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UNIT-I 

 

History of Pharmacopoeia 

Introduction  

Pharmacopoeia: the word derives from the ancient Greek φαρμακοποιΐα (pharmakopoiia), from 

φαρμακο- (pharmako-) ″drug″, followed by the verb-stem ποι- (poi-) ″make″ and finally the abstract 

noun ending -ια (-ia). These three elements together can be rendered as ″drug-mak-ing″ or ″to make a 

drug″.  

A pharmacopoeia, pharmacopeia, or pharmacopoea, in its modern sense, is a legally binding 

collection, prepared by a national or regional authority, of standards and quality specifications for 

medicines used in that country or region. A quality specification is composed of a set of appropriate 

tests that will confirm the identity and purity of the product, ascertain the strength (or amount) of the 

active substance and, when needed, its performance characteristics. Reference substances, i.e. highly-

characterized, physical specimens, are used in testing to help ensure the quality, such as identity, 

strength and purity, of medicines. The texts cover pharmaceutical starting materials, excipients, 

intermediates and finished pharmaceutical products (FPPs). General requirements may also be given in 

the pharmacopoeia on important subjects related to medicines quality, such as analytical methods, 

microbiological purity, dissolution testing, stability, etc. 

The role of a modern pharmacopoeia is to furnish quality specifications for active pharmaceutical 

ingredients (APIs), FPPs and general requirements, e.g. for dosage forms. The existence of such 

specifications and requirements is necessary for the proper functioning or regulatory control of 

medicines. Pharmacopoeial requirements form a base for establishing quality requirements for 

individual pharmaceutical preparations in their final form. According to the information available to 

the World Health Organization (WHO), 140 independent countries are at present employing some 30 

national as well as the African, European and International Pharmacopoeias. Compared to national and 

regional pharmacopoeias, The International Pharmacopoeia (Ph. Int.) is issued by WHO as a 
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recommendation with the aim to provide international standards – including less technically 

demanding alternatives where needed - for adoption by Member States and to help achieve a 

potentially global uniformity of quality specifications for selected pharmaceutical products, excipients 

and dosage forms.  

 

History and background  

Overwhelming empirical knowledge of mankind gained during centuries and constant effort to 

establish better health care possibilities have led to the creation of a list of origin, preparation and 

healing properties of medicines.  

The term Pharmacopoeia first appears as a distinct title in a work published in Basel, Switzerland in 

1561 by Dr A. Foes, but does not appear to have come into general use until the beginning of the 17th 

century. Today’s pharmacopoeias focus mainly on assurance of quality of products by various tools of 

analytical sciences.  

The aim to achieve a wide global harmonization of quality specifications for selected pharmaceutical 

products, excipients and dosage forms came with increased globalization and reciprocal collaboration. 

History of these approaches goes back to 1902–1925 when agreements established a ″Unified″ 

Pharmacopoeia. In 1929 the "Brussels Agreement" stipulated the League of Nations to carry out 

related administrative functions. Eight years later, in 1937, the first meeting of the ″Technical 

Commission of Pharmaceutical Experts″ was held. An important date in the history of quality 

assurance of medicines is 1948, when the First World Health Assembly (WHA) approved the Expert 

Committee on Unification of Pharmacopoeias to continue this work. One year later, the WHA 

renamed it the Expert Committee on International Pharmacopoeia. 

 

Indian Pharmacopoeia  

 First official IP was appeared in 1868 which was edited by Edward John Waring  

 In pre-independence days, BP was used in India  
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 The colonial addendum of BP 1898 was published in 1900 appeared as Government of India edition 

in 1901  

 In 1946 Government of India issued one list known as ‘The Indian Pharmacopoeial list’  

 Committee under chairmanship of Sir R. N. Chopra along with other 9 members prepared „The 

Indian Pharmacopeial list‟  

 It was prepared by Department of Health, Govt. of India, Delhi in 1946.  

 In 1948 Government of India appointed an IP committee for preparing „Pharmacopeia of India‟  

 Tenure of this committee was 05 years.  

 Indian Pharmacopeia committee under chairmanship of Dr. B. N. Ghosh Published first edition of 

IP in 1955  

 First edition of IP is written in English & official titles of monographs given in Latin.  

 It covers 986 monographs.  

 Supplement to this edition was published in 1960.  

2 nd edition of IP was published in 1966 under the chairmanship of Dr. B. Mukherjee  

 274 monographs from IP 55 & their supplement were deleted. 

 93 new monographs were added.  

 Official titles of monographs given in English  

 Dose were expressed in Metric system  

 For Tablets and Injections “USUAL STRENGTH” have been given.  

 Formulations of the drugs were given immediately after the monograph of drugs.   

 Supplement to this edition was published in 1975.  

 126 new monographs have been included & 250 monographs amended.  

 Cholera vaccine has been deleted.  

3 rd edition of IP was published in 1985 with 02 volumes & 09 appendices.  

 261 new monographs have been added.  

 450 monographs were deleted.   
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 Addendum I: Published in 1989, 46 new monographs added and 126 amended.  

 Addendum II: Published in 1991 were 62 new monographs added and 110 amended.  

4 th edition of IP was published in 1996 under the chairmanship of Dr. Nityanand.  

 It covered 1149 monographs and 123 appendices.  

 It includes 294 new monographs & 110 monographs have been deleted.   

Addendum I: Effective from 31st December 2000, 42 new monographs have been added.  

Addendum II: Effective from 30th June 2003, 19 new monographs have been added.  

The veterinary supplement of IP 1996 contains 208 monographs & 04 appendices.  

5 th edition of IP was published in 2007 & addendum to this edition was published in 2008.  

IP 2007 is presented in 03 Volumes.  

Volume 1: contains general notices & general chapters.   

 Volume 2 & 3: Contains general monographs on drug substances, dosage forms & Pharmaceutical 

aids.  

6 th edition of IP is published in 2010 by the Indian Pharmacopoeia Commission (IPC), 

Ghaziabad  

 This edition would be effective from 1 st September, 2010.  

 The Indian Pharmacopoeia 2010 is presented in 03 volumes.   

 Volume I: contains the Notices, Preface, the Structure of the IPC, Acknowledgements, Introduction, 

and the General Chapters.  

 Volume II: contains the General Notice, General Monographs on Dosage Forms and Monographs 

on drug substances, dosage forms and pharmaceutical aids (A to M).  

 Volume III: contains Monographs on drug substances, dosage forms and pharmaceutical aids (N to 

Z).   

 Monographs on vaccines and immunosera for human use, herbs and herbal products, blood and 

blood-related products, biotechnology products and veterinary products.  

 Products of biotechnology, indigenous herbs and herbal products, veterinary vaccines and additional 

antiretroviral drugs and formulations, fixed-dose combinations.  
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 Standards for new drugs and drugs used under national health programmes are added   

 Monographs of excipients, anticancer drugs, herbal products and antiretroviral drugs has been 

increased in this edition.  

 Monographs of vaccines and immunosera are also upgraded in view of development of latest 

technology in the field.  

 A new chapter on liposomal products and a monograph of liposomal Amphotericin B injection is an 

added advantage in view of latest technology adopted for drug delivery.  

 A chapter on NMR is incorporated in Appendices.  

 The chapter on microbial contamination is also updated to a great extent to harmonize with 

prevailing international requirements.   

7 th Edition of IP (2014)  

 313 New monographs on drug substances, dosage forms & pharmaceutical aids (A to Z)  

 43 New drugs substances monographs  

 10 Antibiotic monographs  

 31 Herbal monographs  

 05 Vaccines & immunosera for human use  

 06 Insulin products, 07 biotechnology products etc. along with the 19 new general chapters  

 19 New radiopharmaceutical monographs & 1 general chapter is first time being included in this 

edition   

8 th Edition of IP (2018)  

 04 Volumes  

 170 Chemical Monographs  

 15 herbal monograph  

 10 monograph on blood and related products  

 06 monographs on biotechnology derived products  

 02 monographs on vaccine and immune sera  
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 03 monographs of radiopharmaceuticals  

 14 monographs of veterinary nonbiologicals 

 

 

British Pharmacopoeia  

• First edition of BP was published in 1864 & consist of two sections  

• Part I: Materia Medica  

• Part II: Preparation & compounds  

• Second edition of BP was published in 1867  

• Third edition of BP was published in 1885  

• Fourth edition of BP was published in 1898  

• Fifth edition of BP was published in 1914  

• Eighth edition of BP was published in 1953:  

• Titles of drugs & preparations were in English instead of Latin and metric system.   

• It has been published annually.  

• In BP 2007 monographs has been introduced for material specifically used in preparation of 

Traditional Chinese Medicines.  

• Term „Prolonged release‟ has been replaced the term „Slow‟ and the term „Gastro-resistant‟ has 

been replaced with „Enteric coated‟ in number of monographs.  

• BP 2008 contains approximately 3100 monographs for substances, preparations and articles used in 

practice. • It has been made effective from 1 st January 2008.  

• BP 2007-2009 were given in 06 Volumes i.e. Vol. I to Vol. VI.   

• Volume I & II: Contains medicinal substances.  

• Volume III: Contains formulated preparations, blood related products, immunological products, 

radiopharmaceutical preparations, surgical materials & homoeopathic preparations.  

• Volume IV: Contains supplementary chapters, IR spectra etc.  

• Volume V: Contains veterinary products  

• Volume VI: Contains CD ROM version.   
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BP 2010 

The Stationery Office, on behalf of BP Secretariat, part of the Medicines and Healthcare products 

Regulatory Agency (MHRA), has recently published the BP, 2010.  

 BP is the official collection of standards for UK medicinal products and pharmaceutical substances.  

 Published annually, the BP contains monographs for pharmaceutical substances, formulated 

preparations and other articles used in the practice of medicine.  

 The standards in the BP 2010 are legally effective in the UK from 1 January 2010.  

• BP has been providing authoritative, official standards for pharmaceutical substances and medicinal 

products since 1864.  

• It is used in almost 100 countries worldwide and remains an essential reference for any individual or 

organization working within pharmaceutical research and development, manufacturing and testing 

across the globe.  

• BP 2010 has 40 monographs for formulated preparations, including veterinary medicines and 

additional standards for widely used unlicensed formulations.   

 All European Pharmacopoeia 6th edition material upto and including Supplement 6.5 is integrated 

into the text of the BP 2010.  

 BP supports regulatory work in the fields of herbal and complementary medicines by providing 

additional new and revised monographs for herbal medicinal products and for homeopathic stocks and 

mother tinctures.  Print edition of BP 2010 comprises 4 volumes of BP 2010 and a single volume of 

BP (Veterinary) 2010. 27  

The BP 2013 package includes:  

 06 volume printed edition including the BP (Veterinary) 2013  

 41 new BP monographs  

 40 new European Pharmacopoeia monographs  

 619 amended monographs  

 6 new and 1 amended Infrared Reference Spectra BP 2013   
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 The 2014 edition includes almost 3500 monographs which are legally enforced by the Human 

Medicines Regulations 2012.  

BP 2014 

 The BP 2014 package comprises 5 volumes of BP 2014 and a single volume of BP (Veterinary) 

2014, along with a fully searchable CD ROM and online access to provide you with flexible 

resources.  

 Legally effective from 1 January 2014  

 40 new, 272 amended and 4 new BP (Vet) monographs  

 03 new Supplementary Chapters  

 01 new BP (Vet) Supplementary Chapter 

BP 2018   

 35 new monographs  

 185 amended BP monographs  

 04 new monographs for unlicensed formulations  

 04 new monographs for herbal medicines  

 06 new monographs for veterinary medicines  

United State Pharmacopoeia (USP)  

• 1 st edition of USP was published on 15th Dec. 1820 in both Latin & English  

• From 1820 to 1942 it was published at 10 years intervals  

• From 1942 to 2000 it was published at 05 years intervals  

• From 2002 it was published annually  

• First National Formulary of the united state appeared in 1888  

• USP21-NF16 have 08 supplements  

• First appeared in January 1985 & last in November 1988   

• USP22-NF17, 1990 is the 3 rd revision that consolidates USP & NF into a single volume  

• Electronic version of USP-NF on floppy disks was introduced in 1992  

• USP23-NF18, was published in Mumbai at the end of 1994  
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• USP23 has 10 supplements.  

• 1 st supplement was published in January 1995 & Last in May 1999.  

• USP24-NF19, appeared from first January 2000  

• USP30-NF25, appeared from May 2007.   

• It contains scientific standards for drugs, dietary substances, biological products & excipients used in 

dosage forms.  

• It contains 4,100 monographs and 200 general chapters.  

• It has been printed in 03 volume set.  

• Volume I contains general chapters, while Volume II, III contains monographs.  

• 1 st supplement to USP30-NF25, appeared from August 2007 & 2 nd supplement from November 

2007 which was official from May 2008.  

• From 2006, Spanish edition of USP is also being published.  

 United States Pharmacopoeia 30 – National Formulary 25:  

• New heavier paper stock  

• Complete table of contents and index in each volume  

• Special 'Using the New USP-NF Print' tutorial CD  

• Convenient slipcase for easy access and storage (English edition only).   

United States Pharmacopoeia 31 - National Formulary 26:  

• It is a single-volume combination of two official compendia, the United States Pharmacopeia (USP) 

and the National Formulary (NF).  

• Monographs for drug substances and preparations are featured in the USP, with monographs for 

dietary supplements and ingredients appearing in a separate section of the USP.  

• Excipients monographs are included in the NF 36  

United States Pharmacopoeia 32 - National Formulary 27:  

• More than 4,200 monographs  

• Includes over 200 general chapters, covering general tests and assays  

• Displays helpful guides and charts that make it easy to find focus specific information  

• Includes information on emerging areas of science and medicine  



 

 

 

S S D BHAVANI RAJA 

 

• Helps ensure compliance with official standards  

• Enables validation of test results against proven benchmarks  

• Creates in-house standards for operating procedures and specifications  

• Expedites new product development and approvals   

United States Pharmacopoeia 33 - National Formulary 28:  

• More than 4,400 monographs  

• Over 200 general chapters covering general tests and assays  

• A new, easy-to-read format and monograph layout  

• Helpful guides and charts that make it easy to find focus-specific information  

• Ensures compliance with official standards  

• Establishes in-house standard operating procedures and specifications  

• Facilitates new product development and approval.   

United States Pharmacopoeia 34 - National Formulary 29:  

• Published in 2011  

• USP 34-NF 29 features more than 4,500 monographs for drug substances, dosage forms, excipients, 

biologics, dietary supplements, and other therapeutics.  

• USP 34-NF 29 also offers harmonized material and more than 230 General Chapters with current 

guidelines for the full range of laboratory tests and established processes for validating methods.   

United States Pharmacopoeia 35 - National Formulary 30:  

• USP-NF is a combination of two official compendia: the 'United States Pharmacopeia (USP)' and the 

'National Formulary (NF)' and is officially applicable from 1 May, 2012 to 30 April, 2013.   

United States Pharmacopoeia 41 - National Formulary 36:  

• Published in 2018  

• 4900 monographs 

• 350 chapters  

• Sections of solutions, reagents, indicators  

• Section on hazardous drug handling 

 



 

 

 

S S D BHAVANI RAJA 

 

European Pharmacopeia  

• EP commission started working since 1964 to prepare EP  

• 1st edition: published 1967  

• 2nd edition: published 1980  

• 3rd edition: published 1997  

• 4th edition: published 2001, valid from 1 January 2002  

• 5th edition: published 15 June 2004, valid from 1 January 2005  

• 6th edition: published 16 July 2007, valid from 1 January 2008  

• 7th edition: published June 2010, valid from 1 January 2011  

• 8th edition: published June 2013, valid from 1 January 2014 

 

Impurities in pharmaceutical substances 

Impure Chemical Compound: 

A compound is said to be impure if it is having foreign matter i.e., Impurities. 

Pure Chemical Compound: 

A pure chemical compound refers to that compound which is having foreign matter i.e., impurities. 

Chemical purity means freedom from foreign matter. 

Analytically 100 % pure substances are not available and traces of impurities must be present. 

Normally undesirable foreign materials are present in   the pharmaceutical substances. 

Impurity is any material that affects the purity of the material of interest. 

Presence of Impurities in the pharmaceutical substances may produce toxic effects on the body and may 

also lower down the active strength of the pharmaceutical substance. 

 

Impurities commonly in chemical substances include small quantities of Iron, lead, Arsenic, Chloride and 

sulphate. 

 

Sources of Impurities in Pharmaceuticals 



 

 

 

S S D BHAVANI RAJA 

 

The different sources of impurities in pharmaceuticals are listed below: 

1) Raw material used in manufacture 

2) Reagents used in manufacturing process 

3) Method/ process used in manufacture or method of manufacturing 

4) Chemical processes used in the manufacture 

5) Atmospheric contamination during the manufacturing process 

6) Intermediate products in the manufacturing process 

7) Defects in the manufacturing process 

8) Manufacturing hazards 

9) Inadequate Storage conditions 

10) Decomposition of the product during storage 

11) Accidental substitution or deliberate adulteration with spurious or useless  materials 

 

Source of Impurities  

Raw Materials  

Method of Manufacturing  

*Reagents Used  

*Intermediate Products  

*Reagents used to eliminate impurity  

*Solvents Used  

*Atmospheric Contamination  

Manufacturing Hazards  

*Contamination from Matter  

*Cross Contamination  

*Contamination by Microbes  

*Errors in Manufacturing  

*Errors in Storage & Packaging  
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Instability of Products  

*Chemical Instabilities  

*Physical Instabilities  

*Reaction with Container  

*Temperature  

Impurities & their Sources -Introduction:  

 It is virtually impossible to have absolutely pure chemical compounds and even analytically pure 

chemical compounds contain minute trace of impurities.  

 Impurities = a foreign unwanted matter present in a compound which are differ from the actual 

molecular formula.  

 Chemically a compound is impure if it contains undesirable foreign matter i.e. impurities.  

Thus, chemical purity is freedom from foreign matter.  

 

Sources of Impurities:  

The various sources of impurities in pharmaceutical substances are as follows:  

1. Raw Materials:  

 Pharmaceutical substances are either isolated from natural sources or synthesized from chemical 

starting materials which have impurities.  

 Impurities associated with the raw materials may be carried through the manufacturing process to 

contaminate the final product.  

2. Method of Manufacture:  

 The Process or method of manufacture may introduce new impurities.  

 Due to impure reagents, catalysts and solvents, reaction vessels and reaction intermediates 

employed at various stages.  

(A) Reagents employed in the manufacturing process:  

 Calcium carbonate contains ‘soluble alkali’ as impurity  

 Anions like Cl- and SO4-2 are common impurities in many substances because of the use of 

hydrochloric acid and sulphuric acid respectively  
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 Barium ion may be an impurity in hydrogen peroxide  

(B) Regents used to eliminate other impurities:  

Barium is used to remove sulphate from potassium bromide, which can be found itself (barium) as 

impurity at the end of process. 

(C) Solvents: 

Small amounts of solvents employed in preparation, and purification of the product may also result in 

the contamination of the pharmaceutical substances.  

 Water is the cheapest solvent which can be the major source of impurities as it contains different type 

of impurities like Ca2+, Mg2+ ,Na+, Cl-, CO3-2 and SO4-2 in trace amounts.  

(D) Intermediates:  Sometimes, an intermediate substance produced during the manufacturing 

process may contaminate the final product   

e.g. Sodium bromide is prepared by reaction of sodium hydroxide and bromine in slight excess.  

6 NaOH + 3 Br2 → NaBrO3 + 5 NaBr + 3 H2O … 

(1) The sodium bromate an intermediate product is reduced to sodium bromide by heating the residue 

with charcoal.  

NaBrO3 + 3 C → NaBr + 3 CO … 

(2)  If sodium bromate is not completely converted to the sodium bromide then it is likely to be present 

as an impurity.  

(E) Atmospheric contamination during the manufacturing process:   

Atmosphere may contain dust (aluminium oxide, sulphur, silica, soot etc.) and some gases like carbon 

dioxide, sulphur dioxide, arsine and hydrogen sulphide. These may contaminate the final product 

during the manufacturing process.   

e.g. sodium hydroxide readily absorbs atmospheric carbon dioxide when exposed to atmosphere.   
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2 NaOH + CO2 → Na2CO3 + H2O 

(3) Manufacturing hazards:   

If the manufacturer is able to control and check impurities from the all above mentioned sources there 

exists certain manufacturing hazards which can lead to product contamination. 

(A) Contamination from the particulate matter:  

 The unwanted particulate matter can arise by accidental introduction of dirt or glass, porcelain, 

plastic or metallic fragments from sieves, granulating, tabletting and filling machines and the product 

container. 

(B) Cross-contamination of the product:   

Cross-contamination of product can occur by air-born dust arising out of handling of powders, 

granules and tablets in bulk.  If 2 or more Products are manufactured in same time this type of 

contamination is possible.  

 

(C) Contamination by microbes:  

 Many products, like liquid preparations and creams intended for topical applications are liable to 

contamination by microbes from the atmosphere during manufacturing. Microbes like Bacteria, fungi, 

Algae etc can contaminate the final product.  

 

(D) Errors in the manufacturing process:  

 Sometimes in a liquid preparation, there is incomplete solution of the solute.  

 A error on the efficiency of mixing, filling, tabletting, sterilization etc arise impurity in final 

product.  

(E) Errors in the packaging:  

 Similar looking products, such as tablets of the same size, shape and colour, packed in similar 

containers can result in mislabeling of either or both of the products.  
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(4) Instability of the product:  

(A) Chemical instability:  

 Impurities can also arise during storage because of chemical instability of the pharmaceutical 

substance.  

 Many pharmaceutically important substances undergo chemical decomposition when storage 

conditions are inadequate.  

 This chemical decomposition is often catalyzed by light, traces of acid or alkali, traces of metallic 

impurities, air oxidation, carbon dioxide and water vapours.  

 

(B) Changes in physical properties:  

 Pharmaceuticals may undergo changes in physical properties during storage.  

There can be changes in crystal size and shape, sedimentation, agglomeration and caking of the 

suspended particles.  

 

(C) Reaction with container material:  

 The possibility of reaction between the container material and the contents can be possible.  

 Preparations susceptible to reaction with metal surfaces  

 e.g. salicylic acid ointment must not be packed in metal tubes.  

 Plastic containers and closures have tendency to give undesirable additives, such as plasticizers, 

particularly in the presence of non-aqueous solvents.  

(D) Temperature:  

 The rate of chemical decomposition and physical changes of stored products depends upon the 

temperature.  

 The susceptible substances may have temperature storage requirements assigned to them in order to 

protect them against undesirable decomposition.  
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Limit Tests 

 

 Limit = a value or amount that is likely to be present in a substance  

 Test = to examine or to investigate  

 Limit test is defined as quantitative or semi quantitative test designed to identify and control small 

quantities of impurity which is likely to be present in the substance.  

 Limit test is generally carried out to determine the inorganic impurities present in compound. In 

short, limit test is nothing but to identify the impurities present in the substance and compare it with 

standard. 

Importance of Limit tests:  

 To find out the harmful amount of impurities  

 To find out the avoidable/unavoidable amount of impurities 

 

 

Limit Test for Chloride 

Principle:  

Limit test of chloride is based on the reaction of soluble chloride with silver nitrate in presence of 

dilute nitric acid to form silver chloride, which appears as solid particles (Opalescence) in the solution. 

 

Cl- + AgNO3 AgCl NO3

dil.HNO3

soluble
Insoluble  

Procedure: 

 

Test sample Standard compound (25 ppm Cl-) 
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Specific weight of compound is 

dissolved in water or solution is prepared 

as directed in the pharmacopoeia and 

transferred in Nessler cylinder  

Take 1ml standard solution of chloride 

in Nessler cylinder  

Add 10 ml of nitric acid  Add 10 ml of nitric acid  

Dilute to 50ml in Nessler cylinder  Dilute to 50ml in Nessler cylinder  

Add 1ml of AgNO3 solution  Add 1ml of AgNO3 solution  

Keep aside for 5 min  Keep aside for 5 min  

Observe the Opalescence/Turbidity  Observe the Opalescence/Turbidity  

 

Standard chloride solution:  

5ml of 0.0824 % W/V solution of sodium chloride in 100 ml of water.  

Observation:  

The opalescence produce in sample solution should not be greater than standard solution. If 

opalescence produces in sample solution is less than the standard solution, the sample will pass the 

limit test of chloride and vice versa.  

Reasons:  

Nitric acid is added in the limit test of chloride to make solution acidic and helps silver chloride 

precipitate to make solution turbid at the end of process. 

 

Limit Test for Sulphate 

Principle:  

Limit test of sulphate is based on the reaction of soluble sulphate with barium chloride in presence of 

dilute hydrochloric acid to form barium sulphate which appears as solid particles (turbidity) in the 

solution. 
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SO4
2- BaCl2

soluble

CH3COOH
BaSO4 2 Cl-

 

Procedure: 

 

Test sample  Standard compound  

Specific weight of compound is 

dissolved in water or solution is 

prepared as directed in the 

pharmacopoeia and transferred in 

Nessler cylinder  

Take 1ml of 0.1089 % W/V solution of 

potassium sulphate in Nessler cylinder  

Add 2ml of dilute hydrochloric acid  Add 2ml of dilute hydrochloric acid  

Dilute to 45 ml in Nessler cylinder  Dilute to 45 ml in Nessler cylinder  

Add 5ml of barium sulphate reagent  Add 5ml of barium sulphate reagent  

Keep aside for 5 min  Keep aside for 5 min  

Observe the Turbidity  Observe the Turbidity  

 

Barium sulphate reagent contains barium chloride, sulphate free alcohol and small amount of 

potassium sulphate.  

Preparation of ethanolic sulphate standard solution (10 ppm SO42-):  

Dilute 1 volume of a 0.181% w/v solution of potassium sulphate in ethanol (30%) to 100 volumes with 

ethanol (30%).  

Preparation of sulphate standard solution (10 ppm SO42-):  

Dilute 1 volume of a 0.181% w/v solution of potassium sulphate in distilled water to 100 volumes with 

distilled water. 

Observation:  
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The turbidity produce in sample solution should not be greater than standard solution. If turbidity 

produces in sample solution is less than the standard solution, the sample will pass the limit test of 

sulphate and vice versa.  

Reasons:  

 Hydrochloric acid helps to make solution acidic.  

 Potassium sulphate is used to increase the sensitivity of the test by giving ionic concentration in the 

reagent  

 Alcohol helps to prevent super saturation.  

 

Limit Test for Iron 

Principle:  

Limit test of Iron is based on the reaction of iron in ammonical solution with thioglycollic acid in 

presence of citric acid to form iron thioglycolate which is pale pink to deep reddish purple in color. 

 

Fe2+ 2HSHCH2COOH

CH2SH

COO

Fe
OOC

HSCH2

2H+

 

 

Procedure: 

 

 

Test sample Standard compound (20 ppm Fe) 

Sample is dissolved in specific amount of 

water and then volume is made up to 40 ml  

2 ml of standard solution of iron diluted 

with water upto 40ml  

Add 2 ml of 20 % w/v of citric acid (iron 

free)  

Add 2 ml of 20 % w/v of citric acid (iron 

free)  
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Add 2 drops of thioglycollic acid  Add 2 drops of thioglycollic acid  

Add ammonia to make the solution alkaline 

and adjust the volume to 50 ml  

Add ammonia to make the solution alkaline 

and adjust the volume to 50 ml  

Keep aside for 5 min  Keep aside for 5 min  

Color developed is viewed vertically and 

compared with standard solution  

Color developed is viewed vertically and 

compared with standard solution  

 

Iron Standard Solution (20 ppm Fe):  

Dilute 1 volume of a 0.1726 per cent w/v solution of ferric ammonium sulphate in 0.05 M sulphuric 

acid to 10 volumes with water. Contains iron in ferric state.  

Earlier aamonium thiocyanate reagent was used for the limit test of iron. Since thioglycolic acid is 

more sensitive reagent, it has replaced ammonium thiocyanate in the test.  

Observation:  

The purple color produce in sample solution should not be greater than standard solution. If purple 

color produces in sample solution is less than the standard solution, the sample will pass the limit test 

of iron and vice versa. 

Reasons:  

 Citric acid helpsin to prevent precipitation of iron by ammonia by forming a complex with it.  

 Thioglycolic acid helps to oxidize iron (II) to iron (III).  

 Ammonia to make solution alkaline  

 

 

 

Limit Test for Lead 

Lead is a most undesirable impurity in medical compounds and comes through use of sulphuric acid, 

lead lined apparatus and glass bottles use for storage of chemicals.  

Principle:  
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Limit test of lead is based on the reaction of lead and diphenyl thiocabazone (dithizone) in alkaline 

solution to form lead dithizone complex which is read in color.  

Dithizone is green in color in chloroform and lead-dithizone complex is violet in color, so the resulting 

color at the end of process is red. 

 

PbH 2S=C

NH-NH-C6H5

N=N-C6H5

S=C

NH

N=N

N

C6H5

Pb

N-N

N=N

C6H5

C=S

C6H5Lead

Lead dithizonate complex

Alkaline

Medium

 

 

Procedure: 

 

Test sample  Standard compound  

A known quantity of sample solution is 

transferred in a separating funnel  

A standard lead solution is prepared 

equivalent to the amount of lead permitted 

in the sample under examination  

Add 6ml of ammonium citrate  Add 6ml of ammonium citrate  

Add 2 ml of potassium cyanide and 2 ml of 

hydroxylamine hydrochloride  

Add 2 ml of potassium cyanide and 2 ml of 

hydroxylamine hydrochloride  

Add 2 drops of phenol red  Add 2 drops of phenol red  

Make solution alkaline by adding ammonia 

solution.  

Make solution alkaline by adding ammonia 

solution.  

Extract with 5 ml of dithizone until it 

becomes green  

Extract with 5 ml of dithizone until it 

becomes green  
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Combine dithizone extracts are shaken for 

30 mins with 30 ml of nitric acid and the 

chloroform layer is discarded  

Combine dithizone extracts are shaken for 

30 mins with 30 ml of nitric acid and the 

chloroform layer is discarded  

To the acid solution add 5 ml of standard 

dithizone solution  

To the acid solution add 5 ml of standard 

dithizone solution  

Add 4 ml of ammonium cyanide  Add 4 ml of ammonium cyanide  

Shake for 30 mins  Shake for 30 mins  

Observe the color  Observe the color  

 

Preparation of standard lead solution (1 ppm Pb):  

Dissolve 0.400 g of lead nitrate in water containing 2 ml of dilute nitric acid and add sufficient water 

to produce 250.0 ml. This gives  

standard lead solution (1% Pb).  

Standard lead solution (1 ppm Pb) is prepared by diluting 1 volume of standard lead solution (1% Pb) 

to 1000 volumes with water.  

Preparation of dithizone extraction solution:  

Dissolve 30 mg of dithizone in 1000 ml of chloroform and add 5 ml of ethanol (95%). The solution is 

stored in refrigerator. Before use, the solution is shaken with about half of its volume of 1% v/v nitric 

acid solution and acid is discarded.  

Preparation of Dithizone standard solution: Dissolve 10 mg of dithizone in 1000 ml of chloroform. 

Observation:  

The intensity of the color of complex, is depends on the amount of lead in the solution. The color 

produce in sample solution should not be greater than standard solution. If color produces in sample 

solution is less than the standard solution, the sample will pass the limit test of lead and vice versa. 

Reasons:  

 Ammonium citrate, potassium cyanide, hydroxylamine hydrochloride is used to make pH optimum 

so interference and influence of other impurities have been eliminated.  
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 Phenol red is used as indicator to develop the color at the end of process  

 Lead present as an impurities in the substance, gets separated by extracting an alkaline solution with 

a dithizone extraction solution.  

 

Limit Test for Arsenic 

Principle:  

Limit test of Arsenic is based on the reaction of arsenic gas with hydrogen ion to form yellow stain on 

mercuric chloride paper in presence of reducing agents like potassium iodide.  

It is also called as Gutzeit test and requires special apparatus. Arsenic, present as arsenic acid in the 

sample is reduced to arsenious acid by reducing agents like potassium iodide, stannous acid, zinc, 

hydrochloric acid, etc. Arsenious acid is further reduced to arsine (gas) by hydrogen and reacts with 

mercuric chloride paper to give a yellow stain.  

 

As3+ H3AsO4

(Arsenic acid)

H3AsO4

(Arsenic acid)

H3AsO3

(Arsenious acid)

H3AsO3

(Arsenious acid)

3H2 AsH3(g) 3H2O

Arsine

AsH3(g)

Arsine

HgCl2

Mercuric chloride

Hg(AsH2)2+2HCl

(Yellow stain)  

 

The depth of yellow stain on mercuric chloride paper will depend upon the quality of arsenic present 

in the sample.  

Procedure:  

Test solution:  
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The test solution is prepared by dissolving specific amount in water and stannated HCl (arsenic free) 

and kept in a wide mouthed bottle. To this solution 1 gm of KI, 5 ml of stannous chloride acid solution 

and 10 gm of zinc is added (all these reagents must be arsenic free) Keep the solution aside for 40 min 

and stain obtained on mercuric chloride paper is compared with standard solution. 

Standard solution:  

A known quantity of dilute arsenic solution is kept in wide mouthed bottle and rest procedure is 

followed as described in test solution. 

 

 

 

Apparatus as per IP 1996:  

This apparatus has following parts:  

 Approximately 60 ml generator bottle with 40 ml indicating line.  
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 Glass tube with 6.5 mm inner diameter  

 A ground joint glass tube with 6.5 mm inner diameter and 18 mm outer diameter at the joint. Inner 

joint and the outer joint form a concentric circle.  

 Rubber stopper  

 Narrow part of the glass tube B. Glass wool is inserted up to this part.  

 Lead acetate cotton plug or wool  

Reasons:  

 Stannous chloride is used for complete evolution of arsine  

 Zinc, potassium iodide and stannous chloride is used as a reducing agent  

 HCl is used to make the solution acidic  

 Lead acetate pledger or papers are used to trap any hydrogen sulphide which may be evolved along 

with arsine.  

 

Limit Test for Heavy Metals 

Principle:  

Limit test of heavy metals is based on the reaction of metallic impurities with hydrogen sulfide in 

acidic medium to form brownish colour solution.  

Metals that response to this test are lead, mercury, bismuth, arsenic, antimony, tin, cadmium, silver, 

copper, and molybdenum.  

The metallic impurities in substances are expressed as parts of lead per million parts of the substance. 

The usual limit as per Indian Pharmacopoeia is 20 ppm 

 

Heavy metals H2S/Na2S Heavy metals sulphides

(Brownish colouration)  
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Procedure:  

The Indian Pharmacopoeia has adopted four methods for the limit test of heavy metals.  

Method A:  

Use for the substance which gives clear colorless solution under the specific condition. 

 

Test sample  Standard compound  

Solution is prepared as per the monograph 

and 25 ml is transferred in Nessler’s 

cylinder  

Take 2 ml of standard lead solution and 

dilute to 25 ml with water  

Adjust the pH between 3 to 4 by adding 

dilute acetic acid or dilute ammonia solution  

Adjust the pH between 3 to 4 by adding 

dilute acetic acid or dilute ammonia solution  

Dilute with water to 35 ml  Dilute with water to 35 ml  

Add freshly prepared 10 ml of hydrogen 

sulphide solution  

Add freshly prepared 10 ml of hydrogen 

sulphide solution  

Dilute with water to 50 ml  Dilute with water to 50 ml  

Allow to stand for five minutes  Allow to stand for five minutes  

View downwards over a white surface  View downwards over a white surface  

 

Observation:  

The color produce in sample solution should not be greater than standard solution. 

If color produces in sample solution is less than the standard solution, the sample will pass the limit 

test of heavy metals and vice versa.  

Method B:  

Use for the substance which do not give clear colorless solution under the specific condition. 
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Test sample  Standard compound  

Weigh specific quantity of test substance, 

moisten with sulphuric acid and ignite on a 

low flame till completely charred Add few 

drops of nitric acid and heat to 500 °C 

Allow to cool and add 4 ml of hydrochloric 

acid and evaporate to dryness Moisten the 

residue with 10 ml of hydrochloric acid and 

digest for two minutes Neutralize with 

ammonia solution and make just acid with 

acetic acid  

Take 2 ml of standard lead solution and 

dilute to 25 ml with water  

Adjust the pH between 3 to 4 and filter if 

necessary  

Adjust the pH between 3 to 4 by adding 

dilute acetic acid or dilute ammonia 

solution  

Dilute with water to 35 ml  Dilute with water to 35 ml  

Add freshly prepared 10 ml of hydrogen 

sulphide solution  

Add freshly prepared 10 ml of hydrogen 

sulphide solution  

Dilute with water to 50 ml  Dilute with water to 50 ml  

Allow to stand for five minutes  Allow to stand for five minutes  

View downwards over a white surface  View downwards over a white surface  

 

Observation:  
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The color produce in sample solution should not be greater than standard solution. If color produces in 

sample solution is less than the standard solution, the sample will pass the limit test of heavy metals 

and vice versa. 

Method C:  

Use for the substance which gives clear colorless solution in sodium hydroxide solution. 

 

 

 

Test sample  Standard compound  

Solution is prepared as per the monograph 

and 25 ml is transferred in Nessler’s 

cylinder or weigh specific amount of 

substance and dissolve in 20 ml of water 

and add 5 ml of dilute sodium hydroxide 

solution  

Take 2 ml of standard lead solution  

Make up the volume to 50 ml with water  Add 5 ml of dilute sodium hydroxide 

solution and make up the volume to 50 ml 

with water  

Add 5 drops of sodium sulphide solution  Add 5 drops of sodium sulphide solution  

Mix and set aside for 5 min  Mix and set aside for 5 min  

View downwards over a white surface  View downwards over a white surface  

 

Observation:  

The color produce in sample solution should not be greater than standard solution. If color produces in 

sample solution is less than the standard solution, the sample will pass the limit test of heavy metals 

and vice versa.  

Method D:  
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Standard Solution:  

Pipette 10.0 ml of either standard lead solution (1 ppm Pb) or standard lead solution (2 ppm Pb) into a 

small Nessler cylinder labeled as “Standard”. Add 2.0 ml of the test solution and mix.  

Test Solution:  

Prepare as directed in the individual monograph and pipette 12 ml into a small Nessler cylinder 

labeled as “Test”. 

Procedure:  

Add 2 ml of acetate buffer pH 3.5 to each of the above Nessler cylinders, mix, add 1.2 ml of 

thioacetamide reagent and allow to stand for 2 minutes. Compare the colour by viewing vertically 

downwards over a white surface. The colour produced with the test solution is not more intense that 

than produced with the standard solution. 

MODIFIED LIMIT TEST FOR CHLORIDES 

 

Principle:  

Modified limit test is performed; if the limit tests for a sample (Coloured compound) cannot be done 

by normal method. For example, potassium permanganate is de-colourised by boiling with ethanol, 

filtered to remove precipitated manganese dioxide and the filtrate is subjected to the test. 

It is based upon the chemical reaction between silver nitrate and soluble chlorides to obtain silver 

chloride in presence of dilute nitric acid. The silver chloride produced in the presence of dilute nitric 

acid makes the test solution turbid, the extent of turbidity/opalescence depending upon the amount of 

chloride present in the substance is compared with a standard turbidity/opalescence produced by 

addition of silver nitrate to a standard solution having a known amount of chloride and the same 

volume of dilute nitric acid as used in the test solution. If the turbidity/opalescence from the sample 

has been less than the standard solution, the sample will pass the limit test and vice versa. Dilute nitric 
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acid is used in the limit test of chloride to make solution acidic and which helps silver chloride 

precipitate to make solution turbid at the end of process. 

Reactions: 

 

 

Procedure: 

Preparation of Test Solution (KMnO4):  

Dissolve 1.5 g in 50 mL of distilled water, heat on a water-bath and add gradually 6 mL of ethanol 

(95%), cool, dilute to 60 mL with distilled water and filter. 

Take two 50 mL Nessler Cylinders. Label one as “Test” and the other as „Standard‟. 

 

 

Observation: The opalescence produce in sample solution should not be greater than standard 
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solution. If opalescence produces in sample solution is less than the standard solution, the sample will 

pass the limit test for chloride and vice-versa. 

NOTE: 

 

1. Chloride standard solution (250 ppm Cl): Dilute 50 mL of 0.0824% w/v solution of sodium 

chloride to 100 mL with distilled water. 

2. Dilute nitric acid: Dilute 1.06 mL of conc. Nitric acid in sufficient distilled water to produce 100 

mL. 

3. 0.1 M Silver nitrate: Dissolve 1.7 g of silver nitrate to 100 mL with distilled water. 

4. The quantitative and semi-quantitative determination of chloride contamination is 

also possible for water-soluble organic compounds. 

5. This test is not used for water-immiscible liquids. 

 
The opalescence in the sample and standard solution is compared by keeping   the Nessler cylinders 

against dark background and observing side by side. 

MODIFIED LIMIT TEST FOR SULPHATES 

 

Principle:  

Modified limit test is performed; if the limit tests for a sample (Coloured compound) cannot be done 

by normal method. For example, potassium permanganate is de-colourised by boiling with ethanol, 

filtered to remove precipitated manganese dioxide and the filtrate is subjected to the test. 

The limit test for sulphate is carried out on the basis of the reaction between barium chloride and 

soluble sulphates in the presence of acetic acid. Then, the comparison of the turbidity produced by a 

given amount of the substance is done with a standard turbidity obtained from a known amount of 
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sulphate. The barium chloride has been replaced by barium sulphate reagent which is having barium 

chloride, sulphate-free alcohol, and a solution of potassium sulphate. Potassium sulphate has been 

added to increase the sensitivity of the test. The ionic concentrations in the reagent has been so 

adjusted that the solubility product of barium sulphate gets exceeded, and the very small amount of 

barium sulphate present in the reagent acts as a seeding agent for precipitation of barium sulphate, if 

sulphate be present in the substance under test. Alcohol helps to prevent super-saturation and thus 

produces a more uniform opalescence/turbidity. Acetic acid helps to make solution acidic and barium 

sulphate precipitate formed is insoluble which gives turbidity/opalescence. 

Reactions: 

 

 

 

PROCEDURE 

 

Preparation of Test Solution (KMnO4):  

Dissolve 1.5 g in 50 mL of distilled water, heat on a water-bath and add gradually 6 mL of ethanol 

(95%), cool, dilute to 60 mL with distilled water and filter. 

Take two 50 mL Nessler Cylinders. Label one as “Test” and the other as „Standard‟. 

 

Test Standard 
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Take 10 mL of the above test solution in 

Nessler cylinder. 

Mix 15 mL of sulphate standard 

solution and 15 mL of distilled water in a 

Nessler cylinder 

Add 0.15 mL of 5.0 M acetic acid Add 0.15 mL of 5.0 M acetic acid 

Add 2.5 mL of barium sulphate 

reagent 

Add 2.5 mL of barium sulphate 

reagent 

Add sufficient distilled water to 

produce 50 mL 

Add sufficient distilled water to 

produce 50 mL 

Stir immediately with glass rod and allow to stand for 5 minutes protected 

from light 

 

Observation:  

The opalescence produce in sample solution should not be greater than standard solution. If 

opalescence produces in sample solution is less than the standard solution, the sample will pass the 

limit test for sulphates and vice-versa. 

Note: 

 
1. Barium Sulphate Reagent: Mix 10 mL of 25% w/v solution of barium chloride and 15 mL of 

ethanolic sulphate standard solution (10 ppm SO4) and allow standing for 1 minute. It should always 

be prepared fresh. 

2. Sulphate standard solution (600 ppm SO4): Dilute 60 mL of a 0.181% w/v solution of potassium 

sulphate in distilled water to 100 mL with the same solvent. 

3. Ethanolic sulphate standard solution (10 ppm SO4): Dilute 1.0 mL of a 0.181% w/v solution of 

potassium sulphate in ethanol (30%) to 100 mL with the same solvent. 
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4. 5.0 M Acetic acid: Dilute 28.5 mL of glacial acetic acid in sufficient distilled water to produce 100 

mL 

5. This test is not used for water-immiscible liquids. 

 

6. The opalescence in the sample and standard solution is compared by keeping the Nessler cylinders 

against dark background and observing side by side. 

 

 

 

 

 

 

 

UNIT-II 

Acids and Bases 

 

INTRODUCTION 

Electrolytes when dissolved in water, split up into two or more electrically charged particles. 

In 1887, Arrhenius explained this property of electrolytes, and hence, it is known as Arrhenius theory 

of electrolyte dissociation. 

The charged particles, which are formed when the electrolyte is dissolved in water, are 

called ions, and this process is called ionization. The process of ionization is reversible. These ions 

may have positive or negative charge. The total number of positive charges is equal to the total 
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number of negative charges in the solution. Since they are charged, they are responsible for carrying 

the electric current through the solution. 

The extent of ionization is given by the ratio of the total number of dissociated molecules 

to the number of molecules dissolved. The degree of ionization can be increased by diluting the 

solution in case of weak electrolytes. 

 

ACIDS AND BASES 

 

Brønsted and Lowry defined acids as substances which are able to donate protons, and bases as 

substances which accept protons. 

BH B– + H+ 

In the above example, BH is an acid because it donates proton and B– is an anion liberated by the 

deprotonation of the acid. B– behaves like a base, so it is called conjugate base. 

Acids can be classified into strong acids and weak acids. 

1. Strong acids get dissociated almost completely, e.g., hydrochloric acid, sulphuric acid. This is 

because the conjugate bases of these acids are very weak (have less affinity for the proton). 

2. Weak acids get dissociated partially, e.g., acetic acid, carbonic acid. This happens because the 

conjugate bases of these acids are strong (have greater affinity for proton). 

Since the dissociation of the weak acids is partial, the equilibrium constant for the dissociation reaction 

of the weak acid (BH) can be written as follows: 

 

BH B– + H+ 

By applying the law of mass action at equilibrium Ka =    [B ]-[H+ ] 

              [BH] 

Ka is dissociation constant 

The equilibrium constants for ionization reactions are commonly called ionization or dissociation 

constant (Ka). 

The above equation can be rearranged as: 
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[H+] = Ka [BH] 

                  [B ]- 

By multiplying the above equation by –1 and taking logarithm of both sides, the following expression 

can be derived: 

– [H+] = – Ka [BH] 

                        [B ] 

– log10 [H+] = – log10 Ka – log10 [BH] 

                                                  [B- ] 

– log10 [H+] is pH 

 

As the hydrogen ion concentration increases, the pH of the solution decreases. As the hydrogen ion 

concentration decreases, pH will increase. Hydrogen ion concentration and pH are reciprocally related. 

pH = pKa + log10 [B ] - 

                               [BH] 

pH = pKa + log10 [Conjugate base] 

                                     [Acid] 

This expression is called Henderson-Hasselbalch equation. If the conjugate base and acid 

concentration is the same, then pH = pKa. The value of pKa is lower for strong acids and higher for 

weak acids. 

BUFFERS 

Buffers are solutions that resist changes in the pH of a when acid or alkali is added. The buffer system 

has an acid component and salt component. Buffers are prepared by mixing a weak acid and its salt 

with a strong base or by mixing weak base and its salt with a strong acid. 

Mechanism of Buffer Action 

When a strong acid is added, protons are scavenged by the salt component of the buffer system. 

Similarly, when an alkali is added, acid component will get deprotonated and the alkali combines with 

the proton to form water. 
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Acetate buffer is made up of acetic acid and sodium acetate. Acetic acid / Sodium acetate 

CH3COOH / CH3COONa 

(a) When acid like HCl is added to the acetate buffer system, CH3COONa (sodium acetate) gets 

converted to CH3COO– (acetate). Acetate combines with the protons released by 

the strong acids to give acetic acid, which is a weak acid, and the change in pH is very small. 

CH3COONa + HCl CH3COO– + Na+ 

CH3COO– + H+ CH3COOH 

(b) When a strong alkali like NaOH is added, OH– combines with the H+ released by the 

CH3COOH to form water. Na+ combines with acetate to form sodium acetate. 

NaOH Na + OH– 

H+ + OH– H2O 

According to Henderson-Hasselbalch equation, when the concentration of the salt component and the 

acid component of the buffer system is equal, pH of the solution equals pKa. At this pH, buffer can 

respond equally to both added acid as well as the alkali. 

 

 

Buffering Capacity 

Capacity of the buffer to resist the change in the pH of a solution when an acid or alkali is added is 

called buffering capacity. It is estimated by calculating the amount of acid or alkali required to 

change the pH of one litre of buffer by one unit. 

Buffering capacity depends upon the following factors: 

1. The concentration of the acid and base component of the buffer 

As the concentration of acid and base component of the buffer increases, buffering capacity of the 

buffer also increases. 

2. The pH of the Buffer 

Buffer can act best at pH = pKa, and its buffering range is about one pH unit above or below the pKa 

value. 

 
Preparing a Buffer Solution 
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There are a couple of ways to prepare a buffer solution of a specific pH. In the first method, prepare a 

solution with an acid and its conjugate base by dissolving the acid form of the buffer in about 60% of 

the volume of water required to obtain the final solution volume. Then, measure the pH of the solution 

using a pH probe. The pH can be adjusted up to the desired value using a strong base like NaOH. If the 

buffer is made with a base and its conjugate acid, the pH can be adjusted using a strong acid like HCl. 

Once the pH is correct, dilute the solution to the final desired volume. 

In a third method, you can determine the exact amount of acid and conjugate base needed to make a 

buffer of a certain pH, using the Henderson-Hasselbach equation:Alternatively, you can prepare 

solutions of both the acid form and base form of the solution. Both solutions must contain the same 

buffer concentration as the concentration of the buffer in the final solution. To get the final buffer, add 

one solution to the other while monitoring the pH. 

pH=pKa log([A−][HA]) 

where pH is the concentration of [H ], pKa is the acid dissociation constant, and [text{A}-] and 

[text{HA}] are concentrations of the conjugate base and starting acid. 

Isotonic Buffers 

The addition of any compound to a solution will affect the isotonicity since isotonicity is a property of 

the number of particles in solution. So the osmotic pressure of a solution will be affected not only by 

the drug but also by any buffer compounds that are included in the formulation. But after these 

compounds have been added, it is still possible that the solution will not be isotonic. It may be 

necessary to add additional sodium chloride to bring the solution to isotonicity, but that would require 

doing the calculations as shown above. 

An alternative to this approach is to use an isotonic buffer. There are two approaches to using isotonic 

buffers. 

Isotonic Solution 

Imagine you're in the hospital and the nurse hooks you up to an IV. What is in that IV? Is it just water? 

No way. If you were pumped full of pure water, your blood cells would burst. How horrible would that 

be? That IV is full of saline, aliquid with the same concentration of solutes as your blood cells. Why is 

this important? Because you want your blood cells to sit in an isotonic solution. 
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An isotonic solution is when two solutions, separated by a semipermeable membrane, have equal 

concentrations of solutes and water. Imagine you're at a party and there are an equal number of guests 

in the living room and in the kitchen. It doesn't make much of a difference where you stand because 

you are equally as comfortable in either room. You have just as much space, you can move just as 

easily, and you have equal access to food. You don't spend a lot of energy trying to get out of one 

room or into another. This party is like an isotonic solution; everything is equal from room to room. 

Now, compare this with a party where the living room is packed full of guests, while there are only a 

few in the kitchen. I don't know about you, but I would be trying to get to the kitchen as fast as 

possible. The concentration in each room is different, so people are moving around trying to equal 

things out. Nature likes equality and that is apparent when it comes to solutions. 

Methods of adjustment of Isotonicity 

1. Freezing Point Method: 

The lachrymal secretion contains several solutes in it and has a freezing point of -0.52°C. All 

solutions, which freeze at -0.52°C, will be isotonic with the lachrymal fluid. Human blood plasma also 

freezes at this temperature and hence solutions having freezing point at -0.52°C will be isotonic with 

blood plasma as well. 

Adjustment of tonicity is simplified if the freezing points of the medicament and the inert salt 

(adjusting substance) are known for various strengths of their solutions. Freezing points are usually 

expressed in terms of 1% solutions and one can calculate the quantity by multiplying the freezing point 

with the factor. 

The following, equation is useful: 

Freezing point of tear secretion Freezing point of drug freezing or human Blood plasma = point of the 

adjusting substance. 

Therefore the amount of adjusting substance required may be calculated from the equation where:- 

W = the weight, in g, of the added substance in 100 mL of the final solution; 

a = the depression of the freezing point produced by the medicament already present in solution, 

calculated by multiplying the value for the medicament by the strength of the solution expressed as a 
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percentage w/v; and 

b = the depression of the freezing point of water produced by 1% of the adjusting substance. 

2. Molecular Weight Method: 

Freezing point of a solute depends on the concentration of the solute dissolved therein. Greater the 

concentration of the solute, lower is the freezing point. In other words it depends on the number of 

ions (more correctly, the number of effective ions), the weight of the substance and its molecular 

weight. The concentration for 0.9% solution of sodium chloride can be expressed in the following 

manner: 
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Where 

g = No. of gram of sodium chloride (g) n = No. of effective ions (n) 

m = molecular weight of sodium chloride (m) i.e. isotonicity factor for sodium chloride is 0.03. Since 

0.9% solution of sodium chloride (normal saline) is isotonic with body fluids, 0.03 will be the 

isotonicity or tonicity factor for tear secretion and blood plasma as well. Thus quantities for making 

eye solutions can be calculated by equating the value of 0.03 with the tonicity contributed by the drug 

and the additive(s). 

The following equation is employed for calculating the quantity of the additive(s): 

where g, n and m denote the weight in gram, effective ion concentration and molecular weight of the 

medicament, respectively. Values followed by subscript 1 or 2 in the equation above refer to the first 

additive or the second additive (if present). Effective | ionic concentration can be ascertained from the 

following generalizations; 

n = 1 for non-ionisable substances, e.g. dextrose 

n = 1.5 for partially ionisable solutes in two ions, e.g. silver nitrate n = 2 for highly ionisable solutes in 

two ions e.g. sodium chloride 

n = 2 for partially ionisable solutes in three ions, e.g. sodium sulfate 

3. Sodium Chloride Equivalent Method: 

This is the simplest method and is based on the sodium chloride equivalents of various drugs. Sodium 

chloride equivalent of a drug represents the amount of sodium chloride equivalent to 1 g of the drug. 

The method avoids tedious calculation. Sodium chloride equivalents of some common drugs are given 

in the following table. 

It can be memorized that 0.27 g of sodium chloride makes 30 mL of a 0.9% solution and that 4.1 grain 

of sodium chloride makes 1 fl oz. of a 0.9% solution. 

4. Isotonic solution V-Values: 

Another method for adjusting tonicity is based on V-values. The isotonic solution V-values for some of 

the commonly used drugs are given in the following Table. The V-value of a drug is defined as the 
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volume of water in mL to be added to 0.3 g of the drug to make an isotonic solution. The addition of 

an isotonic vehicle (diluting vehicle) to make 30 ml yields a 1% solution (0.3 g drug in 30 ml). 

Solutions prepared by this method are iso-osmotic with 0.9%sodium chloride. 

  

Major Intra and Extra Cellular Electrolytes 

Introduction 

About 56% of the adult human body is fluid. Although most of this fluid is inside the cells and is called 

intracellular fluid, about one third is in the space outside the cells and is called extracellular fluid. The 

extracellular fluid is in constant motion throughout the body. In the extracellular fluid are the ions and 

nutrients needed by the cells for the maintenance of cellular life. Therefore, all the cells live in 

essentially the same environment, the extracellular fluid, for which reason the extracellular fluid is 

called internal environment of the body. 

The body fluids are solutions of inorganic and organic solutes. The concentration balance of the 

various components is maintained in order for the cell and tissue to have a constant environment. In 

order for the body to maintain this internal homeostatis, (homeostasis means maintanace of static or 

constant conditions in the internal environment) there are regulatory mechanisms which control pH, 

ionic balance, osmotic pressure etc. The volume and composition of the body fluids vary tremendously 

from one compartment to another, and are maintained remarkably constant despite the vicissitude of 

daily life and the stress imposed by disease. 

Disturbance of fluid and electrolyte metabolism involve four properties of the body fluid- volume, 

osmolarity, hydrogen ion concentration (pH) and the concentration of other specific ions. The total 

body water is divided into three compartments 1) the intercellular compartment 2) the extracellular 

compartment, which consists of the plasma and the interstitial fluid and 3) the transcellular 

compartment, which includes the fluid within the gastrointestinal tract, humor of the eye and the 

excretory system of the kidneys and glands, pericardial, peritoneal, synovial, cerebrospinal fluid. 
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All the body fluids intracellular, extracellular (interstitial, plasma or vascular) contains electrolytes. 

The electrolyte concentration varies in these fluids, it is 45-50% of body weight in intercellular fluid, 

interstitial fluid makes 12-15 % and plasma makes 4-5% of body weight. 

About 40% of intracellular fluid (4lts) is dense connective tissue i.e. bone and cartilage and does not 

take part in quick exchange of electrolytes with the remaining body. The rest of the interstitial fluid IF 

(6.6lts) and plasma (3.5lts) comprise the active part of the extracellular fluids. These fluid 

compartments are separated from each other by membranes which are 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+ as a result, each of these 

fluid compartments has distinct solute pattern and the solution in each compartment is ionically 

balanced. For electro neutrality to exist in extracellular fluid, the sum of the concentration of cations 

must be equal to the sum of the concentration of anions. The extracellular fluid contains large amounts 

of sodium, chloride and bicarbonate ions, plus nutrients for the cell such as oxygen, glucose, fatty 

acids and amino acids. The intracellular fluid contains large amounts of potassium, magnesium and 

phosphate ions. 

Measurement of electrolyte concentrations (plasma) is usually limited to Na+, K+, Cl–, and HCO3–. 

The sum of the concentration of sodium and unmeasured cations (Ca2+, Mg2+, K+) equals the sum of 

the concentration of Cl– and HCO3– and unmeasured anions (phospahates, proteins, sulphates, 

derivatives of organic acids). The difference between the concentration of unmeasured cations and 

anion is known as anionic gap. Variation in this gap is a useful diagnostic indication 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 the release of water during the oxidation 

and other metabolic process in body. 

Water is eliminated from body by urine, expiration (lungs), perspiration and feces. Excessive loss of 

water results in concentration of body fluids which causes rise in osmotic pressure, as a result water 
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moves out from intracellular compartment to maintain the osmotic pressure in extracellular fluid. This 

results in dehydration of cells. Loss of water above 20% may prove to be  fatal. 

 

 

Calcium 

 

About 99% of body calcium is found in bones and the remaining is present in extracellular fluid 

compartment. Only 10% of the ingested calcium is absorbed from the intestinal tract and the 

remainder is excreted with feces. The concentration of calcium in plasma averages about 9.4mg/dl, (9-

10mg/dl). The calcium level in plasma is regulated within narrow limits by parathyroid hormone. The 

calcium in plasma is present in three forms 1. About 40% is combined with plasma proteins and is non 

diffusible through the capillary membrane. 2. About 10% is combined with other substances of plasma 

and interstitial fluid (citrate, phosphate for instance) and is diffusible through the capillary membrane 

in such a manner that it is not ionized. 3. The remaining 50% calcium present in plasma is diffusible 

through the capillary membrane and ionized. The plasma and interstitial fluid have a normal calcium 

ion concentration of about 1.2mmole/lt (or 2.4mEq/lt because it is a divalent ion), a level only half of 

the total plasma calcium concentration. 

Calcium is important for blood clotting and contraction of various smooth muscles. In cardiovascular 

system (CVS) Calcium is essential for contraction coupling in cardiac muscles as well as for the 

conduction of electric impulse in certain regions of heart. Calcium also plays role in maintaining the 

integrity of mucosal membrane, cell adhesion and function of the individual cell membrane as well. 

Hypercalcemia: When the level of Calcium rises above normal, the nervous system is depressed, and 

the reflux action of CNS can become sluggish. It also decreases the QT interval of the heart which can 

lead to cardiac arrhythmia. It causes constipation and lack of appetite and depresses contractility of the 

muscle walls of the GIT. The depressive effect begins to appear when blood Calcium level rises above 

12mg/dl and beyond 17 mg/dl calcium phosphate crystals are likely to precipitate throughout the body. 

This situation occurs due to hypoparathyroidism, vitamin D deficiency, Osteoblastic metastasis, 
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steatorrhea (fatty stools), Cushing syndrome (hyper active adrenal cortex), acute pancreatitis and acute 

hypophosphatemia. 

 

Hypocalcemia: Change in blood pH can influence the degree of calcium biding to plasma proteins. 

With acidosis less calcium is bound to plasma proteins. When calcium ion concentration falls below 

normal, the excitability of the nerve and muscle cells increases markedly. 

Sodium 

The sodium and its associated anions, mainly chloride, account for more than 90% of the solute in 

extracellular fluid compartment. The concentration of sodium is 142mEq/l in extracellular fluid, and 

10 mEq/l in intracellular fluid. Plasma sodium is a reasonable indictor of plasma osmolarity under 

many conditions. When plasma sodium is reduced below normal level a person is said to have 

hyponatremia. When plasma sodium is elevated above normal level a person is said to have 

hypernatremia. 

Hyponatremia: Decreased plasma sodium concentration can result from loss of sodium chloride from 

the extracellular fluid. Conditions that cause hyponatremia owing to loss of sodium chloride include 

excessive sweating, diarrhea and vomiting and over use of diuretics that inhibit kidney to conserve 

sodium. Addison’s disease, which results from decreased secretion of hormone aldosterone (impairs 

the ability of kidneys to reabsorb sodium) can be one of the causes of hyponatremia. 

Hypernatremia: Hypernatremia is increased plasma sodium level which also increases osmolarity, 

can be due to excessive water loss from extracellular fluid, secretion of sodium- retaining hormone 

aldosterone (cushing syndrome) excessive treatment with sodium salts. 

Potassium 

Potassium is major intracellular cation present in a concentration approximately 23 times higher than 

the concentration of potassium present in Extracellular fluid compartment. Extracellular fluid 

potassium concentration is normally precisely regulated at 4.2mEq/l. This is because many of the cell 

functions are sensitive to change in the extracellular fluid potassium concentration. 
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Increase in potassium concentration can cause cardiac arrhythmias and higher concentrations can lead 

to cardiac arrest by fibrillation. About 95% of body potassium is contained in the cells and only 2% in 

extracellular fluid. Maintenance of potassium balance depends primarily on its excretion by kidney 

because only 5-10 percent is excreted in feces. Both, elevated and low levels of potassium, can be fatal, 

Hypokalemia occurs due to high intake of potassium or in kidney damage 

while Hyperkalemia due to vomiting, diarrhea, burns, diabetic coma, over use of thiazide diuretics, 

alkalosis etc. 

Chloride 

Chloride major extracellular anion is principally responsible for maintaining proper hydration, osmotic 

pressure, and normal cation anion balance in vascular and interstitial compartment. The concentration 

of chloride is 103mEq/l in extracellular fluid, and 4 mEq/l in intracellular fluid. 

Decreased chloride concentration can be the result of salt losing nephritis, leading to lack of tubular 

reabsorption of chloride, metabolic acidosis such as found in diabetes mellitus, in renal failure and 

prolonged vomiting. Increased concentration of chloride may be due to dehydration, decreased renal 

blood flow found with congestive heart failure (CHF) or excessive chloride uptake. 

Phosphate 

Phosphate is the principal anion of intracellular fluid compartment. Inorganic phosphate in the plasma 

is mainly in two forms HPO4-- and H2PO4- . The concentration of HPO4-- is 1.05 mmole/L and the 

concentration of H2PO4- 0.26 mmole/L. When the total quantity of the phosphate in extracellular fluid 

rises so does the concentration of each of these ions. When pH of the extracellular fluid becomes more 

acidic there is relative increase in H2PO4- and decrease in HPO4- - and vice versa. Phosphorous is 

essential for proper metabolism of calcium, normal bone and tooth development. HPO4-- and H2PO4- 

makes an important buffer system of body. 

Bicarbonate 

Bicarbonate is the second most prevalent anion in extracellular fluid compartment. Along with 

carbonic acid it acts as body’s most important buffer system. Each day kidney filters about 4320 
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milliequivalents of bicarbonate and under normal conditions all of this is reabsorbed from the tubules, 

thereby conserving the primary buffer system of the extracellular fluid. When there is reduction in the 

extracellular fluid hydrogen ion concentration (alkalosis) the kidneys fail to reabsorb all the filtered 

bicarbonate thereby increasing the excretion of bicarbonate. Because bicarbonate ions normally buffer 

hydrogen in the extracellular fluid, this loss of bicarbonate is as good as adding a hydrogen ion to the 

extracellular fluid. Therefore, in alkalosis, the removal of bicarbonate ions raises the extracellular fluid 

hydrogen ion concentration back towards normal. In acidosis the kidneys do not excrete the 

bicarbonate in the urine but reabsorb all the filtered bicarbonate and produces new bicarbonate which 

is added back to the extracellular fluid. This reduces the extracellular fluid hydrogen ion concentration 

back towards normal. 

Replacement Therapy 

The basic objective of replacement therapy is to restore the volume and composition of the body fluids 

to normal one. Volume contraction is a life threatening condition because it impairs the circulation. 

Blood volume decreases, cardiac output falls and the integrity of microcirculation is compromised. In 

volume depletion of sufficient magnitude to threaten life, a prompt infusion of isotonic sodium 

chloride solution is indicated. In an extreme case, intravenous therapy at the rate of 100 ml per minute 

for the first 1000ml has been considered necessary for the successful treatment of cholera. A general 

rule is to replace one half of the estimated volume loss in the first 12-24 hours of treatment. 

Sodium Replacement 

Sodium Chloride: NaCl (MW 58.44) 

I.P. Limit. Sodium chloride contains not less than 99.5 % and not more than 100.5 % calculated with 

reference to dried substance. It contains no added substances.It occurs as colorless cubic crystals or as 

white crystalline powder having saline taste. It is freely soluble in water, and slightly more soluble in 

boiling water, soluble in glycerin and slightly soluble in alcohol. 

Test for identification: 

For Sodium: To sample solution add 15 % w/v potassium carbonate heat, no precipitate. Add 



 

 

 

S S D BHAVANI RAJA 

 

potassium antimonite solution, heat to boiling, cool and if necessary scratch the inside of test tube with 

a glass rod, a dense white precipitate is produced. 

For Chloride: Dissolve sample in water, acidify with dilute nitric acid and add silver nitrate solution 

shake, and allow to stand, a curdy white precipitate is formed which is insoluble in nitric acid but, 

soluble after being well washed with water, in dilute ammonium hydroxide solution from which it is 

reprecipitated by the addition of dilute nitric acid. 

Preparation: On commercial scale it is prepared by evaporation of sea water in shallow pans. It 

contains impurities of sodium carbonate, sodium sulphate, magnesium chloride, magnesium 
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sulphate, calcium chloride etc. these impurities are removed by dissolving the salt in water in a 

cemented tank; some alum and lime are added. The suspended impurities are allowed to settle down. 

The clear solution is decanted into iron pans and concentrated. The crystals of sodium chloride settle 

down which are then collected and dried. 

Assay: The assay of sodium chloride 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 in the reaction with sodium chloride. The 

remaining unreacted AgNO3 is determined by titration with standard solution of ammonium 

thiocyanate using ferric alum (ferric ammonium sulphate) as indicator. The end point is obtained as a 

permanent brick red color due to formation of ferric thiocyanate. 

Procedure: Accurately weigh the substance (0.1 gm) and dissolve in 50 ml water. Add 50 ml of 0.1N 

AgNO3, 3 ml HNO3, 5 ml nitro benzene, 2 ml ferric ammonium sulphate and mix thoroughly. The 

solution is titrated with ammonium thiocyanate until the color becomes brick red. 

1ml of 0.1N AgNO3 ≡ 0.005844 gm NaCl 

Use: 

Used as fluid and electrolyte replenisher, manufacture of isotonic solution, flavor enhancer. Isotonic 

solutions are used in wet dressings, for irrigating body cavities or tissues 

Hypotonic solutions are administered for maintenance therapy when patients are unable to take fluids 

and nutrients orally for one to three days. 

Hypertonic solution/injection are used when there is loss of sodium in excess. Official preparations of 

Sodium chloride 

Sodium Chloride Injection I.P. 

Sodium chloride injection is a sterile isotonic solution of sodium chloride in water for injection. It 

contains not less than 0.85 % and not more than 0.95 % w/v of sodium chloride. It contains no 

antimicrobial agents. It is a clear, colorless solution with pH between 4.5-7.0. 
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Sodium Chloride Hypertonic Injection I.P. (Hypertonic saline) 

It is a sterile solution of sodium chloride in water for injection. It contains not less than 1.52 % and not 

more than 1.68 % w/v of sodium chloride. It contains no antimicrobial agents. It is a clear, colorless 

solution with pH between 5-7.5. 

It complies with the test for pyrogens. 
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Compound Sodium Chloride Injection I.P. (Ringer injection) 

It contains not less than 0.82 % and not more than 0.9 % w/v of sodium chloride, not less than 0.0285 

%, not more than 0.0315 % w/v of potassium chloride and not less than 0.03 % and not more than 

0.036% w/v of calcium chloride in water for injection. It contains no antimicrobial agents. It is a clear, 

colorless solution with pH between 5-7.5. 

Sodium Chloride and Dextrose Injection 

It is a sterile solution of sodium chloride and dextrose in water for injection. It contains not less than 

95% and not more than 105 % w/v of the stated amount of sodium chloride and dextrose as given 

below: 

Combinations of Sodium Chloride and Dextrose 
 

 
% of Sodium 

Chloride 

% of Dextrose % of Sodium 

Chloride 

% of Dextrose 

0.11 5 0.45 5 

0.18 5 0.45 10 

0.20 5 0.90 2.5 

0.225 5 0.90 5 

0.3 5 0.90 10 

0.33 5 0.90 25 

0.45 2.5 

 

It is clear colorless or faintly straw colored solution with pH between 3.5-6.5. 

Potassium Replacement 

Potassium Chloride: KCl (MW 74.56) 

I.P. Limit. Potassium chloride contains not less than 99 % calculated with reference to dried 

substance. It occurs as sylvine (KCl) and Carnallite (KCl, MgCl2)6H2O contaminated with magnesium 

sulphate and chlorides. It occurs as white crystalline solid, cubic crystals. It is less soluble in water than 

sodium chloride, and slightly more soluble in boiling water, soluble in glycerin and insoluble in 
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alcohol. 

Test for Identification: 

For potassium: To 1ml of solution add 1ml dilute acetic acid and 1ml of 10 % w/v sodium cobalt 

nitrite, a yellow color is produced. 

For Chloride: Substance in water is added with dilute solution of silver nitrate, shake the solution and 

allow to stand , on standing white precipitate is obtained which is insoluble in nitric 
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acid but soluble after being washed with water; in dilute ammonium hydroxide, from which it is 

reprecipitated by the addition of dilute nitric acid. 

Preparation: 

1. It is prepared by fusing carnallite whereby liquefied magnesium chloride hexahydrate is separated 

from the solid potassium chloride. 

2. The crushed carnallite is dissolved by boiling with liquor leaving other impurities undissolved. 

These are filtered off and the filtrate is crystallizes to get cubic crystals of potassium chloride. 

3. It is also prepared in laboratory by reacting HCl with potassium carbonate or bicarbonate 

 K2CO3 + 2HCl                   KCl + H2O +CO2 

KHCO3 + HCl                     KCl + H2O +CO2 

Assay: The assay is based on Mohr’s method of direct volumetric precipitation titration. An aqueous 

solution of the substance is titrated against a standard solution of silver nitrate using solution of 

potassium chromate as indicator. 

KCl + AgNO3                      AgCl + KNO3 

When whole of potassium chloride has been precipitated as AgCl, further addition of silver nitrate 

solution gives brick red color with the indicator. The end point is change of color from yellow to red. 

Procedure: Accurately weigh the specified (0.25g) amount of potassium chloride and dissolve in 50 

ml of water. Titrate the solution with 0.1N silver nitrate solution using potassium chromate solution as 

indicator. 

2AgNO3 + K2CrO4                     Ag2CrO4 + 2KNO3 

1ml of 0.1N silver nitrate ≡ 0.007455g of KCl 

Use: Electrolyte replenisher in potassium deficiency, familial periodic paralysis, Meniere’s syndrome 

(disease of inner ear), antidote in digitalis intoxication, myasthenia gravis. 

Contraindication: renal impairment with oligouria, acute dehydration. 

Calcium Replacement 

Calcium Lactate: C6H10CaO6 xH2O MW 308.30 (Pentahydrate) 
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I.P. Limit. Potassium chloride contains not less than 97% and not less than 103% of Calcium Chloride 

dihydrate. It occurs as white odorless powder. The pentahydrate effloresces and becomes anhydrous at 

120°. Aqueous solutions are prone to become moldy. It is soluble in water, practically insoluble in 

alcohol. 

Test for Identification: 

For Calcium: Dissolve substance in 5 M acetic acid and add 0.5 ml of potassium ferrocyanide 

solution. The solution remains clear. Add ammonium chloride white crystalline precipitate is formed. 

For Lactate: To sample solution add bromine water, 1 M H2SO4 and heat on water bath stirring 

occasionally until the color is discharged. Add ammonium sulphate mixture of 10% solution of sodium 

nitroprusside in ammonia solution. Allow to stand for 10 mins, a dark ring appears at the interface of 

two liquids. 

Preparation: 

1. It is obtained by neutralizing a hot solution of lactic acid with calcium carbonate in slight excess. 

The hot liquid is filtered and filtrate is evaporated to crystalline product.  

H3CCHCOHOOH + CaCO3 H3CCHCO-OOH+CO2H2O2+2Ca 

2. It is also obtained by fermenting hydrolyzed starch with a suitable mold in the presence of calcium 

carbonate 

3. Or by fermentation of mother liquor resulting from the production of milk sugar and chalk. The 

mixture is digested for a week at about 30°. The product is purified by crystallization.  

Assay: The assay is based on complexometric method of titration wherein disodium EDTA as titrant 

and calcon mixture as indication. The end point is change of color from pink to blue. 

Procedure: Accurately weigh specified amount of sample and dissolve in water (50 ml), titrate the 

solution with 0.05 M disodium EDTA to within few ml of the expected end point. Add sodium 

hydroxide solution and calcon mixture and continue titration till end point is observed. The color of 

solution changes from pink to blue. 

1ml of 0.05 M disodium EDTA ≡ 0.005004 gm of calcium 
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Use: An excellent source of calcium in oral treatment of calcium deficiency. 

Physiological Acid Base Balance 

Abnormalities of the pH of body are frequently encounter and are of major clinical importance. 

Acedemia and alkalemia refer respectively to an abnormal decrease or increase in the pH of the blood. 

Acidosis and alkalosis refer respectively to clinical state that can lead to either acedemia or alkalemia. 

However in each condition the extent to which there is an actual change in pH depends in part on the 

degree of compensation which varies in most clinical disturbances. It is most convenient to evaluate 

clinical disturbances of pH by reference to HCO3– – H2CO3 System Because it is in buffer system of 

extracellular fluid, this results from a number of factors: 

1. There is considerably more bicarbonate present in extracellular fluid than any other buffer 

component. 

2. There is a limitless supply of carbon dioxide 

3. Physiological mechanisms operate to maintain the extracellular pH function by controlling fluid 

4. The bicarbonate –carbonic acid buffer system operates in conjunction with haemoglobin. Acids 

are constantly being produced during metabolism. Most metabolic reactions occur only within narrow 

pH range of 7.38-7.42. Therefore the body utilizes several buffer systems, two of them are bicarbonate 

and carbonic acid (HCO3– : H2CO3) present in plasma and kidney and monohydrogen 

phosphate/dihydrogen phosphate (HPO42- : H2PO4-) found in cells and kidney. RBC’s have 

hemoglobin buffer system which is most effective single buffer system for buffering the carbonic acid 

produced during metabolic process. For each millimole of oxygen that dissociates from hemoglobin 

(Hb) 0.7 millimole of H+ are removed. 

Carbon dioxide, the acid anhydride of carbonic acid is continuously produced in the cells. It diffuses 

into the plasma and reacts with water to form carbonic acid. The increased carbonic acid is buffered by 

plasma proteins. Most CO2 enters the erythrocytes where it either rapidly forms H2CO3by the action of 

carbonic anhydrase or combines with Hb. 

The tendency to lower the pH of the erythrocytes due to increased concentration of H2CO3 is 
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compensated by Hb. 

Carbonic anhydrase 

CO2 + H2O H2CO3 

The bicarbonate anion then diffuses out of erythrocytes and chloride anion diffuses in. This has been 

named as chloride shift. Te bicarbonate in plasma, along with the plasma carbonic acid now acts as 

efficient buffer system 

H2CO3 + K+ +HbO2- K+ + HCO3- + HHb + O2 

The normal HCO3-/ H2CO3 ratio is 27/1.35 meq/lt (20:1) corresponding to pH 7.4. In lungs there is 

reversal of the above process due to the large amount of O2 present. Oxygen combines with the 

protonated deoxyhemoglobin releasing proton. These combine with HCO3- forming H2CO3 which then 

dissociates to CO2 and water. The carbon dioxide is exhaled by the lungs. Thus by regulating breathing 

it is possible for the body to exert a partial control on the HCO3-/H2CO3 ratio. 

O2 + HHb + K+ + HCO3- K+ HbO2- + H2CO3 CO2 + H2O 

The phosphate buffer system is also effective in maintaining physiological pH. At pH 7.4 the HPO4-

2/H2PO4- ratio is approximately 4:1. In kidney, the pH of urine can drop to 4.5-4.8 corresponding to 

HPO4-2/H2PO4- ratio of 1:99- 1:100. The acid is excreted from kidney as follows: 

1. sodium salt of mineral or organic acids are removed from the plasma by glomerular filtration 

2. Sodium is preferentially removed from the renal filtrate or tubular fluid in the tubular cells. The 

process known as sodium hydrogen exchange. 

3. The sodium bicarbonate returns to plasma (eventually being removed in the lungs as CO2) and 

protons enter tubular fluid, forming acids of the anions that originally were sodium salts. 

 

DENTAL PRODUCTS 
 
 

Dental hygiene has been considered as important since long. In order to maintain dental hygiene, 
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numerous dental products are available in market. Many chemicals find use in their preparation as well 

as in dentistry. 

 
Although it is well known that clean teeth keeps good health and clean teeth cannot decay, it is not 

possible to clean the teeth continuously all the years. Numerous factors contribute to dental decay and 

the problem of oral hygiene arises. 

A large number of inorganic chemicals and their preparations are known which find application in the 

practice of dental and oral disorders. As they come in contact with the human body, they are regarded 

like other drugs and pharmaceuticals. Dental products include (a) anticaries (b) cleaning and polishing 

agents. 

 
ANTICARIES AGENTS 

 
 

Dental caries or tooth decay is more or less a disease of the teeth caused by acids produced by the 

action of microorganisms on carbohydrates. This disease is characterized by decalcification of tooth 

accompanied by foul mouth odor. The exact cause and mechanism of dental caries is not known with 

certainty. However, it is accepted that dental caries first of all starts on the surface of the teeth. Acids 

produced by bacterial metabolism of fermenting carbohydrates act on teeth, produce lesions where 

bacteria's get localized and dental caries gets produced. 

To prevent dental caries and to maintain clean and healthy teeth, it becomes necessary to use 

dentifrices. Primary function of dentifrice is to clean the accessible surface of the teeth. There are 

substances having known therapeutic value. Use of ammoniated toothpaste, urea ammonia containing 

powders, antibiotic containing mixtures and anti-enzyme compounds has been in use. 
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These compounds are having their advantages and limitations. 

 
 

Role of fluoride 

Role of fluoride in preventing dental caries has been well accepted. Administration f traces of fluoride 

having salts or their use in topical use to the teeth have been reported to give encouraging results. 

Fluoride ion is a trace material which occurs in our body. It is generally adequately obtained from food 

and water. In some parts of the world, ground water is totally lacking fluoride. In such places 

occurrence of dental caries has been becoming in alarming proportions. Addition of fluoride to the 

municipal water supply, known as fluoridation is able to help in reducing the preventing dental caries. 

This is not true because those who receive slow continued ingestion of fluoride may suffer from 

mottling of teeth, increased density of bones, gastric disturbances, muscular weakness, convulsions 

and even heart failure. Due to beneficial effects in treating dental caries and in some types of 

osteoporosis, fluorides find use in dental practice. 

 
When a fluoride having salt or solution is taken internally, it is readily absorbed, transported and 

deposited in the bone or developing teeth and remainder gets excreted by the kidneys. The deposited 

fluoride on the surface of teeth does not allow the action of acids or enzymes in producing lesions. A 

small quantity of fluoride thus becomes necessary to prevent caries. 

However, if more quantity of fluoride is ingested it is carried to bones and teeth and gives rise to 

mottled enamel known as dental fluorosis. 

It is possible to administer fluoride by two routes (i) orally and (ii) topically. The use of fluoridation of 

public water supply has been the most common and effective way of oral administration. Water supply 

containing about 0.5 to 1 ppm is provided which is sufficient. Alternatively, it can be given in drinking 

water or fruit juice in such a concentration to have about 1 ppm per day. Sodium fluoride tablets or 

solution of sodium fluoride in a dose of 2.2 mg per day are used. For topical application 2 percent 

solution is generally used on teeth. 
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Role of Phosphate 

 
 

Besides fluorides, inorganic phosphate salts have been found to be useful in reducing the dental caries. 

Phosphate ions are needed for stronger bones as well healthy teeth. Phosphate salts both 
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in soluble and insoluble forms normal diets. The phosphates are normally given in deficiency. Role of 

phosphates as cleaning agent is also important. 

 
1. Sodium Fluoride Formula: NaF 

It is having not less than 98.0 percent of NaF, calculated with reference to the dried substance. 

 
 

Preparation: It may be prepared by neutralizing hydrofluoric acid with sodium carbonate. Another 

method involves the double decomposition of calcium fluoride with sodium carbonate wherein 

insoluble calcium carbonate can be removed by filtration. 

Properties: It forms colorless, odorless crystals or as white powder. It is soluble in water but is 

insoluble in alcohol. Its aqueous solutions corrode ordinary glass bottles and hence the solution should 

be prepared in distilled water and stored in dark, Pyrex bottles. 

 
On acidification of salt solution, hydrofluoric acid is produced. This is weak acid and is poisonous. 

Aqueous solution of salt yields alkaline reaction. 

Action and uses: Sodium fluoride due to its fluoride ion is an important agent in dental practice for 

retarding or preventing dental caries. 

 
Sodium fluoride in 2 percent aqueous solution is widely used topically, occasionally the solution is 

applied to the surface of dry teeth periodically over several times in a year. Fluoride ion enters the 

enamel of teeth and becomes part of enamel structure and thus becomes effective. 

 
Approximately 2.2 mg of NaF contains 1 mg of fluoride ion and each g of NaF is equivalent to 

23.8 m mol of sodium and fluoride. Sodium fluoride and other soluble fluorides are readily absorbed 

from GIT. Fluoride also gets absorbed slowly from gums when applied as paste and incorporated into 
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the teeth. Fluoridised teeth have the resistant to microorganisms causing dental caries. It also decreases 

microbial acid production. Sodium fluoride can be administered as solution, tablet, oral gel or varnish 

for systemic use or as mouth wash for local use in the mouth. 
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A modification of sodium fluoride application is the use of acidified phosphate-sodium fluoride gels. These 

preparations usually contain the equivalent of approximately 1.23 percent fluoride and 1 percent phosphoric 

acid. 

 
A 2% solution of sodium fluoride in water may be applied to children's teeth, after preliminary cleansing, 3 

times at the interval of one week of 3, 7, 10, and 13 years of age to correspond with the tooth eruption. 

Alternatively, a paste containing75% of sodium fluoride and 25% of glycerol is applied to the teeth, rubbed in 

for 1 minute and removed by a mouthwash. 

 
Usual Dose: 2.2 mg once a day. 

 
 

Assay: It is assayed by complexometric titration method using disodium edentate. 

 
 

A weighed quantity is dissolved in water. To it a small amount of sodium chloride and alcohol is added. Now 

contents are heated to boiling and drop wise excess lead nitrate is added with stirring. On cooling, coagulated 

precipitate is filtered, residue washed with dilute alcohol and the combined filtrate and washings are made to 

titrate with disodium edentate using xylenol orange as indicator. 

 
Stannous fluoride is a valuable adjunct in the prevention of caries and is considered to be superior to sodium 

fluoride for two reasons (i) simplified application; and (ii) greater effectiveness. The first advantage is 

supported by the fact that a single application of 8% aqueous solution to the tooth surface is enough for every 

6 months to 1 year, while, a 2% sodium fluoride is applied 4 times during a 10 days a period. The second 

advantage derives from the fact that the stannous ion increases the anticariogenic action of fluoride ion so 

that both ions contribute towards clinical effectiveness. 

It is for topical use only. 

 
Storage: It is kept in well-closed containers. 
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Calcium carbonate 

 
Chemical Formula: CaCO3  

Molecular Weight:100.1 gm/mole  

Synonym: Precipited Chalk  

Preparation 

1.It can be prepared by reacting a solution of sodium carbonate and calcium chloride I presence of high 

temperature i.e double decomposition reaction. The precipitate obtained is filtered. 

Properties 
 

Fine, white microcrystalline powder, odourless and tasteless. It is insoluble in water and alcohol. 

Identification: 
 

Its gives the reaction of calcium and carbonate. 
 

Test for purity: 
 

It Has to be tested for Al, Fe, Phosphate, heavy metal chloride, sulphate, barium, soluble alkali and  loss on 

drying and insoluble matter in HCl. 

Assay: 
 

It can be assayed by the complexometric titration method. 
 

Accurately weighed (1.0 g) sample is moisten with sufficient quantity of water and sufficient HCl is added to 

get a clear solution. The volume is made to 250 ml with water. To 50 ml of this solution, add 100 ml of water 

and 15 ml of 1 N NaOH solution. After addition of 40 mg murexide indicator and 3 ml of napthol green, 

titrate with 0.05 M disodium EDTA until deep blue colour  appears. 

Each ml of 0.05 M disodium EDTA is equivalent to 0.005005 g of CaCO3 

 

Storage: Stored in tightly closed container. 
 

Uses: It is internally used as an antacid and it finds use as a dentrifice because it is having mild abrasive 
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quality. 

Zinc Eugenol Cement: 
 

It is a material prepared by combination of zinc oxide and eugenol contained in oil of cloves. It can be used 

as filling or cement material in dentisty. It is used in dentisty where decay is very deep and close to the nerve 

or pulp chamber. the tissue inside the tooth i.e pulp reacts badly to the drilling stimulus(heat or vibration).it 

frequently becomes severely inflamed and leads to the condition called pulpitis. This pulpitis can cause 

severe chronic tooth sensitivity or actual toothache and can only be treated with the removal of the 

nerve(pulp)called root canal therapy. The placement of zinc eugenol cement temporary for a few to several 

days prior to the placement of the final filling usually prevent the sensitivity on toothache. 

It is used in the management of dental caries as temporary filling. It is also used as an antimicrobial agent. 

Chemical composition of zinc eugenol cement: 
 

Zno-69.0 % 
 

White rosin-29.3 % Zinc acetate-1% Zinc stearate-0.7% Liquid eugenol-85% 

Classification of Zinc eugenol cement (ZOE): 
 

Type I ZOE: For temporary cementation  

Type II ZOE: Permanent Cementation 

Type III: Temporary filling and thermal base 
 

Type IV: Cavity Liners 

 

ZOE cement is available as powder and liquid or paste. 
 

Uses: 
 

1.It is used for temporary and permanent cementation  

2.It is used for temporary fillings. 

3.It can be used as Pulp capping agent and Cavity Liners. 
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UNIT-III 

 

Drugs Acting on the Gastrointestinal System 

 

The Gastrointestinal (GI) Tract includes the mouth, stomach, small intestine (duodenum, jejunum, 

and ileum), large intestine (cecum and colon), rectum, anus, and its accompanying exocrine glands 

(the salivary glands, the pancreas, and the gallbladder). 

- Drugs affecting the GI system are used in the treatment of Gastric Acidity, Peptic Ulcers, and 

Gastro Esophageal Reflux Disease (GERD), Bowel Motility Disorders (gastroparesis [delayed 

gastric emptying due to partial paralysis of the stomach muscles], constipation, and diarrhea), and 

for the treatment of nausea and vomiting. 

 

Gastric acid production 

- Gastric acid is secreted from parietal cells when stimulated by the vagus nerve, histamine, and 

gastrin. CO2 and H2O react inside parietal cells, under the influence of carbonic anhydrase, to form 

bicarbonate (HCO3–) and H+. 

- H+ is then pumped into the lumen of the stomach by H+/K+ ATPase. 

- Cl− is also secreted from parietal cells into the lumen by simple diffusion. 

- Then this H+, Cl− and water combine in the lumen to form hydrochloric acid (HCl). 

- The HCO3– produced is secreted into the bloodstream. 

 

ACIDIFIERS 

 

 
Acidifiers are inorganic chemicals that either produce or become acid. 

- These chemicals increase the level of gastric acid in the stomach when ingested, thus 
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decreasing the stomach pH. 

- These are many types of acidifiers but the main four types are: 

i. Gastric acidifiers, used in controlling pH in stomach. 

ii. Urinary acidifiers, used in controlling pH in urine. 

iii. Systemic acidifiers, used in controlling pH in all the parts of body. 

- ACHLORHYDRIA: In patients suffering from achlorhydria, there is deficient secretion of 

HCl in stomach. In such cases acidifiers are useful in providing the necessary acidity for the 

proper digestion of food. Systemic acidifiers are those which, when given usually by injection, 

act by reducing the alkali reserve in the body and are also useful in reducing metabolic alkaloids. 

 
AMMONIUM CHLORIDE 

 

Molecular formula  NH4Cl  
Molar mass  53.49 g/mol  
Synonym  Sal ammoniac  
Solutions of ammonium chloride are mildly acidic. 

Physical Properties 
   

Appearance: White 

solid, hygroscopic 
Odor: Odourless Taste: Cooling saline Density: 1.5274 

g/cm3 
Melting point: 3380 C (decomposes, sublimes) Solubility: free soluble in water and glycerol, 

sparingly soluble in alcohol 

PREPARATION: 
Ammonium chloride prepared through solvay process: 

 

                              CO2 + 2 NH3 + 2 NaCl + H2O → 2 NH4Cl + Na2CO3 

 

Ammonium chloride is prepared commercially by combining ammonia (NH3) with either 

hydrogen chloride (gas) or hydrochloric acid (water solution): 

 

NH3 + HCl → NH4Cl 
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Reactions 

 

- Ammonium chloride appears to sublime upon heating but actually decomposes into 

ammonia and hydrogen chloride gas:  

                                                    NH4Cl → NH3 + HCl 

 

- Ammonium chloride reacts with a strong base, like sodium hydroxide, to release ammonia 

gas: 

                                  NH4Cl + NaOH → NH3 + NaCl + H2O 

 

- Similarly, ammonium chloride also reacts with alkali metal carbonates at elevated 

temperatures, giving ammonia and alkali metal chloride: 

          2 NH4Cl + Na2CO3 → 2 NaCl + CO2 + H2O + 2 NH3 

 

Assay 

 

- Dissolve 1.000 g of Ammonium chloride in 20 ml of water and add a mixture of 5 ml of 

formaldehyde solution, with few drops of phenolphthalein solution. After 1 min to 2 min, 

titrate slowly with 1M sodium hydroxide. 

- 1 ml of 1M sodium hydroxide is equivalent to 53.49 mg of NH4Cl. 



 

 

 

S S D BHAVANI RAJA 

           

Uses: 

- Ammonium chloride is used as an expectorant in cough medicine. Its expectorant action is 

caused by irritative action on the bronchial mucosa, which causes the production of excess 

respiratory tract fluid, which presumably is easier to cough up. 

- Ammonium salts are an irritant to the gastric mucosa and may induce nausea and vomiting. 

- Ammonium chloride is used as a systemic acidifying agent in treatment of severe 

metabolic alkalosis. 

- The main application of ammonium chloride is as a nitrogen source in fertilizers. 

- Ammonium chloride is used as a flux in preparing metals to be tin coated, galvanized or 

soldered. 

 

▪ Dose: 1 to 2 gm (As systemic acidifier); 0.3 to 0.5 gm (Expectorant) 

 

▪ Storage: Store in highly closed container. 

 

Gastric Antacids 

 

Antacids (anti - against; acidus - acid) are weak alkaline compounds used to neutralize hydrochloric 

acid in the stomach. 

- Antacids are the substances which reduce gastric acidity resulting in an increase in the pH of 

stomach and duodenum. Gastric acidity occurs due to excessive secretion of HCl in stomach due to 

various reasons. 

 

- The pH of the stomach is 1.5- 2.5 when empty and raises to 5-6 when food is ingested. 

- Low pH is due to the presence of endogenous HCl, which is always present under 

physiological conditions. 
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- When hyperacidity occurs the result can range from: 

i. Gastritis (a general inflammation of gastric mucosa) 

ii. Peptic ulcer or oesophageal ulcer (lower end of oesophagus) 

iii. Gastric ulcer (stomach) 

iv. Duodenum ulcers 

Symptom of hyperacidity: 

▪ Hydrochloric acid is secreted by the stomach to kill harmful organisms, aid digestion and 

activate digestive enzymes. 

▪ Excess secretion of acid into stomach or impaired resistance by the lining of the stomach or 

reflux into the oesophagus may produce symptoms. 

▪ Hyperacidity cause gastric reflux, gastritis, upset stomach and heartburn. 

- Criteria of an ideal antacid preparation: 

▪ The antacid should not be absorbable or cause systemic alkalosis 

▪ The antacid should not be a laxative or causes constipation 

▪ The antacid should exert its effect rapidly and over a long period of time 

▪ The antacid should buffer in the pH 4-6 range 

▪ The reaction of the antacid with gastric HCl acid should not cause a large evolution of gas 

▪ The antacid should probably inhibit pepsin 

 
Classification of antacids 

▪ Antacids can be classified into two main categories: 

i. Based on chemical nature of Antacid properties. 
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Absorbable Antacids Non-Absorbable Antacids 

 

o The absorbable antacids (chemical antacids) 

show the most rapid onset of action and provide 

faster relief of symptoms. 

o However they may cause an "acid rebound". 

o Absorbable Antacids inappropriate for 

patients afflicted with hypertension or kidney 

failure. 

 

o The non-absorbable antacids though less 

prone to cause a rebound effect 

o Moreover as these antacids are more potent 

and effective in a semi liquid or liquid form 

than in a capsule or table 

o The usually high presence of aluminum and 

magnesium hydroxides in non-absorbable 

antacids can be effectively used to prevent 

significant stress ulcer bleeding in post-operative 

patients or those with severe burns. 

 

Sodium bicarbonate 

 
 

Molecular formula 

NaHCO3  

Moiar mass 84.01 g/mol 

Synonym Baking soda; Bread soda, 

Cooking soda, Bicarbonate of 

soda 

 

Properties 

 

Appearance : White crystalline power 
or granules 

Odor : Odourless 
Taste : Saline taste 
Density : 1.1 to 1.3 g/cm3 
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Melting point : Decomposes to sodium 
carbonate starting at 
500 C 

Solubility in water : Freely soluble in water: 69 

g/L (00C); 96 g/L (200C); 

165 g/L 
(600C); 236 g/L (1000 C) 

Refractive index : 1.583 

 

Preparation 

 

- NaHCO3 may be obtained by the reaction of carbon dioxide with an aqueous solution of 

sodium hydroxide. The initial reaction produces sodium carbonate. Further addition of carbon 

dioxide produces sodium bicarbonate 

CO2 + 2 NaOH → Na2CO3 + H2O 
Na2CO3 + CO2 + H2O → 2 NaHCO3 

 

- On an industrial scale it is obtained by Solvay process: 

CO2 + H2O → H2CO3 

NH3 + H2CO3 → NH4HCO3 

NaCl + NH4HCO3 → NaHCO3 + NH4Cl 

 

Reactions 

 

- Thermal decomposition: Above 500 C, sodium bicarbonate gradually decomposes into 

sodium carbonate, water and carbon dioxide. The conversion is fast at 2000 C 

2 NaHCO3 → Na2CO3 + H2O + CO2 

 

- Sodium bicarbonate reacts with acetic acid, producing sodium acetate, water, and carbon 

dioxide. 

NaHCO3 + CH3COOH → CH3COONa + H2O + CO2 

 

- Sodium bicarbonate reacts with bases such as sodium hydroxide to form carbonates 
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NaHCO3 + NaOH → Na2CO3 + H2O 

 

- When mercuric chloride solution is added to a solution of sodium bicarbonate a reddish 

precipitated of mercuric oxide is formed. 

2 NaHCO3 + HgCl2 → 2 NaCl + H2O + HgO + 2 CO2 

 

Assay 

 

- Weigh accurately 1gm of Sodium bicarbonate and dissolve in 20 ml of water, titrate the 

solution with 0.5N sulphuric acid using methyl orange as indicator. 

- Each ml of 0.5N sulphuric acid ≡ 0.0425gm of NaHCO3 

 

Uses 

 

- It is used as Systemic antacid and in electrolyte replacement. 

- It is used as systemic alkalinising agent used in the treatment of metabolic acidosis (increase 

in acidity). 

- Bicarbonate of soda can also be useful in removing splinters from the skin. 

- Sodium bicarbonate can be added to local anaesthetics, to speed up the onset of their effects 

and make their injection less painful. 

- Sodium bicarbonate may be used as a buffering agent, combined with table salt, when creating 

a solution for nasal irrigation. 

- 0.1% to 1% Sodium bicarbonate solution used as eye lotion. 

- Used removed ear wax and lubricating fluid for contact lenses. 

- 5% to 10% Sodium bicarbonate solution used as local applicants for burn, insect bites etc. 

- Used in preparation of effervescent formulation. 
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Alumi

num 

hydro

xide 

gel 
 
 

Molecular formula: Al(OH)3  

- Molar mass: 78.00 

g/mol 

 

Synonym  Hydrated alumina, Ortho Aluminic 

acid, Aluminic acid 

 

Aluminium hydroxide is found in nature as the mineral gibbsite (also 

known as hydrargillite) and its three much rarer polymorphs: BAYERITE, 

DOYLEITE, and NORDSTRANDITE. 

 

Sodium bicarbonate side effects 

 

- High doses may cause headache, nausea or irritability. 

- Sodium bicarbonate side effects can include metabolic alkalosis, edema due to sodium 

overload, congestive heart failure, hyperosmolar syndrome, hypervolemic hypernatremia, and 

hypertension due to increased sodium. 

Note By: 

Symptoms of Alkalosis or metabolic alkalosis: 

o Confusion(can progress to stupor or coma) 

o Hand tremor 

o Light-headedness 

o Muscle twitching 

o Nausea, vomiting 

o Prolonged muscle spasms (tetany) 

Dose: 300 mg to 2 g per day in divided dose. 

 
Storage: Store in air tight container. 
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Properties 

Appearance : White amorphous powder  
Odor : Odourless 

Taste : Tasteless 

Density : 2.42 g/cm3 

Melting point : 3000C 

Solubility : Practically insoluble in water 

and alcohol; Soluble in in dilute 

mineral acid and in solution of 

alkali hydroxide. 
Isoelectric point : 7.7 

 

- Aluminium hydroxide is amphoteric in nature, i.e, it has both basic and acidic properties. 

- In presence of an alkali, it behaves as an acid: Al(OH)3 ⇌ 3H+ + AlO33- 

- In presence of an alkali, it behaves as an acid: Al(OH)3 ⇌ 3OH- + Al 3+ 

 

- Aluminium hydroxide reacts with acid gives salt and water: Al(OH)3 + 3 HCl → AlCl3 + H2O 

Preparation  

 
 

 

 
 

Uses 

 

- It is prepared by hot solution of potash alum slowly with constant stirring to a hot solution of 

sodium carbonate. 
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- Aluminum salts remain in the stomach for long periods and slowly react with stomach acid to form 

aluminum chloride. Aluminum hydroxide may inhibit the action of pepsin and stimulate stomach 

mucus secretion. 

- Aluminium hydroxide used as gastric antacid. 

- Aluminium hydroxide used in treatment of Gastro esophageal reflux disorder. 

- ULCER PROTECTIVES: Basic aluminium hydroxide of sulfated sucrose is known as Sucralfate, 

which is used as protective Sucralfate is minimally absorbed after oral administration; action is entirely 

local. It promotes healing of both duodenal and gastric ulcers. (Sucralfate must be taken before meals) 

- In treatment of Zollinger-Ellison Syndrome 

 

Aluminium hydroxide side effects 

 

- Constipation 

- Osteomalacia (by interfering with PO43– absorption) 

- Decreased absorption of some drugs (e.g., Tetracyclines and other antibiotics) 

 

Dose 

- Dyspepsia: 500 to 600 mg orally 4 to 6 times a day as needed, between meals and at bedtime. 

- Gastro Esophageal Reflux Disease, Duodenal and Gastric Ulcer: 500 to 1500 mg orally 4 to 6 times a 

day as needed, between meals and at bedtime. 

 

Storage: Store in well-closed containers and should not be allowed to freeze. 

 

Zollinger–Ellison Syndrome is a condition caused by gastrin-secreting pancreatic adenomas that lead 

to multiple ulcers in the stomach and duodenum. 

Dyspepsia is a sensation of pain or discomfort in the upper abdomen. 

Osteomalacia softening of the bones, typically through a deficiency of vitamin D or calcium. 

Osteoporosis is a disease where increased bone weakness increases the risk of a broken bone. 

 

Magnesium hydroxide 
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Molecular formula: 

 

Mg(OH)2 

 

- Molar mass: 58.31 

g/mol 

 

 

- Mg2+ Salts or Oxide or Hydroxide acts as both antacids and laxative 

agents. 

 

Properties 

Appearance : White amorphous powder 

Odor : Odorless 

Taste : Tasteless 

Density : 2.34 g/cm3 

Melting point : 3500 C 

Solubility : Insoluble in water 

Refractive index : 1.55 

 

Preparation 

 

- Combining a solution of many magnesium salts with basic water induces precipitation of solid 

Mg(OH)2: 

 
Mg2+ + 2 OH− → Mg(OH)2 

 

- On a commercial scale, Mg(OH)2 is produced by treating seawater with lime [Ca(OH)2]. 

 
Mg2+ + Ca(OH)2 → Mg(OH)2 + Ca2+ 

 

- Laboratory Preparation: MgCO3 + 2 NaOH → Mg(OH)2 + Na2CO3 

 

Uses 
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- Used as weak antacid and laxative. 

- Most commonly used antacids combine aluminum hydroxide and magnesium hydroxide. The 

combination decreases the adverse effects of diarrhea (with magnesium products) and constipation 

(with aluminum products). Calcium carbonate is effective in relieving heartburn, but it is infrequently 

used to treat peptic ulcers or GERD. 

 

Magnesium hydroxide side effects 

 

- Antacids with magnesium are contraindicated in renal disease because hypermagnesemia may 

result; those with high sugar content are contraindicated in diabetes mellitus. 

 

Cathartics 

Laxatives, purgatives, or cathartics are substances that loosen stools and increase bowel movements. 

They are used to treat and/or prevent constipation. 

Constipation is the infrequent or difficult evacuation of the faeces. Cathartics are used: 

To ease defecation in patients with painful haemorrhoids or other rectal disorders and to avoid 

o Excessive straining and concurrent increase in abdominal pressure in patients with hernias Or 

o To avoid potentially hazardous rise in B.P. during defecation in patients with hypertension, 

o To relieve acute constipation Or 

o To remove solid material from intestinal tract prior to certain roentgenographic studies. 

Laxative should only be used for short term therapy as prolonged use may lead to loss of 

spontaneous bowl rhythm upon which normal evacuation depends, causing patient to become 

dependent on laxatives, the so called laxative effect. 

 

Four types of laxatives are known: 

(a) Laxative or aperient: Milder action, elimination of soft but formed stools. 
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Onset of action: 12-72 hours. 

(b) Purgative: Purgative are moderate laxative.  

Onset of action: 6-8 hours. 

 

(c) Cathartic: Stronger action resulting in more fluid evacuation. 

Onset of action: 0.5-3 hours (oral), 2-15 minutes (rectal) 

Classification: 

i. Bulk forming: Dietary fibre: Ispaghula (Plantago), Methylcellulose 

ii. Stool softener: Docusates (DOSS), Liquid paraffin 

iii. Stimulant purgatives: Senna, Sodium picosulfate, Castor oil 

iv. Osmotic purgatives [Saline (Osmotic) Cathartics]: Magnesium salts: sulfate, hydroxide; 

Sodium salts: sulfate, phosphate; Sod. Pot. tartrate; Lactulose 

 
 

Mechanism of Action: All purgatives increase the water content of faeces by: 

(a) A hydrophilic or osmotic action, retaining water and electrolytes in the intestinal lumen- increase 

volume of colonic content and make it easily propelled. 

(b) Acting on intestinal mucosa, decrease net absorption of water and electrolyte; intestinal transit is 

enhanced indirectly by the fluid bulk. 

(c) Increasing propulsive activity as primary action-allowing less time for absorption of salt and 

water as a secondary effect 

Saline Cathartic or Irritant laxatives exert an irritant action on the intestinal mucosa. This causes 

less fluid to be absorbed than is secreted. This filling of the intestinal lumen stimulates reflex 

peristalsis. Peristalsis is also directly simulated by the irritant action. 
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Bulk laxatives are insoluble and nonabsorbable from the intestine. They absorb water and expand 

within the intestinal lumen; this stimulates peristalsis. 
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Magnesium Sulphate 
 
 

 

Molecular formula 

 

MgSO4 • 7H2O 

 

 

Molar mass 

120.36 g/mol (Anhydrous); 246.47 

g/mol (Heptahydrate) 

Synonym Epsom Salts; Bitter Salts 

 

Properties 

Appearance : White crystalline solid 

Odor : Odourless 

Taste : Bitter taste 

Melting point : 1500C 

Solubility : 113g/100 ml at 200C in 

water (Heptahydrate); 

Slightly soluble in alcohol 

 
Preparation: 

 

Laboratory method: 

o Magnesium sulphate is prepared from magnesium carbonate and dil. sulfuric acid. 

 

MgCO3 + H2SO4 → MgSO4 + H2O + CO2 

 

o Magnesium sulphate can also prepare from magnesium oxide and dil. sulfuric acid. 

 

MgO + H2SO4 → MgSO4 + H2O 

 

Industrial Method: 

 

-  Magnesium sulphate is prepared from DOLOMITE (MgCO3• CaCO3) by sulfuric acid.:  
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MgCO3• CaCO3 + 2H2SO4 → MgSO4 + CaSO4 + 2H2O + 2CO2 

 

Uses: It is used as osmotic laxative (Saline Cathartics), in treatment of electrolyte deficiency, in in 

boils, in treatment of cholecystitis, sea sickness, 

 

 

Storage: Kept in tightly closed-container 

 

Dose: 10-15g/day 

 

   Sodium ortho phosphate 
 
 

Molecular Formula: Na2HPO4.12H2O 

Molecular Weight:358.4 of mole 

It is dodeca hydrate of disodium hydrogen orthophosphate 

Category: Osmotic laxative, pharmaceutical aid 

Preparation: It is prepared by reacting phosphoric acid and sodium carbonate. 

H3PO4 Na2CO3 Na2HPO4 H2O 
CO3 

Properties: 

Colourless, odourless, saline taste, transparent crystals, soluble in water, Insoluble in 

alcohol. 

Uses: used as laxative, cathartic, pharmaceutical aid in the preparation of 

buffer solution. 

Storage: Stored in a well closed container. 

 

Bentonite 
 
 

Molecular Formula: Al2O3.4[SiO2].H2O 

Molecular Weight:360.31 g/mole 

Properties: 
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Pale buff/cream colour, odourless, slight earthy taste, very fine powder, insoluble in 

water, soluble in organic solvents. 

Uses: 

Emulsifying agent, suspending and stabilizing agent, used as adsorbent. 

Storage: 

Stored in a tight closed containers. 
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Light Kaolin 
 
 

Molecular Formula: Al2O3.2SiO3.2H2O 

Molecular Weight:258 g/mole 

 

Preparation: 

It is prepared from natural clay. 

The steps include 1) Powdering of clay 

2)Particle separation by means of electrical sedimentation 

3)Purification from gritty particles 

4)Drying 

Properties: 

white, odourless, tasteless, fine powder, oily or greasy to tough in nature, insoluble 

in  water, mineral acids and other solvents. 

Identification Test: 

Dissolve 1 gm of light kaolin and 2 gm of anhydrous sodium carbonate and 10 ml of 

water heat and filter and wash the residue with 5 ml of water. Combine the filtrate 

and washings and add 3 ml of Hcl 

3 ml of HCl. It forms gelatinous precipitate. 

Uses: 

Used as an adjunct in rehydration therapy meant for diarrhea, dysentery and cholera 

and used as an 

An adsorbent in food poisoning. 
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Heavy Kaolin 
 
 

Molecular Formula: Al2O3.2SiO3.2H2O 

Molecular Weight:258 g/mole 

Preparation: 

Natural clay when treated with HCl. It becomes free from impurities such as 

CaCO3, MgCo3, FeO.ii 

It is then filtered, washed and dried to obtain purified hydrated aluminium silicate. 

If heavy kaolin is used for human it has to undergo sterilization. 

Properties: 

White, odourless, tasteless, fine soft powder, insoluble in water, mineral acids, 

alkali solution and organic solvents. 

 

Uses: 

Used in rehydration therapy for diarrhea, dysentery, cholera 

Used as an adsorbent,in food poisoning 

Used in the preparation of dusting powder, cosmetics. 

 

Antimicrobials: 

The agents that prevent or minimize the infection called by microorganism like bacteria, 

Virus, fungi, protozoans. 

Classifications: 

1)Antiseptics 

2)Germicides 

3) Disinfectants. 
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Mechanism of action: 

1)Oxidation 

2)Halogenation 

3)Protein Precipitation/Complexation/Chelation 

 

Hydrogen peroxide 
 
 

Molecular Formula: H2O2 

Molecular Weight:34.016 g/mole 

1)It is prepared by reaction of barium peroxide and sulphuric acid in ice cold conditions 

and form 

Hydrogen peroxide and barium sulphate. 

2)By decomposing barium peroxide and phosphoric acid. 

Properties: 

Colourless, odourless, slightly acidic. 

Assay: It is assayed by permanganometric titration in which KMnO4 acts as self indicator. 

Each ml of 0.02 M KMnO4 = 0.001701 g of H2O2 

Uses: 

Used as cleansing agent in dentrifices because of antiseptic and astringent properties. 

3 percet w/v solution of H2O2 is used as a mouth wash. 

Used as antiseptic, germicide to clean cuts and wounds. 

 

Potassium Permanganate 
 
 

Molecular Formula: KMnO4 

Molecular Weight:158 g/mole 
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Preparation: 

It can be prepared by the reaction of potassium hydroxide and manganese oxide n 

presence of O2. 

Properties: 

Odourless, sweetish, granular powder, soluble in water. 

Identification test: 

Alkali or neutral solution of potassium permanganate is able to oxidize iodides to 

iodate. 

Uses: 

Used as antiseptic in mouthwashes. 

Used as antidotes in poisoning by barbiturates, chloral hydrates and alkaloids. 

It acts as antibacterial, antifungal agent. 

 

 

 

 

Boric acid 
 
 

Synonym: Acidium Boricum 

Molecular Formula: H3BO3 

Molecular Weight:61.83 g/mole 

Preparation: 

Borax reacts with sulphuric acid in presence of water. 

Properties: 

Colourless/white, Odourless, bitter taste, crystalline powder, slightly acidic, soluble in 

water, ethanol 

  freely soluble in glycerin. 

Identification Test: 
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0.1 gm of Boric acid and 5 ml of alcohol and few drops of H2SO4.Ignite it.It forms 

green colour flame due to formation of ethyl borate 

. 

 Uses: 

Used as local anti infective agent. 

Used in the preparation of dusting powders, lotions, ointments and antiseptic creams. 

Aqueous solution of boric acid is employed in mouth washes and eye washes. 

 

Chlorinated Lime (Bleaching powder) 
 
 

Molecular Formula: CaOCl2.H2O 

Properties 

Characteristic odour, powder form, partially soluble in water and alcohol. 

Assay 

It is assayed by redox titration method. 

Principle: In the presence of acids, available chlorine is liberated from chlorinated 

lime. 

The chlorine that is liberated from a substance by acids is known as available chlorine. 

The free chlorine reacts with potassium iodide to liberates iodine and the quantity of 

iodine set free 

Is determined by titration with 0.1 N Na2S2O3. 

Each ml of 0.1 N Na2S2O3 = 0.003545 gm of available Cl2 

Uses: 

Disinfectant and bleaching agent. 

Storage: 

Stored in a well closed container and kept in a cool place as it is affected by moisture 

and heat. 
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Iodine 
 
 

Molecular Formula:I2 

Molecular Weight:253.81 g/mole 

Preparation 

From Sea weeds: 

Sea weeds are burnt to ash called kelp.Then extracted with water and the solution is 

concentrated. 

Such that sulphates and chlorides of Na and K. Crystalize which are then removed from 

the solution. 

The solution now contains Iodates of Na and K. Now the solution is heated with H2SO4 

to 

Decompose sulphides, thiosulphates and precipitates sulphur. Now the solution is 

filtered. It contains 

Freely soluble Iodides and small amounts of chlorides and bromides. 

Iodine can be obtained by two methods from the filtrate 

1)The filtrate is treated with manganese oxide and the Iodine distills over. 

2)The filtrate is treated with chlorine almost all the Iodine gets precipitated, collected 

and purified 

By sublimation. Impurities like ICl, IBr and ICN present in iodine are removed by 

heating crude 

Iodine with KI 

Properties 

Bluish black, peculiar colour, 

Rhombic Prism, Insoluble in H2O, soluble in alcohol, freely soluble in chloroform and 

ether. 

Identification Test: 

When Iodine is heated violet colour vapours are obtained. 

Uses: 
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Counter Irritant. 

Antiseptic, Disinfectant, germicide. 

For proper thyroid functions, Iodine id supplied to the body either in elimental form or 

in the form Of NaI, KI. 

Storage: 

Store in a glass stopper amber coloured bottle and kept in a cool place. 
 

 

Preparations of Iodine solution 
 
 

Aqueous Iodine solution 

Synonym: Lugols solution 

Composition- 

I2 – 50 gm 

KI- 100 gm 

Purified H2O 

To produce 1000 ml 

Properties: 

Brown liquid,smell of Iodine,transparent nature 

Uses:Acts as a good source of Iodine and is taken iternally. 

Acts as germicide and fungicide. 

 

 
Weak Iodine solution 

 
 

Synonym:Iodine tincture 

Composition: 

I2-20 gm 

KI-25 gm 
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50 percent alcohol 

To produce 1000 ml 

Properties: 

Brown liquid,smell of Iodine 

Uses: 

 
 

Strong Iodine solution 

Composition 

I2-100 gm 

KI-60 gm 

Purified H2O- 100 ml 

90 percent alcohol 

To produce 1000 ml 

Properties 

Brown liquid, Iodine smell. 

Transparent 

Uses:Antiseptic 

 
Povidone I2 solution 

 
 

It is an aquous solution of povidont solution 

It is a complex produced b the interaction between Iodine and povidone(polyvinyl pyro 

Iodine) 

It contains not less than 9 percet and not more than 12 percent of available Iodine. 

Properties of complex 

Yellowish brown 

Iodine tincture is most suitable as antiseptic than Iodine solution since alcohol seems 

to improve the penetration of Iodine as well as provides additional bacterial effect. 

Used as antiseptic prior to surgery 
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Characteristic odour. 

Amorphous powder. 

Soluble in water and alcohol,insoluble in organic solvents. 

Properties of solution 

Reddish brown 

Smell of Iodine 

Transparent and acidic in nature. 

They belong to a class of compounds called Iodophores. 

Advantages 

Non irritating on tissue 

Low oral toxicity 

Water solubility 

Non-staining and can be washed clear from skin and clothing 

Uses 

Solutions are recommended for surgical scrubs and for operative antiseptics of the skin 

It is used in gargles and mouthwashes for the treatment of infections in oral cavity. 

 

 

 

 

 

 

 

UNIT-IV 

 

EXPECTORANTS 
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INTRODUCTION 

 
Expectorant: A medication that helps bring up mucus and other material from the lungs, 

bronchi, and trachea. 

 

Classification of Expectorants: 

 
According to their mechanism of action… 

 
1)sedative expectorant 

2)stimulant expectorant 

Sedative Expectorants: These are the stomach irritant expectorants which are able to 

produce their effect through stimulation of gastric refluxes. 

 

ex. bitter drugs-Ipecac, senega, Indian squill. 

 
Inorganic compounds- Antimony potassium tartrate, Ammonium chloride, Sodium citrate, 

Potassium iodide. 

 

Stimulant Expectorants: These are the expectorants which bring about a stimulation of the 

secretary cells of the respiratory tract directly or indirectly. Since these drugs stimulate 

secretion of more fluid in respiratory tract and sputum is diluted. 

ex. Eucalyptus, Lemon, Anise 
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Mechanism of action 

Expectorants – induce coughing 

Mucolytics – thin the mucus. 

Mucokinetics – enables easier transportation of cough 

Mucoregulators – suppress underlying mechanisms of mucus hypersecretion 

 
Cough receptors (chemo-and-mechano receptors) lie in mucosa of the bronchial tree from the 

nose to the distal bronchi. 

● The impulses from these receptors are transmitted through the vagus and glossopharyngeal 

nerves to the cough center in the medulla. 

 

Mechanism of cough production - The cough receptors lie in the mucosa of the bronchial tree. 

Afferent impulses pass to the medulla. Then an autonomic sequence of events is triggered by 

medulla causing certain effects. 

 

Two Basic Types of Cough- 

● Productive cough --- Congested, removes excessive secretions 

● Nonproductive cough ---- Dry cough 
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Classification of cough 

 
● Acute: - less than 3 weeks. 

 
● Sub-Acute: - between 3-8 weeks. 
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● Chronic: - longer than 8 weeks. 

 
Different between Expectorants and mucolytic 

 
Expectorants and mucolytic agents are different types of medication, yet both are intended to 

promote drainage of mucus from the lungs. 

An expectorant increases bronchial secretions and mucolytics help loosen thick bronchial 

secretions. 

 

One expectorant, guaifenesin, is commonly available in many cough syrups and also as long 

release tablets. 

 

Mucoactive drugs 

 
Many mucoactive drugs are available, including sodium citrate or potassium citrate, potassium 

iodide, guaifenesin, tolu balsam, vasaka, and ammonium chloride. 

Mucolytic drugs available include acetylcysteine, ambroxol, bromhexine, carbocisteine, 

erdosteine, mecysteine,[4] and dornase alfa. 

Ammonium chloride 

Product Information 

Chemical name: Ammonium chloride, ACS grade 

Syn.: sal ammonium 

CAS: 12125-02-9 

EC number: 235-186-4 EINECS: 231-420-4 + 

Cat. Number: 611530, 500g 

611531, 1Kg 

611532, 2.5Kg 

Structure: NH4Cl 

Molecular Weight: 53.49 
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Properties: Form: white solid crystalline powder Melting 

point: 338 °C (decomposes) Density: 2.20 g/cm3 Boiling 

point: 520°C pKa: 9.245 

Refractive index (nD): 1.642 

Solubility: readily soluble in water >30% w/v 

Storage: Room temperature (Z) 

Safety: Harmfull, Irritant 

 
Specifications Test 

Specifications Purity 

>99.5% 

Iron (%) 0.0002 

Heavy Metals (as Pb) 0.0005 

Magnesium (%) 0.0005% 

Phosphates (%) 0.0002% 

Sulfate (%) 0.002% 

Insolubles 0.0002% 

Residue on ignition (%) 0.01% 

pH (5%, Water) 4.5 - 5.5 

 
Chemical reactions 

Ammonium chloride (salt ammoniac: natural mineralogic form) is an inorganic compound, that is 

highly soluble in water. 

Solutions of ammonium chloride are mildly acidic. 

Ammonium chloride decompose upon heating into ammonia and hydrogen chloride gas: 

NH4Cl → NH3 + HCl 

It reacts with a strong base, e.g. sodium hydroxide, and similarly, with alkali metal carbonates at 

elevated temperatures: 
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NH4Cl + NaOH → NH3 + NaCl + H2O 

2 NH4Cl + Na2CO3 → 2 NaCl + CO2 + H2O + 2 NH3 

A 5% by weight solution of ammonium chloride in water has a pH in the range 4.6 to 6.0. 

Ammonium chloride solutions with ammonia are used as buffer solutions. It can be used as 

acidifying agent, and as an electrolyte. It also produces low temperatures in cooling baths. 

 

- Side effects may include abdominal pain, vomiting (2-8 mg/Kg of body weight), headache and 

tiredness. 
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Potassium Iodide 

 
Chemical Name: Potassium iodide 

 
Other Names: Jodid 

Thyroblock 9  Thyrojod 

 

Composition of the Substance: 

Potassium iodide is an inorganic compound with formula KI, a salt of stable iodine. It is 

ionic, K+I−. 

KI is comprised of 23.55% potassium and 76.45% iodine. This salt is the most commercially 

significant iodide compound. It is produced industrially by treating potassium hydroxide with iodine. 

 

Properties of the Substance: 

 
Physical/Chemical Properties 

Molar mass 166.00 g/mol Color 

White or colorless 

Appearance Powder, granules, or crystals (hexahedral) 

Odor Odorless 

Molecular weight 166.00 g/mol 

Boiling point 1323 °C 

Melting point 681 °C 

Density/Specific gravity 3.12 g/cm3 

Solubility in Water 128 g/100 ml (0 °C) 140 g/100 ml (20 °C) 176 g/100 ml (60°C) 206 g/100 ml 

(100°C) 
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Solubility in Other Solvents 2 g/100 ml ethanol 1 

g/8 ml methanol 
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Soluble in acetone 

Slightly soluble in ether and ammonia 1 g/2 

ml glycerol 

1 g/about 2.5 ml glycol 

pH Aqueous solution in neutral or usually alkaline (pH 7-9) 

Vapor pressure 9.9 x 10-18 mm Hg 

 
KI crystallizes in the sodium chloride structure, hexahedral crystals. It is less hygroscopic than 

sodium iodide, making it easier to work with. Potassium iodide is stable in dry air but slightly 

hygroscopic in moist air. Aged and impure samples are yellow because of oxidation of the iodide to 

iodine (Lyday, 2000). 

4 KI + 2 CO2 + O2 → 2 K2CO3 + 2 I2 

 
A small amount of iodate may be formed. Light and moisture accelerate the decomposition. Aqueous 

solution also becomes yellow in time due to oxidation, but a small amount of alkali prevents it (Merck 

30 Index, 2006). 

Specific Uses of the Substance: 

 
According to FDA, potassium iodide may be used as food additive and can serve the following 

functions: 

A nutrient in table salt as a source of iodine. 

A dietary supplement for human consumption and in animal feeds. A 

sanitizing agent for food processing equipment. 

 
When KI functions as a microbiocide1, it is used in emergency drinking water 

purification/disinfection, fresh food sanitization, food-contact surface sanitization, hospital surface 

disinfection, and commercial and industrial water cooling tower systems (EPA RED, Case 3080, 

2006). In addition, this substance can be used as an expectorant for treatment of chronic respiratory 
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diseases, iodine source in treatment of thyroid disorders, manufacture of photographic emulsions (used 

with silver nitrate), ingredient in personal hygiene products, and laboratory reagent for analytical 

chemistry. 

Furthermore, as a thyroid blocking agent, potassium iodide protects the thyroid gland by blocking the 

thyroidal uptake of radioactive iodine. It may be used prior to and following administration of 
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radioactive isotopes and in radiation emergencies involving the release of radioactive iodine. 

Action of the Substance: 

Potassium iodide is a salt of stable (non-radioactive) iodine. 

Its actions in different usage are as follows: Use as a nutrient, source of iodine 

Act as a microbicide by releasing iodine ― 

Use as a thyroid blocking agent in radiation emergencies (radioactive iodine is released into the 

environment) 

EMETICS 
 

INTRODUCTION 

 
An emetic is a chemical agent that will cause the patient to vomit (i.e., to produce emesis). A 

physician may administer an emetic to a patient who has ingested a certain type of chemical 

substance. Emetics are not indicated for all poisonings. Prior to administering an emetic to a 

poisoning victim, the local poison control center should be consulted to determine if this is the 

best procedure to follow. 

 

EXAMPLES OF EMETIC AGENTS a. Ipecac Syrup, USP. 

 
b. Ipecac Tincture and Ipecac Fluidextract. 

 
COPPER SULPHATE 

 
Common Name Copper Sulfate 

 
Synonyms Blue Vitrol, Bluestone, Cupric Sulfate 

Molecular Formula CuSO4 · 5H20 

PHYSICAL DATA 

Physical State Blue crystals or powder 
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Boiling Point -5 H2O @ 150° F 

Melting Point -4 H2O @ 110° F 

Specific Gravity 2.284 

Solubility in H2O 22.37% @ 0° C 

 
117.95% @ 100° C 

 
Solubility in other solvents Soluble in methanol, glycerol and slightly soluble in ethanol 

 
Appearance Blue crystals or powder 

 
Odor Odorless 

POTASSIUM SODIUM L(+)-TARTRATE 

 
SYNONYMS Rochelle salt, Seignette salt, Potassium sodium dextro-tartrate; 

 
DEFINITION 

 
Chemical names Potassium sodium L-tartrate, potassium sodium (+)-tartrate, potassium sodium 

(+)-2,3-dihydroxybutanedioic acid 

 

Chemical formula C4H4KNaO6 · 4H2O 

 
Structural formula 

Formula weight 282.23 

Assay Not less than 99% after drying 

 
DESCRIPTION Colourless crystals, or as a white, crystalline powder 

 
FUNCTIONAL USES Sequestrant, stabilizer in cheese products, minced meat, and sausage 

casings 
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Solubility - One gram is soluble in 1 ml of water; insoluble to ethanol 

 
PURITY 

 
Loss on drying (Vol. 4) Not more than 26.0% and not less than 21.0% (150o , 3 h) 

 
pH 6.5 - 7.5 (1 in 10 soln) 

 

Oxalate Add 3 drops of dilute acetic acid TS and 2 ml of calcium chloride TS to 10 ml of a 10% 

solution of potassium sodium tartrate. No turbidity is produced within 1 h. 

 

Lead (Vol. 4) Not more than 2 mg/kg Determine using an atomic absorption technique 

appropriate to the specified level. The selection of sample size and method of sample preparation 

may be based on the principles of the method described in Volume 4, “Instrumental Methods.” 

 

METHOD OF ASSAY Weigh 1.500 g of the dried sample into a tared porcelain crucible and 

ignite. Heat gently at first, until the salt is thoroughly carbonized, protecting the carbonized salt 

from contact with the flame at all times. The final temperature must not be above that of a dull 

read heat. Cool the crucible, place in a glass beaker, and break up the carbonized mass with a 

glass rod. Without removing the glass rod or the crucible, add 50 ml of water, 50 ml of 0.5 N 

sulfuric acid, cover the beaker, and boil the solution for 30 min. Filter, and wash with hot water 

until the last washing is neutral to litmus. Cool the combined filtrate and washings, add methyl 

orange TS, and titrate the excess acid with 0.5 N sodium hydroxide. Each ml of 0.5 N sulfuric 

acid is equivalent to 0.05254 g of C4H4KNaO6. 

HAEMATINICS 
 

INDRODUCTION 

 
HAEMATINICS are the agents used for formation of blood to treat various types of anaemia's. These 

include: Iron, Vitamin B and Folic Acid. 

Deficiency in Iron levels can lead to anaemia. 
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Erythropoietin (EPO) is a hormone that stimulates erythropoiesis, which can also be given as a 

medicine to increase the hemoglobin content of the blood, but EPO is not classified as a 

hematinic as it is not considered a nutrient, but a hormone. 

 

Classification of Anaemia: 

 
According to morphology, 

 
• Hypochromic microcytic anemia (Hypo-refers to less,and Chromic refers to colour) 

• Macrocytic anemia/megaloblastic anemia (large blood cells) 

•  Normochromic normocytic anemia-The average size and haemoglobin content of the red blood 

cells are within normal limits are called normochromic normocytic anemias. 

 
According to underlying mechanism, 

 
• Blood loss (acute/Chronic) 

• Decreased RBC Production 

• Increased RBC Production (Haemolysis) 

 

Classification of Haematinics- 

 
Haematinics include iron, folic acid, vitamin B 12, erythropoietin, myeloid growth factors and 

megakaryocytic growth factors 

Iron 

Oral 

•Iron gluconate 

•Iron sulphate 

•Iron fumarate 

Parenteral 
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• Iron dextran (Imferon) 

•Sodium ferric gluconate complex 

•Iron sucrose (Venofer) 

 
Folic Acid 

 
● Reduced 5-formyl tetrahydrofolate (Leucovorin/citrovorum) 

 
Vitamin B12 

Endogenous 

● Methyl cobalamine 

● 5-deoxy adenosyl cobalamine 

Exogenous 

● Cyanocobalamine 

● Hydroxycobalamine 

Erythropoietin 

● Recombinant –apoprotein 

● Glycosylated –Darbipoietin alpha 

Myeloid Growth Factors 

 
● G-CSF –Filgrastim, Peg Filgrastim 

 
● GM-CSF –Sargramostim 

 
Megakaryocytic Growth Factor 

● Interleukin II 

 
● Operlvekin 

 
● Thrombopoietin 

 

FERROUS SULFATE 
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O Fe2+ 

 

-O S O- 

O 

DEFINITION Ferrous sulfate occurs as the heptahydrate 

 
Chemical formula FeSO4·7H2O 

 
Formula weight 278.02 

 
Assay Not less than 99.5% and not more than 104.5% 

 
DESCRIPTION Pale, bluish or whitish green, odourless crystals, crystalline powder or granules. 

Effloresces in dry air. In moist air it oxidizes readily to form brownish yellow basic ferric sulfate 

FUNCTIONAL USES Nutrient supplement 

Solubility- One g dissolves in 1.5 ml of water at 25° and in 0.5 ml of boiling water; insoluble in 

ethanol 

 

PURITY 

 
Lead (Vol. 4) Not more than 2 mg/kg Determine using an atomic absorption technique 

appropriate to the specified level. The selection of sample size and method of sample preparation 

may be based on the principles of the method described in Volume 4, “Instrumental Methods.” 

 

Mercury Not more than 1 mg/kg 

 
METHOD OF ASSAY Dissolve about 1 g of the sample, accurately weighed, in a mixture of 25 

ml of 2 N sulfuric acid and 25 ml of recently boiled and cooled water, add orthophenanthroline 

TS, and immediately titrate with 0.1 N ceric sulfate. Perform a blank determination, and make any 



 

 

 

S S D BHAVANI RAJA 

 

necessary correction. Each ml of 0.1 N ceric sulfate is equivalent to 27.80 mg of FeSO4·7H2O. 

 

FERROUS GLUCONATE 
 
 

 

Chemical names Iron (II) di-D-gluconate dihydrate, ferrous gluconate 

 
C.A.S. number 299-29-6 

 
Chemical formula C12H22FeO14 · 2H2O 

 
Formula weight 482.17 

 
Assay Not less than 95% on the dried basis 

 
DESCRIPTION Fine yellowish-grey or pale greenish-yellow powder or granules having a slight 

odour resembling that of burnt sugar 

 

FUNCTIONAL USES Colour, stabilizer, nutrient supplement 

 
Solubility (Vol. 4) Soluble with slight heating in water; practically insoluble in ethanol 

 
PURITY 

 
Loss on drying (Vol. 4) Not less than 6.5% and not more than 10.0% (105o , 16 h) 

 
METHOD OF ASSAY Dissolve about 1.5 g of the dried sample, accurately weighed, in a 

mixture of 75 ml of water and 15 ml of dilute sulfuric acid TS in a 300-ml Erlenmeyer flask, and 

add 250 mg of zinc dust. Close the flask with a stopper containing a Bunsen valve, and allow to 

stand at room temperature for 20 min. Then filter through a Gooch crucible containing a glass 
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fibre filter paper coated with a thin layer of zinc dust, and wash the crucible and contents with 10 

ml of dilute sulfuric acid TS, followed by 10 ml of water. Add orthophenanthroline TS and titrate 

the filtrate in the suction flask immediately with 0.1 N ceric sulfate. Perform a blank 

determination, and make any necessary correction. Each ml of 0.1 N ceric sulfate is equivalent to 

44.61 mg of C12H22FeO14. 
 

ASTRINGENTS 

 

 

Definition: 

An astringent (occasional alternative: adstringent) substance is a chemical compound that tends to 

shrink or constrict body tissues and precipitate the protein and astringent form protective layer on 

the surface. 

- Due to their protein action, astringents are able to reduce the cell permeability. 

- This reduces local edema, exudation and inflammation. 

- The word "astringent" derives from Latin “adstringere”, meaning "to bind fast". 

- They are usually applied to damaged skin topically or to the mucous membrane of GIT including 

the mouth. 

 

Characteristics: 

- Affect only the superficial layer. Reduce cellular permeability. 

- Make the surface mechanically strong, decrease exudation. 

- Protect from external irritation. 

- Possess local styptic and local antiseptic action. 

- May interfere with the function of pain receptors. The pain relieving action is mild. 

- Constrict the blood vessels to stop bleeding. 

 

Types of Astringents: 
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1) Vegetable astringents: Tannic acid, Gallic acid 

2) Metallic Astringents: 

Aluminium salts: Alum [KAl(SO4)2•12H2O], Aluminium chloride (AlCl3), Auminium acetate 
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Zinc salts: Zinc chloride (ZnCl2), Zinc sulfate (ZnSO4) 

Ferric chloride (FeCl3) 

Strontium chloride 

Silver nitrate (AgNO3) 

Copper sulfate (CuSO4) 

3) Miscellaneous: Very cold water, Alcohol 
 
 

Indications: 

Swollen, inflamed and/or leaky tissues. 

They are used to treated diarrhea or dysentery. 

During leukorrhea (thick white/yellowish vaginal discharge) 

During minor bleeding like Menorrhagia, Hemorrhoids. 

They promote healing process. 

They decrease sweating and possess deodorant properties. 

Mild astringent solutions are used in the relief of such minor skin irritations as those resulting 

from superficial cuts, allergies, insect bites, or fungal infections such as athlete's foot. 

ZINC SULFATE 
 
 

 
 

Molecular formula ZnSO4 
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Molar 

mass 

 
Anhydrous Zinc sulfate (ZnSO4) 

 
161.47 g/mol 

Zinc sulfate Monohydrate (ZnSO4 H2O) 179.47 g/mol 

Zinc sulfate heptahydrate (ZnSO4 7H2O) 287.53 g/mol 

 
Synonym 

 
White vitriol 

 
As a mineral ZnSO4·7H2O is known as 

“GOSLARITE”. 

 
Properties 

Appearance : White powder or White granular in nature 

Appearance : White powder or White granular in nature 

Odor : Odorless 

Taste : Astringents and metallic taste 

   

Density : Anhydrous Zinc sulfate: 3.54 g/cm3; Zinc sulfate heptahydrate: 2.072 g/cm3 

Melting 

point 

: 6800C; Decomposes: Anhydrous Zinc sulfate: 1000 C; Zinc sulfate 

heptahydrate: 70 °C 

Solubility 

in water 

: 57.7 g/100 mL, at 200C; In aqueous solutions with a pH < 5 

Refractive 

index 

: 1.658 (Anhydrous Zinc sulfate), 1.4357 (Zinc sulfate heptahydrate) 

 

 
In aqueous solution, all forms of zinc sulfate behave identically. These aqueous solutions 

consist of the metal aquo complex [Zn(H2O)6]2+ and SO42− ions. Barium sulfate forms 

when these solutions are treated with solutions of barium ions: 

ZnSO4 + BaCl2 → BaSO4 + ZnCl2 
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- When heated over 6800 C, zinc sulfate decomposes into sulfur dioxide gas and zinc oxide 

fume, both of which are hazardous: 

ZnSO4 → SO2 + ZnO 

- Dehydration of Zinc sulfate heptahydrate: 
 
 

 

 

It is reported to form double salts with Potassium and Ammonium sulfate: 

 
- A white precipitate of Zinc hydroxide is formed when Zinc sulfate react with Sodium 

hydroxide and white precipitate of Zinc hydroxide is solubilized in excess of Sodium 

hydroxide: 

 

 

 
Preparation 

 
- Specific reactions the reaction of the metal with aqueous sulfuric acid 

Zn + H2SO4 + 7H2O → ZnSO4 7 H2O + H2 

Pharmaceutical grade zinc sulfate is produced by treating high purity zinc oxide with 

sulfuric acid 

 
Zinc sulfate also obtained by heating Zinc blende (Zinc sulphide) in presence of air 
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General 
formula 

KAl(SO4)
2. xH2O 

Synonym Molecular 
formula 

Molecular 
Wt. 

Aluminum potassium sulfate potash alum KAl(SO4)2·12H2O 474.07 
Potassium aluminium sulfate alunite KAl(SO4)2·2Al(OH)3 414.03 
Potassium aluminium sulfate kalinite KAl(SO4)2·11H2O 456.07 

 

ZnS + O2 → ZnSO4 

Uses 

 

- In medicine it is used together with Oral Rehydration Therapy (ORT) and an astringent 

 
- Zinc sulfate is an inorganic compound and dietary supplement. As a supplement it is used to treat zinc 

deficiency. 

 
- 0.25% Zinc sulfate used for ophthalmic purpose. 

 
- Zinc sulfate acts as emetics. 

 
- It is used as in electrolytes for zinc plating, as a mordant in dyeing, as a preservative for skins and 

leather. 

 
SIDE EFFECTS 

 

- Side effects may include abdominal pain, vomiting (2-8 mg/Kg of body weight), headache and 

tiredness. 

 

Potash Alum 
 

Atomic Weight: K = 39.09; Al = 26.98; S = 32.06; O = 16; H = 1 
 

Preparation: 

 

- Potash alum obtained by adding a concentrated solution of potassium sulfate to a hot 

solution of an equimolecular proportion of aluminium sulfate. 

- When the solution is concentrated and cooled, characteristic octahedral separated out. 

 

K2SO4 + Al2(SO4)3 + 24H2O 2KAl(SO4)2•12H2O 
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Properties: 

- Colorless, transparent, crystalline structure. 

- It readily dissolves in water and the solution thus obtained is slightly sweetish in taste. 

- It is acidic in nature and an alum powder solution turns a litmus paper red. 

- On heating, alum powder changes to liquid first and if heated further, then the salt starts sw 

form froths. 

- Alum crystals are found all over the world, as stated in Potassium Alum, but the major loca 

Andes Mountains in South America in Bolivia, Argentina and Chile. In the United States, alu 

are found in Tennessee, Nevada and Arizona. In the places where large deposits of alum are f 

are extracted in a mine. 

USES 
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- Alum is used as an adjuvant in many subunit vaccines, such as include hepatitis A, 

hepatitis B, and Diphtheria Tetanus Pertussis (DTP) in order to augment the body's 

response to immunogens. 

 

(An Adjuvant is an agent that may stimulate the immune system and increase the 

response to a vaccine. Adjutants having aluminum have been proven to make some 

vaccines last for longer period of time and to help generate more antibodies to fight 

against disease.) 

 

- Alum in rock form is used as an aftershave. If it is rubbed on a freshly shaved face, 

its astringent property helps to prevent and reduce bleeding in minor cuts and 

abrasions. 

 

- Alum has a strong antibacterial property and so it is useful as a natural deodorant by 

inhibiting the growth of the bacteria responsible for body odor. 

 

- Alum is listed as an ingredient of toothpaste or toothpowder and pharmaceutical aid. 

 

- Alum acts also as a styptic to contract organic tissues and stop or reduce hemorrhage 

and bleeding. 
 

- It is also used as an emetic agent to induce vomiting when a person has swallowed 

poison. 

 

POISON 

 
A poison may be defined as any substance administered in whatever way (by mouth, injection, 

inhalation, skin, mucous membrane) produces ill health, disease or death. 

The diagnosis of poisoning is often difficult. But acute poisoning may be accidental, 

occupational, suicidal or criminal. 

Self-medication is also a major cause of drug poisoning. 

 
Classification of poisoning: 

1) Intentional poisoning: A person taking or giving a substance with intention of causing harm to that 

person e.g. Suicide, assault. 
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2) Unintentional Poisoning: If the person taking or giving a substance without knowing its toxic effects. 

e.g. Accidentally. 

3) Undetermined: When the distinction between intentional or unintentional is not clear. 

e.g. Posoning due to insecticide or pesticides. 

 
ANTIDOTE 

 

Antidotes are the substances which react specifically with the ingested poison or toxic substance or 

with potent drugs in case of overdose. 

They are used to neutralize the effect of poison in the body. 

Classification: 

According to their mechanism of action, they are classified as: 

1) Physiological Antidotes: They are also called antagonists. They produce the effect opposite to 

that of the poison. They are used after some of the poison is absorbed in the circulation. 

e.g. Sodium nitrite (used in cyanide poisoning), Atropine and Physostimine are two antidotes for 

each other. 

2) Chemical Antidotes: They react by combining with the poison and change its chemical nature by 

converting the poison into inactive or harmless compounds. 

e.g. Sodium thiosulphate (which convert the systemic toxic cyanide into non-toxic thiocyanate), 

EDTA (chelating agent for heavy metal poisoning) 

3) Mechanical Antidotes: They act by preventing the absorption of poison into the body or expel 

out the poison by emesis or eliminate through urine. 

e.g. Activated charcoal absorbs the poison prior to absorption into intestinal wall. 

Copper sulphate, magnesium sulphate and monohydrogen phosphate inactivate the poison prior to 

absorption and precipitate the toxic material as insoluble salt. 

 
SODIUM NITRITE INJECTION 

Molecular Formula: NaNO2 

Synonym: Nitrous acid Sodium Salt, Etinitrit 
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Standards: It contains not less than 97 percent and not more than 101 percent of sodium nitrite as 

calculated on dried basis. 

Methods of Preparation: 

1. It is prepared by strongly heating sodium nitrate. 

2NaNO3 2NaNO2 
O2 

2. It can also be prepared by heating sodium nitrate with lead 

NaNO3 Pb NaNO2 
PbO 
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Physical Properties: 

1. It is yellow or white crystalline powder. 

2. It has saline taste and freely soluble in water but less soluble in alcohol. 

3. It is odourless in nature. 

4. When it is exposed to air, it readily forms sodium nitrite. 

Assay: 1 gm of sodium nitrite is dissolved in 100 ml of water, pipette out 10 ml of the 

solution and transfer to another solution containing KMnO4,100 ml of water and 5 ml of 

H2SO4.The solution is warmed to 40C and allowed to stand for 5 minutes. To this 25 ml of 

0.1 N oxalic acid is added and again heated to 80C.The excess oxalic acid is titrated with 

0.1N potassium permanganate. At the end point, colour changes from colourless to pink. 

Uses: 

1. Nitrite ions release the smooth muscle of blood vessels and give the vasodilator action. 

2. It is mainly used in cyanide poisoning. 

3. It is also used in anti-rust solution to prevent the rusting of surgical instruments. 

 

 
SODIUM THIOSULFATE INJECTION 

Molecular Formula: Na2S2O3.5H20 

Molecular Weight: 248.18 g 

Synonyms: Sodium hyposulfite, Anti-chlor. 

Standards: It contains not less than 99 percent and not more than 101 percent of 

Na2S2O3.5H20 Methods of preparation: 

1. It can be prepared by boiling sodium sulfite with sulphur. 

Heating 

Na2SO3+S Na2S2O3 

2. It can also be prepared by passing SO2 gas in a mixture of sodium sulphide and sodium 

carbonate. 
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2Na2S+Na2CO3+4SO2 3Na2S2O3+CO2 

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

6NaOH+4S Na2S2O3+2Na2S+3H2O 

 

4. It can also be prepared by passing sulphur dioxide into sodium sulphide solution. 

2Na2S+3SO2 2Na2S2O3+S 

Physical properties: 

1. It occurs as large, transparent prismatic crystalline powder. 

2. It effervesces in dry air. 

3. It is practically soluble in water and insoluble in alcohol 

4. It starts melting at 50C and at 100C, loses its all moles of water. 

 
Chemical properties: 

1. Its aqueous solution decomposes slowly as: 

4Na2S2O3 3Na2SO4+Na2S3 Na2S+4S 

2. Sodium thiosulphate is used to dissolve silver halide, that is why it is used in photography 

and is also known as ‘hypo’. 

2Na2S2O3+AgBr Na3[Ag(S2O3)2]+NaBr 

sodium argentothiosulphate 

Identification tests: 

1.Add few drops of Iodine solution to 10 percent w/v solution of sodium thiosulphate. The 

solution will appear colourless. 

2.A solution (1 in 20) gives the reaction of sodium and 

thiosulphate ion. Assay: Its assay is based upon iodometric 

titrations. 

Take about 0.5 gm of the sample and dissolve in 20 ml of water, and the solution is 
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titrated against 0.05 M 

Iodine using starch solution as an indicator, when at the end point, the excess iodine reacts 

with starch paper turning it to a blue colour. 

2Na2S2O3+I2 Na2S4O6+2NaI 

Each 1 ml of 0.05M iodine=0.02482 gm of sodium thiosulphate. 

Test for Purity: 

The sample is tested for the presence of following impurities: 

1.Heavy metals not more than 

10 ppm. 2.Absence of sulphide 

and sulphite. 

3. Sulphates must not be more than 0,2 percent. 

4. The PH of aqueous solution of 10 percent w/v of sodium thiosulphate is 6.0-8.4 

Uses: 

1.Its use as an antioxidant is limited to solution containing 

iodides. 2.It is used as a standard titrant in iodimetric 

analysis. 

 

ACTIVTED CHARCOAL 

Charcoal is a dark grey residue consisting of carbon and any remaining ash obtained by 

removing water and other volatile constituent from animal and vegetable substances. 

Methods of Preparation: 

1.It is prepared by burning wood in absence of air. The residue obtained consists of nearly 

purple color. 2.Other sources: Sucrose, lactose, rice, starch, coconut, pericarp, and various 

industrial wastes can be used for preparing charcoal. 

Properties: 

1.It is fine, black, odourless and tasteless powder.  

2.It is free from gritty matter. 
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INTRODUCTION 

RADIOACTIVE RAYS 

3.It is insoluble in water and other organic solvents. 

Uses: 

1.It is used as an emergency antidote in many forms of poisoning.  

2.It is used as protective and adsorbent. 

3.It is also used as a burning fuel.  

4.Due to its high surface area, 

5. It is also used as a filter aid. 

6. It is also a constituent for gum powder. 

UNIT-V 

RADIOPHARMACEUTICALS 
 

 

Radiopharmaceutical is a branch of science that deals with the study of the radioactive 

substances which are used as medicines. Radioactive substances are those substances which emit 

continuous radiation spontaneously by itself, to decompose to stable nuclei. The emission of 

radiation is not influenced by temperature, pressure, concentration and catalyst. 

Radioactivity 

It is a natural and spontaneous process by which the unstable atom of one element emits 

or radiates excess energy in the form of particles or waves. After emission the remaining daughter 

atom can either be a lower energy form of the same element or a completely different element. 

The emitted particles or waves are called ionizing radiations because they have the ability to 

remove electrons from the atom of any matter they interact with. 

The most common form of radiations emitted has been traditionally classified as: 

•  rays 

•  rays 

•  rays 
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Alpha rays: 

1. The alpha particles are the heaviest as they are produced when the heaviest element decay. 

2. They are not waves but high energy particles which are expelled from unstable nuclei. 

3. These are similar to Helium atom and contain two protons and two neutrons, having a 

mass of 4 amu. 

4 

2
He or -particle 
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4. These particles are large and heavy in nature, so cannot penetrate but easily get absorbed. 

5. Due to less penetration of alpha particles, elements which emit them do not find any use in 

biological application as they cannot penetrate tissues. 

6. When a radioactive element emits alpha particles, the resulting nucleus will have its 

atomic number less than two units and mass number will be less than 4 units as compared to 

the original. 

226 226 4 

88
Ra ⎯→ 

88
Rn + 

2
He () 

7. They get deflected in electric and magnetic field. 

8. They produce fluorescence and phosphorescence in some materials such as zinc sulphide. 

9. They ionize the gas through which they pass and can penetrate through matter. 

10. Their energy is about 6 meV. 

Beta rays: 

1. They are much lighter energy particles and have less ionizing power than alpha particles. 

2. Beta particles are 8000 times smaller than the alpha particles. 

3. The emission of beta particles from element does not alter the atomic mass and is 

converted to element with next higher atomic number 

14 14 − 

6 
C ⎯→ 

7 
N +  

4. Beta particles have negligible masses, about 1/1836 than of hydrogen ion and are high 

0 
speed electrons. (

−1
e or -particle). 

5. They get deflected in electric and magnetic field. 

6. They ionize the gas through which they pass and can penetrate through matter. Their 

penetrating power is 100 times more than that of α-particles but ionizing strength is 1/100th of 

-particles. 

7. They produce fluorescence and phosphorescence in some materials such as zinc sulphide. 

8. Their energy ranges from 2 to 3 meV. 

Beta particles can be classified into two types: 
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Electron emission or negatrons: These are emitted by unstable nuclei in which neutrons 

are transformed into protons with beta emission. 

1 

0
n → 

1 0 

1
p + 

−1 
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Here the released proton particle has the same mass as that of original atom while the 

-particle has charge as an electron. 

Positrons: 

1. Positron is a type of beta particle, in which a proton inside a radionuclide nucleus is 

converted into a neutron. It is not very common and as they are short lived; they do not find 

any application in biological field. 

2. Positron emission decreases proton number relative to neutron number and this kind of 

decay happens typically in large “proton-rich” radionuclide. 

3. Isotopes which undergo this decay and thereby emit positrons include Carbon-11, 

Nitrogen-13, Oxygen-15, Aluminium-26, Sodium-22, Fluorine-18 and Iodine-121. 

11 11 0 

6 
C ⎯→ 

5 
B + 

1
 

Gamma rays: 
 

1. They are having completely different character. They do not have any charge or mass on 

them. It travels with the same velocity of light. 

2. Gamma rays are like X-rays, have shorter wavelength than the visible light. 

3. Penetrating power of gamma rays was found to be more than alpha and beta rays. 

4. When gamma rays are emitted from a radioactive element, no change or loss of atomic 

mass or number takes place, only there is lowering of nuclear energy. 

5. They produce fluorescence in some materials. 

6. They produce heat on the surface on which they fall and knock out electrons from it. 

7. They can produce nuclear reaction. 

Properties of Alpha, Beta, and Gamma Radiations 
 

 
Property 

Type of Radiation 
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Charge + 1 − 1 0 

Mass 6.64  10−24 g 

 

9.11  10−28 g 0 

Relative penetrating 

power 

− 100 10,000 

Nature of radiation 4 

2
He nuclei 

Electron High-energy 

photons 

 

Isotopes: 

Atoms of an element which have the same atomic number but different mass numbers are called as 

isotopes. Isotopes are also called as Nuclides. Nuclides have same number of protons but different 

number of neutrons. They are same chemically but have different physical properties due to different 

number of neutrons. e.g. Hydrogen has three isotopes which are: 

 

   
 

   
 

Fig. 5.1 

Isotopes are classified into two types: 

1. Stable Isotopes 

2. Radioactive Isotopes 

Stable Isotopes: These isotopes are stable in nature and do not emit any kind of radiation. 

e.g. 13C, 35Cl, 1H (protium), 2H (deuterium) 

Radioactive Isotopes: Radioactive isotopes are also called as radioisotopes. These are natural or 

artificially created isotopes of a chemical element having an unstable nucleus that decays, emitting 
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alpha, beta and gamma rays until stability is reached. The stable end product is a non-radioactive 

isotope of another element. The original nuclide is called the parent and the product is called the 

daughter nuclide. This phenomenon of nuclear changes is termed as disintegration or radioactive decay. 

e.g. 
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a
−
2 

b Emit radiations 

a
X ⎯⎯⎯⎯⎯⎯⎯→ 

b−4
X + -rays 

 

Parent nuclei Daughter nuclei (Stable or unstable) 

Radioactive Isotopes are of two types: 

1. Naturally   occurring:   e.g.   U235(Uranium),    Ra226(Radium),    Rb87(Rubidium), 

K40 (Potassium) 

2. Artificial radionuclides: They are produced in nuclear reactions. It is created by 

bombarding atoms of specific element with radiation particles, thus creating new atoms existing 

from another type of element. e.g. Formation of radioactive isotope of phosphorus by bombarding 

aluminium with alpha particles. 

27 4 30 1 
 

 
 

Stability of Isotopes:

13
Al + 

2
He ⎯→ 

15
P + 

0
n 
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RADIOACTIVE DECAY 

The naturally occurring nuclides have a particular ratio of protons and neutrons in most of the elements. 

Any deviation in this ratio alters the atomic number and cause unstability of nucleus. 

e.g. Stable ratio of potassium is 1:1.115. 

If more neutrons are added to the nucleus, this ratio will get disturbed and nuclide becomes 

unstable. 

• Most isotopes of element with Z number 83 or less are stable and are called as stable 

isotopes. 

• However, some naturally occurring isotopes with Z number less than 83 are unstable. 

• All the nuclides with Z number above 83 whether naturally occurring or artificially 

prepared are unstable. 

Radioactivity involves release of radiation from the nuclei of radioactive isotopes. The quantity of 

radioactivity contained in given sample does not remain same and keep on decaying continuously. Each 

radionuclide, whether natural or artificial get disintegrated by the emission of energy. 

Identification of radioactive element depends upon: 

1. Disintegration rate 

2. Decay constant 

3. Half life 

4. Type of radiation emitted 

Half-Life (t1/2): 

It is the time required for a radioactive isotope to decay to one half of its original value at any given 

point of time. 

Each radioactive element has its own characteristic half-life (t1/2), irrespective of quantity 

present.  
t1/2 = 

0.693 

 

 
where  = Disintegration constant 

 

The half-life period for any given radioelement remains unchanged under varying conditions of 
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temperature, pressure and chemical environment. This is because radioactivity is a nuclear property and 

remains unaffected by changes in the outer electron arrangement. 

e.g. Initially 64 micro curies of radioactivity occur in a given sample of ferric citrate (59Fe) solution on a 

particular date. 

It was observed that radioactivity is reduced to 1/6th of its original value after 4th half life. 

In calculating the dose of any radiopharmaceutical i.e. t1/2 calculation needs to be considered. 
 

Name Half-life Application 

Ferric citrate (59Fe) solution 45 days Study of iron metabolism and RBC 

formation 

Sodium iodide (131I) 8.06 days Thyroid scanning and study of 

thyroid uptake 
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Sodium phosphate (32P) 

injection 

14.2 days Treatment of polycythemia 

(overproduction of RBCs) 

Calcium chloride (45Ca) 160 days Study of calcium metabolism 

disorder, bone cancer 

Ammonium Bromide 

Injection (82Br) 

36 hrs. Extracellular water measurement 

 

Units of Radioactivity: 

Curie: It is defined as the quantity of any radioactive substance which undergoes the same 

number of disintegration in unit time as of 1 gm Radium and is equal to 3.7  1010 disintegrations 

per second. It is symbolized as ‘C’. 

1 gm of radioactive element = 3.7  1010 disintegrations/sec 

Roentgen: It is a unit of measurement for the exposure of X-rays and Gamma rays. 

1R = 2.58  10-4 C kg−1 (C = Couloumb) 

RAD (Radiation Absorbed Dose): It is a unit of absorbed radiation dose. 

1 RAD = 10−2 J/kg 

Each 1R absorption in the air has been equivalent to 0.87 RAD and for water it has been 0.97 RAD. 

Pharmaceutical dosage forms are described in terms of RAD units. 

RBE (Relative Biological Effectiveness): Since the effect of given radiation on biological 

effectiveness depends upon the type of radiation, a unit known as Relative Biological Effectiveness or 

RBE has been introduced. This expresses the relative effects of radiations (alpha, beta and gamma) on 

the biological system. 

Becquerel: One disintegration per second 

1 Bq = 2.7  10−11 Ci (Ci = Curie) 

Radioactive Dosimetry: 

Dosimetry is the measurement of radiation dose. Radiation dose can be calculated only if bio-

distribution and clearance rate are known. Bio-distribution is the amount of activity within the organ, 
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while the clearance rate is the rate at which the drug is eliminated from the body with respect to time. 

The SI unit of dosimetry is Gray (Gy) or rad. 

1 Gy or rad = One gray of radiation is equal to one joule of energy in the form of ionizing radiation, 

divided by one kilogram of matter. 

Radiopharmaceuticals used in majority of diagnostic studies in adults ordinary result in organ dose of 

less than 5 rads, within dose to the whole body of less than 0.2 rads. Radiation dose below 1.0 rad are 

considered to be in ‘low dose’ range. 

Radiation dose level is estimated using average activities administered to adults like: 
 

 
 

Radiation dose Diagnostic use 

High doses (>5 rads) 131I- Sodium iodide for thyroid imaging 

mI-iodocholesterol for adrenal imaging 

nSe-Selenomethionine for pancreas imaging 

99mTc-DMSA (dimercaptosuccinic acid) for renal 

imaging 

Medium dose (1-5 rads) 99mTc-pertechnetate for brain imaging 

99mTc-(DTPA Diethylenetriamine-pentaacetic acid) for 

brain imaging 

99mTc-Sulphur colloid for liver imaging 

99mTc-diphosphates for bone imaging 

67Ga-citrate for tumour and abscess imaging 

201Tl-chloride for heart imaging 

51Cr-Sodium chromate for red cell studies 

99mTc-gluceptate for brain and kidney imaging 
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Low dose (< 1 rad) 99mTc (Technetium)-red blood cells for blood pool 

imaging 

99mTc-MAA (Macro aggregated albumin) for lung 

imaging 

131I-hippuran for kidney function studies 

127Xe and 130Xe for lung ventilation imaging 
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Mode of Decay: 

Radionuclide can undergo disintegration by different modes until a stable nucleus does not form. If 

the daughter element is unstable it becomes a parent element and starts decaying, until it becomes 

stable. This series is called as radioactive series. 

Daughter nucleus thus formed from the parent nucleus will have different number of neutrons or atomic 

number. 

 

 

 

-Decay: 

24 

 

 

 
20 4 

Fig. 5.2 

13
Al → 

11
Na + 

2
He () ⎯→ (2 atomic number less, n − 2) 

-Decay: 

14
C → 

14 − 

6 

Electron Capture: 

7 
N +  ⎯ → (1 atomic number increased, n + 1) 

7
Be + 

0 
e → 

7
  ⎯ → (1 atomic number decreased, n − 1) 

4 −1 

Positron Emission: 

11
C → 

11 

3
Li 

 
0 

6 5 
B + 

+1
e ⎯→ (1 atomic number decreased, n − 1) 

Characteristics of an isotope to act as useful radio diagnostic agent: 
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• Should release high energy photon. 

• Half-life of 1 hour to 1 year. 

• Should decay without particle emission. 
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MEASUREMENT OF RADIOACTIVITY 

• Should be readily available. 

• Should have specific activity. 

• Should have compound ability. 

e.g. An isotope that fulfils the above properties is Technetium (99Tc). 

Labelling on Radioactive preparations: 

The label of radiopharmaceutical preparations should be appropriate and the following details are to 

be enclosed on the label: 

• Date of manufacture 

• Date of expiry 

• Date of calibration 

• A statement ‘caution-radioactive material’ 

• Dosage calculation 

• Correction to be made for radioactive decay 

• The half-life of radioactive nuclei 
 

The measurement of nuclear radiation and detection is an important aspect in the 

identification of type of radiations (, , ) and to assay the radionuclide emitting the radiation, 

suitable detectors are required. The radiations are identified on the basis of their properties. 

e.g. Ionization effect is measured in Ionization Chamber, Proportional Counter and Geiger 

Muller Counter. 

The scintillation effect of radiation is measured using scintillation detector and the 

photographic effect is measured by Autoradiography. 

Principle: All the detectors are based on the principle that the radiation deposits its 

energy through the formation of charge carriers, either directly or indirectly in the detector which 

results in the flow of current or a voltage pulse. The ions created in the detector can be collected 

by applying the electric field within the detector and the current flowing through the detector can 
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be measured using an electrometer. 

Gas Filled Detectors: 

1. Ionization Chamber: 

It is the simplest gas filled detector which is based on the collection of all the charges 

created by direct ionization of the gas molecules through the application of electric field. 
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Fig. 5.3 

It consists of chamber filled with gas like Argon, Helium or Air etc. Ionization chamber is 

fitted with two electrodes kept at different electric potential (50-100V for each cm of distance 

between two electrodes) and a measuring device to indicate the flow of current. Radiations bring 

about ionization of gas molecules or ions which cause emission of electrons which in turn reveals 

the changes in electric current. 

2. Proportional Counters: 

It is the modified form of ionization chamber in which an applied potential causes 

ionization of primary electron which further leads to thunderous bursting/ production of more free 

electrons, which get carried to anode and current pulse through electric circuit gets amplified. The 

voltage range over which ionization occurs is called proportional region and counters working in 

this region is called proportional counter. 

If the electric field gradient between the cathode and anode is increased by increasing 

applied voltage, the electron produced in primary ionization further ionize the gas molecule and 

number of ion pairs is multiplied. For each primary electron liberated, larger numbers of 

additional electrons are liberated and the current pulse get amplified. 

The total charge collected becomes proportional to the original number of ion pairs. It is 

operated at pulse ratio and used in the form of gas filled or gas flow counter for α, β and fission 

fragment counting. 

3. Geiger-Muller Counter: 
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GM counter was developed by Geiger and Muller in Germany in the year 1928. It is the 

oldest radiation detector due to its low cost, simplicity and in case of operation; it is the best 

detector among all. 
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It does not require use of any high gain amplifier and can detect α, β, γ radiations easily. 

Principle: 

A GM counter consists of a GM tube, sensing element which detects the radiation and 

processing electronics which displays the result. The GM tube is filled with an inert gas such as 

Helium, Neon or Argon at low pressure, to which a high voltage (450-500 V) is applied. The tube 

conducts electrical charge when a particle or photon of incident radiation makes the gas 

conductive by ionization. The ionization considerably amplified within the tube to produce easily 

measured detection pulse, which is fed to processing electronics and display the result. 

Construction: 

1. It consists of a cylinder 1-2 cm in diameter of stainless steel or glass coated with silver on 

inner side which acts as cathode. 

2. Internally a tungsten wire is suspended which is mounted at one end with a glass bead, act 

as anode. 

3. Cylinder is filled mixture of gas (argon and helium generally used) which also contain a 

small amount of quenching vapours. 

 

 

Fig. 5.4 

Quenching vapours are used: 

(a) To prevent the false pulse that may be produced due to positive ion reaching the cathode. 

(b) To absorb photons emitted by exciting atoms and molecules returning to their ground 
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state. 

Note: Chlorine, Bromine, Ethanol are commonly used as quenching agents. 

Depending on purpose, different counters are used, like: 
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1. For counting the radioactive solid source, the end window type GM counter has been used 

in which window has been made up of Aluminium alloy (7 mg /cm2), Mica or may be thin 

glass bubble (15 mg/cm2). 

2. For counting beta and gamma particles, thin glass walled counters may be used. These 

have   been   normally   of   about   1   cm   in    diameter,    having    a    glass    wall    of 20-

40 mg/cm2 thickness and tube is coated on inside with Graphite to form cathode. 

3. In order to count radioactive liquids, the counter having the capacity of 10 cm3 is used. In 

such a counter, 3% solution of Uranium salt gives nearly 10,000 counts per minute. 

4. To count radioactive gases, radioactive gas is introduced together with counting gas. For 

more efficient gamma counting, counter having lead or copper cathode have been used. 

Working: 

1. Radiations when enter the tube through a thin section also called as window causes the 

ionization of gas molecules. From these ionized atoms or molecules, an electron is 

knocked out of the atom and the remaining atom is positively charged. 

2. When the high voltage is applied across the electrode (300-1300), the electrons and 

positively charged ions are attracted towards anode and cathode respectively. 

3. Hence, each particle of radiation produces a brief flow or pulse of current which can be 

transmitted to radioactive sensor via an interface, which is finally recorded in computer. 

4. All pulses from a GM counter are of same amplitude for any incident radiations. 
 

 

Fig. 5.5 : Working of GM counter 

Disadvantages: 
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A GM counter cannot distinguish between types of different radiation and their energy. 

However, the multiplication factor is a big advantage in simple radioactive counting. 

Scintillation Detector: 

When high energy radiation or photons is incident on certain substance, a flash of light is 

emitted by the phenomenon called fluorescence or phosphorescence. 

 

 

 

 

Fig. 5.6 : Scintillation Detector 

This output light can be used as a measure of adsorbed radiation on scintillation detector. 

This emitted light when enters into photo-multiplier tube; it multiplies and amplifies even a small 

signal. So it becomes possible to measure alpha, beta or gamma radiation by scintillation detector. 

Important properties of good scintillation detector are: 

1. High scintillation efficiency. 

2. The light produced should be proportional to the light incident on detectors. 

3. Detector material should be transparent to the wavelength range and must not produce any 

interference in the resultant spectra. 

4. Short decay time of the induced fluorescence can be increased by dynodes which are 

made up of phosphor or fluor which multiplies the electrons when strike to them. Hence 

various inorganic and organic scintillation detectors can be used to measure the incident 

radiation. 
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5. Inorganic scintillation detectors like alkyl halides are most common compounds. 

e.g. Sodium iodide, Cesium iodide, Lithium iodide. 

6. Organic Scintillators like plastic scintillators have good scintillation property but stilbene 

have low scintillation property. 

Semiconductor Detector: 

It is a diode of n (electron rich) and p (electron deficient) semiconductors. In a 

semiconductor the band gap is very small of the order of 2-3 eV and therefore large numbers of 

electron hole pairs are formed, thus, giving rise to very good resolution to these detectors. 

Application of a reverse bias across the diode causes transport of electrons towards the n-

end and that of ‘holes’ towards p-end. The absorption of incident radiations results in the 

formation of electron and hole pairs which move under the influence of applied electric field. The 

collection of electrons at the electrode produces a voltage pulse, which is proportional to the 

intensity of the incident radiation. 
 

Fig. 5.7 

Solid State Detectors: 
 

They have high resolution, compactness and easy interpretation of output signal. 

(a) Cerenkor Detector: These are based upon light which is emitted by fast charged particles 

through an optically transparent medium with refractive index of more than one. 

(b) Thermoluminescence dosimeters: These are made up of those inorganic crystals in 

which electron hole pairs have been formed due to radiations which can trap these pairs and on 
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heating lead to emission of light. e.g. CaSO4:Mn, LiF, CaF2:Mn etc 

(c) Track-etch Detector: Ionizing radiations having higher linear energy transfer (LET), 

passing through a dielectric material create trail of damaged molecule along their path. In some 
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material, the tract can be visible upon etching in a strong acid or alkali solution. The damaged 

molecular tracks are etched faster than the bulk and look like a pits on the surface. These tracks 

can be counted by viewing through a microscope. The commonly used track-etch materials are 

quartz, mica, silica glass, flint glass, polyethylene terephthalate, lexan, markrofol, cellulose 

triacetate, cellulose nitrate. 

(d) Autoradiography (Photographic Emulsion): Ordinary photographic film is made up of 

silver halide grains (AgBr) suspended in Gelatin matrix and supported with a glass or cellulose 

acetate film. Incident radiation ionizes or sensitizes the silver halide grain which remains intact for 

indefinite period until they are developed. These are more useful in detecting and determining 

gamma radiations in physiological studies of plants and animals. First of all, administer 

radioactive substance to an animal, after sufficient time for localization, tissue is removed and 

embedded in paraffin. Now, cut into sections and kept with photographic emulsion in dark room. 

Radioactive particles emit radiations and darken the photographic emulsion, develop and fix the 

emulsion. 

 

 

 
 

 
 

 

 
 

Handling and Storage of Radioactive Material: 

Great care must be taken in handling and storage of radioactive material so as to protect 
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SODIUM IODIDE (I131) 

the people from its harmful effects. 

1. The radioactive materials are stored in remote areas such that it should be away from 

exposure to human beings. 

2.  and -emitters are stored in thick glass such that shielding effect is provided, 

while -emitters are stored in lead containers. 

3. The area of radioactive material should be tested for intensity of radioactivity. 

4. Exposure to radioactive radiation can cause blood cancer to persons. 

5. Lead shielding is required while handling with radioactive substances. 

6. Shielding effect can also be achieved by water layer and concrete blocks. Water layer blocks 

only radiation which allows visible light to pass while concrete blocks all the radiations. 

Certain precautions must be taken: 

(i) Radioactive material should never be touched with hands but handled by means of 

forceps. 

(ii) Food contaminated with radioactive material can cause serious damage to internal organs, 

so avoid any food intake, drinking and smoking within the lab. 

(iii) Sufficient protective clothing or shielding must be used while handling the material. 

(iv) Radioactive material should be kept in labeled containers and must be shielded. 

(v) Area of storage must be under proper supervision. 

(vi) Disposal of radioactive material is done with great care. 
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Synonym: Radioactive iodine 

Out of all radioactive isotopes of Iodine, I131 is most commonly used. It is used as an 

aqueous solution of sodium iodide having sodium thiosulphate in addition as a reducing agent. 

Standards: It should not contain less than 90% and not more than 110% of labelled 

amount of Iodine-131 as iodide which is expressed in microcuries or millicuries at the time 

indicating in the labelling. 

Method of Preparation: 

The first production of Iodine-131 took place in France in the year 1949 at the Fort de 

Chatillon, the site of the first Zoe atomic reactor, before it was transferred to the nuclear research 

centre at Saclay. The isotope has been used since 1942, however, in the treatment of thyroid 

cancer. 

Most I-131 is prepared in nuclear reactor by neutron-irradiation of a natural Tellurium 

target. Irradiation of natural tellurium produces almost entirely I-131 as the only radionuclide with 

a half-life longer than hours. Ultimately in 8.02 days it gets converted into Xenon-131 (stable 

isotope). 

130 (n y) 131 −
 131 (−, )  131 

Te 

Properties: 

⎯⎯→ Te ⎯⎯→ I ⎯⎯⎯→ Xe 

 

1. It forms a colorless solution. 

2. I131 have half-life of 8.4 days and emits beta and gamma radiations. 

3. Its solution is having pH range of 7 to 10. 

Hyperthyroidism Treatment by I131: 

Iodide inhibits the release of thyroid hormone and forms the basis for its use in 

hyperthyroidism. All the isotopes of iodine are rapidly taken up by thyroid follicles. Radioactive 

iodine i.e. I131 is available as NaI131 solution and is administered orally. 

The absorption of I131 leads to highly localized destruction of thyroid follicles due to β-

particles emission. This property of I131 has promoted radioactive iodine as a therapeutic 

https://en.wikipedia.org/wiki/Irradiation
https://en.wikipedia.org/wiki/Tellurium
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alternative in surgical removal of the gland. The radio iodine therapy is considered advantageous 

over surgery because of the simplicity of its procedure, its applicability to patients, avoidance of 

surgical risks and complications. 
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Sodium iodide-131 solution and capsule: 

Sodium iodide (I131) are suitable both for oral or i.v. administration. The solution is clear 

and colourless, but as the time passes both the solution and glass may get darken due to the effect 

of radiation. The pH of solutions varies between 7.5-9.0. 

For injection, a suitable preservative such as benzyl alcohol is added. A reducing agent 

such as sodium thiosulphate is also added to the solution, to prevent the oxidation of sodium 

iodide in aqueous solutions. 

Potassium salt, iodide and iodate have been acting as a carrier for iodide ions and for 

iodate ions present in the sodium iodide I131 solution. 

Sodium iodide (I131) capsules are prepared by evaporating an alcoholic solution of sodium 

radio-iodide directly on the walls of the capsule or on inert capsule filling material. 

 

Radioactive Identification: 

The spectrum of I131 has been complex but the most abundant type of photon is having 

energy of 0.364 MeV. It is possible to determine the energy in a spectrometer by detecting - 

radiation with a scintillation counter which is having a thallium activated. The γ-ray scintillation 

spectrum of sodium iodide (I131) solution has been found to be identical to that of specimen of 

I131of known purity, which exhibits major photoelectric peak, having energy of 0.365 MeV. 

Assay: 

It is possible to determine its activity, using suitable counting equipment by comparison 

with a standardized I-131 solution or by measurement of an instrument calibrated with the aid of 

such solutions. Iodine-131 has been emitting both beta and gamma particles in its decay process. 

Radioactivity has to be recorded on a counting assembly which is having either a Geiger-Muller 

counter or a scintillation detector used as a sensing unit and an electronic sealing device. 

Packaging and Storage Condition: 

The solution has to be prepared in single dose or multiple dose containers that have been 

previously treated to prevent absorption. 
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So as to avoid absorption of radionuclides on the wall of the container including 

laboratory vessels, it has been recommended that containers used to handle sodium iodide I-

131 solution, should be first of all rinsed with a solution having approximately 0.8% of sodium 
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bisulphate and 0.25% of sodium iodide and then water until the last rinsing has been neutral to 

litmus. 

Uses: 

1. Radioactive iodine is mainly used for the diagnosis of disorders of thyroid function. 

2. It is also used in the treatment of hyperthyroidism. 

3. Radioactive iodine is also used in the treatment of Grave’s disease (toxic diffused goiter). 

4. It is also used in radiotherapy of thyroid cancer. 

5. It is also used in the treatment of thyrotoxicosis. 
 

 

Radioisotopes have their uses in medicines in four different ways: 

(i) Radioactive tracers for diagnostic purpose. 

(ii) Radiation source in therapy. 

(iii)Research. 

(iv)Sterilization. 

(i) Radioisotopes in Diagnosis: 

1. Chromium in the form of sodium chromate attaches strongly to the hemoglobin of red 

blood cells. This makes radioactive chromium-151 an excellent isotope for determining the flow 

of blood through the heart. This isotope is also useful for determining the lifetime of RBC, which 

can be of great importance in the diagnosis of anemia. 

2. Cyanocobalamin (57Co) is used for measuring glomerular filteration rate. 

3. Ferric citrate (59Fe) injection finds the use in hematological disorders. 

4. Colloidal gold (198Au ) has been used in studying the blood circulation in Liver. 

5. Sodium iodide (131I) injection is used to study the functioning of Thyroid gland. 

6. Iodinated (131I) human serum albumin injection finds the use to investigate cardiovascular 

functions. 

7. Radioactive cobalt (Cobalt-59 or Cobalt-60) is used to study defects in Vitamin B12 

absorption. 
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8. Sodium iodohippurate I-131 injection finds the diagnostic use in the study of renal 

functions. 

9. Sodium rose Bengal I-131 injection finds use as a diagnostic agent to test liver functions. 

(ii) Radioisotopes in Therapy: 



 

 

 

S S D BHAVANI RAJA 

 

The therapeutic use of radioisotopes depends on the ability of their ionization. These are 

useful to destroy or weaken malfunctioning cells. It is β-radiation that causes the destruction of 

damaged cells. The radionuclide therapy (RNT) or short range radiotherapy is known as 

brachytherapy and this is becoming the main means of treatment. Radiotherapy is less commonly 

used in the diagnosis of radioactive material present in medicines. An ideal therapeutic 

radioisotope should be a strong β-emitter with just enough γ to enable imaging. e.g. 

1. Yttrium-90 is used for the treatment of cancer particularly liver cancer and it is being used 

more widely including for arthritis. 

2. Iodine-131 is used to treat the thyroid for cancers and abnormal conditions such as 

hyperthyroidism. 

3. Phosphorus-32 is used to control the excess of RBC production in bone marrow 

i.e. Polycythemia. 

4. Boron-10 is used in the treatment of tumor. Boron-10 gets concentrated in tumor and on 

irradiation with neutrons, it produces high energy α-particle which kills the cancer. 

5. Lead-212 can be attached to monoclonal antibodies for cancer treatment. 

6. The alpha decays of Bismuth-213 and Polonium-210 are the active ones destroying cancer 

cells over a couple of hours. 

7. Gold-198 finds use in carcinoma of uterus and urinary bladder. 

8. Cyanocobalamin finds use in diagnosis of pernicious anemia. 

9. Iodine-131 preparation finds use in the treatment of thyroid gland. 

(iii) In Research: 

Excellent biological and medicinal study can be carried out with radioactive isotopes as 

tracers. Generally Carbon-14 and Tritium are most commonly used. 

(iv) Sterilization: 

Thermolabile substances like vitamins, hormones, antibiotics can be safely sterilized by 

strong radiation sources. e.g. Cobalt-60 or Cesium-137 may be used for sterilizing surgical 

instrument. 

1. Agricultural Use: Gamma rays are used to kill pests. These are used to induce genetic 
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mutations in a plant in order to produce a better strain which has higher resistance against pest and 

diseases. Radioisotopes used as tracers in the effectiveness of fertilizers are N-15 and P-32. 
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2. Industrial Uses: Americium-241 is used in many smoke detectors for homes and business 

in thickness gauges designed to measure and control thickness during manufacturing processes. 

Californium-252 is used for neutron activation analysis, 

to inspect airline luggage for hidden explosives. 

3. Analytical Applications: 

(a) Analytical procedures (b) Radioisotope dilution analysis 

(c) Recovery indication in analysis         (d) Radioimmuno Assay (RIA) 

(e) Solubility determination (f) Activation analysis 

(g) Enzyme assays (h) Receptor assays 

4. Reaction Mechanism: Several instances have been reported of information concerning 

reaction mechanisms obtained with the aid of artificial radio elements. 

Various therapeutic and diagnostic applications of radio-isotopes: 
 

 

Sr. No. Radio-isotope Applications/Uses 

1. Calcium-44, 45 (Ca-44,45) Study of bone structure and bone cancer 

2. Carbon-14(C-14) Emit β-radiations, used in medical and 

pharmaceutical research 

3. Strontium-90(Sr-90) Pure β-emitter, used in radiotherapy of 

superficial carcinoma. 

4. Cobalt-60(Co-60) γ-emitter, radiotherapy, sterilization of heat 

labile substances, study of vitamin B12 

5. Cobalt-57(Co-57) Used in diagnosis of pernicious anemia 

6. Hydrogen- 2H, 3H (β- 

emitter) 

Used to determine total body water content 

7. Iron-59 (Fe-59) Emit beta and gamma rays, used to study iron 

absorption, life span of red blood cells 
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8. Nitrogen-13,15(N-13, N-15) Used in investigation of amino acid and protein 

metabolism 

9. Oxygen-17,18(O-17, O-18) To study organic reactions and photosynthesis 

10. Oxygen-15(O-15) ebral blood flow imaging and myocardial blood 

w imaging. 

11. Sodium-22,24(Na-22, Na- 

24) 

Used in estimation of extracellular fluid, body 

circulation rate, excretion and distribution of 
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  water 

12. Sodium chromate 

(Cr-51) solution 

It finds use in measuring red cell volume and its 

survival time 

13. Cr-51 EDTA For glomerular filtration rate estimation. 

14. Fluorine-18 (Positron 

emitter) 

Used in investigation of tumor imaging, bone 

imaging, myocardial imaging. 

15. Gallium-67 (-emitter) Tumor imaging and inflammation/infections 

imaging 

16. Gallium-68 (positron 

emitter) 

Prostate cancer imaging 

17. Iodine-123 (-emitter) Thyroid uptake and thyroid imaging, renal 

imaging 

18. Iodine-125 Used in diagnosis of clotting by fibrinogen scan 

19. Iodine-131 Used in thyroid uptake study, also used to treat 

thyroid carcinoma and non-toxic goiter. 

20. Krypton-81m (-emitter) Lung ventilation and lung perfusion imaging 

21. Nitrogen-13 (positron 

emitter) 

Myocardial blood flow imaging 

22. Phosphorus-32 In the treatment of polycythemia and related 

disorders 

23. Radium-223 (-emitter) In the treatment of metastatic cancer in bone 

24. Selenium-75 (-emitter) Investigation of adrenal gland imaging and bile 

salt absorption 

https://en.wikipedia.org/wiki/Polycythemia
https://en.wikipedia.org/wiki/Bone_metastasis
https://en.wikipedia.org/wiki/Adrenal_gland
https://en.wikipedia.org/wiki/Bile_salt
https://en.wikipedia.org/wiki/Bile_salt
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25. Technetium-99m (-emitter) Investigation of stomach and salivary gland 

imaging, first pass blood flow imaging, bone 

marrow imaging, lacrimal imaging, gastric 

emptying imaging etc. 
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RADIO-OPAQUE CONTRAST MEDIA 

 
 

The possible risks from radiation are limited to those effects resulting from altered individual cells 

(damaged either singly in small numbers) and include induction of cancer, genetic effects, and 

effects on an embryo. Effects such as cell depletion of a fine marrow and impaired fertility or 

sterility are associated with diagnostic radiopharmaceuticals. 

The following hazards of radiation exposure and relative risk of such effects are observed: 

1. Induction of Cancer: Cancer induction is probably at the greatest risk to humans exposed 

to low levels of radiation. Radiation induced cancer in humans are breast, thyroid, lung cancers, 

leukemia and alimentary tract cancer. The most significant human experience comes from the 

survivors of the 1945 Hiroshima and Nagasaki atomic bomb blasts. 

2. Genetic Defects: The stimulation of genetic risk in humans is based on animal studies, 

since there is no significant demonstration of radiation induced gene mutation in humans. Thus the 

risk of a genetic defect in child of a patient who had undergone diagnostic test using radionuclide 

is insignificant. 

3. Effect on the Embryo: The major effects of high doses of radiation on the embryo are 

death, malformation and reduced growth. These effects are more likely to occur with increasing 

doses. The stage of gestation during which the mother is irradiated is of major importance in 

determining effects as differentiating organ system is most sensitive at that time. During the period 

of organogenesis (about 11 to 50 days after fertilization), congenital malformation and retarded 

growth are the most likely consequences of radiation damage and after organogenesis, growth 

retardation is the major effect from high doses. 

4. Lactation: The use of radiopharmaceuticals during lactation involves a risk as the 

radiation passes in breast   milk.   Therefore,   a   safe   interval   between   administration 

of radiopharmaceutical and resumption of breast feeding should be observed. 

e.g. Tc-99 when administered, breast feeding should be discontinued for 24 hrs. 
 

HAZARDS ASSOCIATED WITH RADIOPHARMACEUTICALS 
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• The radio-opaque contrast media are the compounds which have the ability to absorb 

the X-ray and block the passage of X-rays. Hence these are opaque to X-ray examination. All 

radio- opaque materials are not radiopharmaceuticals. 

• X-rays are capable of passing through most of the tissues. When a photographic film is 

placed opposite to the X-rays through patient’s body organ, the film is darkened in the amount 

of X-rays that have been passed. 

• Bones, cartilage and teeth are capable to block X-rays and whiteness is produced at 

their places in X-ray films. Phosphorous and calcium present in bones and teeth provides large 

electron density, because blocking of X-rays or X-rays absorption depends upon the availability 

of electrons present in the system. 

• The different anatomical organs containing radio-opaque gives a much clear and 

distinguish shadow on X-rays film/plate for proper diagnosis and interpretation. 

• Various radio-opaque contrast media are used in X-ray examination of g.i.t., gall 

bladder, bile duct, kidney, ureter, fallopian tubes, liver, heart and brain. 

• Radio-opaque contrast media must not produce any pharmacological effect. The most 

common compounds are of Iodine and Barium. 

The contrast media can be further subdivided into: 

1. Water-soluble contrast media 2. Water-insoluble contrast media 

Requirements of an ideal radio-opaque agent: 

1. It should have high solubility. 

2. It should have high stability. 

3. It should excrete rapidly with no toxic effect. 

4. It should stay in body sufficient enough for X-ray examination. 

5. It should concentrate selectively in concerned organs. 

6. It should have adequate radio-opacity. This usually requires an iodine content of 

atleast 50%. 

 


