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LEGAL NOTICES 

In India, there are laws dealing with drugs that are the subject of monographs which 
follow. These monographs should be read subject to the restrictions imposed by these laws 
wherever they are applicable. 
 
 It is expedient that enquiry be made in each case in order to ensure that the provisions 
of the law are being complied with. 
 
 In general, the Drugs & Cosmetics Act, 1940 (subsequently amended in 1964 and 
1982), the Dangerous Drugs Act, 1930 and the Poisons Act, 1919 and the rules framed there 
under should be consulted. 
 
 Under the Drugs & Cosmetics Act, the Ayurvedic Pharmacopoeia of India (API),   
Part-I, Vol. VII, is the book of standards for Single Drugs of Minerals, Metals and Marine 
origin included therein and the standards prescribed in the Ayurvedic Pharmacopoeia of India, 
Part-I, Vol. VII, would be official.  If considered necessary, these standards can be amended 
and the Chairman of the Ayurvedic Pharmacopoeia Committee authorized to issue such 
amendments.  Whenever such amendments are issued, the Ayurvedic Pharmacopoeia of India, 
Part-I, Vol. VII, would be deemed to have been amended accordingly. 
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GENERAL NOTICES 
 

 These General Notices provide basic guidelines to help, interpret the provisions and 
terms used in this volume, in connection with the implementation of the recommended 
standards and methods of tests prescribed therein. In addition, they also include the features of 
a monograph that are mandatory standards.  
 
Title: The title of this book is "Ayurvedic Pharmacopoeia of India, Part-I, Vol.VII (Minerals 
and Metals)". Monographs on twenty-one raw drugs (minerals / metals / ores) are included in 
this volume. 
 
Monograph: Each Monograph carries prescribed mandatory standards and general 
information, including those from Ayurvedic Classics. The Monographs are arranged in the 
English alphabetical order, based on the main Samskŗta official name.  
 
Monograph Title: The title given on top of each monograph indicates the name of the 
material in Samskŗta, and is the same as mentioned in the single drugs list on the Ayurvedic 
Formularies for Minerals, Metals and Ores. It is the "Official Name" along with synonyms in 
Samskŗta. This is followed by a scientific nomenclature in English that is nearest and most 
appropriate to the article described, and is also "Official".  
 
Synonyms: Taking into account the multilingual nature of the country, other names of the 
drug have been listed in Indian languages other than Samskŗta as far as these are available. 
The Urdu and Tamil equivalents, however, are those appearing for the same drug in their 
respective Formularies. 
 
Broad Classification: The raw materials obtained from the earth's crust and used in the 
indigenous systems of medicines are of great complexity, being a mixture of various 
elements, compounds and gangue (waste rock i.e. the non-metalliferous part of an ore, not 
useful for the intended purpose). They may be chemically classified only in a broad sense, and 
exact chemical nomenclature cannot be assigned. Therefore, a broad classification, such as 
Silicate, Sulphide, Oxide and Metal etc., is added for basic information.  
    
Origin and occurrence: The nature and forms in which a raw drug occurs in the earth's  crust 
and its association with other minerals and rocks are included to give an idea about geology of 
the substance. The occurrence and availability of the article in India are also incorporated. 
This important information reflects the commercial potential of the article as a source for the 
drug required by the Ayurvedic, Siddha & Unani practitioners, and to the manufacturers. 

 
Standards: For mandatory purposes, the statements made under the following headings in a 
monograph shall constitute "Official Standards", ........Title, Definition, Identification 
(Physical, Optical and Chemical properties), Tests and Assays, Distinction from substitutes 
and adulterants, Heavy metals, and the "Śodhana" process described and recommended in 
classics quoted in Appendix -5. 
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Physical Properties: These include nature, colour, streak, cleavage, fracture, lustre, tenacity, 
transparency, hardness, specific gravity, taste and magnetism. These are reliable and easy 
identification features for minerals and metals. Fluorescence and XRD analysis applied for 
identification of a few articles have also been included. Physical properties serve as the 
preliminary but powerful parameters for identification of raw drugs. Definitions of geological 
terminology used in the monographs and methods of determination of various parameters are 
given in Appendix-1.  
 
Optical Properties: These include the application of optical crystallography in identification 
of minerals that are crystalline and transparent, irrespective of their chemical composition. 
This is a time-tested petrographic/ mineralogical method of analysis using thin sections of 
mineral or ore samples, but adapted and applied to powdered materials to suit pharmacopoeial 
requirement. Several parameters can be computed from only a few fragments using 
immersion liquids of known Refractive Indices, by a method known as the 'Immersion 
Method'. Description of the principle and the method of determination of various constants 
are given in detail in Appendix-2.  
 
Chemical Properties: Under this, confirmatory identification tests for raw drugs are 
mentioned. These include charcoal test, flame colouration test, effect of heat, solubility in 
water and acids and reaction with different acids. The most important, however, are 
determination of assays for major ingredients and minor constituents, presence of heavy 
metals and other elements of significance. Details of various tests and methods of 
determination of elemental assays etc., Details about Chemical & Reagents are given in 
Appendix-4.   
 
General:  

a) Except a few very simple chemical tests which have been given in monographs, all 
methods of determination of physical, optical and chemical properties are given in 
detail in the Appendices.  

 b) Instructions, explanations of technical terms, and the methods, given in different 
Appendices, are the standard ones employed in the identification of the ores, minerals, 
metals and inorganic substances. More than one method for determination of a 
particular parameter in a monograph is given in this volume and the choice of method 
to be adopted is left to the user, provided the actual method used is on record with 
laboratory data.  

 
Miscellaneous: 
 
Temperature: Except where specifically mentioned, ambient temperature in Celsius scale is 
intended.  
 
Pressure: Atmospheric pressure of 760 torr at 00, unless stated otherwise.  
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Weight and Measures: 'Constant Weight' implies that under the given circumstances, no two 
consecutive weights shall differ by more than 0.5 mg per gram of substance taken for 
analysis. 'Weight taken for analysis' is the amount to be taken for quantitative analysis stated 
in the procedure within an approximate range, but shall be accurately weighed and shall not 
differ from the stated weight by more than10 percent. 
 
Abbreviations, used in the monographs, are given in a table on next page.  
 
 
   
 



 XIV 

Abbreviations for Technical Terms  
 

 
0C – – 0 
2d sin θ – – ηλ 
analytical reagent – – AR 
atomic absorption spectrophotometry – – A.A.S. 
gram(s) – – g 
inductively coupled plasma analyser – – ICPA 
kilo newton (pressure unit) – – kN 
microgram(s) – – μg 
mililitre(s) – – ml 
milligram(s) – – mg 
nanogram(10-9 g)(s) – – ng 
nanometer(s) – – nm 
part(s) per million or gram(s) per tonne – – ppm 
precipitate – – ppt. 
quantity sufficient – – Q.S. 
refractive index – – R.I. 
refractive index – – η 
solution – – sol. 
specific gravity – – Sp. Gr. 
ultra-violet – – UV 
x-ray diffraction – – XRD 
x-ray fluorescence spectrometry – – XRF 
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Abbreviations for Texts 
 

Āyurveda Prakāśa  – – vk-ç- 

B¨hat Rasarājasundara – – c-̀j-jk-lq- 

Bhāvaprakāśa  – – Hkk-ç- 

Caraka Sa¼hitā Sūtrasthāna – – p-la-lw- 

National Formulary of Unani Medicines – – N.F.U.M. 
Rasaprakāśasudhākara  – – j-ç-lq- 

Rasatara¬gi´ī  – – j-r- 

Rasaratnasamucchaya  – – j-j-l- 

Rasendracintāma´i  – – jls-fp- 

Rasendracū²āma´i  – – j-pw- 

Śār¬gadhara Sa¼hitā  – – 'kk-la- 

Siddha Bhe¾aja Ma´imālā  – – fl-Hks-e-ek- 

Siddha Formulary of India – – S.F.I. 
Suśruta Sa¼hitā Sūtrasthāna  – – lq-la-lw- 
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PREFACE 
 

Ayurveda is very much rich in many aspects and the number of drugs and their sources. The 
use of a few minerals and metals in Ayurvedic medicines is since Vedic period but scientific 
and systematic studies were conducted from 8th century onwards forming an integral part of 
Ayurvedic medicines called Rasaśāstra and the formulations called Rasyogas.                 
  
The brief history of Rasaśāstra reveals many aspects of this science when viewed in 
perspectives of identification, Śodhana (Purification), Māra´a (Calcination), indications and 
dietetic regimen.  
 
Caraka has used ‘Rasa’ in Kustha cikitsā but it is not sure whether it is Pārada or else. Six 
metals viz. Svar´a, Rajata, Tāmra, Loha, Va¬ga and Nāga have been coined under drugs of 
mineral origin. These metals have been indicated for preparation of different devices like 
Bastinetra, Dhūmanetra, etc. Specialized procedures like Lohādi Rasāyana, Ayask¨ti have 
been described so that these metals can be converted into a consumable and efficacious 
dosage form for therapeutic use. For this, the thin sheets of metals are repeatedly heated and 
quenched in a series of liquids viz. Triphalā kvātha, Gomūtra, Godugdha, Lava´ajala, etc. 
until conversion to fine powder. Apart from metals, various other minerals like Gandhaka, 
Svar´amāksika, Haritāla, Manaªśilā, Ma´²ūra, Gairika, etc.; alloys viz. Kā¼sya, Pittala and 
gems viz. Muktā, Pravāla have been mentioned for therapeutic and other uses. Suśruta, in 
addition to all this, has used Pārada (first non-ambiguous reference) tropically.  
 
A¾°ā¬gasa¬graha, for the first time, clearly indicates administration of Pārada for its 
Rasāyana effect. Blowing up metal in a crucible to convert into powder form has also been 
described by him. 
 
Almost of the marked developments of Rasaśāstra have taken place in this period (from 8th 
century A. D.). The science attended its peak of advancements and opened new horizons in 
the field of medicine. Several Rasasiddhas (disciples of Tāntrika doctrine) have contributed 
to this process. The outcomes of their extensive experimentations have been documented in 
the form of texts. Nāgārjuna was the most significant contributor to establish the aims, 
principles and methodologies of Rasaśāstra in an organized and systematic manner. 
Numerous texts viz. Rasaratnākara, Rasendrama¬gala, Rasār´ava have been composed in 
this period explaining Śodhana, Mārana, properties, therapeutic uses, dose specifications and 
various formulations of Rasau¾adhis. The Śodhana and Māra´a methods may either be 
characteristic for some specific material or applicable to a group/category. Moreover, 
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specifications for construction of a pharmacy have also been given instructing specific 
directions for specific procedures and arrangements required inside and outside the pharmacy 
campus. 
 
Mainly three types of Physical treatments are adapted in metal/mineral preparations i.e. Heat, 
Beat and Treat. Here the treat means the material is treated with many organic preparations, 
the sequence of physical treatments may be varied  considering the type of material and 
formulation but the sequence may get changed. 
 
In compiling the monographs, the title of each drug had been given in Sanskrit as already 
obtained in the Ayurvedic Formulary of India. Then comes the definition physical properties / 
Explanations of Geological/ Technical terms – Terminology used in pharmacopoeial 
Monographs and methods of determination of the drug giving its identity in scientific 
nomenclature and very brief information about its source, occurrence, distribution and 
precautions in collection if any, etc. 
 
This is followed by a list of synonyms in Sa¼sk¨ta and also the other Indian regional 
languages. The monographs then record the Definitions and Methods of determination of 
different optical parameters followed by Chemical properties along with qualitative chemical 
tests of minerals by Blow pipe method. Apart from this, the distinct photographs of all 
included materials are exhibited. 
 
Since the efforts is to compile pharmacopoeial monographs of Ayurvedic drugs, in the accent 
of the classical attributes of respective drugs according to the doctrine of Rasa, Gu´a, Vīrya, 
Vipāka and Karma has not been lost sight of, though some of them appear to be abstract and 
subjective in the absence of established experimental methods to quantify them. 
 
The Legal Notices and General Notices have been given for guidance of the analysts, the 
Pharmaceutical suppliers and manufactures and the research workers engaged in this field. 
Details about the apparatus, reagents and solutions, tests, methods of preparation of 
specimens for microscopic examinations have been given in the Appendices. 
 
The Committee hopes that with the publication of Ayurvedic Pharmacopoeia of India Part I, 
Vol. VII comprising of 21 single drugs of mineral, metal origin, as per the format and 
procedure laid down, the different research units under Deptt. of AYUSH under the Ministry 
of Health and Family Welfare and the other involved laboratories would plan their research 
enquiries such that the output of work would be accelerated.  
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The Committee urges the Government of India to recommend the adoption of these 
monographs for the purposes of identity, purity and strength of drugs for use in their 
Government, Semi-Government and Government aided institutions and voluntary public 
organizations. The Ayurvedic Pharmacopoeia of India, Part-I, Vol. VII may also be notified 
by Government as a book of reference for implementation of the Drugs and Cosmetics Act, 
1940 all over India as Ayurvedic Pharmacopoeia of India Part-I, Vol. I, II, III, IV and V is 
already included in the First Schedule of Drugs and Cosmetics Act 1940. 
 
This volume is specific in nature consisting of monographs on raw materials of mineral and 
metals used in the mineral, metallic and herbo-mineral /metallic preparations.   
 
 

 

Prof. S.S.Handa                              Dr. S.K.Sharma                              Dr. G.S.Lavekar  
 Chairman                                  Vice-Chairman                        Member Secretary 
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INTRODUCTION 
 

General 
 

The Ayurvedic system of medicine is prevalent in India since the Vedic period and as 
early as the dawn of human civilization. Though Ayurveda has under gone many changes in 
the course of its long history, it still remains the mainstay of medical relief to a large section 
of population of the nation. Due to urbanization and dwindling of forests, the Vaidya by and 
large is no longer a self contained unit collecting and preparing his own medicines as before. 
He has now to depend on the newly developed agencies like one collecting and supplying the 
crude drugs and the other undertaking mass production of medicines in the Ayurvedic 
Pharmaceutical units run on commercial scale. 

 
2. In view of the new trend in Ayurvedic Pharmaceutical field, Government of India 

considered it expedient to utilize the existing Drug and Cosmetics Act 1940, to also control to 
a limited measure the Ayurvedic, Siddha and Unani drugs by amending the Act. 

 
3. The Act was accordingly amended in 1964, to ensure only a limited control over the 

production and sale of these medicines namely:- 
 

i. The manufacture should be carried under prescribed hygienic conditions, under 
supervision of a person having a prescribed qualification; 

 
ii. The raw materials used in the preparation of drugs should be genuine and 

properly identified; and  
 

iii. The formula or the true list of all the ingredients, contained in the drugs, 
should be displayed on the label of every container. 
 

The present Ayurvedic Pharmacopoeia Committee (APC) was reconstituted or 
constituted under the Deptt. of AYUSH vide letter No.X-19011/6/94-APC (AYUSH) dated 
9th March, 2005 consisting of following members.  

 

1. Ms. Savita Satakopan, M.Sc. 
(Former Drug Analyst), 
Government of Gujarat, 
7/4, Padmam Flats, Seventh Street, 
Nanganallur, Chennai – 600 061. 
 

Chairperson 

(9th March  2005 to  

22nd June 2006) 

2. Prof. S.S. Handa, M. Pharma, Ph.D., 
(Former Director, RRL, Jammu), 522-A, Block ‘C’, 
Sushant Lok, Phase-I, 
Gurgaon, Haryana – 122 001. 

Chairman  
(23rd June, 2006 to 
onwards) 
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OFFICIAL MEMBERS 
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Director, 
Central Council for Research in Ayurveda & Siddha, 
61-65, Institutional Area, 
D-Block, Janakpuri, 
New Delhi – 110 058. 
 

Member-Secretary  
(Ex-officio) 
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Director, 
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Ghaziabad – 201 002. 
 

Member (Ex-officio) 
 

4. Managing Director, 
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5. Drugs Controller General (India),    
Ministry of Health & Family Welfare,  
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Member (Ex-officio) 
 

NON-OFFICIAL MEMBERS 
Phytochemistry & Chemistry Sub-Committee  
 
1.  Prof. V.K. Kapoor, M. Pharm., Ph.D. 

(Former Dean and Chairman, 
University Institute of Pharmaceutical Sciences, 
Panjab University, Chandigarh) 
1473, Pushpac Complex, 49B,  
Chandigarh - 160 047. 
 

Chairman 

2.  Prof. S.S. Handa, M. Pharm., Ph.D., 
(Former Director, RRL), 
522-A, Block ‘C’, Sushant Lok, Phase-I, 
Gurgaon, Haryana – 122 001. 

Member 



 XXIII 

3.  Dr. P.D. Sethi, M. Pharm., Ph.D., 
(Former Director, 
Central Indian Pharmacopoeial Laboratory) 
B-140, Shivalik Enclave, 
New Delhi – 110 017. 
 

Member 

4.  Shri J.K. Dhing, M.Sc., M. Tech. 
Former Chief Manager (Exploration), 
Hindustan Copper Ltd.,  
SF-8, Gayatri Nagar,  
Sector-5, Hiran Magri, 
Udaipur – 313 002. (Rajasthan). 
 

Member 

Pharmacognosy Sub-Committee  
 
1.  Ms. S. Satakopan, M.Sc. 

(Former Drug Analyst), 
Government of Gujarat, 
7/4, Padmam Flats, Seventh Street, 
Nanganallur, Chennai – 600 061. 
 

Chairman 

2.  Dr. (Mrs.) Shanta Mehrotra, M.Sc., Ph.D., 
Emeritus Scientist, 
National Botanical Research Institute, 
Rana Pratap Marg, P.B. No.-436, 
Lucknow – 226 001 (U.P.). 
 

Member 

3.  Dr. M.A. Iyengar, M. Pharma, Ph.D, 
Prof. of Pharmacognosy (Retd.), 
14, HIG, HUDCO, Manipal – 576 119. 
 

Member 

4.  Dr. J. Mohanasundraram, M.D., 
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& Deputy Director of Medical Education, 
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Zandu Pharmaceutical Works Ltd., 
70, Ghokhle Road (South), Dadar, 
Mumbai – 400 025. 
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Ayurveda Sub-Committee  
(Single Drugs of Plants, Minerals, Metals, Animal origin) 
 
1.  Prof. V.K. Joshi, M.D. (Ay.), Ph.D.  
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1. The term of the Committee shall be for a period of 3 years from the date of its  first 
meeting and the members shall hold office for that period. 

 
2. The chairman of the APC shall have the powers to form sub-committees  whenever 
required and to co-opt experts from outside for such sub-committees. 

 
3. The Committee shall have the power to frame procedures of functioning. 

 
 
4. The functions of the Committee shall be as follows: 

 
i. To prepare a Ayurvedic Pharmacopoeia of India of single and compound 

drugs. 
 

ii. To prescribe the working standards for compound Ayurvedic formulations 
including tests for identity, purity, strength and quality so as to ensure 
uniformity of the finished formulations. 
 

iii. Keeping in view the time constraint, to identify such methods, procedures and 
plan of work as would enable to publish the formulary and standards of all 
commonly used drugs to be brought out in a phased manner. 
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iv. To prepare remaining parts of the official formulary of compound preparations 
from the classical texts including standardized composition of reputed 
institution. 
 

v. To develop and standardize methods of preparations, dosage form toxicity 
profile etc. 
 

vi. To develop Quality standards, safety, efficacy profile of Intermediates like   
extracts of Ayurvedic raw drugs. 
 

vii. To develop the Quality standards, safety, efficacy profile of different parts of 
the plants; as well as to inclusion of new plants as Ayurvedic drugs. 
 

viii. Any other matter relating to the Quality standards, shelf life, identification, 
new formulations etc. 

 
5. The following are the targets focus of the Committee: 
 

i. To evolve standards of single drugs mentioned in the Ayurvedic Formularies 
of India. 
 

ii. To evolve standards for compound formulations mentioned in the Ayurvedic 
Formularies of India & other Ayurvedic formulations of National Priority. 
 

iii. To prepare drafts Standard Operation Procedure of Manufacturing Process 
(SOP) of Ayurvedic Formularies of India from the classical texts and other 
authentic sources. 
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SPECIAL INTRODUCTION TO VOLUME – VII 
(Minerals/Metals/Ores) 

Preamble 

           The materia medica of the Indian Traditional Systems of Medicine is comprehensive 
in its resources from nature. Apart from a major share from medicinal plants, both animal 
products and geochemicals are in trade as well as in use by practitioners. The Formularies till 
now published by the Ministry of Health and Family Welfare, Govt. of India, lists about 65 
substances of Minerals/Metals/Ores as raw materials for use either as single drugs or added to 
compound formulations. Such a list was prepared from classical medical literature in 
¡yurveda, by eminent vaidyas and practicing ¡yurvedic pharmacists who were members of 
the earlier ¡yurvedic Pharmacopoeia Committees in the seventies of last century. The list was 
finalized after extensive tours, on-the-spot examinations and consultations with practitioners 
and user-pharmacies throughout the country. They also, for the first time, equated the 
recorded names of single drug in Sa¼sk¨t literature, with its modern scientific nomenclature, 
with an eye to the future task of evolving quality standards for such raw drugs. 

 Methodology 

           The single drug list mentioned above formed the basis for present work. A general 
format using appropriate geological descriptive titles was drafted by the APC. The format 
specified the inputs required from the collaborating laboratories under various heads, so that a 
general description, analytical parameters for identification, their elemental composition, 
methods of tests and assays and ¡yurvedic uses etc., would be available for each of the drugs 
selected. The format was sent along with a preliminary note to the invitees of a Special 
Committee of Experts, constituted by the Ministry under the APC. The experts were from 
Wadia Institute of Himalaya Geology, Dehradun, and also from ¡yurvedic Research Institutes 
and Universities like Banaras Hindu University (BHU), Varanasi and Gujarat ¡yurved 
University (GAU), Jamnagar. An Annexure to this introduction gives the details of the 
sittings and decisions of this committee.  

          As a sequel to the recommendation of this committee, further work was initiated by 
allotting a set of  47 Minerals/Metals/Ores to the National Institute of ¡yurveda (N.I.A.), 
Jaipur under the Director as the Principal Investigator and Shri J.K. Dhing, Former Chief 
Manager (Exploration), Hindustan Copper Ltd., Khetri Nagar and Dr. V.N. Rao, Associate 
Professor, N.I.A., Jaipur as the Co-Investigators. Using both authentic and marketed samples, 
analytical work was executed at the laboratories of the Indian Bureau of Mines (IBM), Ajmer 
and Geological Survey of India (GSI), Jaipur, with Shri Dhing as the Co-ordinator. This 
volume is based on the results obtained from the above collaborating laboratories and on other 
inputs from Shri Dhing, Miss Satakopan and the ¡yurvedic experts of the APC. It 
recommends specifications and standards for 21 raw drugs and includes other relevant details. 
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Structure of this Volume 

           A chapter on General Notices explains the rules and mechanisms that should be 
followed by analysts while applying the standards and tests in their work. There are various 
Appendices, detailing the methods of tests and assays, the reagents in use, and the equipments 
and apparatuses necessary. A special feature is a Glossary, to explain the geological terms 
used in describing the physical properties of the drugs. This is given to help analysts of 
pharmaceutical manufacturers and the regulatory bodies who may not be familiar with the 
terminology used in identification of Minerals/Metals/Ores. On the āyruvedic part of each 
monograph, the '¹odhana', represents the purity measures as mandatory. Unlike plant or 
animal products, there is no prior preparation of a mineral drug for the market, by any 
physical or chemical means. Purity for an āyurvedic Mineral/Metal/Ore does not imply the 
same as it does for other drugs and does not deal with extraneous or introduced matter. While 
identity and strength are dealt with by physical and chemical modern tests, the purity 
requirement of a pharmacopoeial mineral/metal based drug is determined by ¡yurvedic 
process described as '¹odhana'. Original ºlokas dealing with '¹odhana' are included 
in Appendix-5. Hopefully, this would curtail the shortcuts now believed to be in use, by side-
stepping the tedious '¹odhana' required and also discourages adverse comments that undesired 
toxic remains are present in such ¡yruvedic preparations.  

          A preface (izLrkouk) written in Hindi by Dr. B.L. Gaur, currently Vice-
Chancellor, Rajasthan ¡yurved University, Jodhpur (Rajasthan), and a member of the APC, is 
another feature of departure from routine editorial structure followed for pharmacopoeia. It is 
necessary to explain the logic behind the use of substances known to be toxic, in medicines 
for human use, place it in a correct perspective from the Ayurvedic point of view and counter 
any misinterpretation. The inclusion of geochemicals in the treatment of human diseases by 
traditional method in Ayurveda should be justifiable. Hence, this special effort. 

 Scope and Limitations 

           A pharmacopoeia emerges out of the common interests of stake holders. Its ultimate 
purpose is to aid the implementation of the requirements under a legislation, which ensures 
supply of quality drugs to a nation, and also monitors the activities of those responsible for 
this. The core of objectives for a pharmacopoeia lies in the prescription of quality standards. 
Such standards should be scientifically sound, technologically attainable (by a small, medium 
and large scale industry equally), economically viable (for both industry and the common man 
in relation to the marketed product) and finally, culturally and conceptually compatible to the 
tenets of the Ayurvedic systems of treatment. These are basic to a well worked out 
pharmacopoeia for traditional medicines.  

          Constraints and compromises are inevitable in a pharmacopoeia for traditional 
medicines, considering that empirical wisdom, accumulated over a few thousand years by a 
highly evolved society in ancient India, is sought to be shackled in a framework of 
requirements for the 21st century, in an effort to 'modernize' and keep up a global 
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participation. In addition, this is attempted in a scientific environment of huge knowledge 
gaps, owing to absence of research by modern scientists. Although the metal/mineral drugs 
have been in clinical practice in Ayurveda  and in trade since a long time, their role in 
pharmacology and therapeutics have not been elucidated. The unfortunate effect of this can be 
seen in the monographs, where assay limits have been set for possible active chemical entities 
on theoretical grounds and not on clinical data. It has not been possible to decide definitely, 
which major element or minor element or trace elements present in such a complex material 
(an ore) would contribute to the recorded curative properties of the drug using that 
mineral/metal, and, on that evidence, set a range of upper and lower limit. Hopefully, future 
research may throw light on such aspects and help improve or rationalize the standards.  

          The sophisticated analytical methods that are invariably carried out using costly 
imported machinery, is a deterrent to their introduction in the Ayurvedic pharmacopoeia. India 
still lives in its villages and 75 percent of the rural and remote households still depend on 
traditional medicines. There is no use in having methods that ensure excellent analytical 
performance of a drug, but the drug itself is inaccessible to the one who needs it, because of 
the cost factor. Keeping this aspect in view, the APC has strived for a compromise, using 
much simpler methods and prescribing standards that are weighted rather heavily on 
parameters that ensure correct identity, established purity at the expense of an accurate 
estimation of strength. This is also in keeping with the belief that quality medicines in 
¡yurveda for public use can well be promoted by using a correctly identified and purified raw 
material and following GMPs prescribed both by Ayurveda and modern pharmaceutics, even 
if its mode is unknown.  

          In the above paragraphs, only a few important impediments to the development of 
quality standards for Ayurvedic medicines have been outlined so as to keep them at par with 
accepted norms for modern medicines. There are many more grey areas to be tackled, 
especially in compound formulations using geochemicals  like Bhasmas and Rasayogas, but 
with these words, we offer this volume for public use and welcome comments and criticisms 
to enhance its value in future revisions.  

                                                                                           

Members of APC 
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Annexure to Special Introduction 
 

MINUTES OF THE 1ST MEETING HELD ON 12TH & 13TH JUNE, 2000 WITH THE 
EXPERTS OF ‘RASA SHASTRA’, GEOLOGY’ & OTHER SCEINTISTS TO 

CLARIFY ISSUES RELATING TO THE MINERALS & METAL SINGLE DRUG 
USED IN AYURVEDIC FORMULATIONS. 

 
 A meeting was called for by the Adviser (Ayurveda), Ministry of Health & Family 
Welfare, on the 12th and 13th of June 2000, to discuss the format, and identity of the mineral 
drugs included in the Ayurvedic Formulary of India, Part-I and II.  Since the advice of experts 
in the subjects Geology and Mineralogy would help the scientist and the physician members 
of the Ayurvedic Pharmacopoeia Committee, to work on the monographs for these drugs, 
some geologists from well known institutes were invited to participate.  Request was also 
made for actual samples to be brought to the meeting so that the experts could give their 
opinion on them.  Several of the Vaidyas had brought whatever samples they had, for 
reference at the meeting.  The following experts who had been invited were present: 
 

1.  Ms. S. Satakopan,  
Member-APC 
Chairman (In the absence of Adviser) 
 

Chennai 
 

2.  Prof. S.S. Handa, 
Ex-Director 
Regional Research Laboratory, 
 

New Delhi 

3.  Prof. M. Joshi, 
Professor of Geology, 
Banaras Hindu University 
 

Varanasi 

4.  Prof. Ved Vrat Sharma, 
Retd. Professor of Ras Shastra 
 

Jalndhar 

5.  Vd. Nanak Chand Sharma 
Director, 
Kaya Maya Pharmacy 
 

New Delhi 

6.  Dr. C.B. Jha 
Reader, 
Deptt. of Ras Shastra 
Banaras Hindu University 
 

Varanasi 

7.  Dr. K.K. Sharma 
Wadia Institute of Himalayan Geology, 
 

Dehradun 
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8.  Dr. N.S. Virdi 
Director  
Wadia Institute of Himalayan Geology 
 

Dehradun 

9.  Dr. Y.B. Tripati 
Reader, 
Deptt of Medicinal Chemistry, 
Institution of Medical Sciences, 
Banaras Hindu University 
 

Varanasi  

10.  Dr. R.U. Ahmed, 
Director, PLIM 
 

Ghaziabad 

11.  Dr. Rajeev Kumar, 
Senior Scientific Officer, PLIM 
 

Ghaziabad 

12.  Dr. P. C. Srivastava 
Senior Scientific Officer, PLIM 
 

Ghaziabad 

13.  Dr. N.N. Pandey, 
Chemist 
Drug Testing Laboratory 
 

Haridwar 

14.  Dr. M.L. Sharma,  
Deputy Adviser (AY.) 
 

Deptt. of ISM & H 

15.  Dr. Aliya Aman,  
Deputy Adviser (Unani) 
 

Deptt. of ISM & H 

16.  Dr. J. Pandey,  
Asstt. Adviser (Ayur) 
 

Deptt. of ISM & H 

17.  Dr. D.C. Katoch,  
Asstt. Adviser (Ayur) 
 

Deptt. of ISM & H 

18.  Dr. Chhote Lal,  
S.T. A. (Ayur) 
 

Deptt. of ISM & H 

19.  Dr. A.K.S. Bhadoria,  
Research Asstt. (Ayur) 

Deptt. of ISM & H 
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 Following experts could not attend the meeting 
 
1.  Dr. I Sanjeev Rao Hyderabad 
2.  Dr. (Mrs.) A. S. Paranjape Varanasi 
3.  Prof. R.K. Lal Varanasi 
4.  Dr. Balendu Prakash Dehradun 

 
 A background note and a list of minerals in use by the practitioners in Ayurveda, 
Siddha and Unani had earlier been distributed.  A draft format for preparing the monographs 
under suitable parameters was also distributed at the meeting, so that the geologist present at 
the meeting may suggest additions or alterations, and finalise a format for drafting 
monographs. 
 
 At the beginning, the chairman explained the work to be done, and the help desired 
from the experts in Geology, on the basis of discussions with the Vaidyas across the table, and 
their observations on the clinical use of the minerals.  After some general discussion, the 
following business was conducted.  
 
1. The geological experts found the draft format for preparing monographs satisfactory for 

its purpose and agreed that it gave sufficient characteristics for identity of the minerals 
and metals.  

 
2. Each item in the list supplied already, with a note on each, giving the available current 

information was then taken up and decisions taken regarding their identity and scientific 
names. 

 
3. Since the latest information on the minerals and metals would be available with 

geologists, they were requested to kindly help the APC by furnishing more details.  
 

a) Title ( this would be the same as that appearing in the list) 
b) Broad classification (Details already given in the format) 
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|ÉºiÉÉ´ÉxÉÉ 
 
 +ÉÉªÉÖ´Éæn BÉEÉ ={Énä¶É A´ÉÆ iÉnxÉÖ°ô{É |ÉªÉÉäMÉ àÉxÉÖªÉ àÉÉjÉ BÉEä ÉÊciÉ BÉEä ÉÊãÉªÉä cÖ+ÉÉ cè* +ÉÉªÉÖ´Éæn BÉEä àÉÚãÉ£ÉÚiÉ 
ÉÊºÉ)kxiÉÉå àÉå {É\SÉàÉcÉ£ÉÚiÉ BÉEÉÒ +É´ÉvÉÉ®hÉÉ ABÉE àÉck´É{ÉÚhÉÇ ÉÊºÉ)kxiÉ cé* ¶É®ÉÒ® BÉEÉä {ÉÉ\SÉ£ÉÉèÉÊiÉBÉE àÉÉxÉÉ MÉªÉÉ cè 
iÉlÉÉ <ºÉ ¶É®ÉÒ® BÉEÉ ¶ÉÉÒhÉÇxÉ ¶É®ÉÒ® BÉEä º´É°ô{É BÉEä +ÉÉvÉÉ® {É® cÉäxÉä BÉEä ºÉÉlÉ ºÉÉlÉ nä¶É-BÉEÉãÉ-¤ÉãÉ-´ÉªÉ-|ÉBÉßEÉÊiÉ- 
+ÉÉcÉ® +ÉÉÉÊn +ÉxÉäBÉE BÉEÉ®hÉÉå ºÉä |É£ÉÉÉÊ´ÉiÉ cÉäiÉÉ cè* ÉÊVÉºÉBÉEä BÉEÉ®hÉ ABÉE cÉÒ BªÉÉÎBÉDiÉ àÉå ÉÊ£ÉxxÉ-ÉÊ£ÉxxÉ ºÉàÉªÉ àÉå 
ÉÊ£ÉxxÉ-ÉÊ£ÉxxÉ {ÉÉÊ®àÉÉhÉ àÉå xªÉÚxÉ ªÉÉ +ÉÉÊvÉBÉE ¶ÉÉÒhÉÇxÉ cÉäiÉÉ cè +ÉlÉ´ÉÉ ABÉE cÉÒ BÉEÉ®hÉ ºÉä ÉÊ£ÉxxÉ-ÉÊ£ÉxxÉ {ÉÉÊ®àÉÉhÉ àÉå 
xªÉÚxÉ ªÉÉ +ÉÉÊvÉBÉE ¶ÉÉÒhÉÇxÉ cÉäiÉÉ cè * ÉÊ£ÉxxÉ-ÉÊ£ÉxxÉ BªÉÉÎBÉDiÉªÉÉå àÉå ÉÊ£ÉxxÉ-ÉÊ£ÉxxÉ {ÉÉÊ®àÉÉhÉ àÉå ªÉc ¶ÉÉÒhÉÇxÉ cÉäiÉÉ cè* 
 
 |ÉÉSÉÉÒxÉ +ÉÉSÉÉªÉÉç xÉä MÉcxÉ +ÉvªÉªÉxÉ A´ÉÆ BªÉ´ÉÉÎºlÉiÉ +ÉxÉÖºÉxvÉÉxÉÉå BÉEä ºÉÖÉÊxÉªÉiÉ-µÉEàÉ BÉEÉä |ÉªÉÖBÉDiÉ BÉE® 
ºÉÚFàÉäFÉhÉ {ÉÚ´ÉÇBÉE VÉÉä iÉlªÉ |ÉBÉEÉÉÊ¶ÉiÉ ÉÊBÉEªÉä ´Éä +ÉÉ¶SÉªÉÇVÉxÉBÉE cé* ªÉä iÉlªÉ nÉä |ÉBÉEÉ® ºÉä |ÉºiÉÖiÉ cé - º{É]iÉ& 
xÉÉàÉÉÊxÉnæ¶É{É®BÉE A´ÉÆ ºÉÆBÉEäiÉ{É®BÉE* =nÉc®hÉ BÉEä °ô{É àÉå ¶É®ÉÒ® àÉå VÉÉä ¶ÉÉÒhÉÇxÉ ªÉÉ FÉ{ÉhÉ cÉäiÉÉ cè =ºÉBÉEÉ xÉÉàÉiÉ& 
ÉÊxÉnæ¶É cè* àÉÉÆºÉFÉªÉ àÉå àÉÉÆºÉ |ÉªÉÉäMÉ A´ÉÆ =nBÉEFÉªÉ àÉå {ÉäªÉº´É°ô{ÉBÉE ºÉxiÉ{ÉÇhÉ |ÉªÉÉäMÉ ªÉc xÉÉàÉiÉ& ÉÊxÉnæ¶É BÉEÉ 
=nÉc®hÉ cè* nÚºÉ®É ÉÊxÉnæ¶É ºÉÆBÉEäiÉ{É®BÉE cè, ÉÊVÉºÉàÉå ®BÉDiÉFÉªÉ àÉå ãÉÉèc |ÉªÉÉäMÉ +ÉlÉ´ÉÉ ÉÎ¶´ÉjÉ àÉå iÉÉ©É-|ÉªÉÉäMÉ* 
<xÉBÉEÉ |ÉªÉÉäMÉ ¶É®ÉÒ® àÉå BÉE®xÉä ºÉä µÉEàÉ¶É& ®BÉDiÉÉhÉÖ BÉEÉ ÉÊxÉàÉÉÇhÉ A´ÉÆ §ÉÉVÉBÉE ÉÊ{ÉkÉ BÉEä BÉEÉªÉÇ BÉEÉ BªÉ´ÉÉÎºlÉiÉ °ô{É 
ºÉä ºÉà{ÉÉnxÉ cÉäiÉÉ cè ÉÊVÉºÉºÉä ®BÉDiÉFÉªÉ BÉEÉ +É{ÉxÉªÉxÉ A´ÉÆ i´ÉSÉÉ BÉEä uÉ®É +É{ÉxÉä º´ÉÉ£ÉÉÉÊ´ÉBÉE ´ÉhÉÇ BÉEÉä |ÉÉ{iÉ 
BÉE®xÉÉ cè * 
 
 ªÉc <ºÉ ¤ÉÉiÉ BÉEÉ ºÉÆBÉEäiÉ cè ÉÊBÉE ´ÉxÉº{ÉÉÊiÉªÉÉä àÉå VÉÉä {É\SÉàÉcÉ£ÉÚiÉÉå BÉEä |ÉÉÊiÉÉÊxÉÉÊvÉ pBªÉ cé ´Éä ¶É®ÉÒ®ºlÉ 
iÉk´ÉÉå BÉEÉä {ÉÖ] BÉE®iÉä cé* ºÉÉlÉ cÉÒ ¶É®ÉÒ® àÉå JÉÉÊxÉVÉ A´ÉÆ vÉÉiÉÖ+ÉÉäÆ BÉEä |ÉÉÊiÉÉÊxÉÉÊvÉ pBªÉ £ÉÉÒ cÉäiÉä cé VÉÉä ãÉÉèc, iÉÉ©É 
+ÉÉÉÊn BÉEä ºÉàÉº´É°ô{É cé* <xÉBÉEÉÒ £ÉÉÒ {ÉÚÉÌiÉ ´ÉxÉº{ÉÉÊiÉªÉÉå ºÉä cÉä VÉÉiÉÉÒ cè, ãÉäÉÊBÉExÉ <xÉ vÉÉiÉÖº´É°ô{ÉBÉE iÉk´ÉÉå BÉEÉÒ 
FÉÉÒhÉiÉÉ ªÉÉÊn +ÉÉÊvÉBÉE cè iÉÉä iÉi{É®BÉE ´ÉxÉº{ÉÉÊiÉªÉÉÄ <ºÉBÉEÉÒ {ÉÚÉÌiÉ BÉEä ÉÊãÉªÉä {ÉªÉÉÇ{iÉ xÉcÉÓ cÉäiÉÉÒ, +ÉiÉ& =xÉ-=xÉ 
JÉÉÊxÉVÉÉå ªÉÉ  vÉÉiÉÖ+ÉÉäÆ BÉEÉ +ÉlÉ´ÉÉ +ÉªÉºBÉEÉå BÉEÉ |ÉªÉÉäMÉ +ÉÉ´É¶ªÉBÉE àÉÉxÉÉ VÉÉ BÉE® =xÉBÉEÉ ÉÊ´ÉÉÊvÉ{ÉÚ´ÉÇBÉE |ÉªÉÉäMÉ £ÉÉÒ 
+ÉÉSÉÉªÉÉç xÉä ÉÊxÉvÉÉÇÉÊ®iÉ ÉÊBÉEªÉÉ* 
 
 <ºÉºÉä ªÉc º{É] cÉäiÉÉ cè ÉÊBÉE +ÉÉSÉÉªÉÉæ BÉEä uÉ®É ªÉc +ÉxÉÖºÉxvÉÉxÉ ÉÊBÉEªÉÉ VÉÉ SÉÖBÉEÉ lÉÉ ÉÊBÉE ¶É®ÉÒ® àÉå 
BÉEÉèxÉ ºÉä iÉk´É BÉEÉÒ BÉEàÉÉÒ cÉäxÉä ªÉÉ +ÉÉÊvÉBÉEiÉÉ cÉäxÉä ºÉä BÉEÉèxÉ ºÉä ãÉFÉhÉ =i{ÉxxÉ cÉäiÉä cé iÉlÉÉ =xcå nÚ® BÉE®xÉä BÉEä 
ÉÊãÉªÉä BÉEÉèxÉ ºÉä pBªÉ (´ÉxÉº{ÉÉÊiÉ,JÉÉÊxÉVÉ A´ÉÆ vÉÉiÉÖ +ÉÉÉÊn) ={ÉªÉÖBÉDiÉ cé* 
 
 ´ÉiÉÇàÉÉxÉ BÉEÉãÉ àÉå ÉÊ´ÉÉÊ£ÉxxÉ ÉÊ´ÉÉªÉÉå BÉEä ÉÊ´ÉJªÉÉiÉ ÉÊ´É¶ÉäÉYÉÉå BÉEä uÉ®É ABÉE º´É® àÉå +ÉÉ´ÉÉVÉ =~É<Ç VÉÉ ®cÉÒ 
cè ÉÊBÉE +ÉÉªÉÖ´ÉænÉÒªÉ ®ºÉ-£ÉºàÉå ¶É®ÉÒ® BÉEä ÉÊãÉªÉä PÉÉiÉBÉE cé A´ÉÆ cÉÉÊxÉBÉEÉ®BÉE cé* <ºÉàÉå {ÉÉ¶SÉÉiªÉ nä¶ÉÉå BÉEä ´ÉèYÉÉÉÊxÉBÉE 
|ÉàÉÖJÉ cé* ªÉä ¤ÉÉiÉå ´Éä ªÉÉå cÉÒ xÉcÉÓ BÉEc ®cä, +ÉÉÊ{ÉiÉÖ xÉ´ÉÉÒxÉiÉàÉ +ÉxÉÖºÉxvÉÉxÉÉå BÉEä +ÉÉvÉÉ® {É® BÉEc ®cä cé, +ÉiÉ& =xcå 
ºÉcºÉÉ ZÉÖÄ~ãÉÉªÉÉ ªÉÉ ºÉàÉZÉÉªÉÉ xÉcÉÓ VÉÉ ºÉBÉEiÉÉ* 



 XXXIV 

 ãÉäÉÊBÉExÉ ªÉc £ÉÉÒ VÉÉxÉ ãÉäxÉÉ SÉÉÉÊcªÉä ÉÊBÉE =xÉBÉEä ªÉä +ÉxÉÖºÉxvÉÉxÉ-{ÉÉÊ®hÉÉàÉ ABÉEiÉ& ºÉcÉÒ cÉäiÉä cÖªÉä £ÉÉÒ 
ABÉEÉxiÉiÉ& ºÉcÉÒ xÉcÉÓ cé* ãÉäÉÊBÉExÉ =xcå ªÉc ¤ÉÉiÉ ÉÊxÉÉÎ¶SÉiÉ àÉÉ{ÉnhbÉå A´ÉÆ ÉÊ´ÉÉÊvÉ-ÉÊ´ÉÉÊciÉ-|ÉÉÊµÉEªÉÉ+ÉÉäÆ BÉEä uÉ®É cÉÒ 
ºÉàÉZÉÉªÉÉÒ VÉÉ ºÉBÉEiÉÉÒ cè* ÉÊVÉºÉBÉEä ÉÊãÉªÉä £ÉÉ®iÉ-ºÉ®BÉEÉ® BÉEä  +ÉÉªÉÖÉ-ÉÊ´É£ÉÉMÉ xÉä ¤ÉÉÒbÉ =~ÉªÉÉ cè iÉlÉÉ +ÉÉªÉÖ´ÉænÉÒªÉ 
+ÉÉèÉvÉ-ÉÊxÉàÉÉÇhÉ BÉEÉÒ ºÉà{ÉÚhÉÇ |ÉÉÊµÉEªÉÉ+ÉÉäÆ BÉEÉä +ÉÉvÉÖÉÊxÉBÉE àÉÉ{ÉnhbÉå {É® {ÉÉÊ®àÉÉÉÊ{ÉiÉ BÉE® ºÉà{ÉÚhÉÇ ÉÊ´ÉYÉÉxÉ-ÉÊ´É¶ÉäÉYÉÉå BÉEä 
ºÉÉàÉxÉä ®JÉxÉä BÉEÉ ºiÉÖiªÉ |ÉªÉÉºÉ ÉÊBÉEªÉÉ cè* 
 
 <ºÉ ºÉxn£ÉÇ àÉå ºÉ¤É ºÉä {ÉcãÉä ABÉE ¤ÉÉiÉ ºÉàÉZÉ ãÉäxÉÉ +ÉÉ´É¶ªÉBÉE cè ÉÊBÉE ªÉä JÉÉÊxÉVÉ A´ÉÆ vÉÉiÉÖ +ÉÉÉÊn ¶É®ÉÒ® 
BÉEä ÉÊãÉªÉä iÉ£ÉÉÒ ÉÊciÉBÉE® cé VÉ¤ÉÉÊBÉE <xÉBÉEÉ ÉÊ´ÉÉÊvÉÉÊ´ÉÉÊciÉ-|ÉªÉÉäMÉ cÉä, +ÉxªÉlÉÉ ´Éä +ÉÉÊciÉBÉE® cÉÒ cÉäiÉä cé* <xÉBÉEä 
ÉÊ´ÉÉÊvÉÉÊ´ÉÉÊciÉ-|ÉªÉÉäMÉ BÉEÉä 4 ºiÉ®Éå àÉå ÉÊ´É£ÉBÉDiÉ ÉÊBÉEªÉÉ VÉÉ ºÉBÉEiÉÉ cè- 
 

1 JÉÉÊxÉVÉ, vÉÉiÉÖ +ÉÉÉÊn BÉEä =kÉàÉ º´É°ô{É BÉEÉ SÉªÉxÉ 
2 JÉÉÊxÉVÉ +ÉÉÉÊn BÉEÉ ºÉàÉÖÉÊSÉiÉ ¶ÉÉävÉxÉ 
3 <xÉBÉEÉ ºÉàÉÖÉÊSÉiÉ àÉÉ®hÉ (£ÉºàÉ-ÉÊxÉàÉÉÇhÉ) 
4 <xÉBÉEÉ ÉÊxÉªÉiÉ +ÉxÉÖ{ÉÉxÉ A´ÉÆ ºÉàÉÖÉÊSÉiÉ {ÉlªÉ BÉEä ºÉÉlÉ |ÉªÉÉäMÉ 
 

 VÉÉä BÉEÉàÉ +ÉÉªÉÖ´ÉæÉÊnBÉE {ÉEÉàÉÉæBÉEÉäÉÊ{ÉªÉÉ BÉEàÉä]ÉÒ (APC) BÉE® ®cÉÒ cè, ªÉc +É¤É xÉªÉÉ cè, ªÉc BÉEiÉ<Ç xÉcÉÓ 
ºÉàÉZÉxÉÉ SÉÉÉÊcªÉä* ={ÉªÉÇÖBÉDiÉ SÉÉ®Éå BÉEÉªÉÇ (ªÉÉ ºiÉ®) iÉÉä ºÉÉÊnªÉÉå ºÉä cÉäiÉä +ÉÉªÉä cé* ãÉäÉÊBÉExÉ <iÉxÉÉ +É´É¶ªÉBÉE cè ÉÊBÉE 
APC <xcå xÉ´ÉÉÒxÉiÉàÉ àÉÉ{ÉnhbÉå BÉEä °ô{É àÉå |ÉºiÉÖiÉ BÉE® ®cÉÒ cè* {ÉcãÉä +ÉÉvÉÉ® pBªÉ (Raw Drugs) BÉEÉ SÉªÉxÉ 
¶ÉÉävÉxÉ, àÉÉ®hÉ A´ÉÆ |ÉªÉÉäMÉ ªÉä SÉÉ®Éå ºiÉ® ABÉE cÉÒ BªÉÉÎBÉDiÉ, ºÉÆºlÉÉ ªÉÉ ºÉàÉÚc BÉEä uÉ®É ºÉà{ÉÉÉÊniÉ ÉÊBÉEªÉä VÉÉiÉä lÉä 
+ÉiÉ& pBªÉ|ÉÉÉÎ{iÉ àÉå ºÉÆ¶ÉªÉ, ¶ÉÉävÉxÉ àÉå +É£ÉÉ´É, ÉÊxÉàÉÉÇhÉ àÉå ºÉàÉOÉ ÉÊ´ÉÉÊvÉ BÉEä |ÉªÉÉäMÉ BÉEÉ +É£ÉÉ´É ªÉÉ jÉÖÉÊ] A´ÉÆ |ÉªÉÉäMÉ 
àÉå ºÉÉ´ÉÉÊciÉÉÊSÉkÉiÉÉ BÉEÉ +É£ÉÉ´É xÉcÉÓ cÉäiÉÉ lÉÉ VÉÉä ´ÉiÉÇàÉÉxÉ àÉå cÉä ®cÉ cè* pBªÉ BÉEÉ SÉªÉxÉ ªÉÉ |ÉÉÉÎ{iÉ +ÉxªÉ 
ºÉÆºlÉÉ ªÉÉ ºÉàÉÚc BÉE®´ÉÉiÉÉ cè, ¶ÉÉävÉxÉ A´ÉÆ àÉÉ®hÉ +ÉxªÉ BÉEä uÉ®É ºÉà{ÉÉÉÊniÉ cÉäiÉÉ cè iÉlÉÉ |ÉªÉÉäMÉ ÉÊBÉEºÉÉÒ +ÉxªÉ BÉEä 
uÉ®É cÉäiÉÉ cè* +ÉiÉ& xÉ´ÉÉÒxÉ ºÉxn£ÉÇ àÉå {É®ÉÒÉÊFÉiÉ àÉÉ{ÉnhbÉå BÉEÉ ºÉÖÉÊxÉÉÎ¶SÉiÉÉÒBÉE®hÉ A´ÉÆ |ÉSÉÉ®hÉ {É®àÉÉ´É¶ªÉBÉE cè* 
 
 +ÉÉèÉvÉ ÉÊxÉàÉÉÇhÉ àÉå ÉÊVÉiÉxÉä £ÉÉÒ pBªÉ BÉEÉàÉ àÉå ÉÊãÉªÉä VÉÉiÉä cé =xÉàÉå 15 |ÉÉÊiÉ¶ÉiÉ pBªÉ JÉÉÊxÉVÉ, vÉÉiÉÖ +ÉÉè® 
+ÉªÉºBÉE cé* ABÉE àÉck´É{ÉÚhÉÇ =ããÉäJÉxÉÉÒªÉ iÉlªÉ ªÉc £ÉÉÒ cè ÉÊBÉE ¶ÉÉºjÉÉå àÉå =ÉÎããÉÉÊJÉiÉ ¶ÉÉºjÉÉÒªÉ ªÉÉäMÉÉå àÉå ãÉMÉ£ÉMÉ 
53 |ÉÉÊiÉ¶ÉiÉ AäºÉä ªÉÉäMÉ cé  ÉÊVÉxÉàÉå JÉÉÊxÉVÉ ªÉÉ vÉÉiÉÖ ªÉÉ +ÉªÉºBÉE £ÉÉÒ cé* +ÉiÉ& ªÉc - +ÉÉ´É¶ªÉBÉE cè ÉÊBÉE 
 
(BÉE) pBªÉ BÉEä {É®ÉÒFÉhÉ BÉEÉÒ ÉÊxÉªÉiÉ |ÉÉÊµÉEªÉÉ cÉä VÉÉä £ÉÉèÉÊiÉBÉE +ÉÉè® ®ÉºÉÉªÉÉÊxÉBÉE {É®ÉÒFÉhÉ BÉEä àÉÉ{Énhb 
 º´É°ô{É àÉå cÉä* 
(JÉ) <xÉ àÉå {ÉÉªÉä VÉÉxÉä ´ÉÉãÉä PÉ]BÉE iÉk´ÉÉå BÉEÉÒ àÉÉjÉÉ ºÉÖÉÊxÉÉÎ¶SÉiÉ cÉä* 
(MÉ) |ÉàÉÖJÉ BÉEÉªÉÇBÉEÉ®ÉÒ iÉk´É BÉEä |ÉÉÊiÉ¶ÉiÉ BÉEÉÒ ºÉÉÒàÉÉ iÉªÉ cÉä* 
(PÉ) {ÉcSÉÉxÉ BÉEä ºÉÖÉÊxÉÉÎ¶SÉiÉ ÉÊSÉ‡ cÉäxÉä SÉÉÉÊcªÉä * 
(R) ªÉä JÉÉÊxÉVÉ +ÉÉÉÊn ={ÉªÉÉäMÉÉÒ º´É°ô{É àÉå |ÉÉ{iÉ cÉå* 
(SÉ) <xÉBÉEÉ ¶ÉÉävÉxÉ A´ÉÆ àÉÉ®hÉ ÉÊ´ÉÉÊvÉ{É®BÉE cÉä* 
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(U) <xÉBÉEÉÒ ABÉE ¤ÉÉ® àÉå |ÉªÉÖBÉDiÉ BÉEÉÒ VÉÉxÉä ´ÉÉãÉÉÒ +ÉÉÊvÉBÉEiÉàÉ àÉÉjÉÉ,xªÉÚxÉiÉàÉ àÉÉjÉÉ A´ÉÆ {ÉÚhÉÇiÉ&  |ÉªÉÖVªÉàÉÉxÉ 
àÉÉjÉÉ ºÉÖÉÊxÉÉÎ¶SÉiÉ cÉä* 

 
 <xÉ ºÉ¤É ¤ÉÉiÉÉå BÉEÉä vªÉÉxÉ àÉå ®JÉiÉä cÖªÉä VÉÉä |ÉÉÊµÉEªÉÉ +É{ÉxÉÉªÉÉÒ MÉ<Ç, =ºÉBÉEä +ÉÉvÉÉ® {É® ºÉ´ÉÇ|ÉlÉàÉ  21 
pBªÉÉå BÉEÉ {ÉÉÊ®SÉªÉ iÉèªÉÉ® BÉE® |ÉBÉEÉÉÊ¶ÉiÉ ÉÊBÉEªÉÉ VÉÉ ®cÉ cè, ÉÊVÉºÉ àÉå |ÉàÉÖJÉ ÉÊ´É¶ÉäÉiÉÉªÉå ªÉä cé- 
 
(BÉE) +ÉÉªÉÖ´Éæn BÉEÉÒ ºÉÆÉÊciÉÉ+ÉÉäÆ +ÉÉè® ÉÊxÉPÉh]Ö+ÉÉäÆ BÉEä +ÉÉvÉÉ® {É® <xÉBÉEä ´ÉhÉÇ, º´É°ô{É, £ÉÉ®ÉÎºlÉÉÊiÉ A´ÉÆ 
 MÉxvÉÉÉÊn  ºÉä ºÉà¤ÉÉÎxvÉiÉ ´ÉhÉÇxÉ 
(JÉ) <xÉ OÉxlÉÉå BÉEä +ÉÉvÉÉ® {É® cÉÒ ®ºÉ,MÉÖhÉ,´ÉÉÒªÉÇ,ÉÊ´É{ÉÉBÉE +ÉÉè® |É£ÉÉ´É BÉEÉ =ããÉäJÉ 
(MÉ) +ÉÉÎMxÉ ªÉÉ +ÉxªÉ ={ÉÉªÉ ªÉÉÊn ¶ÉÉºjÉ àÉå =ÉÎããÉÉÊJÉiÉ cé iÉÉä =xÉBÉEä +ÉÉvÉÉ® {É® ÉÊBÉEªÉä VÉÉxÉä ´ÉÉãÉä 
 ®ÉºÉÉªÉÉÊxÉBÉE {É®ÉÒFÉhÉÉå BÉEÉ =ããÉäJÉ* 
(PÉ) +ÉÉvÉÖÉÊxÉBÉE +ÉxÉÖºÉxvÉÉxÉÉå BÉEä +ÉÉvÉÉ® {É® ºÉÖÉÊxÉÉÎ¶SÉiÉ ´ÉhÉÇ-º´É°ô{É +ÉÉÉÊn BÉEä |ÉBÉEÉÉÊ¶ÉiÉ iÉlªÉÉå BÉEÉ 
 =ããÉäJÉ* 
(R) |ÉªÉÉäMÉ¶ÉÉãÉÉÒªÉ |ÉÉàÉÉÉÊhÉBÉE {É®ÉÒFÉhÉÉå BÉEÉ =ããÉäJÉ 
(SÉ) àÉÉäxÉÉäOÉÉ{ÉE ÉÊxÉàÉÉÇhÉ 
 <xÉ ºÉ¤É ÉÊ´É¶ÉäÉiÉÉ+ÉÉäÆ BÉEä +ÉÉvÉÉ® {É® ºÉÆBÉEÉÊãÉiÉ, ®ÉÊSÉiÉ,=ÉÎããÉÉÊJÉiÉ A´ÉÆ ºÉà{ÉÉÉÊniÉ +ÉÆ¶ÉÉä ºÉä ªÉÖBÉDiÉ  ªÉc   
       |ÉlÉàÉ |ÉBÉEÉ¶ÉxÉ +ÉiªÉxiÉ ={ÉªÉÉäMÉÉÒ ®cäMÉÉ iÉlÉÉ <ºÉBÉEä ÉÊxÉàxÉÉÊãÉÉÊJÉiÉ {ÉÉÊ®hÉÉàÉ +ÉÉxÉä ºÉÖÉÊxÉÉÎ¶SÉiÉ cé,ªÉlÉÉ- 
(BÉE) ={ÉªÉÉäMÉÉÒ =ÉÊSÉiÉ pBªÉÉå BÉEÉÒ ºÉàÉÖÉÊSÉiÉ {ÉcSÉÉxÉ A´ÉÆ ºÉcVÉ ={ÉãÉÉÎ¤vÉ* 
(JÉ) =kÉàÉ pBªÉÉå BÉEÉÒ ={ÉãÉÉÎ¤vÉ BÉEÉÒ |ÉÉÊµÉEªÉÉ BÉEä ÉÊxÉvÉÉÇ®hÉ àÉå ¶ÉÉºÉBÉEÉÒªÉ ºÉc£ÉÉÉÊMÉiÉÉ* 
(MÉ) pBªÉÉå BÉEÉÒ ºÉÉÎxnMvÉiÉÉ BÉEÉÒ {ÉÉÊ®ºÉàÉÉÉÎ{iÉ 
(PÉ) +ÉÉvÉÖÉÊxÉBÉE ÉÊ´ÉYÉÉxÉ BÉEä ºÉxn£ÉÇ àÉå àÉÉ{Énhb cÉäxÉä ºÉä ºÉ£ÉÉÒ BÉEÉä º´ÉÉÒBÉEÉªÉÇ. 
(R) +ÉxªÉ nä¶ÉÉå àÉå |ÉªÉÉäMÉ-|ÉÉÊµÉEªÉÉ cäiÉÖ ºÉàÉÖÉÊSÉiÉ +ÉÉvÉÉ® BÉEÉ ÉÊxÉàÉÉÇhÉ* 
(SÉ) pBªÉ BÉEÉÒ ®ÉºÉÉªÉÉÊxÉBÉE-|ÉÉÊµÉEªÉÉ BÉEÉ +ÉÉvÉÖÉÊxÉBÉE ºÉxn£ÉÇ àÉå ÉÊ´É¶ãÉäÉhÉ{É®BÉE {ÉÚhÉÇ YÉÉxÉ cÉäxÉä ºÉä <xÉBÉEä ÉÊãÉªÉä 
 ¶ÉÉºjÉÉå àÉå =ÉÎããÉÉÊJÉiÉ ¶ÉÉävÉxÉ-|ÉÉÊµÉEªÉÉ BÉEÉä +É{ÉxÉÉxÉä àÉå +ÉÉèÉvÉ-ÉÊxÉàÉÉÇiÉÉ+ÉÉäÆ BÉEÉä |Éä®hÉÉ ÉÊàÉãÉäMÉÉÒ* 
(U) <ºÉ ºÉxn£ÉÇ àÉå +ÉÉMÉä +ÉxÉÖºÉxvÉÉxÉ BÉEä àÉÉMÉÇ JÉÖãÉåMÉä +ÉÉè® +ÉxÉÖºÉxvÉÉxÉBÉEiÉÉÇ+ÉÉäÆ BÉEÉä |Éä®hÉÉ ÉÊàÉãÉäMÉÉÒ * 
(VÉ) VÉÉä ãÉÉäMÉ <xÉ ºÉä ÉÊxÉÉÌàÉiÉ +ÉÉèÉÉÊvÉªÉÉå BÉEÉä PÉÉiÉBÉE ¤ÉiÉÉiÉä cé iÉlÉÉ +ÉÉãÉÉäSÉxÉÉ BÉE®iÉä cé =xÉBÉEÉä 
 ºÉàÉÖÉÊSÉiÉ VÉ´ÉÉ¤É ÉÊàÉãÉäMÉÉ* 
(ZÉ) ºÉ¤É ºÉä ¤É½É ãÉÉ£É ªÉc cè ÉÊBÉE ¤ÉÉVÉÉ® àÉå +Éã{ÉMÉÖhÉ,+Éã{É|É£ÉÉ´ÉÉÒ, +ÉxÉÖ{ÉªÉÉäMÉÉÒ pBªÉÉå BÉEä ºlÉÉxÉ {É® 
 MÉÖhÉ´ÉÉxÉÂ,|É£ÉÉ´ÉÉÒ A´ÉÆ ={ÉªÉÉäMÉÉÒ pBªÉ ÉÊàÉãÉxÉä ãÉMÉåMÉä* 
(\É) Drugs and cosmetics act 1940 BÉEä +ÉxÉÖ°ô{É ={ÉªÉÖBÉDiÉ àÉÉ{ÉnhbÉå BÉEä +ÉxÉÖ°ô{É 
 +ÉÉèÉvÉ-ÉÊxÉàÉÉÇhÉ  cäiÉÖ ¤ÉÉvªÉ ÉÊBÉEªÉÉ VÉÉ ºÉBÉEiÉÉ cè iÉlÉÉ <ºÉBÉEÉä ºÉàÉÖÉÊSÉiÉ °ô{É ºÉä ãÉÉMÉÚ ÉÊBÉEªÉÉ VÉÉ 
 ºÉBÉEiÉÉ cè*  
 

                            oS| cuokjh yky x©M 
                      midqyifr] jktLÉku Á;÷osZn foýfo|ky;] 

                          t¨Ìiqj ¼jktLÉku½ 
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ABHRAKA      
(Biotite Mica) 

 

1. Definition : Abhraka is Biotite mica, a ferro-magnesium silicate K (Mg Fe)3 
X(Si3AlO11) X (OH)2}. It is a black variety of mica group of 
minerals. 

 
2. Synonyms: 

2.1 Sa¼sk¨ta  : Ghana, Vyoma, Abhra, Niścandra, Vyomaka, Vajra,  
Vajrābhra, K¨¾´ābhra 

 

  
 2.2 Names in other Languages:  
  Bangali - Abhraka 
  English - Mica 
  Gujarati - Abhraka 
  Hindi - Abhrak, Abarak 
  Kannada - Abhraka 
  Malayalam - Abrakam 
  Marathi - Abhraka 
  Tamil - Abragam, Karuppu Appirakam (S.F.I.) 
  Telugu - Abbarakam 
  Urdu - Abrak Siyah (N.F.U.M.) 
 
3. Broad Classification: A Phyllo-Silicate  
 
4. Origin and occurrence: Abhraka occurs in igneous rocks in pure form as well as 

in metamorphic rocks as schists and gneisses. It occurs in ore form in pegmatites 
but pure mineral in sheet-form can be made available through sorting in pegmatite 
bodies. 

 

  It is found in all igneous terrains of the earth’s crust. In India, it occurs 
mostly in the mica belts of Rajasthan, Andhra Pradesh and Jharkhand. The main 
deposits in these states occur at Ajmer, Bhilwara, Tonk and Pali in Rajasthan, 
Kalichedu, Thalpur and Gudur in Andhra Pradesh, Koderma and Giridih in 
Jharkhand. Other known occurrences are in the states of Tamil Nadu, Karnataka, 
Kerala and West Bangal.  

 
5. Physical properties:  (Definition/Explanation of technical terms and Methods of 

Determination as given in Appendix –1). 
 

 Nature : Platy (separable in thin layers)  
 Colour : Greenish black  
 Streak : Greenish black  
 Cleavage : Perfect  
 Fracture : Uneven 
 Lustre : Splendent 
 Tenacity : Flexible  
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 Transparency : Translucent 
 Hardness : 2.5 to 3  
 Sp. Gr. : 2.6 to 3 

 
6.   Optical Properties: Anisotropic, Biaxial Negative, small 2V and strong 
 birefringence. Refractive Index: ηα 1.565-1.625; ηβ 1.605- 1.696; ηγ 1.605-1.696  
 (Appendix-2).               

     
7. Chemical Properties: 

7.1 Effect of Heat: Hold a piece of Abhraka by forceps and heat it over a 
burner flame in its outer zone (about 10000). It swells almost double in 
volume. Colour changes from black to silver moon while, water is released. 
   

 
7.2 Solubility: Take about 1 g finely powdered (150 mesh) sample of Abhraka 

in 250 ml beaker. Add 50 ml sulphuric acid. Stir the solution. It 
decomposes leaving skeleton of silica (distinction from other micas which 
are not affected by sulphuric acid).  

  
7.3 Assay: Should contain not less than 50% silica (SiO2) when analysed by  
 gravimetric method (Appendix-3.1.3).           

           
7.4 Heavy metals and Arsenic: Should not contain more than the stated limits 

for the following: - Lead = 45 ppm, Arsenic = 3 ppm, and Cadmium =2 
ppm (Appendix-3.2). 

 
7.5 Other Elements: May contain the following within ± 20% of the stated 

limits:- Iron = 6%, Aluminium = 5%, Magnesium = 9% and Potassium = 
5% (Appendix-3.1 & 3.2).      

 
8. Śodhana:  Shall not be used in formulation without subjecting it to śodhana.  
     
9. Abhraka is always used in the form of bhasma, the therapeutic uses, dose and 

other details of which are given in the monograph of bhasma.  
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AKĪKA 
(Agate) 

 
1. Definition:  Akīka is a silica mineral (SiO2). It is the banded form of Chalcedony.   
 
2. Synonyms: 
 2.1 Sa¼sk¨ta    : Akīka 
  

2.2 Names in other Languages: 
English - Quartz, Chacedony 

  Hindi - Akīka 
  Punjabi - Mank, Akīka 
  Urdu - Aqeeq (N.F.U.M.) 
 
3. Broad Classification: Crypto crystalline Silica Mineral 
 
4. Origin and occurrence: Akīka occurs generally in pure form. It occurs all over the 

earth’s crust in igneous as well as metamorphic rocks. Wherever cavities are 
developed, silica is deposited and the material becomes Akīka. Banding in Akīka is 
due to interrupted deposition of silica in cavities. It is a very common semi-
precious ornamental stone.  

 
  Akīka  occurs mainly as fillings in the voids in the Deccan Trap rocks. The 

most important occurrence of Akīka in India is Rajpipla area and further west 
between the mouths of river Tapti and Narmada in Bharuch district, Gujarat. Other 
occurrences of economic importance are known at Amaravati, Aurangabad, 
Buldhana, Chandrapur, Jalna, Nasik and Pune in Maharashtra, beds of Krishna and 
Godavari rivers in Andhra Pradesh, Rajmahal and Sahebganj in Bihar, Dhar and 
Mandsaur in Madhya Pradesh and Jamnagar, Kutch and Surat in Gujarat.  

   
5.  Physical Properties: (Definition/Explanation of technical terms and Methods of 

Determination as given in Appendix–1). 
 

 Nature : Banded form  
 Colour : White 
  Streak : White  
 Cleavage : Not present 
  Fracture : Conchoidal 
 Lustre : Waxy 
 Tenacity : Brittle 
 Transparency : Sub- translucent 
 Hardness : 6 to 7 
 Sp. Gr. : 2.5 to 2.65  

Fluorescence : Remains dark when observed after irradiation 
with near UV light of 365 to 400 nm  
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6. Optical Properties: Akīka is uniaxial, positive, showing birefringence between 
crossed nicols, with refractive indices between 1.530 and 1.555 with ηw 1.544 and 
ηe 1.553 (Appendix-2).         

     
7. Chemical Properties: 

7.1 Reaction with acids: Take about 5 g finely powdered (150 mesh) sample 
of Akīka in a test tube. Add 10 ml dilute hydrofluoric acid. It dissolves 
completely in hydrofluoric acid. (Care should be taken in handling 
hydrofluoric acid).  

 
      No other acid has any reaction or effect on Akīka. 
 

7.2  Assay: Should contain not less than 95% Silica (SiO2) when analysed by 
gravimetric method (Appendix-3.1.3). 

 
7.3  Heavy metals and Arsenic: Should not contain more than the stated limits 

for the following:- Arsenic = 190  ppm, and Cadmium = 1.6  ppm 
(Appendix-3.2).  

 
8. Diagnostic property: Bands of Akīka are typically parallel to each other. 
 
9. Śodhana: Shall not be used in formulations without subjecting it to śodhana. 
 9.1    Śodhana:     [Ref. Rasatantrasāra Siddha Prayoga Sa¬graha, Part-1, page 73] 
 
   i) Akīka   :  1 part 
   ii)  Gulāba Jala 
    or 
    Arka Vedamuśka 
    or  
    Go-dugdha  :  Q.S  
 Method: 
   
  Heat Akīka till it becomes red-hot and dip in Gulāba Jala or  Arka 

Vedamuśka or Go-dugdha for 21 times.    
  
10. Akīka is used in the form of pi¾°ī or bhasma, the details of which are given in the 
 monograph of pi¾°ī or bhasma.   
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GAIRIKA 
(Red Ochre) 

 
1. Definition: Gairika is Red Ochre, an oxide of Iron (Fe2O3). This mostly earthy 

variety of hematite mineral is also known as Reddle. 
 
2. Synonyms: 
 2.1 Sa¼sk¨ta      : Kāsāyakkal, Kāvi, Svarnagairika 
 
 2.2 Names in other Languages: 
 
  Bangali - Girimā°ī 
  English - Ochre, Reddle  
   Gujarati - Geru, Sonāgeru 
  Hindi  - Geru, Gerumitti 
   Kannada - Hojātha, Jajoo, Kaavi, Kemmannu 
  Malayalam - Kavimannu 
  Marathi - Gerū, Sonakāva  
  Punjabi - Geri  
  Tamil  - Seemaikkaavikkallu, Kāvikkal (S.F.I.) 
  Telugu - Kavirāyī, Kaavi 
  Urdu  - Geru (Teen-e-Rumi) (N.F.U.M.) 
   
3. Broad Classification: Oxide  
 
4. Origin and occurrence: Basically a hematite mineral, Gairika is a natural mineral 

pigment found with other iron-titanium oxide minerals in igneous and 
metamorphic rocks as accessory mineral. Gairika is associated with magnetite. It 
sometimes contains minor amount of titanium and magnesium. Gairika occurs as 
an alteration product of other iron minerals or by degradation of highly ferruginous 
rocks in the form of weathered residual concentrations. It is generally found mixed 
with clay and other impurities.  

   
  Based on their colour, there are two types of ochres found in the country 

i.e. Red ochre and Yellow ochre. Anhydrous ironoxide is red ochre (Gairika) and 
hydrated iron oxide is yellow ochre. 

    
In India, Gairika (Red ochre) is widely distributed. Gairika deposits are 

chiefly found in Rajpur, Banaskantha, Jamnagar and Kuchchh in Gujarat, Bellary 
and Bidar in Karnataka, Gwalior, Jabalpur, Satna, Kailashpur, Madhogarh and 
Mandla in Madhya Pradesh and Udaipur, Alwar, Bikaner, Chittorgarh and Sawai 
Madhopur in Rajasthan. Other known occurrences are in Andhra Pradesh and West 
Bengal. 

 
5. Physical properties:  (Definition/explanation of technical terms and methods of 

determination as given in Appendix –1). 
 

           Nature :  Massive clayey               
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           Colour :  Reddish brown                 
           Streak :  Reddish brown         
           Fracture :  Uneven    
           Lustre   :  Earthy          
           Tenacity :  Brittle                           
           Transparency :  Opaque                   
              Hardness :  5.5 to 6.5 but much softer in earthy variety            
            Sp. Gr. :  2.7                  
 
6. Chemical Properties: 
 

6.1 Effect of Heat:  
6.1.1 Gairika becomes magnetic on heating. Magnetism can be felt using 

a horse-shoe magnet (Appendix-3.3.3/1.9). 
 

   6.1.2  Does not easily fuse in a blow - pipe flame. 
 
6.2 Solubility in Acid:  Soluble in hydrochloric acid. 
 
6.3 Assay:  
 Gairika should not contain less than 16% Fe or not less than 21% Fe2O3 

when analysed by gravimetric method (Appendix-3.1.4).  
 
6.4  Heavy metals and Arsenic: Gairika should not contain more than the 

stated limits for the following:- Lead = 6 ppm, Arsenic = 2  ppm and 
Cadmium = 2 ppm (Appendix-3.2).  

  
6.5  Other elements: May contain the following within ± 20% of the stated 

limits:- 1% Magnesium and 1% Titanium (Appendix-3.1 & 3.2).  
 
7. Śodhana: Shall not be used in formulations without subjecting it to śodhana.  
 
 7.1   Śodhana:  [Ref: Rasaratna Samuccaya 3/49] 
 
   i) Gairika  :  1 Part 
   ii) Go-dugdha  : Q.S for Bhāvanā 
 
  Method: 
  Prepare   fine   powder of Gairika and Bhāvanā of Go-dugdha 

should  be given three times with sufficient quantity, dry and use for 
therapeutic purposes. 

  
8.  Gairika has the following attributes: 
 
 8.1      Properties and Actions:   
  Rasa  - Madhura, Ka¾āya   
  Gu´a  - Snigdha, Viśada  
   Vīrya  - Śīta 
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   Vipāka - Madhura 
   Karma - Pitta-Nāśaka, Balya, Vra´a Ropa´a, Netrya,   

Kaphajit 
 

 
8.2 Therapeutic Uses of śuddha Gairika: Netra roga (diseases of eyes); 

Raktapitta (bleeding disorder); hikkā (hiccup); vamana (vomiting); vi¾a 
vikāra (disorders due to poison); Rakta pradara (Menorrhagia or 
Metrorrhagia or both); ka´²ū (itching); Jvara (fever); dāha (burning 
sensation); Udara roga (diseases of abdomen) 

 
9. Dose:  250 - 500 mg of śuddha Gairika.  
 
10. Important Formulations: Ku¬kumādi taila, Bh¨¬garāja taila, Tutthādi lepa, Mahā 
 Jvarā¬kuśa rasa, Laghu Sūtaśekhara rasa, Kāmadudhā rasa  (Mauktika yukta) 
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GANDHAKA 
 (SULPHUR) 

1. Definition: Gandhaka is sulphur (S), a non-metallic solid element.   
 
2. Synonyms: 
 2.1     Sa¼sk¨ta       :    Bali, Daityendra, Gandha, Sugandhaka, Valī, Sugandhika 
 
 2.2 Names in other Languages: 
  Assami - Kibrīt 
  Bangali - Gandhaka  
  English - Sulphur 
   Gujarati - Gandhaka 
  Hindi  - Gandhaka 
  Kannada - Gandaga 
  Malayalam - Gandagam 
  Marathi - Gandhaka 
  Punjabi - Gandhaka 
  Tamil  - Kandagam, Kantakam (S.F.I.) 
  Telugu - Gandhakam 
  Urdu  - Kibreet (Gandhak) (N.F.U.M.)  
 
3.      Broad Classification:  Native element 
 
4. Origin and occurrence: Native Gandhaka occurs in the craters and crevices of 

extinct volcanoes where it has been deposited as a direct sublimation product from 
volcanic gases. It also occurs around thermal springs, in salt dome cap-rocks and in 
sedimentary sequences that contain sulphates along with organic materials like 
bituminous limestone. Gandhaka is frequently associated with gypsum and 
limestone. Native Gandhaka, which is contaminated with sand or clay, bitumen 
and such foreign matter, is purified by melting in oven or by distilling in closed 
vessels. 

 
 In India, the deposits of Gandhaka are very much limited. The only known 
occurrence is that of Tsokar Lake, Leh district in Jammu and Kashmir. There is no 
mining for Gandhaka in India. Elemental Gandhaka, however, is recovered 
commercially as a by-product from fertilizer plants at Panipat in Haryana, Naya 
Nangal and Bhatinda in Punjab and Oil Refinery at Mathura in Uttar Pradesh. 
There are huge deposits of elemental Gandhaka burried underground in certain 
parts of the world especially Poland, Mexico and USA.  

 
5.  Physical properties:  (Definition/explanation of technical terms and methods of 

determination as given in Appendix–1). 
 
 Nature :  Crystalline lumps               
 Colour :  Sulphur yellow                 
 Streak :  Yellowish white        
 Cleavage :  Poor        
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 Fracture :  Conchoidal        
 Lustre   :  Resinous        
 Tenacity :  Brittle                         
 Transparency :  Translucent                     
 Hardness :  1.5 to 2.5          
 Sp. Gr. :  1.95 to 2.10            
 
6. Chemical Properties: 
 
 6.1  Effect of Heat: 

6.1.1 On burning a small quantity in a crucible, Gandhaka partially melts 
with evolution of brownish sulphur fumes. 

 
 6.1.2 Gandhaka melts at about 1100

 where as it burns at 2700 in air with a 
bluish flame yielding sulphur-di-oxide (SO2).                  

  
 6.2   Solubility: Insoluble in water as well as any acid, but soluble in carbon-di-

sulphide. 
  
 6.3  Assay: Should contain not less than 90% Sulphur, when analysed by 

gravimetric method (Appendix-3.1.8). 
  
 6.4  Heavy metals and Arsenic: Should not contain more than the stated limits 

for the following: Arsenic = 1 ppm and Cadmium = 2 ppm (Appendix-3.2).  
  
7. Śodhana: Shall not be used in formulations without subjecting it to śodhana.  
 7.1   Śodhana:                        [ Ref: Rasām¨tam-2/3] 
 
  i) Gandhaka    : 1 part 
  ii) Go-dugdha     
   or  
      Bh¨¬garāja rasa (Pl.)  : Q.S 
   
  Method: 
  Take fine powder of Gandhaka in a ladle, add little amount of gh¨ta, 

melt and pour in to the vessel which contains go-dugdha or bh¨¬garāja 
svarasa. Collect on cooling to room temperature, wash with plenty of luke 
warm water, dry, prepare the fine powder and preserve for further purpose. 

 
8. Gandhaka has the following attributes: 
 
 8.1 Properties and Actions: 
  Rasa  - Madhura, Ka°u, Tikta, Ka¾āya  
   Gu´a  - U¾´a, Sara, Snigdha  
   Vīrya  - U¾´a 
   Vipāka - Ka°u 
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Karma - Rasāyana, Dīpana, Pācana, Vi¾ahara, Kaphahara, 
Balya, Medhya, Pittala, Cak¾u¾ya, K¨mihara, Sūtajit, 
Ku¾°hahara, Āmaśo¾ahara, Sūtendravīryaprada, 
Vātahara,  

 
8.2. Therapeutic Uses of śuddha Gandhaka: Ka´²ū (itching); Ku¾°ha (diseases of 

the skin); Visarpa (erysepales); Dadru (taeniasis); Āmavāta (rheumatism); 
Kapha roga (disease due to kapha do¾a); Garavi¾a (slow/accumulated 
poison); Plīhā roga (splenic disease); K¾aya (pthisis); Kāsa (cough); Śvāsa 
(Asthma); Netra roga (diseases of eyes); Vāta roga (diseases due to Vāta 
do¾a)  

 
9. Dose:  125 mg - 1 g of śuddha Gandhaka. 

 
10.  Important Formulations: - Mahāgandhaka va°ī, Pañcām ¨ta parpa°ī, Candrakalā 
 rasa, Taru´ārka rasa, Rasa parpa°ī, Gandhaka rasāyana. 
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GODANTĪ 
 (Selenite) 

 
1. Definition: Godantī is Selenite (CaSO4, 2H2O) mineral. 
 
2. Synonyms: 
 2.1 Sa¼sk¨ta : Godanta 
 

2.2 Names in other Languages: 
English - Selenite, Gypsum 

  Gujarati - Godantī, Ghāpa´a, Chirodī  
  Hindi - Godanti 
  Marathi - Godantī, Śiragola 
  Tamil - Karpura Chilajattu (S.F.I.)   
  Telugu - Hara sothamu 
  Urdu - Godanti (N.F.U.M.) 
 
3. Broad Classification: Hydrous calcium sulphate  
 
4. Origin and occurrence: Godantī occurs as evaporates; extensive sedimentary 

deposits interbedded with limestone, red shales and clay stones etc. It occurs 
generally in pure mineral form.  

 
   In India, significant occurrences of Godantī are at Nellore, Prakasam and 

Guntur in Andhra Pradesh and Bikaner, Barmer, Jaisalmer, Nagaur, Ganganagar 
and Pali in Rajasthan. Major production of Godantī comes from these two states 
only. There are some other occurrences also reported in the states of Gujarat, 
Jammu and Kashmir, Himachal Pradesh, Uttar Pradesh and Tamil Nadu. 

  
5 Physical properties:  (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 

 Nature : Crystalline showing elongated tabular crystals
 Colour : Greyish white  
 Streak : White 
 Cleavage : Perfect 
 Fracture : Even 
 Lustre : Silky 
 Tenacity : Sectile 
 Transparency : Translucent   
 Hardness : 2  
 Sp. Gr. : 2 to 2.5 

 
6. Optical properties: Anisotropic, biaxial positive, large 2V, weak birefringence.  

Refractive index : ηα,1.520; ηβ,1.524; ηγ, 1.530 (Appendix–2). 
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7.  Chemical Properties: 
 

7.1 Test for sulphate radical: Take about 0.5 g powdered sample in a test 
tube. Add 10-15 ml dilute hydrochloric acid and boil. Add 10 % barium 
chloride solution drop wise. The resulting solution gives white precipitate 
of barium sulphate. 

 
7.2 Assay: Should contain not less than 20% Calcium (Ca) or 30% calcium 

oxide (CaO) when analysed by gravimetric method (Appendix-3.1.5).      
 
7.3  Heavy metals and Arsenic:  Should not contain more than the stated limits 

for the following: Lead = 6 ppm, Arsenic = 1 ppm and Cadmium = 4 ppm 
(Appendix-3.2).     

 
8. Śodhana: Shall not be used in formulations without subjecting it to śodhana.  
  
9. Godantī is used in the form of bhasma, the details of which are given in the 
 monograph of bhasma.   
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GOMEDA 
(Garnet) 

 
1. Definition:  Gomeda is Almandite {Fe3Al2 (SiO4)3}, one of the garnet group of 

minerals. 
 
2. Synonyms: 
 2.1 Names in other Languages: 
  Bangali - Gomeda 
  English - Garnet 
  Gujarati - Gomeda  
  Hindi - Gomeda 
  Marathi - Gomeda 
  Telugu - Gomedikamu 
   
3. Broad Classification: Silicate of iron and aluminium 
 
4. Origin and occurrence: Gomeda occurs in two forms; in-situ deposits and 

placers. It occurs as in-situ deposits in metamorphic rocks, mostly in schists and 
gneisses, of argillaceous parentage, crystalline limestone and metamorphosed basic 
and other igneous rocks. In placer form, it is found as heavy detrital residue in 
sediments. 

 
 In India, in-situ occurrences of Gomeda exist in many parts of the country 
e.g. Khammam in Andhra Pradesh, Singbhum in Jharkhand, Hassan, Bangalore 
and Mysore in Karnataka and Ajmer, Bhilwara, Jhujhunu, Sikar, Sirohi and Tonk 
in Rajasthan. It occurs as primary mineral also in igneous rocks such as mica-
pegmatites of Bihar, Andhra Pradesh and Rajasthan. The placer deposits, whereas, 
occur in beach sands of Kerala, Tamil Nadu and Orissa. 
 

  Varieties of Gomeda are valued as semi-precious stones.   
 
5. Physical properties:  (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 

 Nature : Crystal  
 Colour : Reddish brown 
 Streak : White 
 Cleavage : Not present 
 Fracture : Sub-conchoidal 
 Lustre  : Vitreous to resinous 
 Tenacity : Brittle 
 Transparency : Translucent     
 Hardness : 7.0 to 7.5 
 Sp. Gr. : 3.5 to 4.0 
 Fluorescence : No fluorescence when observed after irradiation with 

UV rays of 365 to 400 nm   
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6.  Optical properties:  Isotropic  
Refractive Index: η = 1.83 (range 1.75 to 1.90) (Appendix–2.4). 
 

7.  Chemical Properties: 
 

7.1 Assay: Should contain not less than 35% SiO2, 10% Alumina (Al2O3) and 
5% Iron (Fe) when analysed by gravimetric method (Appendix-3.1). 

 
7.2  Heavy metals and Arsenic:  Should not contain more than the stated limits 

for the following: - Mercury = 7 ng/g, Arsenic = 2 ppm and Cadmium = 
traces (Appendix-3.2).  

 
7.3 Other Elements:  May contain the following within ± 20% of the stated 

limits:- Calcium = 0.10 %, Magnesium = 0.10 % and Manganese = 11% 
(Appendix-3.1 & 3.2).  

 
8.       Distinction from Manikyam:  

Mā´ikya gives a fiery red fluorescence in near UV rays of 365 to 400nm, whereas 
Gomeda does not fluoresce under the same condition. Mā´ikya is anisotropic, 
uniaxial and negative. 

  
9. Śodhana: Shall not be used in formulations without subjecting it to śodhana. 
 
 9.1    Śodhana:                                  [Ref: Rasa Tara¬gi´ī-23/123] 
 
  i) Gomeda    :   1 Part 
  ii) Nimbū svarasa  [Fr.] :  Q.S for Svedana 
 
  Method: 
  Prepare small pieces of Gomeda, boil in Nimbū svarasa for 3 hours. On 

cooling to room temperature, collect Gomeda, dry and use for therapeutic 
purposes. 

  
10. Gomeda is used in the form of pi¾°ī or bhasma, the details of which are given in the 
 monograph of pi¾°ī or bhasma.  
 
 

 
 
 
 
 
 
 
 
 
 
 



 15 

JAHARAMOHARĀ 
(Serpentine) 

 
1. Definition: Jaharamoharā is Serpentine, a hydrous silicate of Magnesium 

[Mg6(Si4O10)X(OH)8 ]. This is also known as Green Marble in 
trade.  

2. Synonyms: 
 2.1 Sa¼sk¨ta     : Jaharamoharā 
 

2.2 Names in other Languages: 
English - Serpentine, Green Marble 

  Hindi - Jaharamoharā 
  Telugu - Śālagrāma śilā 
  Urdu - Zahar Mohra, Hajr-us-sum, Fad Zahr Madani, Hajr-

ul-behr (N.F.U.M.) 
 
3. Broad Classification: Hydrous magnesium silicate  
 
4. Origin and occurrence: Jaharamoharā results from the alteration, either during 

metamorphism or by late-stage hydrothermal action at temperatures below 4000, of 
rocks rich in magnesium, containing olivine, pyroxene or amphibole. Magnetite 
usually accompanies this alteration. Some serpentine occurs as large rock masses 
generally referred to as serpentinites. Nickel in minor amount is generally present 
in Jaharamoharā. A little amount of Calcium, Iron and Aluminium may also be 
present. 

   
  In India, Jaharamoharā occurs mostly in metamorphic terrains of 

Rajasthan, Karnataka, Jharkhand, Madhya Pradesh and Andhra Pradesh. In 
Rajasthan, it occurs abundantly in Udaipur and Dungurpur districts. 

 
5. Physical properties:  (Definition / explanation of technical terms and methods of 

determination as given in Appendix -1). 
 
  Nature :  Crystalline, coarse grained, soapy feel 
  Colour :  Blackish green                 
  Streak :  Colourless        
  Cleavage :  Perfect         
  Fracture :  Conchoidal         
  Lustre   :  Greasy          
  Tenacity :  Tough                            
  Transparency :  Translucent                    
    Hardness :  3.5 to 5                  
  Sp. Gr. :  2.5 to 2.7  
                   
6. Optical properties :  Bi-axial, negative, weakly birefringent with R.I. 1.546 to 

1.554 (Appendix- 2). 
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7.  Chemical Properties: 
 

7.1  Effect of Heat: Take about 1 g powdered sample of Jaharamoharā in open 
test tube. Heat the test tube at around 5000. The sample gets decomposed and gives 
off a little water.  
 
7.2  Assay: 

7.2.1 Should contain not less than 30% magnesium oxide when analysed  
            by gravimetric method (Appendix-3.1.6). 
 
7.2.2 Should contain not less than 30 % Silica (SiO2), not less than 5% 

Ferric oxide (Fe2O3) and not less than 5% calcium oxide (CaO) 
when analysed by gravimetric method (Appendix -3.1).   

         
7.2.3 Heavy metals and Arsenic: Jaharamoharā should not contain 

more than the stated limits for the following: - Arsenic = 2 ppm and 
Cadmium = 3 ppm (Appendix-3.2).           

 
  7.2.4 Other elements: May contain the following within ± 20% of the 

stated limits:- 0.15 % Nickel when analysed by Atomic Absorption 
Spectrophotometer (Appendix-3.2.2). 

 
8. Śodhana: Shall not be used in formulations without subjecting it to śodhana. 
 
 8.1    Śodhana:  [Ref. Rasatantrasāra Siddha Prayoga Sa¬graha, Part-1, Page 73 ] 
 
   i) Jaharamoharā  :  1 part 
   ii)   Go-dugdha  :  Q.S 
     or  
    Āmalakī rasa 
  

Method: 
 Heat Jaharamoharā till it becomes red hot and dip in Go-dugdha or Āmalakī rasa 

for 21 times.    
     
9. Jaharamoharā is used in the form of pis °ī, the details of which are given in the 

monograph of pis°ī. 
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KĀNTA LAUHA 
(Iron Ore) 

 
1. Definition:  Kānta Lauha is an Iron ore containing magnetite, a ferric oxide 

(Fe3O4) mineral.   
 
2. Synonyms: 
 2.1 Sa¼sk¨ta    : Kānta, Kāntaka, Kāntāyasa 
 

2.2 Names in other Languages: 
English - Magnetite 

  Gujarati - Nātīsa  
  Hindi - Cumbaka, Cumbaka patthar 
  Tamil - Kantham (S.F.I.)   
  Telugu - Sudantu rāyi, Ayaskāntamu 
  Urdu - Faulad, Aahan (N.F.U.M.) 
 
3. Broad Classification: Oxide  
 
4. Origin and occurrence: Kānta Lauha occurs in igneous as well as metamorphic 

rocks as accessory mineral. It is a wide-spread oxide mineral found in earth’s crust 
in ore form. Kānta Lauha is commonly associated with hematite (Fe2O3).  

 
 In India, Kānta Lauha occurs mainly at Guntur in Andhra Pradesh, Salem 
and Tirucirappalli in Tamil Nadu, Shimoga and Kudramukh in Karnataka, Mandi 
in Himachal Pradesh, Mayurbhanj in Orissa and Noamundi, Notoburu, Gore Pahar 
and Biwabathan in Jharkhand. Other known deposits with hematite aspredominent 
mineral occur in the states of Bihar, Goa, Madhya Pradesh and Rajasthan. 

 
5. Physical Properties: (Definition / explanation of technical terms and methods of 
 determination as given in Appendix –1). 
 

Nature : Lump   
Colour : Greyish black 
Streak : Reddish black 
Cleavage : None 
Fracture : Uneven 
Lustre : Metallic 
Tenacity : Brittle 
Transparency : Opaque 
Magnetism : Magnetic in nature  
Hardness : 5.5 to 6 
Sp.Gr : 5 to 6   
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6. Chemical Properties:   
 

6.1 Assay:  
Kānta Lauha in ore form should contain not less than 60% Iron (Fe) when 
analysed by gravimetric method (Appendix-3.1.4). 

 
6.2        Heavy metals and Arsenic: Kānta Lauha in ore form should not contain   
             more than the stated limits for the following: - Arsenic = 2 ppm and  
             Cadmium = 7 ppm (Appendix-3.2).  
 
6.3 Other Elements:  Kānta Lauha in ore form may contain the following 

within ± 20% of the stated limits:- Zinc = 95 ppm, Manganese = 500 ppm 
and Silver = 5 ppm (Appendix-3.1 & 3.2). 

 
6.4 Acid Insoluble: Take about 1 g of pre-dried finely powdered (150 mesh) 

sample of Kānta Lauha in 250 ml beaker. Add 50 ml dilute hydrochloric 
acid. Stir the solution and cover the beaker with a watch glass. Heat on the 
hot plate at 1500 and digest for two hours. Cool, filter in buchnar funnel, 
wash with water and ignite at 9000. Weigh the residue. It should not be 
more than 13 % of the initial weight of the sample.  

 
7. Śodhana: Shall not be used in formulations without subjecting it to śodhana. 

  
8. Kānta Lauha is used in the form of bhasma, the details of which are given in the 
 monograph of bhasma. 
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KĀŚĪŚA 
(Ferrous Sulphate) 

 
1. Definition:  Kāśīśa is Ferrous Sulphate (FeSO4. 7H2O) also known as Green  

vitriol, Copper as or melanterite mineral.  
 
2. Synonyms:          
 2.1 Sa¼sk¨ta  : Kāśīśaka, Pu¾pakāśīśa  
 
 2.2 Names in other Languages: 
  Bangali - Hirākas 
  English - Ferrous Sulphate, Green vitriol  
   Gujarati - Hīrākasī 
  Hindi  - Kasīs, HīraKasīs 
  Kannada - Kaasisa, Annabedi 
  Malayalam - Turusi, Turus 
  Marathi - Hirākas 
  Tamil  - Annabedhi, Annapeti (S.F.I.) 
  Telugu - Annabhedi 
  Urdu  - Hira Kasees, Zaj-e-Asfar, Tutia-e-Sabz (N.F.U.M.)  
 
3.  Broad Classification:  Hydrous ferrous sulphate 
 
4.  Origin and occurrence:  Kāśīśa, a secondary mineral, results from the 

decomposition of pyrites in the zone of oxidation and is found in small quantities 
wherever pyrite occurs. It occurs widely as efflorescence on the walls and timbers 
of mine workings. Kāśīśa is commonly associated with chalcanthite, gypsum and 
other hydrous basic sulphates. Mostly, commercially manufactured Kāśīśa as a 
chemical is used for Ayurvedic formulations in the country.  

 
5.  Physical properties:  (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 
 Nature :  Massive lumps               
 Colour :  Greenish white                 
 Streak :  White       
 Cleavage :  None        
 Fracture :  Uneven        
 Lustre   :  Earthy    
 Tenacity :  Brittle                           
 Transparency :  Translucent                      
   Hardness :  1.95 to 2                
 Sp. Gr. :  1.90 to 1.97                  
 Taste :  Sweetish, astringent taste 
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6. Chemical Properties: 
 

6.1 Effect of Heat:  
 

6.1.1 Heated before blowpipe, Kāśīśa becomes magnetic as felt by a 
horse-shoe magnet. 

 
6.1.2 On strong heating in a crucible, Kāśīśa looses water with evolution 

of SO2 gas giving pungent smell of burning sulphur.   
 
6.1.3 Take about 5 g fine powder each of Kāśīśa and borax. Heat the 

mixture in a crucible. A brown glassy fused mass results. 
 
6.1.4 Efflorescence:  Kāśīśa is efflorescent in dry air. On exposure to 

moist air, the Kāśīśa crystals rapidly oxidize and become coated 
with brownish yellow mass.    

 
6.2 Reaction with barium chloride solution:  White precipitate of barium 

sulphate appears on addition of barium chloride solution in Kāśīśa 
solution, dissolved in purified water. 

 
6.3 Solubility in water: Take about 10 g accurately weighed fine (150 mesh) 

powder of Kāśīśa in 250 ml beaker. Add 50 ml purified water to it. Stir the 
solution till Kāśīśa powder stops dissolving. Put the beaker in the sun light 
till the solution gets completely dried up. Weigh the residue, if any. It 
should not be more than 5% of the initial weight of the sample. That is, 
solubility of Kāśīśa in purified water should not be less than 95%.   

 
6.4  Assay: Kāśīśa should contain not less than 25% Iron, not less than 15% 

Sulphur and not less than 45% SO4 (Appendix-3.1 & 3.3).     
       

6.5  Heavy metals and Arsenic: Kāśīśa should not contain more than   the 
stated limits for the following: - Arsenic = 2 ppm and Cadmium = 2 ppm 
(Appendix-3.2).            

 
6.6  Other elements: May contain the following within ± 20% of the stated 

limits:- Copper (Cu) 188 ppm when analysed by Atomic Abosrption 
Spectrophotometer method (Appendix-3.1.9 & 3.2.2).        

  
7. Śodhana : - Shall not be used in formulations without subjecting it to śodhana. 
 
  7.1     Śodhana:     [Ref: AFI-Part-I; Appendix-II, Śodhana-6] 
 
  i) Kāśīśa     :  1 Part 
  ii) Bh¨¬ganīra (Bh¨¬garāja) [Pl.] : Q.S. for Bhāvanā 
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Method: 
Powder kāsīsa, add quantity sufficient bh¨¬garāja svarasa and grind till 
complete moisture gets evaporated. Repeat the process for three times. 

 
8. Kāśīśa has the following attributes: 
 
 8.1 Properties and Actions: 
  Rasa  - Amla, Tikta, Ka¾āya.  
   Gu´a  - U¾´a 
   Vīrya  - U¾´a 
   Vipāka - Ka°u  

Karma - Vāta-Kaphahara, Keśya, Netrya, Rajah pravartaka, 
K¨¾´īkara´a, Sa¬kocaka (Astringent), Balya, Keśya 
Rañjana, Rakta vardhaka 

 
           8.2.  Therapeutic Uses: ka´²ū (itching); vi¾a roga (disease due to poison); 

Mūtrak¨cchra (dysuria); Aśmarī (calculus); Śvitra (Leucoderma / Vitiligo); 
Pitta Apasmāra (Epilepsy due to Pitta do¾a); Pā´²u (anaemia); Plīhāv¨ddhi 
(splenomegaly); K¨mi (Helminthiasis/ worm infestation); Gudabhra¼śa 
(prolapse of rectum); Visarapa (Erysepales); Netra roga (disease of eyes); 
Śle¾ma roga (disease due to kapha do¾a) 

 
9. Dose:  60 – 250 mg  

10. Important Formulations: Rajahpravartinī va°ī, Kāsīsādi taila, Kāsīsādi gh¨ta, 
 Śa¬kha drāvaka, Plīhāri va°ikā 
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KHA¯IKĀ 
(Kaolinite) 

 
1. Definition: Kha°ikā is Kaolinite (Al2 (Si2O5) (OH) 4), an aggregate of minerals and      
                               colloidal substances commonly known as Clay. 
 
2. Synonyms: 
 2.1 Names in other Languages: 
  Bangali - Kha²i, Phula Kha²i 
  English - Clay 
  Gujarati - Kha²i, Kha²imā°ī  
  Hindi - Kha²iya, Khariya, Kha²i 
  Marathi - Kha²u 
  Telugu - Sima sunnamu, Sudhā 
   
3. Broad Classification: A phyllo-silicate of aluminium 
 
4. Origin and occurrence: Kha°ikā occurs associated with pre-cambrian granites, 

gneisses, pegmatites, phyllites and schists; gondwana shales and sand stones as 
bedded deposits. Kha°ikā is formed by the decomposition of other alumino-
silicates (feldspars) either by weathering or by hydrothermal activity. It occurs in 
pure mineral form as lumps consisting of very small particles.  

 
In India, Kha°ikā occurs at several places in different states. Most 

significant occurrences are Ajmer, Udaipur, Chittorgarh, Bikaner, Barmer and 
Sawai Madhopur in Rajasthan, Bankura, Birbhum, Purulia and Darjeeling in West 
Bangal, Chinglaput, Ramanathapuram and South Arcot in Tamil Nadu, Koraput, 
Cuttak, Keonjhar and Mayurbhanj in Orissa, Cuddapah, Godavari area, 
Vishakhapatnam and Nellore in Andhra Pradesh, Trivendrum, Ernakulam, 
Palakkad and Kannur in Kerala and Singhbhum, Bhagalpur, Santhal, Ranchi and 
Gaya in Jharkhand.  

 
5. Physical properties: (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 

Nature : Lumps (whitish to occasionally coloured layers) 
  with greasy feel and earthy odour  
Colour : Whitish, occasionally tinted   
Streak : White 
Cleavage : Not observable 
Fracture : None 
Lustre : Vitreous  
Tenacity : Brittle 
Transparency : Translucent 
Hardness : 2 to 3  
Sp.Gr : 2 to 3  

 



 23 

6. Chemical Properties: 
 

6.1 Assay: Kha°ikā should contain not more than 50% Silica (SiO2) and not 
less than 30% Alumina (Al2O3) when analysed by gravimetric method 
(Appendix-3.1). 
 

6.2  Heavy metals and Arsenic: Kha°ikā should not contain more than the 
stated limits for the following: - Lead = 15 ppm, Arsenic = 2 ppm and 
Cadmium = 7 ppm (Appendix-3.2).  

 
6.3 Other Elements: May contain the following within ± 20% of the stated 

limits:- Calcium = 0.32%, Magnesium = 0.78% with negligible amount of 
Manganese (20 ppm) and Chromium (250 ppm) (Appendix-3.1 & 3.2). 

 
6.4 Distinctive Properties:  

6.4.1 Take a small quantity of Kha°ikā powder on a micro slide. Mix with 
one or two drops of alcoholic methylene blue solution (1% w/v in 
95% alcohol). Drop a cover slip and examine under medium or low 
power. Most particles are stained a deep blue (distinction from talc, 
which is not stained blue). 

 
6.4.2 Take a small quantity of Kha°ikā powder on a micro slide. Mix with 

safranin solution (1% w/v in 70% alcohol). Drop a cover slip and 
examine under medium or low power. None or occasionally very 
few particles are coloured red (distinction from bentonite, where all 
particles are stained deep red). 

 
6.4.3 Place a small quantity of Kha°ikā powder in a watch glass and add a 

few drops of dilute hydrochloric acid. No gas or bubbles evolved 
(distinction from chalk). 

 
6.4.4 Place a small quantity of Kha°ikā powder (150 mesh) on a micro 

slide and put a cover slip on to make a dry mount. Now add a drop 
or two of purified water to the edge of the cover slip and allow the 
water to flow under the cover slip. The water should spread through 
the powder, which gets easily dispersed without forming a gel 
(distinction from bentonite and other clays that would swell and 
form a gel around the edge). 

            
7. Śodhana:  Shall not be used in formulations without subjecting it to śodhana.  
 
 7.1     Śodhana:    [Rasa Tara¬ginī. 21/210] 
 
           Method: 

  Wash in sufficient quantity of purified water, filter through a clean cloth and   
             use for therapeutic purposes. 
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8. Kha°ikā has the following attributes:- 
 
 8.1. Properties and actions:   
  Rasa  - Tikta, Madhura  
   Gu´a  - Śīta 
   Vīrya  - Śīta 
   Vipāka - Madhura 

Karma - Pitta śāmaka, Vra´a ropa´a, Kapha-dāha-rakta-
do¾aghnī, Svedādisrāvahara 

 
 8.2 Therapeutic Uses of Śuddha Kha°ikā: Śotha (inflammation); Netra roga  

(diseases of eyes); Atīsāra (diarrhoea) 
 
 8.3    External use: Tvak roga (skin disease); Mukh-danta roga (disease of 

mouth and tooth) and Dāha (burning sensation)  
 
9. Dose:  ½ - 1 g of śuddha Kha°ikā for both internal & external use 
 

9.1. Anupāna:  To be taken along with cold water. 
 

10. Important Formulations: Daśana sa¼skāra cūr´a (for external) 
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MA³± ŪRA  
(Iron Slag) 

 
1. Definition : Ma´²ūra is a metallic oxide-cum-silicate of iron, generally 

having the composition Fe2SiO4 and commonly called Slag. 
 
2. Synonyms: 
 2.1 Sa¼sk ̈ta : Ki°°a, Lohamala, Loha Ki°°a 
 

2.2 Names in other Languages: 
English - Slag    

  Gujarati - Ma´²ūra   
  Hindi  - Ma´²ūra, Loha kī°a, Si¬gha´aka 
  Kannada - Loha kitta 
  Malayalam - Ierumbin Kittam 
  Marathi - Ma´²ūra 
  Tamil  -  Manturam, Irumbukittam (S.F.I.) 
  Telugu - Loha kittam 
  Urdu  - Khabus-ul-Hadeed, Zang-e-Aahan (N.F.U.M.) 
      
3. Broad Classification: Metallic oxide-cum-silicate  
 
4. Origin and occurrence: Man ²ūra is the by-product of the metallurgical process 

during extraction of Iron (Fe) and Copper (Cu) from their respective ores. It occurs 
as lumps, boulders or aggregates at the areas where smelting activity is carried out 
for the extraction of copper and iron. Iron is the main constituent of Man ²ūra 
followed by Silica with minor amounts of Cu, S, Pb, Zn, Ag, Cd and Au. 

  Man²ūra is known since ancient times in India and occurs in over 500 
years old slag dumps near village Singhana (Khetri), distt. Jhunjhunu (Rajasthan). 
Man²ūra of similar quality may occur at other places also in the country where 
smelting of copper ore was carried out in the past. 

 
5.  Physical Properties: (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 
  Nature : Rough lumpy masses, exhibiting voids        
 Colour : Black 
 Streak : Black  
 Cleavage : None 
 Fracture : Conchoidal 
 Lustre : Dull 
 Tenacity : Brittle but hard  
 Transparency : Opaque 
 Magnetism : Non-magnetic   
 Hardness : 6 to 6.5  
 Sp. Gr. : 3 to 3.8 
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6. Chemical properties: 
 

6.1 Assay:  
6.1.1 Man²ūra should contain not less than 30% Iron (Fe) when analysed 

by gravimetric method (Appendix-3.1.4). 
 
6.2.1 Man²ūra should contain not less than 30% Silica when analysed by 

gravimetric method (Appendix-3.1.3). 
       
6.1.3 Man²ūra should show not less than 80% fayalite (Fe2SiO4) when 

studied through XRD method (Appendix- 1.13).               
 
6.2   Heavy metals and Arsenic: Man ²ūra should not contain more than the 

stated limits for the following: - Arsenic = 6 ppm and Cadmium = 8 ppm 
(Appendix-3.2).          

 
6.3 Other Elements:  May contain the following within ± 20% of the stated 

limits:- Copper = 0.45%, Zinc = 50 ppm and Silver = 7 ppm (Appendix-
3.2).        

 
7. Śodhana : Man²ūra shall not be used in formulations without subjecting it to 

śodhana. 

8. Man²ūra is used in the form of bhasma, the details of which are given in the 
monograph of bhasma.   
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RAJATA 
(Silver metal) 

 
1. Definition:  Rajata (Ag) is a silver- white metal available in the form of ingots.  
 
2. Synonyms: 
 2.1 Sa¼sk ̈ta :  Candra, Raupya, Tāra, Rūpyaka, Rūpya, Rūpyamala  
   

2.2 Names in other Languages: 
  Bangali - Rūpā  
  English - Silver 
   Gujarati - Rūpum, Cāndī 
  Hindi  - Cāndī, Rūpā  
  Latin  - Argentum 
  Marathi - Cāndī, Rupe 
  Telugu - Vendi 
     
3. Broad Classification: Metal 

 
4. Origin and occurrence: Rajata occurs in nature in the free state, occasionally 

99% pure, but generally containing copper, gold and other metals. Native Rajata 
occurs in the earth's crust in two principal ways:  

 
(i) as small amounts in the oxidised zone of ore deposits and  
(ii) as deposits from hydrothermal solutions. It occurs with sulphides, zeolites, 

calcite, barite, fluorite and quartz. Native Rajata is much rare in occurrence 
than native Svar´a but is widely distributed in small amounts. In recent 
years, much of the total Rajata production has been obtained as by-product 
of gold refining. It is obtained from its ores mainly by amalgamation with 
mercury or by cyanidation if present in a finely divided state. If not finely 
divided, the ores are concentrated and smelted. But largely Rajata is 
derived from smelting of Lead, Zinc and Copper ores which are 
argentiferous. Pure Rajata may contain Svar´a (Au) up to 10% with trace 
amounts of Cu and sometimes Pt, Sb, Bi, As and Hg.  

 
   In India, there are no Rajata deposits as such. It is found associated mainly 

with lead and zinc and to some extent with copper and gold. All galena (lead ore) 
deposits of Zawar, Rajpura-Dariba, Deri-Basantgarh and Rampura-Aghucha in 
Rajasthan, Sargipalli in Orissa, Zangamarajupal, Bandalamotu and Nallakonda in 
Andhra Pradesh, Hesatu-Belhathan in Bihar and Pauri-Garhwal in Uttaranchal 
invariably contain Rajata. It is available in market in the form of ingots.   
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5. Physical properties: (Definition / explanation of technical terms and methods of  
      determination as given in Appendix –1). 

  
 Nature : Granular, nuggets and feather like dendrites 
 Colour : Silver white, turning greyish black due to  
   tarnishing 
  Streak : White           
 Cleavage : None 
 Fracture : Hackly  
 Lustre : Metallic 
 Tenacity : Sectile, ductile and malleable  
 Transparency : Opaque 
 Hardness : 2.5 to 3.0  
 Sp.Gr : 10.1 to 11.1 

                     
6. Chemical Properties:  

 
6.1 Reaction with Acids: Prepare solution of Rajata in nitric acid and add 

hydrochloric acid to it. A dense white curdy precipitate of silver chloride is 
produced. This precipitate is soluble in ammonia.  

 
6.2 Solubility: Soluble in nitric acid.   

 
 6.3 Assay: Rajata should contain not less than 98.5% Silver (Ag) when 

 analysed by A. A. S. (Appendix-3.2.1). 
  

 6.4 Heavy metals and Arsenic:  In Rajata Mercury, Lead, Arsenic and 
Cadmium should be absent.  

 
6.5 Other Elements:  May contain the following within ± 20% of the stated 

limits:-  Copper = 1.40 %, Sulphur = traces and Gold = 0.001% (Appendix-
3.1 & 3.2).        

 
7. Śodhana: Shall not be used in formulations without subjecting it to śodhana.  

 
8.  Rajata is used in the form of bhasma, the details of which are given in the 
 monograph of bhasma.  
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SĀMUDRA LAVA³A 
(Sea Salt) 

 
1. Definition: Sāmudra Lava´a is a halite mineral, described as Sea salt (NaCl). 
 
2. Synonyms: 
 2.1 Sa¼sk¨ta    : Sāmudra, Sāmudraka 
 
 2.2 Names in other Languages: 
  Bangali - Karakaca 
             English - Sea salt  
  Gujarati - Mī°hu 
  Hindi  - Pā¬gā, Pā¬gānona, Samudri Namak 
   Kannada - Hojatha 
  Marathi - Mī°ha   
  Tamil  - So¨¨uppu, Uppu (S.F.I.)  
  Telugu - Samudrapu Uppu 
   
3.  Broad Classification:  Halite  
 
4. Origin and occurrence: Sāmudra Lava´a is formed as extensive irregular beds 

due to evaporation of seawater in saltpans along seashores in India. Sāmudra 
Lava´a occurs in association with gypsum, poly halite, anhydrite, clay, sand stone 
and calcite etc. in these pans. Some commercial saltpans, known as source of 
Sāmudra Lava´a in India, are Thuthukkudi (Tuticorin) in Tamilnadu, Cambay in 
Gujarat and Sambar Lake in Rajasthan. 

 
6. Physical properties:  (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 
 Nature :  Crystalline coarse grained aggregates 
 Colour : White / off white                 
 Streak :  None       
 Cleavage :  Perfect cubic         
 Fracture :  Conchoidal         
 Lustre   :  Vitreous         
 Tenacity :   Brittle                          
 Transparency :  Transparent                  
 Hardness :  2.5                 
 Sp. Gr. :  1.98 to 2.2                  
 Taste :  Salty 
 
7. Optical properties:  
 

       Isotropic with R.I.  1.540 to 1.544 (Appendix-2) 
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7. Chemical Properties: 
  
 7.1 Effect of Heat:  

7.1.1 Take a crystal of Sāmudra Lava´a on a porcelain plate. Blow a 
burner flame through blowpipe over the Lava´a. The colour of the 
flame becomes deep yellow indicating the presence of sodium. 

 
7.1.2 When heated through blowpipe, Sāmudra Lava´a crackles and 

decrepitates and on addition of copper oxide to it, gives the usual 
blue chlorine flame (Appendix-3.4.3). 

 
7.2 Reaction with silver nitrate:  Take 5 g Sāmudra Lava´a and dissolve it in 

purified water. Add a freshly prepared 5% w/v solution of silver nitrate 
(AgNO3) in purified water, drop by drop, to this Lava´a solution. A white 
precipitate of silver chloride (AgCl) forms. 

  
7.3  Assay:  

7.3.1 Sāmudra Lava´a should contain not less than 35% Sodium (Na) 
when analysed by flame photometry (Appendix-3.2.13).  

          
7.3.2 Sāmudra Lava´a should contain not less than 58% Chlorine (Cl) 

(Appendix-3.1.10). 
 

7.4  Heavy metals and Arsenic:  Sāmudra Lava´a should not contain more 
than the stated limits for the following: - Lead = 12 ppm, Arsenic = 4 ppm 
and Cadmium = 4 ppm (Appendix-3.2).  

 
8.  Sāmudra Lava´a has the followng attributes: 
 
          8.1   Properties and Actions:  
         Rasa  - Lava´a 
          Gu´a  - Snigdha, Laghu, U¾´a  
          Vīrya  - Nāti U¾´a / Nāti Śītala  
          Vipāka - Madhura 

Karma -  Vāta-hara, H¨dya, Bhedī, Rucikara, Dīpana, 
Kaphahara, Śūlaghna, Avidāhī, Ī¾at Pittala, Snehana, 
Pācana, Kledana, Balya 

 
8.2 Therapeutic Uses: Ajīr´a (dyspepsia), Śo¾a (cachexia), Jīr´a carma roga 

(chronic skin diseases), Galaga´²a (goiter), Pā´²u (anaemia), Pratiśyāya 
(coryza) 

 
9. Dose - According to formulation 
  

10. Important Formulations: Lava´a Bhāskara cūr´a, Sāmudrādya cūr´a, Nārāya´a 
 cūr´a, Mahāśa¬kha va°ī, Kalyānaka gu²a    
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SAUVĪRĀ¿JANA    
 (Lead Ore) 

 
1. Definition:  Sauvīrā®jana is a lead ore containing galena (PbS) mineral.  
   
2. Synonyms: 
 2.1 Sa¼sk¨ta : Nīlā®jana, K¨¾´ā®jana 
 
 2.2 Names in other Languages:  
 Bangali - Suramā 
 English - Galena, Lead ore 
 Gujarati - Suramo 
 Hindi - Suramā, Kālā Suramā 
 Marathi - Suramā 
 Tamil - Vangam (S.F.I.) 
 Telugu - Sauvirā®janamu, Surmā rayi 
 Urdu - Surmah Siyah, Kohal Isphahani, Sang-e-surma (N.F.U.M.) 
 
      3. Broad Classification: Sulphide  
 

4. Origin and occurrence: Sauvīrā®jana occurs in metamorphic as well as 
sedimentary rocks in the form of disseminations, veins or lodes. It occurs mostly in 
pure cubic crystal form and also in ore form associated with rock mass. 
Sauvīrā®jana invariably occurs in association with sphalerite (ZnS), their host rock 
generally being limestone, dolomite and other calc-magnesium rich rocks. 
Chalcopyrite and pyrite may co-occur in small amount. Silver in minor quantity is 
always associated. Trace amount of Arsenic, Iron, Cadmium, Gold, Bismuth and 
Antimony is also reported in Sauvīrā®jana. 

 
In India, Sauvīrā®jana occurs mostly at Zawar, Aghucha, Rajpura-Dariba, 

Deri - Basanthgarh and Gugra in Rajasthan, Bandalamottu and Zangamarajupal in 
Andhra Pradesh, Ambaji in Gujarat, Sargipalli in Orissa and Gorubathan in West 
Bengal. Mining of Sauvīrā®jana from most of these areas is carried out by 
Hindustan Zinc Limited (A unit of Vedanta), producing more than 90% lead ore in 
the country.   

 
5. Physical Properties: (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 

 Nature : Usually lumps and heavy cubic crystals  
 Colour : Grey 
 Streak : Grey 
 Cleavage : Cubic  
 Fracture : Even 
  Lustre : Metallic 
 Tenacity : Brittle 
 Transparency : Opaque 
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 Hardness : 2 to 3 
  Sp. Gr. : 7 to 8 
 
6.  Chemical properties:  
 
 6.1 Charcoal Test: When heated on charcoal through blow pipe, Sauvīrā®jana 

fuses easily, emits sulphurous fumes and on continued heating yields a 
globule of metallic lead (Appendix-3.4.4). 

 
6.2 Effect of Acids:  

6.2.1 Take about 5 g of finely powdered (150 mesh) Sauvīrā®jana in a 
test tube. Add 10 ml dilute nitric acid and heat. It evolves brownish 
fumes.   

 
 6.2.2 Take about 5 g finely powdered (150 mesh) Sauvīrā®jana in a test 

tube. Add 10 ml dilute hydrochloric acid and heat. It evolves 
hydrogen sulphide (H2S) gas, as detected by its odour of rotten 
eggs.   

 
6.3 Assay:   

6.3.1 Sauvīrā®jana in ore form should contain not less than 50% Lead 
(Pb) when analysed by A. A. S. (Appendix-3.2.2).       

 
6.3.2 Sauvīrā®jana in ore form should contain not less than 10% Sulphur 

when analysed by gravimetric method (Appendix-3.1.8). 
 
6.3.3 Sauvīrā®jana in ore form should contain not less than 500 ppm 

Silver (Ag) when analysed by A. A. S. (Appendix-3.2.1). 
 
6.4 Heavy metals and Arsenic: Sauvīrā®jana in ore form should not contain 

more than the stated limits for the following: - Arsenic = 2 ppm and 
Cadmium = 22 ppm (Appendix-3.2).          

 
6.5 Other Elements: Sauvīrā®jana in ore form may contain the following 

within ± 20% of the stated limits:-  Copper = 70 ppm, Gold = 0.10 ppm and 
Zinc = 20 ppm (Appendix-3.1 & 3.2). 

 
7.      Distinction from Śrotonjana: Cubic cleavage, greater Sp.Gravity and darker 

colour of Sauvīrā®jana distinguish it from Śroto®jana (Sb2S3).   
 
8.    Śodhana: Shall not be used in formulations without subjecting it to śodhana. 

 
 8.1     Śodhana:             [ Ref: AFI-Part-1; Appendix-II,  Śodhana-3] 
 

  i) A®jana    : 1 part 
  ii) Bh¨¬garāja drava (Pl.)  : Q.S. for mardana 
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  Method: 
Powder the A®jana, add quantity sufficient bh¨¬garāja drava (svarasa) and 
grind till the contents get dried completely. 

 
9. Sauvīrā®jana has the following attributes:- 
 
 9.1 Properties and Actions: 
  Rasa  - Tikta, Ka¾āya, Ka°u  
   Gu´a  - Snigdha 
  Vīrya  - Śīta 
   Vipāka - Madhura 
   Karma - Grāhī, Vra´a Śodhana, Ropa´a, Rajorodhaka 
       

9.2 Therapeutic Uses  
 

9.2.1. Śuddha Sauvīrā®jana (External): Netra Roga (diseases of eye) 
 
9.2.2. Bhasma of Sauvīrā®jana: Raktapitta (bleeding disorder); vi¾a do¾a 

(disorders due to poison); Hikkā (hiccup); rajorodha (obstruction of 
menstrual flow); Raktapradara* (menorrhagia or metrorrhagia or both) 

 
10. Dose: 60-125 mg of the bhasma 
 

*Precaution: It should not be used for more than three days in Raktapradara. 
 
11. Important Formulations: Irimedādi taila (for external use), Nayanām¨tā®jana (for     
            external use). 
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SVAR³A 
(Gold metal) 

 
1. Definition: Svar´a (Au) is a yellow metal available in the form of ingots. 
 
2. Synonyms: 
 2.1 Sa¼sk¨ta :  Hā°aka, Hema, Kanaka, Suvar´a, Hira´ya, Ka®cana 
 
 2.2 Names in other Languages: 
  Bangali - Sonā  
  English - Gold 
   Gujarati - Sonu 
  Hindi  - Sonā  
  Latin  - Aurum    
  Marathi - Sone   
  Telugu - Bangāram 
    
3. Broad Classification: Metal 
 

4. Origin and occurrence: Svar´a is present in the earth's crust and in sea water to 
the extent of about 4 parts in a hundred million. Most of the Svar´a that occurs in 
the earth's crust is in the native state. It occurs in 2 types of deposits; (i) in 
hydrothermal veins and (ii) in placers. Svar´a of hydrothermal origin occurs 
mostly in quartz veins, commonly with pyrite and other sulphides, and gold-silver 
telluride. The primary deposits of Svar´a occur in intrusive rocks having 
composition of diorite, quartz-diorite and granites and their metamorphic 
equivalents. Placers of Svar´a occur as rounded or flattened grains and nuggets, in 
many cases in association with other heavy and resistant minerals. Large quantity 
of Svar´a is obtained from sulphides, with which it is probably mechanically 
mixed.  

 
  Svar´a occurs very widely diffused in nature, chiefly in the free state, but 

invariably alloyed with some proportion of Rajata or Tamra, and occasionally with 
bismuth, mercury and other metals. Native Svar´a has been known to contain as 
much as 99.80% gold (Au), but commonly contains 85-95% Au, the balance being 
usually silver for the most part. The name electrum is applied to natural Gold with 
20% or more Silver.    

 
  The purity or fineness of Svar´a is expressed in carats or parts per thousand 

(1000). Gold containing 999.9 parts per thousand (i.e. 99.99 % Au) is termed as 24 
carat Gold. The 22 carat Gold (the standard for Gold coin and jewellary) contains 
916.6 parts of gold and 83.4 parts of copper in thousand. That means, 22 carat 
Gold contains 91.66 % Au and 8.34 % Cu. 

 
   In India, the deposits of primary Svar´a occur mainly in Hassan and 

Chitradurga districts in Karnataka, Chigargunta (Chittor district) in Andhra Pradesh 
and Kozhikode and Cannore districts in Kerala. Occurrences of Svar´a have 
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recently been discovered in the states of Rajasthan and Madhya Pradesh. Main 
producer of Svar´a in country today are Hutti Gold Mines Co. Ltd. (HGML) and 
Hindustan Copper Ltd. (HCL) as by-product. It is available in market in the form of 
ingots.  

 
5. Physical properties: (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
  
 Nature : Granular, dendrites and nuggets 
 Colour : Golden yellow 
  Streak : Bright yellow           
 Cleavage : None 
 Fracture : Hackly  
 Lustre : Metallic 
 Tenacity : Very malleable and ductile 
 Transparency : Opaque 
    Hardness      : 2.5 to 3.0 (readily scratched by knife) 

 Sp.Gr. : 19.30; varies from 15.6 to 18.3 when contains 
alloying elements like Silver or Copper   

 
6. Chemical Properties: 

  
6.1 Solubility: Insoluble in any single acid (hydrochloric acid, sulphuric acid 

or nitric acid) but soluble in aqua-regia (HNO3: HCl, 1:3)  
 
 6.2 Assay: Svar´a should contain not less than 99.99% Gold (Au) when 

 analysed by Atomic Absorption Spectorometer (Appendix-3.2.6 & 3.2.10). 
     

6.3  Heavy metals and Arsenic: In Svar´a Mercury, Lead, Arsenic and 
 Cadmium should be absent.  

 
7. Distinction from Svar´amāk¾ika and Vimala 

 
7.1 Svar´amāk¾ika and Vimala both are brittle and soluble in nitric acid which 

is not in the case of Svar´a.  
 

7.2 Vimala  has higher hardness (6-6.5) compared to other two.  
 

7.3 The streak of Svar´a is yellow while Svar´amāk¾ika gives greenish black 
streak.  

  
8. Śodhana: Shall not be used in formulations without subjecting it to śodhana.  

  
9. Svar´a is used in the form of bhasma, the details of which are given in the 
 monograph of bhasma. 
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SVAR³AMĀK½IKA 
(Copper Ore) 

 
1. Definition:  Svar´amāk¾ika is a copper ore containing Chalcopyrite (CuFeS2)  

mineral. 
 

2. Synonyms: 
 2.1 Sa¼sk¨ta   :  Dhātumāk¾ika, Māk¾ika, Hemamāk¾ika, Tāpya 
 

2.2 Names in other Languages:  
English           -  Chalcopyrite, Copper ore  

  Gujarati - Māksīka, Sonāmākhī 
  Hindi - Sonāmākhī, Sonāmakkhi, 
  Kannada - Dhātumaksika 
  Malayalam - Makkirakallu 
  Marathi - Daga²ī, Sonāmukhī  
  Tamil - Ponnimilai (S.F.I.)   
  Telugu - Māksīkamu, Svar´amakhi 
  Urdu - Miss Sokhta (N.F.U.M.) 
 
3.      Broad classification: Sulphide  
 
4. Origin and occurrence: Svar´amāk¾ika, in ore form, occurs mainly in 

metamorphic rocks of pre-cambrian age. Occurrence of 100% pure Svar´amāk¾ika 
in abundance is not common because it is always associated with host rock in the 
form of disseminations, streaks, stringers, patches, veins or lodes as fracture and 
cleavage fillings. Svar´amāk¾ika generally occurs in association with pyrrhotite, 
pyrite, sphalerite and galena minerals. Gold, Silver, Arsenic, Nickel and Cobalt in 
trace amounts, are always present in Svar´amāk¾ika. 

 

  In India, large deposits of Svar´amāk¾ika occur mainly in Khetri, Distt. 
Jhunjhunu in Rajasthan, Malanjkhand, Distt. Balagaht in Madhya Pradesh and 
Ghatsheela, Distt. Singhbhum in Jharkhand. Mining of Svar´amāk¾ika from these 
3 areas is carried out by Hindustan Copper Limited (A Govt. of India Enterprise). 
More than 90% production of this ore in the country comes from these areas only. 
Small deposits, however, occur in Chitradurga and Hassan in Karnataka, Kurnool 
and Guntur in Andhra Pradesh and Rangpo in Sikkim.  

 
5.  Physical Properties: (Definition / explanation of technical terms and methods of 

determination as given in Appendix 1).   
 

 Nature :  Massive, smooth  
 Colour :  Golden yellow  
 Streak :  Greenish black  
 Fracture :  Uneven 
 Lustre :  Metallic 
 Tenacity :  Brittle  
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 Transparency :  Opaque 
 Hardness :  3 to 4 
 Sp.Gr :  3.4 to 3.7   

 
6.  Chemical Properties: 
 

6.1  Charcoal Test: When heated on charcoal, a fragment of Svar´amāk¾ika 
fuses to a black mass without swelling which is strongly magnetic, as felt 
by a horse-shoe magnet (Appendix-3.4.4). 

 
6.2  Reaction with Acid: Take nitric acid in a test tube. Heat to boil for 5 

minutes and cool to room temperature. Take 1 g of finely powdered sample 
in a dry test tube, add 10 ml of the nitric acid to it and heat. The solution 
becomes bluish black. 

 
6.3    Assay:  

6.3.1 Svar´amāk¾ika in ore form should contain not less than 5% Copper 
(Cu) (Appendix-3.1.9 & 3.2.2). 

 
6.3.2 Svar´amāk¾ika in ore form should contain not less than 20% Iron 

and 12% Sulphur when analysed by gravimetric method (Appendix-
3.1).     

          
          6.4    Heavy metals and Arsenic: Svar´amākşika in ore form should contain not 

more than the stated limits for the following: - Lead = 70 ppm, Arsenic = 1 
ppm and Cadmium = 3 ppm (Appendix-3.2).  

 
6.5  Other Elements:  Svar´amāk¾ika in ore form may contain the following 

within ± 20% of the stated limits:- Gold = 0.70 ppm, Silver = 48 ppm and 
Zinc = 800 ppm (Appendix-3.1 & 3.2). 

 
7.  Distinction from Vimala 
 

7.1  Golden yellow colour and softer than Vimala (pyrite), which has hardness 6-
6.5. 

  
7.2   Svar´amāk¾ika: greenish black streak, Vimala: brownish black streak 

 
7.3   Copper content in Vimala is negligible. 

 
8. Śodhana: Shall not be used in formulations without subjecting it to śodhana. 

 
9.  Svar´amāk¾ika is used in the form of bhasma, the details of which are given in the 

monograph of bhasma. 
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SVAR³AMĀK½IKA -S¡NDRITA 
(Copper Concentrate) 

 
1. Definition: Svar´amāk¾ika-Sāndrita is a copper concentrate containing 

Chalcopyrite (CuFeS2) mineral with minimum 12 % copper content.  
(Svar´amāk¾ika-Sāndrita, herein after, is referred as Sāndrita 
Svar´amāk¾ika in the rest of the monograph). 

 
2.      Broad classification: Sulphide  
 
3.    Origin and occurrence: There is no natural occurrence of Sāndrita Svar´amāk¾ika 

in India or in the world. It is a processed material in the form of fine powder. 
Beneficiation is done by crushing and grinding of Svar´amāk¾ika and subjecting its 
slurry to froth floation. It is important to note that even after processing, it retains its 
overall mineralogy as well as other properties. The only difference is increase in 
copper content to more than 12 %. There is a little increase in the content of other 
major ingredients also. Like Svar´amāk¾ika, it also contains trace but comparatively 
higher amount of Gold, Silver, Arsenic, Lead, Zinc, Nickel and Cobalt. 

 
   In India, large quantity of Sāndrita Svar´amāk¾ika is produced by 

Hindusthan Copper Limited at Khetri in Rajasthan, Malanjkhand in Madhya pradesh 
& Ghatsheela in Jharkhand.  

 
 3.1     Preparation of Sandrit Svar´amāk¾ika: 
   

 The Sāndrita Svar´amāk¾ika is produced by crushing and grinding of 
Svar´amāk¾ika ore lumps to 200 mesh size powder. Substantial amount of 
water (@ 2.5 M3 per tonne of ore ground) is added during grinding of 
copper ore to make the material a slurry. This slurry is subjected to froth 
floation process, during which pine oil (@ 28 g per tonne of ore ground) 
and sodium ethyl xanthate (@ 35 g per tonne of ore ground) are added to 
the flotation cells. The pine oil acts as frother whereas sodium ethyl 
xanthate as collector. This process enriches the copper content of the slurry 
just by discarding the gangue material from it. The enriched slurry, which 
comes out of floatation cells as froth, is dried through hot air driers. The 
dried fine powder of 200 mesh size is termed as Concentrate and the 
process is called beneficiation. The minor amount of pine oil and sodium 
ethyl xanthate, which was added during floatation process, will totally go 
away during further processing (i.e. śodhana) by the pharmacies. Hence, 
the material, which remains after śodhana, will be nothing but Sāndrita 
Svar´amāk¾ika containing higher content of its ingredients. 
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4.  Physical Properties: (Definition / explanation of technical terms and methods of 
determination as given in Appendix 1).  

  
 Nature :  Fine powder  
 Colour :  Greenish black with yellow tinch  
 Lustre :  Dull-metallic 
 Sp.Gr :  3.8 to 4.1   

 
5.  Chemical Properties: 
 

5.1  Charcoal Test: When heated on charcoal, Sāndrita Svar´amāk¾ika fuses to 
a black mass which is strongly magnetic, as felt by a horse-shoe magnet 
(Appendix-3.4.4). 

 
5.2  Reaction with Acid: Take nitric acid in a test tube. Heat to boil for 5 

minutes and cool to room temperature. Take 1 g powder of Sāndrita 
Svar´amāk¾ika in a dry test tube, add 10 ml of the nitric acid to it and heat. 
The solution becomes bluish black. 

 
5.3    Assay:  

5.3.1 Sāndrita Svar´amāk¾ika should contain not less than 12% Copper 
(Cu) (Appendix-3.1.9 & 3.2.2).              

 
5.3.2 Sāndrita Svar´amāk¾ika should contain not less than 25% Iron and 

28% Sulphur when analysed by gravimetric method (Appendix-
3.1).   

          
5.4  Heavy metals and Arsenic: Sāndrita Svar´amāk¾ika should contain not 

more than the stated limits for the following: Arsenic = 100 ppm and 
Cadmium = 5 ppm (Appendix – 3.2).  

 
5.5  Other Elements: Sāndrita Svar´amāk¾ika may contain the following 

within ± 20% of the stated limits:- Gold = 0.40 ppm, Silver = 50 ppm and 
Zinc = 0.20% (Appendix-3.1 & 3.2). 

 
6.    Śodhana: Shall not be used in formulations without subjecting it to śodhana. 

 
7.  Sāndrita Svar´amāk¾ika is used in the form of bhasma, the details of which are 

given in the monograph of bhasma. 
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TĀMRA 
(Copper Metal) 

 
1. Definition: Tāmra is the end product of the metallurgical process of Copper ore. It 

is available in the form of wires, sheets or rods of Copper which is 
produced by an electrolytic process. 

 
2. Synonyms: 

2.1 Sa¼sk¨ta   :  Śulvaka, Śulva, Sūrya, Sūryasakhā,Tāmraka, Ravi 
 

 2.2 Names in other Languages: 
  Bangali  - Tāmā 
  English - Copper 
  Gujarati - Trāmbu, Tāmbu 
  Hindi - Tāmbā 
  Kannada - Tāmbra 
  Latin - Cuprum 
  Malayalam - Chembu 
  Marathi - Tāmbe   
  Tamil - Chempu (S.F.I.)   
  Telugu - Rāgi 
  Urdu - Nuhas, Miss, Tāmba (N.F.U.M.) 
 
3. Broad Classification: Metal 
 
4. Origin and occurrence: Tāmra, in native form, occurs as irregular platy dendrites, 

crystals and compact mass and is most commonly associated with basic extrusive 
igneous rocks. Such occurrences are very limited. Electrolytically refined Tāmra is 
produced mainly in smelter/ refinery plants at Khetri in Rajasthan and 
Maubhandar-Ghatsheela in Jharkhand, where Copper ore occurs in abundance. 
Native Tāmra is comparatively less pure than electrolytically refined Copper, 
which contains 99.50% to 100% Cu. 

   
Native Tāmra as well as electrolytically refined Copper generally contain 

trace amounts of Gold, Silver, Zinc, Arsenic, Iron, Bismuth and Antimony.   
 

5.  Physical properties: (Definition / explanation of technical terms and methods of 
determination as given in Appendix –1). 

 
 Nature : Plates, wires or rods; can be bent by hand   
 Colour : Copper red 
  Streak : Copper red           
 Cleavage : None 
 Fracture : Hackly  
 Lustre : Metallic 
 Tenacity : Malleable  
 Transparency : Opaque 
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 Hardness : 2.5 to 3.0 
 Sp. Gr. : 8 to 9  
  

6. Chemical Properties: 
 
6.1 Reaction with acids: Take about 5 g of finely powdered (150 mesh) Tāmra 

in a borosil test tube. Add 10 ml nitric acid. It gets completely dissolved in 
the acid giving a blue solution. Add an excess of ammonia to this blue 
solution. The colour of solution changes to deep azure blue. 

  
 6.2 Assay: Tāmra should contain not less than 99.5% Copper (Cu) 

 (Appendix-3.1.9 & 3.2.2).              
     
 6.3 Heavy metals and Arsenic: Tāmra should not contain more than the stated 

limits for the following: - Lead = 5 ppm, Arsenic = 1 ppm and Cadmium = 
5 ppm (Appendix-3.2).  

 
6.4 Other Elements:  May contain the following within ± 20% of the stated 

limits:- Zinc = 25 ppm, Silver = 10 ppm and Gold = 135 ppb (Appendix-
3.1 & 3.2).    

 
7. Śodhana: Shall not be used in formulations without subjecting it to śodhana. 

 
8.  Tāmra is used in the form of bhasma, the details of which are given in the 

monograph of bhasma. 
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¯A«KA³A 
(Borax) 

 
1. Definition: ¯a¬ka´a is Borax mineral (Na2B4O7, 10 H2O), also known as Tincal.  
 
2. Synonyms: 
 2.1 Sa¼sk¨ta    : ¯a¬ka´aka, ¯a¬ga, ¯a¬ka, Saubhāgya  
 
 2.2 Names in other Languages: 
  Bangali - Sohāgā 
  English - Borax, Tincal  
   Gujarati - Ta¬kana Khāra, Khadiyo Khāra 
  Hindi  - Suhāgā 
  Kannad - Biligāra, Belgār  
  Malayalam - Pongaaram 
  Marathi - Ta¬ka´a Khāra 
  Punjabi - Sohāgā  
  Tamil  - Venkaram (S.F.I.) 
  Telugu - Veligāram  
  Urdu  - Tankar, Suhaga (N.F.U.M.)  
 
3.  Broad Classification:  Borax (Sodium borate)  
 
4. Origin and occurrence: ¯a¬ka´a occurs as deposits from volcanic emanations 

(fumaroles), hot springs and in dried up shallow basins (Playa) or saline lakes. It 
occurs mostly in the waters of various saline lakes in the salt deposits that have 
been formed through evaporation of such lakes. The origin of ¯a¬ka´a involves 
simple concentration and evaporation, which is accompanied by some chemical 
and mineralogical transformations to give rise to ¯a¬ka´a (borax). An evaporite 
mineral, it occurs associated with halites, sulphates, carbonates and other borates 
like ulexite and colemanite. 

 
Economically workable deposits of ¯a¬ka´a are not yet discovered in India, 

and the domestic need is met by imports of crude borates, which are refined to 
produce ¯a¬ka´a and boric acid. Small quantity of ¯a¬ka´a, since early times, 
however, was being obtained from salt lakes in Leh district of Jammu and Kashmir 
and Tibet, where it occurs today also. Non-exploitable occurrences of ¯a¬ka´a are 
known in Surendranagar district in Gujarat and Jaipur and Nagaur districts in 
Rajasthan. 

 
5.  Physical properties      :  (Definition / explanation of technical terms and methods 

of determination as given in Appendix –1).  
 

 Nature :  Crystalline lumps               
 Colour :  White                 
 Streak :  White       
 Cleavage :  Poor        
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 Fracture :  Conchoidal        
 Lustre   :  Vitreous        
 Tenacity :  Brittle                         
 Transparency :  Translucent                    
   Hardness :  2 to 2.5               
 Sp. Gr. :  1.65 to 1.7                
 Taste :  Sweetish alkaline 
 
6.  Optical properties. 
   Biaxial, Negative, with ηα, 1.447, ηβ, 1.469 and ηγ, 1.472 (Appendix-2) 
 
7.  Chemical Properties: 
 
 7.1  Effect of Heat:  
 

7.1.1  Heated on a burner flame using blowpipe, ¯a¬ka´a bubbles up and 
fuses to a clear glassy bead. 

 
7.1.2 It colours the flame yellow due to sodium and when moistened with 

sulphuric acid and alcohol, gives a green flame due to boron 
(Appendix-3.4.3). 

 
7.2  Reaction with acids: 
 

7.2.1 With hydrochloric acid - gives yellow colour solution in cold 
condition and on boiling dissolves completely. 

 
7.2.2  With sulphuric acid - gives colourless solution in cold condition and 

on boiling dissolves completely. 
 
7.3  Solubility in water: ¯a¬ka´a is completely soluble in purified water 

producing an alkaline solution as tested by a red litmus paper turning blue. 
 

 7.4  Assay: 
 

7.4.1 ¯a¬ka´a should contain not less than 35% B2O3 (Boron trioxide) 
(Appendix-3.2.14). 

 
7.4.2 ¯a¬ka´a should contain not less than 15% Sodium (Na) (Appendix-

3.2.13). 
  
7.5  Heavy metals and Arsenic: ¯a¬ka´a should not contain more than the 

stated limits for the following: - Arsenic = 5 ppm and Cadmium = 4 ppm 
(Appendix-3.2). 

       
8. Śodhana:  Shall not be used in formulations without subjecting it to śodhana. 
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 8.1     Śodhana:        [Ref: AFI-Part-I; Appendix-II, Śodhana-19] 
 
  Method: 
  Prepare coarse powder of ¯a¬ka´a and fry over heat source, collect when 

completely dehydrated. 
 
9. ¯a¬ka´a has the following attributes: 
 
 9.1 Properties and Actions:  
  Rasa  - Ka°u  
  Gun a  - Rūk¾a, U¾´a, Tīk¾´a, Sāraka  
   Vīrya  - U¾´a 
   Vipāka - Ka°u 
   Karma - H¨dya, Balya, Sāraka, Kapha nissāraka, Dīpana, 
     Strī pu¾pajanana, Mū²hagarbhapravartaka  
       
          9.2 Therapeutic Uses: Kāsa (cough); Śvāsa (Asthma); Vāta roga (diseases due 

to Vāta do¾a); Sthāvara vi¾a (poisoning by plant or mineral); Ādhmāna 
(flatulence with gurgling sound); Vra´a (wound/ulcer)  

 
10. Dose:  125 - 250 mg 

  
     11.   Important Formulations: Ānandabhairava rasa, Candrām¨ta rasa, Icchābhed¤ rasa, 

Saubhāgya va°ī, Tribhuvanakīrti rasa. 
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TUTTHA 
(Copper Sulphate) 

 
1. Definition: Tuttha is copper sulphate (Cu SO4, 5H2O), also known as blue vitriol, 

copper vitriol, blue stone or chalcanthite mineral. 
   

2. Synonyms: 
 2.1 Sa¼sk¨ta     : Tutthaka  
 
 2.2 Names in other Languages: 
  Bangali - Tunte, Tuntiyā 
  English - Copper Sulphate, Blue vitriol  
   Gujarati - Morathuthu 
  Hindi  - Nīlā Thothā, Tūtiā 
  Kannada - Mayuruthutha 
  Malayalam - Mayilthuththam 
  Marathi - Moracūda 
  Tamil  - Mayil thuththam, Turken (S.F.I.) 
  Telugu - Mailu tuttham, Melatutu 
  Urdu  - Tutia, Kabood (N.F.U.M.)  
 
3. Broad Classification:  Hydrous cupric sulphate  
 
4. Origin and occurrence: Tuttha occurs with other hydrated sulphates of copper 

and iron in the oxidized form near surface zones of copper sulphide ore deposits. It 
is found generally deposited with mine purified waters, often on the walls of 
abandoned mine workings. Also, it is found in the zones of weathering of Copper 
lodes.  

 
  In India, natural occurrence of Tuttha, in abundance, is uncommon. A little 

amount of Tuttha can be seen near copper mines in Rajasthan, Madhya Pradesh 
and Jharkhand. Mostly, commercially manufactured Tuttha as a chemical is used 
for Ayurvedic formulations in the country.  

 
5.  Physical properties:  (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 
 Nature :  Crystalline lumps               
 Colour :  Berlin or sky blue                 
 Streak :  Colourless       
 Cleavage :  Poor        
 Fracture :  Conchoidal        
 Lustre   :  Vitreous        
 Tenacity :  Brittle                         
 Transparency :  Translucent                     
 Hardness :  2 to 2.5               
 Sp. Gr. :  2.12 to 2.30 
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6.  Chemical Properties: 
       
 6.1  Effect of Heat:  

6.1.1 On heating, partially evaporates giving brownish mass. 
 
6.1.2 Heating with sodium carbonate (Na2CO3) gives black fused mass. 

 
6.1.3 Heat on charcoal with sodium carbonate (Na2CO3) and carbon, it 

yields metallic copper as observed by its copper red colour.  
 
6.1.4 Heat in closed tube, Tuttha gives off water, observed as droplets on 

the upper internal wall of the tube (Appendix-3.4.5). 
  

6.2  Solubility in purified water: Take about 10 g accurately weighed fine (150 
mesh) powder of Tuttha in 250 ml beaker. Add 50 ml purified water to it. 
Stir the solution till Tuttha powder stops dissolving. Put the beaker in sun 
light till the solution gets completely dried up. Weigh the residue, if any. It 
should not be more than 10% of the initial weight of the sample.That is, 
solubility of Tuttha in purified water should not be less than 90%.   

 
6.3 Assay: Tuttha should contain not less than 20% Copper (Appendix-
 3.1.9 & 3.2.2). 

        
6.4 Tuttha should contain not less than 15% Sulphur and not less than 50% SO4 

(Appendix-3.1 & 3.3). 
         
 6.5  Heavy metals and Arsenic:  Tuttha should not contain more than the 

stated limits for the following: - Lead = 226 ppm, Arsenic = 4 ppm and 
Cadmium = 97 ppm (Appendix-3.2).        

 
6.6      Other elements: May contain the following within ± 20% of the stated 

 limits:- Iron 4 % when analysed by gravimetric method (Appendix-3.1.4). 
 

7. Śodhana - Shall not be used in formulations without subjecting it to śodhana.  
 

7.1     Śodhana:   [Ref: AFI-Part-I; Appendix-II, Śodhana-21] 
 
  i) Tuttha  :  1 Part 
  ii) Rakta Candana kvātha    [Ht.Wd] :  Q.S. for bhāvanā 
  iii) Ma®ji¾°hā kvātha [Rt.] :  Q.S. for bhāvanā 
  iv) Varā [Triphalā] kvātha   [P.] :  Q.S. for bhāvanā 
 
  Method: 

 Powder Tuttha, add quantity sufficient Rakta Candana Kvātha and grind 
till complete moisture gets evaporated. Repeat the process for seven times. 
The process of levigation is to be repeated in all other liquid media i.e. 
Ma®ji¾°hā Kvātha and Varā Kvātha individually for seven times each.  
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8. Tuttha has the following attributes: 
 

 Properties and Actions:  
 
          Rasa  - Ka°u, Ka¾āya, Madhura  
          Gu´a  - Laghu, Sara  
          Vīrya  - U¾´a, Śīta 
          Vipāka  - Ka°u  

Karma  -  Kaphapittahara, Lekhana, Bhedana, Balya,      
 Trido¾aghna, Rasāyana, Rucikara, Vāmaka, Var´ya,  
 Garavi¾ahara, Śūlaghna, Cak¾u¾ya, Aśmarīhara,  
 Ka´²ūghna, K¾ārakarmakara, Arśoghna, K¨mighna 

 
 8.2. Therapeutic Uses: K¨mi (helminthiasis/worm infestation); Prameha 

(increased frequency and turbidity of urine); Medoroga (obesity); Śūla 
(pain/colic); Ku¾°ha (diseases of the skin); Śvāsa (Asthma); Amlapitta 
(hyperacidity); Tvak roga (skin disease); Śvitra (Leucoderma /Vitiligo); 
Arśa (piles); Vra´a (ulcer/wound); Nā²ī Vra´a (sinus); Netra roga (diseases 
of  eyes); Du¾°a vra´a  (non-healing ulcer)  

 
9. Dose: 15 - 30 mg  
 
10. Important Formulations: Jātyādi taila, Nityānanda rasa, Jātyādi gh¨ta, Mahā 

vi¾agarbha taila, Kāsīsādi gh¨ta  
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VAIKRĀNTA 
(Tourmaline) 

 
1. Definition: Vaikrānta is Tourmaline, sodium aluminium borosilicate of the 

formula [(Ca, Na)X(Mg, Al6)X{B3 Al2 Si6X(O,OH)30}] 
   
2. Synonyms: 
 2.1 Names in other Languages: 
  Bangali - Cūniviśe¾a 
  English - Tourmaline 
   Gujarati - Taramari 
  Hindi  - Turamuri 
  Marathi - Turamali, Toramali  
  Telugu - Vaikrantamu 
   
3.  Broad Classification: Complex ring silicate of boron and aluminium.  
 
4. Origin and occurrence: Vaikrānta occurs in granite pegatites, commonly in radial 

crystal form. It also occurs in metamorphic rocks, mostly in schists and gneisses. 
Vaikrānta is a common detrital heavy mineral in sedimentary rocks. Vaikrānta is a 
wide spread mineral and used also as a Gemstone.  

 
  In India, it occurs in igneous and metamorphic terrains of Rajasthan, 

Jharkhand, Bihar and Karnataka. In Rajasthan, it mainly occurs in Udaipur, 
Bhilwara, Ajmer and Rajsamand districts. Vaikranta may be found associated with 
topaz, spodumene, cassiterite, fluorite and apatite.  

 
5. Physical properties:  (Definition / explanation of technical terms and methods of 

determination as given in Appendix –1). 
 
 Nature :  Crystalline prismatic               
 Colour :  Black                 
 Streak :  Colourless       

 Cleavage :  None, prismatic faces strongly striated vertically  and 
crystals rounded to barrel shaped   

 Fracture :  Uneven        
 Lustre   :  Vitreous        
 Tenacity :   Brittle and often rather friable                           
 Transparency :  Translucent                      
 Hardness :  7 to 7.5                  
 Sp. Gr. :  3 to 3.2 
            
6.  Optical properties:                  

Uniaxial, negative, ηo 1.65 to 1.69, ηe 1.63 to 1.66, strong birefringence; dichroism 
present, as seen in parallel polarized light (uncrossed), with change in colour when 
a fragent is oriented at two positions, right angle to each other, by rotating the stage 
of microscope (Appendix-2).  
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7.  Chemical Properties: 
 
       7.1  Effect of Heat: 

7.1.1 Pyroelectricity- When heated at one end, Vaikrānta crystal attracts 
small bits of papers at the other end. 

 
 Heated before blowpipe, Vaikrānta swells up and does not fuse 

easily. 
 

7.2   Reaction with acids: Vaikrānta does not decompose by any acid. 
  
 7.3  Assay:  

7.3.1 Vaikrānta should contain not less than 6% B2O3 when analysed by 
ICPA method (Appendix-3.2.14). 

 
7.3.2 Vaikrānta should contain not less than 12 % ferric oxide (Fe2O3), 

not less than 30% Alumina (Al2O3) and not less than 30% Silica 
(SiO2) when analysed by gravimetric method (Appendix-3.1). 

 
7.4  Heavy metals and Arsenic:  Vaikrānta should not contain more than the 

stated limits for the following: - Lead = 11 ppm, Arsenic = 4 ppm and 
Cadmium = 2 ppm (Appendix-3.2). 

 
8. Śodhana: Shall not be used in formulations without subjecting it to śodhana.  
 
9.  Vaikrānta is used in the form of bhasma, the details of which are given in the 
 monograph of bhasma. 
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Appendix-1 

1. PHYSICAL PROPERTIES OF MINERALS AND METALS 
(Definitions of Geological Terminology and Methods of Determination of 

Various Parameters) 

1.1. NATURE   

 Being natural chemical compounds, minerals may occur in any aggregation state, 
though most of them are known to belong to solid crystalline substances. 
Amorphous minerals are scarce. As such, natural occurrence of minerals may be in 
the following forms:- 

  i)  Crystalline (columnar, bladed, fibrous and tabular etc.)  

 ii)  Amorphous (massive, earthy and resinous etc.) 

 iii) Opaque, transparent and translucent 
 iv) Aggregate (granular, incrusted, micaceous etc.) 

1.1.1. State of Aggregation 
Under favourable conditions, minerals assume a definite crystal form. The 
following crystal forms are known:- 

           a. Crystallised:   A term denoting that the mineral occurs as well-
developed crystals. Most of the beautiful mineral 
specimens in museums are of crystallized minerals. 

           b. Crystalline:  A term denoting that no definite crystals are 
developed, but that a confused aggregate of 
imperfect crystal grains have formed interfering with 
one another during their growth. 

           c. Crypto- crystalline: A term denoting that the mineral possesses traces of 
crystalline structure. 

           d. Amorphous:  A term used to describe the complete absence of 
crystalline structure, a condition common in natural 
rock glasses, but rare in minerals. 

1.1.2. Crystal Habit 
The development of an individual crystal or an   aggregate of crystals to 
produce a particular external shape is described as its Habit and this 
depends upon the conditions during formation. 

A. Individual crystals 
a. Acicular :   Fine needle like crystals 

b.   Bladed : Shaped like a knife blade or lath like 
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c. Fibrous  : Consisting of fine thread like strands 

d. Foliated :   Consisting of thin and separate lamellae or  
leaves as is shown by mica group of minerals 

e. Lamellar
  

: Consisting of separate plates or leaves as in 
wollastonite 

f. Prismatic  : Elongation of crystals in one direction 

g. Reticulated  : Crystal in a cross-mesh pattern, like a net 

h. Scaly   :   In small plates 

i. Tabular :   Broad, flat, thin crystals 

B. Crystal Aggregates  
There may be aggregates of the crystals of which individuals can be 
seen with the naked eye or massive aggregates of minerals in which 
individual crystals are too small to be seen with the naked eye. 

a. Botryoidal  : Spherical aggregates resembling a bunch 
of grapes 

b. Columnar   : Massive aggregations in slender columns  

c. Granular      : Coarse or fine grains 

d. Lenticular : Flattened balls or pellets shown by many 
concretionary and nodular minerals 

e. Radiating or 
divergent 

: Fibres arranged around a central   point 

f. Lump : An uneven mass / piece of mineral / ore / 
rock 

1.2.  COLOUR  

A mineral gives a constant distinctive colour, when observed on freshly broken 
surface. Though this property is not clear in many minerals, commercial minerals, 
by and large, are distinguished by their typical colour. 

1.3. STREAK 

 The fine powder of a mineral shows more constant colouration than the same 
mineral in a massive specimen. This phenomenon is used for identification of a 
mineral by rubbing the mineral on a rough surface. A white unglazed porcelain 
plate commonly known as streak plate is generally used to see the colour of the 
powder of a mineral. Streak is a more reliable distinguishing feature of minerals 
with a semi-metallic and sub–metallic lustre. 
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Method of determination 
Take sample in question and a streak plate then draw a line or rub across the white 
surface of the streak plate with the sample.  Now observe the colour of the powder 
left by the trail. This colour is the streak of that particular mineral.  

Tools: Streak Plate 

1.4.  CLEAVAGE OR PARTING  

 Cleavage or parting is the tendency of minerals to split along certain definite 
planes. The cleavage plane is closely related to crystalline form and internal atomic 
structure and therefore is generally parallel to crystal faces. Minerals may show 
several cleavages, which are described by stating the crystallographic directions of 
each cleavage and also the degree of perfection of each cleavage plane. Cleavage 
may be described in order of quality as under: 

a. Perfect or eminent : Cleavage planes are seen perfectly in the minerals.                 

b. Good or distinct : Cleavage planes can be seen with little effort. 

c. Poor or indistinct : Cleavage planes indistinctly visible. 

Method of determination 
Take the mineral and break it with a hammer gently. If the mineral separates along 
parallel planes each time when it is repeatedly broken, it is said to possess 
cleavage. Observe the quality of the cleavage as defined above. Observe some 
minute step-like planes or a wavy pattern on the surface of the mineral. Smooth 
parallel cracks or directional cracks are indication of cleavage direction. 
Tools: Small (about ½ kg) hammer.     

1.5. FRACTURE 

 The character of the fracture displayed on the broken or chipped surfaces of a 
mineral is an important property. The fracture surface is not the smooth surface of 
a cleavage plane but is an irregular surface, usually totally independent of 
cleavage. The types of fractures, known are given here. 

 a. Conchoidal :  The mineral breaks with a curved concave or convex 
fracture. This often shows concentric and gradually 
diminishing undulations towards the point of impact, 
somewhat resemble the growth lines on a seashell.  

 b. Even :  The fractured surface is flat. 

 c. Uneven : The fractured surface is rough by reason of minute 
elevations and depressions. Most minerals have an uneven 
fracture. 

 d. Hackly :  The broken edge shows sharp and jagged projections / 
 elevations like serrations.  

 e. Earthy : The dull fractured surface of chalk or clay minerals.  
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 Method of determination 
Take the mineral and break it with hammer in two pieces in such a way that it does 
not get shattered. Observe the broken surface (other than the cleavage 
plane/direction) and decide the type of fracture as defined above. 

Tools: Small (about ½ kg) hammer. 

1.6. LUSTRE 

Lustre is one of the most regular and easily observable properties of a mineral. As 
a rule, a mineral reveals, at first glance, its lustre which is produced by the light 
reflected or refracted from the faces of crystals, cleavage planes and from freshly 
fractured faces of the mineral. Lustre is directly dependent on the light reflected 
from the surface.  

Splendent : reflects objects distinctly like a mirror.  

Shining : objects are reflected indistinctly 

Dull : when the surface has no reflection or refraction 

Various types of lustre are:  

a.  Metallic : This is the ordinary lustre of metals. When feebly 
displayed, this type of lustre is termed sub- metallic and 
when not displayed at all, is termed as dull.  Based on the 
intensity and degree of reflection /refraction, metallic lustre 
is termed as Metallic, Sub-Metallic, Dull and Non-
Metallic. 

b.  Vitreous : The lustre of broken glass. When less well developed, it is 
termed sub- vitreous and when not developed at all is dull. 

c.  Resinous : The lustre of resin. 

d.  Pearly : The lustre of Pearl. It is shown by the surfaces parallel to 
which the mineral is separated in to thin plates, similar to 
the condition of a pile of thin glass sheets such as cover 
glasses on microscopic slides. 

e.  Adamantine : The lustre of Diamond. 

f.  Silky : The lustre of silk. This lustre is peculiar to minerals 
possessing a fibrous structure. 

g.  Iridescence : Play of colours of rainbow, as those formed in soap 
bubbles due to interference of light waves. 

           

 Method of determination 
Observe the quality of natural light reflected on the faces of crystals, cleavage 
planes or fresh fracture of a mineral then decide the type of lustre as defined above.  

            Tools: Visual observation 
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1.7. TENACITY    

 This is a measure of how a mineral deforms when it is crushed or bent. In fact, 
tenacity or tensile strength is the resistance that a mineral offers to mechanical 
deformation. In other words, it is the resistance that the atoms or ions of a 
substance offer to being subjected to processes that tend to cause bending, 
breaking, crushing or cutting. Tenacity is termed as follows:-   

 a. Sectile : The mineral can be cut with a knife and the resulting slice 
breaks up under a hammer.  

 b. Malleable : A slice cut from the mineral/metal can be hammered into thin 
flat sheets.  

 c. Brittle : The mineral crumbles or shatters easily.  

 d. Flexible : The mineral or thin plates or laminae of the mineral can be 
bent, remains bent and does not return to its original position 
even if that pressure is removed.  

 e. Elastic :  The mineral or thin plates or laminae of the mineral can be 
bent and returns to its original position after the pressure is 
removed.  

 f. Ductile : The mineral can be drawn out in to thin wires. 

Method of determination 
Take a hammer and hit the substance under question.  Repeat the process several 
times till the substance breaks into pieces, this will change its shape, either will be 
bent or will be crushed. Observe the type of deformation (Tenacity) as defined 
above. 

Tools: Small (about ½ kg) hammer. 

1.8. LIGHT TRANSMISSION (TRANSPARENCY) 

Transparency is a property of the substance to transmit light.  In other words, the 
ability of a substance, to allow light to pass through it, is called transparency 
(Diaphaneity). Based on their capability and varying degrees of Transparency, the 
materials are said: 

Transparent i.e. materials capable of transmitting light and through which an 
object can be seen easily with its sharp, clear and distinct outlines.  
Translucent i.e.materials capable of transmitting light but through which an object 
cannot be seen, except an outline, generally distorted and blurred.  
Opaque i.e. materials that are incapable of transmitting light.  

Method of determination 
Take the sample and observe whether one can see through it or not. Then decide 
the degree of transparency as defined above.  

Tools: Visual observation 
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1.9. MAGNETISM 

A few minerals / metals, in their natural state, are capable of being attracted by a 
hand magnet.  They are called magnetic. In other words, if a mineral / metal gets 
attracted by a horse-shoe magnet or deflects the needle of a compass, it is said to 
possess magnetism.  A substance may be strongly magnetic, weakly magnetic or 
non- magnetic. 

 Method of determination 
There are two methods to know whether a substance is magnetic.    

1. Take a simple horse-shoe magnet. Bring the mineral near both the ends of 
magnet and feel whether the mineral is attracted by the magnet or vice-versa.  
If attraction is felt, the mineral is said to be magnetic. 

2. Take a compass. Bring the sample under question near the compass. If the 
needle of the compass deflects due to placement of the sample around the 
compass, the sample is said to be magnetic.   

Feel the degree of magnetism of the substance and decide whether it is non-
magnetic (no attraction at all), weakly magnetic (little attraction felt) and strongly 
magnetic (strong attraction felt).  

Tools: Simple horse-shoe magnet or Compass 
 
Horse Shoe Magnet: A horse shoe magnet is a magnetized small iron bar shaped 
as horse shoe.  This has a property of attracting the substances possessing 
magnetism. 
 
Compass: A compass is usually a rectangular (7.5 cm X 7.5 cm) or circular (8.5 
cm diameter) small box having about 2 cm height with a glass cover on it.  A 
magnetized needle is pivoted at the centre in side the box in such a way that it 
rotates freely in all directions.  The compass also has a dial marked on it and 
graduated from 00 to 3600 with indication of directions (i.e. 00 - North, 900 - East, 
1800-South and 2700 - West).  The needle always indicates North - South direction, 
when it is at rest.  To identify North pole of the needle that end indicating north is 
usually painted in different colour.  The magnetic needle shows deflection towards 
the substances possessing magnetism, when brought around the compass. 

 
1.10. HARDNESS 
 

Hardness of a mineral is its resistance to scratching. It is a relative parameter. In 
mineralogy, relative hardness is always determined by using a set of minerals 
known as the Moh’s Scale of Hardness. This scale consists of 10 reference 
minerals, each of which is assigned a number   in order of increasing hardness 
from 1 (the lowest hardness, that of Talc) to 10 (the highest hardness, that of 
Diamond). The Moh’s Scale of Hardness, with reference minerals, is given here. 
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Moh’s Scale of Hardness 
 

Hardness Reference Mineral 
1  Talc 

2  Gypsum 

3  Calcite 

4  Fluorite 

5  Apatite 

6  Orthoclase 

7  Quartz 

8  Topaz 

9  Corundum 

10  Diamond 

 
Method of determination 
Take the mineral and select a smooth/clear surface.   Scratch this smooth surface 
firmly with sharp edge of a reference mineral, specified in Moh’s Scale of 
Hardness. Observe, whether this reference mineral can scratch the mineral under 
question. If not, take another reference mineral with higher hardness and observe 
the scratch again. Repeat the scratching process with reference minerals in 
increasing order of hardness, one by one, to determine nearer to correct hardness of 
the mineral under question. 

Obviously, the substance, which can be scratched by a particular reference mineral 
(say–A) of known hardness will have lower hardness than the reference mineral-A, 
but will have higher hardness than the reference mineral (say-B), which has the 
hardness just less by one than that of reference mineral-A. Exact hardness of a 
mineral in ore form, of course, can not be determined because of its association 
with enclosing rock mass. However, nearer to accurate hardness is possible to be 
determined by identifying correct mineral surface and precise observation of the 
scratch on it by the reference mineral.      

Tools: Set of reference minerals of Moh’s Scale of Hardness (Reference minerals 
can be obtained from scientific stores dealing with geological instruments). 

 Important  
1. Always start scratching with softer reference mineral and proceed upward 

one by one with reference mineral until just a visible scratch is seen. 

2. Examine the scratch with a hand lens to ensure that it is a scratch and not 
the powder form the reference mineral. If it is a scratch, rubbing would not 
make it disappear, whereas if only a streak, it can be rubbed off.  
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1.11. SPECIFIC GRAVITY (DENSITY) 

Specific gravity is the relative weight of a mineral compared to that of the weight 
of an equal volume of purified water. The weight of an equal volume of purified 
water is the same as the loss of weight of the mineral in purified water. Specific 
gravity is calculated by dividing the weight of the mineral in air by the loss of 
weight in purified water. The specific gravity of natural minerals is known to vary 
from 0.8 to 21. 

 Method of determination 
There are several methods of determining specific gravity namely (1) By normal 
chemical balance (2) By Jolly's spring balance (3) By Walker's steelyard balance 
(4) By using pycnometer and (5) By using liquids of high density. The first 
method, which is quite simple, is being dealt with here. 

Determination of specific gravity with the chemical balance : 
Weigh accurately a small piece of mineral under question in air on a good, non-
digital chemical balance of sensitivity 0.001g and record the weight (w1). Then put 
a beaker half filled with purified water on a wooden bridge placed over the scale 
pan of the balance. Suspend the mineral by a horse-hair or a silk thread from one 
arm of the balance in the beaker filled with purified water. Now, weigh the 
mineral, immersed in purified water and record the weight (w2).   

The specific gravity of the mineral is determined by the formula:        

     

Specific Gravity  = Weight of mineral in air (w1) 
Loss of weight of mineral in purified water (w1-w2) 

 
Tools: Chemical balance of 0.001 g sensitivity, beaker, wooden bridge, horse-hair 
or silk thread and purified water.   

Geological Survey of India, western region, Jaipur has a specific gravity measuring 
kit, which calculates the specific gravity and gives its value straightway. 

1.12. FLUORESCENCE  

This is the property of substances, which emit light when subjected to irradiation 
with ultra-violet (UV), cathode or other short wave rays. Such luminescence 
remains only till the substance is kept under irradiation. It is a characteristic feature 
of some minerals. 

Ultra–violet radiation has a range of wavelength from 400 nm to 200 nm. The 
range from 200 nm to 300 nm is called short wave (or far UV rays) and from 300 
to 400 nm is called long wave (or near UV rays). Short wave UV lamp has been 
used in present determinations.  

Method of determination 
Place the sample in dark viewing cabinet carrying the UV source of radiation, 
irradiate for about 5 minutes. Then observe if there is any fluorescence visible. 
Turn the sample in different directions with observation. The sample is positive, if 
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under these conditions a bright colour different from the original colour of sample 
develops under irradiation and disappears if source of irradiation is removed.  

Tools: Ultra-violet (UV) lamp of 200 to 400 nm. 

1.13.   XRD ANALYSIS 

 X - ray diffraction is one of the methods which can be employed to identify the 
crystalline matters such as minerals / metals, and inorganic / organic compounds. It 
is more useful in mixture or intergrowth of minerals including species 
identification by identifying its crystal structure and cell size. 

 Principle of X-Ray Diffraction 
A beam of X - rays when strike a crystalline material or mineral, it causes electrons 
in its path to vibrate and scatter.  Such X - rays when reinforce each other, the 
process is called diffraction.  The diffracted X - rays strike equally spaced parallel 
rows of identical atoms or planes and behave as if they have been reflected from 
planes with in a crystal.  Diffraction takes place from parallel (atomic) planes only, 
if they satisfy certain conditions simplified in Bragg’s equation / law viz; 

nλ = 2d sin θ 

 The diffraction effect is not from a single or a few such atomic planes but from 
almost infinite number of planes each reinforcing and contributing to increase 
intensity (of a particular plane or face) for recording. 

 The X - rays are collimated and allowed to fall on the powdered sample.  A 
goniometer and a detector are placed in the diffracted path of the X - rays 
synchronized to measure the angle and detect the signals simultaneously. The 
signal (counts per second) is processed electronically and converted to digital 
mode on panel and simultaneously move the recorder pen to produce a chart / 
diffractogram in a synchronized chart drive.  Each face of a crystal thus would be 
represented by a peak. The diffractometr would provide a recorded history of 2 
Theta angles vis-à-vis the peaks (faces of crystals) as per their atomic 
configuration. Alternatively, the whole data can be stored in a computer and can be 
conveniently retrieved later. 

 Each mineral has its characteristic atomic configuration and thus a characteristic 
set of faces/peaks. Most of the minerals with a few exceptions have unique‘d’ 
spacings and could be interpreted and  identified by using certain parameters and 
comparision with published standard data cards (ICDD Cards or International 
Center for Diffraction Data Cards) which are used as reference patterns. 

  Functions of X’Pert Pro XRD Machine 
X’ pert Pro XRD machine works on the same principle as earlier XRD machines, 
where satisfaction of Bragg’s law is necessary for identification. This is an 
advanced modular purpose diffractometer. All its functions are controlled by 
softwares with the help of a computer. It incorporates modular hardware for full 
flexibility and performance for routine and in depth research investigations.  
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X’ Pert Pro has the latest innovative X’ celerator detector with Real Time Multiple 
Strip (RTMS) technology which results in reducing the time of scanning of 
samples considerably. Dectection of signals directly ensures efficiency and 
reliability. 

A search match programme allows searching of peaks using ‘Peak Search’ option 
which leads to a list of a number of probable minerals of diverse composition 
depending upon the scoring / matching rate. 

 Procedure of X-Ray Analysis 
Powder the sample approximately upto (–) 200 mesh size and load the sample in a 
sample holder provided with the machine. Switch ‘ON’ the X’ Pert Pro machine 
and select the X’Pert Pro Data Collector Programme followed by increasing the 
current and voltage to the X-ray tube to the desired level and select the programme. 
Name the folder & file of the sample for identification then start Scanning as per 
the programme. Get out of X’ Pert Pro Data Collector Programme and go to X’pert 
Pro High Score Programme select the peaks and go to analysis & execute search 
match. Pick up the right mineral/ compound based on scoring & matching of 
peaks. 
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  Appendix-2 
 

2. OPTICAL PROPERTIES OF MINERALS AND METALS 
(Definitions and Method of Determination)  

 

Crystalline substances can be readily and specifically identified from their optical 
crystallographic properties, which can be determined within limits by means of the 
polarizing microscope. The identification involves microscopical crystallographic 
observations of optical phenomena and measurements of physical constants.  

2.1. Apparatus 

Polarizing microscope fitted with polarizing prisms below and above a rotating, graduated 
circular stage and with accessories (Bertrand lens or pinhole eye-piece, first order red or 
quartz wedge compensators for observations of interference figures, optic sign and sign of 
elongation). Refractometers for measuring refractive indices of liquids at 200 from 1.300-
1.840 with accuracy of ± 0.0005, and for periodical checking of the indices in case 
permanent set of liquids are used (Please see Note below).  

2.2. Reagents  

Immersion Media: Ideally, immersion media, which are to be used for refractive index 
determination, should have the same color and intensity of color as the substance being 
examined. The liquids should be chemically stable. Their refractive indices should not 
vary perceptibly with ordinary changes of temperature with the exception of the special 
liquids used in index-variation methods. A permanent set of liquids covering the range 
1.420 to 1.790 in 0.005 intervals made with the following mixtures is very useful for 
inorganic and organic drug substances:               

2.3. Mixtures         np 

 A. n-Decane and mineral oil    1.420 to 1.465 
 B. Light mineral oil and 1-chloronapthalene 1.470 to 1.630 
 C. 1-Chloronapthalene and methylene iodide 1.635 to 1.735 
 D. Methylene iodide and sulphur   1.740 to 1.790 
 
(Note: Index of refraction liquids are also commercially available. One such set of liquids 
with a range of 1.400 to 1.700, in increments of 0.002 or 0.004, is the Cargille immersion 
oils, obtainable from R.P. Cargille Laboratories, Inc. Cedar Grove, N.J. (USA) or through 
the McCrone Research Associates, Chicago (USA).) 

Substances, which are soluble in these liquids, will require preparation of a special set of 
liquids. 
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2.4. Refractive Index 

2.4.1. Definition:  
The refractive Index of a medium is defined as the ratio of the velocity of light in 
the medium to that in vacuo. It varies with wavelength but the variation is usually 
small for transparent minerals, so refractive indices for white light are usually 
quoted.  

2.4.2. Principle  
A non-opaque solid substance, when immersed in a liquid of same refractive index 
(R.I.) as that of non-opaque solid, becomes practically invisible in that liquid. This 
is because of the fact that the light passing from the liquid in to the solid and from 
solid back in to the liquid, is not refracted. The edges of the solid substance, as 
such, are not seen simply because the whole liquid-solid mixture acts as a 
homogeneous medium in its effect on light due to same R.I. 

For the determination of the refractive indices, the crystals or crystal fragents of a 
given substance are successively suspended in immersion liquids of known 
refractive indices, advantage being taken of the fact that the greater the difference 
between the indices of refraction of crystals and liquids, the more prominently the 
one will stand out in bold relief from the other. By repeatedly mounting such 
crystals in oils of successively lower or higher index, it will be found that 
ultimately the zone of contact of crystal and liquid becomes practically invisible, 
therefore demonstrating that the refractive index of the liquid and solid has been 
matched. In the case of substances crystallizing in the isometric (cubic) system, 
there is only one refractive index, designated by the symbol η. Such substances are 
not doubly refractive when examined with crossed nicols. Substances crystallizing 
in other systems namely the hexagonal, tetragonal, monoclinic, triclinic, 
orthorhombic systems, in the ideal cases, have more than one measurable refractive 
index. In the case of uniaxial substances such as those crystallizing in the 
hexagonal and tetragonal systems, two significant indices can be determined, 
designated ηe and ηw. The indices of refraction in the monoclinic, triclinic and 
orthorhombic systems in the ideal cases are three in number and are designated as 
ηα ηβ and ηγ. The term ηi designates a common intermediate index other than β. 

For compliance with monograph requirement, one index, η, of the Isometric 
system, two indices, ηe and ηw in the anisotropic, uniaxial system and three indices 
ηα, ηβ and ηγ of the anisotropic, biaxial system, should match with the index of the 
selected liquid of known R.I.  

 2.4.3. Method of Determination of R.I. for  
a) Isotropic,  
b) Anisotropic- uniaxial and  
c) Anisotropic-biaxial  

This method is known as immersion method.  
Use a polarizing microscope with magnification power up to 400x. Adjust it to 
give orthoscopic illumination.  
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Principle: The method of confirming the R.I. prescribed in a monograph, so that 
compliance can be ascertained, is by observing the 'Becke Line', which is a sharp, 
bright line at the edge of crystal fragent, mounted in a selected medium. The Becke 
Line can be made to move in and out of a crystal fragent that is in clear focus, by 
raising or lowering the focus. This is achieved by raising the microscope tubes, (or 
by lowering the stage in certain models), and by lowering the tube, (or by raising 
the stage) respectively for raising and lowering the focus, from a position of clear 
focus. If by raising the focus, the Becke Line moves inwards and into the crystal 
fragent making its centre bright, the fragent has a higher index than the 
surrounding medium. It is the other way about, if on raising the focus the Becke 
Line moves outwards and away from the fragent edge, making the centre darker. In 
other words, on raising the focus, the Becke Line always moves in the direction of 
a substance of higher index. The observation can be cross-checked by lowering the 
focus, when the converse is true.  

Procedure: For Isotropic substances, take a small quantity of the substance under 
test and grind it in a small agate mortar to give a powder of about 150 microns then 
place powder on a microscope slide and spread the particles to avoid overlying and 
crowding. Select the immersion liquid medium of R.I. matching (or almost 
matching) the R.I. to be confirmed in the test substance. This is indicated in the 
monograph by η for isotropic substances. Add a drop of immersion medium to the 
slide and carefully place a cover slip (10 or 12 mm diameter is preferable) over the 
particles so that the medium does not exceed the cover slip edges and remain just 
within it, mount the slide on the rotating stage of the microscope and select a 
combination of 4x objectives and 10 x eyepieces for observation. Obtain a clear 
focus on any one particle and by raising or lowering the focus; observe the 
presence and movement of the Becke Line for several particles in the same field. In 
case of isotropic substances, with only one R.I., that is ή to be confirmed, almost 
all the particles  are practically invisible, the Becke Line faint or absent. This 
indicates that the substance under test have the same R.I. as the medium, which is 
known. Repeat observation with more fields in the same mount.  

For anisotropic uniaxial substances, follow the same procedure, selecting 
immersion medium of matching R.I. for ηw in one preparation and for ηe in another 
preparation. In both, the selected particles remain visible in one position along side 
a cross wire but the same particles disappear when the stage is rotated through 900. 
The sample confirms to the standards in the monograph for the two R.I. s, if the 
conditions are fulfilled. For anisotropic biaxial substances, the same procedure is 
followed, using matching immersion media for R.I. ηα and ηγ. In some cases ηβ 
may also have to be confirmed.  

2.5. Method of Determination of other constants 
Other given constants for anisotropic substances like optic character, optic sign, optic 
angle and sign of elongation may be determined using polarizing microscope equipped 
with facility for conoscopic illumination such as Bertrand Lens, Cross-wired eyepiece and 
accessory plates such as mica plate or quartz red order plate or gypsum plate and quartz 
wedge etc. 
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Procedure: Several texts are available (see references) that explain the principles involved 
and the procedures but some training using reference substances (see Note) is necessary 
for carrying out the exercises that would obtain compliance with monographic 
requirements for the crystal characteristics given above. The following paragraphs give a 
brief outline of the procedures for uniaxial and biaxial substances with crystal fragents 
obtained from the sample under test.  

A. Uniaxial substances:   
A suitable fragent is selected from a preparation mounted in any selected medium 
and focused under high power. The microscope is adjusted to give conoscopic 
illumination. A centered interference figure is obtained after examining several 
fragents and on an appropriate figure; the following constants can be determined.  

a)  Optic character, whether uniaxial or biaxial: 
If the Interference figure obtained as above is black cross, with its centre at 
approximately the centre of the cross wire and remains as such when the 
stage is rotated through a complete rotation, the substance is uniaxial.  

b)  Optic sign, whether positive or negative: 

Select a crystal showing a black cross as interference figure. Introduce the 
quartz red order plate with etched line parallel to the short axis of the plate 
into the slot provided in the microscope tube for this purpose. Observe the 
colour appearing close to the centre of the cross in the North-West and 
South-East quadrants of the figure. If this is yellow, the substance is 
positive, and if it is blue, it is negative, colour depending on the line etched 
on the plate, corresponding to 'slow' vibration direction. Ascertain 
compliance with monograph.  

c)  Sign of Elongation: 
Examine fragents between crossed nicols; interference figure is not 
necessary for this. Select crystal that is long and narrow, like a needle. 
Orient the fragent with the rotating stage, so that its long axis is parallel to 
the line etched on the quartz plate or the gypsum plate, which is put in the 
slot for this purpose. If the crystal appears 'blue' the sign of elongation is 
positive and if 'yellow', it is negative.  

B. Biaxial Substances: 
The procedure is the same, except that the interference figure appears to be a cross 
but separates and sweeps out in the form of curves called 'isogyres', when the stage 
is rotated to 900 and meets again in the form of a cross on rotating to 1800 from the 
original position. When such an interference figure is seen on many fragents 
suitably oriented, the optic character is biaxial.  
Carry out the same operations as given for uniaxial substances for determining the 
optic sign and the sign of elongation, and interpret the observation in the same 
manner.  

For Optic Angle, which is specific for only biaxial substances, an approximate 
estimation of the angle is made out from the curvature of the isogyres, as they 
sweep out in separation from the cross, by comparing it with a known mineral, say 
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mica, which has a small optical angle. The optical angle is estimated as 'small' 
when the isogyres just part from the cross but remain well within view in the field, 
'medium' when the isogyres move away from the cross point but can still be seen 
within or at the edge of the field and 'Large' when they sweep out of the field 
altogether and disappear, but are brought within the field only after 900 rotation of 
the stage.  

Note: The following minerals may be used as reference substances for learning to 
compute the monographic requirements in respect of the above characteristics.  

Isotropic: Garnet, sodium chloride and Alum. 

Anisotropic, Uniaxial: Calcite, quartz, sapphire and ruby.  

Anisotropic, Biaxial: Iolite, mica, orthoclase and gypsum. 
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and Indian Bureau of Mines (IBM), Nagpur 

& 
Qualitative Chemical tests of minerals by Blow Pipe 

method
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           Appendix-3 

3. CHEMICAL PROPERTIES OF MINERALS AND METALS 
(Description of various methods of chemical analyses) 

 
 
3.1. Chemical Analysis of Rock/Ore Samples (Gravimetric -- wet analysis method) 

3.1.1. Preparation of powdered sample 
Prepare finely pulverized homogenous (-) 200 # (mesh) size powdered sample by 
taking proper care. 

The conversion of an ore / rock sample into desired soluble or insoluble species is 
most important. The method constitutes the fusion of sample rock with solid fluxes 
to convert complex mineral compound into simple chemical compound. Silicate 
rock samples are generally analyzed for LOI (Loss of Ignition), SiO2, Fe2O3, 
Al2O3, CaO, MgO, S (T), TiO2, Na2O and K2O. 

Dry the sample at 1100 in oven for 1 hour before analysis. Cone and quarter the 
dried sample and preserve half quantity for future reference. 

3.1.2. Determination of Loss on Ignition (LOI) 
Weigh 1.0 g finely powdered sample in platinum/silica crucible then heat to 
constant weight in electric muffle furnace at 950-10000 for an hour and allow to 
cool and weigh. 

 

    LOI %=     W3-W2 X 100 W2-W1 
 
  W1  = weight of empty crucible 
  W2  = weight of crucible + sample 
  W3  = weight of crucible + sample after ignition 

3.1.3. Determination of Silica (SiO2) 
Procedure: 
Weigh 0.5 g (in case of high silica) or 1.0 g (low silica) finely powdered and dried 
sample in a platinum/silica crucible (W1). Add 4-5 g anhydrous sodium carbonate 
into the crucible, mix thoroughly and cover the crucible with lid, if necessary place 
the crucible in muffle furnace, allow the temperature to rise gradually to reach 900-
9500 and keep on this temp for about ½ hour to complete the fusion. Take out the 
crucible and allow cooling at room temperature. Extract the cooled mass in 25-30 
ml dilute hydrochloric acid in 250 ml beaker followed by heating on hot 
plate/burner to dissolve the contents. Wash the crucible with purified water and 
keep the beaker on purified water bath. Allow to dry the mass to make powder. 
Take out the beaker and allow cooling at room temp and adding 25-30 ml dilute 
hydrochloric acid, diluting upto 100 ml with purified water. Boil the content and 
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allow to cool then filter through whatman 40 No. filter paper. Wash the residue 
with hot purified water 6-8 times then place the residue along with filter paper in 
platinum crucible. Ignite at 900- 9500 for 2-3 min. Allow to cool and weigh (W2 g). 

     

 % SiO2 =      Initial Wt (W1) – Final Wt (W2) X 100 Weight of sample (W1) 
 
Note:  

Fuse the residue after hydrofluorization with 2-3 g of potassium pyrosulphate on 
burner and allow to cool and extract the mass with dilute hydrochloric acid in 
original filtrate of the sample. Boil to dissolve the residue, if any. Cool the content 
at room temperature and make up the volume of filtrate to desired volume in 250 
ml volumetric flask. Use the stock solution for the determination of other 
additional radicals as required in the sample. 

3.1.4. Determination of Iron (Fe) 
Solutions: 

• Stannous chloride solutions- Dissolve 5.00 mg SnCl2 (A.R.) in 25 ml  
hydrochloric acid and dilute to 100 ml (5% solution). 

• Mercuric chloride – Saturated solution in purified water. 

• Sulphuric acid + orhtophosphoric acid mixture – take 60 ml purified water, add 
15 ml sulphuric acid and 15 ml phosphoric acid cool and dilute to 1000 ml. 

• Diphenyleamine barium sulphonate – Dissolve 0.25 g in 100 ml purified water. 

• 0.1N standard potassium dichromate solution. Dissolve 4.9035 g  A.R. grade in 
purified water and dilute to 1000 ml. 

Procedure: 
Take a suitable aliquot from the stock solution in 250ml-conical flask in duplicate 
and dilute to about 100 ml with purified water and add 1-2 drops of methyl red 
indicator followed by 1-2 g of ammonium chloride and dilute ammonia solution 
was added till brown precipitate appears and solution with precipitate is boiled for 
4-5 minutes then the content cooled and filtered through whatman 41 No. filter 
paper. Wash the residue with hot purified water 4-6 times. Dissolve the residue in 
dilute hydrochloric acid in 250 ml beaker and make the volume upto 100 ml 
approx. then boil the solution on burner to reduce the Fe3+ to Fe2+ by adding 
stannous chloride solution drop wise till solution becomes colorless. Add 1-2 
drops stannous chloride in excess and cool the content in purified water, then add 
10-15 ml 10% solution of mercuric chloride, 25ml acid mixture and 2-3 drops of 
diphenyl amine barium sulphonate indicator. Add purified water, if required and 
titrate against standard potassium dichromate solution; appearance of violet color 
shows end point. 
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 Calculation:  1ml 1N K2Cr2O7    = 0.05585 g Fe 

              = 0.7985 g Fe2O3 

 

% Fe = 0.05585 x normality of K2Cr2O7 x aliquot x ml K2Cr2O7 x 100 
                        Weight of sample x total volume 

3.1.5. Determination of Calcium Oxide (CaO-EDTA) - complexometric             
method 

Solutions: 

• 20% potassium hydroxide solution – Dissolve 200 g potassium hydroxide 
(A.R.) in purified water and make upto 1000 ml. 

• Ammonia buffer solution 9.5 pH- Dissolve 67.5 g NH4Cl (A.R.) in 300 ml 
purified water, add 570 ml ammonia solution (Analytical Reagent) and dilute 
to 1000 ml. 

• Ethylene diaminetetraacetic acid (EDTA) solution 0.05 M- dissolve 18.6120 g 
of sodium salt of Ethylene diaminetetraacetic acid (EDTA) (Analytical 
Reagent) in purified water and make up to 1000 ml. 

• Triethanolamine 20% solution – 200 ml of triethonolamine, add 800 ml 
purified water and make up to 1000 ml. 

• Eriochrome Black T indicator 0.1% solution – Dissolve 0.10 g indicators in 
100 ml of methanol. 

• Patterns and Reeders indicators 0.1% solution – Dissolve 0.10 g indicators in 
100 ml of methanol. 

 Procedure: 
Take one part of filtrate reserved from iron estimation, add 5 ml triethanolamine 
20% solution and a pinch of hydroxylamine hydrochloride then add 25-30 ml 
potassium hydroxide 20% solution. Addition of 4-5 drops of Patterns and Reeders 
indicator, imparts rose-red color. Titrate the solution against standard ethylene 
diaminetetraacetic acid (EDTA) solution. The color changes from rose- red to 
Prussian blue indicates end point. 

                   Calculation: 1 ml of 1M EDTA = 0.05608 g CaO 

 

  % CaO   =     0.5608 x normality EDTA x Aliquot x 100 x ml EDTA 
Weight of sample x total volume 

3.1.6. Determination of Magnesium Oxide (MgO-EDTA) - complexo metric       
            method 

Take another part of filtrate reserved from Fe estimation, add 5ml triethanolamine 
20% solution and a pinch of hydroxylamine hydrochloride followed by 25-30 ml 
ammonia buffer (9.5 pH) and 4-5 drops of eriochrome black- T indicator. Titrate 
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against standard ethylene diaminetetraacetic acid (EDTA) solution appearance of 
rose- red to blue marks indicates the end point. 

      Calculation:- 1ml of 1M EDTA = 0.0409 g MgO 

 

  % MgO = 0.0409 x normality EDTA x aliquot x 100 x ml EDTA 
Weight of sample x total volume 

  3.1.7. Determination of Alumina (Al2O3-EDTA) - complexo metric method 

 Solutions: 

• 10% sodium hydroxide solution – dissolve 100 g sodium hydroxide in 100 ml 
purified water. 

• EDTA solution 0.05 M- dissolve 18.6120 g of sodium salt of EDTA (A.R.) in 
purified water and make up to 1000 ml. 

• Zinc acetate solution 0.05m- dissolve 10.9690 g of zinc acetate (A.R.) in 50 ml 
purified water and a few drops of glacial acetic acid and dilute to 1000 ml. 

• Acetate buffer 5.5 pH- dissolve 21.5 g of sodium acetate (Analytical Reagent) 
in 300 ml purified water containing 2 ml glacial acetic acid and dilute to 1000 
ml. 

• Xylenol orange indicator – dissolve 0.2 g of xylenol orange indicator in 100 ml 
purified water with 2 ml acetic acid. 

 Procedure: 
Take suitable aliquot from the stock solution in 250 ml-beaker. Take 50 ml of 10% 
sodium hydroxide solution in another beaker neutralize the aliquot with sodium 
hydroxide solution and transfer the 10% sodium hydroxide solution to aliquot with 
constant stirring add a pinch of sodium carbonate into the solution. Boil the content 
on burner, cool and filter through whatman 40 No. filter paper with pulp in 600 ml 
beaker, wash the precipitate with hot purified water 6-8 times then acidify the 
filtrate with dilute hydrochloric acid and adjust pH 5.5, normally 25 ml 0.05M 
ethylene diaminetetraacetic acid (EDTA) solution add in excess and 25 ml of 
acetate buffer solution boil, cool and again adjust the pH to 5-5.5 and add 5-6 
drops of xylenol orange indicator. Change in color from golden yellow to orange 
red indicates end point. Take 25 ml 0.05M ethylene diaminetetraacetic acid 
(EDTA) solution and run a blank. 
Calculation: 1 ml 1 M Ethylene diaminetetraacetic acid (EDTA) = 1ml 1M Zinc 
acetate = 0.05098 g Al2O3 

 

  % A12O3= 0.05098 x normality Zn acetate x aliquot x 100 x ml Zn acetate 
Weight of sample x total volume 
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3.1.8. Determination of Sulphur (total) - gravimetric method 

Solutions: 

• Carbon tetrachloride saturated with Bromine 

• Barium chloride – 10% solution in purified water 

 Procedure: 
Take 0.5-1.0 g powdered sample in 250 ml beaker. Add 10 ml carbon tetra 
chloride saturated with bromine keep in cold condition in fume chamber over night 
and  add 10-15 ml nitric acid, digest on water bath then add 10 ml hydrochloric 
acid, digest it to expel NO2 fumes till syrupy mass is obtained. Cool and extract 
with hydrochloric acid, make volume upto 100 ml, boil and filter through whatman 
40 No. filter paper, wash the residue with hot purified water. Treat the filtrate with 
ammonia solution for R2O3 precipitations, here R stands for Fe and Al. Filter 
through whatman 41 No. filter paper in 500ml-beaker, acidify the filtrate with 
hydrochloric acid and add 20 ml of 10% barium chloride solution Stir the solution 
and digest on burner. Allow the precipitate to settle for over night. Filter the 
precipitate through whatman 42 No. filter paper and wash the precipitate with 
purified water. Ignite the precipitate in muffle furnace in pre weighed platinum 
crucible upto 8500 and allow to cool and weigh. Calculate the weight of sulphur by 
multiplying weight of precipitate with 0.13734. 

            Calculation:             

  % Sulphur (T) =   Weight of precipitate x 0.13734 x 100 
        Weight of sample 

 

3.1.9. Determination of Lead, Zinc and Copper - complexometric method 

Solutions: 

• Acetic acid – ammonium acetate buffer 5.5 - 6.0 pH, take 200 g ammonium 
acetate, add 30ml glacial acetic acid and make up to 1000 ml. 

• EDTA solution 0.05 M - Dissolve 18.6120 g of sodium salt of Ethylene 
diaminetetraacetic acid (EDTA) (Analytical Reagent) in purified water and 
make upto 1000 ml. 

• Xylenol orange indicator - Dissolve 0.2 g indicator in 100ml purified water, 
add 2 drops of acetic acid. 

• Thio urea (Analytical Reagent) 

• Ascorbic acid (Analytical Reagent) 

• Urea (Analytical Reagent) 

• Sodium fluoride (Analytical Reagent) 
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 Procedure: 
Take 1.0 g powdered sample in a beaker and add 30 ml aquaregia [HNO3: HCl, 
(1:3)] digest it on hot plate. After 15 minutes add 15 ml sulphuric acid (1:1), and 
evaporate the solution to dryness. Dissolve the residue in 10ml sulphuric acid (1:1) 
and make volume to 100 ml with purified water. Boil and filter through whatman 
40 No. filter paper. Wash the residue with hot purified water and make up the 
filtrate to 250 ml in volumetric flask and reserve for determination of zinc and 
copper. 

   3.1.9.i.  Determination of Lead 

           Procedure: 
Take the residue along with filter paper in a beaker and add 50 ml acetic acid- 
ammonium acetate buffer. Boil and filter through whatman 40 No. filter paper, 
wash the residue with hot purified water. To the filtrate, add a pinch of thiourea 
and ascorbic acid and 3 drops of xylenol orange indicator. Titrate the solution 
against standard 0.05 M ethylene diaminetetraacetic acid (EDTA) solution. Purple 
red color solution changes to lemon yellow color at the end point. Calculate lead 
content from the ethylene diaminetetraacetic acid (EDTA) used up in titration. 
Calculate lead value against 1 ml of ethylene diaminetetraacetic acid (EDTA) 
solution titrating against standard 1000 ppm lead solution. 

 Calculation: 
1ml 0.05 N EDTA = 10. 3605 mg of Pb 

 

  % Lead = 10. 3605 × Normality of EDTA × ml of EDTA × Aliquot × 100 

               Weight of sample (mg) × Total volume 

  3.1.9.ii. Determination of Zinc 

       Procedure: 
Take suitable aliquot in a beaker from stock solution and add ammonia solution to 
neutralize the acidity.  Add 2 g urea and boil vigorously followed by filtration 
through whatman 40 No. filter paper. Wash the residue with hot water and acidify 
the filtrate with acetic acid and add 0.5 g ascorbic acid and thiourea each. Add 25 
ml acetic acid- ammonium acetate buffer and 4-6 drops of xylenol orange 
indicator. Titrate against standard 0.05 N ethylene diaminetetraacetic acid (EDTA) 
solution. The color of solution changes from purple red to lemon yellow at the end 
point. Calculate the zinc content from ethylene diaminetetraacetic acid (EDTA) 
used up in the titration. Calculate zinc value against 1 ml of ethylene 
diaminetetraacetic acid (EDTA) solution titrating against standard 1000 ppm Zinc 
solution. 

 Calculation: 
0.1 ml 0.05 N EDTA =3.269 mg of Zn 

  % Zinc = 3.269 ×Normality of EDTA× ml of EDTA× Aliquot×100 

               Weight of sample (mg) × Total volume 
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  3.1.9.iii. Determination of Copper 

Solutions:  

• Standard 0.1 N sodium thiosulphate solution. 

• Potassium lodide (A.R.) 

• Starch 1% solution –dissolve 1 g in purified water, boil and make up to 100ml. 

 Procedure: 
Take suitable aliquot from the stock solution in a beaker and add approx. 1.0 g 
sodium fluoride. Add ammonia solution till precipitation occurs and add acetic 
acid to dissolve the precipitate, boil and cool in water bath. Add approximately 
1.0g potassium iodide and titrate the liberated iodine against 0.1N sodium 
thoisulphate solutions by adding starch solution as indicator in iodine flask. The 
color changes from blackish brown to white indicates end point. Calculate copper 
value against 1 ml of sodium thoisulphate solution titrating against standard 1000-
ppm copper solution.  

 
 Calculation:   1ml N  Na2S2O3 = 0.06354 g of Cu 

  % Cu = 0.06354×Normality of Na2S2O3× ml of Na2S2O3× Aliquot×100 

               Weight of sample × Total volume 
 

 3.1.10. Determination of Chloride in Sodium chloride (Common Salt)   

Reagent: 

• Silver nitrate 0.10 M- Dissolve 14.3321 g Silver nitrate in purified water  
and make upto 1000 ml. 

• Potassium chromate indicator, 1.0 % - Dissolve 1.000 g potassium 
chromate in 100 ml purified water. 

 Procedure: 
Dissolve 1.000 g sample in purified water in a 25 ml beaker then transfer clear 
solution to 250-ml volumetric flask and make up to mark , pipette out 25 ml 
sample solution in 250-ml conical flask by adding 1.0 ml potassium chromate 
indicator mix it. Titrate with 0.1M silver nitrate solution color changes from 
yellow to brick red (titration volume, V1) Run a 1.0ml potassium chromate 
indicator and 25 ml purified purified water blank titration with 0.1M silver nitrate 
solution (titration volume, V2). 

 Calculation: 
 Each ml of 0.1M AgNO3 =  0.003545g of Chloride (Cl) 

% Cl = 0.003545 × Normality of AgNO3 × ml of AgNO3 × Aliquot×100 
               Weight of sample (g) × Total volume 
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3.2.  Chemical Analyses of  Rock/Ore Samples by Instrumental Methods  

 
3.2.1. Determination of Silver by Atomic Absorption Spectrophotometer    
          (A.A.S.)  
 

 Solutions: 
• Prepare standard 1000 ppm silver solution from Ag metal or Silver 

nitrate.   
• Prepare standard solutions of silver of 1 ppm, 3ppm and 5ppm.  

 
 Procedure: 

Weigh 0.5 g - 1.0 g powdered sample in 250 ml beaker and add 25 - 30 ml, reverse 
aquaregia [HNO3: HCl (3:1)], digest on hot plate, till syrupy mass is obtained. 
Neutralize the syrupy digested mass with ammonia solution make up the volume to 
25-50 ml Make dry filtration through whatman 40 No. filter paper and take 
observations on 328.1 nm by atomic absorption spectrophotometer  

 
 Calculation - 
 

  Ag ppm = Reading (conc.) x original volume  
         Weight of sample 

 
3.2.2. Determination of Copper, Lead, Zinc, Nickel, Cobalt and Cadmium by 

                Atomic Absorption Spectrophotometer  
 
 Solutions: 
           i) Copper    

• Prepare 1000 ppm copper standard solution from Cu metal.   
• Prepare 1ppm, 3 ppm and 5 ppm standard Cu solutions.  
• Wavelength - 324.7 nm.  

 ii) Lead      
• Prepare 1000 ppm Lead standard solution from Pb.   
• Prepare 1 ppm, 5 ppm and 10 ppm standard Pb solution.   
• Wavelength – 283.3 nm.  

iii) Zinc -     
• Prepare 1000 ppm zinc standard solution from Zn metal.  
• Prepare 0.5 ppm, 1.0 ppm and 1.5 ppm standard Zn solution. 
• Wavelength – 213.9 nm. 

iv) Nickel  
• Prepare 1000ppm nickel standard solution from Ni metal.    
• Prepare 1ppm, 3ppm and 5ppm standard Ni solution.   
• Wavelength – λ 232.0 nm.  

v) Cobalt -  
• Prepare 1000ppm cobalt standard solution from Co metal (λ 240.7 nm). 

vi) Cadmium-  
• Prepare 1000ppm Cadmium standard solution Cd metal (λ 228.8 nm). 
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 Procedure:  
Weigh 0.10g - powdered sample in 250 - ml beaker and add 25-30 ml aquaregia, 
[HNO3:HCl (1:3)] digest on hot plate till syrupy mass is obtained .Filter through 
whatman 40 No. filter paper in 100 ml volumetric flask. Maintain 1% acidity with 
nitric acid and wash with hot water making volume to 100 ml. Take observations 
on Atomic Absorption Spectrophotometer on appropriate wavelength as follows:- 
 
Calculation:  
 

 ppm (metal) = Reading (conc.) x original volume 
Weight of sample 

 
3.2.3. Determination of Tin by Atomic Absorption Spectrophotometer 

  Solutions:  
• Prepare 1000 ppm Tin standard solution from Sn metal. 
• Prepare 22 ppm, 5 ppm and 10 ppm standard Sn solutions. 
• Prepare 7.5% potassium chloride solution in purified water as buffer. 

 
 Procedure: 

Weigh 0.5g - 1.0 g powdered sample in 250ml-beaker and add 25-30 ml aquaregia, 
[HNO3: HCl (3:1)], digest on hot plate, till syrupy mass is obtained. Extract in 
hydrochloric acid maintain 20% hydrochloric acid acidity followed by filtration 
through whatman 40 No. filter paper, wash with hot water add 2 ml 7.5% 
potassium chloride solution and make up to 100 ml in volumetric flask. Take 
observations by Atomic Absorption Spectrophotometer on 286.3 nm wavelength.  

 
Calculation:  
 

Tin (Sn) ppm = Reading (conc.) x original volume 
         Weight of sample 

 
3.2.4. Determination of Antimony by Atomic Absorption Spectrophotometer  
      Solution: 

• Prepare 10% tartaric acid solution in purified water. 
• Prepare 7.5% potassium chloride solution in purified water. 
• Prepare 1000 nm standard Sb solution from Sb metal. 
• Prepare 2 ppm, 5 ppm and 10 ppm standard Sb solutions. 

 
 Procedure:  

Weigh 1.0 g powdered sample in 250ml-beaker and add 25-30 ml aquaregia 
[HNO3: HCl (1:3)] digest for one hour on hot plate till syrupy mass is obtained. 
Filter through whatman 40 No. paper in 100ml-volumetric flask. Wash with hot 
water and add 10 ml of 10% tartaric acid, add 2 ml of 7.5% potassium chloride 
solution. Add hydrochloric acid drop wise to get clear solution and make up to 
100ml volume. Take observation by Atomic Absorption Spectrophotometer on 
217.6 nm wavelengths. 
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 Calculation: 
 

Antimony(Sb) ppm =   Reading (conc.) x original volume 
         Weight of sample 

  
3.2.5. Determination of Bismuth by Atomic Absorption Spectrophotometer  
 

 Solutions: 
• Prepare 7.5% potassium chloride solution in water. 
• Prepare 1000 ppm standard bismuth solution from Bi metal. 
• Prepare 10 ppm, 20 ppm and 40 ppm standard Bi solutions. 
• Prepare 2 ppm, 5 ppm and 10 ppm standard Sb solutions. 
 

 Procedure: 
Weigh 1.0 g powdered sample in 250ml-beaker and add 25-30 ml aquaregia 
[HNO3:HCl (1:3)] digest for one hour on hot plate till syrupy mass is obtained. 
Extract with 10 ml hydrochloric acid. Maintain 20% acidity and Filter through 
whatman No. 40 paper in 100 ml volumetric flask. Wash with hot water and then 
add 2 ml of 7.5% potassium chloride solution make up the volume to 100 ml. Take 
observation by Atomic Absorption Spectrophotometer on 223.1 nm wavelength. 

                
 Calculation:  
 

Bismuth(Bi) ppm =   Reading (conc.) x original volume 
Weight of sample 

 
3.2.6. Determination of Gold by Atomic Absorption Spectrophotometer  
 

          Solutions: 
• Equilibriated MIBK (methyl isobutyl ketone) solution - 20% hydrochloric 

acid solution mixes with MIBK in 1:1 ratio. Transfer in separating funnel 
and shake well to remove heavy metals present as impurities. Separate 
organic layer of MIBK. 

• 5% hydrochloric acid solution for washings 
• Standard 1000 ppm gold solution from Au metal 
• Prepare 1 ppm, 2 ppm and 3 ppm standard Au solution in MIBK medium. 
• Conc. hydrochloric acid saturated with bromine 

 
 Procedure: 

Weigh 10-20 g of 100 mesh powdered sample in 500 ml conical flask and add 20 
ml hydrochloric acid saturated with bromine. Keep in (cold condition) for two 
hours and add 50 ml aquaregia [HNO3: HCl (1:3)] digest on hot plate slowly till 
syrupy mass is obtained. Extract with 10 ml hydrochloric cacid and heat it. Filter 
extracted mass through whatman No. 40 filter paper wash with hot water. Transfer 
the filtrate into a separating funnel and add 25 ml MIBK solution in 3 fractions. 
Add 5 ml aquaregia into separating funnel and shake the separating funnel 2-3 
minutes. Drain off aqueous layer from the separating funnel and wash the organic 
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layer by 5 ml of 5% hydrochloric acid three times drain off aqueous layer. Transfer 
the organic layer in dry 25 ml volumetric flask. Take observations by Atomic 
Absorption Spectrophotometer on 242.8 nm wavelength in MIBK medium. 

 
 Calculation:  
 

  Gold(Au) ppm =   Reading (conc.) x original volume  
         Weight of sample 

 
3.2.7. Determination of Chromium by Atomic Absorption Spectrophotometer 
 

 Solutions: 
• Prepare 1000 ppm standard chromium solution from Cr Metal or from 

K2Cr2O7. 
• Prepare standards 10 ppm, 20 ppm and 40 ppm.  
• Prepare 2 ppm, 5 ppm and 10 ppm standard Sb solutions. 

 
 Procedure: 

Weigh 0.10-0.20 g powdered sample in 250ml-beaker and add 10 ml of 30% 
solution of hydrogen peroxide, add 25-30 ml perchloric acid digest for one hour on 
hot plate till syrupy mass is obtained. Again add 4-5 ml hydrogen peroxide and 10 
ml perchloric acid digest on hot plate till complete digestion. Filter through 
Whatman No. 40 filter paper wash with hot water and make up in 100ml- 
volumetric flask. Take observations by Atomic Absorption Spectrophotometer on 
357.9 mm 
 

 Calculation:  
 

  Chromium (Cr) ppm = Reading (conc.) x original volume 
Weight of sample 

 
3.2.8. Determination of Arsenic - gutzeit method 
 

    Solutions: 
• Potassium iodide 4% solution - dissolve 4 g potassium idodide in purified 

water and make upto 100 ml volume.  
• Stannous chloride 0.75% solution - dissolve stannous chloride in 

hydrochloric acid, boil it and maintain 100 ml volume. 
• Mercuric chloride 25% solution - dissolve in ethyl alcohol in warm 

condition.  Prepare whatman filter paper circles of apparatus size.  Soak 
the circles in mercuric chloride solution and dry it.   

• Lead acetate 15% solution - dissolve lead acetate in water with a few ml 
of acetic acid and maintain volume to 100ml.  Soak Whatman filter paper 
pieces.  Dry it to keep in glass tube of the apparatus.   

• Standard Arsenic solution - Prepare standard Arsenic solutions of 2.5, 5.0 
and 10 ppm.  
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Procedure: 
Weight 1.0 g - powdered sample in 250ml-beaker and add 10 ml bromine in 
hydrochloric acid, keep it for over night then a add 5 ml nitric acid, digest on 
water bath at controlled temperature till syrupy mass is obtained.  Add 5 ml conc. 
hydrochloric acid and digest it. Extract the mass in hydrochloric acid. Filter 
through Whatman No. 40 filter paper wash it with hot water and make up to 100 
ml Take 50 ml aliquot in Gutzeit apparatus. Add 6 ml of potassium iodide solution 
then add 10 ml of stannous chloride solution to reduce Arsenic, add 2-3 g zinc 
metal in the container. Add conc. hydrochloric acid drop wise from the stopper 
cork keep mercuric chloride soaked filter paper circles in between the stopper and 
lower glass tube. Keep lead acetate soaked filter paper in lower tube join and tight 
both the portion of apparatus till completion of reaction for 15-20 minutes. AsH3 
gas liberated gives yellow spot on mercuric chloride soaked filter paper. Prepare 
yellow spots of 1,2,4,5 ppm standard Arsenic and compare with unknown samples. 

 
 3.2.9. Determination of Mercury (Hg) by cold vapour Atomic Absorption  
  Spectrophotometer (Mercury Analyzer) 
 

Reagents and Standards: 
• Stannous chloride solution (20 % w/v): Dissolve 20 g of stannous 

chloride. 2 water in 25 ml hydrochloric acid by boiling; cool and dilute 
to 100 ml. Add 1-2 g of tin metal. 

• Potassium dichromate solution (1% w/v): Dissolve 1 g potassium 
dichromate in 100 ml water. 

• Potassium permanganate solution (5% w/v) : Dossolve 5 g potassium 
permanganate in 100 ml sulphuric acid (1%v/v) 

• Sulphuric acid (1%) – dilute 1 ml of conc. sulphuric acid to 100 ml by 
adding purified water. 

• Nitric acid (10 % v/v) - dilute 50 ml of nitric acid to 500 ml by adding 
purified water. 

• Sodium hydroxide (20% w/v)- dissolve 20 g of sodium hydroxide pellets 
in purified water  and make volume to 100 ml. 

• Sulphuric acid (1:1 H2SO4) - add 100 ml of sulphuric acid to cold 
purified water and make volume to 200 ml. 

• Standard Mercury solution: 
A. Dissolve 0.1354 g of mercuric chloride (HgCl2) in 25 ml of 5% nitric 

acid. Add 1 ml of potassium dichromate solution and make upto 100 ml 
with 5% nitric acid.  

    1 ml of this solution = 1.0 mg Hg/ml = 1000μg Hg/1 ml = 1000 ppm Hg  
B. Standard 0.10μg Hg/ml (=100ng Hg / ml): 

Prepare 100ng Hg/ml standard solution by successive serial dilution of 
the 1000 μg/ ml Hg solution (10000 times) maintaining 5 % nitric acid 
and 0.01% potassium dichromate concentration. This solution is 
generally stable for 30 days.  Prepare this solution preferably fresh every 
day.  Measure absorbance of 0.2 ml, 0.4 ml, 0.6 ml 0.8 ml and 1.0 ml of 
the above, 100 ng  Hg / ml, dilution solution which corresponds to 20, 40, 
60, 80 and 100 ng respectively. Plot calibration curve nanogram mercury 



 85 

versus absorbance. Use this calibration curve for computation of mercury 
content in unknown sample.   

  
 Procedure: 

Weigh 2-5g dry fine powder of sample (150 mesh) in a 500 ml conical flask and 
add 15 ml nitric acid and 5 ml sulphuric acid then leave flask in ice bath for 90 
minutes. Heat on purified water bath for 30 minutes and add 150 mg potassium 
permanganate and 3 ml mercury free hydrochloric acid. Put a funnel and just heat 
and then boil gently for 5 minutes, cool and transfer into a 50 ml plastic volumetric 
conical tube and make upto volume. Centrifuge: Use clear solution for 
determination of mercury content Run a reagent blank through the procedure. 
Pipette out 10 ml aliquot into the reaction vessel R2 of mercury analyzer. 
Follow procedure for reading mercury content absorbance as described in 
instruction/ operation manual of the instrument. 

             
              Calculation: 
 

 
    Mercury content (ng) = 
 

Mercury content in aliquot         Total volume of 
(From calibration graph) ng    X     aliquot (50 ml) 
Weight of the sample (g)         Volume of  aliquot for  
            measurement(10 ml) 

 
3.2.10. Determination of Gold and Silver by XRF (X-Ray Fluorescence      
            Spectrometry) 

 
Analysis as per the method mentioned in Operation Manual given with the XRF 
Spectrophotometer.       

 
3.2.11. Determination of small amount of Titanium (TiO2) by  
            Spectrophotometric method 

 
Solutions:  

• Standard TiO2 Solution – 1000 ppm 
• Take 1.0 g TiO2 in 250 ml beaker. Add 20 ml sulphuric acid and 5.0 g 

ammonium sulphate. Digest it till clear solution appears. Cool it and 
make up to 1000 ml. 1 ml = 1 mg of TiO2. 

• Sulphuric acid (A.R.) 
• Orthophosphoric acid (A.R.) 
• Hydrogen per oxide 20 volume 

  
 Procedure: 

Take 25 ml suitable aliquot form the stock solution and add 5-7 ml 1:1 sulphuric 
acid, fume it off completely till syrupy mass remains, cool and extract with 
sulphuric acid 1:10 in 100 ml volumetric flask to it. Add 10 ml orthophosphoric 
acid. Add 2 ml 30% solution of hydrogen peroxide solution. Yellow colour 
develops completely till syrupy mass remains. Cool and extract with 1:10 
sulphuric acid in 100 ml volumetric flask. Add 10 ml orthophosphoric acid and 
add 2 ml 30% solution of hydrogen peroxide solution. Develop yellow coloured 
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complex and measure the absorbance at 410 nm run a reagent blank and prepare 
standard calibration curve. Take 0.5, 1.0, 1.5, 2.0, 4.0, 6.0 and 10.0 mg/ml standard 
TiO2 solution, prepare complex and plot a calibration curve and compute the 
results. 

 
 Calculation: 
 

  % TiO2 = Concentration (mg) x dilution x 100 x 10 -3 
Weight of sample 

 
3.2.12. Determination of Manganese (MnO) by Spectrophotometric method 

    
 Solutions: 

• Standard Mn solutions 1000 ppm (1 ml = 1 mg) 
• Dissolve 2.8755 g of potassium permanganate (Analytical Reagent) in 

50 ml of purified water in 250 ml beaker. Discharge the colour by 
adding drop by drop 1:1 hydrochloric acid. Add 5 ml of 1:1 sulphuric 
acid and digest on hot plate till copious white fumes evolve. Cool it and 
add 10 ml of 1:1 sulphuric acid, dilute it with purified water and finally 
make the solution to 1000 ml volumetric flask. 

• Sulphuric acid (Analytical Reagent) 
• Orthophosphoric acid (Analytical Reagent) 
• Potassium per iodate (Analytical Reagent) 

   Procedure: 
Take 25 ml aliquot from the stock solution in 100ml-volumetric flask and to it 
add 10 ml sulphuric acid 1:1 in volumetric flask. Add 5 ml orthophoshoric acid 
in volumetric flask with 0.1-0.2 g of potassium periodate in volumetric flask to 
produce purple colored permanganic acid. Digest it on purified water bath for 15 
minutes to develop purple colored complex of Manganese. Cool the volumetric 
flasks and make up the volume to 100 ml and run a procedure reagent blank with 
it measure absorbance of purple color complex at 545 nm using suitable 
spectrophotometer to prepare standard calibration curve. Take 0.5, 1.0, 1.5, 2.0, 
and 2.5 ml standard Mn solution (a), which corresponds to 0.5 mg, 1.0 mg, 1.5 
mg, 2.0 mg and 2.5 mg Manganese. Prepare violet colored complex and plot. 
Measure absorbance of standards at 545 nm and construct calibration graph (b). 
Calculate Mn concentration using absorbance - concentration calibration curve of 
standards. 

  
   Calculation: 
 

% Mn= mg of Manganese (from calibration graph) Χ 100 Χ  dilution factor 
1000 Χ wt. of sample (g) 
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 3.2.13. Estimation of Na2O and K2O by Flame Photometry 
 

Procedure: 
Take 0.1 to 0.2 g powdered sample in a teflon beaker and add 10 ml hydrofluoric 
acid and 1ml nitric acid. Digest on hot plate and dry it then add 5 ml 
hydrochloric acid, digest it. Extract with 5 ml hydrochloric acid and make it 100 
ml with purified water in 100 ml volumetric flask. Dissolve sodium chloride and 
potassium chloride for standard 1000 ppm solution. Prepare standard calibration 
curve. Take 0.1, 0.2, 0.4, 0.6, 0.8 and 1.0 mg / ml standard solutions in 100ml 
volumetric flask and calibrate the curve and compute the results. Take 
observations on flame photometer using sodium and potassium filters mode. 
 

 Calculation: 
 

% Na2O = ppm (reading) x total volume x dilution x 100 x 10 -6 

Weight of sample 
  

% K2O = ppm (reading) x total volume x dilution x 100 x 10 -6 

Weight of sample 

 3.2.14. Determination of Boron by ICPA (Inductively Coupled Plasma         
                           Analyser)       

Procedure: 
Weigh 0.2 g sample in a zirconium crucible and mix with 1 g sodium peroxide in 
the crucible. Fuse the mass on low flame till the color of fused mass changes 
from yellow to black. Fuse this on high flame till the mass is melt and heat to red 
hot for 5 minutes then cool the crucible and extract the cool mass with purified 
water in Teflon beaker. Heat the solution on the plate residue gets settled down 
in the beaker, filter the solution by using Whatman filter paper No. 41 through 
plastic funnels and collect the filtrate and wash in the Teflon beaker. Acidify the 
solution by using nitric acid and add 2 ml extra to maintain the acidity to make 
up the volume 250 ml in the polythene volumetric flask. Now the solution is 
ready to determine the elemental boron by ICPA. 

 
3.3. Methods of Other Important Chemical Studies 
 

3.3.1. Determination of Acid- Insoluble  
Take about 1 g pre dried sample (150 mesh) in 250ml-beaker. Add 50 ml dilute 
hydrochloric acid. Stir the solution and cover the beaker by watch glass. Heat on 
the hot plate at 1500 and digest for two hours. Then cool, filter, wash by water 
and ignite at 9000. Weigh the residue and caliculate residue % and report as acid 
insoluble. 

 3.3.2. Reaction with Hydrochloric acid, Nitric Acid and Sulphuric Acid 
Put 1 g fine powdered (150 mesh) sample in a glass test tube. Add 10 ml 
concentrated acid. Take observations for change of colour, dissolution, evolution 
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of any gas and increase or decrease in temperature. Then heat the test tube and 
again record all the observations stated above. 

3.3.3. Effect of Heat 
The observations of effect of heat are recorded as "effect of heat in open" and 
"effect of heat in closed". The effect of heat of mineral is observed by heating 1 g 
powdered sample in open test tube at 9000. Take observations for change in 
colour and volume, evolution of any gas and purified water etc. For effect of heat 
in closed, use penfield tube and repeat the same process and observations. 

3.3.4. Qualitative Test for Carbonate and Sulphate 
Carbonate:  
Take about 0.5 g powdered sample in a test tube and add 10-15 ml of dilute 
hydrochloric acid to it. Observe effervescence of CO2, limepurified water turns – 
milky white. 
Sulphate: 
Take about 0.5 g powdered sample in a test tube and add 10-15 ml dilute 
hydrochloric acid and boil  then add 10% barium chloride solution drop wise to 
the solution  it shows white preipitate of BaSO4. 

 
3.4. Qualitative Chemical Tests of Minerals (by Blow Pipe Method) 
 

3.4.1. Essence and Potentialities of the Method: 
Blowpipe tests enable qualitative determination of the chemical composition of a 
mineral without dissolving it. The principle of the method is to intensify and 
speed oxidation and reduction of the chemical elements of a mineral by heating it 
in the blowpipe flame and to observe the resulting reaction, which are 
characteristic of, and diagnostic for a certain element. Blowpipe tests require the 
following outfit of devices and accessories:  

• A blow- pipe            • A candle or an alcohol lamp   
• A charcoal block   • Platinum wire         
• Glass tubes                             • An agate or porcelain mortar   
• A pair of forceps      • A silver plate or photographic paper                
• Filter paper • Coloured glasses   
• A small glass or porcelain cup  • Strip of test paper, slides and glass sticks 
 
In addition, it is necessary to have the following chemical agents:  
 
• Borax Na2 B4O7. 10 H20 (powder) 
• Phosphate NH4 NaHPO4 . 4H2O (Powder) 
• Sodium bicarbonate Na2CO3 (Powder) 
• Cobalt nitrate Co (NO3) 2 (1:20) solution 
• Hydrochloric acid (1:2 solution) 
 
The blowpipe is a metal or glass tube with a mouth piece at one end to blow in 
the air from the lungs and a small opening (0.3-0.6 mm) at the other end, through 
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which the blown air escapes. Near the narrow end of the tube there is a wide 
section to collect the moisture introduced with the air. There is different 
construction of blowpipe. During work, the blowpipe is held by the wide section, 
the mouth piece is pressed to the lips and air is forced through the small opening 
of the tube into the flame of an alcohol lamp or a candle, by breathing in through 
the nose and breathing out through the mouth. 

A charcoal block is used to produce reduction condition. The preferable size of a 
charcoal block is 10 by 5 cm. The surface of the block should be flat and smooth. 
A small pit or 1.5 mm deep and about 5 mm in diameter is cut in the charcoal 
block at a distance of 1.5-2 cm from the edge. A platinum wire should be 0.3-0.5 
mm thick and 50 mm long. The wire is welded into a glass stick to be used for 
obtaining coloured glasses, metallic beads, and for observation of flame 
colourations. It is possible, through less convenient, to use glass sticks or 
porcelain fragents for the same purpose. Glass tubes 10 to 15 cm long and about 
0.5 cm in diameter are used either open or sealed off at one end in a flame. Open-
tube tests are made to observe oxidation, and closed tubes are used to accomplish 
decomposition reactions with no access of air. A mortar is used to powder 
minerals. 

A pair of forceps is necessary to hold, carry and fix grains of a mineral. It may be 
of any construction, though it would be better if it is provided with a clamp. A 
Silver plate should have a size of a coin 18 to 20 mm in diameter. It may be 
replaced by pieces of bromide photographic paper. The silver plate or bromide 
paper is used to find out whether or not the mineral contains sulphur. Filter 
paper is helpful to see the colouration of solution containing nickel, cobalt or 
iron. Coloured glasses are used to determine the colouration of flame. Three 
glasses are necessary: blue, red and green. A small glass or porcelain cup is used 
to observe reaction in solution. Strips of test paper are convenient to determine 
acidity or alkalinity.  

 
3.4.2. Structure of candle flame: 

 
The effective application of blow piping requires knowledge of the structure of a 
candle flame. A flame consists of three parts, the outer of which is invisible, the 
middle is glowing and the inner is dark. In the outer invisible part gas burns 
completely, in the middle burning is incomplete and in the inner, most of gas 
remains unburned. The outer part in an oxidizing flame and the middle part, 
containing carbon monoxide, hydrogen and hot particles of carbon, is a reduction 
flame. Introduction of air into the flame with the help of the blowpipe enhances 
the effect of the oxidizing and reducing flames owing to a high temperature 
speeding the reactions. Varying the position of the blowpipe and the amount of 
the blown air, one can intensify either the oxidizing or the reducing flame. To 
obtain a strong oxidizing flame, one should hold the narrow end of the blowpipe 
at a right angle to the candlewick so that a stream of air extends the flame into a 
long tongue. The mineral inserted into the outer, almost non-luminous cone is 
strongly heated and rapidly oxidizes. Reduction partially occurs in the inner part 
of the oxidizing flame. But it is not recommended to use it since by changing the 
angle, blowpipe one can achieve more favourable condition for reduction. For 
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this purpose, the blowpipe should be inclined so that its tip is at a small distance 
from the edge of the flame. In this case the blown air produces a broad glowing 
tongue in the narrow part of which the conditions are most favorable for 
reduction. 

 
3.4.3. Flame Colourations:  

 
Compounds of alkali and alkali-earth metals and a number of other minerals may 
volatilize when heated intensely and thus impart characteristic colours to the 
flame. A flame test may be made by heating a small fragent or powder of the 
mineral introduced into the oxidizing flame of the blowpipe on a platinum wire 
or on a glass stick. If the mineral fails to give the characteristic flame, 
hydrochloric acid is applied to it before heating. Coloured glasses are used to 
differentiate obscured flame. Making a flame test, one should be careful not to 
introduce into the assay sodium salts whose intense yellow flames tend to mask 
any other colour. A filter of blue glass will completely absorb the yellow sodium 
flame. Colour glasses are also used for distinguishing potassium, rubidium, 
lithium, strontium, calcium, barium, boron and copper flames. 

 
3.4.4. Charcoal Tests: 

 
By performing mineral reduction reactions on charcoal, one can obtain metallic 
beads and slags; oxidation reaction yield characteristic oxide coatings. Mineral 
powder (or grains) is held in a pit cut in a charcoal block and heated by the 
blowpipe flame so that the block and the flame form an angle of about 450. Apart 
from obtaining metallic beads, slags and oxide coatings, charcoal tests enable 
one to observe fusibility, cracking appearance of odour, colouration and glowing 
of the flame. All these factors are very helpful in mineral identification. 
 
Sulphides and the like sulphurous, antimonial and arsenious minerals of lead 
copper and other heavy metals are placed on the charcoal and reduced by the 
blowpipe flame to free metals. Infusible sulphates, silicates and other metal 
compounds should be mixed with soda in the proportion of 1 to 3 to form a 
carbonate flux facilitating melting of the oxides which, in turn, are easily reduced 
to metals. 
 
The reduced metal either forms a metallic bead or remains in grains and scales. 
The reactions of mineral reduction on the charcoal are particularly characteristic 
of lead, silver, tin, antimony, bismuth, gold, copper, iron, nickel and cobalt. The 
charcoal tests in the oxidizing flame are effective for bismuth, antimony, arsenic, 
tin, zinc, lead and selenium. The useful diagnostic features are oxide coating 
formed on the charcoal block, their colour, shape, location, volatility and 
sometimes odour of fumes.  
 
In view of the fact that temperature of coating formation is different for different 
metals, slow heating enables determination of several metals in one assay. First, 
coating of arsenic and antimony oxides is formed, then those of lead, bismuth, 
zinc, and tin.  Selenium and sulphur do not yield coatings but volatilize, giving 
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off white fumes with a strong characteristic odour resembling in the case of 
selenium that of radish.  

 
3.4.5. Closed Tube and Open Tube Tests 

 
3.4.5.i. Closed Tube Test: 

 
When a mineral is heated in the closed glass tube, one can observe cracking, 
glowing, melting, change of colour, gas emanation, sublimation or other 
characteristic processes. To observe these processes, the closed end of the 
penfield tube with the powdered mineral is heated in the oxidizing flame at 10000 
of the blowpipe. The tube, held at an angle of 450 to the flame, is slowly heated 
first in a small and then in a very hot flame until it becomes red. As a result of 
decomposition, the mineral gives off fumes with some products remaining on the 
walls of the tube as characteristic sublimates. In this way, one can find out 
whether or not the minerals under test contain purified water, oxygen, sulphur, 
arsenic and mercury. Absorbed purified water is given off to form drops on the 
walls of the tube, with hygroscopic purified water being given off on weak 
heating and crystallization and constitutional purified water on red heating. The 
purified water thus obtained may be tested for acidity with the help of test paper. 
Oxygen can be recognised by bright burning of a coal grain dropped into the tube 
above the mineral powder.  

 
3.4.5.ii. Open Tube Test: 

 
The small fragent is placed in the tube about an inch from the lower end, the tube 
being slightly inclined (say 200) but not enough to cause the mineral to slip out 
and heat applied beneath. The current of air passing upward throw the tube 
during the heating process (at 10000) has an oxidizing effect. The special 
phenomena to be observed are the formation of a sublimate and the odour of the 
escaping gases. The acid or alkaline character of the vapours is tested for in the 
same way as with the closed tubes. The most common gas evolved in this way is 
sulphur dioxide SO2, when sulphides are being oxidized. This gas can be 
recognised by its irritating, pungent odour and its acid reaction upon moistened 
blue litmus paper.  

 
3.4.6. Colour Reactions with Fluxes: 

 
When borax and salt of phosphorus are fused in the blowpipe flame, they are 
transformed to metaborax and metaphophorus salts which react with the tested 
mineral to produce coloured borates and phosphates known as coloured glasses 
or beads. To prepare a coloured bead, platinum wire should be moistened with 
purified water or heated, and then dipped into powdered borax or salt of 
phosphorus and heated in the oxidizing flame of the blowpipe. The powder melts 
to a colourless liquid and on cooling forms a small glass bead. To prepare a bead 
2-3 mm in diameter, the procedure should be repeated 2-3 times. The bead thus 
obtained should be moistened with purified water or heated again to make the 
grain of the mineral to be tested stick to it. The bead with the grain should then 
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be reheated in the oxidizing flame until the whole of the bead becomes coloured. 
In this test the bead colour refer to the chemical element having the highest 
balance.  
 
To perform a reduction bead test, the bead should first be heated in the oxidizing 
flame and then in the reducing flame. To avoid extra loss of platinum, prior to 
bead preparation, the mineral should be heated in the oxidizing flame on the 
charcoal. By this heating, volatile components, such as sulphur, arsenic and 
antimony, which fuse with platinum, will be eliminated from the mineral. 
Besides, transformation of other metallic compounds to oxides enhances 
characteristic colours of the beads.  
 
3.4.7. Recommended Procedure of Blowpipe Tests 

 
If, starting the blowpipe tests, one has no idea of the composition of the mineral 
to be tested he is advised to perform the operations in the following succession: 
 i)  Observation of flame colouration 
 ii)  Charcoal tests 
 iii)  Closed-tube tests 
 iv)  Observation of bead colouration  
 
To check whether or not the mineral contains a certain element, the testing 
should start with the reactions, which are most sensitive to the suspected element 
and ignore the recommended general succession.  
1.  Flame colouration tests are used to determine the presence of lithium, 

potassium, sodium, calcium, barium, strontium, copper (oxides) and boron.  
2.  Charcoal tests help to obtain the following results: 

2.1  if the mineral melts and yields only a coating, it is likely to contain 
arsenic or zinc; 

2.2  if the mineral melts and gives a bead and a coating, it may contain 
antimony, bismuth, tin or lead; 

2.3  if the mineral melts and produces only a bead, it may contain silver, 
gold or copper; 

2.4  if the mineral does not melt and forms a magnetic mass, it obviously 
contains iron, nickel and cobalt; 

2.5  if the mineral mixed with soda and heated in the reducing flame 
produces a "sulphur silver" reaction on a silver plate or photographic 
paper (when moistened with purified water), it apparently contains 
sulphur; 

2.6  if a colourless or a poorly coloured bead moistened with cobalt nitrate 
solution and reheated in the oxidizing flame turns blue, aluminum is 
present; green, zinc; and pink, magnesium.  

3.  Observation of sublimates in closed-tube tests enables determination of 
Sulphur, Arsenic and Mercury.  

4.  Colour reactions with fluxes (borax and salt of phosphorus) help to 
distinguish manganese, iron, chromium, copper, nickel, cobalt and titanium.  
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 Appendix-4 
 

4. CHEMICALS AND REAGENTS  

 

Acetic Acid – Contains approximately 33 per cent w/v of C2H4O2. Dilute 315 ml of 
glacial acetic acid to 1000 ml with water. 
 
Acetic Acid, Glacial – CH3COOH =60.05. 

 
Contains not less than 99.0 per cent w/w of C2H4O2. About 17.5 N in strength. 
 
Description – At temperature above its freezing point a clear colourless liquid, odour, 
pungent and characteristic; crystallises when cooled to about 100 and does not completely 
re-melt until warmed to about 150. 
 
Solubility – Miscible with water, with glycerine and most fixed and volatile oils. 
 
Boiling range – Between 1170 and 1190. 
 
Congealing temperature – Not lower than 14.80. 
 
Wt. per ml – At 250about 1.047 g. 
 
Heavy metals –Evaporate 5 ml to dryness in a porcelain dish on water-bath, warm the 
residue with 2 ml of 0.1 N hydrochloric acid and water to make 25 ml; the limit of heavy 
metals is 10 parts per million, Appendix 2.3.3. 
 
Chloride –5 ml complies with the limit test for chlorides. 
 
Sulphate –5 ml complies with the limit test for sulphates,  
 
Certain aldehydic substances – To 5 ml add 10 ml of mercuric chloride solution and make 
alkaline with sodium hydroxide solution, allow to stand for five minutes and acidify with 
dilute sulphuric acid; the solution does not show more than a faint turbidity. 
 
Formic acid and oxidisable impurities – Dilute 5 ml with 10 ml of water, to 5 ml of this 
solution add 2.0 ml of 0.1 N potassium dichromate and 6 ml of sulphuric acid, and allow 
to stand for one minute, add 25 ml of water, cool to 150, and add 1 ml of freshly prepared 
potassium iodide solution and titrate the liberated iodine with 0.1 N sodium thiosulphate, 
using starch solution as indicator. Not less than 1 ml of 0.N sodium thiosulphate is 
required.   
 
Odorous impurities –Neutralise 1.5 ml with sodium hydroxide solution; the solution has 
no odour other than a faint acetous odour. 
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Readily oxidisable impurities – To 5 ml of the solution prepared for the test for Formic 
Acid and Oxidisable Impurities, add 20 ml of water and 0.5 ml of 0.1 N potassium 
permanganate; the pink colour does not entirely disappear within half a minute. 
 
Non-volatile matter – Leaves not more than 0.01 per cent w/w of residue when evaporated 
to dryness and dried to constant weight at 1050. 
 
Assay –Weigh accurately about 1 g into a stoppered flask containing 50 ml of water and 
titrate with N sodium hydroxide, using phenolphthalein solution as indicator. Each ml of 
sodium hydroxide is equivalent to 0.06005 g of C2H4O2. 
 
Acetic Acid, Lead-Free –Acetic acid which complies with following additional test, boil 
25 ml until the volume is reduced to about 15 ml, cool make alkaline with lead-free 
ammonia solution, add 1 ml of lead free potassium cyanide solution, dilute to 50 ml with 
water, add 2 drops of sodium sulphide solution; no darkening is produced. 
 
Acetate buffer 5.5 pH- Dissolve 21.5 g of sodium acetate (Analytical Reagent) in 300 ml 
water containing 2 ml glacial acetic acid and dilute to 1000 ml 

 

Alcohol – 
 
Description  – Clear, colourless, mobile, volatile liquid, odour, characteristic and 
spirituous; taste, burning, readily volatilised even at low temperature, and boils at about 
780, flammable. Alcohol containing not less than 94.85 per cent v/v and not more than 
95.2 per cent v/v of C2H5OH at 15.560. 
 
Solubility –Miscible in all proportions with water, with chloroform and with solvent ether. 
 
Acidity or alkalinity – To 20 ml add five drops of phenolphthalein solution; the solution 
remains colourless and requires not more than 2.0 ml of 0.1N sodium hydroxide to produce 
a pink colour. 
 
Specific gravity –Between 0.8084 and 0.8104 at 250. 
 
Clarity of solution –Dilute 5 ml to 100 ml with water in glass cylinder; the solution 
remains clear when examined against a black background. Cool to 100 for thirty minutes; 
the solution remains clear. 
 
Methanol – To one drop add one of water, one drop of dilute phosphoric acid, and one 
drop of potassium permanganate solution. Mix, allow to stand for one minute and add 
sodium bisulphite solution drop wise, until the permanganate colour is discharged. If a 
brown colour remains, add one drop of dilute phosphoric acid. To the colourless solution 
add 5 ml of freshly prepared chromotropic acid solution and heat on a water-bath at 600 

for ten minutes; no violet colour is produced. 
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Foreign organic substances – Clean a glass-stoppered cylinder thoroughly with 
hydrochloric acid, rinse with water and finally rinse with the alcohol under examination. 
Put 20 ml in the cylinder, cool to about 150 and then add from a carefully cleaned pipette 
0.1 ml 0.1 N potassium permanganate. Mix at once by inverting the stoppered cylinder 
and allow to stand at 150 for five minutes; the pink colour does not entirely disappear. 
 
Isopropyl alcohol and t-butyl alcohol – To 1 ml add 2 ml of water and 10 ml of mercuric 
sulphate solution and heat in a boiling water-bath; no precipitate is formed within three 
minutes. 
 
Aldehydes and ketones – Heat 100 ml of hydroxylamine hydrochloride solution in a 
loosely stoppered flask on a water-bath for thirty minutes, cool, and if necessary, add 
sufficient 0.05 N sodium hydroxide to restore the green colour. To 50 ml of this solution 
add 25 ml of the alcohol and heat on a water bath for ten minutes in a loosely stoppered 
flask. Cool, transfer to a Nesseler cylinder, and titrate with 0.05 N sodium hydroxide until 
the colour matches that of the remainder of the hydroxylamine hydrochloride solution 
contained in a similar cylinder, both solutions being viewed down the axis of the cylinder. 
Not more than 0.9 ml of 0.05 N sodium hydroxide is required. 
 
Fusel oil constituents – Mix 10 ml with 5 ml of water and 1 ml of glycerin and allow the 
mixture to evaporate spontaneously from clean, odourless absorbent paper; no foreign 
odour is perceptible at any stage of the evaporation. 
 
Non-volatile matter – Evaporate 40 ml in a tared dish on a water-bath and dry the residue 
at 105º for one hour; the weight of the residue does not exceed 1 mg. 
 
Storage – Store in tightly-closed containers, away from fire. 
 
Labelling – The label on the container states “Flammable”. 
 
Alcohol, Aldehyde-free. –Alcohol which complies with the following additional test : 
 
Aldehyde – To 25 ml, contained in 300 ml flask, add 75 ml of dinitrophenyl hydrazine 
solution, heat on a water bath under a reflux condenser for twenty four hours, remove the 
alcohol by distillation, dilute to 200 ml with a 2 per cent v/v solution of sulphuric acid, 
and set aside for twenty four hours; no crystals are produced. 
 
Alcohol, Sulphate-free. –Shake alcohol with an excess of anion exchange resin for thirty 
minutes and filter. 
 
Ascorbic Acid – C6H8O6 =176.13 
 
Description – Colourless crystals or white to very pale yellow crystalline powder; 
odourless. On exposure to light it gradually darkens. 
 
Solubility – Freely soluble in water, sparingly soluble in ethanol (95%); insoluble in 
chloroform, in ether and in benzene. 
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Storage – Store in tightly-closed, light-resistant containers and avoid contact with metals. 
It undergoes rapid decomposition in solutions in contact with air. 
 
Standards – Ascorbic Acid contains not less than 99.0 per cent and not more than 100.5 
per cent of C6H8O6. 
 
Ammonia – Ammonia solution strong contains not less than 27 percent w/w and not more 
than 30 percent w/w of NH3. 
  
Ammonia buffer (9.5 pH) – Dissolve 33.5 g of ammonium chloride in 150 ml of water 
and 42 ml of 10M ammonia and dilute with water to 250 ml.  
 
Store in polyethylene containers. 
 
Ammonia, xN. –Solutions of any normality XN may be prepared by diluting 75 x ml of 
strong ammonia solution to 1000 ml with water. 
 
Ammonia Solution, Iron-free –Dilute ammonia solution which complies with the 
following additional test :- 
Evaporate 5 ml nearly to dryness on a water-bath add 40 ml of water, 2 ml of 20 per cent 
w/v solution of iron free citric acid and 2 drops of thioglycollic acid, mix, make alkaline 
with iron-free ammonia solution and dilute to 50 ml with water, no pink colour is 
produced. 
 
Ammonium Acetate – CH3CO2NH4  
 
Description – Colourless crystals or crystalline masses; odour, slightly acetous, very 
deliquescent.  
 
Solubility – Very soluble in water, and in alcohol 
 
Reaction – Dissolve 1 g in  20 ml of carbon-dioxide free water; the reaction of the solution 
is not more acid than pH 6:5 using solution of bromothymol blue as indicator.  
 
Chloride – 3.5 g complies with the limit test for chlorides 
 
Sulphate – Dissolve 4 g in 5 ml of water, add 10 mg of sodium bicarbonate, evaporate to 
dryness and heat at 120 until the ammonium acetate is volatilised. The residue complies 
with the limit test for sulphates. 
  
Sulphated Ash – Not more than 0.035 percent.  
 
Ammonium chloride - NH4Cl 
 
Description – A white, crystalline, granular powder; odourless;taste, saline and cooling; 
somewhat hygroscopic.  
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Solubility – Soluble in 2.6 parts of water, in 1.4 parts of boiling water and in about 100 
parts of alcohol.  
 
Reaction – pH of a 5 percent w/v solution, between 4.5 and 6.0.  
Sulphate – 2 g complies with the limit test for sulphates.  
 
Sulphated ash – Not more than 0.1 percent 
 
Ammonium Chloride Solution –A 10.0 per cent w/v solution of ammonium chloride in 
water. 
 
Ammonium molybdate- NH4Mo7O24.4H2O=1235.86 
 
White crystal or crystalline masses, sometimes with a yellowish or green tint. 
  
Ammonium Thiocyanate – NH4SCN = 76.12. 
 
Description  –Colourless crystals. 
 
Solubility – Very soluble in water, forming a clear solution, readily soluble in alcohol. 
 
Chloride –Dissolve 1 g in 30 ml of solution of hydrogen peroxide, add 1 g of sodium 
hydroxide, warm gently, rotate the flask until a vigorous reaction commences and allow to 
stand until the reaction is complete; add a further 30 ml of hydrogen peroxide solution boil 
for two minutes, cool, and add 10 ml of dilute nitric acid and 1 ml of silver nitrate 
solution; any opalescence produced is not greater than that obtained by treating 0.2 ml of 
0.01 N hydrochloric acid in the same manner. 
 
Sulphated ash –Moisten 1 g with sulphuric acid and ignite gently, again moisten with 
sulphuric acid and ignite; the residue weighs not more than 2.0 mg. 
 
Ammonium Thiocyanate, 0.1N – NH4SCN = 76.12; 7.612 in 1000 ml. Dissolve about 8 
g of ammonium thiocyanate in 1000 ml of water and standardise the solution as follows : 
 

Pipette 30 ml of standardised 0.1 N silver nitrate into a glass stoppered flask, dilute 
with 50 ml of water then add 2 ml of nitric acid and 2 ml of ferric ammonium sulphate 
solution and titrate with the ammonium thiocyanate solution to the first appearance of a 
red brown colour. Each ml of 0.1N silver nitrate is equivalent to 0.007612 g of NH4SCN. 
 
Ammonium Thiocyanate Solution – A 10.0 per cent w/v solution of ammonium 
thiocyanate solution. 
 
Barium chloride– BaCl2= 208.233 
 
Description – Colourless crystals  
 
Solubility – 1g dissolves completely in 5 ml of water 
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Lead – Dissolve 1 g in 40 ml. of recently boiled and cooled water, add 5 ml of lead free 
acetic acid, render alkaline with lead free solution of ammonia and add 2 drops of lead free 
solution of sodium sulphide. Not more than a slight colour is produced.  
 
Nitrate – Dissolve 1 g in 10 ml of water add 1 ml of solution of indigo carmine and 10  ml 
of nitrogen-free sulphuric acid and heat to boiling. The blue colour does not entirely 
disappear. 
 
Borax - Sodium Tetraborate, Na2B4O7. 10H2O = 381.37.  
 
Contains not less than 99.0 per cent and not more than the equivalent of 103.0 per cent of 
Na2B4O7. 10H2O. 
 
Description  –Transparent, colourless crystals, or a white, crystalline powder; odourless, 
taste, saline and alkaline. Effloresces in dry air, and on ignition, loses all its water of 
crystallisation. 
 
Solubility –Soluble in water, practically insoluble in alcohol. 
 
Alkalinity –A solution is alkaline to litmus solution. 
Heavy metals  – Dissolve 1 g in 16 ml of water and 6 ml of N hydrochloric acid and add 
water to make 25 ml; the limit of heavy metals is 20 parts per million,  
 
Iron –0.5 g complies with the limit test for iron,  
 
Chlorides –1 g complies with the limit test for chlorides,  
 
Sulphates –1g complies with the limit test for sulphates,  
Assay –Weigh accurately about 3 g and dissolve in 75 ml of water and titrate with 0.5 N 
hydrochloric acid, using methyl red solution as indicator. Each ml of 0.5 N hydrochloric 
acid is equivalent to 0.09534 g of Na2B4O7.10H2O. 
 
Storage – Preserve Borax in well-closed container. 
 
Copper Sulphate – CuSO4.5H2O = 249.68 
 
Contains not less than 98.5 per cent and not more than the equivalent of 101.0 per cent of 
CuSO4.5H2O. 
 
Description  –Blue triclinic prisms or a blue, crystalline powder. 
 
Solubility –Soluble in water, very solube in boiling water, almost insoluble in alcohol; 
very slowly soluble in glycerin. 
 
Acidity and clarity of solution – 1 g, dissolved in 20 ml of water, forms a clear blue 
solution, which becomes green on the addition of 0.1 ml of methyl orange solution. 
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Iron – To 5 g, add 25 ml of water, and 2 ml of nitric acid, boil and cool. Add excess of 
strong ammonia solution, filter, and wash the residue with dilute ammonia solution mixed 
with four times its volumes of water. Dissolve the residue, if any, on the filter with 2 ml of 
hydrochloric acid, diluted with 10 ml of water; to the acid solutions add dilute ammonia 
solution till the precipitation is complete; filter and wash; the residue after ignition weighs 
not more than 7 mg. 
 
Copper Sulphate, Anhydrous – CuSO4 =159.6 
 
Prepared by heating copper sulphate to constant weight at about 2300. 
 
Copper Sulphate Solution –A10.0 per cent w/v solution of copper sulphate in water. 
 
Cresol Red – 4,4/, –(3H-2, 1-Benzoxathiol-3 ylidene) di-O-cresol SS-dioxide; C12H8O5S 
= 382.4.  
 
Gives a red colour in very strongly acid solutions, a yellow colour in less strongly acid and 
neutral solutions, and a red colour in moderately alkaline solutions (pH ranges, 0.2 to 1.8, 
and 7.2 to 8.8). 
 
Cobalt nitrate Co (NO3)2  
 
Cobaltous Nitrate; Cobalt (II) Nitrate : Co(NO3)26H2O=291.03  
Red crystals; deliquescent.  
 
Cresol Red Solution –Warm 50 ml of cresol red with 2.65 ml of 0.05 M sodium hydroxide 
and 5 ml of ethanol (90 per cent); after solution is effected, add sufficient ethanol (20 per 
cent) to produce 250 ml. 
 
Sensitivity –A mixitue of 0.1 ml of the solution and 100 ml of carbon dioxide-free water to 
which 0.15 ml of 0.02 M sodium hydroxide has been added is purplish-red. Not more than 
0.15 ml of 0.02 M hydrochloric acid is required to change the colour to yellow. 
 
Diphenyl Amine Barium Sulphonate Indicator Dissolve 0.25 g in 100 ml water. 
 
Disodium Ethylenediamine tetraacetate – (Disodium Acetate) C10H14N2Na2O8.2H2O = 
372.2. 
 
Ethylene diamine tetra acetic acid (EDTA) solution 0.05 M- dissolves 18.6120 g of 
sodium salt of Ethylene diamine tetraacetic acid (EDTA) (Analytical Reagent) in water 
and make up to 1000 ml 
 
Eriochrome Black T –Mordant Black 11; Sodium 2(1-hydroxy-2-naphthylazo) 5-nitro-2-
naphtol-4-sulphonate; C20H12N3NaO7S = 461.38. 
 
Brownish black powder having a faint, metallic sheen, soluble in alcohol, in methyl 
alcohol and in hot water. 
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Ethyl Alcohol –C2H5OH = 46.07. 
 
Absolute Alcohol; Dehydrated Alcohol. 
 
Description  –Clear, colourless, mobile, volatile liquid; odour, characteristic and 
spirituous; taste, burning; hygroscopic. Readily volatilisable even at low temperature and 
boils at 780 and is flammable.  
 
Solubility –Miscible with water, with solvent ether and with chloroform. 
 
Contains not less than 99.5 per cent w/w or 99.7 per cent v/v of C2H5OH. 
 
Identification –Acidity or Alkalinity: Clarity of Solution; Methanol; Foreign organic 
substances; Isopropyl alcohol and butyl alcohol; Aldehydes and ketones; fusel oil 
constituents; Non-volatile matter; complies with the requirements described under 
Alcohol. 
 
Specific gravity –Between 0.7871 and 0.7902, at 250. 
 
Storage –Store in tightly closed containers in a cool place away from fire and protected 
from moisture. 
 
Labelling –The label on the container states “Flammable”. 
 
Formic acid- HCOOH = 46.03  
 
Description:-Colourless liquid, odour, very pungent, highly corrosive; wt per ml. about 
1.20 g, contains about 90.0 per cent of HCOOH and is about 23.6 M in strength. 
 
Assay:- Weigh accurately, a conical flask containing 10ml of water, quickly add about 1ml 
of the reagent being examined and weigh again. Add 50ml of water and titrate with 1M 
sodium hydroxide using 0.5 ml of phenolphthalein solution as indicator. Each ml of 1M 
sodium hydroxide is equivalent to 0.04603 g of HCOOH. 
                                                         
Hydrochloric Acid –HCl = 36.46 
 
Concentrated Hydrochloric Acid 
 
Description  –Clear, colourless, fuming liquid; odour, pungent. 
 
Arsenic –Not more than 1 part per million, Appendix 2.3.1. 
 
Heavy metals –Not more than 5 parts per million, determined by Method A on a solution 
prepared in the following manner : Evaporate 3.5 ml to dryness on a water-bath, add 2 ml 
of dilute acetic acid to the residue, and add water to make 25 ml,. 
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Bromide and iodide –Dilute 5 ml with 10 ml of water, add 1 ml of chloroform, and add 
drop by drop, with constant shaking, chlorinated lime solution; the chloroform layer does 
not become brown or violet. 
 
Sulphite –Dilute 1 ml with 10 ml of water, and add 5 drops of barium chloride solution 
and 0.5 ml of 0.001 N iodine; the colour of the iodine is not completely discharged. 
Sulphate –To 5 ml add 10 mg of sodium bicarbonate and evaporate to dryness on a water 
bath; the residue, dissolved in water; complies with the limit test for sulphates. Free 
chlorine –Dilute 5 ml with 10 ml of freshly boiled and cooled water, add 1 ml of cadmium 
iodide solution, and shake with 1 ml of chloroform; the chloroform layer does not become 
violet within one minute. 
 
Sulphated ash –Not more than 0.01 per cent. 
 
Assay –Weigh accurately about 4 g into a Stoppard flask containing 40 ml of water, and 
titrate with N sodium hydroxide, using methyl orange solution as indicator. Each ml of N 
sodium hydroxide is equivalent to 0.03646 g of HCl. 
 
Storage –Store in glass-stoppered containers at a temperature not exceeding 300. 
 
Hydrochloric Acid, x N –Solution of any normality x N may be prepared by diluting 84 x 
ml of hydrochloric acid to 1000 ml with water. 
 
Hydrochloric Acid –(1 per cent w/v) Dilute 1 g of hydrochloric acid to 100 ml with 
water. 
 
Dilute Hydrochloric Acid – 
 
Description  –Colourless liquid. 
 
Arsenic, Heavy metals bromoide and iodide, Sulphate, free chlorine –Complies with the 
tests described under Hydrochloric Acid, when three times the quantity is taken for each 
test. 
 
Assay –Weigh accurately about 10 g and carry out the Assay described under 
Hydrochloric Acid.  
 
Storage –Store in stoppered containers of glass or other inert material, at temperature 
below    300. 
 
Hydrochloric Acid, N – HCl = 36.460 
 
36.46 g in 1000 ml 
 
Dilute 85 ml of hydrochloric acid with water to 1000 ml and standardise the solution as 
follows: 
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Weigh accurately about 1.5 g of anhydrous sodium carbonate, previously heated at about 
2700 for one hour. Dissolve it in 100 ml of water and add two drops of methyl red 
solution. Add the acid slowly from a burette with constant stirring, until the solution 
becomes faintly pink. Heat again to boiling and titrate further as necessary until the faint 
pink colour no longer affected by continued boiling. Each 0.5299 g of anhydrous sodium 
carbonate is equivalent to 1 ml of N hydrochloric acid. 

 
Hydrochloric Acid, Iron-Free –Hydrochloric acid, which complies with the following 
additional test. Evaporate 5 ml on a water-bath nearly to dryness, add 40 ml of water, 2 ml 
of a 20 per cent w/v solution of citric acid and two drops of thioglycollic acid, mix, make 
alkaline with dilute ammonia solution, and dilute to 50 ml with water; no pink colour is 
produced. 
   
Hydrofluoric Acid – HF=20.01 
 
Colourless, Corrosive liquid; odour, pungent; wt. per ml, about 1.13 g; contains not less 
than 40% w/w of HF. Store in polyethylene or gutta percha bottles. 
 
Hydrogen Peroxide Solution – (20 Vol.) H2O2 = 34.02 
 
Commerce or hydrogen peroxide solution (100 Vol.) diluted with 4 volumes of water. 
 
A colourless liquid containing about 6 per cent w/v of H2O2; weight per ml, about 1.02 g. 
 
Hydroxylamine Hydrochloride; Hydroxylammonium Chloride – NH2OH.HCl = 
69.49. 
 
Contains not less than 97.0 per cent w/w of NH2OH. HCI. 
Description  –Colourless crystals, or a white, crystalline powder. 
 
Solubility –Very soluble in water; soluble in alcohol. 
 
Free acid –Dissolve 1.0 g in 50 ml of alcohol, add 3 drops of dimethyl yellow solution and 
titrate to the full yellow colour with N sodium hydroxide; not more than 0.5 ml of N 
sodium hydroxide is required. 
 
Sulphated ash –Not more than 0.2 per cent, Appendix 2.2.6. 
 
Assay –Weigh accurately about 0.1 g and dissolve in 20 ml of water, add 5 g of ferric 
ammonium sulphate dissolve in 20 ml of water, and 15 ml of dilute sulphuric acid, boil for 
five minutes, dilute with 200 ml of water, and titrate with 0.1 N potassium permanganate. 
Each ml of 0.1 N potassium permanganate is equivalent to 0.003475 g of NH2OH. HCl. 
 
Hydroxylamine Hydrochloride Solution –Dissolve 1 g of hydroxylamine hydrochloride 
in 50 ml of water and add 50 ml of alcohol, 1 ml of bromophenol blue solution and 0.1 N 
sodium hydroxide until the solution becomes green. 
 
Mercury – Hg = 200.59 
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Shinning, Silvery-white, heavy liquid, easily divisible into globules and extremely mobile; 
readily volatilises on heating; wt. per ml, about 13.5 g.  
 
Mercuric Chloride –HgCl2  =271.50. 
 
Contains not less than 99.5 per cent of HgCl2; 
Description  –Heavy, colourless or white, crystalline masses, or a white crystalline 
powder. 
 
Solubility –Soluble in water; freely soluble in alcohol. 
 
Non-volatile matter –When volatilised, leaves not more than 0.1 per cent of residue. 
 
Assay –Weigh accurately about 0.3 g and dissolve in 85 ml of water in a stoppered-flask, 
add 10 ml of calcium chloride solution, 10 ml of potassium iodide solution, 3 ml of 
formaldehyde solution and 15 ml of sodium hydroxide solution, and shake continuously 
for two minutes. Add 20 ml of acetic acid and 35 ml of 0.1 N iodine. Shake continuously 
for about ten minutes, or until the precipitated mercury is completely redissolved, and 
titrate the excess of iodine with 0.1 N sodium thiosulphate. Each ml of 0.1 N iodine is 
equivalent to 0.01357 g of HgCl2. 
 
Mercuric Chloride, 0.2 M – Dissolve 54.30 g of mercuric chloride in sufficient water to 
produce 1000 ml. 
 
Mercuric Chloride Solution –A 5.0 per cent w/v solution of mercuric chloride in water. 
 
Methyl Alcohol : Methanol : CH3OH = 32.04. 
 
Description  –Clear, Colourless liquid with a characteristic odour. 
 
Solubility –Miscible with water, forming a clear colourless liquid. 
 
Specific Gravity – At 250, not more than 0.791. 
 
Distillation range  – Not less than 95 per cent distils between 64.50 and 65.50. 
 
Refractive Index –At 200, 1.328 to 1.329. 
 
Acetone –Place 1 ml in a Nessler cylinder, add 19 ml of water, 2 ml of a 1 per cent w/v 
solution of 2-nitrobenzaldehyde in alcohol (50 per cent), 1 ml of 30 per cent w/v solution 
of sodium hydroxide and allow to stand in the dark for fifteen minutes. The colour 
developed does not exceed that produced by mixing 1 ml of standard acetone solution, 19 
ml of water, 2 ml of the solution of 2-nitrobenzaldehyde and 1 ml of the solution of 
sodium hydroxide and allowing to stand in the dark for fifteen minutes. 
 
Acidity –To 5 ml add 5 ml of carbon dioxide-free water, and titrate with 0.1 N sodium 
hydroxide, using bromothymol blue solution as indicator; not more than 0.1 ml is required. 
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Non-volatile matter – When evaporated on a water-bath and dried to constant weight at 
105º, leaves not more than 0.005 per cent w/v of residue. 
 
Methyl Alcohol, Dehydrated –Methyl alcohol, which complies with the following 
additional requirement.  
 
Water –Not more than 0.1 per cent w/w. 
 
Methyl Orange – Sodium-p-di methylamineazobenzene sulphate, C14H14O3N3SNa. 
An orange-yellow powder or crystalline scales, slightly soluble in cold water; insoluble in 
alcohol; readily soluble in hot water. 
 
Methyl Orange Solution –Dissolve 0.1 g of methyl orange in 80 ml of water and dilute to 
100 ml with alcohol.  
 
Test for sensitivity –A mixture of 0.1 ml of the methyl orange solution and 100 ml freshly 
boiled and cooled water is yellow. Not more than 0.1 ml of 0.1 N hydrochloric acid is 
required to change the colour to red. 
 
Colour change – pH 3.0 (red) to pH 4.4 (yellow). 
 
Methyl Red – p-Dimethylaminoazobenzene-O-carboxylic acid, C15H15O2N3. 
 
A dark red powder or violet crystals, sparingly soluble in water; soluble in alcohol. 
 
Methyl red solution –Dissolve 100 mg in 1.86 ml of 0.1 N sodium hydroxide and 50 ml 
of alcohol and dilute to 100 ml with water. 
 
Test for sensitivity –A mixture of 0.1 ml of the methyl red solution and 100 ml of freshly 
boiled and cooled water to which 0.05 ml of 0.02 N hydrochloric acid has been added is 
red. Not more than 0.01 ml of 0.02 N sodium hydroxide is required to change the colour to 
yellow. 
 
Colour change – pH 4.4 (red) to pH 6.0 (yellow). 
 
Methyl isobutyl ketone (MIBK) solution- 20% hydrochloric acid solution mixes with 
MIBK in 1:1 ratio. Transfer in separating funnel shake well to remove heavy metals 
present as impurities. Separated organic layer of MIBK. 
 
Nitric Acid –Contains 70.0 per cent w/w of HNO3 (limits, 69.0 to 71.0). About 16 N in 
strength. 
 
Description  –Clear, colourless, fuming liquid. 
 
Wt. per ml. – At 200, 1.41 to 1.42 g. 
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Copper and Zinc –Dilute 1 ml with 20 ml of water, and add a slight excess of dilute 
ammonia solution; the mixture does not become blue. Pass hydrogen sulphide; a 
precipitate is not produced. 
 
Iron –0.5 ml of complies with the limit test for iron. 
 
Lead –Not more than 2 parts per million. 
 
Chloride –5 ml neutralised with dilute ammonia solution, complies with the limit test for 
chlorides. 
 
Sulphates –To 2.5 ml add 10 mg of sodium bicarbonate and evaporate to dryness on a 
water-bath, the residue dissolved in water, complies with the limit test for sulphates. 
 
Sulphated ash  – Not more than 0.01 per cent w/w. 
 
Assay –Weigh accurately about 4 g into a stoppered flask containing 40 ml of water, and 
titrate with N Sodium hydroxide, using methyl orange solution as indicator. Each ml of N 
sodium hydroxide is equivalent to 0.06301 g of HNO3. 
 
Nitric Acid, xN –Solutions of any normality XN may be prepared by diluting 63x ml of 
nitric acid to 1000 ml with water. 
 
Nitric Acid, Dilute –Contains approximately 10 per cent w/w of HNO3. Dilute 106 ml of 
nitric acid to 1000 ml with water. 
 
Perchloric Acid- HClO4 = 100.46 
 
A solution in water containing between 70 percent and 72 percent w/v of HClO4 and about 
12 M in strength.  
 
Clear, colourless liquid; very corrosive and may deflagrate on contact with oxidisable 
substances; wt. per ml, about  
 
Phenolphthalein –C20H14O4. 
 
A white to yellowish-white powder, practically insoluble in water, soluble in alcohol. 
 
Phenolphthalein Solution –Dissolve 0.10 g in 80 ml of alcohol and dilute to 100 ml with 
water. 
 
Test for sensitivity –To 0.1 ml of the phenolphthalein solution add 100 ml of freshly boiled 
and cooled water, the solution is colourless. Not more than 0.2 ml of 0.02 N sodium 
hydroxide is required to change the colour to pink. 
 
Colour change – pH 8.2 (colourless) to pH 10.0 (red) 
 
Phosphoric Acid – H3PO4 = 98.00. 
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(Orthophosphoric Acid; Concentrated Phosphoric Acid). 
 
Description  –Clear and colourless syrupy liquid, corrosive. 
 
Solubility –Miscible with water and with alcohol. 
 
Phosphoric Acid, x N – Solutions of any normality, x N may be prepared by diluting 49 x 
g of phosphoric acid with water to 1000 ml. 
 
Phosphoric Acid, Dilute – Contains approximately 10 per cent w/v of H3PO4. 
 
Dilute 69 ml of phosphoric acid to 1000 ml with water. 
 
Potassium Chloride –KCl = 74.55 
 
Potassium Chromate – K2CrO4 = 194.2 
 
Potassium Chromate Solution –A 5.0 per cent w/v solution of potassium chromate. 
Gives a red precipitate with silver nitrate in neutral solutions. 
 
Potassium Dichromate – K2Cr2O7 =294.18. 
 
Contains not less than 99.8 per cent of K2Cr2O7. 
 
Description  – Orange-red crystals or a crystalline powder. 
 
Solubility – Soluble in water 
 
Chloride –To 20 ml of a 5 per cent w/v solution in water and 10 ml nitric acid, warm to 
about 500and add a few drops of silver nitrate solution; not more than a faint opalescence 
is produced.  
 
Assay –Carry out the assay described under Potassium Chromate, using 2 g. Each ml of 
0.1 N sodium thiosulphate is equivalent to 0.004904 g of K2Cr2O7. 
 
Potassium Dichromate Solution – A 7.0 per cent w/v solution of potassium dichromate 
in water. 

 
Potassium Dichromate, Solution 0.1N – K2Cr2O7 = 294.18, 4.903 g in 1000 ml. 
Weigh accurately 4.903 g of potassium dichromate and dissolve in sufficient water to 
produce 1000 ml. 

 
Potassium Dihydrogen Phosphate - KH2PO4 = 136.1 

 
Potassium Ferrocyanide – K4Fe(CN)6.3H2O =422.39. 
 
Contains not less than 99.0 per cent of K4Fe(CN)6.3H2O. 
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Description  –Yellow, crystalline powder. 
 
Solubility –Soluble in water. 
 
Acidity or Alkalinity –A 10 per cent w/v solution in water is neutral to litmus paper. 
 
Assay –Weigh accurately about 1g and dissolve in 200 ml of water, add 10 ml of sulphuric 
acid and titrate with 0.1 N potassium permanganate. Each ml of 0.1 N potassium 
permanganate is equivalent to 0.04224 g of K4Fe (CN)6. 3H2O. 
 
Potassium Ferrocyanide Solution –A 5.0 per cent w/v solution of potassium ferrocyanide 
in water. 
 
Potassium Hydrogen Phthalate –CO2H. C6H4. CO2K =204.22. 
 
Contains not less than 99.9 per cent and not more than the equivalent of 100.1 per cent of 
C8H5O4K calculated with reference to the substance dried at 1100 for one hour. 
 
Description  –White, crystalline powder. 
 
Solubility –Slowly soluble in water, forming clear, colourless solution. 
 
Acidity –A 2.0 per cent w/v solution in carbon dioxide free water gives with bromophenol 
blue solution the grey colour indicative of pH 4.0. 
 
Assay –Weigh accurately about 9 g, dissolve in 100 ml of water and titrate with N sodium 
hydroxide using phenolphthalein solution as indicator. Each ml of N Sodium hydroxide is 
equivalent to 0.2042 g of C8H5O4K. 

 

Potassium Hydrogen Phthalate, 0.02 M – Dissolve 4.084 g of Potassium hydrogen 
phthalate in sufficient water to produce 1000 ml. 

 

Potassium Hydrogen Phthalate, 0.2 M – Dissolve 40.84 g of potassium hydrogen 
phthalate in sufficient water to produce 1000 ml. 

Potassium Hydroxide –Caustic Potash : KOH = 56.11 

 

Contains not less than 85.0 per cent of total alkali, calculated as KOH and not more than 
4.0 per cent of K2CO3. 
 
Description – Dry white sticks, pellets or fused mass; hard, brittle and showing a 
crystalline fracture; very deliquescent; strongly alkaline and corrosive. 
Solubility –Freely soluble in water, in alcohol and in glycerin; very soluble in boiling ethyl 
alcohol. 
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Aluminium, iron and matter insoluble in hydrochloric acid –Boil 5 g with 40 ml of dilute 
hydrochloric acid, cool, make alkaline with dilute ammonia solution, boil, filter and wash 
the residue with a 2.5 per cent w/v solution of ammonium nitrate; the insoluble residue, 
after ignition to constant weight, weighs not more than 5 mg. 

 

Chloride –0.5 g dissolved in water with the additon of 1.6 ml of nitric acid, complies with 
the limit test for chlorides. 
 
Heavy metals –Dissolve 1 g in a mixture of 5 ml of water and 7 ml of dilute hydrochloric 
acid. Heat to boiling, add 1 drop of phenolphthalein solution and dilute ammonia solution 
dropwise to produce a faint pink colour. Add 2 ml of acetic acid and water to make 25 ml; 
the limit of heavy metals is 30 parts per million. 
 
Sulphate –Dissolve 1 g in water with the addition of 4.5 ml of hydrochloric acid; the 
solution complies with the limit test for sulphates. 
 
Sodium –To 3 ml of a 10 per cent w/v solution add 1 ml of water, 1.5 ml of alcohol, and 3 
ml of potassium antimonate solution and allow to stand; no white crystalline precipitate or 
sediment is visible to the naked eye within fifteen minutes. 
 
Assay –Weigh accurately about 2 g, and dissolve in 25 ml of water, add 5 ml of barium 
chloride solution, and titrate with N hydrochloric acid, using phenolphthalein solution as 
indicator. To the solution in the flask add bromophenol blue solution, and continue the 
titration with N hydrochloric acid. Each ml of N hydrochloric acid, used in the second 
titration in equivalent to 0.06911 g of K2CO3 . Each ml of N hydrochloric acid, used in the 
combined titration is equivalent to 0.05611 g of total alkali, calculated as KOH. 
 
Storage –Potassium Hydroxide should be kept in a well-closed container. 
 
Potassium Hydroxide, xN – Solution of any normality, x N, may be prepared by 
dissolving 56.11x g of potassium hydroxide in water and diluting to 1000 ml. 
 
Potassium Hydroxide Solution – Solution of Potash. 
 
An aqueous solution of potassium hydroxide containing 5.0 per cent w/v of total alkali, 
calculated as KOH (limits, 4.75 to 5.25). 
 
Assay –Titrate 20 ml with N sulphuric acid, using solution of methyl orange as indicator. 
Each ml of N sulphuric acid is equivalent to 0.05611 g of total alkali, calculated as KOH. 
 
Storage –Potassium hydroxide solution should be kept in a well-closed container of lead-
free glass or of a suitable plastic. 
 
Potassium Iodide –KI = 166.00 
 
Description  –  Colourless crystals or white powder; odourless, taste, saline and slightly 
bitter. 
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Solubility –Very soluble in water and in glycerin; soluble in alcohol. 
 
Arsenic –Not more than 2 parts per million. 
 
Heavy metals  -Not more than 10 parts per million, determined on 2.0 g by Method A. 
 
Barium –Dissolve 0.5 g in 10 ml of water and add 1 ml of dilute sulphuric acid; no 
turbidity develops within one minute. 
 
Cyanides –Dissolve 0.5 g in 5 ml of warm water, add one drop of ferrous sulphate 
solution and 0.5 ml of sodium hydroxide solution and acidify with hydrochloric acid; no 
blue colour is produced. 
 
Iodates –Dissolve 0.5 g in 10 ml of freshly boiled and cooled water, and add 2 drops of 
dilute sulphuric acid and a drop of starch solution; no blue colour is produced within two 
minutes. 
 
Assay –Weigh accurately about 0.5 g, dissolve in about 10 ml of water and add 35 ml of 
hydrochloric acid and 5 ml of chloroform. Titrate with 0.05 M potassium iodate until the 
purple colour of iodine disappears from the chloroform. Add the last portion of the iodate 
solution drop-wise and agitate vigorously and continuously. Allow to stand for five 
minutes. If any colour develops in the chloroform layer continue the titration. Each ml of 
0.05 M potassium iodate is equivalent to 0.0166 mg of KI. 
 
Storage –Store in well-closed containers. 
 
Potassium Iodide, M –Dissolve 166.00 g of potassium iodide in sufficient water to 
produce 1000 ml.  
 
Potassium Iodide and Starch Solution – Dissolve 10 g of potassium iodide in sufficient 
water to produce 95 ml and add 5 ml of starch solution. 
 
Potassium Iodide and Starch solution must be recently prepared. 
 
Potassium Iodide Solution –A 10 per cent w/v solution of potassium iodide in water. 
 
Potassium Permanganate – KMnO4 = 158.03 
 
Description  –Dark purple, slender, prismatic crystals, having a metallic lustre, odourless; 
taste, sweet and astringent. 
 
Solubility –Soluble in water; freely soluble in boiling water. 
 
Chloride and Sulphate –Dissolve 1 g in 50 ml of boiling water, heat on a water-bath, and 
add gradually 4 ml or a sufficient quantity of alcohol until the meniscus is colour-less; 
filter. A 20 ml portion of the filtrate complies with the limit test for chloride, Appendix 
2.3.2., and another 20 ml portion of the filtrate complies with the limit test for sulphates. 
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Assay –Weigh accurately about 0.8 g, dissolve in water and dilute to 250 ml. Titrate with 
this solution 25.0 ml of 0.1 N oxalic acid mixed with 25 ml of water and 5 ml of sulphuric 
acid. Keep the temperature at about 700 throughout the entire titration. Each ml of 0.1 N 
oxalic acid is equivalent to 0.00316 g of KMnO4. 
 
Storage –Store in well-closed containers. 
 
Caution –Great care should be observed in handling potassium permanganate, as 
dangerous explosions are liable to occur if it is brought into contact with organic or other 
readily oxidisable substance, either in solution or in the dry condition. 
 
Potassium Permanganate Solution – A 1.0 per cent w/v solution of potassium 
permanganate in water. 
 
Potassium Permanganate, 0.1 N Solution –158.03. 3.161 g in 1000 ml 
 
Dissolve about 3.3. g of potassium permanganate in 1000 ml of water, heat on a water-
bath for one hour and allow to stand for two days. Filter through glass wool and 
standardise the solution as follows : 
 
To an accurately measured volume of about 25 ml of the solution in a glass stoppered 
flask add 2 g of potassium iodide followed by 10 ml of N sulphuric acid. Titrate the 
liberated iodine with standardised 0.1 N sodium thiosulphate, adding 3 ml of starch 
solution as the end point is approached. Correct for a blank run on the same quantities of 
the same reagents. Each ml of 0.1 N sodium thiosulphate is equivalent to 0.003161 g of 
KMnO4. 
 
Potassium Per Iodate – Analytical grade 
 
Potassium Pyro Sulphate – Analytical grade 
 
Patterns and Reeders indicator – Dissolve 0.10 g indicators in 100 ml of methanol. 
 
Purified Water – H2O = 18.02. 
 
Description  –  Clear, colourless liquid, odourless, tasteless. 
 
Purified water is prepareed from potable water by distillation, ion-exchange treatment, 
reverse osmosis or any other suitable process. It contains no added substances. 
pH – Between 4.5 and 7.0 determined in a solution prepared by adding 0.3 ml of a 
saturated solution of potassium chloride to 100 ml of the liquid being examined. 
 
Carbon dioxide – To 25 ml add 25 ml of calcium hydroxide solution, no turbidity is 
produced. 
 
Chloride – To 10 ml add 1 ml of dilute nitric acid and 0.2 ml of silver nitrate solution; no 
opalescence is produced. 
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Sulphate –To 10 ml add 0.1 ml of dilute hydrochloric acid and 0.1 ml of barium chloride.  
 
Solution : the solution remains clear for an hour. 
 
Nitrates and Nitrites –To 50 ml add 18 ml of acetic acid and 2 ml of naphthylamine-
sulphanilic acid reagent. Add 0.12 g of zinc reducing mixture and shake several times. No 
pink colour develops within fifteen minutes. 
 
Ammonium – To 20 ml add 1 ml of alkaline potassium mercuric-iodide solution and after 
five minutes view in a Nessler cylinder placed on a white tile; the colour is not more 
intense than that given on adding 1 ml of alkaline potassium mercuric-iodide solution to a 
solution containing 2.5 ml of dilute ammonium chloride solution (Nessler’s) 7.5 ml of the 
liquid being examined. 
 
Calcium –To 10 ml add 0.2 ml of dilute ammonia solution and 0.2 ml of ammonium 
oxalate solution; the solution remains clear for an hour. 
 
Heavy metals –Adjust the pH of 40 ml to between 3.0 and 4.0 with dilute acetic acid, add 
10 ml of freshly prepared hydrogen sulphide solution and allow to stand for ten minutes; 
the colour of the solution is not more than that of a mixture of 50 ml of the liquid being 
examined and the same amount of dilute acetic acid added to the sample. 
 
Oxidisable matter –To 100 ml add 10 ml of dilute sulphuric acid and 0.1 ml of 0.1 N 
potassium permanganate and boil for five minutes. The solution remains faintly pink. 
 
Total Solids –Not more than 0.001 per cent w/v determined on 100 ml by evaporating on a 
water bath and drying in an oven at 1050 for one hour. 
 
Storage –Store in tightly closed containers. 
 
Safranin solution – 1% in 70% alcohol. 
 
Silver Nitrate Solution – A freshly prepared 5.0 per cent w/v solution of silver nitrate in 
water. 
 
Silver Nitrate, 0.1 N– AgNO3 = 169. 87; 16.99 g in 1000 ml. Dissolve about 17 g in 
sufficient water to produce 1000 ml and standardise the solution as follows: 
 
Weigh accurately about 0.1 g of sodium chloride previously dried at 1100 for two hours 
and dissolve in 5 ml of water. Add 5 ml of acetic acid, 50 ml of methyl alcohol and three 
drops of eosin solution is equivalent to 1 ml of 0.1 N silver nitrate. 

 
Sodium fluoride – NaF =41.99 
 
Description – White powder or colourless crystals. 
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Solubility – Soluble in water; practically insoluble in ethanol (95%).  
 
Storage -  Store in well-closed containers. 
 
Standards – Sodium Fluoride contains not less than 98.5 per cent and not more than 100.5 
per cent of NaF, calculated with reference to the dried substance. 
Identification – A: Dissolve 2.5 g in sufficient carbon dioxide-free water without heating 
to produce 100 ml (solution A). To 2 ml of solution A add 0.5 ml of calcium chloride 
solution; a gelatinous white precipitate is produced which dissolves on adding 5 ml of 
ferric chloride solution. 
 
B: Add about 4 mg to a mixture of 0.1 ml of alizarin red S solution and 0.1 ml of zirconyl 
nitrate solution and mix; the colour changes to yellow. 
 
Sodium peroxide -Na2O2 
 
Contains not less than 85.0% of Na2O2. 

 
Description –A yellowish powder or granules, hygroscopic. 
 
Solubility- Readily soluble in water, with with evolution of oxygen.  
 
Assay- Wiegh accurately about 0.2 g , into a dry flask, add a mixture of 10 ml of solution 
of potassium iodide,10 ml of dilute hydrochloric acid  and 10 ml of water and titrate the 
liberated iodine with 0.1N sodium thiosulphated. Each ml of 0.1N sodium thiosulphate is 
equivalent to 0.0039g of Na2O2. 

 
Sodium Bicarbonate – NaHCO3 =84.01 
 
Description  –White, crystalline powder or small, opaque, monoclinic crystals; odourless; 
taste, saline. 
 
Solubility –Freely soluble in water; practically insoluble in alcohol. 
 
Carbonate –pH of a freshly prepared 5.0 per cent w/v solution in carbon dioxide-free 
water, not more than 8.6. 
 
Aluminium, calcium and insoluble matter –Boil 10 g with 50 ml of water and 20 ml of 
dilute ammonia solution, filter, and wash the residue with water; the residue, after ignition 
to constant weight, not more than 1 mg. 
 
Arsenic –Not more than 2 parts per million. 
 
Iron –Dissolve 2.5 g in 20 ml of water and 4 ml of iron-free hydrochloric acid, and dilute 
to 40 ml with water; the solution complies with the limit test for iron. 
 
Heavy metals –Not more than 5 parts per million, determined by Method A on a solution 
prepared in the following manner: 
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Mix 4.0 g with 5 ml of water and 10 ml of dilute hydrochloric acid, heat to boiling, and 
maintain the temperature for one minute. Add one drop of phenolphthalein solution and 
sufficient ammonia solution drop wise to give the solution a faint pink colour. Cool and 
dilute to 25 ml with water.  
 
Chlorides –Dissolve 1.0 g in water with the addition of 2 ml of nitric acid; the solution 
complies with the limit test for chlorides. 
 
Sulphates –Dissolve 2 g in water with the addition of 2 ml of hydrochloric acid; the 
solution complies with the limit test for sulphate. 
 
Ammonium compounds –1 g warmed with 10 ml of sodium hydroxide solution does not 
evolve ammonia. 
 
Assay –Weigh accurately about 1 g, dissolve in 20 ml of water, and titrate with 0.5 N 
sulphuric acid using methyl orange solutions as indicator. Each ml of 0.5 N sulphuric acid 
is equivalent to 0.042 g of NaHCO3. 
Storage –Store in well-closed containers. 
 
Sodium Bicarbonate Solution –A 5 per cnet w/v solution of sodium bicarbonate in water. 
 
Sodium Carbonate – Na2CO3. 10H2O =286.2. 
 
Sodium Chloride – NaCl = 58.44 
 
Sodium fluoride – 
 
Sodium Hydroxide –NaOH = 40.00 
 
Description  –White sticks, pellets, fused masses, or scales; dry, hard brittle and showing a 
crystalline fracture, very deliquescent; strongly alkaline and corrosive. 
 
Solubility –Freely soluble in water and in alcohol. 
 
Aluminium, iron and matter insoluble in hydrochloric acid –Boil 5 g with 50 ml of dilute 
hydrochloric acid, cool, make alkaline with dilute ammonia solution, boil, filter, and wash 
with a 2.5 per cent w/v solution of ammonium nitrate; the insoluble residue after ignition 
to constant weight weighs not more than 5 mg. 
 
Arsenic –Not more than 4 parts per million. 
 
Heavy metals –Not more than 30 parts per million, determined by Method A, Appendix 
2.3.3. in a solution prepared by dissolving 0.67 g in 5 ml of water and 7 ml of 3 N 
hydrochloric acid. Heat to boiling, cool and dilute to 25 ml with water. 
 
Potassium –Acidify 5 ml of a 5 per cent w/v solution with acetic acid and add 3 drops of 
sodium cobaltnitrite solution; no preciptitate is formed. 
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Chloride – 0.5 g dissolved in water with the addition of 1.8 ml of nitric acid, complies 
with the limit test for chlorides. 
 
Sulphates –1 g dissolved in water with the addition of 3.5 ml of hydrochloric acid 
complies with the limit test for sulphates. 
Assay –Weigh accurately about 1.5 g and dissolve in about 40 ml of carbon dioxide-free 
water. Cool and titrate with N sulphuric acid using phenolphthalein solution as indicator. 
When the pink colour of the solution is discharged, record the volume of acid solution 
required, add methyl orange solution and continue the titration until a persistent pink 
colour is produced. Each ml of N sulphuric acid is equivalent to 0.040 g of total alkali 
calculated as NaOH and each ml of acid consumed in the titration with methyl orange is 
equivalent to 0.106 g of Na2CO3.  
 
Storage –Store in tightly closed containers. 
 
Sodium Hydroxide, xN – Solutions of any normality, xN may be prepared by dissolving 
40 x g of sodium hydroxide in water and diluting to 1000 ml. 
 
Sodium Hydroxide Solution – A 20.0 per cent w/v solution of sodium hydroxide in 
water. 
 
Sodium Hydroxide Solution, Dilute – A 5.0 per cent w/v solution of sodium hydroxide in 
water. 
 
Sodium Potassium Tartrate –Rochelle Salt COONa.CH(OH). CH(OH), COOK. 4H2O = 
282.17 
 
Contains not less than 99.0 per cent and not more than the equivalent of 104.0 per cent of 
C4H4O6KNa. 4H2O. 
 
Description –Colourless crystals or a white, crystalline powder; odourless; taste saline and 
cooling. It effloresces slightly in warm, dry air, the crystals are often coated with a white 
powder. 
 
Solubility –Soluble in water; practically insoluble in alcohol. 
 
Acidity or Alkalinity –Dissolve 1 g in 10 ml of recently boiled and cooled water, the 
solution requires for neutralisation not more than 0.1 ml of 0.1 N sodium hydroxide or of 
0.1 N hydrochloric acid, using phenolphthalein solution as indicator. 
 
Iron –0.5 g complies with the limit test for iron. 
 
Chloride –0.5 g complies with the limit test for chloride. 
 
Sulphate –0.5 g complies with the limit test for sulphate. 
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Assay –Weigh accurately about 2 g and heat until carbonised, cool, and boil the residue 
with 50 ml of water and 50 ml of 0.5 N sulphuric acid; filter, and wash the filter with 
water; titrate the excess of acid in the filtrate and washings with 0.5 N sodium hydroxide, 
using methyl orange solution as indicator. Each ml of 0.5 N sulphuric acid is equivalent to 
0.07056 g of C4H4O6KNa. 4H2O. 
 
Sodium Thiosulphate – Na2S2O3. 5H2O =248.17. 
Description – Large colourless crystals or coarse, crystalline powder; odourless; taste, 
saline, deliquescent in moist air and effloresces in dry air at temperature above 330. 
 
Solubility – Very soluble in water; insoluble in alcohol. 
pH –Between 6.0 and 8.4, determined in a 10 per cent w/v solution. 
 
Arsenic –Not more than 2 parts per million. 
 
Heavy metals –Not more than 20 parts per million, determined by Method A, Appendix 
2.3.3. in a solution prepared in the following manner : Dissolve 1 g in 10 ml of water, 
slowly add 5 ml of dilute hydrochloric acid and evaporate the mixture to dryness on a 
water-bath. Gently boil the residue with 15 ml of water for two minutes, and filter. Heat 
the filtrate to boiling, and add sufficient bromine solution to the hot filtrate to produce a 
clear solution and add a slight excess of bromine solution. Boil the solution to expel the 
bromine completely, cool to room temperature, then add a drop of phenolphthalein 
solution and sodium hydroxide solution until a slight pink colour is produced. Add 2 ml of 
dilute acetic acid and dilute with water to 25 ml.  
 
Calcium –Dissolve 1 g in 20 ml of water, and add a few ml of ammonium oxalate 
solution; no turbidity is produced. 
 
Chloride –Dissolve 0.25 g in 15 ml of 2N nitric acid and boil gently for three to four 
minutes, cool and filter; the filtrate complies with the limit test for chlorides. 
 
Sulphate and Sulphite –Dissolve 0.25 g in 10 ml of water, to 3 ml of this solution add 2 ml 
of iodine solution, and gradually add more iodine solution, dropwise until a very faint-
persistant yellow colour is procduced; the resulting solution complies with the limit test 
for sulphates. 
 
Sulphide –Dissolve 1 g in 10 ml of water and 10.00 ml of a freshly prepared 5 per cent 
w/v solution of sodium nitroprusside; the solution does not become violet. 
 
Assay –Weigh accurately about 0.8 g and dissolve in 30 ml of water. Titrate with 0.1 N 
iodine, using 3 ml of starch solution as indicator as the end-point is approached. Each ml 
of 0.1 iodine is equivalent to 0.02482 g of Na2S2O3.5H2O. 
 
Storage –Store in tightly-closed containers. 
 
Sodium Thiosulphate 0.1 N –24.82 g in 1000 ml. 
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Dissolve about 26 g of sodium thiosulphate and 0.2 g of sodium carbonate in carbon 
dioxide-free water and dilute to 1000 ml with the same solvent. Standardise the solution as 
follows : 
 
Dissolve 0.300 g of potassium bromate in sufficient water to produce 250 ml. To 50 ml of 
this solution, add 2 g of potassium iodide and 3 ml of 2 N hydrochloric acid and titrate 
with the sodium-thiosulphate solution using starch solution, added towards the end of the 
titration, as indicator until the blue colour is discharged. Each 0.002784 g of potassium 
bromate is equivalent to 1 ml of 0.1N sodium thiosulphate. Note: –Re-standardise 0.1 N 
sodium thiosulphate frequently. 
 
Stannous Chloride – SnCl2. 2H2O =225.63. 
 
Contains not less than 97.0 per cent of SnCl2. 2H2O. 
Description  –Colourless crystals. 
 
Solubility –Soluble in dilute hydrochloric acid. 
 
Arsenic- Dissolve 5.0 g in 10 ml of hydrochloric acid, heat to boiling and allow to stand 
for one hour; the solution shows no darkening when compared with a freshly prepared 
solution of 5.0 g in 10 ml of hydrochloric acid. 
 
Sulphate –5.0 g with the addition of 2 ml of dilute hydrochloric acid, complies with the 
limit test for sulphates. 
 
Assay –Weigh accurately about 1.0 g and dissolve in 30 ml of hydrochloric acid in a 
stoppered flask. Add 20 ml of water and 5 ml of chloroform and titrate rapidly with 0.05 
M potassium iodate until the chloroform layer is colourless. Each ml of 0.05 M potassium 
iodate is equivalent to 0.02256 g of SnCl2. 2H2O. 
 
Stannous Chloride Solution – May be prepared by either of the two methods given below : 
 
Dissolve 330 g of stannous chloride in 100 ml of hydrochloric acid and add sufficient 
water to produce 1000 ml. 
 
Dilute 60 ml of hydrochloric acid with 20 ml of water, add 20 g of tin and heat gently 
until gas ceases to be evolved; add sufficient water to produce 100 ml, allowing the 
undissolved tin to remain in the solution. 
 
Starch Soluble – Starch, which has been treated with hydrochloric acid until after being 
washed, it forms an almost clear liquid solution in hot water. 
 
Description  –Fine, white powder. 
 
Solubility –Soluble in hot water, usually forming a slightly turbid solution. 
 
Acidity or Alkalinity –Shake 2 g with 20 ml of water for three minutes and filter; the 
filtrate is not alkaline or more than fainthy acid to litmus paper. 
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Sensitivity –Mix 1 g with a little cold water and add 200 ml boiling water. Add 5 ml of 
this solution to 100 ml of water and add 0.05 ml of 0.1 N iodine. The deep blue colour is 
discharged by 0.05 ml of 0.1 N sodium thiosulphate. 
 
Ash – Not more than 0.3 per cent. 
 
Starch Solution –Triturate 0.5 g of soluble starch, with 5 ml of water, and add this, with 
constant stirring, to sufficient water to produce about 100 ml. Boil for a few minutes, cool, 
and filter. 
 
Solution of starch must be recently prepared. 
 
Sulphuric Acid – H2SO4 = 98.08.  
 
When no molarity is indicated use of commerce containing about 98 per cent w/w of 
sulphuric acid. An oily, corrosive liquid weighing about 1.84 g per ml and about 18 M in 
strength. 
 
When solutions of molarity xM are required, they should be prepared by carefully adding 
54 ml of sulphuric acid to an equal volume of water and diluting with water to 1000 ml. 
 
Solutions of sulphuric acid contain about 10 per cent w/v of H2SO4 per g mol. 
 
Sulphuric Acid, Dilute –Contains approximately 10 per cent w/w of H2SO4. 
 
Dilute 57 ml of sulphuric acid to 1000 ml with water. 
 
Sulphuric Acid, Chlorine-free –Sulphuric acid which complies with the following 
additional test: 
 
Chloride –Mix 2 ml with 50 ml of water and add 1 ml of solution of silver nitrate, no 
opalescence is produced.  
 
Sulphuric Acid, Nitrogen-free-Sulphuric acid which contains not less than 98.0 per cent 
w/w of H2SO4 and complies with the following additional test : 
 
Nitrate –Mix 45 ml with 5 ml of water, cool and add 8 mg of diphenyl benezidine; the 
solution is colourless or not more than very pale blue. 
 
Triethanolamine 20% solution – 200 ml of tri-ethanolamine, add 800 ml water and make 
up to 1000 ml 
 
Thio Urea - H2N.CS.NH2 

 
Contains not less than 99.0 percent of CH4N2S, calculated with reference to the substance 
dried to constant weight at 1050. 
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Urea – H2N.CO.NH2, Analytical grade reagent of commerce 
 
Water –See purified water. 
 
Water, Ammonia-free –Water, which has been boiled vigorously for a few minutes and 
protected from the atomosphere during cooling and storage. 
 
Xylenol Orange – [3H-2,1-Benzoxathiol–3-ylidene bis – (6-hydroxy-5-methyl-m-
phenylene) methylenenitrilo] tetra acetic acid SS-dioxide or its tetra sodium salt. 
 
Gives a reddish-purple colour with mercury, lead, zinc and contain other metal ions in acid 
solution. When metal ions are absent, for example, in the presence of an excess of 
disodium ethylenediamine tetraacetate, this solution is yellow. 
 
Xylenol Orange Solution –Dissolve 0.1 g of xylenol orange with 100 ml of water and 
filter, if necessary. 
 
Zinc Acetate – Analytical grade reagent of commerce. 
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Appendix-5 

5. CLASSICAL AYURVEDIC REFERENCES 
                         

Abhraka ¼ vHkzd ½ 
 
jlkère~ & ;knoth f=deth i`"B 53 
 
fLuX/ka iF̀kqnya o.kZla;qäa Òkjrks·f/kde~ A 
lq[kfueksZP;i=a p rnHkza 'kLrehfjre~ AA    
 ¼j-j-l- 2@11½ 
 
uhyk\tuksiea fLuX/ka Hkkjiw.kZaaa egksTToye~ A 
fueksZP;i=a ènqya RoHkza Js"BfegksP;rs AA 
 ¼j-r- 10@13½ 
 
otza rq otzofÙk"Bsé pkXukS foÑfra oztsr~ A 
lokZHkzs"kq oja otza O;kf/kok/kZD;èR;qftr~ AA 
;n\tufuHka f{kIra u oœkS foÑfra oztsr~ A 
otzlaKa fg r|ksX;eHkza loZ= usrjr~ AA 
 ¼vk-ç- 2@97&98½ 
 

vHkzda ofÐlUrIra lIrokja fu"ksfpre~ A 
xksnqX/ks ok ojkDokFks 'kqf)ek;kR;uqÙkeke~ AA 
 ¼j-r- 10@20½ 

 

Akīka ¼ vdhd ½ 
 
jlkère~ & ;knoth f=deth i`"B 82 
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Gairika ¼ xSfjd ½ 
 

jlkère~ & ;knoth f=deth i`"B 51 
 
;wukuh æO;xq.kkn'kZ] [k.M &3] oS| gdhe nythr flag 
 i`"B 249 
 

vR;Ur'kksf.kra fLuX/ka el̀.ka Lo.kZxSfjde~ A 
 ¼j-j-l- 3@46½ 
 

lqo.kZxSfjda fLuX/ka el̀.ka Rofrdkseye~ A 
ik"kk.kxSfjda :{ka dfBua ukfryksfgre~ AA 
 ¼j-r- 22@112½ 
 
xSfjda rq xoka nqX/kSHkkZfora 'kqf)èPNfr AA 
 ¼j-j-l- 3@49½ 
 
lqo.kZxSfjda fLuX/ka e/kqja f'kf'kja ije~ A 
rqoja rkigj.ka fgôkofefuokj.ke~ AA 
jäfiÙkiz'keua rFkkl̀Xnjuk'kue~ A 
fo"kkiga rFkk cY;a era ykspu;ksfgZre~ AA 
mnnZd.Mw'keua rFkSo oz.kjksi.ke~ A 
Toj?ua p fo'ks"ks.k ofÐnkgfucgZ.ke~ AA        
 ¼j-r-22@116&118½ 
 

Loknq fLuX/ka fgea usj;a d"kk;a jäfiÙkuqr~ A 
fg/ekofefo"k?ua p jä?ua Lo.kZxSfjde~ AA 
 ¼j-j-l- 3@47½ 
 

xSfjdf}r;a fLuX/ka e/kqja rqoja fgee~ A 
p{kq";a nkgfiÙkklzdQfgôkfo"kkige~ AA 
 ¼vk-iz- 2@270½  
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xSfjda e/kqja 'khra d"kk;a oz.kjksi.ke~ AA 
foLQksVk'kksZ·fXunkg?ua d.MwohliZuk'kue~ A 
Loknq fLuX/ka fgea usj;aa d"kk;a jäfiÙkuqr~ AA 

¼jlke`re~ 3@165&167½ 
 
f}xq\tr% lekjH; prqxqZ\tfera ije~ A 
lqo.kZxSfjda 'kq)a ;q\thr fHk"ktka oj% AA 
 ¼j-r- 22@119½ 

 

Gandhaka ¼ xU/kd ½ 
 

jlkère~ & ;knoth f=deth i`"B 14 
 
'kqdfiPNlePNk;ks uouhrleizHk% A 
el̀.k% dfBu% fLuX/k% Js"Bks xU/kd mP;rs AA 
 ¼vk-iz- 2@20½ 
 
fueZyLrq jtuhleizHkks nhfIrekaÜp uouhrdksey% A 
dhfrZrks áeylkjlaKdks xU/kdks jljlk;us oj% AA 
 ¼j-r-8@4½ 
 
xO;s i;fl xU/ka rq Hk`³~xjktjls·Fkok A 
jliiZfVdkçksäfo/kkusu fo'kks/k;sr~ AA 
 ¼jlke`re~ 2@3½ 
 
xU/kk'ekfrjlk;u% le/kqj% ikds dVw".kkfUor%  
d.Mwdq"BfoliZnæqneuks nhIrkuy% ikpu% A 
vkeksUekspu'kks"k.kks fo"kgj% lwrsUæoh;Zizn% 
xkSjhiq"iHkoLrFkk fØfegj% lÙokRed% lwrftr~ AA  
 ¼j-pw- 11@5½ 
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foikds e/kqjks xU/kik"kk.kLrq jlk;u% A 
foliZd.Mqdq"Bkuka 'keuks nhiuLrFkk AA 
 ¼j-iz-lq- 6@37½ 
 
xU/kdks e/kqj% ikds dVq#".kks jlk;u% AA 
ikpuks nhiuks o"̀;% Ñfedq"Bfouk'ku% A 
;ksxokgh lj% fLuX/k% dQokr#tkig% AA   

 ¼jlke`re~ 2@1-2) 
 
xU/kd% dVqdfLrDrkss oh;ksZ".kLrqojks jl% A 
fiÙky% dVqd% ikds d.MwohliZtUrqftr~ AA 
gfUr dq"Ba {k;a IyhgdQokrku~ jlk;u% A     
 ¼vk-iz- 2@15&16½ 
 
jfädkr% lekjH; jfädk"VdlfEere~ A 
izk.kkpk;Z% iz;q\thr xU/kda rq fo'kksf/kre~ AA 
 ¼j-r- 8@39½ 
 

Godantī ¼ xksnUrh ½ 
 

jlkère~ & ;knoth f=deth i`"B 62 
 
i=kfpra lqel̀.ka 'kjfnUnqlqfueZye~ A 
nhIrizHka rq xksnUra xzkáe= izdhfrZre~ AA 
 ¼j-r- 11@238½ 
 
xksnUra fuEcquhjs.k æks.kiq"ihjlsu ok A 
;kek)sZuSo lqfLoéa fo'kq)îfr u la'k;% AA 
 ¼j-r- 11@239½ 
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Gomeda ¼ xksesn ½ 
 

jlkère~ & ;knoth f=deth i`"B 77 
 
xksew=kHka fLuX/keeUna lexk=a  
gsekjäa funZyePNa xq#Hkkje~ A 
nhIrPNk;a e\tqy:ia el̀.ka ;n~  
xksesnk[;a jRufeg L;kÙkTtkR;e~ AA 
 ¼j-r-23@121½ 
 
l=kla foxrPNk;a fpfiVa efyuizHke~ A 
lnya y?kq :{ka p xksesna gs;ehfjre~ AA 
 ¼j-r- 23@122½ 
 
fuEcwdLojlsusg nksyk;U=s fo/kkur% A 
ifjfLoéa rq ;keSda 'kqf)ek;kR;uqÙkeke~ AA 
 ¼j-r- 23@123½ 

 
Jaharamoharā ¼ tgjeksgjk ½ 

 
jlkère~ & ;knoth f=deth i`"B 65 

 
Kānta Lauha ¼ dkUr ykSg ½ 

 
jlkère~ & ;knoth f=deth i`"B 55 
 
;wukuh æO;xq.kkn'kZ] [k.M &3] oS| gdhe nythr flag   
 i`"B 205 
 
ik=s ;L; izljfr tys rSyfcUnquZ fyIre~ A 
xU/ka fg³~xq R;tfr p rFkk frärka fuEcdYd% A 
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ikds nqX/ka Hkofr f'k[kjkdkjda uSfr HkwekS A 
dkUra ykSga rfnneqfnra y{k.kksäa p ukU;r~ AA 
 ¼j-j-l- 5@95½  
 
Lo.kZrkjkjrke§k;%i=k.;XukS çrki;sr~ A 
fuf"k\psÙkIrrIrkfu rSys rØs p dkf\tds AA 
xksew=s p dqyRFkkuka d"kk;s p f=/kk f=/kk A 

¼'kk-la-e/;e [k.M 1&2½½ 
 

ojkd"kk;la;qrs les xokUrq ew=ds A 
fu"ksfpra rq lIr/kk Ro;ks fo'kqf)ekIuq;kr~ AA 
 ¼j-r- 20@18½ 

 
Kāśīśa ¼ dk'kh'k ½ 

 
jlkère~ & ;knoth f=deth i`"B 49 
 
pw.kZdklhlda 'osreh"kRihr\p dhfrZre~ A 
iq"idklhlda LoPNa gfj}.kaZaaaaa izdhfrZre~ AA 
 ¼j-r- 21@229½ 
 
dk'kh'ka Hk³̀~xuhjs.k f=okja Hkkfora 'kqfp A 
 ¼jlke`r 3@158½ 
 
dklhl};eEyks".ka fräa p rqoja rFkk A 
okr'ys"egja ds';a usj;a d.Mwfo"kiz.kqr~ AA 
ew=ÑPNªk'ejhf'o=uk'kua ifjdhfrZre~ A 
ldǹ~Hk`³~xkEcquk fLoéa dklhla fueZya Hkosr~ AA 
 ¼vk-iz- 2@274&275½ 
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dklhleEya rqojeq".ka p dpj\tue~ AA 
cY;a usj;aa fo"kf'o=ik.MqIyhgfouk'kue~ A     

 ¼jlke`re~ 3@156-157½½ 
 
{kkjkEya xq#/kwekHka lks".koh;± fo"kkige~ A 
ckyqdkiwoZdklhla f'o=?ua ds'kj\tue~ AA 
iq"ikfndklhlefrizfl)a lks".ka d"kk;kEyerho usj;e~ A 
fo"kkfuy'ys"exnoz.k?ua f'o={k;?ua dpj\tua p AA     
 ¼j-pw- 11@78&79½ 
 
{kkjkEykxq#/køekHka lks".koh;± fo"kkige~ A 
ckyqdkiwoZdklhla f'o=?ua ds'kj\tue~ AA 
iq"ikfndklhlefriz'kLra lks".ka d"kk;kEyerho usj;e~ A 
fo"kkfuy'ys"exnoz.k?ua f'o={k;?ua dpj\tua p AA 
 ¼j-j-l- 3@52&53½ 

 

dk'kh'ka Hk³̀~xuhjs.k f=okja Hkkfora 'kqfp AA 
 ¼jlke`re~ 3@158½ 
 
xq\tk)Zr% lekjH; jfädkf}r;ksfUerk A 
dklhldL; dfFkrk iw.kZek=k fHk"kXojS% A            
 ¼j-r- 21@242½ 

 

 
Kha°ikā  ¼ [kfVdk ½ 

 
jlkère~ & ;knoth f=deth i`"B 61 
 
[kfVdk f}fo/kk [;krk [kVh xkSj[kVh rFkk A  
[kVh rq efyuk pkU;k 'osrk ènqf'kyksiek AA         
 ¼j-r- 11@209½ 
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[kVhpw.k± 'kq)ik=s fu/kk; foeys tys A 
ç{kky;sf}/kkuKks fo'kq)îfr u la'k;% AA 
 ¼j-r- 11@210½ 
 
[kfVdk f'kf'kjk fräk e/kqjk 'kksFkukf'kuh A 
fiÙkiz'keuh dkea fofo/koz.kjksi.kh AA 
dQnkgklznks"k?uh us=ke;fu"kwfnuh A 
gfj}.kkZfrlkj?uh Losnkfnlzkogkfj.kh AA 
 ¼j-r- 11@211&212½ 
 
[kfVdk e/kqjk fräk 'khryk fiÙknkguqr~ A 
oz.knks"kdQklz?uh xzkfg.kh us=jksxuqr~ AA    
 ¼jlke`re~ 5@3& 4½ 
 
ek"kksfUera [kVhpw.kZaaa Hkf{kra 'khrokfj.kk AA 
 ¼j-r- 11@213½ 

 
Ma´²ūra  ¼ e.Mwj ½ 

 
jlkère~ & ;knoth f=deth i`"B 47 
 
;wukuh æO;xq.kkn'kZ] [k.M & 3] oS| gdhe nythr flag 
 i`"B 249 
 
"kf"Vo"khZ;e/kea e/;a lIrfrokf"kZde~ A 
loZJs"Ba lek[;kra e.Mwja 'krokf"kZde~ AA 
 ¼j-r- 20@125½ 
 
fLuX/ka xq# ǹ<a pSo d`".ka dksVjoftZre~ A 
th.kZa u"Viqj%LFk\p e.Mwja xzkáeqP;rs A      
 ¼j-r- 20@126½ 
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/ekra fcHkhrdk³~xkjSxksZew=s ifj"ksfpre~ A 
lIrokja yksgeya 'kqf)ek;kR;uqÙkeke~ AA 
 ¼j-r- 20@127½ 
 

Rajata ¼ jtr ½ 
 

jlkère~ & ;knoth f=deth i`"B & 20 
 
Nsns fudk"kQyds ngus çdkea  
jE;\p 'kkjndyk/kje.MykHke~ A 
ukjkfpdk/k̀reya xq#rkeqis;kr~ 
fLuX/ka rnso dfFkra jtrUrq tkR;e~ AA 
 ¼j-r- 16@2½ 
 
Lo.kZrkjkjrke§k;%i=k.;XukS çrki;sr~ A 
fuf"k\psÙkIrrIrkfu rSys rØs p dkf\tds AA 
xksew=s p dqyRFkkuka d"kk;s p f=/kk f=/kk A   

¼'kk-la-e/;e [k.M 11@1&2½½ 
 
i=hÑra rq jtra Toyus çrIra 
fuokZi;sUeqfurjks% Lojls f=okje~ A 
 ¼j-r- 16@6½ 

 
Sāmudra  Lava´a ¼ lkeqnz yo.k ½ 

 
jlkère~ & ;knoth f=deth i`"B 67 
 
lkeqæyo.ka â|a #P;a fLuX/k\p nhiue~ A 
l{kkja Hksfn okr?ua ukR;q".ka ukfr'khrye~ AA          
 ¼j-r- 14@138½ 
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lkeqæa e/kqja ikds lfrDra e/kqja xq# A 
ukR;q".ka nhiua Hksfn l{kkjefonkfg p AA 
'ys"eya okruqÙkh{.ke:{ka ukfr'khrye~ AA   

¼Hkk-iz- gjhrD;kfn oxZ 244&245½ 
 
lkeqæda le/kqja lfräa dVq ika'kqte~ A 
jkspua yo.ka loZa ikfd lzaL;fuykige~ A 
 ¼p-la-lw- 27@304½ 
 
lkeqæa e/kqja ikds ukR;ù".kefonkfg p A 
Hksnua fLuX/keh"kPp 'kwy?ua ukfrfiÙkye~ A    
 ¼lq-la-lw- 46@316½ 

 

Sauvīrā®jana ¼lkSohjk\tu½ 
 

jlkère~ & ;knoth f=deth i`"B 39     
 
lzksrks\tulea Ks;a lkSohja rÙkq ik.Mqje~ A 
vFkok /kwezo.kkZHka lkSohjk\tueqP;rs AA          
 ¼vk-iz- 2@229½ 
 
v\tukfu fo'kq)îfUr Hk³̀~xjktfutæoS% A 
 ¼j-j-l- 3@105½ 
 
lkSohje\tua /kweza jäfiÙkgja fgee~ A 
fo"kfg/ekfnjksx?ua oz.k'kks/kujksi.ke~ AA 
 ¼j-j-l- 3@100½ 
 
lkSohje\tua xzkfg fLuX/k\p rqfguksiee~ A  

jäfiÙkiz'keua us=ke;gja ije~ AA 
fo"kfgôkiga dkea oz.k'kksÌujksi.ke~ A 
ija jtksjksÌdja jäiznjuk'kue~ AA          
 ¼j-r- 22@45&46½ 
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l©ohje\tua /kweza jäfiÙkgja fgee~ A 
ofefg/ekf{kjksx?ua oz.k'kks/kujksi.ke~ AA          
 ¼j-pw- 11@63½ 
 
xq\tk/kZr% lekjH; xq\tSdfere\tue~ A 
fnu};a =;a okfi iz;q\thr fHk"kXoj% AA          
 ¼j-r- 22@47½ 
 
v\tuf}r;a jäiznjs rq fnu=;kr~ A 
vf/kda uksi;q\thr jlrU=fo'kkjn% AA 
 ¼j-r- 22@48½ 

 
Svar´a  ¼ Lo.kZ ½ 

 
jlkère~ & ;knoth f=deth i`"B 16 
 
nkgs jäa flra Nsns fud"ks d÷³~dqeizHke~ A 
rkj'kqYcksfT>ra fLuX/ka dkseya xq# gse lr~ AA 
;PN~osra dfBua :{ka foo.k± leya nye~ A 
nkgs Nsns flra 'osra d"ks R;kT;a yÄ÷ LQqVe~ AA 
nya uke ;n~ Äukgra LQqVfr A 
 ¼vk- iz- 3@23&24½ 
 
ckyk#.kk#.keya ToyuçrIra  
'kk.kksiys ?kql̀.kpw.kZlekuo.kZe~ A 
ukjkfpdk/k̀reya xq#rkeqis;kr~ 
fLuX/ka rnso duda dfFkra rq tkR;e~ AA 
 ¼j-r- 15@11½ 
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Lo.kZrkjkjrke§k;%i=k.;XukS çrki;sr~ A 
fuf"k\psÙkIrrIrkfu rSys rØs p dkf\tds AA 
xksew=s p dqyRFkkuka d"kk;s p f=/kk f=/kk A  

¼'kk-la-e/;e [k.M 11@1&2½½ 
 

 
Svar´amāk¾ika ¼ Lo.kZekf{kd ½ 

 
jlkère~ & ;knoth f=deth i`"B 271 
 
fLuX/ka xq# ';keydkfUr fdf\pr~ d"ks lqo.kZ|qfrlqizdkÓe~ A 
dks.kksfT>ra Lo.kZlekuo.kZaaaa lqo.kZek{khdfeg iz'kLre~ AA 
 ¼j-r- 21@4½ 
 
[kja ija oS xq#rkfoghua izoÙ̀kdks.ka [kjyksgdkÒe~ A  
izdhfrZra rRifjgs;eso lqo.kZek{khdfegke;KS% AA 
 ¼j-r- 21@5½ 
 
lqo.kZekf{kda ykSg[kYos rq [kyq dqê;sr~ A 
lqdqfêra rrks KkRok pkyU;ka ifjpky;sr~ AA 
rrks ekf{kdpw.kZUrq pkyuhifjxkfyre~ A 
leknk; dVkgs rq LFkki;sn~fHk"ktka oj% AA 
fuEcwdLojla nÙok ipsPpqYyhxra rr% A 
nO;kZ l\pky;sÙkko|koRL;knqRiyçÒe~ AA 
rkI;a rq ;koYykSfgR;a uSfr rkoRç;Rur% A 
iqu£uEcwjla nÙok ipsÙkhozÉfXu;ksxr% AA 
Hk'̀ka fnu=;a okfi f}fnua ok fo/kkur% A 
ikfpra ekf{kda uwua 'kqf)ek;kR;uqÙkeke~ AA      
 ¼j-r- 21@7&11½ 
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Tāmra ¼ rkez ½ 
 

jlkère~ & ;knoth f=deth i`"B 22 
 
fLuX/ka ènq Äua LoPNa tikdqlqelizHke~ A 
yksgukxkfnjfgra tkR;a rkeza izdhfrZre~ AA      
 ¼j-r- 17@4½ 
 
lnya ik.Mqja pSo dfBua y?kq Ò³~xqje~ A 
leya RojfoUnUrq otZ;snzldeZf.k AA 
ÄuÄkrklga d`".ka 'osra yksgkfnl³~xre~ A 
vfrLrC/k\p :{k\p rkeza R;kT;a fux|rs AA 
 ¼j-r-17@5&6½ 
 
tikdqlqel³~dk'ka fLuX/ka ènq Äu{kee~ A 
yksgukxksfT>ra rkeza usikya èR;os 'kqHke~ AA 
 ¼Á-ç- 3@113½ 
 
Lo.kZrkjkjrke§k;%i=k.;XukS çrki;sr~ A 
fuf"k\psÙkIrrIrkfu rSys rØs p dkf\tds AA 
xksew=s p dqyRFkkuka d"kk;s p f=/kk f=/kk A 

¼'kk-la-e/;e [k.M 11@1&2½½ 
 
LuqádZ{khjflU/kwRFkSLrkezi=kf.k ysi;sr~ A 
vXukS çrkI; fuxqZ.Mhjls lalsp;sfR='k% A 
LuqádZ{khjlsdSokZ 'kqYc'kqf)% çtk;rs AA       

 ¼Á-ç- 3@118&119½½ 
 

¯a¬ka´a ¼ V³~d.k ½ 
 

jlkère~ & ;knoth f=deth i`"B 72 
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vrLra 'kks/k;snso oœkoqRQqfYyr% 'kqfp% A 
 ¼Á-ç- 2@244½ 
 
V³~d.k% dVq#".kÜp :{kLrh{.k'p lkjd% A 
dQfo'ys"k.kks â|ks okrke;fu"kwnu% AA 
dkl'oklgj% dkea LFkkojkfnfo"kkig% A 
 
 
vfXunhfIrdjÜpkfi Hk'̀kek/ekuuk'ku% AA 
L=hiq"ituuks cY;ks fofo/koz.kuk'ku% A 
fiÙkÑPp lek[;krks ew<xHkZizorZd% AA            
 ¼j-r- 13@79&81½ 

 
Tuttha  ¼ rqRFk ½ 

 
æO;xq.k foKku Òkx & 3 ç¨- fç;ozr 'kek±  
 i`"B 107 

 
jlkère~ &  ;knoth f=deth i`"B 30 
 
f'kf[kd.BlePNk;a xq# fLuX/ka egksTToye~ A  
rqRFkda 'kL;rs foKSjU;)huxq.ka ere~ AA    
 ¼j-r- 21@72½ 
 
ihRok gkykgya okUra ihrkèrx#Rerk A  
fo"ks.kkèr;qDrsu fxjkS ejdrkà;s AA 
r}kUra fg ÄuhHkwra l\tkra lL;da [kyq A  

e;wjd.BlPNk;a Hkkjk<îefr 'kL;rs AA  
 ¼j-j-l- 2@125&126½ 
 
jäpUnuef\t"BkojkDokFksu Hkkfore~ AA 
lIrokja ç;Rusu 'kqf)ek;kfr rqRFkde~ AA       
 ¼jlke`re~ 3@74½ 
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rqRFkda ys[kua Hksfn d"kk;a e/kqja y?kq A 
Ñfe?ueFk p{kq";a esgesnksgja ije~ AA 
dQfiÙkgja cY;a 'kwyâRdq"Buk'kue~ A 
f'o=kiga RoEyfiÙkgja pSo jlk;ue~ AA 
rqRFka l³~d¨pudja ukMhuka cyÑr~ ije~ A 
RoXnks"k'keua dkea fo'ks"kkæqfpja ere~ AA     
 ¼j-r- 21@127&129½ 
 
ys[kua Hksfn p Ks;a rqRFka d.MqfØfeiz.kqr~ A 
 ¼jls-fp- 7@102½ 
 
rqRFka rq dVqda {kkja d"kk;a okeda y?kq A 
ys[kua Hksnua 'khra p{kq";a dQfiÙkâr~ AA 
fo"kk'edq"Bd.Mw?ua [kiZja pkfi rn~xq.ke~ A 
okfUra HkzkfUre'kq)a rRdq#rs 'kksf/kra 'kqHke~ AA     
 ¼vk-iz- 4@38&39½ 
 
r÷RFka rq dVqda {kkja d"kk;a okeda yÄù A 
ys[kua Hksnua pks".ka p{kq";a dQfiÙkâr~ AA 
fo"kk'kZ%dq"Bd.Mwfrfý=Ñfeoz.kkige~ A 

 ¼jlke`r 3@73&73½½ 
 

fu%'ks"knks"kfo"kân~xqn'kwy'kwynq"VkEyfiÙkdfocU/kgja fgr\p A 
jlk;ua oeujsddja xj?ua fý=kiga xfnre= e;wjrqRFke~ AA  
 ¼j-pw- 10@74½ 

 
 

Vaikrānta ¼ oSØkUr ½ 
 

jlkère~ & ;knoth f=deth i`"B 84 
 

v"VklzÜpk"VQyd% "kV~dks.kks el̀.kks xq#% A 
'kq)fefJro.©ZÜp ;qäks oSØkUr mP;rs AA 
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Üosrks jäÜp ihrÜp uhy% ikjkorPNfo% A 
';key% d`".ko.kZÜp dcqZjÜpk"V/kk fg l% A    

  ¼j-j-l-2@53&54½ 
 

v"Vklze"VQyda flrihrkflrk#.ke~ A  
el̀.ka xq# "kV~dks.ka oSØkUra tkR;eqP;rs AA 
'osrks uhyLrFkk jä% ihr% ikjkorizHk% A 
rk{;kZHk% dcqZj% d`".kks o.kZrÜpk"V/kk fg l% AA   
 ¼j-r- 23@157&158½ 
 
dqyRFkDokFklafLoéks oSØkUr% ifj'kq)îfr A 
 ¼j-j-l- 2@66½ 
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Appendix - 7 
Plate No. 1 

 

 
Abhraka 

(Biotite Mica) 
Source – Jaipur Market (Rajasthan) 

 
 

Plate No. 2 
 

 
Akīka 
(Agate) 

Source – Khambat (Gujrat) 
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Plate No. 3 

 

 
Gairika 

(Red Ochre) 
Source-Jaipur Market (Rajasthan) 

 
 

Plate No. 4 
 

 
 

Gandhaka 
(Sulphur) 

Source-Jaipur Market (Rajasthan) 
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Plate No. 5 

 

 
Godantī 
(Selenite) 

Source – Jaipur Market (Rajasthan) 
 
 

Plate No. 6 
 

 
Gomeda 

(Garnet) 
Source – Amet, Rajsamand (Rajasthan) 
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Plate No. 7 

 

 
Jaharamoharā 

(Serpentine) 
Source – Tapan Village, 

Near Kherwara 
Distt. Udaipur (Rajasthan) 

 
 

Plate No. 8 
 

 
Kānta Lauha 

(Iron Ore) 
Source – Delwara, Udaipur (Rajasthan) 
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Plate No. 9 

 

 
 

Kāśīśa 
(Ferrous Sulphate) 

Source – Jaipur Market (Rajasthan) 
 
 

Plate No. 10 
 

 
Kha°ikā 
(Kaolinite) 

Source – Jaipur Market (Rajasthan) 
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Plate No. 11 

 

 
Ma´²ūra 
(Iron Slag) 

Source – Singhana, Khetri (Rajasthan) 
 
 

Plate No. 12 
 

 
Rajata 

(Silver Metal) 
Source – Ingot Produced by Hindustan Zinc Ltd., 

                            Procured From Udaipur (Rajasthan) 
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Plate No. 13 

 
Sāmudra Lava´a 

(Sea Salt) 
Source – Jaipur Market (Rajasthan) 

 

 
Plate No. 14 

 
Sauvīrā®jana 

(Lead Ore) 
Source – Zawar Mine, Udaipur (Rajasthan) 
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Plate No. 15 

 

 
Svar´a 

(Gold Metal) 
Source – Ingot from Switzerland 

Procured through HDFC Bank, Jaipur (Rajasthan) 
 
 
 

Plate No. 16 
 

 
Svar´amāk¾ika 

(Copper Ore) 
Source – Khetri Mine (Rajasthan) 
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Plate No. 17 

 

 
Svar´amāk¾ika - Sāndrita 

(Copper Concentrate) 
Source – Malanjikhand Copper Project 

Hindustan Copper Limited (Madhya Pradesh) 
 
 

Plate No. 18 
 

 
Tāmra 

(Copper Metal) 
Source – Copper Plate Produced by 

Hindustan Copper Ltd., Procured From Khetri (Rajasthan) 
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Plate No. 19 

 

 
¯a¬ka´a 

(Borax) 
Source – Jaipur Market (Rajasthan) 

 
 
 

Plate No. 20 
 

 
 

Tuttha 
(Copper Sulphate) 

Source – Jaipur Market (Rajasthan) 
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Plate No. 21 

 

 
Vaikrānta 
(Tourmaline) 

Source – Jawaza Village, Near Beawar, 
Distt. Ajmer (Rajasthan) 
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	1. Physical Properties of Minerals AND METALS
	NATURE
	Being natural chemical compounds, minerals may occur in any aggregation state, though most of them are known to belong to solid crystalline substances. Amorphous minerals are scarce. As such, natural occurrence of minerals may be in the following for...
	i)  Crystalline (columnar, bladed, fibrous and tabular etc.)
	Method of determination
	Method of determination


	Moh’s Scale of Hardness
	Ultra–violet radiation has a range of wavelength from 400 nm to 200 nm. The range from 200 nm to 300 nm is called short wave (or far UV rays) and from 300 to 400 nm is called long wave (or near UV rays). Short wave UV lamp has been used in present det...
	Method of determination


	3. CHEMIcal Properties of Minerals AND METALS (Description of various methods of chemical analyses)
	Potassium chromate indicator, 1.0 % - Dissolve 1.000 g potassium chromate in 100 ml purified water.
	Procedure:
	Dissolve 1.000 g sample in purified water in a 25 ml beaker then transfer clear solution to 250-ml volumetric flask and make up to mark , pipette out 25 ml sample solution in 250-ml conical flask by adding 1.0 ml potassium chromate indicator mix it. T...
	Calculation:
	3.2.12. Determination of Manganese (MnO) by Spectrophotometric method
	Solutions:
	Standard Mn solutions 1000 ppm (1 ml = 1 mg)
	Dissolve 2.8755 g of potassium permanganate (Analytical Reagent) in 50 ml of purified water in 250 ml beaker. Discharge the colour by adding drop by drop 1:1 hydrochloric acid. Add 5 ml of 1:1 sulphuric acid and digest on hot plate till copious white ...
	Sulphuric acid (Analytical Reagent)
	Orthophosphoric acid (Analytical Reagent)
	Potassium per iodate (Analytical Reagent)
	Procedure:
	3.2.14. Determination of Boron by ICPA (Inductively Coupled Plasma
	Analyser)
	Procedure:
	Weigh 0.2 g sample in a zirconium crucible and mix with 1 g sodium peroxide in the crucible. Fuse the mass on low flame till the color of fused mass changes from yellow to black. Fuse this on high flame till the mass is melt and heat to red hot for 5 ...
	Qualitative Test for Carbonate and Sulphate
	Acetic Acid – Contains approximately 33 per cent w/v of C2H4O2. Dilute 315 ml of glacial acetic acid to 1000 ml with water.
	Alcohol –
	Ammonia, xN. –Solutions of any normality XN may be prepared by diluting 75 x ml of strong ammonia solution to 1000 ml with water.
	Copper Sulphate – CuSO4.5H2O = 249.68

	Cobalt nitrate Co (NO3)2
	Cresol Red Solution –Warm 50 ml of cresol red with 2.65 ml of 0.05 M sodium hydroxide and 5 ml of ethanol (90 per cent); after solution is effected, add sufficient ethanol (20 per cent) to produce 250 ml.
	Disodium Ethylenediamine tetraacetate – (Disodium Acetate) C10H14N2Na2O8.2H2O = 372.2.
	Hydrochloric Acid, x N –Solution of any normality x N may be prepared by diluting 84 x ml of hydrochloric acid to 1000 ml with water.
	Hydrogen Peroxide Solution – (20 Vol.) H2O2 = 34.02


	Potassium Chromate – K2CrO4 = 194.2
	Potassium Chromate Solution –A 5.0 per cent w/v solution of potassium chromate.
	Gives a red precipitate with silver nitrate in neutral solutions.
	Potassium Dichromate – K2Cr2O7 =294.18.
	Contains not less than 99.8 per cent of K2Cr2O7.
	Description  – Orange-red crystals or a crystalline powder.
	Solubility – Soluble in water
	Potassium Dichromate Solution – A 7.0 per cent w/v solution of potassium dichromate in water.
	Potassium Dichromate, Solution 0.1N – K2Cr2O7 = 294.18, 4.903 g in 1000 ml.
	Potassium Dihydrogen Phosphate - KH2PO4 = 136.1
	Potassium Ferrocyanide – K4Fe(CN)6.3H2O =422.39.
	Solubility –Soluble in water.
	Acidity or Alkalinity –A 10 per cent w/v solution in water is neutral to litmus paper.
	Description  –White, crystalline powder.
	Solubility –Slowly soluble in water, forming clear, colourless solution.
	Solubility –Freely soluble in water, in alcohol and in glycerin; very soluble in boiling ethyl alcohol.
	Potassium Hydroxide, xN – Solution of any normality, x N, may be prepared by dissolving 56.11x g of potassium hydroxide in water and diluting to 1000 ml.
	Potassium Hydroxide Solution – Solution of Potash.
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