The Ministry of Health, Labour and
Welfare Ministerial Notification No. 65

Pursuant to Paragraph 1, Article 41 of the Pharmaceutical Affairs Law (Law No.
145, 1960), the Japanese Pharmacopoeia (hereinafter referred to as ‘‘new Phar-
macopoeia’’), which has been established as follows*, shall be applied on April 1,
2011. However, in the case of drugs which are listed in the Pharmacopoeia (herein-
after referred to as ‘‘previous Pharmacopoeia’’) [limited to those listed in the
Japanese Pharmacopoeia whose standards are changed in accordance with this
notification (hereinafter referred to as ‘““new Pharmacopoeia’’)] and drugs which
have been approved as of April 1, 2011 as prescribed under Paragraph 1, Article 14 of
the same law [including drugs the Minister of Health, Labour and Welfare specifies
(the Ministry of Health and Welfare Ministerial Notification No. 104, 1994) as those
exempted from marketing approval pursuant to Paragraph 1, Article 14 of the
Pharmaceutical Affairs Law (hereinafter referred to as ‘‘drugs exempted from
approval’’)], the Name and Standards established in the previous Pharmacopoeia
(limited to part of the Name and Standards for the drugs concerned) may be accepted
to conform to the Name and Standards established in the new Pharmacopoeia before
and on September 30, 2012. In the case of drugs which are listed in the new Phar-
macopoeia (excluding those listed in the previous Pharmacopoeia) and drugs which
have been approved as of April 1, 2011 as prescribed under Paragraph 1, Article 14 of
the same law (including those exempted from approval), they may be accepted as
those being not listed in the new Pharmacopoeia before and on September 30, 2012.

Ritsuo Hosokawa
The Minister of Health, Labour and Welfare

March 24, 2011

(The text referred to by the term ‘‘as follows’” are omitted here. All of them are made
available for public exhibition at the Evaluation and Licensing Division, Pharmaceu-
tical and Food Safety Bureau, Ministry of Health, Labour and Welfare, at each
Regional Bureau of Health and Welfare, and at each Prefectural Office in Japan).

*The term “‘as follows’’ here indicates the contents of the Japanese Pharmacopoeia Sixteenth Edition
from General Notices to Ultraviolet-visible Reference Spectra (pp. 1 - 2131).
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PREFACE

The 15th Edition of the Japanese Pharmacopoeia
(JP) was promulgated by Ministerial Notification No.
285 of the Ministry of Health, Labour and Welfare
(MHLW) on March 31, 2006.

In July 2006, the Committee on JP established the
basic principles for the preparation of the JP 16th Edi-
tion, setting out the roles and characteristics of the JP,
the definite measures for the revision, and the date of
the revision.

At the Committee, the five basic principles of JP,
which we refer to as the ‘‘five pillars’’, were estab-
lished as follows: 1) Including all drugs which are im-
portant from the viewpoint of health care and medical
treatment; 2) Making qualitative improvement by in-
troducing the latest science and technology; 3) Pro-
moting internationalization; 4) Making prompt partial
revision as necessary and facilitating smooth adminis-
trative operation; and 5) Ensuring transparency
regarding the revision, and disseminating the JP to the
public. It was agreed that the Committee on JP should
make efforts, on the basis of these principles, to en-
sure that the JP is used more effectively in the fields of
health care and medical treatment by taking appropri-
ate measurements, including getting the understanding
and cooperation of other parties concerned.

It was agreed that the JP should provide an official
standard, being required to assure the quality of medi-
cines in Japan in response to the progress of science
and technology and medical demands at the time. It
should define the standards for specifications, as well
as the methods of testing to assure overall quality of
all drugs in principle, and it should have a role in
clarifying the criteria for quality assurance of drugs
that are recognized to be essential for public health
and medical treatment.

The JP has been prepared with the aid of the
knowledge and experience of many professionals in
the pharmaceutical field. Therefore, the JP should
have the characteristics of an official standard, which
might be widely used by all parties concerned. It
should provide information and understanding about
the quality of drugs to the public, and it should be
conducive to smooth and effective regulatory control
of the quality of drugs, as well as promoting and
maintaining international consistency and harmoniza-
tion of technical requirements.

It was also agreed that JP articles should cover

drugs, which are important from the viewpoint of
health care and medical treatment, clinical results and
frequency of use, as soon as possible after they reach
the market.

The target date for the publication of JP 16th Edi-
tion (the Japanese edition) was set as April 2011.

JP Expert Committees are organized with the fol-
lowing panels: Panel on the Principles of Revisions;
Sub-committee on the Principles of Revisions; Panel
on Medicinal Chemicals; Panel on Antibiotics; Panel
on Biologicals; Panel on Crude Drugs; Panel on Phar-
maceutical Excipients; Panel on Physico-Chemical
Methods; Panel on Preparations; Panel on Physical
Methods; Panel on Biological Tests; Panel on Nomen-
clature; Panel on International Harmonization; Panel
on Pharmaceutical Water; and Panel on Reference
Standards. Furthermore, working groups are estab-
lished under the Panel on Physico-Chemical Methods,
Panel on Preparations and Panel on Biological Tests
to expedite discussion on revision drafts.

In the Committee on JP, Takao Hayakawa took the
role of chairman from July 2003 to December 2010,
and Mitsuru Hashida from January 2011 to March
2011.

In addition to the regular revision every five years in
line with the basic principles for the preparation of the
JP it was agreed that partial revision should be done as
necessary to take account of recent progress of science
and in the interests of international harmonization.

In accordance with the above principles, the panels
initiated deliberations on selection of articles, and on
revisions for General Notices, General Rules for Crude
Drugs, General Rules for Preparations, General Tests,
Monographs and so on.

Draft revisions covering subjects in General Notices,
General Rules for Crude Drugs, General Rules for
Preparations, General Tests and Monographs, for
which discussions were finished between September
2005 and March 2007, were prepared for a supplement
to the JP 15. They were examined by the Committee
on JP in April 2007, followed by the Pharmaceutical
Affairs and Food Sanitation Council (PAFSC) in June
2007, and then submitted to the Minister of Health,
Labour and Welfare. The supplement was named
““Supplement I to the JP 15th Edition’’, promulgated
on September 28, 2007 by Ministerial Notification No.
316 of MHLW, and became effective on October 1,
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2007.

Numbers of discussions in the panels to prepare the
supplement drafts were as follows: Panel on Principles
of Revisions (7); Sub-panel on Principles of Revision
(6), Panel on Medicinal Chemicals (33, including the
working group); Panel on Antibiotics (9); Panel on
Biologicals (8); Panel on Crude Drugs (17); Panel on
Pharmaceutical Excipients (7): Panel on Physico-
Chemical Methods (12); Panel on Preparations (10);
Panel on Physico-Chemical Methods (8): Panel on
Biological Tests (7); Panel on Nomenclature (9); Panel
on International Harmonization (2); and Panel on
Pharmaceutical Water (7).

It should be noted that in the preparation of the
drafts for the supplement, generous cooperation was
given by the Technical Committee of the Pharmaceuti-
cal Manufacturer’s Association of Osaka and of
Tokyo, the Tokyo Crude Drugs Association, the
Japan Pharmaceutical Excipients Council, the Japan
Kampo Medicine Manufacturers’ Association, the
Japan Flavor and Fragrance Materials Association,
the Japan Medical Plants Federation, the Japan Phar-
maceutical Manufacturers Association, and the Japan
Oilseeds Processors Association.

In consequence of this revision, the JP 15th Edition
carries 1567 articles, owing to the addition of 90 arti-
cles and the deletion of 6 articles.

Draft revisions covering subjects, the addition of
specification ‘‘Diethylene glycol and related sub-
stances’’ to the Purity of both monographs Glycerin
and Concentrated Glycerin was examined by the Com-
mittee on JP in September 2007, followed by PAFSC
in October 2007, and then submitted to the Minister of
Health, Labour and Welfare.

This revision was promulgated on February 21, 2008
by Ministerial Notification No. 32 of MHLW, and
became effective.

Draft revisions covering subjects, the addition of
specification ‘‘Over-sulfated chondroitin sulfate’’ to
the Purity of monograph Heparin Sodium and the
resultant addition of Over-sulfated Chondroitin Sul-
fate Reference Standard to the list of Reference Stand-
ards in the General Tests were examined by the Com-
mittee on JP in July 2008, followed by PAFSC in
October 2008, and then submitted to the Minister of
Health, Labour and Welfare.

This revision was promulgated on July 31, 2008 by
Ministerial Notification No. 417 of MHLW, and
became effective.

Draft revisions covering subjects, the revision of the
General Tests connected with the harmonization be-
tween the three pharmacopoeias, JP, EP and USP, the
revision of the specification of monograph Longuu
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and the addition of a monograph Powdered Longgu
were examined by the Committee on JP in December
2008, followed by PAFSC in March 2009, and then
submitted to the Minister of Health, Labour and Wel-
fare.

This revision was promulgated on March 31, 2009
by Ministerial Notification No. 190 of MHLW, and
became effective.

Draft revisions covering subjects in General Rules
for Crude Drugs, General Tests and Monographs, for
which discussions were completed between April 2007
and March 2009, were prepared for a supplement to
the JP 15. They were examined by the Committee on
JP in April 2009, followed by PAFSC in June 2009,
and then submitted to the Minister of Health, Labour
and Welfare.

The supplement was named ‘‘Supplement II to JP
15th Edition”” and promulgated on September 30,
2009 by Ministerial Notification No. 425 of MHLW,
and became effective on October 1, 2009.

Numbers of discussions in the panels to prepare the
revision drafts were as follows: Panel on Principles of
Revisions (3); Panel on Medicinal Chemicals (23);
Panel on Antibiotics (8); Panel on Biologicals (8);
Panel on Crude Drugs (21); Panel on Pharmaceutical
Excipients (10): Panel on Physico-Chemical Methods
(11, including the working group); Panel on Prepara-
tions (19, including the working group); Panel on
Physico-Chemical Methods (9): Panel on Biological
Tests (9); Panel on Nomenclature (6); Panel on Inter-
national Harmonization (3); and Panel on Pharmaceu-
tical Water (8).

It should be noted that in the preparation of the
drafts for the supplement, generous cooperation was
given by the Technical Committee of the Pharmaceuti-
cal Manufacturer’s Association of Osaka and of
Tokyo, the Tokyo Crude Drugs Association, the
Japan Pharmaceutical Excipients Council, the Home
Medicine Association of Japan, the Japan Kampo
Medicine Manufacturers’ Association, the Japan
Flavor and Fragrance Materials Association, the
Japan Medical Plants Federation, the Japan Parental
Drug Association, the Japan Reagent Association, the
Japan Oilseeds Processors Association, and the As-
sociation of Membrane Separation Technology of
Japan.

In consequence of this revision, the JP 15th Edition
carries 1673 articles, owing to the addition of 106 arti-
cles and the deletion of 1 article.

Draft revisions covering subjects, the revision of the
General Tests connected with the harmonization be-
tween the three pharmacopoeias, JP, EP and USP, the
addition of specification to the Identification and the
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revision in the Purity of two monographs Heparin
Calcium and Heparin Sodium, and the several addi-
tions to the Reference Standards and the Reagents,
Test Solutions were examined by the Committee on JP
in August 2009, followed by PAFSC in September
2009, and then submitted to the Minister of Health,
Labour and Welfare.

This revision was promulgated on July 30, 2010 by
Ministerial Notification No. 322 of MHLW, and
became effective.

Draft revisions covering subjects in General Notices,
General Rules for Crude Drugs, General Rules for
Preparations, General Tests and Monographs, for
which discussions were completed between April 2009
and March 2010, were prepared for JP 16. They were
examined by the Committee on JP in September 2010,
followed by PAFSC in October 2010, and then sub-
mitted to the Minister of Health, Labour and Welfare.

Numbers of discussions in the panels to prepare the
revision drafts were as follows: Panel on Principles of
Revisions (3); Panel on Medicinal Chemicals (20);
Panel on Antibiotics (5); Panel on Biologicals (2);
Panel on Crude Drugs (10); Panel on Pharmaceutical
Excipients (5): Panel on Physico-Chemical Methods
(10, including the working group); Panel on Prepara-
tions (10, including the working group); Panel on
Physico-Chemical Methods (8): Panel on Biological
Tests (9, including the working group); Panel on
Nomenclature (3); Panel on International Harmoniza-
tion (1); and Panel on Pharmaceutical Water (4).

It should be noted that in the preparation of the
drafts, generous cooperation was given by the Techni-
cal Committee of the Pharmaceutical Manufacturer’s
Association of Osaka and of Tokyo, the Tokyo Crude
Drugs Association, the Japan Pharmaceutical Ex-
cipients Council, the Home Medicine Association of
Japan, the Japan Kampo Medicine Manufacturers’
Association, the Japan Flavor and Fragrance Materi-
als Association, the Japan Medical Plants Federation,
the Japan Parental Drug Association, the Japan Rea-
gent Association, the Japan Oilseeds Processors As-
sociation, and the Association of Membrane Separa-
tion Technology of Japan.

In consequence of this revision, the JP 16th Edition
carries 1764 articles, owing to the addition of 106 arti-
cles and the deletion of 15 articles.

The principles of description and the salient points
of the revision in this volume are as follows:

1. The JP 16th Edition comprises the following
items, in order: Notification of MHLW; Contents;
Preface; General Notices; General Rules for Crude
Drugs; General Rules for Preparations; General Tests,
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Processes and Apparatus; Official Monographs; then
followed by Infrared Reference Spectra and Ultravio-
let-visible Reference Spectra; General Information;
Table of Standard Atomic Weights 2010 as an appen-
dix; and a Cumulative Index.

2. The articles in General Rules for Preparations,
Official Monographs, Infrared Reference Spectra and
Ultraviolet-visible Reference Spectra are respectively
placed in alphabetical order in principle.

3. The following items in each monograph are put
in the order shown below, except that unnecessary
items are omitted depending on the nature of the drug:

(1) English title
(2) Commonly used name(s)
(3) Latin title (only for crude drugs)
(4) Title in Japanese
(5) Structural formula or empirical formula
(6) Molecular formula and molecular mass
(7) Chemical name
(8) CAS Registry Number
(9) Origin
(10) Limits of the content of the ingredient(s) and/or
the unit of potency
(11) Labeling requirements
(12) Method of preparation
(13) Description/Description of crude drugs
(14) Identification tests
(15) Specific physical and/or chemical values
(16) Purity tests
(17) Loss on drying or Ignition, or Water
(18) Residue on ignition, Total ash or Acid-insoluble
ash
(19) Tests being required for pharmaceutical prepa-
rations and other special tests
(20) Isomer ratio
(21) Assay or the content of the ingredient(s)
(22) Containers and storage
(23) Expiration date
(24) Others

4. In each monograph, the following physical and
chemical values representing the properties and quality
of the drug are given in the order indicated below, ex-
cept that unnecessary items are omitted depending on
the nature of drug:

(1) Alcohol number

(2) Absorbance

(3) Congealing point
(4) Refractive index

(5) Osmolarity

(6) Optical rotation

(7) Viscosity
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(8) pH
(9) Specific gravity
(10) Boiling point
(11) Melting point
(12) Acid value
(13) Saponification value
(14) Ester value
(15) Hydroxyl value
(16) Iodine value

5. [Identification tests comprise the following
items, which are generally put in the order given
below:

(1) Coloration reactions
(2) Precipitation reactions
(3) Decomposition reactions
(4) Derivatives
(5) Infrared and/or ultraviolet-visible absorption

spectrometry

(6) Special reactions
(7) Cations
(8) Anions

6. Purity tests comprise the following items, which
are generally put in the order given below, except that
unnecessary items are omitted depending on the nature

of drug:
(1) Color
(2) Odor

(3) Clarity and/or color of solution
(4) Acidity or alkalinity
(5) Acidity
(6) Alkalinity
(7) Chloride
(8) Sulfate
(9) Sulfite
(10) Nitrate
(11) Nitrite
(12) Carbonate
(13) Bromide
(14) Iodide
(15) Soluble halide
(16) Thiocyanate
(17) Selenium
(18) Cationic salts
(199 Ammonium
(20) Heavy metals
(21) Iron
(22) Manganese
(23) Chromium
(24) Bismuth
(25) Tin
(26) Aluminum
(27) Zinc
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(28) Cadmium

(29) Mercury

(30) Copper

(31) Lead

(32) Silver

(33) Alkaline earth metals
(34) Arsenic

(35) Foreign matters

(36) Related substances
(37) Residual solvent

(38) Other impurities

(39) Readily carbonizable substances

7. The following paragraphs of General Notices
were revised:

(1) Paragraph 3: The sentence ‘“The distinction of
the preparations name of Fine Granules and
Powders follows according to the definition in
the section of ‘‘Powders’’ of General Rules for
Preparations.”’” was deleted according to the re-
vision of General Rules for Preparations.

(2) Paragraph 4: Exampled name of preparations
was revised in accordance with the current status
of listed monographs.

(3) Paragraph 8: Atomic masses the JP refers to
was revised to the table of ‘‘Standard Atomic
Weights 2010’.

(4) Paragraph 9: Being often used two units, pS-
cm~! and CFU, were added.

(5) Paragraph 16: The definition of water used to
measure the number of drops of a dropping
device was revised in accordance with the revi-
sion of Paragraph 20.

(6) Paragraph 20: The provision of water used for
the test of drugs was revised according to the re-
vision of monograph Purified Water.

(7) Other descriptions were improved.

8. To Paragraph 1 of General Rules for Crude
Drugs the following items were added:
(1) Aluminum Silicate Hydrate with Silicon Dioxide
(2) Brown Rice
(3) Koi
(4) Sesame

9. The General Rules for Preparations was revised
as follows in general:

The addition of dosage forms which had not have
been prescribed, the classification of dosage forms
based on the route and/or site of administration, and
the definition of individual dosage forms and the tests
to be applied to them.

10. The following items in General Tests, Pro-
cesses and Apparatus were revised:



JP XVI

(1) 2.01 Liquid Chromatography
(2) 2.46 Residual Solvents Test
(3) 2.51 Conductivity Measurement
(4) 2.54 pH Determination
(5) 2.58 X-Ray Powder Diffraction Method
(6) 3.01 Determination of Bulk and Tapped Densi-
ties
(7) 4.01 Bacterial Endotoxins Test
(8) 4.05 Microbial Limit Test
(9) 4.06 Sterility Test
(10) 5.02 Microbial Limit Test for Crude Drugs
(11) 6.03 Particle Size Distribution Test for Prepara-
tions
(12) 6.07 Insoluble Particulate Matter Test for Injec-
tions
(13) 6.08 Insoluble Particulate Matter Test for Oph-
thalmic Solutions
(14) 7.02 Test Methods for Plastic Containers
(15) 8.01 Sterilization and Aseptic Manipulation

11. The title of the following item in General
Tests, Processes and Apparatus was revised:
8.01 Sterilization and Aseptic Manipulation

12. The following Reference Standards were ad-
ded:

Atorvastatin Calcium

Alendronate Sodium

Glimepiride

Sarpogrelate Hydrochloride

Donepezil Hydrochloride

Trehalose

Nateglinide

Fexofenadine Hydrochloride

Fluvoxamine Maleate

Propiverine Hydrochloride

Pemirolast Potassium

Rabeprazole Sodium

Risedronic Acid

13. The following Reference Standard was revised
in Japanese title:
Tyrosine

14. The following Reference Standards were delet-
ed from the list of 9.01 Reference Standards:

Astromicin Sulfate

Insulin

Sisomicin Sulfate

Cefapirin Sodium

Cefuroxime Sodium

Netilmicin Sulfate

15. The intended use of each individual Reference
Standard was deleted from the list of 9.01 Reference
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Standards.

16. Some of the names of the reagents or test solu-
tions under 9.41 Reagents, Test Solutions were main-
tained.

17. To the each individual item in the General
Tests, Processes and Apparatus, chapter and section
numbers were putted.

18. The following substans were newly added to
the Official Monographs:

Aciclovir Syrup

Aciclovir Injection

Aciclovir for Syrup

Acetylcysteine

Atorvastatin Calcium Hydrte

Atorvastatin Calcium Tablets

Amikacin Sulfate for Injection

Alendronate Sodium Hydrate

Alendronate Sodium Injection

Alendronate Sodium Tablets

L-Isoleucine, L-Leucine and L-Valine Granules

Ebastine

Ebastine Orally Disintegrating Tablets

Ebastine Tablets

Carvedilol

Carvedilol Tablets

Candesartan Cilexetil

Candesartan Cilexetil Tablets

Quinapril Hydrochloride

Quinapril Hydrochloride Tablets

Glimepiride

Glimepiride Tablets

L-Glutamic acid

Sarpogrelate Hydrochloride

Sarpogrelate Hydrochloride Fine Granules

Sarpogrelate Hydrochloride Tablets

Diazepam Tablets

Purified Water in Containers

Sterile Water for Injection in Containers

Spironolactone Tablets

Zolpidem Tartrate Tablets

Tamsulosin Hydrochloride Extended-release Tablets

Tamoxifen Citrate

Precipitated Calcium Carbonate Fine Granules

Precipitated Calcium Carbonate Tablets

Temocapril Hydrochloride

Temocapril Hydrochloride Tablets

Terbinafine Hydrochloride

Terbinafine Hydrochloride Cream

Terbinafine Hydrochloride Solution

Terbinafine Hydrochloride Spray

Doxazosin Mesilate Tablets
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Donepezil Hydrochloride
Donepezil Hydrochloride Fine Granules
Donepezil Hydrochloride Tablets
Trehalose Hydrate

Nateglinide

Nateglinide Tablets

L-Lactic Acid

Sodium L-Lactate Solution
Haloperidol Fine Granules
Pioglitazone Hydrochloride Tablets
L-Histidine

L-Histidine Hydrochloride Hydrate
Famotidine Injection

Fexofenadine Hydrochloride
Butenafine Hydrochloride
Butenafine Hydrochloride Cream
Butenafine Hydrochloride Solution
Butenafine Hydrochloride Spray
Pravastatin Sodium Fine Granules
Pravastatin Sodium Solution
Pravastatin Sodium Tablets
Fluconazole

Fluvoxamine Maleate

Fluvoxamine Maleate Tablets
Flecainide Acetate

Flecainide Acetate Tablets
Propiverine Hydrochloride
Propiverine Hydrochloride Tablets
Probucol Fine Granules

Probucol Tablets

L-Proline

Betamipron

Pemirolast Potassium

Pemirolast Potassium for Syrup
Pemirolast Potassium Tablets
Beraprost Sodium

Beraprost Sodium Tablets
Mupirocin Calcium Ointment
Methotrexate Capsules

Mosapride Citrate Powder
Rabeprazole Sodium

Risperidone

Risperidone Fine Granules
Risperidone Oral Solution
Risperidone Tablets

Sodium Risedronate Hydrate
Sodium Risedronate Tablets
Roxatidine Acetate Hydrochloride Extended-release
Tablets

Roxatidine Acetate Hydrochloride for Injection
Orengedokuto Extract

Aluminum Silicate Hydrate with Silicon Dioxide
Koi
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Brown Rice

Sesame

Saikokeishito Extract
Saibokuto Extract
Shakuyakukanzoto Extract
Juzentaihoto Extract
Shosaikoto Extract
Shoseiryuto Extract
Mukoi-Daikenchuto Extract
Chutosan Extract
Bakumondoto Extract
Rikkunshito Extract

19. The following monographs were revised:
Zinc Oxide Ointment

Ajmaline Tablets

Ascorbic Acid Powder

Ascorbic Acid Injection

Aspirin Tablets

Acetylcholine Chloride for Injection
Azelastine Hydrochloride Granules
Adrenalin

Adrenalin Solution

Opium Tincture

Opium Alkaloids Hydrochloride Injection
Opium Alkaloids and Atropine Injection
Opium Alkaloids and Scopolamine Injection
Weak Opium Alkaloids and Scopolamine Injection
Meglumine Sodium Amidotrizoate Injection
Anmitriptyline Hydrochloride Tablets
Aminophylline Injection

L-Alanine

L-Arginine Hydrochloride Injection
Allopurinol

Sulfur and Camphor Lotion

Sodium Iotalamate Injection

Meglumine Iotalamate Injection

Isoniazid Injection

Isoniazid Tablets

Idoxuridine Ophthalmic Solution
Imipramine Hydrochloride

Irsogladine Maleate Fine Granules
Indigocarmine Injection

Insulin Human (Genetical Recombination)
Indometacin Capsules

Indometacin Suppositories

Ursodeoxycholic Acid Granules

Ecabet Sodium Granules

Estradiol Benzoate Injection

Estradiol Benzoate Injection (Aqueous Suspension)
Estriol Tablets

Estriol Injection (Aqueous Suspension)
Etacrynic Acid Tablets
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Ethanol for Disinfection

Etizolam Fine Granules
Ethinylestradiol

Ethinylestradiol Tablets

Etilefrine Hydrochloride Tablets
Edrophonium Chloride Injection
Ephedrine Hydrochloride Injection
Ephedrine Hydrochloride Tablets

10% Ephedrine Hydrochloride Powder
Ergometrine Maleate Hydrochloride Injection
Ergometrine Maleate Hydrochloride Tablets
10% Sodium Chloride Injection
Hydrochloric Acid Lemonade
Compound Oxycodone Injection
Compound Oxycodone and Atropine Injection
Fructose Injection

Potash Soap

Carmellose

Carmellose Calcium

Carmellose Sodium

Xylitol Injection

Diagnostic Sodium Citrate Solution
Sodium Citrate Injection for Transfusion
Glycerin and Potash Solution
Absorptive Cream

Hydrophilic Cream

Clindamycin Hydrochloride

Cresol Solution

Saponated Cresol Solution

Clofibrate Capsules

Clomifene Citrate Tablets
Chlordiazepoxide Powder
Chlordiazepoxide Tablets
Chlorpheniramine Maleate Powder
Chlorpheniramine Maleate Tablets
Chlorpropamide Tablets
Chlorpromazine Hydrochloride Injection
Ketoconazole Solution

Ketoconazole Cream

10% Codeine Phosphate Powder
Codeine Phosphate Tablets

Compound Salicylic Acid Spirit
Oxygen

Diazepam

Digitoxin Tablets

Diclofenamide Tablets

Distigmine Bromide Tablets
Dydrogesterone Tablets

Zinostatin Stimalamer

1% Dihydrocodeine Phosphate Powder
Dimenhydrinate Tablets

Silver Nitrate Ophthalmic Solution
Water
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Purified Water

Sterile Purified Water in Containers
Water for Injection

Dried Aluminum Hydroxide Gel Fine Granules
Suxamethonium Chloride Injection
Suxamethonium Chloride for Injection
Spironolactone

Sulpyrine Injection

Sulfobromophthalein Sodium Injection
Isotonic Sodium Chloride Solution
Cefaclor

Cefaclor Compound Granules

Cefaclor Fine Granules

Cefazolin Sodium Hydrate

Cefatrizine Propylene Glycolate for Syrup
Cefalexin

Cefalexin for Syrup

Cefalotin Sodium

Cefixime Hydrate

Cefepime Dihydrochloride Hydrate
Cefcapene Pivoxil Hydrochloride Hydrate
Cefcapene Pivoxil Hydrochloride Fine Granules
Cefditoren Pivoxil Fine Granules
Cefdinir Fine Granules

Ceftibuten Hydrate

Cefteram Pivoxil Fine Granules
Cefpodoxime Proxetil

Cefroxadine for Syrup

Sevoflurane

D-Sorbitol Solution

Tacrolimus Hydrate

Talc

Sodium Bicarbonate Injection

Simple Syrup

Thiamazole Tablets

Thiamine Chloride Hydrochloride Powder
Thiamine Chloride Hydrochloride Injection
Thiopental Sodium for Injection

Sodium Thiosulfate Injection

Nitrogen

Tipepidine Hibenzate Tablets

L-Tyrosine

Testosterone Enanthate Injection
Deslanoside Injection

Dehydrocholic Acid Injection

Dopamine Hydrochloride Injection
Triclofos Sodium Syrup

Trihexyphenidyl Hydrochloride Tablets
Trimethadione Tablets

Tolnaftate Solution

Tolbutamide Tablets

Droxidopa Fine Granules

Troxipide Fine Granules

vii
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Rape Seed Oil

Naphazoline and Chlorpheniramine Solution
Nicardipine Hydrochloride Injection
Nicotinic Acid Injection

Nicomol Tablets

Carbone Dioxide

Nicergoline Powder

Nitroglycerin Tablets

Neostigmine Methylsulfate Injection
Noradrenaline Injection

Norgestrel and Ethinylestradiol Tablets
Baclofen Tablets

Papaverine Hydrochloride Injection
Calcium Paraaminosalicylate Granules
Bisacodyl Suppositories

Hydralazine Hydrochloride Powder
Hydralazine Hydrochloride Tablets
Hydralazine Hydrochloride for Injection
Piperazine Phosphate Tablets
Famotidine Powder

Faropenem Sodium for Syrup
Phenytoin Powder

Phenytoin Tablets

Phenobarbital

10% Phenobarbital Powder

Liquefied Phenol

Phenolated Water

Phenolated Water for Disinfection
Phenol and Zinc Oxide Liniment
Phenolsulfonphthalein Injection
Glucose Injection

Prazepam Tablets

Flurazepam Capsules

Prednisolone Tablets

Prednisolone Sodium Succinate for Injection
Procaine Hydrochloride Injection
Prochlorperazine Maleate Tablets
Propylthiouracil Tablets

Flopropione Capsules

Probenecid

Probenecid Tablets

Flomoxef Sodium

Betamethasone Valerate and Gentamicin Sulfate

Cream

Betamethasone Sodium Phosphate
Pethidine Hydrochloride Injection
Perphenazine Tablets
Perphenazine Maleate Tablets
Benzalkonium Chloride Solution
Benzyl Alcohol

Benzethonium Chloride Solution
Formalin Water

Mercurochrome Solution

D-Mannitol Injection

Yellow Beeswax

Minocycline Hydrochloride

Minocycline Hydrochloride Tablets
Minocycline Hydrochloride for Injection
Alum Solution

10% di-Methylephedrine Hydrochloride Powder

Methyltestosterone Tablets
Methyldopa Tablets

Metenolone Enanthate Injection
Metronidazole Tablets
Mepivacaine Hydrochloride
Mefruside Tablets

Meropenem Hydrate

Morphine Hydrochloride Tablets
Morphine Hydrochloride Injection
Morphine and Atropine Injection
Folic Acid Tablets

Folic Acid Injection

Meglumine Sodium Iodamide Injection
Iodine Tincture

Dilute Iodine Tincture

Dental Iodine Glycerin
Compound Iodine Glycerin
Iodine, Salicylic Acid and Phenol Spirit
Latamoxef Sodium

Lanatoside C Tablets
Liothyronine Sodium Tablets
L-Lysine Hydrochloride

L-Lysine Acetate

Lidocaine Injection

Rifampicin Capsules

Riboflavin Powder

Riboflavin Sodium Phosphate Injection
Zinc Sulfate Ophthalmic Solution
Magnesium Sulfate Mixture
Magnesium Sulfate Injection
Ringer’s Solution

Dibasic Sodium Phosphate Hydrate
Reserpine Tablets

Reserpine Injection

Levallorphan Tartrate Injection
Levothyroxine Sodium Tablets
Sweet Hydrangea Leaf

Aloe

Powdered Aloe

Foeniculated Ammonia Spirit
Epimedium Herb

Fennel Oil

Turmeric

Powdered Turmeric

Bearberry Leaf

Uva Ursi Fluidextract
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Corydalis Tuber
Powdered Corydalis Tuber
Polygala Root

Powdered Polygala Root
Pueraria Root
Kamishoyosan Extract
Glycyrrhiza Extract
Crude Glycyrrhiza Extract
Agar

Platycodon Fluidextract
Catalpa Fruit

Apricot Kernel

Apricot Kernel Water
Bitter Tincture
Keishibukuryogan Extract
Safflower

Red Ginseng

Magnolia Bark

Powdered Magnolia Bark
Goshajinkigan Extract
Euodia Fruit
Condurango

Condurango Fluidextract
Bupleurum Root

Saireito Extract

Saffron

Gardenia Fruit

Powdered Gardenia Fruit
Cornus Fruit

Jujube Seed

Eleutherococcus Senticosus Rhizome
Sodium Bicarbonate and Bitter Tincture Mixture

Cimicifuga Rhizome
Magnolia Flower
Shimbuto Extract

Senega Syrup

Toad Venom

Atractylodes Lancea Rhizome
Perilla Herb

Alisma Rhizome

Powdered Alisma Rhizome
Uncaria Hook

Powdered Polyporus Sclerotium
Citrus Unshiu Peel
Capsicum

Powdered Capsicum
Capsicum Tincture

Peach Kernel

Powdered Peach Kernel
Orange Peel Syrup

Orange Peel Tincture
Ipecac

Powdered Ipecac
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Ipecac Syrup

Eucommia Bark

Ginseng

Powdered Ginseng
Hachimijiogan Extract
Honey

Mentha Water

Glehnia Root and Rhizome
Hangekobokuto Extract
Angelica Dahurica Root
Atractylodes Rhizome

Poria Sclerotium

Belladonna Extract
Sinomenium Stem and Rhizome
Saposhnikovia Root and Rhizome
Moutan Bark

Powdered Moutan Bark
Hochuekkito Extract

Nux Vomica Extract

Nux Vomica Extract Powder
Nux Vomica Tincture

Opyster Shell

Powdered Oyster Shell
Ryokeijutsukanto Extract
Scopolia Extract

Scopolia Extract Powder
Royal Jelly

20. The following monographs were deleted:
Astromicin Sulfate

Isophane Insulin Injection (Aqueous Suspension)
Insulin

Insulin Injection

Insulin Zinc Injection (Aqueous Suspension)
Insulin Zinc Protamine Injection (Aqueous Suspen-
sion)

Crystalline Insulin Zinc Injection (Aqueous Suspen-
sion)

Amorphous Insulin Zinc Injection (Aqueous Sus-
pension)

Sisomicin Sulfate

Cefapirin Sodium

Cefuroxime Sodium

Netilmicin Sulfate

Bufexamac

Bufexamac Cream

Bufexamac Ointment

21. The following monographs were changed in

Japanese title:

Absorptive Cream

Hydrophilic Cream

Sterile Purified Water in Containers
Cefixime Hydrate
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L-Tyrosine
L-Lysine Hydrochloride
L-Lysine Acetate

22. The following monographs were revised in the
content limit more precise:

Ajmaline Tablets

Ascorbic Acid Powder

Ascorbic Acid Injection

Aspirin Tablets

Acetylcholine Chloride for Injection

Meglumine Sodium Amidotrizoate Injection

Amitriptyline Hydrochloride Tablets

Aminophylline Injection

Sodium Iotalamate Injection

Meglumine Iotalamate Injection

Isoniazid Tablets

Isoniazid Injection

Idoxuridine Ophthalmic Solution

Imipramine Hydrochloride

Indigocarmine Injection

Indometacin Capsules

Indometacin Suppositories

Estradiol Benzoate Injection

Estradiol Benzoate Injection (Aqueous Suspension)

Estriol Tablets

Estriol Injection (Aqueous Suspension)

Etacrynic Acid Tablets

Ethinylestradiol Tablets

Edrophonium Chloride Injection

Ephedrine Hydrochloride Tablets

Ephedrine Hydrochloride Injection

Ergometrine Maleate Tablets

Ergometrine Maleate Injection

Fructose Injection

Xylitol Injection

Clofibrate Capsules Extract

Clomifene Citrate Tablets

Chlordiazepoxide Powder

Chlordiazepoxide Tablets

Chlorpropamide Tablets

Chlorpromazine Hydrochloride Injection

Codeine Phosphate Tablets

Digitoxin Tablets

Diclofenamide Tablets

Distigmine Bromide Tablets

Dimenhydrinate Tablets

Dydrogesterone Tablets

Suxamethonium Chloride Injection

Suxamethonium Chloride for Injection

Sulpyrine Injection

Sulfobromophthalein Sodium Injection

D-Sorbitol Solution
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Sodium Bicarbonate Injection
Thiamazole Tablets

Thiamine Chloride Hydrochloride Powder
Thiamine Chloride Hydrochloride Injection
Thiopental Sodium for Injection
Sodium Thiosulfate Injection
Tipepidine Hibenzate Tablets
Testosterone Enanthate Injection
Deslanoside Injection

Dehydrocholic Acid Injection
Dopamine Hydrochloride Injection
Triclofos Sodium Syrup
Trihexyphenidyl Hydrochloride Tablets
Trimethadione Tablets

Tolnaftate Solution

Tolbutamide Tablets

Nicardipine Hydrochloride Injection
Nicotinic Acid Injection

Nicomol Tablets

Nitroglycerin Tablets

Neostigmine Methylsulfate Injection
Noradrenaline Injection

Norgestrel and Ethinylestradiol Tablets
Baclofen Tablets

Papaverine Hydrochloride Injection
Bisacodyl Suppositories

Hydralazine Hydrochloride Powder
Hydralazine Hydrochloride Tablets
Hydralazine Hydrochloride for Injection
Piperazine Phosphate Tablets

Glucose Injection

Prazepam Tablets

Flurazepam Capsules

Prednisolone Tablets

Prednisolone Sodium Succinate for Injection
Procaine Hydrochloride Injection
Prochlorperazine Maleate Tablets
Propylthiouracil Tablets

Probenecid Tablets

Pethidine Hydrochloride Injection
Perphenazine Tablets

Perphenazine Maleate Tablets
Benzalkonium Chloride Solution
Benzethonium Chloride Solution
D-Mannitol Injection

Methyldopa Tablets

Metenolone Enanthate Injection
Mefruside Tablets

Morphine Hydrochloride Tablets
Morphine Hydrochloride Injection
Folic Acid Tablets

Folic Acid Injection

Lanatoside C Tablets
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Liothyronine Sodium Tablets
Lidocaine Injection

Riboflavin Powder

Riboflavin Sodium Phosphate Injection
Magnesium Sulfate Injection

Reserpine Tablets

Reserpine Injection

Levallorphan Tartrate Injection
Levothyroxine Sodium Tablets

23. The monographs which ‘Method of prepara-
tion’ was revised according to the revision of General
Rules for Preparations were as follows:

Ascorbic Acid Powder

Irsogladine Maleate Fine Granules

Etizolam Fine Granules

10% Ephedrine Phosphate Powder
Chlordiazepoxide Powder

Chlorpheniramine Maleate Powder
Ketoconazole Solution

Ketoconazole Cream

1% Codeine Phosphate Powder

1% Dihydrocodeine Phosphate Powder

Dried Aluminum Hydroxide Gel Fine Granules
Cefaclor Fine Granules

Cefatrizine Propylene Glycolate for Syrup
Cefalexin for Syrup

Cefcapene Pivoxil Hydrochloride Fine Granules
Cefditoren Pivoxil Fine Granules

Cefdinir Fine Granules

Cefteram Pivoxil Fine Granules

Cefroxadine for Syrup

Droxidopa Fine Granules

Troxipide Fine Granules

Nicergoline Powder

Hydralazine Hydrochloride Powder

Famotidine Powder

Faropenem Sodium for Syrup

Phenytoin Powder

109% Phenobarbital Powder

Betamethazone Valerate and Gentamicin Sulfate
Cream

10% di-Methylephedrine Hydrochloride Powder
Riboflavine Powder

24. The monographs which ‘Particle size’ was

deleted according to the revision of General Rules for
Preparations were as follows:

Azelastine Hydrochloride Granules
Ursodeoxycholic Acid Granules
Ecabet Sodium Granules
Chlorpheniramine Maleate Powder
Cefaclor Compound Granules
Nicergoline Powder
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Calcium Paraaminosalicylate Granules
109% Phenobarbital Powder

25. The monographs which ‘Method of prepara-

tion’ was revised according to the revision of the
monograph ‘“Water’” were as follows:

Adrenaline Solution

Opium Tincture

Opium Alkaloids Hydrochloride Injection
Opium Alkaloids and Atropine Injection
Opium Alkaloids and Scopolamine Injection
Weak Opium Alkaloids and Scopolamine Injection
Meglumine Sodium Amidotrizoate Injection
L-Arginine Hydrochloride Injection

Sulfur and Camphor Lotion

Sodium Iotalamate Injection

Meglumine Iotalamate Injection

Ethanol for Disinfection

10% Sodium Chloride Injection
Hydrochloric Acid Lemonade

Compound Oxycodone Injection
Compound Oxycodone and Atropine Injection
Potash Soap

Diagnostic Sodium Citrate Solution

Sodium Citrate Injection for Transfusion
Glycerin and Potash Solution

Absorptive Cream

Hydrophilic Cream

Cresol Solution

Saponated Cresol Solution

Compound Salicylic Acid Spirit

Silver Nitrate Ophthalmic Solution

Isotonic Sodium Chloride Solution

Simple Syrup

Deslanoside Injection

Naphazoline and Chlorpheniramine Solution
Phenolated Water for Disinfection
Phenolated Water

Phenol and Zinc Oxide Liniment
Phenolsulfonphthalein Injection
Benzalkonium Chloride Solution
Benzethonium Chloride Solution

Formalin Water

Mercurochrome Solution

Alum Solution

Morphine and Atropine Injection
Meglumine Sodium Iodamide Injection
Iodine Tincture

Dilute Iodine Tincture

Dental Iodine Glycerin

Compound Iodine Glycerin

Iodine, Salicylic Acid and Phenol Spirit
Zinc Sulfate Ophthalmic Solution
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Magnesium Sulfate Mixture
Ringer’s Solution
Foeniculated Ammonia Spirit
Uva Ursi Fluidextract
Glycyrrhiza Extract

Crude Glycyrrhiza Extract
Platycodon Fluidextract
Apricot Kernel Water

Bitter Tincture

Condurango Fluidextract
Sodium Bicarbonate and Bitter Tincture Mixture
Senega Syrup

Orange Peel Syrup

Orange Peel Tincture

Ipecac Syrup

Mentha Water

Belladonna Extract

Nux Vomica Extract

Nux Vomica Extract Powder
Nux Vomica Tincture
Scopolia Extract

Scopolia Extract Powder

26. Monographs in which the test ‘‘Content deter-
mination’” was changed to ‘“‘Assay’’ were as follows:

Aloe

Powdered Aloe

Turmeric

Powdered Turmeric

Uva Ursi

Uva Ursi Fluidextract

Corydalis Tuber

Powdered Corydalis Tuber

Apricot Kernel

Magnolia Bark

Powdered Magnolia Bark

Bupleurum Root

Gardenia Fruit

Powdered Gardenia Fruit

Cornus Fruit

Toad Venom

Perilla Herb

Uncaria Hook

Capsicum

Powdered Capsicum

Capsicum Tincture

Peach Kernel

Powdered Peach Kernel

Ipecac

Powdered Ipecac

Ipecac Syrup

Moutan Bark

Powdered Moutan Bark
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GENERAL NOTICES

1. The official name of this pharmacopoeia is
£+4%F HAXFH, and may be abbreviated as H
Bt75, BE16, JP XVI or JP 16.

2. The English name of this pharmacopoeia is The
Japanese Pharmacopoeia, Sixteenth Edition.

3. Among drugs, the Japanese Pharmacopoeia
Drugs (the JP Drugs) are those specified in the
monographs. The title names and the commonly used
names adopted in the monographs should be used as
official names. In the drug monographs, in addition to
English name, chemical names or Latin names can be
mentioned in the titles, as appropriate.

4. “‘Crude Drugs and related drugs’> are placed
together in the posterior part of the Official Mono-
graphs. These include: Crude Drugs being applied the
requirements of the General Rules for Crude Drugs, or
Powders, Extracts, Tinctures, Syrups, Spirits, Fluidex-
tracts or Suppositories containing Crude Drugs as the
active ingredient, combination preparations contain-
ing Crude Drugs as the principal active ingredient.

5. Drugs are to be tested according to the provisions
given in the pertinent monographs, General Notices,
General Rules for Crude Drugs, General Rules for
Preparations, and General Tests for their conformity
to the Japanese Pharmacopoeia. However, the items
of ‘““Description’’ and ‘‘Storage’” under Containers
and storage in the monographs on preparations are
given for information, and should not be taken as
indicating standards for conformity.

6. In principle, unless otherwise specified, animals
used for preparing the JP Drugs or their source
materials must be healthy.

7. In this English version, the JP Drugs described in
the monographs begin with a capital letter.

8. The molecular formulas or constitution formulas
in parentheses ( ) after the name of drugs
or chemicals designate chemically pure substances.
Atomic masses adopted in the Japanese Pharmaco-
poeia conform to the table of ‘‘Standard Atomic
Weights 2010°’. Molecular masses are indicated to two
decimal places rounded from three decimals.

9. The following abbreviations are used for the prin-
cipal units.

meter m
centimeter cm
millimeter mm
micrometer um

nanometer nm
kilogram kg
gram g
milligram mg
microgram ug
nanogram ng
picogram pg
Celsius degree °C
mole mol
millimole mmol
square centimeter cm?
liter L
milliliter mL
microliter uL
megahertz MHz
per centimeter cm™!
newton N
kilopascal kPa
pascal Pa
pascal second Pa-s
millipascal second mPa-s
square millimeter per second mm?/s

lux Ix

mole per liter mol/L
millimole per liter mmol/L
mass per cent %

mass parts per million ppm
mass parts per billion ppb
volume per cent vol%
volume parts per million vol ppm
mass per volume per cent w/v%
microsimens per centimeter uS-cm~!

endotoxin unit EU
colony forming unit CFU

Note: “‘ppm’’ used in the Nuclear Magnetic Resonance
Spectroscopy indicates the chemical shift, and
“w/v%” is used in the formula or composition of
preparations.

10. The unit used for expressing the potency of drug
is recognized as the quantity of drug. Usually it is ex-
pressed by a definite quantity of a definite standard
substance which shows a definite biological activity,
and differs according to each drug. The units are
determined, in principle, by comparison with each ref-
erence standard by means of biological methods. The
term ‘‘Unit’’ used for the JP articles indicates the unit
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defined in the Japanese Pharmacopoeia.

11. The statement ‘‘Being specified separately.”’ in
the monographs means that the tests are to be speci-
fied when the drugs are granted approval based on the
Pharmaceutical Affairs Law.

12. When an assurance that a product is of the JP
Drug quality is obtained consistently from data de-
rived from the manufacturing process validation
studies, and from the records of appropriate manufac-
turing process control and of the test results of the
quality control, some of the test items in the mono-
graph being performed for the release of a product
may be omitted as occasion demands.

13. The test methods specified in the Japanese Phar-
macopoeia can be replaced by alternative methods
which give better accuracy and precision. However,
where a difference in test results is suspected, only the
result obtained by the procedure given in the
Pharmacopoeia is effective for the final judgment.
14. The details of the biological test methods may be
changed insofar as they do not affect the essential
qualities of the test.

15. The temperature for the tests or storage is
described, in principle, in specific figures. However,
the following expressions may be used instead.

Standard temperature, ordinary temperature, room
temperature, and lukewarm are defined as 20°C, 15 -
25°C, 1-30°C, and 30 -40°C, respectively. A cold
place, unless otherwise specified, shall be a place
having a temperature of 1 - 15°C.

The temperature of cold water, lukewarm water,
warm water, and hot water are defined as not exceed-
ing 10°C, 30-40°C, 60 -70°C, and about 100°C,
respectively.

The term ‘‘heated solvent’” or ‘‘hot solvent’’ means
a solvent heated almost to the boiling point of the
solvent, and the term ‘‘warmed solvent’’ or ‘‘warm
solvent’’ usually means a solvent heated to a tempera-
ture between 60°C and 70°C. The term ‘‘heat on or in
a water bath’’ indicates, unless otherwise specified,
heating with a boiling water bath or a steam bath at
about 100°C.

Cold extraction and warm extraction are usually
performed at temperatures of 15-25°C and 35 -
45°C, respectively.

16. To measure the number of drops, a dropping
device which delivers 20 drops of water weighing
0.90 - 1.10 g at 20°C shall be used.

17. The term ‘‘in vacuum’ indicates, unless
otherwise specified, a pressure not exceeding 2.0 kPa.
18. The acidity or alkalinity of a solution, unless
otherwise specified, is determined by blue or red lit-
mus papers. To indicate these properties more pre-
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cisely, pH values are used.

19. The terms in Table 1 are used to express the
degree of cutting of Crude Drugs or fineness of pow-
der Drugs.

Table 1
Sieve No. 4 6.5 8.6 18 50 100 200
Nominal 4750 yum | 2800 ym | 2000 ym | 850 um | 300 um | 150 um | 75 um
Designation
of sieve
Names of Coarse [Moderate-| Fine | Coarse |Moderate-| Fine | Very
the drugs cutting ly cutting | powder ly powder | fine
which pass fine fine powder
through the cutting powder
respective
sieves

20. The water to be used in the tests of drugs shall be
the water suitable for performing the relevant test,
such as the water not containing any substance that
would interfere with the test.

21. As for wording ‘‘solution of a solute’’, where the
name of the solvent is not stated, the term ‘‘solution’’
indicates a solution in water.

22. For solution an expression such as ‘‘(1 in 3)’’,
“(1in 10)’’, or ‘(1 in 100)’’ means that 1 g of a solid is
dissolved in, or 1 mL of a liquid is diluted with the
solvent to make the total volume of 3 mL, 10 mL or
100 mL, respectively. For the liquid mixture an
expression such as ‘“(10:1)” or ‘“(5:3:1)’ means that
the respective numbers of parts, by volume, of the
designated liquids are to be mixed.

23. The term ‘‘weigh accurately’” means to weigh
down to the degree of 0.1 mg, 0.01 mg or 0.001 mg by
taking into account the purpose of the test and using a
relevant weighing device. The term ‘‘weigh exactly’’
means to weigh to the given decimal places.

24. A value of ‘“‘n” figures in a test of a JP Drug
shall be obtained by rounding off a value of “n + 1’
figures.

25. Unless otherwise specified, all tests of the drugs
shall be performed at the ordinary temperature and
observations of the results shall follow immediately
after the operations. However, the judgment for a test
which is affected by temperature should be based on
the conditions at the standard temperature.

26. The terms ‘‘immediately’’/“‘at once’’ used in the
test of a JP Drug mean that the procedure is to be per-
formed within 30 seconds after the preceding
procedure.

27. In the section under the heading Description, the
term ‘‘white’’ is used to indicate white or practically
white, and ‘“‘colorless’’ is colorless or practically color-
less. Unless otherwise specified, the test of color is car-
ried out by placing 1 g of a solid drug on a sheet of
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white paper or in a watch glass placed on white paper.
A liquid drug is put into a colorless test tube of 15-mm
internal diameter and is observed in front of a white
background through a layer of 30 mm. For the test of
clarity of liquid drugs the same procedure is applied
with either a black or white background. For the
observation of fluorescence of a liquid drug, only a
black background shall be used.

28. In the section under the heading Description, the
term ‘‘odorless’’ is used to indicate odorless or practi-
cally odorless. Unless otherwise specified, the test of
odor shall be carried out by placing 1 g of a solid drug
or 1 mL of a liquid drug in a beaker.

29. In the section under the heading Description,
solubilities are expressed by the terms in Table 2.
Unless otherwise specified, solubility means the degree
of dissolution of a JP Drug, previously powdered in
the case of a solid drug, within 30 minutes in a solvent
at 20 = 5°C, by vigorous shaking for 30 seconds each
time at 5S-minute intervals.

Table 2

Volume of solvent required
for dissolving
1 g or 1 mL of solute

Descriptive term

Less than 1 mL

From 1 mL to less than 10
mL

From 10 mL to less than 30
mL

From 30 mL to less than 100
mL

From 100 mL to less than
1000 mL

From 1000 mL to less than
10000 mL

10000 mL and over

Very soluble
Freely soluble

Soluble

Sparingly soluble
Slightly soluble
Very slightly soluble

Practically insoluble, or insolu-
ble

30. In the test of a drug, the term ‘‘dissolve’’ or
““miscible’’ indicates that it dissolves in, or mixes in
arbitrary proportion with the solvent to form a clear
solution or mixture. Insoluble materials other than the
drug including fibers should not be detected or practi-
cally invisible, if any.

31. Identification is the test to identify the active
ingredient(s) of the drug based upon its specific
property.

32. Purity is the test to detect impurities/con-
taminants in drugs, and it, as well as other require-
ments in each monograph, specifies the purity of the
drug usually by limiting the kind/nature and quantity
of the impurities/contaminants. The impurities/
contaminants subject to the purity test are those sup-
posed to generate/contaminate during the manufac-
turing process or storage, including hazardous agents
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such as heavy metals, arsenic, etc. If any foreign sub-
stances are used or supposed to be added, it is neces-
sary to perform tests to detect or limit the presence of
such substances.
33. The term ‘‘constant mass’’ in drying or ignition,
unless otherwise specified, means that the mass differ-
ence after an additional 1 hour of drying or ignition is
not more than 0.10% of the preceding mass of the
dried substance or ignited residue. For crude drugs,
the difference is not more than 0.25%. However,
when the difference does not exceed 0.5 mg in a chemi-
cal balance, 0.05 mg in a semi-microbalance, or 0.005
mg in a microbalance, the constant mass has been at-
tained.
34. Assay is the test to determine the composition,
the content of the active ingredients, and the potency
unit of medicine by physical, chemical or biological
procedures.
35. In stating the appropriate quantities to be taken
for assay, the use of the word ‘‘about’ indicates a
quantity within 10% of the specified mass. The word
““‘dry’’ in respect of the sample indicates drying under
the same conditions, as described in Loss on drying in
the monograph.
36. For the content of an ingredient determined by
Assay in the monographs, if it is expressed simply as
‘““not less than a certain percentage’’ without indicat-
ing its upper limit, 101.0% is understood as the upper
limit.
37. The container is the device which holds drugs.
The stopper or cap, etc., is considered as part of the
container. The containers have no physical and chemi-
cal reactivity affecting the specified description and
quality of the contents.
38. A well-closed container protects the contents
from extraneous solids and from loss of the drug
under ordinary or customary conditions of handling,
shipment, and storage.

Where a well-closed container is specified, it may be
replaced by a tight container.
39. A tight container protects the contents from
extraneous solids or liquids, from loss of the contents,
and from efflorescence, deliquescence, or evaporation
under ordinary or customary conditions of handling,
shipment, and storage.

Where a tight container is specified, it may be
replaced by a hermetic container.
40. A hermetic container is impervious to air or any
other gas under ordinary or customary conditions of
handling, shipment, and storage.
41. The term ‘‘light-resistant’’ means that it can pre-
vent transmittance of light affecting in the specified
properties and quality of the contents and protect the
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contained medicament from the light under ordinary
or customary conditions of handling, shipment, and
storage.

42. For the JP Drugs, the contents or potency in
terms of units of the active ingredient(s), or the speci-
fied expiration date in the monographs have to be
shown on the immediate container or wrapping of
them.

43. The origin, numerical value or physical proper-
ties of the JP Drugs, being stipulated by the special
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labeling requirements in the monographs, have to be
shown on the immediate container or wrapping of
them.
44. The harmonized General Tests and Monographs
among the Japanese Pharmacopoeia, the European
Pharmacopoeia and the United States Pharmacopeia
are preceded by the statement as such.

The parts of the text, being not harmonized, are
surrounded by the symbols (* ).

—Abbreviations—
CS: Colorimetric Stock Solution
RS: Reference Standard
TS: Test Solution

VS: Refer to a solution listed in Standard Solutions for Volumetric Analysis <9.21>.




GENERAL RULES
FOR CRUDE DRUGS

1. Crude drugs in the monographs include medicinal
parts obtained from plants or animals, cell inclusions
and secretes separated from the origins, their extracts,
and minerals. General Rules for Crude Drugs and
Crude Drugs Test are applicable to the following:
Acacia, Achyranthes Root, Agar, Akebia Stem,
Alisma Rhizome, Aloe, Alpinia Officinarum Rhi-
zome, Aluminum Silicate Hydrate with Silicon Diox-
ide, Amomum Seed, Anemarrhena Rhizome, Angelica
Dahurica Root, Apricot Kernel, Aralia Rhizome,
Areca, Artemisia Capillaris Flower, Asiasarum Root,
Asparagus Tuber, Astragalus Root, Atractylodes
Lancea Rhizome, Atractylodes Rhizome, Bear Bile,
Bearberry Leaf, Belladonna Root, Benincasa Seed,
Benzoin, Bitter Cardamon, Bitter Orange Peel, Brown
Rice, Bupleurum Root, Burdock Fruit, Calumba,
Capsicum, Cardamon, Cassia Seed, Catalpa Fruit,
Chrysanthemum Flower, Cimicifuga Rhizome, Cinna-
mon Bark, Citrus Unshiu Peel, Clematis Root, Clove,
Cnidium Monnieri Fruit, Cnidium Rhizome, Coix
Seed, Condurango, Coptis Rhizome, Cornus Fruit,
Corydalis Tuber, Crataegus Fruit, Cyperus Rhizome,
Digenea, Dioscorea Rhizome, Dolichos Seed,
Eleutherococcus Senticosus Rhizome, Ephedra Herb,
Epimedium Herb, Eucommia Bark, Euodia Fruit,
Fennel, Forsythia Fruit, Fritillaria Bulb, Gambir,
Gardenia Fruit, Gastrodia Tuber, Gentian, Geranium
Herb, Ginger, Ginseng, Glehnia Root and Rhizome,
Glycyrrhiza, Gypsum, Hemp Fruit, Honey, Hout-
tuynia Herb, Immature Orange, Imperata Rhizome,
Ipecac, Japanese Angelica Root, Japanese Gentian,
Japanese Valerian, Jujube, Jujube Seed, Koi, Leonu-
rus Herb, Lilium Bulb, Lindera Root, Lithospermum
Root, Longan Aril, Longgu, Lonicera Leaf and Stem,
Loquat Leaf, Lycium Bark, Lycium Fruit, Magnolia
Bark, Magnolia Flower, Mallotus Bark, Mentha Herb,
Moutan Bark, Mulberry Bark, Nelumbo Seed, Notop-
terygium, Nuphar Rhizome, Nutmeg, Nux Vomica,
Ophiopogon Tuber, Oriental Bezoar, Oyster Shell,
Panax Japonicus Rhizome, Peach Kernel, Peony
Root, Perilla Herb, Peucedanum Root, Pharbitis
Seed, Phellodendron Bark, Picrasma Wood, Pinellia
Tuber, Plantago Herb, Plantago Seed, Platycodon
Root, Pogostemon Herb, Polygala Root, Polygona-
tum Rhizome, Polygonum Root, Polyporus Scleroti-

um, Poria Sclerotium, Powdered Acacia, Powdered
Agar, Powdered Alisma Rhizome, Powdered Aloe,
Powdered Amomum Seed, Powdered Atractylodes
Lancea Rhizome, Powdered Atractylodes Rhizome,
Powdered Calumba, Powdered Capsicum, Powdered
Cinnamon Bark, Powdered Clove, Powdered Cnidium
Rhizome, Powdered Coix Seed, Powdered Coptis Rhi-
zome, Powdered Corydalis Tuber, Powdered Cyperus
Rhizome, Powdered Dioscorea Rhizome, Powdered
Fennel, Powdered Gambir, Powdered Gardenia Fruit,
Powdered Gentian, Powdered Geranium Herb, Pow-
dered Ginger, Powdered Ginseng, Powdered Glycyr-
rhiza, Powdered Ipecac, Powdered Japanese Angelica
Root, Powdered Japanese Gentian, Powdered
Japanese Valerian, Powdered Longgu, Powdered
Magnolia Bark, Powdered Moutan Bark, Powdered
Opyster Shell, Powdered Panax Japonicus Rhizome,
Powdered Peach Kernel, Powdered Peony Root,
Powdered Phellodendron Bark, Powdered Picrasma
Wood, Powdered Platycodon Root, Powdered Polyg-
ala Root, Powdered Polypourus Sclerotium, Powderd
Poria Sclerotium, Powdered Processed Aconite Root,
Powdered Rhubarb, Powdered Rose Fruit, Powdered
Scutellaria Root, Powdered Senega, Powdered Senna
Leaf, Powdered Smilax Rhizome, Powdered Sophora
Root, Powdered Sweet Hydrangea Leaf, Powdered
Swertia Herb, Powdered Tragacanth, Powdered
Turmeric, Powdered Zanthoxylum Fruit, Processed
Aconite Root, Processed Ginger, Prunella Spike,
Pueraria Root, Quercus Bark, Red Ginseng, Rehman-
nia Root, Rhubarb, Rose Fruit, Rosin, Royal Jelly,
Safflower, Saffron, Saposhnikovia Root and Rhi-
zome, Sappan Wood, Saussurea Root, Schisandra
Fruit, Schizonepeta Spike, Scopolia Rhizome, Scutel-
laria Root, Senega, Senna Leaf, Sesame, Sinomenium
Stem and Rhizome, Smilax Rhizome, Sophora Root,
Sweet Hydrangea Leaf, Swertia Herb, Toad Venom,
Tragacanth, Tribulus Fruit, Trichosanthes Root, Tur-
meric, Uncaria Hook, Zanthoxylum Fruit, Zedoary.
2. Crude drugs are usually used in the forms of
whole crude drugs, cut crude drugs or powdered crude
drugs.

Whole crude drugs are the medicinal parts or their
ingredients prepared by drying and/or simple proc-
esses, as specified in the monographs.
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Cut crude drugs are small pieces or small blocks pre-
pared by cutting or crushing of the whole crude drugs,
and also coarse, medium or fine cutting of the crude
drugs in whole, and, unless otherwise specified, are
required to conform to the specifications of the whole
crude drugs used as original materials.

Powdered crude drugs are coarse, medium, fine or
very fine powder prepared from the whole crude drugs
or the cut crude drugs; usually powdered crude drugs
as fine powder are specified in the monographs.

3. Unless otherwise specified, crude drugs are used in
dried form. The drying is usually carried out at a tem-
perature not exceeding 60°C.

4. The origin of crude drugs is to serve as the
criteria. Such statements as ‘other species of the same
genus’ and ‘allied plants’ or ‘allied animals’ appearing
in the origin of crude drugs usually indicate plants or
animals which may be used as materials for crude
drugs containing the same effective constituents.

5. Description in each monograph for crude drugs
usually covers the crude drug derived from its typical
original plant or animal and includes statements of
characteristic properties of the crude drug. As for the
color, odor and solubility, apply correspondingly to
the prescription of the General Notices, except the
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odor which is to serve as the criteria. The taste and
aspects obtained by microscopic observation are to
serve as the criteria.

6. Powdered crude drugs, otherwise specified, may
be mixed with diluents so as to attain proper content
and potency.

7. Powdered crude drugs do not contain fragments
of tissues, cells, cell inclusions or other foreign matter
alien to the original crude drugs or cut crude drugs.
8. Crude drugs are as free as possible from contami-
nants and other impurities due to molds, insects and
other animals and from other foreign matters, and are
required to be kept in a clean and hygienic state.

9. Crude drugs are preserved under protection from
moisture and insect damage, unless otherwise spec-
ified. In order to avoid insect damage, suitable
fumigants may be used to preserve crude drugs,
provided that the fumigants are so readily volatilized
as to be harmless at the usual dosage of the crude
drugs, and such fumigants that may affect the ther-
apeutic efficacy of the crude drugs or interfere with
the testing are precluded.

10. Crude drugs are preserved in well-closed contain-
ers unless otherwise specified.



GENERAL RULES
FOR PREPARATIONS

[1] General Notices for Preparations

(1) General Notices for Preparations present gen-
eral rules for pharmaceutical dosage forms.

(2) In [2] Monographs for Preparations, dosage
forms are classified mainly by administration routes
and application sites, and furthermore are subdivided
according to their forms, functions and characteris-
tics.

Those preparations containing mainly crude drugs
as active raw materials are described under [3] Mono-
graphs for Preparations Related to Crude Drugs.

(3) In Monographs for Preparations and Mono-
graphs for Preparations Related to Crude Drugs,
dosage forms, which are generally or widely used, are
described. However, any other appropriate dosage
forms may be used where appropriate. For example, a
dosage form suitable for a particular application may
be designated by combining an administration route
and a name of a dosage form listed in these chapters.

(4) In these monographs, preparation characteris-
tics are specified for the dosage forms. The prepara-
tion characteristics are confirmed by appropriate tests.

(5) In the case of preparations, functions that con-
trol the release rate of active substance(s) may be ad-
ded for the purpose of controlling the onset and dura-
tion of therapeutic effects and/or decreasing adverse
or side effects. The preparations modified in release
rate must have an appropriate function of controlled
release for the intended use. The added functional
modification must generally be displayed on the pack
insert and on the direct container or packaging of
these preparations.

(6) Pharmaceutical excipients are substances other
than active substances contained in preparations, and
they are used to increase the utility of the active
substance(s) and preparation, to make formulation
process easier, to keep the product quality, to improve
the usability, and so forth. Suitable excipients may be
added for these purposes. The excipients to be used,
however, must be pharmacologically inactive and
harmless in the administered amount and must not
interfere with the therapeutic efficacy of the prepara-
tions.

(7) Purified water to be used for preparations is
Purified Water or Purified Water in Containers, and
water for injection is Water for Injection or Water for
Injection in Containers.

Vegetable oils to be used for preparations are usu-
ally edible oils listed in the Pharmacopoeia. When
starch is called for, unless otherwise specified, any
kind of starch listed in the Pharmacopoecia may be
used.

In addition, ethanol specified in vol% is prepared
by adding Purified Water or Water for Injection to
ethanol at the specified vol%.

(8) Even non-sterile preparations should be pre-
pared with precautions to prevent contamination and
growth of microorganisms, and they are applied to the
test of Microbial Limit Test <4.05>, if necessary.

(9) The test for Content Uniformity under the
Uniformity of Dosage Units <6.02> and the Dissolu-
tion Test <6.10> are not intended to apply to the crude
drug component of preparations which are prepared
using crude drugs or preparations related to crude
drugs as raw materials.

(10) Containers and packaging for preparations
must be suitable for their proper use and for ensuring
safe application, as well as for maintaining the quality
of the preparations. To protect preparations that may
be susceptible to oxygen in the air, deoxidants or con-
tainers made of low-gas-permeability material may be
used. For preparations susceptible to degradation by
moisture, packages with desiccants or moisture-proof
packaging using low-moisture-permeability materials
for containers may be used. For preparations suscepti-
ble to degradation by evaporation of water, containers
of low-moisture-permeability material may be used.

Preparations for single-dose use are referred to as
‘‘preparations in single-dose packages’’.

(11) Unless otherwise specified, preserve prepara-
tions at room temperature. Store them in light-
resistant containers or packaging, if light affects the
quality of the preparation.
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[2] Monographs for Preparations

(1) In the Monographs for Preparations, the defi-
nitions of dosage forms, manufacturing methods,
test methods, containers and packaging, and storage
are described.

(2) The descriptions of the test methods and the
containers and packaging in these monographs are
fundamental requirements, and the manufacturing
methods represent commonly used methods.

1. Preparations for Oral Administration

(1) Immediate-release dosage forms are prepara-
tions showing a release pattern of active substance(s)
that is not intentionally modified and is generally de-
pendent on the intrinsic solubility of the active sub-
stance.

(2) Modified-release dosage forms are prepara-
tions showing a release pattern of active substance(s)
that is suitably modified for the desired purpose by
means of a specific formulation design and/or
manufacturing method. Modified-release dosage
forms include enteric-coated and extended-release
preparations.

(i) Enteric-coated (delayed-release) preparations

Enteric-coated preparations are designed to
release the bulk of the active substance(s) not in
stomach but mainly in small intestine, in order to
prevent degradation or decomposition of the active
substance(s) in stomach or to decrease the irritation
of the active substance(s) on stomach. Enteric-
coated preparations are generally coated with an
acid-insoluble enteric film.

(i) Extended-release preparations

Extended-release preparations are designed to
control the release rate and release period of active
substance(s) and to restrict the release to appropri-
ate sites in the gastrointestinal tracts in order to
decrease the dosing frequency and/or to reduce ad-
verse or side effects. Extended-release preparations
are generally prepared by using suitable agents that
prolong the release of the active substance(s).

(3) Oral dosage forms such as capsules, granules
and tablets can be coated with appropriate coating
agents, such as sugars, sugar alcohols, or polymers,
for the purpose of enabling the ingestion easy or of
preventing degradation of the active substance(s).

1-1. Tablets

(1) Tablets are solid preparations having a desired
shape and size, intended for oral administration.
Orally Disintegrating Tablets, Chewable Tablets,
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Effervescent Tablets, Dispersible Tablets and Soluble
Tablets are included in this category.

(2) Tablets are usually prepared by the following
procedures. Enteric-coated or extended-release tablets
can be prepared by appropriate methods.

(i) Mix homogeneously active substance(s) and
excipients such as diluents, binders and disintegra-
tors, granulate with water or a binder solution by a
suitable method, mix with a lubricant, and then
compress into a desired shape and size.

(ii) Mix homogeneously active substance(s) and
excipients such as diluents, binders, and disintegra-
tors, and then directly compress with a lubricant, or
compress after adding active substance(s) and a
lubricant to granules previously prepared from ex-
cipients and then mixing homogeneously.

(iii) Mix homogeneously active substance(s) and
excipients such as diluents and binders, moisten with
a solvent, form into a certain shape and size or mold
the mixed mass into a certain shape and size, and
then dry by a suitable method.

(iv) Plain Tablets are usually prepared according
to (i), (ii) or (iii).

(v) Film-coated Tablets can be prepared, usu-
ally, by coating Plain Tablets with thin films using
suitable film coating agents such as polymers.

(vi) Sugar-coated Tablets can be prepared, usu-
ally, by coating Plain Tablets using suitable coating
agents including sugars or sugar alcohols.

(vii) Multiple-layer Tablets can be prepared by
compressing granules of different compositions to
form layered tablets by a suitable method.

(viii) Pressure-coated Tablets can be prepared
by compressing granules to cover inner core tablets
with different compositions.

(3) Unless otherwise specified, Tablets meet the
requirements of Uniformity of Dosage Units <6.02>.

(4) Unless otherwise specified, Tablets meet the
requirements of Dissolution Test <6.10> or Disintegra-
tion Test <6.09>. For Effervescent tablets from which
active substance(s) are dissolved before use and Solu-
ble tablets, these tests are not required.

(5) Well-closed containers are usually used for the
preparations. For preparations susceptible to degrada-
tion by moisture, a moisture-proof container or pack-
aging may be used.

1-1-1. Orally Disintegrating Tablets/Orodispersi-
ble Tablets

(1) Orally Disintegrating Tablets are tablets which
are quickly dissolved or disintegrated in the oral
cavity.

(2) Orally Disintegrating Tablets shows an appro-
priate disintegration.
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1-1-2.  Chewable Tablets

(1) Chewable Tablets are tablets which are admin-
istered by chewing.

(2) Chewable Tablets must be in shape and size
avoiding danger of suffocation.

1-1-3. Effervescent Tablets

(1) Effervescent Tablets are tablets which are
quickly dissolved or dispersed with bubbles in water.

(2) Effervescent tablets are usually prepared using
suitable acidic substances and carbonates or hydrogen
carbonates.

1-1-4. Dispersible Tablets

(1) Dispersible Tablets are tablets which are ad-
ministered after having been dispersed in water.

1-1-5. Soluble Tablets

(1) Soluble Tablets are tablets which are adminis-
tered after having been dissolved in water.

1-2. Capsules

(1) Capsules are preparations enclosed in capsules
or wrapped with capsule bases, intended for oral ad-
ministration. Capsules are classified into Hard Cap-
sules and Soft Capsules.

(2) Capsules are usually prepared by the following
methods. Enteric-coated or extended-release capsules
can be prepared by a suitable method. Coloring
agents, preservatives, etc. may be added to the capsule
bases.

(i) Hard Capsules: A homogeneous mixture of
active substance(s) with diluents and other suitable
excipients, or granules or formed masses prepared
by a suitable method, are filled into capsule shells as
they are or after slight compression.

(ii) Soft Capsules: Active substance(s) and suita-
ble excipients (including solvents) are mixed, en-
closed by a suitable capsule base such as gelatin
plasticized by addition of glycerin, D-sorbitol, etc.
and molded in a suitable shape and size.

(3) Unless otherwise specified, Capsules meet the
requirements of Uniformity of Dosage Units <6.02>.

(4) Unless otherwise specified, Capsules meet the
requirements of Dissolution Test <6.10> or Disintegra-
tion Test <6.09>.

(5) Well-closed containers are usually used for
Capsules. For Capsules susceptible to degradation by
moisture, a moisture-proof container or packaging
may be used.

1-3.  Granules

(1) Granules are preparations prepared by granula-
tion, intended for oral administration. Effervescent
Granules are included in this category.

(2) Granules are usually prepared by the following
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methods. Granules can be coated using suitable coat-
ing agents if necessary. Extended-release or enteric-
coated granules can also be prepared by a suitable
method.

(i) To powdery active substance(s) add diluents,
binders, disintegrators, or other suitable excipients,
mix to homogenize, and granulate by a suitable
method.

(ii) To previously granulated active substance(s)
add excipients such as diluents, and mix to
homogenize.

(iii) To previously granulated active substance(s)
add excipients such as diluents, and granulate by a
suitable method.

(3) Among Granules, the preparations may be
referred to as ‘‘Fine Granules’’ if, when Particle Size
Distribution Test for Preparations <6.03> is per-
formed, all granules pass through a No. 18 (850 um)
sieve, and not more than 10% of which remain on a
No. 30 (500 um) sieve.

(4) Unless otherwise specified, the Granules in
single-dose packages meet the requirements of Unifor-
mity of Dosage Units <6.02>.

(5) Unless otherwise specified, Granules comply
with Dissolution Test <6.10> or Disintegration Test
<6.09>. However, this provision is not to be applied to
Effervescent granules, which are dissolved before use,
and Disintegration Test <6.09> is not required for the
Granules not more than 10% of which remain on a
No. 30 (500 um) sieve when the test is performed as
directed under Particle Size Distribution Test for
Preparations <6.03>.

(6) Among Granules, the particulate preparations
may be referred to as ‘‘Powders’’ if, when the Particle
Size Distribution Test for Preparations <6.03> is per-
formed, all granules pass through a No. 18 (850 um)
sieve, and not more than 5% remain on a No. 30 (500
um) sieve.

(7) Well-closed containers are usually used for
Granules. For the preparations susceptible to degrada-
tion by moisture, a moisture-proof container or pack-
aging may be used.

1-3-1. Effervescent Granules

(1) Effervescent granules are granules which are
quickly dissolved or dispersed with bubbles in water.

(2) Effervescent granules are usually prepared
using suitable acidic substances and carbonates or
hydrogen carbonates.

1-4. Powders

(1) Powders are preparations in powder form, in-
tended for oral administration.

(2) Powders are usually prepared by homogene-
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ously mixing active substance(s) with diluents or other
suitable excipients.

(3) Unless otherwise specified, the Powders in
single-dose packages meet the requirements of Unifor-
mity of Dosage Units <6.02>.

(4) Unless otherwise specified, Powders meet the
requirements of Dissolution Test <6.10>.

(5) Well-closed containers are usually used for
Powders. For the preparations susceptible to degrada-
tion by moisture, a moisture-proof container or pack-
aging may be used.

1-5. Liquids and Solutions for Oral Administration

(1) Liquids and Solutions for Oral Administration
are preparations in liquid form or flowable and vis-
cous gelatinous state, intended for oral administra-
tion. Elixirs, Suspensions, Emulsions and Lemonades
are included in this category.

(2) Liquids and Solutions for Oral Administration
are usually prepared by dissolving, emulsifying or sus-
pending active substance(s) in Purified Water together
with excipients, and by filtering if necessary.

(3) For Liquids and Solutions for Oral Adminis-
tration which are apt to deteriorate, prepare before
use.

(4) Unless otherwise specified, the preparations in
single-dose packages meet the requirement of Unifor-
mity of Dosage Units <6.02>.

(5) Tight containers are usually used for Liquids
and Solutions for Oral Administration. For the prepa-
rations susceptible to degradation by evaporation of
water, a low-moisture-permeability container or pack-
aging may be used.

1-5-1. Elixirs

(1) Elixirs are clear, sweetened and aromatic liquid
preparations, containing ethanol, intended for oral ad-
ministration.

(2) Elixirs are usually prepared by dissolving solid
active substance(s) or their extractives in ethanol and
Purified Water, adding aromatic agents and sucrose,
other sugars or sweetening agents, and clarifying by
filtration or other procedure.

1-5-2. Suspensions

(1) Suspensions are liquid preparations of active
substance(s) suspended finely and homogeneously in a
vehicle, intended for oral administration.

(2) Suspensions are usually prepared by adding
suspending agent or other suitable excipients and Puri-
fied Water or oil to solid active substance(s), and sus-
pending homogeneously as the whole by a suitable
method.

(3) Mix homogeneously before use, if necessary.

(4) Unless otherwise specified, Suspensions meet
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the requirements of Dissolution Test <6.10>.

1-5-3. Emulsions

(1) Emulsions are liquid preparations of active
substance(s) emulsified finely and homogeneously in a
liquid vehicle, intended for oral administration.

(2) Emulsions are usually prepared by adding
emulsifying agents and Purified Water to liquid active
substance(s), and emulsifying finely and homogene-
ously by a suitable method.

(3) Mix homogeneously before use, where neces-
sary.

1-5-4. Lemonades

(1) Lemonades are sweet and sour, clear liquid
preparations, intended for oral administration.

1-6. Syrups

(1) Syrups are viscous liquid or solid preparations
containing sugars or sweetening agents, intended for
oral administration. Preparations for Syrups are in-
cluded in this category.

(2) Syrups are usually prepared by dissolving, mix-
ing, suspending or emulsifying active substance(s) in a
solution of sucrose, other sugars or sweetening agents,
or in Simple Syrup. Where necessary, the mixture is
boiled, and filtered while hot.

(3) For Syrups which are apt to deteriorate, pre-
pare before use.

(4) Unless otherwise specified, Syrups in single-
dose packages meet the requirements of Uniformity of
Dosage Units <6.02>.

(5) Unless otherwise specified, Syrups in which
active substance(s) is suspended meet the requirements
of Dissolution Test <6.10>.

(6) Tight containers are usually used for Syrups.
For the preparations susceptible to degradation by
evaporation of water, a low-moisture-permeability
container or packaging may be used.

1-6-1. Preparations for Syrups

(1) Preparations for Syrups are preparations in
form of granules or powders, which become syrups by
adding water. They may be termed ‘‘Dry Syrups’’.

(2) Preparations for Syrup are usually prepared
with sugars or sweetening agents as directed under 1-3.
Granules or 1-4. Powders.

(3) Preparations for Syrups are usually to be used
after having been dissolved or suspended in water.

(4) Unless otherwise specified, the Preparations
for Syrups other than preparations which are to be
used after having been dissolved meet the requirements
of Dissolution Test <6.10> or Disintegration Test
<6.09>. However, Disintegration Test <6.09> is not
required for the Preparations, if, when the Particle
Size Distribution Test for Preparations <6.03> is
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performed, not more than 10% of the total amount
remains on a No. 30 (500 mm) sieve.

(5) Well-closed containers are usually used for
Preparations for Syrups. For the Preparations for
Syrups susceptible to degradation by moisture, a
moisture-proof container or packaging may be used.

1-7. Jellies for Oral Administration

(1) Jellies for Oral Administration are non-flowa-
ble gelatinous preparations having a certain shape and
size, intended for oral administration.

(2) Jellies for oral application are usually prepared
by mixing active substance(s) with suitable excipients
and polymer gel base, gelatinizing and forming into a
certain shape and size by a suitable method.

(3) Unless otherwise specified, Jellies for Oral
Administration meet the requirements of Uniformity
of Dosage Units <6.02>.

(4) Unless otherwise specified, Jellies for Oral
Administration meet the requirements of Dissolution
Test <6.10> or show an appropriate disintegration.

(5) Tight containers are usually used for Jellies for
Oral Administration. For the preparations susceptible
to degradation by evaporation of water, a low-
moisture-permeability container or packaging may be
used.

2. Preparations for Oro-mucosal Application
2-1. Tablets for Oro-mucosal Application

(1) Tablets for Oro-mucosal Application are solid
preparations having a certain form, intended for oral
cavity application.

Troches/Lozenges, Sublingual Tablets, Buccal
Tablets, Mucoadhesive Tablets and Medicated Chew-
ing Gums are included in this category.

(2) Tablets for Oro-mucosal Application are pre-
pared as directed under 1-1. Tablets.

(3) Unless otherwise specified, Tablets for Oro-
mucosal Application meet the requirements of Unifor-
mity of Dosage Units <6.02>.

(4) Tablets for Oro-mucosal Application have an
appropriate dissolution or disintegration.

(5) Well-closed containers are usually used for
Tablets for Oro-mucosal Application. For the prepa-
rations susceptible to degradation by moisture, a mois-
ture-proof container or packaging may be used.

2-1-1. Troches/Lozenges

(1) Troches/Lozenges are tablets for oro-mucosal
application, which are gradually dissolved or disin-
tegrated in the mouth, and are intended for applica-
tion locally to the oral cavity or the throat.

(2) Troches/Lozenges must be in shape and size
avoiding danger of suffocation.
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2-1-2. Sublingual Tablets

(1) Sublingual Tablets are tablets for oro-mucosal
application, from which active substance(s) are
quickly dissolved sublingually and absorbed via the
oral mucosa.

2-1-3. Buccal Tablets

(1) Buccal Tablets are tablets for oro-mucosal
application, from which the active substance(s) are
dissolved gradually between the cheek and teeth, and
absorbed via the oral mucosa.

2-1-4. Mucoadhesive Tablets

(1) Mucoadhesive Tablets are tablets for oro-
mucosal application that are applied by adhesion to
the oral mucosa.

(2) Mucoadhesive Tablets are usually prepared by
using hydrophilic polymers to form hydrogel.

2-1-5. Medicated Chewing Gums

(1) Medicated Chewing Gums are tablets for oro-
mucosal application, releasing active substance(s) by
chewing.

(2) Medicated Chewing Gums are usually prepared
using suitable gum bases such as vegetable resin, ther-
moplastic resin and elastomer.

2-2. Sprays for Oro-mucosal Application

(1) Sprays for Oro-mucosal Application are prepa-
rations that are applied active substance(s) by spraying
into the oral cavity in mist, powder, foam or paste
forms.

(2) Sprays for Oro-mucosal Application are usu-
ally prepared by the following methods:

(i) Dissolve or suspend active substance(s) and
suitable excipients in a solvent, filter, where neces-
sary, and fill into a container together with liquefied
or compressed gas.

(ii) Dissolve or suspend active substance(s) and
suitable excipients in a solvent, fill into a container,
and fit with a pump for spraying.

(3) Unless otherwise specified, metered-dose types
among Sprays for Oro-mucosal Application have an
appropriate uniformity of delivered dose.

(4) Tight containers or pressure-resistant contain-
ers are usually used for Sprays for Oro-mucosal Appli-
cation.

2-3. Semi-solid Preparations for Oro-mucosal Appli-
cation

(1) Semi-solid Preparations for Oro-mucosal Ap-
plication are preparations in cream, gel or ointment
forms, intended for application to the oral mucosa.

(2) Semi-solid Preparations for Oro-mucosal Ap-
plication are usually prepared by emulsifying active
substance(s) together with excipients using ‘‘Purified
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Water’’ and oil component such as petrolatum, or by
homogenizing active substance(s) together with suita-
ble excipients using polymer gel or oil and fats as the
base.
(i) Creams for oro-mucosal application are pre-
pared as directed under 11-5. Creams.
(ii) Gels for oro-mucosal application are pre-
pared as directed under 11-6. Gels.
(iii) Ointments for oro-mucosal application are
prepared as directed under 11-4. Ointments.

For Semi-solid Preparations for Oro-mucosal Appli-
cation which are apt to deteriorate, prepare before
use.

(3) Sufficient amounts of suitable preservatives to
prevent the growth of microorganisms may be added
for Semi-solid Preparations for Oro-mucosal Applica-
tion filled in multiple-dose containers.

(4) Semi-solid Preparations for Oro-mucosal Ap-
plication have a suitable viscosity to apply to the oral
mucosa.

(5) Tight containers are usually used for Semi-
solid Preparations for Oro-mucosal Application. For
the preparations susceptible to degradation by evapo-
ration of water, a low-moisture-permeability container
or packaging may be used.

2-4. Preparations for Gargle

(1) Preparations for Gargle are liquid preparations
intended to apply locally to the oral and throat cavi-
ties. Solid type preparations to be dissolved in water
before use are also included in this category.

(2) Preparations for Gargle are usually prepared
by dissolving active substance(s) in a solvent together
with suitable excipients, and filtering where necessary.
The solid preparations are prepared as directed under
1-1. Tablets or 1-3. Granules.

(3) Unless otherwise specified, Preparations for
Gargle in single-dose packages meet the requirements
of Uniformity of Dosage Units <6.02>.

(4) Tight containers are usually used for Prepara-
tions for Gargle. For the preparations susceptible to
degradation by evaporation of water, a low-moisture-
permeability container or packaging may be used.

3. Preparations for Injection
3-1. Injections

(1) Injections are sterile preparations to be admin-
istered directly into the body through skin, muscle or
blood vessel, usually in form of a solution, a suspen-
sion or an emulsion of active substance(s), or of a
solid that contains active substance(s) to be dissolved
or suspended before use.

Parenteral Infusions, Implants/Pellets and Prolon-
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ged-Release Injections are included in this category.

(2) Injections in solution, suspension or emulsion
form are usually prepared by the following methods.

(i) Dissolve, suspend or emulsify active sub-
stance(s) with or without excipients in Water for In-
jection or an aqueous or nonaqueous vehicle homo-
geneously, fill into containers for injection, seal,
and sterilize.

(ii) Dissolve, suspend or emulsify active sub-
stance(s) with or without excipients in Water for In-
jection or an aqueous or nonaqueous vehicle, and
filtrate aseptically, or prepare aseptically a homoge-
neous liquid, fill into containers for injection, and
seal.

Every care should be taken to prevent contamina-
tion with microorganisms. The overall processes of
preparing injections, from the preparation of active
solution to the sterilization, should be completed as
rapidly as possible, taking into consideration the com-
position of the injection and the storage conditions.
The concentration of active substance(s) expressed in
% represents w/v%.

Injections that are to be dissolved or suspended be-
fore use and are designated in the name as ‘‘for injec-
tion’’ may be accompanied by a suitable vehicle to dis-
solve or suspend the supplied preparation (hereinafter
referred to as ‘‘vehicle attached to preparation’’).

(3) Injections may be prepared as Freeze-dried In-
jections or Powders for Injections to prevent degrada-
tion or deactivation of the active substance(s) in solu-
tion.

(i) Freeze-dried Injections

Freeze-dried Injections are usually prepared by
dissolving active substance(s) with or without ex-
cipients such as diluents in Water for Injection,
sterilizing the solution by aseptic filtration, filling
the filtrate directly into individual containers for in-
jection and being freeze-dried, or dividing the fil-
trate in special containers, being freeze-dried and
transferred into individual containers for injection.

(ii) Powders for Injections

Powders for injections are usually prepared by
filtrating aseptically a solution of active sub-
stance(s), obtaining powders by crystallization from
the solution or mixing additionally the powders with
sterilized excipients, and filling the powders into in-
dividual containers for injections.

(4) To prevent errors in the preparation with vehi-
cles attached or administration of injections, or bac-
terial or foreign matter contamination, or for the pur-
pose of urgent use, prefilled syringes or cartridges may
be prepared.

(i) Prefilled Syringes for Injections
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Prefilled Syringes for injections are usually pre-
pared by dissolving, suspending or emulsifying
active substance(s) with or without excipients in a
vehicle, and filling into syringes.

(ii) Cartridges for Injections

Cartridges for Injections are usually prepared by
dissolving, suspending or emulsifying active sub-
stance(s) with or without excipients in a vehicle, and
filling into cartridges.

The cartridges are used by fixing in an injection
device for exclusive use.

(5) Vehicles used in Injections or attached to
preparations must be harmless in the amounts usually
administered and must not interfere with the therapeu-
tic efficacy of the active substance(s).

The vehicles are classified into the following two
groups. They should meet each requirement.

(i) Aqueous vehicles: As the vehicle of aqueous
injections, Water for Injection is usually used. Iso-
tonic Sodium Chloride Solution, Ringer’s Solution,
or other suitable aqueous solutions may be used in-
stead.

Unless otherwise specified, these aqueous vehi-
cles, other than those exclusively for intracutaneous,
subcutaneous or intramuscular administration, meet
the requirements of Bacterial Endotoxins Test
<4.01>.

When the Bacterial Endotoxins Test <4.0/> is not
applicable to aqueous vehicles, the Pyrogen Test
<4.04> may be applied instead.

(ii) Non-aqueous vehicles: Vegetable oils are
usually used as vehicles for non-aqueous injections.
These oils, unless otherwise specified, are clear at
10°C, the acid value is not more than 0.56, the
saponification value is between 185 and 200, and the
iodine value falls between 79 and 137. They meet the
requirements of Mineral Oil Test </.05>.

Several suitable organic solvents other than veget-
able oils may be used as non-aqueous vehicles.

(6) Unless otherwise specified, any coloring agent
must not be added solely for the purpose of coloring
the preparations.

(7) Sodium chloride or other excipients may be
added to aqueous injections to adjust them isotonic to
blood or other body fluids. Acids or alkalis may be
added to adjust the pH.

(8) Injections supplied in multiple-dose containers
may be added sufficient amounts of suitable preserva-
tives to prevent the growth of microorganisms.

(9) Unless otherwise specified, Injections and vehi-
cles attached to preparations other than those used
exclusively for intracutaneous, subcutaneous or intra-
muscular administration meet the requirements of
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Bacterial Endotoxins Test <4.0I>. In the case where the
Bacterial Endotoxins Test <4.01> is not applicable,
Pyrogen Test <4.04> may be applied instead.

(10) Unless otherwise specified, Injections and ve-
hicles attached to preparations meet the requirements
of Sterility Test <4.06>.

(11) Containers of Injections are colorless and
meet the requirements of Test for Glass Containers for
Injections <7.01>. Where specified in individual mono-
graphs, these containers may be replaced by colored
containers meeting the requirements of Test for Glass
Containers for Injections <7.01> or by plastic contain-
ers for aqueous injections meeting the requirements of
Test Methods for Plastic Containers <7.02>.

(12) Unless otherwise specified, rubber stoppers
used for glass containers of 100 mL or more of aque-
ous infusions meet the requirements of Test for Rub-
ber Closure for Aqueous Infusions <7.03>.

(13) Unless otherwise specified, Injections and ve-
hicles attached to preparations meet the requirements
of Foreign Insoluble Matter Test for Injections <6.06>.

(14) Unless otherwise specified, Injections and ve-
hicles attached to preparations meet the requirements
of Insoluble Particulate Matter Test for Injections
<6.07>.

(15) Unless otherwise specified, the actual volume
of Injections meets the requirements of Test for Ex-
tractable Volume of Parenteral Preparations <6.05>.

(16) Unless otherwise specified, Injections to be
dissolved or suspended before use meet the require-
ments of Uniformity of Dosage Units <6.02>.

(17) Suspensions for injection are usually not to be
injected into the blood vessels or spinal cord, and
emulsions for injection are not to be injected into the
spinal cord.

(18) The maximum size of particles observed in
suspensions for injection is usually not larger than 150
um, and that of particles in emulsions for injection is
usually not larger than 7 ym.

(19) The following information, unless otherwise
specified, must be written on the package leaflet, or
the container or wrapper.

(i) In cases where the vehicle is not specified, the
name of the employed vehicle, with the exception of
Water for Injection, sodium chloride solution not
exceeding 0.9 w/v% and those vehicles in which
acids or alkalis are used in order to adjust the pH.

(ii) In case of vehicle attached to prepara-
tion, the name of the vehicle, content volume, ingre-
dients and quantities or ratios, and a statement of
the presence of the vehicle on the outer container or
outer wrapper.

(iii) Name and quantity of stabilizers, preserva-
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tives, and diluents if added. In the case where nitro-

gen or carbon dioxide is filled in the container to

replace the air inside, a statement of this replace-
ment is not required.

(20) For ampoules or other containers of 2 mL or
less, the designations ‘‘injection’’, ‘‘for injection’’ and
‘“‘aqueous suspension for injection’> may be replaced
by ‘““inj.”’, ““for inj.”’ and ‘‘aq. susp. for inj.”’, respec-
tively.

For ampoules or other containers of more than 2
mL and not exceeding 10 mL, made of glass or similar
materials, the designations ‘‘injection’’, ‘‘for injec-
tion’’ and ‘‘aqueous suspension for injection’” may be
abbreviated in the same way as above, when the infor-
mation is printed directly on the surface of ampoules
or containers.

(21) Hermetic containers or tight containers which
are able to prevent microbial contamination are usu-
ally used for the preparations. For the preparations
susceptible to degradation by evaporation of water, a
low-moisture-permeability container or packaging
may be used.

3-1-1. Parenteral Infusions

(1) Parenteral Infusions are usually injections of
not less than 100 mL, intended for intravenous admin-
istration.

(2) Parenteral Infusions are mainly administered
for the purpose of water supply, correction of electro-
lyte abnormality and nutritional support, and they are
also used by mixing with other injections for treat-
ments by continual infusion.

3-1-2. Implants/Pellets

(1) Implants/Pellets are solid or gel-like form in-
jections, intended for subcutaneous or intramuscular
administration by means of an implant device or oper-
ative treatment, for the purpose of releasing active
substance(s) for a long period of time.

(2) Implants/Pellets are usually prepared in a form
of pellet, microsphere or gel using biodegradable poly-
mers.

(3) Unless otherwise specified, Implants/Pellets
meet the requirements of Uniformity of Dosage Units
<6.02>.

(4) Implants/Pellets have an appropriate function
of controlled release.

(5) Implants/Pellets are not required the require-
ments of Foreign Insoluble Matter Test for Injections,
Insoluble Particulate Matter for Injections and Test
for Extractable Volume of Parenteral Preparations.

3-1-3. Prolonged Release Injections

(1) Prolonged Release Injections are injections to
be used for intramuscular administration, for the pur-
pose of releasing active substance(s) for a long period
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of time.

(2) Prolonged Release Injections are usually pre-
pared by dissolving or suspending active substance(s)
in a non-aqueous vehicle such as vegetable oil, or by
suspending microspheres prepared with biodegradable
polymers.

(3) Prolonged Release Injections have an appropri-
ate function of controlled release.

4. Preparations for Dialysis
4-1. Dialysis Agents

(1) Dialysis Agents are preparations in liquid, or in
solid which are to be dissolved before use, intended for
peritoneal dialysis or hemodialysis.

They are classified into Peritoneal dialysis agents
and Hemodialysis agents.

(2) Unless otherwise specified, Dialysis Agents
meet the requirements of Bacterial Endotoxins Test
<4.01>.

(3) The solid preparations which are to be dis-
solved before use among Dialysis agents have an ap-
propriate uniformity of dosage units.

4-1-1. Peritoneal Dialysis Agents

(1) Peritoneal Dialysis Agents are sterile dialysis
agents, intended to be used for peritoneal dialysis.

(2) Peritoneal Dialysis Agents are usually prepared
by dissolving active substance(s) with suitable ex-
cipients in a vehicle to make a certain volume, or by
filling active substance(s) combined with suitable ex-
cipients in a container, and sealing it. Sterilize if neces-
sary. Every care should be taken to prevent microbial
contamination. The overall processes from prepara-
tion to sterilization for preparing the agents should be
completed as rapidly as possible, taking into consider-
ation the composition of the agents and the storage
conditions. The concentration of Peritoneal dialysis
agents expressed in % represents w/v%. In the case of
solid preparations which are dissolved before use, pre-
pare as directed under 1-1. Tablets or 1-3. Granules.

(3) If necessary, pH adjusting agents, isotonic
agents or other excipients may be added.

(4) Unless otherwise specified, the vehicle used for
Peritoneal dialysis agents is Water for Injection.

(5) Unless otherwise specified, Peritoneal Dialysis
Agents meet the requirements of Sterility Test <4.06>.

(6) Unless otherwise specified, Peritoneal Dialysis
Agents meet the requirements of (4) Parenteral infu-
sions under Test for Extractable Volume of Parenteral
Preparations <6.05>. The mass (g) of content may con-
vert to the volume (mL) by dividing by the density.

(7) Unless otherwise specified, Peritoneal Dialysis
Agents meet the requirements of Foreign Insoluble
Matter Test for Injections <6.06>.
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(8) Unless otherwise specified, Peritoneal Dialysis
Agents meet the requirements of Insoluble Particulate
Matter Test for Injections <6.07>.

(9) Colorless containers meeting the requirements
of Test for Glass Containers for Injections <7.01> are
used for Peritoneal Dialysis Agents. Where specified
otherwise, the colored containers meeting the require-
ments of Test for Glass Containers for Injections
<7.0I> or the plastic containers for aqueous injections
meeting the requirements of Test Methods for Plastic
Containers <7.02> may be used.

(10) Unless otherwise specified, the rubber
closures of the containers meet the requirements of
Test for Rubber Closure for Aqueous Infusions
<7.03>.

(11) Hermetic containers, or tight containers
which are able to prevent microbial contamination are
usually used for Peritoneal Dialysis Agents. For the
preparations susceptible to degradation by evapora-
tion of water, a low-moisture-permeability container
or packaging may be used.

4-1-2. Hemodialysis Agents

(1) Hemodialysis agents are dialysis agents to be
used for hemodialysis.

(2) Hemodialysis Agents are usually prepared by
dissolving active substance(s) with excipients in a vehi-
cle to make a certain volume, or by filling active sub-
stance(s) with excipient(s) in a container. In the case of
the solid preparations to be dissolved before use, pre-
pare as directed under 1-1. Tablets or 1-3. Granules.

(3) If necessary, pH adjusting agents, isotonic
agents or other excipients may be added.

(4) Unless otherwise specified, the vehicle used for
Hemodialysis agents is Water for Injection or water
suitable for dialysis.

(5) Tight containers which are able to prevent mi-
crobial contamination are usually used for Hemo-
dialysis Agents. For the preparations susceptible to
degradation by evaporation of water, a low-moisture-
permeability container or packaging may be used.

5. Preparations for Inhalation
5-1. Inhalations

(1) Inhalations are preparations intended for ad-
ministration as aerosols to the bronchial tubes or lung.

Inhalations are classified to Dry Powder Inhalers,
Inhalation Liquid Preparations and Metered-dose In-
halers.

(2) For administration of Inhalations, suitable
devices or apparatus are used, or they are placed in
containers which have a appropriate function of inha-
lation device.

5-1-1. Dry Powder Inhalers
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(1) Dry Powder Inhalers are preparations which
deliver a constant respiratory intake, intended for ad-
ministration as solid particle aerosols.

(2) Dry Powder Inhalers are usually prepared by
pulverizing active substance(s) into fine particles.
Where necessary, lactose or other suitable excipients
are added to make homogenous mixture.

(3) Metered-dose types among Dry Powder Inhal-
ers have an appropriate uniformity of delivered dose
of the active substance(s).

(4) The particles of active substance(s) in Dry
Powder Inhalers have an aerodynamically appropriate
size.

(5) Well-closed containers are usually used for Dry
Powder Inhalers. For the preparations susceptible to
degradation by moisture, a moisture-proof container
or packaging may be used.

5-1-2. Inhalation Liquid Preparations

(1) Inhalation Liquid Preparations are liquid inha-
lations which are administered by an inhalation device
such as operating nebulizers.

(2) Inhalation Liquid Preparations are usually pre-
pared by mixing active substance(s) with a vehicle and
suitable isotonic agents and/or pH adjusting agents to
make a solution or suspension, and by filtering where
necessary.

(3) Sufficient amounts of suitable preservatives
may be added to Inhalation Liquid Preparations to
prevent the growth of microorganisms.

(4) Tight containers are usually used for Inhala-
tion Liquid Preparations. For the preparations suscep-
tible to degradation by evaporation of water, a low-
moisture-permeability container or packaging may be
used.

5-1-3. Metered-dose Inhalers

(1) Metered-dose Inhalers are preparations which
deliver a constant dose of active substance(s) from the
container together with propellant filled in.

(2) Metered-dose Inhalers are usually prepared by
dissolving active substance(s) with a suitable dispersing
agents and stabilizers in a vehicle to make a solution or
suspension, and by filling in pressure-resistant con-
tainers together with liquid propellant, and setting
metering valves.

(3) Metered-dose Inhalers have an appropriate
uniformity of delivered dose of active substance(s).

(4) Particles of active substance(s) in Metered-dose
Inhalers have an aerodynamically appropriate size.

(5) Pressure-resistant and hermetic containers are
usually used for Metered-dose Inhalers.

6. Preparations for Ophthalmic Application
6-1. Ophthalmic Liquids and Solutions
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(1) Ophthalmic Liquids and Solutions are sterile
preparations of liquid, or solid to be dissolved or sus-
pended before use, intended for application to the
conjunctival sac or other ocular tissues.

(2) Ophthalmic Liquids and Solutions are usually
prepared by dissolving, suspending active substance(s)
in a vehicle after adding excipients to make a constant
volume, or mixing active substance(s) and excipients,
and filling into containers. The overall processes, from
preparation to sterilization, should be completed with
sufficient care to prevent microbial contamination as
rapidly as possible, taking into consideration the com-
position of the preparations and the storage condi-
tions. The concentration of active substance expressed
in % represents w/v%.

Ophthalmic Liquids and Solutions to be dissolved or
suspended before use and designated in the name as
““for ophthalmic application’’ may be accompanied by
a vehicle for dissolving or suspending the preparation
(hereinafter referred to as ‘‘vehicle attached to prepa-
ration’’).

(3) Vehicles to prepare Ophthalmic Liquids and
Solutions or vehicle attached to the preparations must
be harmless in the amounts usually administered and
must not interfere with the therapeutic efficacy of the
active substance(s).

Vehicles for Ophthalmic Liquids and Solutions are
classified into the following two groups.

(i) Aqueous vehicles: As the vehicles for the
aqueous preparations Purified Water or suitable
aqueous vehicles are used. For vehicles attached to
the preparations sterilized Purified Water or steri-
lized aqueous vehicles are used.

(ii) Non-aqueous vehicles: As the vehicles for
the non-aqueous preparations vegetable oils are usu-
ally used. Suitable organic solvents may be also used
as the non-aqueous vehicles.

(4) Unless otherwise specified, any coloring agents
must not be added solely for the purpose of coloring
Ophthalmic Liquids and Solutions or vehicles attached
to the preparations.

(5) Sodium chloride or other excipients may be
added to Ophthalmic Liquids and Solutions to adjust
them isotonic to lacrimal fluid. Acids or alkalis may be
also added to adjust the pH.

(6) Unless otherwise specified, Ophthalmic Lig-
uids and Solutions and vehicles attached to the prepa-
rations meet the requirements of Sterility Test <4.06>.

(7) Sufficient amounts of appropriate preserva-
tives to prevent the growth of microorganisms may be
added to the preparations filled in multiple dose con-
tainers.

(8) Unless otherwise specified, Ophthalmic Lig-
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uids and Solutions prepared in aqueous solutions or
the vehicles attached to the preparations meet the re-
quirements of Foreign Insoluble Matter Test for Oph-
thalmic Solutions <6.11>.

(9) Unless otherwise specified, Ophthalmic Lig-
uids and Solutions and the vehicles attached to the
preparations meet the requirements of Insoluble Par-
ticulate Matter Test for Ophthalmic Solutions <6.08>.

(10) The maximum particle size observed in Oph-
thalmic suspensions is usually not larger than 75 ym.

(11) Transparent tight containers, which do not
disturb the test of Foreign Insoluble Matter Test for
Ophthalmic Solutions <6.71>, are usually used for
Ophthalmic Liquids and Solutions. For the prepara-
tions susceptible to degradation by evaporation of
water, a low-moisture-permeability container or pack-
aging may be used.

6-2. Ophthalmic Ointments

(1) Ophthalmic Ointments are sterile preparations
of semi-solid, intended for application to the conjun-
ctival sac or other ocular tissues.

(2) Ophthalmic Ointments are usually prepared by
mixing homogeneously solution of or finely powdered
active substance(s) with petrolatum or other bases, and
filling into containers. The overall processes, from
preparation to sterilization, should be completed with
sufficient care to prevent microbial contamination as
rapidly as possible, taking into consideration the com-
position of the preparations and the storage condi-
tions.

(3) Sufficient amounts of suitable preservatives
may be added to Ophthalmic Ointments filled in mul-
tiple dose containers to prevent the growth of microor-
ganisms.

(4) Unless otherwise specified, Ophthalmic Oint-
ments meet the requirements of Sterility Test <4.06>,
and unless otherwise specified, the test is carried out
by the Membrane filtration method.

(5) Unless otherwise specified, Ophthalmic Oint-
ments meet the requirements of Test for Metal Parti-
cles in Ophthalmic Ointments <6.01>.

(6) The maximum particle size of active sub-
stance(s) in Ophthalmic Ointments is usually not larger
than 75 um.

(7) Ophthalmic Ointments have a suitable viscosity
for applying to the ocular tissues.

(8) Tight containers which are able to prevent
microbial contamination are usually used for Ophthal-
mic Ointments. For the preparations susceptible to
degradation by evaporation of water, a low-moisture-
permeability container or packaging may be used.
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7. Preparations for Otic Application
7-1. Ear Preparations

(1) Ear Preparations are liquid, semi-solid, or
solid preparations which are to be dissolved or sus-
pended before use, intended for application to the ex-
ternal or internal ear.

(2) Ear Preparations are usually prepared by fill-
ing in containers with liquids in which active sub-
stance(s) and excipients are dissolved or suspended in a
vehicle to make a constant volume, or with powders in
which active substance(s) and excipients are mixed.
The overall processes, from preparation to steriliza-
tion, should be completed with sufficient care to pre-
vent microbial contamination as rapidly as possible,
taking into consideration the composition of the
preparations and the storage conditions. The concen-
tration of active substance of Ear Preparations ex-
pressed in % represents w/v%.

In the case where the sterile preparations are pre-
pared, proceed as directed under 6-1. Ophthalmic
Liquids and Solutions.

Ear Preparations which are to be dissolved or sus-
pended before use and designated in the name as ‘‘for
otic preparation’” may be accompanied by a vehicle to
dissolve or suspend (hereinafter referred to as ‘‘vehicle
attached to preparation’’).

(3) Vehicles used for Ear Preparations or the vehi-
cle attached to the preparation are classified into the
following two groups.

(i) Aqueous vehicles: As the vehicles for the
aqueous preparations or the vehicles attached to the
preparations, Purified Water or suitable aqueous
vehicles are used. For the sterile preparations, Steri-
lized Purified Water or suitable sterilized aqueous
vehicles are used as the vehicle attached to the
preparations.

(ii) Non-aqueous vehicles: As the vehicles for
the non-aqueous preparations vegetable oils are usu-
ally used. Suitable organic solvents may be also used
as non-aqueous vehicles.

(4) Unless otherwise specified, any coloring agents
must not be added solely for the purpose of coloring
Ear Preparations or vehicle attached to the prepara-
tions.

(5) Sufficient amounts of suitable preservatives to
prevent the growth of microorganisms may be added
to the preparations filled in multiple dose containers.

(6) Unless otherwise specified, sterile Ear prepara-
tions and the vehicles attached to the sterile prepara-
tions meet the requirements of Sterility Test <4.06>.

(7) Tight containers are usually used for Ear
Preparations. For the preparations susceptible to
degradation by evaporation of water, a low-moisture-
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permeability container or packaging may be used.

8. Preparations for Nasal Application
8-1. Nasal Preparations

(1) Nasal Preparations are preparations intended
for application to the nasal cavities or nasal mucous
membrane.

Nasal preparations are classified into Nasal dry
powder inhalers and Nasal Liquid Preparations.

(2) Where necessary, Nasal Preparations are
sprayed for inhalation by using a suitable atomizing
device such as spray-pump.

(3) Unless otherwise specified, metered-dose type
preparations among Nasal Preparations show the ap-
propriate uniformity of delivered dose.

8-1-1. Nasal Dry Powder Inhalers

(1) Nasal Dry Powder Inhalers are fine powdered
preparations, intended for application to the nasal
cavities.

(2) Nasal Dry Powder Inhalers are usually pre-
pared by pulverizing active substance(s) into moder-
ately fine particles, or by mixing homogeneously with
excipients where necessary.

(3) Well-closed containers are usually used for
Nasal Dry Powder Inhalers. For the preparations sus-
ceptible to degradation by moisture, a moisture-proof
container or packaging may be used.

8-1-2. Nasal Liquids and Solutions

(1) Nasal Liquids and Solutions are liquid prepara-
tions, or solid preparations to be dissolved or suspend-
ed before use, intended for application to the nasal
cavities.

(2) Nasal Liquids and Solutions are usually pre-
pared by dissolving or suspending active substance(s)
in a vehicle together with excipients, and filtering
where necessary. Isotonic agents and/or pH adjusting
agents may be used.

(3) Nasal Liquids and Solutions, which are to be
dissolved or suspended before use and designated in
the name as ‘‘for nasal application’’, may be accom-
panied by a vehicle to dissolve or suspend.

(4) Sufficient amounts of suitable preservatives to
prevent the growth of microorganisms may be added
to the preparations filled in multiple dose containers.

(5) Tight containers are usually used for Nasal
Liquids and Solutions. For the preparations suscepti-
ble to degradation by evaporation of water, a low-
moisture-permeability container or packaging may be
used.

9. Preparations for Rectal Application
9-1. Suppositories for Rectal Application
(1) Suppositories for Rectal Application are semi-
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solid preparations of a desired shape and size, in-
tended for intrarectal application, which release active
substance(s) by melting at body temperature or dis-
solving or dispersing gradually in the secretions.

(2) Suppositories for Rectal Application are usu-
ally prepared by mixing homogenously active sub-
stance(s) and excipients such as dispersing agents and
emulsifying agents, dissolving or suspending uniform-
ly in a base which is liquefied by warming, filling a
constant volume of the resultant material into contain-
ers, and molding it into a shape and size. Lipophilic
bases or hydrophilic bases are usually used.

(3) Suppositories for Rectal Application are usu-
ally a conical- or spindle-shaped.

(4) Unless otherwise specified, Suppositories for
Rectal Application meet the requirements of Unifor-
mity of Dosage Units <6.02>.

(5) Suppositories for Rectal Application show an
appropriate release.

(6) Well-closed containers are usually used for
Suppositories for Rectal Application. For the prepara-
tions susceptible to degradation by moisture, a mois-
ture-proof container or packaging may be used.

9-2. Semi-solid Preparations for Rectal Application

(1) Semi-solid Preparations for Rectal Application
are preparations which are in a form of cream, gel or
ointment intended for application to around or inside
of the anus.

(2) Semi-solid Preparations for Rectal Application
are usually prepared by emulsifying active substance(s)
with excipients in Purified Water and oil component
such as vaseline, or by homogenously mixing active
substance(s) and excipients in a base of polymer gel or
grease.

(i) Creams for rectal application: Prepare as di-
rected under 11-5. Creams.

(ii) Gels for rectal application: Prepare as di-
rected under 11-6. Gels.

(iii) Ointments for rectal application: Prepare as
directed under 11-4. Ointments.

For the preparations which are apt to deteriorate,
prepare before use.

(3) Sufficient amounts of suitable preservatives to
prevent the growth of microorganisms may be added
to the Preparations filled in multiple dose containers.

(4) Semi-solid Preparations for Rectal Application
have a suitable viscosity for applying to the rectum.

(5) Tight containers are usually used for Semi-
solid Preparations for Rectal Application. For the
preparations susceptible to degradation by evapora-
tion of water, a low-moisture-permeability container
or packaging may be used.

JP XVI

9-3. Enemas for Rectal Application

(1) Enemas for Rectal Application are prepara-
tions in liquid form or viscous and gelatinous state,
intended for application via the anus.

(2) Enemas for Rectal Application are usually pre-
pared by dissolving or suspending active substance(s)
in Purified Water or a suitable aqueous vehicle to
make a given volume, and filling in containers. Dis-
persing agents, stabilizers and/or pH adjusting agents
may be used.

(3) Tight containers are usually used for Enemas
for Rectal Application. For the preparations suscepti-
ble to degradation by evaporation of water, a low-
moisture-permeability container or packaging may be
used.

10. Preparations for Vaginal Application
10-1. Tablets for Vaginal Use

(1) Tablets for Vaginal Use are solid preparations
of a desired shape and size, intended for application to
the vagina, which release active substance(s) by dis-
solving or dispersing gradually in the secretions.

(2) Tablets for Vaginal Use are usually prepared as
directed under 1-1. Tablets.

(3) Unless otherwise specified, Tablets for Vaginal
Use meet the requirements of Uniformity of Dosage
Units <6.02>.

(4) Tablets for Vaginal Use show an appropriate
release.

(5) Well-closed containers are usually used for
Tablets for Vaginal Use. For the preparations suscepti-
ble to degradation by moisture, a moisture-proof con-
tainer or packaging may be used.

10-2. Suppositories for Vaginal Use

(1) Suppositories for Vaginal Use are semi-solid
preparations of a desired shape and size, intended for
application to the vagina, which release active sub-
stance(s) by melting at body temperature or by dissolv-
ing or dispersing gradually in the secretions.

(2) Suppositories for Vaginal Use are prepared ac-
cording to 9-1. Suppositories for Rectal Application.

(3) Suppositories for Vaginal Use are usually
spherical or ovoid shaped.

(4) Unless otherwise specified, Suppositories for
Vaginal Use meet the requirements of Uniformity of
Dosage Units <6.02>.

(5) Suppositories for Vaginal Use show an appro-
priate release.

(6) Well-closed containers are usually used for
Suppositories for Vaginal Use. For the preparations
susceptible to degradation by moisture, a moisture-
proof container or packaging may be used.
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11. Preparations for Cutaneous Application

(1) Preparations for Cutaneous Application also
include Transdermal Systems which are intended for
percutaneous absorption to deliver active substance(s)
to the systemic circulation through the skin. The
release rate of active substance(s) from Transdermal
Systems is generally appropriately controlled.

11-1. Solid Preparations for Cutaneous Application

(1) Solid Preparations for Cutaneous Application
are solid preparations intended for application to the
skin (including scalp) or nails. Powders for Cutaneous
Application are included in this category.

(2) Unless otherwise specified, Solid Preparations
for Cutaneous Application in single-dose packages
meet the requirements of Uniformity of Dosage Units
<6.02>.

(3) Well-closed containers are usually used for
Solid Preparations for Cutaneous Application. For the
preparations susceptible to degradation by moisture, a
moisture-proof container or packaging may be used.

11-1-1. Powders for Cutaneous Application

(1) Powders for Cutaneous Application are powd-
ery solid preparations intended for external applica-
tion.

(2) Powders for Cutaneous Application are usually
prepared by mixing homogeneously active substance(s)
and excipients such as diluents and pulverizing the
mixture.

11-2. Liquids and Solutions for Cutaneous Applica-
tion

(1) Liquids and Solutions for Cutaneous Applica-
tion are liquid preparations intended for application to
the skin (including scalp) or nails. Liniments and Lo-
tions are included in this category.

(2) Liquids and Solutions for Cutaneous Applica-
tion are usually prepared by mixing active substance(s)
and excipients in a vehicle, and filtering if necessary.

For the preparations which are apt to deteriorate,
prepare before use.

(3) Unless otherwise specified, Liquids and Solu-
tions for Cutaneous Application in single-dose pack-
ages meet the requirements of Uniformity of Dosage
Units <6.02>, except for emulsified or suspended
preparations.

(4) Tight containers are usually used for Liquids
and Solutions for Cutaneous Application. For the
preparations susceptible to degradation by evapora-
tion of water, a low-moisture-permeability container
or packaging may be used.

11-2-1. Liniments

(1) Liniments are liquid or muddy preparations in-
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tended for external application to the skin by rubbing.

11-2-2. Lotions

(1) Lotions are external liquids in which active
substance(s) are dissolved, emulsified or finely dis-
persed in an aqueous vehicle.

(2) Lotions are usually prepared by dissolving, sus-
pending or emulsifying active substance(s) in Purified
Water with excipients and making homogeneous as a
whole.

(3) Lotions in which the components have sepa-
rated out during storage may be used after mixing to
re-homogenize them, provided that the active sub-
stance(s) has not deteriorated.

11-3. Sprays for Cutaneous Application

(1) Sprays for Cutaneous Application are prepara-
tions intended for spraying active substance(s) onto
the skin in mists, powders, foams or paste state.

Sprays for Cutaneous Application are classified into
Acrosols for Cutaneous Application and Pump Sprays
for Cutaneous Application.

(2) Sprays for Cutaneous Application are usually
prepared by dissolving or suspending active sub-
stance(s) in a vehicle, filtering where necessary, and
filling in containers.

(3) Unless otherwise specified, metered-dose type
sprays show an appropriate uniformity of delivered
dose.

11-3-1. Aerosols for Cutaneous Application

(1) Aerosols for Cutaneous Application are sprays
which atomize active substance(s) together with lique-
fied or compressed gas filled in containers.

(2) Aecrosols for Cutaneous Application are usu-
ally prepared by dissolving or suspending active sub-
stance(s) in a vehicle, filling with liquefied propellants
in pressure-resistant containers, and setting a continu-
ous spray valve. If necessary, dispersing agents and
stabilizers may be used.

(3) Pressure-resistant containers are usually used
for Aerosols for Cutaneous Application.

11-3-2.  Pump Sprays for Cutaneous Application

(1) Pump Sprays for Cutaneous Application are
sprays which atomize active substance(s) in containers
by pumping.

(2) Pump Sprays for Cutaneous Application are
usually prepared by dissolving or suspending active
substance(s) with excipients in a vehicle, filling in con-
tainers and setting pumps to the containers.

(3) Tight containers are usually used for Pump
Sprays for Cutaneous Application. For the prepara-
tions susceptible to degradation by evaporation of
water, a low-moisture-permeability container or pack-
aging may be used.
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11-4. Ointments

(1) Ointments are semi-solid preparations to be ap-
plied to the skin, which dissolve or disperse active sub-
stance(s) in a base. There are two types, hydrophobic
ointments and hydrophilic ointments.

(2) Hydrophobic ointments are usually prepared
by warming to melt hydrophobic bases such as fatty
oils, waxes or paraffin, adding and mixing active sub-
stance(s) in the bases to be dissolved or dispersed, and
kneading the whole to make homogeneous.

Hydrophilic ointments are usually prepared by
warming to melt hydrophilic bases such as macrogol,
adding and mixing active substance(s) in the bases,
and kneading the whole to make homogeneous.

For Ointments which are apt to deteriorate, prepare
before use.

(3) Ointments have a suitable viscosity for applica-
tion to the skin.

(4) Tight containers are usually used for Oint-
ments. For the preparations susceptible to degradation
by evaporation of water, a low-moisture-permeability
container or packaging may be used.

11-5. Creams

(1) Creams are semi-solid preparations to be ap-
plied to the skin, which are in the form of oil-in-water
or water-in-oil emulsions. Hydrophobic preparations
in the form of water-in-oil emulsions may be termed
“Qily creams”’.

(2) Creams are usually prepared by mixing
homogenously and emulsifying an oil-phase compo-
nent and a water-phase component, both warmed, of
which either one contains the active substance(s).
These components have the following constituents.

Oil-phase component: Vaseline, fatty alcohols, etc.,
with or without emulsifying agent(s) or other suitable
excipients.

Water-phase component: Purified Water with or
without emulsifying agent(s) or other suitable ex-
cipients.

For Creams which are apt to deteriorate, prepare
before use.

(3) Creams have a suitable viscosity for applying
to the skin.

(4) Tight containers are usually used for Creams.
For the preparations susceptible to degradation by
evaporation of water, a low-moisture-permeability
container or packaging may be used.

11-6. Gels

(1) Gels are gelatinous preparations intended for
application to the skin.

There are Aqueous Gels and Oily Gels.
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(2) Gels are usually prepared by the following
methods.

(i) Aqueous Gels: To active substance(s) add
polymers, other excipients and Purified Water, dis-
solve or suspend, and gelatinize by warming and
cooling or by adding a gelatinizing agents.

(ii) Oily Gels: To active substance(s) add liquid
oily bases such as glycols, fatty alcohols and other
excipients, and mix.

(3) Gels have a suitable viscosity for application to
the skin.

(4) Tight containers are usually used for Gels. For
the preparations susceptible to degradation by evapo-
ration of water, a low-moisture-permeability container
or packaging may be used.

11-7. Patches

(1) Patches are preparations intended to be at-
tached on the skin.

Patches are classified into Tapes/Plasters and
Cataplasms/Gel Patches.

(2) Patches are usually prepared by mixing active
substance(s) homogeneously with a base such as a
polymer or a mixture of polymers, spreading on a
backing layer or liner, and cutting into a given size.
Percutaneous absorption type preparations may be
prepared by using a release rate-controlling mem-
brane. Where necessary, adhesive agents or penetra-
tion enhancers may be used.

(3) Unless otherwise specified, Patches of Trans-
dermal Systems meet the requirements of Uniformity
of Dosage Units <6.02>.

(4) Patches have a suitable adhesion for applica-
tion to the skin.

(5) Patches which are regulated the release rate
have an appropriate function of controlled release.

11-7-1. Tapes/Plasters

(1) Tapes/Plasters are patches which are prepared
with bases of practically no water contain.

Plasters are included in this category.

(2) Tapes/Plasters are usually prepared by mixing
homogeneously active substance(s) with or without ex-
cipients and a base of non water-soluble natural or
synthetic polymers such as resins, plastics or rubber,
and spreading on a cloth or spreading and sealing on a
cloth or plastic film, cutting into a given size. The
preparations may be also prepared by filling a mixture
of active substance(s) and a base with or without other
excipients in releasers composed with a release-con-
trolling film, supporter and liner.

(3) Well-closed containers are usually used for
Tapes/Plasters. For the preparations susceptible to
degradation by moisture, a moisture-proof container
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or packaging may be used.

11-7-2. Cataplasms/Gel Patches

(1) Cataplasms/Gel Patches are patches using
water containing bases.

(2) Cataplasms/Gel patches are usually prepared
by mixing active substance(s), Purified Water, and
Glycerin or other liquid materials, or by mixing and
kneading natural or synthetic polymers, which are
soluble in water or absorbent of water, with Purified
Water, adding active substance(s), mixing the whole
homogeneously, spreading on a cloth or film, and cut-
ting into a given size.

(3) Tight containers are usually wused for
Cataplasms/Gel Patches. For the preparations suscep-
tible to degradation by evaporation of water, a low-
moisture-permeability container or packaging may be
used.

[31 Monographs for Preparations
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Preparations Related to Crude Drugs

(1) Preparations related to crude drugs are prepa-
rations mainly derived from crude drugs. Extracts,
Pills, Spirits, Infusions and Decoctions, Teabags,
Tinctures, Aromatic Waters, and Fluidextracts are
included in this category.

Definitions, methods of preparations, test methods,
containers and packaging, and storage of these prepa-
rations are described in this chapter.

(2) The descriptions of the test methods and the
containers and packaging in this chapter are fun-
damental requirements, and the preparation methods
represent commonly used methods.

1. Extracts

(1) Extracts are preparations, prepared by concen-
trating extractives of crude drugs. There are following
two kinds of extracts.

(i) Viscous extracts

(ii) Dry extracts

(2) Unless otherwise specified, Extracts are usually
prepared as follows.

(i) Crude drugs, pulverized to suitable sizes, are
extracted for a certain period of time with suitable sol-
vents by means of cold extraction or warm extraction,
or by percolation as directed in (ii) of (2) under 6. Tin-
ctures. The extractive is filtered, and the filtrate is con-
centrated or dried by a suitable method to make a
millet jelly-like consistency for the viscous extracts, or
to make crushable solid masses, granules or powder
for the dry extracts.

Extracts, which are specified the content of active
substance(s), are prepared by assaying active sub-
stance(s) in a portion of sample and adjusting, if nec-
essary, to specified strength with suitable diluents.

(ii) Weigh crude drugs, pulverized to suitable sizes,
according to the prescription and heat for a certain
period of time after adding 10 - 20 times amount of
water. After separating the solid and liquid by cen-
trifugation, the extractive is concentrated or dried by a
suitable method to make a millet jelly-like consistency
for the viscous extracts, or to make crushable solid
masses, granules or powder for the dry extracts.

(3) Extracts have order and taste derived from the
crud drugs used.

(4) Unless otherwise specified, Extracts meet the
requirements of Heavy Metals Limit Test </.07> when
the test solution and the control solution are prepared
as follows.

Test solution: Ignite 0.30 g of Extracts to ash, add 3
mL of dilute hydrochloric acid, warm, and filter.
Wash the residue with two 5-mL portions of water.
Neutralize the combined filtrate and washings (indica-
tor: a drop of phenolphthalein TS) by adding ammo-
nia TS until the color of the solution changes to pale
red, filter where necessary, and add 2 mL of dilute
acetic acid and water to make 50 mL.

Control solution: Proceed with 3 mL of dilute hy-
drochloric acid in the same manner as directed in the
preparation of the test solution, and add 3.0 mL of
Standard Lead Solution and water to make 50 mL.

(5) Tight containers are used for these prepara-
tions.

2. Pills

(1) Pills are spherical preparations, intended for
oral administration.

(2) Pills are usually prepared by mixing drug sub-
stance(s) uniformly with diluents, binders, disintegra-
tors or other suitable excipient(s) and rolling into
spherical form by a suitable method. They may be
coated with a coating agent by a suitable method.

(3) Unless otherwise specified, Pills comply with
Disintegration Test <6.09>.

(4) Well-closed or tight containers are usually used
for these preparations.

3. Spirits

(1) Spirits are fluid preparations, usually prepared
by dissolving volatile drug substance(s) in ethanol or in
a mixture of ethanol and water.

(2) Spirits should be stored remote from fire.

(3) Tight containers are used for these prepara-
tions.
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4. Infusions and Decoctions

(1) Infusions and Decoctions are fluid prepara-
tions, usually obtained by macerating crude drugs in
water.

(2) Infusions and Decoctions are usually prepared
by the following method.

Cut crude drugs into a size as directed below, and
transfer suitable amounts to an infusion or decoction
apparatus.

Leaves, flowers and whole plants: Coarse cutting
Woods, stems, barks, roots and rhizomes

: Medium cutting
Seeds and fruits: Fine cutting

(i) Infusions: Usually, damp 50 g of crude drugs
with 50 mL of water for about 15 minutes, pour 900
mL of hot water to them, and heat for 5 minutes with
several stirrings. Filter through a cloth after cooling.

(ii) Decoctions: Usually, heat one-day dose of
crude drugs with 400 - 600 mL of water until to lose
about a half amount of added water spending more
than 30 minutes, and filter through a cloth while
warm.

Prepare Infusions or Decoctions when used.

(3) These preparations have odor and taste derived
from the crude drugs used.

(4) Tight containers are usually used for these
preparations.

5. Teabags

(1) Teabags are preparations, usually packed one-
day dose or one dose of crude drugs cut into a size of
between coarse powder and coarse cutting in paper or
cloth bags.

(2) Teabags are usually used according to the
preparation method as directed under 4. Infusions and
Decoctions.

(3) Well-closed or tight containers are usually used
for these preparations.

6. Tinctures

(1) Tinctures are liquid preparations, usually pre-
pared by extracting crude drugs with ethanol or with a
mixture of ethanol and purified water.

(2) Unless otherwise specified, Tinctures are usu-
ally prepared from coarse powder or fine cuttings of
crude drugs by means of either maceration or percola-
tion as described below.

(i) Maceration: Place crude drugs in a suitable
container, and add an amount of a solvent, equivalent
to the same volume or about three-fourths of the
volume of the crude drugs. Stopper container, and

allow the container to stand for about 5 days or until
the soluble constituents have satisfactorily dissolved at
room temperature with occasional stirring. Separate
the solid and liquid by centrifugation or other suitable
methods. In the case where about three-fourths
volume of the solvent is added, wash the residue with a
suitable amount of the solvent, and squeeze the
residue, if necessary. Combine the extract and wash-
ings, and add sufficient solvent to make up the
volume. In the case where the total volume of the sol-
vent is added, sufficient amounts of the solvent may
be added to make up for reduced amount, if neces-
sary. Allow the mixture to stand for about 2 days, and
obtain a clear liquid by decantation or filtration.

(ii) Percolation: Pour solvent in small portions to
crude drugs placed in a container, and mix well to
moisten the crude drugs. Stopper container, and allow
it to stand for about 2 hours at room temperature.
Pack the contents as tightly as possible in an appropri-
ate percolator, open the lower opening, and slowly
pour sufficient solvent to cover the crude drugs. When
the percolate begins to drip, close the opening, and
allow the mixture to stand for 2 to 3 days at room tem-
perature. Then, open the opening, and allow the per-
colate to drip at a rate of 1 to 3 mL per minute. Add
an appropriate quantity of the solvent to the percola-
tor, and continue to percolate until the desired volume
has passed. Mix thoroughly, allow standing for 2 days,
and obtain a clear liquid by decantation or filtration.
The time of standing and the flow rate may be varied
depending on the kind and amount of crude drugs to
be percolated.

Tinctures, prepared by either of the above methods
and specified the content of marker constituent or
ethanol, are prepared by assaying the content using a
portion of the sample and adjusting the content with a
sufficient amount of the percolate or solvent as re-
quired on the basis of the result of the assay.

(3) Tinctures should be stored remote from fire.

(4) Tight containers are used for these prepara-
tions.

7. Aromatic Waters

(1) Aromatic Waters are clear liquid preparations,
saturated essential oils or other volatile substances in
water.

(2) Unless otherwise specified, Aromatic Waters
are usually prepared by the following process.

Shake thoroughly for 15 minutes 2 mL of an essen-
tial oil or 2 g of a volatile substance with 1000 mL of
lukewarm purified water, set the mixture aside for 12
hours or longer, filter through moistened filter paper,
and add purified water to make 1000 mL. Alterna-
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tively, incorporate thoroughly 2 mL of an essential oil
or 2 g of a volatile substance with sufficient talc, re-
fined siliceous earth or pulped filter-paper, add 1000
mL of purified water, agitate thoroughly for 10
minutes, and then filter the mixture. To obtain a clear
filtrate repeat the filtration if necessary, and add
sufficient purified water passed through the (filter
paper to make 1000 mL.

(3) Aromatic Waters have odor and taste derived
from the essential oils or volatile substances used.

(4) Tight containers are used for these prepara-
tions.

8. Fluidextracts

(1) Fluidextracts are liquid percolates of crude
drugs, usually prepared so that each mL contains solu-
ble constituents from 1 g of the crude drugs. Where
the content is specified, it takes precedence.

(2) Unless otherwise specified, Fluidextracts are
usually prepared from coarse powder or fine cutting of
crude drugs by either of following maceration or per-
colation.

(i) Maceration: Place a certain amounts of crude
drugs in a suitable vessel, add a solvent to cover the
crude drugs, close the vessel, and allow the vessel to
stand at room temperature with occasional stirring for
about 5 days or until the soluble constituents have
satisfactorily dissolved. Separate the solid and liquid
by centrifugation or other suitable method. Usually,
reserve a volume of the liquid equivalent to about
three-fourths of the total volume, and use it as the first
liquid. Wash the residue with appropriate amount of
the solvent, combine the washings and the remaining
of the first liquid, concentrate if necessary, mix with
the first liquid, and use it as solution (A). To the solu-
tion (A) add the solvent, if necessary, to make equal
amount of the mass of the crude drugs. Allow the mix-
ture to stand for about 2 days, and collect a clear lig-
uid by decantation or filtration.

(ii) Percolation: Mix well 1000 g of the crude drugs
with the first solvent to moisten them, close the con-
tainer, and allow it to stand for about 2 hours at room
temperature. Transfer the content to a suitable perco-
lator, stuff it as tightly as possible, open the lower
opening of the percolator, and slowly pour the second
solvent to cover the crude drugs. Close the lower open-
ing when the solvent begins to drop, and allow the
mixture to stand for 2 to 3 days at room temperature.
Open the lower opening, and allow the percolate to
run out at the rate of 0.5 to 1.0 mL per minute.

Set aside the first 850 mL of the percolate as the first
percolate. Add the second solvent to the percolator,
then drip the percolate, and use it as the second perco-
late.

The period of standing and the flow rate during per-
colation may be varied depending on the kind and the
amount of crude drugs used. The flow rate is usually
regulated as follows, depending on the using amount
of crude drugs.

Mass of crude drug Volume of sol%mon running
per minute
Not more than 1000 g 0.5-1.0mL
Not more than 3000 g 1.0-2.0 mL
Not more than 10000 g 2.0-4.0mL

Concentrate the second percolate, taking care not to
lose the volatile substances of the crude drug, mix with
the first percolate, and use it as solution (A). To the
solution (A) add the second solvent to make 1000 mL,
and allow the mixture to stand for about 2 days.
Decant the supernatant liquid or filter the liquid to
obtain a clear solution.

Fluidextracts for which the content of marker con-
stituent or ethanol is specified are obtained by adjust-
ing the content with a sufficient amount of the second
solvent as required on the basis of the result of the
assay made with a portion of the solution (A).

(3) Fluidextracts have odor and taste derived from
the crude drugs used.

(4) Unless otherwise specified, Fluidextracts meet
the requirements of Heavy Metals Limit Test <1.07>
when the test solution and the control solution are pre-
pared as follows.

Test solution: Ignite 1.0 g of Fluidextracts to ash,
add 3mL of dilute hydrochloric acid, warm, and
filter. Wash the residue with two 5-mL portions of
water. Neutralize the combined filtrate and washings
(indicator: a drop of phenolphthalein TS) by adding
ammonia TS until the color of the solution changes to
pale red, filter if necessary, and add 2 mL of the dilute
acetic acid and water to make 50 mL.

Control solution: Proceed with 3 mL of dilute hy-
drochloric acid in the same manner as directed in the
preparation of the test solution, and add 3.0 mL of
Standard Lead Solution and water to make 50 mL.

(5) Tight containers are used for these prepara-
tions.



GENERAL TESTS, PROCESSES
AND APPARATUS

General Tests, Processes and Apparatus includes common
methods for tests, useful test methods for quality recognition
of drugs and other articles related to them. Unless otherwise
specified, acid-neutralizing capacity determination of gastro-
intestinal medicines, alcohol number determination, amino
acid analysis of proteins, ammonium determination, arsenic
determination, atomic absorption spectrophotometry, boil-
ing point determination, chloride determination, conduc-
tivity measurement, congealing point determination, deter-
mination of bulk and tapped densities, digestion test, disinte-
gration test, dissolution test, distilling range determination,
endpoint determination in titrimetry, flame coloration,
fluorometry, foreign insoluble matter test for injections, for-
eign insoluble matter test for ophthalmic solutions, gas chro-
matography, heavy metal determination, infrared spectro-
photometry, insoluble particulate matter test for injections,
insoluble particulate matter test for ophthalmic solutions,
iron determination, liquid chromatography, loss on drying
determination, loss on ignition determination, melting point
determination, methanol determination, microbial assay for
antibiotics, mineral oil determination, nitrogen determina-
tion, nuclear magnetic resonance spectroscopy, optical
rotation determination, osmolarity determination, oxygen
flask combustion method, particle size determination, parti-
cle size distribution test for preparations, pH determination,
powder particle density determination, qualitative test,
refractive index determination, residual solvents test, residue
on ignition determination, specific gravity and density deter-
mination, specific surface area determination, sulfate deter-
mination, test for bacterial endotoxins, test for glass con-
tainers for injections, test for metal particles in ophthalmic
ointments, test for microbial limit, test for microbial limit
for crude drugs, test for plastic containers, test for pyrogen,
test for readily carbonizable substances, test for rubber
closure for aqueous infusions, test for sterility, test for total
organic carbon, test of extractable volume for injection,
thermal analysis, thin-layer chromatography, ultraviolet-
visible spectrophotometry, uniformity of dosage units (test
for content uniformity, mass variation test), viscosity deter-
mination, vitamin A assay, water determination, and X-ray
powder diffraction are performed as directed in the cor-
responding articles under the General Tests, Processes and
Apparatus. The tests for melting point of fats, congealing
point of fatty acids, specific gravity, acid value, saponifica-
tion value, ester value, hydroxyl value, unsaponifiable mat-
ter and iodine value of fats and fatty oils are performed as
directed in the corresponding items under Fats and Fatty
Oils Test, and sampling, preparation of sample for analysis,
microscopic examination, purity test, loss on drying, total
ash, acid-insoluble ash, extract content, and essential oil
content of crude drugs are performed as directed in the cor-
responding items under Crude Drugs Test.

The number of each test method is a category number
given individually. The number in blackets (< >) appeared

in monograph indicates the number corresponding to the
general test method.

1. Chemical Methods

1.01 Alcohol Number
Determination

Alcohol Number Determination represents the number of
milliliters of ethanol at 15°C obtained from 10 mL of tin-
cture or other preparations containing ethanol by the follow-
ing procedures.

1. Method 1 Distilling method

This is a method to determine the Alcohol Number by
reading the number of milliliters of ethanol distillate at 15°C
obtained from 10 mL of a sample measured at 15°C by the
following procedures.

1.1. Apparatus

Use hard glass apparatus as illustrated in Fig. 1.01-1.
Ground glass may be used for the joints.

1.2. Reagent

Alkaline phenolphthalein solution: To 1g of phenol-
phthalein add 7 mL of sodium hydroxide TS and water to
make 100 mL.

1.3. Procedure

Transfer 10 mL of the sample preparation, accurately
measured at 15 £ 2°C, to the distilling flask A, add 5 mL of
water and boiling chips. Distil ethanol carefully into the
glass-stoppered, volumetric cylinder D.

By reference to Table 1.01-1, a suitable volume of distil-
late (mL) should be collected, according to the content of
ethanol in the sample preparation.

Prevent bumping during distillation by rendering the sam-
ple strongly acidic with phosphoric acid or sulfuric acid, or
by adding a small amount of paraffin, beeswax or silicone
resin before starting the distillation.

Table 1.01-1

Ethanol content in Distillate
the sample (vol%) to be collected
(mL)

more than 80 13

80-70 12

70 - 60 11

60 - 50 10

50 - 40 9

40 - 30 8

less than 30 7

25
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The figures are in mm. =

A: Distilling flask (50 mL)

B: Delivery tube

C: Condenser

D: Glass-stoppered volumetric cylinder
(25 mL, graduated in 0.1 mL)

Fig. 1.01-1

When the samples contain the following substances, carry
out pretreatment as follows before distillation.

(i) Glycerin: Add sufficient water to the sample so that
the residue in the distilling flask, after distillation, contains
at least 50% of water.

(ii) Iodine: Decolorize the sample with zinc powder.

(iii) Volatile substances: Preparations containing appre-
ciable proportions of essential oil, chloroform, diethyl ether
or camphor require treatment as follows. Mix 10 mL of the
sample, accurately measured, with 10 mL of saturated so-
dium chloride solution in a separator, add 10 mL of petro-
leum benzin, and shake. Collect the separated aqueous layer.
The petroleum benzin layer was extracted with two 5 mL
portions of saturated sodium chloride solution. Combine the
aqueous layers, and distill. According to the ethanol content
in the sample, collect a volume of distillate 2 to 3 mL more
than that shown in the above Table.

(iv) Other substances: Render preparations containing
free ammonia slightly acidic with dilute sulfuric acid. If
volatile acids are present, render the preparation slightly
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alkaline with sodium hydroxide TS, and if the preparations
contain soap along with volatile substances, decompose the
soap with an excess of dilute sulfuric acid before the ex-
traction with petroleum benzin in the treatment described in
(iii).

To the distillate add 4 to 6 g of potassium carbonate and 1
to 2 drops of alkaline phenolphthalein solution, and shake
vigorously. If the aqueous layer shows no white turbidity,
agitate the distillate with additional potassium carbonate.
After allowing to stand in water at 15 £ 2°C for 30 minutes,
read the volume of the upper reddish ethanol layer in mL,
and regard it as the Alcohol Number. If there is no clear
boundary surface between these two layers, shake vigorously
after addition of a few drops of water, then observe in the
same manner.

2. Method 2 Gas chromatography

This is a method to determine the alcohol number by de-
termining ethanol (C,HsOH) content (vol%) from a sample
measured at 15°C by the following procedures.
2.1. Reagent

Ethanol for alcohol number: Ethanol (99.5) with deter-
mined ethanol (C,H;OH) content. The relation between
specific gravity dii of ethanol and content of ethanol
(C,HsOH) is 0.797:99.46 vol%, 0.796:99.66 vol%, and
0.795:99.86 vol%.
2.2. Preparation of sample solution and standard solution

Sample solution: Measure accurately a volume of sample
at 15 = 2°C equivalent to about 5 mL of ethanol (C,H;OH),
and add water to make exactly 50 mL. Measure accurately
25 mL of this solution, add exactly 10 mL of the internal
standard solution, and add water to make 100 mL.

Standard solution: Measure accurately 5 mL of ethanol
for alcohol number at the same temperature as the sample,
and add water to make exactly 50 mL. Measure accurately
25 mL of this solution, add exactly 10 mL of the internal
standard solution, and add water to make 100 mL.
2.3. Procedure

Place 25 mL each of the sample solution and the standard
solution in a 100-mL, narrow-mouthed, cylindrical glass bot-
tle sealed tightly with a rubber closure and aluminum band,
immerse the bottle up to the neck in water, allowed to stand
at room temperature for more than 1 hour in a room with lit-
tle change in temperature, shake gently so as not to splash
the solution on the closure, and allow to stand for 30
minutes. Perform the test with 1 mL each of the gas in the
bottle with a syringe according to the Gas Chromatography
<2.02> under the following conditions, and calculate the
ratios, Qr and Qs, of the peak height of ethanol to that of
the internal standard.

Or % 5 (mL)
Qs  avolume (mL) of sample

Alcohol number =

ethanol (C,HsOH) content (vol%) of
y ethanol for alcohol number

9.406

Internal standard solution—A solution of acetonitrile (3 in
50).
Operating conditions—

Detector: A hydrogen flame-ionization detector.

Column: A glass tube about 3 mm in inside diameter and
about 1.5 m in length, packed with 150- to 180-um porous
ethylvinylbenzene-divinylbenzene copolymer (mean pore
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size: 0.0075 um, 500 - 600 m2/g) for gas chromatography.

Column temperature: A constant temperature between
105°C and 115°C.

Carrier gas: Nitrogen.

Flow rate: Adjust the flow rate so that the retention time
of ethanol is 5 to 10 minutes.

Selection of column: Proceed with 1 mL of the gas ob-
tained from the standard solution in the bottle under the
above operating conditions, and calculate the resolution.
Use a column giving elution of ethanol and the internal
standard in this order with the resolution between these
peaks being not less than 2.0.

1.02 Ammonium Limit Test

Ammonium Limit Test is a limit test for ammonium con-
tained in drugs.

In each monograph, the permissible limit for ammonium
(as NH,) is described in terms of percentage (%) in paren-
theses.

1. Apparatus

Use a distilling apparatus for ammonium limit test as illus-
trated in Fig. 1.02-1. For the distillation under reduced pres-
sure, use the apparatus shown in Fig. 1.02-2. Either appa-
ratus are composed of hard glass, and ground-glass joints
may be used. All rubber parts used in the apparatus should
be boiled for 10 to 30 minutes in sodium hydroxide TS and
for 30 to 60 minutes in water, and finally washed thoroughly
with water before use.

2. Procedure
2.1. Preparation of test solution and control solution
Unless otherwise specified, test solutions and control solu-

A : Distilling flask

B : Spray trap

C : Small hole

D : Condenser

E:Trap

F : Measuring cylinder

G : Stop cock

H and J : Rubber stoppers
K : Rubber tubing

The figures are in mm.

Fig. 1.02-1 Distilling apparatus for ammonium limit test
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tion are prepared as directed in the following.

Place an amount of the sample, directed in the mono-
graph, in the distilling flask A. Add 140 mL of water and 2 g
of magnesium oxide, and connect the distillation apparatus.
To the receiver (measuring cylinder) F add 20 mL of boric
acid solution (1 in 200) as an absorbing solution, and im-
merse the lower end of the condenser. Adjust the heating to
give a rate of 5 to 7 mL per minute of distillate, and distill
until the distillate measures 60 mL. Remove the receiver
from the lower end of the condenser, rinsing the end part
with a small quantity of water, add sufficient water to make
100 mL and designate it as the test solution.

For the distillation under reduced pressure, take the
amount of sample specified in the monograph to the vacuum
distillation flask L, add 70 mL of water and 1 g of magne-
sium oxide, and connect to the apparatus (Fig. 1.02-2). To
the receiver M add 20 mL of a solution of boric acid (1 in
200) as absorbing liquid, put the end of the branch tube of
the distillation flask L in the absorbing liquid, and keep at
60°C using a water bath or alternative equipment. Adjust
the reduced pressure to get the distillate at a rate of 1 to 2
mL per minute, and continue the distillation until to get 30
mL of the distillate. Cool the receiver M with running water
during the distillation. Get off the end of the branch tube
from surface of the absorbing liquid, rinse in the end with a
small amount of water, then add water to the liquid to make
100 mL, and perform the test using this solution as the test
solution.

Place a volume of Standard Ammonium Solution, di-
rected in the monograph, in the distilling flask A or the
vacuum distillation flask L, proceed as for the preparation

The figures are in mm.

L: Vacuum distillation flask
(200-mL)

M: Receiver (a 200-mL flask)

N: Water bath

O: Thermometer

P: Funnel

Q: Cooling water

R: Glass cock

S: Rubber tube with screw cock
T: Glass tube for anti-bumping

Fig. 1.02-2 Vacuum distilling apparatus for ammonium
limit test
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of the test solution, and designate it as the control solution.
2.2. Test of the test solution and the control solution

Unless otherwise specified, proceed as directed in the fol-
lowing.

Place 30 mL each of the test solution and the control solu-
tion in Nessler tubes, add 6.0 mL of phenol-sodium penta-
cyanonitrosylferrate (III) TS to each solution, and mix. Then
add 4 mL of sodium hypochlorite-sodium hydroxide TS and
water to make 50 mL, mix, and allow to stand for 60
minutes. Compare the color of both solutions against a
white background by viewing downward or transversely: the
color developed in the test solution is not more intense than
that of the control solution.

1.03 Chloride Limit Test

Chloride Limit Test is a limit test for chloride contained in
drugs.

In each monograph, the permissible limit for chloride (as
Cl) is described in terms of percentage (%) in parentheses.

1. Procedure

Unless otherwise specified, transfer the quantity of the
sample, directed in the monograph, to a Nessler tube, and
dissolve it in a proper volume of water to make 40 mL. Add
6 mL of dilute nitric acid and water to make 50 mL, and use
this solution as the test solution. Transfer the volume of 0.01
mol/L hydrochloric acid VS, directed in the monograph, to
another Nessler tube, add 6 mL of dilute nitric acid and
water to make 50 mL, and use this solution as the control so-
lution. When the test solution is not clear, filter both solu-
tions by using the same procedure.

Add 1 mL of silver nitrate TS to the test solution and to
the control solution, mix well, and allow to stand for 5
minutes protecting from light. Compare the opalescence
developed in both solutions against a black background by
viewing downward or transversely.

The opalescence developed in the test solution is not more
than that of the control solution.

1.04 Flame Coloration Test

Flame Coloration Test is a method to detect an element,
by means of the property that the element changes the color-
less flame of a Bunsen burner to its characteristic color.

(1) Salt of metal—The platinum wire used for this test is
about 0.8 mm in diameter, and the end part of it is straight.
In the case of a solid sample, make the sample into a gruel
by adding a small quantity of hydrochloric acid, apply a lit-
tle of the gruel to the 5-mm end of the platinum wire, and
test by putting the end part in a colorless flame, keeping the
platinum wire horizontal. In the case of a liquid sample, im-
merse the end of the platinum wire into the sample to about
5Smm in length, remove from the sample gently, and per-
form the test in the same manner as for the solid sample.

(2) Halide—Cut a copper net, 0.25 mm in opening and
0.174 mm in wire diameter, into a strip 1.5 cm in width and
5 c¢m in length, and wind in round one end of a copper wire.
Heat the copper net strongly in the colorless flame of Bunsen
burner until the flame no longer shows a green or blue color,
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and then cool it. Repeat this procedure several times, and
coat the net completely with cupric oxide. After cooling,
unless otherwise specified, apply about 1 mg of the sample to
the copper net, ignite, and burn it. Repeat this procedure
three times, and then test by putting the copper net in the
colorless flame.

The description, ‘‘Flame coloration persists’’, in a mono-
graph, indicates that the reaction persists for 4 seconds.

1.05 Mineral Oil Test

Mineral Oil Test is a method to test mineral oil in nona-
queous solvents for injections and for eye drops.

1. Procedure

Pour 10 mL of the sample into a 100-mL flask, and add 15
mL of sodium hydroxide solution (1 in 6) and 30 mL of
ethanol (95). Put a short-stemmed, small funnel on the neck
of the flask, and heat on a water bath to make clear, with
frequent shaking. Then transfer the solution to a shallow
porcelain dish, evaporate the ethanol on a water bath, add
100 mL of water to the residue, and heat on a water bath: no
turbidity is produced in the solution.

1.06 Oxygen Flask Combustion
Method

Oxygen Flask Combustion Method is a method for the
identification or the determination of halogens or sulfur pro-
duced by combusting organic compounds, which contain
chlorine, bromine, iodine, fluorine or sulfur, in a flask filled
with oxygen.

1. Apparatus
Use the apparatus shown in Fig. 1.06-1.

2. Preparation of test solution and blank solution

Unless otherwise specified, prepare them by the following
method.

2.1. Preparation of sample

(i) For solid samples: Place the quantity of the sample
specified in the monograph on the center of the filter illus-
trated in the figure, weigh accurately, wrap the sample care-
fully along the dotted line without scattering, and place the
parcel in a platinum basket or cylinder B, leaving its fuse-
strip on the outside.

(i) For liquid samples: Roll a suitable amount of absor-
bent cotton with filter paper, 50 mm in length and 5 mm in
width, so that the end part of the paper is left to a length of
about 20 mm as a fuse-strip, and place the parcel in a plati-
num basket or cylinder B. Place the sample in a suitable
glass tube, weigh accurately, and moisten the cotton with the
quantity of the sample specified in the monograph, bringing
the edge of the sample in contact with the cotton.

2.2. Method of combustion

Place the absorbing liquid specified in the monograph in
flask A, fill it with oxygen, moisten the ground part of the
stopper C with water, then ignite the fuse-strip, immediatey
transfer it to the flask, and keep the flask airtight until the
combustion is completed. Shake the flask occasionally until
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A: Colorless, thick-walled (about 2 mm), 500-mL hard glass
flask, the upper part of which is made like a saucer. A flask
made of quartz should be used for the determination of
fluorine.

B: Platinum basket or cylinder made of platinum woven gauge.
(It is hung at the end of the stopper C with platinum wire).

C: Ground stopper made of hard glass. A stopper made of
quartz should be used for the determination of fluorine.

Fig. 1.06-1

the white smoke in A vanishes completely, allow to stand for
15 to 30 minutes, and designate the resulting solution as the
test solution. Prepare the blank solution in the same manner,
without sample.

3. Procedure of determination

Unless otherwise specified in the monograph, perform the
test as follows.
3.1. Chlorine and bromine

Apply a small amount of water to the upper part of A,
pull out C carefully, and transfer the test solution to a
beaker. Wash C, B and the inner side of A with 15 mL of 2-
propanol, and combine the washings with the test solution.
To this solution add 1 drop of bromophenol blue TS, add
dilute nitric acid dropwise until a yellow color develops, then
add 25 mL of 2-propanol, and titrate <2.50> with 0.005
mol/L silver nitrate VS according to the potentiometric titra-
tion. Perform the test with the blank solution in the same
manner, and make any necessary correction.

Each mL of 0.005 mol/L silver nitrate VS
= 0.1773 mg of Cl

Each mL of 0.005 mol/L silver nitrate VS
= 0.3995 mg of Br

3.2. Ilodine
Apply a small amount of water to the upper part of A,
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pull out C carefully, add 2 drops of hydrazine hydrate to the
test solution, put C on A, and decolorize the solution by
vigorous shaking. Transfer the content of A to a beaker,
wash C, B and the inner side of A with 25 mL of 2-propanol,
and transfer the washings to the above beaker. To this solu-
tion add 1 drop of bromophenol blue TS, then add dilute
nitric acid dropwise until a yellow color develops, and titrate
<2.50> with 0.005 mol/L silver nitrate VS according to the
potentiometric tiration. Perform the test with the blank solu-
tion in the same manner, and make any necessary correction.

Each mL of 0.005 mol/L silver nitrate VS
= 0.6345mg of I

3.3. Fluorine

Apply a small amount of water to the upper part of A,
pull out C carefully, transfer the test solution and the blank
solution to 50 mL volumetric flasks separately, wash C, B
and the inner side of A with water, add the washings and
water to make 50 mL, and use these solutions as the test so-
lution and the correction solution. Pipet the test solution
(V'mL) equivalent to about 30 ug of fluorine, ' mL of the
correction solution and 5 mL of standard fluorine solution,
transfer to 50-mL volumetric flasks separately, add 30 mL of
a mixture of alizarin complexone TS, acetic acid-potassium
acetate buffer solution, pH 4.3 and cerium (III) nitrate TS
(1:1:1), add water to make 50 mL, and allow to stand for 1
hour. Perform the test with these solutions as directed under
Ultraviolet-visible Spectrophotometry <2.24>, using a blank
prepared with 5 mL of water in the same manner. Determine
the absorbances, A, Ac and As, of the subsequent solutions
of the test solution, the correction solution and the standard
solution at 600 nm.

Amount (mg) of fluorine (F) in the test solution
= amount (mg) of fluorine in 5 mL of

the standard solution X Ay = Ac 30

Asg |4

Standard Fluorine Solution: Dry sodium fluoride (stand-
ard reagent) in a platinum crucible between 500°C and
550°C for 1 hour, cool it in a desiccator (silica gel), weigh ac-
curaly about 66.3 mg of it, and dissolve in water to make ex-
actly 500 mL. Pipet 10 mL of this solution, and dilute with
sufficient water to make exactly 100 mL.
3.4. Sulfur

Apply a small amount of water to the upper part of A,
pull out C carefully, and wash C, B and the inner side of A
with 15 mL of methanol. To this solution add 40 mL of
methanol, then add exactly 25 mL of 0.005 mol/L barium
perchlorate VS, allow to stand for 10 minutes, add 0.15 mL
of arsenazo III TS with a measuring pipet, and titrate <2.50>
with 0.005 mol/L sulfuric acid VS. Perfrom the test with the
blank solution in the same manner.

Each mL of 0.005 mol/L barium perchlorate VS
= 0.1604 mg of S

1.07 Heavy Metals Limit Test

Heavy Metals Limit Test is a limit test of the quantity of
heavy metals contained as impurities in drugs. The heavy
metals are the metallic inclusions that are darkened with so-
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dium sulfide TS in acidic solution, as their quantity is ex-
pressed in terms of the quantity of lead (Pb).

In each monograph, the permissible limit for heavy metals
(as Pb) is described in terms of ppm in parentheses.

1. Preparation of test solutions and control solutions

Unless otherwise specified, test solutions and control solu-
tions are prepared as directed in the following:

1.1. Method 1

Place an amount of the sample, directed in the mono-
graph, in a Nessler tube. Dissolve in water to make 40 mL.
Add 2 mL of dilute acetic acid and water to make 50 mL,
and designate it as the test solution.

The control solution is prepared by placing the volume of
Standard Lead Solution directed in the monograph in a
Nessler tube, and adding 2 mL of dilute acetic acid and
water to make 50 mL.

1.2. Method 2

Place an amount of the sample, directed in the mono-
graph, in a quartz or porcelain crucible, cover loosely with a
lid, and carbonize by gentle ignition. After cooling, add 2
mL of nitric acid and 5 drops of sulfuric acid, heat cau-
tiously until white fumes are no longer evolved, and inciner-
ate by ignition between 500°C and 600°C. Cool, add 2 mL
of hydrochloric acid, evaporate to dryness on a water bath,
moisten the residue with 3 drops of hydrochloric acid, add
10 mL of hot water, and warm for 2 minutes. Then add 1
drop of phenolphthalein TS, add ammonia TS dropwise
until the solution develops a pale red color, add 2 mL of
dilute acetic acid, filter if necessary, and wash with 10 mL of
water. Transfer the filtrate and washings to a Nessler tube,
and add water to make 50 mL. Designate it as the test solu-
tion.

The control solution is prepared as follows: Evaporate a
mixture of 2 mL of nitric acid, 5 drops of sulfuric acid and 2
mL of hydrochloric acid on a water bath, further evaporate
to dryness on a sand bath, and moisten the residue with 3
drops of hydrochloric acid. Hereinafter, proceed as directed
in the test solution, then add the volume of Standard Lead
Solution directed in the monograph and water to make 50
mL.

1.3. Method 3

Place an amount of the sample, directed in the mono-
graph, in a quartz or porcelain crucible, heat cautiously,
gently at first, and then incinerate by ignition between 500°C
and 600°C. After cooling, add 1 mL of aqua regia, evapo-
rate to dryness on a water bath, moisten the residue with 3
drops of hydrochloric acid, add 10 mL of hot water, and
warm for 2 minutes. Add 1 drop of phenolphthalein TS, add
ammonia TS dropwise until the solution develops a pale red
color, add 2 mL of dilute acetic acid, filter if necessary, wash
with 10 mL of water, transfer the filtrate and washings to a
Nessler tube, and add water to make 50 mL. Designate it as
the test solution.

The control solution is prepared as follows: Evaporate 1
mL of aqua regia to dryness on a water bath. Hereinafter,
proceed as directed for the test solution, and add the volume
of Standard Lead Solution directed in the monograph and
water to make 50 mL.

1.4. Method 4

Place an amount of the sample, directed in the mono-
graph, in a platinum or porcelain crucible, mix with 10 mL
of a solution of magnesium nitrate hexahydrate in ethanol
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(95) (1 in 10), fire the ethanol to burn, and carbonize by
gradual heating. Cool, add 1 mL of sulfuric acid, heat care-
fully, and incinerate by ignition between 500°C and 600°C.
If a carbonized substance remains, moisten with a small
amount of sulfuric acid, and incinerate by ignition. Cool,
dissolve the residue in 3 mL of hydrochloric acid, evaporate
on a water bath to dryness, wet the residue with 3 drops of
hydrochloric acid, add 10 mL of water, and dissolve by
warming. Add 1 drop of phenolphthalein TS, add ammonia
TS dropwise until a pale red color develops, then add 2 mL
of dilute acetic acid, filter if necessary, wash with 10 mL of
water, transfer the filtrate and the washing to a Nessler tube,
add water to make 50 mL, and use this solution as the test
solution.

The control solution is prepared as follows: Take 10 mL
of a solution of magnesium nitrate hexahydrate in ethanol
(95) (1 in 10), and fire the ethanol to burn. Cool, add 1 mL
of sulfuric acid, heat carefully, and ignite between 500°C
and 600°C. Cool, and add 3 mL of hydrochloric acid. Here-
inafter, proceed as directed in the test solution, then add the
volume of Standard Lead Solution directed in the mono-
graph and water to make 50 mL.

2. Procedure

Add 1 drop of sodium sulfide TS to each of the test solu-
tion and the control solution, mix thoroughly, and allow to
stand for 5 minutes. Then compare the colors of both solu-
tions by viewing the tubes downward or transversely against
a white background. The test solution has no more color
than the control solution.

1.08 Nitrogen Determination
(Semimicro-Kjeldahl Method)

Nitrogen Determination is a method to determine nitrogen
in an organic substance in which the nitrogen is converted
into ammonia nitrogen by thermal decomposition of the or-
ganic substance with sulfuric acid, and the ammonia liber-
ated by alkali and trapped by distillation with steam is deter-
mined by titration.

1. Apparatus

Use the apparatus illustrated in Fig. 1.08-1. It is thor-
oughly constructed of hard glass, and ground glass surfaces
may be used for joints. All rubber parts used in the appa-
ratus should be boiled for 10 to 30 minutes in sodium hy-
droxide TS and for 30 to 60 minutes in water, and finally
washed thoroughly with water before use.

Alternatively, apparatus can be used in which some of the
procedures, such as digestion of organic substances, distilla-
tion of the liberated ammonia, and endpoint detection
methods in titrimetry (e.g., potentiometric titration or titra-
tion by colorimeter) are automated.

2. System suitability

If an automated apparatus is used, it is necessary to con-
firm periodically the suitability of the apparatus according to
the following method:

Weigh accurately about 1.7 g of amidosulfuric acid (stand-
ard reagent), previously dried in a desiccator (in vacuum,
silica gel) for about 48 hours, dissolve in water to make ex-
actly 200 mL. Pipet 2 mL of this solution, and transfer to a
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The figures are in mm.

A: Kjeldahl flask

B: Steam generator, containing water, to which 2 to 3 drops of
sulfuric acid and fragments of boiling tips for preventing
bumping have been added

C: Spray trap

D: Water supply funnel

E: Steam tube

F: Funnel for addition of alkali solution to flask A

G: Rubber tubing with a clamp

H: A small hole having a diameter approximately equal to that of
the delivery tube

J: Condenser, the lower end of which is beveled

K: Absorption flask

Fig. 1.08-1

digestion flask. When the test is performed as directed in the
instrumental manual the nitrogen content (%) in amidosul-
furic acid should be determined between 14.2% and 14.6%.

3. Reagents, Test Solutions

Decomposition accelerator: Unless otherwise specified,
use 1 g of a powdered mixture of 10 g of potassium sulfate
and 1 g of cupper (II) sulfate pentahydrate. The composition
and amount of the digestion accelerator may be modified if
it is confirmed that the modified one give almost the same
results using the sample as those obtained from the conven-
tional catalyst.

4. Procedure

Unless otherwise specified, proceed by the following
method. Weigh accurately or pipet a quantity of the sample
corresponding to 2 to 3 mg of nitrogen (N:14.01), and place
in the Kjeldahl flask A. Add the decomposition accelerator
and wash down any adhering sample from the neck of the
flask with a small quantity of water. Add 7 mL of sulfuric
acid, allowing it to flow down the inside wall of the flask.

Then, while shaking the flask, add cautiously 1 mL of
hydrogen peroxide (30) drop by drop along the inside wall of
the flask. Heat the flask gradually, then heat so strong that
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the vapor of sulfuric acid is condensed at the neck of the
flask, until the solution changes through a blue and clear to
a vivid green and clear, and the inside wall of the flask is free
from a carbonaceous material. If necessary, add a small
quantity of hydrogen peroxide (30) after cooling, and heat
again. After cooling, add cautiously 20 mL of water, cool
the solution, and connect the flask to the distillation appa-
ratus (Fig. 1.08-1) washed beforehand by passing stream
through it. To the absorption flask K add 15 mL of boric
acid solution (1 in 25), 3 drops of bromocresol green-methyl
red TS and sufficient water to immerse the lower end of the
condenser tube J. Add 30 mL of sodium hydroxide solution
(2 in 5) through the funnel F, rinse cautiously the funnel with
10 mL of water, lose the clamp attached to the rubber tubing
G, then begin the distillation with stream, and continue until
the distillate measures 80 to 100 mL. Remove the absorption
flask from the lower end of the condenser tube J, rinsing the
end part with a small quantity of water, and titrate <2.50> the
distillate with 0.005 mol/L sulfuric acid VS until the color of
the solution changes from green through pale grayish blue to
pale grayish red-purple. Perform a blank determination in
the same manner, and make any necessary correction.

Each mL of 0.005 mol/L sulfuric acid VS
= 0.1401 mg of N

If an automated apparatus is used, proceed as directed in
the instrumental procedure.

1.09 Qualitative Tests

Qualitative Tests are applied to the identification of drugs
and are done generally with quantities of 2 to 5 mL of the
test solution.

Acetate

(1) When warmed with diluted sulfric acid (1 in 2), ace-
tates evolve the odor of acetic acid.

(2) When an acetate is warmed with sulfuric acid and a
small quantity of ethanol (95), the odor of ethyl acetate is
evolved.

(3) Neutral solutions of acetates produce a red-brown
color with iron (III) chloride TS, and a red-brown precipitate
when boiled. The precipitate dissolves and the color of the
solution changes to yellow upon addition of hydrochloric
acid.

Aluminum salt

(1) Solutions of aluminum salts, when treated with am-
monium chloride TS and ammonia TS, yield a gelatinous,
white precipitate which does not dissolve in an excess of am-
monia TS.

(2) Solutions of aluminum salts, when treated with so-
dium hydroxide TS, yield a gelatinous, white precipitate
which dissolves in an excess of the reagent.

(3) Solutions of aluminum salts, when treated with so-
dium sulfide TS, yield a gelatinous, white precipitate which
dissolves in an excess of the reagent.

(4) Add ammonia TS to solutions of aluminum salts
until a gelatinous, white precipitate is produced. The color
of the precipitate changes to red upon addition of 5 drops of
alizarin red S TS.
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Ammonium salt

When heated with an excess of sodium hydroxide TS, am-
monium salts evolve the odor of ammonia. This gas changes
moistened red litmus paper to blue.

Antimony salt, primary

(1) When primary antimony salts are dissolved in a slight
excess of hydrochloric acid for the test and then diluted with
water, a white turbidity is produced. The mixture produces
an orange precipitate upon addition of 1 to 2 drops of so-
dium sulfide TS. When the precipitate is separated, and so-
dium sulfide TS is added to one portion of the precipitate
and sodium hydroxide TS is added to another portion, it dis-
solves in either of these reagents.

(2) Add water to acidic solutions of primary antimony
salts in hydrochloric acid until a small quantity of precipitate
is produced, and then add sodium thiosulfate TS: the pre-
cipitate dissolves. A red precipitate is reproduced when the
solution is heated.

Aromatic amines, primary

Acidic solutions of primary aromatic amines, when cooled
in ice, mixed with 3 drops of sodium nitrite TS under agita-
tion, allowed to stand for 2 minutes, mixed well with 1 mL
of ammonium amidosulfate TS, allowed to stand for 1
minute, and then mixed with 1 mL of N,N-diethyl-N'-1-
naphtylethylenediamine oxalate TS, exhibit a red-purple
color.

Arsenate

(1) Neutral solutions of arsenates produce no precipitate
with 1 to 2 drops of sodium sulfide TS, but produce a yellow
precipitate with hydrochloric acid subsequently added. The
separated precipitate dissolves in ammonium carbonate TS.

(2) Neutral solutions of arsenates produce a dark red-
brown precipitate with silver nitrate TS. When dilute nitric
acid is added to one portion of the suspension, and ammonia
TS is add to another portion, the precipitate dissolves in
either of these reagents.

(3) Neutral or ammonia alkaline solutions of arsenates
produce with magnesia TS a white, crystalline precipitate,
which dissolves by addition of dilute hydrochloric acid.

Arsenite

(1) Acidic solutions of arsenites in hydrochloric acid
produce a yellow precipitate with 1 to 2 drops of sodium sul-
fide TS. When hydrochloric acid is added to one portion of
the separated precipitate, it does not dissolve. When ammo-
nium carbonate TS is added to another portion, the precipi-
tate dissolves.

(2) Slightly alkaline solutions of arsenites produce a yel-
lowish white precipitate with silver nitrate TS. When ammo-
nia TS is added to one portion of the suspension, and dilute
nitric acid is added to another portion, the precipitate dis-
solves in either of these reagents.

(3) Slightly alkaline solutions of arsenites produce a
green precipitate with copper (II) sulfate TS. When the sepa-
rated precipitate is boiled with sodium hydroxide TS, it
changes to red-brown.

Barium salt
(1) When the Flame Coloration Test (1) <1.04> is applied
to barium salts, a persistent yellow-green color develops.
(2) Solutions of barium salts produce with dilute sulfuric
acid a white precipitate, which does not dissolve upon addi-
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tion of dilute nitric acid.

(3) Acidic solutions of barium salts in acetic acid
produce a yellow precipitate with potassium chromate TS.
The precipitate dissolves by addition of dilute nitric acid.

Benzoate

(1) Concentrated solutions of benzoates produce a white,
crysralline precipitate with dilute hydrochloric acid. The
separated precipitate, washed with cold water and dried,
melts between 120°C and 124°C <2.60>.

(2) Neutral solutions of benzoates produce a pale yellow-
red precipitate upon dropwise addition of iron (III) chloride
TS. The precipitate changes to white on subsequent addition
of dilute hydrochloric acid.

Bicarbonate

(1) Bicarbonates effervesce upon addition of dilute hy-
drochloric acid, generating a gas, which produces a white
precipitate immediately, when passed into calcium hydroxide
TS (common with carbonates).

(2) Solutions of bicarbonates produce no precipitate with
magnesium sulfate TS, but produce a white precipitate when
boiled subsequently.

(3) A cold solution of bicarbonates remains unchanged
or exhibits only a slightly red color upon addition of 1 drop
of phenolphthalein TS (discrimination from carbonates).

Bismuth salt

(1) Bismuth salts, dissolved in a slight excess of hydro-
chloric acid, yield a white turbidity upon dilution with water.
A dark brown precipitate is produced with 1 to 2 drops of
sodium sulfide TS subsequently added.

(2) Acidic solutions of bismuth salts in hydrochloric acid
exhibit a yellow color upon addition of thiourea TS.

(3) Solution of bismuth salts in dilute nitric acid or in
dilute sulfuric acid yield with potassium iodide TS a black
precipitate, which dissolves in an excess of the reagent to
give an orange-colored solution.

Borate

(1) When ignite a mixture of a borate with sulfuric acid
and methanol, it burns with a green flame.

(2) Turmeric paper, when moistened with acidic solu-
tions of borates in hydrochloric acid and dried by warming,
exhibits a red color, which changes to blue with ammonia TS
added dropwise.

Bromate

(1) Acidic solutions of bromates in nitric acid yield with
2 to 3 drops of silver nitrate TS a white, crystalline precipi-
tate, which dissolves upon heating. When 1 drop of sodium
nitrite TS is added to this solution, a pale yellow precipitate
is produced.

(2) Acidic solutions of bromates in nitric acid exhibit a
yellow to red-brown color upon addition of 5 to 6 drops of
sodium nitrite TS. When 1 mL of chloroform is added to the
mixture and shaken, the chloroform layer exhibits a yellow
to red-brown color.

Bromide

(1) Solutions of bromides yield a pale yellow precipitate
with silver nitrate TS. Upon addition of dilute nitric acid to a
portion of the separated precipitate, it dose not dissolve.
When ammonia solution (28) is added to another portion
and shaken, the separated solution yields a white turbidity
upon acidifying with dilute nitric acid.
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(2) Solutions of bromides exhibit a yellow-brown color
with chlorine TS. The mixture is separated into 2 portions.
When one portion is shaken with chloroform, the chlo-
roform layer exhibits a yellow-brown to red-brown color.
When phenol is added to the other portion, a white precipi-
tate is produced.

Calcium salt

(1) When the Flame Coloration Test (1) <I.04> is applied
to calcium salts, a yellow-red color develops.

(2) Solutions of calcium salts yield a white precipitate
with ammonium carbonate TS.

(3) Solutions of calcium salts yield a white precipitate
with ammonium oxalate TS. The separated precipitate does
not dissolve in dilute acetic acid, but dissolves in dilute hy-
drochloric acid.

(4) Neutral solutions of calcium salts produce no precipi-
tate, when mixed with 10 drops of potassium chromate TS
and heated (discrimination from strontium salts).

Carbonate

(1) Carbonates effervesce upon addition of dilute hydro-
chloric acid, generating a gas, which produces a white pre-
cipitate immediately, when passed into calcium hydroxide
TS (common with bicarbonates).

(2) Solutions of carbonates yield with magnesium sulfate
TS a white precipitate, which dissolves by addition of dilute
acetic acid.

(3) Cold solutions of carbonates exhibit a red color with
1 drop of phenolphthalein TS (discrimination from bicar-
bonates).

Ceric salt

(1) When a cerous salt is mixed with 2.5 times its mass of
lead (IV) oxide, nitric acid is added and the solution is
boiled, it exhibits a yellow color.

(2) Solutions of cerous salts yield a yellow to red-brown
precipitate upon addition of hydrogen peroxide TS and am-
monia TS.

Chlorate

(1) Solutions of chlorates yield no precipitate with silver
nitrate TS. When 2 to 3 drops of sodium nitrite TS and
dilute nitric acid are added to the mixture, a white precipitate
is produced gradually, which dissolves by addition of ammo-
nia TS.

(2) When indigocarmine TS is added dropwise to neutral
solutions of chlorates until a pale blue color appears, and the
mixture is acidified with dilute sulfuric acid, the blue color
vanishes promptly upon subsequent dropwise addition of so-
dium hydrogensulfite TS.

Chloride

(1) Solution of chlorides evolve an odor of chlorine,
when mixed with sulfuric acid and potassium permanganate,
and heated. The gas evolved turns moistened potassium
iodide starch paper blue.

(2) Solutions of chlorides yield a white precipitate with
silver nitrate TS. When dilute nitric acid is added to a por-
tion of the separated precipitate, it does not dissolve. When
an excess of ammonia TS is added to another portion, the
precipitate dissolves.

Chromate
(1) Solutions of chromates exhibit a yellow color.
(2) Solutions of chromates produce a yellow precipitate
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with lead (II) acetate TS. When acetic acid (31) is added to a
portion of the suspension, the precipitate does not dissolve.
When dilute nitric acid is added to another portion, the pre-
cipitate dissolves.

(3) When acidic solutions of chromates in sulfuric acid
are mixed with an equal volume of ethyl acetate and 1 to 2
drops of hydrogen peroxide TS, shaken immediately and
allowed to stand, the ethyl acetate layer exhibits a blue color.

Citrate

(1) When 20 mL of a mixture of pyridine and acetic an-
hydride (3:1) is added to 1 or 2 drops of a solution of citrate,
and the solution is allowed to stand for 2 to 3 minutes, a red-
brown color develops.

(2) Neutral solutions of citrates, when mixed with an
equal volume of dilute sulfuric acid and two-thirds volume
of potassium permanganate TS, heated until the color of
permanganate is discharged, and then treated dropwise with
bromine TS to one-tenth of total volume, yield a white pre-
cipitate.

(3) Neutral solutions of citrates, when boiled with an ex-
cess of calcium chloride TS, yield a white crystalline precipi-
tate. When sodium hydroxide TS is added to a portion of the
separated precipitate, it does not dissolve. When dilute hy-
drochloric acid is added to another portion, the precipitate
dissolves.

Cupric salt

(1) When a well polished iron plate is immersed in acidic
solutions of cupric salts in hydrochloric acid, a red metallic
film appears on its surface.

(2) Solutions of cupric salts produce a pale blue precipi-
tate with a small quantity of ammonia TS. The precipitate
dissolves in an excess of the reagent, yielding a deep blue-
colored solution.

(3) Solutions of cupric salts yield a red-brown precipitate
with potassium hexacyanoferrate (II) TS. When dilute nitric
acid is added to a portion of the suspension, the precipitate
does not dissolve. When ammonia TS is added to another
portion, the precipitate dissolves, yielding a deep blue-
colored solution.

(4) Solutions of cupric salts produce a black precipitate
with sodium sulfide TS. When dilute hydrochloric acid,
dilute sulfuric acid or sodium hydroxide TS is added to a
portion of the separated precipitate, it does not dissolve.
When hot dilute nitric acid is added to another portion, the
precipitate dissolves.

Cyanide

(1) Solutions of cyanides yield a white precipitate with an
excess of silver nitrate TS. When dilute nitric acid is added to
a portion of the separated precipitate, it does not dissolve.
When ammonia TS is added to another portion, the precipi-
tate dissolves.

(2) Solutions of cyanides yield a blue precipitate, when
mixed by shaking with 2 to 3 drops of iron (II) sulfate TS, 2
to 3 drops of dilute iron (IIT) chloride TS and 1 mL of so-
dium hydroxide TS, and then acidified with dilute sulfuric
acid.

Dichromate
(1) Solutions of dichromates exhibit a yellow-red color.
(2) Solutions of dichromates produce a yellow precipi-
tate with lead (II) acetate TS. When acetic acid (31) is added
to one portion of the suspension, the precipitate dose not
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dissolve. When dilute nitric acid is added to another portion,
the precipitate dissolves.

(3) When acidic solutions of dichromates in sulfuric acid
are mixed with an equal volume of ethyl acetate and with 1
to 2 drops of hydrogen peroxide TS, shaken immediately
and allowed to stand, the ethyl acetate layer exhibits a blue
color.

Ferric salt

(1) Slightly acidic solutions of ferric salts yield with po-
tassium hexacyanoferrate (II) TS a blue precipitate, which
does not dissolve in dilute hydrochloric acid subsequently
added.

(2) Solutions of ferric salts yield with sodium hydroxide
TS a gelatinous, red-brown precipitate, which changes to
black upon addition of sodium sulfide TS. The separated
precipitate dissolves in dilute hydrochloric acid, yielding a
white turbidity.

(3) Slightly acidic solutions of ferric salts exhibit a purple
color with 5-sulfosalicylic acid TS.

Ferricyanide

(1) Solutions of ferricyanides exhibit a yellow color.

(2) Solutions of ferricyanides yield with iron (II) sulfate
TS a blue precipitate, which does not dissolve in dilute hy-
drochloric acid subsequently added.

Ferrocyanide

(1) Solutions of ferrocyanides yield with iron (III) chlo-
ride TS a blue precipitate, which does not dissolve in dilute
hydrochloric acid subsequently added.

(2) Solutions of ferrocyanides yield with copper (II) sul-
fate TS a red-brown precipitate, which does not dissolve in
dilute hydrochloric acid subsequently added.

Ferrous salt

(1) Slightly acidic solutions of ferrous salts yield with po-
tassium hexacyanoferrate (III) TS a blue precipitate, which
does not dissolve in dilute hydrochloric acid subsequently
added.

(2) Solutions of ferrous salts yield with sodium hydrox-
ide TS a greenish gray, gelatinous precipitate, which changes
to black with sodium sulfide TS. The separated precipitate
dissolves in dilute hydrochloric acid.

(3) Neutral or slightly acidic solutions of ferrous salts ex-
hibit an intense red color upon dropwise addition of a solu-
tion of 1,10-phenanthroline monohydrate in ethanol (95) (1
in 50).

Fluoride

(1) When solutions of fluorides are heated with chromic
acid-sulfuric acid TS, the inside of the test tube is not
moistened uniformly.

(2) Neutral or slightly acidic solutions of fluorides ex-
hibit a blue-purple color after standing with 1.5 mL of a
mixture of alizarin complexone TS, acetic acid-potassium
acetate buffer solution, pH 4.3, and cerium (III) nitrate TS
(1:1:1).

Glycerophosphate

(1) Solutions of glycerophosphates remain unaffected by
addition of calcium chloride TS, but yield a precipitate when
boiled.

(2) Solutions of glycerophosphates yield no precipitate
with hexaammonium heptamolybdate TS in the cold, but
yield a yellow precipitate when boiled for a long time.
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(3) When glycerophosphates are mixed with an equal
mass of powdered potassium hydrogen sulfate and heated
gently over a free flame, the pungent odor of acrolein is
evolved.

Iodide

(1) Solutions of iodides yield a yellow precipitate with
silver nitrate TS. When dilute nitric acid is added to one por-
tion of the suspension, and ammonia solution (28) to
another portion, the precipitates do not dissolve in either of
these reagents.

(2) Acidic solutions of iodides exhibit a yellow-brown
color with 1 to 2 drops of sodium nitrite TS and then yield a
black-purple precipitate. The solutions exhibit a deep blue
color with starch TS subsequently added.

Lactate

Acidic solutions of lactates in sulfuric acid, when heated
with potassium permanganate TS, evolve the odor of acetal-
dehyde.

Lead salt

(1) Solutions of lead salts yield a white precipitate with
dilute sulfuric acid. When dilute nitric acid is added to a por-
tion of the separated precipitate, it does not dissolve. When
sodium hydroxide TS is added to another portion and
warmed, or when ammonium acetate TS is added to another
portion, the precipitate dissolves.

(2) Solutions of lead salts yield with sodium hydroxide
TS a white precipitate, which dissolves in an excess of so-
dium hydroxide TS, and yields a black precipitate upon sub-
sequent addition of sodium sulfide TS.

(3) Acidic solutions of lead salts in dilute acetic acid
yield with potassium chromate TS a yellow precipitate,
which does not dissolve in ammonia TS but dissolves in so-
dium hydroxide TS subsequently added.

Lithium salt

(1) When the Flame Coloratuion Test (1) </.04> is ap-
plied to lithium salts, a persistent red color develops.

(2) Solutions of lithium salts yield with disodium
hydrogenphosphate TS a white precipitate, which dissolves
upon subsequent addition of dilute hydrochloric acid.

(3) Solutions of lithium salts yield no precipitate with
dilute sulfuric acid (discrimination from strontium salts).

Magnesium salt

(1) Solutions of magnesium salts yield upon warming
with ammonium carbonate TS a white precipitate, which dis-
solves in ammonium chloride TS. A white, crystalline pre-
cipitate is reproduced by subsequent addition of disodium
hydrogenphosphate TS.

(2) Solutions of magnesium salts yield with sodium hy-
droxide TS a white, gelatinous precipitate. When iodine TS
is added to one portion of the suspension, the precipitate de-
velops a dark-brown color. When excess sodium hydroxide
TS is added to another portion, the precipitate does not dis-
solve.

Manganese salt

(1) Solutions of manganese salts yield a white precipitate
with ammonia TS. When silver nitrate TS is added to a por-
tion of the suspension, the precipitate changes to black.
When another portion is allowed to stand, the upper part of
the precipitate exhibits a brownish color.

(2) Acidic solutions of manganese salts in dilute nitric
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acid exhibit a purple-red color with a small quantity of pow-
dered bismuth sodium trioxide.

Mercuric salt

(1) A copper plate is immersed in solutions of mercuric
salts, allowed to stand, taken out, and then washed with
water. The plate becomes bright and silvery white in appear-
ance, when rubbed with paper or cloth (common with mer-
curous salts).

(2) Solutions of mercuric salts yield with a small quantity
of sodium sulfide TS a black precipitate, which dissolves in
an excess of the reagent. The black precipitate is reproduced
by subsequent addition of ammonium chloride TS.

(3) When potassium iodide TS is added dropwise to neu-
tral solutions of mercuric salts, a red precipitate is produced.
The precipitate dissolves in an excess of the reagent.

(4) Acidic solutions of mercuric salts in hydrochloric
acid yield with a small quantity of tin (II) chloride TS a white
precipitate, which changes to grayish black upon addition of
an excess of the reagent.

Mercurous salt

(1) A copper plate is immersed in solutions of mercurous
salts, allowed to stand, taken out, and then washed with
water. The plate becomes bright and silvery white in appear-
ance, when rubbed with paper or cloth (common with mer-
curic salts).

(2) Mercurous salts or their solutions exhibit a black
color with sodium hydroxide TS.

(3) Solutions of mercurous salts yield a white precipitate
with dilute hydrochloric acid. The separated precipitate
changes to black upon addition of ammonia TS.

(4) Solutions of mercurous salts yield with potassium
iodide TS a yellow precipitate, which changes to green, when
allowed to stand, and changes again to black upon subse-
quent addition of an excess of the reagent.

Mesilate

(1) To mesilates add twice its mass of sodium hydroxide,
heat gently to melt, and continue heating for 20 to 30
seconds. After cooling, add a little amount of water, then
add dilute hydrochloric acid, and warm: the gas evolved
changes moistened potassium iodate-starch paper to blue.

(2) To mesilates add threefold its mass of sodium nitrate
and anhydrous sodium carbonate, mix, and heat gradually.
After cooling, dissolve the residue in diluted hydrochloric
acid (1 in 5), and filter if necessary. The filtrate yields a
white precipitate upon addition of barium chloride TS.

Nitrate

(1) When a solution of nitrates is mixed with an equal
volume of sulfuric acid, the mixture is cooled, and iron (II)
sulfate TS is superimposed, a dark brown ring is produced at
the junction of the two liquids.

(2) Solutions of nitrates exhibit a blue color with
diphenylamine TS.

(3) When potassium permanganate TS is added to acidic
solutions of nitrates in sulfuric acid, the red-purple color of
the reagent does not fade (discrimination from nitrites).

Nitrite

(1) Solutions of nitrites, when acidified with dilute sulfu-
ric acid, evolve a yellow-brown gas with a characteristic
odor. The solutions exhibit a dark brown color upon addi-
tion of a small quantity of iron (II) sulfate crystals.
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(2) Solutions of nitrites, when 2 to 3 drops of potassium
iodide TS and dilute sulfuric acid are added dropwise,
exhibit a yellow-brown color, and then yield a black-purple
precipitate. When the mixture is shaken with 2 mL of chlo-
roform, the chloroform layer exhibits a purple color.

(3) Solutions of nitrites, when mixed with thiourea TS
and acidified with dilute sulfuric acid, and iron (III) chloride
TS is added dropwise, exhibit a dark red color. When the
mixture is shaken with 2 mL of diethyl ether, the diethyl
ether layer exhibits a red color.

Oxalate

(1) When potassium permanganate TS is added dropwise
to warm acidic solutions of oxalates in sulfuric acid, the rea-
gent is decolorized.

(2) Solutions of oxalates yield a white precipitate with
calcium chloride TS. The separated precipitate does not dis-
solve in dilute acetic acid but dissolves upon subsequent ad-
dition of dilute hydrochloric acid.

Permanganate

(1) Solutions of permanganates exhibit a red-purple
color.

(2) When an excess of hydrogen peroxide TS is added to
acidic solutions of permanganates in sulfuric acid, the solu-
tions effervesce and decolorize permanganates.

(3) Acidic solutions of permanganates in sulfuric acid
are decolorized, when an excess of oxalic acid TS is added
and heated.

Peroxide

(1) Solutions of peroxides are mixed with an equal
volume of ethyl acetate and 1 to 2 drops of potassium
dichromate TS, and then acidified with dilute sulfuric acid.
When the mixture is shaken immediately and allowed to
stand, the ethyl acetate layer exhibits a blue color.

(2) Acidic solutions of peroxides in sulfuric acid decolo-
rize dropwise added potassium permanganate TS, and effer-
vesce to evolve a gas.

Phosphate (Orthophosphate)

(1) Neutral solutions of phosphates yield with silver ni-
trate TS a yellow precipitate, which dissolves upon addition
of dilute nitric acid or ammonia TS.

(2) Acidic solutions in dilute nitric acid of phosphates
yield a yellow precipitate with hexaammonium heptamolyb-
date TS on warming. The precipitate dissolves upon subse-
quent addition of sodium hydroxide TS or ammonia TS.

(3) Neutral or ammonia-alkaline solutions of phosphates
yield with magnesia TS a white, crystalline precipitate, which
dissolves upon subsequent addition of dilute hydrochloric
acid.

Potassium salt

(1) When the Flame Coloration Test (1) <1.04> is applied
to potassium salts, a pale purple color develops. When it
gives a yellow color, a red-purple color can be seen through
cobalt glass.

(2) Neutral solutions of potassium salts yield a white,
crystalline precipitate with sodium hydrogen tartrate TS.
The formation of the precipitate is accelerated by rubbing
the inside wall of the test tube with a glass rod. The sepa-
rated precipitate dissolves upon addition of any of ammonia
TS, sodium hydroxide TS or sodium carbonate TS.

(3) Acidic solutions of potassium salts in acetic acid (31)
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yield a yellow precipitate with sodium hexanitrocobaltate
111 TS.

(4) Potassium salts do not evolve the odor of ammonia,
when an excess of sodium hydroxide TS is added and
warmed (discrimination from ammonium salts).

Salicylate

(1) Salicylates evolve the odor of phenol, when an excess
of soda-lime is added and heated.

(2) Concentrated solutions of salicylates yield a white,
crystalline precipitate with dilute hydrochloric acid. The
separated precipitate, washed well with cold water and dried,
melts <2.60> at about 159°C.

(3) Neutral solutions of salicylates exhibit with 5 to 6
drops of dilute iron (III) chloride TS a red color, which
changes to purple and then fades when dilute hydrochloric
acid is added dropwise.

Silver salt

(1) Solutions of silver salts yield a white precipitate with
dilute hydrochloric acid. When dilute nitric acid is added
subsequently to a portion of the suspension, the precipitate
does not dissolve. When an excess of ammonia TS is added
to another portion, the precipitate dissolves.

(2) Solutions of silver salts yield with potassium chro-
mate TS a red precipitate, which dissolves upon addition of
dilute nitric acid.

(3) Solutions of silver salts yield a brownish gray precipi-
tate with ammonia TS added dropwise. When ammonia TS
is added dropwise until the precipitate dissolves, then 1 to 2
drops of formaldehyde solution are added and warmed, a
mirror of metallic silver is deposited on the inside wall of the
container.

Sodium salt

(1) When the Flame Coloration Test (1) <I.04> is applied
to sodium salts, a yellow color develops.

(2) Concentrated, neutral or slightly alkaline solutions of
sodium salts yield a white, crystalline precipitate with potas-
sium hexahydroxoantimonate (V) TS. The formation of the
precipitate is accelerated by rubbing the inside wall of the
test tube with a glass rod.

Stannic salt

(1) When the outside bottom of a test tube containing
water is moistened with acidic solutions of stannic salts in
hydrochloric acid and is placed in a nonluminous flame of a
Bunsen burner, a blue flame mantle is seen around the bot-
tom of the test tube (common with stannous salts).

(2) When granular zinc is immersed in acidic solutions of
stannic salts in hydrochloric acid, a spongy, gray substance
is deposited on the surface of the granules (common with
stannous salts).

(3) Add iron powder to acidic solutions of stannic salts
in hydrochloric acid, allow to stand, and then filter. When
iodine-starch TS is added dropwise to the filtrate, the color
of the test solution disappears.

(4) Acidic solutions of stannic salts in hydrochloric acid,
to which ammonia TS is added dropwise until a small quan-
tity of precipitate is produced, yield a pale yellow precipitate
with 2 to 3 drops of sodium sulfide TS. The separated pre-
cipitate dissolves upon addition of sodium sulfide TS and
pale yellow precipitate is reproduced by subsequent addition
of hydrochloric acid.
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Stannous salt

(1) When the outside bottom of a test tube containing
water is moistened with acidic solutions of stannous salts in
hydrochloric acid and is placed in a nonluminous flame of a
Bunsen burner, a blue flame mantle is seen around the bot-
tom of the test tube (common with stannic salts).

(2) When granular zinc is immersed in acidic solutions of
stannous salts in hydrochloric acid, a spongy, gray substance
is deposited on the surface of the granules (common with
stannic salts).

(3) When iodine-starch TS is added dropwise to solu-
tions of stannous salts, the color of the test solution disap-
pears.

(4) Acidic solutions of stannous salts in hydrochloric
acid, to which ammonia TS is added dropwise until a small
quantity of precipitate is produced, yield a dark brown pre-
cipitate with 2 to 3 drops of sodium sulfide TS. When so-
dium sulfide TS is added to a portion of the separated pre-
cipitate, it does not dissolve. When ammonium polysulfide
TS is added to another portion, the precipitate dissolves.

Sulfate

(1) Solutions of sulfates yield with barium chloride TS a
white precipitate, which does not dissolve upon addition of
dilute nitric acid.

(2) Neutral solutions of sulfates yield with lead (II) ace-
tate TS a white precipitate, which dissolves upon subsequent
addition of ammonium acetate TS.

(3) When an equal volume of dilute hydrochloric acid is
added, solutions of sulfates yield no white turbidity (dis-
crimination from thiosulfates), and do not evolve the odor
of sulfur dioxide (discrimination from sulfites).

Sulfide

(1) Most kinds of sulfides evolve the odor of hydrogen
sulfide with dilute hydrochloric acid. This gas blackens lead
(IT) acetate paper moistened with water.

Sulfite and Bisulfite

(1) When iodine TS is added dropwise to acidic solutions
of sulfites or bisulfites in acetic acid (31), the color of the
reagent fades.

(2) When an equal volume of dilute hydrochloric acid is
added, solutions of sulfites or bisulfites evolve the odor of
sulfur dioxide but yield no turbidity (discrimination from
thiosulfates). The solutions yield immediately with 1 drop of
sodium sulfide TS a white turbidity, which changes gradually
to a pale yellow precipitate.

Tartrate

(1) Neutral tartrate solutions yield a white precipitate
with silver nitrate TS. When nitric acid is added to a portion
of the separated precipitate, it dissolves. When ammonia TS
is added to another portion and warmed, the precipitate dis-
solves and metallic silver is deposited gradually on the inside
wall of the test tube, forming a mirror.

(2) Solutions of tartrates exhibit a red-purple to purple
color, when 2 drops of acetic acid (31), 1 drop of iron (II)
sulfate TS, 2 to 3 drops of hydrogen peroxide TS and an
excess of sodium hydroxide TS are added.

(3) When a solution, prepared by mixing 2 to 3 drops of
a solution of resorcinol (1 in 50) and 2 to 3 drops of a solu-
tion of potassium bromide (1 in 10) with 5 mL of sulfuric
acid, is added to 2 to 3 drops of solutions of tartrates, and
then heated for 5 to 10 minutes on a water bath, a deep blue
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color is produced. The solution exhibits a red to red-orange
color when poured to 3 mL of water after cooling.

Thiocyanate

(1) Solutions of thiocyanates yield a white precipitate
with an excess of silver nitrate TS. When dilute nitric acid is
added to a portion of the suspension, the precipitate does
not dissolve. When ammonia solution (28) is added to
another portion, the precipitate dissolves.

(2) Solutions of thiocyanates produce with iron (III)
chloride TS a red color, which is not decolored by addition
of hydrochloric acid.

Thiosulfate

(1) When iodine TS is added dropwise to acidic solutions
of thiosulfates in acetic acid (31), the color of the reagent
fades.

(2) When an equal volume of dilute hydrochloric acid is
added, solutions of thiosulfates evolve the odor of sulfur di-
oxide, and yield gradually a white turbidity, which changes
to yellow on standing.

(3) Solutions of thiosulfates yield with an excess of silver
nitrate TS a white precipitate, which changes to black on
standing.

Zinc salt

(1) Neutral to alkaline solutions of zinc salts yield a whit-
ish precipitate with ammonium sulfide TS or sodium sulfide
TS. The separated precipitate does not dissolve in dilute
acetic acid but dissolves upon subsequent addition of dilute
hydrochloric acid.

(2) Solutions of zinc salts yield a white precipitate with
potassium hexacyanoferrate (II) TS. When dilute hydrochlo-
ric acid is added to a portion of the suspension, the precipi-
tate does not dissolve. When sodium hydroxide TS is added
to another portion, the precipitate dissolves.

(3) Neutral to weakly acidic solutions of zinc salts yield a
white precipitate, when 1 or 2 drops of pyridine and 1 mL of
potassium thiocyanate TS are added.

1.10 Iron Limit Test

Iron Limit Test is a limit test for iron contained in drugs.
The limit is expressed in term of iron (Fe).

In each monograph, the permissible limit for iron (as Fe)
is described in terms of ppm in parentheses.

1. Preparation of test solutions and control solutions
Unless otherwise specified, test solutions and control solu-
tions are prepared as follows:
1.1. Method 1
Weigh the amount of sample specified in indivisual mono-
graph, add 30 mL of acetic acid-sodium acetate buffer solu-
tion for iron limit test, pH 4.5, dissolve by warming if neces-
sary, and designate this solution as the test solution.
Prepare the control solution as follows: To the amount of
Standard Iron Solution specified in individual monograph
add 30 mL of acetic acid-sodium acetate buffer solution for
iron limit test, pH 4.5.
1.2. Method 2
Weigh the amount of sample specified in individual mono-
graph, add 10 mL of dilute hydrochloric acid, and dissolve
by warming if necessary. Dissolve 0.5 g of L-tartaric acid,
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and add one drop of phenolphthalein TS. Add ammonia TS
dropwise untill the solution develops a pale red color. Add
20 mL of acetic acid-sodium acetate buffer solution for iron
limit test, pH 4.5, and designate this solution as the test solu-
tion.

Prepare the control solution as follows: To the amount of
Standard Iron Solution specified in individual monograph
add 10 mL of dilute hydrochloric acid, and proceed as di-
rected for the test solution.

1.3. Method 3

Place the amount of sample specified in individual mono-
graph in a crucible, moisten with a small amount of sulfuric
acid, heat cautiously and gently at first, and then incinerate
by ignition. After cooling, add 1 mL of diluted hydrochloric
acid (2 in 3) and 0.5 mL of diluted nitric acid (1 in 3), evapo-
rate on a water bath to dryness, and to the residue add 0.5
mL of diluted hydrochloric acid (2 in 3) and 10 mL of water.
After dissolving by warming, add 30 mL of acetic acid-
sodium acetate buffer solution for iron limit test, pH 4.5,
and designate this solution as the test solution.

Prepare the control solution as follows: Transfer the
amount of Standard Iron Solution specified in indivisual
monograph to a crucible, and add 1 mL of diluted hydro-
chloric acid (2 in 3) and 0.5 mL of diluted nitric acid (1 in 3),
evaporate on a water bath to dryness, and proceed
as directed for the test solution.

In this procedure, use a quartz or porcelain crucible,
which is immersed in boiling dilute hydrochloric acid for 1
hour and washed throughly with water and dried.

2. Procedure

Unless otherwise specified, proceed as follows:
2.1. Method A

Transfer the test solution and the control solution to sepa-
rate Nessler tubes, to each add 2 mL of a solution of L-ascor-
bic acid (1 in 100), mix well, and allow to stand for 30
minutes. Add 1 mL of a solution of «, o'-dipyridyl in
ethanol (95) (1 in 200), add water to make 50 mL, and allow
to stand for 30 minutes. Then compare the colors developed
in both solutions against a white background. The test solu-
tion has no more color than the control solution.
2.2. Method B

Dissolve 0.2 g of L-ascorbic acid in the test solution and
the control solution, and allow to stand for 30 minutes. Add
1 mL of a solution of «, o'-dipyridyl in ethanol (95) (1 in
200), and allow to stand for 30 minutes. Then add 2 mL of a
solution of 2,4,6-trinitrophenol (3 in 1000) and 20 mL of
1,2-dichloroethane, shake vigorously, collect the 1,2-
dichloroethane layer, and filter through a pledget of absor-
bent cotton in a funnel on which 5 g of anhydrous sodium
sulfate is placed if necessary. Then compare the colors deve-
loped in both solutions against a white background. The test
solution has no more color than the control solution.

1.11 Arsenic Limit Test

Arsenic Limit Test is a limit test for arsenic contained in
drugs. The limit is expressed in terms of arsenic (III) trioxide
(As,05).

In each monograph, the permissible limit for arsenic (as
As,0;) is described in terms of ppm in parentheses.
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1. Apparatus

Use the apparatus illustrated in Fig. 1.11-1.

Place glass wool F in the exit tube B up to about 30 mm in
height, moisten the glass wool uniformly with a mixture of
an equal volume of lead (II) acetate TS and water, and apply
gentle suction to the lower end to remove the excess of the
mixture. Insert the tube vertically into the center of the rub-
ber stopper H, and attach the tube to the generator bottle A
so that the small perforation E in the lower end of B extends
slightly below. At the upper end of B, attach the rubber
stopper J to hold the tube C vertically. Make the lower end
to the exit tube of C level with that of the rubber stopper J.

2. Preparation of the test solution

Unless otherwise specified, proceed as directed in the fol-
lowing.
2.1. Method 1

Weigh the amount of the sample directed in the mono-
graph, add 5 mL of water, dissolve by heating if necessary,
and designate the solution as the test solution.
2.2. Method 2

Weigh the amount of the sample directed in the mono-
graph, add 5 mL of water, and add 1 mL of sulfuric acid ex-
cept in the cases that the samples are inorganic acids. Add 10
mL of sulfurous acid solution, transfer to a small beaker,
and evaporate the mixture on a water bath until it is free
from sulfurous acid and is reduced to about 2 mL in volume.
Dilute with water to make 5 mL, and designate it as the test
solution.
2.3. Method 3

Weigh the amount of the sample directed in the mono-
graph, and place it in a crucible of platinum, quartz or por-
celain. Add 10 mL of a solution of magnesium nitrate hexa-
hydrate in ethanol (95) (1 in 50), ignite the ethanol, and heat
gradually to incinerate. If carbonized material still remains
by this procedure, moisten with a small quantity of nitric
acid, and ignite again to incinerate. After cooling, add 3 mL
of hydrochloric acid, heat on a water bath to dissolve the
residue, and designate it as the test solution.
2.4. Method 4

Weigh the amount of the sample directed in the mono-
graph, and place it in a crucible of platinum, quartz or por-
celain. Add 10 mL of a solution of magnesium nitrate hexa-
hydrate in ethanol (95) (1 in 10), burn the ethanol, heat
gradually, and ignite to incinerate. If carbonized material
still remains by this procedure, moisten with a small quantity
of nitric acid, and ignite again to incinerate in the same man-
ner. After cooling, add 3 mL of hydrochloric acid, heat on a
water bath to dissolve the residue, and designate it as the test
solution.
2.5. Method 5

Weigh the amount of the sample directed in the mono-
graph, add 10 mL of N,N-dimethylformamide, dissolve by
heating if necessary, and designate the solution as the test so-
lution.

3. Test solutions

Absorbing solution for hydrogen arsenide: Dissolve 0.50 g
of silver N, N-diethyldithiocarbamate in pyridine to make
100 mL. Preserve this solution in a glass-stoppered bottle
protected from light, in a cold place.

Standard Arsenic Stock Solution: Weigh accurately
0.100 g of finely powdered arsenic (III) trioxide dried at
105°C for 4 hours, and add 5 mL of sodium hydroxide solu-
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A: Generator bottle (capacity up to the shoulder: approxi-
mately 70 mL)

B: Exit tube

C: Glass tube (inside diameter: 5.6 mm, the tip of the part
to be inserted in the absorber tube D is drawn out to 1
mm in diameter)

D: Absorber tube (inside diameter: 10 mm)

E: Small perforation

F: Glass wool (about 0.2 g)

G: Mark of 5 mL

H and J: Rubber stoppers

L: Mark of 40 mL

Fig. 1.11-1 Arsenic limit test apparatus
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tion (1 in 5) to dissolve. Add dilute sulfuric acid to neutral-
ize, add further 10 mL of dilute sulfuric acid, and add
freshly boiled and cooled water to make exactly 1000 mL.

Standard Arsenic Solution: Pipet 10 mL of Standard Ar-
senic Stock Solution, add 10 mL of dilute sulfuric acid, and
add freshly boiled and cooled water to make exactly 1000
mL. Each mL of the solution contains 1 ug of arsenic (I1I)
trioxide (As,0;). Prepare Standard Arsenic Solution just be-
fore use and preserve in a glass-stoppered bottle.

4. Procedure

Unless otherwise specified, proceed using apparatus
shown in Fig. 1.11-1. Carry out the preparation of the stand-
ard color at the same time.

Place the test solution in the generator bottle A and, if
necessary, wash down the solution in the bottle with a small
quantity of water. Add 1 drop of methyl orange TS, and
after neutralizing with ammonia TS, ammonia solution (28)
or dilute hydrochloric acid, add 5 mL of diluted hydrochlo-
ric acid (1 in 2) and 5 mL of potassium iodide TS, and allow
to stand for 2 to 3 minutes. Add 5 mL of acidic tin (II) chlo-
ride TS, and allow to stand for 10 minutes. Then add water
to make 40 mL, add 2 g of zinc for arsenic analysis, and im-
mediately connect the rubber stopper H fitted with B and C
with the generator bottle A. Transfer 5 mL of the absorbing
solution for hydrogen arsenide to the absorber tube D, insert
the tip of C to the bottom of the absorber tube D, then im-
merse the generator bottle A up to the shoulder in water
maintained at 25°C, and allow to stand for 1 hour. Discon-
nect the absorber tube, add pyridine to make 5 mL, if neces-
sary, and observe the color of the absorbing solution: the
color produced is not more intense than the standard color.

Preparation of standard color: Measure accurately 2 mL
of Standard Arsenic Solution in the generator bottle A. Add
5 mL of diluted hydrochloric acid (1 in 2) and 5 mL of potas-
sium iodide TS, and allow to stand for 2 to 3 minutes. Add 5
mL of acidic tin (II) chloride TS, allow to stand at room
temperature for 10 minutes, and then proceed as directed
above. The color produced corresponds to 2 ug of arsenic
(III) trioxide (As,0s) and is used as the standard.

5. Note

Apparatus, reagents and test solutions used in the test
should contain little or no arsenic. If necessary, perform a
blank determination.

1.12 Methanol Test

Methanol Test is a method to determine methanol adher-
ing in ethanol.

1. Reagents

(i) Standard Methanol Solution—To 1.0 g of methanol,
accurately measured, add water to make exactly 1000 mL.
To 5 mL of this solution, exactly measured, add 2.5 mL of
methanol-free ethanol and water to make exactly 50 mL.

(ii) Solution A—To 75 mL of phosphoric acid add water
to make 500 mL, then dissove 15 g of potassium permanga-
nate in this solution.

(iii) Solution B—Add sulfuric acid carefully to an equal
volume of water, cool, and dissolve 25 g of oxalic acid dihy-
drate in 500 mL of this dilute sulfuric acid.
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2. Procedure

Pipet 1 mL of the sample, and add water to make exactly
20 mL. Use this solution as the sample solution. Transfer 5
mL each of the sample solution and the Standard Methanol
Solution, accurately measured, to test tubes, add 2 mL of
Solution A to each solution, and allow to stand for 15
minutes. Decolorize these solutions by adding 2 mL of Solu-
tion B, and mix with 5 mL of fuchsin-sulfurous acid TS.
Allow to stand for 30 minutes at ordinary temperature. The
sample solution has no more color than the Standard
Methanol Solution.

1.13 Fats and Fatty Oils Test

Fats and Fatty Oils Test is a method applied to fats, fatty
oils, waxes, fatty acids, higher alcohols, and related sub-
stances.

1. Preparation of test sample

For a solid sample, melt with care, and, if necessary, filter
the melted sample with a dry filter paper by warming. For a
turbid liquid sample, heat at about 50°C. If it is still turbid,
filter it with a dry filter paper while warm. In either case,
mix the sample to make it homogeneous.

2. Melting point
Proceed by the method described in Method 2 of Melting
Point Determination <2.60>.

3. Congealing point of fatty acids
3.1. Preparation of fatty acids

Dissolve 25 g of potassium hydroxide in 100 g of glycerin.
Transfer 75 g of this solution into a 1-L beaker, and heat at
150°C. Add 50 g of the sample to this solution, and heat at a
temperature not higher than 150°C for 15 minutes under fre-
quent stirring to saponify completely. Cool the solution to
100°C, dissolve by addition of 500 mL of hot water, and add
slowly 50 mL of diluted sulfuric acid (1 in 4). Heat the solu-
tion under frequent stirring until the clear layer of fatty acid
is separated distinctly. Separate the fatty acid layer, and
wash the fatty acid with hot water until the washing shows
no acidity to methyl orange TS. Transfer the fatty acid layer
to a small beaker, and heat on a water bath until the fatty
acid becomes clear owing to the separation of water. Filter
the warm solution, and complete the evaporation of water
by carefully heating the filtered solution to 130°C.
3.2. Measurement of congealing point

Proceed by the method described in Congealing Point De-
termination <2.42>.

4. Specific gravity
4.1. Liquid sample at ordinary temperature

Proceed by the method described in Determination of
Specific Gravity and Density <2.56>.
4.2. Solid sample at ordinary temperature

Unless otherwise specified, fill a pycnometer with water at
20°C. Weigh accurately the pycnometer, and, after dis-
carding the water and drying, weigh accurately the empty
pycnometer. Then, fill the pycnometer with the melted sam-
ple to about three-fourths of the depth, and allow to stand at
a temperature a little higher than the melting temperature of
the sample for 1 hour to drive off the air in the sample. After
keeping at the specified temperature, weigh accurately the
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pycnometer. Fill up the pycnometer with water over the sam-
ple at 20°C, and weigh accurately again.

The other procedure is the same as described in Method 1
of Determination of Specific Gravity and Density <2.56>.

MI_M

4= 01, = M) = (M, = M)

M: Mass (g) of the empty pycnometer

M;,: Mass (g) of the pycnometer filled with the sample

M,: Mass (g) of the pycnometer filled with water

M;: Mass (g) of the pycnometer filled with the sample and
water

5. Acid value

The acid value is the number of milligrams of potassium
hydroxide (KOH) required to neutralize the free acidsin 1 g
of sample.
5.1. Procedure

Unless otherwise specified, weigh accurately the amount
of sample shown in Table 1.13-1, according to the expected
acid value of the sample, in a glass-stoppered, 250-mL flask,
add 100 mL of a mixture of diethyl ether and ethanol (95)
(1:1 or 2:1) as the solvent, and dissolve the sample by warm-
ing, if necessary. Then, add a few drops of phenolphthalein
TS, and titrate <2.50> with 0.1 mol/L potassium hydroxide-
ethanol VS until the solution develops a light red color which
persists for 30 seconds. If the sample solutions is turbid at
lower temperature, titration should be done while warm. To
the solvent used add phenolphthalein TS as an indicator, and
add 0.1 mol/L potassium hydroxide-ethanol VS before use,
until the solvent remains light red for 30 seconds.

consumed volume (mL) of 0.1 mol/L . 5611
potassium hydroxide-ethanol VS :

amount (g) of sample

Acid value =

6. Saponification value

The saponification value is the number of milligrams of
potassium hydroxide (KOH) required to saponify the esters
and to neutralize the free acids in 1 g of the sample.
6.1. Procedure

Unless otherwise specified, weigh accurately 1 to 2 g of the
sample, transfer to a 200-mL flask, and add exactly 25 mL
of 0.5 mol/L potassium hydroxide-ethanol VS. Attach a
short reflux condenser or an air condenser 750 mm in length
and 6 mm in diameter to the neck of the flask, and heat
gently in a water bath for 1 hour with frequent shaking.
Cool the solution, add 1 mL of phenolphthalein TS, and
titrate <2.50> immediately the excess potassium hydroxide
with 0.5 mol/L hydrochloric aicd VS. If the sample solution
is turbid at lower temperature, titration should be done while
warm. Perform a blank determination.

(@ — b) X 28.05
amount (g) of sample

Saponification value =

Table 1.13-1

Acid value Amount (g) of sample
Less than 5 20
5to 15 10
15 to 30 5
30 to 100 2.5
More than 100 1.0
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a: Volume (mL) of 0.5 mol/L hydrochloric acid VS con-
sumed in the blank determination

b: Volume (mL) of 0.5 mol/L hydrochloric acid VS con-
sumed for titration of the sample

7. Ester value

The ester value is the number of milligrams of potassium
hydroxide (KOH) required to saponify the esters in 1 g of
sample.
7.1. Procedure

Unless otherwise specified, designate the difference be-
tween the saponification value and the acid value determined
as the ester value.

8. Hydroxyl value

The hydroxyl value is the number of milligrams of potas-
sium hydroxide (KOH) required to neutralize acetic acid
combined with hydroxyl groups, when 1 g of the sample is
acetylated by the following procedure.
8.1. Procedure

Place about 1 g of the sample, weighed accurately, in a
200-mL round-bottom flask (shown in Fig. 1.13-1), and add
exactly 5 mL of pyridine-acetic anhydride TS. Place a small
funnel on the neck of the flask, and heat by immersing the
flask up to 1 cm from the bottom in an oil bath between
95°C and 100°C. Put a thick, round paper with a round hole
on the joint of the neck of the flask to protect the neck from
the heat of the oil bath. After heating for 1 hour, take the
flask from the oil bath, and cool by standing. Add 1 mL of
water to the flask, and shake to decompose acetic anhydride.
Heat the flask in the oil bath for 10 minutes again. After
cooling, wash the funnel and neck with 5 mL of neutralized
ethanol down into the flask, and titrate <2.50> with 0.5
mol/L potassium hydroxide-ethanol VS (indicator: 1 mL of
phenolphthalein TS). Perform a blank determination.

(@ — b) x 28.05
amount (g) of sample

Hydroxyl value = + acid value

a: Volume (mL) of 0.5mol/L potassium hydroxide-
ethanol VS consumed in the blank determination

b: Volume (mL) of 0.5mol/L potassium hydroxide-
ethanol VS consumed for titration of the sample

i

about
120

about
200

about 77
(OD)

The figures are in mm.

Fig. 1.13-1 Hydroxyl value determination flask
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9. Unsaponifiable matter

Unsaponifiable matter is calculated as the difference be-
tween the amount of materials, which are unsaponifiable by
the procedure described below, soluble in diethyl ether and
insoluble in water, and the amount of fatty acids expressed
in terms of the amount of oleic acid. Its limit is expressed as
a percentage in the monograph.
9.1. Procedure

Transfer about 5 g of the sample, accurately weighed, to a
250-mL flask. Add 50 mL of potassium hydroxide-ethanol
TS, attach a reflux condenser to the flask, boil gently on a
water bath for 1 hour with frequent shaking, and then trans-
fer to the first separator. Wash the flask with 100 mL of
warm water, and transfer the washing to the separator. Fur-
ther, add 50 mL of water to the separator, and cool to room
temperature. Wash the flask with 100 mL of diethyl ether,
add the washing to the separator, extract by vigorous shak-
ing for 1 minute, and allow to stand until both layers are
separated clearly. Transfer the water layer to the second
separator, add 50 mL of diethyl ether, shake, and allow to
stand in the same manner. Transfer the water layer in the
second separator to the third separator, add 50 mL of diethyl
ether, and extract by shaking again in the same manner.
Combine the diethyl ether extracts in the second and third
separators into the first separator, wash each separator with
a small amount of diethyl ether, and combine the washings
into the first separator. Wash the combined extracts in the
first separator with 30 mL portions of water successively,
until the washing does not develop a light red color with 2
drops of phenolpohthalein TS. Add a small amount of anhy-
drous sodium sulfate to the diethyl ether extracts, and allow
to stand for 1 hour. Filter the diethyl ether extracts with dry
filter paper, and collect the filtrates into a tared flask. Wash
well the first separator with diethyl ether, and add the wash-
ing to the flask through the above filter paper. After evapo-
ration of the filtrate and washing almost to dryness on a
water bath, add 3 mL of acetone, and evaporate again to
dryness on a water bath. Complete the drying between 70°C
and 80°C under reduced pressure (about 2.67 kPa) for 30
minutes, allow to stand for cooling in a desiccator (reduced
pressure, silica gel) for 30 minutes, and then weigh. After
weighing, add 2 mL of diethyl ether and 10 mL of neutral-
ized ethanol, and dissolve the residue by shaking well. Add a
few drops of phenolphthalein TS, and titrate <2.50> the
remaining fatty acids in the residue with 0.1 mol/L potas-
sium hydroxide-ethanol VS until the solution develops a light
red color which persists for 30 seconds.

a — (b X 0.0282)

Unsaponifiable matter (%) = amount () of sample X 100

a: Amount (g) of the extracts
b: Volume (mL) of 0.1 mol/L potassium hydroxide-
ethanol VS consumed for titration

10. Iodine value

The iodine value, when measured under the following con-
ditions, is the number of grams of iodine (I), representing
the corresponding amount of halogen, which combines with
100 g of sample.
10.1. Procedure

Unless otherwise specified, weigh accurately the amount
of sample shown in Table 1.13-2, according to the expected
iodine value of the sample, in a small glass container. In a
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Table 1.13-2

Iodine value Amount (g) of sample

Less than 30 1.0
30 to 50 0.6
50 to 100 0.3
More than 100 0.2

500-mL glass-stoppered flask place the container containing
the sample, add 20 mL of cyclohexane to dissolve the sam-
ple, then add exactly 25 mL of Wijs’ TS, and mix well. Stop-
per the flask, and allow to stand, protecting against light, be-
tween 20°C and 30°C for 30 minutes (when the expected
iodine value is more than 100, for 1 hour) with occasional
shaking. Add 20 mL of potassium iodide solution (1 in 10)
and 100 mL of water, and shake. Then, titrate <2.50> the lib-
erated iodine with 0.1 mol/L sodium thiosulfate VS (indica-
tor: 1 mL of starch TS). Perform a blank determination.

(a — b) x 1.269
amount (g) of sample

Iodine value =

a: Volume (mL) of 0.1 mol/L sodium thiosulfate VS con-
sumed in the blank determination

b: Volume (mL) of 0.1 mol/L sodium thiosulfate VS con-
sumed for titration of the sample

1.14 Sulfate Limit Test

Sulfate Limit Test is a limit test for sulfate contained in
drugs.

In each monograph, the permissible limit for sulfate (as
SO,) is described in terms of percentage (%) in parentheses.

1. Procedure

Unless otherwise specified, transfer the quantity of the
sample, directed in the monograph, to a Nessler tube, dis-
solve it in sufficient water, and add water to make 40 mL.
Add 1 mL of dilute hydrochloric acid and water to make 50
mL, and use this solution as the test solution. Transfer the
volume of 0.005 mol/L sulfuric acid VS, directed in the
monograph, to another Nessler tube, add 1 mL of dilute hy-
drochloric acid and water to make 50 mL, and use this solu-
tion as the control solution. When the test solution is not
clear, filter both solutions according to the same procedure.

Add 2 mL of barium chloride TS to the test solution and
to the control solution, mix well, and allow to stand for 10
minutes. Compare the white turbidity produced in both solu-
tions against a black background by viewing downward or
transversely.

The turbidity produced in the test solution is not thicker
than that of the control solution.

1.15 Readily Carbonizable
Substances Test
Readily Carbonizable Substances Test is a method to exa-

mine the minute impurities contained in drugs, which are
readily colored by addition of sulfuric acid.
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1. Procedure

Before use, wash the Nessler tubes thoroughly with sulfu-
ric acid for readily carbonizable substances. Unless other-
wise specified, proceed as follows. When the sample is solid,
place 5 mL of sulfuric acid for readily carbonizable sub-
stances in a Nessler tube, to which add a quantity of the
finely powdered sample, little by little, as directed in the
monograph, and dissolve it completely by stirring with a
glass rod. When the sample is liquid, transfer a volume of
the sample, as directed in the monograph, to a Nessler tube,
add 5mL of sulfuric acid for readily carbonizable sub-
stances, and mix by shaking. If the temperature of the con-
tent of the tube rises, cool the content; maintain it at the
standard temperature, if the reaction may be affected by the
temperature. Allow to stand for 15 minutes, and compare
the color of the liquid with that of the matching fluid in the
Nessler tube specified in the monograph, by viewing trans-
versely against a white background.

2. Physical Methods

Chromatography

2.01 Liquid Chromatography

Liquid Chromatography is a method to develop a mixture
injected into a column prepared with a suitable stationary
phase by passing a liquid as a mobile phase through the
column, in order to separate the mixture into its components
by making use of the difference of retention capacity against
the stationary phase, and to determine the components. This
method can be applied to a liquid or soluble sample, and is
used for identification, purity test, and quantitative determi-
nation.

A mixture injected into the column is distributed between
the mobile phase and the stationary phase with a characteris-
tic ratio (k) for each component.

_ amount of compound in the stationary phase
amount of compound in the mobile phase

The ratio k represents the mass distribution ratio in liquid
chromatography.

Since the relation given below exists among the ratio (k),
the time for which the mobile phase is passed through the
column (#: time measured from the time of injection of a
compound with k& = 0 to the time of elution at the peak
maximum), and the retention time (fz: time measured from
the time of injection of a compound to be determined to the
time of elution at the peak maximum), the retention time for
a compound on a column has a characteristic value under
fixed chromatographic conditions.

tRz(l +k)to

1. Apparatus

Basically, the apparatus required for the liquid chromato-
graphic procedure consists of a pumping system for the mo-
bile phase, a sample injection port, a column, a detector and
a recorder. A mobile phase component regulator, a ther-
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mostat for the column, a pumping system for reaction rea-
gents and a chemical reaction chamber are also used, if nec-
essary. The pumping system serves to deliver the mobile
phase and the reagents into the column and connecting tube
at a constant flow rate. The sample injection port is used to
deliver a quantity of the sample to the apparatus with high
reproducibility. The column is a tube with a smooth interior,
made of inert metal, etc., in which a packing material for
liquid chromatography is uniformly packed. A column with
a stationary phase chemically bound on the inside wall in-
stead of the column packed with the packing material may
be used. The detector is used to detect a property of the sam-
ples which is different from that of the mobile phase, and
may be an ultraviolet or visible spectrophotometer, fluoro-
metric detector, differential refractometer, electrochemical
detector, chemiluminescence detector, electric conductivity
detector, mass spectrophotometer, etc. The output signal is
usually proportional to the concentration of samples at
amounts of less than a few ug. The recorder is used to record
the output signals of the detector. As required, a data
processor may be used as the recorder to record or output
the chromatogram, retention times or amounts of the com-
ponents. The mobile phase component regulator is used to
vary the ratio of the mobile phase components in a stepwise
or gradient fashion.

2. Procedur

Fix the detector, column and mobile phase to the appa-
ratus, and adjust the flow rate and the column temperature
to the values described in the operating conditions specified
in the individual monograph. Inject a volume of the sample
solution or the standard solution specified in the individual
monograph with the sample injector into the column
through the sample injection port. The separated compo-
nents are detected by the detector, and recorded by the
recorder as a chromatogram. If the components to be ana-
lyzed have no readily detectable physical properties such as
absorbance or fluorescence, the detection is achieved by
changing the components to suitable derivatives. Usually,
the derivatization is performed as a pre- or post-column
labeling.

3. Identification and purity test

When Liquid Chromatography is used for identification
of a component of a sample, it is performed by confirming
identity of the retention time of the component and that of
an authentic specimen, or by confirming that the peak shape
of the component is unchanged after mixing the sample with
an authentic specimen. If a detector which is able to obtain
chemical structural information of the component at the
same time is used, highly specific identification can be
achieved by confirming identity of the chemical structure of
the component and that of an authentic specimen, in addi-
tion to the identity of their retention times.

When Liquid Chromatography is used for purity test, it is
generally performed by comparing the peak area of target
impurity from the sample solution with that of the main
component from a standard solution, which is prepared by
diluting the sample solution to a concentration correspond-
ing to the specified limit of the impurity, or by calculating
target impurity content using the peak area percentage
method. Unless otherwise specified, if a sample is separated
into isomers in the chromatogram, the isomer ratio is calcu-
lated by using the peak area percentage method.
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The peak area percentage method is a method to calculate
the proportion of the components from the ratio of the peak
area of each component to the sum of the peak areas of ev-
ery peak recorded in the chromatogram. In order to obtain
accurate results in evaluating the proportion of the compo-
nents, it is necessary to correct the area of each component
based on its relative response factor to the principal compo-
nent.

4. Assay
4.1. Internal standard method

In the internal standard method, choose a stable com-
pound as an internal standard which shows a retention time
close to that of the compound to be assayed, and whose peak
is well separated from all other peaks in the chromatogram.
Prepare several kinds of standard solutions containing a
fixed amount of the internal standard and several graded
amounts of the authentic specimen specified in the individual
monograph. Based on the chromatogram obtained by injec-
tion of a fixed volume of individual standard solutions, cal-
culate the ratio of peak area or peak height of the authentic
specimen to that of the internal standard, and prepare a
calibration curve by plotting these ratios on the ordinate
against the amount of the authentic specimen or the ratio of
the amount of the authentic specimen to that of the internal
standard on the abscissa. The calibration curve is usually
obtained as a straight line passing through the origin. Then,
prepare a sample solution containing the internal standard in
the same amount as in the standard solutions used for the
preparation of the calibration curve according to the method
specified in the individual monograph, perform the liquid
chromatography under the same operating conditions as for
the preparation of the calibration curve, calculate the ratio
of the peak area or peak height of the objective compound
to that of the internal standard, and read the amount of the
compound from the calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under fix-
ed conditions to determine the amount of the objective com-
pound.

4.2. Absolute calibration curve method

Prepare standard solutions with several graded amounts
of the authentic specimen, and inject accurately a fixed
volume of these standard solutions. With the chromatogram
obtained, prepare a calibration curve by plotting the peak
areas or peak heights on the ordinate against the amount of
the authentic specimen on the abscissa. The calibration curve
is generally obtained as a straight line passing through the
origin. Then, prepare a sample solution according to the
method specified in the individual monograph, perform the
liquid chromatography under the same conditions as for the
preparation of the calibration curve, measure the peak area
or peak height of the objective compound, and read the
amount of the compound from the calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under a
fixed condition to obtain the amount of the component. In
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this method, all procedures, such as the injection procedure,
must be carried out under a strictly constant condition.

5. Method for peak measuring

Generally, the following methods are used.
5.1. Peak height measuring method

(i) Peak height method: Measure the distance between
the maximum of the peak and the intersecting point of a per-
pendicular line from the maximum of the peak to the
horizontal axis of recording paper with a tangent linking the
baselines on both sides of the peak.

(ii) Automatic peak height method: Measure the signals
from the detector as the peak height using a data processing
system.

5.2. Peak area measuring method

(i) Width at half-height method: Multiply the peak width
at the half-height by the peak height.

(ii) Automatic integration method: Measure the signals
from the detector as the peak area using a data processing
system.

6. System suitability

System suitability testing is an integral part of test
methods using chromatography, and is used to ensure that
the performance of the chromatographic systems used is as
suitable for the analysis of the drug as was at the time when
the verification of the test method was performed using the
system. System suitability testing should be carried out at ev-
ery series of drug analysis. The test procedures and accep-
tance criteria of system suitability testing must be prescribed
in the test method of drugs. The results of drug analyses are
not acceptable unless the requirements of system suitability
have been met.

In system suitability testing of the chromatographic sys-
tems, the evaluation of ‘‘System performance’’ and ‘‘System
repeatability’’ is usually required. For quantitative purity
tests, the evaluation of ‘“Test for required detectability’’ may
also be required.

6.1. Test for required detectability

For purity tests, when it is confirmed that the target im-
purity is distinctly detected at the concentration of its spe-
cification limit, it is considered verified that the system used
has adequate performance to achieve its intended use.

For quantitative purity tests, ‘“Test for required detec-
tability’’ is usually required, and in order to confirm, in
some degree, the linearity of response near its specification
limit, the range of expected response to the injection of a
certain volume of target impurity solution at the concentra-
tion of its specification limit should be prescribed. For limit
test, ‘“‘Test for required detectability’’ is not required, if the
test is performed by comparing the response from sample so-
lution with that from standard solution at the concentration
of its specification limit. ‘“Test for required detectability’’ is
also not required, if it is confirmed that the impurity can be
detected at its specification limit by the evaluation of ‘‘Sys-
tem repeatability’’ or some other procedure.

6.2. System performance

When it is confirmed that the specificity for determining
the test ingredient is ensured, it is considered verified that the
system used has adequate performance to achieve its intend-
ed use.

In assay, ‘‘System performance’’ should be defined by the
resolution between the test ingredient and a target substance
to be separated (a closely eluting compound is preferable),
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and when appropriate, by their order of elution. In purity
tests, both the resolution and the order of elution between
the test ingredient and a target substance to be separated
(a closely eluting compound is preferable) should be
prescribed. In addition, if necessary, the symmetry factor of
the test ingredient should be prescribed together with them.
However, if there is no suitable target substance to be sepa-
rated, it is acceptable to define ‘‘System performance’’ using
the number of theoretical plates and the symmetry factor of
the test ingredient.

6.3. System repeatability

When it is confirmed that the degree of variation (preci-
sion) of the response of the test ingredient is at a level that
meets the requirement of ‘‘System repeatability’’, it is consi-
dered verified that the system used has adequate per-
formance to achieve its intended use.

The allowable limit of ‘‘System repeatability’’ is normally
defined as the relative standard deviation (RSD) of the
response of the test ingredient in replicate injections of
standard solution. It is acceptable to confirm the repeata-
bility of the system not only by replicate injections of stand-
ard solution before sample injections, but also by divided
injections of standard solution before and after sample injec-
tions, or by interspersed injections of standard solution
among sample injections.

In principle, total number of replicate injections should be
6. However, in the case that a long time is necessary for one
analysis, such as the analysis using the gradient method, or
the analysis of samples containing late eluting components,
it may be acceptable to decrease the number of replicate
injections by adopting new allowable limit of ‘‘System
repeatability’” which can guarantee a level of ‘‘System
repeatability’’ equivalent to that at 6 replicate injections.

The allowable limit of ‘‘System repeatability’’ should be
set at an appropriate level based on the data when suitability
of the method for the evaluation of quality of the drug was
verified, and the precision necessary for the quality test.

7. Point to consider on changing the operating conditions

Among the operating conditions specified in the individual
monograph, inside diameter and length of the column, par-
ticle size of the packing material, column temperature, com-
position ratio of the mobile phase, composition of buffer so-
lutions in the mobile phase, pH of the mobile phase, concen-
tration of ion-pair forming agents in the mobile phase, ionic
strength of the mobile phase, flow rate of the mobile phase,
number and timing of mobile phase composition changes in
gradient program, flow rate of mobile phase in gradient pro-
gram, composition and flow rate of derivatizing reagents,
and reaction time and chamber temperature in chemical
reaction may be modified within the ranges in which the lig-
uid chromatographic system used conforms to the require-
ments of system suitability.

8. Terminology
(i) SN ratio: It is defined by the following formula.
_2H
S/N = 7

H: Peak height of the target ingredient peak from the
baseline (the median value of background noise)

h: Width of background noise of the chromatogram of
sample solution or solvent blank around the peak of the
target ingredient
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The baseline and background noise are measured over a
range 20 times of peak width at the center point of peak
height of the target ingredient. When a solvent blank is used,
measure over almost the same range as mentioned above
around the point where the target ingredient elutes.

(ii) Symmetry factor: It shows the degree of symmetry of
a peak in the chromatogram, and is defined as S in the fol-
lowing equation.

_ Wo.osn
S 2 f
Wiosn: Width of the peak at one-twentieth of the peak

height

f: Distance between the perpendicular from the peak max-
imum and the leading edge of the peak at one-twentieth
of the peak height

Where W, s, and f have the same unit.

(iii) Relative standard deviation: Generally, it is defined
as RSD (%) in the following equation.

RSD (%) = &)_(0 x

x;: Observed value
X: Mean of observed values
n: Number of replicate measurements

(iv) Complete separation of peak: It means that the reso-
lution between two peaks is not less than 1.5. It is also called
as ‘“‘baseline separation”’.

(v) Peak-valley ratio: It indicates the degree of separa-
tion between 2 peaks on a chromatogram when baseline
separation cannot be attained, and is defined as p/v by the
following formula.

y H,
v =—
p H,

H),: peak height from the baseline of the minor peak

H,: height from the baseline of the lowest point (peak

valley) of the curve between major and minor peaks

(vi) Separation factor: It shows the relation between the
retention times of peaks in the chromatogram, and is defined
as «a in the following equation.
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IrRr — 1l

a =

1 — 1t

fr1, lro: Retention times of two compounds used for the
resolution measurement (fr; < fro)

to: Time of passage of the mobile phase through the
column (time measured from the time of injection of a
compound with & = 0 to the time of elution at the peak
maximum)

The separation factor («) indicates thermodynamic differ-
ence in partition of two compounds. It is basically the ratio
of their partition equilibrium coefficients or of their mass-
distribution ratios, and is obtained from the chromatogram
as the ratio of the retention times of the two compounds.

(vii) Resolution: It shows the relation between the reten-
tion time and the peak width of peaks in the chromatogram,
and is defined as Rg in the following equation.

Ry — 1

Ry =118 X —
s Wosn + Wosn

fr1, IRy Retention times of two compounds used for the
measurement of resolution (fr; < tr2)
W0.5 hls W0.5 h2- Peak widths at half peak height

Where Ir1s fR2s W0.5 h1 and W0'5 h2 have the same unit.

(viii) Number of theoretical plates: It indicates the extent
of band broadening of a compound in the column, and is
generally defined as N in the following equation.

2
N = 5.54 x —X

WO.S h
tr: Retention time of compound
Wy sn: Width of the peak at half peak height
Where #z and W, s, have the same unit

9. Note

Avoid the use of authentic specimens, internal standards,
reagents or solvents containing substances that may interfere
with the determination.

2.02 Gas Chromatography

Gas Chromatography is a method to develop a mixture in-
jected into a column prepared with a suitable stationary
phase by passing a gas (carrier gas) as a mobile phase
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through the column, in order to separate the mixture into its
components by making use of the difference of retention
capacity against the stationary phase, and to determine the
components. This method can be applied to a gaseous or
vaporizable sample, and is used for identification, purity
test, and quantitative determination.

A mixture injected into the column is distributed between
the mobile phase and the stationary phase with a characteris-
tic ratio (k) for each component.

amount of compound in the stationary phase
amount of compound in the mobile phase

Since the relation given below exists among the ratio (k),
the time for which the mobile phase is passed through the
column (4: time measured from the time of injection of a
compound with k& = 0 to the time of elution at the peak
maximum), and the retention time (fz: time measured from
the time of injection of a compound to be determined to the
time of elution at the peak maximum), the retention time for
a compound on a column has a characteristic value under
fixed chromatographic conditions.

r=0A+kt

1. Apparatus

Basically, the apparatus required for the gas chromato-
graphic procedure consists of a carrier gas-introducing port
and flow regulator, a sample injection port, a column, a
column oven, a detector and a recorder. Gas introducing
port and flow regulator for a combustion gas, a burning sup-
porting gas and an accessory gas and sample injection port
for headspace are also used, if necessary. The carrier gas-
introducing port and flow regulator serves to deliver the car-
rier gas into the column at a constant flow rate, and usually
consist of a pressure regulation valve, a flow rate regulation
valve and a pressure gauge. The sample injection port is used
to deliver a quantity of the sample to the flow line of carrier
gas with high reproducibility. There are sample injection
ports for packed column and for capillary column. There are
both divided injection mode and non-divided injection mode
to sample injection port for capillary column. The columns
are usually classified as packed column or capillary column.
The packed column is a tube made of inert metal, glass or
synthetic resin, in which a packing material for gas chroma-
tography is uniformly packed. The packed column with not
more than 1 mm in inside diameter is also called a packed
capillary column (micro packed column). A capillary column
is a tube made of inert metal, glass, quartz or synthetic resin,
whose inside wall is bound chemically with stationary phase
for gas chromatography. The column oven has the setting
capacity for a column with required length and the tempera-
ture regulation system for keeping the constant column tem-
perature. The detector is used to detect a component sepa-
rated on the column, and may be an alkaline thermal ioniza-
tion detector, a flame photometry detector, mass spectro-
photometer, hydrogen flame-ionization detector, an electron
capture detector, a thermal conductivity detector, etc. The
recorder is used to record the output signals of the detector.

2. Procedure

Unless otherwise specified, proceed by the following
method. Fix the detector, column and carrier gas to the ap-
paratus, and adjust the flow rate and the column tempera-
ture to the values described in the operating conditions speci-
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fied in the individual monograph. Inject a volume of the
sample solution or the standard solution specified in the
individual monograph with the sample injector into the
column system through the sample injection port. The sepa-
rated components are detected by the detector, and recorded
by the recorder as a chromatogram.

3. Identification and purity test

Identification of a component of a sample is performed by
confirming identity of the retention time of the component
and that of an authentic specimen, or by confirming that the
peak shape of the component is unchanged after mixing the
sample with an authentic specimen.

In general, the purity of the sample is determined by com-
paring the peak area of target impurity from the sample
solution with that of the main component from a standard
solution, which is prepared by diluting the sample solution
to a concentration corresponding to the specified limit of the
impurity, or by calculating target impurity content using the
peak area percentage method. Unless otherwise specified, if
a sample is separated into isomers in the chromatogram, the
isomer ratio is calculated by using the peak area percentage
method.

The peak area percentage method is a method to calculate
the proportion of the components from the ratio of the peak
area of each component to the sum of the peak areas of ev-
ery peak recorded in the chromatogram. In order to obtain
accurate results in evaluating the proportion of the compo-
nents, it is necessary to correct the area of each component
based on its response factor to the principal component.

4. Assay

In general, perform the assay by using the internal stand-
ard method. The absolute calibration curve method is used
when a suitable internal standard is not available. Perform
the assay by using the standard addition method when the
effect of the component other than the compound to be
assayed on the quantitative determination is not negligible
against a result of the determination.
4.1. Internal standard method

In the internal standard method, choose a stable com-
pound as an internal standard which shows a retention time
close to that of the compound to be assayed, and whose peak
is well separated from all other peaks in the chromatogram.
Prepare several kinds of standard solutions containing a
fixed amount of the internal standard and several graded
amounts of the authentic specimen specified in the individual
monograph. Based on the chromatogram obtained by injec-
tion of a fixed volume of individual standard solutions, cal-
culate the ratio of peak area or peak height of the authentic
specimen to that of the internal standard, and prepare a
calibration curve by plotting these ratios on the ordinate
against the amount of the authentic specimen or the ratio of
the amount of the authentic specimen to that of the internal
standard on the abscissa. The calibration curve is usually ob-
tained as a straight line passing through the origin. Then,
prepare a sample solution containing the internal standard in
the same amount as in the standard solutions used for the
preparation of the calibration curve according to the method
specified in the individual monograph, perform the gas chro-
matography under the same operating conditions as for the
preparation of the calibration curve, calculate the ratio of
the peak area or peak height of the objective compound to
that of the internal standard, and read the amount of the
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compound from the calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under
fixed conditions to determine the amount of the objective
compound.

4.2. Absolute calibration curve method

Prepare standard solutions with several graded amounts
of the authentic specimen, and inject accurately a fixed
volume of these standard solutions. With the chromatogram
obtained, prepare a calibration curve by plotting the peak
areas or peak heights on the ordinate against the amount of
the authentic specimen on the abscissa. The calibration curve
is generally obtained as a straight line passing through the
origin. Then, prepare a sample solution according to the
method specified in the individual monograph, perform the
gas chromatography under the same conditions as for the
preparation of the calibration curve, measure the peak area
or peak height of the objective compound, and read the
amount of the compound from the calibration curve.

In an individual monograph, generally one of the standard
solutions with a concentration within the linear range of the
calibration curve and a sample solution with a concentration
close to that of the standard solution are prepared, and the
chromatography is performed with these solutions under a
fixed condition to obtain the amount of the component. In
this method, all procedures, such as the injection procedure,
must be carried out under a strictly constant condition.

4.3. Standard addition method

Pipet a fixed volume of more than 4 sample solutions, add
exactly the standard solution so that stepwise increasing
amounts of the object compound are contained in the solu-
tions except 1 sample solution, diluted exactly each solution
with and without standard solution to a definite volume, and
use each solution as the sample solution. Based on the chro-
matogram obtained by exact injection of a fixed volume of
individual sample solutions, measure the peak area or peak
height of individual sample solutions. Calculate the concen-
tration of standard objective compound added into each
sample solution, plot the amounts (concentration) of added
standard object compound on the abscissa and the peak area
or peak height on the ordinate on the graph, extend the
calibration curve obtained by linking the plots, and deter-
mine the amount of object compound to be assayed from the
distance between the origin and the intersecting point of the
calibration curve with the abscissa. This method is available
only in the case that the calibration curve is a straight line,
and passes through the origin when the absolute calibration
curve method is employed. In this method, all procedures
must be carried out under a strictly constant condition.

5. Method for peak measuring

Generally, the following methods are used.
5.1. Peak height measuring method

(i) Peak height method: Measure the distance between
the maximum of the peak and the intersecting point of a per-
pendicular line from the maximum of the peak to the
horizontal axis of recording paper with a tangent linking the
baselines on either side of the peak.

(i) Automatic peak height method: Measure the signals
from the detector as the peak height using a data processing
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system.
5.2. Peak area measuring method

(i) Width at half-height method: Multiply the peak width
at the half-height by the peak height.

(i) Automatic integration method: Measure the signals
from the detector as the peak area using a data processing
system.

6. System suitability
Refer to ‘‘System suitability’’ described under 2.01 Liquid
Chromatography.

7. Point to consider in changing the operating conditions

Among the operating conditions specified in the individual
monograph, inside diameter and length of column, particle
size of packing material, concentration or thickness of sta-
tionary phase, column temperature, temperature-rising rate,
kind and flow rate of carrier gas, and split ratio may be mo-
dified within the ranges in which the gas chromatographic
system used conforms to the requirements of system suita-
bility. Headspace sample injection device and its operating
conditions may be also modified, provided that they give
equivalent or more accuracy and precision.

8. Terminology
The definition of terms described under 2.01 Liquid Chro-
matography shall apply in 2.02 Gas Chromatography.

9. Note

Avoid the use of authentic specimens, internal standards,
reagents or solvents containing substances that may interfere
with the determination.

2.03 Thin-layer Chromatography

Thin-layer Chromatography is a method to separate each
ingredient by developing a mixture in a mobile phase, using a
thin-layer made of a suitable stationary phase, and is applied
for identification, purity test, etc. of substances.

1. Preparation of thin-layer plate

Generally, proceed by the following method.

A smooth and uniformly thick glass plate having a size of
50 mm X 200 mm or 200 mm X 200 mm is used for prepar-
ing a thin-layer plate. Using a suitable apparatus, apply a
water suspension of powdered solid substance for the sta-
tionary phase, directed in the monograph, on one side of the
glass plate to make a uniform layer of 0.2 to 0.3 mm in
thickness. After air-drying, dry further by heating at a fixed
temperature between 105°C and 120°C for 30 to 60 minutes.
A suitable plastic plate may be used instead of the glass
plate. Preserve the dried plate with protection from
moisture.

2. Procedure

Unless otherwise specified, proceed by the following
method.

Designate a line about 20 mm distant from the bottom of
the thin-layer plate as the starting line, spot 2 to 6 mm in di-
ameter the directed volumes of the sample solution or the
standard solution in the monograph using micropipets at
points on this line, separated by more than 10 mm, and air-
dry. Unless otherwise specified, attach the filter paper along
with the inside wall of the container, and wet the filter paper
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with the developingt solvent. In the container, the develop-
ing solvent is placed up to about 10 mm in height from the
bottom beforehand, seal the container closely, and allow it
to stand for 1 hour at ordinary temperature. Place the plate
in the container, avoiding contact with the inside wall, and
seal the container. Develop it at ordinary temperature.

When the solvent front has ascended from the starting line
to the distance directed in the monograph, remove the plate
from the container. Immediately put a mark at the solvent
front. After air-drying, observe the location, color, etc., of
each spot by the method specified in the monograph. Calcu-
late the Rf value by using the following equation:

Rf = distance from the starting line to the center of the spot
distance from the starting line to the solvent front

2.04 Amino Acid Analysis of
Proteins

Amino acid analysis of proteins refers to the methodology
used to determine the amino acid composition or content of
proteins, peptides, and other pharmaceutical preparations.
Amino acid analysis can be used to quantify protein and
peptides, to determine the identity of proteins or peptides
based on their amino acid composition, to support protein
and peptide structure analysis, to evaluate fragmentation
strategies for peptide mapping, and to detect atypical amino
acids that might be present in a protein or peptide. It is nec-
essary to hydrolyze a protein/peptide to its individual amino
acid constituents before amino acid analysis. Following pro-
tein/peptide hydrolysis, the amino acid analysis procedure
can be the same as that practiced for free amino acids in
other pharmaceutical preparations. The amino acid con-
stituents of the test sample are typically derivatized for
analysis.

1. Hydrolysis of Protein and Peptide

Acid hydrolysis at 110°C for 24 hours using 6 mol/L hy-
drochloric acid containing phenol (Method 1) is the most
common method for hydrolyzing protein and samples. The
result should be analyzed carefully because several amino
acids are chemically modified during the acid hydrolysis and
thus not recovered quantitatively. Tryptophan is destroyed;
serine and threonine are partially destroyed; methionine
might undergo oxidation; and cysteine is typically recovered
as cystine (but cystine recovery is usually poor because of
partial destruction or reduction to cysteine). Peptide bonds
involving isoleucine and valine are partially cleaved; and
asparagine and glutamine are deamidated, resulting in aspar-
tic acid and glutamic acid, respectively.

The hydrolysis techniques, Methods 2 to 11, are used to
address these concerns. Some of the hydrolysis techniques,
Methods 4 to 11, may cause modifications of cysteine,
methionine, asparagines and glutamine to other amino acids.
Therefore, the benefits of using a given hydrolysis technique
are weighed against the concerns with the technique and are
tested adequately before employing a method other than acid
hydrolysis by Method 1.

(i) Method 1: Hydrolysis using hydrochloric acid con-
taining phenol (liquid phase hydrolysis, vapor phase hy-
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drolysis)
Prevention of tryptophan oxidation

(ii) Method 2: Mercaptoethanesulfonic acid hydrolysis
(vapor phase hydrolysis)

(iii) Method 3: Hydrolysis using hydrochloric acid con-
taining thioglycolic acid (vapor phase hydrolysis)
Cysteine-cystine and methionine oxidation

(iv) Method 4: Hydrolysis by Method 1 or Method 2 after
oxidation with performic acid
Cysteine-cystine oxidation

(v) Method 5: Hydrolysis using hydrochloric acid contain-
ing sodium azide (liquid phase hydrolysis)

(vi) Method 6: Hydrolysis using hydrochloric acid contain-
ing dimethylsulfoxide (vapor phase hydrolysis)
Cysteine-cystine reduction and alkylation

(vii) Method 7: Hydrochloric acid hydrolysis after a vapor
phase pyridylethylation reaction

(viii) Method 8: Hydrochloric acid hydrolysis after a liquid
phase pyridylethylation reaction

(ix) Method 9: Hydrochloric acid hydrolysis after a liquid
phase carboxymethylation reaction
Conversion of cysteine-cystine to mixed disulfide

(x) Method 10: Hydrochloric acid hydrolysis after a reac-
tion with dithiodiglycolic acid or dithiodipropionic acid
Derivatization of asparagine and glutamine

(xi) Method 11: Hydrochloric acid hydrolysis after reac-
tion with bis(1,1-trifuoroacetoxy) iodobenzene

A time-course study is often employed to analyze the start-
ing concentration of amino acids that are partially destroyed
or slow to cleave. An acceptable alternative to the time-
course study is to subject an amino acid calibration standard
to the same hydrolysis conditions as the test sample. This
technique will allow the analyst to account for some residue
destruction.

Microwave acid hydrolysis has been used and is rapid but
requires special equipment as well as special precautions.
Complete proteolysis, using a mixture of proteases, has been
used but can be complicated, requires the proper controls,
and is typically more applicable to peptides than proteins.

2. Methodologies of Amino Acid Analysis

The amino acid analysis techniques include the
postcolumn derivatization for detection (Methods 1 to 2)
after the separation of the free amino acids by ion-exchange
chromatography and the precolumn derivatization of the
free amino acids (Methods 2 to 7) followed by reversed-
phase HPLC.

(i) Method I: Ninhydrin

(ii) Method 2: o-Phthalaldehyde (OPA)

(iii) Method 3: Phenylisothiocyanate (PITC)

(iv) Method 4: 6-Aminoquinolyl-N-hydroxysuccinimidyl
carbamate (AQC)

(v) Method 5: (Dimethylamino)azobenzenesulfonyl chlo-
ride (DABS-CI)

(vi) Method 6: 9-Fluorenylmethyl chloroformate (FMOC-
Cl

(vii) Method 7: 7-Fluoro-4-nitrobenzo-2-oxa-1,3-diazole
(NBD-F)

Among these methods, ion-exchange chromatography
with postcolumn ninhydrin derivertization is one of the most
common methods employed for quantitative amino acid
analysis. The choice of any one technique often depends on
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the sensitivity required from the assay. Instruments and rea-
gents for these procedures are available commercially. Fur-
thermore, many modifications of these methodologies exist
with different reagent preparations, reaction procedures,
chromatographic systems, etc. Specific parameters may vary
according to the exact equipment and procedure used.

Spectroscopic Methods

2.21 Nuclear Magnetic Resonance
Spectroscopy

Nuclear Magnetic Resonance (NMR) Spectroscopy is
based on the phenomenon that specific radio frequency ra-
diation is absorbed by magnetic nuclei in a sample placed in
a magnetic field; target nuclei are 'H, 13C, 15N, F, 31P, etc.
These nuclei have intrinsic spin angular momentum, of
which the magnitude is given by I (I + 1)/h/2n, where I is
the spin quantum number and is integral or half-integral (/
= 1/2 for 'H and 3C). When the magnetic nuclei are placed
in a magnetic field, they are oriented in 2/ + 1 possible
orientations corresponding to 27 + 1 equally spaced energy
levels (two energy levels for 'H and !3C). The transition be-
tween two successive quantized energy levels corresponding
to adjacent orientations can be induced by electromagnetic
radiation with a suitable frequency. The precise relation be-
tween the field strength and the resonant frequency v is given
by

_ .. Ho
=Y 2n
where H, is the strength of the applied external magnetic
field and y is the gyromagnetic ratio, a constant characteriz-
ing a particular isotope. The absorption of radiation (NMR
signal) can occur only when the irradiating radio frequency
satisfies the resonance condition. Since the absorption
coefficient (the transition probability) does not depend on
the environment in which the nuclei are located, the intensity
is basically proportional to the number of nuclei. The excess
spins shifted to the higher energy levels by the transition
process return to the thermal equilibrium state at various
rates determined by a characteristic time constant (known as
the relaxation time).

A nucleus is shielded from the applied magnetic field by
the electrons belonging to its own atom and to the molecule.
Therefore nuclei in different environments are shielded to
different extents and resonate at different frequencies. The
difference in resonance frequencies is defined as chemical
shift (), which is independent of the strength of the mag-
netic field, and is given by

s=S""R 4 5
VR
where,

vg: The resonance frequency of the observed signal,

vr: The resonance frequency of the reference signal,

vr: The chemical shift of the reference signal (in the case

of the value not being 0).

The chemical shifts are normally expressed in ppm, a
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dimensionless unit, by assuming the chemical shift of the ref-
erence compound as 0 ppm. When the chemical shift of the
reference compound is not assumed to be 0 ppm, chemical
shifts of samples are corrected accordingly.

In addition to the shielding due to electrons, the nucleus is
subjected to effects due to the spin orientations of other
magnetic nuclei through chemical bonds, resulting in an ad-
ditional splitting of the signal. The spacing between two ad-
jacent components of the signal is known as the spin-spin
coupling constant (J). Coupling constants are measured in
hertz and are independent of the strength of the external
magnetic field. The increased number of interacting nuclei
will make the multiplet pattern more complex.

From the NMR spectrum the following four parameters
can be obtained: chemical shift, spin-spin coupling constant,
resonance intensity (intensities of 'H are proportional to the
number of nuclei and those of 13C and others are susceptible
to the nuclear Overhauser effect (NOE) and relaxation) and
relaxation time. These parameters are useful for structural
determination, identification and quantitative analysis of
molecules. Spin decoupling, NOE, and two-dimensional
NMR techniques are also available for structural analysis.

1. Spectrometer

There are two types of spectrometers.

1.1. Fourier transform NMR (FT-NMR) spectrometers
(Fig. 2.21-1)

Target nuclei are simultaneously excited in all frequency
range of the nuclei by means of an intense radio frequency
pulse. The FID (free induction decay) after the pulse is
detected, which is a time domain signal, is converted to a
frequency domain spectrum by Fourier transformation.
Number of data points suitable for the spectral range, flip
angle, acquisition time, delay time and number of scans
should be set appropriately.

Recently FT-NMR is commonly used because of its high
sensitivity and various advanced applications.

1.2. Continuous wave NMR (CW-NMR) spectrometers
(Fig. 2.21-2)

In the case of the CW method, a spectrum is obtained by
sweeping the radio frequency or magnetic field continuously
over the frequency range of the nuclei being observed.

2. Measurement
Prior to measurements, the sensitivity and resolution of
the instrument must be adjusted to the optimum levels using
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a standard sample (ethylbenzene, 1,2-dichlorobenzene or
acetaldehyde) dissolved in an appropriate NMR solvent.

The sample dissolved in a suitable solvent is transferred
into an NMR tube. The reference compound can be added
directly to the sample solution (internal reference), or a
sealed capillary tube containing the reference compound can
be inserted into the NMR tube (external reference). The sam-
ple solutions should be completely homogeneous. In particu-
lar, solid contaminants should be removed in order to obtain
good spectra. Various deuterated NMR solvents are com-
monly used for NMR measurement and the following points
should be considered in selecting an appropriate solvent: (i)
The solvent signals do not overlap with the sample signals.
(i) The sample must be soluble in the solvent selected. (iii)
The solvent does not react with the sample. Furthermore, it
should be noted that chemical shifts can depend upon the
solvent employed, sample concentration and deuterium ion
concentration, and that viscous solutions usually give rather
broad, poorly resolved spectra.

For the reference standards use the reagents for nuclear
magnetic resonance spectroscopy. For 'H and !3C spectra,
tetramethylsilane (TMS) is usually used as the reference
compound for samples dissolved in organic solvents. For
samples dissolved in deuterium oxide, sodium 2,2-dimethyl-
2-silapentane-5-sulfonate (DSS) or sodium 3-(trimethyl-
silyl)propionate (TSP) is used. For other nuclei, nitro-
methane, trichlorofluoromethane and phosphoric acid are
used as reference compounds for N, °F and 3'P, respec-
tively. Furthermore, chemical shifts of residual protons in
deuterated solvents and 13C in the solvent instead of a refer-
ence compound can be used for 'H and *C NMR.

3. Record of apparatus and measurement conditions

Type of instrument, frequency, solvent, temperature, sam-
ple concentration, reference compound, experimental tech-
nique, etc. should be recorded to allow appropriate compari-
son of spectra, because NMR spectra depend on the meas-
urement conditions.

4. Identification

The sample solution is prepared and tested by the method
directed in each monograph. Usually in the case of 'TH NMR,
the sample is identified by the following method.
4.1. Identification by the use of chemical shift, multiplicity
and relative intensity

When chemical shifts, multiplicities and relative intensities
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of signals are defined, the sample can be identified as being
the same substance when all chemical shifts, multiplicities
and relative intensities are the same as those prescribed.
4.2. Identification by the use of a Reference Standard

Measurement conditions should be the same as those used
in the case of the Reference Standard. When the spectra of a
sample and the Reference Standard exhibit the same mul-
tiplicities and relative intensities of signal at the same chemi-
cal shifts, the sample can be identified as being the same sub-
stance as the Reference Standard.

5. Experimental techniques of 'H and C NMR spectros-
copy

NMR spectroscopy includes one-, two- and multi-dimen-
sional techniques, which are used for various purposes.

Spin decoupling, and NOE are available in one-dimen-
sional 'H spectroscopy. Spin decoupling can assign coupling
correlations. As NOE can observe correlations among spa-
tially proximate protons, the configuration and the confor-
mation can be analyzed.

Broadband decoupling, INEPT and DEPT are usually ap-
plied in one-dimensional 3C spectroscopy. The broadband
decoupling technique simplifies a spectrum and achieves
enhancement of sensitivity. INEPT (insensitive nuclei en-
hanced by polarization transfer) and DEPT (distortionless
enhancement of polarization transfer) enhance the sensitivity
of 13C by means of polarization transfer from directly bond-
ed 'H with a large magnetic moment. They can be applied to
identify primary, secondary, tertiary or quarternary carbon.

Two-dimensional spectroscopy can observe all correlation
peaks between nuclei through spin-spin coupling or NOE in
a single experiment, and there are many techniques for
homonuclear and heteronuclear measurements. Representa-
tive techniques are described below.

COSY (2D correlation spectroscopy), HOHAHA
(homonuclear Hartmann-Hahn spectroscopy) or TOCSY
(total correlation spectroscopy): Correlation between pro-
tons through scalar spin-spin coupling is obtained and in-
tramolecular connectivities of hydrogen atoms are revealed.

NOESY (2D nuclear Overhauser enhancement and ex-
change spectroscopy): NOE is measured by a two-dimen-
sional technique. Approximate distances between spatially
proximate hydrogen atoms are obtained to analyze the three-
dimensional structure.

INADEQUATE (incredible natural abundance double
quantum transfer experiment): Although this technique is in-
sensitive because it involves double quantum transfer by
BC-13C scalar coupling in a sample with natural isotopic
abundance, the connectivities of all neighboring 3C nuclei
can be obtained to analyze the carbon skeleton.

HMQC (heteronuclear multiple quantum coherence): This
technique observes correlations between 'H and !3C with
direct spin-spin coupling using 'H detection and reveals in-
tramolecular chemical bonds between hydrogen and carbon
atoms.

HMBC (heteronuclear multiple bond connectivity): This
technique observes correlations between 'H and 3C with
long range spin-spin coupling using 'H detection and reveals
intramolecular connectivities of hydrogen and carbon atoms.

There are many other techniques such as DQF-COSY
(double quantum filtered COSY) and HSQC (heteronuclear
single quantum coherence). Furthermore, multidimensional
NMR techniques are used to analyze macromolecules.
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2.22 Fluorometry

Fluorometry is a method to measure the intensity of
fluorescence emitted from a solution of fluorescent sub-
stance irradiated with an exciting light in a certain wave-
length range. This method is also applied to the phosphores-
cent substances.

Fluorescence intensity F in a dilute solution is propor-
tional to the concentration ¢ in mol per liter of the solution
and the pathlength / of light through the solution in cen-
timeter.

F = klypecl
k: Constant
Iy: Intensity of exciting light
¢: Quantum yield of fluorescence or phosphorescence

number of quanta emitted as
fluorescence or phosphorescence

number of quanta absorbed

&: Molar extinction coefficient of the substance at the exci-
tation wavelength

1. Apparatus

Spectrofluorometer is usually used. Generally, a xenon
lamp, laser, an alkaline halide lamp, etc. which provide sta-
ble exciting light are used as the light source. Usually, a non-
fluorescent quarz cell (1 cm X 1cm) with four transparent
sides is used as the container for sample solution.

2. Procedure

Excitation spectrum is obtained by measuring fluorescence
intensities of sample solution with varying excitation wave-
lengths at a fixed emission wavelength (in the vicinity of the
fluorescence maximum) and drawing a curve showing the
relationship between the excitation wavelength and the
fluorescence intensity. Fluorescence spectrum is obtained by
measuring fluorescence intensities of sample solution with
varying emission wavelengths at a fixed excitation wave-
length (in the vicinity of the excitation maximum) and draw-
ing the same curve as described for the excitation spectrum.
If necessary, the spectra are corrected with regard to the op-
tical characteristics of the apparatus.

The fluorescence intensity is usually measured at the exci-
tation and the emission wavelengths in the vicinity of excita-
tion and emission maxima of the fluorescent substance. The
fluorescence intensity is expressed as a value relative to that
of a standard solution, because it is readily affected even by
a slight change in the condition for the measurement.

Unless otherwise specified, the instrument is operated as
follows with standard, sample, and reference solutions pre-
pared as directed in the monograph: Fix the excitation and
fluorescence wavelength scales at the designated positions,
adjust the dark current to zero, put the quarz cell containing
the standard solution in the light path, and adjust the instru-
ment so that the standard solution shows the fluorescence in-
tensity of 60% to 80% of full scale. Then perform the meas-
urements with the cells containing the sample solution and
the control solution, and read the fluorescence intensity as
% under the same condition. Set the width of the wavelength
properly unless otherwise specified.
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3. Note

The fluorescence intensity is readily affected by the con-
centration, temperature and pH of the solution, and nature
and purity of solvents or reagents used.

2.23 Atomic Absorption
Spectrophotometry

Atomic Absorption Spectrophotometry is a method to de-
termine the amount or the concentration of an element in a
sample specimen being examined, by utilizing the phenome-
non that atoms being in the ground state absorb the light of
specific wavelength, characteristic of the respective atom,
when the light passes through an atomic vapor layer of the
element to be determined.

1. Apparatus

Usually, the apparatus consists of a light source, a sample
atomizer, a spectroscope, a photometer and a recording sys-
tem. Some are equipped with a background compensation
system. As a light source, usually a hollow cathode lamp spe-
cified for each element is used and sometimes a discharge
lamp is also used. There are three types of sample atomizer:
the flame type, the electrothermal type, and the cold-vapor
type. The first one is composed of a burner and a gas-flow
regulator, the second one is composed of an electric furnace
and a power source, and the third one is composed of a mer-
cury generator and an absorption cell. The third one is fur-
ther classified into two subtypes, which differ in the atomiz-
ing method for mercury containing-compounds: one utilizes
chemical reduction-vaporization and the other utilizes a ther-
mal reduction-vaporization method.

For the selection of an appropriate analytical wavelength
in a spectroscope, a grating for light diffraction or an inter-
ference filter can be used. A recording system is composed of
a display and a recording device. A background compensa-
tion system is employed for the correction of atmospheric
effects on the measuring system. Several principles can be
utilized for background compensation, using continuous
spectrum sources, the Zeeman splitted spectrum, the non-
resonance spectrum, or self-inversion phenomena.

Another special options such as a hydride generator and a
heating cell, can also be used for analyzing such as selenium.
As a hydride generator, a batch method and/or a continuous
flow method can be applied. While as a heating cell, there
are two kinds of cell: one for heating by flame and the other
for heating by electric furnace.

2. Procedure

Unless otherwise specified, proceed by any of the follow-
ing methods.
2.1. Flame type

Fit the specific light source to the lamp housing and switch
on the instrument. After lighting the lamp and selecting the
analytical wavelength specified in the monograph, set an ap-
propriate electric current and slit-width. Next, a mixture of a
combustible gas and a supporting gas is ignited and the gas
flow rate and/or pressure should be adjusted to optimum
conditions. The zero adjustment of the detecting system
must be done through nebulizing the blank solvent into the
flame. After setting up the measuring system, the sample so-
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lution prepared by the specified procedure is introduced into
the flame and the light absorption at the characteristic wave-
length of the element to be determined is measured.
2.2. Electrothermal type

Fit the specific light source to the lamp housing and switch
on the instrument. After lighting the lamp and selecting the
analytical wavelength specified in the monograph, set an ap-
propriate electric current and slit-width. Further, set an elec-
tric furnace to the appropriate temperature, electric current,
and heating program, as directed separately in the mono-
graph. When a suitable amount of sample is injected into the
heated furnace with an appropriate stream of inert gas, the
sample is dried and ashed, simultaneously with atomization
of the metallic compound included in the specimen. The
atomic absorption specified is observed and the intensity of
absorption is measured. Details of the sample preparation
method are provided separately in the monograph.
2.3. Cold vapor type

Fit the mercury lamp to the lamp housing and switch on
the instrument. After lighting the lamp and selecting the ana-
Iytical wavelength specified in the monograph, set an ap-
propriate electric current and a slit-width. In the chemical
atomization-vaporization method, a mercury containing
compound in the sample solution, prepared by the specified
procedure, is chemically reduced to metallic mercury by add-
ing a proper reducing reagent to the closed vessel and the
generated mercury is vaporized and introduced into the
absorption cell with a flow of inert gas. In the thermal
atomization-vaporization method, the sample specimen on a
quartz dish is heated electrically and the generated atomic
mercury is vaporized and introduced into the absorption cell
with a flow of inert gas. Thus, in both methods, the gener-
ated atomic mercury is carried into the absorption cell as
cold vapor and the intensity of the characteristic atomic ab-
sorption of mercury is measured.

3. Determination

Usually, proceed by any of the following methods. In the
determination, the possibility of interference for various rea-
sons and the background effect must be considered and
avoided if possible.
3.1. Calibration curve method

Prepare standard solutions at more than 3 concentration
levels, measure the specific absorption due to these standard
solutions, and prepare the calibration curve of the atomic
absorption against the concentration. Then measure the
atomic absorption due to the sample specimen, in which the
concentration of the element to be determined should be ad-
justed to be within the concentration range of the standard
solutions, and determine the amount or the concentration of
the element to be examined using the calibration curve.
3.2. Standard addition method

To equal volumes of more than 3 sample solutions, pre-
pared as directed in the monograph, add a measured quan-
tity of the standard solutions to produce a series of solutions
containing increasing amounts of the element to be exa-
mined, and further add a solvent to make up a constant
volume. Measure the atomic absorption for the respective
solutions, and plot the obtained values on a graph with the
added amount or the concentration on the abscissa and the
absorbance on the ordinate. Extrapolate the linear plot ob-
tained by linking the data points, and determine the amount
or the concentration of the element to be examined from the



52 2.24 Ultraviolet-visible Spectrophotometry / General Tests

distance between the origin and the point where the plot in-
tersects with the abscissa. This method is available only
when the calibration curve obtained by Method (1) is con-
firmed to be linear and to pass through the origin.
3.3. Internal standard method

Prepare a series of standard solutions of the element to be
determined, each containing a definite amount of the inter-
nal standard element directed in the monograph. For these
standard solutions, measure the atomic absorption due to
the standard element and the internal standard element sepa-
rately at the respective wavelengths under the same operating
conditions, and obtain the ratio of absorbance by the stand-
ard element to that by the internal standard element. Prepare
a calibration curve for the element to be determined, with
the amount or the concentration of the standard element on
the abscissa and the above-mentioned ratio of the absor-
bance on the ordinate. Then prepare sample solutions, add-
ing the same amount of the internal standard element as con-
tained in the standard solutions. Measure the ratio of the ab-
sorbance due to the element to be determined to that due to
the internal standard element under the same conditions as
employed for preparing the calibration curve, and determine
the amount or the concentration of the element being exa-
mined by using the calibration curve.

4. Note
Reagents, test solutions, and gases used in this test should
not interfere in any process of the measurement.

2.24 Ultraviolet-visible
Spectrophotometry

Ultraviolet-visible Spectrophotometry is a method to
measure the degree of absorption of light between the wave-
lengths of 200 nm and 800 nm by substances for the tests of
their identity and purity, and for assay. When an atomic
absorption spectrophotometer is used for these purposes,
proceed as directed under Atomic Absorption Spectropho-
tometry <2.23>. When monochromatic light passes through a
substance in the solution, the ratio of transmitted light inten-
sity 7 to incident light intensity [, is called transmittance ¢;
transmittance expressed in the percentage is called percent
transmission 7, and common logarithm of the reciprocal of
transmittance is called absorbance A.

t=i T=i><100=100t A=logé
I, I, I

The absorbance A is proportional to the concentration ¢
of a substance in the solution and the length / of the layer of
the solution through which light passes.

A = kcl (k: constant)

The constant, calculated on the basis that /is 1 cm and c is
1 mol/L, is called molar absorption coefficient €. The molar
absorption coefficient at the wavelength of maximum ab-
sorption is expressed as &pay.

When a light beam passes through a substance in the solu-
tion, the absorbance by the sample differs depending on the
wavelengh of the light. So, an absorption spectrum is ob-
tained by determining the absorbances of a light beam at
various wavelengths and by graphically plotting the relation
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between absorbance and wavelength. From the absorption
spectrum, it is possible to determine the wavelength of maxi-
mum absorption A, and that of minimum absorption Ay;j,.

The absorption spectrum of a substance in the solution is
characteristic, depending on its chemical structure. There-
fore, it is possible to identify a substance by comparing the
spectrum of a sample within the specified wavelength range
with the Reference Spectrum or the spectrum of Reference
Standard, by determing the wavelengths of maximum ab-
sorption, or by measuring the ratio of absorbances at two
specified wavelengths. For the purpose of assay, the absor-
bance by a sample solution with a certain concentration is
measured at the wavelength of the maximum absorption A,
and compared it with the absorbance of a standard solution
with a certain concentration.

1. Apparatus and adjustment

A spectrophotometer or a photoelectric photometer is
used for the measurement of absorbance.

After adjusting the spectrophotometer or photoelectric
photometer based on the operation manual of the apparatus,
it should be confirmed that the wavelength and the transmis-
sion rate meet the specifications of the tests described below.

The calibration of wavelength should be carried out as
follows. Using an optical filter for wavelength calibration,
measure the transmission rate in the vicinity of the standard
wavelength value shown in the test results form, under the
test conditions given in the test results form attached to each
of the filters. When performing a test to determine the wave-
length which shows minimal transmission rate, the differ-
ence between the measured wavelength and the standard
wavelength value should be within £ 0.5 nm. When the
measurement is repeated three times, each value obtained
should be within the mean + 0.2 nm. It is also possible to
carry out the test using a low-pressure mercury lamp at
bright line wavelengths of 253.65 nm, 365.02 nm, 435.84 nm
and 546.07 nm, or a deuterium discharge lamp at bright line
wavelengths of 486.00 nm and 656.10 nm. In the case of
these tests, the difference between the measured wavelength
and the wavelength of the bright line should be within + 0.3
nm. When the measurement is repeated three times, each
value obtained should be within the mean £ 0.2 nm.

The calibration of transmission rate or absorbance should
be carried out as follows. Using an optical filter for trans-
mission rate calibration, determine the transmission rate at
the standard wavelength value under the test conditions
given in the test results form attached to each of the filters.
The difference between the measured transmission rate and
the standard transmission rate value should be within the
range of from 1% larger of the upper limit to 1% smaller of
the lower limit for the relative accuracy shown in the test
results form. When the measurement is repeated three times,
each absorbance obtained (or calculated from the transmis-
sion rate) should be within the mean £ 0.002 when the ab-
sorbance is not more than 0.500, and within the mean
+ 0.004 when the absorbance is more than 0.500. In addi-
tion, it will be desirable to confirm the linearity of transmis-
sion rate at the same wavelength using several optical filters
for calibration of transmission rate with different transmis-
sion rates.

2. Procedure
After adjusting the apparatus as directed in the Apparatus
and adjustment, select and set the light source, detector,
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mode of measurement, measuring wavelength or wavelength
range, spectrum width and scanning speed.

Subsequently, allow the apparatus to stand for a certain
time to confirm its stability. Then, usually adjust the appa-
ratus so that the transmittance is 0% at measuring wave-
length or over measuring wavelength range after shutting the
sample side of light path. Then open the shutter and adjust
the transmittance to 100% (the absorbance is zero). Adjust-
ing the transmittance to 100% is usually done by putting
cells containing the control solution in both light paths. For
the control solution, unless otherwise specified, blank sol-
vent is used.

Then perform the measurement with the cell containing
the sample solution, and read the absorbance at measuring
wavelength, or measure the spectrum over measuring wave-
length range. Unless otherwise specified, a cell with a path
length of 1 cm, made of quartz for ultraviolet range and of
quartz or glass for visible range, is used. Special considera-
tion is needed with the absorption of solvents in the ultravio-
let range; use a solvent which does not disturb accurate
measurement.

3. Specific absorbance

In the Japanese Pharmacopoeia, the absorbance, calcu-
lated on the basis that /is 1 cm and c (concentration of a
medicament) is 1 w/v%, is called specific absorbance, and is

expressed as E1%,.

1% —
Elc(;'n -

c X

I: Length of the layer of the solution (cm)
A: Absorbance value
c: Concentration of the sample in the solution (w/v%)

The description of, for example, “Ei%, (241 nm): 500 -
530 (after drying, 2 mg, methanol, 200 mL)’’ in the mono-
graph, indicates that observed E|%, value is between 500 and
530, when the test is performed in the following manner: The
sample is dried under the conditions specified in the Test for
Loss on Drying, and about 2 mg of the sample is weighed ac-
curately with a microbalance, and dissolved in methanol to
make exactly 200 mL, then the absorbance of the solution is
measured as directed in the Procedure at a wavelength of 241
nm using a cell with a path length of 1 cm.

4. Identification

Prepare the sample solution as directed in the monograph,
and test as directed in the Procedure. Usually, the test is per-
formed by a single method or in a combination of a few
methods in the following methods using the absorbance or
absorption spectrum obtained from the sample solution.
Subtle differences in the absorption spectrum arising from
differences in the apparatus used may be neglected.

4.1. Identification using Reference Spectrum

When the absorption spectrum obtained from the sample
solution exhibits similar intensities of absorption at the same
wavelengths as those of the Reference Spectrum, the identity
of the sample and the reference may be confirmed. In this
case, the range of the wavelength to be compared is the
range shown on the Reference Spectrum.

Reference spectrum: Reference spectra are specified under
the Ultraviolet-visual Reference Spectra, which are used as
the reference for the test of identification specified in the
monograph.

General Tests / 2.25 Infrared Spectrophotometry 53

4.2. Identification using Reference Standard

When the absorption spectrum obtained from the sample
solution exhibits similar intensities of absorption at the same
wavelengths as those of the spectrum obtained from the Ref-
erence Standard, the identity of the sample and the reference
may be confirmed. In this case, the range of the wavelength
to be compared is the range shown on the Reference Spec-
trum. When the relevant Reference Spectrum is not availa-
ble, the range is that specified in the monograph.
4.3. Identification using absorption wavelength

When maximum absorption wavelengths of the spectrum
obtained from the sample solution match the wavelengths
specified in the monograph, the identity of the substance
may be confirmed. In this case, the range of the wavelength
to be compared is the range shown on the Reference Spec-
trum.
4.4. Identification using the ratio of the absorbances ob-
tained at two or more wavelengths

When the ratios of absorbances at the specified wave-
lengths in the spectrum obtained from the sample solution
meet the specifications in the monograph, the identity of the
substance may be confirmed.

5. Assay

Prepare the control solution, the sample solution and the
standard solution as directed in the monograph, measure the
absorbances of the sample solution and the standard solu-
tion according to the method described in the Procedure,
and determine the amount of the substance to be assayed in
the sample by comparing the absorbances.

2.25 Infrared Spectrophotometry

Infrared Spectrophotometry is a method of measurement
of the extent, at various wave numbers, of absorption of in-
frared radiation when it passes through a layer of a sub-
stance. In the graphic representation of infrared spectra, the
plot usually shows units of wave numbers as the abscissa and
units of transmittance or absorbance as the ordinate. Wave
number and transmittance or absorbance at each absorption
maximum may be read graphically on an absorption spec-
trum and/or obtained by a data-processor. Since the wave
number and the respective intensity of an absorption maxi-
mum depend on the chemical structure of a substance, this
measurement can be used to identify or determine a sub-
stance.

1. Instrument and adjustment

Several models of dispersive infrared spectrophotometers
or Fourier-transform infrared spectrophotometers are avail-
able.

The instruments, adjusted according to the instruction
manual of each individual instrument, should comply with
the following test for resolving power, transmittance
reproducibility and wave number reproducibility. When the
spectrum of a polystyrene film about 0.04 mm thick is
recorded, the depth of the trough from the maximum ab-
sorption at about 2850 cm~! to the minimum at about 2870
cm~! should be not less than 18% transmittance and that
from the maximum at about 1583 cm~! to the minimum at
about 1589 cm~! should be not less than 12% transmittance.

The wave number (cm 1) scale is usually calibrated by the
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use of several characteristic absorption wave numbers (cm~!)
of a polystyrene film shown below. The number in paren-
theses indicates the permissible range.

3060.0 (£1.5)  2849.5 (+1.5)
1601.2 (£1.0)  1583.0 (£1.0)
1028.3 (£1.0)

1942.9 (+1.5)
1154.5 (£1.0)

When the dispersive infrared spectrophotometer is used,
the permissible range of the absorption wave numbers at
1601.2cm~! and at 1028.3 cm~! should be both within
+ 2.0cm™L.

As the repeatability of transmittance and wave number,
the difference of transmittance should be within 0.5% when
the spectrum of a polystyrene film is measured twice at
several wave numbers from 3000 to 1000 cm~!, and the
difference of wave number should be within 5 cm~! at about
3000 cm~! and within 1 cm~! at about 1000 cm 1.

2. Preparation of samples and measurement

Unless otherwise specified, when it is directed to perform
the test ‘“after drying the sample’’, use a sample dried under
the conditions specified in the monograph. Prepare the
specimen for the measurement according to one of the fol-
lowing procedures so that the transmittance of most of the
absorption bands is in the range of 5% to 80%. Single crys-
tals of sodium chloride, potassium bromide, etc. are availa-
ble for the optical plate. Generally, the reference cell or
material is placed in the reference beam for double-beam
instruments, while for single-beam instruments, it is placed
in the same optical path in place of the specimen and meas-
ured separately under the same operating conditions. The
composition and preparation of the reference depend on the
sample preparation methods, and sometimes the background
absorption of the atmosphere can be utilized.

Unless otherwise specified in the monograph, the spec-
trum is usually recorded between 4000 cm~! and 400 cm 1.
The spectrum should be scanned using the same instrumental
conditions as were used to ensure compliance with the re-
quirements for the resolving power and for the precision of
wave number scale and of wave numbers.

2.1. Potassium bromide disk or potassium chloride disk
method

Powder 1 to 2 mg of a solid sample in an agate mortar,
triturate rapidly with 0.10 to 0.20 g of potassium bromide or
potassium chloride for infrared spectrophotometry with
precautions against moisture absorption, and compress the
mixture with a press in a suitable die (disk-forming con-
tainer) to make the sample disk. If necessary to obtain a
transparent disk, press the mixture under vacuum in a die
with pressure applied to the die of 50 to 100 kN per cm? for 5
to 8 minutes. Prepare a potassium bromide reference disk or
a potassium chloride reference disk in the same manner as
the sample disk.

2.2. Solution method

Place the sample solution prepared by the method directed
in each monograph in a fixed cell for liquid, and usually
measure the spectrum against the reference solvent used for
preparing the sample solution. The solvent used in this
method should not show any interaction or chemical reac-
tion with the specimen to be examined and should not
damage the optical plate. The thickness of the fixed cell is
usually 0.1 mm or 0.5 mm.
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2.3. Paste method

Powder 5 to 10 mg of a solid specimen in an agate mortar,
and, unless otherwise specified, triturate the specimen with 1
to 2 drops of liquid paraffin to give a homogeneous paste.
After spreading the paste to make a thin film in the center of
an optical plate, place the plate upon another optical plate
with precautions against intrusion of air, bubbles in the film,
and examine its absorption spectrum.
2.4. Liquid film method

Examine 1 to 2 drops of a liquid specimen as a thin film
held between two optical plates. When the absorption inten-
sity is not sufficient, place spacers of aluminum foil, etc., be-
tween the two optical plates to make a thicker liquid film.
2.5. Film method

Examine a thin film just as it is or a prepared thin film as
directed in each monograph.
2.6. Gas sampling method

Put a sample gas in a gas cell previously evacuated under
the pressure directed in the monograph, and examine its ab-
sorption spectrum. The path length of the gas cell is usually
S cm or 10 cm, but, if necessary, may exceed 1 m.
2.7. ATR method

Place a specimen in close contact with an attenuated total
reflectance (ATR) prism, and examine its reflectance spec-
trum.
2.8. Diffuse reflectance method

Powder 1 to 3 mg of a solid specimen into a fine powder
of not more than about 50 um particle size in an agate mor-
tar, and triturate rapidly with 0.05 to 0.10 g of potassium
bromide or potassium chloride for infrared spectrophotome-
try with precautions against moisture absorption. Place the
mixture in a sample cup, and examine its reflectance spec-
trum.

3. Identification

When the spectrum of a specimen and the Reference Spec-
trum of the substance expected to be found or the spectrum
of the Reference Standard exhibit similar intensities of ab-
sorption at the same wave numbers, the specimen can be
identified as being the substance expected to be found. Fur-
thermore, when several specific absorption wave numbers
are specified in the monograph, the identification of a speci-
men with the substance expected to be found can be con-
firmed by the appearance of absorption bands at the speci-
fied wave numbers.
3.1. Identification by the use of a Reference Standard

When the spectra of a specimen and the Reference Stand-
ard exhibit similar intensities of absorption at the same wave
numbers, the specimen can be identified as being the same
substance as the Reference Standard. When a sample treat-
ment method for a solid specimen is indicated in the mono-
graph in the case of nonconformity of the spectrum with that
of the Reference Standard, treat the specimen being exa-
mined and the Reference Standard in the same manner as di-
rected in the monograph, then repeat the measurement.
3.2. Identification by the use of a Reference Spectrum

When the spectra of a specimen and the Reference Spec-
trum exhibit similar intensities of absorption at the same
wave numbers, the specimen can be identified as being the
same substance associated with the Reference Spectrum.
When a sample treatment method for a solid specimen is in-
dicated in the monograph in the case of nonconformity of
the spectrum with the Reference Spectrum, treat the speci-
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men being examined as directed in the monograph, then
repeat the measurement.

Infrared Reference Spectra, in the range between 4000
cm~! and 400 cm~!, are shown at the end of this book for
the monographs requiring the identification test by Infrared
Spectrophotometry, except for monographs in which ‘‘Iden-
tification by absorption wave number’’ is specified.

3.3. Identification by the use of absorption wave number

When several specific absorption wave numbers of the
substance being examined are specified in the monograph, a
specimen can be identified as being the same substance as the
expected substance by confirmation of clear appearance of
the absorption bands at all the specified wave numbers.

Other Physical Methods

2.41 Loss on Drying Test

Loss on Drying Test is a method to measure the loss in
mass of the sample, when dried under the conditions speci-
fied in each monograph. This method is applied to determine
the amount of water, all or a part of water of crystallization,
or volatile matter in the sample, which is removed during the
drying.

The description, for example, ‘‘not more than 1.0% (1 g,
105°C, 4 hours)’’ in a monograph, indicates that the loss in
mass is not more than 10 mg per 1 g of the substance in the
test in which about 1 g of the substance is accurately weighed
and dried at 105°C for 4 hours, and ‘‘not more than 0.5%
(1 g, in vacuum, phosphorus (V) oxide, 4 hours),’’ indicates
that the loss in mass is not more than 5 mg per 1 g of the sub-
stance in the test in which about 1 g of the substance is accu-
rately weighed, transferred into a desiccator (phosphorus (V)
oxide), and dried in vacuum for 4 hours.

1. Procedure

Weigh accurately a weighing bottle that has been dried for
30 minutes according to the method specified in the mono-
graph. Take the sample within the range of +10% of the
amount directed in the monograph, transfer into the weigh-
ing bottle, and, unless otherwise specified, spread the sample
so that the layer is not thicker than 5 mm, then weigh it accu-
rately. Place the loaded bottle in a drying chamber, and dry
under the conditions specified in the monograph. When the
size of the sample is large, convert it to small particles having
a size not larger than 2 mm in diameter by quick crushing,
and use the crushed sample for the test. After drying,
remove from the drying chamber, and reweigh accurately.
When the sample is dried by heating, the temperature is
within the range of +2°C of that directed in the monograph,
and, after drying the bottle, the sample is allowed to cool in
a desiccator (silica gel) before weighing.

If the sample melts at a temperature lower than that speci-
fied in the monograph, expose the sample for 1 to 2 hours to
a temperature between 5°C and 10°C below the melting tem-
perature, dry under the conditions specified in the mono-
graph. Use a desiccant specified in the monograph, and
renew frequently.
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2.42 Congealing Point
Determination

The congealing point is the temperature measured by the
following method.

1. Apparatus
Use the apparatus illustrated in Fig. 2.42-1.

2. Procedure

Transfer the sample into sample container B up to the
marked line C. When the sample is solid, melt the sample by
heating to a temperature not higher than 20°C above the ex-
pected congealing point, and transfer to B. Fill the glass or
plastic bath D with water at a temperature about 5°C below
the expected congealing point. When the sample is liquid at
room temperature, fill bath D with water at a temperature
between 10°C and 15°C lower than the expected congealing
point.
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A: Cylinder made of glass (the tube is painted with silicone oil
on both sides of the wall to prevent clouding).

B: Sample container (a hard glass test tube, which is painted
with silicone oil to prevent clouding, except at the region of
the wall in contact with the sample; insert it into cylinder A,
and fix with cork stopper).

C: A marked line.

D: Bath made of glass or plastics.

E: Stirring rod made of glass or stainless steel (3 mm in diam-
eter, the lower end part of it is bent to make a loop, about
18 mm in diameter).

F: Thermometer with an immersion line.

G: Thermometer with an immersion line or a total immersion
thermometer.

H: Immersion line

Fig. 2.42-1
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Insert the sample container B containing the sample into
cylinder A. Adjust the immersion line H of thermometer F
to the same level of the meniscus of the sample. After cool-
ing the sample to about 5°C above the expected congealing
point, move vertically the stirrer E at the rate of about 60 to
80 strokes per minute, and observe the thermometer readings
at 30-second intervals. The temperature falls gradually. Dis-
continue stirring, when an appreciable amount of crystals
has formed and the temperature is constant or has begun to
rise. Usually, read the maximum temperature (reading of F),
that is constant for a while after a rise of temperature. If no
rise of temperature occurs, read the temperature that is con-
stant for a while. The average of not less than four consecu-
tive readings that lie within a range of 0.2°C constitutes the
congealing point.

3. Note

If a state of super cooling is anticipated, rub the inner wall
of bath B or put a small fragment of the solid sample into
bath B for promoting the congealment, when the tempera-
ture approaches near the expected congealing point.

2.43 Loss on Ignition Test

Loss on Ignition Test is a method to measure the loss in
mass when the sample is ignited under the conditions speci-
fied in each monograph. This method is usually applied to
inorganic drugs which lose a part of the components or im-
purities during ignition.

The description, for example, “40.0 -52.0% (1 g, 450 -
550°C, 3 hours)’’ in a monograph, indicates that the loss in
mass is 400 to 520 mg per g of the substance in the test in
which about 1 g of the substance is weighed accurately and
ignited between 450°C and 550°C for 3 hours.

1. Procedure

Previously ignite a crucible or a dish of platinum, quartz
or porcelain to constant mass, at the temperature directed in
the monograph, and weigh accurately after cooling.

Take the sample within the range of +10% of the amount
directed in the monograph, transfer into the above ignited
container, and weigh it accurately. Ignite under the condi-
tions directed in the monograph, and, after cooling, reweigh
accurately. Use a desiccator (silica gel) for the cooling.

2.44 Residue on Ignition Test

This test is harmonized with the European Pharmacopoeia
and the U. S. Pharmacopeia. The parts of the text that are
not harmonized are marked with symbols (* ).

*The Residue on Ignition Test is a method to measure the
amount of residual substance not volatilized from a sample
when the sample is ignited in the presence of sulfuric acid ac-
cording to the procedure described below. This test is usually
used for determining the content of inorganic impurities in
an organic substance.

The description, for example, ‘‘not more than 0.1%
(1g)”’, in a monograph, indicates that the mass of the
residue is not more than 1 mg per 1g of the substance in
the test in which about 1 g of the substance is weighed accu-
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rately and ignited by the procedure described below, and
““after drying’’ indicates that the sample is tested after being
dried under the conditions specified in the test for Loss on
drying. o

1. Procedure

Ignite a suitable crucible (for example, silica, platinum,
quartz or porcelain) at 600 £ 50°C for 30 minutes, cool the
crucible in a desiccator (silica gel or other suitable desiccant)
and weigh it accurately.

Take the amount of test sample specified in the individual
monograph in the crucible and weigh the crucible accurately.

Moisten the sample with a small amount (usually 1 mL) of
sulfuric acid, then heat gently at a temperature as low as
practicable until the sample is thoroughly charred. After
cooling, moisten the residue with a small amount (usually
1 mL) of sulfuric acid, heat gently until white fumes are no
longer evolved, and ignite at 600 £ 50°C until the residue is
completely incinerated. Ensure that flames are not produced
at any time during the procedure. Cool the crucible in a
desiccator (silica gel or other suitable desiccant), weigh accu-
rately and calculate the percentage of residue.

Unless otherwise specified, if the amount of the residue so
obtained exceeds the limit specified in the individual mono-
graph, repeat the moistening with sulfuric acid, heating and
ignition as before, using a 30-minute ignition period, until
two consecutive weighings of the residue do not differ by
more than 0.5 mg or until the percentage of residue complies
with the limit in the individual monograph.

2.45 Refractive Index
Determination

Refractive Index Determination is a method to measure
the ratio of the velocity of light in air to that in the sample.
Generally, when light proceeds from one medium into
another, the direction is changed at the boundary surface.
This phenomenon is called refraction. When light passes
from the first isotropic medium into the second, the ratio of
the sine of the angle of incidence, 7, to that of the angle of
refraction, r, is constant with regard to these two media and
has no relation to the angle of incidence. This ratio is called
the refractive index of the second medium with respect to the
first, or the relative refractive index, n.

sin i
n=-—
sin r

The refractive index obtained when the first medium is a
vacuum is called the absolute refractive index, N, of the
second medium.

In isotropic substances, the refractive index is a character-
istic constant at a definite wavelength, temperature, and
pressure. Therefore, this measurement is applied to purity
test of substances, or to determination of the composition of
homogeneous mixtures of two substances.

The measurement is usually carried out at 20°C, and the D
line of the sodium spectrum is used for irradiation. This
value is expressed as n¥.

1. Procedure
For the measurement of refractive index, usually the Abbé
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refractometer is used at a temperature in the range of
+0.2°C of that directed in the monograph. Use of the Abbé
refractometer permits direct reading of np under incandes-
cent light, with a measurable range from 1.3 to 1.7, and an
attainable precision of 0.0002.

2.46 Residual Solvents Test

Residual Solvents Test is a test to determine the amounts
of residual organic solvents in pharmaceuticals by using gas
chromatography <2.02> or other suitable methods. If only
solvents with low toxic potential to man are present in phar-
maceuticals, the test of loss on drying <2.41> can be applied
in place of gas chromatography.

1. Procedure and Test Method

Perform the test by using gas chromatography <2.02> or
other suitable methods.

The items necessary for conducting the test should previ-
ously be specified so that the test method is suitable for
determining the objective residual solvents. For gas chroma-
tography, the items usually necessary to specify are the
quantity of sample and reference standard (reference sub-
stance) for the test, method for preparing sample and stand-
ard solutions, injection amounts of sample and standard
solutions to gas chromatograph, calculation formula, oper-
ating conditions for head-space apparatus and gas chroma-
tography, and system suitability.

2.47 Osmolarity Determination

Osmolarity Determination is a method for measuring the
osmotic concentration of the sample solution from the extent
of the freezing-point depression.

When a solution and a pure solvent are separated by a
semipermeable membrane, through which the solvent can
pass freely, but the solute cannot, a part of the solvent
passes into the solution compartment through the mem-
brane. The pressure difference produced between the two
compartments concomitantly with the solvent migration
through the membrane, is defined as the osmotic pressure I7
(Pa). The osmotic pressure is a physical quantity depending
on the total of the molecular species present, including neu-
tral molecules and ions, and does not depend on the kind of
solute. A solution property, such as osmotic pressure,
freezing-point depression, boiling-point elevation etc., which
depends not on the kind of solute, but on the total number
of all molecular species, is called a colligative property of a
solution.

The osmotic pressure of a polymer solution can be meas-
ured directly as the hydrostatic pressure difference between
two compartments separated by a semipermeable membrane,
such as a cellulose membrane. However, this is not applica-
ble to a solution containing low molecular species, which can
pass through a semipermeable membrane. Though the os-
motic pressure of such a solution cannot be measured di-
rectly, the direction and extent of solvent migration through
biological membranes can be predicted from the total num-
ber of all molecular species present when the solution is
placed under physiological conditions. Other colligative
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properties of a solution such as freezing-point depression,
boiling-point elevation, vapor-pressure depression, etc. can
be directly obtained by observing changes of temperature
and/or pressure, etc. These solution properties depend on
the total number of ionic and neutral species in the solution
in the same way as the osmotic pressure, and the molecular
particle concentration is defined as the osmotic concentra-
tion. The osmotic concentration can be defined in two ways,
one being mass-based concentration (osmolality, mol/kg)
and the other, volume-based concentration (osmolarity,
mol/L). In practice, the latter is more convenient.

Unless otherwise specified, the freezing-point depression
method is used for measuring the osmotic concentration.
The method is based on the linear dependency of the
freezing-point depression AT (°C) upon the osmolality m
(mol/kg), as expressed in the following equation,

AT = K-m

In this equation, K is the molal freezing-point depression
constant, and it is known to be 1.86°C kg/mol for water.
Since the constant K is defined on the basis of molarity, the
molar osmotic concentration can be obtained from the above
equation. In the dilute osmotic concentration range, os-
molality m (mol/kg) can be assumed to be numerically equal
to osmolarity ¢ (mol/L). Thus, the conventional osmolarity
(mol/L) and the unit of osmole (Osm) are adopted in this
test method. One Osm means that the Avogadro number
(6.022 X 1023/mol) of species is contained in 1 L of solution.
Usually the osmotic concentration is expressed as the sub-
multiple milliosmole (mOsm, mosmol/L) in the Phar-
macopoeia.

1. Apparatus

Usually, the osmotic concentration of a solution can be
obtained by measuring the extent of the freezing-point
depression. The apparatus (osmometer) is composed of a
sample cell for a fixed volume of sample solution and a cell
holder, a cooling unit and bath with a temperature regulator,
and a thermistor for detecting temperature.

2. Procedure

A fixed volume of the test solution is introduced into the
sample cell, as indicated for the individual apparatus.

The apparatus must first be calibrated by the two-point
calibration method by using osmolal standard solutions. For
the calibration, select two different standard solutions just
covering the expected osmolar concentration of a sample so-
lution. Other than the indicated osmolal standard solutions
in the Table below, water can also be used as a standard so-
lution (0 mOsm) for measuring low osmolar sample solu-
tions (0 - 100 mOsm). Next, after washing the sample cell
and the thermistor as indicated for the individual apparatus,
measure the degree of the freezing-point depression caused
by a sample solution. Using the above-mentioned relation of
osmolar concentration m and A7, the osmolarity of a sam-
ple solution can be obtained, and it is assumed to be numeri-
cally equal to the osmolarity.

In the case of higher osmolar solutions over 1000 mOsm,
dilute the sample by adding distilled water and prepare n
times diluted sample solution (1 in z). Measure the osmo-
larity of the diluted solution, as described above. In this
case, it is necessary to state that the calculated osmolarity for
the sample (see below) is an apparent osmolarity obtained by
the dilution method. When the dilution method is applied,
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the dilution number should be selected so that the expected
osmolarity is nearly equal to that of physiological saline so-
lution.

In the case of solid samples, such as freeze-dried medi-
cines, prepare a sample solution by dissolving the solid using
the indicated solution for dissolution.

3. Suitability of the apparatus

After the calibration of the apparatus, a suitability test
must be done by repeating the measurement of osmolarity
for one of the standard solutions not less than 6 times. In
performing the test, it is advisable that the osmolarity of a
sample solution and the selected standard solution are simi-
lar to each other. In this test, the repeatability of measured
values and the deviation of the average from the indicated
value should be less than 2.0% and 3.0%, respectively.
When the requirement is not met, calibrate the apparatus
again by the two-point calibration method, and repeat the
test.

4. Preparation of the osmolar standard solutions

Weigh exactly an amount indicated in Table 2.47-1 of so-
dium chloride (standard reagent), previously dried between
500°C and 650°C for 40 to 50 minutes and allowed to cool in
a desiccator (silica gel). Dissolve the weighed sodium chlo-
ride in exactly 100 g of water to make the corresponding os-
molar standard solution.

5. Osmolar ratio

In this test method the osmolar ratio is defined as the ratio
of osmolarity of a sample solution to that of the isotonic so-
dium chloride solution. The ratio can be used as a measure
of isotonicity of sample solution. Since the osmolarity of the
isotonic sodium chloride solution (NaCl 0.900 g/100 mL) cg
(mOsm) is assumed to be constant (286 mOsm), the osmolar
ratio of a sample solution, of which the osmolarity is cr
(mOsm), can be calculated by means of the following equa-
tion,

. Cr
Osmolar ratio = —
Cs

cg: 286 mOsm

When the measurement is done by the dilution method,
because the sample has an osmolarity over 1000 mOsm, the
apparent osmolarity of the sample solution ¢ can be calcu-
lated as n- ¢’y = cr, in which 7 is the dilution number and ¢'r
is the measured osmolarity for the diluted solution. In this
calculation, a linear relation between osmolarity and solute
concentration is assumed. Thus when the dilution measure-
ment is performed, the dilution number must be stated as
(1 in n).

Table 2.47-1

Standard solution for osmometer Amount of
calibration (milliosmoles) sodium chloride (g)
100 0.309
200 0.626
300 0.946
400 1.270
500 1.593
700 2.238
1000 3.223
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2.48 Water Determination
(Karl Fischer Method)

Water Determination is a method to determine water con-
tent in sample materials, utilizing the fact that water reacts
with iodine and sulfur dioxide quantitatively in the presence
of a lower alcohol such as methanol, and an organic base
such as pyridine. The reaction proceeds in the manner shown
in the following equation:

I, + SO, + 3CsH;N + CH;0H + H,0
— 2(CsH;N*H)I- + (CsH;N+H)~0SO,0CH;

In this measurement there are two methods different in
iodine-providing principle: one is the volumetric titration
method and the other, the coulometric titration method. In
the former, iodine is previously dissolved in a reagent for
water determination, and water content is determined by
measuring the amount of iodine consumed as a result of
reaction with water. In the latter, iodine is produced by elec-
trolysis of Karl Fisher reagent containing iodide ion. Based
on the quantitative reaction of the generated iodine with
water, the water content in a sample specimen can be deter-
mined by measuring the quantity of electricity which is re-
quired for the production of iodine during the titration.

2 = I, + 2e-

1. Volumetric titration
1.1. Apparatus

Generally, the apparatus consists of automatic burettes, a
titration flask, a stirrer, and equipment for amperometric
titration at constant voltage or potentiometric titration at
constant current.

The Karl Fischer TS is extremely hygroscopic, so the appa-
ratus should be designed to be protected from atmospheric
moisture. Desiccants such as silica gel or calcium chloride
for water determination are used for moisture protection.
1.2. Reagents

(i) Chloroform for water determination—To 1000 mL of
chloroform add 30 g of synthetic zeolite for drying, stopper
tightly, allow to stand for about 8 hours with occasional gen-
tle shaking, then allow to stand for about 16 hours, and col-
lect the clear layer of chloroform. Preserve the chloroform,
protecting it from moisture. The water content of this chlo-
roform should not be more than 0.1 mg per mL.

(ii) Methanol for water determination—To 1000 mL of
methanol add 30 g of synthetic zeolite for drying, stopper
tightly, allow to stand for about 8 hours with occasional gen-
tle shaking, then allow to stand for about 16 hours, and col-
lect the clear layer of methanol. Preserve the methanol, pro-
tecting it from moisture. The water content of this methanol
should not be more than 0.1 mg per mL.

(iii) Propylene carbonate for water determination—To
1000 mL of propylene carbonate add 30 g of synthetic zeolite
for drying, stopper tightly, allow to stand for about 8 hours
with occasional gentle shaking, then allow to stand for about
16 hours, and collect the clear propylene carbonate layer.
Preserve this protecting from moisture. The water content
should not be more than 0.3 mg per mL.

(iv) Diethylene glycol monoethyl ether for water determi-
nation—To 1000 mL of diethylene glycol monoethyl ether
add 30 g of synthetic zeolite for drying, stopper tightly,
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allow to stand for about 8 hours with occasional gentle shak-
ing, then allow to stand for about 16 hours, and collect the
clear layer of diethylene glycol monoethyl ether. Preserve the
diethylene glycol monoethyl ether, protecting it from mois-
ture. The water content of this diethylene glycol monoethyl
ether should not be more than 0.3 mg per mL.

(v) Pyridine for water determination—Add potassium
hydroxide or barium oxide to pyridine, stopper tightly, and
allow to stand for several days. Distill and preserve the puri-
fied and dried pyridine, protecting it from moisture. The
water content of this pyridine should not be more than 1 mg
per mL.

(vi) Imidazole for water determination—Use imidazole
for thin-layer chromatography, of which the water content
should not be more than 1 mg per g.

(vii) 2-Methylaminopyridine for water determination—
Distill and preserve 2-methylaminopyridine, protecting it
from moisture. The water content of this 2-methylamino-
pyridine should not be more than 1 mg per mL.

1.3. Preparation of test solutions and standard solutions
1.3.1. Karl Fischer TS for water determination

The Karl Fischer TS is preserved in a cold place, protect-
ing it from light and moisture.
1.3.1.1. Preparation

Prepare according to the following method (i), (ii) or (iii).
Additives may be added for the purpose of improving the
stability or other performances if it is confirmed that they
give almost the same results as those obtained from the spe-
cified method.

(i) Preparation 1

Dissolve 63 g of iodine in 100 mL of pyridine for Karl
Fischer method, cool the solution in ice bath, and pass dried
sulfur dioxide gas through this solution until the mass in-
crease of the solution reaches 32 g. Then make up to 500 mL
by adding chloroform for Karl Fischer method or methanol
for Karl Fischer method, and allow to stand for more than
24 hours before use.

(ii) Preparation 2

Dissolve 102 g of imidazole for Karl Fischer method in 350
mL of diethylene glycol monoethyl ether for water determi-
nation, cool the solution in ice bath, and pass dried sulfur di-
oxide gas through this solution until the mass increase of the
solution reaches 64 g, keeping the temperature between 25°C
and 30°C. Then dissolve 50 g of iodine in this solution, and
allow to stand for more than 24 hours before use.

(iii) Preparation 3

Pass dried sulfur dioxide gas through 220 mL of propylene
carbonate for water determination until the mass increase of
the solvent reaches 32 g. To this solution, add 180 mL of
propylene carbonate, or diethylene glycol monoethyl ether
for water determination, in which 81 g of 2-methylamino-
pyridine for Karl Fischer method is dissolved and cooled in
ice bath. Then dissolve 36 g of iodine in this solution, and
allow to stand for more than 24 hours before use.
1.3.1.2. Standardization

According to the procedure described below, take a suita-
ble quantity of methanol for Karl Fischer method in a dried
titration flask, and titrate the solvent with a Karl Fischer TS
to make the inside of the flask anhydrous. Then, weigh
about 30 mg of water accurately and put it in the titration
flask quickly, and titrate the water dissolved in the solvent
with a Karl Fischer TS to the end point, under vigorous stir-
ring. Calculate the water equivalence factor, f(mg/mL), cor-
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responding to the amount of water (H,O) in mg per 1 mL of
the Karl Fischer TS by using the following equation:

Amount of water taken (H,O) (mg)

f(mg/mL) = ;
Volume of Karl Fischer TS consumed
for titration of water (H,O) (mL)
1.3.2. Standard water-methanol solution

Standard water-methanol solution is preserved in a cold
place, protecting it from light and moisture.
1.3.2.1. Preparation

Take 500 mL of methanol for water determination in a
dried 1000-mL volumetric flask, add 2.0 mL of water, and
adjust with the methanol to make 1000 mL.

Perform the standardization of this solution, followed by
the procedure for Karl Fischer TS. Preserve it in a cool
place, protecting it from light and moisture.
1.3.2.2. Standardization

According to the procedure described below, take a suita-
ble quantity of methanol for water determination in a dried
titration flask, and titrate the water contaminated with Karl
Fischer TS to make the content of the flask anhydrous.
Then, add exactly 10 mL of Karl Fischer TS to this solution
in the flask, and titrate it with the prepared standard water-
methanol solution to the end point. Calculate the water con-
centration in the standard water-methanol solution,
f'(mg/mL), by using the following equation:

f(mg/mL) x 10 (mL)

Volume of the standard water-methanol
solution consumed for titration (mL)

f'(mg/mL) =

1.4. Procedure

As a rule, the titration of water with a Karl Fischer TS
should be performed at the same temperature as that at
which the standardization was done, with protection from
moisture. The apparatus is equipped with a variable resistor
in the circuit, and this resistor is manipulated so as to main-
tain a constant voltage (mV) between two platinum elec-
trodes immersed in the solution to be titrated. The variable
current (#A) can be measured (Amperometric titration at
constant voltage). During titration with Karl Fischer TS, the
current in the circuit varies noticeably, but returns to the
original value within several seconds. At the end of a titra-
tion, the current stops changing and persists for a certain
time (usually, longer than 30 seconds). When this electric
state has been attained, it is designated as the end point of
titration.

Otherwise, the manipulation of the resistor serves to pass
a definite current between two platinum electrodes. The vari-
able potential (mV) can be measured (Potentiometric titra-
tion at constant current). With the progress of titration of
water with a Karl Fischer TS, the value indicated by the
potentiometer in the circuit decreases suddenly from a
polarization state of several hundreds (mV) to the non-
polarization state, but it returns to the original value within
several seconds. At the end of titration, the non-polarization
state persists for a certain time (usually, longer than 30
seconds). When this electric state has been attained, it is
designated as the end point of titration.

In the case of back titration, when the amperometric titra-
tion method is used at constant voltage, the needle of
microammeter is out of scale during excessive presence of
Karl Fischer TS, and it returns rapidly to the original posi-
tion when the titration system has reached the end point. In
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the case of the potentiometric titration method at constant
current in the back titration mode, the needle of the mil-
livoltmeter is at the original position during excessive
presence of Karl Fischer TS. Finally a definite voltage is indi-
cated when the titration system has reached the end point.

Unless otherwise specified, the titration of water with Karl
Fischer TS can be performed by either one of the following
methods. Usually, the end point of the titration can be ob-
served more clearly in the back titration method, compared
with the direct titration method.

1.4.1. Direct titration

Unless otherwise specified, proceed by the following
method. Take a suitable quantity of methanol for water de-
termination in a dried titration flask, and titrate the water
contaminated with Karl Fischer TS to make the content of
the flask anhydrous. Take a quantity of sample specimen
containing 5 to 30 mg of water, transfer it quickly into the
titration flask, dissolve by stirring, and titrate the solution to
be examined with Karl Fischer TS to the end point under
vigorous stirring.

In the case of an insoluble sample specimen, powder the
sample quickly, weigh a suitable amount of the sample con-
taining 5 to 30 mg of water, and transfer it quickly into the
titration vessel, stir the mixture for 5 - 30 minutes, protect-
ing it from moisture, and perform a titration under vigorous
stirring. Alternatively, in the case of a sample specimen
which is insoluble in the solvent for water determination or
which interfere with the Karl Fisher reaction, water in the
sample can be removed by heating under a stream of nitro-
gen gas, and introduced into the titration vessel by using a
water evaporation technique.

Though the titration procedure should be performed
under atmospheric conditions at low humidity, if the effect
of atmospheric moisture cannot be avoided, for instance, if
a long time is required for extraction and titration of water,
a blank test must be done under the same conditions as used
for the sample test, and the data must be corrected, accord-
ingly.

Volume of Karl Fischer

TS consumed for
titration (mL)

X f(mg/mL)

Water (H,0) % = x 100

Amount of sample (mg)

1.4.2. Back titration

Unless otherwise specified, proceed by the following
method. Take a suitable quantity of methanol for water de-
termination in the dried titration vessel, and titrate the water
contaminated with Karl Fischer TS to make the content of
the flask anhydrous. Take a suitable quantity of sample
specimen having 5 - 30 mg of water, transfer the sample
quickly into the titration vessel, dissolve it in the solution by
stirring, add an excessive and definite volume of Karl Fischer
TS, and then titrate the solution with the standard water-
methanol solution to the end point under vigorous stirring.

In the case of an insoluble sample specimen, powder the
sample quickly, weigh a suitable amount accurately, transfer
it quickly into the titration vessel, and add an excessive and
definite volume of Karl Fischer TS. After stirring for 5 - 30
minutes, with protection from moisture, perform the titra-
tion under vigorous stirring.
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Water (H,0) % =

Fischer TS
added (mL)

[Volume of the standard water-

Volume of Karl
[ ] X f(mg/mL)

methanol solution consumed
for titration (mL)

} X j”(mg/rnL),

X 100
Amount of sample (mg)

2. Coulometric titration
2.1. Apparatus

Usually, the apparatus is comprised of a titration flask
equipped with an electrolytic cell for iodine production, a
stirrer, and a potentiometric titration system at constant cur-
rent. The iodine production system is composed of an anode
and a cathode, separated by a diaphragm. The anode is im-
mersed in the anolyte solution for water determination and
the cathode is immersed in the catholyte solution for water
determination. Both electrodes are usually made of plati-
num-mesh.

Because both the anolyte and the catholyte solutions for
water determination are strongly hygroscopic, the titration
system should be protected from atmospheric moisture. For
this purpose, silica gel or calcium chloride for water determi-
nation can be used.

2.2. Preparation of anolyte and catholyte solutions for
water determination

Electrolytic solutions shall consist of an anolyte solution
and a catholyte solution, the preparations of which are
described below.

2.2.1. Preparation 1

(i) Anolyte for water determination—Dissolve 102 g of
imidazole for water determination in 900 mL of methanol
for water determination, cool the solution in ice bath, and
pass dried sulfur dioxide gas through the solution, which is
kept below 30°C. When the mass increase of the solution has
reached 64 g, the gas flow is stopped and 12 g of iodine is
dissolved by stirring. Then drop a suitable amount of water
into the solution until the color of liquid is changed from
brown to yellow, and add methanol for water determination
to make up 1000 mL.

(ii) Catholyte for water determination—Dissolve 24 g of
diethanolamine hydrochloride in 100 mL of methanol for
water determination.

2.2.2. Preparation 2

(i) Anolyte for water determination—Dissolve 40 g of
1,3-di(4-pyridyl)propane and 30g of diethanolamine in
about 200 mL of methanol for water determination, and
pass dried sulfur dioxide gas through the solution. When the
mass increase of the solution has reached 25 g, the gas flow
is stopped. Add 50 mL of propylene carbonate, and dissolve
6 g of iodine in the solution. Then make up the solution to
500 mL by addition of methanol for water determination
and drop in a suitable amount of water until the color of lig-
uid is changed from brown to yellow.

(i) Catholyte for water determination—Dissolve 30 g of
choline hydrochloride into methanol for water determination
and adjust the volume to 100 mL by adding the methanol.
2.2.3. Preparation 3

(i) Anolyte for water determination—Dissolve 100 g of
diethanolamine in 900 mL of methanol for water determina-
tion or a mixture of methanol and chloroform for water de-
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termination (3:1), and pass dried sulfur dioxide gas through
the solution. When the mass increase of the solution has
reached 64 g, the gas flow is stopped. Dissolve 20 g of iodine
in the solution, and drop in a suitable amount of water until
the color of liquid is changed from brown to yellow.

(ii) Catholyte for water determination—Dissolve 25 g of
lithium chloride in 1000 mL of a mixture of methanol for
water determination and nitroethane (4:1).

2.3. Procedure

Take a suitable volume of an anolyte for water determina-
tion in the titration vessel, immerse in this solution a pair of
platinum electrodes for potentiometric titration at constant
current. Then immerse the iodine production system filled
with a catholyte for water determination in the anolyte solu-
tion. Switch on the electrolytic system and make the content
of the titration vessel anhydrous. Next take an accurately
weighed amount of a sample specimen containing 0.2 - 5 mg
of water, add it quickly to the vessel, dissolve by stirring,
and perform the titration to the end point under vigorous
stirring.

When a sample specimen cannot be dissolved in the
anolyte, powder it quickly, and add an accurately weighed
amount of the sample estimated to contain 0.2 - 5 mg of
water to the vessel. After stirring the mixture for 5 - 30
minutes, with protection from atmospheric moisture, per-
form the titration under vigorous stirring. Alternatively, in
the case of an insoluble solid or a sample containing a com-
ponent which interferes with the Karl Fisher reaction, water
in the sample can be removed by heating, and carried by a
nitrogen gas flow into the titration vessel, by using a water
evaporation technique.

Determine the quantity of electricity (C) [= electric cur-
rent (A) X time (s)] required for the production of iodine
during the titration, and calculate the water content (%) in
the sample specimen by use of the following equation.

Though the titration procedure should be performed
under atmospheric conditions at low humidity, if the effect
of atmospheric moisture cannot be avoided, for instance, if
a long time is required for extraction and titration of water,
a blank test must be done under the same conditions as used
for the sample test, and the data must be corrected, accord-

ingly.

Quantity of electricity required
for iodine production (C)

10.72 (C/mg)
X Amount of sample (mg)

Water (H,0) % =

X 100

10.72: quantity of electricity corresponding to 1 mg of
water (C/mg)

2.49 Optical Rotation
Determination

Optical Rotation Determination is a method for the meas-
urement of the angular rotation of the sample using a
polarimeter.

Generally, the vibrations of light take place on planes per-
pendicular to the direction of the beam. In case of the ordi-
nary light, the directions of the planes are unrestricted, while
in case of the plane polarized light, commonly called as pola-
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rized light, the vibrations take place on only one plane that
includes the advancing direction of the beam. And it is called
that these beams have plane of polarization. Some drugs in
the liquid state or in solution have a property of rotating the
plane of the polarized light either to the right or to the left.
This property is referred to as optical activity or optical rota-
tion, and is inherently related to the chemical constitution of
the substance.

The optical rotation is a degree of rotation of polarized
plane, caused by the optically active substance or its solu-
tion, and it is measured by the polarimeter. This value is pro-
portional to the length of the polarimeter tube, and is also
related to the solution concentration, the temperature and
the measurement wavelength. The character of the rotation
is indicated by the direction of the rotation, when facing to
the advancing direction of the polarized light. Thus in case
of rotation to the right, it is called dextrorotatory and ex-
pressed by placing plus sign (+), while in case of rotation to
the left, it is called levorotatory and expressed by placing mi-
nus sign (—) before the figure of the angular rotation. For
example, +20° means 20° of rotation to the right, while
—20° means 20° of rotation to the left.

The angular rotation o, means degree of rotation, when it
is measured at /°C by using specific monochromatic light x
(expressed by wavelength of light source or the specific beam
name). Usually, the measurement is performed at 20°C or
25°C, with a polarimeter tube of 100 mm in length, and with
the D line of sodium lamp.

The specific rotation is expressed by the following equa-
tion:

07

x 100

ledy = -

~

: The temperature of measurement.

x: The wavelength or the name of the specific monochro-
matic light (in the case of the Sodium D line, it is
described as D).

o: The angle, in degrees, of rotation of the plane of the
polarized light.

I: The thickness of the layer of sample solution, i.e., the
length of the polarimeter tube (mm).

c: Drug concentration in g/mL. When an intact liquid

drug is used for the direct measurement without dilution

by an appropriate solvent, ¢ equals to its density

(g/mL). However, unless otherwise specified, the spe-

cific gravity is conventionally used in stead of the den-

sity.

The description in the monograph, for example, “‘[o]¥:
—33.0- —36.0° (after drying, 1g, water, 20 mL, 100
mm),”” means the measured specific rotation [¢]% should be
in the range of —33.0° and —36.0°, when 1 g of accurately
weighed sample dried under the conditions, specified in the
test item of Loss on drying, is taken, and dissolved in water
to make exactly 20 mL, then put in the polarimeter tube of
100 mm length, of which temperature is kept at 20°C.
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2.50 Endpoint Detection Methods
in Titrimetry

Titrimetry is a method or a procedure for volumetric
analysis, which is usually classified into acid-base titration
(neutralization titration or pH titration), precipitation titra-
tion, complexation titration, oxidation-reduction titration,
etc., according to the kind of reaction or the nature of the
phenomenon occurring between the titrate and the titrant
(standard solution for volumetric analysis). Furthermore,
titration performed in a nonaqueous solvent is generally
called nonaqueous titration, which is frequently used for
volumetric analysis of weak acids, weak bases, and their
salts. The endpoint in titrimetry can be detected by color
changes of indicators and/or by changes of electrical signals
such as electrical potential or electrical current.

The indicator method is one of the endpoint detection
methods in titrimetry. In this method the color of an indica-
tor dye, dissolved in the titrate, changes dramatically in the
vicinity of the equivalence point due to its physico-chemical
character, and this property is used for visual endpoint de-
tection. Selection of an indicator and specification of the
color change induced in the respective titration system,
should be described in the individual monograph. An ap-
propriate indicator should change color clearly, in response
to a slight change in physico-chemical properties of the
titrate, such as pH, etc., in the vicinity of the equivalence
point.

Regarding the electrical endpoint detection methods, there
are an electrical potential method and an electrical current
method, which are called potentiometric and amperometric
titration methods, respectively. They are generically named
electrometric titration. In the potentiometric titration
method, the endpoint of a titration is usually determined to
be the point at which the differential potential change
becomes maximum or minimum as a function of the quan-
tity of titrant added. In the amperometric titration method,
unless otherwise specified, a bi-amperometric titration
method is used, and the endpoint is determined by following
the change of microcurrent during the course of a titration.
Furthermore, the quantity of electricity (electrical current
X time) is often used as another electrochemical signal to
follow a chemical reaction, as described in Coulometric
Titration under Water Determination <2.48>.

The composition of a titration system, such as amount of
specimen, solvent, standard solution for volumetric analysis,
endpoint detection method, equivalent amount of substance
to be examined (mg)/standard solution (mL), should be spe-
cified in the individual monograph. Standardization of the
standard solution and titration of a specimen are recom-
mended to be done at the same temperature. When there is a
marked difference in the temperatures at which the former
and the latter are performed, it is necessary to make an ap-
propriate correction for the volume change of the standard
solution due to the temperature difference.

1. Indicator Method

Weigh an amount of a specimen in a flask or a suitable
vessel as directed in the monograph or in ‘‘Standard Solu-
tions for Volumetric Analysis’’, and add a specified quantity
of solvent to dissolve the specimen. After adding a defined
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indicator to the solution to prepare the titrate, titrate by add-
ing a standard solution for volumetric analysis by using a
buret. In the vicinity of the endpoint, observe the color
change induced by the cautious addition of 0.1 mL or less of
the titrant. Calculate the quantity of titrant added from the
readings on the scale of the buret used for the titration at the
starting point and at the endpoint at which the specified
color change appears, as directed in the individual mono-
graph or in the ‘“‘Standard Solutions for Volumetric Analy-
sis’’. Although addition of the volumetric standard solution
by buret is usually done manually, an automatic buret can
also be used.

Unless otherwise specified, perform a blank determination
according to the following method, and make any necessary
correction.

Measure a specified quantity of solvent, as directed in the
monograph or in the ‘‘Standard Solutions for Volumetric
Analysis’’, and titrate as directed. The required quantity of
the standard solution added to reach a specified color
change, is assumed to be the blank quantity for the titration
system. However, when the blank quantity is too small to
evaluate accurately, the quantity can be assumed to be zero.

2. Electrical Endpoint Detection Methods
2.1. Potentiometric titration
2.1.1. Apparatus

The apparatus consists of a beaker to contain the speci-
men, a buret for adding a standard solution, an indicator
electrode and a reference electrode, a potentiometer for
measuring potential difference between the electrodes or an
adequate pH meter, a recorder, and a stirrer for gentle stir-
ring of the solution to be examined. Separately, an auto-
matic titration apparatus assembled from suitable units
and/or parts, including a data processing system, can also be
used.

In this titration method, unless otherwise specified, indica-
tor electrodes designated in Table 2.50-1 are used according
to the kind of titration. As a reference electrode, usually a
silver-silver chloride electrode is used. Besides the single indi-
cator electrodes as seen in Table 2.50-1, a combined refer-
ence electrode and indicator electrode can also be used.

When the potentiometric titration is carried out by the pH
measurement method, the pH meter should be adjusted ac-
cording to the pH Determination <2.54>.

2.1.2. Procedure

Weigh a defined amount of a specimen in a beaker, and
add an indicated quantity of solvent to dissolve the speci-
men, as directed in the monograph. After the potential
difference E (mV) or the pH value of the solvent to be used
for titration has reached a stable value, immerse both refer-
ence and indicator electrodes, which have previously been
washed with the solvent being used, in the solution to be exa-
mined, and titrate with a standard solution for volumetric
analysis with gentle stirring of the solution. During the titra-
tion, the tip of the buret should be dipped into the solution,
to be examined. The endpoint of titration is determined by
following the variation of the potential difference between
two electrodes as a function of the quantity of titrant added.
In the vicinity of the endpoint, the amounts of a titrant ad-
ded should be 0.1 mL or less for adequate titrimetry. Plot
the obtained potential values along the ordinate and the
quantity of a titrant added V (mL) along the abscissa to
draw a titration curve, and obtain the endpoint from the
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Table 2.50-1 Kind of Titration and Indicator Electrode

Kind of titration

Indicator electrode

Acid-base titration
(Neutralization titra-
tion, pH titration)

Precipitation titration
(Titration of halogen
ion by silver nitrate)

Oxidation-reduction titra-
tion
(Diazo titration, etc.)
Complexation titration
(Chelometric titration)
Nonaqueous titration

Glass electrode

Silver electrode. A silver-
silver chloride electrode
is used as a reference
electrode, which is con-
nected with the titrate
by a salt bridge of satu-
rated potassium nitrate
solution.

Platinum electrode

Mercury-mercury chloride
(IT) electrode
Glass electrode

(Perchloric acid titra-
tion, Tetramethylam-
monium hydroxide
titration)

maximum or the minimum value of AE/AV or from the
value of electromotive force or pH corresponding to the
equivalence point.

Unless otherwise specified, the decision of the endpoint in
this method is usually made by either of the following
methods.

(i) Drawing method

Usually, draw two parallel tangent lines with a slope of
about 45° to the obtained titration curve. Next, draw a 3rd
parallel line at the same distance from the previously drawn
two parallel lines, and decide the intersection point of this
line with the titration curve. Further, from the intersection
point, draw a vertical line to the abscissa, and read the quan-
tity of titrant added as the endpoint of the titration.

Separately, the endpoint of the titration can also be
otained from the maximum or the minimum of the differen-
tial titration curve (AE/AV vs. V).

(ii) Automatic detection method

In the case of potentiometric titration using an automatic
titiration system, the endpoint can be determined by follow-
ing the respective instrumental indications. The endpoint is
decided either by following the variation of the differential
potential change or the absolute potential difference as a
function of the quantity of titrant added: in the former case
the quantity given by the maximum or the minimum of the
differential values, and in the latter the quantity given by the
indicator reaching the endpoint potential previously set for
the individual titration system, are assumed to be the
endpoint volumes, respectively.

2.2. Amperometric titration
2.2.1. Apparatus

The apparatus consists of a beaker for holding a speci-
men, a buret for adding a standard solution for volumetric
analysis, two small platinum plates or wires of the same
shape as the indicator electrode, a device to load direct cur-
rent microvoltage between two electrodes, a microammeter

to measure the indicator current between the two electrodes,
a recorder, and a stirrer which can gently stir the solution in
a beaker. Separately, an automatic titration apparatus as-
sembled from suitable units and/or parts, including a data
processing system, can also be used.

2.2.2. Procedure

Weigh a defined amount of a specimen in a beaker, and
add an indicated quantity of solvent to dissolve the speci-
men, as directed in the individual monograph. Next, after
washing the two indicator electrodes with water, immerse
both electrodes in the solution to be examined, apply a con-
stant voltage suitable for measurement across two electrodes
by using an appropriate device, and titrate the solution with
a standard solution for volumetric analysis. During the titra-
tion, the tip of the buret should be dipped into the solution
to be examined. The endpoint of titration is determined by
following the changes of microcurrent between the two elec-
trodes as a function of the quantity of titrant added. In the
vicinity of the endpoint, the amounts of the titrant added
should be 0.1 mL or less for adequate titrimetry. Plot the ob-
tained current values along the ordinate and the quantity of
the titrant added V (mL) along the abscissa to draw a titra-
tion curve, and usually take the inflection point of the titra-
tion curve (the point of intersection given by the extrapola-
tion of two straight lines before and after the inflection) as
the endpoint in amperometric titration.

The blank test in this titration is usually performed as
follows: Take a volume of the solvent specified in the in-
dividual monograph or in the ‘‘Standard Solution for Volu-
metric Analysis’’, and use this as the sample solution. Deter-
mine the amount of the volumetric standard solution needed
for giving the endpoint, and use this volume as the blank. If
this volume is too small to determine accurately, the blank
may be considered as 0 (mL).

Unless otherwise specified, the endpoint in this titration is
decided by either of the following methods.

(i) Drawing method

Usually, extrapolate the two straight lines before and after
the inflection, and obtain the inflection point of the titration
curve. Next, read the quantity of titrant added at the inflec-
tion point, and assume this point to be the endpoint.

(i) Automatic detection method

In the case of amperometric titration using an automatic
titration system, the endpoint can be determined by follow-
ing the instrumental indications. The endpoint is decided by
following the variation of the indicator current during the
course of a titration, and the quantity of titrant added is as-
sumed to be that at which the current has reached the
endpoint current set previously for the individual titration
system.

When atmospheric carbon dioxide or oxygen is expected
to influence the titration, a beaker with a lid should be used,
and the procedure should be carried out in a stream of an in-
ert gas, such as nitrogen gas. Further, when a specimen is ex-
pected to be influenced by light, use a light-resistant con-
tainer to avoid exposure of the specimen to direct sunlight.

2.51 Conductivity Measurement

Conductivity Measurement is a method for the measuring
the flowability of electric current in an aqueous solution.
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The measurement is made with a conductivity meter or a
resistivity meter, and is used, for example, in the purity tests
in monographs. The method is applied to evaluate the test
item ‘‘Conductivity (Electrical Conductivity)’’ specified in
the monographs. Further it is also used for monitoring the
quality of water in the preparation of highly purified water.
However, when applying this method for monitoring the
quality of water, the details of measurement should be speci-
fied by the user, based on the principles described here.
Conductivity of a solution x (S-m~1!) is defined as the
reciprocal of resistivity p (2-m), which is an indicator of the
strength of ionic conductivity for a fluid conductor. Resis-
tivity is defined as the product of electrical resistance per
unit length and cross-sectional area of a conductor. When
resistivity is p, cross-section area A (m?), and length /(m),
resistance R (Q) can be expressed by the following equation.

R =p(/A)
Thus, conductivity x is expressed as follows,
k= 1/p = (1/R)(/A)

If I/A is known, the conductivity x¥ can be obtained by
measuring resistance R or conductance G(=R™1).

In the International System (SI), the unit of conductivity is
the Siemens per meter (S-m~1). In practice, conductivity of a
solution is generally expressed by uS-cm~!, and resistivity
by Q-cm.

Unless otherwise specified, the reference temperature for
the expression of conductivity or resistivity is 20°C.

Items such as the sample preparation method, the necessi-
ty of blank correction, the calculation method, the spe-
cification value, and the measuring temperature should be
described in the monograph, if necessary.

1. Apparatus

A conductivity meter or a resistivity meter is composed of
an indicator part (operating panel, display, recording unit)
and a detector part, the latter of which includes a conduc-
tivity cell. In the conductivity cell a pair of platinum elec-
trodes is embedded. The cell is immersed in a solution, and
the resistance or the resistivity of the liquid column between
the electrodes is measured. Alternating current is supplied to
this apparatus to avoid the effects of electrode polarization.
Further, a temperature compensation system is generally
contained in the apparatus.

Conductivity measurement is generally performed by
using an immersion-type cell. A pair of platinum electrodes,
the surfaces of which are coated with platinum black, is
fixed in parallel. Both electrodes are generally protected by a
glass tube to prevent physical shocks.

When the surface area of the electrode is A (cm?), and the
separation distance of the two electrodes is / (cm), the cell
constant C (cm~1) is given by the following equation.

C = a-(I/A)

o is a dimensionless numerical coefficient, and it is charac-
teristic of the cell design.

In addition to the immersion-type cell, there are flow-
through-type and insert-in-pipe-type cells. These cells are set
or inserted in an appropriate position in the flow system for
monitoring the quality of water continuously or intermit-
tently, during the preparation of highly purified water.
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Table 2.51-1 Conductivity and Resistivity of the Standard
Solutions of Potassium Chloride at 20°C

Concentration Conductivity x Resistivity p

(g/1000.0 g) (uS-cm~1) (Q-cm)
0.7455 1330 752
0.0746 133.0 7519
0.0149 26.6 37594

2. Standard Solution of Potassium Chloride

After pulverizing an appropriate amount of potassium
chloride for conductivity measurement, dry it at 500 - 600°C
for 4 hours. For the preparation of the standard solutions,
take the amount of the dried potassium chloride indicated in
Table 2.51-1, dissolve it in distilled water previously boiled
and cooled, or water with a conductivity less than
2uS-cm~!, and adjust to make 1000.0 g. The conductivity
and the resistivity of the respective standard solutions at
20°C are shown in Table 2.51-1. These standard solutions
should be kept in tightly closed polyethylene or hard glass
bottles.

When measurement at 20°C can not be performed, the
value of conductivity for the respective standard solution
(shown in Table 2.51-1), can be corrected by using the fol-
lowing equation. However, this equation is valid only within
the range of 15 - 30°C.

Kkt = Kkypll + 0.021(T — 20)]

T: Measuring temperature specified in the monograph

Kx1: Calculated conductivity of the KCI standard solution
at 7°C

K. Conductivity of the KCI standard solution at 20°C

3. Operating Procedure
3.1. Cell Constant

An appropriate conductivity cell should be chosen accord-
ing to the expected conductivity of the sample solution. The
higher the expected conductivity, the larger the cell constant
required for the conductivity cell, so that the electrical
resistance is within the measuring range of the apparatus
being used. Conductivity cells with a cell constant of the
order of 0.1 cm~!, 1 cm~!, or 10 cm~!, are generally used.

For determination or confirmation of the cell constant, an
appropriate KCl standard solution should be chosen and pre-
pared, taking account of the expected conductivity of the
sample solution to be measured. Rinse the cell several times
with distilled water. Next, after rinsing the cell 2 - 3 times
with the standard solution used for the cell constant determi-
nation, immerse the cell in the standard solution contained
in a measuring vessel. After confirming that the temperature
of the standard solution is maintained at 20 = 0.1°C or at
the temperature specified in the monograph, measure the
resistance Rgc or the conductance Gk of the standard solu-
tion, and calculate the cell constant C (cm~!) by use of the
following equation.

C = Rxcr'kka or C = kxa/Gka

Rkci: Measured resistance (MQ)

Gxci: Measured conductance (uS)

Kkkci: Conductivity of the standard solution being used
(uS-cm™)
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The measured cell constant should be consistent with the
given value within 5%. If it is not consistent, coat the elec-
trodes with platinum black again, or replace the cell with a
new one.

3.2. Suitability Test for the Apparatus

Using an appropriate KCI standard solution according to
the expected conductivity of the sample solution, perform
the suitability test for the apparatus. Rinse the conductivity
cell several times with distilled water, and rinse again 2 - 3
times with the selected standard solution. Fill the standard
solution in the measuring vessel. After confirming that the
temperature of the measuring system is maintained at 20
+ 0.1°C, measure the conductivity of the standard solution.
When this measuring procedure is repeated several times, the
average conductivity should be consistent with an indicated
value in Table 1 within 5%. Further, the relative standard
deviation should be less than 2%.

3.3. Measurement

After confirmation of the suitability of the apparatus, per-
form the conductivity measurement for the sample solution.
Unless otherwise specified, the preparation method for sam-
ple solution should be as specified in the respective mono-
graph. Rinse the conductivity cell several times with distilled
water, and rinse again 2 - 3 times with sample solution. Im-
merse the cell in the sample solution placed in a measuring
vessel. If necessary, agitate gently the sample solution. After
confirming that the temperature of the sample solution is
maintained at 20 = 0.1°C or at the temperature specified in
the monograph, measure the resistance Ry (MQ) or conduc-
tance Gt (uS) of the sample solution, and calculate the con-
ductivity xt by using the following equation.

Kt = CGT or K = C/RT

2.52 Thermal Analysis

““Thermal Analysis’’ is a generic term for a variety of tech-
niques to measure the physical properties of a substance as a
function of temperature and/or time.

Among the physical properties, phase transitions such as
solid/liquid phase transition (melting, freezing) and crystal
polymorphism or thermal behavior such as heat evolution or
absorption accompanying thermal degradation or chemical
reaction can be detected by the techniques of differential
thermal analysis (DTA) or differential scanning calorimetry
(DSC). DTA is a method for detecting the thermal behavior
of a specimen in terms of the temperature change, while
DSC employs the heat quantity (enthalpy) change. There is
also a method, thermogravimetry (TG), in which the mass
change of a specimen caused by dehydration, adsorption,
elimination or oxidation etc., is detected as a function of
temperature and/or time.

Among the above three different methods, TG can be used
as an alternative method for ‘‘Loss on Drying <2.41>’’ or
‘“Water Determination <2.48>’. However, it must be con-
firmed beforehand that no volatile component except for
water is included in the test specimen when TG is used as an
alternative method for ‘““Water Determination’’.
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1. Method 1 Differential Thermal Analysis (DTA) or
Differential Scanning Calorimetry (DSC)
1.1. Apparatus

Apparatus for DTA or DSC is usually composed of a
heating furnace, a temperature-controller, a detector, a
device for controlling the atmosphere, and an in-
dicator/recorder.

In a DTA apparatus, a sample specimen and an inert ref-
erence material placed in the heating furnace are heated or
cooled at a constant rate, and the temperature difference
evolved between the sample and reference material is detect-
ed continuously by a device such as a thermocouple and
recorded as a function of time and/or temperature. As an in-
ert reference material, a-Alumina for thermal analysis is usu-
ally adopted.

Two kinds of DSC apparatus, based upon different princi-
ples are available as shown below.

(i) Input compensation-type differential scanning calori-
metry (Input compensation DSC): A sample specimen and
the reference material in twin furnaces are programmed to
be heated or cooled at a constant rate, and the temperature
difference between the sample and the reference, which is de-
tected by a device such as a platinum resistance thermome-
ter, is kept at null by controlling the heating unit with a com-
pensation feed-back circuit. The instrument is designed to
measure and record continuously the balance of thermal
energy applied to each furnace as a function of temperature
and/or time.

(ii) Heat flux-type differential scanning calorimetry
(Heat flux DSC): A sample specimen and the reference mate-
rial in twin furnaces are programmed to be heated or cooled
at a constant rate, and the temperature difference between
the sample and the reference is detected as a difference of
heat flux and recorded as a function of temperature and/or
time. In heat flux DSC, thermal conductors are adopted so
that the heat flux between the sample and the heat reservoir
is proportional to the temperature difference between them.

In usual DSC analysis, o-Alumina is used as a reference
material, both in Input compensation DSC and in Heat flux
DSC. But in some cases, an empty sample container can also
be used without any reference material.

1.2. Procedure

A sample specimen and the reference material are put in
sample pans, and the furnace is heated or cooled under a
controlled temperature program. As the temperature
changes, the temperature difference (DTA) or heat quantity
change (DSC) that develops between the specimen and the
reference is detected and recorded continuously. Apparatus
equipped with a data-processor is operated according to the
instruction manual provided with the instrument.

A preliminary experiment is needed to determine the ap-
propriate temperature range of measurement, within which a
predicted physical change such as melting or polymorphic
phase transition will occur, and to confirm that unpredicted
thermal changes are not induced in a specimen in that tem-
perature range. In this preliminary test, a wide temperature
range (room temperature-the temperature at which degrada-
tion begins) can be scanned at a rapid heating rate (10 -
20°C/min). Thereafter, tests by DSC or DTA should be per-
formed at a low heating rate, usually 2°C/min, in the chosen
temperature range. However, when a clear heat change can-
not be observed, such as in a case of glass-transition, the
heating rate may be changed to a higher or a lower rate, as



66 2.52 Thermal Analysis / General Tests

appropriate for the kind of physical change being observed.
By analyzing the measured DTA-curve or DSC-curve, a
quantity of heat change and/or a specific temperature (igni-
tion, peak or end temperature) that accompanies a physical
change, such as melting or polymorphic phase transition,
can be obtained.
1.3. Calibration of the apparatus
1.3.1. Temperature calibration for DTA and DSC

Temperature calibration for DTA and/or DSC apparatus
can be performed by using reference substances having an
intrinsic thermal property, such as melting point of pure
metals or organic substances, or phase transition point of
crystalline inorganic salts or oxides. Melting points of Indi-
um for thermal analysis and/or Tin for thermal analysis are
usually employed for calibration.
1.3.2. Heat-quantity calibration for DSC

For accurate estimation of a quantity of heat change
(enthalpic change) of a sample specimen, caused by a certain
physical change accompanying a temperature change, it is
necessary to calibrate the apparatus by using appropriate ref-
erence substances. As indicated in the section of Tempera-
ture calibration, heat-quantity calibration for DSC appa-
ratus can be performed by using appropriate reference sub-
stances having a known definite enthalpic change caused by
such physical changes as melting of pure metals and/or or-
ganic substances, or phase transition of crystalline inorganic
salts. Melting points of Indium for thermal analysis and/or
Tin for thermal analysis are usually employed for calibra-
tion.
1.4. Notes on operating conditions

When DTA or DSC measurements are made, the follow-
ing items must be recorded: sample size, discrimination of
open- or closed-type sample container, heating or cooling
rate, measuring temperature range, and kind and flow rate
of atmospheric gas.

2. Method 2 Thermogravimetry (TG)
2.1. Apparatus

The construction of a TG apparatus is fundamentally
similar to that of DTA or DSC apparatus. However, the de-
tector for TG is a balance, called a thermobalance, which
can be classified to hanging-, Roberval’s-, and horizontal-
type balances. The TG apparatus is designed to detect small
mass changes of a specimen, placed at a fixed position on a
thermobalance, caused by temperature change of the furnace
under a controlled temperature program. Mass change with
time and/or temperature is recorded continuously.

2.2. Procedure

A specimen is put in a sample container, which is placed at
a fixed position of the thermobalance, then the heating fur-
nace is run under a controlled temperature program. During
this temperature change of the furnace, the mass change of a
specimen with time and/or temperature is recorded continu-
ously. Apparatus equipped with a data-processor is operated
according to the instruction manual provided with the instru-
ment.

When TG is used as an alternative method for ‘‘Loss on
Drying”’ or ‘“Water Determination’’, the measurement starts
at room temperature and ends at a temperature above which
no further mass change due to drying and/or vaporization of
water can be observed. The standard heating rate is usually
5°C/min, and a linear heating program is recommended.
However heating conditions (rate and time span) can be
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changed as necessary, depending on the kind of specimen
and the extent of the measuring temperature range. Further,
in TG measurement, dry air or dry nitrogen is usually passed
through the heating furnace to ensure rapid elimination of
evolved water or other volatile components and to avoid the
occurrence of any chemical reaction, such as oxidation. By
analyzing the TG curve plotted against time and/or tempera-
ture, absolute mass change and/or relative mass change with
respect to the initial quantity(%) is obtained.

When the mass change caused by oxidation or degradation
of a specimen is measured, a specific temperature range has
to be determined beforehand so that stable baselines can be
obtained before and after a targetted chemical reaction. Sub-
sequent operating procedures are the same as described
above.

2.3. Calibration of the apparatus
2.3.1. Temperature calibration

The Curie temperature of a ferromagnetic substance such
as pure Nickel can be used for temperature calibration for
TG, based on the occurrence of an apparent mass change at
the Curie point. In the case of a TG apparatus capable of
simultaneously conducting DSC and DTA, the same refer-
ence substances as those for DTA and DSC can be adopted.
2.3.2. Scale calibration and confirmation

The scale calibration for TG must be done by using refer-
ence masses for chemical balances and/or semimicrobal-
ances in the appropriate range. This is called a primary scale
calibration, and is performed under ordinary temperature
and pressure when the apparatus is set up initially and
periodically, thereafter.

In usual measurement by TG, scale calibration or confir-
mation is done by using Calcium Oxalate Monohydrate Ref-
erence Standard to take account of such effects as buoyancy
and convection due to atmospheric gas flow in the real meas-
urement state. This is called secondary scale calibration, and
is performed under the standard operation conditions stated
below by using the above-mentioned Reference Standard,
with a certified water content. When the difference of water
content between the measured value and the certified one for
the Reference Standard is less than 0.3%, normal operation
of the apparatus is confirmed. However, when the difference
is more than 0.3%, scale calibration for TG must be done,
based on the certified water content of the Reference Stand-
ard.

The standard operation conditions are as follows,

Amount of Calcium Oxalate Monohydrate Reference

Standard: 10 mg

Heating rate: 5°C/min
Temperature range: from room temperature to 250°C
Atmospheric gas: dried Nitrogen or dried Air
Flow rate of atmospheric gas,
hanging- or Roberval’s-type balance: 40 mL/min
horizontal-type balance: 100 mL/min
2.4. Notes on operating conditions

In TG measurement, the following operation conditions
must be recorded: sample size, heating rate, temperature
range, kind and flow rate of atmospheric gas, etc.
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2.53 Viscosity Determination

Viscosity Determination is a method to determine the vis-
cosity of liquid samples using a viscometer.

When a liquid moves in a definite direction, and the liquid
velocity has a gradient with respect to the direction rectangu-
lar to that of flow, a force of internal friction is generated
along both sides of a hypothetical plane parallel to the move-
ment. This flow property of a liquid is expressed in terms of
viscosity. The internal friction per unit area on the parallel
plane is called slip stress or shear stress, and the velocity
gradient with respect to the direction rectangular to that of
flow is called slip velocity or shear velocity. A liquid of
which the slip velocity is proportional to its slip stress is
called a Newtonian liquid. The proportionality constant, 7,
is a characteristic of a liquid at a certain temperature and is
called viscosity. The viscosity is expressed in the unit of Pas-
cal second (Pa-s), and usually milli-Pascal second (mPa-s).

A liquid whose slip velocity is not proportional to its slip
stress is called a non-Newtonian liquid. Since the viscosity
for a sample of a non-Newtonian liquid changes with its slip
velocity, the viscosity measured at a certain slip velocity is
called an apparent viscosity. In that case, the value of slip
stress divided by the corresponding slip velocity is called an
apparent viscosity. Thus, the relationship between apparent
viscosity and slip velocity will permit characterization of the
flow properties of a given non-Newtonian liquid.

The value of the viscosity, 7, divided by the density, p, at
the same temperature is defined as a kinematic viscosity, v,
which is expressed in the unit of meters squared per second
(m?/s), and usually millimeters squared per second (mm?2/s).

The viscosity of a liquid is determined either by the follow-
ing Method I or Method II.

1. Method I Viscosity measurement by capillary tube vis-
cometer

For measuring the viscosity of a Newtonian liquid, a capil-
lary tube viscometer is usually used, in which the downflow-
ing time of a liquid, 7 (s), required for a definite volume of
the liquid to flow through a capillary tube is measured and
the kinematic viscosity, v, is calculated according to the fol-
lowing equation.

v = Kt

Further, the viscosity, #, is calculated from the next equa-
tion:

n =vp = Kip

where p (g/mL) is the density of the liquid measured at the
same temperature, ¢ (°C).

The parameter K (mm?2/s2) represents the viscometer con-
stant and is previously determined by using the Standard
Liquids for Calibrating Viscometers with known kinematic
viscosity. In the case of a liquid having a similar viscosity to
water, water itself can be used as a reference standard liquid
for the calibration. The kinematic viscosity of water is
1.0038 mm2/s at 20°C. In the cases of liquids having a
slightly higher viscosity than water, the Standard Liquids
for Calibrating Viscometers should be used for the calibra-
tion.

The intrinsic viscosity, [#] (dL/g), of a polymer solution is
obtained by plotting the relation of viscosity versus concen-
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tration and extrapolating the obtained straight line to zero
concentration. Intrinsic viscosity shows the degree of mo-
lecular expansion of a polymer substance in a given solvent
(sample solution) and is also a measure of the average mo-
lecular mass of the polymer substance.

The downflowing time # (s) for a polymer solution, whose
concentration is ¢ (g/dL), and ¢, (s) for the solvent used for
dissolving the polymer, are measured by using the same vis-
cometer, and then the intrinsic viscosity of a given polymer
substance, [#], is calculated according to the following equa-

tion:

(%) -1 lntL

. 0 . 0
(7] ggno . or [#] Clgno .

When the concentration dependency of {(¢/t,) — 1}/c is
not large, the value of {(¢/f)) — 1}/c at a concentration di-
rected in the respective monograph can be assumed to be the
intrinsic viscosity for a given substance.

Unless otherwise specified, the viscosity of a sample solu-
tion is measured with the following apparatus and proce-
dure.

1.1. Apparatus

For measurement of the kinematic viscosity in the range of
1 to 100,000 mm2/s, the Ubbelohde-type viscometer illus-
trated in Fig. 2.53-1 can be used. The approximate relations
between kinematic viscosity range and inside diameter of the
capillary tube suitable for the measurement of various
liquids with different viscosity, are given in Table 2.53-1.
Although a capillary tube viscometer other than the Ub-
belohde-type one specified in Table 2.53-1 can also be used,
a viscometer should be selected in which the downflowing
time, ¢ (s), of a sample solution to be determined would be
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Table 2.53-1 Specifications of the Ubbelohde-type

viscometer
Inner diameter | Volume of Measuring
Viscometer of capillary bulb B
range of
constant tube (mm) (mL) Kinematic
K Permissible Permissible R .
(mm?2/s2) tolerance tolerance VISCOZS ity
+£10% +£10% (mm?/s)

0.005 0.46 3.0 1- 5
0.01 0.58 4.0 2 - 10
0.03 0.73 4.0 6- 30
0.05 0.88 4.0 10 - 50
0.1 1.03 4.0 20 - 100
0.3 1.36 4.0 60 - 300
0.5 1.55 4.0 100 - 500
1.0 1.83 4.0 200 - 1,000
3.0 2.43 4.0 600 - 3,000
5.0 2.75 4.0 1,000 - 5,000
10.0 3.27 4.0 2,000 - 10,000
30.0 4.32 4.0 6,000 - 30,000
50.0 5.20 5.0 10,000 - 50,000
100 6.25 5.0 20,000 - 100,000

between 200 s and 1000 s.
1.2. Procedure

Place a sample solution in a viscometer from the upper
end of fube 1, so that the meniscus of the solution is at a
level between the two marked lines of bulb A. Place the vis-
cometer vertically in a thermostatted bath maintained at a
specified temperature within 0.1°C, until bu/b C is fully im-
mersed, and let it stand for about 20 minutes to attain the
specified temperature. Close tube 3 with a finger and pull the
sample solution up to the middle part of bulb C by gentle
suction from the top of fube 2, taking care not to introduce
any bubbles into fube 2, and stop the suction. Open the end
of tube 3, and immediately close the end of fube 2. After
confirming that the liquid column is cut off at the lowest end
of the capillary tube, open the end of fube 2 to make the
sample solution flow down through the capillary tube.
Record the time, 7 (s), required for the meniscus of the sam-
ple solution to fall from the upper to the lower marked line
of bulb B.

Determine the viscometer constant K previously, using the
Standard Liquids for Calibrating Viscometers under the
same conditions. The temperature at which the calibration is
conducted must be identical with that specified in the mono-
graph.

2. Method II Viscosity measurement by rotational vis-
cometer

A rotational viscometer is usually used for measuring the
viscosity of Newtonian or non-Newtonian liquids. The meas-
uring principle of a rotational viscometer generally consists
in the detection and determination of the force acting on a
rotor (torque), when it rotates at a constant angular velocity
in a liquid. The extent of torque generated by the rotation
can be detected in terms of the torsion of a spring and the
liquid viscosity is calculated from the scale-indicated value
corresponding to the degree of torsion.

The viscosity of a sample solution is measured with the
following apparatus and procedure.
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Fig. 2.53-2a Coaxial double cylinder-type rotational

viscometer

2.1. Apparatus

Viscosity measurement is performed by using any one of
the following three types of rotational viscometers.

2.1.1. Coaxial double cylinder-type rotational viscometer
(Couette type viscometer)

In the coaxial double cylinder-type rotational viscometer,
viscosity is determined by placing a liquid in the gap between
the inner and the outer cylinders, which share the same cen-
tral axis and rotate separately, and the generated torque act-
ing on one cylinder surface when the other cylinder is rotat-
ed, and the corresponding angular velocity, are measured.

As shown in Fig. 2.53-2a, the inner cylinder is hung by a
wire whose twist constant is designated as k. In Fig. 2.53-2a,
half the outer diameter of the inner cylinder and inner diam-
eter of the outer cylinder are designated as R; and R,, respec-
tively, and the length of the inner cylinder immersed in a lig-
uid is designated as /. When a liquid is introduced into the
gap between the two cylinders, and the outer cylinder is
made to rotate at a constant angular velocity, w, the inner
cylinder is also forced to rotate due to the viscosity of the lig-
uid. Consequently, torque, 7, is generated by the forced ro-
tation in a viscous liquid, and in the steady state the torque is
balanced by the torsion of the wire, as indicated by the
degree of rotation 6. Then, the relationship can be expressed
by T = k6 and the viscosity of a liquid, #, is determined
from the following equation by measuring the relationship
between w and 6. Conversely, viscosity measurement can
also be per formed by rotating the inner cylinder, and the
same relationship holds.

1007 1 1
‘R? R

h= drlw

n: viscosity of a liquid (mPa-s)

n: circumference/diameter ratio

I: length of the inner cylinder (cm)

w: angular velocity (rad/s)

T: torque acting on cylinder surface (1077 N-m)

R;: 1/2 of outer diameter of the inner cylinder (cm)
R,: 1/2 of inner diameter of the outer cylinder (cm)

2.1.2. Single cylinder-type rotational viscometer (Brook-
field type viscometer)

In the single cylinder-type rotational viscometer, viscosity
is determined by measuring the torque acting on the cylinder
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Fig. 2.53-2b  Single cylinder-type rotational viscometer

surface when the cylinder immersed in a liquid is rotated at a
given angular velocity. Use an apparatus of the type illus-
trated in Fig. 2.53-2b. If the apparatus constant Ky is previ-
ously determined experimentally by using the Standard Lig-
uids for Calibrating Viscometers, the viscosity of a liquid, 7,
can be obtained from the following equation.

T
n=Kg—
w

where, #: viscosity of a liquid (mPa-s)
Kp: apparatus constant of viscometer (rad/cm?)
w: angular velocity (rad/s)
T: torque acting on cylinder surface (10~7 N-m)

2.1.3. Cone-flat plate-type rotational viscometer (Cone-
plate type viscometer)

In the cone-flat plate-type rotational viscometer, viscosity
is determined by placing a liquid in the gap between a flat
disc and a cone with a large vertical angle sharing the same
rotational axis, and the torque and the corresponding angu-
lar velocity are measured, when either the disc or the cone is
rotated in a viscous liquid.

As shown in Fig. 2.53-2c, a liquid is introduced to fill the
gap between a flat disc and a cone forming an angle o(rad).
When either the flat disc or the cone is rotated at a constant
angular velocity or a constant torque, the torque acting on
the disc or cone surface rotated by the viscous flow and the
corresponding angular velocity in the steady state, are meas-
ured. The viscosity of the liquid, #, can be calculated from
the following equation.

30 1007

TR w

n

n: viscosity of a liquid (mPa-s)

7. circumference/diameter ratio

R: radius of cone (cm)

«: angle between flat disc and cone (rad)

w: angular velocity (rad/s)

T: torque acting on flat disc or cone surface (10-7 N-
m)

2.2. Procedure
Set up the viscometer so that its rotational axis is perpen-
dicular to the horizontal plane. Place a sufficient quantity of
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Fig. 2.53-2¢ Cone-flat plate-type rotational viscometer

a sample solution in the viscometer, and allow the measuring
system to stand until a specified temperature is attained, as
directed in the monograph. Where it is desired to measure
the viscosity within a precision of 1%, measuring tempera-
ture should be controlled within 0.1°C. Next, after confirm-
ing that the sample solution is at the designated temperature,
start operating the rotational viscometer. After the forced
rotation induced by the viscous flow has reached a steady
state and the indicated value on the scale, which corresponds
to the rotational frequency or the torque, has become con-
stant, read the value on the scale. Then, calculate the vis-
cosity # by using the respective equation appropriate to the
type of viscometer being used. Determination or confirma-
tion of the apparatus constant should be conducted before-
hand by using the Standard Liquids for Calibrating Viscom-
eters, and the validation of the apparatus and operating
procedure should also be performed by using those standard
liquids.

In the case of a non-Newtonian liquid, repeat the proce-
dure for measuring the viscosity of the liquid with variation
of the rotation velocity or torque from one measurement to
another. From a series of such viscosity measurements, the
relationship between the slip velocity and the slip stress of a
non-Newtonian liquid, i.e., the flow characteristics of a non-
Newtonian liquid, can be obtained.

Calibration of a rotational viscometer is conducted by
using water and the Standard Liquids for Calibrating Vis-
cometers. These standard liquids are used for the determina-
tion or confirmation of the apparatus constant of the rota-
tional viscometer. They are also used for periodic recalibra-
tion of the viscometer to confirm maintenance of a specified
precision.

2.54 pH Determination

pH is defined as the reciprocal of the common logarithm
of hydrogen ion activity, which is the product of hydrogen
ion concentration and the activity coefficient. Conventional-
ly it is used as a scale of hydrogen ion concentration of a
sample solution.

pH of a sample solution is expressed by the following
equation in relation to the pH of a standard solution (pHs),
and can be measured by a pH meter using a glass electrode.

_ES

H = pHs + —— =5
PR = PES T 5 3026 RT/F
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pHs: pH value of a pH standard solution.

E: Electromotive force (volt) induced on the following
galvanic cell composed of a glass electrode and suitable
reference electrode in a sample solution:

Glass electrode|sample solution | reference electrode

E;: Electromotive force (volt) induced on the following
galvanic cell composed of a glass electrode and suitable
reference electrode in a pH standard solution:

Glass electrode|standard pH solution | reference electrode

R: Gas constant
T: Absolute temperature
F: Faraday’s constant

The value of 2.3026 RT/F (V) in the above equation
means the degree of electromotive force (V) per one pH unit
and it is dependent on the temperature as shown in Table
2.54-1:

1. pH Standard solution

The pH standard solutions are used as a standard of pH,
for standardization of a pH meter. To prepare the pH stand-
ard solutions, use distilled water or water with a conductivity
not more than 2 uS-cm~! (25°C) and an organic carbon not
more than 0.50 mg/L, boiled for not less than 15 minutes
and cooled in a container fitted with a carbon dioxide-
absorbing tube (soda lime). Next, prepare individually 6
kinds of pH standard solutions shown in Table 2.54-2.

Store the pH standard solutions in hard glass or polyethy-
lene bottles. For storage of alkaline pH standard solutions, it
is preferable to use a bottle fitted with a carbon dioxide-

Table 2.54-1 Temperature dependency of the electromotive
force (V)

Temperature | ) 3056 R7/F || PETANIE | ) 3006 RTVF
5 0.05519 35 0.06114
10 0.05618 40 0.06213
15 0.05717 45 0.06313
20 0.05817 50 0.06412
25 0.05916 55 0.06511
30 0.06015 60 0.06610

Table 2.54-2 pH values of six pH standard solutions

Temper- Oxalate | Phthalate |Phosphate | Borate |Carbonate h%lr%;irge
ature PH PH PH PH PH pH
°0) standgrd standgrd standgrd standgrd standgrd standard

solution | solution | solution | solution | solution solution

0 1.67 4.01 6.98 9.46 10.32 13.43

5 1.67 4.01 6.95 9.39 10.25 13.21

10 1.67 4.00 6.92 9.33 10.18 13.00
15 1.67 4.00 6.90 9.27 10.12 12.81
20 1.68 4.00 6.88 9.22 10.07 12.63
25 1.68 4.01 6.86 9.18 10.02 12.45
30 1.69 4.01 6.85 9.14 9.97 12.30
35 1.69 4.02 6.84 9.10 9.93 12.14
40 1.70 4.03 6.84 9.07 11.99
50 1.71 4.06 6.83 9.01 11.70
60 1.73 4.10 6.84 8.96 11.45
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absorbing tube. Since the pH may change gradually during
storage over a long period, it is necessary to acertain whether
the expected pH value is held or not by comparison with
newly prepared standard, when the solution is used after
long storage.

(i) Oxalate pH standard solution—Pulverize potassium
trihydrogen dioxalate dihydrate for pH determination, and
dry in a desiccator (silica gel). Weigh 12.71 g (0.05 mole) of
it accurately, and dissolve in water to make exactly 1000 mL.

(ii) Phthalate pH standard solution—Pulverize potas-
sium hydrogen phthalate for pH determination, and dry at
110°C to constant mass. Weigh 10.21 g (0.05 mole) of it ac-
curately, and dissolve in water to make exactly 1000 mL.

(iii) Phosphate pH standard solution—Pulverize potas-
sium dihydrogen phosphate for pH determination and diso-
dium hydrogen phosphate for pH determination, and dry at
110°C to constant mass. Weigh 3.40 g (0.025 mole) of potas-
sium dihydrogen phosphate and 3.55 g (0.025 mole) of diso-
dium hydrogen phosphate accurately, and dissolve in water
to make exactly 1000 mL.

(iv) Borate pH standard solution—Allow sodium
tetraborate for pH determination to stand in a desiccator
(saturated sodium bromide aqueous solution) until it reaches
constant mass. Weigh 3.81 g (0.01 mole) of it accurately, and
dissolve in water to make exactly 1000 mL.

(v) Carbonate pH standard solution—Dry sodium
hydrogen carbonate for pH determination in a desiccator
(silica gel) to constant mass, and weigh 2.10 g (0.025 mole)
of it accurately. Dry sodium carbonate for pH determination
between 300°C and 500°C to constant mass, and weigh
2.65 g (0.025 mole) of it accurately. Dissolve both reagents in
water to make exactly 1000 mL.

(vi) Calcium hydroxide pH standard solution—Reduce
calcium hydroxide for pH determination to a fine powder,
transfer 5 g to a flask, add 1000 mL of water, shake well,
and allow the solution to become saturated at a temperature
between 23°C and 27°C. Then filter the supernatant at the
same temperature and use the clear filtrate (about 0.02
mol/L).

The pH values of these pH standard solutions at various
temperatures are shown in the Table below. pH values at an
arbitrary temperature not indicated in Table 2.54-2 can be
calculated by the interpolation method.

2. Apparatus

A pH meter generally consists of an electrode system of a
glass electrode and a reference electrode, an amplifier and an
indicating unit for controlling the apparatus and for dis-
playing the measured value of electromotive force. The in-
dicating unit is usually fitted with dials for zero and span
(sensitivity) adjustment. Sometimes a temperature compen-
sation dial is included.

The reproducibility of a pH meter should be within 0.05
pH unit, when measurements for an arbitrary pH standard
solution are repeated five times, following the procedure
described below. After each measurement it is necessary to
wash the detecting unit well with water.

3. Procedure

Immerse the glass electrode previously in water for more
than several hours. Start the measurement after confirming
stable running of the apparatus. Rinse well the detecting unit
with water, and remove the remaining water gently with a
piece of filter paper.
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To standardize the pH meter, two pH standard solutions
are usually used as follows. Immerse the detection unit in the
phosphate pH standard solution and adjust the indicated pH
to the pH value shown in the Table. Next, immerse the de-
tection system in the second pH standard solution, which
should be selected so that the expected pH of the sample so-
lution to be determined is between the pH values of the two
pH standard solutions, and measure the pH under the same
conditions as used for the first pH standard solution. Adjust
the indicated pH to the defined pH value using the span ad-
justment dial, when the observed pH is not identical with
that tabulated. Repeat the above standardization procedure
until both pH standard solutions give observed pH values
within 0.02 pH unit of the tabulated value without further
adjustments. When a pH meter is fitted with a temperature
compensation dial, the standardization procedure is done
after the setting of the temperature to that of the pH stand-
ard solution to be measured.

In the case of using an apparatus having an auto-calibra-
tion function, it is necessary to confirm periodically that the
pH values of two pH standard solutions are identical with
the tabulated values within 0.05 pH unit.

After finishing the standardization procedure described
above, rinse well the electrodes with water, remove the at-
tached water using a filter paper, immerse the electrode sys-
tem in the sample solution, and read the indicated pH value
after confirming the value is stable. If necessary, a sample
solution can be agitated gently.

In the pH determination, the temperature of a sample so-
lution must be controlled to be the same as that of the pH
standard solutions with which the pH meter was stand-
ardized (within 2°C). When a sample solution is alkaline, the
measurement should be done in a vessel with a cover and if
necessary, in a stream of inert gas such as nitrogen. Further-
more for a strongly alkaline solution above pH 11 containing
alkali metal ions, an alkali error may be induced in the pH
measurement. Thus, in such a case, an electrode with less
alkali error should be used and an appropriate correction
should be applied to the measured value.

4. Note
Construction and treatment in detail are different for
different pH meters.

2.55 Vitamin A Assay

Vitamin A Assay is a method to determine vitamin A in
Retinol Acetate, Retinol Palmitate, Vitamin A Oil, Cod
Liver Oil and other preparations. Method 1 is for the assay
of synthetic vitamin A esters, using the ultraviolet-visible
spectrophotometry (Method 1-1) or the liquid chromatogra-
phy (Method 1-2). Method 2 is for the assay of vitamin A of
natural origin, containing many geometrical isomers, using
the ultraviolet-visible spectrophotometry to determine vita-
min A as vitamin A alcohol obtained by saponification in an
alkaline solution and extraction.

One Vitamin A Unit (equal to 1 vitamin A 1.U.) is equiva-
lent to 0.300 ug of vitamin A (all-frans vitamin A alcohol).

1. Procedure
All procedures should be carried out quickly and care
should be taken as far as possible to avoid exposure to light,
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air, oxidants, oxidizing catalysts (e.g. copper, iron), acids
and heat. If necessary, light-resistant vessels may be used.

Generally, for synthetic vitamin A esters apply Method 1-1
or Method 1-2, but if the assay conditions required for
Method 1-1 are not suitable, apply Method 2.
1.1. Method 1-1

Weigh accurately about 0.1 g of the sample, and dissolve
in 2-propanol for vitamin A assay to make exactly 50 mL.
Dilute this solution with 2-propanol for vitamin A assay to
make a solution so that each mL contains 10 to 15 vitamin A
Units, and use this solution as the sample solution. Deter-
mine the absorption spectrum of the sample solution be-
tween 220 nm and 400 nm as directed under Ultraviolet-
visible Spectrophotometry <2.24> to obtain the wavelength of
the maximum absorption and the absorbances at 300 nm,
310 nm, 320 nm, 326 nm, 330nm, 340 nm and 350 nm.
When the maximum absorption lies between 325 nm and 328
nm, and the ratios, 4,;/ Ay, of each absorbance, A4;, at 300
nm, 310 nm, 320 nm, 330 nm, 340 nm and 350 nm to the ab-
sorbance, Ajy, at 326 nm are within the range of +0.030 of
the values in the Table, the potency of vitamin A in Units per
g of the sample is calculated from the following equation.
Az V

X — X 1900

Units of vitamin Ain 1 g =
nits of vitamin Ain 1g == 100

Asye: Absorbance at 326 nm

V: Total volume (mL) of the sample solution

M: Amount (g) of sample in V' mL of the sample solution

1900: Conversion factor from specific absorbance of
retinol ester to IU (Unit/g)

This method is applied to drugs or preparations containing
vitamin A esters (retinol acetate or retinol palmitate) as the
main component. However, when the wavelength of maxi-
mum absorption does not lie between 325 nm and 328 nm, or
when the absorbance ratio A,;/As is not within the range of
+0.030 of the values in Table 2.55-1, apply Method 2.

1.2. Method 1-2

Proceed with an appropriate amount of sample as directed
under Liquid Chromatography <2.01>.

For the assay of retinol acetate and retinol palmitate use
Retinol Acetate Reference Standard and Retinol Palmitate
Reference Standard, respectively, and fix appropriately the
operating procedure, the operating conditions and the sys-
tem suitability based on the characteristics of the substance
to be tested and the species and amount of coexisting sub-
stances.

1.3. Method 2
Unless otherwise specified, weigh accurately a sample con-

Table 2.55-1 Absorbance Ratio, A;/Asys, of retinol
acetate and retinol palmitate

A/ Asze
A; (nm)
Retinol acetate Retinol palmitate
300 0.578 0.590
310 0.815 0.825
320 0.948 0.950
330 0.972 0.981
340 0.786 0.795
350 0.523 0.527
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taining not less than 500 Units of vitamin A, and not more
than 1 g of fat, transfer to a flask, and add 30 mL of alde-
hyde-free ethanol and 1 mL of a solution of pyrogallol in
ethanol (95) (1 in 10). Then add 3 mL of a solution of potas-
sium hydroxide (9 in 10), attach a reflux condenser, and heat
on a water bath for 30 minutes to saponify. Cool quickly to
ordinary temperature, add 30 mL of water, transfer to a
separator A, wash the flask with 10 mL of water and then 40
mL of diethyl ether, transfer the washings to the separator
A, shake well, and allow to stand. Transfer the water layer
so obtained to a separator B, wash the flask with 30 mL of
diethyl ether, add the washing to the separator B, and extract
by shaking. Transfer the water layer to a flask, add the
diethyl ether layer to the separator A, transfer the water
layer in the flask to the separator B, add 30 mL of diethyl
ether, and extract by shaking. Transfer the diethyl ether
layer so obtained to the separator A, add 10 mL of water,
allow the separator A to stand after gentle turning upside-
down 2 or 3 times, and remove the water layer. Wash the
content of the separator A with three 50-mL portions of
water with increasingly vigorous shaking as the washing
proceeds. Further wash with 50-mL portions of water until
the washing no longer shows a pink color with phenolphthal-
ein TS, and allow to stand for 10 minutes. Remove remain-
ing water as far as possible, transfer the diethyl ether to an
Erlenmeyer flask, wash the separator with two 10-mL por-
tions of diethyl ether, add the washings to the flask, add 5 g
of anhydrous sodium sulfate to the flask, mix by shaking,
and transfer the diethyl ether to a round-bottomed flask by
decantation. Wash the remaining sodium sulfate in the flask
with two or more 10-mL portions of diethyl ether, and trans-
fer the washings to the flask. Evaporate the diethyl ether in a
water bath at 45°C while swirling the flask, using an aspira-
tor, to about 1 mL, immediately add an exactly measured
amount of 2-propanol for vitamin A assay to make a solu-
tion containing 6 to 10 vitamin A Units per mL, and desig-
nate the solution as the sample solution. Determine the ab-
sorbances, A3y at 310 nm, Asys at 325 nm, and As34 at 334
nm, of the sample solution as directed under Ultraviolet-
visible Spectrophotometry.

Units of vitamin A in 1 g of the sample

Ass vV
=—= X — X f X 1830
M 100 Y
Asio Aszg
f=6.815 — 2,555 Xx —— — 4.260 x ——
Az Asps

Ass: Absorbance at 325 nm

V: Total volume (mL) of the sample solution

M: Amount (g) of sample in ¥ mL of the sample solution

f: Correction factor

1830: Conversion factor from specific absorbance of
retinol alcohol to IU (Unit/g)

2.56 Determination of Specific
Gravity and Density
The density p (g¢/mL or g/cm?) means the mass per unit

volume, and the relative density means the ratio of the mass
of a sample specimen to that of an equal volume of a stand-
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ard substance. The relative density is also called the specific
gravity.

The specific gravity, d’, means the ratio of the mass of the
sample specimen at ¢’°C to that of an equal volume of water
(H,0) at #°C . Unless otherwise specified, the measurement
is to be performed by Method 1, Method 2 or Method 4.
When the specified value is accompanied with the term
“‘about”’ in the monograph, Method 3 is also available.

1. Method 1. Measurement using a pycnometer

A pycnometer is a glass vessel with a capacity of usually 10
mL to 100 mL, having a ground-glass stopper fitted with a
thermometer, and a side inlet-tube with a marked line and a
ground-glass cap.

Weigh a pycnometer, previously cleaned and dried, to de-
termine its mass M. Remove the stopper and the cap. Fill the
pycnometer with the sample solution, keeping them at a
slightly lower temperature by 1°C to 3°C than the specified
temperature ¢'°C, and stopper them, taking care not to leave
bubbles. Raise the temperature gradually, and when the ther-
mometer shows the specified temperature, remove the por-
tion of the sample solution above the marked line through
the side tube, cap the side tube, and wipe the outside surface
thoroughly. Measure the mass M, of the pycnometer filled
with the sample solution. Perform the same procedure, using
the same pycnometer containing water, and note the mass
M, at the specified temperature ¢°C. The specific gravity d*
can be calculated by use of the following equation.

Ml -M
M2 - M

Further, when measurements for a sample solution and
water are performed at the same temperature (z°C = ¢'°C),
the density of the sample solution at the temperature t'°C
(p*) can be calculated from the measured specific gravity d’
and the density of water at the temperature ¢°C (p§;) indi-
cated in Table 2.56-1 by using the following equation.

di =

ptT, = ptSll d?

2. Method 2.
pycnometer

A Sprengel-Ostwald pycnometer is a glass vessel with a

capacity of usually 1 mL to 10 mL. As shown in Fig. 2.56-1,

both ends are thick-walled fine tubes (inside diameter: 1 -

Measurement using a Sprengel-Ostwald

Table 2.56-1 Density of water

Temp. Density |Temp. Density |Temp. Density |Temp. Density
°C g/mL °C g/mL °C g/mL °C g/mL
0 0.999 84
1 0.99990 | 11 099961 | 21  0.99799 | 31  0.995 34
2 099994 | 12 0.99950 | 22 0.99777 | 32  0.99503
3 0.99996 | 13 099938 | 23  0.99754 | 33  0.994 70
4 099997 | 14  0.99924 | 24 0.99730 | 34  0.994 37
5 0.99996 | 15 099910 | 25 0.99704 | 35 0.994 03
6 099994 | 16 0.99894 | 26 0.99678 | 36  0.993 68
7 0.99990 | 17 099877 | 27 0.99651 | 37  0.993 33
8 099985 | 18 0.99860 | 28 0.99623 | 38  0.99297
9 0.99978 | 19 099841 | 29 0.99594 | 39  0.992 59
10 099970 | 20 0.99820 | 30 0.99565 | 40  0.992 22

*

In this Table, although the unit of density is represented by g/mL
in order to harmonize with the unit expression in the text, it
should be expressed in g/cm? seriously.
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D

Fig. 2.56-1 Sprengel-Ostwald pycnometer

1.5 mm, outside diameter: 3 - 4 mm), one of which, tube A,
has a line C marked on it. Determine the mass of a pycnome-
ter, M, previously cleaned and dried, by hanging it on the
arm of a chemical balance with a platinum or aluminum wire
D. Immerse the fine tube B in the sample solution, which is
at a lower temperature by 3°C to 5°C than the specified tem-
perature ¢t'°C. Attach rubber tubing or a ground-glass tube
to the end of A, and suck up the sample solution until the
meniscus is above the marked line C, taking care to prevent
bubble formation. Immerse the pycnometer in a water bath
kept at the specified temperature ¢"°C for about 15 minutes,
and then, by attaching a piece of filter paper to the end of B,
adjust the level of the sample solution to the marked line C.
Take the pycnometer out of the water bath, wipe thoroughly
the outside surface and determine the mass M;. By use of the
same pycnometer, perform the same procedure for the
standard solution of water. Weigh the pycnometer contain-
ing water at the specified temperature 1°C, and note the mass
M,. Calculate the specific gravity dt, according to the equa-
tion described in Method 1.

Further, when measurements of specific gravity for a sam-
ple solution and water are performed at the same tempera-
ture (’°C = ¢°C), the density of sample solution at tempera-
ture ¢°C can be calculated by using the equation described in
Method 1.

3. Method 3. Masurement using a hydrometer

Clean a hydrometer with ethanol (95) or diethyl ether. Stir
the sample well with a glass rod, and float the hydrometer in
the well. When the temperature is adjusted to the specified
temperature ¢'°C and the hydrometer comes to a standstill,
read the specific gravity d’ or the density p’f at the upper
brim of the meniscus. Here the temperature #°C indicates the
temperature at which the hydrometer is calibrated. If specific
instructions for reading the meniscus are supplied with the
hydrometer, the reading must be in accordance with the in-
structions.

Further, when measurement of the specific gravity for a
sample solution is performed at the same temperature (¢'°C
= ¢°C), at which the hydrometer is calibrated, the density of
a sample solution at #°C, p’T', can be calculated by using the
specific gravity d! and the equation shown in Method 1.

4. Method 4. Measurement using an oscillator-type den-
sity meter
Density measurement with an oscillator-type density meter
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temp. constant water

Fig. 2.56-2 Oscillator-type density meter

is a method for obtaining the density of liquid or gas by
measuring the intrinsic vibration period 7 (s) of a glass tube
cell filled with sample specimen. When a glass tube contain-
ing a sample is vibrated, it undergoes a vibration with an in-
trinsic vibration period 7 in proportion to the mass of the
sample specimen. If the volume of the vibrating part of the
sample cell is fixed, the relation of the square of intrinsic os-
cillation period and density of the sample specimen shall be
linear.

Before measuring a sample density, the respective intrinsic
oscillation periods Ts; and T, for two reference substances
(density: ps;, psy) must be measured at a specified tempera-
ture ¢'°C, and the cell constant K, (g-cm~3 s~2) must be de-
termined by using the following equation.

t t
Ps1 — Ps2

K =
T Te? - T

Usually, water and dried air are chosen as reference sub-
stances. Here the density of water at t'°C, pgl, is taken from
Table 2.56-1, and that of dried air p§2 is calculated by using
the following equation, where the pressure of dried air is at p
kPa.

pk = 0.0012932 x {273.15/(273.15 + t')} X (p/101.325)

Next, introduce a sample specimen into a sample cell hav-
ing a cell constant K, the intrinsic vibration period, T, for
the sample under the same operation conditions as employed
for the reference substances. The density of a sample speci-
men at #'°C, p¥, is calculated by use of the following equa-
tion, by introducing the intrinsic oscillation period 75; and
the density of water at a specified temperature ¢"°C, pél, into
the equation.

pr = pki + Ky (T = T

Further, the specific gravity of a sample specimen d!
against water at a temperature °C can be obtained by using
the equation below, by introducing the density of water at a
temperature 1°C, p§;, indicated in Table 2.56-1.

4.1. Apparatus

An oscillator-type density meter is usually composed of a
glass tube cell of about 1 mL capacity, the curved end of
which is fixed to the vibration plate, an oscillator which ap-
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plies an initial vibration to the cell, a detector for measuring
the intrinsic vibration period, and a temperature controlling
system.

A schematic illustration of the apparatus is depicted in
Fig. 2.56-2.

4.2. Procedure

A sample cell, water, and a sample specimen are previ-
ously adjusted to a specified temperature #'°C. Wash the
sample cell with water or an appropriate solvent, and dry it
thoroughly with a flow of dried air. Stop the flow of dried
air, confirm that the temperature is at the specified value,
and then measure the intrinsic oscillation period T, given by
the dried air. Separately, the atmospheric pressure p (kPa)
must be measured at the time and place of the examination.
Next, introduce water into the sample cell and measure the
intrinsic oscillation period Ts; given by water. Using these
values of the intrinsic oscillation period and the atmospheric
pressure, the sample cell constant K, can be determined by
use of the above-mentioned equation.

Next, introduce a sample specimen into the glass cell, con-
firm the specified temperature, and measure the intrinsic os-
cillation period 77 given by the sample specimen. Using the
intrinsic oscillation periods for water and the sample speci-
men, the density of water p%;, and the cell constant K, the
density of the sample specimen p’T/ can be obtained by use of
the above equation. If necessary, the specific gravity of the
sample specimen d! against water at a temperature £°C, can
be calculated by using the density of water p§; shown in
Table 2.56-1.

In this measurement, avoid the occurrence of bubble for-
mation in the sample cell, when a sample specimen or water
is introduced into the cell.

2.57 Boiling Point and
Distilling Range Test

The boiling point and distilling range are determined by
Method 1 or Method 2 as described herein, unless otherwise
specified. Boiling point is the temperature shown between
when the first 5 drops of distillate leave the tip of the con-
denser and when the last liquid evaporates from the bottom
of the flask. Distilling range test is done to determine the
volume of the distillate which has been collected in the range
of temperature directed in the monograph.

1. Method 1 This method is applied to a sample for
which the permissible range of boiling temperature is smaller
than 5°C.
1.1. Apparatus

Use the apparatus illustrated in Fig. 2.57-1.
1.2. Procedure

Measure 25 mL of the sample, whose temperature is previ-
ously noted, using a volumetric cylinder G graduated in 0.1
mL, and transfer it to a distilling flask A of 50- to 60-mL
capacity. Use this cylinder as the receiver for the distillate
without rinsing out any of the adhering liquid. Put boiling
chips into the distilling flask A, insert a thermometer B with
an immersion line so that its immersion line C is on a level
with the lower end of cork stopper D and the upper end of
its mercury bulb is located in the center of the delivery tube,
and connect condenser E with the distilling flask A and
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Fig. 2.57-1

adapter F with the condenser E. Insert the open end of F into
the mouth of cylinder G (receiver) so that air can pass
through slightly. Use a hood with a height sufficient to shield
A, and heat A with a suitable heat source. When direct flame
is applied as the heat source, put A on a hole of a fire-
resistant, heat-insulating board [a board consisting of a fire-
resistant, heat-insulating material, 150 mm square and about
6 mm thick (or a wire gauge of 150 mm square bonded to
fire-resistant, heat-insulation materials in about 6 mm thick-
ness), having an its center a round hole 30 mm in diameter].

Unless otherwise specified, distil the liquid sample by the
application of heat, at a rate of 4 to S mL per minute of dis-
tillate in the case of liquids whose boiling temperature to be
determined is lower than 200°C and at a rate of 3 to 4 mL
per minute in the case of liquids whose boiling temperature is
200°C or over, and read the boiling point. For the distilling
range test, bring the temperature of distillate to the tempera-
ture at which the volume was originally measured, and meas-
ure the volume of distillate.

Liquids that begin to distil below 80°C are cooled to be-
tween 10°C and 15°C before measuring the volume, and the
receiving cylinder is kept immersed in ice up to a point 25
mm from the top during the distillation.

Correct the observed temperature for any variation in the
barometric pressure from the normal (101.3 kPa), by
allowing 0.1 degree for each 0.36 kPa of variation, adding if
the pressure is lower, or subtracting if higher than 101.3
kPa.

2. Method 2 This method is applied to the sample for
which the permissible range of boiling temperature is 5°C or
more.
2.1. Apparatus

The same apparatus as described in Method 1 is used.
However, use a 200-mL distilling flask A with a neck 18 to
24 mm in inside diameter having a delivery tube 5 to 6 mm in
inside diameter. The fire-resistant, heat-insulating board
used for direct flame heating should have in its center a
round hole 50 mm in diameter.
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2.2. Procedure

Measure 100 mL of the sample, whose temperature is pre-
viously noted, using a volumetric cylinder graduated in 1
mL, and carry out the distillation in the same manner as in
Method 1.

2.58 X-Ray Powder Diffraction
Method

This test is harmonized with the European Pharmacopoeia
and the U. S. Pharmacopeia. The parts of the text that are
not harmonized are marked with symbols (* ).

*X-Ray Powder Diffraction Method is a method for
measuring characteristic X-ray diffraction angles and inten-
sities from randomly oriented powder crystallites irradiated
by a monochromated X-ray beam. o

Every crystalline phase of a given substance produces a
characteristic X-ray diffraction pattern. Diffraction patterns
can be obtained from a randomly oriented crystalline pow-
der composed of crystallites or crystal fragments of finite
size. Essentially 3 types of information can be derived from a
powder diffraction pattern: angular position of diffraction
lines (depending on geometry and size of the unit cell); inten-
sities of diffraction lines (depending mainly on atom type
and arrangement, and particle orientation within the sam-
ple); and diffraction line profiles (depending on instrumental
resolution, crystallite size, strain and specimen thickness).

Experiments giving angular positions and intensities of
lines can be used for applications such as qualitative phase
analysis (for example, identification of crystalline phases)
and quantitative phase analysis of crystalline materials. An
estimate of the amorphous and crystalline fractions” can
also be made. The X-ray powder diffraction (XRPD)
method provides an advantage over other means of analysis
in that it is usually non-destructive in nature (specimen
preparation is usually limited to grinding to ensure a ran-
domly oriented sample). XRPD investigations can also be
carried out under in situ conditions on specimens exposed to
non-ambient conditions, such as low or high temperature
and humidity.

1. Principle

X-ray diffraction results from the interaction between X-
rays and electron clouds of atoms. Depending on the atomic
arrangement, interferences arise from the scattered X-rays.
These interferences are constructive when the path difference
between 2 diffracted X-ray waves differs by an integral num-
ber of wavelengths. This selective condition is described by
the Bragg equation, also called Bragg’s law (see Fig. 2.58-1)

2dyy SinByy = ni

The wavelength A of the X-rays is of the same order of
magnitude as the distance between successive crystal lattice
planes, or dy (also called ‘d-spacings’). Oy is the angle be-
tween the incident ray and the family of lattice planes, and
sinfyy is inversely proportional to the distance between suc-
cessive crystal planes or d-spacings.

The direction and spacing of the planes with reference to
the unit cell axes are defined by the Miller indices {hkl}.
These indices are the reciprocals, reduced to the next-lower
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Fig. 2.58-1 Diffraction of X-rays by a crystal according to
Bragg’s law

integer, of the intercepts that a plane makes with the unit cell
axes. The unit cell dimensions are given by the spacings, a, b
and c and the angles between them, «, f and y. The inter-
planar spacing for a specified set of parallel ikl planes is
denoted by dy. Each such family of planes may show higher
orders of diffraction where the d values for the related
families of planes, nh, nk, nl are diminished by the factor
1/n (n being an integer: 2,3,4, etc.). Every set of planes
throughout a crystal has a corresponding Bragg diffraction
angle, Oy, associated with it (for a specific wavelength 1).

A powder specimen is assumed to be polycrystalline so
that at any angle Oy there are always crystallites in an orien-
tation allowing diffraction according to Bragg’s law?. For a
given X-ray wavelength, the positions of the diffraction
peaks (also referred to as ‘lines’, ‘reflections’ or ‘Bragg
reflections’) are characteristic of the crystal lattice (d-spac-
ings), their theoretical intensities depend on the crystallo-
graphic unit cell content (nature and positions of atoms),
and the line profiles on the perfection and extent of the crys-
tal lattice. Under these conditions the diffraction peak has a
finite intensity arising from atomic arrangement, type of
atoms, thermal motion and structural imperfections, as well
as from instrument characteristics. The intensity is depen-
dent upon many factors such as structure factor, tempera-
ture factor, crystallinity, polarization factor, multiplicity
and Lorentz factor. The main characteristics of diffraction
line profiles are 20 position, peak height, peak area and
shape (characterized by, for example, peak width or asym-
metry, analytical function, empirical representation). An
example of the type of powder patterns obtained for 5 differ-
ent solid phases of a substance are shown in Fig. 2.58-2.

In addition to the diffraction peaks, an X-ray diffraction
experiment also generates a more-or-less uniform back-
ground, upon which the peaks are superimposed. Besides
specimen preparation, other factors contribute to the back-
ground, for instance the sample holder, diffuse scattering
from air and equipment, other instrumental parameters such
as detector noise, general radiation from the X-ray tube, etc.
The peak to background ratio can be increased by minimiz-
ing background and by choosing prolonged exposure times.
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Fig. 2.58-2 X-ray powder diffraction patterns collected for
5 different solid phases of a substance (the intensities are
normalized)

2. Instrument
2.1. Instrument set-up

X-ray diffraction experiments are usually performed using
powder diffractometers or powder cameras. A powder dif-
fractometer generally comprises 5 main parts: an X-ray
source; incident beam optics, which may perform mono-
chromatization, filtering, collimation and/or focusing of the
beam; a goniometer; diffraction beam optics, which may
perform monochromatiz