
P U R I F I C A T I O N
OF

L A B O R A T O R Y C H E M I C A L S
F i f t h E d i t i o n

Wilfred L. E Armarego
Visiting Fellow

Division of Biomolecular Science
The John Curtin School of Medical Research

Australian National University, Canberra
A. C. T., Australia

Christina Li Lin Chai
Reader in Chemistry

Department of Chemistry
Australian National University, Canberra

A. C. T., Australia

f^l U T T E R W Q R T H
|g|E I N E M A N N

An Imprint of Elsevier Science
www.bh.com

Amsterdam Boston London New York Oxford Paris
San Diego San Francisco Singapore Sydney Tokyo



Butterworth-Heinemann is an imprint of Elsevier Science.

Copyright © 2003, Elsevier Science (USA). All rights reserved.

No part of this publication may be reproduced, stored in a retrieval system, or transmitted in
any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, with-
out the prior written permission of the publisher.

© Recognizing the importance of preserving what has been written, Elsevier-Science prints its
books on acid-free paper whenever possible.

Library of Congress Cataloging-in-Publication Data
A catalog record for this book is available from the Library of Congress.

ISBN: 0-7506-7571-3

British Library Cataloguing-in-Publication Data
A catalogue record for this book is available from the British Library.

The publisher offers special discounts on bulk orders of this book.
For information, please contact:

Manager of Special Sales
Elsevier Science
200 Wheeler Road
Burlington, MA 01803
Tel: 781-313-4700
Fax: 781-313-4882

For information on all Butterworth-Heinemann publications available, contact our World Wide
Web home page at: http://www.bh.com

10 98 7 6 5 4 3 2 1

Printed and bound in Great Britain by MPG Books Ltd, Bodmin, Cornwall



Preface to the Fifth Edition

THE DEMAND for Purification of Laboratory Chemicals has not abated since the publication
of the fourth edition as evidenced by the number of printings and the sales. The request by the
Editor for a fifth edition offered an opportunity to increase the usefulness of this book for
laboratory purposes. It is with deep regret that mention should be made that Dr Douglas D.
Perrin had passed away soon after the fourth edition was published. His input in the first three
editions was considerable and his presence has been greatly missed. A fresh, new and young
outlook was required in order to increase the utility of this book and it is with great pleasure that
Dr Christina L.L. Chai, a Reader in Chemistry and leader of a research group in organic and bio-
organic chemistry, has agreed to coauthor this edition. The new features of the fifth edition have
been detailed below.

Chapters 1 and 2 have been reorganised and updated in line with recent developments. A new
chapter on the 'Future of Purification1 has been added. It outlines developments in syntheses on
solid supports, combinatorial chemistry as well as the use of ionic liquids for chemical reactions
and reactions in fluorous media. These technologies are becoming increasingly useful and
popular so much so that many future commercially available substances will most probably be
prepared using these procedures. Consequently, a knowledge of their basic principles will be
helpful in many purification methods of the future.

Chapters 4, 5 and 6 (3, 4 and 5 in the 4th edn) form the bulk of the book. The number of entries
has been increased to include the purification of many recent commercially available reagents
that have become more and more popular in the syntheses of organic, inorganic and bio-organic
compounds. Several purification procedures for commonly used liquids, e.g. solvents, had been
entered with excessive thoroughness, but in many cases the laboratory worker only requires a
simple, rapid but effective purification procedure for immediate use. In such cases a Rapid
purification procedure has been inserted at the end of the respective entry, and should be
satisfactory for most purposes. With the increased use of solid phase synthesis, even for small
molecules, and the use of reagents on solid support (e.g. on polystyrene) for reactions in liquid
media, compounds on solid support have become increasingly commercially available. These
have been inserted at the end of the respective entry and have been listed in the General Index
together with the above rapid purification entries.

A large number of substances are ionisable in aqueous solutions and a knowledge of their
ionisation constants, stated as pK (pKa) values, can be of importance not only in their
purification but also in their reactivity. Literature values of the pK's have been inserted for
ionisable substances, and where values could not be found they were estimated (pKgst)- The
estimates are usually so close to the true values as not to affect the purification process or the
reactivity seriously. The book will thus be a good compilation of pK values for ionisable
substances.

Almost all the entries in Chapters 4, 5 and 6 have CAS (Chemical Abstract Service) Registry
Numbers to identify them, and these have been entered for each substance. Unlike chemical
names which may have more than one synonymous name, there is only one CAS Registry
Number for each substance (with only a few exceptions, e.g. where a substance may have
another number before purification, or before determination of absolute configuration). To
simplify the method for locating the purification of a substance, a CAS Registry Number Index
with the respective page numbers has been included after the General Index at the end of the
book. This will also provide the reader with a rapid way to see if the purification of a particular



substance has been reported in the book. The brief General Index includes page references to
procedures and equipment, page references to abbreviations of compounds, e.g. TRIS, as well as
the names of substances for which a Registry Number was not found.

Website references for distributors of substances or/and of equipment have been included in the
text. However, since these may be changed in the future we must rely on the suppliers to inform
users of their change in website references.

We wish to thank readers who have provided advice, constructive criticism and new information
for inclusion in this book. We should be grateful to our readers for any further comments,
suggestions, amendments and criticisms which could, perhaps, be inserted in a second printing of
this edition. In particular, we thank Professor Ken-chi Sugiura (Graduate School of Science,
Tokyo Metropolitan University, Japan) who has provided us with information on the purification
of several organic compounds from his own experiences, and Joe Papa BS MS (EXAXOL in
Clearwater, Florida, USA) who has provided us not only with his experiences in the purification
of many inorganic substances in this book, but also gave us his analytical results on the amounts
of other metal impurities at various stages of purification of several salts. We thank them
graciously for permission to include their reports in this work. We express our gratitude to Dr
William B. Cowden for his generous advice on computer hardware and software over many
years and for providing an Apple LaserWriter (16/600PS) which we used to produce the master
copy of this book. We also extend our sincere thanks to Dr Bart Eschler for advice on computer
hardware and software and for assistance in setting up the computers (iMac and eMac) used to
produce this book.

We thank Dr Pauline M. Armarego for assistance in the painstaking task of entering data into
respective files, for many hours of proofreading, correcting typographical errors and checking
CAS Registry Numbers against their respective entries.

One of us (W.L.F.A) owes a debt of gratitude to Dr Desmond (Des) J. Brown of the Research
School of Chemistry, ANU, for unfailing support and advice over several decades and for
providing data that was difficult to acquire not only for this edition but also for the previous four
editions of this book.

One of us (C.L.L.C) would specially like to thank her many research students (past and present)
for their unwavering support, friendship and loyalty, which enabled her to achieve what she now
has. She wishes also to thank her family for their love, and would particularly like to dedicate
her contribution towards this book to the memory of her brother Andrew who had said that he
should have been a scientist.

We thank Mrs Joan Smith, librarian of the Research School of Chemistry, ANU, for her
generous help in many library matters which have made the tedious task of checking references
more enduring.

W.L.F. Armarego & C.L.L. Chai
November 2002



Preface to the First Edition

WE BELIEVE that a need exists for a book to help the chemist or biochemist who wishes to purify the reagents she or he uses.
This need is emphasised by the previous lack of any satisfactory central source of references dealing with individual substances.
Such a lack must undoubtedly have been a great deterrent to many busy research workers who have been left to decide whether
to purify at all, to improvise possible methods, or to take a chance on finding, somewhere in the chemical literature, methods
used by some previous investigators.

Although commercially available laboratory chemicals are usually satisfactory, as supplied, for most purposes in scientific and
technological work, it is also true that for many applications further purification is essential.

With this thought in mind, the present volume sets out, firstly, to tabulate methods, taken from the literature, for purifying some
thousands of individual commercially available chemicals. To help in applying this information, two chapters describe the more
common processes currently used for purification in chemical laboratories and give fuller details of new methods which appear
likely to find increasing application for the same purpose. Finally, for dealing with substances not separately listed, a chapter is
included setting out the usual methods for purifying specific classes of compounds.

To keep this book to a convenient size, and bearing in mind that its most likely users will be laboratory-trained, we have omitted
manipulative details with which they can be assumed to be familiar, and also detailed theoretical discussion. Both are readily
available elsewhere, for example in Vogel's very useful book Practical Organic Chemistry (Longmans, London, 3rd ed., 1956),
or Fieser's Experiments in Organic Chemistry (Heath, Boston, 3rd ed, 1957).

For the same reason, only limited mention is made of the kinds of impurities likely to be present, and of the tests for detecting
them. In many cases, this information can be obtained readily from existing monographs.

By its nature, the present treatment is not exhaustive, nor do we claim that any of the methods taken from the literature are the
best possible. Nevertheless, we feel that the information contained in this book is likely to be helpful to a wide range of
laboratory workers, including physical and inorganic chemists, research students, biochemists, and biologists. We hope that it
will also be of use, although perhaps to only a limited extent, to experienced organic chemists.

We are grateful to Professor A. Albert and Dr DJ. Brown for helpful comments on the manuscript.

D.D.P., W.L.F.A. & D.R.P.
1966

Preface to the Second Edition

SINCE the publication of the first edition of this book there have been major advances in purification procedures. Sensitive
methods have been developed for the detection and elimination of progressively lower levels of impurities. Increasingly
stringent requirements for reagent purity have gone hand-in-hand with developments in semiconductor technology, in the
preparation of special alloys and in the isolation of highly biologically active substances. The need to eliminate trace impurities
at the micro- and nanogram levels has placed greater emphasis on ultrapurification technique. To meet these demands the range
of purities of laboratory chemicals has become correspondingly extended. Purification of individual chemicals thus depends
more and more critically on the answers to two questions - Purification from what, and to what permissible level of
contamination. Where these questions can be specifically answered, suitable methods of purification can usually be devised.

Several periodicals devoted to ultrapurification and separations have been started. These include "Progress in Separation and
Purification" Ed. (vol. 1) E.S. Perry, Wiley-Interscience, New York, vols. 1-4, 1968-1971, and Separation and Purification
Methods Ed. E.S.Perry and C.J.van Oss, Marcel Dekker, New York, vol. 1-, 1973-. Nevertheless, there still remains a broad
area in which a general improvement in the level of purity of many compounds can be achieved by applying more or less
conventional procedures. The need for a convenient source of information on methods of purifying available laboratory
chemicals was indicated by the continuing demand for copies of this book even though it had been out of print for several years.

We have sought to revise and update this volume, deleting sections that have become more familiar or less important, and
incorporating more topical material. The number of compounds in Chapters 3 and 4 have been increased appreciably. Also,
further details in purification and physical constants are given for many compounds that were listed in the first edition.



We take this opportunity to thank users of the first edition who pointed out errors and omissions, or otherwise suggested
improvements or additional material that should be included. We are indebted to Mrs S.Schenk who emerged from retirement to
type this manuscript.

D.D.P., W.L.F.A. & D.R.P.
1980

Preface to the Third Edition

THE CONTINUING demand for this monograph and the publisher's request that we prepare a new edition, are an indication that
Purification of Laboratory Chemicals fills a gap in many chemists' reference libraries and laboratory shelves. The present
volume is an updated edition which contains significantly more detail than the previous editions, as well as an increase in the
number of individual entries and a new chapter.

Additions have been made to Chapters 1 and 2 in order to include more recent developments in techniques (e.g. Schlenk-type, cf
p. 10), and chromatographic methods and materials. Chapter 3 still remains the core of the book, and lists in alphabetical order
relevant information on ca 4000 organic compounds. Chapter 4 gives a smaller listing of ca 750 inorganic and metal-organic
substances, and makes a total increase of ca 13% of individual entries in these two chapters. Some additions have also been
made to Chapter 5.

We are currently witnessing a major development in the use of physical methods for purifying large molecules and
macromolecules, especially of biological origin. Considerable developments in molecular biology are apparent in techniques for
the isolation and purification of key biochemicals and substances of high molecular weight. In many cases something
approaching homogeneity has been achieved, as evidenced by electrophoresis, immunological and other independent criteria.
We have consequently included a new section, Chapter 6, where we list upwards of 100 biological substances to illustrate their
current methods of purification. In this chapter the details have been kept to a minimum, but the relevant references have been
included.

The lists of individual entries in Chapters 3 and 4 range in length from single line entries to ca one page or more for solvents
such as acetonitrile, benzene, ethanol and methanol. Some entries include information such as likely contaminants and storage
conditions. More data referring to physical properties have been inserted for most entries [i.e. melting and boiling points,
refractive indexes, densities, specific optical rotations (where applicable) and UV absorption data]. Inclusion of molecular
weights should be useful when deciding on the quantities of reagents needed to carry out relevant synthetic reactions, or
preparing analytical solutions. The Chemical Abstracts registry numbers have also been inserted for almost all entries, and
should assist in the precise identification of the substances.

In the past ten years laboratory workers have become increasingly conscious of safety in the laboratory environment. We have
therefore in three places in Chapter 1 (pp. 3 and 33, and bibliography p. 52) stressed more strongly the importance of safety in the
laboratory. Also, where possible, in Chapters 3 and 4 we draw attention to the dangers involved with the manipulation of some
hazardous substances.

The world wide facilities for retrieving chemical information provided by the Chemical Abstract Service (CAS on-line) have
made it a relatively easy matter to obtain CAS registry numbers of substances, and most of the numbers in this monograph were
obtained via CAS on-line. We should point out that two other available useful files are CSCHEM and CSCORP which provide,
respectively, information on chemicals (and chemical products) and addresses and telephone numbers of the main branch offices
of chemical suppliers.

The present edition has been produced on an IBM PC and a Laser Jet printer using the Microsoft Word (4.0) word-processing
program with a set stylesheet. This has allowed the use of a variety of fonts and font sizes which has made the presentation more
attractive than in the previous edition. Also, by altering the format and increasing slightly the sizes of the pages, the length of
the monograph has been reduced from 568 to 391 pages. The reduction in the number of pages has been achieved in spite of the
increase of ca 15% of total text.

We extend our gratitude to the readers whose suggestions have helped to improve the monograph, and to those who have told us
of their experiences with some of the purifications stated in the previous editions, and in particular with the hazards that they
have encountered. We are deeply indebted to Dr M.D. Fenn for the several hours that he has spent on the terminal to provide us
with a large number of CAS registry numbers.

This monograph could not have been produced without the expert assistance of Mr David Clarke who has spent many hours to
load the necessary fonts in the computer, and for advising one of the authors (W.L.F.A.) on how to use them together with the
idiosyncrasies of Microsoft Word.

D.D.P. & W.L.F.A.
1988



Preface to the Fourth Edition

THE AIMS of the first three editions, to provide purification procedures of commercially available chemicals and biochemicals
from published literature data, are continued in this fourth edition. Since the third edition in 1988 the number of new chemicals
and biochemicals which have been added to most chemical and biochemical catalogues have increased enormously. Accordingly
there is a need to increase the number of entries with more recent useful reagents and chemical and biochemical intermediates.
With this in mind, together with the need to reorganise and update general purification procedures, particularly in the area of
biological macromolecules, as well as the time lapse since the previous publication, this fourth edition of Purification of
Laboratory Chemicals has been produced. Chapter 1 has been reorganised with some updating, and by using a smaller font it
was kept to a reasonable number of pages. Chapters 2 and 5 were similarly altered and have been combined into one chapter.
Eight hundred and three hundred and fifty entries have been added to Chapters 3 (25% increase) and 4 (44% increase)
respectively, and four hundred entries (310% increase) were added to Chapter 5 (Chapter 6 in the Third Edition), making a total
of 5700 entries; all resulting in an increase from 391 to 529 pages, i.e. by ca 35%.

Many references to the original literature have been included remembering that some of the best references happened to be in the
older literature. Every effort has been made to provide the best references but this may not have been achieved in all cases.
Standard abbreviations, listed on page 1, have been used throughout this edition to optimise space, except where no space
advantage was achieved, in which cases the complete words have been written down to improve the flow of the sentences.

With the increasing facilities for information exchange, chemical, biochemical and equipment suppliers are making their
catalogue information available on the Internet, e.g. Aldrich-Fluka-Sigma catalogue information is available on the World Wide
Web by using the address http://www.sigma.sial.com, and GIBCO BRL catalogue information from http://www.lifetech.com, as
well as on CD-ROMS which are regularly updated. Facility for enquiring about, ordering and paying for items is available via
the Internet. CAS on-line can be accessed on the Internet, and CAS data is available now on CD-ROM. Also biosafety bill
boards can similarly be obtained by sending SUBSCRIBE SAFETY John Doe at the address "listserv@uvmvm.uvm.edu",
SUBSCRIBE BIOSAFETY at the address "listserv@mitvma.mit.edu", and SUBSCRIBE RADSAF at the address
"listserv@romulus.ehs.uiuc.edu"; and the Occupational, Health and Safety information (Australia) is available at the address
"http://www.worksafe.gov.au/~wsal". Sigma-Aldrich provide Material Safety data sheets on CD-ROMs.

It is with much sadness that Dr Douglas D. Perrin was unable to participate in the preparation of the present edition due to illness.
His contributions towards the previous editions have been substantial, and his drive and tenacity have been greatly missed.

The Third Edition was prepared on an IBM-PC and the previous IBM files were converted into Macintosh files. These have now
been reformatted on a Macintosh LC575 computer and all further data to complete the Fourth Edition were added to these files.
The text was printed with a Hewlett-Packard 4MV -600dpi Laser Jet printer which gives a clearer resolution.

I thank my wife Dr Pauline M. Armarego, also an organic chemist, for the arduous and painstaking task of entering the new data
into the respective files, and for the numerous hours of proofreading as well as the corrections of typographic errors in the files. I
should be grateful to my readers for any comments, suggestions, amendments and criticisms which could, perhaps, be inserted in
the second printing of this edition.

W.L.F. Armarego
30 June 1996
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