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EUROPEAN PHARMACOPOEIA 8.0

| Version date of the text I

——
01/2008:0884

corrected 8.0

Chemical name
in accordance
with IUPAC
nomenclature rules

Text reference CARBIMAZOLE
nurmber Carbimazolum
Modification to be —
taken into account from N/ \N o oH
the publication date of HaC \H/ \H/ ~ s
volume 8.0
S (¢]

CH N.O,S

CAS number M, 1862
DEFINITION

Ethyl 3-methyl-2-thioxo-2,3-dihydro-1H-imidazole-1-
carboxylate.

Application of the
first and second
identification is
defined in the
General Notices
(chapter 1)

Content: 98.0 per cent to 102.0 per cent (dried substance).
CHARACTERS
Appearance: white or yellowish-white, crystalline powder.

Solubility: slightly soluble in water, soluble in acetone and in
ethanol (96 per cent).

IDENTIFICATION

First identification: B.
Second identification: A, C.

Reference standard
available from
the Secretariat

(see www.edgm.eu)

A. Melting point (2.2.14): 122 °C to 125 °C.
B. Infrared absorption spectrophotometry (2.2.24).

Preparation: discs.

Comparison:|carbimazole CRS.

Reagent described
in chapter 4

C. Thin-layer chromatography (2.2.27).

Test solution. Dissolve 10 mg of the subs
examined in methylene chloride R and di
with the same solvent.

0mL

Reference solution. Dissolve 10 mg of carbimazole CRS in
methylene chloride R and dilute to 10 mL with the same
solvent.

Plate: TLC silica gel GF,,, plate R.
Mobile phase:[acetone R, methylene chloride R

available on
www.edgm.eu
(Knowledge)

Further information

(20:80 V/V).
Application: 10 uL.
Development: over a path of 15 cm.

Drying: in air for 30 min.

g5

4

Reference to a
general chapter

Detection: examine in ultraviolet light at 254 nm.

Results: the principal spot in the chromatogram obtained
with the test solution is similar in position and size to
the principal spot in the chromatogram obtained with
the reference solution.

TESTS
Related substances. Liquid chromatography [2.2.29),

Line in the
margin
indicating
where part of
the text has
been modified
(technical
modification)

_I

Test solution. Dissolve 5.0 mg of the substance to be
examined in 10.0 mL of a mixture of 20 volumes of
acetonitrile R and 80 volumes of water R. Use this solution
within 5 min of preparation.

Reference solution (a). Dissolve 5 mg of thiamazole R and
0.10 g of carbimazole CRS in a mixture of 20 volumes of
acetonitrile R and 80 volumes of water R and dilute to
100.0 mL with the same mixture of solvents. Dilute 1.0 mL

of this solution to 10.0 mL with a mixture of 20 volumes
of acetonitrile R and 80 volumes of water R.

Reference solution (b). Dissolve 5.0 mg of thiamazole R in
a mixture of 20 volumes of acetonitrile R and 80 volumes
of water R and dilute to 10.0 mL with the same mixture of
solvents. Dilute 1.0 mL of this solution to 100.0 mL with
a mixture of 20 volumes of acetonitrile R and 80 volumes
of water R.

Column:
- size:1=0.15m, @ = 3.9 mm,

— stationary phase: octadecylsilyl silica gel for
chromatography R (5 pm).

Mobile phase: acetonitrile R, water R (10:90 V/V).

Flow rate: 1 mL/min.

Detection: spectrophotometer at 254 nm.

Injection: 10 uL.

Run time: 1.5 times the retention time of carbimazole.
Retention time: carbimazole = about 6 min.

System suitability: reference solution (a):

- resolution: minimum 5.0 between the peaks due to
impurity A and carbimazole.

Limits:
- impurity A: not more than 0.5 times the area of the
principalpeak in the chromatogram obtained with

refer n (b) (0.5 per cent),
ed iffipurities: for each impurity, not more
0.Dtimes the area of the principal peak in the

omatogram obtained with reference solution (b)
210 per cent).

Loss on drying (2.2.32): maximum 0.5 per cent,
determined on 1.000 g by drying in a desiccator over
diphosphorus pentoxide R at a pressure not exceeding
0.7 kPa for 24 h.

Sulfated ash (2.4.14): maximum 0.1 per cent, determined
onl.0g.

ASSAY

Dissolve 50.0 mg in water R and dilute to 500.0 mL
with the same solvent. To 10.0 mL add 10 mL of dilute
hydrochloric acid R and dilute to 100.0 mL with water R.
Measure the absorbance (2.2.25) at the absorption
maximum at 291 nm.

Calculate the content of C_H, N,O,S taking the specific
absorbance to be 557.

IMPURITIES

Specified impurities: A.

Other detectable impurities (the following substances
would, if present at a sufficient level, be detected by one
or other of the tests in the monograph. They are limited
by the general acceptance criterion for other/unspecified
impurities and/or by the general monograph Substances
for pharmaceutical use (2034). It is therefore not
necessary to identify these impurities for demonstration
of compliance. See also 5.10. Control of impurities in
substances for pharmaceutical use): B.

[\

N N
oy
SH
A. 1-methyl-1H-imidazole-2-thiol (thiamazole),

See the information section on general monographs (cover pages)

General Notices (1) apply to all monographs and other texts
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The European Pharmacopoeia contains a number of general monographs covering classes of products. These general
monographs give requirements that are applicable to all products in the given class or, in some cases, to any product in the
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I. PREFACE

The European Pharmacopoeia was inaugurated in 1964
through the Convention on the Elaboration of a European
Pharmacopoeia under the auspices of the Council of
Europe. The 8" Edition will be published just before the
50" Anniversary of the European Pharmacopoeia. The
work of the European Pharmacopoeia has gone through a
remarkable development since the first difficult years to its
current strong position. The 3-year cycle of publication with
thrice-yearly supplements has proven to be an efficient way to
publish and update the results of the work of the European
Pharmacopoeia Commission and its Expert Groups and
Working Parties almost in real-time.

The monographs of the Pharmacopoeia, both specific and
general, together with other texts made mandatory by virtue of
reference to them in monographs, are applicable throughout
the 37 member states, and the European Union, which is

also a signatory party to the European Pharmacopoeia
Convention. This means that in addition to applicability

in all its member states, the European Pharmacopoeia has

a special role in regulatory processes within the European
Union. In addition to the 38 signatories of the European
Pharmacopoeia Convention, there are also a large number of
observers, comprising the World Health Organization and

23 countries, of which 16 are non-European. The quality
standards developed through the European Pharmacopoeia
therefore have an impact on the quality of medicinal products
and substances far beyond the European region. Since the
entry into force of the 7* edition, Ukraine has become a

new member of the European Pharmacopoeia Convention
(in 2013), while the Republic of Guinea and Singapore have
become new observers (in 2012).

The 8 founder countries of the Convention realised in 1964
that manufacturing and quality control standards for medicinal
products on the European Market had to be harmonised for
reasons of public health and to facilitate free movement of
these products. Since then, the pharmaceutical world has
become globalised and international harmonisation among the
3 major pharmacopoeias (European Pharmacopoeia, Japanese
Pharmacopoeia and United States Pharmacopeia) became a
logical development. Harmonisation activities among these

3 pharmacopoeias started in 1989 when the Pharmacopoeial
Discussion Group (PDG) was set up. The PDG has been
working on monographs on widely-used excipients and 62 are
included in its work programme. Soon after the PDG began
work, it was recognised that the absence of harmonised
general methods represented a significant obstacle. A wide
range of general methods (35) have since been added to the
work programme, including those from the work of the
International Conference on Harmonisation (ICH) and, in
particular, its guideline on setting specifications (Q6A). To
date, 28 of the 35 general methods and 43 of 62 excipient
monographs have been harmonised. Detailed information on
the work programme of the PDG is published regularly in
Pharmeuropa and in General Chapter 5.8. Pharmacopoeial
harmonisation.

However, it is evident that harmonisation between the

3 ICH regions is not enough in today’s world, where a
high percentage of Active Pharmaceutical Ingredients
(APIs) come from outside Europe, Japan and the USA. In
early 2012, the WHO took the initiative and convened the
pharmacopoeias of the world for their first international
meeting in Geneva. The discussions at this level clearly
identified the need to strengthen collaboration among
pharmacopoeias worldwide. Based on the experience and
challenges with existing harmonisation initiatives such as
PDG that focus on retrospective harmonisation, it was
decided to take a different approach. World pharmacopoeias

will now work on harmonising their policies and approaches
towards monograph development by drafting what have been
termed as a working title “Good Pharmacopoeial Practices”.
Convergence in policies, e.g. with regard to control of
impurities by applying ICH Q3 principles, will facilitate future
collaboration and harmonisation.

The implementation date for the 8" Edition is 1 January 2014
and this edition will, over the next 3 years, be augmented with
8 supplements containing the texts adopted at the sessions

of the European Pharmacopoeia Commission. As ever, it

is published in the 2 official languages of the Council of
Europe, i.e. English and French, both as a printed version and
electronically (online and on a USB key). It is noteworthy
that certain member states undertake national or regional
translations, which they incorporate into their own national
pharmacopoeias.

The work programme of the European Pharmacopoeia is
decided by the European Pharmacopoeia Commission, the
governing body of the Pharmacopoeia. Elaboration and
approval of monographs and other texts proceed through an
efficient and transparent process, which is based on scientific
co-operation between the members of the various Groups

of Experts and Working Parties set up by the European
Pharmacopoeia Commission. These experts give their time,
expertise and experience to produce public standards of the
highest quality - standards that are continually revised in line
with scientific developments. The members of these groups
come from regulatory authorities, official medicines control
laboratories, pharmaceutical and chemical manufacturers,
universities and research institutions. All monographs are
experimentally verified and submitted for public consultation
by online publication in Pharmeuropa, the forum of the
European Pharmacopoeia, before adoption and publication.

The growing number of monographs and the need to keep
them updated represents an increased workload and an
increased need for experts with access to experimental
facilities. The working procedures for the elaboration of
monographs are:

- Procedure I: traditional elaboration by Groups of Experts
and Working Parties.

- Procedure 2: adaptation of national monographs. (This
procedure is no longer used since the work has been
completed.)

- Procedure 3: elaboration of monographs on chemical
substances produced only by one manufacturer and
typically close to patent expiry. The manufacturer and
national pharmacopoeia authority in the country where
the substance is produced elaborate preliminary drafts
and check the requirements experimentally. This results
in a draft that is then reviewed by a Group of Experts
or Working Party and processed in the usual way by
public enquiry. (This procedure has been integrated into
Procedure 4.)

— Procedure 4 (P4): a modified version of Procedure 3
for substances still under patent, which was introduced
by the European Pharmacopoeia Commission in 2002.
The P4 procedure involves collaboration between the
manufacturer of the substance and a Working Party
solely composed of representatives of authorities and
the EDQM. Together they prepare a draft monograph
with experimental verification by the EDQM laboratory
and/or by national pharmacopoeia authorities or Official
Medicines Control Laboratories before publication for
public enquiry.

- Procedure 5: applies to monographs on raw materials and
stocks for homoeopathic preparations authorised for use
in the member states. The work is co-ordinated by the
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EDQM and overseen by the HOM Working Party. This
procedure was introduced by the European Pharmacopoeia
Commission in 2011.

Work under the P4 procedure has successfully continued
during the elaboration of the 7" Edition. Already

59 P4 monographs for chemical substances have been adopted
by the European Pharmacopoeia Commission. Under the

P4 procedure for chemical substances, a pilot project on
bilateral prospective harmonisation of active substance
monographs with the USP was initiated and so far has resulted
in the adoption of 4 harmonised monographs. As the P4
procedure for chemical substances has been such a success,
the European Pharmacopoeia Commission decided in 2009
to initiate a similar process for biological substances. The
so-called P4-BIO procedure takes account of the increasing
number and importance of biologically-derived active
substances and biosimilars on the European market. Two
monographs elaborated by the P4-BIO procedure have already
been adopted by the European Pharmacopoeia Commission.

The work on controlling impurities, a particular strength of
the European Pharmacopoeia, has continued. Monographs
are evaluated and approved by the Competent Authorities of
member states, and the impurity profiles covered by these
monographs reflect the existing, approved routes of synthesis.
A revision mechanism is in place for newly-approved products
(e.g. new sources, new routes). The analytical methods in
monographs are robust and validated and are based on
collaborative laboratory testing. The monographs reflect
regulatory practice by applying ICH guideline Q3A R to the
pharmacopoeial substances. The guideline of the European
Medicines Agency (EMA) concerning the control of genotoxic
impurities, which came into force in 2007, has also been taken
into account and has resulted in a revision of the general
monograph on Substances for Pharmaceutical use (2034) and
adoption of 3 general methods for genotoxic impurities.

The European Pharmacopoeia Commission is also continuing
its efforts to reduce the number of animals needed to perform
tests (implementation of the 3Rs principle, i.e. replacing,
refining and reducing the use of animals in tests). It has
aligned pharmacopoeial texts with VICH Guidelines 41 (test
for reversion to virulence) and 44 (developmental safety
tests), which came into force in 2008 and 2009, respectively,
and with Directive 2010/63/EU of the European Parliament
and of the Council of 22 September 2010 on the protection

of animals used for scientific purposes. Furthermore, to
ensure consistency with European regulations the European
Pharmacopoeia Commission has harmonised all the
veterinary vaccine monographs, including monographs on
vaccines intended for species that were outside the scope of the
VICH Guidelines. As a consequence, the safety tests and the
tests for increased virulence performed during development of
the vaccines have been harmonised, which will greatly reduce
the number of animals used for testing.

The European Pharmacopoeia Commission continuously
revises general texts and monographs, re-evaluates

the relevance of animal tests mentioned in European
Pharmacopoeia texts and, if deemed appropriate, includes
alternative methods. The general monograph on Vaccines for
veterinary use (0062) was revised to delete the TABST (target
animal batch safety test), except in ‘particular circumstances’
to cover the need to perform, on an ad hoc basis, further
testing and safety tests in particular. In the interest of the 3Rs,
the European Pharmacopoeia Commission also adopted the
deletion of the TABST from the European Pharmacopoeia
for all veterinary vaccines. Currently, at the European
Pharmacopoeia level, animals are no longer used in the
testing of medicinal products derived from human blood and
plasma. In many cases, in vivo testing has been replaced by
in vitro methods for human and veterinary vaccines. For the
remaining in vivo assays, different strategies are being used to

promote reduction and refinement of animal use, e.g. serology
assays or single dilution assays for diphtheria, tetanus,
acellular pertussis and rabies (veterinary/human) vaccines.

A number of important European Pharmacopoeia activities
have been initiated over the last few years, such as the
establishment of a PAT (Process Analytical Technology)
Working Party based on a request from the EMA. PAT tools
make it possible to use additional information collected
throughout the production process, e.g. use of NIR
(near-infrared spectrophotometry) to determine tablet
content. Chapter 2.2.40 Near Infrared Spectrophotometry was
revised to introduce PAT-related concepts such as in-line and
on-line measurements. This was done in close consultation
with the EMA’s CVMP/CHMP Quality Working Party so that
it would be aligned with the on-going revision of the EMA’s
Note for guidance on NIR. The revised chapter was adopted by
the European Pharmacopoeia Commission at its November
session in 2012 and it will be complemented by the revised
EMA Guideline on the use of near infrared spectroscopy by the
pharmaceutical industry and the data requirements for new
submissions and variations, which is expected to be finalised
in 2013. The General Notices will be updated to take account
of real-time release testing, which will be done once the
EMA Guideline has been adopted. The alternative, optional
Chapter 2.9.47. Demonstration of Uniformity of Dosage

Units (UDU) using large sample sizes that could be used to
replace conventional UDU testing has also been adopted. The
PAT Working Party is now reflecting on the need for new
general chapters.

A Heavy Metals Working Party has been created to implement
the EMA’s Guideline on metal catalysts and metal reagent
residues and the future ICH Q3D guideline. The terms of
reference for this working party are to draft a general chapter
to implement the guideline, to assess the capability of the
current Chapter 2.4.8. Heavy metals to appropriately limit the
priority metals mentioned in the guideline and to consider
the introduction of instrumental screening methods, whilst
also allowing other means of ensuring compliance where
possible and justified. Since the ICH guideline has not yet
been published, it was decided to introduce a new General
Chapter 5.20. Metal catalyst or metal reagent residues and a
new General Method 2.4.20. Determination of metal catalyst
or metal reagent residues. General Chapter 5.20 reproduces
the EMA’s guideline on the specification limits for residues
of metal catalysts or metal reagents. It is applicable to all
excipients and APIs, except those for veterinary use only, but
not to starting materials or herbals. General Method 2.4.20
describes the general approach for the determination of
metal catalyst or metal reagent residues in substances for
pharmaceutical use. As the chemical composition of the
substances and the specification limits for the metal(s) of
interest vary considerably, it is not possible to describe all
suitable sample preparation and measurement methods.
Therefore, any method that fulfils the requirements described
in this chapter may be used. Both General Chapter 5.20 and
General Method 2.4.20 have been published in European
Pharmacopoeia supplement 7.7. A cross-reference is to be
introduced into the general monograph on Substances for
Pharmaceutical Use (2034) to make General Chapter 5.20
legally-binding.

As a follow-up to the Workshop on the future of monographs
in the field of biologicals organised by the EDQM in
February 2011, 2 new working parties have been created: (1)
the Raw Materials for the Production of Cellular and Gene
Transfer Products Working Party, which will elaborate texts on
raw materials such as antibodies, basal media (for cell culture),
serum/serum replacements, growth factors and cytokines, and
(2) the Host Cell Proteins Working Party, which will draft
recommendations with regard to the development, validation
and use of in-house or commercial kits or test methods

for the detection and quantification of host cell-derived
proteins. In addition, the scope of the P4-BIO pilot project
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has been extended in order to elaborate monographs on

one monoclonal antibody, one hormone/enzyme and one
pegylated protein. The P4-BIO working party has also been
asked to elaborate one finished product monograph. The
terms of reference of the Cell Therapy Products Working Party
have also been extended in order to elaborate a general text
dealing with microbiological control of organs and tissues for
human use, including preservation and other related media.
As a consequence, the Working Party has been renamed the
Cell Therapy Products, Tissues and Organs Working Party.

The production section of the monograph Human normal
immunoglobulin for intravenous administration (0918) has
been revised due to experience with an immunoglobulin
preparation that caused an increased rate of thromboembolic
complications. In light of concerns for public health associated
with these thromboembolic events, the revised monograph
will be implemented by the accelerated procedure.

Due to the increasing number of fraudulent activities and cases
of adulteration, the European Pharmacopoeia Commission
has decided to add a new section, Potential Adulteration,
under § 1.4. MONOGRAPHS of the General Notices. The
need to include this section in individual monographs will

be decided by the European Pharmacopoeia Commission

on a case-by-case basis. The objective of this section is to
make relevant information available to users of the European
Pharmacopoeia to ensure the proper quality of medicinal
products (i.e. active substances, excipients, intermediate
products, bulk products and finished products). The new
version of the General Notices was adopted by the European
Pharmacopoeia Commission at its 140" session. In relation
to this issue of adulteration, the Council of Europe and

its EDQM have adopted a multi-level, anti-counterfeiting
strategy comprising various aspects, such as legislative actions
against pharmaceutical crime by means of the Medicrime
Convention. This Convention is the first international treaty
against counterfeit medical products and similar crimes
involving threats to public health. In addition, the EDQM is
developing eTACT; an anti-counterfeiting traceability service
for medicines. The aim of eTACT is to ensure the traceability
of individual packs of medicines using mass serialisation. It
would allow each pack of medicine to be traced and verified
by the different stakeholders in the legal supply chain. Patients
would also be allowed to verify the authenticity of their
medication. Governance of the eTACT system would be the
responsibility of the EDQM as a public, inter-governmental
organisation that is able to ensure the confidentiality of the
data handled by the system.

Two additional new working parties have also recently been
created: (1) the Finished Product Monographs Working Party,
which aims to draft 2 monographs (i.e. on one single-source

and one multi-source product) allocated to it by the European
Pharmacopoeia Commission, while addressing issues related
to the elaboration of chemically-defined finished products
monographs in order to assess whether such monographs
should be elaborated by the European Pharmacopoeia in the
future, and (2) the Second Identification Test Working Party,
which will prepare a guidance document that defines the
criteria for inclusion of a second series of identification tests
(solely intended to be carried out in pharmacies) in individual
monographs and will review the methods and instrumentation
available in pharmacies for this purpose.

Compliance with the EU REACH (Registration, Evaluation,
Authorisation and Restriction of Chemical substances)
Regulation has posed a significant challenge and this issue
has been high on the agenda of the current Presidium.

The European Pharmacopoeia Commission approved the
request for the revision of 215 monographs as a consequence
of the EU REACH Regulation and already several revised
monographs have been adopted.

During the past 3 years I have had the honour, pleasure and
privilege to serve the European Pharmacopoeia Commission
asits 16" elected Chair. The task has been challenging, but also
interesting and rewarding because of the insights it has given
me into the various aspects of the development work that goes
into the drafting of the quality standards provided by the texts
of the Pharmacopoeia. It has also given me an insight into the
many other important areas in which the EDQM is involved.

I wish to thank all the members of the European
Pharmacopoeia Commission for the trust and support that
allowed us to make substantial progress on a host of topics.

I would like to thank the Director of the EDQM, Dr Susanne
Keitel, my two vice-chairs, Prof. Jos Hoogmartens and

Ms An L&, the Secretary to the European Pharmacopoeia
Commission, Ms Cathie Vielle, and her two deputies,

Dr Emmanuelle Charton and Dr Michael Wierer, for their
excellent work and support during my time as Chair. Together
as the Presidium, we have managed to work very effectively to
guide the work of the European Pharmacopoeia Commission.

Finally, I would like to thank all the chairs and experts
involved in the development of the European Pharmacopoeia
and the staff of the EDQM for their support. Their availability,
good advice and high quality input have made our work
possible and a pleasure to do.

Dr Marianne Ek,
Chair of the European Pharmacopoeia Commission

February 2013
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[I. INTRODUCTION

The European Pharmacopoeia is prepared under the auspices
of the Council of Europe in accordance with the terms of the
Convention on the Elaboration of a European Pharmacopoeia
(European Treaty Series No. 50) (‘the Convention’) as amended
by the protocol to the Convention (European Treaty Series
No. 134), signed by the governments of 37 member states
(Austria, Belgium, Bosnia and Herzegovina, Bulgaria, Croatia,
Cyprus, Czech Republic, Denmark, Estonia, Finland, France,
Germany, Greece, Hungary, Iceland, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, Montenegro, Netherlands,
Norway, Poland, Portugal, Romania, Serbia, Slovak Republic,
Slovenia, Spain, Sweden, Switzerland, ‘the former Yugoslav
Republic of Macedonia’, Turkey, Ukraine and United
Kingdom) and by the European Union.

The preparation of the European Pharmacopoeia is the
responsibility of the European Pharmacopoeia Commission
(‘the Commission’), appointed in accordance with article 5

of the Convention. It is composed of delegations appointed
by the contracting parties. Each delegation consists of not
more than 3 members chosen for their competence in matters
within the functions of the Commission.

Observers from non-member states and international
organisations are admitted to sessions of the Commission

in accordance with the Rules of Procedure. Observers are at
present admitted from: Albania, Algeria, Argentina, Armenia,
Australia, Brazil, Canada, China, Georgia, Israel, Madagascar,
Malaysia, Moldova, Morocco, Republic of Belarus, Republic
of Guinea, Republic of Kazakhstan, Republic of Singapore,
Russian Federation, Senegal, Syria, Tunisia, United States of
America and the World Health Organization.

The Convention is open for signature by European countries
and observer status can serve to familiarise European
countries intending to become signatories with the working
methods of the Commission. The Commission recognises that
relations with countries outside Europe are essential in view
of the globalisation of the supply chain for pharmaceuticals.
Observer status for non-European countries helps to foster
these relations by facilitating regulatory partnerships and the
exchange of information and working documents.

The functions of the Commission established by article 6 of
the Convention as amended by the protocol are:

Article 6

“Subject to the provision of Article 4 of the present
Convention, the functions of the Commission shall be:

(a) to determine the general principles applicable to the
elaboration of the European Pharmacopoeia;

(b) to decide upon methods of analysis for that purpose;

(c) to arrange for the preparation of and to adopt monographs
to be included in the European Pharmacopoeia and;

(d) to recommend the fixing of the time limits within which
its decisions of a technical character relating to the European
Pharmacopoeia shall be implemented within the territories of
the contracting parties.”

The European Directorate for the Quality of Medicines &
HealthCare (EDQM) of the Council of Europe supports

the Commission in the elaboration and revision of texts of
the European Pharmacopoeia by providing the scientific
secretariat. In addition, it is responsible for the establishment,
production, monitoring and distribution of reference
standards needed when applying the monographs. The
EDQM is also active in a number of other areas related to
the protection of public health, for example in certifying the
quality of active pharmaceutical ingredients from specific
sources and in biological standardisation.

In accordance with the terms of the Convention, the
contracting parties undertake to take the necessary
measures to ensure that the monographs of the European
Pharmacopoeia shall become the official standards applicable
within their respective territories.

PURPOSE OF THE EUROPEAN PHARMACOPOEIA

The purpose of the European Pharmacopoeia is to promote
public health by the provision of recognised common
standards for the quality of medicines and their components.
Such standards are to be appropriate as a basis for the safe
use of medicines by patients. In addition, their existence
facilitates the free movement of medicinal products in Europe
and beyond.

European Pharmacopoeia monographs and other texts are
designed to be appropriate to the needs of:

- regulatory authorities;

- those engaged in the quality control of medicinal products
and their components;

- manufacturers of medicinal products and their components.

The European Pharmacopoeia is widely used internationally.
As globalisation and expansion in international trade present
a growing need to develop global quality standards for
medicines, the Commission works closely with all users of the
Pharmacopoeia worldwide.

SEAT OF THE EUROPEAN PHARMACOPOEIA
COMMISSION

The seat of the European Pharmacopoeia Commission is
situated in Strasbourg, the headquarters of the Council of
Europe.

GENERAL PRINCIPLES

General rules for interpretation of the texts of the European
Pharmacopoeia are given in the General Notices. The
following information should also be noted.

The general principles applied in the elaboration of
monographs of the European Pharmacopoeia are laid down
in procedures and in technical guides available on the EDQM
website. The principles applied are revised from time to

time without complete retrospective application so that
monographs already published may not always follow the
latest reccommendations, but wherever an issue with an impact
on public health is identified, monographs are revised.

It is recognised that general chapters are also used elsewhere
than in the monographs of the European Pharmacopoeia; in
these circumstances users are recommended to consult the
relevant technical guide, which gives extensive information on
the application of many of the methods.

General and individual monographs. The standards of the
European Pharmacopoeia are represented by general and
individual monographs. The use of general monographs has
developed in recent years to provide standards that best fulfil
the aims stated above and meet the needs of users. From the
4 Edition, the scope of general monographs was extended,
except where otherwise stated, to cover products where there
is no individual monograph. It is now usually necessary

to apply one or more general monographs along with any
individual monograph. Where a substance is subject to the
provisions of both a general monograph and an individual
monograph, the two are complementary. An individual
monograph may, exceptionally, include an exemption from
one or more provisions of the general monograph.

Since it is not practically possible to include in each individual
monograph a cross-reference to applicable or potentially
applicable general monographs, cross-referencing has been
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discontinued except where it is necessary to avoid ambiguity.
A list of general monographs is included in each new edition
and supplement to aid users in identifying those that are
needed for use with an individual monograph.

Use of animals. In accordance with the European
Convention for the Protection of Vertebrate Animals used
for Experimental and other Scientific Purposes (European
Treaty Series No. 123) as amended by the protocol to the
convention (European Treaty Series No. 170), elaborated
under the auspices of the Council of Europe, the Commission
is committed to the reduction of animal usage wherever
possible in pharmacopoeial testing, and encourages those
associated with its work to seek alternative procedures. An
animal test is included in a monograph only if it has clearly
been demonstrated that it is necessary to achieve satisfactory
control for pharmacopoeial purposes.

Hydrates. Where applicable, the degree of hydration of a
substance is indicated in the monograph title. For existing
monographs where this is not yet the case, the degree of
hydration will be introduced into the title during the next
technical revision of the monograph (including publication in
Pharmeuropa Online). If monographs are published for both
the anhydrous form and a hydrated form of a given substance,
‘anhydrous’ is included in the title of the relevant monograph.

Chiral substances. Monographs on chiral substances that
describe a particular enantiomer have a test to confirm
enantiomeric purity, usually by measurement of optical
rotation. According to the current policy, a test for racemic
character using optical rotation is included only if there is
information on the specific optical rotation of the enantiomers
that indicates that such a test would be discriminating in
terms of enantiomeric purity. If other techniques, such as
circular dichroism, can serve the intended purpose, they will
be prescribed instead of optical rotation.

Polymorphism. Where a substance shows polymorphism,
this is usually stated under Characters. In general, no
particular crystalline form is required in monographs;
exceptionally, in a few monographs, the crystalline form
required is specified, for example, via an infrared absorption
spectrophotometric identification test where the spectrum is
required to be recorded using the substance in the solid state
without recrystallisation, the chemical reference substance
provided being of the required crystalline form. However,
for substances other than these exceptional cases, depending
on the use of a given substance in a dosage form, it may

be necessary for a manufacturer to ensure that a particular
crystalline form is used. The information given under
Characters is intended to alert users to the need to evaluate this
aspect during the development of a dosage form. The general
monograph Substances for pharmaceutical use (2034) and
general chapter 5.9. Polymorphism should also be consulted.

Specificity of assays. For the elaboration of monographs on
chemical active substances, the approach generally preferred
by the Commission is to provide control of impurities
(process-related impurities and degradation products) via a
well-designed Tests section, with stability-indicating methods,
rather than by the inclusion of an assay that is specific for the
active moiety. It is therefore the full set of requirements of a
monograph that is designed to ensure that the product is of
suitable quality throughout its period of use.

Impurities. Following a review of policy on control of
impurities, general chapter 5.10. Control of impurities in
substances for pharmaceutical use was included as of the

5% Edition. Together with the general monograph Substances
for pharmaceutical use (2034), it describes the policy of
controlling impurities in individual monographs and provides
explanations on how the limits in the related substances test
should be understood.

The current general policy of the Commission is to include
quantitative tests for impurities in monographs. Most of

the older monographs elaborated before the establishment

of this policy have been revised to introduce quantitative
methods. Where a monograph does not conform to the
general policy, compliance with the general monograph
Substances for pharmaceutical use (2034) implies that the
individual monograph requirements need to be supplemented
accordingly.

Except where required for the application of the monograph,
in which case the name is followed by ‘CRS’, impurities are
not provided as reference standards nor can they be provided
for experimental purposes.

Chromatographic columns. As an aid to users, information
is made available, via the website (see also Knowledge
database, below), on chromatographic columns that have been
found to be satisfactory during development of monographs
and general methods. Information is also given on other
equipment and reagents where this is considered useful. This
information is given without warranty and does not imply that
other columns, equipment or reagents than those specified are
not suitable.

Residual solvents. The requirements for residual solvents are
given in the general monograph Substances for pharmaceutical
use (2034) and general chapter 5.4. Residual solvents. Thus all
active substances and excipients are subject to relevant control
of residual solvents, even where no test is specified in the
individual monograph. The requirements have been aligned
with the ICH guideline on this topic.

Heavy metals. Limits for residues of metal catalysts or metal
reagents as defined in the respective guideline of the European
Medicines Agency are reproduced in general chapter 5.20.
The requirements laid down in this chapter are not legally
binding for users of the European Pharmacopoeia as long as
the chapter is not cross-referenced in a monograph (e.g. in the
general monograph Substances for pharmaceutical use (2034)).
The Commission plans to replace this chapter once the new
ICH guideline for metal impurities, which is currently being
drafted, becomes available. Meanwhile, the Commission has
decided not to devote further resources to revising existing
tests (using method C or D) or creating new tests using general
chapter 2.4.8. Heavy Metals.

Homoeopathic preparations. A monograph on methods

of preparation of homoeopathic stocks and potentisation,
general monographs on homoeopathic preparations, mother
tinctures for homoeopathic preparations and herbal drugs for
homoeopathic preparations, and individual monographs on
raw materials and stocks for homoeopathic preparations are
included in a separate section in Volume 1. It is understood
that when the same substance is used in both homoeopathic
and other preparations then the monograph in the main body
of the European Pharmacopoeia applies.

Herbal drugs and herbal drug preparations (including
traditional Chinese medicines). All relevant monographs
are grouped together in a separate section in Volume 1.

Functionality-related characteristics. Following a policy
decision of the Commission to highlight the need for attention
to functionality-related characteristics of excipients and to
foster harmonisation of methods for their evaluation, an
informative section has been created in the monographs.

The contents of this section do not constitute mandatory
requirements but the characteristics may be relevant for a
particular use of an excipient. The characteristics may be
presented in different ways:

- citing the name only;

- citing the name and a suitable test method, preferably one
included in the European Pharmacopoeia;
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- citing the name, a suitable test method and typical values
or tolerances on the stated value; these values or tolerances
are used to define a suitable grade of an excipient for a
particular use.

In all cases, the method and acceptance criteria are not
mandatory requirements but are given for guidance. The
decision to control a functionality-related characteristic of an
excipient remains with the pharmaceutical manufacturer and
is taken with knowledge of the formulation of the product

in which it is to be used; the method of determination,
acceptance criteria and tolerances are determined on a
contractual basis by the user and the supplier of the excipient.

Patents. The description in the European Pharmacopoeia
of articles subject to protection by patent does not confer or
imply any right to the use of such patents by any person or
persons other than the proprietors of the patents concerned.

Chemical Abstracts Service (CAS) registry number. Since
the 6™ Edition, CAS registry numbers have been included
for information in monographs, where applicable, to provide
convenient access to useful information for users. Previously
these numbers were given only for reagents, where they

are of use in locating suppliers. CAS Registry Number® is a
registered trademark of the American Chemical Society.

Protected species. Monographs, notably those on herbal
drugs, may cover material obtained from protected species.
Inclusion of these monographs is without prejudice to the
provisions for protection of these species by national and
international law.

MONOGRAPHS ON PHARMACEUTICAL PREPARATIONS

Up to the 8" Edition, individual monographs on
pharmaceutical preparations have not been elaborated, with
a few exceptions, e.g. those on immunosera for human use,
immunosera for veterinary use, some biological preparations
such as insulin preparations, radiopharmaceutical
preparations, vaccines for human use and vaccines for
veterinary use.

The general monograph Pharmaceutical preparations (2619)
was introduced in the 7" Edition. This monograph is
intended to be a reference source of standards in the European
Pharmacopoeia on active substances, excipients and dosage
forms, which are to be applied in the manufacture/preparation
of pharmaceuticals; it is not intended to be a guide on how to
manufacture, as there is specific guidance available covering
methods of manufacture and associated controls.

Harmonisation and standardisation for pharmaceutical
preparations have so far been dealt with via the drafting

of general dosage form monographs setting out elements
common to all preparations within the scope of the
monograph, and via the development of standard test
methods used for testing of finished products. The inclusion
of these general monographs and methods in the European
Pharmacopoeia gives a common basis for competent
authorities and manufacturers in the preparation and
evaluation of applications for marketing authorisation.
However, during its 143™ session, the Commission decided
to revisit its policy and initiate a pilot phase on individual
pharmaceutical preparation monographs to investigate further
their feasibility and usefulness.

Reference standards established for the assay of active
substances and excipients may be suitable for use as assay
standards for preparations when the conditions stated in
general chapter 5.12. Reference standards are fulfilled.

WORK PROGRAMME

The work programme (elaboration of new monographs or
general chapters or revision of existing texts) is decided
by the Commission at one of the three annual sessions.
In general, whenever 2 member states express a wish to
elaborate a monograph, the Commission adds the item to

the work programme. Changes to the work programme are
published on the EDQM website and in Pharmeuropa Online.
Information is also provided to industry associations registered
with the secretariat and to manufacturers’ liaison contacts.
Interested parties are invited to contact the secretariat for any
items where they wish to be involved in the work.

CERTIFICATION PROCEDURE

A procedure for the certification of suitability of monographs
of the European Pharmacopoeia with respect to quality
control of a product from a given source has been established
(see Public Health Committee (Partial Agreement) Resolution
AP-CSP (07) 1 or any subsequent revision, available from the
EDQM and on its website) as an aid to the use of monographs
in applications for marketing authorisation. The certification
procedure also applies to herbal drugs, herbal drug
preparations and transmissible spongiform encephalopathy
(TSE) risk. Certificates of suitability are issued by the EDQM
only for substances produced under a suitable quality system.
Certificates are granted with respect to published monographs.
Details of the operation of this scheme are available from the
secretariat and on the EDQM website. A daily updated list of
certificates granted is available online on the EDQM website,
including voided or suspended certificates.

PUBLICATIONS

The official version of the European Pharmacopoeia is
available in English and in French, in the form of a book with
3 supplements per year, and in electronic format (online,
including a tablet version, and on USB stick).

Archives. The European Pharmacopoeia Archives contain the
1* Edition to 7" Edition in PDF format. They are available to
all European Pharmacopoeia subscribers with an up-to-date
subscription (paper, online or USB stick) and a registered
EPID code.

Pharmeuropa, the European Pharmacopoeia forum, is
published 4 times per year as an aid for the elaboration

of monographs and as a vehicle for information on
pharmacopoeial and related matters. Pharmeuropa Bio &
Scientific Notes, a publication indexed by bibliographic
services, includes scientific papers related to the establishment
of biological reference preparations and validation of biological
methods within the Biological Standardisation Programme of
the EDQM, and to various aspects of pharmaceutical analysis
and other subjects relevant to the European Pharmacopoeia.
Since 2012, both publications are only available online, free
of charge, and individual drafts and scientific papers are
published on an ongoing basis.

Website. Information on activities and many other aspects of
the European Pharmacopoeia is to be found on the EDQM
website.

Knowledge database. The EDQM website provides access
to a database containing information of various sorts related
to monographs and intended to facilitate their proper use.
Information is provided on:

- chromatography columns used in monograph development;

- suppliers of reagents and equipment that may be difficult
to find for some users;

- the status of monographs (in development, adopted,
published, under revision);

- revisions of the monographs on a historical basis, beginning
from the 5™ Edition;

- other useful information.

HelpDesk. Many technical and other enquiries are addressed
to the EDQM by users. They should be submitted via the
HelpDesk on the EDQM website. The EDQM will deal with
enquiries that are related to the use of monographs of the
European Pharmacopoeia. The HelpDesk has a section of
Frequently Asked Questions that should be consulted by users
before submission of an enquiry.
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Implementation. The date on which monographs are to

be implemented is fixed by a resolution of the European
Committee on Pharmaceuticals and Pharmaceutical Care
(Partial Agreement) of the Council of Europe, following a
recommendation by the Commission. This date is usually

1 year after adoption and about 6 months after publication.
Where a monograph is to be implemented at a date earlier
than the next publication date of the European Pharmacopoeia
or a supplement, a resolution of the European Committee on
Pharmaceuticals and Pharmaceutical Care gives the full text to
be implemented. The text is also published in Pharmeuropa
Online for information and posted on the EDQM website as
part of the resolution.

Revision programme. Monographs and other texts of the
European Pharmacopoeia are revised as necessary following a
decision of the Commission. Revision proposals are published
in Pharmeuropa Online. Proposals to revise monographs may
be submitted by a delegation, by the Chair of the Commission
or by the chair of a group of experts. Requests for revision
from other parties should be submitted via the national
pharmacopoeia authority of a member state or, where this is
not possible, to the EDQM via the HelpDesk. Proposals to
revise monographs must be accompanied by sufficient data to
justify the need for revision.

COMBISTATS

Certain tests in monographs, particularly biological assays,
require statistical analysis of the results. The EDQM has
developed a computer programme, CombiStats, that can be
used for statistical analysis of results of biological dilution
assays. Information on the programme, with conditions of
access and use, is available on the EDQM website.

INTERNATIONAL HARMONISATION

Globalisation and expansion in international trade present
a growing need to develop global quality standards for
medicines. Standards are a vital instrument for marketing
authorisations, market surveillance, and free movement
and trade of medicines between regions and countries.
The European Pharmacopoeia is engaged in a process of
harmonisation with the Japanese Pharmacopoeia and the
United States Pharmacopeia, within an informal structure
referred to as the Pharmacopoeial Discussion Group (PDG).
Information on the status of harmonised texts is given in
general chapter 5.8. Pharmacopoeial harmonisation and on
the PDG page of the EDQM website.

Where harmonisation of general chapters is carried out, the
aim is to arrive at interchangeable methods or requirements
so that demonstration of compliance using a general chapter
from one of the 3 pharmacopoeias implies that the same
result would be obtained using the general chapter of either
of the other pharmacopoeias. When a formal declaration of
interchangeability has been recommended by the International
Conference on Harmonisation (ICH), it will be indicated

in general chapter 5.8. Pharmacopoeial harmonisation. If
residual differences remain in harmonised general chapters,
information is given in this general chapter.

Where harmonisation of monographs is carried out, the aim is
to arrive at identical requirements for all attributes of a product.
Information on any non-harmonised attributes is included in
general chapter 5.8. Pharmacopoeial harmonisation. Besides
the PDG, the European Pharmacopoeia is also actively
involved in a number of other international harmonisation
initiatives, such as the World Health Organization initiative of
drafting ‘Good Pharmacopoeial Practices’ that may serve as a
basis for future work-sharing and collaboration between the
pharmacopoeias of the world.
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IV. CONTENTS OF THE
8" EDITION

The 8™ Edition consists of all texts published in the 7* Edition,
which may subsequently have been revised or corrected, and
new texts.

For the information of the reader, lists are given below of
monographs and general chapters that are new, or that have
been revised or corrected, and texts whose title has been
changed for the 8" Edition.

The version date (for example 01/2014 for a text that is new or
revised for the 8" Edition), completed by ‘corrected X.X’ if a
corrected version of the text has subsequently been published
in Supplement X.X, and the reference number (4 digits for
monographs and 5 digits for general chapters) are specified
above the title of each text (monographs and general chapters).
The version date, completed by ‘corrected X.X if appropriate,
makes it possible to identify the successive versions of texts in
different editions.

From the 7 Edition, if a text has not been revised for a new
edition, the version date published in the previous edition is
kept in order to improve traceability. The volume in which
this version has been published for the first time is stated in
the Knowledge database on the EDQM website.

A vertical line in the margin indicates where part of a text has
been revised or corrected. A horizontal line in the margin
indicates where part of a text has been deleted. However, these

indications, which are not necessarily exhaustive, are given
for information and do not form an official part of the texts.
Editorial changes are not indicated.

Lines in the margin that were present in revised or corrected
texts in the previous edition are deleted with each new edition.

Corrections that are indicated by the note ‘corrected 8.0’
under the version date are to be taken into account from the
publication date of the volume.

For the 8" Edition, the following decisions and systematic
modifications to the texts of the European Pharmacopoeia
have been made.

- Common logarithms are now indicated by log,,.

- The wording used in the tests for chlorides, sulfates,
calcium, iron and magnesium in monographs has been
updated according to the style guide.

- Reagent names have been modified to improve the
functioning of the hyperlinks in the electronic version of
the European Pharmacopoeia.

- The graphical representation of saccharides has been
harmonised; the graphical representation of insulins has
been harmonised.

Individual copies of texts published in this edition will not be supplied.

Subscribers to the current version (printed or electronic) of the European Pharmacopoeia have access to an archive version of all

previous editions of the European Pharmacopoeia.

NEW TEXTS INCLUDED IN THE 8" EDITION

The texts below appear for the first time in the European Pharmacopoeia. They will be implemented on 1 January 2014

at the latest.

GENERAL CHAPTERS

2.2.66. Detection and measurement of radioactivity

MONOGRAPHS

Radiopharmaceutical preparations and starting materials
for radiopharmaceutical preparations

Alovudine (**F) injection (2460)
Fluoromisonidazole (**F) injection (2459)
Herbal drugs and herbal drug preparations
Belamcanda chinensis rhizome (2561)
Eclipta herb (2564)

Eucommia bark (2412)

Fleeceflower root (2433)

Fraxinus rhynchophylla bark (2452)
Mandarin epicarp and mesocarp (2430)
Saw palmetto extract (2579)
Monographs

Alimemazine hemitartrate (2650)
Atomoxetine hydrochloride (2640)
Desloratadine (2570)

Diacerein (2409)

Dutasteride (2641)

Follitropin (2285)

Follitropin concentrated solution (2286)

Human coagulation factor VIIa (rDNA) concentrated solution
(2534)

Insulin glargine (2571)




Contents of the 8" Edition

EUROPEAN PHARMACOPOEIA 8.0

REVISED TEXTS IN THE 8" EDITION

The texts below have been technically revised since their last publication. They will be implemented on 1 January 2014.

GENERAL CHAPTERS
2.2.40. Near-infrared spectroscopy
2.4.25. Ethylene oxide and dioxan

2.6.31. Microbiological examination of herbal medicinal
products for oral use and extracts used in their
preparation

3.2.9. Rubber closures for containers for aqueous
parenteral preparations, for powders and for
freeze-dried powders

4. Reagents
5.1.4.  Microbiological quality of non-sterile
pharmaceutical preparations and substances

for pharmaceutical use

5.1.8.  Microbiological quality of herbal medicinal
products for oral use and extracts used in their

preparation
5.8. Pharmacopoeial harmonisation
MONOGRAPHS

General monographs
Radiopharmaceutical preparations (0125)
Dosage forms

Parenteral preparations (0520)

Premixes for medicated feeding stuffs for veterinary use (1037)

Tablets (0478)
Vaccines for veterinary use

Aujeszky’s disease vaccine (live) for pigs for parenteral
administration (0745)

Rabies vaccine (live, oral) for foxes and raccoon dogs (0746)

Radiopharmaceutical preparations and starting materials

for radiopharmaceutical preparations
Fludeoxyglucose (*°F) injection (1325)

Herbal drugs and herbal drug preparations

Bistort rhizome (2384)

Capsicum (1859)

Capsicum oleoresin, refined and standardised (2336)
Capsicum soft extract, standardised (2529)

Capsicum tincture, standardised (2337)

Milk thistle dry extract, refined and standardised (2071)
Milk thistle fruit (1860)

Monographs

Aciclovir (0968)

Alfacalcidol (1286)

Brompheniramine maleate (0977)
Cefradine (0814)

Cysteine hydrochloride monohydrate (0895)
Dexamethasone (0388)

Dextranomer (2238)

Dipyridamole (1199)

Doxapram hydrochloride (1201)
Ethylcellulose (0822)

Fenbendazole for veterinary use (1208)
Finasteride (1615)

Flutamide (1423)

Glipizide (0906)

Heparins, low-molecular-mass (0828)
Human plasma for fractionation (0853)
Human a-1-proteinase inhibitor (2387)
Hydrocortisone acetate (0334)
Hypromellose (0348)

Levonorgestrel (0926)

Lomustine (0928)

Maize starch (0344)

Mannitol (0559)

Megestrol acetate (1593)

Metformin hydrochloride (0931)
Methylcellulose (0345)
Methylprednisolone (0561)
Metoprolol succinate (1448)
Metoprolol tartrate (1028)

Minoxidil (0937)

Nicotine ditartrate dihydrate (2599)
Oxfendazole for veterinary use (1458)
Peritoneal dialysis, solutions for (0862)
Phytomenadione (1036)

Potato starch (0355)

Proline (0785)

Serine (0788)

Sulfadiazine (0294)

Threonine (1049)

Timolol maleate (0572)

Valine (0796)

Wheat starch (0359)

CORRECTED TEXTS IN THE 8" EDITION

The texts below from the 7" Edition have been corrected and specify ‘corrected 8.0 above the title. These corrections are to be
taken into account from the publication date of the 8" Edition (15 July 2013).

GENERAL CHAPTERS

2.4.1. Ammonium
2.4.3. Calcium
2.4.13. Sulfates

2.5.11. Complexometric titrations

MONOGRAPHS

General chapters

Substances for pharmaceutical use (2034)
Monographs

Alteplase for injection (1170)
Amisulpride (1490)

Carmellose sodium (0472)

Carvedilol (1745)
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Dacarbazine (1691)
Fludrocortisone acetate (0767)
Human albumin solution (0255)
Hydroxypropylbetadex (1804)
Kanamycin monosulfate (0032)
Lactulose, liquid (0924)

Mesalazine (1699)
Nitrendipine (1246)
Racecadotril (2171)
all-rac-a-Tocopherol (0692)
Urea (0743)

TEXTS WHOSE TITLE HAS CHANGED FOR THE 8" EDITION

The titles of the following texts have been changed in the 8" Edition.

GENERAL CHAPTERS

2.2.40. Near-infrared spectroscopy (previously
Near-infrared spectrophotometry)

2.6.31. Microbiological examination of herbal medicinal
products for oral use and extracts used in
their preparation (previously Microbiological
examination of herbal medicinal products for oral
use)

2.8.12. Essential oils in herbal drugs (previously
Determination of essential oils in herbal drugs)

2.8.14. Tannins in herbal drugs (previously Determination
of tannins in herbal drugs)

3.1.3.  Polyolefins (previously Polyolefines)

5.1.8.  Microbiological quality of herbal medicinal
products for oral use and extracts used in their
preparation (previously Microbiological quality of
herbal medicinal products for oral use)

MONOGRAPHS

Vaccines for veterinary use

Rabies vaccine (live, oral) for foxes and raccoon dogs (0746)
(previously Rabies vaccine (live, oral) for foxes)

xxiii
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1. GENERAL NOTICES

1.1. GENERAL STATEMENTS

The General Notices apply to all monographs and other texts
of the European Pharmacopoeia.

The official texts of the European Pharmacopoeia are
published in English and French. Translations in other
languages may be prepared by the signatory States of the
European Pharmacopoeia Convention. In case of doubt
or dispute, the English and French versions are alone
authoritative.

In the texts of the European Pharmacopoeia, the word
‘Pharmacopoeia” without qualification means the European
Pharmacopoeia. The official abbreviation Ph. Eur. may be
used to indicate the European Pharmacopoeia.

The use of the title or the subtitle of a monograph implies
that the article complies with the requirements of the relevant
monograph. Such references to monographs in the texts of
the Pharmacopoeia are shown using the monograph title and
reference number in italics.

A preparation must comply throughout its period of validity;
a distinct period of validity and/or specifications for opened
or broached containers may be decided by the competent
authority. The subject of any other monograph must comply
throughout its period of use. The period of validity that is
assigned to any given article and the time from which that
period is to be calculated are decided by the competent
authority in light of experimental results of stability studies.

Unless otherwise indicated in the General Notices or in the
monographs, statements in monographs constitute mandatory
requirements. General chapters become mandatory when
referred to in a monograph, unless such reference is made in a
way that indicates that it is not the intention to make the text
referred to mandatory but rather to cite it for information.

The active substances, excipients, pharmaceutical preparations
and other articles described in the monographs are intended
for human and veterinary use (unless explicitly restricted

to one of these uses). An article is not of Pharmacopoeia
quality unless it complies with all the requirements stated

in the monograph. This does not imply that performance

of all the tests in a monograph is necessarily a prerequisite
for a manufacturer in assessing compliance with the
Pharmacopoeia before release of a product. The manufacturer
may obtain assurance that a product is of Pharmacopoeia
quality from data derived, for example, from validation studies
of the manufacturing process and from in-process controls.
Parametric release in circumstances deemed appropriate by
the competent authority is thus not precluded by the need to
comply with the Pharmacopoeia.

The tests and assays described are the official methods upon
which the standards of the Pharmacopoeia are based. With
the agreement of the competent authority, alternative methods
of analysis may be used for control purposes, provided that the
methods used enable an unequivocal decision to be made as
to whether compliance with the standards of the monographs
would be achieved if the official methods were used. In the
event of doubt or dispute, the methods of analysis of the
Pharmacopoeia are alone authoritative.

Certain materials that are the subject of a pharmacopoeial
monograph may exist in different grades suitable for different
purposes. Unless otherwise indicated in the monograph,

the requirements apply to all grades of the material. In

some monographs, particularly those on excipients, a list of
functionality-related characteristics that are relevant to the
use of the substance may be appended to the monograph for
information. Test methods for determination of one or more
of these characteristics may be given, also for information.

Quality systems. The quality standards represented by
monographs are valid only where the articles in question are
produced within the framework of a suitable quality system.

General monographs. Substances and preparations that are
the subject of an individual monograph are also required

to comply with relevant, applicable general monographs.
Cross-references to applicable general monographs are not
normally given in individual monographs.

General monographs apply to all substances and preparations
within the scope of the Definition section of the general
monograph, except where a preamble limits the application,
for example to substances and preparations that are the subject
of a monograph of the Pharmacopoeia.

General monographs on dosage forms apply to all preparations
of the type defined. The requirements are not necessarily
comprehensive for a given specific preparation and
requirements additional to those prescribed in the general
monograph may be imposed by the competent authority.

General monographs and individual monographs are
complementary. If the provisions of a general monograph do
not apply to a particular product, this is expressly stated in the
individual monograph.

Validation of pharmacopoeial methods. The test methods
given in monographs and general chapters have been validated
in accordance with accepted scientific practice and current
recommendations on analytical validation. Unless otherwise
stated in the monograph or general chapter, validation of the
test methods by the analyst is not required.

Implementation of pharmacopoeial methods. When
implementing a pharmacopoeial method, the user must assess
whether and to what extent the suitability of the method
under the actual conditions of use needs to be demonstrated
according to relevant monographs, general chapters and
quality systems.

Conventional terms. The term ‘competent authority’
means the national, supranational or international body or
organisation vested with the authority for making decisions
concerning the issue in question. It may, for example, be a
national pharmacopoeia authority, a licensing authority or
an official control laboratory.

The expression ‘unless otherwise justified and authorised’
means that the requirements have to be met, unless the
competent authority authorises a modification or an
exemption where justified in a particular case.

Statements containing the word ‘should’ are informative or
advisory.

In certain monographs or other texts, the terms ‘suitable’ and
‘appropriate’ are used to describe a reagent, micro-organism,
test method etc.; if criteria for suitability are not described in
the monograph, suitability is demonstrated to the satisfaction
of the competent authority.

Medicinal product. (a) Any substance or combination of
substances presented as having properties for treating or
preventing disease in human beings and/or animals; or (b)
any substance or combination of substances that may be used
in or administered to human beings and/or animals with a
view either to restoring, correcting or modifying physiological
functions by exerting a pharmacological, immunological or
metabolic action, or to making a medical diagnosis.

Herbal medicinal product. Any medicinal product, exclusively
containing as active ingredients one or more herbal drugs or
one or more herbal drug preparations, or one or more such
herbal drugs in combination with one or more such herbal
drug preparations.

Active substance. Any substance intended to be used in

the manufacture of a medicinal product and that, when so
used, becomes an active ingredient of the medicinal product.
Such substances are intended to furnish a pharmacological
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activity or other direct effect in the diagnosis, cure, mitigation,
treatment or prevention of disease, or to affect the structure
and function of the body.

Excipient (auxiliary substance). Any constituent of a medicinal
product that is not an active substance. Adjuvants, stabilisers,
antimicrobial preservatives, diluents, antioxidants, for
example, are excipients.

Interchangeable methods. Certain general chapters contain
a statement that the text in question is harmonised with

the corresponding text of the Japanese Pharmacopoeia
and/or the United States Pharmacopeia and that these texts
are interchangeable. This implies that if a substance or
preparation is found to comply with a requirement using an
interchangeable method from one of these pharmacopoeias
it complies with the requirements of the European
Pharmacopoeia. In the event of doubt or dispute, the text of
the European Pharmacopoeia is alone authoritative.

References to regulatory documents. Monographs and
general chapters may contain references to documents

issued by regulatory authorities for medicines, for example
directives and notes for guidance of the European Union.
These references are provided for information for users for
the Pharmacopoeia. Inclusion of such a reference does not
modify the status of the documents referred to, which may be
mandatory or for guidance.

1.2. OTHER PROVISIONS APPLYING TO GENERAL
CHAPTERS AND MONOGRAPHS

Quantities. In tests with numerical limits and assays, the
quantity stated to be taken for examination is approximate.
The amount actually used, which may deviate by not more
than 10 per cent from that stated, is accurately weighed or
measured and the result is calculated from this exact quantity.
In tests where the limit is not numerical, but usually depends
upon comparison with the behaviour of a reference substance
in the same conditions, the stated quantity is taken for
examination. Reagents are used in the prescribed amounts.

Quantities are weighed or measured with an accuracy
commensurate with the indicated degree of precision. For
weighings, the precision corresponds to plus or minus 5 units
after the last figure stated (for example, 0.25 g is to be
interpreted as 0.245 g to 0.255 g). For the measurement of
volumes, if the figure after the decimal point is a zero or ends
in a zero (for example, 10.0 mL or 0.50 mL), the volume is
measured using a pipette, a volumetric flask or a burette, as
appropriate; otherwise, a graduated measuring cylinder or a
graduated pipette may be used. Volumes stated in microlitres
are measured using a micropipette or microsyringe.

It is recognised, however, that in certain cases the precision
with which quantities are stated does not correspond to the
number of significant figures stated in a specified numerical
limit. The weighings and measurements are then carried out
with a sufficiently improved accuracy.

Apparatus and procedures. Volumetric glassware complies
with Class A requirements of the appropriate International
Standard issued by the International Organisation for
Standardisation.

Unless otherwise prescribed, analytical procedures are carried
out at a temperature between 15 °C and 25 °C.

Unless otherwise prescribed, comparative tests are carried out
using identical tubes of colourless, transparent, neutral glass
with a flat base; the volumes of liquid prescribed are for use
with tubes having an internal diameter of 16 mm, but tubes
with a larger internal diameter may be used provided the
volume of liquid used is adjusted (2.1.5). Equal volumes of
the liquids to be compared are examined down the vertical
axis of the tubes against a white background, or if necessary
against a black background. The examination is carried out in
diffuse light.

Any solvent required in a test or assay in which an indicator is
to be used is previously neutralised to the indicator, unless a
blank test is prescribed.

Water-bath. The term ‘water-bath’ means a bath of boiling
water unless water at another temperature is indicated.
Other methods of heating may be substituted provided the
temperature is near to but not higher than 100 °C or the
indicated temperature.

Drying and ignition to constant mass. The terms ‘dried

to constant mass’ and ‘ignited to constant mass’ mean that

2 consecutive weighings do not differ by more than 0.5 mg,
the 2™ weighing following an additional period of drying or
of ignition respectively appropriate to the nature and quantity
of the residue.

Where drying is prescribed using one of the expressions ‘in a
desiccator’ or ‘in vacuo; it is carried out using the conditions
described in chapter 2.2.32. Loss on drying.

Reagents. The proper conduct of the analytical procedures
described in the Pharmacopoeia and the reliability of the
results depend, in part, upon the quality of the reagents used.
The reagents are described in general chapter 4. It is assumed
that reagents of analytical grade are used; for some reagents,
tests to determine suitability are included in the specifications.

Solvents. Where the name of the solvent is not stated, the
term ‘solution’ implies a solution in water.

Where the use of water is specified or implied in the
analytical procedures described in the Pharmacopoeia or

for the preparation of reagents, water complying with the
requirements of the monograph Purified water (0008) is
used, except that for many purposes the requirements for
bacterial endotoxins (Purified water in bulk) and microbial
contamination (Purified water in containers) are not relevant.
The term ‘distilled water’ indicates purified water prepared
by distillation.

The term ‘ethanol’ without qualification means anhydrous
ethanol. The term ‘alcohol’ without qualification means
ethanol (96 per cent). Other dilutions of ethanol are indicated
by the term ‘ethanol’ or ‘alcohol’ followed by a statement of the
percentage by volume of ethanol (C,H,O) required.

Expression of content. In defining content, the expression
‘per cent’ is used according to circumstances with one of 2
meanings:

- per cent m/m (percentage, mass in mass) expresses the
number of grams of substance in 100 g of final product;

- per cent V/V (percentage, volume in volume) expresses
the number of millilitres of substance in 100 mL of final
product.

The expression ‘parts per million’ (or ppm) refers to mass in
mass, unless otherwise specified.

Temperature. Where an analytical procedure describes
temperature without a figure, the general terms used have the
following meaning:

- in a deep-freeze: below — 15 °C;
- in a refrigerator: 2 °C to 8 °C;
- cold or cool: 8 °C to 15 °C;

- room temperature: 15 °C to 25 °C.

1.3. GENERAL CHAPTERS

Containers. Materials used for containers are described

in general chapter 3.1. General names used for materials,
particularly plastic materials, each cover a range of products
varying not only in the properties of the principal constituent
but also in the additives used. The test methods and limits
for materials depend on the formulation and are therefore
applicable only for materials whose formulation is covered by

See the information section on general monographs (cover pages)
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the preamble to the specification. The use of materials with
different formulations, and the test methods and limits applied
to them, are subject to agreement by the competent authority.

The specifications for containers in general chapter 3.2
have been developed for general application to containers
of the stated category, but in view of the wide variety of
containers available and possible new developments, the
publication of a specification does not exclude the use, in
justified circumstances, of containers that comply with
other specifications, subject to agreement by the competent
authority.

Reference may be made within the monographs of the
Pharmacopoeia to the definitions and specifications for
containers provided in chapter 3.2. Containers. The general
monographs for pharmaceutical dosage forms may, under
the heading Definition/Production, require the use of certain
types of container; certain other monographs may, under
the heading Storage, indicate the type of container that is
recommended for use.

1.4. MONOGRAPHS

TITLES
Monograph titles are in English and French in the respective
versions and there is a Latin subtitle.

RELATIVE ATOMIC AND MOLECULAR MASSES

The relative atomic mass (A,) or the relative molecular

mass (M,) is shown, as and where appropriate, at the beginning
of each monograph. The relative atomic and molecular masses
and the molecular and graphic formulae do not constitute
analytical standards for the substances described.

CHEMICAL ABSTRACTS SERVICE (CAS) REGISTRY
NUMBER

CAS registry numbers are included for information in
monographs, where applicable, to provide convenient access
to useful information for users. CAS Registry Number® is a
registered trademark of the American Chemical Society.

DEFINITION

Statements under the heading Definition constitute an official
definition of the substance, preparation or other article that is
the subject of the monograph.

Limits of content. Where limits of content are prescribed,
they are those determined by the method described under
Assay.

Herbal drugs. In monographs on herbal drugs, the definition
indicates whether the subject of the monograph is, for
example, the whole drug or the drug in powdered form.
Where a monograph applies to the drug in several states, for
example both to the whole drug and the drug in powdered
form, the definition states this.

PRODUCTION

Statements under the heading Production draw attention

to particular aspects of the manufacturing process but are
not necessarily comprehensive. They constitute mandatory
requirements for manufacturers, unless otherwise stated.
They may relate, for example, to source materials; to the
manufacturing process itself and its validation and control; to
in-process testing; or to testing that is to be carried out by the
manufacturer on the final article, either on selected batches
or on each batch prior to release. These statements cannot
necessarily be verified on a sample of the final article by an
independent analyst. The competent authority may establish
that the instructions have been followed, for example, by
examination of data received from the manufacturer, by
inspection of manufacture or by testing appropriate samples.

The absence of a Production section does not imply that
attention to features such as those referred to above is not
required.

Choice of vaccine strain, Choice of vaccine composition.
The Production section of a monograph may define the
characteristics of a vaccine strain or vaccine composition.
Unless otherwise stated, test methods given for verification of
these characteristics are provided for information as examples
of suitable methods. Subject to approval by the competent
authority, other test methods may be used without validation
against the method shown in the monograph.

POTENTIAL ADULTERATION

Due to the increasing number of fraudulent activities and
cases of adulteration, information may be made available to
Ph. Eur. users to help detect adulterated materials (i.e. active
substances, excipients, intermediate products, bulk products
and finished products).

To this purpose, a method for the detection of potential
adulterants and relevant limits, together with a reminder that
all stages of production and sourcing are subjected to a suitable
quality system, may be included in this section of monographs
on substances for which an incident has occurred or that
present a risk of deliberate contamination. The frequency of
testing by manufacturers or by users (e.g. manufacturers of
intermediate products, bulk products and finished products,
where relevant) depends on a risk assessment, taking into
account the level of knowledge of the whole supply chain and
national requirements.

This section constitutes requirements for the whole supply
chain, from manufacturers to users (e.g. manufacturers of
intermediate products, bulk products and finished products,
where relevant). The absence of this section does not imply
that attention to features such as those referred to above is
not required.

CHARACTERS

The statements under the heading Characters are not to be
interpreted in a strict sense and are not requirements.
Solubility. In statements of solubility in the Characters

section, the terms used have the following significance,
referred to a temperature between 15 °C and 25 °C.

Descriptive term Approximate volume of solvent in millilitres

per gram of solute

Very soluble less than 1

Freely soluble from 1 to 10
Soluble from 10 to 30
Sparingly soluble from 30 to 100
Slightly soluble from 100 to 1000
Very slightly soluble from 1000 to 10 000
Practically insoluble more than 10 000

The term ‘partly soluble’ is used to describe a mixture where
only some of the components dissolve. The term ‘miscible’ is
used to describe a liquid that is miscible in all proportions
with the stated solvent.

IDENTIFICATION

Scope. The tests given in the Identification section are not
designed to give a full confirmation of the chemical structure
or composition of the product; they are intended to give
confirmation, with an acceptable degree of assurance, that the
article conforms to the description on the label.

First and second identifications. Certain monographs

have subdivisions entitled ‘First identification’ and ‘Second
identification. The test or tests that constitute the ‘First
identification’ may be used in all circumstances. The test or
tests that constitute the ‘Second identification’ may be used
in pharmacies provided it can be demonstrated that the
substance or preparation is fully traceable to a batch certified
to comply with all the other requirements of the monograph.

Certain monographs give two or more sets of tests for the
purpose of the first identification, which are equivalent

General Notices (1) apply to all monographs and other texts
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and may be used independently. One or more of these sets
usually contain a cross-reference to a test prescribed in the
Tests section of the monograph. It may be used to simplify
the work of the analyst carrying out the identification and
the prescribed tests. For example, one identification set
cross-refers to a test for enantiomeric purity while the other
set gives a test for specific optical rotation: the intended
purpose of the two is the same, that is, verification that the
correct enantiomer is present.

Powdered herbal drugs. Monographs on herbal drugs may
contain schematic drawings of the powdered drug. These
drawings complement the description given in the relevant
identification test.

TESTS AND ASSAYS

Scope. The requirements are not framed to take account of all
possible impurities. It is not to be presumed, for example, that
an impurity that is not detectable by means of the prescribed
tests is tolerated if common sense and good pharmaceutical
practice require that it be absent. See also below under
Impurities.

Calculation. Where the result of a test or assay is required
to be calculated with reference to the dried or anhydrous
substance or on some other specified basis, the determination
of loss on drying, water content or other property is carried
out by the method prescribed in the relevant test in the
monograph. The words ‘dried substance’ or ‘anhydrous
substance’ etc. appear in parentheses after the result.

Where a quantitative determination of a residual solvent is
carried out and a test for loss on drying is not carried out,
the content of residual solvent is taken into account for the
calculation of the assay content of the substance, the specific
optical rotation and the specific absorbance. No further
indication is given in the specific monograph.

Limits. The limits prescribed are based on data obtained

in normal analytical practice; they take account of normal
analytical errors, of acceptable variations in manufacture and
compounding and of deterioration to an extent considered
acceptable. No further tolerances are to be applied to the limits
prescribed to determine whether the article being examined
complies with the requirements of the monograph.

In determining compliance with a numerical limit, the
calculated result of a test or assay is first rounded to the
number of significant figures stated, unless otherwise
prescribed. The limits, regardless of whether the values are
expressed as percentages or as absolute values, are considered
significant to the last digit shown (for example 140 indicates 3
significant figures). The last figure of the result is increased by
one when the part rejected is equal to or exceeds one half-unit,
whereas it is not modified when the part rejected is less than a
half-unit.

Indication of permitted limit of impurities. The acceptance
criteria for related substances are expressed in monographs
either in terms of comparison of peak areas (comparative tests)
or as numerical values. For comparative tests, the approximate
content of impurity tolerated, or the sum of impurities, may
be indicated in brackets for information only. Acceptance

or rejection is determined on the basis of compliance or
non-compliance with the stated test. If the use of a reference
substance for the named impurity is not prescribed, this
content may be expressed as a nominal concentration of the
substance used to prepare the reference solution specified in
the monograph, unless otherwise described.

Herbal drugs. For herbal drugs, the sulfated ash, total ash,
water-soluble matter, alcohol-soluble matter, water content,
content of essential oil and content of active principle are
calculated with reference to the drug that has not been
specially dried, unless otherwise prescribed in the monograph.

Equivalents. Where an equivalent is given, for the purposes
of the Pharmacopoeia only the figures shown are to be used in
applying the requirements of the monograph.

Culture media. The culture media described in monographs
and general chapters have been found to be satisfactory for
the intended purpose. However, the components of media,
particularly those of biological origin, are of variable quality,
and it may be necessary for optimal performance to modulate
the concentration of some ingredients, notably:

- peptones and meat or yeast extracts, with respect to their
nutritive properties;

- buffering substances;

- bile salts, bile extract, deoxycholate, and colouring matter,
depending on their selective properties;

- antibiotics, with respect to their activity.

STORAGE

The information and recommendations given under the
heading Storage do not constitute a pharmacopoeial
requirement but the competent authority may specify
particular storage conditions that must be met.

The articles described in the Pharmacopoeia are stored

in such a way as to prevent contamination and, as far as
possible, deterioration. Where special conditions of storage
are recommended, including the type of container (see section
1.3. General chapters) and limits of temperature, they are
stated in the monograph.

The following expressions are used in monographs under
Storage with the meaning shown.

In an airtight container means that the product is stored in an
airtight container (3.2). Care is to be taken when the container
is opened in a damp atmosphere. A low moisture content
may be maintained, if necessary, by the use of a desiccant in
the container provided that direct contact with the product

is avoided.

Protected from light means that the product is stored either

in a container made of a material that absorbs actinic light
sufficiently to protect the contents from change induced by
such light, or in a container enclosed in an outer cover that
provides such protection, or is stored in a place from which all
such light is excluded.

LABELLING

In general, labelling of medicines is subject to supranational
and national regulation and to international agreements. The
statements under the heading Labelling are not therefore
comprehensive and, moreover, for the purposes of the
Pharmacopoeia only those statements that are necessary

to demonstrate compliance or non-compliance with the
monograph are mandatory. Any other labelling statements are
included as recommendations. When the term ‘label’ is used
in the Pharmacopoeia, the labelling statements may appear
on the container, the package, a leaflet accompanying the
package, or a certificate of analysis accompanying the article,
as decided by the competent authority.

WARNINGS

Materials described in monographs and reagents specified

for use in the Pharmacopoeia may be injurious to health
unless adequate precautions are taken. The principles of
good quality control laboratory practice and the provisions

of any appropriate regulations are to be observed at all

times. Attention is drawn to particular hazards in certain
monographs by means of a warning statement; absence of such
a statement is not to be taken to mean that no hazard exists.

IMPURITIES

A list of all known and potential impurities that have been
shown to be detected by the tests in a monograph may be
given. See also chapter 5.10. Control of impurities in substances
for pharmaceutical use. The impurities are designated by a
letter or letters of the alphabet. Where a letter appears to

be missing, the impurity designated by this letter has been
deleted from the list during monograph development prior to
publication or during monograph revision.

See the information section on general monographs (cover pages)
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FUNCTIONALITY-RELATED CHARACTERISTICS OF
EXCIPIENTS

Monographs on excipients may have a section on
functionality-related characteristics. The characteristics, any
test methods for determination and any tolerances are not
mandatory requirements; they may nevertheless be relevant
for use of the excipient and are given for information (see also
section 1.1. General statements).

REFERENCE STANDARDS

Certain monographs require the use of reference standards
(chemical reference substances, herbal reference standards,
biological reference preparations, reference spectra). See
also chapter 5.12. Reference standards. The European
Pharmacopoeia Commission establishes the official
reference standards, which are alone authoritative in case
of arbitration. These reference standards are available from
the European Directorate for the Quality of Medicines &
HealthCare (EDQM). Information on the available reference
standards and a batch validity statement can be obtained via
the EDQM website.

1.5. ABBREVIATIONS AND SYMBOLS

A Absorbance
A} per cent Specific absorbance
A, Relative atomic mass
(o] Specific optical rotation
bp Boiling point
BRP Biological reference preparation
CRS Chemical reference substance
dz Relative density
A Wavelength
HRS Herbal reference standard
IU International Unit
M Molarity
M, Relative molecular mass
mp Melting point
nZ? Refractive index
Ph. Eur. U.  European Pharmacopoeia Unit
ppb Parts per billion (micrograms per kilogram)
ppm Parts per million (milligrams per kilogram)
R Substance or solution defined under
4. Reagents
R, Retardation factor (see chapter 2.2.46)
R, Used in chromatography to indicate the

ratio of the distance travelled by a substance
to the distance travelled by a reference
substance

RV Substance used as a primary standard in
volumetric analysis (chapter 4.2.1)

Abbreviations used in the monographs on
immunoglobulins, immunosera and vaccines

LD, The statistically determined quantity of a
substance that, when administered by the
specified route, may be expected to cause
the death of 50 per cent of the test animals
within a given period

MLD Minimum lethal dose

L+/10 dose

L+ dose

Ir/100 dose

Lp/10 dose

Lo/10 dose

Lf dose

CCID,,

EID

50

ID,

PD

50

50

PFU
SPF

The smallest quantity of a toxin that, in the
conditions of the test, when mixed with
0.1 IU of antitoxin and administered by the
specified route, causes the death of the test
animals within a given period
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The smallest quantity of a toxin that, in the
conditions of the test, when mixed with

1 IU of antitoxin and administered by the
specified route, causes the death of the test
animals within a given period

The smallest quantity of a toxin that, in
the conditions of the test, when mixed
with 0.01 IU of antitoxin and injected
intracutaneously causes a characteristic
reaction at the site of injection within a
given period

The smallest quantity of toxin that, in the
conditions of the test, when mixed with
0.1 IU of antitoxin and administered by the
specified route, causes paralysis in the test
animals within a given period

The largest quantity of a toxin that, in the
conditions of the test, when mixed with

0.1 IU of antitoxin and administered by the
specified route, does not cause symptoms of
toxicity in the test animals within a given
period

The quantity of toxin or toxoid that
flocculates in the shortest time with 1 IU of
antitoxin

The statistically determined quantity of
virus that may be expected to infect 50 per
cent of the cell cultures to which it is added

The statistically determined quantity of
virus that may be expected to infect 50 per
cent of the fertilised eggs into which it is
inoculated

The statistically determined quantity of

a virus that may be expected to infect

50 per cent of the animals into which it is
inoculated

The statistically determined dose of a
vaccine that, in the conditions of the test,
may be expected to protect 50 per cent of
the animals against a challenge dose of the
micro-organisms or toxins against which it
is active

The statistically determined dose of a
vaccine that, in the conditions of the

test, may be expected to induce specific
antibodies in 50 per cent of the animals for
the relevant vaccine antigens
Pock-forming units or plaque-forming units

Specified-pathogen-free

Collections of micro-organisms

ATCC

C.LP.

IMI

American Type Culture Collection

10801 University Boulevard

Manassas, Virginia 20110-2209, USA
Collection de Bactéries de I'Institut Pasteur
B.P. 52, 25 rue du Docteur Roux

75724 Paris Cedex 15, France
International Mycological Institute
Bakeham Lane

Surrey TW20 9TY, Great Britain

General Notices (1) apply to all monographs and other texts
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S G) I.P. Collection Nationale de Culture de 1.6. UNITS OF THE INTERNATIONAL SYSTEM (SI) USED
% ) Microorganismes (C.N.C.M.) IN THE PHARMACOPOEIA AND EQUIVALENCE WITH
=3
® g Institut Pasteur OTHER UNITS
o 25, rue du Docteur Roux II;IITERNATI.ONfiL SYSTE]\;I OE UNITS (SI) 1 o
75724 Paris Cedex 15, France The Internatlong Syst(?m o Uplts comprises 3 classes of ur111ts,
: ; ) namely base units, derived units and supplementary units(.
NCIMB II:IAatllonalBC(ille.ctl](q)tr‘li of Industrial and The base units and their definitions are set out in Table 1.6-1.
arine Bacteria . . ..
i The derived units may be formed by combining the
23 St Machar Drive base units according to the algebraic relationships linking
Aberdeen AB2 1RY, Great Britain the corresponding quantities. Some of these derived units
NCPF National Collection of Pathogenic Fungi have special names and symbols. The SI units used in the
. . Pharmacopoeia are shown in Table 1.6-2.
London School of Hygiene and Tropical ) ) ; )
Medicine Some important and widely used units outside the
International System are shown in Table 1.6-3.
Keppel Strect The prefixes shown in Table 1.6-4 are used to form th
London WCIE 7HT, Great Britain e prefixes shown in Table 1.6-4 are used to form the names
and symbols of the decimal multiples and submultiples of
NCTC National Collection of Type Cultures SI units.
Central Public Health Laboratory NOTES
Colindale Avenue 1. In the Pharmacopoeia, the Celsius temperature is used
London NW9 5HT, Great Britain (symbol £). This is defined by the following equation:
NCYC National Collection of Yeast Cultures =TT
=T-Tp
AFRC Food Research Institute
Colney Lane where T, = 273.15 K by definition. The Celsius or centigrade
. . ; o
Norwich NR4 7UA, Great Britain temperature is eXpres.se()i in degrees Ce151u§ (‘symlf)o)l C).
. . The unit ‘degree Celsius’ is equal to the unit ‘kelvin’
NITE Biological Resource Center . . . .
. 2. The practical expressions of concentrations used in the
Department of Biotechnology Pharmacopoeia are defined in the General Notices.
National Institute of Technology and 3. The radian is the plane angle between two radii of a circle
Evaluation that cut off on the circumference an arc equal in length
2-5-8 Kazusakamatari, Kisarazu-shi, Chiba, to the radius.
292-0818 4. In the Pharmacopoeia, conditions of centrifugation are
Japan defined by reference to the acceleration due to gravity (g):
S.I tatens Serum Institut -
55 Statens Seru ° g = 9.806 65 m-s
80 Amager Boulevard, Copenhagen,
Denmark 5. Certain quantities without dimensions are used in the
Pharmacopoeia: relative density (2.2.5), absorbance
(2.2.25), specific absorbance (2.2.25) and refractive index
(2.2.6).
6. The microkatal is defined as the enzymic activity that,
under defined conditions, produces the transformation
(e.g. hydrolysis) of 1 micromole of the substrate per second.
Table 1.6.-1. - SI base units
Quantity Unit Definition
Name Symbol Name Symbol
The metre is the length of the path travelled by light in a vacuum during a time
Length ! metre m interval of 1/299 792 458 of a second.
Mass m kilogram kg The kilogram is equal to the mass of the international prototype of the kilogram.
The second is the duration of 9 192 631 770 periods of the radiation corresponding
Time t second s to the transition between the two hyperfine levels of the ground state of the
caesium-133 atom.
Electric current I ampere A The ampere is that constant current which, maintained in two straight parallel
conductors of infinite length, of negligible circular cross-section and placed 1 metre
apart in vacuum would produce between these conductors a force equal to 2 x 1077
newton per metre of length.
Thermodynamic T kelvin K The kelvin is the fraction 1/273.16 of the thermodynamic temperature of the triple
temperature point of water.
Amount of substance n mole mol The mole is the amount of substance of a system containing as many elementary
entities as there are atoms in 0.012 kilogram of carbon-12*.

Luminous intensity I, candela cd The candela is the luminous intensity in a given direction of a source emitting
monochromatic radiation with a frequency of 540 x 10'* hertz and whose energy
intensity in that direction is 1/683 watt per steradian.

* When the mole is used, the elementary entities must be specified and may be atoms, molecules, ions, electrons, other particles or specified
groups of such particles.

(1) The definitions of the units used in the International System are given in the booklet ‘Le Systéme International d’Unités (SI); published by the Bureau International des Poids
et Mesures, Pavillon de Breteuil, F-92310 Sevres.

8 See the information section on general monographs (cover pages)
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Table 1.6.-2. — SI units used in the European Pharmacopoeia and equivalence with other units g 0
- : c 8
Quantity Unit 8 =
. s . e
Name Symbol Name Symbol | Expression in SI Expression in Conversion of other units into SI units -
base units other SI units
Wave number v one per metre 1/m m”!
Wavelength A micrometre pm 10" °m
nanometre nm 10~ °m
Area A'S square metre m’ m?
Volume v cubic metre m’ m’ ImL=1cm’=10"°m’
Frequency v hertz Hz s
Density P kilogram per cubic | kg/m’ kg:m™? 1 g/mL =1 g/cm’ = 10° kg:m >
metre
Velocity v metre per second m/s m-s!
Force F newton N m-kg-s? l1dyne=1gcms>=10"°N
1kp =9.806 65 N
Pressure P pascal Pa m” kg-s 2 N-m™? 1 dyne/cm?=10"'Pa=10"'N-m?
1 atm = 101 325 Pa = 101.325 kPa
1 bar = 10° Pa = 0.1 MPa
1 mm Hg = 133.322 387 Pa
1 Torr = 133.322 368 Pa
1 psi = 6.894 757 kPa
Dynamic Ul pascal second Pa-s m~ “kgs! N-sm™? 1P=10"Pas=10"N-sm?
viscosity 1cP=1mPas
Kinematic v square metre per m?/s m*s”! Pa-s-m*kg! 1St=1cm?s '=10"*m?s!
viscosity second Nem-skg !
Energy w joule J m?>kg-s™? N-m lerg=1cm>gs?=1dynecm =10""]
1 cal = 4.1868 ]
Power P watt W m?*kg-s™? N-m-s~' 1 erg/s =1 dyne-cm-s™' =
Radiant flux Js! 107 W =107 Nemes™! = 1077 Jos™ !
Absorbed dose D gray Gy m*s”? Jkg! 1rad =10 * Gy
(of radiant
energy)
Electric U volt A m? kg-s>A™! W-A™!
potential,
electromotive
force
Electric R ohm Q m?* kg-s™*A~? V-A™!
resistance
Quantity of Q coulomb C Ass
electricity
Activity of a A becquerel Bq s 1 Ci=37-10°Bq =37-10°s""
radionuclide
Concentration ¢ mole per cubic mol/m’ mol-m™? 1 mol/L =1 M =1 mol/dm’ = 10’ mol-m~?
(of amount metre
of substance),
molar
concentration
Mass P kilogram per cubic |  kg/m? kg:m™? 1g/L=1g/dm’=1kgm™*
concentration metre
Table 1.6.-3. — Units used with the International System Table 1.6.-4. — Decimal multiples and sub-multiples of units
Quantity Unit Value in SI units
Factor Prefix Symbol Factor Prefix Symbol
Name Symbol
10" exa E 10! deci d
Time minute min 1 min = 60 s
10° peta P 107 centi c
hour h 1h =60 min = 3600 s
10" tera T 1073 milli m
day d 1d=24h=86400s
10° giga G 107°¢ micro u
Plane angle degree ° 1° = (n/180) rad
10¢ mega M 10°° nano n
Volume litre L 1L=1dm’=10"m’
10° kilo k 10-1 pico p
Mass tonne t 1t=10°kg
- 10? hecto h 10° " femto f
Rotational revolution r/min 1 r/min = (1/60) s !
frequency per minute 10' deca da 1071 atto a

General Notices (1) apply to all monographs and other texts 9
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2.1.3. Ultraviolet ray lamps for analytical purposes

2.1. APPARATUS

01/2008:20101

2.1.1. DROPPERS

The term ‘drops’ means standard drops delivered from a
standard dropper as described below.

Standard droppers (Figure 2.1.1-1) are constructed of
practically colourless glass. The lower extremity has a circular
orifice in a flat surface at right angles to the axis.

5
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|
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— =1.0
— 3.00 - 3.05

Figure 2.1.1.-1. - Standard dropper
Dimensions in millimetres

Other droppers may be used provided they comply with the
following test.
20 drops of water R at 20 * 1 °C flowing freely from the

dropper held in the vertical position at a constant rate of
1 drop per second weighs 1000 + 50 mg.

The dropper must be carefully cleaned before use. Carry out 3
determinations on any given dropper. No result may deviate by
more than 5 per cent from the mean of the 3 determinations.

(1) The given limits are only approximate.

01/2008:20102

2.1.2. COMPARATIVE TABLE OF
POROSITY OF SINTERED-GLASS
FILTERS®

Table 2.1.2.-1
Porosity number Maximum Germany  France United
(Ph. Eur.)(?  diameter of pores Kingdom
in micrometres
1.6 less than 1.6 5f - -
- 1-25 5 - 5
4 1.6 -4 - - -
- 4-6 - 5 -
10 4-10 4f - 4
16 10 - 16 4 4 -
40 16 - 40 3 3 3
- 40 - 50 - - 2
100 40 - 100 2 2 -
- 100 - 120 - - 1
160 100 - 160 1 1 -
- 150 - 200 0 0 -
250 160 - 250 - - -
- 200 - 500 - 00 -

Special Uses

Diameters in micrometres

<25 Bacteriological filtration

4-10 Ultra-fine filtration, separation of micro-organisms of large
diameter

10 - 40 Analytical filtration, very fine filtration of mercury, very fine
dispersion of gases

40 - 100 Fine filtration, filtration of mercury, fine dispersion of gases

100 - 160 Filtration of coarse materials, dispersion and washing of gases,
support for other filter materials

160 - 500 Filtration of very coarse materials, dispersion and washing of
gases.

01/2008:20103
2.1.3. ULTRAVIOLET RAY LAMPS FOR
ANALYTICAL PURPOSES

Mercury vapour in quartz lamps is used as the source of
ultraviolet light. A suitable filter may be fitted to eliminate the
visible part of the spectrum emitted by the lamp. When the
Pharmacopoeia prescribes in a test the use of ultraviolet light
of wavelength 254 nm or 365 nm, an instrument consisting of
a mercury vapour lamp and a filter which gives an emission
band with maximum intensity at about 254 nm or 365 nm is
used. The lamp used should be capable of revealing without
doubt a standard spot of sodium salicylate with a diameter

of about 5 mm on a support of silica gel G R, the spot being
examined while in a position normal to the radiation.

For this purpose apply 5 uL of a 0.4 g/L solution of sodium
salicylate R in alcohol R® for lamps of maximum output at
254 nm and 5 pL of a 2 g/L solution in alcohol R® for lamps of
maximum output at 365 nm. The distance between the lamp
and the chromatographic plate under examination used in a
pharmacopoeial test should never exceed the distance used to
carry out the above test.

(2) The European Pharmacopoeia has adopted the system proposed by the International Organization for Standardization (ISO).

(3) The alcohol R used must be free from fluorescence.

General Notices (1) apply to all monographs and other texts
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2.1.4. Sieves EUROPEAN PHARMACOPOEIA 8.0

01/2008:20104 Tolerance for mean aperture (+ Y): the average aperture size
shall not depart from the nominal size by more than + Y,

2.1.4. SIEVES where:
Sieves are constructed of suitable materials with square _w®
. . Y = + 1.6

o N meshes. For purposes other than analytical procedures, sieves 27
>z with circular meshes may be used, the internal diameters of
zo which are 1.25 times the aperture of the square mesh of the Intermediary tolerance (+ Z): not more than 6 per cent of the
$3 corresponding sieve size. There must be no reaction between  total number of apertures shall have sizes between “nominal
o the material of the sieve and the substance being sifted. + X” and “nominal + Z”, where:

Degree of comminution is pres.crlbed in the monograph X+Y

using the sieve number, which is the size of the mesh in Z = —

micrometres, given in parenthesis after the name of the

subsFance (Table 2.1.4.-1). ) Wire diameter d: the wire diameters given in Table 2.1.4.-1
Maximum tolerance(® for an aperture (+ X): no aperture size apply to woven metal wire cloth mounted in a frame. The

shall exceed the nominal size by more than X, where: nominal sizes of the wire diameters may depart from these
9 (w0'75) 025 values within the limits d_, and d_; . The limits define a
X = 3 +4 (w"™) permissible range of choice * 15 per cent of the recommended
nominal dimensions. The wires in a test sieve shall be of a
w = width of aperture. similar diameter in warp and weft directions.
Table 2.1.4.-1 (values in micrometers)
Sieve Tolerances for apertures Wire diameters
numbers . R . .
(Nominal Maximum Tolerance for Intermediary Recommended Admissible limits
min
X ° . 2 tolerance for mean aperture tolerance nominal
dimensions of . .
an aperture dimensions
apertures)
+X Y +Z d d o doin
11 200 770 350 560 2500 2900 2100
8000 600 250 430 2000 2300 1700
5600 470 180 320 1600 1900 1300
4000 370 130 250 1400 1700 1200
2800 290 90 190 1120 1300 950
2000 230 70 150 900 1040 770
1400 180 50 110 710 820 600
1000 140 30 90 560 640 480
710 112 25 69 450 520 380
500 89 18 54 315 360 270
355 72 13 43 224 260 190
250 58 9.9 34 160 190 130
180 47 7.6 27 125 150 106
125 38 5.8 22 90 104 77
90 32 4.6 18 63 72 54
63 26 3.7 15 45 52 38
45 22 3.1 13 32 37 27
38 - - - 30 35 24

(4) See the International Standard ISO 3310/1 (1975).

16 See the information section on general monographs (cover pages)
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2.1.6. Gas detector tubes

01/2008:20105

2.1.5. TUBES FOR COMPARATIVE
TESTS

Tubes used for comparative tests are matched tubes of
colourless glass with a uniform internal diameter. The base
is transparent and flat.

A column of the liquid is examined down the vertical axis of
the tube against a white background, or if necessary, against a
black background. The examination is carried out in diffused
light.

It is assumed that tubes with an internal diameter of 16 mm
will be used. Tubes with a larger internal diameter may be
used instead but the volume of liquid examined must then be
increased so that the depth of liquid in the tubes is not less
than where the prescribed volume of liquid and tubes 16 mm
in internal diameter are used.

01/2008:20106

2.1.6. GAS DETECTOR TUBES

Gas detector tubes are cylindrical, sealed tubes consisting of
an inert transparent material and are constructed to allow
the passage of gas. They contain reagents adsorbed onto
inert substrates that are suitable for the visualisation of the
substance to be detected and, if necessary, they also contain
preliminary layers and/or adsorbent filters to eliminate
substances that interfere with the substance to be detected.
The layer of indicator contains either a single reagent for
the detection of a given impurity or several reagents for the
detection of several substances (monolayer tube or multilayer
tube).

The test is carried out by passing the required volume of the
gas to be examined through the indicator tube. The length

of the coloured layer or the intensity of a colour change on a
graduated scale gives an indication of the impurities present.

The calibration of the detector tubes is verified according to
the manufacturer’s instructions.

Operating conditions. Examine according to the manufacturer’s
instructions or proceed as follows:

The gas supply is connected to a suitable pressure regulator
and needle valve. Connect the flexible tubing fitted with a
Y-piece to the valve and adjust the flow of gas to be examined
to purge the tubing in order to obtain an appropriate flow
(Figure 2.1.6.-1). Prepare the indicator tube and fit to the
metering pump, following the manufacturer’s instructions.
Connect the open end of the indicator tube to the short leg of
the tubing and operate the pump by the appropriate number
of strokes to pass a suitable volume of gas to be examined
through the tube. Read the value corresponding to the length
of the coloured layer or the intensity of the colour on the
graduated scale. If a negative result is achieved, indicator
tubes can be verified with a calibration gas containing the
appropriate impurity.

In view of the wide variety of available compressor oils, it is
necessary to verify the reactivity of the oil detector tubes for
the oil used. Information on the reactivity for various oils is
given in the leaflet supplied with the tube. If the oil used is
not cited in the leaflet, the tube manufacturer must verify the
reactivity and if necessary provide a tube specific for this oil.

O— K 7

1. Gas supply 5. Indicator tube

2. Pressure regulator 6. Indicator tube pump

3. Needle valve 7. End open to atmosphere

4. “Y”-piece

Figure 2.1.6.-1. — Apparatus for gas detector tubes

Carbon dioxide detector tube. Sealed glass tube containing
adsorbent filters and suitable supports for hydrazine and
crystal violet indicators. The minimum value indicated is

100 ppm with a relative standard deviation of at most + 15 per
cent.

Sulfur dioxide detector tube. Sealed glass tube containing
adsorbent filters and suitable supports for the iodine and
starch indicator. The minimum value indicated is 0.5 ppm
with a relative standard deviation of at most * 15 per cent.

Oil detector tube. Sealed glass tube containing adsorbent
filters and suitable supports for the sulfuric acid indicator.
The minimum value indicated is 0.1 mg/m’ with a relative
standard deviation of at most + 30 per cent.

Nitrogen monoxide and nitrogen dioxide detector

tube. Sealed glass tube containing adsorbent filters and
suitable supports for an oxidising layer (Cr(VI) salt) and the
diphenylbenzidine indicator. The minimum value indicated is
0.5 ppm with a relative standard deviation of at most + 15 per
cent.

Carbon monoxide detector tube. Sealed glass tube
containing adsorbent filters and suitable supports for di-iodine
pentoxide, selenium dioxide and fuming sulfuric acid
indicators. The minimum value indicated is 5 ppm or less,
with a relative standard deviation of at most + 15 per cent.

Hydrogen sulfide detector tube. Sealed glass tube containing
adsorbent filters and suitable supports for an appropriate lead
salt indicator. The minimum value indicated is 1 ppm or less,
with a relative standard deviation of at most + 10 per cent.

Water vapour detector tube. Sealed glass tube containing
adsorbent filters and suitable supports for the magnesium
perchlorate indicator. The minimum value indicated is

67 ppm or less, with a relative standard deviation of at most
+ 20 per cent.

General Notices (1) apply to all monographs and other texts
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2.2.1. Clarity and degree of opalescence of liquids

2.2. PHYSICAL AND
PHYSICOCHEMICAL
METHODS

01/2008:20201

2.2.1. CLARITY AND DEGREE OF
OPALESCENCE OF LIQUIDS

VISUAL METHOD

Using identical test-tubes of colourless, transparent, neutral
glass with a flat base and an internal diameter of 15-25 mm,
compare the liquid to be examined with a reference suspension
freshly prepared as described below, the depth of the layer
being 40 mm. Compare the solutions in diffused daylight

5 min after preparation of the reference suspension, viewing
vertically against a black background. The diffusion of light
must be such that reference suspension I can readily be
distinguished from water R, and that reference suspension II
can readily be distinguished from reference suspension 1.

A liquid is considered clear if its clarity is the same as that
of water R or of the solvent used when examined under the
conditions described above, or if its opalescence is not more
pronounced than that of reference suspension I.

Hydrazine sulfate solution. Dissolve 1.0 g of hydrazine
sulfate R in water R and dilute to 100.0 mL with the same
solvent. Allow to stand for 4-6 h.

Hexamethylenetetramine solution. In a 100 mL
ground-glass-stoppered flask, dissolve 2.5 g of
hexamethylenetetramine R in 25.0 mL of water R.

Primary opalescent suspension (formazin suspension). To
the hexamethylenetetramine solution in the flask add 25.0 mL
of the hydrazine sulfate solution. Mix and allow to stand for
24 h. This suspension is stable for 2 months, provided it is
stored in a glass container free from surface defects. The
suspension must not adhere to the glass and must be well
mixed before use.

Standard of opalescence. Dilute 15.0 mL of the primary
opalescent suspension to 1000.0 mL with water R. This
suspension is freshly prepared and may be stored for up to
24 h.

Reference suspensions. Prepare the reference suspensions
according to Table 2.2.1.-1. Mix and shake before use.

Table 2.2.1.-1
1 1I 111 v
Standard of opalescence 5.0 mL 10.0 mL 30.0mL  50.0 mL
Water R 95.0 mL 90.0 mL 70.0 mL  50.0 mL

Turbidity standard. The formazin suspension prepared

by mixing equal volumes of the hydrazine sulfate solution
and the hexamethylenetetramine solution is defined as a

4000 NTU (nephelometric turbidity units) primary reference
standard. Reference suspensions I, II, IIT and I'V have values of
3NTU, 6 NTU, 18 NTU and 30 NTU respectively. Stabilised
formazin suspensions that can be used to prepare stable,
diluted turbidity standards are available commercially and
may be used after comparison with the standards prepared

as described.

Formazin has several desirable characteristics that make it an
excellent turbidity standard. It can be reproducibly prepared
from assayed raw materials. The physical characteristics make
it a desirable light-scatter calibration standard. The formazin
polymer consists of chains of different lengths, which fold
into random configurations. This results in a wide assay of
particle shapes and sizes, which analytically fits the possibility
of different particle sizes and shapes that are found in the
real samples. Due to formazin’s reproducibility, scattering

characteristics and traceability, instrument calibration
algorithms and performance criteria are mostly based on this
standard.

INSTRUMENTAL METHODS

INTRODUCTION

The degree of opalescence may also be determined by
instrumental measurement of the light absorbed or scattered
on account of submicroscopic optical density inhomogeneities
of opalescent solutions and suspensions. 2 such techniques are
nephelometry and turbidimetry. For turbidity measurement
of coloured samples, ratio turbidimetry and nephelometry
with ratio selection are used.

The light scattering effect of suspended particles can be
measured by observation of either the transmitted light
(turbidimetry) or the scattered light (nephelometry). Ratio
turbidimetry combines the principles of both nephelometry
and turbidimetry. Turbidimetry and nephelometry are useful
for the measurement of slightly opalescent suspensions.
Reference suspensions produced under well-defined
conditions must be used. For quantitative measurements,

the construction of calibration curves is essential, since the
relationship between the optical properties of the suspension
and the concentration of the dispersed phase is at best
semi-empirical.

The determination of opalescence of coloured liquids is done
with ratio turbidimeters or nephelometers with ratio selection,
since colour provides a negative interference, attenuating both
incident and scattered light and lowering the turbidity value.
The effect is so great for even moderately coloured samples
that conventional nephelometers cannot be used.

The instrumental assessment of clarity and opalescence
provides a more discriminatory test that does not depend on
the visual acuity of the analyst. Numerical results are more
useful for quality monitoring and process control, especially
in stability studies. For example, previous numerical data on
stability can be projected to determine whether a given batch
of dosage formulation or active pharmaceutical ingredient will
exceed shelf-life limits prior to the expiry date.

NEPHELOMETRY

When a suspension is viewed at right angles to the direction
of the incident light, the system appears opalescent due to

the reflection of light from the particles of the suspension
(Tyndall effect). A certain portion of the light beam entering
a turbid liquid is transmitted, another portion is absorbed
and the remaining portion is scattered by the suspended
particles. If measurement is made at 90° to the light beam,
the light scattered by the suspended particles can be used

for the determination of their concentration, provided

the number and size of particles influencing the scattering
remain constant. The reference suspension must maintain

a constant degree of turbidity and the sample and reference
suspensions must be prepared under identical conditions. The
Tyndall effect depends upon both the number of particles and
their size. Nephelometric measurements are more reliable

in low turbidity ranges, where there is a linear relationship
between nephelometric turbidity unit (NTU) values and
relative detector signals. As the degree of turbidity increases,
not all the particles are exposed to the incident light and

the scattered radiation of other particles is hindered on its
way to the detector. The maximum nephelometric values at
which reliable measurements can be made lie in the range

of 1750-2000 NTU. Linearity must be demonstrated by
constructing a calibration curve using at least 4 concentrations.

TURBIDIMETRY

The optical property expressed as turbidity is the interaction
between light and suspended particles in liquid. This is an
expression of the optical property that causes light to be
scattered and absorbed rather than transmitted in a straight
line through the sample. The quantity of solid material in
suspension can be determined by the measurement of the

General Notices (1) apply to all monographs and other texts
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2.2.2. Degree of coloration of liquids

EUROPEAN PHARMACOPOEIA 8.0

transmitted light. A linear relationship between turbidity and
concentration is obtained when the particle sizes are uniform
and homogeneous in the suspension. This is true only in
very dilute suspensions containing small particles. Linearity
between turbidity and concentration must be established by
constructing a calibration curve using at least 4 concentrations.

RATIO TURBIDIMETRY

In ratio turbidimetry the relationship of the transmission
measurement to the 90° scattered light measurement is
determined. This procedure compensates for the light that

is diminished by the colour of the sample. The influence

of the colour of the sample may also be eliminated by

using an infrared light-emitting diode (IR LED) at 860 nm

as the light source of the instrument. The instrument’s
photodiode detectors receive and measure scattered light at a
90° angle from the sample as well as measuring the forward
scatter (light reflected) in front of the sample along with

the measurement of light transmitted directly through the
sample. The measuring results are given in NTU(ratio) and
are obtained by calculating the ratio of the 90° angle scattered
light measured to the sum of the components of forward
scattered and transmitted light values. In ratio turbidimetry
the influence of stray light becomes negligible. Nephelometers
are used for measurements of the degree of opalescence of
colourless liquids.

Measurements of reference suspensions I-IV with a ratio
turbidimeter show a linear relationship between the
concentrations and measured NTU values (see Table 2.2.1.-2).
Reference suspensions I-IV (Ph. Eur.) may be used as
calibrators for the instrument.

Table 2.2.1.-2

Formazin suspensions Opalescent values (NTU)

Reference suspension I 3
Reference suspension II 6
Reference suspension IIT 18
Reference suspension IV 30
Standard of opalescence 60

Primary opalescent suspension 4000

INSTRUMENTAL DETERMINATION OF OPALESCENCE
Requirements in monographs are expressed in terms of

the visual examination method with the defined reference
suspensions. Instrumental methods may also be used for
determining compliance with monograph requirements once
the suitability of the instrument as described below has been
established and calibration with reference suspensions I-IV
and with water R or the solvent used has been performed.

Apparatus. Ratio turbidimeters or nephelometers with
selectable ratio application use as light source a tungsten
lamp with spectral sensitivity at about 550 nm operating at
a filament colour temperature of 2700 K, or IR LED having
an emission maximum at 860 nm with a 60 nm spectral
bandwidth. Other suitable light sources may also be used.
Silicon photodiodes and photomultipliers are commonly
used as detectors and record changes in light scattered or
transmitted by the sample. The light scattered at 90 + 2.5° is
detected by the primary detector. Other detectors are those to
detect back and forward scatter as well as transmitted light.
The instruments used are calibrated against standards of
known turbidity and are capable of automatic determination
of turbidity. The test results expressed in NTU units are
obtained directly from the instrument and compared to the
specifications in the individual monographs.
Instruments complying with the following specifications are
suitable.
- Measuring units: NTU. NTU is based on the turbidity of a
primary reference standard of formazin. FTU (Formazin
Turbidity Units) or FNU (Formazin Nephelometry Units)

are also used, and are equivalent to NTU in low regions
(up to 40 NTU). These units are used in all 3 instrumental
methods (nephelometry, turbidimetry and ratio
turbidimetry).

- Measuring range: 0.01-1100 NTU.

- Resolution: 0.01 NTU within the range of 0-10 NTU,

0.1 NTU within the range of 10-100 NTU, and 1 NTU for
the range > 100 NTU. The instrument is calibrated and
controlled with reference standards of formazin.

- Accuracy: 0-10 NTU: + (2 per cent of reading + 0.01) NTU.
10-1000 NTU: £ 5 per cent.

- Repeatability:0-10NTU: +£0.01 NTU. 10-1000 NTU: + 2 per
cent of the measured value.

— Calibration: with 4 reference suspensions of formazin in
the range of interest. Reference suspensions described
in this chapter or suitable reference standards calibrated
against the primary reference suspensions may be used.

- Stray light: this is a significant source of error in low level
turbidimetric measurement; stray light reaches the detector
of an optical system, but does not come from the sample;
< 0.15 NTU for the range 0-10 NTU, < 0.5 NTU for the
range 10-1000 NTU.

Instruments complying with the above characteristics and

verified using the reference suspensions described under

Visual method may be used instead of visual examination for

determination of compliance with monograph requirements.

Instruments with range or resolution, accuracy and

repeatability capabilities other than those mentioned above

may be used provided they are sufficiently validated and

are capable for the intended use. The test methodology for

the specific substance/product to be analysed must also

be validated to demonstrate its analytical capability. The

instrument and methodology should be consistent with the

attributes of the product to be tested.

01/2008:20202

2.2.2. DEGREE OF COLORATION OF
LIQUIDS

The examination of the degree of coloration of liquids in the
range brown-yellow-red is carried out by one of the 2 methods
below, as prescribed in the monograph.

A solution is colourless if it has the appearance of water R or
the solvent or is not more intensely coloured than reference
solution B,

METHOD I

Using identical tubes of colourless, transparent, neutral glass
of 12 mm external diameter, compare 2.0 mL of the liquid

to be examined with 2.0 mL of water R or of the solvent or

of the reference solution (see Tables of reference solutions)
prescribed in the monograph. Compare the colours in diffused
daylight, viewing horizontally against a white background.

METHOD II

Using identical tubes of colourless, transparent, neutral glass
with a flat base and an internal diameter of 15 mm to 25 mm,
compare the liquid to be examined with water R or the solvent
or the reference solution (see Tables of reference solutions)
prescribed in the monograph, the depth of the layer being

40 mm. Compare the colours in diffused daylight, viewing
vertically against a white background.

REAGENTS

Primary solutions

Yellow solution. Dissolve 46 g of ferric chloride R in about
900 mL of a mixture of 25 mL of hydrochloric acid R and
975 mL of water R and dilute to 1000.0 mL with the same

22
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2.2.2. Degree of coloration of liquids

mixture. Titrate and adjust the solution to contain 45.0 mg of
FeCl,,6H,0 per millilitre by adding the same acidic mixture.
Protect the solution from light.

Titration. Place in a 250 mL conical flask fitted with a
ground-glass stopper, 10.0 mL of the solution, 15 mL of
water R, 5 mL of hydrochloric acid R and 4 g of potassium
iodide R, close the flask, allow to stand in the dark for 15 min
and add 100 mL of water R. Titrate the liberated iodine with
0.1 M sodium thiosulfate, using 0.5 mL of starch solution R,
added towards the end of the titration, as indicator.

1 mL of 0.1 M sodium thiosulfate is equivalent to 27.03 mg
of FeCl,,6H,0.

Red solution. Dissolve 60 g of cobalt chloride R in about

900 mL of a mixture of 25 mL of hydrochloric acid R and

975 mL of water R and dilute to 1000.0 mL with the same
mixture. Titrate and adjust the solution to contain 59.5 mg of
CoCl,,6H,0 per millilitre by adding the same acidic mixture.

Titration. Place in a 250 mL conical flask fitted with a
ground-glass stopper, 5.0 mL of the solution, 5 mL of dilute
hydrogen peroxide solution R and 10 mL of a 300 g/L solution
of sodium hydroxide R. Boil gently for 10 min, allow to cool
and add 60 mL of dilute sulfuric acid R and 2 g of potassium
iodide R. Close the flask and dissolve the precipitate by
shaking gently. Titrate the liberated iodine with 0.1 M sodium
thiosulfate, using 0.5 mL of starch solution R, added towards
the end of the titration, as indicator. The end-point is reached
when the solution turns pink.

1 mL of 0.1 M sodium thiosulfate is equivalent to 23.79 mg of
CoCl,,6H,0.

Blue primary solution. Dissolve 63 g of copper sulfate R in
about 900 mL of a mixture of 25 mL of hydrochloric acid R
and 975 mL of water R and dilute to 1000.0 mL with the same
mixture. Titrate and adjust the solution to contain 62.4 mg of
CuSO,,5H,0 per millilitre by adding the same acidic mixture.

Titration. Place in a 250 mL conical flask fitted with a
ground-glass stopper, 10.0 mL of the solution, 50 mL of
water R, 12 mL of dilute acetic acid R and 3 g of potassium
iodide R. Titrate the liberated iodine with 0.1 M sodium
thiosulfate, using 0.5 mL of starch solution R, added towards
the end of the titration, as indicator. The end-point is reached
when the solution shows a slight pale brown colour.

1 mL of 0.1 M sodium thiosulfate is equivalent to 24.97 mg
of CuSO,,5H,0.

Standard solutions

Using the 3 primary solutions, prepare the 5 standard solutions
as follows (Table 2.2.2.-1):

Table 2.2.2.-1

Table 2.2.2.-2. - Reference solutions B

Volumes in millilitres

Reference Standard solution B Hydrochloric acid
solution (10 g/L HCI)

B, 75.0 25.0

B, 50.0 50.0

B, 37.5 62.5

B, 25.0 75.0

B, 125 87.5

B, 5.0 95.0

B, 25 97.5

B, 15 98.5

B, 1.0 99.0

Table 2.2.2.-3. - Reference solutions BY

Volumes in millilitres

Reference Standard solution BY Hydrochloric acid
solution (10 g/L HCI)

BY, 100.0 0.0

BY, 75.0 25.0

BY, 50.0 50.0

BY, 25.0 75.0

BY, 12.5 87.5

BY, 5.0 95.0

BY, 2.5 97.5

Table 2.2.2.-4. - Reference solutions Y

Volumes in millilitres

Reference Standard solution Y Hydrochloric acid
solution (10 g/L HCI)
Y, 100.0 0.0
Y, 75.0 25.0
Y, 50.0 50.0
Y, 25.0 75.0
Y, 125 87.5
Y, 5.0 95.0
Y 2.5 97.5

~

Volume in millilitres

Table 2.2.2.-5. - Reference solutions GY

Standard solution Yellow Red Blue  Hydrochloric acid
solution solution solution (10 g/L HCI)

B (brown) 3.0 3.0 2.4 1.6

BY (brownish-yellow) 24 1.0 0.4 6.2

Y (yellow) 24 0.6 0.0 7.0

GY (greenish-yellow) 9.6 0.2 0.2 0.0

R (red) 1.0 2.0 0.0 7.0

Volumes in millilitres

Reference solutions for Methods I and IT

Using the 5 standard solutions, prepare the following reference
solutions.

Reference Standard solution GY Hydrochloric acid
solution (10 g/L HCI)

GY, 25.0 75.0

GY, 15.0 85.0

GY, 8.5 91.5

GY, 5.0 95.0

GY, 3.0 97.0

GY, 1.5 98.5

GY, 0.75 99.25

General Notices (1) apply to all monographs and other texts
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2.2.3. Potentiometric determination of pH

EUROPEAN PHARMACOPOEIA 8.0

Table 2.2.2.-6. - Reference solutions R

Volumes in millilitres

Reference Standard solution R Hydrochloric acid
solution (10 g/L HCI)
R, 100.0 0.0
R, 75.0 25.0
R, 50.0 50.0
R, 37.5 62.5
R, 25.0 75.0
R, 125 87.5
R, 5.0 95.0
Storage

For Method I, the reference solutions may be stored in sealed
tubes of colourless, transparent, neutral glass of 12 mm
external diameter, protected from light.

For Method II, prepare the reference solutions immediately
before use from the standard solutions.

01/2008:20203

2.2.3. POTENTIOMETRIC
DETERMINATION OF pH

The pH is a number which represents conventionally the
hydrogen ion concentration of an aqueous solution. For
practical purposes, its definition is an experimental one. The
pH of a solution to be examined is related to that of a reference
solution (pH,) by the following equation:

E - E;
k

pH = pH, —

in which E is the potential, expressed in volts, of the cell
containing the solution to be examined and E, is the potential,
expressed in volts, of the cell containing the solution of known
pH (pH,), k is the change in potential per unit change in pH
expressed in volts, and calculated from the Nernst equation.

Table 2.2.3.-1. — Values of k at different temperatures

Temperature (°C) k (V)
15 0.0572
20 0.0582
25 0.0592
30 0.0601
35 0.0611

The potentiometric determination of pH is made by measuring
the potential difference between 2 appropriate electrodes
immersed in the solution to be examined: 1 of these electrodes
is sensitive to hydrogen ions (usually a glass electrode) and
the other is the reference electrode (for example, a saturated
calomel electrode).

Apparatus. The measuring apparatus is a voltmeter with an
input resistance at least 100 times that of the electrodes used.
It is normally graduated in pH units and has a sensitivity such
that discrimination of at least 0.05 pH unit or at least 0.003 V
may be achieved.

Method. Unless otherwise prescribed in the monograph, all
measurements are made at the same temperature (20-25 °C).
Table 2.2.3.-2 shows the variation of pH with respect to
temperature of a number of reference buffer solutions used for
calibration. For the temperature correction, when necessary,
follow the manufacturer’s instructions. The apparatus is
calibrated with the buffer solution of potassium hydrogen
phthalate (primary standard) and 1 other buffer solution of
different pH (preferably one shown in Table 2.2.3.-2). The
pH of a third buffer solution of intermediate pH read off on
the scale must not differ by more than 0.05 pH unit from the
value corresponding to this solution. Immerse the electrodes
in the solution to be examined and take the reading in the
same conditions as for the buffer solutions.

When the apparatus is in frequent use, checks must be carried
out regularly. If not, such checks should be carried out before
each measurement.

All solutions to be examined and the reference buffer solutions
must be prepared using carbon dioxide-free water R.

PREPARATION OF REFERENCE BUFFER SOLUTIONS

Potassium tetraoxalate 0.05 M. Dissolve 12.61 g of
C,H.,KO,,2H,0 in carbon dioxide-free water R and dilute to
1000.0 mL with the same solvent.

Potassium hydrogen tartrate, saturated at 25 °C. Shake an
excess of C,H.KO, vigorously with carbon dioxide-free water R
at 25 °C. Filter or decant. Prepare immediately before use.

Potassium dihydrogen citrate 0.05 M. Dissolve 11.41 g

of C;H,KO, in carbon dioxide-free water R and dilute to
1000.0 mL with the same solvent. Prepare immediately before
use.

Potassium hydrogen phthalate 0.05 M. Dissolve 10.13 g of
C¢H,KO,, previously dried for 1 h at 110 + 2 °C, in carbon
dioxide-free water R and dilute to 1000.0 mL with the same
solvent.

Potassium dihydrogen phosphate 0.025 M + disodium
hydrogen phosphate 0.025 M. Dissolve 3.39 g of KH,PO, and
3.53 g of Na,HPO,, both previously dried for 2 h at 120 + 2 °C,
in carbon dioxide-free water R and dilute to 1000.0 mL with
the same solvent.

Potassium dihydrogen phosphate 0.0087 M + disodium
hydrogen phosphate 0.0303 M. Dissolve 1.18 g of KH,PO,
and 4.30 g of Na,HPO,, both previously dried for 2 h at
120 + 2 °C, in carbon dioxide-free water R and dilute to
1000.0 mL with the same solvent.

Disodium tetraborate 0.01 M. Dissolve 3.80 g of
Na,B,0,,10H,0 in carbon dioxide-free water R and dilute
to 1000.0 mL with the same solvent. Store protected from
atmospheric carbon dioxide.

Sodium carbonate 0.025 M + sodium hydrogen carbonate
0.025 M. Dissolve 2.64 g of Na,CO, and 2.09 g of NaHCO,
in carbon dioxide-free water R and dilute to 1000.0 mL with
the same solvent. Store protected from atmospheric carbon
dioxide.

Calcium hydroxide, saturated at 25 °C. Shake an excess of
calcium hydroxide R with carbon dioxide-free water R and
decant at 25 °C. Store protected from atmospheric carbon
dioxide.

STORAGE

Store buffer solutions in suitable chemically resistant, tight
containers, such as type I glass bottles or plastic containers
suitable for aqueous solutions.
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2.2.5. Relative density

Table 2.2.3.-2. - pH of reference buffer solutions at various temperatures

Temperature  Potassium Potassium  Potassium Potassium Potassium Potassium Disodium Sodium Calcium
(°C) tetraoxalate hydrogen  dihydrogen hydrogen dihydrogen  dihydrogen tetraborate carbonate hydroxide,
0.05 M tartrate citrate phthalate phosphate phosphate 0.01 M 0.025 M saturated
saturated at 0.05 M 0.05 M 0.025 M 0.0087 M + at 25°C
250
5°C + + sodium
disodium disodium bicarbonate
hydrogen hydrogen 0.025 M
phosphate phosphate
0.025 M 0.0303 M
C,H,KO,2H,0 CHKO, CH,KO, C,H.KO, KH,PO,+ KH,PO,+ Na,B,0,, Na,CO,+ Ca(OH),
Na,HPO, Na,HPO, 10H,0 NaHCO,
15 1.67 3.80 4.00 6.90 7.45 9.28 10.12 12.81
20 1.68 3.79 4.00 6.88 7.43 9.23 10.06 12.63
25 1.68 3.56 3.78 4.01 6.87 7.41 9.18 10.01 12.45
30 1.68 3.55 3.77 4.02 6.85 7.40 9.14 9.97 12.29
35 1.69 3.55 3.76 4.02 6.84 7.39 9.10 9.93 12.13
Ap HDL
At + 0.001 - 0.0014 - 0.0022 + 0.0012 - 0.0028 —0.0028 - 0.0082 - 0.0096 - 0.034
(1) pH variation per degree Celsius.
01/2008:20204 01/2008:20205

2.2.4. RELATIONSHIP BETWEEN
REACTION OF SOLUTION,
APPROXIMATE pH AND COLOUR OF
CERTAIN INDICATORS

To 10 mL of the solution to be examined, add 0.1 mL
of the indicator solution, unless otherwise prescribed in

Table 2.2.4.-1.
Table 2.2.4.-1
Reaction pH Indicator Colour
Alkaline >8 Red litmus paper R Blue
Thymol blue Grey or violet-blue
solution R (0.05 mL)
Slightly alkaline 8.0 - 10.0  Phenolphthalein Colourless or pink
solution R (0.05 mL)
Thymol blue Grey
solution R (0.05 mL)
Strongly alkaline > 10 Phenolphthalein Red
paper R
Thymol blue Violet-blue
solution R (0.05 mL)
Neutral 6.0 - 8.0 Methyl red solution R Yellow
Phenol red solution R
(0.05 mL)
Neutral to methyl 4.5 - 6.0  Methyl red solution R Orange-red
red
Neutral to <8.0 Phenolphthalein  Colourless; pink or red
phenolphtalein solution R (0.05 mL) after adding 0.05 mL
of 0.1 M base
Acid <6 Methyl red solution R Orange or red
Bromothymol blue Yellow
solution R1
Slightly acid 4.0 - 6.0 Methyl red solution R Orange
Bromocresol green Green or blue
solution R
Strongly acid <4 Congo red paper R Green or blue

2.2.5. RELATIVE DENSITY

The relative density d;! of a substance is the ratio of the mass
of a certain volume of a substance at temperature ¢, to the
mass of an equal volume of water at temperature ,.

Unless otherwise indicated, the relative density d3) is used.
Relative density is also commonly expressed as d3°. Density p,,
defined as the mass of a unit volume of the substance at 20 °C
may also be used, expressed in kilograms per cubic metre or
grams per cubic centimetre (1 kg:m™ =10"? g-cm™?). These
quantities are related by the following equations where density
is expressed in grams per cubic centimetre:

pao = 0.998203 x d3g or dag = 1.00180 X pao
p20 = 0.999972 x d% or di° = 1.00003 X pzo

d2° = 0.998230 x da9

Relative density or density are measured with the precision

to the number of decimals prescribed in the monograph
using a density bottle (solids or liquids), a hydrostatic balance
(solids), a hydrometer (liquids) or a digital density meter
with an oscillating transducer (liquids and gases). When the
determination is made by weighing, the buoyancy of air is
disregarded, which may introduce an error of 1 unit in the
3 decimal place. When using a density meter, the buoyancy
of air has no influence.

Oscillating transducer density meter. The apparatus consists of :

- a U-shaped tube, usually of borosilicate glass, which
contains the liquid to be examined;

- a magneto-electrical or piezo-electrical excitation system
that causes the tube to oscillate as a cantilever oscillator
at a characteristic frequency depending on the density of
the liquid to be examined;

- ameans of measuring the oscillation period (T), which may
be converted by the apparatus to give a direct reading of
density, or used to calculate density using the constants A
and B described below.

General Notices (1) apply to all monographs and other texts
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2.2.6. Refractive index
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The resonant frequency (f) is a function of the spring
constant (c) and the mass (m) of the system:

2 1 ¢ 1
F= T2 m = A4r?

Hence:

M

T2 = (7+ﬂ> % 4

¢ c
M = mass of the tube,
\%4 = inner volume of the tube.

Introduction of 2 constants A = ¢/ (47> x V) and B = M/V,
leads to the classical equation for the oscillating transducer:

p=AxT?—B

The constants A and B are determined by operating the
instrument with the U-tube filled with 2 different samples

of known density, for example, degassed water R and air.
Control measurements are made daily using degassed water R.
The results displayed for the control measurement using
degassed water R shall not deviate from the reference value
(P, = 0.998203 g-cm™3, d35 = 1.000000) by more than its
specified error. For example, an instrument specified to
+0.0001 g-cm™* shall display 0.9982 + 0.0001 g-cm™* in

order to be suitable for further measurement. Otherwise a
re-adjustment is necessary. Calibration with certified reference
materials is carried out regularly. Measurements are made
using the same procedure as for calibration. The liquid to

be examined is equilibrated in a thermostat at 20 °C before
introduction into the tube, if necessary, to avoid the formation
of bubbles and to reduce the time required for measurement.

Factors affecting accuracy include:

- temperature uniformity throughout the tube,
- non-linearity over a range of density,

- parasitic resonant effects,

- viscosity, whereby solutions with a higher viscosity than
the calibrant have a density that is apparently higher than
the true value.

The effects of non-linearity and viscosity may be avoided by
using calibrants that have density and viscosity close to those
of the liquid to be examined (£ 5 per cent for density, + 50 per
cent for viscosity). The density meter may have functions for
automatic viscosity correction and for correction of errors
arising from temperature changes and non-linearity.

Precision is a function of the repeatability and stability of the
oscillator frequency, which is dependent on the stability of the
volume, mass and spring constant of the cell.

Density meters are able to achieve measurements with an
error of the order of 1 X 107* g-em™to 1 x 107° g-cm™*and a

repeatability of 1 x 107* g-em™? to 1 x 1076 g-cm™>.
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2.2.6. REFRACTIVE INDEX

The refractive index of a medium with reference to air is equal
to the ratio of the sine of the angle of incidence of a beam of
light in air to the sine of the angle of refraction of the refracted
beam in the given medium.

Unless otherwise prescribed, the refractive index is measured
at 20 £ 0.5 °C, with reference to the wavelength of the D-line
of sodium (A = 589.3 nm); the symbol is then n3’.
Refractometers normally determine the critical angle. In such
apparatus the essential part is a prism of known refractive
index in contact with the liquid to be examined.

Calibrate the apparatus using certified reference materials.

When white light is used, the refractometer is provided with a
compensating system. The apparatus gives readings accurate
to at least the third decimal place and is provided with a means
of operation at the temperature prescribed. The thermometer
is graduated at intervals of 0.5 °C or less.
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2.2.7. OPTICAL ROTATION

Optical rotation is the property displayed by chiral substances
of rotating the plane of polarisation of polarised light.

Optical rotation is considered to be positive (+) for
dextrorotatory substances (i.e. those that rotate the plane of
polarisation in a clockwise direction) and negative (-) for
laevorotatory substances.

The specific optical rotation [a ]’ is the rotation, expressed
in radians (rad), measured at the temperature f and at the
wavelength A given by a 1 m thickness of liquid or a solution
containing 1 kg/m? of optically active substance. For practical
reasons the specific optical rotation [a,]} is normally
expressed in milliradians metre squared per kilogram
(mrad-m*kg™").

The Pharmacopoeia adopts the following conventional
definitions.

The angle of optical rotation of a neat liquid is the angle of
rotation a, expressed in degrees (°), of the plane of polarisation
at the wavelength of the D-line of sodium (A = 589.3 nm)
measured at 20 °C using a layer of 1 dm; for a solution, the
method of preparation is prescribed in the monograph.

The specific optical rotation [a]%’ of a liquid is the angle of
rotation a, expressed in degrees (°), of the plane of polarisation
at the wavelength of the D-line of sodium (A = 589.3 nm)
measured at 20 °C in the liquid substance to be examined,
calculated with reference to a layer of 1 dm and divided by the
density expressed in grams per cubic centimetre.

The specific optical rotation [a]% of a substance in solution

is the angle of rotation a, expressed in degrees (°), of the
plane of polarisation at the wavelength of the D-line of
sodium (A = 589.3 nm) measured at 20 °C in a solution of the
substance to be examined and calculated with reference to a
layer of 1 dm containing 1 g/mL of the substance. The specific
optical rotation of a substance in solution is always expressed
with reference to a given solvent and concentration.

In the conventional system adopted by the Pharmacopoeia the
specific optical rotation is expressed by its value without units;
the actual units, degree millilitres per decimetre gram
[(°)-ml-dm™'-g"'] are understood.

The conversion factor from the International System to the
Pharmacopoeia system is the following:

[am]i = [a]}, x 0.1745

In certain cases specified in the monograph the angle of
rotation may be measured at temperatures other than 20 °C
and at other wavelengths.

The polarimeter must be capable of giving readings to the
nearest 0.01°. The scale is usually checked by means of
certified quartz plates. The linearity of the scale may be
checked by means of sucrose solutions.

Method. Determine the zero of the polarimeter and the

angle of rotation of polarised light at the wavelength of

the D-line of sodium (A = 589.3 nm) at 20 + 0.5 °C, unless
otherwise prescribed. Measurements may be carried out at
other temperatures only where the monograph indicates the
temperature correction to be made to the measured optical
rotation. Determine the zero of the apparatus with the tube
closed; for liquids the zero is determined with the tube empty
and for solids filled with the prescribed solvent.

26

See the information section on general monographs (cover pages)



EUROPEAN PHARMACOPOEIA 8.0

2.2.9. Capillary viscometer method

Calculate the specific optical rotation using the following
formulae.

For neat liquids:

[Q}D =

l-c

where c is the concentration of the solution in grams per litre.

Calculate the content ¢ in grams per litre or the content ¢’
in per cent m/m of a dissolved substance using the following
formulae:

,_ 1000a . 100c
=™ €= 5 —

I lo]p 1. [a]lzj(’ -p20
a = angle of rotation in degrees read at 20 £ 0.5°C;
) = length in decimetres of the polarimeter tube;
P = density at 20 °C in grams per cubic centimetre.

For the purposes of the Pharmacopoeia, density is
replaced by relative density (2.2.5).
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2.2.8. VISCOSITY

The dynamic viscosity or viscosity coefficient 7 is the tangential
force per unit surface, known as shearing stress T and expressed
in pascals, necessary to move, parallel to the sliding plane, a
layer of liquid of 1 square metre at a rate (v) of 1 metre per
second relative to a parallel layer at a distance (x) of 1 metre.

The ratio dv/dx is a speed gradient giving the rate of shear D
expressed in reciprocal seconds (s™'), so that 5 = 7/D.

The unit of dynamic viscosity is the pascal second (Pa-s).
The most commonly used submultiple is the millipascal
second (mPa-s).

The kinematic viscosity v, expressed in square metres per

second, is obtained by dividing the dynamic viscosity # by the
density p expressed in kilograms per cubic metre, of the liquid
measured at the same temperature, i.e. v = 5/p. The kinematic
viscosity is usually expressed in square millimetres per second.

A capillary viscometer may be used for determining the
viscosity of Newtonian liquids and a rotating viscometer for
determining the viscosity of Newtonian and non-Newtonian
liquids. Other viscometers may be used provided that the
accuracy and precision is not less than that obtained with the
viscometers described below.
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2.2.9. CAPILLARY VISCOMETER
METHOD

The determination of viscosity using a suitable capillary
viscometer is carried out at a temperature of 20 £ 0.1 °C,
unless otherwise prescribed. The time required for the level
of the liquid to drop from one mark to the other is measured
with a stop-watch to the nearest one-fifth of a second. The
result is valid only if two consecutive readings do not differ
by more than 1 per cent. The average of not fewer than three
readings gives the flow time of the liquid to be examined.

Calculate the dynamic viscosity # (2.2.8) in millipascal
seconds using the formula:

n = kpt

constant of the viscometer, expressed in square
millimetres per second squared,

density of the liquid to be examined expressed
in milligrams per cubic millimetre, obtained by
multiplying its relative density (d39) by 0.9982,

flow time, in seconds, of the liquid to be examined.

The constant k is determined using a suitable viscometer
calibration liquid.

To calculate the kinematic viscosity (mm?s™'), use the
following formula: v = kt.

The determination may be carried out with an apparatus
(Figure 2.2.9.-1) having the specifications described in
Table 2.2.9.-1(1;

The minimum flow time should be 350 s for size no. 1 and
200 s for all other sizes.

(1) The European Pharmacopoeia describes the system proposed by the International Organisation for Standardisation (ISO).

General Notices (1) apply to all monographs and other texts

Table 2.2.9.-1

Size Nominal Kinematic Internal Volume  Internal

number  constant viscosity diameter of diameter

of visco- range of tube bulb of tube

meter R C N
mm?s~? mm?s~! mm mL mm
(+2%)  (£5%)

1 0.01 3.5t0 10 0.64 5.6 2.81t03.2

1A 0.03 6 to 30 0.84 5.6 2.8103.2

2 0.1 20 to 100 1.15 5.6 2.8103.2

2A 0.3 60 to 300 1.51 5.6 2.81t03.2

3 1.0 200 to 1000 2.06 5.6 3.7t04.3

3A 3.0 600 to 3000 2.74 5.6 4.6t054

4 10 2000 to 3.70 5.6 4.6 to 5.4
10 000

4A 30 6000 to 4.07 5.6 5.6 to 6.4
30 000

5 100 20 000 to 6.76 5.6 6.8t07.5
100 000
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2.2.10. Viscosity - Rotating viscometer method
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Figure 2.2.9.- 1. — Suspended level viscometer
Dimensions in millimetres

Method. Fill the viscometer through tube (L) with a sufficient
quantity of the liquid to be examined, previously brought

to 20 °C unless otherwise prescribed, to fill bulb (A) but
ensuring that the level of liquid in bulb (B) is below the exit
to ventilation tube (M). Immerse the viscometer in the bath
of water at 20 + 0.1 °C, unless otherwise prescribed, maintain
it in the upright position and allow to stand for not less than
30 min to allow the temperature to reach equilibrium. Close
tube (M) and raise the level of the liquid in tube (N) up to a
level about 8 mm above mark (E). Keep the liquid at this level
by closing tube (N) and opening tube (M). Open tube (N)
and measure, with a stop-watch to the nearest one-fifth of a
second, the time required for the level of the liquid to drop
from mark (E) to (F).
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2.2.10. VISCOSITY - ROTATING
VISCOMETER METHOD

The principle of the method is to measure the force acting on
a rotor (torque) when it rotates at a constant angular velocity
(rotational speed) in a liquid. Rotating viscometers are used
for measuring the viscosity of Newtonian (shear-independent
viscosity) or non-Newtonian liquids (shear dependent
viscosity or apparent viscosity). Rotating viscometers can be
divided in 2 groups, namely absolute and relative viscometers.
In absolute viscometers the flow in the measuring geometry is
well defined. The measurements result in absolute viscosity
values, which can be compared with any other absolute values.
In relative viscometers the flow in the measuring geometry

is not defined. The measurements result in relative viscosity

values, which cannot be compared with absolute values or
other relative values if not determined by the same relative
viscometer method.

Different measuring systems are available for given viscosity
ranges as well as several rotational speeds.

APPARATUS
The following types of instruments are most common.

CONCENTRIC CYLINDER VISCOMETERS (ABSOLUTE
VISCOMETERS)

In the concentric cylinder viscometer (coaxial double cylinder
viscometer or simply coaxial cylinder viscometer), the viscosity
is determined by placing the liquid in the gap between the
inner cylinder and the outer cylinder. Viscosity measurement
can be performed by rotating the inner cylinder (Searle type
viscometer) or the outer cylinder (Couette type viscometer),
as shown in Figures 2.2.10.-1 and 2.2.10.-2, respectively. For
laminar flow, the viscosity (or apparent viscosity) 1 expressed
in pascal-seconds is given by the following formula:

_1 /My 1y _ M
T=o\amh )\ B T RrR2) T w

M = torque in newton-metres acting on the cylinder
surface,

® = angular velocity in radians per second,

h = height of immersion in metres of the inner cylinder
in the liquid medium,

R, = radius in metres of the inner cylinder,

R, = radius in metres of the outer cylinder,

k = constant of the apparatus, expressed in radians per

cubic metre.

For non-Newtonian liquids it is indispensable to specify the
shear stress (1) or the shear rate (y) at which the viscosity is
measured. Under narrow gap conditions (conditions satisfied
in absolute viscometers), there is a proportional relationship
between M and t and also between w and y:

T=AM v = Bw

where A and B are constants for the instrument and are
calculated from the following expressions:

- for concentric surface:

1R} +R;

_RI+ERg
~ 4rh R*R]

B = 2 2
R? R’

- for cone-plates:

3

1
A= —— [
27 R3 B o

<
I

torque in Newton-metres acting on the cone or
cylinder surface,
angular velocity in radians per second,

g
Il

= radius in metres of the inner cylinder,

radius in metres of the outer cylinder,

= radius in metres of the cone,

= m o xm
Il

= height of immersion in metres of the inner cylinder
in the liquid medium,
angle in radians between the flat disk and the cone,

Q
Il

-
Il

shear stress in pascals (Pa),

= shear rate in reciprocal seconds (s™).
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(D Constants A, B of the apparatus (see under concentric cylinder
\l// viscometers).
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Figure 2.2.10.-4

h SPINDLE VISCOMETERS (RELATIVE VISCOMETERS)
In the spindle viscometer, the viscosity is determined by
rotating a spindle (for example, cylinder- or disc-shaped,
— as shown in Figures 2.2.10.-5 and 2.2.10.-6, respectively)
immersed in the liquid. Relative values of viscosity (or

) apparent viscosity) can be directly calculated using conversion
\ 7 factors from the scale reading at a given rotational speed.

Figure 2.2.10.-2

CONE-PLATE VISCOMETERS (ABSOLUTE VISCOMETERS)
In the cone-plate viscometer, the liquid is introduced into the

gap between a flat disc and a cone forming a define angle. []Ej]
Viscosity measurement can be performed by rotating the cone —
or the flat disc, as shown in Figures 2.2.10.-3 and 2.2.10.-4,
respectively. For laminar flow, the viscosity (or apparent
viscosity) n expressed in pascal-seconds is given by the
following formula:

S (M [ 32\ _ M ! ]
1= w 2R3 ) T w

M = torque in Newton-metres acting on the flat disc or

cone surface, | -
w = angular velocity in radians per second,
a = angle in radians between the flat disc and the cone, U
R = radius in metres of the cone,
k = constant of the apparatus, expressed in radians per

cubic metre. Figure 2.2.10.-5

General Notices (1) apply to all monographs and other texts 29
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2.2.11. Distillation range

EUROPEAN PHARMACOPOEIA 8.0

L |

Figure 2.2.10.-6

In a general way, the constant k of the apparatus may be
determined at various speeds of rotation using a certified
viscometer calibration liquid. The viscosity n then corresponds
to the formula:

M
nzk;

METHOD

Measure the viscosity (or apparent viscosity) according to the
instructions for the operation of the rotating viscometer. The
temperature for measuring the viscosity is indicated in the
monograph. For non-Newtonian systems, the monograph
indicates the type of viscometer to be used and if absolute
viscometers are used the angular velocity or the shear rate at
which the measurement is made. If it is impossible to obtain
the indicated shear rate exactly, use a shear rate slightly higher
and a shear rate slightly lower and interpolate.

With relative viscometers the shear rate is not the same

throughout the sample and therefore it cannot be defined.
Under these conditions, the viscosity of non-Newtonian

liquids determined from the previous formula has a relative
character, which depends on the type of spindle and the
angular velocity as well as the dimensions of the sample
container (@ = minimum 80 mm) and the depth of immersion
of the spindle. The values obtained are comparable only if
the method is carried out under experimental conditions that
are rigorously the same.
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2.2.11. DISTILLATION RANGE

The distillation range is the temperature interval, corrected
for a pressure of 101.3 kPa (760 Torr), within which a liquid,
or a specified fraction of a liquid, distils in the following
conditions.

Apparatus. The apparatus (see Figure 2.2.11.-1) consists of a
distillation flask (A), a straight tube condenser (B) which fits
on to the side arm of the flask and a plain-bend adaptor (C)
attached to the end of the condenser. The lower end of the
condenser may, alternatively, be bent to replace the adaptor.

A thermometer is inserted in the neck of the flask so that the
upper end of the mercury reservoir is 5 mm lower than the
junction of the lower wall of the lateral tube. The thermometer
is graduated at 0.2 °C intervals and the scale covers a range of
about 50 °C. During the determination, the flask, including its
neck, is protected from draughts by a suitable screen.

Method. Place in the flask (A) 50.0 mL of the liquid to be
examined and a few pieces of porous material. Collect the
distillate in a 50 mL cylinder graduated in 1 mL. Cooling
by circulating water is essential for liquids distilling below
150 °C. Heat the flask so that boiling is rapidly achieved and
note the temperature at which the first drop of distillate falls
into the cylinder. Adjust the heating to give a regular rate of
distillation of 2-3 mL/min and note the temperature when
the whole or the prescribed fraction of the liquid, measured
at 20 °C, has distilled.

Figure 2.2.11.-1. — Apparatus for the determination of distillation range

Dimensions in millimetres
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2.2.13. Determination of water by distillation

Correct the observed temperatures for barometric pressure by
means of the formula:

t1 =12 + k (101.3 — b)

t = the corrected temperature,

t = the observed temperature, at the barometric
pressure b,

k = the correction factor taken from Table 2.2.11.-1
unless the factor is given,

b = the barometric pressure, expressed in kilopascals,

during the distillation.

Table 2.2.11.-1. — Temperature correction in relation to the

pressure
Distillation temperature Correction factor k
up to 100 °C 0.30
above 100 °C up to 140 °C 0.34
above 140 °C up to 190 °C 0.38
above 190 °C up to 240 °C 0.41
above 240 °C 0.45
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2.2.12. BOILING POINT

The boiling point is the corrected temperature at which the
vapour pressure of a liquid is equal to 101.3 kPa.

Apparatus. The apparatus is that used for Distillation Range
(2.2.11) with the exception that the thermometer is inserted
in the neck of the flask so that the lower end of the mercury
reservoir is level with the lower end of the neck of the
distillation flask and that the flask is placed on a plate of
isolating material pierced by a hole 35 mm in diameter.

Method. Place in the flask (A) 20 mL of the liquid to be
examined and a few pieces of porous material. Heat the flask
so that boiling is rapidly achieved and record the temperature
at which liquid runs from the side-arm into the condenser.
Correct the observed temperature for barometric pressure by
means of the formula:

t1 =12+ k(101.3 - b)

t = the corrected temperature,

t, = the observed temperature at barometric pressure b,

k = the correction factor as shown in Table 2.2.11.-1
under Distillation Range,

b = the barometric pressure, in kilopascals, at the time

of the determination.
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2.2.13. DETERMINATION OF WATER
BY DISTILLATION

The apparatus (see Figure 2.2.13.-1) consists of a glass flask (A)
connected by a tube (D) to a cylindrical tube (B) fitted with

a graduated receiving tube (E) and reflux condenser (C). The
receiving tube (E) is graduated in 0.1 mL. The source of heat
is preferably an electric heater with rheostat control or an oil
bath. The upper portion of the flask and the connecting tube
may be insulated.

Method. Clean the receiving tube and the condenser of the
apparatus, thoroughly rinse with water, and dry.

Introduce 200 mL of toluene R and about 2 mL of water R into
the dry flask. Distil for 2 h, then allow to cool for about 30 min
and read the water volume to the nearest 0.05 mL. Place in the
flask a quantity of the substance, weighed with an accuracy of
1 per cent, expected to give about 2 mL to 3 mL of water. If
the substance has a pasty consistency, weigh it in a boat of
metal foil. Add a few pieces of porous material and heat the
flask gently for 15 min. When the toluene begins to boil, distil
at the rate of about two drops per second until most of the
water has distilled over, then increase the rate of distillation to
about four drops per second. When the water has all distilled
over, rinse the inside of the condenser tube with toluene R.
Continue the distillation for 5 min, remove the heat, allow the
receiving tube to cool to room temperature and dislodge any
droplets of water which adhere to the walls of the receiving
tube. When the water and toluene have completely separated,
read the volume of water and calculate the content present in
the substance as millilitres per kilogram, using the formula:

1000 (n2 — n1)

m
m = the mass in grams of the substance to be examined,
n, = the number of millilitres of water obtained in the
first distillation,
n, = the total number of millilitres of water obtained in

the 2 distillations.
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Figure 2.2.13.-1. — Apparatus for the determination of water
by distillation
Dimensions in millimetres

General Notices (1) apply to all monographs and other texts
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2.2.14. Melting point - capillary method
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2.2.14. MELTING POINT - CAPILLARY
METHOD

The melting point determined by the capillary method is
the temperature at which the last solid particle of a compact
column of a substance in a tube passes into the liquid phase.

When prescribed in the monograph, the same apparatus and
method are used for the determination of other factors, such
as meniscus formation or melting range, that characterise the
melting behaviour of a substance.

Apparatus. The apparatus consists of:

- asuitable glass vessel containing a liquid bath (for example,
water, liquid paraffin or silicone oil) and fitted with a
suitable means of heating,

- a suitable means of stirring, ensuring uniformity of
temperature within the bath,

- a suitable thermometer with graduation at not more than
0.5 °C intervals and provided with an immersion mark.
The range of the thermometer is not more than 100 °C,

- alkali-free hard-glass capillary tubes of internal diameter
0.9 mm to 1.1 mm with a wall 0.10 mm to 0.15 mm thick
and sealed at one end.

Method. Unless otherwise prescribed, dry the finely powdered
substance in vacuo and over anhydrous silica gel R for 24 h.
Introduce a sufficient quantity into a capillary tube to give

a compact column 4 mm to 6 mm in height. Raise the
temperature of the bath to about 10 °C below the presumed
melting point and then adjust the rate of heating to about

1 °C/min. When the temperature is 5 °C below the presumed
melting point, correctly introduce the capillary tube into the
instrument. For the apparatus described above, immerse the
capillary tube so that the closed end is near the centre of the
bulb of the thermometer, the immersion mark of which is at
the level of the surface of the liquid. Record the temperature
at which the last particle passes into the liquid phase.

Calibration of the apparatus. The apparatus may be calibrated
using melting point reference substances such as those of the
World Health Organization or other appropriate substances.
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2.2.15. MELTING POINT - OPEN
CAPILLARY METHOD

For certain substances, the following method is used to
determine the melting point (also referred to as slip point and
rising melting point when determined by this method).

Use glass capillary tubes open at both ends, about 80 mm
long, having an external diameter of 1.4 mm to 1.5 mm and
an internal diameter of 1.0 mm to 1.2 mm.

Introduce into each of 5 capillary tubes a sufficient amount of
the substance, previously treated as described, to form in each
tube a column about 10 mm high and allow the tubes to stand
for the appropriate time and at the prescribed temperature.

Unless otherwise prescribed, substances with a waxy
consistency are carefully and completely melted on a
water-bath before introduction into the capillary tubes. Allow
the tubes to stand at 2-8 °C for 2 h.

Attach one of the tubes to a thermometer graduated in 0.5 °C
so that the substance is close to the bulb of the thermometer.
Introduce the thermometer with the attached tube into a
beaker so that the distance between the bottom of the beaker
and the lower part of the bulb of the thermometer is 1 cm.
Fill the beaker with water to a depth of 5 cm. Increase the
temperature of the water gradually at a rate of 1 °C/min.

The temperature at which the substance begins to rise in the
capillary tube is regarded as the melting point.

Repeat the operation with the other 4 capillary tubes and
calculate the result as the mean of the 5 readings.

01/2008:20216

2.2.16. MELTING POINT -
INSTANTANEOUS METHOD

The instantaneous melting point is calculated using the
expression:
t1 + €2
2

in which ¢, is the first temperature and ¢, the second
temperature read under the conditions stated below.

Apparatus. The apparatus consists of a metal block resistant
to the substance to be examined, of good heat-conducting
capacity, such as brass, with a carefully polished plane upper
surface. The block is uniformly heated throughout its mass by
means of a micro-adjustable gas heater or an electric heating
device with fine adjustment. The block has a cylindrical cavity,
wide enough to accomodate a thermometer, which should be
maintained with the mercury column in the same position
during the calibration of the apparatus and the determination
of the melting point of the substance to be examined. The
cylindrical cavity is parallel to the upper polished surface of
the block and about 3 mm from it. The apparatus is calibrated
using appropriate substances of known melting point.

Method. Heat the block at a suitably rapid rate to a temperature
about 10 °C below the presumed melting temperature, then
adjust the heating rate to about 1 °C/min. At regular intervals
drop a few particles of powdered and, where appropriate, dried
substance, prepared as for the capillary tube method, onto the
block in the vicinity of the thermometer bulb, cleaning the
surface after each test. Record the temperature ¢, at which the
substance melts instantaneously for the first time in contact
with the metal. Stop the heating. During cooling drop a few
particles of the substance at regular intervals on the block,
cleaning the surface after each test. Record the temperature ¢,
at which the substance ceases to melt instantaneously when it
comes in contact with the metal.

Calibration of the apparatus. The apparatus may be calibrated
using melting point reference substances such as those of the
World Health Organization or other appropriate substances.
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2.2.17. DROP POINT

The drop point is the temperature at which the first drop of
the melting substance to be examined falls from a cup under
defined conditions.

When a monograph does not specify the method to be used,
method A is applied. Any change from method A to method B
is validated.

METHOD A

Apparatus. The apparatus (see Figure 2.2.17.-1) consists of

2 metal sheaths (A and B) screwed together. Sheath A is fixed
to a mercury thermometer. A metal cup is loosely fixed to
the lower part of sheath B by means of 2 tightening bands.
Fixed supports 2 mm long determine the exact position of
the cup, and in addition are used to centre the thermometer.
A hole pierced in the wall of sheath B is used to balance the
pressure. The draining surface of the cup must be flat and the
edges of the outflow orifice must be at right angles to it. The
lower part of the mercury thermometer has the form and size
shown in the figure; it covers a range from 0 °C to 110 °C and
on its scale a distance of 1 mm represents a difference of 1 °C.
The mercury reservoir of the thermometer has a diameter of
3.5+ 0.2 mm and a height of 6.0 £ 0.3 mm. The apparatus

is placed in the axis of a test-tube about 200 mm long and
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2.2.17. Drop point

with an external diameter of about 40 mm. It is fixed to the
test-tube by means of a laterally grooved stopper through
which the thermometer passes. The opening of the cup is
placed about 15 mm from the bottom of the test-tube. The
whole device is immersed in a beaker with a capacity of about
1 L, filled with water. The bottom of the test-tube is placed
about 25 mm from the bottom of the beaker. The water level
reaches the upper part of sheath A. A stirrer is used to ensure
that the temperature of the water remains uniform.
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A. upper metal sheath D. fixed supports

B. lower metal sheath E. tightening bands

C. pressure-balancing hole E. metal sample cup
Figure 2.2.17.-1. - Apparatus for the determination
of drop point
Dimensions in millimetres

Method. Prepare the substance to be examined according

to the prescriptions of the monograph. Fill the cup to the
brim with the substance to be examined. Remove the excess
substance at the 2 ends of the cup with a spatula. When
sheaths A and B have been assembled, press the cup into its
housing in sheath B until it touches the supports. Remove
with a spatula the substance pushed out by the thermometer.
Place the apparatus in the water-bath as described above.
Heat the water-bath and, when the temperature is at about
10 °C below the presumed drop point, adjust the heating rate
to about 1 °C/min. Note the temperature at the fall of the
first drop. Carry out at least 3 determinations, each time with
a fresh sample of the substance. The difference between the
readings must not exceed 3 °C. The mean of 3 readings is the
drop point of the substance.

METHOD B - AUTOMATED METHOD

Apparatus. The apparatus (see Figure 2.2.17.-2) consists of
a cartridge assembly comprising a cup holder into which
the sample cup containing the sample is loosely fixed, and
a collector sleeve with a horizontal light slit, which is fixed
below the cup. This assembly is placed in a heating block.
The block is a metal cylinder with a cylindrical hole along
its vertical axis into which the cartridge assembly is placed.

There is another, narrower cylindrical vertical hole in which
a temperature sensor sits. This is positioned level with the
sample cup. The heating block is surrounded by an electrical
heating element. Below the heating block a lamp is mounted
such that a beam of light shines through the light slit in the
collector sleeve, and onto a photo-sensor mounted opposite.
The heating block is capable of being maintained at a precise,
pre-defined temperature by the heating element, and of being
heated at a slow and steady, pre-defined rate after an initial
isothermal period.
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A. cup holder F heating element

B. heating block G. sample cup

C. light source H. photo-sensor

D. light slit ]. collector sleeve

E. cartridge assembly K. temperature probe

Figure 2.2.17.-2. — Example of automated drop point apparatus

Method. Melt the substance to be examined and introduce

it into the sample cup according to the prescriptions of the
monograph, then proceed as follows or according to the
manufacturer’s instructions. Remove the excess substance at
the 2 ends of the cup with a spatula. Condition the sample at
the temperature and for the time prescribed in the monograph
before making the measurement. Press the cup into the cup
holder, and then press the collector sleeve onto the cup. Place
the cartridge assembly in the heating block. Set the instrument
to the initial isothermal conditions and rate for subsequent
heating as described in the monograph of the substance to be
examined. Start the temperature programme. When the first
drop of molten sample falls through the hole at the bottom of
the sample cup, interrupting the light beam, the signal from
the photo-sensor causes the temperature of the heating block
to be recorded automatically.

Calibration. Use the apparatus according to the manufacturer’s
instructions and carry out the prescribed calibrations and
system performance tests at regular intervals, depending on
the use of the apparatus and the substances to be examined.
Benzoic acid and benzophenone are usually used as certified
reference materials. Other materials may be used provided
they show no polymorphism. Proceed as follows or according
to the manufacturer’s instructions. Prepare 3 sample cups for
each of the 2 certified reference materials. Place the sample
cups on a clean surface. Into each sample cup, introduce

a small quantity of the sample and press it down with a

General Notices (1) apply to all monographs and other texts
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2.2.18. Freezing point

EUROPEAN PHARMACOPOEIA 8.0

rod (diameter about 4.5 mm). Check that the opening is
completely filled. Fill the sample cup about half full and
compact the sample with a rod (diameter about 9 mm). Fill
the sample cup completely and compact, adding more sample
and compacting again if necessary, until the sample cup is
completely full.

Temperature programme for benzoic acid: start
temperature = 118.0 °C; heating rate = 0.2 °C/min; end
temperature = 126.0 °C. After inserting the cup at 118 °C, a
waiting time of 30 s is set before heating starts.
Temperature programme for benzophenone: start
temperature = 44.0 °C; heating rate = 0.2 °C/min; end
temperature = 56.0 °C. After inserting the cup at 44 °C, a
waiting time of 30 s is set before heating starts.

Check the 3 single results: the test is valid if the 3 results are
within 0.3 °C of the mean value.

Calculate the corrected mean temperature (T), using the
following expression:

T —F

T, = mean drop point temperature of 3 samples, in °C;

compensation for the difference in temperature
between the sample and the point in the heating
block where the temperature is measured; this will
vary depending upon the design of the automatic
drop point instrument and is provided by the
manufacturer.

Taking into account the drop point (T,) of the certified
reference material, the accuracy of the temperature scale is
satisfactory if |T, — T,| is not greater than 0.3 °C.

01/2008:20218

2.2.18. FREEZING POINT

The freezing point is the maximum temperature occurring
during the solidification of a supercooled liquid.
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Figure 2.2.18.-1. — Apparatus for the determination of freezing
point
Dimensions in millimetres

Apparatus. The apparatus (see Figure 2.2.18.-1) consists of a
test-tube about 25 mm in diameter and 150 mm long placed
inside a test-tube about 40 mm in diameter and 160 mm
long. The inner tube is closed by a stopper which carries a
thermometer about 175 mm long and graduated in 0.2 °C
fixed so that the bulb is about 15 mm above the bottom of the
tube. The stopper has a hole allowing the passage of the stem
of a stirrer made from a glass rod or other suitable material
formed at one end into a loop of about 18 mm overall diameter
at right angles to the rod. The inner tube with its jacket is
supported centrally in a 1 L beaker containing a suitable
cooling liquid to within 20 mm of the top. A thermometer is
supported in the cooling bath.

Method. Place in the inner tube sufficient quantity of the
liquid or previously melted substance to be examined, to cover
the thermometer bulb and determine the approximate freezing
point by cooling rapidly. Place the inner tube in a bath about
5 °C above the approximate freezing point until all but the last
traces of crystals are melted. Fill the beaker with water or a
saturated solution of sodium chloride, at a temperature about
5 °C lower than the expected freezing point, insert the inner
tube into the outer tube, ensuring that some seed crystals are
present, and stir thoroughly until solidification takes place.
Note the highest temperature observed during solidification.
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2.2.19. AMPEROMETRIC TITRATION

In amperometric titration the end-point is determined by
following the variation of the current measured between

2 electrodes (either one indicator electrode and one reference
electrode or 2 indicator electrodes) immersed in the solution
to be examined and maintained at a constant potential
difference as a function of the quantity of titrant added.

The potential of the measuring electrode is sufficient to ensure
a diffusion current for the electroactive substance.

Apparatus. The apparatus comprises an adjustable voltage
source and a sensitive microammeter; the detection system
generally consists of an indicator electrode (for example,

a platinum electrode, a dropping-mercury electrode, a
rotating-disc electrode or a carbon electrode) and a reference
electrode (for example, a calomel electrode or a silver-silver
chloride electrode).

A three-electrode apparatus is sometimes used, consisting of
an indicator electrode, a reference electrode and a polarised
auxiliary electrode.

Method. Set the potential of the indicator electrode as
prescribed and plot a graph of the initial current and the
values obtained during the titration as functions of the
quantity of titrant added. Add the titrant in not fewer than

3 successive quantities equal to a total of about 80 per cent
of the theoretical volume corresponding to the presumed
equivalence point. The 3 values must fall on a straight line.
Continue adding the titrant beyond the presumed equivalence
point in not fewer than 3 successive quantities. The values
obtained must fall on a straight line. The point of intersection
of the 2 lines represents the end-point of the titration.

For amperometric titration with 2 indicator electrodes, the
whole titration curve is recorded and used to determine the
end-point.

07/2013:20220

2.2.20. POTENTIOMETRIC TITRATION

In a potentiometric titration the end-point of the titration

is determined by following the variation of the potential
difference between 2 electrodes (either one indicator electrode
and one reference electrode or 2 indicator electrodes)
immersed in the solution to be examined as a function of the
quantity of titrant added.
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2.2.22. Atomic emission spectrometry

The potential is usually measured at zero or practically zero
current.

Apparatus. The apparatus used (a simple potentiometer or
electronic device) comprises a voltmeter allowing readings
to the nearest millivolt.

The indicator electrode to be used depends on the substance
to be determined and may be a glass or metal electrode (for
example, platinum, gold, silver or mercury). The reference
electrode is generally a calomel or a silver-silver chloride
electrode.

For acid-base titrations and unless otherwise prescribed,
a glass-calomel or glass-silver-silver chloride electrode
combination is used.

Method. In potentiometric titrations of weak acids or

bases using non-aqueous solvents, either carry out a blank
determination or pre-neutralise the solvent mixture, if
necessary, before dissolution of the substance to be examined.
Where it is impracticable to use potentiometric detection for
this purpose, the solvent mixture can be pre-neutralised by
titration using a suitable indicator. Some examples are given
below:

Titrant Indicator

Perchloric acid Crystal violet solution R

3 g/L solution of thymol blue R

Tetrabutylammonium hydroxide in methanol R

Ethanolic sodium hydroxide Thymolphthalein solution R

Plot a graph of the variation of potential difference as a
function of the quantity of the titrant added, continuing the
addition of the titrant beyond the presumed equivalence
point. The end-point corresponds to a sharp variation of
potential difference.

01/2008:20221

2.2.21. FLUORIMETRY

Fluorimetry is a procedure which uses the measurement of the
intensity of the fluorescent light emitted by the substance to
be examined in relation to that emitted by a given standard.

Method. Dissolve the substance to be examined in the solvent
or mixture of solvents prescribed in the monograph, transfer
the solution to the cell or the tube of the fluorimeter and
illuminate it with an excitant light beam of the wavelength
prescribed in the monograph and as near as possible
monochromatic.

Measure the intensity of the emitted light at an angle of 90°
to the excitant beam, after passing it through a filter which
transmits predominantly light of the wavelength of the
fluorescence. Other types of apparatus may be used provided
that the results obtained are identical.

For quantitative determinations, first introduce into the
apparatus the solvent or mixture of solvents used to dissolve
the substance to be examined and set the instrument to zero.
Introduce the standard solution and adjust the sensitivity

of the instrument so that the reading is greater than 50. If
the second adjustment is made by altering the width of the
slits, a new zero setting must be made and the intensity of
the standard must be measured again. Finally introduce the
solution of unknown concentration and read the result on the
instrument. Calculate the concentration ¢, of the substance in
the solution to be examined, using the formula:

_ Les

Ca
I,

Cx = concentration of the solution to be examined,

Cs = concentration of the standard solution,

I = intensity of the light emitted by the solution to be
examined,

I, = intensity of the light emitted by the standard
solution.

If the intensity of the fluorescence is not strictly proportional
to the concentration, the measurement may be effected using
a calibration curve.

In some cases, measurement can be made with reference

to a fixed standard (for example a fluorescent glass or a
solution of another fluorescent substance). In such cases,

the concentration of the substance to be examined must be
determined using a previously drawn calibration curve under
the same conditions.

01/2008:20222

2.2.22. ATOMIC EMISSION
SPECTROMETRY

GENERAL PRINCIPLE

Atomic emission is a process that occurs when electromagnetic
radiation is emitted by excited atoms or ions. In atomic
emission spectrometry the sample is subjected to temperatures
high enough to cause not only dissociation into atoms, but
also to cause significant amounts of collisional excitation

and ionisation of the sample atoms to take place. Once the
atoms and ions are in the excited states, they can decay to
lower states through thermal or radiative (emission) energy
transitions and electromagnetic radiation is emitted. An
emission spectrum of an element contains several more lines
than the corresponding absorption spectrum.

Atomic emission spectrometry is a technique for determining
the concentration of an element in a sample by measuring the
intensity of one of the emission lines of the atomic vapour of
the element generated from the sample. The determination is
carried out at the wavelength corresponding to this emission
line.

In this chapter only atomisation in flame is dealt with. The
method of inductively coupled plasma-atomic emission
spectrometry (ICP-AES) is described in a different general
chapter.

APPARATUS

This consists essentially of:

- asample introduction and nebulisation system;

- aflame to generate the atoms to be determined;

- a monochromator;

- adetector;

- a data-acquisition unit.

Oxygen, air and a combustible gas such as hydrogen, acetylene,
propane or butane may be used in flames. The atomisation
source is critical, since it must provide sufficient energy to
excite and atomise the atoms. The atomic spectra emitted
from flames have the advantage of being simpler than those
emitted from other sources, the main limitation being that the
flames are not powerful enough to cause emission for many
elements allowing their determination. Acidified water is the
solvent of choice for preparing test and reference solutions,
although organic solvents may also be used if precautions are
taken to ensure that the solvent does not interfere with the
stability of the flame.

INTERFERENCES

Spectral interference is reduced or eliminated by choosing an
appropriate emission line for measurement or by adjusting the
slit for spectral band-width. Physical interference is corrected

General Notices (1) apply to all monographs and other texts
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2.2.23. Atomic absorption spectrometry

EUROPEAN PHARMACOPOEIA 8.0

by diluting the sample solution, by matching the matrix or by
using the method of standard additions. Chemical interference
is reduced by using chemical modifiers or ionisation buffers.

MEMORY EFFECT

The memory effect caused by deposit of analyte in the
apparatus may be limited by thoroughly rinsing between runs,
diluting the solutions to be measured if possible and thus
reducing their salt content, and by aspirating the solutions
through as swiftly as possible.

METHOD
Use of plastic labware is recommended wherever possible.

Operate an atomic emission spectrometer in accordance with
the manufacturer’s instructions at the prescribed wavelength.
Optimise the experimental conditions (flame temperature,
burner adjustment, use of an ionic buffer, concentration of
solutions) for the specific element to be analysed and in respect
of the sample matrix. Introduce a blank solution into the
atomic generator and adjust the instrument reading to zero or
to its blank value. Introduce the most concentrated reference
solution and adjust the sensitivity to obtain a suitable reading.

It is preferable to use concentrations which fall within the
linear part of the calibration curve. If this is not possible, the
calibration plots may also be curved and are then to be applied
with appropriate calibration software.

Determinations are made by comparison with reference
solutions with known concentrations of the element to

be determined either by the method of direct calibration
(Method I) or the method of standard additions (Method II).

METHOD I - DIRECT CALIBRATION
For routine measurements 3 reference solutions of the element
to be determined and a blank are prepared and examined.

Prepare the solution of the substance to be examined (test
solution) as prescribed in the monograph. Prepare not fewer
than 3 reference solutions of the element to be determined,
the concentrations of which span the expected value in the
test solution. For assay purposes, optimal calibration levels
are between 0.7 and 1.3 times the expected content of the
element to be determined or the limit prescribed in the
monograph. For purity determination, calibration levels are
between the limit of detection and 1.2 times the limit specified
for the element to be determined. Any reagents used in the
preparation of the test solution are added to the reference
solutions and to the blank solution at the same concentration.

Introduce each of the solutions into the instrument using the
same number of replicates for each solution, to obtain a steady
reading.

Calculation. Prepare a calibration curve from the mean of
the readings obtained with the reference solutions by plotting
the means as a function of concentration. Determine the
concentration of the element in the test solution from the
curve obtained.

METHOD II - STANDARD ADDITIONS

Add to at least 3 similar volumetric flasks equal volumes of
the solution of the substance to be examined (test solution)
prepared as prescribed. Add to all but 1 of the flasks
progressively larger volumes of a reference solution containing
a known concentration of the element to be determined to
produce a series of solutions containing steadily increasing
concentrations of that element known to give responses in the
linear part of the curve, if at all possible. Dilute the contents
of each flask to volume with solvent.

Introduce each of the solutions into the instrument using the
same number of replicates for each solution, to obtain a steady
reading.

Calculation. Calculate the linear equation of the graph using
a least-squares fit, and derive from it the concentration of the
element to be determined in the test solution.

VALIDATION OF THE METHOD

Satisfactory performance of methods prescribed in
monographs is verified at suitable time intervals.

LINEARITY

Prepare and analyse not fewer than 4 reference solutions over
the calibration range and a blank solution. Perform not fewer
than 5 replicates.

The calibration curve is calculated by least-square regression
from all measured data. The regression curve, the means, the
measured data and the confidence interval of the calibration

curve are plotted. The operating method is valid when:

— the correlation coefficient is at least 0.99,

- the residuals of each calibration level are randomly
distributed around the calibration curve.

Calculate the mean and relative standard deviation for the
lowest and highest calibration level.

When the ratio of the estimated standard deviation of the
lowest and the highest calibration level is less than 0.5 or
greater than 2.0, a more precise estimation of the calibration
curve may be obtained using weighted linear regression. Both
linear and quadratic weighting functions are applied to the
data to find the most appropriate weighting function to be
employed. If the means compared to the calibration curve
show a deviation from linearity, two-dimensional linear
regression is used.

ACCURACY

Verify the accuracy preferably by using a certified reference
material (CRM). Where this is not possible, perform a test
for recovery.

Recovery. For assay determinations a recovery of 90 per cent
to 110 per cent is to be obtained. For other determinations,
for example for trace element determination, the test is not
valid if recovery is outside of the range 80 per cent to 120 per
cent at the theoretical value. Recovery may be determined on
a suitable reference solution (matrix solution) which is spiked
with a known quantity of analyte (middle concentration of
the calibration range).

REPEATABILITY
The repeatability is not greater than 3 per cent for an assay
and not greater than 5 per cent for an impurity test.

LIMIT OF QUANTIFICATION
Verify that the limit of quantification (for example, determined
using the 10 o approach) is below the value to be measured.

01/2008:20223

2.2.23. ATOMIC ABSORPTION
SPECTROMETRY

GENERAL PRINCIPLE

Atomic absorption is a process that occurs when a ground
state-atom absorbs electromagnetic radiation of a specific
wavelength and is elevated to an excited state. The atoms in
the ground state absorb energy at their resonant frequency
and the electromagnetic radiation is attenuated due to
resonance absorption. The energy absorption is virtually a
direct function of the number of atoms present.

This chapter provides general information and defines

the procedures used in element determinations by atomic
absorption spectrometry, either atomisation by flame, by
electrothermal vaporisation in a graphite furnace, by hydride
generation or by cold vapour technique for mercury.

Atomic absorption spectrometry is a technique for
determining the concentration of an element in a sample by
measuring the absorption of electromagnetic radiation by
the atomic vapour of the element generated from the sample.
The determination is carried out at the wavelength of one of
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2.2.23. Atomic absorption spectrometry

the absorption (resonance) lines of the element concerned.
The amount of radiation absorbed is, according to the
Lambert-Beer law, proportional to the element concentration.

APPARATUS
This consists essentially of:
— a source of radiation;
- asample introduction device;
- asample atomiser;
- a monochromator or polychromator;
- a detector;
a data-acquisition unit.

The apparatus is usually equipped with a background
correction system. Hollow-cathode lamps and electrodeless
discharge lamps (EDL) are used as radiation source. The
emission of such lamps consists of a spectrum showing very
narrow lines with half-width of about 0.002 nm of the element
being determined.

There are 3 types of sample atomisers:
- Flame technique

A flame atomiser is composed of a nebulisation system
with a pneumatic aerosol production accessory, a gas-flow
regulation and a burner. Fuel-oxidant mixtures are
commonly used to produce a range of temperatures from
about 2000 K to 3000 K. Fuel gases include propane,
hydrogen and acetylene; air and nitrous oxide are used as
oxidants. The configuration of the burner is adapted to
the gases used and the gas flow is adjustable. Samples are
nebulised, acidified water being the solvent of choice for
preparing test and reference solutions. Organic solvents
may also be used if precautions are taken to ensure that the
solvent does not interfere with the stability of the flame.

- Electrothermal atomisation technique

An electrothermal atomiser is generally composed of

a graphite tube furnace and an electric power source.
Electrothermal atomisation in a graphite tube furnace
atomises the entire sample and retains the atomic vapour
in the light path for an extended period. This improves
the detection limit. Samples, liquid as well as solid,

are introduced directly into the graphite tube furnace,
which is heated in a programmed series of steps to dry
the sample and remove major matrix components by
pyrolysis and to then atomise all of the analyte. The
furnace is cleaned using a final temperature higher than the
atomisation temperature. The flow of an inert gas during
the pyrolysis step in the graphite tube furnace allows a
better performance of the subsequent atomisation process.

- Cold vapour and hydride technique

The atomic vapour may also be generated outside the
spectrometer. This is notably the case for the cold-vapour
method for mercury or for certain hydride-forming
elements such as arsenic, antimony, bismuth, selenium
and tin. For mercury, atoms are generated by chemical
reduction with stannous chloride or sodium borohydride
and the atomic vapour is swept by a stream of an inert gas
into a cold quartz cell mounted in the optical path of the
instrument. Hydrides thus generated are swept by an inert
gas into a heated cell in which they are dissociated into
atoms.

INTERFERENCES

Chemical, physical, ionisation and spectral interferences are
encountered in atomic absorption measurements. Chemical
interference is compensated by addition of matrix modifiers,
of releasing agents or by using high temperature produced by
a nitrous oxide-acetylene flame; the use of specific ionisation
buffers (for example, lanthanum and caesium) compensates
for ionisation interference; by dilution of the sample,
through the method of standard additions or by matrix

matching, physical interference due to high salt content or
viscosity is eliminated. Spectral interference results from the
overlapping of resonance lines and can be avoided by using
a different resonance line. The use of Zeeman background
correction also compensates for spectral interference and
interferences from molecular absorption, especially when
using the electrothermal atomisation technique. The use of
multi-element hollow-cathode lamps may also cause spectral
interference. Specific or non-specific absorption is measured
in a spectral range defined by the band-width selected by the
monochromator (0.2-2 nm).

BACKGROUND CORRECTION

Scatter and background in the flame or the electrothermal
atomisation technique increase the measured absorbance
values. Background absorption covers a large range of
wavelengths, whereas atomic absorption takes place in a very
narrow wavelength range of about 0.005-0.02 nm. Background
absorption can in principle be corrected by using a blank
solution of exactly the same composition as the sample, but
without the specific element to be determined, although this
method is frequently impracticable. With the electrothermal
atomisation technique the pyrolysis temperature is to be
optimised to eliminate the matrix decomposition products
causing background absorption. Background correction

can also be made by using 2 different light sources, the
hollow-cathode lamp that measures the total absorption
(element + background) and a deuterium lamp with a
continuum emission from which the background absorption
is measured. Background is corrected by subtracting the
deuterium lamp signal from the hollow-cathode lamp signal.
This method is limited in the spectral range on account of
the spectra emitted by a deuterium lamp from 190-400 nm.
Background can also be measured by taking readings at

a non-absorbing line near the resonance line and then
subtracting the results from the measurement at the resonance
line. Another method for the correction of background
absorption is the Zeeman effect (based on the Zeeman
splitting of the absorption line in a magnetic field). This is
particularly useful when the background absorption shows
fine structure. It permits an efficient background correction
in the range of 185-900 nm.

CHOICE OF THE OPERATING CONDITIONS

After selecting the suitable wavelength and slit width for
the specific element, the need for the following has to be
ascertained:

- correction for non-specific background absorption,

- chemical modifiers or ionisation buffers to be added to the
sample as well as to blank and reference solutions,

- dilution of the sample to minimise, for example, physical
interferences,

- details of the temperature programme, preheating, drying,
pyrolysis, atomisation, post-atomisation with ramp and
hold times,

- inert gas flow,
- matrix modifiers for electrothermal atomisation (furnace),

- chemical reducing reagents for measurements of mercury
or other hydride-forming elements along with cold vapour
cell or heating cell temperature,

- specification of furnace design (tank, L’vov platform, etc).

METHOD

Use of plastic labware is recommended wherever possible.
The preparation of the sample may require a dissolution, a
digestion (mostly microwave-assisted), an ignition step or a
combination thereof in order to clear up the sample matrix
and/or to remove carbon-containing material. If operating in
an open system, the ignition temperature should not exceed
600 °C, due to the volatility of some metals, unless otherwise
stated in the monograph.

General Notices (1) apply to all monographs and other texts
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2.2.24. Absorption spectrophotometry, infrared

EUROPEAN PHARMACOPOEIA 8.0

Operate an atomic absorption spectrometer in accordance
with the manufacturer’s instructions at the prescribed
wavelength. Introduce a blank solution into the atomic
generator and adjust the instrument reading so that it indicates
maximum transmission. The blank value may be determined
by using solvent to zero the apparatus. Introduce the most
concentrated reference solution and adjust the sensitivity to
obtain a maximum absorbance reading. Rinse in order to
avoid contamination and memory effects. After completing
the analysis, rinse with water R or acidified water.

If a solid sampling technique is applied, full details of the
procedure are provided in the monograph.

Ensure that the concentrations to be determined fall preferably
within the linear part of the calibration curve. If this is not
possible, the calibration plots may also be curved and are then
to be applied with appropriate calibration software.

Determinations are made by comparison with reference
solutions with known concentrations of the element to

be determined either by the method of direct calibration
(Method I) or the method of standard additions (Method II).

METHOD I - DIRECT CALIBRATION
For routine measurements 3 reference solutions and a blank
solution are prepared and examined.

Prepare the solution of the substance to be examined (test
solution) as prescribed in the monograph. Prepare not fewer
than 3 reference solutions of the element to be determined,
the concentrations of which span the expected value in the test
solution. For assay purposes, optimal calibration levels are
between 0.7 and 1.3 times the expected content of the element
to be determined or the limit prescribed in the monograph.
For purity determination, calibration levels are the limit of
detection and 1.2 times the limit specified for the element to
be determined. Any reagents used in the preparation of the
test solution are added to the reference and blank solutions at
the same concentration.

Introduce each of the solutions into the instrument using the
same number of replicates for each of the solutions to obtain
a steady reading.

Calculation. Prepare a calibration curve from the mean of
the readings obtained with the reference solutions by plotting
the means as a function of concentration. Determine the
concentration of the element in the test solution from the
curve obtained.

METHOD II - STANDARD ADDITIONS

Add to at least 3 similar volumetric flasks equal volumes of
the solution of the substance to be examined (test solution)
prepared as prescribed. Add to all but 1 of the flasks
progressively larger volumes of a reference solution containing
a known concentration of the element to be determined to
produce a series of solutions containing steadily increasing
concentrations of that element known to give responses in the
linear part of the curve, if possible. Dilute the contents of each
flask to volume with solvent.

Introduce each of the solutions into the instrument, using the
same number of replicates for each of the solutions, to obtain
a steady reading.

Calculation. Calculate the linear equation of the graph using
a least-squares fit and derive from it the concentration of the
element to be determined in the test solution.

VALIDATION OF THE METHOD

Satisfactory performance of methods prescribed in
monographs is verified at suitable time intervals.

LINEARITY

Prepare and analyse not fewer than 4 reference solutions over
the calibration range and a blank solution. Perform not fewer
than 5 replicates.

The calibration curve is calculated by least-square regression
from all measured data. The regression curve, the means, the
measured data and the confidence interval of the calibration

curve are plotted. The operating method is valid when:

- the correlation coefficient is at least 0.99,

- the residuals of each calibration level are randomly
distributed around the calibration curve.

Calculate the mean and relative standard deviation for the
lowest and highest calibration level.

When the ratio of the estimated standard deviation of the
lowest and the highest calibration level is less than 0.5 or
greater than 2.0, a more precise estimation of the calibration
curve may be obtained using weighted linear regression. Both
linear and quadratic weighting functions are applied to the
data to find the most appropriate weighting function to be
employed. If the means compared to the calibration curve
show a deviation from linearity, two-dimensional linear
regression is used.

ACCURACY

Verify the accuracy preferably by using a certified reference
material (CRM). Where this is not possible, perform a test
for recovery.

Recovery. For assay determinations a recovery of 90 per cent
to 110 per cent is to be obtained. For other determinations,
for example, for trace element determination the test is not
valid if recovery is outside of the range 80 per cent to 120 per
cent at the theoretical value. Recovery may be determined on
a suitable reference solution (matrix solution) which is spiked
with a known quantity of analyte (middle concentration of
the calibration range).

REPEATABILITY

The repeatability is not greater than 3 per cent for an assay
and not greater than 5 per cent for an impurity test.
LIMIT OF QUANTIFICATION

Verify that the limit of quantification (for example, determined
using the 10 o approach) is below the value to be measured.
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2.2.24. ABSORPTION
SPECTROPHOTOMETRY, INFRARED

Infrared spectrophotometers are used for recording spectra in
the region of 4000-650 cm™' (2.5-15.4 um) or in some cases
down to 200 cm™' (50 um).

APPARATUS

Spectrophotometers for recording spectra consist of a suitable
light source, monochromator or interferometer and detector.

Fourier transform spectrophotometers use polychromatic
radiation and calculate the spectrum in the frequency
domain from the original data by Fourier transformation.
Spectrophotometers fitted with an optical system capable of
producing monochromatic radiation in the measurement
region may also be used. Normally the spectrum is given as
a function of transmittance, the quotient of the intensity of
the transmitted radiation and the incident radiation. It may
also be given in absorbance.

The absorbance (A) is defined as the logarithm to base 10 of
the reciprocal of the transmittance (T):

1 1
A =logy, (f) = logy, (70)

I
T = —,
Io
I, = intensity of incident radiation,
1 = intensity of transmitted radiation.
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2.2.24. Absorption spectrophotometry, infrared

PREPARATION OF THE SAMPLE

FOR RECORDING BY TRANSMISSION OR ABSORPTION
Prepare the substance by one of the following methods.

Liquids. Examine a liquid either in the form of a film between
2 plates transparent to infrared radiation, or in a cell of
suitable path length, also transparent to infrared radiation.

Liquids or solids in solution. Prepare a solution in a suitable
solvent. Choose a concentration and a path length of the cell
which give a satisfactory spectrum. Generally, good results are
obtained with concentrations of 10-100 g/L for a path length
of 0.5-0.1 mm. Absorption due to the solvent is compensated
by placing in the reference beam a similar cell containing the
solvent used. If an FT-IR instrument is used, the absorption is
compensated by recording the spectra for the solvent and the
sample successively. The solvent absorbance, corrected by a
compensation factor, is subtracted using calculation software.

Solids. Examine solids dispersed in a suitable liquid (mull) or
in a solid (halide disc), as appropriate. If prescribed in the
monograph, make a film of a molten mass between 2 plates
transparent to infrared radiation.

A. Mull

Triturate a small quantity of the substance to be examined
with the minimum quantity of liquid paraffin R or other
suitable liquid; 5-10 mg of the substance to be examined is
usually sufficient to make an adequate mull using one drop
of liquid paraffin R. Compress the mull between 2 plates
transparent to infrared radiation.

B. Disc

Triturate 1-2 mg of the substance to be examined with
300-400 mg, unless otherwise specified, of finely powdered
and dried potassium bromide R or potassium chloride R.
These quantities are usually sufficient to give a disc of
10-15 mm diameter and a spectrum of suitable intensity. If
the substance is a hydrochloride, it is recommended to use
potassium chloride R. Carefully grind the mixture, spread it
uniformly in a suitable die, and submit it to a pressure of
about 800 MPa (8 t-cm~2). For substances that are unstable
under normal atmospheric conditions or are hygroscopic,
the disc is pressed in vacuo. Several factors may cause the
formation of faulty discs, such as insufficient or excessive
grinding, humidity or other impurities in the dispersion
medium or an insufficient reduction of particle size. A
disc is rejected if visual examination shows lack of uniform
transparency or when transmittance at about 2000 cm™!

(5 um) in the absence of a specific absorption band is less
than 60 per cent without compensation, unless otherwise
prescribed.

Gases. Examine gases in a cell transparent to infrared
radiation and having an optical path length of about 100 mm.
Evacuate the cell and fill to the desired pressure through a
stopcock or needle valve using a suitable gas transfer line
between the cell and the container of the gas to be examined.

If necessary adjust the pressure in the cell to atmospheric
pressure using a gas transparent to infrared radiation (for
example nitrogen R and argon R). To avoid absorption
interferences due to water, carbon dioxide or other
atmospheric gases, place in the reference beam, if possible,
an identical cell that is either evacuated or filled with the gas
transparent to infrared radiation.

FOR RECORDING BY DIFFUSE REFLECTANCE

Solids. Triturate a mixture of the substance to be examined
with finely powdered and dried potassium bromide R or
potassium chloride R. Use a mixture containing approximately
5 per cent of the substance, unless otherwise specified.

Grind the mixture, place it in a sample cup and examine the
reflectance spectrum.

The spectrum of the sample in absorbance mode may be
obtained after mathematical treatment of the spectra by the
Kubelka-Munk function.

FOR RECORDING BY ATTENUATED TOTAL REFLECTION
Attenuated total reflection (including multiple reflection)
involves light being reflected internally by a transmitting
medium, typically for a number of reflections. However,
several accessories exist where only one reflection occurs.
Prepare the substance as follows. Place the substance to be
examined in close contact with an internal reflection element
(IRE) such as diamond, germanium, zinc selenide, thallium
bromide-thallium iodide (KRS-5) or another suitable material
of high refractive index. Ensure close and uniform contact
between the substance and the whole crystal surface of the
internal reflection element, either by applying pressure or

by dissolving the substance in an appropriate solvent, then
covering the IRE with the obtained solution and evaporating
to dryness. Examine the attenuated total reflectance (ATR)
spectrum.

IDENTIFICATION USING REFERENCE SUBSTANCES

Prepare the substance to be examined and the reference
substance by the same procedure and record the spectra
between 4000-650 cm™' (2.5-15.4 um) under the same
operational conditions. The transmission minima (absorption
maxima) in the spectrum obtained with the substance to be
examined correspond in position and relative size to those in
the spectrum obtained with the reference substance (CRS).

When the spectra recorded in the solid state show differences
in the positions of the transmission minima (absorption
maxima), treat the substance to be examined and the reference
substance in the same manner so that they crystallise or are
produced in the same form, or proceed as prescribed in the
monograph, then record the spectra.

IDENTIFICATION USING REFERENCE SPECTRA

Control of resolution performance. For instruments having
a monochromator, record the spectrum of a polystyrene film
approximately 35 um in thickness. The difference x (see
Figure 2.2.24.-1) between the percentage transmittance at the
transmission maximum A at 2870 cm™' (3.48 um) and that at
the transmission minimum B at 2849.5 cm™' (3.51 um) must
be greater than 18. The difference y between the percentage
transmittance at the transmission maximum C at 1589 cm™'
(6.29 um) and that at the transmission minimum D at

1583 cm™! (6.32 pm) must be greater than 10.

For Fourier-transform instruments, use suitable instrument
resolution with the appropriate apodisation prescribed by the
manufacturer. The resolution is checked by suitable means,
for example by recording the spectrum of a polystyrene film
approximately 35 pm in thickness. The difference between the
absorbances at the absorption minimum at 2870 cm™! and
the absorption maximum at 2849.5 cm™' is greater than 0.33.
The difference between the absorbances at the absorption

General Notices (1) apply to all monographs and other texts
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2.2.25. Absorption spectrophotometry, ultraviolet and visible

EUROPEAN PHARMACOPOEIA 8.0

minimum at 1589 cm™! and the absorption maximum at
1583 cm™! is greater than 0.08.
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Figure 2.2.24.-1. - Typical spectrum of polystyrene used to
verify the resolution performance

Verification of the wave-number scale. The wave-number
scale may be verified using a polystyrene film, which has
transmission minima (absorption maxima) at the wave
numbers (in cm™) shown in Table 2.2.24.-1.

Table 2.2.24.-1. - Transmission minima and acceptable
tolerances of a polystyrene film

Transmission

Acceptable tolerance (cm™"')
minima (cm™')

Monochromator Fourier-transform
instruments instruments
3060.0 +15 + 1.0
2849.5 +2.0 +1.0
1942.9 +15 + 1.0
1601.2 + 1.0 + 1.0
1583.0 +1.0 + 1.0
1154.5 + 1.0 + 1.0
1028.3 +1.0 +1.0

Method. Prepare the substance to be examined

according to the instructions accompanying the reference
spectrum/reference substance. Using the operating conditions
that were used to obtain the reference spectrum, which will
usually be the same as those for verifying the resolution
performance, record the spectrum of the substance to be
examined.

The positions and the relative sizes of the bands in the
spectrum of the substance to be examined and the reference
spectrum are concordant in the 2 spectra.

Compensation for water vapour and atmospheric carbon
dioxide. For Fourier-transform instruments, spectral
interference from water vapour and carbon dioxide is
compensated using suitable algorithms according to the
manufacturer’s instructions. Alternatively, spectra can be

acquired using suitable purged instruments or ensuring that
sample and background single beam spectra are acquired
under exactly the same conditions.

IMPURITIES IN GASES

For the analysis of impurities, use a cell transparent to infrared
radiation and of suitable optical path length (for example,
1-20 m). Fill the cell as prescribed under Gases. For detection
and quantification of the impurities, proceed as prescribed in
the monograph.
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2.2.25. ABSORPTION
SPECTROPHOTOMETRY,
ULTRAVIOLET AND VISIBLE

Determination of absorbance. The absorbance (A) of a
solution is defined as the logarithm to base 10 of the reciprocal
of the transmittance (T) for monochromatic radiation:

1 I
A =logy, (T) = logy, (70>

T = Il;
I, = intensity of incident monochromatic radiation;
I = intensity of transmitted monochromatic radiation.

In the absence of other physico-chemical factors, the
absorbance (A) is proportional to the path length (b) through
which the radiation passes and to the concentration (c) of the
substance in solution in accordance with the equation:

A=ccb

€ = molar absorptivity, if b is expressed in centimetres
and ¢ in moles per litre.

1 per cent

The expression A; P representing the specific absorbance
of a dissolved substance refers to the absorbance of a 10 g/L
solution in a 1 cm cell and measured at a defined wavelength
so that:

10

1 per cent
A =
lcm
M,

Unless otherwise prescribed, measure the absorbance at the
prescribed wavelength using a path length of 1 cm. Unless
otherwise prescribed, the measurements are carried out with
reference to the same solvent or the same mixture of solvents.
The absorbance of the solvent measured against air and at the
prescribed wavelength shall not exceed 0.4 and is preferably
less than 0.2. Plot the absorption spectrum with absorbance
or function of absorbance as ordinate against wavelength or
function of wavelength as abscissa.

Where a monograph gives a single value for the position of an
absorption maximum, it is understood that the value obtained
may differ by not more than + 2 nm.

Apparatus. Spectrophotometers suitable for measuring in
the ultraviolet and visible range of the spectrum consist
of an optical system capable of producing monochromatic
radiation in the range of 200-800 nm and a device suitable
for measuring the absorbance.

Control of wavelengths. Verify the wavelength scale using

the absorption maxima of holmium perchlorate solution R, the
line of a hydrogen or deuterium discharge lamp or the lines of
a mercury vapour arc shown in Table 2.2.25.-1. The permitted
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2.2.25. Absorption spectrophotometry, ultraviolet and visible

tolerance is + 1 nm for the ultraviolet range and + 3 nm for
the visible range. Suitable certified reference materials may
also be used.

Table 2.2.25.-1. — Absorption maxima for control of wavelength
scale

241.15 nm (Ho) 404.66 nm (Hg)

253.7 nm (Hg) 435.83 nm (Hg)
287.15 nm (Ho) 486.0 nm (Dp)
302.25 nm (Hg) 486.1 nm (HP)
313.16 nm (Hg) 536.3 nm (Ho)
334.15 nm (Hg) 546.07 nm (Hg)
361.5 nm (Ho) 576.96 nm (Hg)

365.48 nm (Hg) 579.07 nm (Hg)

Control of absorbance. Check the absorbance using
suitable filters or a solution of potassium dichromate R at the
wavelengths indicated in Table 2.2.25.-2, which gives for each
wavelength the exact value and the permitted limits of the
specific absorbance. The table is based on a tolerance for the
absorbance of + 0.01.

For the control of absorbance, use solutions of potassium
dichromate R that has been previously dried to constant mass
at 130 °C. For the control of absorbance at 235 nm, 257 nm,
313 nm and 350 nm, dissolve 57.0-63.0 mg of potassium
dichromate R in 0.005 M sulfuric acid and dilute to 1000.0 mL
with the same acid. For the control of absorbance at 430 nm,
dissolve 57.0-63.0 mg of potassium dichromate R in 0.005 M
sulfuric acid and dilute to 100.0 mL with the same acid.
Suitable certified reference materials may also be used.

Table 2.2.25.-2

Wavelength Specific absorbance Maximum
(nm) A} per cent tolerance
235 124.5 122.9 to 126.2
257 144.5 142.8 to 146.2
313 48.6 47.0 to 50.3
350 107.3 105.6 to 109.0
430 15.9 15.7 to 16.1

Limit of stray light. Stray light may be detected at a given
wavelength with suitable filters or solutions: for example, the
absorbance of a 12 g/L solution of potassium chloride R in a
1 cm cell increases steeply between 220 nm and 200 nm and
is greater than 2.0 at 198 nm when compared with water as
compensation liquid. Suitable certified reference materials
may also be used.

Resolution (for qualitative analysis). When prescribed in

a monograph, measure the resolution of the apparatus as
follows: record the spectrum of a 0.02 per cent V/V solution of
toluene R in hexane R. The minimum ratio of the absorbance
at the maximum at 269 nm to that at the minimum at 266 nm
is stated in the monograph. Suitable certified reference
materials may also be used.

Spectral slit-width (for quantitative analysis). To avoid errors
due to spectral slit-width, when using an instrument on
which the slit-width is variable at the selected wavelength, the
slit-width must be small compared with the half-width of the
absorption band but it must be as large as possible to obtain

a high value of I. Therefore, a slit-width is chosen such that
further reduction does not result in a change in absorbance
reading.

Cells. The tolerance on the path length of the cells used is

+ 0.005 cm. When filled with the same solvent, the cells
intended to contain the solution to be examined and the
compensation liquid must have the same transmittance. If this
is not the case, an appropriate correction must be applied.

The cells must be cleaned and handled with care.

DERIVATIVE SPECTROPHOTOMETRY

Derivative spectrophotometry involves the transformation
of absorption spectra (zero-order) into first-, second- or
higher-order-derivative spectra.

A first-order-derivative spectrum is a plot of the gradient of
the absorption curve (rate of change of the absorbance with
wavelength, dA/d\) against wavelength.

A second-order-derivative spectrum is a plot of the curvature
of the absorption spectrum against wavelength (d*A/d\?).
The second-order-derivative spectrum at any wavelength X is
related to concentration by the following equation:

A ATk Jb dPAe  cb

1lcm

2T A 10 av 10
¢ = concentration of the absorbing solute, in grams
per litre.

Apparatus. Use a spectrophotometer complying with the
requirements prescribed above and equipped with an analogue
resistance-capacitance differentiation module or a digital
differentiator or other means of producing derivative spectra.
Some methods of producing second-order-derivative spectra
produce a wavelength shift relative to the zero-order spectrum
and this is to be taken into account where applicable.
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Figure 2.2.25.-1

Resolution power. When prescribed in a monograph, record
the second-order-derivative spectrum of a 0.02 per cent V/V
solution of toluene R in methanol R, using methanol R as the
compensation liquid. The spectrum shows a small negative
extremum located between 2 large negative extrema at 261 nm

General Notices (1) apply to all monographs and other texts
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2.2.26. Paper chromatography

EUROPEAN PHARMACOPOEIA 8.0

and 268 nm, respectively, as shown in Figure 2.2.25.-1. Unless
otherwise prescribed in the monograph, the ratio A/B (see
Figure 2.2.25.-1) is not less than 0.2.

Procedure. Prepare the solution of the substance to be
examined, adjust the various instrument settings according
to the manufacturer’ instructions, and calculate the amount
of the substance to be determined as prescribed in the
monograph.

01/2008:20226

2.2.26. PAPER CHROMATOGRAPHY

ASCENDING PAPER CHROMATOGRAPHY

Apparatus. The apparatus consists of a glass tank of suitable
size for the chromatographic paper used, ground at the top

to take a closely fitting lid. In the top of the tank is a device
which suspends the chromatographic paper and is capable of
being lowered without opening the chamber. In the bottom of
the tank is a dish to contain the mobile phase into which the
paper may be lowered. The chromatographic paper consists
of suitable filter paper, cut into strips of sufficient length and
not less than 2.5 cm wide; the paper is cut so that the mobile
phase runs in the direction of the grain of the paper.

Method. Place in the dish a layer 2.5 cm deep of the mobile
phase prescribed in the monograph. If prescribed in the
monograph, pour the stationary phase between the walls of
the tank and the dish. Close the tank and allow to stand for
24 h at 20 °C to 25 °C. Maintain the tank at this temperature
throughout the subsequent procedure. Draw a fine pencil
line horizontally across the paper 3 cm from one end. Using
a micro pipette, apply to a spot on the pencil line the volume
of the solution prescribed in the monograph. If the total
volume to be applied would produce a spot more than 10 mm
in diameter, apply the solution in portions allowing each

to dry before the next application. When more than one
chromatogram is to be run on the same strip of paper, space
the solutions along the pencil line at points not less than 3 cm
apart. Insert the paper into the tank, close the lid and allow to
stand for 1 h 30 min. Lower the paper into the mobile phase
and allow elution to proceed for the prescribed distance or
time. Remove the paper from the tank and allow to dry in air.
Protect the paper from bright light during the elution process.

DESCENDING PAPER CHROMATOGRAPHY

Apparatus. The apparatus consists of a glass tank of suitable
size for the chromatographic paper used, ground at the top
to take a closely fitting glass lid. The lid has a central hole
about 1.5 cm in diameter closed by a heavy glass plate or a
stopper. In the upper part of the tank is suspended a solvent
trough with a device for holding the chromatographic paper.
On each side of the trough, parallel to and slightly above its
upper edges, are two glass guide rods to support the paper
in such a manner that no part of it is in contact with the
walls of the tank. The chromatographic paper consists of
suitable filter paper, cut into strips of sufficient length, and of
any convenient width between 2.5 cm and the length of the
trough; the paper is cut so that the mobile phase runs in the
direction of the grain of the paper.

Method. Place in the bottom of the tank a layer 2.5 cm deep of
the solvent prescribed in the monograph, close the tank and
allow to stand for 24 h at 20 °C to 25 °C. Maintain the tank

at this temperature throughout the subsequent procedure.
Draw a fine pencil line horizontally across the paper at such

a distance from one end that when this end is secured in the
solvent trough and the remainder of the paper is hanging
freely over the guide rod, the line is a few centimetres below
the guide rod and parallel with it. Using a micro-pipette, apply
on the pencil line the volume of the solution prescribed in the
monograph. If the total volume to be applied would produce
a spot more than 10 mm in diameter, apply the solution in

portions, allowing each to dry before the next application.
When more than one chromatogram is to be run on the same
strip of paper, space the solutions along the pencil line at
points not less than 3 cm apart. Insert the paper in the tank,
close the lid, and allow to stand for 1 h 30 min. Introduce into
the solvent trough, through the hole in the lid, a sufficient
quantity of the mobile phase, close the tank and allow elution
to proceed for the prescribed distance or time. Remove the
paper from the tank and allow to dry in air. The paper should
be protected from bright light during the elution process.

01/2008:20227

2.2.27. THIN-LAYER
CHROMATOGRAPHY

Thin-layer chromatography is a separation technique in
which a stationary phase consisting of an appropriate material
is spread in a uniform thin layer on a support (plate) of
glass, metal or plastic. Solutions of analytes are deposited

on the plate prior to development. The separation is based
on adsorption, partition, ion-exchange or on combinations

of these mechanisms and is carried out by migration
(development) of solutes (solutions of analytes) in a solvent
or a suitable mixture of solvents (mobile phase) through the
thin-layer (stationary phase).

APPARATUS

Plates. The chromatography is carried out using pre-coated
plates as described under Reagents (4.1.1).

Pre-treatment of the plates. It may be necessary to wash the
plates prior to separation. This can be done by migration of
an appropriate solvent. The plates may also be impregnated
by procedures such as development, immersion or spraying.
At the time of use, the plates may be activated, if necessary, by
heating in an oven at 120 °C for 20 min.

Chromatographic tank with a flat bottom or twin trough,

of inert, transparent material, of a size suitable for the plates
used and provided with a tightly fitting lid. For horizontal
development the tank is provided with a trough for the mobile
phase and it additionally contains a device for directing the
mobile phase to the stationary phase.

Micropipettes, microsyringes, calibrated disposable
capillaries or other application devices suitable for the proper
application of the solutions.

Fluorescence detection device to measure direct fluorescence
or the inhibition of fluorescence.

Visualisation devices and reagents. Suitable devices are used
for derivatisation to transfer to the plate reagents by spraying,
immersion or exposure to vapour and, where applicable, to
facilitate heating for visualisation of separated components.

Documentation. A device may be used to provide
documentation of the visualised chromatogram, for example a
photograph or a computer file.

METHOD

Sample application. Apply the prescribed volume of the
solutions at a suitable distance from the lower edge and

from the sides of the plate and on a line parallel to the

lower edge; allow an interval of at least 10 mm (5 mm on
high-performance plates) between the centres of circular
spots and 5 mm (2 mm on high-performance plates) between
the edges of bands. Apply the solutions in sufficiently small
portions to obtain circular spots 2-5 mm in diameter (1-2 mm
on high-performance plates) or bands 10-20 mm (5-10 mm
on high-performance plates) by 1-2 mm.

In a monograph, where both normal and high-performance
plates may be used, the working conditions for
high-performance plates are given in the brackets [ ] after
those for normal plates.
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2.2.28. Gas chromatography

Vertical development. Line the walls of the chromatographic
tank with filter paper. Pour into the chromatographic tank

a sufficient quantity of the mobile phase for the size of the
tank to give after impregnation of the filter paper a layer of
appropriate depth related to the dimension of the plate to be
used. For saturation of the chromatographic tank, replace the
lid and allow to stand at 20-25 °C for 1 h. Unless otherwise
indicated in the monograph, the chromatographic separation
is performed in a saturated tank. Apply the prescribed
volume of solutions as described above. When the solvent
has evaporated from the applied solutions, place the plate

in the chromatographic tank, ensuring that the plate is as
vertical as possible and that the spots or bands are above the
surface of the mobile phase. Close the chromatographic tank,
maintain it at 20-25 °C and protect from sunlight. Remove the
plate when the mobile phase has moved over the prescribed
distance, measured between the points of application and the
solvent front. Dry the plate and visualise the chromatograms
as prescribed.

For two-dimensional chromatography, dry the plates after the
first development and carry out a second development in a
direction perpendicular to that of the first development.

Horizontal development. Apply the prescribed volume

of the solutions as described above. When the solvent has
evaporated from the applied solutions, introduce a sufficient
quantity of the mobile phase into the trough of the chamber
using a syringe or pipette, place the plate in the chamber
after verifying that the latter is horizontal and connect the
mobile phase direction device according to the manufacturer’s
instructions. If prescribed, develop the plate starting
simultaneously at both ends. Close the chamber and maintain
it at 20-25 °C. Remove the plate when the mobile phase has
moved over the distance prescribed in the monograph. Dry
the plate and visualise the chromatograms as prescribed.

For two-dimensional chromatography, dry the plates after the
first development and carry out a second development in a
direction perpendicular to that of the first development.

VISUAL EVALUATION

Identification. The principal spot in the chromatogram
obtained with the test solution is visually compared to the
corresponding spot in the chromatogram obtained with the
reference solution by comparing the colour, the size and the
retardation factor (R;) of both spots.

The retardation factor (R;) is defined as the ratio of the
distance from the point of application to the centre of the spot
and the distance travelled by the solvent front from the point
of application.

Verification of the separating power for identification.
Normally the performance given by the suitability test
described in Reagents (4.1.1) is sufficient. Only in special
cases an additional performance criterion is prescribed in the
monograph.

Related substances test. The secondary spot(s) in the
chromatogram obtained with the test solution is (are)
visually compared to either the corresponding spot(s) in

the chromatogram obtained with the reference solution
containing the impurity(ies) or the spot in the chromatogram
obtained with the reference solution prepared from a dilution
of the test solution.

Verification of the separating power. The requirements for
the verification of the separating power are prescribed in the
monographs concerned.

Verification of the detecting power. The detecting power

is satisfactory if a spot or band is clearly visible in the
chromatogram obtained with the most dilute reference
solution.

QUANTITATIVE MEASUREMENT

The requirements for resolution and separation are prescribed
in the monographs concerned.

Substances separated by thin-layer chromatography and
responding to UV-Vis irradiation can be determined directly
on the plate, using appropriate instrumentation. While
moving the plate or the measuring device, examine the plate
by measuring the reflectance of the incident light. Similarly,
fluorescence may be measured using an appropriate optical
system. Substances containing radionuclides can be quantified
in 3 ways: either directly by moving the plate alongside a
suitable counter or vice versa (see Radiopharmaceutical
preparations (0125)), by cutting the plates into strips and
measuring the radioactivity on each individual strip using

a suitable counter or by scraping off the stationary phase,
dissolving it in a suitable scintillation cocktail and measuring
the radioactivity using a liquid scintillation counter.

Apparatus. The apparatus for direct measurement on the
plate consists of:

- a device for exact positioning and reproducible dispensing
of the amount of substances onto the plate;

- a mechanical device to move the plate or the measuring
device along the x-axis or the y-axis;

- arecorder and a suitable integrator or a computer;

- for substances responding to UV-Vis irradiation: a
photometer with a source of light, an optical device able to
generate monochromatic light and a photo cell of adequate
sensitivity are used for the measurement of reflectance
or transmittance; if fluorescence is measured, a suitable
filter is required to prevent light used for excitation from
reaching the detector while permitting emitted light or a
specific portion thereof to pass;

— for substances containing radionuclides: a suitable counter
for radioactivity. The linearity range of the counting device
is to be verified.

Method. Prepare the solution of the substance to be examined
(test solution) as prescribed in the monograph and, if
necessary, prepare the reference solutions of the substance to
be determined using the same solvent as in the test solution.
Apply the same volume of each solution to the plate and
develop.

Substances responding to UV-Vis irradiation. Prepare and
apply not fewer than 3 reference solutions of the substance to
be examined, the concentrations of which span the expected
value in the test solution (about 80 per cent, 100 per cent and
120 per cent). Treat with the prescribed reagent, if necessary,
and record the reflectance, the transmittance or fluorescence
in the chromatograms obtained with the test and reference
solutions. Use the measured results for the calculation of the
amount of substance in the test solution.

Substances containing radionuclides. Prepare and apply a

test solution containing about 100 per cent of the expected
value. Determine the radioactivity as a function of the path
length and report the radioactivity in each resulting peak as a
percentage of the total amount of radioactivity.

Criteria for assessing the suitability of the system are described
in the chapter on Chromatographic separation techniques
(2.2.46). The extent to which adjustments of parameters of the
chromatographic system can be made to satisfy the criteria of
system suitability are also given in this chapter.

01/2008:20228

2.2.28. GAS CHROMATOGRAPHY

Gas chromatography (GC) is a chromatographic separation
technique based on the difference in the distribution of species
between two non-miscible phases in which the mobile phase
is a carrier gas moving through or passing the stationary
phase contained in a column. It is applicable to substances or
their derivatives which are volatilised under the temperatures
employed.

General Notices (1) apply to all monographs and other texts
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2.2.28. Gas chromatography

EUROPEAN PHARMACOPOEIA 8.0

GC is based on mechanisms of adsorption, mass distribution
or size exclusion.

APPARATUS

The apparatus consists of an injector, a chromatographic
column contained in an oven, a detector and a data acquisition
system (or an integrator or a chart recorder). The carrier gas
flows through the column at a controlled rate or pressure and
then through the detector.

The chromatography is carried out either at a constant
temperature or according to a given temperature programme.

INJECTORS

Direct injections of solutions are the usual mode of injection,
unless otherwise prescribed in the monograph. Injection may
be carried out either directly at the head of the column using a
syringe or an injection valve, or into a vaporisation chamber
which may be equipped with a stream splitter.

Injections of vapour phase may be effected by static or dynamic
head-space injection systems.

Dynamic head-space (purge and trap) injection systems
include a sparging device by which volatile substances in
solution are swept into an absorbent column maintained at a
low temperature. Retained substances are then desorbed into
the mobile phase by rapid heating of the absorbent column.

Static head-space injection systems include a thermostatically
controlled sample heating chamber in which closed vials
containing solid or liquid samples are placed for a fixed
period of time to allow the volatile components of the sample
to reach equilibrium between the non-gaseous phase and

the vapour phase. After equilibrium has been established, a
predetermined amount of the head-space of the vial is flushed
into the gas chromatograph.

STATIONARY PHASES
Stationary phases are contained in columns which may be:

- a capillary column of fused-silica whose wall is coated with
the stationary phase,

- a column packed with inert particles impregnated with the
stationary phase,

- a column packed with solid stationary phase.

Capillary columns are 0.1 mm to 0.53 mm in internal diameter
(©) and 5 m to 60 m in length. The liquid or stationary phase,
which may be chemically bonded to the inner surface, is a
film 0.1 um to 5.0 pm thick.

Packed columns, made of glass or metal, are usually 1 m to

3 m in length with an internal diameter (@) of 2 mm to 4 mm.
Stationary phases usually consist of porous polymers or solid
supports impregnated with liquid phase.

Supports for analysis of polar compounds on columns packed
with low-capacity, low-polarity stationary phase must be inert
to avoid peak tailing. The reactivity of support materials can
be reduced by silanising prior to coating with liquid phase.
Acid-washed, flux-calcinated diatomaceous earth is often
used. Materials are available in various particle sizes, the
most commonly used particles are in the ranges of 150 pm to
180 pm and 125 um to 150 pm.

MOBILE PHASES

Retention time and peak efficiency depend on the carrier gas
flow rate; retention time is directly proportional to column
length and resolution is proportional to the square root of the
column length. For packed columns, the carrier gas flow rate
is usually expressed in millilitres per minute at atmospheric
pressure and room temperature. Flow rate is measured at the
detector outlet, either with a calibrated mechanical device

or with a bubble tube, while the column is at operating
temperature. The linear velocity of the carrier gas through a
packed column is inversely proportional to the square root of
the internal diameter of the column for a given flow volume.
Flow rates of 60 mL/min in a 4 mm internal diameter column
and 15 mL/min in a 2 mm internal diameter column, give
identical linear velocities and thus similar retention times.

Helium or nitrogen are usually employed as the carrier gas for
packed columns, whereas commonly used carrier gases for
capillary columns are nitrogen, helium and hydrogen.

DETECTORS

Flame-ionisation detectors are usually employed but additional
detectors which may be used include: electron-capture,
nitrogen-phosphorus, mass spectrometric, thermal
conductivity, Fourier transform infrared spectrophotometric,
and others, depending on the purpose of the analysis.

METHOD

Equilibrate the column, the injector and the detector at

the temperatures and the gas flow rates specified in the
monograph until a stable baseline is achieved. Prepare the test
solution(s) and the reference solution(s) as prescribed. The
solutions must be free from solid particles.

Criteria for assessing the suitability of the system are described
in the chapter on Chromatographic separation techniques
(2.2.46). The extent to which adjustments of parameters of the
chromatographic system can be made to satisfy the criteria of
system suitability are also given in this chapter.

Static head-space gas chromatography

Static head-space gas chromatography is a technique
particularly suitable for separating and determining volatile
compounds present in solid or liquid samples. The method
is based on the analysis of the vapour phase in equilibrium
with the solid or liquid phase.

APPARATUS

The apparatus consists of a gas chromatograph provided with
a device for introducing the sample that may be connected
to a module that automatically controls the pressure and the
temperature. If necessary, a device for eliminating solvents
can be added.

The sample to be analysed is introduced into a container fitted
with a suitable stopper and a valve-system which permits

the passage of the carrier gas. The container is placed in

a thermostatically controlled chamber at a temperature set
according to the substance to be examined.

The sample is held at this temperature long enough to allow
equilibrium to be established between the solid or liquid phase
and the vapour phase.

The carrier gas is introduced into the container and, after
the prescribed time, a suitable valve is opened so that the gas
expands towards the chromatographic column taking the
volatilised compounds with it.

Instead of using a chromatograph specifically equipped for
the introduction of samples, it is also possible to use airtight
syringes and a conventional chromatograph. Equilibration is
then carried out in a separate chamber and the vapour phase
is carried onto the column, taking the precautions necessary
to avoid any changes in the equilibrium.

METHOD

Using the reference preparations, determine suitable
instrument settings to produce an adequate response.

DIRECT CALIBRATION

Separately introduce into identical containers the preparation
to be examined and each of the reference preparations, as
prescribed in the monograph, avoiding contact between the
sampling device and the samples.

Close the containers hermetically and place in the
thermostatically controlled chamber set to the temperature
and pressure prescribed in the monograph; after equilibration,
carry out the chromatography under the prescribed conditions.
STANDARD ADDITIONS

Add to a set of identical suitable containers equal volumes

of the preparation to be examined. Add to all but one of
the containers, suitable quantities of a reference preparation
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2.2.29. Liquid chromatography

containing a known concentration of the substance to
be determined so as to produce a series of preparations
containing steadily increasing concentrations of the substance.

Close the containers hermetically and place in the
thermostatically controlled chamber set to the temperature
and pressure prescribed in the monograph; after equilibration,
carry out the chromatography under the prescribed conditions.

Calculate the linear equation of the graph using a least-squares
fit, and derive from it the concentration of the substance to be
determined in the preparation to be examined.

Alternatively, plot on a graph the mean of readings against the
added quantity of the substance to be determined. Extrapolate
the line joining the points on the graph until it meets the
concentration axis. The distance between this point and the
intersection of the axes represents the concentration of the
substance to be determined in the preparation to be examined.

SUCCESSIVE WITHDRAWALS (MULTIPLE HEAD-SPACE
EXTRACTION)

If prescribed, the successive withdrawal method is fully
described in the monograph.

01/2008:20229

2.2.29. LIQUID CHROMATOGRAPHY

Liquid chromatography (LC) is a method of chromatographic
separation based on the difference in the distribution of
species between two non-miscible phases, in which the mobile
phase is a liquid which percolates through a stationary phase
contained in a column.

LC is mainly based on mechanisms of adsorption, mass
distribution, ion exchange, size exclusion or stereochemical
interaction.

APPARATUS

The apparatus consists of a pumping system, an injector, a
chromatographic column (a column temperature controller
may be used), a detector and a data acquisition system (or an
integrator or a chart recorder). The mobile phase is supplied
from one or several reservoirs and flows through the column,
usually at a constant rate, and then through the detector.

PUMPING SYSTEMS

LC pumping systems are required to deliver the mobile
phase at a constant flow rate. Pressure fluctuations are to be
minimised, e.g. by passing the pressurised solvent through a
pulse-dampening device. Tubing and connections are capable
of withstanding the pressures developed by the pumping
system. LC pumps may be fitted with a facility for “bleeding”
the system of entrapped air bubbles.

Microprocessor controlled systems are capable of accurately
delivering a mobile phase of either constant (isocratic elution)
or varying composition (gradient elution), according to a
defined programme. In the case of gradient elution, pumping
systems which deliver solvent(s) from several reservoirs are
available and solvent mixing can be achieved on either the low
or high-pressure side of the pump(s).

INJECTORS

The sample solution is introduced into the flowing mobile

phase at or near the head of the column using an injection

system which can operate at high pressure. Fixed-loop

and variable volume devices operated manually or by an

auto-sampler are used. Manual partial filling of loops may

lead to poorer injection volume precision.

STATIONARY PHASES

There are many types of stationary phases employed in LC,

including:

- silica, alumina or porous graphite, used in normal-phase
chromatography, where the separation is based on
differences in adsorption and/or mass distribution,

- resins or polymers with acid or basic groups, used in
ion-exchange chromatography, where separation is based
on competition between the ions to be separated and those
in the mobile phase,

- porous silica or polymers, used in size-exclusion
chromatography, where separation is based on differences
between the volumes of the molecules, corresponding to
steric exclusion,

- avariety of chemically modified supports prepared from
polymers, silica or porous graphite, used in reversed-phase
LC, where the separation is based principally on partition
of the molecules between the mobile phase and the
stationary phase,

- special chemically modified stationary phases, e.g.
cellulose or amylose derivatives, proteins or peptides,
cyclodextrins etc., for the separation of enantiomers (chiral
chromatography).

Most separations are based upon partition mechanisms
utilising chemically modified silica as the stationary phase
and polar solvents as the mobile phase. The surface of the
support, e.g. the silanol groups of silica, is reacted with various
silane reagents to produce covalently bound silyl derivatives
covering a varying number of active sites on the surface of
the support. The nature of the bonded phase is an important
parameter for determining the separation properties of the
chromatographic system.

Commonly used bonded phases are shown below:

octyl = Si-[CH,],-CH, Cy
octadecyl = Si-[CH,],,-CH, Cy
phenyl = Si-[CH,],-CH; CH;
cyanopropyl = Si-[CH,],-CN CN
aminopropyl = Si-[CH,],-NH, NH,

diol = Si-[CH,],-O-CH(OH)-CH,-
H

o

Unless otherwise stated by the manufacturer, silica based
reversed-phase columns are considered to be stable in mobile
phases having an apparent pH in the range 2.0 to 8.0. Columns
containing porous graphite or particles of polymeric materials
such as styrene-divinylbenzene copolymer are stable over a
wider pH range.

Analysis using normal-phase chromatography with
unmodified silica, porous graphite or polar chemically
modified silica, e.g. cyanopropyl or diol, as the stationary
phase with a non-polar mobile phase is applicable in certain
cases.

For analytical separations, the particle size of the most
commonly used stationary phases varies between 3 pm

and 10 pm. The particles may be spherical or irregular, of
varying porosity and specific surface area. These parameters
contribute to the chromatographic behaviour of a particular
stationary phase. In the case of reversed phases, the nature
of the stationary phase, the extent of bonding, e.g. expressed
as the carbon loading, and whether the stationary phase is
end-capped (i.e. residual silanol groups are silylated) are
additional determining factors. Tailing of peaks, particularly
of basic substances, can occur when residual silanol groups
are present.

Columns, made of stainless steel unless otherwise prescribed
in the monograph, of varying length and internal diameter
() are used for analytical chromatography. Columns with
internal diameters of less than 2 mm are often referred to as
microbore columns. The temperature of the mobile phase and
the column must be kept constant during an analysis. Most
separations are performed at room temperature, but columns
may be heated to give higher efficiency. It is recommended that
columns not be heated above 60 °C because of the potential
for stationary phase degradation or changes occurring to the
composition of the mobile phase.

General Notices (1) apply to all monographs and other texts
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MOBILE PHASES

For normal-phase chromatography, less polar solvents are
employed. The presence of water in the mobile phase is

to be strictly controlled to obtain reproducible results. In
reversed-phase LC, aqueous mobile phases, with or without
organic modifiers, are employed.

Components of the mobile phase are usually filtered to remove
particles greater than 0.45 pm. Multicomponent mobile phases
are prepared by measuring the required volumes (unless
masses are specified) of the individual components, followed
by mixing. Alternatively, the solvents may be delivered by
individual pumps controlled by proportioning valves by which
mixing is performed according to the desired proportion.
Solvents are normally degassed before pumping by sparging
with helium, sonication or using on-line membrane/vacuum
modules to avoid the creation of gas bubbles in the detector
cell.

Solvents for the preparation of the mobile phase are normally
free of stabilisers and are transparent at the wavelength of
detection, if an ultraviolet detector is employed. Solvents and
other components employed are to be of appropriate quality.
Adjustment of the pH, if necessary, is effected using only the
aqueous component of the mobile phase and not the mixture.
If buffer solutions are used, adequate rinsing of the system is
carried out with a mixture of water and the organic modifier
of the mobile phase (5 per cent V/V) to prevent crystallisation
of salts after completion of the chromatography.

Mobile phases may contain other components, e.g. a
counter-ion for ion-pair chromatography or a chiral selector
for chromatography using an achiral stationary phase.

DETECTORS

Ultraviolet/visible (UV/Vis) spectrophotometers, including
diode array detectors, are the most commonly employed
detectors. Fluorescence spectrophotometers, differential
refractometers, electrochemical detectors, mass spectrometers,
light scattering detectors, radioactivity detectors or other
special detectors may also be used.

METHOD

Equilibrate the column with the prescribed mobile phase

and flow rate, at room temperature or at the temperature
specified in the monograph, until a stable baseline is achieved.
Prepare the solution(s) of the substance to be examined and
the reference solution(s) required. The solutions must be free
from solid particles.

Criteria for assessing the suitability of the system are described
in the chapter on Chromatographic separation techniques
(2.2.46). The extent to which adjustments of parameters of the
chromatographic system can be made to satisfy the criteria of
system suitability are also given in this chapter.

01/2008:20230

2.2.30. SIZE-EXCLUSION
CHROMATOGRAPHY

Size-exclusion chromatography is a chromatographic
technique which separates molecules in solution according
to their size. With organic mobile phases, the technique is
known as gel-permeation chromatography and with aqueous
mobile phases, the term gel-filtration chromatography has
been used. The sample is introduced into a column, which is
filled with a gel or a porous particle packing material, and is
carried by the mobile phase through the column. The size
separation takes place by repeated exchange of the solute
molecules between the solvent of the mobile phase and the
same solvent in the stagnant liquid phase (stationary phase)
within the pores of the packing material. The pore-size range
of the packing material determines the molecular-size range
within which separation can occur.

Molecules small enough to penetrate all the pore spaces elute
at the total permeation volume (V,). On the other hand,
molecules apparently larger than the maximum pore size of
the packing material migrate along the column only through
the spaces between the particles of the packing material
without being retained and elute at the exclusion volume

(V, void volume). Separation according to molecular size
occurs between the exclusion volume and the total permeation
volume, with useful separation usually occurring in the first
two thirds of this range.

Apparatus. The apparatus consists essentially of a
chromatographic column of varying length and internal
diameter (Q), if necessary temperature-controlled, packed
with a separation material that is capable of fractionation in
the appropriate range of molecular sizes and through which
the eluent is passed at a constant rate. One end of the column
is usually fitted with a suitable device for applying the sample
such as a flow adapter, a syringe through a septum or an
injection valve and may also be connected to a suitable pump
for controlling the flow of the eluent. Alternatively the sample
may be applied directly to the drained bed surface or, where
the sample is denser than the eluent, it may be layered beneath
the eluent. The outlet of the column is usually connected

to a suitable detector fitted with an automatic recorder

which enables the monitoring of the relative concentrations
of separated components of the sample. Detectors are

usually based on photometric, refractometric or luminescent
properties. An automatic fraction collector may be attached, if
necessary.

The packing material may be a soft support such as a swollen
gel or a rigid support composed of a material such as glass,
silica or a solvent-compatible, cross-linked organic polymer.
Rigid supports usually require pressurised systems giving
faster separations. The mobile phase is chosen according to
sample type, separation medium and method of detection.
Before carrying out the separation, the packing material

is treated, and the column is packed, as described in the
monograph, or according to the manufacturer’s instructions.

Criteria for assessing the suitability of the system are described
in the chapter on Chromatographic separation techniques
(2.2.46). The extent to which adjustments of parameters of the
chromatographic system can be made to satisfy the criteria of
system suitability are also given in this chapter.

DETERMINATION OF RELATIVE COMPONENT
COMPOSITION OF MIXTURES

Carry out the separation as stated in the monograph. If
possible, monitor the elution of the components continuously
and measure the corresponding peak areas. If the sample

is monitored by a physico-chemical property to which all

the components of interest exhibit equivalent responses (for
example if they have the same specific absorbance), calculate
the relative amount of each component by dividing the
respective peak area by the sum of the peak areas of all the
components of interest. If the responses to the property used
for detection of the components of interest are not equivalent,
calculate the content by means of calibration curves obtained
with the calibration standards prescribed in the monograph.

DETERMINATION OF MOLECULAR MASSES

Size-exclusion chromatography may be used to determine
molecular masses by comparison with appropriate calibration
standards specified in the monograph. The retention
volumes of the calibration standards may be plotted against
the logarithm of their molecular masses. The plot usually
approximates a straight line within the exclusion and total
permeation limits for the separation medium used. From the
calibration curve, molecular masses may be estimated. The
molecular-mass calibration is valid only for the particular
macromolecular solute/solvent system used under the
specified experimental conditions.
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DETERMINATION OF MOLECULAR SIZE DISTRIBUTION
OF POLYMERS

Size-exclusion chromatography may be used to determine
the distribution of the molecular size of polymers. However,
sample comparison may be valid only for results obtained
under the same experimental conditions. The reference
substances used for the calibration and the methods for
determination of the distribution of molecular sizes of
polymers are specified in the monograph.

01/2010:20231

2.2.31. ELECTROPHORESIS®

¢*GENERAL PRINCIPLE

Under the influence of an electrical field, charged particles
dissolved or dispersed in an electrolyte solution migrate in
the direction of the electrode bearing the opposite polarity.
In gel electrophoresis, the movements of the particles are
retarded by interactions with the surrounding gel matrix,
which acts as a molecular sieve. The opposing interactions of
the electrical force and molecular sieving result in differential
migration rates according to sizes, shapes and charges

of particles. Because of their different physico-chemical
properties, different macromolecules of a mixture will migrate
at different speeds during electrophoresis and will thus be
separated into discrete fractions. Electrophoretic separations
can be conducted in systems without support phases (e.g.
free solution separation in capillary electrophoresis) and in
stabilising media such as thin-layer plates, films or gels.

FREE OR MOVING BOUNDARY ELECTROPHORESIS

This method is mainly used for the determination of mobility,
the experimental characteristics being directly measurable and
reproducible. It is chiefly employed with substances of high
relative molecular mass and low diffusibility. The boundaries
are initially located by a physical process such as refractometry
or conductimetry. After applying a given electric field for

an accurately measured time, the new boundaries and their
respective positions are observed. The operating conditions
must be such as to make it possible to determine as many
boundaries as there are components.

ZONE ELECTROPHORESIS USING A SUPPORTING
MEDIUM

This method requires the use of small samples only.

The nature of the support, such as paper, agar gel, cellulose
acetate, starch, agarose, methacrylamide, mixed gel, introduces
a number of additional factors modifying the mobility:

a) owing to channelling in the supporting medium, the
apparent distance covered is less than the real distance,

b) some supporting media are not electrically neutral. As the
medium is a stationary phase it may sometimes give rise to
a considerable electro-endosmotic flow,

c) any heating due to the joule effect may cause some
evaporation of the liquid from the supporting medium
which, by capillarity, causes the solution to move from the
ends towards the centre. The ionic strength therefore tends
to increase gradually.

The rate of migration then depends on four main factors:

the mobility of the charged particle, the electro-endosmotic
flow, the evaporation flow, and the field strength. Hence it

is necessary to operate under clearly defined experimental
conditions and to use, wherever possible, reference substances.

An apparatus for electrophoresis consists of:

- a generator supplying direct current whose voltage can be
controlled and, preferably, stabilised,

- an electrophoresis chamber. This is usually rectangular
and made of glass or rigid plastic, with two separate
compartments, the anodic and the cathodic, containing the
electrolyte solution. In each compartment is immersed an
electrode, for example of platinum or graphite. These are
connected by means of an appropriately isolated circuit to
the corresponding terminal of the power supply to form
the anode and the cathode. The level of the liquid in the
two compartments is kept equal to prevent siphoning.

The electrophoresis chamber is fitted with an airtight lid
which maintains a moisture-saturated atmosphere during
operation and reduces evaporation of the solvent. A safety
device may be used to cut off the power when the lid is
removed. If the electrical power measured across the strip
exceeds 10 W, it is preferable to cool the support.

- asupport-carrying device:
Strip electrophoresis. The supporting strip, previously
wetted with the same conducting solution and dipped at
each end into an electrode compartment is appropriately
tightened and fixed on to a suitable carrier designed to
prevent diffusion of the conducting electrolyte, such as a
horizontal frame, inverted-V stand or a uniform surface
with contact points at suitable intervals.

Gel electrophoresis. The device consists essentially of a
glass plate (for example, a microscope slide) over the whole
surface of which is deposited a firmly adhering layer of

gel of uniform thickness. The connection between the gel
and the conducting solution is effected in various ways
according to the type of apparatus used. Precautions must
be taken to avoid condensation of moisture or drying of
the solid layer.

- measuring device or means of detection.

Method. Introduce the electrolyte solution into the electrode
compartments. Place the support suitably impregnated with
electrolyte solution in the chamber under the conditions
prescribed for the type of apparatus used. Locate the starting
line and apply the sample. Apply the electric current for the
prescribed time. After the current has been switched off,
remove the support from the chamber, dry and visualise.

POLYACRYLAMIDE ROD GEL ELECTROPHORESIS

In polyacrylamide rod gel electrophoresis, the stationary
phase is a gel which is prepared from a mixture of acrylamide
and N,N “methylenebisacrylamide. Rod gels are prepared

in tubes 7.5 cm long and 0.5 cm in internal diameter, one
solution being applied to each rod.

Apparatus. This consists of two buffer solution reservoirs
made of suitable material such as poly(methyl methacrylate)
and mounted vertically one above the other. Each reservoir is
fitted with a platinum electrode. The electrodes are connected
to a power supply allowing operation either at constant
current or at constant voltage. The apparatus has in the base
of the upper reservoir a number of holders equidistant from
the electrode.

Method. The solutions should usually be degassed before
polymerisation and the gels used immediately after
preparation. Prepare the gel mixture as prescribed and pour
into suitable glass tubes, stoppered at the bottom, to an equal
height in each tube and to about 1 cm from the top, taking
care to ensure that no air bubbles are trapped in the tubes.
Cover the gel mixture with a layer of water R to exclude air
and allow to set. Gel formation usually takes about 30 min
and is complete when a sharp interface appears between the
gel and the water layer. Remove the water layer. Fill the lower
reservoir with the prescribed buffer solution and remove the
stoppers from the tubes. Fit the tubes into the holders of the
upper reservoir and adjust so that the bottom of the tubes
are immersed in the buffer solution in the lower reservoir.
Carefully fill the tubes with the prescribed buffer solution.

(2) This chapter has undergone pharmacopoeial harmonisation. See chapter 5.8. Pharmacopoeial harmonisation.

General Notices (1) apply to all monographs and other texts
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Prepare the test and reference solutions containing the
prescribed marker dye and make them dense by dissolving
in them sucrose R, for example. Apply the solutions to the
surface of a gel using a different tube for each solution. Add
the same buffer to the upper reservoir. Connect the electrodes
to the power supply and allow electrophoresis to proceed

at the prescribed temperature and using the prescribed
constant voltage or current. Switch off the power supply
when the marker dye has migrated almost into the lower
reservoir. Immediately remove each tube from the apparatus
and extrude the gel. Locate the position of the bands in the
electropherogram as prescribed. ¢

SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL
ELECTROPHORESIS (SDS-PAGE)

Scope. Polyacrylamide gel electrophoresis is used for
the qualitative characterisation of proteins in biological
preparations, for control of purity and quantitative
determinations.

Purpose. Analytical gel electrophoresis is an appropriate
method with which to identify and to assess the homogeneity
of proteins in pharmaceutical preparations. The method is
routinely used for the estimation of protein subunit molecular
masses and for determining the subunit compositions of
purified proteins.

Ready-to-use gels and reagents are widely available on the
market and can be used instead of those described in this
text, provided that they give equivalent results and that they
meet the validity requirements given below under Validation
of the test.

CHARACTERISTICS OF POLYACRYLAMIDE GELS

The sieving properties of polyacrylamide gels are established
by the three-dimensional network of fibres and pores which is
formed as the bifunctional bisacrylamide cross-links adjacent
polyacrylamide chains. Polymerisation is catalysed by a free
radical-generating system composed of ammonium persulfate
and tetramethylethylenediamine.

As the acrylamide concentration of a gel increases, its
effective pore size decreases. The effective pore size of a gel
is operationally defined by its sieving properties; that is, by
the resistance it imparts to the migration of macromolecules.
There are limits on the acrylamide concentrations that can be
used. At high acrylamide concentrations, gels break much
more easily and are difficult to handle. As the pore size of

a gel decreases, the migration rate of a protein through the
gel decreases. By adjusting the pore size of a gel, through
manipulating the acrylamide concentration, the resolution
of the method can be optimised for a given protein product.
Thus, a given gel is physically characterised by its respective
composition in acrylamide and bisacrylamide.

In addition to the composition of the gel, the state of the
protein is an important component to the electrophoretic
mobility. In the case of proteins, the electrophoretic mobility
is dependent on the pK value of the charged groups and the
size of the molecule. It is influenced by the type, concentration
and pH of the buffer, by the temperature and the field strength
as well as by the nature of the support material.

DENATURING POLYACRYLAMIDE GEL ELECTROPHO-
RESIS

The method cited as an example is limited to the analysis

of monomeric polypeptides with a mass range of 14 000

to 100 000 daltons. It is possible to extend this mass range

by various techniques (e.g. gradient gels, particular buffer
system) but those techniques are not discussed in this chapter.

Denaturing polyacrylamide gel electrophoresis using sodium
dodecyl sulfate (SDS-PAGE) is the most common mode of
electrophoresis used in assessing the pharmaceutical quality of
protein products and will be the focus of the example method.
Typically, analytical electrophoresis of proteins is carried

out in polyacrylamide gels under conditions that ensure
dissociation of the proteins into their individual polypeptide

subunits and that minimise aggregation. Most commonly, the
strongly anionic detergent sodium dodecyl sulfate (SDS) is
used in combination with heat to dissociate the proteins before
they are loaded on the gel. The denatured polypeptides bind
to SDS, become negatively charged and exhibit a consistent
charge-to-mass ratio regardless of protein type. Because the
amount of SDS bound is almost always proportional to the
molecular mass of the polypeptide and is independent of

its sequence, SDS-polypeptide complexes migrate through
polyacrylamide gels with mobilities dependent on the size of
the polypeptide.

The electrophoretic mobilities of the resultant detergent-
polypeptide complexes all assume the same functional
relationship to their molecular masses. Migration of SDS
complexes is toward the anode in a predictable manner, with
low-molecular-mass complexes migrating faster than larger
ones. The molecular mass of a protein can therefore be
estimated from its relative mobility in calibrated SDS-PAGE
and the occurrence of a single band in such a gel is a criterion
of purity.

Modifications to the polypeptide backbone, such as N- or
O-linked glycosylation, however, have a significant impact
on the apparent molecular mass of a protein since SDS does
not bind to a carbohydrate moiety in a manner similar to a
polypeptide. Thus, a consistent charge-to-mass ratio is not
maintained. The apparent molecular mass of proteins having
undergone post-translational modifications is not a true
reflection of the mass of the polypeptide chain.

Reducing conditions. Polypeptide subunits and
three-dimensional structure is often maintained in proteins
by the presence of disulfide bonds. A goal of SDS-PAGE
analysis under reducing conditions is to disrupt this structure
by reducing disulfide bonds. Complete denaturation and
dissociation of proteins by treatment with 2-mercaptoethanol
or dithiothreitol (DTT) will result in unfolding of the
polypeptide backbone and subsequent complexation with SDS.
In these conditions, the molecular mass of the polypeptide
subunits can be calculated by linear regression in the presence
of suitable molecular-mass standards.

Non-reducing conditions. For some analyses, complete
dissociation of the protein into subunit peptides is not
desirable. In the absence of treatment with reducing agents
such as 2-mercaptoethanol or DTT, disulfide covalent bonds
remain intact, preserving the oligomeric form of the protein.
Oligomeric SDS-protein complexes migrate more slowly than
their SDS-polypeptide subunits. In addition, non-reduced
proteins may not be completely saturated with SDS and,
hence, may not bind the detergent in a constant mass

ratio. This makes molecular-mass determinations of these
molecules by SDS-PAGE less straightforward than analyses of
fully denatured polypeptides, since it is necessary that both
standards and unknown proteins be in similar configurations
for valid comparisons. However, the staining of a single band
in such a gel is a criterion of purity.

CHARACTERISTICS OF DISCONTINUOUS BUFFER
SYSTEM GEL ELECTROPHORESIS

The most popular electrophoretic method for the
characterisation of complex mixtures of proteins involves

the use of a discontinuous buffer system consisting of two
contiguous, but distinct gels: a resolving or separating (lower)
gel and a stacking (upper) gel. The two gels are cast with
different porosities, pH, and ionic strengths. In addition,
different mobile ions are used in the gel and electrode buffers.
The buffer discontinuity acts to concentrate large volume
samples in the stacking gel, resulting in improved resolution.
When power is applied, a voltage drop develops across the
sample solution which drives the proteins into the stacking gel.
Glycinate ions from the electrode buffer follow the proteins
into the stacking gel. A moving boundary region is rapidly
formed with the highly mobile chloride ions in the front

and the relatively slow glycinate ions in the rear. A localised

48

See the information section on general monographs (cover pages)



EUROPEAN PHARMACOPOEIA 8.0

2.2.31. Electrophoresis

high-voltage gradient forms between the leading and trailing
ion fronts, causing the SDS-protein complexes to form into

a thin zone (stack) and migrate between the chloride and
glycinate phases. Within broad limits, regardless of the height
of the applied sample, all SDS-proteins condense into a very
narrow region and enter the resolving gel as a well-defined,
thin zone of high protein density. The large-pore stacking gel
does not retard the migration of most proteins and serves
mainly as an anticonvective medium. At the interface of the
stacking and resolving gels, the proteins experience a sharp
increase in retardation due to the restrictive pore size of the
resolving gel. Once in the resolving gel, proteins continue to
be slowed by the sieving of the matrix. The glycinate ions
overtake the proteins, which then move in a space of uniform
pH formed by the tris(hydroxymethyl)aminomethane and
glycine. Molecular sieving causes the SDS-polypeptide
complexes to separate on the basis of their molecular masses.

PREPARING VERTICAL DISCONTINUOUS BUFFER SDS
POLYACRYLAMIDE GELS

Assembling of the gel moulding cassette. Clean the two glass
plates (size: e.g. 10 cm x 8 cm), the polytetrafluoroethylene
comb, the two spacers and the silicone rubber tubing
(diameter e.g. 0.6 mm x 35 cm) with mild detergent and
rinse extensively with water. Dry all the items with a paper
towel or tissue. Lubricate the spacers and the tubing with
non-silicone grease. Apply the spacers along each of the two
short sides of the glass plate 2 mm away from the edges and

2 mm away from the long side corresponding to the bottom of
the gel. Begin to lay the tubing on the glass plate by using one
spacer as a guide. Carefully twist the tubing at the bottom of
the spacer and follow the long side of the glass plate. While
holding the tubing with one finger along the long side twist
again the tubing and lay it on the second short side of the glass
plate, using the spacer as a guide. Place the second glass plate
in perfect alignment and hold the mould together by hand
pressure. Apply two clamps on each of the two short sides

of the mould. Carefully apply four clamps on the longer side
of the gel mould thus forming the bottom of the gel mould.
Verify that the tubing is running along the edge of the glass
plates and has not been extruded while placing the clamps.
The gel mould is now ready for pouring the gel.

Preparation of the gel. In a discontinuous buffer SDS
polyacrylamide gel, it is recommended to pour the resolving
gel, let the gel set, and then pour the stacking gel since the
composition of the two gels in acrylamide-bisacrylamide,
buffer and pH are different.

Preparation of the resolving gel. In a conical flask,
prepare the appropriate volume of solution containing

the desired concentration of acrylamide for the resolving

gel, using the values given in Table 2.2.31.-1. Mix the
components in the order shown. Where appropriate,

before adding the ammonium persulfate solution and the
tetramethylethylenediamine (TEMED), filter the solution

if necessary under vacuum through a cellulose acetate
membrane (pore diameter 0.45 um); keep the solution under
vacuum by swirling the filtration unit until no more bubbles
are formed in the solution. Add appropriate amounts of
ammonium persulfate solution and TEMED as indicated

in Table 2.2.31.-1, swirl and pour immediately into the gap
between the two glass plates of the mould. Leave sufficient
space for the stacking gel (the length of the teeth of the comb
plus 1 cm). Using a tapered glass pipette, carefully overlay the
solution with water-saturated isobutanol. Leave the gel in a
vertical position at room temperature to allow polymerisation.

Preparation of the stacking gel. After polymerisation is
complete (about 30 min), pour off the isobutanol and wash
the top of the gel several times with water to remove the
isobutanol overlay and any unpolymerised acrylamide. Drain
as much fluid as possible from the top of the gel, and then
remove any remaining water with the edge of a paper towel.

In a conical flask, prepare the appropriate volume of solution
containing the desired concentration of acrylamide, using

the values given in Table 2.2.31.-2. Mix the components

in the order shown. Where appropriate, before adding the
ammonium persulfate solution and the TEMED, filter the
solution if necessary under vacuum through a cellulose acetate
membrane (pore diameter: 0.45 um); keep the solution under
vacuum by swirling the filtration unit until no more bubbles
are formed in the solution. Add appropriate amounts of
ammonium persulfate solution and TEMED as indicated

in Table 2.2.31.-2, swirl and pour immediately into the gap
between the two glass plates of the mould directly onto the
surface of the polymerised resolving gel. Immediately insert
a clean polytetrafluoroethylene comb into the stacking gel
solution, being careful to avoid trapping air bubbles. Add
more stacking gel solution to fill the spaces of the comb
completely. Leave the gel in a vertical position and allow to
polymerise at room temperature.

Table 2.2.31.-1. - Preparation of resolving gel

Solution components Component volumes (mL) per gel mould volume of
5 mL ’ 10 mL l 15 mL ‘ 20 mL | 25 mL ‘ 30 mL | 40 mL l 50 mL

6 per cent acrylamide

Water R 2.6 5.3 7.9 10.6 13.2 15.9 21.2 26.5
Acrylamide solution” 1.0 2.0 3.0 4.0 5.0 6.0 8.0 10.0
1.5 M Tris (pH 8.8)® 1.3 2.5 3.8 5.0 6.3 7.5 10.0 12.5
100 g/L SDS® 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
100 g/L APS® 0.05 0.1 0.15 0.2 0.25 0.3 0.4 0.5
TEMED® 0.004 0.008 0.012 0.016 0.02 0.024 0.032 0.04
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The conductivity (formerly called specific conductance) of

a solution (x) is, by definition, the reciprocal of resistivity
(p). Resistivity is defined as the quotient of the electric field
and the density of the current. The resistance R (in Q) of a
conductor of cross-section S (in cm?*) and length L (in cm) is
given by the expression:

L
1 L 1 L
thus.R—Exgorﬁ—ﬁxg

L/S corresponds to the ideal cell constant.

The unit of conductivity in the International System is

the siemens per metre (S-m™'). In practice, the electrical
conductivity of a solution is expressed in siemens per
centimetre (S-cm™!) or in microsiemens per centimetre
(uS-cm™'). The unit of resistivity in the International System is
the ohm-metre (Q-m). The resistivity of a solution is generally
expressed in ohm-centimetres (Q2-cm). Unless otherwise
prescribed, the reference temperature for the expression of
conductivity or resistivity is 25 °C.

The apparatus and operating procedure described below are
applicable to laboratory measurement of conductivity greater
than 10 puS-cm™'. The measurement of conductivity of water is
dealt with in the relevant monographs.

APPARATUS

The apparatus used (conductivity meter or resistivity meter)
measures the resistance of the column of liquid between the
electrodes of the immersed measuring device (conductivity
cell). The apparatus is supplied with alternating current to
avoid the effects of electrode polarisation. It is equipped with
a temperature probe and a temperature compensation device.

The conductivity cell contains 2 parallel platinum electrodes
coated with platinum black, each with a surface area S, and
separated from the other by a distance L. Both are generally
protected by a glass tube. Other types of cells may also be used.

OPERATING PROCEDURE
Determination of the cell constant

Choose a conductivity cell that is appropriate for the
properties and conductivity of the solution to be examined.
The higher the expected conductivity, the higher the cell
constant that must be chosen (low p). Commonly used
conductivity cells have cell constants of the order of 0.1 cm™/,
1 cm™'and 10 cm™'. Use a certified reference material, for
example a solution of potassium chloride, that is appropriate
for the measurement. The conductivity value of the certified
reference material, should be near the expected conductivity
value of the solution to be examined. Other certified reference
materials may be used especially for cells having a constant of
0.1 cm™". Rinse the cell several times with distilled water R
and at least twice with the certified reference material used
for the determination of the cell constant of the conductivity
cell. Measure the resistance of the conductivity cell using the
certified reference material at 25 + 1 °C. The cell constant K,
(in cm™') depends on the geometry of the conductivity cell
and is given by the expression:

Kien = Rerm X KCRM

Repu measured resistance, expressed in mega-ohms,

Kerm conductivity of the certified reference material
solution used, expressed in microsiemens per

centimetre.

The measured constant K, of the conductivity cell must be

within 5 per cent of the value indicated.

If the determination of the cell constant is carried out at a
different temperature than that indicated for the certified
reference material, the conductivity value may be calculated
from the following expression:

Kt = krerm X [1+ a (T — Term)]

Kr = value of conductivity at the different temperature,

Krcrm = value of conductivity of the certified reference
material,

T = temperature set for calibration,

Tery = temperature indicated for the certified reference
material,

a =

temperature coefficient for the conductivity value
of the certified reference material; for potassium
chloride a = 0.021.

Determination of the conductivity of the solution to be
examined

After calibrating the apparatus with a certified reference
material solution, rinse the conductivity cell several times with
distilled water R and at least twice with the aqueous solution to
be examined. Carry out successive measurements as described
in the monograph.
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2.2.39. MOLECULAR MASS
DISTRIBUTION IN DEXTRANS

Examine by size-exclusion chromatography (2.2.30).

Test solution. Dissolve 0.200 g of the substance to be examined

in the mobile phase and dilute to 10 mL with the mobile phase.

Marker solution. Dissolve 5 mg of glucose R and 2 mg of

dextran V, CRS in 1 mL of the mobile phase.

Calibration solutions. Dissolve separately in 1 mL of the

mobile phase 15 mg of dextran 4 for calibration CRS, 15 mg

of dextran 10 for calibration CRS, 20 mg of dextran 40 for

calibration CRS, 20 mg of dextran 70 for calibration CRS and

20 mg of dextran 250 for calibration CRS.

System suitability solution. Dissolve either 20 mg of dextran 40

for performance test CRS (for dextran 40) or 20 mg of

dextran 60/70 for performance test CRS (for dextran 60 and

dextran 70) in 1 mL of the mobile phase.

The chromatographic procedure may be carried out using:

- acolumn 0.3 m long and 10 mm in internal diameter,
packed with cross-linked agarose for chromatography R or
a series of columns, 0.3 m long and 10 mm in internal
diameter, packed with polyether hydroxylated gel for
chromatography R,

- as the mobile phase, at a flow rate of 0.5-1 mL/min, kept
constant to + 1 per cent per hour, a solution containing 7 g
of anhydrous sodium sulfate R and 1 g of chlorobutanol R
in 1 L of water R,

- as detector a differential refractometer,

- a 100 pL to 200 uL loop injector,

maintaining the system at a constant temperature (+ 0.1 °C).

CALIBRATION OF THE CHROMATOGRAPHIC SYSTEM

Carry out replicate injections of the chosen volume of the
marker solution. The chromatogram shows 2 peaks, the first
of which corresponds to dextran V,, CRS and the second of
which corresponds to glucose R. From the elution volume
of the peak corresponding to dextran V|, calculate the void
volume V, and from the peak corresponding to dextrose,
calculate the total volume V.

Inject the chosen volume of each of the calibration solutions.
Draw carefully the baseline of each of the chromatograms.
Divide each chromatogram into p (at least 60) equal vertical
sections (corresponding to equal elution volumes). In each
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section i, corresponding to an elution volume V, measure the
height (y;) of the chromatogram line above the baseline and
calculate the coefficient of distribution K; using the expression:

(Vi — Vo)
(Vi = Vo) (1)

void volume of the column, determined using
the peak corresponding to dextran V, CRS in the
chromatogram obtained with the marker solution,

total volume of the column, determined using
the peak corresponding to glucose in the
chromatogram obtained with the marker solution,

V. = elution volume of section i in the chromatogram
obtained with each of the calibration solutions.

Carry out the calibration using either of the following
methods.

Calibration by plotting of the curve. For each of the dextrans
for calibration calculate the coefficient of distribution K,
corresponding to the maximum height of the chromatographic
line, using expression (1). Plot on semilogarithmic paper the
values of K, (on the x-axis) against the declared molecular
mass at the maximum height of the chromatographic line
(M,,,,) of each of the dextrans for calibration and glucose.
Draw a first calibration curve through the points obtained,
extrapolating it from the point K, obtained with dextran 250
for calibration CRS to the lowest K value obtained for this CRS
(Figure 2.2.39.-1). Using this first calibration curve, transform,
for each chromatogram, all K; values into the corresponding
molecular mass M,, thus obtaining the molecular mass
distribution. Calculate for each dextran for calibration the
average molecular mass M, using equation (3) below. If the
calculated values for M, do not differ by more than 5 per cent
from those declared for each of the dextrans for calibration
and the mean difference is within + 3 per cent, the calibration
curve is approved. If not, move the calibration curve along the
y-axis and repeat the procedure above until the calculated and
the declared values for M,, do not differ by more than 5 per
cent.

Calibration by calculation of the curve. Calculate from
equations (2) and (3) below, using a suitable method®, values
for b, b,, b;, b, and b, that give values of M,, within 5 per cent
of the declared values of each of the dextrans for calibration
and 180 =+ 2 for glucose:

M, = b5+e(b4 + b1 K; + b K + b3K7)

(2)
A
Mw — i=1
Xp: Yi (3)

p = number of sections dividing the chromatograms,

Vi = height of the chromatographic line above the
baseline in section i,

M, = molecular mass in section i.
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Figure 2.2.39.-1. - Example of a calibration curve.

The dotted line corresponds to the part of the curve that is
extrapolated. Horizontal lines at the bottom of the figure
represent the width and the position of the chromatographic
line obtained with each of the dextrans for calibration.

SYSTEM SUITABILITY

Inject the chosen volume of the appropriate system suitability
solution.

Average molecular mass of dextran for performance

test CRS. Calculate the average molecular mass M,, as
indicated under Calibration of the chromatographic system,
using either the plotted calibration curve or the values
obtained above for b, b,, b, b, and b,. The test is not valid
unless M, is:

- 41000 to 47 000 (dextran 40 for performance test CRS),

- 67000 to 75 000 (dextran 60/70 for performance test CRS).

(4) An iterative method such as the Gauss-Newton method modified by Hartley is suitable (see O. Hartley, Tecnometrics, 3 (1961) and G. Nilsson and K. Nilsson, J. Chromat. 101, 137
(1974)). A curve-fitting programme for microcomputers, capable of non-linear regression, may be used.

General Notices (1) apply to all monographs and other texts
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Average molecular mass of the 10 per cent high-fraction
dextran. Calculate M, for the 10 per cent high-fraction
dextran eluted through section # using the equation:

> (wiMy)
]\’[w — 1:1n
2 Yi
= )
in which # is defined by the expressions:
n »
dw<ol (Z y>
i=1 i=1 (5)
n+1 b4
Z y; > 0.1 < yi)
i=1 i=1 (6)

p = number of sections dividing the chromatograms,

Yi = height of the chromatographic line above the
baseline in section i,

M; = molecular mass in section i.

The test is not valid unless M,, of the 10 per cent high fraction
dextran is:

- 110 000 to 130 000 (dextran 40 for performance test CRS),
— 190000 to 230 000 (dextran 60/70 for performance test CRS).

Average molecular mass of the 10 per cent low-fraction
dextran. Calculate M, for the 10 per cent low-fraction dextran
eluted in and after section m using the expression:

o

2 (wiMs)
M, =1 2
PR
— @)

in which m is defined by the expressions:

P P
> wi<01 <Zy)
i=m i=1

(8)
P p
i=m—1 i=1 )
p = number of sections dividing the chromatograms,
Vi = height of the chromatographic line above the
baseline in section i,
M; = molecular mass in section i.

i

The test is not valid unless M,, of the 10 per cent low-fraction
dextran is:

- 6000 to 8500 (dextran 40 for performance test CRS),
- 7000 to 11 000 (dextran 60/70 for performance test CRS).

MOLECULAR MASS DISTRIBUTION OF THE DEXTRAN
TO BE ANALYSED

Inject the chosen volume of the test solution and calculate M,
of the total molecular mass distribution, M, of the 10 per cent
high-fraction dextran and M,, of the 10 per cent low-fraction
dextran as indicated under System suitability.

01/2014:20240

2.2.40. NEAR-INFRARED
SPECTROSCOPY

Near-infrared (NIR) spectroscopy is a technique with wide
and varied applications in pharmaceutical analysis. The

NIR spectral range extends from 780 nm to 2500 nm (from
12 800 cm™! to 4000 cm™!). NIR spectra are dominated

by C-H, N-H, O-H and S-H overtones and combinations

of fundamental mid-infrared (MIR) vibrations. They

contain composite chemical and physical information

and in most cases this information can be extracted by
suitable mathematical data treatment. NIR bands are much
weaker than the fundamental MIR vibrations from which
they originate. Because absorptivities in the NIR range are
low, radiation can penetrate up to several millimetres into
materials, including solids. Furthermore, many materials such
as glass are relatively transparent in this region.
Measurements can be made directly in situ, in addition to
standard sampling and testing procedures. NIR measurements
can be performed off-line, and also at-line or in-line, and
on-line for process analytical technology (PAT). Suitable
chemometric methods may be required for identification.
However, when the specificity criteria for a qualitative method
are met, chemical identification or solid-state characterisation
is possible by direct comparison of the untreated or pre-treated
spectra obtained with the chemical substance being examined
with a spectrum of a reference substance.

NIR spectroscopy has a wide variety of applications for
chemical, physical and process analysis, for example:
Chemical analysis:

- identification of active substances, excipients, dosage forms,
manufacturing intermediates, chemical materials and
packaging materials;

- qualification of active substances, excipients, dosage forms,
manufacturing intermediates and packaging materials,
including batch-to-batch spectral comparison and supplier
change assessment;

- quantification of active substances in a sample matrix,
determination of chemical values such as hydroxyl value,
determination of absolute water content, determination of
degree of hydroxylation and control of solvent content.

Physical analysis:

- crystalline form and crystallinity, polymorphism, solvates,
particle size;

- disintegration, hardness;
- film properties.
Process analysis:

- monitoring of unit operations such as synthesis,
crystallisation, blending, drying, granulation and coating,
for the purpose of process control;

- control and endpoint detection.

Measurements in the NIR region are influenced by many

chemical and physical factors as described below; the

reproducibility and relevance of results depend on control of

these factors and measurements are usually valid only for a

defined calibration model.

APPARATUS

All NIR measurements are based on passing light through
or into a sample and measuring the attenuation of the
emerging (transmitted or reflected) beam. Spectrometers for
measurement in the NIR region consist of a suitable light
source (such as a highly-stable quartz-tungsten lamp), a
monochromator or interferometer, and a detector. Common
monochromators are acousto-optic tunable filters (AOTF),
gratings or prisms. Traditionally, many NIR instruments
have a single-beam design, though some process instruments
use internal referencing and can therefore be dual-beam
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(for example in diode array instruments). Silicon, lead
sulfide, and indium gallium arsenide are examples of detector
materials. Conventional cuvette sample holders, fibre-optic
probes, transmission dip cells, neutral borosilicate vials and
spinning or traversing sample holders are a few examples of
sampling devices. The selection is based on the intended
application, paying particular attention to the suitability of
the sampling system for the type of sample to be analysed.
Suitable data processing and evaluation units (e.g. software
and computer) are usually part of the system.

It is common to express the wavelength (A) in nanometres
and the wavenumber (v) in reciprocal centimetres (cm™),

depending on the measurement technique and apparatus.

Conversion between nm and cm™' is performed according
to the following expression:

Von—t = 107 X

>\ nm

MEASUREMENT METHODS

Transmission mode. Transmittance (T) is a measure of the
decrease in radiation intensity at given wavelengths when
radiation is passed through the sample. The sample is placed
in the optical beam between the source and the detector.
The arrangement is analogous to that in many conventional
spectrometers. The resulting spectrum can be presented
directly in terms of transmittance (T) and/or absorbance (A)
(y-axis) versus the wavelength or wavenumber (x-axis).

1
T=2
Iy
I, = intensity of incident radiation;
I = intensity of transmitted radiation;

1 1
A=—logy T = log, (f) = logy, (TD)

Diffuse reflection mode. The diffuse reflection mode gives
a measure of reflectance (R), the ratio of the intensity of
light reflected from the sample (I) to that reflected from a
background or reference reflective surface (I,). Depending on
the chemical composition and physical characteristics of the
sample, NIR radiation can penetrate a more or less substantial
distance into the sample, where it can be absorbed by the
overtones and combinations of the fundamental vibrations
of the analyte species present in the sample. Non-absorbed
radiation is partially reflected back from the sample to the
detector. NIR reflectance spectra are typically obtained
by calculating and plotting log,, (1/R) (y-axis) versus the
wavelength or wavenumber (x-axis).

I

R=>
I,

I = intensity of light diffusively reflected from the
sample;
I = intensity of light reflected from the background or

reference reflective surface;

1 I,
Ap =logy, (E) = logyg <7)

Transflection mode. This mode is a combination of
transmittance and reflectance. In the measurement of
transflectance (T*), a mirror or a diffuse reflectance surface
is used to reflect the transmitted radiation back through
the sample, thus doubling the pathlength. Non-absorbed
radiation is reflected back from the sample to the detector.

The resulting spectrum can be presented directly in terms of
transflectance (T*) and/or absorbance (A*) (y-axis) versus the
wavelength or wavenumber (x-axis).

. I
T =
It
= intensity of transflected radiation measured from
the sample;

intensity of transflected radiation of the reference
material as background;

* 1 _ IT
A = logm <T*) = logm ( T )

SAMPLE PREPARATION/PRESENTATION

Sample preparation and presentation may vary according
to the measurement mode. The following requirements are
necessary for all sampling techniques:

- optimise the measuring time and number of scans to
optimise the signal-to-noise ratio;

- find the best suitable measurement mode for the
intended application (transmission, diffuse reflection or
transflection);

- find the best orientation of the sample (e.g. to minimise the
impact of debossing on tablets);

- find the best suitable accessory (e.g. transmission cell or
immersion probe);

- optimise pathlength in transmission and transflection
modes;

- find a suitable spectroscopic background reference material;

- show that the background reference material is reliable
over time and that the measurement of the background is
reproducible and stable over time;

- when measuring moving materials or samples (for
process-related measurements) it is important to obtain a
representative spectrum (e.g. by adjusting the measuring
time, the number of scans, co-adding individual spectra, or
increasing the beam size);

- ensure there is no fouling of the sensor, for example with
build-up of material or contamination;

- the measuring conditions (measuring time, beam size) in
relation to the minimal sample size should be justified.

In some process analysis situations it may be impossible to
remove a probe for reference background data collection;
various options are therefore to be considered, including
internal referencing, measurement of a background reference
using a 2 detector, etc. Only spectra measured against a
background possessing the same optical properties can be
directly compared with one another.

Transmission mode. The measurement of transmittance (T)
is dependent on a background transmittance spectrum for its
calculation. Examples of background references include air,
a polymeric disc, an empty cell, a solvent blank or in special
cases a reference sample. The method generally applies to
liquids (diluted or undiluted), dispersions, solutions and
solids (including tablets and capsules). For transmittance
measurements of solids, a suitable sample accessory is used.
Liquid samples are examined in a cell of suitable pathlength
(typically 0.5-4 mm), transparent to NIR radiation, or
alternatively by immersion of a fibre-optic probe of a suitable
configuration.

Diffuse reflection mode. This mode generally applies to
solids. The sample is examined directly, or in a suitable device
(for example a sample holder), or in direct contact with a
fibre-optic probe. For process monitoring, material can be
analysed through a polished window interface (e.g. sapphire),
or using an in-line fibre-optic probe. Care must be taken to
ensure that the measuring conditions are as reproducible as

General Notices (1) apply to all monographs and other texts
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possible from one sample to another. The reflected radiation
of a background reference is scanned to obtain the baseline,
and then the reflectance of one or more analytical samples is
measured. Common reflectance references include ceramic,
thermoplastic resins and gold. Other suitable materials may
be used.

Transflection mode. This mode generally applies to liquids,
suspensions and clear plastic materials. A reflector is placed
behind the sample so as to double the pathlength. This
configuration can be adopted to share the same instrument
geometry with reflectance and fibre-optic probe systems
where the source and the detector are on the same side of the
sample. The sample is examined through a cell with a mirror
or a suitable diffusive reflector, made either of metal or of
an inert substance (for example, dried titanium dioxide) not
absorbing in the NIR region. Liquids can also be measured
using in-line transflectance probes.

FACTORS AFFECTING SPECTRAL RESPONSE

Environment. The environment temperature and humidity
must be taken into consideration before carrying out
measurements.

Sample presentation area. The sample presentation area or
probe end must be clean of residue prior to measurement.
Similarly, the in-line or on-line interface to the sample should
not have significant product or contamination build-up, which
would interfere with the desired measurement.

Sample temperature. This parameter is important for
aqueous solutions and many liquids, where a difference of a
few degrees can result in measurable spectral changes which
may have a significant effect on the analysis. Temperature

is also an important parameter for solids and powders
containing water.

Moisture and solvent residues. Moisture and solvent residues
present in the samples will contribute significant absorption
bands in the NIR region.

Sample thickness. Sample thickness is a known source of
spectral variability and must be assessed and/or controlled,
particularly for tablet and capsule analysis in transmittance
mode. For the measurement of compressed powders, an
infinite thickness is typically reached after 5 mm of sample
depth (e.g. in a vial).

Sample optical properties. In solids, both surface and

bulk scattering properties of samples must be taken into
account. Spectra of physically, chemically or optically
heterogeneous samples may require increasing the beam

size, or examining multiple samples or spinning the sample
to obtain a representative spectrum of the sample. Certain
factors such as differing degree of compaction or particle size
in powdered materials and surface finish can cause significant
spectral differences.

Solid-state forms. Variations in solid-state forms
(polymorphs, hydrates, solvates and amorphous forms)
influence vibrational spectra. Hence, different crystalline
forms as well as the amorphous form of a solid may be
distinguished from one another on the basis of their NIR
spectra. Where multiple crystalline forms are present, care
must be taken to ensure that the calibration samples have a
distribution of forms relevant to the intended application.

Age of samples. Samples may exhibit changes in their
chemical, physical or optical properties over time. Depending
on the storage conditions, solid samples may either absorb

or desorb water, and portions of amorphous material may
crystallise. Materials used for NIR calibration should be
representative of future samples and their matrix variables.

PRE-TREATMENT OF NIR SPECTRAL DATA

In many cases, and particularly for reflection mode spectra,
some form of mathematical pre-treatment of the spectrum
may be useful prior to the development of a classification or

calibration model. The aim can be, for example, to reduce
baseline variations, to reduce the impact of known variations
that are interfering in the subsequent mathematical models,
or to simplify data before use. In some cases spectra may
also be normalised or corrected for scatter, for example
using standard normal variate (SNV) transformation.
Spectral pre-treatment techniques may include, for example,
windowing and noise reduction and the numerical calculation
of the first- or second-order derivative of the spectrum.
Higher-order derivatives are not recommended because of
increased spectral noise.

CONTROL OF INSTRUMENT PERFORMANCE

Use the apparatus according to the manufacturer’s instructions
and carry out the prescribed verification at regular intervals,
according to the use of the apparatus and the application. For
in-line and on-line applications, the use of alternative means
of control of instrument performance must be scientifically
justified. For example, utilise the standards built into the
instrument or separate channels/probes to demonstrate
instrument performance (pending practicality).

System suitability tests may be required prior to sample
scanning, and the instrument attributes with potential
impact on suitability of the final measurement (typically
photometric noise and wavelength accuracy) must be tested.
The frequency at which each performance test is carried out
must be risk-assessed depending on the instrument type and
its environment. For example, instruments placed in harsh
environments with variations in temperature and humidity
may need frequent performance testing. Cases where the
measurement system cannot be removed such as an in-line
probe or flow cell are also to be considered.

Some accessories are custom designed and therefore require
adequate performance testing.

Verification and calibration of the wavelength or wavenumber
scale (except for filter apparatus). Verify the wavelength

scale employed, generally in the region between 780 nm and
2500 nm ( 12 800 cm™! to 4000 cm™!) or in the intended
spectral range using one or more suitable wavelength
standards which have characteristic maxima or minima within
the wavelength range to be used. For example, methylene
chloride R, talc R, wavelength reference lamps or a mixture
of rare-earth oxides are suitable reference materials. Other
suitable standards may also be used. Obtain a spectrum and
measure the position of at least 3 peaks distributed over the
range used. For rare-earth oxides, the National Institute of
Standards and Technology (NIST) provides suitable reference
materials. Fourier transform (FT) instruments have a linear
frequency range, therefore wavelength certification at a single
frequency is sufficient.

Verification and calibration of photometric linearity.

The photometric linearity is demonstrated with a set of
transmittance or reflectance standards with known percentage
values of transmittance or reflectance. For reflectance
measurements, carbon-doped polymer standards are
available. Ensure that the absorbance of the materials used is
relevant to the intended linear working range of the method.
Subsequent verifications of photometric linearity can use the
initial observed absorbance values as the reference values.
Non-linear calibration models and hence non-linear responses
are acceptable with understanding demonstrated by the user.

Spectra obtained from reflectance and transmittance
standards are subject to variability due to the differences
between the experimental conditions under which they
were factory-calibrated and those under which they are
subsequently put to use. Hence, the percentage reflectance
values supplied with a set of calibration standards may not
be useful in the attempt to establish an ‘absolute’ calibration
for a given instrument. As long as the standards do not
change chemically or physically and the same reference
background is used as was used to obtain the certified values,
subsequent measurements of the same standards under
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identical conditions, including precise sample positioning, Recommendations for the conditions used to control

give information on long-term stability of the photometric instrument performance for the various measurement modes
response. A tolerance of + 2 per cent of the absorbance value  are summarised in Table 2.2.40.-1.

is acceptable for long-term stability; this verification is only

necessary if the spectra are used without pre-treatment.

[}
. 9]
Table 2.2.40.-1 - Control of instrument performance Sa
>
£ =2
Measurement mode Reflection Transflection Transmission © %
%o
Verification of Typical tolerances for agreement with standard values are: ™~
Fvaveletngth ?;t“le + 1.0 nm at 780 nm (+ 16 cm™" at 12 800 cm™');
a;?;fm'ﬁ]s;ﬂ er + 1.0 nm at 1200 nm (+ 8 cm™" at 8300 cm™!);
+ 1.0 nm at 1600 nm (+ 6 cm™! at 6250 cm ™ !);
+ 1.5 nm at 2000 nm (+ 4 cm™ ! at 5000 cm™);
+ 1.5 nm at 2500 nm (+ 2 cm™! at 4000 cm™?).
For the reference material used, apply the tolerance for the nearest wavelength or wavenumber for each peak used. For
diode array instruments, most often the pixel resolution (wavelength between pixels) can be as large as 10 nm. The pixel
resolution must be adapted to match the spectral resolution. The peak-finding algorithms are critical to wavelength accuracy.
Practically, + 2 nm is appropriate for peak wavelength accuracy using such instrumentation. Alternatively, refer to manufacturer’s
specifications for acceptance.
Bench/mobile Measure talc R via a suitable medium A suspension of 1.2 g of dry titanium | Methylene chloride R may be used and has
instrument or by fibre-optic probe. Talc R has dioxide R in about 4 mL of methylene | characteristic sharp bands at 1155 nm,
characteristic peaks at 948 nm, 1391 nm | chloride R is used directly with a 1366 nm, 1417 nm, 1690 nm, 1838 nm,
and 2312 nm suitable for calibration. cell or a probe. Titanium dioxide 1894 nm, 2068 nm and 2245 nm. Choose
Alternatively, other suitable standards has no absorption in the NIR range. 3 peaks across the wavelength range for
may also be used that ensure wavelength | Spectra are recorded with a maximum | calibration. Other suitable standards may
accuracy in the region of working nominal instrument ba.ndwiz%tlh also be used.
methodology. For example, measure of 10 nm at 2500 nm (16 cm - at
: ; 4000 cm™!). Methylene chloride has
an internal polystyrene standard if R Yy
built-in, or measure a NIST standard characteristic sharp bands at 1155 nm,
or other traceable material, and assess 1366 nm, 1417 nm, 1690 nm, 1838 nm,
3 peaks across the wavelength range for 1894 nm, 2068 nm and 2245 nm.
calibration. Choose 3 peaks across the wavelength
range for calibration. Other suitable
standards may also be used, such as
a liquid transflection standard mixed
with titanium dioxide or some other
reflective medium.
Process instrument If it is not practically possible to measure a traceable reference material at the point of sample measurement, use internal material
such as polystyrene, fibreglass or solvent and/or water vapour. Alternatively, adopt a second external channel/probe.
For FT instruments, the calibration of the wavenumber scale may be performed using a narrow, isolated water-vapour line, for
example, the line at 7306.74 cm™', or 7299.45 cm™’, or 7299.81 cm™' or a narrow line from a certified reference material.
Verification The standard deviation of the wavelength is consistent with the specifications of the instrument manufacturer, or otherwise
of wavelength scientifically justified.
repeatability (except
for filter apparatus)
Bench/mobile Verify the wavelength repeatability using a suitable external or internal standard.
instrument
Process instrument Verify the wavelength repeatability using a suitable external or internal standard.
Verification of Measure 4 photometric standards across the working method absorbance range.
photometric linearity
and response stability™
Bench/mobile Analyse 4 reflectance standards, for Transflection measurements can Analyse 4 transmittance standards to cover
instrument example in the range of 10-99 per use appropriate reflectance or the absorbance values over the working
cent, including 10 per cent, 20 per transmittance standards and criteria. absorbance range of the modelled data.
cent, 40 per cent and 80 per cent. Evaluate the observed absorbance values
In some circumstances 2 per cent against the reference absorbance values,
may be appropriate. Evaluate the for example perform a linear regression.
observed absorbance values against the Acceptable tolerances are 1.00 + 0.05 for
reference absorbance values, for example the slope and 0.00 + 0.05 for the intercept
perform a linear regression. Acceptable for the 1* verification of photometric
tolerances are 1.00 + 0.05 for the slope linearity of an instrument. Subsequent
and 0.00 + 0.05 for the intercept for the verifications of photometric linearity can
1* verification of photometric linearity of use the initial observed absorbance values
an instrument. Subsequent verifications as the reference values.
of photometric linearity can use the
initial observed absorbance values as the
reference values.
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Measurement mode Reflection

Transflection Transmission

Process instrument
photometric standards built into the instrument.

tolerances in such cases.

If photometric reflectance and transmittance standards cannot be measured at the point of sample measurement, use the

Process instruments can use internal photometric standards for photometric linearity. Follow the manufacturer’s verified

Verification of
photometric noise"”
specifications.

Determine the photometric noise at a relevant photometric region of the spectrum using a suitable reflectance standard, for
example, white reflective ceramic tiles or carbon-doped polymer standards. Follow the manufacturer’s methodology and

Bench/mobile
instrument

Scan the reflectance low flux standard (e.g. 5 or 10 per cent, carbon-doped polymer
standard) over a suitable wavelength range in accordance with the manufacturer’s
recommendation and calculate the photometric noise as peak-to-peak noise.

Scan the transmittance high flux standard
(e.g. 90 or 99 per cent, carbon-doped
polymer standard) over a suitable
wavelength/wavenumber range in
accordance with the manufacturer’s
recommendation and calculate the
photometric noise as peak-to-peak noise.

Process instrument
for noise testing and manufacturer specifications.

As above, or if not practically possible, use the standard built into the instrument

As above, or if not practically possible,
use the standard built into the instrument
for noise testing and manufacturer
specifications.

WVerification of photometric linearity and Verification of photometric noise are not required for instruments using methods to perform simple
identifications which do not use the photometric absorbances as part of model strategy (for example, simple correlation with absorbing wavelengths).

QUALITATIVE ANALYSIS (IDENTIFICATION AND
CHARACTERISATION)

Establishment of a spectral reference library. Record
the spectra of a suitable number of representative samples
of the substance which have known, traceable identities,
and that exhibit the variation typical for the substance to
be analysed (for example, solid-state form, particle size,
etc.). Libraries are built using representative samples under
appropriate environmental conditions. The set of spectra
obtained represents the information which can be used for
identification of the sample to be analysed.

The collection of spectra in the library may be represented in
different ways defined by the mathematical technique used for
identification. These may be:

- all individual spectra representing the substance;

- amean spectrum of the measured batches for each chemical
substance;

- if necessary, a description of the variability within the
substance spectra.

The number of substances in the library depends on the
specific application. All spectra in the library used have the
same:

- spectral range and number of data points;
- technique of measurement;
- data pre-treatment.

If sub-groups (sub-libraries) are created, the above criteria
are applied independently for each group. Sub-libraries

are individually validated. Original spectral data for the
preparation of the spectral library must be archived. Caution
must be exercised when performing any mathematical
transformation, as artefacts can be introduced or essential
information (important with qualification methods) can

be lost. The suitability of the algorithm used should be
demonstrated by successful method validation and in all cases
the rationale for the use of transform must be documented.

Direct comparison of substance and reference spectra.
Direct comparison of representative spectra of the substance
to be examined and of a reference substance for qualitative
chemical or physical identification purposes may not require
use of a reference spectral library where specificity permits.

Data evaluation. Direct comparison of the representative
spectrum of the substance to be examined is made with the
individual or mean reference spectra of all substances in the

database on the basis of their mathematical correlation or
other suitable algorithms. A set of known reference mean
spectra and the variability around this mean can be used
with an algorithm for classification; alternatively, this can

be achieved visually by overlaying spectral data if specificity
is inherent. There are different techniques available, such as
principal component analysis (PCA), cluster analysis, and
soft independent modelling by class analogy (SIMCA). The
reliability of the technique chosen for a particular application
has to be validated according to the following:

Validation of the model. Identification methods using direct
spectral comparison must be validated in accordance with
identification method validation procedures.

The validation parameters for qualitative methods are
robustness and specificity.

LIMIT ANALYSIS

Relative comparison of spectra. A calibration is not required
when comparing a set of spectra for limit analysis purposes,
such as the maximum or minimum absorbance at which an
analyte absorbs. Also, dryer end point control may use a
qualitative approach around a specific absorbing wavelength.
Appropriate spectral ranges and pre-treatments (if used) must
be shown to be fit for purpose.

Specificity. The relative discriminatory power for a limit test
must be demonstrated. The extent of specificity testing is
dependent on the application and the risks being controlled.
Variations in matrix concentrations within the operating
range of the method must not affect the measurement.

TREND ANALYSIS

Relative comparison of spectra. A calibration is not
necessarily required when comparing a set of spectra for
trend analysis purposes, such as the moving block approach
to estimate statistical parameters such as mean, median and
standard deviation. For example, blend uniformity monitoring
using NIR spectroscopy has adopted such data analysis
approaches. Appropriate spectral ranges and algorithms must
be used for trend analyses.

Specificity. The relative discriminatory power for trend
analysis must be demonstrated. The extent of specificity
testing is dependent on the application and the risks being
controlled. Variations in matrix concentrations within the
operating range of the method must not affect the trend
analysis.

66

See the information section on general monographs (cover pages)




EUROPEAN PHARMACOPOEIA 8.0

2.2.41. Circular dichroism

QUANTITATIVE ANALYSIS

Establishment of a spectral reference library for a
calibration model. Calibration is the process of constructing
a mathematical model to relate the response from a sample
scanned using an analytical instrument to the properties of
the samples. Any calibration model that can be clearly defined
in a mathematical expression and gives suitable results can be
used. Record the spectra of a suitable number of representative
samples with known or future-established values of the
attribute of interest throughout the range to be measured

(for example, content of water). The number of samples

for calibration will depend on the complexity of the sample
matrix and interferences (e.g. temperature, particle size, etc.).
All samples must give quantitative results within a calibration
interval as defined by the intended purpose of the method.
Multiple linear regression (MLR), principal component
regression (PCR) and partial least squares regression (PLS) are
commonly used algorithms. For PLS or PCR calibrations, the
regression coefficients and/or the loadings should be plotted
and the regions of large coefficients or loadings compared
with the spectrum of the analyte. Predicted residual error sum
of squares (PRESS) plots (or similar) are useful to facilitate the
optimising of the number of PCR or PLS factors.

Pre-treatment of data. Wavelength selection or excluding
certain wavelength ranges may enhance the accuracy and
robustness of calibration models. Wavelength compression
(wavelength averaging) techniques may be applied to the data.

Model validation parameters. Analytical performance
characteristics to be considered for demonstrating the
validation of NIR methods are similar to those required for
any analytical procedure. Specific acceptance criteria for each
validation parameter must be consistent with the intended
use of the method. Validation parameters for quantitative
methods are accuracy, linearity, precision (repeatability and
intermediate precision), robustness and specificity.

ONGOING MODEL EVALUATION

NIR models validated for use are subjected to ongoing
performance evaluation and monitoring of validation
parameters.

TRANSFER OF DATABASES

When databases are transferred to another instrument,
spectral range, number of data points, spectral resolution and
other parameters have to be taken into consideration. Further
procedures and criteria must be applied to demonstrate

that the model remains valid with the new database or new
instrument.

01/2008:20241

2.2.41. CIRCULAR DICHROISM

The difference in absorbance of optically active substances
within an absorption band for left and right circularly
polarised light is referred to as circular dichroism.

Direct measurement gives a mean algebraic value:

AA= AL — Ar

AA = circular dichroic absorbance,
A, = absorbance of left circularly polarised light,
Ay = absorbance of right circularly polarised light.

Circular dichroism is calculated using the equation:

AA
Aeg =¢1, —er =
exl
Ae = molar circular dichroism or molar differential
dichroic absorptivity expressed in litre-mole™"-cm™,
&L = molar absorptivity (2.2.25) of left circularly
polarised light,
€ = molar absorptivity of right circularly polarised
light,
¢ = concentration of the test solution in mole-litre™ !,

) = optical path of the cell in centimetres.

The following units may also be used to characterise circular
dichroism:

Dissymmetry factor:

Ae
g=—
£
3 = molar absorptivity (2.2.25).
Molar ellipticity:

Certain types of instruments display directly the value of
ellipticity ®, expressed in degrees. When such instruments
are used, the molar ellipticity [®] may be calculated using the
following equation:
O x M

©1= %10
molar ellipticity, expressed in
degrees-cm*-decimole™ !,

= value of ellipticity given by the instrument,

* ©
1l

relative molecular mass of the substance to be
examined,

o
|

= concentration of the solution to be examined
in g/mL,

l = optical path of the cell in centimetres.

Molar ellipticity is also related to molar circular dichroism by
the following equation:
0] = 2.303A¢ 299~ 3300A¢
T

Molar ellipticity is often used in the analysis of proteins and
nucleic acids. In this case, molar concentration is expressed in
terms of monomeric residue, calculated using the expression:

molecular mass

number of amino acids

The mean relative molecular mass of the monomeric residue
is 100 to 120 (generally 115) for proteins and about 330 for
nucleic acids (as the sodium salt).

Apparatus. The light source (S) is a xenon lamp

(Figure 2.2.41.-1); the light passes through a double
monochromator (M) equipped with quartz prisms (P1, P2).
The linear beam from the first monochromator is split

into 2 components polarised at right angles in the second
monochromator. The exit slit of the monochromator
eliminates the extraordinary beam.

The polarised and monochromatic light passes through a
birefringent modulator (Cr): the result is alternating circularly
polarised light.

The beam then passes through the sample to be examined (C)
and reaches a photomultiplier (PM) followed by an amplifier
circuit which produces 2 electrical signals: one is a direct
current V_and the other is an alternating current at the
modulation frequency V. characteristic of the sample to be
examined. The phase gives the sign of the circular dichroism.

General Notices (1) apply to all monographs and other texts
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Figure 2.2.41.-1. - Optical scheme of a dichrograph

The ratio V,/V_ is proportional to the differential absorption
AA which created the signal. The region of wavelengths
normally covered by a dichrograph is 170 nm to 800 nm.

Calibration of the apparatus

Accuracy of absorbance scale. Dissolve 10.0 mg of
isoandrosterone R in dioxan R and dilute to 10.0 mL with the
same solvent. Record the circular dichroism spectrum of
the solution between 280 nm and 360 nm. Measured at the
maximum at 304 nm, Ae is + 3.3.

The solution of (1S)-(+)-10-camphorsulfonic acid R may also
be used.

Linearity of modulation. Dissolve 10.0 mg of
(1S)-(+)-10-camphorsulfonic acid R in water R and

dilute to 10.0 mL with the same solvent. Determine the exact
concentration of camphorsulfonic acid in the solution by
ultraviolet spectrophotometry (2.2.25), taking the specific
absorbance to be 1.49 at 285 nm.

Record the circular dichroism spectrum between 185 nm and
340 nm. Measured at the maximum at 290.5 nm, Ac¢ is + 2.2
to + 2.5. Measured at the maximum at 192.5 nm, Ae is — 4.3
to - 5.

(1S)-(+)- or antipodal (1R)-(—)-ammonium 10-camphorsulfo-
nate R can also be used.

01/2010:20242

2.2.42. DENSITY OF SOLIDS

The density of solids corresponds to their average mass

per unit volume and typically is expressed in grams per cubic
centimetre (g/cm’) although the International Unit is the
kilogram per cubic metre (1 g/cm® = 1000 kg/m?).

Unlike gases and liquids whose density depends only on
temperature and pressure, the density of a solid also depends
on its assembly and therefore varies with the crystal structure
and degree of crystallinity.

When a solid is amorphous or partially amorphous, its
density may further depend upon the history of preparation,
treatment and storage.

Therefore, unlike fluids, the densities of 2 chemically
equivalent solids may be different, and this difference
reflects a difference in solid-state structure. The density of
constituent particles is an important physical characteristic
of pharmaceutical powders.

The density of a solid particle can assume different values
depending on the method used to measure the volume of
the particle. It is useful to distinguish 3 levels of expression
of density:

— the true density, which only includes the solid fraction of

the material; in case of crystalline material, the true density
is also called crystal density;

- the particle density, which also includes the volume due to
intraparticulate pores;

— the bulk density, which further includes the interparticulate
void volume formed in the powder bed.

TRUE DENSITY

The true density of a substance is the ratio of the mass to the
volume of the unit cell, exclusive of all voids that are not a
fundamental part of the molecular packing arrangement. It

is an intrinsic property of the specified crystal structure of
substance, and hence should be independent of the method of
determination. The true density is determined by calculation.

It is obtained using crystallographic data (volume and
composition of the unit cell) from, for example, X-ray
diffraction data, either on a single crystal or by refinement of
the crystalline structure from X-ray powder diffraction data.

PARTICLE DENSITY

The particle density takes into account both the true density
and the intraparticulate porosity (sealed and/or experimentally
non-accessible open pores). Thus, particle density depends on
the value of the volume determined, which in turn depends
on the method of measurement. The particle density can be
determined using one of the 2 following methods.

The gas pycnometric density is determined by measuring
the volume occupied by a known mass of powder, which is
equivalent to the volume of gas displaced by the powder using
a gas displacement pycnometer (2.9.23). In gas pycnometric
density measurements, the volume determined excludes the
volume occupied by open pores; however, it includes the
volume occupied by sealed pores or pores inaccessible to
the gas. Due to the high diffusivity of helium, which is the
preferred choice of gas, most open pores are accessible to
the gas. Therefore, the gas pycnometric density of a finely
milled powder is generally not very different from the true
density. Hence, this density is the best estimate of the true
density of an amorphous or partially crystalline sample and
is therefore widely applicable for processed pharmaceutical
powder samples.

The mercury porosimeter density is also called granular density.
With this method the volume determined includes the volume
occupied by sealed pores or pores inaccessible to mercury;
however, it includes the volume only from open pores
smaller than some size limit. This pore-size limit or minimal
access diameter depends on the maximal mercury intrusion
pressure applied during the measurement, and under normal
operating pressures the mercury does not penetrate the

finest pores accessible to helium. Various granular densities
can be obtained from one sample since, for each applied
mercury intrusion pressure, a density can be determined that
corresponds to the pore-size limit at that pressure.
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BULK AND TAPPED DENSITY

The bulk density of a powder includes the contribution of
interparticulate void volume. Hence, the bulk density depends
on both the density of powder particles and the spatial
arrangement of particles in the powder bed.

The bulk density of a powder is often very difficult to measure
with good reproducibility since the slightest disturbance of
the bed may result in a new density. Thus, it is essential in
reporting bulk density to specify how the determination was
made.

The bulk density and the tapped density are determined as
mentioned in chapter 2.9.34. Bulk density and tapped density.

01/2008:20243

2.2.43. MASS SPECTROMETRY

Mass spectrometry is based on the direct measurement of
the ratio of the mass to the number of positive or negative
elementary charges of ions (/z) in the gas phase obtained
from the substance to be analysed. This ratio is expressed in
atomic mass units (1 a.m.u. = one twelfth the mass of ?C) or
in daltons (1 Da = the mass of the hydrogen atom).

The ions, produced in the ion source of the apparatus, are
accelerated and then separated by the analyser before reaching
the detector. All of these operations take place in a chamber
where a pumping system maintains a vacuum of 107? to

1076 Pa.

The resulting spectrum shows the relative abundance of the
various ionic species present as a function of m/z. The signal
corresponding to an ion will be represented by several peaks
corresponding to the statistical distribution of the various
isotopes of that ion. This pattern is called the isotopic profile
and (at least for small molecules) the peak representing

the most abundant isotopes for each atom is called the
monoisotopic peak.

Information obtained in mass spectrometry is essentially
qualitative (determination of the molecular mass, information
on the structure from the fragments observed) or quantitative
(using internal or external standards) with limits of detection
ranging from the picomole to the femtomole.

INTRODUCTION OF THE SAMPLE

The very first step of an analysis is the introduction of

the sample into the apparatus without overly disturbing

the vacuum. In a common method, called direct liquid
introduction, the sample is placed on the end of a cylindrical
rod (in a quartz crucible, on a filament or on a metal surface).
This rod is introduced into the spectrometer after passing
through a vacuum lock where a primary intermediate
vacuum is maintained between atmospheric pressure and the
secondary vacuum of the apparatus.

Other introduction systems allow the components of a
mixture to be analysed as they are separated by an appropriate
apparatus connected to the mass spectrometer.

Gas chromatography/mass spectrometry. The use of
suitable columns (capillary or semi-capillary) allows the end
of the column to be introduced directly into the source of the
apparatus without using a separator.

Liquid chromatography/mass spectrometry. This
combination is particularly useful for the analysis of polar
compounds, which are insufficiently volatile or too heat-labile
to be analysed by gas chromatography coupled with mass
spectrometry. This method is complicated by the difficulty of
obtaining ions in the gas phase from a liquid phase, which
requires very special interfaces such as:
- direct liquid introduction: the mobile phase is nebulised,
and the solvent is evaporated in front of the ion source of
the apparatus,

- particle-beam interface: the mobile phase, which may flow
at a rate of up to 0.6 mL/min, is nebulised in a desolvation
chamber such that only the analytes, in neutral form, reach
the ion source of the apparatus; this technique is used
for compounds of relatively low polarity with molecular
masses of less than 1000 Da,

- moving-belt interface: the mobile phase, which may flow
at a rate of up to 1 mL/min, is applied to the surface of a
moving belt; after the solvent evaporates, the components
to be analysed are successively carried to the ion source
of the apparatus where they are ionised; this technique is
rather poorly suited to very polar or heat-labile compounds.

Other types of coupling (electrospray, thermospray,
atmospheric-pressure chemical ionisation) are considered to
be ionisation techniques in their own right and are described
in the section on modes of ionisation.

Supercritical fluid chromatography/mass spectrometry.
The mobile phase, usually consisting of supercritical carbon
dioxide enters the gas state after passing a heated restrictor
between the column and the ion source.

Capillary electrophoresis/mass spectrometry. The eluent
is introduced into the ion source, in some cases after adding
another solvent so that flow rates of the order of a few
microlitres per minute can be attained. This technique is
limited by the small quantities of sample introduced and the
need to use volatile buffers.

MODES OF IONISATION

Electron impact. The sample, in the gas state, is ionised by

a beam of electrons whose energy (usually 70 eV) is greater
than the jonisation energy of the sample. In addition to the
molecular jon M*, fragments characteristic of the molecular
structure are observed. This technique is limited mainly by the
need to vaporise the sample. This makes it unsuited to polar,
heat-labile or high molecular mass compounds. Electron
impact is compatible with the coupling of gas chromatography
to mass spectrometry and sometimes with the use of liquid
chromatography.

Chemical ionisation. This type of ionisation involves a
reagent gas such as methane, ammonia, nitrogen oxide,
nitrogen dioxide or oxygen. The spectrum is characterised
by ions of the (M + H)* or (M — H) types, or adduct ions
formed from the analyte and the gas used. Fewer fragments
are produced than with electron impact. A variant of this
technique is used when the substance is heat-labile: the
sample, applied to a filament, is very rapidly vaporised by the
Joule-Thomson effect (desorption chemical ionisation).

Fast-atom bombardment (FAB) or fast-ion bombardment
ionisation (liquid secondary-ion mass spectrometry
LSIMS). The sample, dissolved in a viscous matrix such as
glycerol, is applied to a metal surface and ionised by a beam of
neutral atoms such as argon or xenon or high-kinetic-energy
caesium ions. Ions of the (M + H)* or (M — H)" types or adduct
ions formed from the matrix or the sample are produced.
This type of ionisation, well suited to polar and heat-labile
compounds, allows molecular masses of up to 10 000 Da to
be obtained. The technique can be combined with liquid
chromatography by adding 1 per cent to 2 per cent of glycerol
to the mobile phase; however, the flow rates must be very low
(a few microlitres per minute). These ionisation techniques
also allow thin-layer chromatography plates to be analysed by
applying a thin layer of matrix to the surface of these plates.

Field desorption and field ionisation. The sample is
vaporised near a tungsten filament covered with microneedles
(field ionisation) or applied to this filament (field desorption).
A voltage of about 10 kV, applied between this filament and a
counter-electrode, ionises the sample. These two techniques
mainly produce molecular ions M*, and (M + H)" ions and are
used for low polarity and/or heat-labile compounds.

General Notices (1) apply to all monographs and other texts
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Matrix-assisted laser desorption ionisation (MALDI). The
sample, in a suitable matrix and deposited on a metal support,
is ionised by a pulsed laser beam whose wavelength may range
from UV to IR (impulses lasting from a picosecond to a few
nanoseconds). This mode of ionisation plays an essential role
in the analysis of very high molecular mass compounds (more
than 100 000 Da) but is limited to time-of flight analysers (see
below).

Electrospray. This mode of ionisation is carried out at
atmospheric pressure. The samples, in solution, are introduced
into the source through a capillary tube, the end of which has
a potential of the order of 5 kV. A gas can be used to facilitate
nebulisation. Desolvation of the resulting microdroplets
produces singly or multiply charged ions in the gas phase.
The flow rates vary from a few microlitres per minute to

1 mL/min. This technique is suited to polar compounds and
to the investigation of biomolecules with molecular masses of
up to 100 000 Da. It can be coupled to liquid chromatography
or capillary electrophoresis.

Atmospheric-pressure chemical ionisation (APCI).
Ionisation is carried out at atmospheric pressure by the
action of an electrode maintained at a potential of several
kilovolts and placed in the path of the mobile phase, which is
nebulised both by thermal effects and by the use of a stream
of nitrogen. The resulting ions carry a single charge and are of
the (M + H)* type in the positive mode and of the (M - H)"
type in the negative mode. The high flow rates that can be
used with this mode of ionisation (up to 2 mL/min) make this
an ideal technique for coupling to liquid chromatography.

Thermospray. The sample, in the mobile phase consisting
of water and organic modifiers and containing a volatile
electrolyte (generally ammonium acetate) is introduced in
nebulised form after having passed through a metal capillary
tube at controlled temperature. Acceptable flow rates are of
the order of 1 mL/min to 2 mL/min. The ions of the electrolyte
ionise the compounds to be analysed. This ionisation process
may be replaced or enhanced by an electrical discharge

of about 800 volts, notably when the solvents are entirely
organic. This technique is compatible with the use of liquid
chromatography coupled with mass spectrometry.

ANALYSERS

Differences in the performance of analysers depend mainly on
two parameters:

- the range over which m/z ratios can be measured, ie, the
mass range,

— their resolving power characterised by the ability to separate
two ions of equal intensity with m/z ratios differing by AM,
and whose overlap is expressed as a given percentage of
valley definition ; for example, a resolving power (M/AM) of
1000 with 10 per cent valley definition allows the separation
of m/z ratios of 1000 and 1001 with the intensity returning
to 10 per cent above baseline. However, the resolving power
may in some cases (time-of-flight analysers, quadrupoles,
ion-trap analysers) be defined as the ratio between the
molecular mass and peak width at half height (50 per cent
valley definition).

Magnetic and electrostatic analysers. The ions produced
in the ion source are accelerated by a voltage V, and focused
towards a magnetic analyser (magnetic field B) or an
electrostatic analyser (electrostatic field E), depending on the
configuration of the instrument. They follow a trajectory of
radius r according to Laplace’s law:

m _ B*r®

z 2V
Two types of scans can be used to collect and measure the
various ions produced by the ion source: a scan of B holding
V fixed or a scan of V with constant B. The magnetic analyser
is usually followed by an electric sector that acts as a kinetic

energy filter and allows the resolving power of the instrument
to be increased appreciably. The maximum resolving power
of such an instrument (double sector) ranges from 10 000 to
150 000 and in most cases allows the value of m/z ratios to

be calculated accurately enough to determine the elemental
composition of the corresponding ions. For monocharged
ions, the mass range is from 2000 Da to 15 000 Da. Some ions
may decompose spontaneously (metastable transitions) or by
colliding with a gas (collision-activated dissociation (CAD))
in field-free regions between the ion source and the detector.
Examination of these decompositions is very useful for the
determination of the structure as well as the characterisation
of a specific compound in a mixture and involves tandem mass
spectrometry. There are many such techniques depending on
the region where these decompositions occur:

- daughter-ion mode (determination of the decomposition
ions of a given parent ion): B/E = constant, MIKES
(Mass-analysed Ion Kinetic Energy Spectroscopy),

- parent-ion mode (determination of all ions which by
decomposition give an ion with a specific m/z ratio):
B?*/E = constant,

- neutral-loss mode (detection of all the ions that lose the
same fragment):

B/E(1 — E/E;)"* = constant, where E, is the basic voltage
of the electric sector.

Quadrupoles. The analyser consists of four parallel metal
rods, which are cylindrical or hyperbolic in cross-section.
They are arranged symmetrically with respect to the trajectory
of the ions; the pairs diagonally opposed about the axis of
symmetry of rods are connected electrically. The potentials to
the two pairs of rods are opposed. They are the resultant of a
constant component and an alternating component. The ions
produced at the ion source are transmitted and separated by
varying the voltages applied to the rods so that the ratio of
continuous voltage to alternating voltage remains constant.
The quadrupoles usually have a mass range of 1 a.m.u. to
2000 a.m.u., but some may range up to 4000 a.m.u. Although
they have a lower resolving power than magnetic sector
analysers, they nevertheless allow the monoisotopic profile of
single charged ions to be obtained for the entire mass range. It
is possible to obtain spectra using three quadrupoles arranged
in series, Q,, Q,, Q, (Q, serves as a collision cell and is not
really an analyser; the most commonly used collision gas is
argon).

The most common types of scans are the following:

- daughter-ion mode: Q, selects an m/z ion whose fragments
obtained by collision in Q, are analysed by Q,,

- parent-ion mode: Q, filters only a specific m/z ratio, while
Q, scans a given mass range. Only the ions decomposing to
give the ion selected by Q, are detected,

- neutral loss mode: Q, and Q, scan a certain mass range
but at an offset corresponding to the loss of a fragment
characteristic of a product or family of compounds.

It is also possible to obtain spectra by combining quadrupole
analysers with magnetic or electrostatic sector instruments;
such instruments are called hybrid mass spectrometers.

Ion-trap analyser. The principle is the same as for a
quadrupole, this time with the electric fields in three
dimensions. This type of analyser allows product-ion spectra
over several generations (MS") to be obtained.

Ion-cyclotron resonance analysers. Ions produced in a cell
and subjected to a uniform, intense magnetic field move in
circular orbits at frequencies which can be directly correlated
to their m/z ratio by applying a Fourier transform algorithm.
This phenomenon is called ion-cyclotron resonance.
Analysers of this type consist of superconducting magnets and
are capable of very high resolving power (up to 1000 000 and
more) as well as MS" spectra. However, very low pressures are
required (of the order of 1077 Pa).
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Time-of-flight analysers. The ions produced at the ion
source are accelerated at a voltage V of 10 kV to 20 kV. They
pass through the analyser, consisting of a field-free tube, 25 cm
to 1.5 m long, generally called a flight tube. The time (¢) for
an ion to travel to the detector is proportional to the square
root of the m/z ratio. Theoretically the mass range of such an
analyser is infinite. In practice, it is limited by the ionisation
or desorption method. Time-of-flight analysers are mainly
used for high molecular mass compounds (up to several
hundred thousand daltons). This technique is very sensitive (a
few picomoles of product are sufficient). The accuracy of the
measurements and the resolving power of such instruments
may be improved considerably by using an electrostatic mirror
(reflectron).

SIGNAL ACQUISITION

There are essentially three possible modes.

Complete spectrum mode. The entire signal obtained over

a chosen mass range is recorded. The spectrum represents
the relative intensity of the different ionic species present as

a function of m/z. The results are essentially qualitative. The
use of spectral reference libraries for more rapid identification
is possible.

Fragmentometric mode (Selected-ion monitoring). The
acquired signal is limited to one (single-ion monitoring (SIM))
or several (multiple-ion monitoring (MIM)) ions characteristic
of the substance to be analysed. The limit of detection

can be considerably reduced in this mode. Quantitative or
semiquantitative tests can be carried out using external or
internal standards (for example, deuterated standards). Such
tests cannot be carried out with time-of-flight analysers.

Fragmentometric double mass spectrometry mode
(multiple reaction monitoring (MRM)). The unimolecular
or bimolecular decomposition of a chosen precursor ion
characteristic of the substance to be analysed is followed
specifically. The selectivity and the highly specific nature of
this mode of acquisition provide excellent sensitivity levels
and make it the most appropriate for quantitative studies
using suitable internal standards (for example, deuterated
standards). This type of analysis can be performed only on
apparatus fitted with three quadrupoles in series, ion-trap
analysers or cyclotron-resonance analysers.

CALIBRATION

Calibration allows the corresponding m/z value to be
attributed to the detected signal. As a general rule, this is done
using a reference substance. This calibration may be external
(acquisition file separate from the analysis) or internal (the
reference substance(s) are mixed with the substance to be
examined and appear on the same acquisition file). The
number of ions or points required for reliable calibration
depends on the type of analyser and on the desired accuracy
of the measurement, for example, in the case of a magnetic
analyser where the m/z ratio varies exponentially with the
value of the magnetic field, there should be as many points
as possible.

SIGNAL DETECTION AND DATA PROCESSING

Ions separated by an analyser are converted into electric
signals by a detection system such as a photomultiplier or

an electron multiplier. These signals are amplified before
being re-converted into digital signals for data processing,
allowing various functions such as calibration, reconstruction
of spectra, automatic quantification, archiving, creation or use
of libraries of mass spectra. The various physical parameters
required for the functioning of the apparatus as a whole are
controlled by computer.

01/2008:20244

2.2.44. TOTAL ORGANIC CARBON IN
WATER FOR PHARMACEUTICAL USE

Total organic carbon (TOC) determination is an indirect
measure of organic substances present in water for
pharmaceutical use. TOC determination can also be used
to monitor the performance of various operations in the
preparation of medicines.

A variety of acceptable methods is available for determining
TOC. Rather than prescribing a given method to be used,
this general chapter describes the procedures used to qualify
the chosen method and the interpretation of results in limit
tests. A standard solution is analysed at suitable intervals,
depending on the frequency of measurements; the solution

is prepared with a substance that is expected to be easily
oxidisable (for example, sucrose) at a concentration adjusted to
give an instrument response corresponding to the TOC limit
to be measured. The suitability of the system is determined by
analysis of a solution prepared with a substance expected to
be oxidisable with difficulty (for example, 1,4-benzoquinone).

The various types of apparatus used to measure TOC in
water for pharmaceutical use have in common the objective
of completely oxidising the organic molecules in the sample
water to produce carbon dioxide followed by measurement of
the amount of carbon dioxide produced, the result being used
to calculate the carbon concentration in the water.

The apparatus used must discriminate between organic and
inorganic carbon, the latter being present as carbonate. The
discrimination may be effected either by measuring the
inorganic carbon and subtracting it from the total carbon,
or by purging inorganic carbon from the sample before
oxidisation. Purging may also entrain organic molecules,
but such purgeable organic carbon is present in negligible
quantities in water for pharmaceutical use.

Apparatus. Use a calibrated instrument installed either on-line
or off-line. Verify the system suitability at suitable intervals as
described below. The apparatus must have a limit of detection
specified by the manufacturer of 0.05 mg or less of carbon
per litre.

TOC water. Use highly purified water complying with the
following specifications:

- conductivity: not greater than 1.0 pS-cm™' at 25 °C,
- total organic carbon: not greater than 0.1 mg/L.

Depending on the type of apparatus used, the content of
heavy metals and copper may be critical. The manufacturer’s
instructions should be followed.

Glassware preparation. Use glassware that has been
scrupulously cleaned by a method that will remove organic
matter. Use TOC water for the final rinse of glassware.

Standard solution. Dissolve sucrose R, dried at 105 °C for
3 h in TOC water to obtain a solution containing 1.19 mg of
sucrose per litre (0.50 mg of carbon per litre).

Test solution. Using all due care to avoid contamination,
collect water to be tested in an airtight container leaving
minimal head-space. Examine the water with minimum delay
to reduce contamination from the container and its closure.

System suitability solution. Dissolve 1,4-benzoquinone R in
TOC water to obtain a solution having a concentration of

0.75 mg of 1,4-benzoquinone per litre (0.50 mg of carbon

per litre).

TOC water control. Use TOC water obtained at the same time
as that used to prepare the standard solution and the system
suitability solution.

General Notices (1) apply to all monographs and other texts
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Control solutions. In addition to the TOC water control,
prepare suitable blank solutions or other solutions needed

for establishing the baseline or for calibration adjustments
following the manufacturer’s instructions; run the appropriate
blanks to zero the instrument.

System suitability. Run the following solutions and record

the responses: TOC water (r,)); standard solution (r,); system
suitability solution (r,). Calculate the percentage response
efficiency using the expression:

Ts T 5 100

Ts — Tw
The system is suitable if the response efficiency is not less than
85 per cent and not more than 115 per cent of the theoretical
response.
Procedure. Run the test solution and record the response (r,).
The test solution complies with the test if r, is not greater than
=T\
The method can also be applied using on-line instrumentation
that has been adequately calibrated and shown to have
acceptable system suitability. The location of instrumentation
must be chosen to ensure that the responses are representative
of the water used.

01/2008:20245

2.2.45. SUPERCRITICAL FLUID
CHROMATOGRAPHY

Supercritical fluid chromatography (SFC) is a method of
chromatographic separation in which the mobile phase is a
fluid in a supercritical or a subcritical state. The stationary
phase, contained in a column, consists of either finely divided
solid particles, such as a silica or porous graphite, a chemically
modified stationary phase, as used in liquid chromatography,
or, for capillary columns, a cross-linked liquid film evenly
coated on the walls of the column.

SEC is based on mechanisms of adsorption or mass
distribution.

APPARATUS

The apparatus usually consists of a cooled pumping system,
an injector, a chromatographic column, contained in an oven,
a detector, a pressure regulator and a data acquisition device
(or an integrator or a chart recorder).

Pumping system

Pumping systems are required to deliver the mobile phase

at a constant flow rate. Pressure fluctuations are to be
minimised, e.g. by passing the pressurised solvent through a
pulse-damping device. Tubing and connections are capable of
withstanding the pressures developed by the pumping system.
Microprocessor controlled systems are capable of accurately
delivering a mobile phase in either constant or varying
conditions, according to a defined programme. In the case of
gradient elution, pumping systems which deliver solvent(s)
from several reservoirs are available and solvent mixing can
be achieved on either the low or high-pressure side of the
pump(s).

Injectors

Injection may be carried out directly at the head of the column
using a valve.

Stationary phases

Stationary phases are contained in columns which have been
described in the chapters on Liquid chromatography (2.2.29)
(packed columns) and Gas chromatography (2.2.28) (capillary
columns). A capillary column has a maximum internal
diameter (@) of 100 pm.

Mobile phases

Usually the mobile phase is carbon-dioxide which may contain
a polar modifier such as methanol, 2-propanol or acetonitrile.

The composition, pressure (density), temperature and flow
rate of the prescribed mobile phase may either be constant
throughout the whole chromatographic procedure (isocratic,
isodense, isothermic elution) or may vary according to a
defined programme (gradient elution of the modifier, pressure
(density), temperature or flow rate).

Detectors

Ultraviolet/visible (UV/Vis) spectrophotometers and flame
ionisation detectors are the most commonly employed
detectors. Light scattering detectors, infrared absorption
spectrophotometers, thermal conductivity detectors or other
special detectors may be used.

METHOD

Prepare the test solution(s) and the reference solution(s) as
prescribed. The solutions must be free from solid particles.

Criteria for assessing the suitability of the system are described
in the chapter on Chromatographic separation techniques
(2.2.46). The extent to which adjustments of parameters of the
chromatographic system can be made to satisfy the criteria of
system suitability are also given in this chapter.

04/2009:20246

2.2.46. CHROMATOGRAPHIC
SEPARATION TECHNIQUES

Chromatographic separation techniques are multi-stage
separation methods in which the components of a sample
are distributed between 2 phases, one of which is stationary,
while the other is mobile. The stationary phase may be a
solid or a liquid supported on a solid or a gel. The stationary
phase may be packed in a column, spread as a layer, or
distributed as a film, etc. The mobile phase may be gaseous
or liquid or supercritical fluid. The separation may be based
on adsorption, mass distribution (partition), ion-exchange,
etc., or may be based on differences in the physico-chemical
properties of the molecules such as size, mass, volume, etc.

This chapter contains definitions and calculations of common
parameters and generally applicable requirements for system
suitability. Principles of separation, apparatus and methods
are given in the following general methods:

- paper chromatography (2.2.26);

- thin-layer chromatography (2.2.27);

- gas chromatography (2.2.28);

- liquid chromatography (2.2.29);

- size-exclusion chromatography (2.2.30);

- supercritical fluid chromatography (2.2.45).

DEFINITIONS

The system suitability and acceptance criteria in monographs
have been set using parameters as defined below. With some
equipment, certain parameters, such as the signal-to-noise ratio
and resolution, can be calculated using software provided by
the manufacturer. It is the responsibility of the user to ensure
that the calculation methods used in the software are equivalent
to the requirements of the European Pharmacopoeia and to
make any necessary corrections if this is not the case.

Chromatogram

A graphical or other representation of detector response,
effluent concentration or other quantity used as a measure
of effluent concentration, versus time or volume. Idealised
chromatograms are represented as a sequence of Gaussian
peaks on a baseline (Figure 2.2.46.-1).

Peak

The portion of a chromatogram recording the detector
response when a single component (or 2 or more unresolved
components) is eluted from the column.
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Figure 2.2.46.-1.

The peak may be defined by the peak area, or the peak
height (h) and the peak width at half-height (w,), or the
peak height (h) and the peak width between the points of
inflection (w,). In Gaussian peaks (Figure 2.2.46.-1) there is
the following relationship:

Retention time ()

Time required for elution of a component (Figure 2.2.46.-1,
baseline scale being in minutes).

Retention volume (V)

Volume of the mobile phase required for elution of a
component. It may be calculated from the retention time and
the flow rate (F) in millilitres per minute using the following
equation:

ViR=tr x F

Hold-up time (¢,

Time required for elution of an unretained component
(Figure 2.2.46.-1, baseline scale being in minutes). In
size-exclusion chromatography, the symbol ¢, (see below) is
used.

Hold-up volume (V,,)
Volume of the mobile phase required for elution of an
unretained component. It may be calculated from the hold-up

time and the flow rate (F) in millilitres per minute using the
following equation:

V]uZtMXF

In size-exclusion chromatography, the symbol V; (see below)
is used.

Retention factor (k)

The retention factor (also known as mass distribution ratio
(D,,) or capacity factor (k")) is defined as:

b — amount of component in stationary phase K Vs
" amount of component in mobile phase “Vu
K. = distribution constant (also known as equilibrium
distribution coefficient);
Vs = volume of the stationary phase;
Vy = volume of the mobile phase.

The retention factor of a component may be determined from
the chromatogram using the following equation:
tp — 1
= R tm
tar

Total mobile phase time (#,)

In size-exclusion chromatography, retention time of a
component whose molecules are smaller than the smallest
gel pores (Figure 2.2.46.-2).

Total mobile phase volume (V)

In size-exclusion chromatography, retention volume of a
component whose molecules are smaller than the smallest
gel pores. It may be calculated from the total mobile phase
time and the flow rate (F) in millilitres per minute using the
following equation:

V;::ttXF

Retention time of an unretained compound (f,)

In size-exclusion chromatography, retention time of a
component whose molecules are larger than the largest gel
pores (Figure 2.2.46.-2).

Retention volume of an unretained compound (V)

In size-exclusion chromatography, retention volume of a
component whose molecules are larger than the largest gel
pores. It may be calculated from the retention time of an

General Notices (1) apply to all monographs and other texts

73

w
°
<]
S
©
b=
o

of analysis




[=]
=h
o]
3
D
~
o,
w

N
=
o
=
=]
a
o

2.2.46. Chromatographic separation techniques

EUROPEAN PHARMACOPOEIA 8.0

F 3

R TR

LC and GC

Detector response

M

Size-exclusion

chromatography
] ]
107 o
10°0 o
w
m
E
105% -
(5]
k]
(=]
1042
10° o
Time (f)
v ! Volume (V)
<+t /v,—»
< tIv, >

Figure 2.2.46.-2.

unretained compound and the flow rate (F) in millilitres per
minute using the following equation:

V()Zt()XF

Distribution constant (K;)

In size-exclusion chromatography, the elution characteristics
of a component in a particular column may be given by
the distribution constant (also referred to as distribution

coefficient), which is calculated using the following equation:

tp — 1
Ky = R 0
t: — 1o

Retardation factor (R;)

The retardation factor (also known as retention factor (R)),
used in planar chromatography, is the ratio of the distance
from the point of application to the centre of the spot and
the distance travelled by the solvent front from the point of
application (Figure 2.2.46.-3).

o
a

= migration distance of the component;

migration distance of the solvent front.

A. mobile phase front B. spot C. line of application

Figure 2.2.46.-3.
Plate number (N)

The column performance (apparent efficiency) may be
calculated from data obtained under either isothermal,
isocratic or isodense conditions, depending on the
technique, as the plate number (also referred to as number of
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theoretical plates), using the following equation, the values of W45 = width of the peak at one-twentieth of the peak
t, and w, being expressed in the same units: height;
tr\? d = distance between the perpendicular dropped from
N =554 <—) the peak maximum and the leading edge of the
Wh peak at one-twentieth of the peak height.
tr = retention time of the peak corresponding to the An A, value of 1.0 signifies symmetry. When A, > 1.0, the peak
component; is tailing. When A, < 1.0, the peak is fronting.
Wy = width of the peak at half-height.

The plate number varies with the component as well as with
the column, the column temperature, the mobile phase and
the retention time. VAN

Dwell volume (D) .ff‘ \

The dwell volume (also known as gradient delay volume) /| \
is the volume between the point at which the eluents meet /
and the top of the column. It can be determined using the
following procedure. /

-

Column: replace the chromatographic column by an / \
appropriate capillary tubing (e.g. 1 m x 0.12 mm). i

Mobile phase: |

. A T
- mobile phase A: water R; PET— ==
- mobile phase B: 0.1 per cent V/V solution of acetone R; Hooe

Time Mobile phase A Mobile phase B

(min) (per cent V/V) (per cent V/V) Figure 2.2.46.-5

0-20 100 > 0 0> 100 .

> i Resolution (R)
20 - 30 0 100

The resolution between peaks of 2 components
(Figure 2.2.46.-1) may be calculated using the following

Flow rate: set to obtain sufficient back-pressure (e.g.

tion:
2 mL/min). equation
1.18 (tpe — ¢
Detection: spectrophotometer at 265 nm. R, = 118 (trs — tr1)
Wh1 + Wh2
Determine the time (f,;) in minutes when the absorbance has
increased by 50 per cent (Figure 2.2.46.-4). tpy > tpy
D—tpxF Lr> tro = retention times of the peaks;
Wi Wi, = peak widths at half-height.
tp = t,5 — 0.5¢t; (in minutes); | N N d
_ . . . In quantitative planar chromatography, using densitometry,
tc = pre-defined gradient time (= 20 min); the migration distances are used instead of retention times
F = flow rate (in millilitres per minute). and the resolution between peaks of 2 components may be

calculated using the following equation:

o 1.18a (sz — RFl)

s =

Wh1 + Wh2
R, R, = retardation factors of the peaks;
Wy Wiy = peak widths at half-height;
a = migration distance of the solvent front.

Peak-to-valley ratio (p/v)

Absorbance

The peak-to-valley ratio may be employed as a system
suitability criterion in a test for related substances when
baseline separation between 2 peaks is not achieved

> (Figure 2.2.46.-6).
Time %
_ r
. plv= 4
Figure 2.2.46.-4
Symmetry factor (A H, = heightabove the extrapolated baseline of the minor
The symmetry factor of a peak (Figure 2.2.46.-5) is calculated peak;
using the following equation: H, = height above the extrapolated baseline at the lowest
point of the curve separating the minor and major
Wo.05
As = peaks.

2d
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Figure 2.2.46.-6
Relative retention (r)

Relative retention is calculated as an estimate using the
following equation:

_ tri—tm
trRst —tm
ty, = retention time of the peak of interest;
fre = retention time of the reference peak (usually
the peak corresponding to the substance to be
examined);
tyv = hold-up time.

The unadjusted relative retention (r,) is calculated using the
following equation:
tri

reg = —
tRst

Unless otherwise indicated, values for relative retention stated
in monographs correspond to unadjusted relative retention.

In planar chromatography, the retardation factors R, and R,
are used instead of t,, and t,

Signal-to-noise ratio (S/N)

The short-term noise influences the precision of quantification.

The signal-to-noise ratio is calculated using the following
equation:
2H

S/N = W

Figure 2.2.46.-7.

System repeatability

The repeatability of response is expressed as an estimated
percentage relative standard deviation (s,(%)) of a consecutive
series of measurements for not fewer than 3 injections or
applications of a reference solution, and is calculated using
the following equation:

@ Swi—-7)°

sr (%) = y n—1

individual values expressed as peak area,
peak height, or ratio of areas by the internal
standardisation method;

mean of individual values;

@
|

= number of individual values.

SYSTEM SUITABILITY

The various components of the equipment employed must

be qualified and be capable of achieving the performance

required to conduct the test or assay.

The system suitability tests represent an integral part of the

method and are used to ensure adequate performance of the

chromatographic system. Apparent efficiency, retention factor

(mass distribution ratio), resolution, relative retention and

symmetry factor are the parameters that are usually employed

in assessing the performance of the column. Factors that may
affect the chromatographic behaviour include:

- the composition, ionic strength, temperature and apparent
pH of the mobile phase;

- flow rate, column dimensions, column temperature and
pressure;

- stationary phase characteristics including type of
chromatographic support (particle-based or monolithic),
particle or macropore size, porosity, specific surface area;

- reversed-phase and other surface-modification of the
stationary phases, the extent of chemical modification (as
expressed by end-capping, carbon loading etc.).

The following requirements and any supplementary

H = height of the peak (Figure 2.2.46.-7) corresponding . 3 . v alld
to the component concerned, in the chromatogram ~ [equirements given in the individual monograph are to be
obtained with the prescribed reference solution, fulfilled unless otherwise prescribed:
measured from the maximum of the peak to the - in a related substances test or assay, for a peak in the
extrapolated baseline of the signal observed over chromatogram obtained with a reference solution used for
a distance equal to at least 5 times the width at quantification, the symmetry factor is 0.8 to 1.5, unless
half-height; otherwise prescribed;

h = range of the noise in a chromatogram obtained - in an assay of an active substance where the value is 100 per
after injection or application of a blank, observed cent for a pure substance, the maximum permitted relative
over a distance equal to at least 5 times the width standard deviation (s,(%),,,,) for the defined limits is
at half-height of the peak in the chromatogram calculated for a series of injections of the reference solution
obtained with the prescribed reference solution using the following equation:
and, if possible, situated equally around the place KByn
where this peak would be found. 5r (7)) 1as = "

90%,n—1
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constant (0.349), obtained from the expression
0.6 190%.5 ; ik 0.6

K = U7 x 22%2 in which %7 represents

the required percentage relative standard

deviation after 6 injections for B = 1.0;

upper limit given in the definition of the
individual monograph minus 100 per cent;
number of replicate injections of the reference
solution (3 < n <6);

Student’s t at the 90 per cent probability level
(double sided) with n—1 degrees of freedom.

Lot =

Unless otherwise prescribed, the maximum permitted
relative standard deviation does not exceed the appropriate
value given in Table 2.2.46.-1. This requirement does not
apply to tests for related substances.

Table 2.2.46.-1. - Repeatability requirements

Number of individual injections

3 ‘ 4 ‘ 5 6

B (per cent) Maximum permitted relative standard deviation

2.0 0.41 0.59 0.73 0.85
2.5 0.52 0.74 0.92 1.06
3.0 0.62 0.89 1.10 1.27

- in a related substances test, the limit of quantification
(corresponding to a signal-to-noise ratio of 10) is equal to
or less than the disregard limit.

Compliance with the system suitability criteria is required
throughout the chromatographic procedure. Depending on
various factors, such as the frequency of use of the procedure
and experience with the chromatographic system, the analyst
chooses an appropriate verification scheme to monitor this.

ADJUSTMENT OF CHROMATOGRAPHIC CONDITIONS

The extent to which the various parameters of a
chromatographic test may be adjusted to satisfy the system
suitability criteria without fundamentally modifying the
methods are listed below. Adjustment of conditions with
gradient elutions is more critical than with isocratic elutions,
since it may lead to shifts in peaks to a different step of the
gradient, thus leading to the incorrect assignment of peaks,
and to the masking of peaks or a shift such that elution
occurs beyond the prescribed elution time. Changes other
than those indicated require revalidation of the method. The
chromatographic conditions described have been validated
during the elaboration of the monograph.

The system suitability tests are included to verify that the
separation required for satisfactory performance of the test or
assay is achieved. Nonetheless, since the stationary phases are
described in a general way and there is such a variety available
commercially, with differences in chromatographic behaviour,
some adjustments of the chromatographic conditions may

be necessary to achieve the prescribed system suitability
requirements. With reversed-phase liquid chromatographic
methods in particular, adjustment of the various parameters
will not always result in satisfactory chromatography. In that
case, it may be necessary to replace the column with another
of the same type (e.g. octadecylsilyl silica gel), which exhibits
the desired chromatographic behaviour. The Knowledge
database on the EDQM website usually contains information
on the column(s) used during monograph elaboration.

For critical parameters the adjustments are defined clearly in
the monograph to ensure the system suitability.

Thin-layer chromatography and paper chromatography

Composition of the mobile phase: the amount of the minor

solvent component may be adjusted by + 30 per cent relative
or + 2 per cent absolute, whichever is the larger; for a minor
component at 10 per cent of the mobile phase, a 30 per cent

relative adjustment allows a range of 7-13 per cent whereas

a 2 per cent absolute adjustment allows a range of 8-12 per
cent, the relative value therefore being the larger; for a minor
component at 5 per cent of the mobile phase, a 30 per cent
relative adjustment allows a range of 3.5-6.5 per cent whereas
a 2 per cent absolute adjustment allows a range of 3-7 per
cent, the absolute value being the larger in this case; no other
component is altered by more than 10 per cent absolute.

PH of the aqueous component of the mobile phase: + 0.2 pH,
unless otherwise prescribed, or + 1.0 pH when non-ionisable
substances are to be examined.

Concentration of salts in the buffer component of a mobile
phase: + 10 per cent.

Application volume: 10-20 per cent of the prescribed volume
if using fine particle size plates (2-10 um).

Liquid chromatography: isocratic elution

Composition of the mobile phase: the amount of the minor
solvent component may be adjusted by + 30 per cent relative
or * 2 per cent absolute, whichever is the larger (see example
above); no other component is altered by more than 10 per
cent absolute.

PH of the aqueous component of the mobile phase: + 0.2 pH,
unless otherwise prescribed, or + 1.0 pH when non-ionisable
substances are to be examined.

Concentration of salts in the buffer component of a mobile
phase: + 10 per cent.

Flow rate: + 50 per cent; a larger adjustment is acceptable
when changing the column dimensions (see the formula
below).

Column parameters
Stationary phase:

- no change of the identity of the substituent of the
stationary phase permitted (e.g. no replacement of C18
by C8);

- particle size: maximum reduction of 50 per cent; no
increase permitted.

Column dimensions:
- length: + 70 per cent;
- internal diameter: + 25 per cent.

When column dimensions are changed, the flow rate may
be adjusted as necessary using the following equation:

lad)
Fy=F 2
Lid}
F, = flow rate indicated in the monograph, in

millilitres per minute;

F, = adjusted flow rate, in millilitres per minute;

I = length of the column indicated in the
monograph, in millimetres;

[ = length of the column used, in millimetres;

d, = internal diameter of the column indicated in the
monograph, in millimetres;

d, = internal diameter of the column used, in

millimetres.

Temperature: + 10 °C, where the operating temperature is
specified, unless otherwise prescribed.

Detector wavelength: no adjustment permitted.

Injection volume: may be decreased, provided detection and
repeatability of the peak(s) to be determined are satisfactory;
no increase permitted.

Liquid chromatography: gradient elution

Adjustment of chromatographic conditions for gradient
systems requires greater caution than for isocratic systems.

General Notices (1) apply to all monographs and other texts
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Composition of the mobile phase/gradient elution: minor
adjustments of the composition of the mobile phase and the
gradient are acceptable provided that:

- the system suitability requirements are fulfilled;

- the principal peak(s) elute(s) within + 15 per cent of the
indicated retention time(s);

- the final composition of the mobile phase is not weaker in
elution power than the prescribed composition.

Where compliance with the system suitability requirements
cannot be achieved, it is often preferable to consider the dwell
volume or to change the column.

Dwell volume. The configuration of the equipment employed
may significantly alter the resolution, retention time and
relative retentions described. Should this occur, it may be due
to excessive dwell volume. Monographs preferably include an
isocratic step before the start of the gradient programme so
that an adaptation can be made to the gradient time points

to take account of differences in dwell volume between the
system used for method development and that actually used.
It is the user’s responsibility to adapt the length of the isocratic
step to the analytical equipment used. If the dwell volume
used during the elaboration of the monograph is given in the
monograph, the time points (f min) stated in the gradient table
may be replaced by adapted time points (¢, min), calculated
using the following equation:

L (D — Dy)
te=1 7
D = dwell volume, in millilitres;
D, = dwell volume used for development of the method,
in millilitres;
F = flow rate, in millilitres per minute.

The isocratic step introduced for this purpose may be omitted
if validation data for application of the method without this
step is available.

PH of the aqueous component of the mobile phase: no
adjustment permitted.

Concentration of salts in the buffer component of a mobile
phase: no adjustment permitted.

Flow rate: adjustment is acceptable when changing the column
dimensions (see the formula below).

Column parameters
Stationary phase:

- no change of the identity of the substituent of the
stationary phase permitted (e.g. no replacement of C18
by C8);

- particle size: no adjustment permitted.
Column dimensions:

- length: + 70 per cent;

- internal diameter: + 25 per cent.

When column dimensions are changed, the flow rate may
be adjusted as necessary using the following equation:

Ld;
F=F- 2
hd]
F, = flow rate indicated in the monograph, in
millilitres per minute;
F, = adjusted flow rate, in millilitres per minute;

length of the column indicated in the
monograph, in millimetres;

L = length of the column used, in millimetres;

d, = internal diameter of the column indicated in the
monograph, in millimetres;

d, = internal diameter of the column used, in

millimetres.
Temperature: + 5 °C, where the operating temperature is
specified, unless otherwise prescribed.
Detector wavelength: no adjustment permitted.

Injection volume: may be decreased, provided detection and
repeatability of the peak(s) to be determined are satisfactory;
no increase permitted.

Gas chromatography
Column parameters
Stationary phase:

- particle size: maximum reduction of 50 per cent; no
increase permitted (packed columns);

- film thickness: — 50 per cent to + 100 per cent (capillary
columns).

Column dimensions:

- length: + 70 per cent;

- internal diameter: = 50 per cent.
Flow rate: + 50 per cent.
Temperature: + 10 per cent.

Injection volume and split volume: may be adjusted, provided
detection and repeatability are satisfactory.

Supercritical fluid chromatography

Composition of the mobile phase: for packed columns, the
amount of the minor solvent component may be adjusted by
+ 30 per cent relative or * 2 per cent absolute, whichever is
the larger; no adjustment is permitted for a capillary column
system.

Detector wavelength: no adjustment permitted.
Column parameters
Stationary phase:

- particle size: maximum reduction of 50 per cent; no
increase permitted (packed columns).

Column dimensions:
- length: + 70 per cent;
- internal diameter:
+ 25 per cent (packed columns);
* 50 per cent (capillary columns).
Flow rate: * 50 per cent.

Temperature: + 5 °C, where the operating temperature is
specified.

Injection volume: may be decreased, provided detection and
repeatability are satisfactory; no increase permitted.

QUANTIFICATION

Peaks due to solvents and reagents or arising from the
mobile phase or the sample matrix are disregarded during
quantification.

- Detector sensitivity. The detector sensitivity is the signal
output per unit concentration or unit mass of a substance
in the mobile phase entering the detector. The relative
detector response factor, commonly referred to as response
factor, expresses the sensitivity of a detector for a given
substance relative to a standard substance. The correction
factor is the reciprocal of the response factor.

- External standard method. The concentration of the
component(s) to be analysed is determined by comparing
the response(s) (peak(s)) obtained with the test solution
to the response(s) (peak(s)) obtained with a reference
solution.

78
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- Internal standard method. Equal amounts of a component
that will be resolved from the substance to be examined
(the internal standard) are introduced into the test
solution and a reference solution. The internal standard
is chosen such that it does not react with the substance
to be examined, is stable and does not contain impurities
with the same retention time as that of the substance to
be examined. The concentration of the substance to be
examined is determined by comparing the ratio of the peak
areas or peak heights due to the substance to be examined
and the internal standard in the test solution with the ratio
of the peak areas or peak heights due to the substance to
be examined and the internal standard in the reference
solution.

- Normalisation procedure. The percentage content of a
component of the substance to be examined is calculated
by determining the area of the corresponding peak as a
percentage of the total area of all the peaks, excluding those
due to solvents or reagents or arising from the mobile
phase or the sample matrix, and those at or below the
disregard limit.

- Calibration procedure. The relationship between the
measured or evaluated signal (y) and the quantity
(concentration, mass, etc.) of substance (x) is determined
and the calibration function is calculated. The analytical
results are calculated from the measured signal or evaluated
signal of the analyte by means of the inverse function.

In tests for related substances for both the external standard
method, when a dilution of the test solution is used for
comparison, and the normalisation procedure, any correction
factors indicated in the monograph are applied (i.e. when the
response factor is outside the range 0.8-1.2).

When the related substances test prescribes the total of
impurities or there is a quantitative determination of an
impurity, it is important to choose an appropriate threshold
setting and appropriate conditions for the integration of the
peak areas. In such tests the disregard limit, i.e. the limit at
or below which a peak is disregarded, is generally 0.05 per
cent. Thus, the threshold setting of the data collection system
corresponds to at least half of the disregard limit. Integration
of the peak area of any impurity that is not completely
separated from the principal peak is preferably performed by
valley-to-valley extrapolation (tangential skim).

01/2010:20247
corrected 7.1

2.2.47. CAPILLARY
ELECTROPHORESIS®

GENERAL PRINCIPLES

Capillary electrophoresis is a physical method of analysis
based on the migration, inside a capillary, of charged analytes
dissolved in an electrolyte solution, under the influence of a
direct-current electric field.

The migration velocity of an analyte under an electric field

of intensity E, is determined by the electrophoretic mobility
of the analyte and the electro-osmotic mobility of the buffer
inside the capillary. The electrophoretic mobility of a solute
(u,,) depends on the characteristics of the solute (electric
charge, molecular size and shape) and those of the buffer in
which the migration takes place (type and ionic strength of the
electrolyte, pH, viscosity and additives). The electrophoretic
velocity (v,,) of a solute, assuming a spherical shape, is given
by the equation:

q |4
o= (52) ()

= effective charge of the solute,

= viscosity of the electrolyte solution,

r = Stoke’s radius of the solute,
V. = applied voltage,
L = total length of the capillary.

When an electric field is applied through the capillary filled
with buffer, a flow of solvent is generated inside the capillary,
called electro-osmotic flow. The velocity of the electro-osmotic
flow depends on the electro-osmotic mobility (4,,) which in
turn depends on the charge density on the capillary internal
wall and the buffer characteristics. The electro-osmoti