

o~ ~o
C-CH-CH-C

6 6 6 6, / , /
Sb Sb

/ , / ,
o 0 0 0

b-6H-6H-6
~ ~o 0

-2

C8H4~012Sb2· 3H20; Mol. Weight = 667.85

Itcontainsnotlessthan99percentofC8H4~012Sb2·3~O.

It occurs as odourless, colourless, transparent crystals or white
powder. The crystals eIDoresce on exposure to air and do not
readily rehydrate even when exposed to high hUmidity. It is­
soluble in water and glycerol; insoluble in alcohol. Solutions in
water are acidic to litmus.

Tests for Purity: Test for arsenic; acidity or alkalinity; loss on
drying.

Tests for Identification

1. Whenheated to redness, itchars, emits anodour resembling
that ofbUrning sugar, and leaves a blackened residue. This
residue has analkaline reaction, and when a small fragment
of it is held in a nonluminous flame, the flame is tinted
violet.

2. In a solution (1 in 20), acidified with hydrochloric acid.
hydrogen sulphide produces an orange red precipitate.
which is soluble inammonium sulphide and in 1 N sodium
hydroxide.
The su~tance is preserved in well-closed containers.

Incompatibility : Tannic acid, alkalies and their carbonates,
lead salts, astringent infusions (cinchona, rhubarb, etc), acacia,
antipyrine, mercury bichloride, salts of heavy metals, albumin
and soap. ·

Assay (U.S.P.) : The assay is carried out volumetrically by
titration with a solution of iodine in the presence of sodium
potassium tartrate and borax using solution of starch as an
indicator. The end point is appeared as blue colour. This involves
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oxidation from the trivalent antimonious state to the pentavalent
antimonic state. Iodine solution acts as an oxicliLing agent.

Sb20 3 + 2H20 + 212 • Sb20 s + 4In

This oxidation is revesible and completed if the hydriodic
acid is neutralized. Sodium hydroxide or sodium carbonate
cannot be used for the removal of hydrodic acid since these

.alkalies themselves react with the iodine solution. These
difficulties are overcome if the titration is carried out in the
presence ofsodium potassium tartrate and borax whichyield an
alkaline solution but which does not itself react with iodine.

2C4H4
0

7
SbK + 3 H

2
0 + 212 ----. 2C4H40 6

KH + Sb
2
0

S
+ 4HI

An aqueous solution ofantimony potassium tartrate (0.5 gl
containing potassium sodium tartrate (5 gl, sodium borate (2 gl
and starch (3 mIl, is immediately titrated with 0.1 N iodine to the
production ofa persistent blue colour. Each mI ofO.l N iodine
is equivalent to 16.7 mg ofC8H4~012Sb2 · 3H20.

Antimony potassium tartrate is a trivalent antimony
compound with similar properties to antimony sodium tartrate.
It is less soluble and more irritant than the sodium salt.

Uses : It is used in the treatment of cutaneous leishmaniasis.

POTASSIUM IODIDE

KI; Mol. Weight =166.0

Potassium iodide contains not less than 99.0 per cent ofKI.
It is prepared by treating iron filing with iodine under water to
get iodide which is then reacted with potassium carbonate.

~C03 + FeI2 • 2KI + FeC03
Treatment of hydriodic acid with potassium bicarbonate

also gives potassium iodide.

KHC03 + In • KI + H2C03

CharacterS: It occurs as odourless, colourless, transparent or
somewhat opaque crystals or white granular powder; slightly
hygroscopic; taste is saline and slightly bitter. On long exposure
to air, it becomes yellow due to liberation of iodine, and small
quantities ofiodate may be formed; light and moisture accelerate
the rate of decomposition. Aqueous solutions also become
yellow in time due to oxidation, but a small amount of alkali
prevents it.
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Potassium iodine is soluble in water, alcohol and glycerol.
Solutions in water are neutral or alkaline to litmus. Iodine
readily dissolves in an aqueous solution of potassium iodide,
forming a dark brown solution containing potassium tri-iodide.

Incompatibility : Potassium iodide is incompatible with
alkaloidalsalts, ·chloralhydrate, tartaric and otheracids, calomel,
potassium chlorate and metallic salts.

It is stored in well-closed containers, and protected from
light.

Tests for Purity : Tests for alkalinity; arsenic; heavy metals;
barium; lead; sodium; sulphate; cyanides, iodates; and loss on
drying.

If no colour is produced on addition of phenolphthalein
solution to an aqueous solution of potassium iodide containing
a drop of 0.02 N sulphuric acid, the alkaline inpurlties are
absent. When no turbidity is developed within one minute on
addition ofdilute sulphUric acid to the solution, then barium is
not present.

For the detection ofcyanides, ferrous sulphate solution (1
drop) and sodium hydroxide solution (0.5 mI) are added to the
aqueous solution of the substance. The reaction mixture is
acidified with hydrochloric acid. If no blue colour is produced,
cyanides are absent.

Iodates are determined by treating an aqueous solution
with dilute sulphuric acid and thenwithstarchsolution; no blue
colour is produced within two minutes when iodates are absent.

Tests for Identification: An aqueous solution (1 in20) gives the
reactions of potassium, and of iodides.

Assay : To an aqueous solution of the substance (0.5 g),
hydrochloric acid and chloroform are added and the mixture is
titrated with 0.05 M potassium iodate until the purple colour of
iodine disappears from the chloroform. Each ml of 0.05 M
potassium iodate is equivalent to 0.0166 mg oflO.

Uses : Potassium iodide is an antifungal, antitussive and
expectorant agent; used as a source of iodine in pre-operative
management ofhyperthyroidism. Iodine is an essential element
in the human diet; it is necessary for the formation of thyroid
hormone. It is used for the prophylaxis and treatment of iodine
deficiency disorders.

Prolonged use of iodine and iodides may cause metallic
taste; increased salivation, pain and coryza.
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ANTIDOTES

An antidote is an agent which counteracts as a poison. In the
treatment of acute poisoning most patients require only
supportive and symptomatic therapy. The active removal of
poisons from the stomach by gastric lavage or emesis induction
is done by the administration of substances like activated
charcoal by mouth to reduce the absorption. However, emesis
and charcoal are inadequate measures in corrosive poisoning,
and aspiration should only be carried out with great care.

Techniques used to promote the elimination of poisons
from the body such as forced diuresis, haemodialysis , or
haemoperfusion are employed for a limited number of poisons.
There are some specific antidotes and their use in appropriate
circumstances can be life-saving. Such use does not preclude
relevant supportive and symptomatic treatment.

Dipending on their action, antidotes are classified as :
(i) chemical antidotes whichchanges the chemicalnature of

poison, e.g. sodium thiosulphate which changes toxic
cyanide to the non-toxic thiocyanate; sodium calcium
edetate chelates agents used for heavy metal poison;

(ii) physiological antidote which acts by producing the
effect opposite to that of poison, e.g. sodium nitrite
convert haemoglobin into methaemoglobin in order to
bind cyanide; and

(iii) mechanical antidotes which prevent the absorption of
poison into the body. For example activated charcoal
absorbs the poison prior to absorption across intestinal
wall. Coppersulphate, magnesiumsulphate and sodium
monohydrogen phosphate inactivate and precipitate
the toxic material as insoluble salts by chelation.
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Antidote action occurs by counter acting the effects of a
poison by producing other effects, e.g. sodium nitrite (a
physiological antidote); by changing the chemical nature of the
poison, e.g. sodium thiosulphate (a chemical antidote); and by
preventing the absorption of the poison into the body, e.g.
activated charcoal (a mechanical antidote). Sodium nitrite
converts haemoglobin into methaemoglobinfor bindingcyanide;
sodium thiosulphate; and activated charcoaladsorbs the poison
prior to absorption across the intestinal wall. Other mechanical
antidotes, e.g. cupric sulphate, magnesiumsulphate, and sodium
monohydrogen phosphate (Na

2
HP0

4
) inactivate and precipitate

the toxic material as insoluble salt.

The cyanide poisoning may be due to inhalation of
hydrocyanic acid and ingestion of soluble inorganic cyanide
salts such as cyanamide. cyanogen chloride, seeds of apricot.
bitter almond and choke-berry. peach; photographic chemicals
and silver polishes. The adverse effects .of cyanide poisoning
include nausea, dizziness. headache, drowsiness, dyspnoea.
hypotension, coma, convulsions and death. The death may
occur within 15 minutes of inhalation hydrogen cyanide.
Consumption ofabout 300 mg ofpotassium cyanide may cause
deathwithin several hours. Cyanide (CN-) ions readily combines
with ferric ions (Fe2-) of cytochrome oxidase which prevents
electron transfer and thus prevent cellular respiration or
oxidation-reduction reactions.

Cyanide poisoning is treated by a combination of sodium
nitrite and sodium tWosulphate. Sodium nitrite oxidizes ferrous
(Fe2+) ion of haemoglobin to the ferric ion of methaemoglobin,
which then combines with the serum cyanide. The thiosulphate
anion reacts with cyanide to form relative nontoxic thiocyanate
ion which is excreted in the urine.

Rhodanese"
Na

2
S

2
0

3
+ CN- <::: SCN- + Na

2
S0

3SCN- oxidase

SODIUM NITRATE

NaN0
2

: Mol. Weight =69.0

It contains, 97 to 101 per cent of NaN0
2

, calculated with
reference to ·the Sllbstance dried over silica gel for four hours.

Its preparation. physical characters, chemical properties,
tests for purity. assay and uses are described in the chapter on
antioxidants (page 51)0
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ELECTROLYTES

Solutions ofacids, bases and salts conduct electricity and when
voltage is applied, they decompose into ions. This phenomenon
ofdecomposition is called electrolysis and these substances are
named electrolytes.

The concentration balances of the various inorganic and
organic compounds of the body's fluids are maintained to have
a constant environmentofthe cells and tissues. Forthis purpose
there are regulatory mechanisms which cOntrol pH, ionic
balances, osmotic balances, etc. Many products are used to
correct an electrolyte imbalance due to a change in the
composition of its fluid. These products include electrolytes,
acids and bases, blood products, carbohydrates, amino acids
and proteins.

The electrolyte concentrationvary in intracellularfluid (45­
50% of body weight), interstitial fluid (12-15%) and plasma or
vascular fluid (4-5%). Besides plasma and interstitial fluid, the
extracellular fluid also includes cerebrospinal fluid, lymph,
peritoneal, pleural and synovial fluids. About 40% of the
interstitial fluid (4 litres) Is constituted of dense connective
tissues such as bone and cartilage and does not take part in
quick exchange with the remaining body fluid. The rest of the
interstitial fluid (6.5 litres) and plasma (3.5 litres) Comprise the
active part of the extracellular fluid. These fluid compartments
are separated fromeachotherbymembranes whichare permeable
to water and many organic and inorganic solutes. They are
nearly impermeable to macromolecules (e.g. proteins) and
selectively permeable to certain ions (e.g. Na+, K+, and Mg++). Due
to this permeablity mechanism each fluid compartment has a
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distinct solute pattern and the solution in each compartment is
ioni~llybalanced. Thus potassium. megnesium. and phosphate
are found in the intracellular fluid and sodium and chloride are
present in the plasma and interstitial fluids. The principal
factors involved in fluId and electrolyte homoeostasis are
maintenance of blood volume and osmotic ~qullibrium. acId­
base balance. and the effects of specific ions. For electrical
neutrality to exist In the extracellular fluid. the sum of the
concentrations of cations must be equal to the sum of the
concentrations ofanions. Measurements ofextracellular (plasma
or serum) concentrations are usually limited to sodium.
potassium. chloride. and bicarbonate. Assuming measurement
only of sodium. bicarbonate. and chloride. the sum of the
concentrations of sodium plus unmeasured cations (calcium.
magnesium. potassium) equals the sum ofthe concentrations of
bicarbonate and chloride plus unmeasured anions (phosphate.
protein, sulphate and derivatives oforganic acids). The difference
between the concentrations of unmeasured anions and
unmeasured cations is knownas the anion gap. Variations in the
anion gap are useful diagnostic indications to disorders of acid
- base balance.

The electrolyte balance of the body is maintained by a
regulation between the intake and output of water. The intake
of water includes the fluid taken orally and release of water
during the oxidation and mechanism of ingested food.

C6H 120 6
+ 6H

2
0 ----+ 6C0

2
+ 6H20

Water is eliminated from the body by lungs (expiration).
skin (perspiration), faeces and urine. Urine excretion is generally
more in cold session to balance water losses by perspiration and
respiration. Output of water is increased by diarrhoea and
vomiting. The water intake is regulated by the thirst centre of
hypothalamus gland. Excessive loss of water results into the
concentrationofthe body fluid and rise in their osmotic pressure.
This causes to draw out water from intracellular compartments
causing dehydration of the cells.

When there is more water in the fluid compartments,
osmetic pressure ofthe fluid is diminished. It promotes diuresis
and loss ofbody water. Due to water loss, plasma is concentrated
followed by concentration of extracellular and intracellular
fluids. Along with water intracellular potassium also passes out
into the extracellular fluid. It is compensated by passage of
sodium from extracellular fluid into the cell. A 20% loss ofwater
from the body may be fatal.
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(A) MAJOR PHYSIOLOGICAL IONS

(i) Calcium: Calcium is an importantconstituentofbones
and teeth and it is also concerned with the functioning
ofmuscles and clotting mechanism ofblood. Children,
require highe~ amount of calcium as it is needed for
growth of tissues and bones. Milk, milk-products and
greenvegetables are rich incalcium. Among the cereals,
millet ragi, wheat, jowar and bajra are good source of
calcium. Hypocalcaemia is resulted from hypopara­
thyroidism, vitamin D deficiency, bone cancer, fatty
stool (steatorrhea), hyperactive adrenal cortex, acute
pancreatitis, acute hyperphosphatemia and disorders
in bone metabolism. Bone is also a storage tissue for
calcium. At night, whena personsleeps or more without
food intake, reabsorption ofthe bone occurs in order to
maintain blood calcium levels.

(ll) Magnesium: Magnesium is the second most cation in
concentration in the intracellular fluid compartment.
Half amount of the total body magnesium (10-20 g) is
combined with calcium and phosphorus in bone. It is
used for proteinsynthesis and for thesmoothfunctioning
oftne neuromuscular system. Low magnesium balance .
is resultedfrommalnutritlon, dietary restriction. chronic

. alcoholism, faulty absorption, gastrointestinaldiseases,
medications and parathyroid hormone imbalances. Its
deficiency causes personality changes, loss in body
weight and cardiac disturbances.

(ill) Sodium : Sodium is the principal cation in the
extracellular fluid compartments. This ion is required
to maintain normal hydration and osmotic pressure.
Sufficient amounts of sodium are present in the dally
diet. Excess sodium is excreted by kidneys. About 80­
95% of the sodium is reabsorbed in the glomerular
filtrate by a hormonal control. Conditions causing low
serum level (hyponatremia) are extreme urine loss as in
diabetes, metabolic acidosis, addison's disease
(decreased excretion of the hormone, aldosterone),
diarrhoea, vomiting, and kidney damage. Increased
serum sodium level (hypernatremia) is found in
hyperadrenalismwith increased aldosterone production,
severe dehydration, certain type of brain injury, and
excess treatment with sodium.
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There is a correlation between sodium content of
the tissue and hypertension. Ifs<Xlium is not eliminated
from the body, the concentration starts to increase,
water is retained in the tissue to maintain osmotic
balance and edema results.

(iv) Potassium: Potassium is the major intracellular cation,
present in about 23 times higher than present in the
extracellular fluid compartment. During transmission
of a nerve impulse, potassium leaves the cell and
sodium enters the cell and this mechanism is called the
sodium-potassiumpump. Potassium in the diet is readily
absorbed. Excess of potassium is rapidly excreted by
the kidney. Low serum potassium levels (hypopo­
tassemia, hypokalemia) causes changes in myocardial
function, flaccid and feeble muscles, and low blood
pressure. It causes vomiting, diarrhoea, burns.
haemorrhages, diabetic coma, intravenous infusion of
solutions and alkalosis. High serum potassium levels
(hyperpotassemia or hyperkalemia) is less common and
usually occurs during kidney damage.

(v) Chloride: Chloride is the major extracellular anion of
both interstitial and vascular fluids compartments and
is required for maintaining proper hydration, osmotic
pressure and normal cation-anion balance. Food is the
main SDurce of chloride, with the anion being almost
completely absorbed from the intestinal tract. Chloride
is removed from the body by glomerular filtration and is
reabsorbed by the kidney tubules. Hypochloremia is
resulted from salt-losing nephritis (inflammation of
kidney), chronic pyelonephritis (inflammation of the
kidneyand its pelvis); metabolic acidosis causingeither
excessive production or diminished excretion of acids
leading to the replacement of chloride by acetoacetate
and phosphate; and prolonged vomiting with loss of
chloride as gastric hydrochroric acid. HypercWoremic
conditions are obselVed indehydration, decreased renal
blood flow found with congestive heart failure, renal
damage and excessive chloride intake.

(vi) Bicarbonate: Bicarbonate (HC0
3
-) is the second most

prevalent anion in the extracellular fluid compartments.
Along with carbonic acid it is utilized as the body·s most
important buffer system. A lack of bicarbonate causes
metabolic acidosis and metabolic alkalosis.
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(vii) Phosphate: Phasphate (HPO4-2) is the principal anion
ofthe intracellular fluid compartment. It is an important
buffer system; related to the utilization of calcium,
carbohydrates and fats and is also present in the bones
and teeth. Good sources of phosphorus are cereals,
pulses, nuts and oil-seeds. In cereals they are in
combination with phytates, a carbohydrate complex.
Administrationofascorbic acid along with cereal-based
diets improves the utilization of these minerals.

(viii) Iron : Iron forms an important 'component of
haemoglobin which acts as a carrier of oxygen in the
blood. Iron is necessary for growing children and
pregnantwomen and deficiency ofiron causes anaemia.
Green leafy vegetables are rich in iron. Millets like bajra
and ragi are also good sources of iron.

Copper is associated \\ith the utilization of iron in
the body. Iodine deficiency causes swelling of thyroid
gland giving rise to the disease 'goitre'. While fluorine in
concentrationless than 1 ppm indrinkingwater prevents
dental carries, it leads to a toxic condition known as
fluorosis affecting teeth and bones in amounts greater
than 2 ppm.

Electrolyte solutions are used to correct distur­
bances in fluid and electrolyte balance. The main
functions ofelectrolytes are the maintenance ofosmotic
pressure and electronetltrality, the prodllctionofenergy,
in impulse transmi~.sionand maintenance ofcalcium in
blood clotting and bone fonnations.

SODIUM CHLORIDE

NaCI; Mol. Weight = 58.44

Sodium chloride contains not less than 99.5 per cent ofNael. It
contains no added substances. In nature it is found in sea water,
in salt wells, lakes (Sambhar in India; Lake Elton in Russia) and
in deposits of rock salt, in Mandi (H.P.) and Khewra (Punjab,
Pakistan).

Sodium chloride is prepared on commercial scale by
evaporation ofsea-water in shallow pans. It contains impurities
of sodium carbonate, soclium sulphate, magnesium chtJride.
magnesium sulphate and calcium chloride, For £emoving
impurities the common salt is dissolved ill water ill cemented
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tanks. Some lime and alumare added. Thesuspended impurities
are settled down. The clear solution is decanted into iron pans
and concentrated. The crystalS of sodium chloride separate.
settle down which are dried.

Rock salt is dug out or dissolved in water ifpresent in deep
places·. The saturated solution is pumped out and evaporated to
get the salt.

Physical Characters: It occurs as odourless. colourless crystals
or white crystalline powder. transparent or translucent when in
large crystals. It is soluble in water (1 in 3), glycerol (1 in 10);
slightly soluble in alcohol and dehydrated alcohol. A 0.9%
aqueous solution is iso-osmotic. Its solubility inwater decreased
by hydrochloric acid and it is almost insoluble in concentrated
hydrochloric acid.

Solutions are sterilized by autoclavtng or by ffitration.
Solutions. when stored. may cause separation ofsolid particles
from glass containers and solutions containing particles must
not be used.

It is stored in well-closed containers.

Tests for Purity: Tests for acidity or alkalinity; arsenic; iron;
heavy metals; potassium; calcium and magnesium; barium;
sulphate; phosphate; iodide or bromide; sodium ferrocyanlde;
loss or drying; clarity and colour of solution.

For determining acidity or alkalinity. an aqueous solution
of the substance is titrated with sodium hydroxide or sulphUric
acid using phenol red solution as indicator.

The amount ofcalcium is found out byadding hydrochloric
acid (0.1 mIl, strong ammonia-ammonium chloride solution
(5ml) and erichrome black T solution (5 mI) to an aqueous
solution (20 in 200) ofthe substance and the mixture is titrated
with 0.005 M disodium ethylenediamine-tetraacetate (DETA) to
a blue end point. Each ml of 0.005 M DETA is eqUivalent to
0.0002004 g of Ca.

If no tubidity is produced on addition of dilute sulphuric
acid to an aqueous solution of the substance within two hours,
then barium is absent.

Iodide and bromide are detected by digesting sodium
cWoride with alcohol. The reaction mixture is filtered, the filtrate
dried, the residue is dissolved in water, and chloroform and
dilute chlorine water solution are added. The chloroform layer
does not acquire a violet yellow or orange colour.
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The presence ofscxlium ferrocyanide is detected by addition
of ferrous sulphate solution to the acidified solution of the
substance. The solution is not more intensely coloured than a
mixture of 2 ml of ferrous sulphate solution, 1 ml of dilute
sulphuric acid acid and sufficient water to produce 100 ml.

Tests for Identification: It gives the reactions of sodium, and
of cWorides.

Assay: The assay is dependent on the modified Volhard's
method in which indirect volumetric precipitation titration is
involved. An acidified solution of sodium chloride with nitric
acid is treated with a measured excess amount of standard
solution of silver nitrate in the presence of nitrobenzene. Some
of the silver nitrate is consumed due to reaction with sodiUm
chloride. The remaining unreacted silver nitrate is determined
by titration with a standard solution ofammonium thiocyanate
using ferric ammonium sulphate (ferric alum} as indicator

NaCI + AgN03 ~ AgCl~ + NaN03 + AgN03
(excess) ppt unreacted

AgN03 + NH-1SCN ~ AgSCN + NH4N03
unreacted silver

thiocyanate
precipitate

~ Fe (SCN)3 + "3NH
4

+

Ferric
thiocynate
(brick red colour)

The end point is obtaint..;d as a permanent brick red colour
due to formation of ferric thiocyanate.

To an aqueous solution ofthe substance, IN silver nitrate,
nitric acid, nitrobenzene and ferric ammoniumsulphate solution
are added. The solution is titrated with 0.1 N ammonium
thiocyanate. Each ml of O.IN silver nitrate is eqUivalent to
0.005844 g of NaCl. .

Uses: Sodium chloride··is an electrolyte replenisher, emetic;
topical inflammatory. It is used in the treatment ofextracellular
volume depletion, dehydration and sodium depletion which may
occur due to excessive diuresis, gastroenteritis or salt restriction.
Solutions of sodium chloride (0.9%) may be used as eye-drops'­
(as an irritatingagent), as nasaldrop (to relieve nasal congestion)
and as a mouthwash (to remove debris; for throat infection).
Sodium chloride has been included in dermatological
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preparations as a hydratingagent. It is also used inhomoeopathic
medicine.

General adverse effects of excess sodj·.un chloride include
nausea, vomiting, diarrhoea, sweating, abdominal cramps, fever.
thirst, hypotension, tachycardia (rapid pulse rate), renal failure.
oedema, respiratory arrest. irritability, weakness. convulsions.
coma and death.

SODIUM CHLORIDE INJECTION
(Sodium chloride Intravenous Infusion)

Sodium chloride injection is a sterile, isotonic solution of
sodium cWoride in water for injection. It contains not less than
0.85 per cent and not more than 0.95 per cent w/v of NaCl. It
contains no antimicrobial agents.

It is a clear, colourless solution. It is stored in single-dose
containers of glass or plastic. On keeping, small solid particles
may separate from a glass container. A solution containingsu~h
particles must not be used.

Tests for Purity: Tests for heavy metals; pyrogens; and pH
(between 4.5 and 7.0).

Limit test for heavy metals is designed to determine the
content ofmetallic impurities that are coloured by sulphide ion­
un.der specific conditions. The colour·ofan aqueous solution of
the substance is matched with that standard lead solution after

. addition ofhydrogen sulphide solutionwhich is not darker in the
test solution than that produced in the standard solution.

The test for pyrogens involves the measurement of the rise
in lxxiy temperature ofrabbits following the intravenous injection
ofa sterile solution of the substance. It is designed for products
that can be tolerated by the test rabbit in a dose not to exceed 10
ml per Kg injected intravenously within a period ofnot more than
ten minutes.

Assay : The assay is carried out as described under sodium
chloride. EachmlofO.l Nsilvernitrateis equivalent to 0.005845
g of NaCl.

Labelling: The label on the container of the injection intended
for intravenous infusion states

(i) that the injection contains 150 millimoles of sodium
and chloride ions per litre;

(ii) that the injection should not be used if it contains
visible solid particles.
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Uses : It is used as fluid and electrolyte replenisher and as
isotonic vehicle.

SODIUM CHLORIDE HYPERTONIC INJECTION

Sodium chloride hypertonic injection is a sterile solution of
sodium chloride in water for injection. It contains not less than
1.52 per cent and not more than 1.68 per cent w/v of NaC!. It
contains no antimicrobial agents.

It is a clear and colourless solution. It is stored in single­
dose containers of glass or plastic. On keeping, small solid
particles may separate from a glass container. A solution
containing such particles must not be used.

Tests for Purity : Tests for arsenic; heavy metals; pyrogens; and
pH (between 5.0 and 7.5).

Tests for Identification : It gives the reactions ofsodium, and
of chlorides.

Assay : The assay is carried out as described under sodium
chloride. Each ml of0.1 N silver nitrate is equivalent to 0.005845
g of Nael.

Labelling : The label on the container of the injection intended
for intravenous infusion states :

(1) that the injection contains 270 millimoles of sodium
and chloride ions per Ctre;

(n) the storage conditions;
(ill) the date after which the injection is not intended to be

used;
(iv) that the injection should not be used if it contains

visible solid particles.

Uses: It is used as fluid and electrolyte replenisher.

COMPOUND SODIUM CHLORIDE INJECTION

Compound sodium chloride injection contains NaCI (0.82­
0.90% w Iv), KCl (0.028-0.0315%) and Cac~.21\0(0.03-0.036%).
It contains no antimicrobial agents.

For its preparation the ingredients sodium chloride (8.6 gl.
potassium chloride (0.3 g). and calcium chloride (0.33 gl are
mixed in water for injection sufficient to produce 1000 mi. The
solution is filtered until clear, and sterilized by heating in an
autoclave.
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It is a clear and colourless solution; stored in single-dose
containers of glass or plastic. When kept in glass containers for
a long time, small solid particles may separate out. A solution
containing such particles must not be used.

Tests for Purity: Tests for arsenic; heavy metals; pyrogens; and
pH (between 5.0 and 7.5).

Tests for Identification: It gives the reactions of sodium, and
ofchlorides. When concentrated toone halfofits volume, it gives
the reactions of potassium and calcium.

Assay

1. For NaCl : The substance is diluted with water and
determined by flame photometry measuring at 589 run or
by atomic absorption spectrophotometry using sodium
solutionI.P. Each gofsodium is equivalent t02.54 gofNaCl.

2. For~Cl : The substance is diluted and determined by flame
photometry measuring at 767 nm or by atomic absorption
spectrophotometry using potassium solution I.P. Each g of
potassium is eqUivalent to 1.007 g ofKel. '

3. For CaCl
2

• 28
2
0 : To the solution, 0.01 M magneSium

sulphate and strongammonia-ammoniumchloride solution
are added. The mixture is titrated with O.OIN disodium
ethylenediametetraacetate (DETA) using mordant black 11
mixture as indicator. From the volume ofDETA the volume
of 0.01 M magneSium sulphate is substracted. Each ml of
the remainder is equivalent to 0.001470 g ofCaC~. 2H20.

Uses: It is used as a fluid and electrolyte replenisller.

COMPOUND SODIUM CHLORIDE SOLUTION

It is a sterile solution ofsodiumchloride (0.82-0.90%), potassium
chloride (0.025-0.035%) and calcium chloride (0.03-0.036%) in
purified water. It is a colourless solution. Its tests of purity,
identification and assay comply with the requirements stated
under compound sodium chloride injection. It is used as an
irrigation sf'lution (for external use).

SODIUM CHLORIDE AND DEXTROSE INJECTION

It is a sterile solution ofsodium cWoride (0.11-0.9%) and dextrose
(2.5-25%). It is a clear, colourless or faintly straw-colouredsolution;
stored in single-dose containers in a cool place. On keeping, there
ntay be separation of small solid particles.



Electrolytes 175

Tests for Purity: Tests for 5 -hydroxymethylfurfural and related
substances; heavy metals; pyrogens; and pH (3.5-6.5).

5-Hydroxymethylfurfural and related substances are
determined by measuring extinction at 284 nm which is more
than 0.25.

Assay

1. For Sodium Chloride : The measured volume is titrated
with 0.1 N silver nitrate using potassiumchromate solution
as indicator. Each ml of 0.1 N silver nitrate is equivalent to
0.005845 g of NaCl.

2. For Dextrose: Dextrose is assayed by measuring optical
rotation. The observed rotation in degrees multiplies by
0.9477 represents the weight in g of dextrose, C

6
H

12
0

6
, in

the volume taken for assay.

Uses: It is used as a fluid, nutrient, and electrolyte replenisher.

SODIUM LACTATE INJECTION

It contains not less than 1.75% and not more than 1.95% of
sodium lactate. A 1000 mI contains lactic acid (14 mI), sodium
hydroxide (6.7 g) and dilute hydrochloric acid in a sufficient
quantity. It is prepared by dissolving the sodium hydroxide in
water for injection (400 ml), adding the lactic acid and heating
the solution in an autoclave at 1150 to 1160 for one hour. It is
cooled, dilute hydrochloric acid added carefully until 0.15 ml of
the solution gives a full orange colour with 0.05' ml ofphenol red
solution. Sufficient water for injection is added to produce 1000
ml, filtered and immediatelysterilized by heating inanautoclave.

Physical Characters : It is clear colourless solution.

It is stored in single-dose containers ofglass or plastic. On
keeping there may be separation of small solid particles.

Tests for Purity: Tests for heavy metals; pyrogens; pH (between
5 and 7).

Tests for Identification

1. Whenwarmed with potassiumpermanganate, acetaldehyde
is formed which is recognisable by odour.

2. The residue on evaporation gives the reactions of
sodium.
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Assay : A measured amount (10 mIl is dried and ignited very
gently until completely carbonized. The residue is boiled with
0.1 N sulphuric acid, mtered and washed thoroughly with hot
water. The excess ofacid is titrated in the combined filtrate and
washings with 0.1 N sodium hydroxide uSing methyl orange
solution as indicator. Each ml of O.IN sulphuric acid is
equivalent to 0.01121 g of sodium lactate.

Uses: It is a fluid and electrolyte replenisher.

Official Preparations of Sodium Chloride

Sodium Chloride Injection, I.P.

Sodium Chloride Hypertonic Injection, I.P.

Compound Sodium Chloride Injection, I.P.

Compound Sodium Chloride Solution, I.P.

Sodium Chloride and Dextrose Injection, I.P., U.S.P.

Sodium Lactate Injection, I.P.
Sodium Chloride Eye Lotion, B.P.
Sodium Chloride Ophthalmic Ointment, U.S.P.

Sodium Chloride Inhalation Solution, U.S.P.
Bacteriostatic Sodium Chloride Injection, U.S.P.

Sodium Chloride Intravenous Infusion, B.P.
Sodium Chloride and Glucose Intravenous Infusion, B.P.

Sodium Chloride Irrigation, U.S.P.
Compound Sodium Chloride Mouthwash, B.P.

Sodium Chloride Tablets, B.P., U.S.P.

Sodium Chloride and Dextrose Tablets, U.S.P.

POTASSIUM CHLORIDE

KBr; Mol. Weight =74.55

Potassium chloride contains not less than 99.0 per cent ofKCI.
In nature it is found as sylvlne (KCI) and carnallite, KCI.MgC~.
6H20 contaminated with magneSium sulphate and chloride.

Potassiumchloride is prepared byfusingcarnallite whereby
the liquefied magneSiumchloride hexahydrate is separated from
the solid potassium chloride. Alternately, carnallite is dissolved
by bolling with the mother liquor leaving other impurities
undissolved. These are mtered offand the filtrate is crystallized
to get cubic crystals.
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Potassium chloride can also be prepared by reacting
hydrochloric acid with potassium carbonate.

~C03 + 2HCl • KCl + H2C03
Physical Characters: Potassium chloride occurs as odourless,
colourless, cubica~, elongated, or prismatic crystals or white
crystalline powder; taste is saline. It is soluble· in water (1 in 3),
and glycerol (1 in 14); practically insoluble inalcohol and solvent
ether. A solution is neutral to litmus. Hydrochloric acid, sodium
or magneSium. chlorides diminish its solubility in water.

Incompability : It is incompatible with amphotericin, amikacin
sulphate, dobutamine hydrochloride, and fixed oU emulsions.

It is stored in well-closed containers.

Tests for Purity : Tests for acidity or alkalinity; clarity and
colour of solution: bromides; iodides; heavy metals; sodium;
calcium; magnesium; lead; arsenic; barium; iron; sulphate: and
loss on drying.

Acidity or alkalinity is determined by titrating an aqueous
solution with sodium hydroxide or hydrochloric acid using
bromothymol blue solution. Fordetec~gbromides and iodides,
alcoholic soluble portion is treated with chlorine solution in the
presence of chloroform. The organic layer does not acquire a
violet, yellow or orange colou~when bromides and iodides are
absent.

Tests for Identification: Asolution (lin20) gives the reactions
of potassium, and of chlorides.

Assay: The assay is based on the Mohr's method of direct
volumetric precipitation titration. An aqueous solution of the
substance is titrated against a standard solution ofsilver nitrate
using solution of potassium chromate as indicator.

NaCI + AgN03 ------. AgCl~ + NaN03
When whole of sodium chloride has been precipitated as

AgCI, addition of silver nitrate solution gives a brick red colour
with the indicator. The end point is change ofcolour from yellow
to red.

2AgN03 + ~CrO4 ------. A~CrO4 + 2KN03
Pot Silver

chromate chromate
(yellow) (brick-red)

An aqueous solution of the weighed substance is titrated
with 0.1 N silver nitrate, using potassium chromate solution as
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indicator. Each ml of 0.1 N silver nitrate is equivalent to
0.007455 g ofKCl.

Uses : Potassium chloride and its preparations are electrolyte
replenisher and used in treatment of potassium deficiency,
familial paralysis, myasthenia gravis (muscle weakness),
Meniere's syndrome (disease ofthe inner ear) and as an antidote
in digitalis intoxication.

In oral solution, fruit or vegetable juices are mixed to mask
the saline taste.

Excessive use of the potassium leads to development of
hyperkalaemia causing muscle weakness, paralysis,
hypotension, heart block and cardiac arrest.

OFFICIAL POTASSIUM CHLORIDE PREPARATIONS

Potassium Chloride and Sodium Chloride Intravenous Infusion
(B.P.)

It is a sterile colourless solution of potassium chloride and
sodium chloride in water.

Potassium Chloride and Glucose Intravenous Infusion (B.P.)

It is a sterile colourless or faintly straw-coloured solution of
potassium chloride and either anhydrous glucose or glucose in
water.

Potassium Chloride, Sodium Chloride and Glucose Intravenous
Infusion (B.P.)

It is a sterile solutionofpotassium chloride. sodium chloride and
either anhydrous glucose or glucose in water.

Efferves.cent Potassium Chloride Tablets (B.P.)

Potassium Chloride Elixir, U.S.P.

Potassium Chloride Mixture, A.P.F.

Potassium Chloride Injection, U.S.P.

Potassium Chloride in Dextrose Injection, U.S.P.

Potassium Chloride Oral Solution, U.S.P.

Potassium Chloride Extended-release Capsules / Tablets, U.5.P.

Potassium Chloride, Potassium Bicarbonate, and Potassium
Citrate EffeIVescent Tablets for Oral Solution, U.S.P.
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(B) PHYSIOLOGICAL ACID-BASE BALANCE

Acids are constantly being produced dUring metabolism. Most
metabolic reactions occur only within a very narrow pH range of
7.38-7.42. Therefore, the body utilizes several efficient buffer
systems; two of them are bicarbonate-carbonic acid (HC03- :
H

2
C0

3
) present in the plasma and kidney and monohydrogen

phosphate-dihydrogen phosphate (HC0
4

-2 : H
2
P0

4
-) found in the

cells and kidney. In red blood cells the haemoglobin (Hb) buffer
system is present.

Carbon dioxide produced in the cells is diffused from the
cells into the plasma. A small portion of CO

2
is dissolved in

plasma and another small portion reacts with water to form
carbonic acid, which is buffered by plasma protein. Most of the
CO

2
enters the erythrocytes where it rapidly combines with

haemoglobin or forms carbonic acid by reacting with carbonic
anhydrase. The pH of the erythrocytes increased due to
concentration ofcarbonic acid is compensated by haemoglobin.
The bicarbonate anion then diffuses out of the erythrocyte and
chloride anion diffuses in.

Carbonic anhydrase
carbonic

H
2
0 + CO2 ~ H2C03anhydrase

H2C03 + K+ + Hb02- ~ K+ + HC0
3

- + HHb + 02

The bicarbonate and plasma carbonic acid acts as an
efficient buffer system inplasma (pH 7.4). Oxygencombines with
protonated deoxyhaemoglobin, releasing protons. These
combines with bicarbonate yielding carbonic acid. which then
dissociates to carbon dioxide and water. The CO2 is liberated
from the lungs.

(C) ELECTROLYTES USED IN ACID-BASE THERAPY

The sodium salts ofbicarbonate, lactate, acetate and sometimes
citrate and ammonium salts are used to treat metabolic acidosis.
Supply ofbicarbonate increases the HC03-/H2CO

S
ratio. Lactate.

acetate and citrate ions are degraded to CO2 and water by
tricarboxylic acid cycle.

The various inorganic elements and ions associated with
the body mechanism include Na+, K+, Ca2+, PO43-, M~+, Fe2+, Fe3+,
1-. Zn2+. Cu2+, C0 2+, Mo, Cr3+, Se, Cl-, HCQ3-, F- and SO42-, Each ion
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has a definite concentration invarious lxxlyfluids. The absorption
and metabolism vary considerably. The major functions of
electrolytes are to maintain electrolytic imbalance, including
acid-base balance and osmotic equilibrium and to facilitate
specific metabolic function through supply of specific ion to
body fluids. The major physiological ions are CI-, P0

4
3-,

HC0
3
-, Na+,· K+, Ca2+ and Mg2+.

SODIUM ACETATE

CH
3
COONa. 3H

2
0; Mol. Weight = 136.08

Sodium acetate contains not less than 99.0 per cent of
CH

3
COONa. 3H

2
0. It is prepared by neutralization ofacetic acid

with sodium carbonate or sodium hydroxide, and then
crystallizing the product.

2CH3COOH + Na2C03 • 2CH3COONa + CO2 + H20

Characters: It occurs as colourless, transparent crystals or a
white granular powder or white flakes; odourless or with a slight
odour of acetic acid; m.p. 58°; becomes anhydrous at 1200,
decomposed at higher temperature. It effioresces in warm dry
air. It is soluble in water (1 in 0.8), and alcohol (1 in 19). A 5%
solution in water has a pH of 7.5 to 9.2. It is kept in airtight
containers.

Tests for Purity: Tests for arsenic; calcium and magnesium;
heavy metals; iron; chloride; sulphate; reducing substaIICes;
pH; clarity and colour of solution; loss on drying.

For determining calcium and magnesium, a mixture of
dilute ammonia buffer solution, mordant black 11 mixture and
zinc chloride is titrated with 0.05M disodium ethylene­
diaminetetra-acetate (DETA) until the colour changes from
violet-red to green. To this solution sodium acetate is dissolved
and titrated with 0.05M DETA until the green colour is restored.
Not more than 0.25 ml oCO.05 M DETA is required.

When reducing substances are absent. the pink colour is
notentlrelydischargedontreatmentofpotassiumpermanganate
with an acidified solution ofthe substance with dilute sulphUric
acid.
Incompatibility: Aqueous solutions reacts with oxygen to
produce slight pink colour. It can be prevented by addition ofa
solution of sodium metabisulphite.
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Tests for Identification: It gives the reactions of sodium and
of acetates.

Assay: To a weighed amount (0.25 g), dissolved in glacial acetic
acid (50 mI), acetic anhydride (5 mI) is added and kept for 30
minutes. Additional glacial acetic acid (50 mI) is mixed and
titrated with O.IN perchloric acid, uSing I-naphtholbenzoin
solution as indicator. A blank determination is performed and
any necessary correction is made. Each mI of O.IN perchloric
acid is eqUivalent to 0.01361 g ofCH

3
COONa. 3H

2
0.

Uses : It is used as pharmaceutical aid (for peritoneal dialysis
fluid); acidulant in food; and as an effective buffer in metabolic
acidosis.

POTASSIUM ACETATE

CH3COOK; Mol. Weight = 98.14

Potassium acetate contains from 99 to 101.0% ofCH
3
COOK. It

occurs as colourless crystals or a white crystalline powder;
odourless or with a faint acetic acid like odour. It is deliquescent
in moist air. It is soluble in water and alcohol. A 5% solution in
water has a pH of 7.5 to 9.5.

Potassiumacetate should be kept ina well-closed container.

Tests for Purity: Tests for "aluminium; arsenic; calcium; heavy
metals; magnesium; sodium; chloride; nitrate; sulphate; readily
oxidizable substances; loss on drying; and alkalinity.

For determining nitrate, an aqueous solution is treated
with sodiumchloride, indigO carmine solution and nitrogen-free
sulphuric acid. A blue colour is produced which persists for at
least 10 minutes.

Tests for Identification : It gives reactions characteristic of
potassium salts and of acetates.

The presence ofreadlly oxidizable substances is found out
by treating an aqueous solution with sulphuric acid and
potassium permanganate. The pink colour is not completely
discharged.

The salt complies with the limit test for arsenic, calcium,
heavy metals, magnesiuin and chloride.

Assay : Non-aqueous titration is carried out using perchloric
acid and crystal violet solution as indicator. Each ml of O.IN
perchloric acid is eqUivalent to 9.814 mg ofCH

3
COOK.
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Uses: It is used in solutions for haemodialysis and peritoneal
dialysis and as an alkalizer. It is also used as a food preselVative.

SODIUM CITRATE

CH
2
COONa

I
Ho-- C-COONa;

I
CH

2
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Sodium citrate is trisodium 2-hydroxy-propane-l,2,3­
tricarboxylate dihydrate. It contains about 99% ofC

6
H
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7
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is prepared by mixing of calculated amounts of hot solution of
citric acid and sodium carbonate and crystallizing the product.
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Characters : It occurs as white, granular crystals or a white
crystalline powder; slightly deliquescent in moist air. It is freely
soluble in water; practically insoluble in ethanol. It is stored in
air-tight containers. Sterilized solutions of sodium citrate on
keeping cause separation of small solid particles from a glass
container. A solution containing such particles must not be
l-lsed.

Tests for Purity : Tests for heavy metals; oxalate; sulphate;
readily carbonizable substances; water: acidity or alkalinity:
clarity and colour of solution.

Acidityoralkalinity is detennined byneutralizinganaqueous
solution with hydrochloric acid or sodium hydroxide using
phenolphthalein as an indicator.

For determining oxalate zinc and phenylhydrazine are
treated with acidified solution. Hydrochloric acid and pOtassium
hexacyanoferrate solution are added. Any pink colour produced
is not ·more intense than that obtained by treating at the saDie
time and in the same manner a solution of oxalic acid.

Readily carbonisable substances are detected by heating
the salt with sulphuric acid at about gOO for for one hour. On
cooling the solution is not more intensely coloured than a
reference solution.

Sodium citrate complies with the limit tests for chloride and
&ulphate.

Inc~mpatibility:Aqueous solutions, owing to their alkalinity,
may L"'e incompatible with acidifying agents.
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Tests for Identification: Aqueous solution gives reactions
characteristic of sodium salts and citrates.

Assay: A solution of the substance in anhydrous acetic acid is
titrated non-aqueously using I-naphtholbenzein solution as
indicator, until a green colour is produced. Each ml of 0.1 N
percWoric acid is eqUivalent to 8.602 mg of C

6
HsNa

3
0

7
•

Uses: It is used as systemic alkalinizing substance. Sodium
citrate has anti-clotting properties and is employed in mixtures
as the acid citrate in the anticoagulation and preservation of
blood for transfusion purposes. It is also used in dentifrices as
a desensitising agent and added to the milk for iIlfant feeding to
prevent the formation in the stomach of large curds. It also has
a diuretic effect due to increased body salt concentration.

POTASSIUM CITRATE

KOOC. CH2 • CH(OH) (COOK). CH2COOK. H20; ~C6H507.H20;

Mol. Weight =324.42

Potassium citrate is the monohydrate of tripotassium 2­
hydroxy propane-I ,2,3-tricarboxylate. It contains not less than
99.0 per cent of~C6H507.It is prepared by mixing hot solutions
of calculated amounts of citric acid and potassium carbonate,
and crystallizing the product.

3~C03 + 2H3C6Hs0 7 ~ 2~C6H507 + 3H20

Potassium citrate occurs as transparent, odourless,
hygroscopic crystals or a white granular powder, taste is saline.
It is soluble in water (I in 1) and glycerol (1 in 2.5), practically
insoluble in alcohol. Aqueous solutions are slightlyalkaline and
may be incompatible with acidifying agents. It is stored in
airtight containers.

Tests for Purity : Tests for acidity or alkalinity; arsenic; heavy
metals; lead; sodium; chloride; sulphates; oxalate; readily
carborusable substances; and water.

Acidity or alkalinity is determined by neutralizing aqueous
solution with either O.IN sulphuric acid or O.IN sodium
hydroxkide to thymol blue solution. A clear solution obtained
after addition of potassium antimonate solution to the aqueous
solution indicated the absence of sodium.

For determining oxalate, an aqueous mixture of the
substance, hydrochloric acid, alcohol and calcium chloride
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remains clear. Readily carbonisable slJ.bstances are detected by
heating the substance with sulphuric acid for 30 minutes at 80­
90°; the solution is not insensely coloured, than a mixture of
ferric chloride, copper sulphate, cobalt chloride and hydrochloric
acid.

Tests for Identification: A solution (1 in 20) gives the reactions
of potassium, and of citrates.

Assay: Aweighed amount (0. 15 gldissolved inglacial acetic acid
is heated to 50°. It is cooled, 1-naphtholbenzein solution added
and titrated with O.lN perchloric acid until a green colour is
obtained. A blank determination is performed. Each ml of0.1 N
perchloric acid is eqUivalent to 0.01021 g of~C6H507.

Uses: It is used as systemic alkalizer and gastric antacid. It is
used to relieve painful irritation caused by cystitis (inflammation
of bladder).

SODIUM BICARBONATE INJECTION, U.S.P.

It is a sterile solution of sodium bicarbonate in water for
injection, the pH of which may be adjusted by the addition of
carbon dioxide; pH 7.0 to 8.5. It contains not less than 95% and
not more than 105% of labelled amount of NaHC0

3
•

It is prcseIVed In single-dose containers.

Tests for Purity: Tests for pyrogen; pH (between 7 and 8.5).

Tests for Identification: It responds to the tests for sodium and
for bicarbonate.

Assay: It is assayed by titrating the solution with IN sulphUric
acid and methyl red as iildicator. Each ml of IN sulphuric acid
is equivalent to 84.01 mg of NaHC0

3
•

AMMONIUM CHLORIDE INJ~CTION, U.S.P.

Ammonium chloride injection is a sterile solution ofammonium
chloride in water for injection. It contains not less than 95% and
not more than 105% ofthe labelled amountofNH

4
Cl. Hydrochloric

acid may be added to adjust the pH.

It is preselVed inSingle-dose or in multiple-dose containers.

Tests of Purity : Tests for chloride content, pyrogen; pH
(between 4 to 6).
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Tests for Identification: It responds to the tests for ammonium
and for chloride ions.

Assay: The distilled solution, obtainedon additionofammonium
chloride and sodium hydroxide solution and heating, is titrated
withO.l Nsulphuricacid usingmethyl red. Ablankdetermination
is also performed. Each ml of 0-.1 N sulphuric acid is equivalent
to 5.349 mg ofNH

4
Cl.

(0) ELECTROLYTE COMBINATION THERAPY

Inshort-term therapycombinationofglucose and saline solutions
may be sufficient. In severe deficits, solutions containing
additional electrolytes are usually required. The combination
products are of two types-fluid maintenance and electrolyte
replacement. Maintenance therapy with intravenous· fluids is
required to supply normal necessity ofwater and electrolytes to
patents who cannot take them orally. All maintenance should
contain at least 5% dextrose; the other ions are sodium (25-30
mEq/l), potassium (15-20 mEq/I), chloride (22m Eq/l), bicar­
bonate (20-33 mEq/I), magnesium (3 mEq/l) and phosphorus
(3mEq/I).

Replacement therapy is required when there is excess loss
of water and electrolytes caused by fever. severe vomiting, and
diarrhoea. 'fwo types of solutions are Used in replacement
therapy :

(1) a solution for rapid initial replacement, and
(11) a solution for subsequent replacement.

The electrolyte corrcentrations in solutions for rapid initial
replacement are almost similar to the electrolyte concentrations
found in the extracellular fluids. The electrolyte concentrations
of these solutions are given as hereunder.

Electrolytes Concentration Concentration
In 1. mEq/1 in 2. mEq/1

Na+ 130-150 40-121
K+ 4-12 16-35
Cl 98-109 30-103
HC0

3
· 28-55 16-53

Ca+2 3-5 0-5
Mg+2 3 3-6
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(E) ORAL REHYDRATION THERAPY

In acute diarrhoea, loss of water and electrolytes can lead to
significant dehydration and metabolic imbalance. Without
appropriate treatment, this may cause fatal results, especially in
infants. If a solution containing appropriate concentrations of
both glucose and sodium chloride, 0.9% solution is administered
orallY9 absorption of both sodium and water is greatly enhanced
due to the action ofglucose as a carrier molecule in the transport
of one ion of sodium, together with water from the intestinal
lumen. Sucrose and starches exert a siInilar effectas they release
glucose in the intestine. The oral administration of fluid that
contains asuitable combination ofcarbohydrates and electrolytes
is known as oral rehydration therapy (ORT).

There are two ~sic treatment phases :

(i) Rehydration Phase: It involves the replacements offluid
and electrolytes lost through diarrhoea and vomiting.

(il) Maintenance Phase: It is the replacement oflosses due
to continuing diarrhoea and vomiting, and of normal
loss due to respiration, sweating, and urination which
are especially high in infants.

Acute diarrhoea leads to loss of essential water and salts
causing dehydration. Preve.ntion of dehydration is, therefore.
the first appropriate response to diarrhoea. An oral rehydration
solution containing glucose and essential salts is adequately
absorbed and replaces both previous and continuing flcid and
salt loses. It does not stop the diarrhoea. but the diarrhoea
usually continues for only a limited time. Glucose accelerates
the absorption ofsodium and water from the small intestine and
this process is not impaired during acute diarrhoea. A rational
response to diarrhoea involves prevention ofdehydration using
glucose-salt solution. House remedies used include coconut
water, rice water, various soups, weak tea, and solutions
consisting of different salts and sugars. Severe dehydration, in
which loss of body weight is 10% or more, should be corrected
by intravenous therapy.

The composition ofcarbohydrate-electrolyte mixtures used
iIi ORT varies, principally in sodium content. Solutions for ORT
contain 60 to 90 mmol/litre of sodium. Chlorine is reqUired for
ITlaintenanee of a normally expanded plasma compartment and
is an essential c9nstituent o~oral rehydration salts preparations
for replacement of faecal losses. S~gnificantlosses of potassium
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can occur in children with diarrhoeal illness. Most oral.
rehydrationsolutions contain20 to 25 mmollntre ofpotassium.
A base in oral rehydration solutior! is required to correct or
prevent the acidosis which often accompanies dehydration.
Acidosis is resulted from faecal loss ofbicarbonate anddecreased
renal excretion ofacid. Bases such as lactate (except citrate atiCf
bicarbonate) are used in some proprietary rehydration
preparations.

Glucose is used as the carbohydrate in almost all currently
available oral rehydration preparations. Sucrose, which ischeaper
and more readily available, is equally effective in promoting the
absorptlonofsodiumand water. Optimalranges ofconcentrations
of glucose in oral rehydration preparations have been reported
as 56 to 140 mmol/litre, 80 to 120 mmol/litre, are 2.0% to 2.5%.
If concentration of glucose is very high, the resultant fluid will
be hypertonic; this will result in osmotic diarrhoea due to
unabsorbed carbohydrate, with no further enhancement of
sodium absorption.

Rice-based solutions are not only as effective as glucose­
base solutions in rehydration and maintenance ofhydration but
also offer the advantage of reduced duration and volume of
diarrhoea.

(F) SALT INTAKE AND HYPERTENSION

The effect of individual salt intake on iIldividual blood pressure
is difficult to study. It is suggested tl18t weight reduction and
reduced sodium intake each make an independent contribution
to the lowering of the blood pressure and enhance the effect of
drug treatment of high blood pressure. With a reduction of 5 g
in the average daily salt intake, average diastolic pressure can
be lowered by 4 rom Hg. It is recommended that populations
should be encouraged to reduce the consumption ofsalt 5 gdaily
or less.

(G) MULTIPLE ELECTROLYTE POWDERS

Oral Rehydration Salt (Electral) : Each packet (35 g) contains
sodium cWoride (1. 25 gl, potassium chloride (1.50 g), sodium
citrate (2.90 g), anhydrous dextrose (27 g) and excipients which
is dissolved in 1 litre ofwater and supplies electrolytes (mEq/l)
as sodium (51), potassium (20), chloride (41), citrate (30 g) and
dextrose (150 mmole/l). The solution Sl10uld be used in
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recommended dilution within 24 hours for the replacement of
fluid and electrolytes loss and maintenance of hydrogen in
diarrhoea due to organisms like Rota viruses. E. coli. and in
vomiting in patients ofall age groups. It is also useful in muscle
weakness, muscle cramps and prostration due to exhaustion,
for athletes and industrial workers and to replace fluid 19sses.

The powder is stored in a dry place. The sachet wall should
be closed after use and keep away from moisture.

Oral Rehydration Salts (WHO; UNICEF) : It contains sodium
chloride (3.5 g), potassium chloride (1.5 gl, sodium bicarbonate
(2.5 g) or sodium citrate dihydrate (2.9 g). and anhydrous
glucose (20g); for solution in 1 litre of water.

(H) MULTIPLE ELECTROLYTE SOLUTIONS

Oralyte Ready-P Oral Solution: A sterile solution containing
sodium chloride (117 mg), sodium acetate (136 mg), potassium
acetate (196 mg), magnesium chloride (30 mg). calciumchloride
(37 mg) and anhydrous dextrose (2 gl in 100 ml solution. Once
the bottle is opened, the contents have to be consumed within
48 hours.

Paediatric Solution for Intravenous Use : A sterne solution
containing dextrose (5 g), sodium acetate (0.3 g). potassium
chloride (0.10 g), magnesiumchloride (0.03 g), dlbaslc potassium
phosphate (0.025 g), and sodium metabisulphate (0.02 g); the
pH adjusted with hydrochloric acid.

Elliott'. B Solution : A sterile solution containing scxlium
chloride (730 mg), potassium chloride (30 mg). calcium chloride
dihydrate (20 mg), magnesium sulphate (30 mg), sodium
phosphate heptahydrate (20 mg), glucose (20 mg), sodium
bicarbonate (190 mg), phenol red (10 f.lg). water for injection to
100 mI.

Ringer's Injection (u.S.P.l : A sterile solution containing
sooium chloride (860 mg), potassium chloride (30 mg), calcium
cWoride dihydrate (33 mg) and water for injection to 100 mI).

(I) DIALYSIS SOLUTIONS

Dialysis solutions are solutions of electrolytes formulated in
concentrations similar to those of extracellular fluid. Glucose
may be added as an osmotic agent. Dialysis solutions are used
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in the managementofrenal failure and poisoning. Theyallow the
selective removaloftoxic substances, electrolytes, and excessive
body fluid from the blood. In haemodlalysls, the exchange ofions
between the solution and the patient's blood Is made across a
synthetic semi-permeable membrane. In peritonealdialysis, the
exchange is made across the membranes ofthe peritonealcavity.

In dialysis, bicarbonate is best given as acetate or lactate ifi
order to avoid the release of carbon dioxide into solution.

Intraperitoneal Dialysis Fluid (I.P.): It consists of sodium
chloride (5.56 g), sodium acetate (4.76 gJ, calciumchloride (0.22
g), magnesium chloride (0.152 g), sodium metabisulphite (0.15
g), dextrose (anhydrous l (1 7.0 g) and purlfled water sufficient to
produce (1000 mIl.
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OFFICIAL COMPOUNDS OF
CALCIUM, IRON AND IODINE

CALCIUM CHLORIDE

CaCI2 • 2H20; Mol. Weight = 147.02

Calcium chloride contains 110t less than 97.0 per cent of
CaCI2 .2H

2
0. It occurs in sea water.

Preparation

1. It is prepared by adding pure calcium carbonate' in slight
excess to hot, diluted hydrochloric acid. The reaction
mixture i~ fl1tered, concentrated and crystallized at 10°. The
crystals are filtered by vacuum and transferred in a well­
closed container.

2. It is also obtained as a by-product of the ammonia-soda
(Solvay) process and as a joint product from natural salt
brines.

Physical Characters: It occurs as white, hygroscopic, odourless,
crystalline powder or granules; m.p. 772°. It is freely soluble in
\vater (with liberation ofmuch heat) and alcohol; very soluble in
boiling water. A 5% solution in water has a pH of4.5 to 9.2. The
crystals deliquesce in moist air, effloresce in dry air and melt in
their water of crystallization when gently warmed.

Tests for Purity: Tests for arserlic; heavy metals; lead; sulphate;
al111nirliur-n and phospllate; illagnesium and alkali salts; iron;
c!~lrityarid cOlOtlr ofsolutioJl; acidity or alkalinity; hydrochloric
acid -insoltlble matter; and alcohol-insoluble matter.
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For detecting acidity or alkalinity. an aqueous solution is
titrated with hydrochloric acid or sodium hydroxide using
phenolphthalein solution as indicator.

The concentrationofmagnesiumandalkallsalts isdetermined
by treating solution of the substance with ammonium oxalate
solution and then with sulphuric acid. The mixture is dried. the
residue heated to redness. cooled and weighed.

For determining aluminium and phosphate to the acidified
aqueous solution with dilute hydrochloric acid containing
phenolphthalein, a solution ofammonium chloride-ammonium
hydroxide is added until the solution is faintly pink and then
heated. No t1-1rbidity or precipitate is produced.

Incompatibility: Calciumsalts are incompatible with oxidizing
agents, citrates, soluble carbonates, bicarbonates, phosphates,
tartrates, and sulphates. Physical incompatibility has also been
reported with amphotericin, cephalothin sodium, cephazolin
sodium, novobiocin sodium, tetracyclines, etc.

Tests for Identification: Asolution (1 in 10) gives the reactions
of calcium, and of chlorides.

Assay: An acidified aqueous solution is titrated with 0.05 M
disodium ethylenediaminetetraacetate whose each ml is
equivalent to 0.007351 g ofCaC~. 2H20.

Uses: Calciumsalts are used mainlyas calcium replenisher, I.e.,
in the treatment of calcium deficiency; as diuretic, urinary
acidifier and antiallergic agent. It is also used for preparing
solutions for intravenous or intramuscular injection. The
anhydrous salt is commonly used as a desiccant (drying and
dehydrating agent) for organic compounds.

Administration ofsome calcium salts by mouth can cause
gastro-intestinal irritation and constipation. Excessive use of
calciumsalts leads to hypercalcaemia; thesymptoms are anorexia
(loss of apetite), nausea, vomiting, constipation, abdominal
pain, muscle weakness, mental disturbances, polydipsia
(excessive thirst), polyuria, bone pain, nephrocalcinosis, renal
calculi, and in severe cases, cardiac arrhythmias and coma. It is
irritating to the veins and should be injected slowly. Rapid
injection may cause cutaneous bUrning sensation, peripheral
vasodilation, and fall in blood pressure.

CALCIUM LACTATE

CaC
6
H

10
0

6
• xH

2
0; Mol. Weight = 218.22 (anhydrous)
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Calcium lactate is the hydrated calcium salt of2-hydroxy
propionic acid. It contains not less than 98.0 Per cent of
anhydrous calcium lactate.

It is prepared byaddinga slight excess ofcalciumcarbonate
to a hot, dilute solution oflactic acid, and boiling the mixture for
half an hour.

2CH
3
CH(OH)COOH + Caco

3
~ (CH

3
CH (OH) CO

2
)2 Ca

+ CO
2

+ H
2
0

The hot solution is filtered, the filtrate concentrated and
crystallized.

Physical Characters: It occurs as a white, odourless, crystalline
or granular powder: the pentahydrate is slightly efflorescent;
becomes anhydrous at 120°. It is soluble in water (1 in 20);
readily soluble in hot water; almost insoluble in alcohol. It is
stored in airtight containers.

Tests for Purity: Tests for arsenic; iron; heavy metal; chloride;
sulphate: reducing sugars: water; acidity or alkalinity.

If not more than a slight brick-red precipitate is produced
on heatinganaqueous solutionofcalciumlactate with potassium
cupri-trartrate solution, then reducing sugars are absent.

Tests for Identification

1. A solution (1 in 20) gives the reactions of calcium.
2. A solution acidified with sulphUric acid and warmed with

potassium permanganate develops the odour of
acetaldehyde.

Assay: A weighed amount (0.3 gJ is dissolved in water (50 mI)
and the assay is completed as described under calcium
gIuconate. Each ml of the remainder is eqUivalent to 0.01091 g
of CaC

6
H

10
0

6
•

U:sea : Calcium lactate h~s similar actions and uses to calcium
chloride. It is also used as a preselVative in foods and beverages
and in dentifrices.

CALCIUM AMINOSALICYLATE

coo-
OH

Ca2+.H
2
0; Mol. Weight = 398.38

NH
2

2
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Calcitlm aminosalicylate is the trihydrate ofcalcium 4-amino-2­
hydroxybenzoate. It contains not less than 98.0 per cent of
CaC14H12N206·

Characters: It occurs as a white or cream-coloured, odourless,
hygroscopic, crystalline powder. It is soluble in water (1 in 7) and
slightly soluble in alcohol. A 2% solution in water has a pH of6
to 8. Aqueous solutions are unstable and darken in colour. The
U.S.P. directs that solutions should be prepared within 24 hours
of adrninistration and that a solution must not be used if it is
darker~incolour than a fresWy prepared solution. It is stored in
airtigllt containers and protected from light.

Tests for Purity: Tests for 3-aminophenol; 5-aminosalicyclic
acid; chloride; sulphide; sulphate; lead; arsenic; iron; heavy
metals; calcium; wate~; clarity ofsolution; acidity or alkalinity;
colour of solution; alcohol and acetone.

For detecting alcohol and acetone, a solution is partially
distilled, and the iodoform test is perfonned in the distillate.

For determining the percentage of 3-aminophenol, its
diazorrlum salt is prepared by treating with sodium nitrite and
the extinction is measured at the maximum at about 430 nm.
The percentage is calculated from the formula, (A-032/ 1.09).

Formation of purple colour on addition of resorcinol and
iodine solution to the aqueous solution indicates the presence
of 5-aminosalicylic acid.

l-Iydrogen sulphide and sulphur dioxide are detected by
treating the aqueous solution with dilute hydrocWoric acid. No
odour ofhydrogen sulphide or ofsulphurdioxide is detectable and
the va.pour does not darken moistened lead acetate paper.

'{'he concentration of calcium is found 01:1t by titrating the
solution of the substance with disodium .ethylenediamine
tetraacetate (DETA). Towards the end of the titration, sodium
hydroxide and calcon mixture are added and the titration is
continued until the colour of the solution changes from pink to
blue colour. Each ml of 0.05 M DETA is eqUivalent to 0.002004
gofCa.

Tests for Identification

1. To an aqueous solution few drops of ferric cWoride are
added. A purple-red colour is produced which persists on
addition of acetic acid or alcohol.

2. To an aqueous solution, dilute hydrochloric acid, sodium



194 Pharmace~ical Chemistry-I Inorganic

nitrite and u-naphthylamine solution are added. A red
colour is produced. When sodium hydroxide solution is
added till alkaline, the red colour changes to orange.

3. A solution (I in 20) gives the reactions of calcium.

Assay: The assay is based on the diazotization (nitrite) titration.
To an aqueous solution, hydrochloric acid and potassium
brQrnide are added. It is titrated with 0.1 M sodium nitrite
solution. Each ml of0.1 M sodium nitrite is equivalent to 0.1722
g of CaC14H12N206.

Uses: It is an antibacterial (tuberculostatic) agent.

CALCIUM GLUCONATE

CaC12H22014.H20: Mol. Weight =448.40

Calcium gluconate contains not less than 98.0 per cent of
CaC12H22014· H20.

It is prepared by heating a solution ofgluconic acid with a
slight excess of calcium carbonate. The reaction mixture is
filtered and the filtrate crystallized.

Physical Characters: It occurs as a white, tasteless, odourless,
crystalline or granular powder. It does not lose its water on
drying without some decomposition. It is soluble in wate'r (1 in
30), boiling water (I in 5): insoluble in alcohol and other organic
solvents: pH of aqueous solution is 6 to 7. More concentrated
aqueous solutions (20 to 30%) are easily obtained by the
addition of boric acid. Calcium salts can form complexes with
many drugs: this may result ~ the formation of a precipitate.

Tests for Purity: Tests for arsenic; lead; heavy metals; chloride:
'sulphate: sucrose and reducing sugars: acidity or alkalinity:
clarity and colour of solution: completeness of solutions.

For determiningsucrose and reductngsugars, to anaqueous
solution dilute hydrochloric acid is added, boiled for 2 minutes,
cooled and neutralized with sodium carbonate solution. It is
filtered, potassium cupri-tartrate added, and heated: no red
precipitate is formed indicating the absence of sugars.

Tests for Identification

1. To an aqueous solution, ferric chloride test solution is
added; a yellow colour is produced.

2. An aqueous mixture of the substance containing glacial
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acetic acid and phenylhydrazine is heated. White crystals
of phenylhydrazide are formed melting at 2000 (dec).

3. A solution (1 in 10) gives the reactions of calcium.

Incompatability : It is incompatible with oxidizing agents
(gluconic acid is oxidized). Aqueous solutions of calcium
gluconate are precipitated with borates, oxalateS, tartrates.
carbonates, phosphates, sulphates, and citrates due to
insolubility of calcium salts of the above anions.

Assay : The assay is based on complexometric type titration
forming a well defined simple complex between calcium and
disodium ethylenediamine titraacetate (EDTA) using mordant
black 11 as an indicator. The end point is a change ofcolout from
red to blue. In this assay, a solution of magnesium sulphate is
added before the titration to make the end pointsharp. Magnesium
also forms a similar complex with EDTA. But these titration have
to be carried out in the presence of a buffer such as strong
ammonia-ammonium chloride solution.

Ca2+ + H2Y2- ------. CaY2- + 2H+

An aqueous solution of the substance containing
magnesium sulphate and strongammonia-ammonium chloride
solution is titrated with 0.05 M disodium ethylenediamine tetra
acetate, using mordant black 11 mixture as indicator. From the
volume of0 .05 M disodium ethylenediaminetetraacetate required,
the volume of0.05 M magnesium sulphate is substracted. Each
ml of the remainder is equivalent to 0.022420 g of
Ca(;12li22()14.H2().

Uses: Calcium gluconate has similar actions, uses and adverse
effects to calcium chloride. It is also used in the treatment of
burns from hydrofluoric acid as a gel or injected as a solution.

CALCIUM LEVULINATE

(CH2(;()(;H2(;H2C()()-)2 Ca2+.2H2();

Ca(;loH14()6.2H2(); Mol. Weight =306.33

(;alcium levulinate is the dihydrate of calcium
4-oxopentanoate containing not less than 97.5 per cent of
Ca(;loH14()6·

It occurs as a white crystalline or amorphous powder with
burnt sugar-like odour; m.p 125°; loses one water molecule on
drying in vacuum at room temperature and all water at 50°. It is
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freely soluble in water; slightly soluble in alcohol; insoluble in
chloroform and ether. A 10% solution in water has a pH of 7 to
8.5.
Tests for Purity: Tests for arsenic; heavy metals; reducing'
sugars; melting range (119-125°); loss on drying; pH (7-8.5 of
10% solution).

Tests for Identification

1. To an aqueous solution, sodium hydroxide solution is
added and filtered. To the filtrate iodine solution is added;
a precipitate of iodoform is produced.

2. To an aqueous solution dinitrophenylhydrazine solution is
added. A precipitate is formed which is filtered (m.p. 198°).

3. A solution (1 in 10) gives the reactions of calcium.

Assay: Aweigh~ amount (0.6 g) is dissolved inwater (50 mIl and
the assay completed as described under calcium gluconate.
Eachmloftheremainderis equivalent to 0.0135 I gofCaCIOH1406.

Uses : Calcium levulinate has similar actions and uses to
calcium chloride.

CALCIUM PANTOTHENATE

[HOCH2C (CH3)2 CONHCH2CH2COO-]2 Ca2+;

CaClsH32010N2; Mol. Weight =497.54

Calcium pantothenate is the calcium salt of the
dextrorotatory isomer (R)-3-(2,4-dihydroxy-3,3-dimethyl butyra­
mido) propionic acid cantaining not less than 90.0 per cent of
dextrorotatory calcium pantothenate.

Itoccurs as a white, odourless , slightly hygroscopic powder;
taste is sweetwith slightly bitter afterwards; m.p. 195-196°(dec).
It is freely soluble in water; soluble in glycerin; practically
insoluble in alcohol, chloroform and solvent ether. The U.S.P.
specifies that the physiological activity of racemic calcium
pantothenate is nearly one-halfthat ofcalcium pantothenate. It
is stored in airtight containers. Solutions are most stable at pH
5-7. Rate ofhydrolysis is a function ofpH and is catalyzed by the
presence ofelectrolytes. Solutions are not stable to autoclaving.

Tests for Purity: Tests for calcium; nitrogen; heavy metals; loss
on drying; pH (7-9 of5.0% solution); specific rotation ( + 25.0 to
+ 27.5°).
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For determining concentration ofcalcium assay is carried
out as described under calcium gIuconate. Each ml of the
remainder is equivalent to 0.00204 g of Ca.

Tests for Identification

1. A solution (1 in 20) gives the reactions of calcium.

2. The substance is boiled with I N sodium hydroxide. cooled.
1 N hydrochloric acid and ferric cWoride solutionareadded;
a strong yellow colour is produced.

3. To a solution of the substance in 1 N sodium hydroxide.
coppersulphate solution is added. A blue colour is produced.

Assay:

1. Assay for calcium is carried outas described under calcium
gluconate. Each ml of the remainder is equivalent to
0.002004 g of Ca.

2. For the assayofnitrogena weighed amountofthe substance.
anhydrous sodium sulphate. copper sulphate. nitrogen
free sulphUric acid and hydrogen peroxide are digested.
Sodium hydroxide solution is added and steam distilled.
The distillate is collected in 0.01 N sulphuric acid. titrated
with 0.01 N sodium hydroxide using methyl red-methylene
blue solutionas indicator. A blank experiment is performed.
the difference between the titration represents the ammonia
liberated by the substance. Each ml of 0.01 N sulphuric
acid is equivalent to 0.0001401 g ofN.

Uses : Pantothenic acid is a vitamin B substance. It is a
component ofcoenzyme A which is essential in the metabolism
ofcarbohydrate, fat, and protein. Therefore, calciumpantothenate
is used as a dietary supplement.

Pantothenic acid is reported to be generally nontoxic.

TRIBASIC CALCIUM PHOSPHATE

Tribasic calcium phosphate consists ofa variable mixture
of calcium phosphates having the approximate composition of
1oCaO.3P20S.H20. It contains not less than 34.0 per cent and
not more than 40.0 per cent of calcium, and an amount of
phosphate eqUivalent to not less than 90 per cent of calcium
phosphate, calculated with reference to the ignited substance.
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The B.P. specifies that it consists mainly oftricalcium diortho­
phosphate, Ca3(PO..)2' together withcalcium phosphates ofmore
acidic or basic character. It occurs in nature as the minerals
oxydapatit, voellcherlte and white lockite. The technical product
is known as "bone ash".

Preparation

1. It is manufactured from bones which are calcined until
white, powdered and digested with sulphuric acid. The
insoluble tribasic calcium phosphate is converted into
soluble phosphoric acid and insoluble calcium sulphate.

Ca3(PO.)2 + 3H2SO. • 2H3PO. + 3CaSO.

The solution is filtered and the filtrate is treated with
calcium hydroxide to precipitate calcium phosphate.

2H3PO. + 3Ca(OH)2 • Ca3(P04 )2 + 6H20

2. Decomposition ofcalcium cll10ride and sodium phosphate
in the presence of aqueous ammonia at high temperature
yields calcium phosphate. The white precipitate is illtered,
washed to free from chlorides and dried.

3CaC~ + 2Na
2
HP0

4
+ 2NH

4
0H---..

Ca3(P04 )2 + 4NaCI + 2NH
4
CI + 2H

2
0

3. Commercially it is prepared from phosphate rock.

Physical Characters: It occurs as a white, cxlourless, tasteless
amorphous powder; practically insoluble in water, alcohol or
acetic acid; soluble in dilute hydrocWoric or nitric acid.

Tests for Purity: Tests for arsenic; heavy metals; iron; barium;
dibasic salt and calcium oxide; water; loss on ignition; sulphate;
chloride; fluoride; carbonate; water-soluble substances; and
acid-insoluble substances.

Water-soluble substances are determined by dissolving the
salt in water. The solution is filtered, the filtrate evaporated and
the residue dried at 105° to constant weight. When effervescence
is produced on treating the salt with hydrochloric acid, then
carbonate is present. Test ofchloride is carried out by dissolving
the salt in nitric acid. The solution complies with the limit test
for chloride. An acidified solution with hydrocWoric acid complies
with the limit test for sulphates. If citric acid is added to the
acidified solution, then the solution complies with the limit test
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for iron. The acidified solution is titrated with Nsodium hydroxide
for detecting the presence of dibasic salt and calcium oxide.

Tests for Identification

1. An aqueous solution acidified with dilute hydrochloric acid
gives the reactions of calcium.

2. A solution in dilute nitric acid gives the reactions of
phosphates.

Assay:
(a) For Calciwn : The assay for calcium is performed as

described under dicalcium phosphate.
(b) For Phosphate, PO4 : An aqueous solutionofthe substance

(0.2 g) is acidified with dilute nitric acid, filtered, and strong
ammonia solution is added to produce a slight precipitate.
The precipitate is dissolved in dilute nitric acid, ammonium
molybdate solution added, precipitate fIltered, washed with
potassium nitrate solution, the precipitate dissolved in I N
sodium hydroxide, phenolphthalein solution added and
excess alkali titrated with I N sulphuric acid. Each ml of 1
Nsodium hydroxide is equivalent to 0.006743 gofCa

3
(PO4)2'

Uses : Calcium phosphate has similar actions and uses as
calcililn chloride and calcium gluconate. It may be of use in
patients requiring both calcium and phosphorus
supplementation. It is a useful non-hygroscopic diluent for
powders and vegetable extracts, and in frne powder as an
abrasive in toothpastes. It is also used in homoeopathic medicine.

CALCIUM CARBONATE

(See page 61 )

CALCIUM HYDROXIDE

(See page 24)

DICALCIUM PHOSPHATE

(See page 135)

OFFICIALS OF CALCIUM

Calcium Disodiunl Edetate (U.S.P.). CloH12CaN2Na20a x H20;
Mol. Weight (anhydrous 374.28). used to treat heavy meta
poisoning.
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Calcium Ipodate (N.F.), Organoiodine Radiopaque compounds.

Calcium Stearate (N.F.), Ca[02C (CH2)16CH3)2; is used as a
lubricant in the tableting process.

Calcium Sulphate, (N.F.). Caso
4

; Mol. Weight 134.14; is used as
a pharmaceutical agent.

Calcium Acetate, B.P.

Calcium Aminosalicylate, J.P.

Calcium Aminosalicylate Tablets, J.P.

Calcium Carboiiate Tablets, J.P., B.P., U.S.P.

Calcium Chloride Injection, J.P., B.P., U.S.P.

Calcium Gluconate/lnjection/Tablets, I.P., B.P., U.S.P.

Calcium Hydroxide, Solution, J.P., B.P.

Calcium Lactate/Tablets, I.P., B.P., U.S.P.

Calcium Levulinate/lnjection, I.P., U.S.P.

Calcium Pantothenate, J.P., B.P.

Calcium Phosphate, B..P.

Dibasic Calcium Phosphate/Tablets, J.P., U.S.P.

Tribasic Calcium Phosphate, I.P.

Effervescent Calcium Gluconate Tablets, B.P.

Calcillm Hydrogen Phosphate, B.P.

Calcium SodiulD Lactate, B.P.

Dried Calcium Sulphate, B.P.

Calcium and Magnesium Carbonate Tablets, U.S.P.

Plaster of Paris Bandage, B.P.

FERROUS SULPHATE

FeS0
4
.7H

2
0; Mol. \Veight =278.0

Ferrous sulphate contains not less than 98.0 per cent of
FeS04 ·7H20

Its hydrates occur in nature as the minerals : melanterlte,
slderotil, szornolnlkite and tauriscite.

Preparation: Ferrous sulphate is prepared by adding a slight
excess of iron to dilllte sulphuric acid. When the effervescence
of hydrogen is ceased, the liqUid is concentrated and cooled to
get crystals.
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Commercially ferrous sulphate is obtained by exposing
moist iron pyrites to air when slow oxidation takes place.

2FeS2 + 2H20 + 702 • 2FeSO.. + 2H250..

Physical Characters : It occurs as odourless bluish - green
crystals or granules or a pale green crystalline powder: taste­
metallic and astringent. It is effiorescent in dry air; on exposure
to moist air it is oxidized and becomes brown in colour due to the
formation ofbasic ferric sulphate. It forms tetrahydrate at 56.6°
and monohydrate at 65°. It is completely soluble in water (1 in
5 ): practically insoluble inalcohol. Aqueous solutions are oxidized
slowly by air when cold: rapidly when hot; rate of oxidation
increased by addition of alkali or exposure to light. It is stored
in tightly-closed containers.

Chemical Reactions

1. Light green crystals offerrous sulphate lose water and tum
brown when exposed to air oxidation and ferric sulphate is
formed.

4FeSO.. + 2H20 + 02 • 4Fe(OH)SO..
Ferric sulphate

2. On heating it decomposes into ferric oxide. sulphurdioxide
and sulphur trioxide.

2FeS04 • Fe20 3 + S02 + 503

3. With nitric oxide. ferrous sulphate forms black-coloured
nitroso ferrous sulphate. FeS0

4
.NO.

4. Ferrous sulphate is a reducingagent. It decolourizes acidified
potassium permanganate and turns acidified potassium
dichromate green. Nitrogen dioxide is reduced to nitric
oxide and black nitroso ferrous sulphate is formed.

2FeS04 + H2S04 + N02 • Fe2(S04)3 + H20 + NO

5. It forms double salts with sulphates of alkali metals.
represented as R2S04. __FeS0

4
.6H20. With ammonium

sulphate, it gives ferrous ammonium sulphate, FeS04.
(NH4)2S04.6H20 (Mohr's salt).

Tests for Purity: Tests for arsenic; copper; zinc; lead; manganese;
oxysulphate; pH (3 to 4 of 5% solution).

Copper is determined by treating an acidified solution (A) in
hydrochloric ap.d nitric acids with citric acid. The solution is
made alkaline with ammonia, sodium diethyldithiocarbonate
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solution added and extracted with carbon tetrachloride. The
colour of the resulting solution is not greater than that of a
solution prepared by treating dilute copper sulphate solution in
the same manner.

Zinc is determined by treating the solution (A) with citric
acid and resorcinol and neutraliZing it with ammonia solution.
It is extracted with dithizone solution and hydrochloric acid
added. Ammonium cWoride and potassium ferrocyanide are
added to the acidified layer. Any turbidity produced is not greater
than that developed by addition. a potassium ferrocyanide
solution to a freshly prepared mixture of dilute zinc sulphate,
hydrochloric acid, ammonium chloride and water.

Lead is determined by treating solution (A), made alkaline
with ammonia solution, with potassium cyanide and sodium
sulphide solution. The solution is not more intensely coloured
than a mixture of hydrochloric acid, nitric acid, standard lead
solution and sodium sulphide solution diluted with water.

For determining manganese to the aqueous solution, nitric
acid and ammonium persulphate are added and heated. Any
colour developed is decolourized with sodium sulphite.
Phosphoric acid and sodium periodate are added, boiled and
cooled. The colour of the solution should not be deeper.

For detecting oxysulphate, an aqueous solution on boiling
forms a clear solution which is not more than faintly turbid.

Tests for Identification: A solution (1 in 20) gives tIle reactions
of ferrous salts, and of sulphates.

Incompatibility: Alkalies, carbonates, gold acid, silver salts,
lead acetate, lime water, potassium iodide, potassium and
sodium tartrate, sodium borate, tannin, vegetable astringent
infusion and decoctions.

Assay: The assay is based on oxidation reduction (redox)
titration. An acidified solution of the substance is titrated with
eerie ammonium sulphate in the presence of sulphuric acid
using ferroin sulphate solution as an indicator. Ceric ammonium
sulphate is a strong oxidizing agent. It oxidizes the divalent
ferrous sulphate to the trivalent ferric sulphate.

A weighed amount (1 g), dissolved in water (30 ml) and
dilute sulphUric acid (20 Inl), is titrated with 0.1 eerie ammonium
sulphate using ferroin sulphate solution as indicator. Each ml
of 0.1 N eerie ammonium sulphate is equivalent to 0.0278 g of
FeS04 • 7H2°:---
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DRIED FERROUS SULPHATE

Dried ferrous sulphate is ferrous sulphate deprived ofpart ofits
water ofcrystallization by drying at 400. It contains from 80 to 90
per cent ofFeSO4. It is a greyish-white to buff-coloured powder;
taste is metallic and astringent. Its aqueous solution gives the
reactions of ferrous salts and of sulphates~ It is slowly but
completely soluble in freshly boiled and cooled water; practically
insoluble in alcohol; stored in tightly closed containers. It is
tested for copper, zinc, lead, manganese and oxysulphate. Assay
is carried out as for Ferrous sulphate.

Uses: Ferrous sulphate is a haematinic agent. Compounds of
iron are used in the treatment of iron deficiency, e.g. anaemia.

The oral administration of iron preparations sometimes
produces gastro-intestinal irritation and abdominal pain with
nausea, vomiting, diarrhoea, or constipation.

FERROUS FUMARATE

(OOC-CH=CH-COO-) Fe2+; Mol. Weight = 169.91
C4H2Fe0

4
FeC2H4 (C0

2
)2

Ferrous fumarate contains not less than 93.0 per cent of
C

4
H

2
Fe0

4
• It is a fine reddis~-orange to reddish-brown powder,

tasteless or slightly astringent; odourless or with a slight odour;
slightly soluble in water; very slightly soluble in alcohol. It is
prepared by mixing hot aqueous solution of ferrous sulphate
and sodium fumarate and separating the resulting slurry by
filtration. The hot solution of sodium fumarate is preferably
added to the ferrous sulphate solution. The commercial material
contains a minimum of31.3% total Fe and not less than 2.0%
ferric iron.

It is stored in well-closed containers.

Ferrous fumarate dissolves in dilute hydrochloric acid with
the precipitation of fumaric acid.

FeC
2
H

2
(C02 )2 + 2HCI • Fe-2 + 2Cl- + C2H2 (COOH)2

Tests for Purity: Tests for arsenic; heavy metals; lead; sulphate;
ferric iron; and loss on drying (1 %). .

For determining heary metals, the salt is ign: ted, dissolved
in hydrochloric acid and nitric acid, extracted with solvent ether
and heated. Citric acid is added and the ;-eaction mixture made
alkaline with aIIlIllonia. Potassiumcyanide ~")1:Jtion and sodium
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sulphide solution are added. Any brown colour produced is not
more intense than that produced by treating standard lead
solution in a siInilar manner.

The acidified solution of the salt with hydrocWoric acid
complies with the limit test for sulphates. Ferric iron is detennined
byadding potassium iodide to the acidified solutionand titrating
the liberated iodine with 0.1 N scxlium thiosulphate, tlSing
starch solution as indicator. The experiment is repeated without
the ferrous fumarate. The difference between the titration
represents the amount ofiodine liberated by the ferric iron. Each
ml of 0.1 N sodium thiosulphate is equivalent to 0.005585 g of
ferric iron.

Tests for Identification

1. An acidified aqueous solution is precipitated and filtered. '
The filtrate gives the reactions of ferrous salts.

2. The precipitate from test 1whentreated withsodiumcarbonate
and potassium permanganate solutions, the pennanganate
is decolourtzed and a brownish solution is formed.

3. When a mixture ofthe substance, resorcinol and sulphuric
acid is heated, a deep-red, semisolid mass is formed. The
mass is added to a large volume ofwater, an orange yellow
solution without any fluorescence is obtained.

Assay: The assay is based on oxidation reduction titration. A
weighed amount (0.3 g) is dissolved in dilute sulphUric acid,
heated, cooled and water is added. The mixture is titrated with
0.1 N eerie ammonium sulphate, using ferroin sulphate solution
as indicator. Each ml of 0.1 N eerie ammonium sulphate is
equivalent to 0.01699 g ofC4H2Fe04.

Uses: Ferrous fumarate has the actions and uses of iron salts
and is given by mouth for the treatment of iron-deficiency.

FERROUS GLUCONATE

[HOCH2(CHOH)4COO-]2 Fe2+. 2H20'; Mol. Weight = 482.17.
FeC12H22014· 2H20.

Ferrous gluconate contains not less than 95.0 per cent of
FeC12H22014. It is prepared by double decomposition in solution
betw~nbarium gluconate and ferrous sulphate. The precipitated
barium sulphate is removed and the solution is dried.

It occurs as greenish-yellow to grey powder or granules. It
iltay have slight odour resembling that ofbu rnt sugar. It is slowly



Official Compounds of Calcium, Iron and Iodine 205

soluble in water (1 in 10) producing a greenish-brown solution,
but more readily soluble on warming; practically insoluble in
alcohol. Aqueous solutions are stabilized by the addition of
glucose. It is stored in airtight containers and protected from
light.

Tests· for Purity : Tests for arsenic; barium; lead; ferric iron;
heavy metals; cWoride; sulphate; oxalic acid; reducing sugars;
loss on drying; clarity and colour of solution; acidity.

For detennining oxalic acid an aqueous solution of the
substance containing hydrochloric acid is extracted with solvent
ether. The ether layer is dried, the residue dissolved in water;
acetic acid and calcium chloride are added, no turbidity is
produced when oxalic acid is absent.

Sulphuric acid is added to an aqueous solution of the salt.
If no turbidity of BaSO4 is produced within five minutes, then
barium is absent. Ferric iron and heavy metals are determined
as mentioned under ferrous fumarate. For detecting reducing
sugars, hydrogen sulphide is passed into the alkaline solution.
The solution is filtered, the filtrate acidified with hydrochloric
acid and the solution boiled until the vapours no longer darken
lead acetate paper. Sodiumcarbonate solution is added, filtered,
potassium cupri-tartrate solution added to the filtrate and
boiled. No red precipitate is formed within one minute when the
reducing sugars are absent.

Tests for Identification

1. A solution (1 in 20) gives the reactions of ferrous salts.
2. An aqueous solution containing a little ofglacial acetic acid

and phenylhydrazine is heated for 30 minutes. The crystals
of gluconic aci.d phenylhydrazide are separated which
melted at about 202°.

Assay : The assay is based on oxidation reduction titration.
To a weighed amount (1.5 g) dissolved in water and 2N
sulphuric acid, zinc powder is added, kept for 20 minutes,
filtered and the filter is washed with water. To the combined
filtrate and washings ferrous sulphate solution is added and
titrated with 0.1 N ceric ammonium sulphate until the colour is
changed from orange to green. A blank determination is
performed. Each 0.1 N ceric ammonium sulphate is equivalent
to 0.04461 ofFeC12H22014.

Uses: It has the actions and uses of Ferrous sulphate.



206 Pharmaceutical Chemistry-I Inorganic

IRON AND AMMONIUM CITRATE
(Ferric Ammonium Citrate)

Iron and ammonium citrate is a complex ammonium ferric
citrate containing from 20.5 to 22.5 per cent of Fe. For its
preparation ferric hydroxide is precipitated by addition ofa ferric
salt (e.g. ferric sulphate) to an alkali solution with stirring.
The ferric hydroxide is filtered, washed and stirred with sufficient
amount of citric acid to dissolve it. A slight excess of ammonia
is added and undissolved ferric hydroxide is removed by filtr­
ation. The clear, reddish-brown filtrate is concentrated to a
syrup with addition of small amount of ammonia dUring the
period of concentration process. The syrup is spread on glass
plates, dried below 40°, and scraped off as scales. Green scales
can be prepared by varying the method ofpreparation and using
excess of citric acid.

Fe2(S04)3 + 6NaOH ~ 2Fe(OH)3 + 3Na2S04

Characters: It occurs as thin, transparent, dark red scales or
granules or a brownish-red granular powder; odourless; taste is
astringent. It is deliquescent in moist air and is affected by light.
It is highly soluble is water; almost insoluble in alcohol. It is
stored in tightly-closed, light resistant containers.

Solutions of ferric ammonium c~ ~te sometimes form a
precipitate of unknown composition on standing. The typical
brownish-red colour of ferric ammonium citrate is due to basic
complexes ofvariable composition, FeC

6
Hs0

7
• xFe (OH)3. In acid

solutions these complexes are present mainly as true electrolytes;
in alkaline solutions they are decomposed with the formation of
colloidal basic hydrosols. The formation of these complexes is
observed by the change in colour from brownish red on addition
of alkali to a yellow-green solution of ferric citrate. Furtller
additionofalkali gives colloidal ferric hydroxide, which flocculates
on standing; but hydrogen-ion concentration of the solution is
not changed when ammonia is added. Therefore, the compound
is not decomposed.

Tests for Purity: Tests for arsenic; lead; zinc; chloride; free ferric
compound: and sulphate.

For determining r~ee ferric compound an aqueous solution
is treated with potassiumerrocyanide solution. No blue
precipitate is formed unless acidified \v~th hydrochloric acid.

Lead is determined by dissolVing the substance in
hydrochloric acid. The solution is extracted with solvent ether,
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heated and made alkaline -with ammonia solution. Potassium
cyanide and sodiumsulphlde solutions are added. Any colour
produced isnotdarkertbanthatpnxlucebymixingthe calculated
amoullts of hydrochloric acid. nitric acid and standard lead
solution. making alkaline with ammonia solution and adding
potassium cyanide and'aodlum sulphide solution.·

Zinc is detected bydissolvingthe substance inhydrochloric
acid. Nitric acid is added. bolled. extracted with solvent ether
and warmed. Citric acid and resorcinol are added. neutralized
with ammonia solution and extracted with dithizone solution.
The dithizone layer is extracted with hydrochloric acid and then
with chloroform. To the acid layer. hydrochloric acid, ammonium
chloride and potassium ferrocyanide are added. After fifteen
minutes any turbidity prodUced is not more than that produced
by the addition of potassium ferrocyanide solution to a freshly
prepared mixture of calculated amount of zinc sulphate.
hydrochloric acid. ammonium chloride and sufficient water.

Tests for Identification

1. The substance is ignited and the residue dissolved in
hydrochloric acid; the solution gives the reactions offerric
salts.

2. When warmed with sodium hydroxide solution; ammonia
is evolved and the solution gives the reactions of citrates.

Assay : A weighed amount (0.5 g) is dissolved in water and
sulphUric acid and warmed until the dark browncolour becomes
yellow. O.IN potassium permanganate is added to get pink
colour. then hydrochloric acid and potassium iodide also added.
The reaction mixture is dlluted and titrated with 0.1 N sodium
thiosulphate using starch solution as indicator. Each ml of 0.1
N sodium thiosulphate is equivalent to 0.005585 of Fe.

Uses: Ferric ammonium citrate is a haematinic agent. It has the
actions and uses of ferrous sulphate.

IRON DEXTRAN INJECTION

Iron dextran injection is a sterile colloidal solution containing a
complex of ferric hydroxide with dextrans of low molecular
weight in water for injection. It contains from 4.75 to 5.25 per
cent w Iv of iron. The molecular weight is between 5000 and
7500.
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It occurs as a dark brownsolution. It is stored insingle-dose
or multiple-dose containers.

Iron dextran injection does not give reactions for ferric iron.
However, hydrolysis of the injection with hydrochloric acid
yields ferric chloride which is removed with hydrogen sulphide.
The dextran is then hydrolyzed to glucose which is detected by
reduction of Fehling's solution.

Tests for Purity: Tests for copper; zinc; arsenic; chloride; heavy
metals; pyrogens; undue toxicity; absorption from injection site;
acidity; non-volatile residue; pH (between 5.2 and 6.2); content
of dextrans (between 17 and 23 per cent); molecular size of
dextrans.

Non-volatile residue is determined by evaporating the
content on a water bath.

For determining undue toxicity, the content is injected into
a tail ofeach often mice. Not more than three mice die within five
days of injection.

Copper, zinc, chloride and heavy metals are determined as
mentioned for ferrous sulphate.

Absorption from injection site is determined by injecting
the semitendinosus muscle of one leg of rabbits, sacrificing the
animals after seven days, and dissecting the treated legs to
examine" the muscles; no heavy deposit of unabsorbed iron"
compounds is observed, and the tissue is only slightly coloured.

For molecular size of dextrans the solution is diluted and
the ferric hydroxide is precipitated by autoclaving which is

I separated by ffitration. The filtrate is concentrated and the
optical rotationdetermined. The specific rotation ofthe dextrans
is calculated by both total solids and sodium chloride. The
viscosity ratios of various dilutions are then determined. The
exact dextran contents are calculated from the optical rotations
and the specific rotations already measured. The intrinsic
viscosity is then deduced from there viscosity ratios.

Content of dextrans is determined by treating the diluted
solution with anthrone and sulphuric acid and then measuring
extinctions ofUle solution at wave length625 nIn. The operation
is repeated with water. From the difference between extinctions,
the content of dextrose is calcluated.

Identification

1. When dilute ammonia solution is added to a few drops ofthe
injection; no precipitate is produced.
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2. An acidified solution is heated and precipitated by adding
excess of strong ammonia solution. The precipitate is
filtered, washed with water and dissolved in dilute
hydrochloric acid. The resulting solution gives the reactions
of ferric saIts.

3. The acidified solution is heated, cooled and basified with
strongammonia solution. Hydrogensulphide gas is passed,
boiled to remove hydrogensulphide and filtered. The filtrate
is boiled with potassium cupri-tartrate solution and then
with hydrochloric acid. It is neutralized with sodium
hydroxide solution, potassium cupri-tartrate solution is
re-added and re-boiled; a red precipitate is produced.

Assay: A dilute solution of the injection containing sulphUric
acid is passed through activated zinc amalgam 'reductor' column.
The eluates are titrated with eerie ammonium sulphate, using
ferroin sulphate solution as indicator. Each ml of 0.1 N eerie
ammonium sulphate is eqUivalent to 0.005585 g of Fe.

Uses : Iron dextran is used in the treatment of iron-deficiency
anaemia where oral therapy is ineffective.

Severe anaphylactoid reactions mayoccurafter irondextran
therapy. Patients may feel delayed reactions such as arthralgia,
myalgia (pain in muscle), and fever.

Officials of Iron

Ferrous Fumarate/Tablets; I.P., B.P., U.S.P.

Ferrous Fumarate Oral Suspension, B.P.

Ferrous Glyconate/Tablets/Capsules/Elixir I.P., B.P., U.S.P.

Ferrous Sulphate/ Tablets / Oralsolution/Syrup, I.P., B.P., U.S.P.

Dried Ferrous Sulphate, I.P.

Iron and Ammonium Citrate, I.P.

Iron Dextran Injection, I.P., B.P., U.S.P.

Iron Sorbitol Injection, B.P.

Iron Sorbitex Injection, U.S.P.

Ferrous Succinate Capsules/Tablets, B.P.

Paediatric Ferrous Sulphate Oral Solution, B.P.

Ferrous Succinate/Capsules/Tabletes, B.P.
Green Ferric Ammonium Citrate, N.F.

Ferric Cocodylate, N.F.
Ferric Chloride, N.F.



210 Pharmaceutical ChemistJ'y-llnorganic

Ferric Hypophosphlte. N.F.

Soluble Ferric Phosphate. N.F.

Ferric Pyrophosphate. N.F.
Ferric Glycerophosphate. N.F.

Saccharated Ferric Oxide; N.F.

Ferrous Carbonate. N.F.

IODINE PRODUCTS

Iodine products suchas Lugors solution (StrongIodine Solution.
5% iodine and 10% potassiumiodide), sodiumiodide, potassium
iodide, etc. are used adjunctively with antithyroid drugs in
hyperthyroid patients in preparation for thyroidectomy and to
treat thyrotoxic crisis or neonatal thyrotoxicosis. They are also
used for thyroid blocking in a radiation emergency.

AQUEOUS IODINE ORAL SOLUTION (B.P.)

Potassium iodide (100 g) and the iodine (50 g) are dissolved in
100 ml of the purified water and sufficient of the purified water
is added to produced 1000 ml. It contains content ofiodine from
4.75 to 5.25% w Iv and contents ofpotassium iodide from 9.5 to
10.5% w/v.

Assay: The solution (25) is diluted to 100 ml with water.

For iodine : The solution is titrated with O.IN sodium
thiosulphate. Each mlofO.IN sodium thiosulphate is eqUivalent
to 12.69 mg of I.

For Potassium Iodide : Aqueous acidified solution is titrated
with O.5Npotassiumiociateuntil the dark brown solution, which
is produced, becomes pale brown. Amaranth solution (1 ml) is
added and the titration continued until red colour Just changes
to pale yellow. From the numberofmlofO.05 Npotassiumiodate
required substract one quarter of the number of ml of 0.1 N
sodium thiosulphate reqUired in the assay for iodine. Each ml of
the remainder is equivalent to 16.60 mg of KI.

Storage: Aqueous iodine oral solution should be kept in a well­
closed container, the materials ofwhich are resistant to iodine.

Labelling : The label states that the material should be well
diluted before use.

The solution contains about 130 mg oftotal iodine, free and
combined.

The solution is intended to be diluted before use.
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ALCOHOLIC IODINE SOLUTION (B.P.)

Potassium iodide (25 g) and iodine (25 g) are dissoled in the
purified water and sufficient ethanol (90%) added to produced
1000 mi. It contains the content of iodine from 2.4 to 2.7%,
co~tent of potassium iodide from 2.4 to 2.7% and e~ol
content from 83 to 88%.

Assay for Iodine: 10.ml ofthe solution is dissolved in water (20
mI) and titrated with 0.1 Nsodium thiosulphate. EachmIof0.1 N
sodium thiosulphate is equivalent to 12.69 mg of I.

Assay for Potassium Iodide: Assay is carried outas for aqueous
iodine solution. Each mI of the remainder Is equivalent to
16.6Omg ofKI.

The solution should be kept in a well-closed container, the
materials of which are resistant to iodine.

The Label States

I. The date after which the solution is not intended to be used.
2. The conditions under which it should be stored.

IODIZED OIL FLUID INJECTION (B.P.)

Iodized oil fluid injection is a sterile iodine addition product of
the ethyl esters of the fatty acids obtained from poppy-seed oil.
It contains content ofcombined iodine from 37.0 to 39.0% w/w.

Characters: It is a straw-coloured or yellow, oily liqUid; odour,
not more than slightly alliaceous. It is practically insoluble in
water; soluble in chloroform, ether and petroleum spirit.

Tests for Identification: The substance (0.05 mIl is boiled with
glacial acetic acid (2 mI) and zinc powder (0.1 g) for 2 minutes;
water added, shaked, decanted from any undissolved zinc and
hydrogen peroxide solution (1 mI). Iodine vapour is evolved.

Tests for Purity : Acidity; weight per ml; free iodine.

Assay: The substance (1 g) is refluxed with glacial acetic acid (10
mI) and zinc powder (1 g) for 1 hour. Hot water (30 mI) is added,
the solution is filtered, washed, hydrochloric acid (25 mI) and
pofassium cyanide solution (8 mI) added and titrated with
0.05 N potassium iodate until the dark brown solution, which is
produced, becomes light brown. Starch mucilage (5 ml) is added
and the titration continued until the blue colour disappears.
Each ml of0.05 N potassium iodate is eqUivalent to 12.69 mg of
combined iodine.
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Storage : The injection should be kept in an atmosphere of
carbon dioxide or nitrogen and protected from light.

'Jses : The injection is used as radio-opaque agent.

Officials of Iodine

Iodine, I.P., B.P.
Povidone-Iodine Solution, B.P.
Aqueous Iodine Oral Solution, B.P., U.S.P.
Alcoholic Iodine Solution, B.P.
Iodised on Fluid Injection, B.P.
Iodine Tincture, U.S.P.
Iodine Topical Solution, U.S.P.
Strong Iodine Tincture, U.S.P.
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RADIOPHARMACEUTICALS

Radiopharmaceutical preparations are the preparations
containing one or more radionuclides. Radioactive compounds
are used inmedicine as sources ofradiation for radiotherapy and
for diagnostic purposes. These compounds may be considered
as sealed radioactive sources that are bonded or encapsulated
to prevent the escape of the radioactive material.

Unsealed sources are radioactive materials usually in
liqUid or gaseous form thatare removed from their containers for
application. Radiophannaceuticals come within this category.

(A) RADIOACTIVITY

A nuclide is a species of atom characterized by the number of
protons and neutrons in its nucleus and ~lso by its nuclear
energy state. Isotopes ofan element are nuclides with the same
atomic number but different mass numbers. These isotopes
differ in some oftheir physical properties. Some isotopes may be
stable, the differences between them arising solely from their
difference in mass. There are a number of isotopes which are
unstable and, therefore, radioactive; e.g. uranium235. Inaddition,
artificial radionuclides are prepared by converting stable nuclei
into unstable form. Radionuclides are radioactive and transform
spontaneously into other nuclides.

The symbol used for a nuclide is the chemical symbol ofthe
atom, with the mass number as a superscript and tile atomic
number as a subscript. Thus the symbols for the 3 hydrogen
isotopes - common hydrogen, deuterium, and tritium - are ~H,

~ H, and ~H, and the symbols for the 3 naturally occurring
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uranIum isotopes are92 U,92 U, and 92U, as the atomic number
can be inferred from the chemical symbol-it is the usual practice
to omit the subscript. It is also common practice to write out the
full name of the element followed by the superscript, e.g.
chromium - 51 for 51Cr.

Disintegration Constant and Units

Radioactive disintegration is independent on the temperature,
pressure and the state of chemical combination of the
disintegrating atom. Each radionuclide disintegrates at a
particular rate depending on the number of atoms, by the
emission of a typical particle or electromagnetic radiation of
characteristic energy. Radionuclides are identified by half-life,
disintegration constant, type and energyofthe radiationemitted.
Radioactive disintegration is an spontaneous process and every
radionuclide has the same probability of disintegrating within
unit time. This probability is a fundamental constant known as
disintegration or decay constant, denoted as 1. The unit of
radioactiVity is the curie, in short Ci. The other units are:

1. MiI1i-curie (me) : It is equal to 1 x 10-3 curie.
2. Micro-curie (flC) : It is equal to 10-6 curie.
3. Becquerel (Bq) : It is equal to 2.7 x 10-11 curie.
4. Electron volt (ev) : It is ionizing radiation form of energy.

It is the kinetic energy acquired by an electron during
accleration through a potential difference of 1 volt.
(1 ev =1.60 x 10-19 joule).

5. Roentgen (R) : It is unit of exposure (IR =2.58 x 10-4

Ckg- I , where C = coulomb).
6. Rad: It is unit of absorbed dose.

(1 Rad = 10-2 JKg-I)

7. Rem: It is unit of dose equivalent.
8. Exposure Rate constant: It is the dose rate in roetgen per

hour at 1 m distance from curie.
The disintegration rate ofa radionuclide is equal to the rate

of emission of particles. The minimum detectable weight of a
radionuclide depends on its half-life and mass number. The
specific activityofa radioactivesubstance is the activity associated
with unit weight expressed in any convenient units such as
counts per minute per gram.

Emissions from Radioisotopes

Three main types of emission from radioactive substances are
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alpha (a) particles, beta (p) particles, and gamma (y)-rays. Most
.sources emit more than one type of radiation.

Alpha particles are p<>sitively charged particles (helium
nuclei of mass number 4), each consisting of 2 protons and 2
neutrons. All the a-particles emitted from a particular
radionuclide have the same energy and consequently the same
range in a given medium.

Beta particles ( (3- or ~+) are identical with electrons or
positrons but arise from the nucleus. They are emitted with great
velocity and their energies are spread over spectrum. Positrons
are similar to electrons, haVing a similar mass but a positive
charge. In (3-emission the energy is shared between the ~­

particles and neutrons in varying amounts and so the (3-particles
emitted by a radionuclide do not all have the same energy and
range. The fraction of the particles that can penetrate on
absorbing mediuIn decreases with the thickness ofthe absorber.
Therefore, absorptionof~-particlesis described in terms of'half­
thickness' (in mg/cm2

) of the absorber necessary to absorb half
of the particles.

Gamma-rays are electromagnetic radiations with a wave
lengtl1 much shorter than those of light. These emissions of
gamma - rays may be partly replaced by the ejection ofelectrons
known as internal conversion of electrons. This phenomenon,
like the process ofelectroncapture, causes a secondaryemission
ofx-rays due to reorganization of the electrons jn the atom. For
example, in chromium-51, electron capture (Ee) occurs, an
electron from an inner shell being absorbed by the nucleus with
the productioll of an x-ray. This secondary emission may itself
be partly replaced by the injection of electrons known as Auger
electrons, (3+-particles are annihilated on contact with matter,
the process is accompanied by the emission of y-rays with an
energy of 511 KeV.

The penetrating power ofeach radiationvaries considerably
according to its nature and its energy. Alpha particles are
completely absorbed in a thickness ofa few micrometers to some
tens ofmicrometres ofsolid or liquid. Beta particles are completely
absorbed in a thickness of several millimetres to- several
centimetres. Gamma rays are not completely absorbed but only
attenuated. The denser the absorbent, the shorter the range of
alpha and beta particles and the greater the attenuation of
gamma rays.
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Decay of Radionuclides

A radionuclide will consist ofunstable atoms which will at some .
time undergo an energy change with the elnission of ioniziIlg
radiation. In quantitative terms this transition occurs at a rate
which is cllaracteristic ofthe radionuclide and it is expressed as
its half-life, the time required for the activity to fall by one-half.
Many radionuclides have complex decay characteristics with
several possible energies of emitted particles and radiation.
Some radionuclides may be in an excited or metastable state
denoted by the suffix m attached to the mass number (e.g.
Technetium - 99 In) and undergo isomeric transition with the
release of y-rays.

Each radionuclide is characterized by an invariable half­
life, expressed in units of time, and by the nature and energy of
its radiation (s). The energy is expressed in electron volts (eV),
keloelectronvolts (KeV) or mega-electron volts (MeV).

The radioactivity ofa preparation is the number of nuclear
disintegrations or transformations per unit time.

The type ofelnission from a radionuclide largely determines
it usefulness in medicine. Those emitting fl-particles are very
less used because detection and measurement are difficult.
Positron-emitters, e.g. carbon-II, nttrogen-13 and oxygen-IS,
have become more popular and are used in positron-emission
tomography, where the radiation is measured within the body.
Gamma-rays emitting radionuclides are most accessible and are
the most common radiation source in radiopharmaceuticals.
Positrons on contact with matter release gamma rays.

Biological Effects and Uses of Radiation

The effect of radioactive particles passing through biological
tisStles depends upon a number of factors such as :

(a) the ability of the radiation to penetrate tissue,
(b) the energy of the radiation
(c) the particular tissue and surface area exposed, and
(d) the dose rate of the radiation.

The destructive effect of radioactivity is directly related to
its interaction with,molecules present in the tissue to produce
abnormal ions. These chemical species change the local pH or
initiate free radical chain reactions fanning peroxides and other
toxic compounds, causillg necrosis and destruction of the
tissues oranorgan. \Vater is the predominant chemicalcompound



Radiopharmaceuticals 217

present in most tissues. It forms free radicals whicll abstract
radicals from other molecules and produce different types of
potentially toxic species. These species change the DNA in cells
and form crosslinking between certain amino acids in protein.

Different types of radiation differ significantly in their
abilities to penetrate tissue. Alpha particles have a potential to
produce an excess amount of free radicals. The range and
penetration of these particles are very low and would not
penetrate the surface even if they are very close to the skin. But
the ionizing power of gamma rays is relatively low, tlleir range
and penetrating ability are quite high to produce significant
damage at distances of several meters from the source. They
collide with atoms of the tissues and damage them.

Radiation in gelleral is harmful to all living cells. In
radiotherapy the aim is to destroy diseased tissue without
destroying healthy tissues. u-Radiation is not sufficientlyeffective
due to less penetration. ~-Radiation is used to treat surface
lesions, e.g. on the e~ye. y-Radiation is the most penetrating and
used to treat deep-seated tumours. X-Radiation is generally
used for external therapy. In internal therapy the radionuclide
is placed in a natural or surgical caVity ofthe body or ejected into
the body. Sometimes reliance is placed on the selective uptake
of an element by an organ; e.g. y-emitter iodine-131 is used to
destroy diseased thyroid tissue orally and arrives naturally to
the thyroid. Short-live radionuclide (e.g. iodine-131 and gold­
198) may be left in the body permanently, btlt long-lived sources
(e.g. radium-226) must be removed when the treatment is
finished.

Radium-226 is a reactive element chemicall.f, and when
used internally, soluble radium compounds will form, diffuse
throughout the body and eventually deposit in the bones with
cherrlically similar compounds. There they would remain since
radium has a long half-life of 1,622 years, and cause great
damage. Artificial y-emitters (e.g. cabalt-60 and iridium-192)
have many advantages over radium. They are cheap, their
disintegration prod.ucts are harmless, they are unreactive
chemically, and they can be prepared in many shapes.

Many materials are opaque to visible light, but are
transparent to y-and X-radiations. These radiations are used to
record radiographs of these materials. y-Emitters are portable
and independent ofelectrical supply. These emitters are used for
radiographing objects whose radiographs can not be recorded by
X-rays instrument. In medical diagnosis, X-rays are excessively
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used since there is no important difference in the absorption of
high-energy y-rays.

Radioisotopes are used for diagnostic purposes. The
quantities of isotopes for diagnostic procedures are very small
than required in radiotherapy, SOfiletimes a mere fraction of a
microgram. The function ofa particular organ may be studied by
administrating a particular radio isotope, e.g. iodine-131 for
tIlyroid gland. Radionuclides can be used to trace the location
of objects with which they are mixed and the site of the
radioactivity with the help ofa radiation detector. The radiotracer
may be chemically different from the material (a physical tracer)
it is tracing or identical with it (a chemical tracer). Iodine - 131,
when llsed as a physical tracer in the form ofdi-iodofluorescein,
can be given to map Ollt a brain tumour. The labelled dye is
injected into the patient where it is preferentiallyabsorbed by the
diseased brain tissue. It enlits y-radiation which can be detected
tIlrough the skill. This helps to learn the site aIld extent of
tumour before operating. To determine the site of blockage in a
blood vessel or capillary, a radioisotope is adnlinistered into the
body. The hinderance of the blood Sllpply due to blockage at a
particular site is detected with tIle help of y-radiation.

Measurement of Radioactivity

The absolute measurement ofthe radioactivity ofa given sample
may be carried out only if the decay scheme of the radionuclide
is known. The measurement is usually based on the coincidence
method in which, for example, a beta emission and a gamma
emission are counted· separately and in coincidence using
special apparatus. The three count rates are sufficient to determine
tIle efficiencies of the counters and the absolute disintegration
rate. In practice many corrections are reqUired to obtain accurate
results.

The efficiency of radiation detectors varies greatly with the
type and energy of tr.e radiation measured. In most counting
apparatus the geometrical efficiency for counting particles or
photons leaving the source is much less than 100 per cent. The
counting apparatus is calibrated by measuring absolute activity
carefully using a source prepared from a standard radioisotope
solution.

Geiger - Muller Counter: It consists ofsensing unit to indicate
,the intensity ofradioactivity by counting tile number ofsubatomic
particles emitted by a radionuclide. The equipment is sensitive
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for detection ofb-and g-particles. It contains a positively charged
wire mounted coaxially and serving as an anode. The wire is
surrounded bya negatively charged cylinder ofstainless steel or
of glass silvered on the inner surface. The cylinder serves both
as the body ofthe tube and as the cathode. A special gas mixture
is filled inside the cylinder in between the anode and the cathode.

Construction

The counter consists of a 1-2 cm diameter cylinder of glass
coated with silver on the inner side or stainless steel. The
cylinder acts as a cathode. A mounted fine wire located coaxially
inside the tube works as an anode. The space inside the cylinder
is filled with a mixture of ionizing gas such as argon (Ar) apd
helium (He) and a smell proportion of quenching vapour, e.g..
chlorine, bromine, ethyl alcohol and ethyl formate. Quenching
vapour prevents the false pulses that may be produced due to
positive ions approaching the cathode and absorbs the photons
emitted byexcited atoms returning to theirgroundstate. Radiation
entering tile tube through the window, a thin section of outer
wall, ionizes atoms ofthe gas. In the presence ofhighvoltage (300
- 1300 V) the electrons are attracted by the anode and positively
charged particles towards the cathode along with constituting a
flow of current. Each particle of radiation generates a pulse of
current which can be recorded by a scaler. All pulses from a
Geiger-Muller counter possess the identical amplitude for any
incident radiation and different radiation types and their energy
cannot be distingUished.

An electron, especially a p-particle, passing through the
cylinder collides another electron of the gas molecules to ionize
few of them. If a high voltage ofabout 800-1300 volts is applied
between the electrodes, the process ofionizationcontinues until
an 'avalanche' ofnegativelycharged electrons falls to the positively
charged wire. In the same way, an avalanche of positively
charged ions to the negatively charged cylinder falls within a
fraction ofsecond along the whole length ofthe anode. Due to the
passage ofthese ions through the G.M. tube, a flow ofcurrent is
maintained. Each ~-particle causes a brief pulse of current to
flow, which is recorded by a device called as scaler. It accumulates
and indicates the total number of pulses. The radiations enter
through a very thin section ofthe outer wall, knoWll as window,
or through the end of the tube.

The positive ions are much heavier than the electrons. They
acquire lower velocity an0 move reI8_-!i'.'~? '": ~1.ore slowly towards the
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cathode than the movement of electrons towards the anode.
Hence, an intelValoftime elapses before the heavier positive ions
which are left as a sheath surrounding the anode. Though the
collection ofthe electrons at the anode is completed in a fraction
of a microsecond, a fresh discharge cannot take place until the
sheath ofpositive particles has moved sufficiently away from the
anode. The counter, therefore, will not respond to any further
ionizing radiation. The intervaloftime, during which the counter
is inactiVe; is called dead time orparalysis for which the counter
is to be corrected. In addition this, the positive ions, in the
absence of a quenching agent, produce secondary electrons on
reaching the cathode (cylinder wall), which in tum generate
another pulses. Each such pulse must be quenched. The
quenching agent, consists of polyatomic organic molecules or
halogen molecules, is introduced into the counter. It has a lower
ionization potential than the ionizable gas. Duringthe movement
ofthe positive ions towards the cathode, their energy is dissipated
on collision with the molecules ofthe quenchingagent which are
then neutralized by secondary elections.

Loudspeaker

Metal cylinder

.
I~-------tllll~-

2,000 volts

Fig. 13.1 : Schematic representation of Geiger Muller Counter.

Comparative measurements are generallycarried outagainst
a standard source using a Geiger-Muller (G.M.) counter, a
proportional counter. a scintillation counter or an ionization
chamber. A G.M. Counter is used to measure ~-and ~,y-emitters.

The scintillation and semiconductor counters are used for
measuring y-rays. Low-energy ~-emitters are measured by a
liqUid-scintillation counter.

For measuring radioactivity it is essential to work under
well-defined geometrical conditions so that the radioactive
source is always at the same position in the apparatus and its
distal-ice from the measuring device is constant and remains the
same whell the sample being measured is replaced by the
«>tanoard preparatinn. Solution"'" fJfradionh?rtnaceutical prepara-
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tions may be measured directly by using an ionization chamber
or a well-crystal scintillation detector. The G.M. counter or a flat
crystalscintillation counter is preferred to measure radioactivity
ofthe residue. It is advisable to cover the dry residue with a strip
of adhesive cellulose acetate the mass per unit area so that its
absorption ofradiation is negligible. The residue on eva!JOration
of the standard solution should be nearly identical witll that of
the solution being examined. The two solutions should contaill
the same sllbstances in the same conditions on sllrfaces of
identical size of the same material. When these precautions are
taken, the results obtained are satisfactory, wllatever the
measuring apparatus used. The efficiency of the measuring
apparatus remains constant during the tilne of measuring by
using a secondary source consisting of a radionuclide of long
half-life. Low-energy ~-emitters may be measured by liqUid
SChl~ {l1c:-d-ion counting. The sample is dissolved in a solution
con1;-1iniIlg one or more organic flllorescellt substances, wl1.ich
convert part ofthe energy ofdisintegratioll into pl10tOllS oflight,
Wllicll are detected and converted into electrical impulses by a
photo-multiplier. ._

All measurements of radioactivity must be corrected by
sllbstracting the background activity due to radioactivity in th--e
environment and to spurious signals generated in the equipment
itself. When counts are made at high levels of activity, a
correction may be reqUired for loss by coincidence due to the
finite resolving time of the detector. With some equipment this
correction is made automatically. Corrections for loss by
coincidence must be made before the correction for background
radiation.

Determination of radioactivity show statical variations
because they are related to the probability of nuclear
disintegration. A sufficient number ofcount must be registered
to compensate for variations in. .

Adverse Effects of Radionuclldes

When radionuclides are administered, tIle internal irradiation of
tissues carries similar dangers to exposure to ionizillg radiation
[roln an external source. Local high iJT"'ldiation doses may arise
if these nuclides are specially localizLct in a tissue. The most
serious danger is genetic damage prior to and durillg tIle
reproductive period. Tissues whose cells are 1'1 a continuolls
state of multiplication are particularly sensitive to the effects of
radiation.
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Untoward effects ofexposure to the largerdoses ofirradiation
include leucopenia, anaemia, inflammation ofthe skin, radiation
sickness (reductionofwhite corpuscles inblood), and neoplasms
(newformation or tumor). The effects might arise from the carrier
or from contaminants the number ofdisintegrations per unit of
time. At least 10,000 counts are necessary to obtain a standard
deviation of not more than 1 per cent.

General Uses of Radioactive Materials

Radiopharmaceuticals are used widely in madicine and surgery,
mainly for the diagnosis and sometimes for the treatment of
diseases. They can offer facilities not provided byother diagnostic
techniques such as contrast media, ultrasound, computerized
tomography or other external irradiation. In many cases
radionuclides or labelled compounds are administered and the
radioactive concentrations are subsequently measured inorgans,
tissues, blood, urine, or faeces. The quantities used are always
the smallest which will give the desired accuracy of image or of
measurement.

Storage

Radiopharmaceutical preparations should be kept in anairtight
container in a place sufficiently shielded to avoid irradiation of
personnel byprimaryorsecondaryemissions. These preparations
are stored with the national and international regulations
concerning the storage of radioactive substances. They are
intended for use within a short time. During storage containers
and solutions may darken due to the emitted radiation. Such
darkening does not necessarily involve deterioration of the
preparations. Thus effects of temperature and light should be
considered. Radiopharmaceuticals are liable to decomposition
by self-irradiation effects which may cause degradation
ofsolvent, preservatives, or other compounds. There can also be
a continuous formation of oxidizing and reducing chemical
species due to the effect of the radioactivity on any chemical
substances present in the radiopharmaceutical, even in minute
amounts. ~

Exposure to radiation can lead several complic:i ted disorders
such as letlkaemia (blood cancer). change in body pi-I. initiation
of free radical chain reactions. necrosi:?, (iestrllction of the
tisslles, etc. Therefore, person.'3 \V~·j :+ radioisotopes,
detectors. tracer experiments. raciie·· ,\duction of
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radioactive materials should takecertainprecautions. Radioactive
materials must not be touched and they are handled with
forceps. Protective coverings lUust be used while working with
the radioisotopes. These materials should be preselVed in
suitable labelled containers. The areas where radioactive
substances are present shou1d be restricted and these are
destroyed carefully. Foods matel1als should not be carried in the
radioactive laboratory since food contaminated with radioactive
material can damage internal organs.

OffIcial Preparations
47

Calcium-47 ( 20 Ca) is supplied as calcium chloride in the fonn
ofan injection. Its half-life is short, i.e., 4.54 days. Calcium - 47
has been used as a urinary and faecal marker.

51
Chromium-51 ( 24 Cr) is supplied as sodium chromate

solution or injection. It is used to label red blood cells so that red­
cell survival and red-cell volume can be measured. Chromium­
51 actiVity in the faeces canbe used to estimate gastro-intestinal
blood losses. Cobalt -57, cobalt -58 and cobalt-59 'are usually
supplied as cyanocobalamin in the form of aqueous solutions.
Co-57 and Co-58 are used for the measurement ofabsorption of
vitamin B 12 in the diagnosis of pernicious anaemia.

Erbium-169 is supplied as erbium citrate (169Er) in the form
of an injectable suspension. It is used in the treatment of
arthritic conditions of small joints.

Fluorine-18 ( 1: Fl is a position-emitting radionuclide.
Fluorine-18-labelled analogues ofglucose, principally 2-fluoro­
2-deoxy-D-glucose, have been clinically used in the assessment
of regional cerebral and myocardial metabolism and for the
detection of tumours in the lungs and liver. Fluorine-18 ­
labelled amino acids have also been used for pancreatic
scintigraphy.

67
Gallium-67 (31 Gal is supplied as gallium citrate in the

form of a carrier-free injection. It is used for the diagnosis of
various infections, sarcoidosis, and other inflammatory lesions.

198Gold-198( 79 Au), used in the treatment of rhuematoid
arthritis, is supplied as sterile colloidal suspensions ofmetallic
gold stabilized with gelatin and glucose. Indium -11, supplied as
a complex of indium with bleomycin in the form ofa carrier free
injection, is used for the detection of tumours, in cerebrospinal
fluid studies, cisternography and ventriculography.
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Iodine-125 (~I) is not very suitable for the external
counting of radioactivity in the thyroid gland because its
y-energy is weak and tissue absorption is high. Many
labelled compounds ofiodine-125 are available for In vitro assay
to detect and estimate drugs and honnones in body fluid. Iodine­
131 ( ;;1 I) is mainly used instudies ofthyroid function, for tests
on the function of the heart, kidney and liver, and on fat
absorption or protein loss from the gastro-intestlnal tract.

Iron-59 is supplied as ferric chloride (OOFe) in the form ofa
solution or as ferric citrate in the form ofan injection. It is used
in the measurement ofiron absorption and utilization. Krypton­
81 m is a daughterofrubidium-81 and is prepared immediately
before use. It is used as a gas in lung ventilation studies or as an
intravenous infusion in perfusion studies ofthe lung, heart and
brain.

Phosphorus-32 is supplied as sodium phosphate in the
form ofan injection and used in the treatment ofpolycythaemia
vera and in the diagnosis of malignant neoplasms. Potassium­
42 is supplied as potassium chloride (42K) in the fonn of an
injection. It is used to measure exchangeable potassium and for
myocardial scanning. Selenium-75 ( ~ Se) is supplied as L­
selenomethionine (75Se ) in the form of an injection. Malignant
lymphomas is located with its help. Sodium-22 (~Na), supp­
lied as sodium chloride in the fonn ofan injection, is u~ed in the
detennination of body's exchangeable sodium. Strontium-85,
mainly used for bone scanning, is available as strontiumchloride
in the form of an injection. Sulphur-35 ( :S) is marketed as
sodium sulphate in the form of a carrier-free injection and is
used for the estimation of the extracellular fluid volume.

99mTechnetlum-99 m ( 43 Te) is a daughter of molybdenum-
99. Due to its short-halflife (66.2 hours), it is normally prepared
just before use. Because it has a short half-life, its administration
in relatively large doses and detection of its y-emission readily,
technetium-99 m is very widely used for scanning bone and
organs such as brain, gall-bladder, kidney, liver, lung, spleen
and thyroid. It may also be used to measure cerebral blood flow
and for scintography ofthe saliVary glands, stomach, heart and
joints. Allergic reactioIlS have been reported with technetium­
99m preparations.
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Thallium-201 is supplied as thallous chloride (201TI) in the
form ofan injection and employed for scanning the myocardium
in the investigation ofcoronary artery disease, acute myocardial
infarction and for post-surgical assessment of coronary artery.
Xenon-133 is available asaninjectionand used for measurements
oflung perfusion and regional blood flow. Yttrium-90, marketed
as a colloidal aqueous suspension with silicate, is used in the
treatment of arthritic conditions of joints.

(B) RADIOPAQUE CONTRAST MEDIA

Radiopaque contrast mediaare chemicalcompounds ofelements
of high atomic number. They hinder the passage of x-rays and
used as diagnostic aid in radiology or roentgenology (use ofx-ray
in the imagingor shadowingofvarious intemalorganstructures).
X-rays pass through mostsoft tissue. Whenspecial photographic
film or a photosensitive plate is placed on the side ofthe patient,
the film or plate darkens in an amount proportional to the
number of x-rays passing through it. Bone and teeth interfere
the passage ofx-rays, appear light on exposed to the film and
allows their visualization for the diagnOSis of fractures and
malformations. The ability to stop this type of radiation by the
bone and teeth is due to their chemical constituents, calcium
and phosphorus, present in significant concentration. They
occur in close-packed structures providing excess localizations
of electron density. Passage of x-rays is interfered due to the
excess electrons in an atom or molecule. Soft tissues are made
up of carbon, hydrogen, and oxygen. They are relatively low in
atomic number and do not prOVide a dense electron
barrier.Therefore, skin and soft organs appear only as shadow
on x-ray film. The iodine compounds are covalently bonded
organic iodides.

The most radiopaques contain barium and iodine and are
used for x-ray examinations of the kidney, liver, blood vessels,
heart and brain. Although they do not have the highest atomic
numbers, they are the most easily incorporated into molecules
exhibiting relatively low toxicity. They become concentrated in
the organ to be studied, thus producing opacity to x-rays and as
contrast media in the diagnosis of soft tissues by x-rays.

BARIUM SULPHATE

BaSO4; Mol. Weight =233.4
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Barium sulphate contains not less than 97.5 per cent of
BaSO4. In nature it is found as barite: also as heavy spar. It may
be prepared by adding any soluble sulphate to a soluble barium
salt; for example, addition of sodium sulphate to a solution of
barium chloride precipitates barium sulphate.

BaC~ + Na2SO4 '" "BaSO4 + 2NaCI

Barium sulphate occurs as a fine, heavy, white, odourless,
tasteless, bulky powder free from grittiness. It is practically
insoluble in water and organic solvents; in dilute acids and
alkalies; soluble in hot concentrated sulphUric acid forming the
soluble bisulphate salts.

BaSO4 + H2S04 • Ba(HSO4)2

Tests for Purity : Tests for acidity or alkalinity; phosphate;
arsenic; heavy metals; copper; lead; mercury; tin; zinc; sulphide;
oxidizable sulphur; acid-soluble substances; soluble barium
salts; bulkiness or sedimentation; and loss on drying.

Acidity or alkalinity is determined by heating barium
sulphate with water. The solution is filtered, bromothymol blue
solution is added to the filtrate and neutralized with O.OlN
hydrochloric acid or O.OIN scxlium hydrOXide.

For detecting the presence of phosphate, ammonium
molylxlate solution is added to an acidified solution of barium
sulphate with nitric acid. No yellow precipitate is formed.

An acidified solution of the salt with hydrochloric acid is
boiled. A lead acetate paper is exposed to the vapour. The paper
does not darken when sulphide is absent.

For determining acid-soluble substances, an acidified
solution, prepared by bolling the substance indilute hydrochloric
acid, is ffitered. The filtrate is evaporated, the residue dried and
weighed. The presence of soluble barium salts is found out by
digesting the residue obtained in the test for acid-soluble
substances with water. The solution is ffitered, dilute sulphuric
acid added to the ffitrate and set aside for thirty minutes; no
turbidity is prcxluced.

Bulkiness is determined by allowing to stand an aqueous
suspension of the substance in a graduated cylinder. The
barium sulphate does not settle down below the 15 ml mark.

Tests for Identification

1. The substance is bolled with sodium carbonate solution,
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diluted with water, IDtered and the filtrate acidified with
dilute hydrochloric acid. The solution gives the reactions of
sulphates.

2. The residue oftest 1 is washedwithwater; dilute hydrochloric
acid added to the residue, IDtered and to the IDtrate dilute
sulphuric acid added. A white precipitate is formed which
is insoluble in dilute hydrochloric acid.

Assay: A mixture of the substance (0.6 gl, sodium carbonate,
and potassium carbonate is heated to 1000° for 15 minutes. It
is cooled, water added, filtered by decantation and the residue
washed with sodium carbonate solution. Dilute hydrochloric
acid, ammonium acetate, potassium dichromate and urea are
added to the residue, heated in an oven at 80-85° for 16 hours,
filtered, the precipitate washed with potassium dichromate and .
finally with water and dried at 105°; 1.0 g of the residue is
equivalent to 0.9213 g of BaS04 •

Uses : Barium sulphate is a diagnostic aid (radio-opaque
medium) used as a contrast mediumfor x-ray examinationofthe
gastro-intestinal tract. It is not soluble in acidic gastric juice and
hence does not produce the systemic effects of soluble toxic
barium salts. It is given in the form of a suspension.

Constipation mayoccurafteroral or rectal bariumsulphate
administration, Barium ion will produce a stimulation of all
muscles. It stimulates smooth muscles causingvomiting, severe
cramps, diarrhoea and haemorrhage: stimulation of the heart
muscle can produce cardiac arrest and causes death.
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QUALITY CONTROL OF DRUGS
AND PHARMACEUTICALS

Quality of any gocxls is the essence which characterizes its
usefulness and which distinguishes its image. The quality of
drugs is determined by their conformance to the standards as
detailed in the second schedule of drugs and cosmetic act for
various types and categories ofpharmaceutical products. Drugs
which do not comply to the led standards, are considered as
substandard. The products which, for reasons ofbeingmisleading
in any of their particulars are called 'Misbranded drugs' and
'Adulterated drugs'. Spurious drugs are the preparations which
may be camouflaging the genuine ones or of fictitious nature.
Such products are not only substandard but also amounting to
an act ofcrime for Which any severe pUnishment is less. Drugs
also become of substandard due to faulty fonnulation, faulty
processing, unsatisfactory packaging and due to unfavourable
conditions of handling dUring transportation or storage. For
drugs, because their usage in human beings, their quality
assurance is essential.

Quality has its own cost which can be measured by
taking into consideration the price of conformance which
includes prevention cost; and the price of nonconformance
which is caused by product failure, rejection, re-work, down
time, etc.

The manufactured drugshould attributes ofefficacy, safety
and stability of the investigated formulation. These attributes
have to be maintained throughout the shelf life of the
manufactured product until it is administered to a patient. In
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order to attain this objective the manufacturing process has to
be as accurate as reproducible as possible.

Quality assurance program is the devise and implement
systems and procedures that provide a high probability that
each dose or package of a pharmaceutical product will have
homogenous characteristics and properties to insure bothsafety
and efficacy of the formulation.

The high quality of pharmaceutical products are
manufactured by following written procedures in carrying out
operations. Raw materials must becharacterized and purchased
from reputable suppliers so that uniform, stable product could
be prepared. Facilities must be designed, systems installed and
the proper equipment selected to eliminate cross contamination
of one product by another, the material flow and personnel
movements are planned to reduce the potential for product mix­
ups and the air and water should be adequate in amount and
quality for the particular operations being performed.

Production personnel must be trained properly to perform
their jobs, and the directions they follow must be written.

Shipp~ department are responsible for seeing that the
products are protected from adverse handlingandenvironmental
conditions during transit.

Almost all drug su.bstances dispensed in the oral solid­
dosage form are stable under ordinaryconditions. The essential
qualities of a good compressed tablet are characterized by a
number of specification given in the monographs. These
specifications includes the appearance, size, shape, thickness,
dissolution time, and disintegration time.

The appearance, size, shape, and thickness ofthe tablet are
generally used to distinguish and identify the active ingredients
which they contain. The remaining specifications assure that
the products do not vary from allowable limits within the same
lot or from one production lot to another. All such qualities of

I
drugs and pharmaceuticals are designed to ensure a safe,
therapeutically effective oral solid-dosage form.

Quality Control System

Quality control can be defined broadly as the regular control of
quality within a company, a department staffed with scientists
and technicians responsible for the acceptance or rejection of
incoming raw materials and packaging components, for the
myriad of in-process tests and inspections, to assure that



230 Pharma~uticalChemistry-I Inorganic

systems are being controlled and monitored and, finally, for the
approval or rejection of completed dosage forms.

Quality control, therefore, includes not only the analytical
testing of the finished product, but also the assessment of all
operations beginning with the receipt of raw materials and
continuingthroughout the productionand packagingoperations,
finished product testing, documentation, surveillance and
distillation.

Since a company produces the drugs, it should have main
responsibility for quality results. Quality assurance must
establish control points to monitor the quality of the product.
The control points located dUring production process include
raw materials, in-process, complete processing, packaging line,
finished product, and stability monitoring.

The quality control system can vary in details, but not in
principle, from company-to-company. It depends on the nature
and size of the manufacturing facility and on the types of oral
solid-dosage forms produced.

1. Good Manufacturing Practice (GMP) Requirements

Most of the governments issue regulations from time to time
a~cording to its own needs governing the manufacture,
processing, packaging, and distribution of finished pharma­
ceuticals. The regulations extend into the area of finished
pharmaceuticals, bUildings, equipments, personnel,
components, master production and control records, batch
production, production and control procedures, product
containers and their components, laboratory controls,
distribution records, stability, expiration dating, and complaint
files. Regulations for good manufacturing practices during drug
manufacturing are aimed as asswing that only those tablets
which have met the established specifications and are packed
and labelled under proper controls are distributed for sale.

Specifications published in the official compendia are
designed to assurea pharmaceuticallyelegant and therapeutically
effective dosage form. The acceptable limits may vary due to
special problems associated with the production ofthe partlcuIaT
tablet.

2. Environmental Control and Sanitation

To assure high standards of quality and purity of drugs, an
effective sanitation program ofan industry is required. The unit
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is protected from insects and rodents. Personal cleanliness,
proper hair covering and clothing with appropriate pockets
should be' needed. Floors, walls, ceilings should be resistant to
external forces, easily cleanable and in good repair. Adequate
ventilation, proper temperature, and proper humidity are other
important factors. Ventilation is usually designed to absorb and
remove dust. Air filters, dust collectors and scrubbers to clean
the air should be checked on a routine schedule. The water
supply maybe potable, distilled, or deionized and under adequate
pressure to keep the water flowing clean.

Qualityassurance must review and check, based onwritten
procedures that specify the details ofthe testing procedures and
schedules for sanitation, cleaning records, ventilation system
and water system.

3. Manufacturing Working Formula Procedures

These procedures include documentation of the component
rnaterials, processingsteps, production operationspecifications
and equipments to be used. A working formula procedure
should be prepared for each batch size. Quality assurance must
review and check the working formula procedures for each
production batch before, dUring and after production operation
for: signed and date of issuing person, proper identification,
calculations of both active and inactive materials, re-assay
dates, processing period, equipments to be used and proper
labelling.

4. Raw Mate;rlals

Quality assurance must check the released raw material taken
in the production department. Most raw materials are weighed
in an environmental control weighing area where they are
transferred to a secondary container properly labelled with a
stickel; bearingall the information ofthe original container label.
Raw materials should be properly identified with name, dosage
form, item number, lot number, weight and signatures.

The storage conditions of raw materials, particularly
hygroscopic substances, are important. The drugs are
contaminated by different type offoreign materials. Ther.efore, a
suitable star'.; or platlt \varehouse is an absolute necessity which
should be insp-c':":::- j .".•;,eriodically for quality assurance.

Excessive n:·.hi~!l flora is usually associated with raw
mater~.cdsfror-'. .~rceS9 e.g., gumarabicalld tragacanth.
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Synthetic raw materials are normally free or low in microbial
,.contamination.

Samples of raw materials should be collected in clean
containers under disinfected and aseptic conditions for
microbiological analysis or clean container and clean technique
for analytical analysis. Samples should be labelled as· to lot
number, receiving number, supplier, container size and type,
name of raw material, and date of receipt.

Chemical, pllysical, and biological characteristics of raw
materials are determined for assllrhlg reproductibility from
batch - to - batch production. The test methods, and supplier's
ability are established.

5. Manufacturing Equipment

Quality assurance must enSllre that manufacturing eqUipment
be designed, placed, and maintained to facilitate tllorough
cleaning, be suitable for its illtended use, and minimize any
contaminationofdrugs and their containers duringmanufacture.
The equipments should be thoroughly cleaned to remove drug
residues from the previous operations and maintained in
accordance with specific written directions. Adequate records of
procedures and tests should be maintained byquality assurance.

Prior to the start of any production step, the quality
assurance personnel should ascertain that the proper equipment
and tooling for each manufactUring stage are being used.
Equipment must be identified by labels bearing the name,
dosage form, item number, and lot number. EqUipment used for
special batch production should be completely separated in the
production department and all dust - producing operations
should be prOVided with adequate exhaust system.

Weighing and measuring equipments, e.g. disintegratiol1
apparatus, friability testers, and balances, should be calibrated
and checked at suitable intervals by appropriate methods:
records ofsuch tests should be maintained byqualityassurance.

6. Analytical Control

The Analytical Control Laboratory is respollsible for testing and
approvL?"}grawmaterials, work in-process and finished products.
Laboratory most be staffed with trained persons to perform the
complex analyses required to evaluate the acceptability of a
product. Equipment is required to allow timely and accurate
analysis.
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Detailed specifications must be available. Good raw material
specifications must be written in precise terminology. Details of
test methods, type of instruments to use, manner of sampling,
and proper identification should be provided. Raw material
name includes structural formula, molecular weight, chemical
name (s), item number, dates of issue and superseded and
signature. Description, solubility, identity by specific chemical
tests, IR and UV absorption, melting range, congealing and
boiling points, and chromatographic techniques, purity and
quality by generalcompleteness ofsolutions, pH, specific rotation,
nonvolatile residue, ash, acid-insoluble ash, residue on ignition,
loss on drying, water content, heavy metals, arsenic, lead,
mercury, selenium, sulphate, chloride, carbonates, acid value,
iodine value, saponification value, special quality tests, particle I

size, crystallinity characters, polymorphic forms, special purity
tests, ferric in ferrous salts, peroxides and aldehydes in ether
and related degradation prodtlct.S, assay and microbial limits are
mentioned under specifications.

7. Inspection Control

Sampling and inspection of incoming raw materials, packaging
and labeling components, physical inspection of product at
various interlnediate stages, packaging line inspection and the
control ofshippingare the partofInspectlon Control. Depending
on the organizational structure, additional or different
responsibilities will be assigned to this unit.

The manufacturer should physically inspect and assign lot
numbers for all raw materials received. Each raw material is
sampled according to standard sampling procedures and is sent
to the quality control laboratory for testing. If acceptable, it is
moved to the release storage area and properly labelled to indicate
the item number, name of material, lot number, date of release,
reassay date, and signature ofa quality assurance inspector. The
raw material is retested to assure that it still conforms to
specifications at time of use. Quality assurance should reselVe
samples from activeand inactive rawmaterialC) required todetermine
whether the material meets the established specification. These
reseIVe samples should be retained for at least 5 years.

Any raw material not meeting specifications must be
separated from the acceptable materials, labelled as rejected,
and returned to the supplier or disposed ofpromptly. Generally
the raw materials should be classified as active or therapeutic
ingradients and as inactive, inert materials.
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8. Sampling Procedure

The fmished drug products should be inspected to assure the
quality. The sample procedures used are variables sampling,
switching procedures, for large lotsizes, the smaller sample size,
etc.

Production control includes packaging carrying the name
of the tablet product, item number, lot number, number of
labels, inserts, operations to be performed, the quantity to be
packaged, etc. Since labels may be spoiled dUring the packaging
operation, a definite number in excess is issued.

Container is a device that holds the drug and is in direct
contact with the drug. The immediate container remains in
direct contact with the drug at all times. The container
components should not interact physically or chemically with
tablet product to alter the strength, quality or purity beyond the
specified requirements. The specifications and test procedures
mentioned are as well-closed, tightly-closed, and four different
types of glass containers. The features to be considered in
designing for containers according to specifications and test
methods are : properties of container tightness; moisture and
vapour tightness; toxicity, chemical and physicalcharacteristics
ofmaterials needed incontainer preparation; physicalorchemical
changes of container upon prolonged .contact with drug; and
compatibility between container and tablet.

Plastics are generally used in rigid containers, and tablet
packaging. Polyethylenes, polypropylenes. cellulose plastics,
polystyrene and polyvinylchloride are the polymers used as
plastics. The additives suchas stabilizers, plasticizers, lubricants,
colourants, fillers. impact modifiers and processing aids are
added to most of the plastics. Polyethylene is one of the most
thermally stable plastic which offers the best protection from
breakage and is used for dry drug packaging. Drugs are protected
from adverse moisture conditions by the use of a seal adhesive
such as a synthetic resin and emulsion-based material.

Tamper-resistant package is used in blister package, strip
package, bubble pack, foil pouches, bottle seals, shrink seals or
bands and film wrapppers. Blister package prOVides users with
convenience, pleasing appearaIlce, and tamper resistance. It is
composed of a semirigid thermoplastic resin blister filled with
drugs in tablet form lided with a heat sealable backing material
like aluminium foil.
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9. Documentation

Dllcing tl-H~ course of produclllg a pllarmaCetltical product,
numerOlts documents and records are gerlelated. Each batch is
assigned a specific code or lot number whicl\ include data on
each sigIlillcant phase of production, control arId distribution.
The batch record provides a historical blueprint of every step,
starting from the receipt ofchemical raw materials and packaging
components. Recording charts or COlnputer printouts of
significantoperations SUCllas autoclaving, drying, air-particulate
mOllitoring. lyophiliZing, etc: allare the part ofthe batch history.
Each required document must be checked for completeness and
accllracy. When the batch is released. accurate shipping records
must be maintained.

10. New advances

Statistics and trend analysis are tools used to detennine the
proper sample size reqUired for testing, for measuring the
uniformity ofsolid dosage forms, etc. Electronic data processing
Is useful for assessing process and test parameters and for
analyZing the data collected during production. The control of
many operations by computers and microprocessors provides
the capability for producing products offurther improved uniform
quality. Robotics is applied in pharmaceutical production,
packaging and laboratory operations.

11. Drug Control Administration

In viewofthe importance ofquality in the case ofpharmaceutical
products for the society, there are St3tUtOry legal provisions to
ensllre their quality. In India. this ftinction Is performed by the
Drugs Standard Control OrganisatioIl of the Ministry of Health
at the Centre and the Drug Control Administrations in different
States. Although the Drug Control Administration at the Centre
and the States have been in existence for a long time but still
their strength and size is much too inadeqtlate to enable them
perform the functions expected of a progressive Drug Control
Administration. The current status of the capabilities of Drug
Control Adrninistration in India is listed C:y:.:L.:.\/:

Functions Capability

• Formlilate drTlg laws to
reg-" th;-~ ~>:)age of drugs

~ c~equate



Inadequate

Adequate

Inadequate
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• Regulate the introduction and
registration of new drugs

- Herbal products
- Modern drugs including

Antibiotics & Biologtcal

- Biotechnology based products

• Control pharmaceutical production
to ensure observance of GMP Inadequate

• Ensure the quality of marketed Most
drugs and drug sUlVeillance InaCi~quate

The reasons -for the inadequacies of the drug control
administration both at the Centre and in the States are listed
.below;

• Size of the directorates are very small and scientifically
weak.

• Number of Drug Control testing laboratories are very few
and very poorly equipped.

- Mostofthe laboratories are notequipped to testbiological
products.

- No testing laboratory establlshed for biotec'hnology
based products.

• Sta~members inadequate to enforce/ensure observance of
drug control laws.

• In most States there is not even one Drug Inspector per
district.
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IMPURITIES IN
PHARMACEUTICALS

Chemicalcompounds manufacturedoncommercialscale contain
different types of impurities, although the proportion of total
impurities may be very small. These impurities include the raw
materials, dust particles, moisture, etc.

The impurities commonly present in pharmaceutical
preparations are of the following types :

(i) Toxic impurities, e.g. lead and asrenic salts.
(ll) Activity depressing impurities, e.g. presence ofwater in

hard soap.
(iii) Impurities due to which the substance becomes

incompatible with other substances.
(iv) Impurities causing technical difficulties in the use of

the substance; e.g. presence ofpotassium iodate (KI0
3

)

in potassium iodide (KI) or presence of carbonate in
solutions of ammonia.

(v) Impurities due to colouring or flavouring substances,
e.g. sodium salicylate is discoloured due to phenolic
compounds; sodium chloride becomes damp due to the
presence of magnesium salts.

(vi) Impurities due to humidity, e.g. presence of traces of
moisture may cause many substances to lose their free
flowing qualities or they may be easily oxidizable.

(vii) Impurities which change the physical and chemical
properties of the substances and making them unfit for
medicinal use.

(viii) Impurities decreasing the shelf-life of a compound.
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The phHrmacelttiral rrer~rati()nc;~hot.tld be free frt:ltll to,ric
;:lndothprhnilltritiffl. Phf\rm::\copopias pr,'scribe limits f()rhHt'rnfttl

compol1ncl~present in the sllbstances.

III sorrl~ cases, th~ irnl)uriti~~HIH,y H( I(i tCJ the ttlPr~()f:A'1 t!, :1 I

vallie of suhstances, e.g. presenf"\e of traces at copper Hllds
medicinnl vahteofiron preparations wltif"\h helps irl tIle forrnatifHl
of haenloglobin dlle to its catalytic actiOtl.

SOURCES OF IMPURITIES

Following are the important sources of impurities in
pharmaceutical preparations:

1. Raw Materials

Raw materials are usually present in final products as impurities
from which the substances are prepared. For example. all
sodium compounds may contain traces of chloride which are
usually prepared from sodium chloride. In bismuth salts silver.
copper and lead are present and these materials are used in the
process of manufacture of bismuth.

Zinc metal contains arsenic, aluminium, copper, _iron,
magnesium. manganese and nickel as impurities. If these
metals are present in trace amounts in the raw materials. e.g.
zin~ metal" then'these impurities are added dUring production
process in appreciable amounts to the final product like zinc
sulphate. Copper may contain iron and arsenic as impurities
which may be derived to the fmal products, e.g. copper sulphate.

2. Process used In the Manufacture

When a solvent reacts with the metallic container in which the
reaction is carried out, traces ofmetallic impurities are added to
the compound. The equipment used in the manufacturing
process ofdrugs is constructed from glass. silica. eartlienware,
wood. rubber, silver. copper, lead, iron. steel, aluminium, nickel,
tin and different alloys. Most of these metallic substances react
withsome organiccompounds and mineralacids and contaminate
the fmal products. The water and steaIn pipe may~ contain lead
which is added in the drllg. Stllphuric acid is manttfactured by
lead chamber process and wileIl this acid is used. lead 111ay be
added as an iInpurity.

Tap water is l.lsed in clifferellt processes. It generally contains
chloride, calcitlIll and Il1agnesitlrn \Vllic11 Illay be added to tile
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finalproducts. Some specific impurities may beduetoa particular
process used in the manufactUringofsome chemicalcompounds.
For example. potassium iodide is manufactured from iodine
which is obtained from a sea weed 'kelf. When nitrogenous
organic matter is burnt with alkalies. cyanides are fonned.
Therefore. the pharmacopoeia prescri~sa limit test for cyanide
in potassium iodide.

Ifreagents used for the production ofdrugs are not removed
completely by washing. they may be present in the final products
as impurities. For example, ammoniated mercury Js synthesized
by reactillg Inercuric chloride (HgCI

2
) with ammonia solution. If

the precipitated ammoniated mercury is not washed properly to
remove ammonium hydroxide, the end-product may contain
alJllllOnilllllllydroxide as impurity. Similarly, calcium carbonate
sholtld be waslled to remove excess of sodium carbollate arId
sodiunl chloride.

So)n~tiJn~shltermediate prOd\lct& lllay be added to the final
prOd\lctS. For exal1J}Jle, potassiuni is synthesized by treatiJlg
!lOtassium hydrOXide with iodine. The resulting nlixttlre is
evaporated to dryness and the residue heated with charcoal to
yield potassiUDl iodide and carbon monoxide. Sometimes the
illterillediate products, potassium iodate. is not completely
converted into potassium iodide and nlay be present in the final
product as impUrity.

6KOH + 31
2
~ 5KI + KI03 +2~O

KIOa + 3C~ KI + CO

Improper concentration of reactants and incomplete
reactions may produce compounds containing impurities. For
example. if calcium carbonate is not completely reacted with
hydrochloric acid during preparation ofcalcium chloride due to
imperfect combination. then any unreacted substance will be in
the final product. Similarly. zinc metal is notcompletelyconverted
into the zinc·oxide when it is burnt in the presence of oxygen.
Therefore. a small amount of zinc metal may be present in the
final product.

Atmospheric impurities, e.g. dust particles containing
alumini\lm oxide, silica glass, porce)~in and plastic particles,
Slllphur dioxide, hydrogen sulphide and black smoke may be
added as im))urities to the product dllrhlg nlanufactuTiJlg J)TOCesS.

S()dhl1l1 11ydroxidc readily ahsoTh~ carlJOn dioxirip fJoll] the
a 1JJ lO~phPJ (' ])Todur h1g sodiul11 Carl)()]lntc.

2NaOIl -4 CO
2

- ~ NCl2C():~ + H
2
0
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3. Impurities Due to Storage Conditions

Storage conditions affect the stability of every drug. If a drug is
not stored properly, its deterioration takes place due to which
impurities in the drug are added and all types of properties
changed. These changes may affect the therapeutic values of a
medicament or increase its toxicity. Environmental conditions
such as temperature, atmospheric gases, moisture contents,
light and microorganisms are the worst enemy ofdrugs. Certain
chemical reactions always take place inside the drug molecules
whether it is in tablet, powder, syrup or liquid form. Chemical
reactions tend to take place more rapidly in liquid system than
in the dry state. Therefore, solutions are less stable than
suspensions which in turn are less stable than solid dosage
forms. Most of the drugs have a tendency to deteriorate.

The most common decomposition reactions in medical
products are oxidation and phytochemical reactions proceeded
by absorption oflight by the molecules. Atmospheric oxygen can
initiate oxidation of a medicament even present in low
concentration. Such reactions are catalyzed by traces ofmetals
and ultraviolet radiation from light sources. Chloroform, ether,
volatile oils, fats, vitamin A, vitamin C, vitamin D, and many
other organic drugs are deteriorated by the action ofoxygen. The
photO-OXidation of tablet coatings is particularly important to
the pharmaceutical industries.

Ferrous sulphate is converted into insoluble ferric oxide by
air and moisture. Surgical solution of chlorinated soda rapidly
deteriorates whenexposed to Ughtand heat. Solutionofpotassium
hydroxide absorbs atmospheric carbon dioxide and exerts a
solvent action on lead containing glass. Therefore, it should be
presexved in lead-free air-tight bottles ofgreen glass. Ether and
chloroform decompose in the presence of air and light.

Iodine reacts with rubber corks and some metals, Therefore,
it should be presexved in glass bottles fitted with glass stoppers.
Iodine may contain metals or rubber as impurities with which it
reacts. Potassium iodide is liquified in the presence ofmoist air
for long time. Similarly, potassium and sodium hydroxides and
calcium chloride absorb moisture from the atmosphere.

All chemicals should be stored in well-closed containers
rnade of metal or dark glass and extrelnes of temperatures are
avoided, as inorganic are not much effected by ordinary
temPeratures. Sunlight does not influence many inorganic
compounds.
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Hydrolysis of drugs with water vapour is an important
reaction in the p_harmaceutical industry. Aspirin, diazepam,
digoxin, laevodopa, cWoral hydrate, etc. are hydrolyzed forming
different undesirable products. Penicillins are very sensitive to
moisture contents.

4. Impurities due to Crystal Packing

In solids the reactions are vety sensitive to crystal packing. In
drugs such as oxyphenarisine, cephalosphorin and tetracycline
the crystallization effect is very important. Polymorphic
transformations can also affect the properties of creams. If the
wrong polymorph is used, a phase transformation can occur,
resulting in crystal growth of the new phase. The creams
then become gritty and cosmetically unacceptable. A large
number ofcompounds crystallize with solvent ofcrystallization.
Crystals ofmany drugs effervesce and rapidly dehydrate at room
temperature. The loss ofsolventofcrystallizationcanchange the
dissolution rate, bioavailability and stability of crystals of
pharmaceuticals.

There is now a growing concern and emphasis regarding
the chiral purity of drugs. For any new drug which exists in
racemic form, the manufacturer needs to establish the
stereogeometry of the molecule and optical purity apart from
pharmacological and toxicological data for each isomer as well
as the racemate. The development of a single enantiomeric
product is reqUired today as it normally has toxicity, greater
effectiveness at lower doses and at times may be more cost
effective. However, if racemates are to be marketed, sufficient
justification needs to be provided.

In case a bulk drug exhibits polymorphism, then it is
essential to identify and establish the difference in the behaviour
ofdifferent polymorphic forms, which otherwise may drastically
effect physical appearanceand bioavailabilitypatternofa dosage
form. Similarly, for a generic drug, it should be therapeutically
eqUivalent in terms ofpotency, stability, safetyand bioavailability
to that of the innovator's product.

5. Accidental Substitution or Deliberate Adulteration

Accidental substitution can be prevented by storing toxic
substances separately. Deliberate adulteration by cheaper,
spurious, inferior, defective or harmful substances is a common
practice in case of scarcity or when the price of a drug is high.
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Sometimes foreign matters are added which are cheap in
comparison with the drllg.

All the tests of impurities of drugs are mentioned
in pharmacopoeia. For chlorides, sulphates, iron, arsenic,
and lead, general quantitative and limit tests are given with
necessary variation. For other impurities special quantitative
tests are prescribed. In determining llmits for impurities, certain
principles are adopted. The harmful quantity of the impurity is
to be known. Arsenic and lead are very common and dangerous
and very smalillmits have to be fixed for their presence in all the
compounds intended for internal use. Potassium bromide may
be adulterated with cheaper sodium bromide. Potassium salts
are more expensive than their respective sodium salts.

Medicinal s\lbstances should be free from dangerous and
undesirable impurities. There may be some impQrities for which
official tests are given.

Permissible Limits of Impurities

Imptlrities are always present in tile pharmaceutical products.
The following points are considered to permit the impllrities in
these substances:

(i) The level ofhannful substances is to be determined. A
permissible limit. based on the amount to be tolerated
of the toxic substances, e.g. lead and arsenic, is
prescribed.

(ii) Th~ limits for harmless impurities are also prescribed
depending upon the nature. type and usefulness ofthe
substances. ColOUring substances. flavouring agents
and preservatives are the harmless compounds added
to the pharmaceutical preparations.

Determination of Impurities

Impurities are determined by using analytical techniques
described in phannacopoecias. The substance should conform
with the following requirements :

1. Colour, Odourand Taste: Tests for colour, odour and taste­
are given in eacll monograph ofthe official compounds. The
purity and hygienic nature of the substaJ1Ce can be
deternlined to some extent.

2. Physico-Chemical Requirements : Physico-chelnical
constallts h iclude solubility of the Sllbstal1ce ill variOllS



Impurities in Pharmaceuticals 243

solvents, determination of melting points, boiling points,
optical rotation, refractive index, viscosity for liquids, specific
gravity, freezing point, weight per mI. specific gravity,
chromatographic behaviour, e.g. Rf values and retention
time, photometric determinations, e.g. colourimetry,
nephelometry, flame photometry, spectrophotometry, e.g.
ultra-violet, infra-red, nuclear magnetic resonance (NMR),
electron skin resonance (ESR), mass spectra, etc.
Quantitative determinationofacid, esterification, hydroxyl,
acetyl, ester, iodine and saponification values for vegetable
oUs helps to find out quality ofvegetable oils. Some other
parameters for determination ofpurity are swellingpo~er
(e.g. bentonite), soluble matter (kaoline), adsorption power
(kaolin), fine particles (light kaolin), coarse particles (light
kaolin alld bentonites), setting properties (plaster of paris)
and stability of solution (sodium antinlony gluconate).

3. Acidity, Alkalinity and pH : When a cOlnpound is
synthesized using acids and alkalies, then some amount of
tIle acid or alkali may be present as an impurity. Aqueous
solutions of many stlbstances have an specific pH value
and any change in the pH value indicates the presence of
impurity.

4. Insoluble Residue: Acompound may be completelysoluble
in a given amount of a solvent at a specific temperature. If
insoluble ingredients are present, the solution becomes
turbid oropalescence. These insoluble mattersare separated
by filtration and their amount canbedetermined byweighing
the dried fl1ter paper.

5. Anions and Cations: Certain anions or cations are added
to a pharmaceutical compound by adsorption and co­
precipitation. Chloride, sulphate. iron, lead, arsenic, heavy
metals, ammonium, etc. are the general impurities. General
quantitative or limit tests with necessary variation are
given in individual monograph. For other anion or cation
special tests are prescribed.

6. Ash Value : Ash value is determined by igniting crude
vegetable drugs, organic compounds, and some inorganic
compounds to a constant weight. In some cases water­
insoluble ash, hydrochloric-insoluble ash and sulphuric
acid-insoluble asll are detcnnincd. The ash contains
impurjti~ssl)~h R~. chloride. sul})Il:1te, iron, heavy metals,
lead, etc.

7. 1.,088 on Drying 811rl Ignition: Certain COn11)Ounds are
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dried or ignited on a specific temperature and then loss in
weight is determined. The weight of water is found out by
drying the substance.

8. Organic and Carbonisable Substances : Purity of some
specified substances is also determined by separating,
drying and weighing organic compounds and readily
carbonisable substances as mentioned in the monographs.

9. Assay: Assay is the chemical determination ofa compound
to assess whether it conforms to the prescribed standard or
not. The common assay procedures include gravimetric,
volumetric, gasometric, photometric, alkaloidal,
radiochemical, radio-immuno, esterification methods, etc.

Gravimetric methods are based on the quantitative
transformation ofsubstances into a definite chemical compound
by a suitable chemical reaction. The product is saparated in pure
state and weighed. The methods involved in the gravimetric
analysis are precipitation, volatilization, adsorption, extraction,
fractional distillation, filtration, washing, drying or ignition,
weighing and repeated drying or ignition till constant weight.
Magnesium sulphate, zinc sulphate and bismuth oxychloride
are compounds estimated gravimetrically.

Volumetric methods are based on titrimetric and gas­
methods. Titration methods involve the determination of the
volume of a standard solution (titrant) reqUired to react
qual1titatively with a solution of the substance to be analyzed
(titrate) to get an end point. The various titrimetric methods
involved are :

1. Acidimetry and alkalimetry for sodium bicarbonate,
ammoniated mercury, ammonium chloride and boric
acid.

2. Oxidation reduction (redox) titrations for potassium
permanganate, sodium oxalate, hydrogen peroxide,
ferrous sulphate, and antimony potassium tartrate.

3. Iodometric and iodimetric titrations for copper sulphate,
chlorinated lime and iodine.

4. Precipitation type for sodium chloride, ammonium
chloride and yellow mercuric oxide.

5. Com.plexometric type carried out with ethylenediamine
tetra-acetate for calcium gluconate, magnesium
sulphate and zinc sulphate.

6. Diazotization (nitrite) titration and
7. Non-aqueous titration.
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LIMIT TESTS

In limit tests opalescence, turbidity or colour is compared with
the fixed standards as prescribed in the pharmacopoeias. The
extent of opalescence, turbidity and colour is affected by the
presence ofother impurities present in the substance, variation
in time and method of performance of the tests. Therefore, no
numerical values for the limits in these tests are prescribed in
the pharmacopoeias. Generally an aqueous solution of the
substance is prepared. Sometimes a solution of the substance
is prepared by dissolving in an acid, or if the solution is alkaline,
it is neutralized with nitric or hydrochloric acid.

LIMIT TEST FOR ARSENIC

In the limit test for arsenic, the amount of arsenic present is
expressed as arsenic, As.

Basis ofthe Test: The pharmacopoeial test ofarsenic, which is
a toxic component in medicinal substances, is based on the fact
that arsenic in the arsenious state can be readily reduced to
arsine (AsH

3
) gas which passing over mercuric chloride paper

develops a yellow to brown stain, the intensity and length of
which are proportional to the amount of arsenic. A standard
stain, prepared from a definite amount ofarsenic, expresses the
limit. Reduction of the arsenic to arsine, both in the, sample and
the standard, is done by the combined action of zinc, acid,
stannous chloride and potassium iodide. The arsine is carried
over along with hydrogen to the mercuric cWoride or bromide
paper supported in the test apparatus. The rate of evolution of
hydrogen is controlled which is dependent on the quantity and
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surface area of zinc. concentration of hydrochloric acid. salt in
the reaction mixture. temperature and dimension of the
apparatus. Rapid evolution produces a long and diffuse stain
while a short and intense colour Is developed bya slowevolution.

Chemically. the arsenic impurity is converted in acidic
medium into arsenious acid or arsenic acid depending Upoll the
valency state of arsenic :

As3+ ---- As(OH)~or H 3As03

Trivalent Arsenious acid

AsS. ---~ 0= As(OH)3 or H~S04
Pentavalent Arsenic acid

Arsine
gas

Arsenic
~cid

This solution is reacted with a reducingagent like stannous
chloride or sulphurous acid to C0JlVel t the peIltavalent a1 senic
acid into the trivalellt alsenious acid Wlli(;h is converted into
gaseous arseJlio\lS l1ydride (alsjlle gas) \\ith tllc llClp Ofl1aS(Cilt

llydrogen prOd\lCed by the actioll of zinc witll hy(lrocllloric acid.

ZJl of lIe}
H AsO ---+ H AsO ------- - - ~ Asl-1

3
+ 3H

2
0

3 4 3 ~~ 3H

Arsenjolls
acid

+2HCI

Arsine gas is carried out through the tube with the help of
hydrogen to the mercuric chloride paper. Reaction ofarsine with
mercuric chloride produces a yellowcoloured stain. The intensity
of the colour is dependent on the quantity of arsenic.

./ASH2

2AsH3 + HgC~ -----. Hg
"'AsH2

Yellow

Apparatus

A wide-mouthed flask or bottle capable ofholding about 120 ml
is fitted with a rubber bung through which passes a glass tube.
The latter. made from ordinary glass tubing. has a total length
of200 Inm and all internal dialileter ofexactly 6.5 mnl (external
diauleter aboutt 8 mm). It is dr~wnout at one end to a dial11eter
of itlX>\lt I mIn and a hole not less than 2mnl in diameter is bJO\V11

111 tIle side ofthe tube, near the constricted part. When the bU'-Jg
is inser1ed ill tIle bottle contahllnf! 70 nll ofliquici, the cOJlstrictcd
end of the tub, is above the sl.lrfac\. oftl1C liquid, al1d tIle hole in
tIle sin~. i~ l,c)nv; the oottoro 01 th·· lHn1g. Th~ upper clld of the
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tllbc is "1tt ~ff sCl1i~re. nnrl is ~ither slightly rOllnrled or grottnd
~rllooth.

TWCJ rl11Jber b.. rlg~ {~ho'lt~:) nlm)( 2& 'not), each witlla llole
bored centrally an<1 tllllf", pX4-1f'rly ti.5 mm in tilCltTleter, are tltt~~

witll a rllbber harl<i or "l'r;llg ('Hp for holding thern tightly
togeth"~r. Alternatively thl; t\VO httIlgs lIla)' be replaced by allY
Sllitable contrivance satis(ying rile conditiollS.

During the test. the hber:_ltetl gases pass tllrough tIle side
hole: the lower hole acts a~ an C'(tt for water whicll cOildeIlses in
the tube.

General Method of Testing

By a variable method of procedure, suitable to the particular
needs of each substance, a solution is prepared from the
substance being examined which mayor may not contain that
substance, butcontains thewholeofthearsenic(ifany)ortginally
present in that substance. This solution, referred to as the 6test
solution', is used in the actual test.

General Test: The glass tube is lightly packed with cotton wool.
previollsly moistened with lead acetate solution and dried, so
that the upper surface of the cotton wool is not less than 25mm
below the top of the tube. The upper end of the tube Is then
inserted into the narrow end ofone ofthe pair of rubber bungs,
either to a depth ofabout 10 mm when the tube has a rounded
off end, or so that the ground end of the tube is flush with the
larger end of the bung. A piece of mercuric chloride paper is
placed flat on the top ofthe bung and the other bung placed over
it and secured by means of the rllbber band or springclip In such
a manner that the borings of the two bungs (or the upper bung
and the glass tube) meet to fornI a true tube 6.5 m in diameter
interrupted by a diaphragm of mercuric chloride paper.

Instead of this method of attaching tile nlercuric chloride
paper, any other method may be llsed provided (i) that the \vhole
of the evolved gas pasc::pc; through the paper; (ii) that tile portion
ofthe paper incontact with the gas is a circle 6.5 mIn in diarneter;
and (iii) that the paper is protected fromsunlightdurtng the test.
The test solution prepared as specified, is placed in the \vide­
mouthed bottle, I g ofpotassium iodide AsT and 109 ofzinc AsT
are added, and the preIY1red glass tube is placed quickly in
position. The action is allowed to proceed for forty nlU1l1tcS. The
yellow stain Wllich is I)rocluced all the mercuric chloride paper if
arsenic is present is cornpared by daylight with the standard
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stains produced by operating in a similar manner with known
quantities ofdilute arsenic solution AsT. The comparison of the
stains is made immediately at the completion of the test. The
standard stains used for comparison are freshly prepared; they
fade on keeping.

b

Fig. 16.1 : Regular arsenic apparatus with alternate devices
(a) and (b) for fixing mercuric chloride paper.

By matching the depth ofcolour with standard stains, the
proportion of arsenic in the substance may be determined. A
stainequivalent to the 1-mlstandard stain produced byoperating
on 10 g a substance in4icates that the proportion of arsenic is
1 part per million.

Notes

1. The action may be accelerated by placing the apparatus on
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a warm surface, care being taken that the mercuric chloride
paper remains dry throughout the test.

2. The most suitable temperature for canying out the test is
generally about 40°, but because the rate ofevolution ofthe
gas varies somewhat with different batches ofzinc AsT, the
te~peraturemay be adjusted to 9btain a regular, but not
violent, evolution of gas.

3. The tube must be washed with hydrochloric acid AsT,
rinsed with water, and dried between successive tests.

4. The stains may be preselVed by dipping in hot melted
paraffin or placing over phosphorus pentoxide protected
from light. Potassium iodide blackens the stains and makes
the comparison easier.

5. Lead acetate papers are used to trapany hydrogen sulphide
evolved together with arsine. Hydrogen sulphide reacts
with mercuric chloride paper developing a dark stain, thus
interfering with the formation of the required mercuric
arsenide stain. Metallic zinc may contain traces ofsulphide
which on reaction with the acid yields hydrogen sulphide.

6. Stannous chloride is required for the complete evolution of
arsine. The action between pure zinc and hydrochloric acid
is slow and the presence of other metals accelerates the
formation of hydrogen. Stannous salts reduce arsenic to
arsenious state.

Standard Stains: Solutions are prepared by adding to 50 ml of
water, 10 ml of stannated hydrochloric acid AsT and quantities
ofdilute arsenlcs solution AsT varying from 0.2 ml to I ml. The
resulting solutions, when treated as described in the General
test, yield stains on the mercuricchloridepaper referred to as the
standard stains.

Preparation of the Test Solution

In the various methods of preparing the test solution, the
quantities are so arranged, unless otherwise stated, that when
the stain produced from the solution to be examined is not
deeper than the I-rol standard stain, the proportion of arsenic
present does not exceed the permitted limit.

MODIFICATION OF THE GENERAL TESTING METHOD

Some substances require special treatment for performing limit
test for arsenic. All the arsenic present in the sample should be
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present in the filIal S<.JlutlUll III c1 l~d\.lllV r<.'t.!~ ~cihle form and the
ini:erfering Rubstances shOt tid ~ fPrnovoo trom te!';t c;ample.

carbonates, Hydroxides and Oxldri

1'reatmentofcarbonates \\'i(h ilyUI OCillo ric acid produces carbon
dioxide and some hydrochloric acid gas \vitll efiervescellce 31ld
the reaction is exutherrnlc. Oxides arId hyd roxides all trea tlnent
with hydrocWoric acid fOflll hydrogerl gas \vitll eOervescence and
evolution of heat. Arseniorls chloride CAsC13) is evolved witil
hydrochloric acid. Ifa sample oftllese s IIbs tances is treated with
hydrochloric acid as such. a part ofarsenic may be lost as AsC~.
Therefore. carbonates. oxides and h.ydroxides are first treated
with excess of brominated hydrochloric acid. The bromine
oxidizes arsenious to arsenic to the pentavalent form which is
not volatile with hydrochloric acid. To perform the test, the
arsenic should again be reduced to arsenious state by removing
excess ofbromine with a few drops ofstannous chloride solution.

Sodium Carbonate, Anhydrous, AsT : Anhydrous sodium
carbonate which complies with the following additional test:

5 g are dissolved in 50 ml of water, 20 ml of brominated
hydrochloric acid AsT are added: the excess of bromine is
removed with a few drops ofStannous chloride solution AsT.
and the General test applied; no visible stain is produced.

Organic Compounds

Most of the organic compounds are insoluble in acid and in
water. When gas is evolved in the liqUid containing such
compounds. undesirable frothing occurs. Therefore. any
interfering organic compound should be removed by igniting
with anhydrous sodillffi carbonate before performing the test.
Some organic compounds are destroyed by wet oxidation with
nitric and sulphuric acids.

Ammonium Oxalate AsT : AmmonillIll oxalate which complies
with the following additional tes t:

5 g are heated with 15 nil of \vater, 5 lnl of nitric acid AsT,
and 10 ml of sulphtlric acid AsT in a narrow-necked, round­
bottomed flask until frothing ceases, cooled and the General t( st
is applied; I10 visible stairl is prodllced.

Nitric Acid and Nitrates

Nitric acid and nitrates prevent the reduC'ti;)n of arsenic which
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are removed by heating the substance with concentrated
sulphuric acid and evaporating nitric acid off. Arsenic is left in
the sulphuric acid. The remaining traces of nit~c ac~d are
removed by diluting residual sulphuric acid with water and re­
evaporating the mixture. Now the nitrosyl sulphuric acid formed
during first evaporation is decomposed and the sulphuric acid
becomes free from nitric acid. Solution of ferric chloride also
contains some nitric acid which is also removed by the similar
treatment.

Nitric Acid AsT : Nitric acid which complies with the following
additional test:

20 ml are heated in a porcelain dish with 2 ml ofsulphuric
acid AsT until white fumes are given off. It is cooled, 2 mlofwater
are added and again heated until white fumes are given off;
cooled 50 ml ofwater and 10 ml ofstannated hydrochloric acid
AsT added and the General test is applied; no visible stain is
produced.

Boric Acid and Borax

Boric acid is slightly soluble in hydrochloric acid, but it is
dissolved along with citric acid. Borax is converted into boric
acid on treatment with hydrochloric acid. Therefore, citric acid
is added to dissolve boric acid and borax before addition of
stannated hydrochloric acid.

Ammonia Solution

Solutions are heated ona water bath to remove the free ammorua.
Arsenic is left as ammonium arsenate and arsenite in the
soilitions which are acidified with brominated hydrochloric acid
and stannous chloride is added.

Liquid Glucose and Potassium Acid Tartrate

Liquid gilicose often contains traces of sulphur dioxide as
preservative while sulphites are present in potassium acid
tartrate. These substances are treated with brominated
hydrochloric acid to oxidize the sulphurous acid. Excess of
bromine is removed by adding few drops of stannous chloride
solution.

Hypophosphoru;:~ \'~~d

Reduction
interact~;

)[Us acid y:
pal)c;, :.~. . -

<. ; d ;: '1 ~~' W II iell
:zed tc
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phosphoric acid by treating with potassium chlorate and
hydrochloric acid. Excess of chlorine formed by the reaction of
chlorate and hydrochloric acid is removed by boilingand then by
treating with stal1nous cWoride.

Oxidizing Agents

The oxidizing agents such as potassium chlorate should be
completely redtlCed, otherwise. whole of the hydrogen will be
utilized t.o reduce the substance and arsine would not be
evolved.

Potassium Chlorate AsT : Potassium chlorate which complies
with the following additional test:

5 g are mixed in the cold with 20 ml of water and 22 ml of
hydrochloric acid AsT are added; when the first reaction has
subsided. heated gently to expelchlorine. the last traces removed
with a few d.rops of stannous chloride solution AsT, 20 ml of
water added. and the General test applied; no visible stain is
produced.

Compounds of Copper, Bismuth, Antimony and Iron

Copper deposits on zinc forming a zinc-copper mixture which
interfere in the steady evolution ofhydrogen and all the arsenic
will not convert into arsine. Bismuth deposits on zinc fonning a
solid sponge-like mass preventing evolution of hydrogen.
Antimony compounds fonn antimony hydride with nascent
hydrogen which produces a dark stain on mercuric chloride
paper interfering with the stain developed due to arsine. Iron
also reduces the rate ofevolution ofhydrogen and arsenic is not
reduced completely to arsine:

Copper. bismllth and iron salts are treated with dilute
hydrochloric acid (20%) and distilled. Whole of the arsenic
present in the substance distils in the frrst 75% of distillate.
Sufficient stannous chloride is added to reduce ferric salts to
ferrous state.

A double distillation is required to perform the test of
antimony compounds since antimony is slightly volatile in
hydrochloric acid.

Sulphur

Sulphur is present as arsenic sulphide which is soluble in
ar monillID slliphideand ammonia. T11erefore, sulphur is digestec'
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with allllTIOnia to form ammonium polysulphides in which
arsenic Slllphide is Soillble. The mixture is filtered to separate
undis80lved slI1phllr and the filtrate dried. The residue containing
arsellic and some Slliphur is treated with anhydrous sodium
carbOIlate and water. Sodium polysulpllide is fonned in which
arselli(' sulphide is soluble. The SOltltion is boiled and bromine
added to oxidize arsenic to arsenate ao_d sulphide to sulphate.
TIle SOltltioll is acidified, boiled and treated with stannous
c1110ride to perfonll the general test.

The other test solutions are prepared as described following:

Bromine Solution AsT : Bromine (30 gl and potassium brolnide
(30 g) are dissolved in water (sufficient to produce 10 mll. The
solution complies with the following test:

10 ml are evaporated on a water-bath nearly to dryness, 50
ml of water, 10 ml of hydrochloric acid AsT and sufficient
stanl10llS chloride solutionAsTare added to reduce the remaining
bromine and the General test is applied; the stain produced is
not deeper thana 1-mlstandard stain, showingthat the proportion
of arsenic present does not exceed 1 part per million.

Potassium Iodide AsT : Potassium iodide which co~plieswith
the following additional test : '"

109are dissolved in 25 ml ofhydrochloric acid AsT and 35
ml of water, 2 drops of stannous chloride solution AsT added;
and the General test is applied; no visible stain is produced.

Citric Acid AsT : Citric acid which complies with the following
additional test : 109 are dissolved in 50 mI of water, 10 rol of
stannated hydrochloric acid AsT added and the General test is
applied, no visible stain is produced.

Hydrochloric Acid AsT : Hy(lrochloric acid diluted with water
to contain a bout 32 per cent w / w ofHCI and complying with the
following additional tests :

(i) 10 ml are diluted with sufficient water to produce 50 mI, 5
ml of ammonium t~iocyanatesolution added and stirred
immediately; no colour is produced.

(ii) To 50 mI, 0.2 mlofbromine solutionAsT is added, evaporated
on a water-bath until reduced to 16 ml, adding more
bromine solution AsT, ifnecessary, ill order that an excess,
as indicated by the colour, may be present throughout the
evaporation; 50 ml of water and 5 drops of stannous
c1110ride solution AsT are added and the General test is
applied; tIle stain produced is not deeper than a 0.2 Inl
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standard stain prepared with the same acid. showing that
the proportion ofarsenic present does not exceed 0.05 part
per million.

Hydrochloric Acid (constant-boiling composition) AsT :
Hydrochloric acid AsT is heated to constant boiling composition
in the presence ofhydrazine hydrate. using 1 ml ofa 10 per cent
w/v solution in water per litre of the acid.

Mercuric Chloride Paper: Smooth white filter paper. not less
than 25 nun in width. soaked in a saturated solution ofnlercuric
cWoride, pressed to remove superfluous solution, and dried at
about 60° in the dark. The grade of the filter paper is such that
the weight is between 65 and 120 gper sq. mm; the thickness in
mm. of 400 papers is approximately equal, numerically, to the
weight in g per sq. m.

Note: Mercuric chloride paper should be stored in a stoppered
bottle in the dark. Paper which has been exposed to sunlight or
to the vapour ofammonia affords a lighter stain or no stain at all
when employed in the limit test for arsenic.

Stannated Hydrochloric Acid AsT

Stannous chloride solution AsT

Hydrochloric acid AsT

1 ml

IuD ml

Stannous Chloride Solution AsT : Prepared from stannous
cWoride solution by adding an equal volume of hydrochloric
acid. boiling down to the original volume, and filtering through
a fme-grain fl1ter paper.

It Complies with the following Test :

To 10 ml, 6 ml of water and 10 ml of hydrocWoric acid AsT are
added, distilled and collecteq 16 ml. To the distillate 50 ml of
water and 2 drops of stannous chloride solution AsT are added
and the General test is applied; the stain produced is not deeper
than a 1 ml standard stain, showing that the proportion of
arseIlic present does not exceed 1 part per million.

Sulphuric Acid AsT : Sulphllric acid which complies witl! the
follOWing additional test:

10 g are dilut f
, d \\'lt11 50 TT11 of \vater 0.2 rnl of stannous

hl'Jride solution ,\sl' :'c. added ;.lTF1 :; ~·'~l'l;:Y·f.~~ ppJj(~d: nco
.... isible staiI1 is pr,;'" ,
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Zinc AsT : Granulated zinc which complies with the following
additional tests :

Stannated hydrochloric acid AsT (lO mI) is added to 50 ml
ofwater, and the General test applied, using 109ofthe zinc and
allowing the action to continue for one hour; no visible stain is
produced (limit ofarsenic). The test is repeated with the addition
ofO.l mlofdUute arsenic solutionAsT; a faint butdistinct yellow
stain is produced (test for sensitivity).

LIMIT TEST FOR LEAD

Lead is a toxic substance present in pharmaceutical preparations.
The main sources of this impurity are sulphuric acid and the
lead apparatus. The I.P. and U.S.P. method is based on the
reaction between lead and dithizone (diphenylthiocarbazonel. In
cWoroform solution dithizone extracts lead from' an alkaline
aqueous solution as lead dithizone which has red colour in
cWoroformsolution. Since dithizone itself imparts a green
colour in chloroform, the resultant colour ofdithizone and lead
dithizone is violet. The colour produced by a given amount ofthe
sample is compared with that produced by a known volume of
a standard solution of lead. If the colour is intense than that
produced by the standard, it contains lead in excess of the
prescribed limit. For the test, the lead present as impurity is
separated by extracting an alkaline solution of the substance
with dithizone extraction solution which removes all the lead in
the form of its complex in chloroform layer.

./NH - NH-C6H s
Pb + 25 == C ~ --......

'-.NH - NH-C H
6 S

Oithizone

Lead dithizonate
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Method

TIle vollune of the prepared sample in a separator is transferred
and url1ess otherwise directed in monograph, 6 ml ofammoniurn
citrate solution Sp., and 2 ml of hydroxylamine hydrochloride
solution Sp. are added (For the determination oflead in iron salts
use 10 Inl of ammonium citrate solution Sp.). Two drops of
phen<?l red solutin are added and the solution made justalkaline
(red in colour) by the addition of strong ammonia solution. The
solution is cooled. if necessary, and 2 ml of potassium cyanide
solution Sp. are added. Inunediately the solution is extracted
with several quantities. each of 5 ml, of dithizone extraction
solution. draining off each extract into another separating
funnel, until the dithizone extraction solution retains its green
colour. The combined dithizone solutions are shaken for 30
seconds with 30 ml ofa 1 per cent w Iv solution ofnitric acid and
the chloroform layer discarded. To the acid solution exactly 5 ml
of standard dithizone solution and 4 ml of ammonia-cyanide
solution Sp. are added and shaken for 30 seconds; the colour of

. the chloroform layer is of no deeper shade of violet than that of
a control made with a volume of dilute standard lead solution
eqUivalent to the amount of lead permitted in the sample under
examination.

. All reagents used for the test should have as Iowa content
of lead as practicable. All reagent solutions should be stored in
containers of.borosilicate glass. Glassware should be rinsed
thoroughly with wann dilute nitric acid, followed by water.

LIMIT TEST FOR CHLORIDES

This test involves the reaction of silver nitrate with soluble
chlorides to form the precipitate of silver chloride which is
insoluhie indilute nitric acid. The extentofprecipitationdePends
upon the amount ofsilver chloride formed, i.e. on the amount of
chloride ions present in the substance. The opalescence'produced
is compared With a reference opalescence obtained by a standard
silver nitrate solution. under the same experimental conditions.

NaCI + AgN0
3

-----+ AgCI. + NaN03

Precipitate

Method

The s~cifiedquantity of the substc;lnce is dissolved in water. or
a solution prepared as directed in the text and transfer to a
Nessler cylinder. To it 10 ml ofdilute nitric acid is added, except
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when nitric acid is used in the preparation of the solution,
diluted to 50 ml with water, and 1 ml of silver nitrate solution
added. It is stirred immediately with a glass rod and allowed to
stand for 5 minutes. The opalescence produced is not greater
than the standard opalescence, when viewed transversely.

Standard Opalescence

1.0 ml ofa 0.05845 per cent w / v solutionofsodium chloride and
10 ml of dilute nitric acid are placed in a Nessler cylinder. It is
diluted to 50 ml with water and 1 ml of silver nitrate solution
added. It is stirred immediately with a glass rod and allowed to
stand for five minutes.

LIMIT TEST FOR SULPHATES

Limit test for sulphates is based on the reaction between barium
chloride and soluble sulphate in the presence of dilute
hydrochloric acid. The turbidity formed by a given amount ofthe
sample is compared with a reference turbidity obtained from an
authentic amount ofthe sulphate under the same experimental
conditions.

BaC~ + Na2SO4~ BaS°.l + 2NaCI
Precipitate

Reagents

Barium Sulphate Reagent: 15 ml of0.5 M barium chloride, 55
ml of water, and 20 ml of sulphate-free alcohol are mixed, 5 ml
of a 0.0181 per cent w/v solution of potssium sulphate are
added, diluted to 100 mlwith water, and mixed.· BariumSulphate
Reagent must be freshly prepared.

0.5 M Barium Chloride: Barium chloride dissolved in water to
contain in 1000 ml122.1 gofBaC~,2H

2
0.

Method

The specified quantity ofthe substance is dissolved in water or
a solution is prepared as directed in the text, transferred to a
Nessler cylinder, and 2 ml ofdilute hydrochloric acid are added,
except where hydrochloric acid is used in the preparation ofthe

. solution. It is diluted to 45 mlwith water; 5 mlofbariumsulphate

. reagent are added, stirred immediately with a glass rod, and
allowed to stand for five minutes. The turbidity produced is not
greater than the standard turbidity, when viewed transversely.
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Standard Turbidity: 1.0 ml of a 0.1089 per cent w Iv solution
of potassium sulphate and 2 ml of dilute hydrochloric acid are
placed in a Nessler cylinder, diluted to 45 ml with water, 5 ml of
bariumsulphate reagentadded, stirred immediatelywith a glass
rod, and allowed to stand for five minutes.

LIMIT TEST FOR IRON

The limit test for iron depends on the reaction of iron in
ammoniacal solution in the presence of citric acid, with
thioglycolllc acid to obtain a pale pink to deep reddish purple
colour. Citric acid forms a complex with iron which is not
precipitated by ammonia. The colour is obtained due to formation
of a ferrous salt, Fe (S.CH2COO-)2' which disappears in air due
to oxidation.

Thioglycollic acid, HS.CH2COOH, is a sulphur derivative of
glycollic acid, CH2(OH)COOH. It is a colourless liqUid with
unpleasant odour. The colour produced from a known amount
of tIle substance is compared with the standard colour obtained
from a known amount of iron under the same experimental
conditions.

2HSCH
2
COOH + Fe3+ ---. Fe(HSCH2COO)2 + 2H+

Standard Iron Solution : Accurately 0.1726 g of ferric
ammorrlum sulphate is weighed and dissolved in 10 ml ofO.lN
sulphUric acid and sufficient water to produce 1000.0 ml. Each
ml of this solution contains 0.02 mg of Fe.

Method

The specified quantity of the substance being examined is
dissolved in 40 ml of water, or 10 ml of the solution prescribed
in the monograph used and transfered to a Nessler cylinder. 2 ml
of a 20 per cent w Iv solution of iron-free citric acid and 0.1 ml
of thioglycollic acid are added, mixed, made alkaline with iron­
free ammonia solution, diluted to 50 qll with water and allowed
to stand for five minutes. Any colour produced is not more
intense than the standard colour.

Standard colour: Standard iron solution is diluted with 40 ml
ofwater in a Nessler cylinder. 2 mIofa 20 percent w/v solution
ofiron-fr~ecitric acid and 0.1 ml ofthioglycollic acid are added,
mixed, made alkaline with iron-free ammonia solution, diluted
to 50 ml with water and allowed to stand for five min\ltes.
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LIMIT TEST FOR HEAVY METALS

The test for heavy metals is designed to determine the content
of metallic impurities that are coloured by sulphide ion. under
specified conditions..The limit for heavy metals is indicated in
the individual monographs in terms of the parts of lead per
million parts of the substance (by weight). as determined by
visual comparison ofthe colour produced by the substance with
that of a control prepared from a standard lead solution.

The amount of heavy metals is determined by one of the
following methods and as directed in the individual monograph:
Mothod A is used for substances that yield clear. colourless
solutions under the specified test condition. Method B is used for
substances that do not yield clear. colourless solutions under the
test conditions specified for Method A. or for suhstances which. by
virtue of their complex nature. interfere with the precipitation of
metals by sulphide ion. Method C is used for suhstances that yield
clear. colourless solutions with sodium hydroxide solution.

Method A

Standard Solution: Into a 50 ml Nessler cylinder. 2 ml of
standard lead solution are pipetted and diluted with water to 25
ml. adjusted with dilute acetic acid Sp. or dilute ammonia
solution Sp. to a pH between 3.0 and 4.0. diluted with water to
about 35 mI. and mixed.

Test Solution: Into a 50 ml Nessler cylinder. 25 ml of the
solution are prepared. adjusted with dilute acetic acid Sp. ,or
diluteammoniasolutionSp. toapHbetween3.0and 4.0. diluted
with water to about 35 ml and mixed.

Procedure : To each, of the cylinders containing the standard
solution and test solution respectively. 10 mI offreshly prepared
hydrogen sulphide solution are added mixed. diluted with water
to 50 mI. allowed to stand for five minutes. andviewed downwards
over a white surface; the colour produced in the test solution is
not darker than that produced in the standard solution.

Method B

Standard Solution: Proceed as directed under Method A.

Test Solution : In a suitable crucible the quantity of the
substance is weighed. sufficient sulphUric acid Sp. added to wet
the sample. and ignited carefully at a low temperature until
thoroughly charred. To the charred mass 2 ml of nitric acid Sp.
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and five drops ofsulphuric acid Sp. are added; heated cautiously
until white fumes are no longer evolved, ignited preferably in a
muffle furnace, at 500° to 600°, until the carboll is completely
burnt off. It is cool, 4 ml of hydrochloric acid Sp. are added,
covered, digested anawater-bath for 15 minutes, uncovered and
slowly evaporated to dryness on a water-bath. The residue is
moistened with one drop of hydrochloric acid Sp., 10 ml of hot
water are added and digested for two minutes. Ammonia solution
Sp. isaddeddropwise, until the solution is justalkaline to litmus
paper, diluted with waterto25 mlandadjusted withdilute acetic
acid SP. to a pH between 3.0 and 4.0. It is illtered, ifnecessary,
the crucible rinsed and filtered with 10 ml of water, the filtrate
and washings combined in a 50 rm Nessler cylinder, diluted with
water, to about 35 ml, and mixed.

Procedure: Proceed as directed under Method A.

Method C

Standard Solution: Into a 50-ml Nessler cylinder, 2 ml of
standard leadsolutionare pipetted, 5 mlofdilute sodiumhydroxide
solution added, diluted with water to 50 ml and mixed.

Test Solution : Into a 50 ml Nessler cylinder, 25 ml of the
solution prepared are placed, the specified quantity dissolved in
a mixture of20 ml ofwater and 5 ml ofdilute sodium hydroxide
solution. It is diluted to 50 ml with water and mixed.

Procedure : To each of the cylinders containing the standard.
solution and the test solution, respectively, 5 drops of sodium
sulphide solution are added, mixed, allowed to stand for five
minutes and viewed downwards over a white surface; the colour
produced in the test solution is not darker than that produced
in the standard solution.
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IDENTIFICATION TESTS FOR
CATIONS AND ANIONS

IDENTIFICATION REACTIONS

The following tests may be used for the identificationofchemicals
referred to in the Pharmacopoeia. They are not intended to be
applicable to mixtures of substances unless so specified.

Acetates

1. The substance is heated with an equal quantity of oxalic
acid. Acid vapours with the characteristic odour of acetic
acid are liberated.

CH3COONa + (COOH)2 • CH3COOH + Na2C03

2. The substance (lgl is warmed with 1 ml of sulphUric acid
and 3 ml ofalcohol: ethyl acetate, recognisable by its odour,
is evolved (~strificationreaction).

H
2
S0

4
C2HsOH + CH3COOH • CH3COOC2Hs + H20

3. About 30 mg ofthe substance are dissolved in 3 ml ofwater
solution, successively 0.25 mloflanthanumnitratesolution,
a.I mlofO.l Niodine and 0.05 mlofdlluteammoniasolution
are added and heated carefully to boiling. Within a few
minutes a blue precipitate is fanned or a dark blue colour
develops.

4. The substance (20 mg) is heated with 50 mg of calcium
oxide: acetone is evolved, wWch may be detected by the
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indigo blue colour obtained when vapours impinge on filter
paper which has been moistened with a 2 per cent w Iv
solution of 2-nitr"benzaldehyde in alcohol, dried, and
moistened with N sodium hydroxide.

heat
Ca(CH3COO)2 ----+ CH3COCH3+Caco3

Aluminium

1. The substance (20 mg) is dissolved in 2 ml water, 0.5 ml of
2 N hydroch~oric acid and about 0.5 ml of thloacetamide
reagent areadded, no precipitate forms. 2 Nsodiumhydroxide
solution is added dropwise; a gelatinous white precipitate
appears that redissolves on addition of further sodium
hydroXide solution. Graduany amnwniumchloride solution
is added; the gelatinous white precipitate reappears.

Al3+ + 30H- ------+ AI (OH)3 ~

2. The substance (20 mg) is dissolved in 5 ml of water, five
drops ofamTTWnlum acetate solution and five drops ofa 0.1
per cent w Iv solution of mordant blue 3 are added; an
intense purple colour i~ produced.

AI3+ + CH
3
COONH

4
+ Mordant blue 3

------+ Purple coloured complex

3. To a solution of the substance in water, dilute amnwnla
solution is added until a faint precipitate is produced, and
then 0.25 ml of a freshly prepared 0.05 per cent w Iv
solut.ion of quinalizarin in a 1 Per cent w Iv solution of
sodium hydroxide is added, heated to bolling, ·cooled, and
acidified with an excess of acetic acid: a reddish-violet
colour is produced.

Al3+ + 3NH
3

+ 3H
2
0 ----+

AI(OH)3 + Quinalizarin + NaOH ----+

Al(OH)3~ + 3NH4+

Reddish-violet colour

HO 0

Quinalizarsin

OH
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Ammonium Salts

1. Afewmgofthesubstanceareheatedwithsodiumhydroxide
solution; ammonia is evolved, which is recognisable by its
odour and by its action on moist red litmus paper.

NH
4

+ + -OH ------. NH
3

++ H
2
0

2. To the prescribed solution 0.2 gof light magnesium oxide is
added. A current of air is passed through the mixture and
the gas, that is evolved, directed to just beneath the surface
of a mixture of 1 ml of 0.1 N hydrochloric acid and 0.05 ml
ofmethyl red solution: the colour ofthe solution changes to
yellow. On addition of 1 mlofa freshly prepared 10 per cent
w/v solution of sodium cobaltinitrlte, a yellow precipitate
forms.

Na3[Co(N02)6) + NH4+ ----+ (NH4}3[Co(N02}6)+

Sodium yellow ppt
cobaltinitrite

Antimony

The substance (10 mg) is dissolved with gentle heating in a
solution of0.5 g ofsodium potassium tartrate in 10 ml ofwater
and allowed to cool; 2 ml of this solution, sodium sulphide
solution is added dropwise, a reddish-orange precipitate is
formed which dissolves on adding dilute sodium hydroxide
solution.

Sb
2
S

3
+ 80H- ------. 2[Sb(OH)4]- + 2SbS

2
-

soluble soluble

Sb
2
S

S
+ 60H- -----+ SbS

4
2- + Sb0

3
S 2- + 3H

2
0

soluble soluble

Na
2
S

2Sb3+ + 3S2
- -----+ Sb2S3~ (antimony sulphide)

orange red ppt

Na
2
S

2Sbs
+ + 5S2

-~ Sb2S3~

Na
2
S

Sb
2
0

3
/Sb

2
0

S
+ 2C

4
H

4
0

6
2

-~ 2[(SbO) (C,tHl0tj)]-

SodiuCTl
;).,~)tassiUln

reddi::::l:-
ora.rifi,':'

ppt.
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Arsenic

The prescribed solution (5 ml) is heated on a water-bath with an
eqllal VOltllne ofhypophospIlorlIS reagent; a bro\\t'l pre~ipitateis
formed.

Barium

I. Barium salts iIllpart a yellowisll-green colour to a
nonlulninolls flanle, appearing blue when viewed througll
green glass.

2. TIle substance (20 nlgl is dissolved in 5 ml of dilute
hydrochloric acid, 2 nll of dilute sulphuric acid added: a
wiute precipitate forms wmcll is insoltlble in nitric acid.

Hel
Ba2

+ + 5°42 --~ BaS04~

Benzoates

1. To 1 ml ofa 10 per cent w Iv neutral solution, 0.5 mlofJerric
chloride test. solution is added; a dull-yellow precipitate,
soluble in solvent ether, is forIned.

3C6HsCOO- + 2Fe3+ + 3H
2
0 --+ Fe(C

6
HsCOO)3· Fe(OH)3~

Dull-yellow ppt. + H
2
0

2. The substance (0.2 g) is moistened with sulphuric acid and
the bottom of the tube wanned gently; a white'sublimate
is deposited on the inner walls of the tube and no charring
occurs.

heat
2C

6
H sCOONa + H

2
S0

4
--+ White sublimate

3. The stlbstance (0.5 gl is dissolved in 10 ml ofwater, and 0.5
ml of hydrochloric acid added. The precipitate obtained,
after crystallisation from water and drying under reduced
pressure, melts at about 122°.

C
6
HsCOONa + rlCI --+ C

6
HsCOOH + NaCI

Benzoic acid

Bicarbonates

1. Solutions of bicarbonates, when boiled, liberate carbon
dioxide.

heat
2NaHC0

3
- ~ Na2CO:~ + H

2
0 ~07 i
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2. A solution of tIle substance is treated with a solution of
magnesiuTn sulphat.e: no precipitate is formed (distinction
from carbonates). On boiling, a white precipitate is formed.

Ileat
2Na).IICO~ ._-~ Na

2
C0

3
+ H

2
0 + CO

2

Na
2
(;03 + H z()~ 2Na+ + 20H- + CO

2

MgSO + 01-1- --~ MgOH+SO 2-
4 ~ 4

2MgOH+ + CO2 "'---= M~(OH)2~ + C03
2

­

white ppt

3. The substance (0.1 g) is sllspended il12 Inl ofwater in a test
tube; 2ml of 2 N acetic is added. The tube is closed
immediately using a stopper fitted with a glass tube bent at
two right-angles~heated gently and the gas collected in 5 ml
ofbarium hydroxide solution; a white precipitate forms that
dissolves on additiol1 of an excess of dilute hydrochloric
acid.

NaHC0
3

+ Cl:JCOOH --+ CH
3
COONa + H

2
0 + CO

2

Ba(OH):l + CO2 --+ BaC03~ + H 20

BaC03 + 2HCI -------. BaC~ + CO2 f + 1\0

Bismuth

1. To the substance, 2 N hydrochloric acid (10 ml) is added,
heated to boiling for one minute, cooled and mtered, if
necessary. To 1 ml of the solution obtained, 20 ml ofwater
are added; a white or slightly yellow precipitate appears
which on addition of 0.05 to 0.1 ml of sodium sulphide
solution turns brown.

BI3+ + 3HCI -------. BiCl
3

+ 3H+

BiCl3 + 4H
2
0 --+ Bi(OH)3 + H30+ + 2CI

Bi(OH)2 CI _.-.+ BiOCl + H
2
0

Bismuth oxychloride
(white ppt.)

2BI0+ + 3HS- + H+ -~ Bi2S3~ + 2H20

2. Toabout50mgofthesubstance lOmlof2Nnitricacid is
added, heated to boiling for one minute, allowed to cool and
filtered, ifnecessary. To 5 ml of the solution obtained 2 ml
of a 10 per cent w Iv solution of thiourea are added; an
orange yellow colour or an ora~ge precipitate is produced.
A 2.~ ~~r cent v\//v solution of sodium nuoride (4 1nl) is
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added; the solution is not decoulourised within thirty
minutes.

Bi3++ 3HN03~ Bi(N0
3

)3 + 3H+

Bi(N03)3 + NH
2
CSNH

2
-. Orange yellow ppt.

Bromides

1. A quantity of the substance equivalent to about 3 mg of
bromide ion is dissolved in 2 mlofwater. It is acidified with
2 N nitric acid and 1 ml of0.1 N silver nitrate added, shaked
and allowed to stand; a curdy, pale-yellow precipitate
forms. The precipitate is centrifuged and washed rapidly
with three quantities in subdued light. The precipitate is
suspended in2 mlofwaterand 1.5 mlof 10 Nammonia are
added; the precipitate dissolves with difficulty.

NaBr + AgN03 ---+ AgBr + NaN03
2. About 10 mg are dissolved in 2 ml of water and 1 ml of

chlorine solution added, bromine is evolved, which is soluble
in two or three drops of chloroform, forming a reddish
solution. The addition of phenol solution to the aqueous
solution containing liberated bromine yields a white
precipitate.

2KBr + Cl2 -. 2KCI + Br2

C6HsOH + 3Br2 ---+ C6H2(Br)30H + 3HBr

phenol Tribromophenol
(white ppt.)

Note: In testingjor bromides in the presence ojiodides, all Iodine
mustjirst be removed by boiling the aqueous solution with an
excess oj lead dioxide.

Calcium

1. The substance (20 mg) is dissolved in 5ml of5 Macetic acid.
Potassium jerrocyanlde solution (0.5 ml) is added; the
solution remains clear. About 50 mg ofammonlUTTI chloride
are aded; a white, crystalline precipitate is formed.

Ca2+ + 2K+ + [Fe(CN)6]4- -----+ Ca~[Fe(CN)]6~

2. To a soilltion of the substance a few drops of a solution of
arnrnoniunl0.xalate are added; a wllite precipitate is obtained
(1,0 ~ _,;.;_ sparIngly soluble ill eii/ute acetic acid btlt is

;! iF:i..{ ~ lc',ric cl.-cid.
: (- c~

:' .. ..; -",! <::
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Ca2
+ + C

2
0

4
2-~ CaC204~

CalciuJll oxalate \
white ppt

CaC
2
0

4
+ 2HCI --~ Cae]; f (COOIJ):l

:3 TIle Sll bstance (20 lllg) is dissolved in the· Inininllllll quantity
of dilute hydrochloric acid and nell t ralised \Vitll dilute
sodium hydroxide solution: 5 1111 (lfofiHnoniuTl1 carbonate
solution added; a wllite precipitat( is fOllned WIlicll, after
boiliIlg alld COOlil1g tIle mixtllre, is L n ly ~-, })aringly Solllble in
a nlnloniunl chloride solution.

CaCl2 + (NH-1)2C03 ----. 2Nl 1-1(~1 + CaC03~

Carbonates

1. 'fJle ~11bs1ance (0.1 g) is sl1sJ)endr:o ill a t,·(,t-tll1)e in 2 In] of
lvclter: 2 lnl of 2 N acetic n.'id (lrC Qclclc(.' " ll(o 1ube is c)cJ:;ed
inll)}('din1ely usinga strppPT fItted \\'itJ 1;1 ! 1.1~~' t1l1ie bent at
tVJO rigJ it -angles, 11eated rl~lltly and cc.,]]({ 1f d the gas in 5 1111

ofO.ll\! })(lr;uTnhydrox;.-lt?: Ci \\']lite ]11'( ('~j>it:i1(' is f(lfnled that
rlisso]ves on additio11 of an exc:css 01" (}U,Jtc hydrochloric
acid.

CaC0
3

+ 2CI I~iCC)O) I - --+ (C113(~OO)~Ca +Hj'O -+ (~0:l

Ba(O}-I)~ of C();t ._---+ BaC03~ f JJ~O

\\'hite ppt

BaC()3 -+ 2l--lCI -----+ BaC12~ + CO~1 1 11,lO

2. A sOllltion of the sllbstance is treated witll a SOl\ltio11 of
Tllagnesiunl sul/Jhate: a wllitc precipitate is fOflned
(distiI1Ctioll fro1l1 l)icarbonates).

Sl\1g:l

+ + 5CO~2- + 6H:l0 ----> MgC0
3

• Mg (OH)~.5}-J~()~

+ CO
2
t white ppt.

Chlorides

1. A q\lall1ity of the substance eqlli\'alellt to abollt 2 mg of
cll10ride ion is dissolved in 2 nIl of water. ]t is acidified \vith
(tilute nitric acid and 0.5 Inl ofsilver nitrate solution added.
Tile solutioll is sllaked aJld allo\\7cd to staIld; a cllrny, \vIntc
precipitate is forl11cd. WllicIl is ulsohl !11e in nitric ncid. but
soluble, after beiJlg \vell washed wit!! {vafer, in dilute
anlmonia solution,from \vllich it is rf~-prp(1!Jita1ed by 1he
addition of nitric acid.
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NaCI + AgN0
3

-----+ AgCI~ + NaN03

AgCI + 2NH
3

-----+ Ag(NH
3

)2+ Cl­
Soluble complex

Ag(NH3); Cl- + HN03 -----+ AgCI~ + (NH4)2N03

2. A qtlantity of the substance equivalent to about 10 mg of
chloride ion is introduced into a test-tube; 0.2 gofpotassium
dichromate and 1 ml of sulphuric acid are added. A fI1ter­
paper strip moistened with 0.1 ml of diphenylcarbazlde
solution is placed over the opening of the test-tube; the
paper turns violet-red. The moistened paper is not brought
into contact with the potassium dichromate solution.

~Cr207 + 4NaCI + 6H2S04~ 2Cr02Cl2+2KHS04
Chromyl chloride

+ 4NaHS04 + 3H20

Cr02Cl2 + Diphenylcarbazide + H20 -----. Violet red colour

Citrates

1. To a neutral solution of the substance a solution of
calcium chloride is added, no precipitate is prodtlced. The
solutionis boiled, a white precipitate, soluble inacetic acid,
formed.
2Na3CeHs0 7 + 3CaCl2 + 4H20 -----. Ca3(C6Hs07)·4H20~

+ 6NaCI

2. A quantity of the substance is dissolved in 5 ml of water.
Sulphuric acid (0.5 ml) and 3 mlofpotassiumpermanganate
solutions are added. It is warmed until the colour of the
permanganate is discharged and 0.5 ml ofa 10 per cent wi
v solution ofsodium nitroprussideadded in 2 Nsulphuric acid
and 4 9 ojsulphamic acid, make alkaline withstron.g ammonia
solution, furtheradditionofstro_ng ammoniasolution produces
a violet colour, turning to violet-blue.

o
C(CH

2
COOH)2 (OH) COOH + KMn0

4
----+ CO(;;H

2
COOH)2

Citric Acetone
acid dicarboxylic

acid

CO(CH2COOH)2 +Sodium + H2S0
4

+
nitropru-
sside

Sulphamic + NH
3

acid

---~~Violet colour
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Ferric Salts

1. A quantity of the substance equivalent to about 10 mg of
iron is dissolved in 1 ml of water. 1 ml ofa 5 per cent w/v
solution ofpotassiumJerrocyanide added; an intense blue
precipitate is formed that is insoluble in dilute hydrochloric
acid.

4FeCl
3

+ 3K
4
Fe (CN)6 ---+ Fe

4
[Fe(CN)6]3 i + 12 KCI

Potassium Blue colour
ferrocyanide

2. To 3 ml ofa solution containing about 0.1 mg of iron, 1 ml
of 2 N hydrochloric acid and 1 ml ofammonium thiocyanate
solution are added; the solution becomes blood-red ~Il

colour. Two portions, each of 1 ml of the mixture are taker!.'
To one portion 5 ml ofsolvent ether are added, shaked an(i
allowed to stand; the ether layer is pink. To the other
portion 3 ml of 0.2 M rrtercurlc chloride are added; the red
colour disappears.

FeCl3 + 3NH
4
SCN -----+ Fe (SCN)3 + NH

4
CI

Ferric
thiocyanate
(Red colour)

2Fe(SCN)3 + 3HgCl ----+ 31iglSCN)2 + 2FeCl3
Mercuric
thiocyanate
(Colourless)

3. To 2 ml ofa solution containhlg about 0.1 mg ofiron acetic
acid is added until the solution is strongly acidic. A 0.2 per
cent solution of 8-hydroxy-7-iodoquinollne-5-sulphonic
acid (2 ml) is added. A stable green colour Is produced.

2 J¢oS03I-I

::;;..- -....::::

I ~ I N~

OH

SO~H

~ro
o ~ 3+Fe+---O

Ferrous Salts

1. A quantity of the substance corresponding to about 10 mg
of iron is dissolved in 2 ml of water. To it 2 ml of dilute
sulphuric acid and 1 ml of a 0.1 per cent solution of 1. 10­
phenanthroline are added. An intense red colouri~;('ed;
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the colour is discharged by addition ofa sligllt excess of0.1
N cerie anlmonium sulphate.

Red coloured conlplex cation

2. To I Inl ofa sollltion ofiron, I rrI1 ofpotassiunl..ferricyanide
solution is added; a dark bltle precipitate is fonned tllat is
insoluble in dilute hydrochloric acid alld is decolnposed by
sodium hydroxide solution.

Fe++ + 2K+ + (Fe(CN)6)4- ---+ K;lFe [Fe(CN)6]~

3. To I ml of a solution containing no1 less tllan I mg of iron,
I ml ofpotassiumjerrocyanide solution is added; a white
precipitate is formed which rapirlly becomes blue and is
insolllble in dilute hydrochloric CJcid.

2FeS0
4

+ K
4
Fc(CN)d -----_..~ }~e)Fe(CN)fJ··2K:tS04

Ferrous feroc~'anide

(\vhite ppt) ~ (OJ. Air

F'{')~"e(CN)o]3

Persion blue

Iodides

I. A qllantity of the s\lbstance eq\livCilent to abollt 4 111g of
iodide ion is dissolved in 2 ml of lVClier. It is acidified \vitll
dilute nitric acid and 0.5 ml ofsill>cr nitrate solution (.l(tcled,
It i~ shaked 311d allowed to stand, a cllrdy, J)ale-yello\v
precipitae forlns. It is cCJltrifllged al1d the precipitate \VaSlled
rapidly witll tl1ree quantities, eacll of 1 ml of UJQter in
subdtted ligllt. The IJreclpitate is suspended in 2 Jnl afwater
arid 1.5 ml of 10 N Qlumonia are added: tIle precipitate does
not dissolve.

HN0
3

NaI + AgNOa -.. AgI~ + NaN0
3

Yellow

2. To 0.2 ml of a Sollltion of tIle substance containing the
equivalent ofabout 5 mg of iodide ion per ml, 0.5 ml of 2 N
salphurlc acid, 0.15 ml ofpotassium dichrornate solution, 2
ml of water and 2 ml of chloroform are added. It is shaked
for a few seconds and allowed to stand; the chloroform layer
is violet or violet-red.
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Cr
2
0

7
2

- + 61- + 14H+ ----+ 2Cr3++7H
2
0+21

2
(violet)

3. To 1 IIll of a solution of tile substance containing the
equivalent of about 5 mg of iodide ion, 0.5 nll of mercuric
chloride solution is added a dark red precipitate is formed
which is slightly soluble in an excess of this reagent alld
very soluble in an excess ofpotassium iodide solution.

2KI + HgCl2 ----+ HgI2. + 2KCI
Merecuric
iodide (red)

HgI2 + 2KI ----. ~HgI

(Potassium mercuri-iodide)

Lactates

A mixture ofaqueous solution of the substance, bromine water
and 2N sulphuric acid is heated on a water-bath until the colour
is discharged. After addition of ammonium sulphate, sodiunl
nitroprusside solution (10%) in 2N sulphuric acid is added.
Strong ammonium solution is mixed and left for 30 minutes. )\
dark green ring appears at the junction of two layers.

Lead

1. The substance (0.1 gJ is dissolved in I ml of dilute acetic
acid. To it 2 ml ofpotassium chromate solution are added;
a yellow precipitate forms that is insoluble in2 mlofsodium
hydroxide solution.

Pb2+ + crO.2 - ----. PbCrO.~ (Lead chromate)

PbCl2 + ~crO. ----. PbCrO.~ + 2KCI

2. The substance (50 mg) is dissolved in I ml ofdilute acetic
acid. To it 10 ml ofwater and 0.2 ml ofM potassium iodide
are added; a yellow precipitate forms. The mixture is heated
to boiling for one or two minutes, and allowed to cool; the
precipitate is reformed as glistening, yellow plates.

Pb2+ + 21- ----. Pbl
2

Pb{N03 )2 + 2KI ----+ PbI2~ + 2KN03

Yellowppt.

Magnesium

1. The stlbstance (15 mg) is dissolved in 2 ml of water. To
it 1 m1 of dilute ammonia solution is added; a white
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precipitate forms that is redissolved by adding I ml of 2 M
amTTWnlumchloride. To the solution 1 ml of0.25 Mdisodium
hydrogen phosphate is added; a white crystalline precipitate
forms.

Ammonium chloride prevents precipitation of
magnesium hydroxide due to suppressionofdissociation of
ammonium hydroxide caused by a common ion effect.

NH
4
CI ------. NH

4
+ + Cl­

NH
4
0H ------. NH

4
+ + OH­

Mg2+ + OH- ------. MgCOH)2 ~

Mg2+ + NH
4
++ P0

4
3- + 6H20 ------. MgNH

4
PO... 6H20~

White ppt

MgS04 + NaHP04 + NH40H + 6H2°------'
MgNH..P04. 6H20~ + Na2SO.. + H 20

2. To 0.5 ml of a neutral or slightly acidic solution of the
substance. 0.2 ml ofa 0.1 per cent solution of titan yellow
andO.5mlofO.l Nsodlumhydroxldeareadded;abrightred
turbidity develops which gradually settles to give a bright
red precipitate.

Nitrates

I. The substance (15 mg) is dissolved in 0.5 ml ofwater, 1 ml
of sulphuric acid added. mixed and cooled. The tube is
inclined and without mixing. 0.5 ml offerrous sulphate
solution added. A brown colour forms at the interface ofthe
two liqUids.

3Fe2++ 4H+ + N03- --- NO + 3Fe3+ + 2H
2
0

Fe2+ + NO -----. (Fe(NO))2+ (Brown colour)

2. To a mixture of 0.1 ml of nitrobenzene, 0.2 ml of sulphuric
acid and powdered substance is allowed to stand for five
minutes and cooled in ice water whilst adding slowly with
stirring 5 ml of water and then 5 ml of sodium hydroxide
solution. To it 5 ml of acetone are added. shaked. and
allowed to stand. the upper layer shows an intense violet
colour.

Phosphates (Orthophosphates)

1. To 5 ml of the prescribed solution. neutralised to pH 7.0,
silver nitrate solution is added; a light yellow precipitate
forms, the colour of which is not changed by boiling and
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which is readily soluble in dilute amnwnla solution and in
dilute nitric acid.

3Ag+ + 2HP042- -----. A~P04~ + l\P04-

A~PO4 3Ag+ + PO43-

Ag+ + 2NHs ~ [Ag(NHS)2)+

Silver diamino
complex soluble

P0
4
s- + H

2
0 ~ HP0

4
2- + OH­

HNOs
OH- + H+ -----. H

2
0

2. The prescribed solution (1 ml) is mixed with 1 ml of
amnwnlcal magneslumsulphatesolution: a white, crystalline
precipitate is produced.

Mg2+ + HP042- + NHs + 6H20 -----. MgNH4P04. 6H20

3. To 2 mlofthe prescribed solution. 2 mlofdUute nitricacid and
4 ml of ammonium molybdate soluUon are added and the
solutionwarmed; a brightcanary-yellowprecipitate is formed.

12Mo0
4
2-+ HP0

4
2-+ 3NH

4
++ 23H+-----'

(NH
4
)s[P(Mo

12
0

40
)) + 12H

2
0

ammonium
phosphomolybdate
(Canary-yellow)

Pota••lum

1. The substance (50 mg) is dissolved in 1 mlofwater. To it 1
ml ofdilute acetic acid and 1 ml ofa freshly prepared 10 per
cent solution ofsodium cobaltlnltrfte are added; a yellow or
orange-yellow precipitate forms immediately.

[Co(N02)6]S- + 3K+ -----. ~[Co(N02)81~

>, Potassium cobaltnitrite

2. The substance (0.1 g) is dissolved in 2 ml of water. The
solution is heated with 1 ml of sodium carbonate solution;
no precipitate forms. To it 0.05 ml of sodium sulphide
solution is added; no precipitate forms. It is cooled in ice
water and 2 ml ofa 15 per cent w Iv solution oftartarlc acid
are added and allowed to stand; a wlrlte, crystalline
precipitate forms.

KCl + H
2
C 4H40 6 ----. KHC4H

4
0 6 + HCl

Yellowppt
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3. A few mg of tile s\lbstance is ignited, cooled and dissolved
in the minimum qtlalltity of water. To tilis solution I ml of
platinic chloride solution is added in the presene of 1 mlof
hydrochlorice acid: a yellow, crystalli1le precipitate forms,
which on ignition leaves a residue of potassium chloride
and platinllnl.

H2[PtCI6 ] + 2KCl --. ~[PtCI6] + 2HCI

Yellow ppt.

Sallcylates

1. To a neutral solution of the substance, ferric chloride test
solution is added. A violet colour is produced which persists
after the addition of dilute acetic acid.

3C6H
4
(OH)COONa + FeCl

3
-----+[C6H4(OH)COO)3Fe + NaCI

Ferric salicylate
(violet)

2. To an aqueous solution ofthe substance, hydrochloric acid
(0.5 mI) is added. The precipitate is filtered and recrystallized
from hot water which melted at 159°.

C6H4(OH)COONa + HCI -----+ C6H4(OH)COOH~-I- NaCI
Salicylic acid

3. To an aqueous solution ofthe substance, bromine solution
is added. A cream-coloured precipitate is produced.

H20
C6H4(OH)COONa + Br

2
----. C6H

2
(OH) Br3

Tribromophenol

Sliver

1. The substance (10 mgl is dissolved in 10 ml of water. To it
0.3 mI of dilute hydrochloric acid is added: a curdy white
precipitate is formed that is soluble in dilute amn;wnia
solution. Potassium iodide solution is added; a yellow
precipitate is formed.

A~ + CI- --. AgCI ~ -----+ [Ag(NH3)2)+ CI­

Ag(NH3 )Cl + KI + 2H
2
0 ------. AgI~ + KCl + 2NH.10H

2. Tile substance (10 rng) is dissolved in 10 ml of water and 2
ml ofpotassium chromate solution added; a red precipitate
is formed which is Soilible in nitric acid.

2Ag+ + Cr04
2

- -----. AglCr04~
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Sodium

1. The substarlce (0.1 g) is dissolved in 2 ml of water. To it 2
ml of a 15 per cent solution of potassium carbonate are
added and heated to boiling; no precipitate torms. To it 4 ml
offreshly preparedpotasslumantlTTWnate solution are added
and lleated to boiling. The solution is allowed to cool in ice
water and, ifnecessary, rubbed the inside of the test-tube
with a glass rod; a dense, white precipitate is formed.

NaCI + KH2Sb04 • NaI-12Sb04~ + KCI

2. A solution of the substance is acidified with N acetic aclci
and a large excess of magneslum uranyl acetate solution
aded; a yellow, crystalline precipitate is forIned.

Na+ + Mg2+ + 3U022+ + 8C
2
H

3
0 2- + HC2H 3

0
2

+ 9H
2
0----+

NaMg{U02 )3 (C2 H 30 2 )9. 91-i20 + H+

Sulphates

1. The substance (50 mg) is dissolved in 5 mlofwater. To it 1
ml of dilute hydrochloric acid and 1 mI of barium chloride
solution are added; a white precipitate forms.

Ba2+ + S042 - --.--. BaS04~

2. The substance (50 mg) is dissolved in 5 mIofwater, 2 mlof
lead acetate solution are added; a white precipitate is
formed which is soluble in ammonium acetate solution and
in sodium hydroxide solution.

PbS0
4

+ 4C
2
H

3
0 2- • (Pb (C2H30 2)4]2-+ S04

PbS04 + 30H • HPb02- +~O + 5°42
-

3. Iodine solution (0.1 mI) is added to the suspension obtained
in Test A; the suspension remains yellow (distinction from
sulphites and dithionites) but is decolourised by adding,
dropwise stannous c'lloride solution (distinction from
iodates). The mixture is boiled; no coloured precipitate
appears (distinction from selenates and tungstatesl.

Tartrates

1. 'rhe stlbstance is warmed with sulphuric acid: cllarring
OCCllrs arld carbon monoxide, Wll1ch bllrns With a blue
flalIle wilerl ignited, is evolved.

H
2
C

4
H

4
0

6
-----~ CO

2
t + Cot + 2C + 31120t
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C + H2504 • 2802 + CO2f + 2H20

Blue flame
2CO + O2 • 2C02

2. The substance (20 mg) is dissolved in 5 ml of water. To it
0.05 ml ofa 1 per cent solution ofjerrous sulphate and 0.05
mI of hydrogen peroxide solution are added, a transient
yellow colour is produced. 2N sodium hydroxide solution is
added dropwise; an intense blue colour is produced.

CH(OH)COOH
I +H202--~
CH(OH)COOH

C(OH)COOH
II + 2H20
C(OH)COOH

3. A solution (0.1 mil containing the equivalent ofabout 2 mg
of tartaric acid is heated for five to ten minutes with 0.1 mI
of a 10 per cent solution ofpotassium bromide, 0.1 mI of a
2 per cent solution of resorcinol and 3 mI ofsulphuric acid:
a dark-blue colour is procluced that changes to red when
the solution is cooled and poured into water.

Thlosulphates

1. The substance (0.1 g) is dissolved is in 5 mI of water, 2 mI
ofhydrochloric acid are added a white precipitate is formed
which soon turns yellow and sulphur dioxide is evolved,
recognisable by its odour.

8 2°32- + H+ -+ H25 20 3 + 5~

"252°3 -+ H20 + S02+ 5~

2. The substance (0.1 g) is dissolved in 5 mI of water, 2 mI of
ferric chloride-test solution are added, a dark violet colour is
produced which quickly disappears.

Neutral
252°3 + 3Fe3+ -+ (Fe(S20 3)2]---.2Fe++S.06

2-
Ferric Colour
thiosulphate less
complex
(violet colour)

H+
2FeCl3 + Na2S 20 3 +H20~ 2FeC~+2NaCI+H2S04+S

~

Na28 20 3 + 2HCI~ 2NaCl + H250
3

+ 5
~

2H2503 + 2FeCl
3

Fe
2
(50

3
)3 + 6HCI

Ferric sulphate
(Violet colour)
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Fe2(50s)2 ----. Fe503 + Fe520 6
3. Solutions of thiosulphates decolourtse Iodine solution: the

decolourlsed solutions do notgive the reactions ofsulphates.

252°32-+ 12 ----. 21- + (5.°6]2-
4. Solutions of thiosulph~tesdecolourtse bromlne solution:

the decolourtsed solutions give the reactions ofsulphates.

S20 32- + 4Br2 + 5H20 ----. BBr + 10H+ + 25022-

Zinc

1. The substance (0.1 g) Is dissolved in 5 ml ofwater. To it 0.2
mIofsodiumhydroxidesolution Is added; a white precipitate
fOmL9. A further 2 mlofsodium hydroxide solution is added;
the precipitate dissolves. Ammonium chloride solution (10
mI) is added; the solution remains clear, but a flocculent,
white precipitate forms on addition of 0.1 ml of sodium
sulphide solution.

Zn2+ + 20H- ----. Zn (OH)2~

ZnC~ + 2NaOH ----. Zn(OH)2 + NaCI

Zn(OH)2 + 2NaOH- ----. Na2Zn02 + 2H20
Sodium zincate

Na2Zn02 +~S ----. ZnS~ + 2NaOH
White ppt.

2. The substance (0.1 g) is dissolved in 5 mlofwater, acidifted
with dilute sulphuric acid, one drop of a 0.1 per cent w Iv
solution ofcopper sulphate and 2 mlofammonium mercurl­
thiocyanate solution are added; a violet preCipitate is fonned.

Zn + (HgCSCN).]2- ----. Zn(HgCSCN).]

3. The substance (0.1 gl is dissolved in 5 ml ofwater, 2 ml of
potassium ferrocyanide solution are added; a white
precipitate is formed which is insoluble indflutehydrochlorfc
acid.

2Zn2+ + 2K+ + 2(Fe(CN)6]4- -----. ~Z~ (Fe3(CN6)6]2

Potassium zinc ferncyanide
(white ppt.)

Foreign Organic Matter

Foreign organic matter is the material consisting ofany or all of
the following :

(i) Parts of the organ or organs from which the drug is
derived other than the parts named. in the definitionand
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description or for Wllich a limit is prescribed in the
individual monograph;

(iil Any organs, other than those named in the defmition
and description:

(iii) Moulds, insects or other animal contanlination.

Method: 100 to 500 g or the quantity of the original sample are
weighed and spreaded it out in a thin layer. The sample is
inspected with the unaided eye or with the use ofa 6 x lens and
the foreign organic matter separated by hand as completely as
possible. It is weighed and the percentage of foreign organic
matter determined, calculated from the weight ofthe drug taken.
The maximum quantity of sample is used for coarse or bulky
drugs.

Alcohol-soluble Extractive

The air-dried drug (5 g) coarsely powdered macerated with 100
ml flask for twenty-four hours. It is filtered rapidly taking
precautions against loss of alcohol, 25 ml of the filtrate are
evaporated to dryness in a tared flat-bottomed shallow dish,
dried at 105°, and weighed. The percentage of alcohol-soluble
extractive is calculated with reference to the air dried drug.

Water-soluble Extractive

Method I : As directed for the determination ofAlcohol-soluble
Extractive is proceeded using c/lioroJorm water instead of
alcohol.

Method II : 5.0 g are added to 50 mlofwater at 800m a stoppered
flask. It Is shaken well and allowed to stand for ten minutes;
cooled to 15° and 2 g of kieselguhr added: filtered. The filtrated
(5 mI) is transferred to a tared evaporating basin 7.5 cm in
diameter, the solvent evaporated on a water-bath, continued
drying for halfan hour, fmally dried in steam oven for two hours
and the residue weighed. The percentage of water-soluble
extractive is calculated with reference to the air-dried drug.

Ash

Method I is used for crude vegetable drugs and Method II for
other substances.

Method I : A quantity of the test sample is weighed equivalent
to 2 to 3 g of the air-dried drug in a tared platlnuIn or silica dish,
and iIlcirlerated at a temperature not exceeding 4500 llIltil free
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from carbon, cooled and weiglled. Ifa carbon-free asl1 caIlnot be
obtai11ed ifl tl1is \vay, tIle cllarred mass is eXhatlsted \vitil hot
water, tIle residlle collected on an asl11ess filter paper, tile
residtle incinerated and the filtrate evaporated to drylless, and
igrlited at a telTIIJeratllre not exceeding 450°. Ifa carholl-free ash
canllot l)e obtaiIled in this way, the crtlcible is cooled, 15 ml of
alcohol are added, tIle asll brokell up \vitl1 a glass-rod, the
alcol101 btlrnt off, alld agairl tIle \Vll0le heated to a dllll red heat.
It is cooled, asll \veiglled al1d the l>ercell1etge of as11 calculated
witll reference to tIle air dried drllg.

Method II : Aboltt 1 g of tIle substance is \veiglled and C:'1rried out
Method I. The percentage of ash is calculated.

Acid-Insoluble Ash

Method I is used llnless otheJ\vise directed in tIle individual
mOll0gra pIl.

Method I : 'rhe aS]l ob1ained ClS directed 11l1cier Ash. above is
l)Qiled \vitll 25 Jill of 2 N hydrochloric acid, for five Iliinu1es, the
insoIu11le Inattcr coll~('ted in a Gooell cr\lcible, or all all asWess
filter T1nper, \vashed \vith hot {vater, igni1ed, and weiglled. The
fJercelltage of acid-illsoluble ash is calcll1ated wIth reference to
the air dried drllg.

Method II : The ash or the sulphated ash is placed in a crllcible,
15 ml ofwater and 10 InI ofhydrochloric acid are added, covered
with a watch-glass, and boiled for tell mhlutes; allowed to cool.
The insoluble nlattcr is collected 011 an asllless filter paper,
washed \vitll hot 11)(1 ter llIltil tIle filtrate is 11{'utral, ignited to dull
redness, cooled in a desiccator and weighed lInti! tllC difference
bet\\'een the two SllCccssive weigllings is Ilot Inore tllan I mg.
The percentage of acid-soluble asll is calc'ulated \vitIl reference
to the air-dried drug.

Water-soluble Ash

The asl1 is boiled for five Ininutes with 25 m1 oj lvater: the
insoluble Inatter collected in a GOOCl1 crucible, or 011 an asllIess
filter pa!)er, v/ashed with 110t water, aJld ignited for fifteen
minutes at a temperature not exceediI1g 450°. The \veight of the
insoluble nlatter is substracted from tIle weight of the ash; the
difference in weight represents tIle water-soluble ash. TIle
percentage of \vater-soluble ash is calculated with refereIlce to
the air-dried drug.
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Sulphated Ash

Asilica or platinum crucible is heated to redness for 10 minutes,
allowed to cool in a desiccator and 1 to 2 g of the substance is
put accurately weighed, into the crucible. ignited gently at first,
until the substance is thoroughly charred. It is cooled. the
residue moisten with 1 ml ofsulphuric acid, heated gently until
white fumes are no longer evolved and ignited at 8000 ± 250 until
all 'black particles have disappeared. The ignition is conducted
in a place protected from air currents. The crucible is cooled. a
few drops ofsulphuric acid are added and heated. As before it is
allowed to cool and weighed. The operation repeated until two
successive weighings do not differ by more than 0.5 mg.

Loss on Drying

Loss on drying is a measure ofwater content both environmental
and water of crystallization and other volatile organic solvents
present in an active ingredient and its dosage form. This is an
important parameter in maintaining quality of pharmaceutical
product as it is associated with the physiochemical stability
profile of both the pharmaceutical active ingredient and the
dosage fOfin. Presence of moisture induces decomposition of
many products onsubsequent storage (e.g. ~-lactamantibiotics),
it may even cause a pack to burst as in the case ofeffervescent
dosage forms. It alters the dissolution profile and creates a
llindrance dUring formulating a dosage fonn by affecting
compressiOIloftablets, cakingofmaterial, etc. ina drug. In many
instances, presence of moisture in a drug leads to bacterial
growth which may either cause side effects or may even be lethal.

The following procedure determines the amount ofvolatile
matter ofany kind (including water) that can be driven offunder
the conditions specifled.

Loss on drying is tQe 100s~ in weight in per cent w/w
determined by means of the procedure given below. Unless
otherwise directed in the monograph. carry out the test on
1.0 g of the substance. previously mixed well. If the sample is in
the fonn of large crystals, reduce the size by qUickly crushing to
a powder.

Method

A glass-stoppered is weighed along with a shallow weighing
bottle that has been dried for 30 minutes under the same
conditions to be employed in the determination. The sample is
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put in the bottle covered and the bottle and the contents are
weighed accurately. The sample is distributed by gentle sidewise
shaking to a depth not exceeding 10 mm. The loaded bottle is
placed in the drying chamber (oven or desiccator), the stopper
removed and left it also in the chamber. The sample is dried for
the time specified in the monograph or to constant weight, at the
prescribed temperature under one of the following conditions
(Shown in brackets are the words used in the individual
monograph for the drying conditions).

(a) In a desiccator over phosphorous pentoxide at atmospheric
pressure and at room temperature ("desiccator").

(b) Over phosphorous pentoxide, in vacuum at a pressure not
exceeding 20 Torr at room temperature ("in vacuo").

(c) Over phosphorous pentoxide, in vacuum at a pressure not
exceeding 20 Torr at a higher temperature ("in vacuo with
indication of temperature and time").

(d) In an oven at the temperature indicated in the monograph.

Mter drying is completed, the chamber is opened, the bottle
~losed promptly and allowed it to come to room temperature
(where applicable) in a (leslccator before weighing.

Note : Where drying in a desiccator is specified, care TTWst
be taken to keep the desiccant fully eJfectlve by frequent
replacement.

Water Content

The test sample (109) is weighed in a tared evaporatingdish and
dried in an oven at 105° for five hours. It is cooled and weighed.
The drying is continued and weighing one hour intervals until
the difference between two successive weighings corresponds to
not more than 0.25 per cent.
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I. (a) \Vl ;1~~ 1J Ie ilnp()rtanl Physical and }Jhysico-Cllelnical
'Jc&1s uf ]J\lrity al1d sl :-Hldards of PharnlaceltticC1ls.

(b) (ii\'~ the principle, J c;1c1 i(JllS and procedllre for tIle lilnit
i(·~~t of ar~e11i(' in s{xihlJll chloride.

2. (n j (ii\'!' 111(; principle. J~~a('tions and })rOCed\lre for tIle
i1~~~·Y of the follo\ving s\lbstaI1ces :

(j) )'clJow rner('\11ic oxide (ii) Sodi\llTI bicarbonate

(b) \\'rite the Inedicillalllses of the follo\ving s\lbstallces :

0) Amlnoniulll bicarl)Ona1e(ii) AlnnlOJlhllll cJlloride

(iii) Litlli\lIn brornide (iv) Orthol)tlosplloric acid

(v) Sad hun ]lYI)Qc]11orite (vi) Copper s\11pllate
(vii) Silver llitrate (viii) Magnesi\lm trisilicate.

3. (a) \VhC\t are stabilisers? Classify thellJ nl1d gi\'c suitable
excHl1plcs. NaIne at lcnst three cOlnpOlll1ds llscd to
preserve llydrogen peroxide.

(b) Explaill tIle tlSe of tIle follo\\'ing :

(i) PotassiUln iodide ill t11e assny of arnnl0niated
nlerCtlry.

(ij) Nitric acicl in tlle assay of mercuric oxide.
(iii) (ilycerol in tIle assay of boric acid.
"(iv) Sodiurncitrate in preparations ofglycerites ofpllellol.

(v) Stanllated hydroc111oric acid in tIle litnit test of
arsellic.

(vi) 5Hver nitrate solutioIl ill the linlit test of cll1oride.
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(vii) Hydrochloric acid in the limit test of sulphate.

(c) ~rite the principle and reactions involved in the limit
test of sulphate.

4. (a) Give the storage conditions and write the stabilityofthe
following substances :

(1) Iodine (ti) Potassium iodide (iii) Potassiumacetate (iv)
Ferrous sulphate (v) Ammonia (vi) Sodium hydroxide
(vii) Sodium bicarbonate (viii) Sodium chloride.

(b) Write True or False of the following:

(1) Phenacetin is used as preservative for hydrogen
peroxide.

(ti) Aqueous solution of nitrous oxide has sweetish
taste.

(iii) Hydrogen peroxide is a chemical antidote for
barbiturate poisoning.

(iv) Orthophosphoric acid is used in the treatment of
lead poisoning.

(v) Sodium acetate is a systemic antacid.
(vi) Sodium thiosulphate is used as an antidote for

cyanide poisoning.
(vii) Sodium bicarbonate is a deliquescent substance.

(viii) Boric acid is unstable in air.

5. (a) Give the general properties, stability and medicirial
preparations and the applications of the following
compounds:

(i) Calcium gluconate
(ii) Ferric ammonium citrate

(iii) Bismuth oxychloride.
(b) Give a brief account of the Radio-phB:nnaceuticals.

6. (a) Give the calculation factors and reaction involved in the
assay of the following substances:
(i) Sodium cWoride

(ti) Ammonium chloride
(iii) Potassium iodide.

(b) Give a brief account of the sources of impurities
commonly found in Pharmaceuticals.

7. Write the general properties, stability, assay and medicinal
applications of the following compounds:
(i) Bleaching powder (ii) Iodine (ill) Zinc sulphate.



284 Pharmaceutical Chemistry-I Inorganic

DIPLOMA • 1993/SUPPLE.

1. Comment on the following:
(i) Pharmacopoeial Monograp~ (il) Limit test for Iron (ill)
Inorganic antacids and Laxative compounds.

2. (a) Explain the use o(the following:
(i) Traces offree acid and acetaniIide (0.3%) inHydrogen
perOXide. (ii) Oxygen (4%) in Nitrous oxide. (iii)
Choloroform in the assayofPotassium iodide. (iv) Ferric
ammonium sulphate solution in the assay of Sodium
chloride.

(b) Write the effect of heat on the following substances.
Give reactions (if any).
(i) Boric Acid (ti) Zinc oxide (iii) Ammoniated Mercury (iv)
Bismuth subnitrate.

(c) Give the reactions of Iodine with the following
substances:
(i) Strong Ammonia Solution (ti) Ferrous chloride

(tii) Sodium thiosulphate (tv) Sodium metabisulphite.

3. Write the general properties, stability, storage conditions
and pharmaceutical preparations with their uses of the
following compounds :
(i) Sodium thiO$ulphate (il) Magnesstum sulphate (ill) Zinc
oxide (iv) Kaoline.

4. Write true or false against the following :
(i) Chlorine- water is a mixture of chlorine, hypochloric

acid and oxygen in solution.
(ii) Dakin's solution is the other name ofchlorinated lime.

(iii) Sodium chloride is the electrolyte of most of the
Intracellular body fluids.

(iv) Lugol's solution is the other name of aqueous solution
of Iodine (5%) and Potassium iodide (10%).

(v) Sulphur has laxatjve properties.

(vi) Z~c sulphate is an ophthalmic astringent.
(vii) Ammoniated Mercury is a skin disinfectant.

(viii) Potassium chloride is used insinusitis ofallergic origin.
(ix) Permissible limit of suitable preservative in Hydrogen

peroxide is upto 2%.
(x) Ammonia possesses saponifying properties.

(xi) Sodium thiosulphate has catharitic properties.
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(xii) Preston salt is the other name ofAmmoniumcarbonate.
(xiii) Magnesium sulphate is used as an antidote for

Barbiturate poisoning.
(xiv) Blue vitriol is the other name of Ferrous sulphate.
(xv) Zinc is used in the limit test of Arsenic as reducing

agent.
(ni) Silver nitrate possesses emetic properties.

5. (a) Define sequestration and give at least three examples of
sequestering agents.

(b) Explain with suitable examples the complexometric
titratlons.

(c) Give the applications of Radio Pharmaceuticals.

6. Write the medical applications and genera] properties ofthe
following substances :
(i) Potassium bromide (li) Ammonium chloride (iii) Talc (iv)
Zinc stearate (v) Magnesium oxide (vi) Ferrous gluconate
(vii) Borax (viii) Bismuth oxychloride.

7. Give the general properties, stability, pharmaceutical
preparations and assay method (with reaction) of the
following:
(i) Copper sulphate (il) Hydrogen peroxide (iii) Antimony
potassium tartrate (iv) Sodium chloride.

DIPLOMA·1992 .-"

1. (a) Given the principle, reactions and procedure for limit
test for lead (I.P. and B.P. method both).

(b) Explain with suitable examples that 'storage condition
of Pharmaceuticals is one of the source of impurities'.

(c) Justify that presence ofan oxidising agent interferes in
the limit test for Iron.

2. Write the general properties, storage conditions, uses and
pharmaceutical preparations ofthe following compounds:
(1) Antimony potassium tartarate (il) Calcium phosphate­
(iii) Calcium gluconate.

3. Write notes on :
(1) Complexometric assay (ii) Indirect titration (iii) Gutget
Test (iv) Applications of radiopharmaceuticals.

4. (a) Give the various pharmaceuitical preparations and
their applications ofzinc oxide and sodium bicarbonate.
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(b) Write the properties, principle and reactions involved in
the assay of boric acid and hydrogen peroxide.

5. (a) Give the chemical reactions between:
(i) Ferric ions with thioglycollc acid (11) Lead ions with

diphe~yl-thiacarbazone(ill) Ammoniated mercury and
potassium iodide solution (iv) Calcium gluconate
solution and E.D.T. A. solution.

(b) Comment on the use of:
(i) Traces of Potassium Sulphate in preparation of

barium sulphate reagent (B.P.).
(ti) burnt sugar solution in 'limit test for lead'?

(ill) Brominated hydrochloric Acid in the limit test for
arsenic..

(iv) Sodium hydroxide solution in place of ammonia
solution in the limit test for iron.

(c) Write the effect of impurities in pharmaceutical
substances.

6. (a) Give the general properties, storage, pharmaceutical
preparations, uses and assay method of iodine.

(b) What happens when:
(i) Ammonium chloride is heated. (il) Ammoniated
mercury is kept in light (iii) Calcium gluconate is
treated with sodium oxalate solution (iv) Ferrous
sulphate is heated (v) Chlorinated lime is dissolved in
water (vi) Copper sulphate solution comes in contact
with Litmus paper (vii) Ammonia is added to potassium
permanganate solution (viii) Iodine reacts withsodium­
hydroxide solution.

7. Give an account of general properties, assay method and
reaction involved therein and medicinal applications ofthe
following substances :
(i) Sodium chloride (il) Copper-sulphate
(ill) Potassium permangnate.

DIPLOMA·1992/SUPPLE.

1. (a) Write the precautions to be taken in preparation of the
'Solution for test' of reducing substances for their limit
test for iron and sulphate.

(b) Give the points ofconsideration for deciding permissible
impurities in p~ :·maceutic.
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(c) Explainwithsuitable examples theauxl11aryand primaly
solution used in limit test for lead.

(d) Explain the use of the following:
(i) Nessler glass cylinders (11) ~d acetate plug In the
limit t~t for arsenic (ill) Ammonia Solution tF & T in
limit test for Iron (iv) Alcohol in preparation ofbarium
sulphate reagent (B.P.).

2. Write the properties. storage. tests for purity. assaymethod~
uses and pharmaceutical preparations of the following
compounds:
(i) Ammonium chloride (ti) Ammoniated mercury.

3. (a) What happens when:
(i) Zinc Shlphate Solution is treated with Sodium

Carbonate.
(ii) Zinc oxide is treated withsodiumhydroxidesolutlon.

(iii) Ferrous Sulphate Crystals are heated.
(iv) Yellow mercuric oxide is heated to cold hot.
(v) Potassium permangnate is heated upto 240OC.

(vi) Copper sulphate is treated with excess ofpotassium
iodide in presence of acetic acid.

(vii) Potassium permangnate solution is treated with
Potassium iodide.

(viii) Precepitated sulphur is added to potassium
hydroxide solution.

(b) -Name at least four official compounds of sodium and
write their general properties and applications.

4. Write the general properties. medical applications with
pharmaceutical preparations of the following :
(i) Potassium iodide (ti) Precepitated sulphur

(iii) Ferric ammonium citrate (iv) Boric acid.

5. Defme titrimetric assay. Classify and explain with suitable
examples of each type of titrlmetric assay methods.

6. Write the assay method. phannaceutical preparations and
uses of the following :
(i) Zinc sulphate (11) Sodium bicarbonate

(ill) Antimony Potassium tartrate (iv) MagnessiumSulphate.

7. (a) Comment on 'The Tests for Purity' prescribed by
Pharmacopoeias".

(b) Give the procedure and reaction involved in the limit
tests for iron in potassium permanganate sample.
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(c) Write the principle, reactions and procedure for the
limit for chloride.

B. PHARMA./I·1993 (SECTION A)

1. (a) Write the significance of'Test ofPurlty' and 'Limit Test'.
(b) Give the principle and procedure for the limit Test of

Arsenic.
2. Discuss the principle involved in the assay procedure of

anyfour of the following :
(a) Boric Acid (b) Calcium gIuconate (c) Ferrous sulphate (d)
Sodium chlorite (e) Potassium permanganate.

3. Write short notes on anyJour of the following :
(a) Yellow mercuric oxide (b) Potassium iodide (c) Iron a~d
ammonium citrate (d) Zinc oxide te) Sodium phosphate
(32 P) Injection.

B. PHARMAJI·1992 (SECTION A)

1. (a) Mention the sources of impurities in Pharmaceuticals.
(b) Give the principle and procedure for limit testofarsenic.

2. Discuss the principle involved in the assay procedure of
anyfour of the following:
(a) Boric acid (b) Sodium chloride (c) Ferrous sulphate (d)
Calcium gIuconate (e) Sodium bicarbonate

3. Write short notes on anyfour of the following:
(a) Heavy Kaolin (b) Pharmaceutical aids (c) Ammoniated
mercury (d) Sodium benzoate (e) Bismuth oxychloride.

B. PHARMAJI·1992/SUPPLE. (SECTION A)

1. (a) Mention the general tests ofpurtty performed according
to pharmacopoeial monograph of drugs.

(b) Give the principle and procedure for the limit test of
iron.

2. Discuss the principle involved in the assay procedures of
anyfour of the following:
(~) Chlorinated lime (b) Iodine (c) Hydrogen peroxide (d)
Ammonium chloride (e) Magnesium sulphate.

3. Write short notes on anyfour:
(a) Zincoxide(b)Ra~iopharmaceuticals(c)Yellowmercurtc
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oxide (d) Potassium pennanganate (e) Iron and ammonium
citrate.

DIPLOMA • 1995 (NS)

1. (a) Discuss the factors to be considered while fixing the
limits of impurities in a pharmaceutical compound.

(b) Write reactions involved in limit test for 'arsenic' and
'lead'.

2. Whatare antioxidants? What is the criteria for the selection
ofinorganic-antioxidants? Give the methodofpreparation,
and uses of anyone.

3. What are anticaries agents? Discuss the role offluoride as
antlcaries. Describe the method of preparation, uses and
assay of sodium fluoride.

4. What are expectorants? How do they act? Write the
preparation and assay of potassium iodide.

5. Give a list of official compounds of calcium and sulphur
alongwith theirofficialchemlcal formulae. Give the method
ofpreparation. assayand uses ofone compoundofcalcium.

6. Write notes on :
(I) Radiopharmaceuticals (il) Buffers.

7. (a) Explain the following giving chemical equations :
(i) Whenammoniumoxalate is added to Cac~and the

ppt. is treated with HCL
(il). -When neutral solution of sodium citrate is boiled

with calcium chloride solution and acetic acid is
added to the ppt.

(iii) Thioglycolicacid isadded to preparations containing
traces of iron. In the presence of ammonia.

(b) Discuss the incompatibilities of:
(i) Potassium permanganate (il) Ferrous sulphate
(ill) Boric acid.

JAMIA HAMDARD (HAMDARD UNIVERSITY) DELHI

DIPLOMA IN PHARMACY I YEAR EXAM. 1995

1. Give a list ofofficial compounds of iron and calcium along
with their formulae. Write the method of preparation,
properties, assay and chemical incompatibility of anyone
compound of iron.
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2. Write a detailed account ofradio plarmaceuticals and their
use in medicine.

3. What are antioxidants and what is their utility in
pharmaceuticals ? Give an account of the anti-oxidants
studied by you. Illustrate your answer with suitable
examples.

4. Write a detailed account of the major Intra and Extra
cellular electrolytes which you have studied.

5. Explain:
(a) Importance and necessity of limit tests.
(b) Usually in limit tests the two solutions are labelled as

'Test'and 'Standard'butinthelimittestforlead theyare
labelled as 'Primary' and 'Auxiliary' why?

(c) What is the role of a small hole near the narrow end of
the tube in the limit test ofarsenic and this narrow end
is not dipped in the solution. The cotton plug of lead­
acetate is kept below the mercuric-chloride paper and
not above it.

(d) Why sulphuric acid is added to the solution of ferrous
sulphate during its assay.

6. Write notes on any two of the following:
(a) Dentifrices containing fluorides (b) Buffer solutions (c)

Protectives and adsorbensts.
7. Give the incompatibility of the following substances: (any

six).

(a) Boric acid (b) Calcium carbonate (c) Povidone-iodine (d)
Silver nitrate (e) Ferrous sulphate (f) Hypophosphorous
acid (g) Ammoniated mercury (h) Hydrogen peroxide.

D.P. IN PHARMACY • I YEAR, 1994

1. Explain the identification tests alongwlthchemistry involved
for the following cations and anions; (a) Acetate, (b)
Phosphate (c) Calcium (d) Aluminium.

2. Whatare protectives and adsorbants ? Describe the method
ofpreparation, properties, assay ofany compound used in
this regard.

3. Whatare antioxidants? Howdo theyact ? Give the methods
of preparation of sodium metabisulphite and sodium
thiosulphate. Explain the assay ofsodium metabisulphite.

4. What do you know of major intra and extracellular

·t
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electrolytes 1 Explain the method ofpreparation, properties,
assay and uses of sodium chloride.

5. Describe the various sources of impurities in a
pharmaceutical substance. Enumerate the various factors
taken intoconsiderationwhile fixing the limits ofimpurities.

6. What are antacids 1. Explain the preparation, properties,
assay and uses of a compound of calcium used as an
antacid.

7. What are the various official compounds and preparations
ofiodine 1 Describe povidone iodine, ammoniated mercury
and chlorinated lime.

PHARM. CHEMISTRY-I (PART-A), 1994

1. Discuss method of preparation and uses of the following
(any three).
(a) Chlorinated lime (b) Ammonium chloride
(c) Calcium gIuconate (d) Hydrogen peroxide

2. (a) Describe the procedure and theory involved in carrying
out the limit test for lead.

(b) Give an account of radiopharmaceuticals.
3. Describe the procedure employed in the official assays of

the following substances. Discuss chemistry involved in
each' care.
(a) Magnesium sulphate (b) Sodiu~ chloride
(c) Hydrogen peroxide (d) Zinc sulphate

B. PHARM.ISTYEAR (PART A), 1992

1. (a) What is a limit test 1 What is their importance in
Pharmacy1 Enumeratthe factors responsible forcausing
impurities in pharmaceutical substances.

(b) Describe the procedure and chemistry of the limit test
of heavy metals as given in the I.P.

2. Explain the assay mJthod alongwith thechemistry involved
in the following pharmaceuticals :
(i) Copper sulphate (il) Antimony potassium tartarate .

(iii) Chlorinated lime (iv) Boric acid

3. Describe givingchemical reactions thevarious steps involved
in the methods of preparations of the following :
(1) Potassiumpermanganate (li) Ironandammoniumcitrate

(ill) Hydrogen peroxide (iv) Potassium iodide
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UNIVERSITY OF BOMBAY, BOMBAY

B. PHARM. 2ND YEAR, NOVEMBER 1994

1. (a) Discuss the limit test in which following reagents are
used.
(i) Dithiazone

(ii) Thioglycollic acid
(b) Mention the reagent used in sulphate limit test. Give

the composition ofthe reagent and explain the function
of each ingredient in it.

(c) Give the significance of "Ash Value" and "Moisture
Content" in pharmaceuticals giving suitable examples.

2. (a) Outline the significance ofPotassium ions in the body.
Write a short account of the monograph of any two
official compounds of potassium.

(b) Describe the mechanism of action of inorganic
antimicrobials. Explain atleast two examples of the
compounds used as antimicrobials.

(c) Explain the following terms giving suitable examples:
(i) Emetic (il) Expectorant (iii) Antidote (iv) Cathartic (v)
Antacid.

3. Give the assay methods for the following compounds :
(a) Bleaching powder (b) Hydrogen peroxide (c) Mercuric
oxide.

4. (a) Give a brief account of Radiation Therapy.
(b) Explain Isotopes of Iron Salts.

(c) Discuss Gasometric methods of analysis.

5. Explain the following:
(a) Beryllium resembles Aluminium in many respects.
(b) Transition elements exhibit variable oxidation states.
(c) Oxygen molecule is paramagnetic.

6. Write short notes on any two of the following:
(a) Pharmaceutical aids (b) Mohr's method (c) Water for
injection.

MAY 1994

1. (a) Discuss the contamination in pharmaceutical products.
(b) Suggest some modifications for lead limit test.
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(c) Explain the role ofthe following tests in pharmaceutical
compounds:
(i) Sterility test (ii) LOD (iii) Test for pyrogens.

2. (a) Discuss the physiological role ofcopper in human body.
Describe the official compounds of copper.

(b) Define Allotropy. Give the allotropic modifications of
sulphur and outline the properties and uses of
precipitated sulphur.

(c) Briefly describe protectives and adsorbents.

3. Give the assay methods for the following compounds
(a) Zinc oxide (b) Ammonium chloride (c) Titanium dioxide

4. (a) Explain the terms "Exposure dose". and "absorbed
dose" of radiation. Define Rad. REM and RBE.

(b) Discuss tile assay of oxygen and carbon dioxide.
(c) Briefly describe water as universal vehicle.

5. (a) Give reasons for the following
(i) Electron affinity of fluorine is less than that of

chlorine.
(ti) The electronegativity ofelements in a group shows

a decreasing trend.
(b) Explain the main features of long form ofperiodic table
(c) Give a short account of a-and ~-radiations.

6. Write short notes on any two of the following:
(a) Antidotes (b) Expectorants and Emetics (c) Saline
cathartics.

MAHARSHI DAYANAND UNIVERSITY, ROHTAK

DIPLOMA IN PHARMACY (IIA) EXAMINATION, 1994

1. Describe briefly the 'Radio Pharmaceutical Aids'. How are
they stored? Comment on sodium iodide (131 I) and ferric
chloride (59 Fe) solutions.

2. Discuss one each method of preparation. test for purity.
storage conditions and pharmaceutical uses ofanyfour of
the folloWing :
(a) Sodium oxalate (b) Boric acid (c) Ammoniated mercury
(d) Sodium bicarbonate (e) Antimony potassium tartrate.
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3. Explain any three of the following :

(a) What are different sources of the impurities in
phannaceutical substances?

(b) What are different tests which may be run to ascertian
the pwity of a substance?

(c) Describe the underlying principle and method for the
limit test of lead in pharmaceutical substances.

(d) Describe the limit test of chloride in a sample of zinc
sulphate.

4. Explain the assay method alongwith the chemistry involved
in anyJour of the following pharmaceuticals :
(a) Copper sulphate (b) Chlorinated lime (c) Hydrogen

peroxide (d) Potassium permanganate (e) Bismuth
oxychloride.

5. Explain why (anyflve) of the following:
(a) Glycerine is added in the assay of boric acid
(b) Potassium thiocynate is not added too early in the assay

of copper sulphate
(c) Thioglycollic acid solution is added to the ammonical

solution of ferrous sulphate in the limit test of iron.
(d) Aqueous solution of calcium gluconate is treated with

ferric chloride solution
(e) Hel and H

2
S gas is passed to potassium permanganate

solution
(1) Burnt sugar solution is added in the limit test of 'lead'?

6. Descibe withchemical equations (where necessary) and the
uses of anyjive of the following :
(a) Potassium iodine in the limit test of arsenic.
(b) Trace amounts of potassium sulphate and alcohol in

preparationofbariumsulphate reagent for the limit test
of sulphate.

(c) Hydrochloric acid in the limit test of sulphate ions.
(d) Brominated hydrochloric acid 'AST' in the limit test of

Arsenic.
(e) Standard ammonium thiocyanate solution in the assay

of yellow mercuric oxide.
(f) Mordant black mixture in the assay of calcium

gluconate
(g) Potassium iodide in the assay ofammoniated mercury
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7. Discuss different sources of common impurities in
pharmaceutical compounds. Explain how will you detect
the presence of the following impurities (anyflve) :

(a) Bromates in sodium bromide (b) Chlorides in sodium
bromide (c) Carbon dioxide in oxygen (d) Calcium and
magnesium in sodium phosphate (e) Copper in ammonium
chloride (f) Phosphate ~ barium sulphate (g) Oxidizable
substances in purified water (h) Mercurous chloride in
mercuric chloride.

8. What do you know about:
(a) Buffer solutions (b) Indicators used on assay methods
(c) Bismuth oxychloride (d) Modified Volhard's method?

DIPLOMA IN PHARMACY (II-A) SUPPL. EXAMINATION, 1994

1. Describe givingchemical reactions the various steps involved
in the methods ofpreparatlons and pharmaceutical uses of
the following :
(i) Potassium permanganate (ti) Hyddrogen peroxide

(tii) Potassium iodide (iv) Iodine

2. Explain thea~aymethod alongwith the chemistry involved
in the following pharmaceuticals :
(i) Copper sulphate (ti) Ammonium chloride

(ill) Magnesium sulphate (iv) Yellow mercuric oxide

3. Write explanatory description of the following (any three) :

(i) Radio pharmaceuticals (ii) Pharmaceutical aids
(iii) Assay of hydrogen peroxide (iv) Pharmacopoeial
monographs of drugs.

4. (i) Describe in detail the limit tests for iron, chloride and
sulphate in pharmaceutical substances.

(ii) Write the theory of Arsenic limit test and describe the
apparatus used for this test.

5. (i) How many official compounds of sodium are known to
'- you? Give the methods of preparations and official

procedures for the assay of sodium chloride.
(ii) Describe pharmaceutical uses ofchlorinated lime, zinc

sulphate and ammoniated mercury.
6. What happens when:

(i) Ammoniated mercury is treated with water and excess
of potassium iodide.
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(ill Zinc sulphate is treated with hydrochloric and
ammonium oxalate.

(iii) Ammonium hydroxide is added to a solution offerrous
sulphate in the presence of citric acid.

(iv) Ammonia passes over hot copper oxide.
(v) Silver compounds are exposed to light.

(vi) Boric acid is heated to lOOOC

7. (i) Give the test for absence ofmetallic borates and insoluble
impurities in a sample of calcium gluconate.

(iii) Enlist the compounds of zinc or calcium official in J.P.

8. (i) What is differeIlce between :
(a) Washing soda and Baking soda.
(b) Hydrochloric acid and Aqua regia.
(c) Iodine tincture and Lugors solution.

(ii) Explain the following statements:
(a) When one substance is oxidized, another substance

must be reduced.
(b) Sodium hydroxide is not used in the limit test of

lead.
(c) Methyl orange is a suitable indicator in the titration

of scxiium carbonate.
(d) Sublimed sulphur is especially used for the

preparation of ointment of sulphur.
(e) Barium sulphate reagent is recommmended in the

B.P. for the limit test of sulphates.

SECOND D. PHARMACY SUPPLEMENTARY EXAMINATION, 1993

1. Give a detailed account of the method the apparatus used
and the chemistry involved in the Limit Test for Arsenic by
Gutzeit's method.

2. Give one economical 111ethod of preparation, tests for
purity, storage conditions and uses of any Jour of the
following:

(a) Precipitated sulfur; (b) Hydrogen oxide; (c) Iodine;
(d) CWorinated lime; (e) Potassium bromide

3. Write short notes on the any two of the following:
(a) Sources of impurities in pharmaceutical compounds;

(b) ModifIed Volhard's method; (c)Assay ofCopper Sulphate.
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4. Write short notes on any two of the following :
(a) Monographofdrug; (b) Storageofradiopharmaceuticals;
(c) Pharmaceutical aids.

5. Give the basic principle involved in the assayofthe following
compounds:
(a) Boric acid; (b) Scxiium chloride; (c) Calcium chloride;
(d) Potassium pennanganate.

G. Explain with chemical equations (where necessary) why:
(i) Acetic acid is added in the assayofchlorinated lime.

(ti) Nitrobenzene is added in the assay of ammonium
chloride.

(ill) Glycerol is added in the assay of boric acid.
(iv) Ammonium chloride is added in the assay of zinc

oxide.
(v) Sodium potassium tartrate is added in the assay of

antimony potassium tartrate.
(vi) Potassium pennangnate is added in thE. the assay of

ferric ammonium citrate.
(vii) Citric acid is added in the limit test for Iron.

(viii) Cotton wool is soaked in dry lead acetate solution
before packing in the tube of Gutzelt's apparatus.

7. How would you detect the following impurities in the given
compounds?
(I) Phosphine in oxygen; (ti) Oxidisable matter in pw1fled
water; (tii) Aluminium, iron and matter insoluble in
hydrochloric acid in scxiium hydroxide; (iv) Bromate in
sodium bromide; (v) Copper, iron and zinc in sodium
sulphate; (vi) Sodium thiosulphate in sodium metabisulfite;
(vii) Phosphate in Bariumsulphate. (viii) Mercurous chloride
in amoniated mercury.

BOARD OF TECHNICAL EDUCATION, GOVERNMENT
OF NATIONAL CAPITAL TERRITORY OF DELHI

DIP. PHARM 1ST VERAS JAN/FEB-1995 (NS)

1. Write physical and chemical properties, medicinal and
pharmaceutical uses and storage conditions of any two of
the followings :
(a) Dicalcium phosphate (b) Sodium melabisulphate
(c) Sodium potassium Tartarate.
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2. (a) What are antioxidarlts ~~ What should be ideal
characteristics for air autooxidant to be used in
parenteral preparations ?

(b) Describe properties, storage and chemical
incompatabillty of anyone of the following:
(i) Hypophosphorous acid (11) Sodium nitrite

3. Enlist the officialcompounds ofiron withchemicalformulae.
Discuss the role ofIronin metabolism. Discuss the properties
and medicinal uses ofFerrous Fumerate and Iron Dextron
injection.

4. Write properties, medicinal uses and official preparations
of any two of the followings :

5. What do you understand by the terms 'Purity', 'limit test',
'Test for pUrity' and 'Assay'. Discuss the principle and
procedure involved in limit test of Iron.

6. Write notes on any two of the following:
(a) Isotonicity. (b) Buffer solutions and their importance in

Phannacy. (c) Oral rehydration powder andJustification
of ingredients added.

7. What are radioactive substances ? How radioactive
substances are useful. Discuss the problems associated
with handling ofradioactive substances ofphannaceutical
interest. Write a brief note on two pharmaceutically
important isotopes used in medicinal practice.

8. Complete the following :
(i) The pH of a 3.43 x ION solution of hydrochloric

acid---
(ti) MagneSium sulphate is used orally as a and

parenterally as an---
(iii) Potassium Permang~nate is heated to 240°C, it

decomposes to leaving and---
(iv) The chemical composition of Ammoniated mercury is

---and is soluble in---
(v) Antimony Potassium tartarate is a drug ofchoice in the

treatment of---
(vi) The mechanism of action of inorganic antimicrobial

agents can be divided into three general categories
--- ---and---

(vii) Calcium zons abrorptlon and distribution is controlled
by and harmones.

(Viii) The preferred antidote for cyanide poisoning is---



Examination Question Papers 299

AUGUST 1094 (NS)

1. Explain with chemical equation distinguish between
(a) Carbonates and Bicarbonates (b) Nitrites and Nitrates
(c) SulphitesandSulphides(d)Sulp~teand Thiosulphate.

2. Explain giving examples, what are acids and bases in the
light of Arrhenitus Bronsted Lowry and Lewis concepts ?

3. Name the any inorganic respiratory stimulants you have
studied. Explain the met.'lod ofpreparation propetites and
assay of anyone of them.

4. Describe the methods ofpreparation, properties, assay and
uses of anyone inorganic astringent you know.

5. Explain the methods to obtain iodine from sea weeds and
Chile salt petre, How it is stored? How is it assayed? What
are its uses ? Give list of various preparations of iodine.

6. Explain the characteristics ofalpha particles, beta particles
and gamma radiations. How are the various radiophar­
maceuticals stored ? Describe what you know of a radio­
opaque contrast media of barium.

7. What are the various classes of gastro-intestinal agents ?
Name the inorganic compounds belonging to each class.
Write what you know about bismuth sub-carbonate.

JANUARY/FEBRUARY-1995 (OS)

I. What Is the importance of various purity tests in
Pharmaceuticals? Discuss the basic principle involved in
any two of the limit tests.

2. What are radiopharmaceuticals ? Illustrate your answer
with examples. Describe various radiophannaceuticals
used for diagnostic purposes.

3. Write down the theoretical background for the following
assays:
(a) Sodium oxalate (b) Copper sulphate (c) Ammonium
chloride (d) Iodine

4. Describe the method of preparation and uses in detail for
the followings :
(a) Sodium Chloride (b) Hydrogen Peroxide (c) Potassium
Iodide

5. Discuss the phannaceuticc-ll uses, storage conditions and
pharmaceutical fonnulations ofthe following compounds:
(a) Boric acid (b) IodiIle (e) Magnesium trisilicate
(d) Potassium pennanganate.
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6. Describe the method of preparation and assay procedure
for the followings :

(a) Ammoniated mercury (b) Calciumgluconate (c) Ferrous
sulphate.

7. Write notes on the followings :

(a) Inorganic pharmaceutical aids.

(b) Inorganic compounds as astringents and protectives.

AUGUST, 1994 (OS)

1. Write the method of preparation of sodium bicarbonate.
Describe its pharmaceutical formulations and detailed
uses.

2. Write the basic principle of the assay of the following
compounds with chemical reactions :
(i) Ammonium chloride (ti) Ferrous sulphate

(iii) Magnesium sulphate (iv) Boric acid

3. What is the importance ofptlrity in pharmaceuticals? What
are the various sources of impurities in pharmaceuticals ?
How will you perform the quantitative test for lead as per
I.P.?

4. Write the storage conditions withjustlficationand medicinal
uses of the followings :

(i) Hydrogen peroxide solution I.P. (ill Chlorinated lime
(iii) Iodine (iv) Potassium iodide

5. Write notes on the following:

(i) Radiopharmaceuticals as diagnostic agents
(ii) Pharmaceutical aids.

6. Write the name ofthe indicator and its colour change at tIle
- end point in the assay of the following compounds :

(i) Ammoniated mercury (ii) Iodine (iii) Sodium chloride
(iv) CWorinated lime (v) Sodium oxalate (vi) Zinc sulphate
(vii) Bismuth oxychloride (viii) Yellow mercuric oxide

7. Describe the method of preparation, assay procedure
and pharmaceutical uses ofany one of the official calcium
salts.

8. Write the method ofpreparation, properties, test for purity,
assay procedure, storage conditions and pharmaceutical
cses of Antimony Potassiunl Tartrate.
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BOARD OF TECHNICAL EDUCATION,
HARYANA ·(CHANDIGARH)

DIP. PHARM.ISTYEAR, SEPT. 19M

1. Mention different types of impurities found in phanna­
ceuticals. Discuss the importance of quality control and
various methods used to control the quality of drugs and
phannaceuticals.

2. Defme and explain 'Limit test' and 'Test for purity'. Give the
importance oflimit test inpharmacy. Describe the principle
and procedure for the limit test for 'Iron' and 'Chloride'.

3. Give strronge conditions and uses of any eight of the
following:
(i) Oxygen (li) Sodium metabisulJJhite (iii) Silver nitrate (iv)
Ammoniated mercury (\,) Magnesium trisillicate (vi) Titanium
dioxide (vii) Zine sulphate (viii) Iodine (ix) Potassium
pennanganate (x) Sodium nitrate

4. Define and explain 'Radiopharmaceuticals.' Discuss in
detail about the application of radioisotopes in pharmacy,
their storage conditions and precautions during handling.

5. (a) Explain why:

(i) Black stain results when silver nitrate comes in
contact with tIle skin.

(li) Calcium carbonate is soluble in water containing
carbon dioxide.

(iii) Antimony compounds are treated with NaOH before
the limit test for Lead.

(iv) Citric acid is added in the limit test for 'Iron'.

(b) Give the general properties and uses ofany Four of the
folloWing :
(i) Alum (ii) Hydrogen peroxide (iii) Sodium citrate
(iv) Antimony potassium tartrate (v) Magnesium oxide

6. Give physical, chemical properties, medicinal and
pharmaceutical uses and storage conditions of any Two
inorganic official compounds of calcium.

7. Write short notes on any Three of the following :
(ilMeasurementofradioactivity(il)I.P. Limit test for sulphate.
(ill) Expectorants and Emetics (iv) Antacids.
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8. (a) Give the identification tests for Calcium, Aluminillm,
Sodium and Chloride.

(b) Calculate the amountofsalt necessary to make a solution
that contains 153 m eq/litre each ofNa" and CI-.

MAY 1994

1. What are the common types of impurities fOtlnd in
pharmaceutical compounds. What is the basis for flXing a
limit test for these iInpurities in the phannacopoeia. Discuss
various methods to control the quality of pharIIlaceutical
products.

2. What do you understand by the term "Limit test". Give
significance of limit test for Iron and Lead.

3. Write short notes on the following:

(i) Scintillation Counter (ii) Geiger Mliller Counter
(iii) Storage ofradio pharmaceuticals (iv) Precautionduring
handling of pharmaceutical

4. Elilist the official compounds ofcalciumwith their formlilae.
Give the properties, uses and storage conditions ofCalcillm
gluconate and calcium carbonate.

5. Complete and balance the following:
(i) KOH + 1

2
--.

(ii) MgC0
3

+ H
2
50

4
--.

(iii) HgC~ + NaOH--.
(Iv) CH

3
COOH + KHC0

3
----.

(v) KNaC
4
H

4
0

6
+ CH

3
COOH----.

(vi) Na
2
C0

3
+ H

3
C

6
Hs0

7
----.

(Vii) ZnS0
4

+ Na
2
C0

3
----.

(viii) ~(SO4)3 + ~SO4 + H20~

6. Write the physical and chemical properties, storage and
pharmaceutical uses of the following:

(i) Boric acid (ii) Potassium permanganate (iii) Iodine
(iv) Magnesium oxide

7. Give storage conditions and uses of any eight of the
following:
1. Calcium hydroxide 2. Sodium bisulphite
3. Sodium nitrite· 4. Aluminium phosphate
5. Kaolin 6. Magnesium sulphate
7. Mercury 8. Talc
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8. Write short notes on any two of the following :
(i) Limit test for 'sulphate' (il) Limit test for Heavy metals
(iii) Antioxidants

JULY 1993

1. With suitable examples, discuss sources of impurities in
Pharmaceutical chemicals.

2. Explain briefly the principle underlying arsenic limit test.
Or

Explain how the limit test for heavy metals differ from limit
test for lead.

3. Give the method of preparation and uses ofany four of the
following:
(i) Sodium benzoate (ii) Ferric ammonium citrate
(iii) Precipitated sulphur (iv) Potassium iodide (v) Calcium
phospate·(Diabasic).

4. Describe the properties, uses and principle ofassay ofany
two of the following :
(i) Calcium gIuconate (ii) Bismuth oxychloride
(iii) Chlorinated lime.

5. What are Radiopharmaceutlcals ? Describe Ferric citrate
(59 Fe) injection and Sodium Phosphate (32 P) injection.

6. Write an essay on the application of Pharmaceutical aids
and discuss Zinc oxide and Bentonite.

7. (a) How the following compounds are stored? Explain
reasons of their specific storage conditions.
(i) Ammoniated mercury (ii) Antimony potassium
tartarate (ill) Hydrogen peroxide (iv) Sodium iodide (1311)

solution.
(b) Write the I.P. preparations as uses of the following:

(1) Heavy Kaolin (ii) Mercuric oxide (ill) Potassium iodide
(1v) Zinc sulphate.

8. (a) Comment on the use of :
(i) Citric acid and ammonia solution in the limit test of

iron.
(il) Small, traces of potassium sulphate and alcohol in

preparation ofBarium sulphate reagent of the limit
test of of sulphate.

(ill) Acetic acid in the assay of copper sulphate.
(Iv) Nitrobenzene in the assay of Ammonium chloride.
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(b) Give the assay procedure with reactions of boric acid
and ferrous sulphate.

JULY·1992

1. Enlist different official compounds of sodium. Describe
sodiurn bicarbonate in detail giving methods ofpreparation,
test for purity, assay procedure, uses and different
pharmaceutical preparations.

2. Describe the pharmaceutical preparations and uses for the
following:
(a) Iodine, (b) Sodium chloride, (c) Calcium glueonate
(d) Boric acid.

3. (a) Write down important tests for purity for calcium
gluconate and sodium benzoate.

(b) How will you perform the limit test for chloride in a
sample of sodium bromide.

4. (a) Write a note on impurities in phannacueticals and their
control.

(b) Describe dithizone test for lead.
5. Write the basic principle for the assay of :

(a) Potassium permanganate. (b) Sodium chloride.
(e) Magnesium sulphate. (d) Ammoniated mercury.

6. Write down the methods ofpreparation, storage conditions
and uses of the following :
(a) Calcium gluconate. (b) Ammoniated mercury (c)
Chlorinated lime. (d) Forrous sulphate.

7. What are radiopharmaceutical? Describe the importance
of different radiopharmaceuticals in phannacy.

8. (a) Describe the assay procedure of the following:
(i) Copper sulphate. (ii) Iodine.

(b) Write down the method ofpreparationand properties of
(i) Boric acid. (il) Zinc oxide.

BOARD OF EXAMINING AUTHORITY,
GOVERNMENT OF KARNATAKA

FINAL YEAR D. PHARM. EXAMINATJON, NOVEMBER 1994
(REVISED REGULATION)

1. Define the term 'Limit test' and 'Test for Purity-.
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2. Write the principle involved in Iron limit test.

3. Give reasons for the following :
(a) Nitric acid is used in chloride limit test.
(b) Ammonia is used in Iron limit test.

4. Name one inorganic compound used for eachofthe following
purpose.
(a) Cathartic (b) Hypnotic and sedative (c) Emetic (d)

I Diuretic

5. Name any two inorganic medicinally important compounds
each of Calciums and Magnisium.

6. Write the synonyms and uses of the following:
(a) Weak Iodine solution (b) Borax (c) Sodium bicarbonat~

(d) Potassium Antimony tartrate

7. Mention the specific medicinal use of tile following:
(a) Yellow mercuric oxide (b) Bentonite (c) Sodium
metabisulphite (d) Precipitated sulphur

8. Write the principle involved in Sulphate limit test.

9. Give balanced equations for the follOWing and name the
reactants and products.

(a) 12 + Na2 S203

(b) NH
4
SCN + Ag N0

3

10. Mention the medicinal uses of the follo'ving :
(a) Kaolin (b) Sodium chloride (c) Calcium Gluconate (d)
Hydrogen peroxide

11. Give reasons for the following :
(a) CWorinated lime should be stored in well-closed

containers.
(b) Stannous chloride is used in Arsenic limit test.

12. What happens when the following are made to react. Write
the balanced equation.
(a) Copper sulphate solution is treated with Potassium

Iodide.
(b) Boric acid is dissolved in the mixture of water and

glycerin.

13. Write the Stability and Storage conditions of the following:
(a) Hydrogen peroxide (b) Ferrous sulphate

14. Discuss the principle involved in the I.P. method of Assay
of the following compounds.
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(a) Chlorinated lime (b)Yellowmercuric oxide (c) Ammonium
Chloride (d) Magnisium sulphate

Or

Write short notes on any two of the following :
(a) Essential features of monograph ofI.P. (b) Sources of

Impurity (c) Pharmaceutical Aids

15. Discuss the principle, procedure and apparatus used for
I.P. limit test of Arsenic.

16. Write the method of preparation, use and storage for the
following:
(a) Iodine (b) Ammoniated mercmy (c) Zinc oxide

17. How are the following tests carried out:
(a) Iodate in Potassium Iodide
(b) Chloride in Potassium pennanganate
(c) Acid consuming capacity of Aluminium hydroxide gel
(d) Cyanogen in Iodine

MAY 1993 (OLD SCHEME)

1. Derme and classify limit tests with example. Mention the
factors affecting limit tests.

2. Give the chemical composition and uses of:
(i) Epsomsalt (il) Kaolin (iii) Bleaching powder (iv) Bentonite

3. Give stability. storage conditions and uses of:
(1) H

2
0

2
(ii) Caustic Soda (iii) Green Vitriole (iv) Ferric

ammonium Citrate
4. Name two deliquescent and eIDorescent and two light

sensitive and two oxygen sensitive inorganic medicinal
agents.

5. Name three Inorganic pharmaceuticals assayed by
Gravimetry with their uses.

6. Give th~ composition and functions of barium sulphate
reagents in sulphate limit test.

7. Give the uses of following in the limit tests.

8. (a) Why SNH
2
S0

4
is added in Hydrogen peroxide assay?

(bJ Whystarch indicator is added at the near ofend point?
(c) NH

2
S0

4
in H

2
0

2
Assay.

9. Give the balanced Equations :
10. (a) Mention the difference between Iodimetryand Iodometry.
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(b) Give two examples of pharmaceutical inorganic
compounds assayed by iodimetry with their uses.

11. Give the sources of impurities in pharmacopoeia
compounds.

12. Name an inorganic agent used as :
(1) Germicide (il) Diuretic (ill) Astringent (iv) Buffer

13. Give the chemistry of assay of ferrous sulphate by I.P. 85.
14. Discuss the principles involved in the assay of following

(1) Calcium Gluconate (il) Bleachingpowder (ill)Ammoniated
Mercury (Iv) Boric acid

Or

Discribe Arsenic Limit Test:

15. Give the principle and procedure for:
(1) Iron limit test. (il) Lead limit test IP.

16. Outline the assay procedures for the following:
(1) Sodiumsulphate (il) CopperSulphate (iii) Sodium Choride
Inj. (iv) Yellow Mercuric Oxide.

17. Write short notes on any two.
(i) Radio Pharmaceuticals. (ii) Pharmaceutical Aids.
(ill) Monographs in pharmacopoeia.

NOVEMBER 1992 (O.S)

1. Classify the impurities in pharmacutlcals and write a note
on how the limit of tolerance is fixed.

2. Write the principle involved in Arsenic Limit test.
3. Describe the uses of the following in the limit tests.

(a) Lead Acetate cotton wool. (b) 20% w Iv solution of citric
acid.

4. How sulphate limit test is performed in potassium
permanganate.

5. Write the chemical formula, and uses of the following.
(a) Caustic soda (b) Common salt (c) Tartar emetic (d) Green
vitreol

6. Name any two medicinally important compounds each of
Mercury and Iron. Mention their uses.

7. Give balanced equations. Name reactants and products
formed in the following :
(a) ~S04 + BaC1

2
(b) KMn04 + H 2S04 + H 20 2
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8. Name one Inorganic compound used for each ofthe following
purpose.
(a) Astringent (b) Expectorant (c) Analgesic (d) Local
Antibacterial

9. Write a brief note on, give its llses also:

(a) Bentonite (b) Sod. Phosphate (32P)

10. Write on the stabilityand storage conditions ofthe following:

(a) Chlorinated lime (b) Ferrous sulphate

11. Write the chemical composition and pharmaceutical uses
of
(a) Blea~hingpowder (b) Precipitated sulphtlr (c) Ammonium
citrate (d) Iodine.

12. Draw a neat labelIe1diagram ofArsenic Limit test apparatus.
13. Give reasons for the following:

(a) Hydrogen perOXide is stored in dark coloured bottles.

(b) Ammonia is used in the iron limit test.
14. Discuss the principle involved in the assay of the following

compounds. (Any three) :
(a) Copper sulpl"late (b) Calcium gluconate (c) Boric Acid (d)
BislTIuth oxy-chloride

Or
Write short notes on any two of the following:

(a) Sources of impurities in pharmaceuticals.
(b) Pharmaceutical aids. (c) Radiopharmaceuticals.

15. Discuss the principle and a briefprocedure ofthe limit test for
(a) Heavy metals and (b) Lead as given in I.P.

16. Describe the general properties, stability, storage conditions,
uses and pharmaceutical preparations of any two of the
following medicinal agents.
(a) Sodium Bicarbonate (b) Potassium Iodide (c) Hydrogen
perOXide

17. Outline the method of assaying the following compounds.
(Attempt any three) :

(a) Yellow merCllric oxide (b) Zinc sulphate (c) CWorinated
lime (d) Sodium oxalate

FINAL D. PHARM EXAMINATION, OCTOBER 1990

1. Describe the principle, general procedure and appartus for
Arsenic limit test I-P.
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2. (a) How the following tests for pUrity are carried out?

(i) Sulphate in potassium permanganate
(ii) Acid consuming capacity of Aluminium Hydroxide

gel
(iii) Chloride in sodium benzoate

(b) Write a note on sources ofimpurities in pharmaceutical
compounds.

3. Give reasons for Seven/Eight of the following:

(i) Glycerol is used in Boric acid assay.

(ii) Nitric acid is used in Chloride limit test.

(iii) Hydrogen perOXide should be stored in a well closed
container.

(iv) Lead acetate cotton is used in Arsenic limit test.

(v) In Volhard's method of assay, nitrobenzene is used.

(vi) Yellow mercuric oxide is prepared by precipitation
method.

(vii) In the assay ofpotasium Iodide, starch is added at the
end point.

(viii) Iodine solution is prepared uSlllg Potasium Iodide.

4. Discuss the principle involved in the assay ofanyfour ofthe
following:
(i) Bleaching powder (ii) Copper Sulphate (ill) Calcium
Gillconate (iv) MagneSium Sulphate (v) Ammonium Chloride
(vi) Iodine

5. Describe the preparation, storage conditionand uses ofany
four of the following :

(i) Iodine (ii) Copper Sulphate (iii) Ferrous Sulphate
(iv) Boric acid (v) Silver Nitrate

6. Give Chemical balanced equations for Seven/Eight the
following:
(i) Barium Peroxide + Slliphuric acid

(ii) Ferrous Sulphate + Thioglycollic acid

riii) Sodium Chloride + Silver Nitrate

(iv) Bleaching Powder + Acetic Acid

(v) Lead Nitrate + Hydrogen Sulphide
(vi) Potassium Iodide + Bromine

(vii) Mercuric Cl'lloride + Sodium Hydroxide
(viii) Ammoniated Mercury + Potassium iodide + ,Water
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7. (a) Name two Inorganic Compounds used for each of the
following. Give their Chemical formula.
(i) Antacids (il) Antiseptics (iii) Emetic (tv) Preservatives
(v) Sedatives

(b) Write briefly a note on Radiopharmaceuticals.

FINAL D. PHARM EXAMINATION, APRIL 1990

1. Describe the principle, general procedure, use of various
reagents and apparatus ofl.P. limit test for Arsenic impurity
in pharmaceuticals.

2. Write a note on the following.
(a) Sources and Types of impurities in pharmaceuticals.
(b) Principles involved in chloride and heavy metal limit

tests.
3. Discuss tIle principle involved in the assay of the following

compounds.
(a) Copper sulphate (b) Calci\lm Gluconate (c) Ammoniated
Mercury (d) Ammonium chloride

4. Write a brief note on the following:
(a) Typical pharmacopoeial Monograph (b) Radio
pharmaceuticals (c) Pharmaceutical Aids

5. Write a note on stability and storage conditions of the
following compounds.
(a) Sodium Hydroxide (b) Sodium chloride (c) Iron and
ammonium citrate (d) Chlorinated Lime (e) Iodine (f) Sodium
Iodide 1131 solution (g) Bentonite (h) Hydrogen peroxide
solution

6. Write the chemical formula, important general properties
(one each) and the specific use ofthe following compounds.
(a) Sodium Benzoate (b) PrecipitatedSulphur (c) Magnesium
sulphate (d) Sodium Bicarbonate (e) Yellow Mercuric oxide
(f)Antimony potassium Tartarate (g) Purified Tale (h) Ferrous
Sulphate.

7. (a) Give reasons for the following:
1. Use of HCI in sulphate limit test.
2. Use of Barium Sulphate reagent in sulphate Limit

Test.
3. Thioglycolllc Acid is used in Iron Limit Test.
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(b) Complete and balance the following equations. (Write
chemical formula, name the products and, reactants
wherever necessaty).
1. HgO + HN03

2. Sod. chloride + Silver Nitrate
3. Sod. Sulphate + Barium Chloride
4. Pot. PerInangnate + Sulphuric Acid + Hydrogen

peroxide

FINAL D. PHARM.~XAMINATION. APRIL 1991

1. Define limit te'sts. Why limit tests are performed for
pharmaceutical substances? How liInit tests are carried
out in general? .

2. What are the sources of impurities in Phannaceutical
substances? Explain with examples.

3. What are "tests for purity" ? Enumerate different tests for
purity carried out for Pharmaceutical Substances.

4. What is a "Monograph" ? Mention the essential features of
a Monograph.

5. What are "Radio Pharmaceuticals" ? What are their uses?
Give two examples for Radiophannaceuticals with their
specific uses.

6. What is an "Assay" ? Mention different types of reacUons
involved in titrimetric methods of assay giving their uses.

8. Give the stability and storage conditions for
(a) Hydrogen Peroxide and (b) Ferrous sulphate-

9. Give reasons for the use of
(a) Potassium iodide and
(b) Potassium thiocyanate in the assay ofcopper sulphate.

10. Give the reasons for using
(a) Iron-free citric acid and
(b) Iron-free ammonia solution in the limit test for Iron.

11. Mention the uses of
(a) Sodium bellzoate (b) Potassium permanganate
(c) Precipitated Sulphur (d) Zinc Oxide

12. Mention the Pharmacopoeial preparations of the following
compounds.
(a) Sodium Chloride (b) Cal~ium gluconate (c) Heavy Kaolin
(d) Yellow mercuric oxide

13. Why glycerol is used in the assay of Boric acid? Whatelse
can be used instead of Glycerol for the same purpose?
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14. Give the principles and official procedures for the limit tests
for
(a) Chlorides and (b) Sulphates

15. Explain the chemical principles involved in the assays of
(a) Magnesium Sulphate (b) Ferrous Sulphate (c) Hydrogen
peroxide (d) Chlorinated lime.

16. Give the procedures for the following assays:
(a) Sodium bicarbonate (b) Ammoniated Mercury
(c) Chlorinated lime (d) Ammonium Chloride (e) Antimony
potassium tartrate.

17. Give the principles and procedures for the limit tests for
(a) Lead and (b) Heavy metals

18. Give the Principles and procedures for the assays of
I (a) Yellow mercuric oxide (b) Bismuth oxychloride and

(c) Iodine.
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Silicone polymers 88
Silver nitrate 122
Sodablcarb 70
Sodium 167
Sodium acetate 180
Sodium bicarbonate 70
Sodium bicarbonate Injection 184
Socllum bisulphite 42
Sodium chloride 169
Sodium chloride and dextrose injection

174
Sodium chloride hypertonic injection 173
Sodium chloride Injection 172
SocUum citrate 182
SocUum fluol1de 136
Sodium hydroxide 27
Sodium lactate Injection I 75
Sodium metaphosphate 138
Sodium metasulphlte 44
Sodium nitrtte 51, 164
Sodium potassium tartrate 82
Sodium thiosulphate 46
Solutions of Iodine III
Sources of impurities 236
Standard buffer solutions 33
Stannous fluoride 139
Strong ammonia solution 23
Strong Iodine solu tion 111
Strong sUver protein 124
S tronUum chloride 140
Sublimed sulphur 132
Sulphur 129

Sulphur dioxide 39
Talc 89
Titanium clloxide 9 1
Topical agents 84
Tribasic calcium phosphate 197

Water content 279
Water-soluble extractive 276
Weak iodine solution 111

Yellow mercuric oxide 1 18

Zinc chlolide 140
Zinc oxide 93
Zinc stearate 95
Zinc sulphate 128
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