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Who Are You?

The American Chemical Society manages for IUPAC the largest subset of subscribersto Chemistry International,
including 3650 affiliate members, i.e., about half the readership. Each year, ACS produces an interesting demo-
graphic report, which indeed should tell us more about who you are. The data include age group, year of service,
major and degree, field of interest, nature of the business, job title, and activity. Overall the readership is evenly
distributed with about 20% in each of the following age groups: 30 and younger, 31-40, 41-50, 51-60, and 61+.
Thereisno way to tell if the youngest are those who joined most recently, but regardless, it is encouraging to see,
for instance, that in 2001 alone, 684 affiliates joined the program, and in 2000, 733 joined. Roughly, 75% majored
in chemistry and 5% majored in engineering, 40% have a PhD, 10% have a Masters, and 35% a Bachelors.
According to the survey, the top 5 fields of interest are medicine/pharma (for 12%), analytical (11%), organic
(10%), environmental (7%), and education (6%), while 18% of you are working in University or college and 25%
are in a manufacturing business. The second half of the subscribers includes 30% from Europe, 9% from the
Pacific Rim and Far East, 6% from Canada and South and Latin America, and 5% from the Middle East region
and Africa. For more numbers, visit <www.iupac.org/news/archives/2002/01A CSdemo.html>.

Fabienne Meyers <fabienne@iupac.org>

Chemistry International, 2002, Vol 24, No. 4 1



Vice President’s Column
IUPAC in a Changing World

We are constantly reminded of the fact that we livein a
changing world. A number of experiencesin our lives tell
us so, and so do daily newscasts reaching us from all parts
of theworld. These influences affect us and, perhaps even
without knowing it, we respond and adjust to the changing
conditions to cope with new realities, to be able to deliver
what is expected from us, or to feel more comfortable.

Organizations are not like human beings. That partly
explains why most organizations, including internation-
al federations and unions, quite frequently do not
respond to changing needs and demands as quickly as
many would like. And that is also why most organiza-
tions have to be overhauled and revitalized every now
and then to satisfy what the membership expects in
return for the money and time spent year after year.

In this respect IUPAC is no exception to the rule
(although some chemists still like to think it ought to
be), so it isfar from surprising that reorganization of the
union became an informal topic for discussion decades
ago. However, after the General Assembly in Lisbon in
1993, restructuring became gradually a formal item on
IUPAC's agenda as well. Over the last 5-6 years the
issue was the single most important subject dealt with
by the union. Aswell-informed chemists will know, this
process transformed |UPAC, from a union with appoint-
ed divisions and approved commissions with long life-
times and rather static membership, to an organization
with smaller, elected divisions and dynamic, short-lived
project groups established after thorough international
review of project proposals. The transition was com
plete by January 1st this year, so IUPAC is how operat-
ing in arestructured fashion, according to the so-called
project-driven system.

. . . the future success of IUPAC
depends on better communication
between the union and its
stakeholders . . .

Some chemists are saying that this restructuring looks
good, but what are the future benefits from all these
changes for the chemical sciences and the chemical
community? That is a good question, which cannot be
answered with certainty before we see how IUPAC
develops in the years to come. However, we know one
thing for sure: The restructured IUPAC will only be able
to fulfil its objectives and the expectations of the global
chemical community if chemists from around the world

are actively engaged in addressing important global
issues involving chemistry. The best guarantee for
IUPAC success is, therefore, solid recruitment of good
and dedicated chemists to all
the union’s activities.
Successful recruiting is not
done in a flash; planning and
strategy are paramount to get
the right group of competent
volunteers involved year after
year. A critical factor in this
endeavour is good contact with
the chemical community world
wide, particularly with the
countries that are members or
associate members of IUPAC.
This requires close and vivid
communication with both the
National Adhering Organizations (NAOs) and the chemi-
cal societiesin these countries. A crucia question therefore
surfaces: Is the communication, in particular with the
NAOs, good enough? Overal, | am convinced the answer
is no, and a few examples illustrate why. For instance,
when the 45 NAOs are contacted by mail regarding a mat-
ter of importance to the union, it is rare to receive more
than five replies. And when all the NAOs are asked and
encouraged to nominate national representatives to various
groups, the feedback is usually not much better. That is a
pity, because the union’s officers have been elected to
serve the chemical community, not to replace its members.
Based on these observations | am sure that the future
success of [UPAC depends on better communication
between the union and its stakeholders, whether the mat-
ters under consideration are related to advancement of
research in the chemical sciences, promotion of services
of chemistry to society, improvement of education in
chemistry, or initiatives to advance the public apprecia-
tion of chemistry. Infact | believe that the chemical com
munity, including the chemical industry, will not benefit
properly from IUPAC unless the two-way communica-
tion with the membership improves significantly. | have
therefore decided to focus on communication in my vice-
president critical assessment. The NAOs will hear more
about that shortly. In the meantime | urge individuals to
supply comments and ideas regarding how to improve
the union’s communication skills and efficiency.
Challenging and inspiring response is most welcome!

Leiv. K. Sydnes
IUPAC Vice President

Leiv K. Sydnesis the current IUPAC vice president and
has been a member of the IUPAC Bureau since 1994.
He is professor at the University of Bergen, Norway.
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XML in Chemistry

by Antony N. Davies

Extensible Mark-up Language (XML) is a powerful aternative to conventiona binary file storage and
information exchange. As many scientific organizations and companies delivering scientific products have
implemented or are looking at the use of XML, IUPAC decided to review and evauate what could and
should be itsrole in advancing the use of XML in chemistry. In January this year, the [UPAC Committee
on Printed and Electronic Publications (CPEP) organized a two day Strategic Meeting to assess the
Union’s position and options. Hosted by the Unilever Cambridge Centre for Molecular Informatics in the
University of Cambridge Department of Chemistry, delegates from al interested IUPAC Divisions gath-

ered together with key playersin the field.

XML can be regarded as an extension to the well
known HTML or Hyper Text Mark-up Language, which
isthe language most frequently encountered when view
ing web pages. XML is considered to be the universal
format for structured documents and data on the Web.1
As with a conventional Web page, it isn't the use of
XML itself that isinteresting or even particularly novel,
but the content stored within the XML files. In chem
istry and associated technical fields, various groups—
commercial organizations, academic institutions, and
government bodies—have been developing XML for-
mats independent of each other. These formats have
similar content but differing data dictionaries and con-
ventions. This means they are not compatible with each
other and, what is far worse, resources are being
deployed to address problems already solved by other
groups. In order to support standardization in this field
for the benefit of the community, IUPAC has decided to
actively explore ways in which it can help to unify the
various dictionaries and publicize their availability.

It isn’t the use of XML itself that is
interesting or even particularly
novel, but the content stored within
the XML files.

IUPAC’'S Role and Timeline

During the 2001 IUPAC General Assembly in Brisbane,
an ad hoc group outlined the dos and don’ts [see box] of
a possible IUPAC role in advancing the use of XML in
chemistry and developed a timeline for further action.
The strategic importance of these decisions was reflect-
ed in the presentation of Wendy Warr—CPEP chair-
man—to the IUPAC Council? and the subsequent com
ments by IUPAC’s secretary general Ted Becker in his
articleinCl.3
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It was very clear from the Brisbane meeting that there
was an urgent need to address the issues that were raised
there. Hence, by the end of December 2001 the issues of
identifying glossaries, project team members, and contacts
between divisions and standing committees had been
addressed. By then, Professor Bobby Glen of the new

Dos AND DON'TS

IUPAC should not:

e Commence activities better left to the computer
scientists

o Re-invent the wheel—the current activities at var-
ious locations should be invited to contribute to a
standardization process through IUPAC aslong as
their efforts remain in the public domain

e Become forma members of World Wide Web
Consortium (W3C), Object Management Group
(OMG) or other similar organizations, however
they should be informed of IUPAC activitiesin this
area and we should continue to monitor their work.

IUPAC should:

e Establish “ownership” of the definition of standard
terms in chemistry to be used in digital communi-
cations through formal IUPAC recommendations.

e Generate a glossary of standard terms in chem
istry for use in applications involved in digital
communications such as scientific data exchange
or electronic publishing.

e Locate potential interested parties within IUPAC
who “own” glossaries of terms or who are in the
process of creating them

e Establish a method to identify and resolve prob-
lems in overlap of definitions (within IUPAC as
well as with other scientific standards and other
organizations)



Antony Davies

Unilever Centre for Molecular Informatics at the
University of Cambridge, United Kingdom, agreed to host
afollow-up meeting from 24-25 January 2002, asthistype
of initiative is of great interest to the fledgling center.
Those invited to attend included IUPAC division and
standing committee representatives and delegates from
outside IUPAC who are active in establishing guideline
for handling of chemical objects within their organiza-
tions. The [UPAC Analytical Chemistry Division wasrep-
resented by its president David Moore; the Physical and
Biophysical Chemistry Division represented by Jeremy
Frey; and the new Chemical Nomenclature and Structure
Representation Division, represented also by its presi-
dent, Alan McNaught. In addition, | represented the
IUPAC JCAMP-DX Working Party.

M eeting Overview

The meeting started with a welcoming address by
Bobby Glen, who briefly explained the background of

Crystallographic Information File (CIF)

the Unilever Centre and provided a useful overview of
the type of projects underway at the center.

Alan McNaught, Robert Lancashire, and | discussed
IUPAC's intentions, current activities involving IUPAC
glossaries, and the status of the JCAMP-DX file formats.
Currently, within the eight IUPAC divisions there exist
seven glossaries that are supervised by the Interdivisional
Committee on Terminology, Nomenclature, and
Symbols, which is responsible for ensuring conformity
with existing IUPAC recommendations and consistency
within and between each volume. These compendia,
known as the [IUPAC color books, cover chemical termi-
nology, quantities, units, and symbols in physical chem
istry, inorganic, organic, macromolecular, and analytical
nomenclature, as well as the terminology and nomencla-
ture of clinical laboratory sciences.4

Jeremy Frey pointed out that one difficulty encoun-
tered during the revision of the “green book” (which
covers quantities, units, and symbols in physical chem
istry) was the accommodation of different definitions,
which originated from different fields of chemistry, for
single entriesin the data dictionary. Steve Heller offered
an even broader example of the problem: although nmis
widely recognized as nanometers in the scientific com
munity, there is a significant body of opinion that feels
that the letters obviously refer to nautical miles!

The International Union of Crystallographers (IUCr),
represented at the meeting by Brian McMahon, has a
very specia interest in mark-up language because it has
developed a standard format—the Crystallographic
Information File (CIF)—for the deposition, storage, and
distribution of crystallographic data with the publication

dat a_99107abs

by Brian McMahon

Commissioned by the International
Union of Crystallography (IUCr),
CIF consists of a very rich set of
descriptors, alowing a file to con-
tain raw and processed experimen-
tal data, a detailed experimental
log, information about subsequent
structure solution and refinement
cycles, and a complete description
of crysta and chemical structure
and connectivity. A small excerpt
from the standard example file for
submissions to Acta Crystallo-
graphica Section C is presented
here; the complete file can be
viewed at ftp://ftp.iucr.org/pub/
example.cif.

_chem cal _nanme_systenatic
3-Benzo[ b] t hi en- 2-yl -5, 6-di hydro-1, 4, 2- oxat hi azi ne 4- oxi de

;
_chem cal _nane_conmon ?

_chem cal _formul a_i upac ‘Cll H N 02 S2
_chem cal _forml a_noi ety ‘Cll H N 02 S2
_chem cal _formula_sum ‘Cll H N 02 S2
_chem cal _f or mul a_wei ght 251. 31

_chem cal _conpound_sour ce
see text’

| oop_

_atomsite_| abel
_atomsite_type_synbol
_atomsite fract_x
_atomsite fract_y
_atomsite_fract_z
_atomsite_ U iso_or_equiv
_atomsite_adp_type

‘synt hesi zed by the authors,

s4 S 0.32163(7) 0.45232(6) 0.52011(3) 0.04532(13) Uani
s11 S 0.39642(7) 0.67998(6) 0.29598(2) 0.04215(12) Uani
oL O -0.00302(17) 0.67538(16) 0.47124(8) 0.0470(3) Uani
o 0 0.2601(2) 0.28588(16) 0.50279(10) 0.0700(5) Uani

H5A H 0.1284 0.4834 0.6221 0.060 U so
H5B H 0.1861 0.6537 0.5908 0.060 U so
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of peer-reviewed papers. As McMahon explained, CIF
was commissioned by IUCr following long-standing
interest in the need for an open standard for data and
information exchange. ClFsaredivided into blocks, with
each block consisting of individual labels or tags whose
definition is stored elsewhere. Key points are that the
semantic content is kept separate from the syntax of data
representation, and that different dictionaries are used for
different topic areas. McMahon concluded that one thing
was abundantly clear from experience with CIF: “The
design of afile format is an essential step, but it is only
one component (and in many ways the least difficult) in
the process of devising a feature-rich exchange mecha-
nism. Far more difficult is the detailed definition of the
tags that will be used within the file to ensure that appli-
cations attribute exactly the same meaning to the same
item of information. The experience of the expert com
mittees who undertake this work to extend CIF is that
years of painstaking effort and discussion may be need-
ed to define afew dozen tags, which are accepted across
the community.” As a contribution toward the establish-
ment of content-rich XML applications in related areas
of chemistry, the lUCr will make availableits ClF-based
definitions to the IUPAC groups working to establish
XML -based applications. The scientific community said
McMahon is looking forward to the day when effective
chemical information exchange standards, widely
accepted by the community, should complement and
interoperate with CIF or its successors.

Peter Murray-Rust summarized other global activi-
ties surrounding the use of XML in science—see page 9
for areview of hiswork, co-authored with Henry Rzepa.

At the meeting, Murray-Rust explained some of the
benefits of using XML-based documents, including the
ability to “validate” documents for correct or complete
content, to create better electronically linked publica-

.. . for XML to function effectively

for the sciences there needs to be

agreement on the vocabularies or
“ontologies” in use.

tions, and to significantly simplify information harvest-
ing from such documents. According to Murray-Rust,
for XML to function effectively for the sciences there
needs to be agreement on the vocabularies or “ontolo-
gies’ in use. He noted that the W3C expects that
“domains” will create domain-specific tools and proto-
cols for different subject areas such as chemistry. He
aso explained how the XML files differentiate between
content, which has often been specified at different loca-
tions. Individual XML files may contain content from
different ontologies such as a structure as defined by
Chemical Markup Language (CML), a spectrum as
defined by JCAMP-DX or SPECTROML, and a mathe-
matical relationship as defined by MathML. This can be
regarded as a powerful bonus, but again poses the ques-
tion about reliability of the links the content needs to be
put. Thisis currently leading to situations where “<ele-
ment> carbon” might need to be handled differently,
such as “<cml:element> carbon”. The key is in the

CIF has a somewhat different

The same file may be trans-
ferred from diffractometer to com-
putational workstation to molecu-
lar graphics software, with each
program in the chain importing and
adding data. Authors using text
editors or more complex editorial
tools to create a full commentary
and discussion of the structure may
further extend the same file.
Consequently the journals of the
IUCr require all supplementary
files recording crystal structure
data to be in CIF format, and two
of its journals will only accept
papers submitted in this format.
Such submissions are not only
accepted and transformed by type-
setting software into formatted
research publications, but their
embedded data are extracted and
subjected to a battery of analytical

and diagnostic calculations that
provide referees with an objective
assessment of the quality and con-
sistency of the reported results.

The consequence of adopting
such astandard is that data exchange
becomes more efficient, computa-
tion isfacilitated, transcription errors
are removed from the publication
process, and the quality of published
data tends to improve. Overall, pub-
lication of structural reports journals
becomes more efficient, onward
transmission of the results to data-
bases is also simplified, and readers
may see any published crystal struc-
turein three dimensions (and interact
with the structure, generating stereo
pairs, packing plots, and hydrogen
bond networks ad libitum with the
appropriate browser plug-ins or
helper applications).

Chemistry International, 2002, Vol 24, No. 4

and rather simpler structure than
XML. This is largely because it
was developed at a time when
SGML, the precursor of XML, was
expensive and unwieldy to work
with. Nevertheless, it is clear that
automatic transformation between
CIF and suitably devised XML for-
mats is entirely feasible. Since its
earliest days the CIF community
has worked with pioneers in the
chemical information field to work
towards interoperability with
emerging chemical information
standards.

Brian McMahon <bm@iucr.org>
is research and development offi-
cer at the International Union of
Crystallography in  Chester,
United Kingdom



explanation of the data dictionary associated with the
defined name space “cml.”

Namespaces do not have to be registered and so it is
simple for any group or company to define their own
version of “element.” For example, although they could
quite correctly claim to be using XML for data storage
and transfer, the files generated would be as limited to
their own internal applications as if they were using 17-
bit binary encoded files. One way in which ITUPAC
could play a significant role in furthering XML for
chemistry explained Murray-Rust is by ensuring that
dictionaries are future safe and don’t vanish from the
Internet when a particular professor retires or a software
or publishing house is bought out or goes bankrupt.

Goodman and McMahon agreed

that IUPAC needed to identify the

customers who would benefit from
XML projects.

Jonathan Goodman, of the Unilever Centre, presented
an amusing view from an academic and educational
standpoint. His group has developed severa databases
that could lend themselves to being made available in an
XML format. But, Goodman asked, what would be the
immediate benefit? Quite simply, there would be none he
stated. Should IUPAC take a clear lead in laying down
guidelines on the presentation of chemical information in
XML then it would be worthwhile to take this additional
step as then other chemists and projects would be able to
access and use the information more easily.

To conclude, Goodman said “there is a long way to
go before XML is used routinely to improve and
enhance chemical communication. However, XML
friendly structures are already in place, and this should
mean that a lot of data can easily be moved to this
marked-up language. If an XML-based standard is
accepted, then this process could be very rapid and data
could be shared and reused much more easily than is
now possible.”

This supported the views of McMahon, who had
commented that to generate an XML file from CIF
would be a simple enough task, but questioned whether
this would be “good” XML and “fit for purpose.”
Goodman and McMahon agreed that |UPAC needed to
identify the customers who would benefit from XML
projects. This includes clearly identifying stakeholders
who will make the effort to implement whatever is
developed.

Other presentations dealt with XML from various
information providers' standpoints. Bill Town from
ChemWeb and Sandy Lawson from MDL Information
Systems pointed out the difficulties in achieving the
uptake of technical developmentsin large organizations.
Efforts have been made across the publishing industry
to establish electronic submission and presentation of
published papers, but authors still are unhappy about
changing their habits. A general discussion was also
held on the lack of decent authoring tools.

Kirk Schwall summarized the views of the Chemical
Abstracts Service (CAS). According to Schwall, CAS
has a collection of highly integrated data that have been
organized using SGML since 1994. Since 1997, XML
has been used for some data that have required frequent
updating and interchangeability. Both the document and
authority data collection concepts at CAS have XML as

Some of the attendees at the IUPAC Strategic Meeting on XML in Chemistry: (from left to right) Robert
Lancashire, Bill Town, Jonathan Goodman, Sandy Lawson, Peter Murray-Rust, Kirk Schwall, Brian McMahon,
Alan McNaught, Gary Mallard, Steve Stein, David Moore, Steve Heller, Bobby Glen, Kirill Degtyarenko,
Richard Cammack, Peter Lampen, and Tony Davies.
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How Well Are We Using XML in Chemistry?

by Jonathan Goodman

From an academic and educational viewpoint, one could
say, unfortunately, not too well right now. Here are some
reasons. One of the reasons is the complexity of XML. It
may well be assimpleasit can be, but itisnot simple, and
it requires substantial effort to master the syntax and
restrictions of its structure. For example, <xsl:number
count="paragraph” format="&#x0430;"> is an instruc-
tion to number paragraphs in old Slavic, a powerful fea-
ture, but probably not frequently used, nor immediately
comprehensible to the casual reader. Despite its complex-
ity, the structure of XML relates well to the thought
processes of most chemists and to the process of using
marked-up text. For example, entering a name in the
author search box of the World of Science, or other chem
ical database, is becoming so obvious as to require almost
no thought. It could be suggested that, even though the
details of XML syntax are not widely known, the struc-
ture that it imposes on documents is both understood and

ferent subject-groups within the department regularly
invite external speakersto givelectures, while many other
lectures are arranged on aless predictable basis. How can
all of thisinformation be put in aconsistent form and used
effectively to produce current information and a search-
able and logical archive? The information comes from a
wide variety of people, who usually run the colloquium
program for only a short time before handing the respon-
sibility on. The entire process achieves the unification of
disparate information. Today’s lectures are available on
the Web at <www.ch.cam.ac.uk/today/>, a page that is
automatically updated. Historical lists and current lists of
lectures are available in a consistent format. Information
is flowing freely and available to be used and reused in
different ways, both automatically and by individuals. A
restricted subset of HTML is used to order the informa-
tion. Therestrictions mean it could easily be converted by
computer to a pure XML form. Thisis a successful data-
handling project in chemistry, which has not been a triv-

expected.

Successful Examples

A number of databases have
been developed in our research
group and made available on the
Web. The general process we
have followed is first to gather
data from the huge and disor-
dered sources and put them in
an ordered and focused form.
We then take this collection and
find a way of presenting it so
that it is useful information. For

Oither people's
ordensd data

data - database - information

ial problem to solve. However, it
is much smpler than the more
general issues of chemical infor-
mation.

Lecture handouts are also
shared well, not because they
are produced in a consistent
and reusable form, but because
of the high standard of our
undergraduates’ ability and
industry. Exam papers also
work effectively, because a
very precise format is required
and enforced. We do not have

example, we have explored the Web for university chem
istry departments, collected their URLs and names in text
files, which we do not make available, and used these text
files to create HTML and Java programs, which can be
queried through the Internet. Thisfinal product isvaluable
information and it is created by a two-step process. order
information and then present it. The database is available
at <www.ch.cam.ac.uk/c2k/>.

We could introduce another step into the process:
ordered information to XML before creating the simpli-
fied and beautified form, which is then made available.
However, this extra step requires additional effort, which
brings no immediate benefit. The potential of the XML
form in chemistry isthat it could relate well to other peo-
ple’'s XML data and to old data from related projects in
the group. However, this stage is an advantage for the
future, and not the present, unless a clear community con-
sensus is to recognize the preferred structure of XML for
chemists; then, this extra step should become worthwhile.

While marking-up, ordering, and sharing data, one
success of our department isour list of colloquia. Six dif-
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the option of turning to another publisher who might be
more relaxed about presentation and the precise way in
which diagrams are constructed. Compound data-
bases and experimental data are shared much less
effectively, even within the department of chemistry,
and the situation gets worse when communication is
attempted with other departments.

Conclusion

There is along way to go before XML is used routinely
to improve and enhance chemical communication.
However, XML friendly structures are aready in place,
and this should mean that a lot of data can easily be
moved to this marked-up language. If an XML-based
standard is accepted, then this process could be very rapid
and data could be shared and reused much more easily
than is now possible.

Jonathan Goodman < jmgll@cam.ac.uk> isa Professor
in the Department of Chemistry, Lensfield Road,
Cambridge, United Kingdom.



an element of their design. The vast complexity of their
operation meant that they were forced to handle about to
every possible mode of information delivery with only a
small minority of their information suppliers delivering
content in an XML format. Even when it is available it
is not used, as the tags are stripped before being regen-
erated at the end of the document handling process.
CAS does have an extensive thesaurus, but this is not
publicly available. It was agreed that there is a need for
CAS and IUPAC to discuss common ontologies.

Gary Mallard from the U.S. National Institute of
Standards (NIST) summarized XML activities within
that organization. According to Mallard, NIST uses
XML for standardizing the delivery of the following
types of scientific information: numerical data,
exchange of instrument/reference data, materials prop-
erty, and reactions design. The wide range of experience
gained by NIST in different fields of scientific informa-
tion delivery have placed it in a unique position to
advise on the strengths and weaknesses of XML in
chemistry. Quite often difficulties have arisen over
rather banal problems such as unit names not being
standardized internationally (e.g., meter vs metre vs
meétre), symbols requiring specia fonts and characters
(e.g., unit °C, prefix p, and quantity Vemf) or cases in
which symbols are not available (or are not standardized
internationally) for all units or quantities. Mallard, was,
however, quick to point out some of the drawbacks of
XML. He highlighted the problems associated with files
that are essentially uninterpretable if the explanations of
the individual labels used are not open and freely avail -
able. According to Mallard, he had created a nice pres-
entation of the various XML efforts underway, but a
problem arose when it turned out that several of the ref-
erence Web sites essential for the understanding of the
ontologies no longer existed.

A Project for IUPAC

At the conclusion of this very successful meeting, Steve
Stein of NIST was appointed to draft a project proposal to
IUPAC on “Standard XML Data Dictionaries for
Chemistry.” In addition, a group of volunteers was estab-

lished for atask group to support this project. The group
plans to give a presentation at the coming CAS/IUPAC
Conference on Chemica Identifiers and XML for
Chemistry to be held in Columbus Ohio on 1 July 2002.5

The Future

The future is always difficult to predict and those who are
brave or foolish enough to attempt it are usually proved
wrong—often before their predictions go into print.
However, | would like to put one point at the end of this
summary: [UPAC isin an excellent position to provide a
vital serviceto the scientific community by assisting inthe
development of information technology in chemistry and
associated sciences. Thisis probably a unique situation in
the history of IUPAC because those championing this
work clearly understand the need to work fast, but also the
inherent limitations of working within an IUPAC frame-
work, as shown by the dos and don'ts list from the
Brisbane meeting. | wish them all the best and hope to see
all of you at the [UPAC/CAS conference in July.
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Markup Languages—How to Structure Chemistry-Related

Documents

by Peter Murray-Rust and Henry S. Rzepa

Although the use of markup languages in publishing
goes back to the 1960s when IBM introduced GML
(Generalized Markup Language), which subsequently
evolved into the standard SGML, most authors are
nowadays more familiar with the more recent imple-
mentation, referred to as HTML (HyperText Markup
Language). The rapid rise in the use of HTML in con-
junction with the growth of the World Wide Web wasin
large measure due to its ease of use for achieving pre-
sentational and visual effect. However, itslimitations as
a mechanism for expressing precisely defined data and
meanings were not always adequately recognized.
These limitations meant that in areas such as molecular
sciences where precise meanings are essential, a variety
of often proprietary solutions continued to be used to
define and manipulate molecular “data’ and informa-
tion. The publishing processes were seen as quite sepa-
rate and the process of translating data, information, and
knowledge into a published entity remained an activity
requiring much human perception. It is also worth not-
ing that the reverse process of converting the published
materials back into usable dataremained equally human
intensive and hence expensive.

The need to reconcile these two extremes was recog-
nized at the first World Wide Web conference in 1994.
A solution gelled shortly after the conference as a
remarkable communal effort resulted in the specifica-
tion of extensible markup language or XML. The ulti-
mate vision of XML , as described by Berners-Lee, is
the creation of a “Semantic Web.”! The rationale for
this impressive effort included the following:

e Provision of a more universal infrastructure for
publishing

e Recognition that the use of XML will require sub-
ject-specific vocabularies called “ontologies’
Ontology is defined as a description—such asafor-
mal specification of a program—of the concepts
and relationships that can exist for a software agent
or acommunity of agents.

e Provision of a mechanism for enhancing quality
(“validation™)
e Promoation of the cregtion of dynamic hyper-documents

e Recognition of the need to be able to reuse compo-
nents of documents for other purposes

e Provision of a mechanism for creating smart
archives, in which the re-usable components (infor-
mation objects) can be readily identified
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e Creation of an infrastructure for underpinning the
emerging areas of e-business

The extension to chemistry included, therefore, the
creation of a new generation of ontologically rich, pri-
mary publication and a clear division of the respective
roles of humans and software agents (robots). Thus,
humans should be able to:

e Publish al their data automatically

e Eliminate errors from publications

e Usethe published literature as a database

e Understand information from other domains

Robots should be able to:
e Analyze publications (on whatever scale)
e Create secondary publications
e Purchase chemicals
e Synthesize chemicals from literature

To achieve this, we argue that a number of prerequi-
sites must be in place:

e Automatic data capture, especialy from instru-
ments. We note that in 30 years we have moved
from using instruments that captured data often
only in analogue form (chart paper) to using stan-
dard computers to capture and process data to most
recently an increasing tendency for placing these
computers online and connecting them to central-
ized data stores.

e Common ontologiesfor a specific community (e.g.,
molecular science)

e Ontologically guided authoring.

Issues Involved in “ Capturing” Chemistry

The following extract?2 from a typical science journal
illustrates both how precisely data and information must
be represented, but aso how much human perception is
required to trandate this information (e.g., to a repro-
ducible experiment or a mechanistic interpretation):

“Thi ami n phosphate synt hase catal yzes the

formati on of thiam n phosphate from 4-

am no- 5- (hydr oxynet hyl ) - 2- met hyl pyri m di ne

pyr ophosphat e and 5- ( hydroxyet hyl ) - 4-

nmet hyl t hi azol e phosphate. The reaction

i nvol ves . di ssoci ati ve nmechani sm .
carbeniumion internediate . . . and

pyri m di ne i m nenet hi de observed in the

crystal



Note the profusion of chemical structure information,
concepts, and terms, which only a trained human
chemist could easily process. Quantitative concepts and
units are also ubiquitous:

“A 500 pl aliquot of 0.8 puM TP synthase in
50 MM Tris-Hd (pH 7.5) and 6 nmv Myd o

i ncubated at room tenperature w th 50uM
CF3HWP- PP. ”

An even greater degree of human perception is
required when handling graphical chemical representa-
tions, which may contain many, often fuzzy and danger-
ous, human-only semantics (e.g., 2-D representations of
3-D properties, relative stereochemistry, aromaticity,
hydrogen and other “weak” bonding, use of generic and
“R” groups, reaction arrows, and mechanisms, etc.). The
challenge, therefore, is to develop an infrastructure that
can be routinely used to capture, store, and appropriate-
ly filter and display such information.

The Current Position of XML

As it isin 2002, XML offers a general, powerful, and
extensible mechanism for handling both the “capture”
and the publication of chemical information. In particu-
lar, XML allows for the first time this process to oper-
ate equally well in both directions. Our basis for stating
this derives from the following observations:

e XML is increasingly accepted as an information
infrastructure.

e The protocols are al public and many of the tools
are open source.

e XML is vendor neutral, but with heavy vendor
involvement.

e There is a large communal investment in generic
tools (e.g., business2business, e-commerce).

e XML has a modular approach; an application is
built from components.

e Domains are expected to create domain-specific
XML protocols and tools.

e XML isincreasingly universal in back-ends, mid-
dleware, and servers.

e Support for XML from database vendors is rapidly
increasing.

e XML has close interoperability with other infor-
matics standards such as UML, OMG/CORBA, etc.

e Thereisincreasing support for “XML over the net”
and from browsers (e.g., Internet Explorer,
Netscape 6, etc).

e XML isvery well supported by books, tutorials, etc.

Global Open Activity in Scientific XML

So how has the scientific community adopted these con-
cepts? As noted above, the first World Wide Web confer-
ence specifically identified mathematics and chemistry as
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requiring specific markup languages. With this spark,
CML (Chemical Markup Language) evolved between
1995-1997 to become the first scientific extended markup
language. A concurrent effort lead to MathML becoming
formalized as such in 19983 We estimate that by 2002,
perhaps 50 specifically scientific applications have been
described in some degree. For example, 37 scientific appli-
cations are quoted at <www.xml.com/pub/rg/Science> and
a more general listing is at <www.0asis-open.org/
cover/xml.html#applications>. The Science Citation
Index shows around 570 references to the keyword XML,
and SciFinder retrieves 38 references to the term “ XML in
chemistry.”

XML offers a general, powerful, and
extensible mechanism for handling
both the “capture” and the
publication of chemical information.

We also emphasize that XML is designed to allow
markup languages to be combined, at whatever level of
granularity, so that documents can contain any number
of components deriving from specific XML languages.
HTML, which we noted above, has evolved into one
such language (XHTML), but in its latest development
has been modularized into smaller, more easily imple-
mented components (e.g., XFORMS, a data-entry and
validation component can be implemented separately
from other, more display-oriented components).
XHTML can co-exist in a document with languages
such as SVG (a scalable vector graphical language),
MathML, and CML. We elaborate this when discussing
namespaces (vide infra) .4

Some Essentials of an XML System

The following tasks will have to be accomplished in
order to implement an XML solution to publishing
chemical information:

e Creation of documents from both legacy sources of
dataand de novo by humans

e Creation and capture of metadata (dictionaries of
terms, tables of contents, codes, etc.)

e Specification of namespaces (a reserved addressing
scheme for information)

e Human validation of the system (conformance to
agreed specifications)

e Machine validation of documents (according to a
specified and agreed upon schema)

e Document transformation (XSLT)

e Rendering and display (XSL-FO, domain-specific
such as molecular representations)
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The design of an XML-based markup language
should provide for the following:

e A smple, extensible document type definition (DTD)
or schema (modular and not over-complicated)

e Agreed semantics

e Oneor more agreed and published ontologies
e Agreed examples and conformance tests

e A community of critical mass

Appropriate tools for accomplishing this should be
identified. These might include the following:

o XML writers

e XML readers (more difficult than readers since the
XML may not be normalized to a single form)

e Legacy converters (difficult because of variation
and ambiguity in the original data which may
require some degree of perception for an accurate

conversion)
e Validators
e Dictionaries
e Editors

Custom-written XSLT style sheets and generic edi-
tors will accomplish some of these, but a document
object model (DOM), which represents a syntax free
abstraction of the datain memory, is probably essential
for many subjects.

Ontologies of Relevance to Chemistry*

An overview of the types of ontologies required is

shown in Table 1. Of the chemically specific informa-

tion types, support should be included for:

e Molecules and substances

e Reactions

e Analytical information, especially spectra

e Computation and simulation (QM, mechanics,
dynamics, etc.)

e “Datacentric” concepts (numbers, units, arrays,
matrices, etc.)

e Specidist software for display, editing, searching,
etc.

e “Adjoining” disciplines such as bio areas, materi-
als science, etc.

Creating Valid XML Documents

Generic tools and protocols aready exist to create
valid XML documents. In particular, the use of DTDs
(Document Type Definitions) and Schemas can bring
enormous benefits, including eliminating/reducing
software failure due to the use of invalid data and

*In this context, the term ontology refers to a machine readable set of def-
initions that create a taxonomy of classes and subclasses and relation-
ships between them. Ref: <www.w3.0rg/2001/sw/WebOnt/charter>
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Table 1: Types of Ontologies Relevant to
XML in Chemistry and Tasks for the Chemical
Community

General Non-Chemical | nformatics

Business and commerce, gov- Reuse existing or emerging
ernment, regulatory, academ approaches.
ic, publishing, etc.

Domain-Specific Non-chemical

Mathematics (MahML),
hedthcare (HL7/XML),
genomics (GeneOntology), €tc.

Collaborate to reuse existing
or emerging approaches.

Chemical-Specific but Generic Information Types

Numeric data, descriptive
prose, safety

Create ontologies and reuse
generic tools.

Chemical-Specific Information Types

Chemical substances,

molecules, analytical and
Spectroscopic, reactions,
computational chemistry

Build the compl ete tool set.

reducing difficulty of (human) understanding due to
invalid publications. The DTD is a concept rooted in
SGML, and is still used in XML to constrain the
Markup vocabulary (i.e., the basic elements used for
markup) and to some extent the (sub)structure of doc-
uments (i.e., what element can be a parent or child of
another). Schemas are a more recent development, and
unlike DTDs, are themselves expressed using XML.
Of particular relevance to chemistry, they provide
advantages over DTDs in that they can also be used
for:

o Datatyping: numbers and user-defined types

e Enumeration (for example to specify the list of
chemical elements)

e Lexical patterns
e Inheritance

Moreover, schemas allow for additional user-created
rules (schematron/XSLT), and with dictionaries, sup-
port the conversion to software (e.g. CML-DOM),
authoring (e.g., in editors), validation of the data on
entry by the user.

Namespaces—The Key to Making It Unique

Each information object must be uniquely named to
avoid collision and ambiguity. This is achieved using
XML namespacing.

The example below shows a paragraph of text
(derived from XHTML, which inherits the default
namespace), within which components of CML are
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embedded, including prefixes using the defined name-
spaces:

<htm  xm ns="http://ww. w3. or g/ 1999/ xht m ”
xm ns: cml =" ht t p: / / waw: xm -

cm . org/ schema/ cm 2/ core” >

<p>W can supply the follow ng set of nol-
ecul es: </ p>

<ul >

<li>

<cm : nol ecul e id="pl” title="phosphine”>
<cnm : at omArr ay>

<cml : at om el ement Type="P”"

hydr ogenCount =" 3"/ >

</cml : at omArr ay>

</li>

<li><cm : nol ecul e id="p2" title="pen-

gui none”/></1i >

</ ul >

</htm >

A proposal®> for domain-independent components for
Scientific-Technical-Medical information, or STMML,
contains key elements such as units, dictionary, metadata,
item, array, and matrix and which supports datatypes such
as numbers, max/min, ranges, errors, etc. The next example
illustrates how CML can be used in conjunction with the
STMML namespaceS to specify units and their constraints:

<nol ecul e id="nl"> <crystal

spacegr oup="Fn8nf z="4">

<stmscalar title="a" errorVal ue="0.001"
uni t s="angst r onf >5. 628</ st m scal ar >
<stmscalar title="b" errorVal ue="0.001"
uni t s="angst r onf >5. 628</ st m scal ar >
<stmscalar title="c” errorVal ue="0.001"
uni t s="angst r onf >5. 628</ st m scal ar >
<stmscal ar title="al pha”

error Val ue="0">90</ st m scal ar >
<stmscalar title="beta"
errorVal ue="0">90</ st m scal ar >
<stmscalar title="gamma”

error Val ue="0">90</ st m scal ar >
<at onAr r ay> <atom i d="al”

el ement Type="Na” f or nal Char ge="1"
xyzFract="0.0 0.0 0.0" xy2="+23.2 -21.0"/>
<atom i d="a2” el ement Type="4"

f or mal Charge="-1" xyzFract="0.5 0.0 0.0"/>
</ at omAr r ay></ nol ecul e>

</crystal >

A more extended example of this concatenation of
namespacesé contains up to eight namespaced compo-
nents and illustrates how a complete publication in
XML/CML could be achieved. The use of namespaces
can be seen in amore general context in Figure 1, which
illustrates how the various specific XML components
might relate to each other.

In particular, we note how the original CML specifica-
tion? can be extended by modularization into a core name-
space, and extended via other schemas into the following:

e CMLReact. A reaction, containing reactantLists,
productLists and links between them.

e CMLComp. A container for computational and
simulation input and results.
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MyReact

Figure 1: The use of namespaces in CML.

e CMLQuery. A generic query language.
e Hooks for other Schemas, such as SpectHook, for

spectral parameters and data and links to molecular
details (assignment).

Dictionaries and Schemas

It is useful to separate the domain ontology from the
Schema/DTD, which allows the schema to be more
abstract and which helps extensibility. Thus, with the
instance document referring to NAMESPACE diction-
aries, athree- or four-level hierarchy can be envisaged:

e The data instance
e The XML Schema describing the instance
e The dictionary/ies describing the instance
e The schema describing the dictionaries
Such hierarchy and referring processes add semantics
and ontology. An overview of this process is shown in

Figure 2, where, for example, units are themselves ver-
ified by the UNITS dictionary.

XML Sc:_hema Validation

unit; namespace

[=unit Wd="k"
| name="Kelvin®
| unitType="temp"
| parentSi="=

chem: namespace

| <entry id="mpt"
name="melting point*
dataType="decimal"

recommendedUnits=
=unit id="g12" | "unitk">
name="Celsius" | =definition= The temp...
parentSi="k" | =/definition=
constToSi="273.18"> | =fentry=

Mem dataType="float" Instance
inits="unit.c12”

titte="melting point"

dictRef="cheém:mpt

min="119" max="121"=120=(item=>
cml: namespace

Figure 2: Validation scheme using dictionaries.

Chemistry International, 2002, Vol 24, No. 4



Document Structure and Metadata

Common dictionaries and compendia usually have some
of the following features:

e Dictionaries consist of curated entries and many are
“flat” (e.g., the IUPAC GoldBook).
e Dictionaries are compiled within asingle hierarchy:
— generic (“isA”):
eukaryote <-- vertebrate <-- mammal <-- human
— partitive ("hasA”):
body <-- leg <-- foot <-- toe
e Dictionaries can now be associated with a name-
space for uniqueness and navigation.
o Dictionaries must have curatorial information.
o Dictionaries should support versioning.

Metadata is an important component of a document or
information object and it can serve a number of purposes:

e Navigational/Discovery—How is apiece of informa
tion to be discovered (e.g., Dublin Core and GILS)?

e Descriptive—What does the information mean and
how isit to be used?

e Constraining—What constraints are there on the
structure and content of the information? Isit valid?
This would be accomplished using mainly XML
Schemas.

e Supplementary—Additional (hyper-) data added
from metadata

e Algorithmic—Deductions can be made from meta-
data (e.g., using Schematron, XSLT, and RDF).

e Chemical-descriptive—For example, medicinal,
physical organic chemistry, Gold Book, stereo-
chemistry.

e Chemical-constraining—For example, theoretical
chemistry and CIF.

e Chemical-supplemental—For example, tables of
atomic weights, dictionaries of compounds, etc.

e Chemical-algorithmic—For example, theoretical
chemistry and CIF.

Communally agreed-upon schemas for defining such
metadata are again seen as an essential component of
the XML-infrastructures.

The existing IUPAC compendia provide a natural
foundation for creating XML-based machine processi-
ble resources. They fal into three broad categories:
descriptive (e.g., medicinal chemistry, physical organic
chemistry, stereochemistry, etc.), validating (e.g., theo-
retical chemistry) and supplemental (e.g., atomic
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weights). Their availability for XML-based processes
would be a considerable asset.

Conclusions

In this brief review of the application of XML in chem
istry, we have summarized the essential advantages of
adopting the XML approach. We have discussed in par-
ticular the benefits in creating reusable namespaced
information components or objects, how these can be
created and validated using subject-specific ontologies
and dictionaries, and then how they can be enhanced
with appropriate metadata. The role of communities and
global organizations, such as I[UPAC, is crucial to this
endeavour. The use of such XML-based documents
opens the prospect of creating avenues for the reversible
flow of data and information between the scientific pub-
lication processes and the discovery, research, and
learning processes in molecular sciences; a reversibility
that has hitherto only been achieved with considerable
human effort and expense.
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A Preprint Server for Chemistry

As the concept of preprint servers for the scientific community in general continues to be debated, Cl has
asked Bill Town, managing director of ChemWeb.com, to review for us the development and status of the
initiative to provide a preprint server for the chemistry community.

by Bill Town

Before the advent of the Internet, scientists would typi-
cally only publish their work as research articles in
standard peer-reviewed journals. In this process, an arti-
cle is submitted to a board of editors and occasionally,
the article is accepted in the state in which it was sub-
mitted. However, articles are often returned to the
authors with a list of corrections that should be made
before publication. In the field of chemistry the duration
of the entire submission process—from completion of
first draft to publication—can often extend to one year
or more.

Authors within different scientific communities have
for some time discussed their research by exchanging
articles—" preprints’—amongst themselves before for-
mal publication. Some authors choose to do this by post-
ing articles to their own Web site. The alternative,
which is growing in popularity, is to submit to” preprint
servers’—permanent and freely available databases on
the Internet. This process does not involve any peer
review.

Perhaps the most successful example of a preprint
server is the arXiv server,1 covering high-energy
physics and mathematics. Founded in 1991 by Paul
Ginsparg, the arXiv server is now host to more than
300 000 preprints with just under 3 000 new preprints
being submitted every month. Other disciplines have
been slower to follow thistrend. Recently, similar serv-
ices have been set-up, including Cogprints? (for psy-
chology and biology) and the Chemical Physics Preprint
Database hosted at Brown University.3 In August 2000,
ChemWebh.com launched the Chemistry Preprint Server
(CPS),4 which is the first preprint server to cover the
entire field of chemistry. The CPS was officialy
launched at the fall ACS National Meeting on 21
August 2000 in Washington, D.C.5 By the launch date,
20 preprints had already been submitted.

Whether a chemistry preprint server will prove to be
as successful as the arXiv server is for physics and
mathematics is a question that will be answered by
chemists themselves. The CPS was set up as an exper-
imental service to examine the response of the commu-
nity. ChemWeb.com believes that preprint servers have
many advantages for researchers. For example, articles
submitted to the CPS may take any format from an ini-
tial draft to a complete article ready for publication.
Authors may continually revise the original version of
the article and any number of supporting files may be
added. In this way, scientific information is disseminat-
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ed very rapidly and is archived permanently in electron-
ic format. Furthermore, al preprints submitted to the
CPS have their own discussion group where al users
may discuss the article online.

Critics have raised concerns regarding the use of
preprint servers for the dissemination of chemical infor-
mation.6.7 One such concern is the possible poor quality
of information hosted online without any formal peer
review in place. In other words, how do you extract the
signal from the noise?

In general, the CPS received a positive response at
the ACS meeting, where there was a plenary presiden-
tial event and Webcast entitled “The Impact of Preprint
Servers in Scholarly Publishing.”8 The opinions
expressed at this event were mixed. Again, the primary
concerns were issues relating to prior publication and
the possible lack of quality control. This debate has been
discussed comprehensively in Science: “Chemists Toy
with the Preprint Future.”?

Preprint servers are permanent and
freely available databases on the
Internet.

To counter the concerns there are comprehensive
searching and browsing facilities available on the CPS
which allow the user to rapidly find an article of inter-
est. All articles are screened to ensure that they do gen-
uinely contain scientific content related to chemistry.
Authors also must write in a standard format. In addi-
tion, the preprint discussion groups could provide an
environment where an article is truly reviewed by one's
peers. Every article accepted on the CPS is given a
unique identifier—this supports the position of the CPS
as a permanent Web archive and distribution medium.

Whether peer review really does guarantee the quality of
a published article is another question. For printed media,
the number of articles being submitted to peer-reviewed
journas is growing so rapidly that editors and publishers
now face an increasingly difficult task. In principle, they
should ensure that the work is original and based on true
scientific research. The introduction of preprint servers, as
an additional step before formal publication, may in fact
aid this process. Further information may be found in the
recent article “Chemica E-Prints. The Ostriches’ by Ray
Dessy, published in Trends in Analytical Chemistry.®
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Perhaps the most important concern at the present
time involves the prior-publication policies of all pub-
lishers within the field of chemistry. Currently, thereis
significant confusion over which publishers will publish
preprinted articles. For example, Elsevier Science, the
Royal Society of Chemistry, Nature, and many physics
publishers will accept preprinted articles for publication
in their journals. However, the American Chemical
Society released a policy statement? stating that articles
that have previously been made available on a preprint
server will not be considered for publication. This prob-
lem arises from the policies of individual publishers and
should not be confused with the issue of copyright or
prior art issues for patents. For example, al authors
must retain the article copyright to submit to the CPS.
Furthermore, al preprints are stamped with the time of
upload and a unique citation reference.

Politics aside, the CPS has been set up as an experi-
ment in scientific communication for the worldwide
chemistry community, and its success will be deter-
mined by its acceptance within the community.
Although early signs do indicate a positive response,
time will tell if researchersin the field of chemistry will
adopt the CPS in the same way physicists and mathe-
maticians have the arXiv preprint server.

The CPS was modelled on the arXiv preprint server,
described above, to provide the first preprint server to
cover the entire field of chemistry. In setting up the serv-
ice, ChemWeb.com has constantly referred to the Open
Archive Initiativel 1(OAl) for e-print archives. The CPS
is now a compliant data provider for the OAI. The gen-
eral purpose of the OAI isto set standards for the trans-
fer of information between different Web servers. In this
way, users of remote preprint servers are able to search
through all of the information hosted on the CPS.

From the outset, an advisory board was set up for the
CPS so that its independent status is maintained. The
advisory board also ensures that the server develops and
adapts to meet the needs of the chemical community.
Some of the community’s most respected names have
shown their support for the CPS by becoming founder
members of the advisory board, including Professor
Pieter Steyn, current president of IUPAC. Other mem
bers include Professor Peter Atkins, Oxford University;
Dr. Steve Bachrach, Internet Journal of Chemistry; Dr.
Ad Bax, National Institutes of Health; Professor Ray
Dessy, Virginia Tech; Dr. Jonathan Goodman,
Cambridge University; Dr. Bill Milne, JCICS; Professor
Paul Schleyer, University of Erlangen-Nuremberg; Dr.
Edlyn Simmons, The Procter & Gamble Company; and
Dr. Engelbert Zass, ETH Zdrich.

Since the CPS was launched in August 2000, almost
500 preprints have been uploaded and made available for
browsing, review, and discussion. The topics encompass
al areas of chemistry, from computational and physical
chemistry to biochemistry. To date, submissions have
been made from 51 different countries. The largest num
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ber have been from the United States, but significant
numbers have also come from the United Kingdom,
Western and Eastern Europe, Russia, and India.

It isimportant to note that the CPS is still very much
an experiment in scientific communication for the
chemistry community. However, usage analysis of the
service during its first two years of operation does indi-
cate that it is receiving a very positive response. As the
CPS becomes better known within the academic and
industrial communities, the number of submitted papers
will continue to grow. The CPS will develop and adapt
to meet the needs of the chemical community.
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IUPAC Forum

On the Reality of Virtual Libraries

by Paul Erhardt

During one of the activities of the Chemistry and
Human Health Division, namely a medicinal chemistry
subsection meeting directed toward harmonizing
nomenclaturein the area of combinatorial chemistry, we
became aware of a movement to obtain patent protec-
tion of virtual libraries. Such patents have been sought
most often on the basis that alibrary has been pre-select-
ed to be “drug like” in its make up. Along these same
lines, it appears that Chemical Abstracts Service CA
Registry numbers are now being sought for the com
pound members within virtual libraries. Concerned
about these developments for the reasons mentioned
below, we welcome the views of the readership to clar-
ify what position might actually be best to advocate as
we all continue to proceed into the rapidly evolving
future of drug discovery.

Since its formalization as a discipline nearly 100
years ago, medicinal chemists have contemplated what
structural features a new therapeutic agent ought to con-
tain in order to exhibit the most desirable pharmacol og-
ical profile. Simply drawing such conceptions on paper,
however, has never been regarded as an adequate basis
for a patent even when the conceived family of struc-
tures is new and novel. This is because the patenting
process has traditionally also emphasized a reduction to
practice (e.g., actual synthesis of a number of represen-
tatives so as to encompass the breadth or “scope” of the
proposed family of structures) along with a demonstra-
tion of potential utility by at least areal, if not the pre-
ferred, embodiment of the concept (e.g., positive

responses from the synthesized members upon their
study in a biological model indicative of the anticipated
response being sought in humans).

Today, it is possible with the aid of computers, to
draw huge numbers of “virtual compounds’ that can be
thought of as drug like in their overall character based
upon our notions of what types of parameters are gener-
aly required for such behavior. While this might consti-
tute conception relative to a particular molecular scaf-
fold to be deployed for a given therapeutic indication, it
does not constitute either a reduction to practice or an
actual demonstration of utility. In some ways, this situ-
ation is reminiscent of issues raised within the Journal
of Medicinal Chemistry several years ago. In the midst
of the so-called “heyday of rational drug design,” this
audience stepped forward to express its reluctance to
engage in the wholesale publication of proposed new
drug molecules that had not actually been synthesized.
This is because it was recognized that this type of pub-
lic disclosure could bar the patenting of such structures
at alater point and could thus serve to discourage, rather
than to encourage, the true pursuit of compounds
deemed to be of therapeutic value. Finaly, it might also
be suggested that for similar reasons, prudence ought to
be exercised relative to the potential assignment of CA
Registry numbers to virtual compounds whether or not
patents are being pursued.

Paul Erhardt is a professor at the University of Toledo,
Ohio, USA, and is the director of the University Center
for Drug Design & Development. He is also the current
vice president of the IUPAC Chemistry and Human
Health Division.

IUPAC News

The Analytical Chemistry Division

It seems extremely arrogant and naive to assume that 10 individuals can possibly
keep up with and do their part to drive forward afield aslarge and diverse asana-
Iytical chemistry. Yet that is the task of the [UPAC Analytical Chemistry Division
Committee. To accomplish it, these 10 analytical minds work as a team, apply
their own quality control (QC)/quality assurance (QA) procedures, and adopt new
managerial strategies and organizational initiatives. In this article, we have asked
the new Division president, David Moore, to explain what the Analytical
Chemistry Division (ACD) does and how its members are selected.
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Analytical Chemistry—A Discipline At the Heart of
IUPAC

by David Moore

Analytical chemistry is ascientific discipline that devel-
ops and applies methods, instruments, and strategies to
obtain information on the composition and nature of
matter in space and time, aswell as on the value of these
measurements (i.e., their uncertainty, validation, and/or
traceability to fundamental standards).

For more than 50 years, the role of the [UPAC ACD
has been to catalyze interactions between the scientific
community and users of analytical methodology and
data and between the scientific community and benefi-
ciaries of analytical results, such as international organ-
izations (IAEA, OECD, WHO), accreditation bodies
(1SO), standards bodies (BIPM, NIST), chemical soci-
eties, and society as awhole. The process involves tak-
ing input, such as literature data, information about
sources, inconsistent nomenclature, newly developed or
modified methods and techniques, and scientific misin-
formation, and then performing harmonization of
nomenclature, critical evaluation of data and methodol-
ogy, formulation of guidelines for correct usage of data
and methodology, and promotion of analytical chem
istry to society in general.

inconsistent nomenclature
\ modified techniques
/

scientific misinformation

\ /new methods

literature datV
\

, /
harmonized
nomenclature guidelines for

correct usage of data
guidelines for correct
usage of methodology \

critical evaluation of
data and methodology

Where Role and Structure Define an Organization

In response to the recent IUPAC reorganization, the
ACD also reorganized—through a phased process over

Chemistry International, 2002, Vol 24, No. 4

the past four years—into a smaller structure with well-
defined roles for committee members. These roles cover
the various fields within analytical chemistry: methods
(general aspects, separations, spectrochemical, electro-
chemical, nuclear chemical) and applications (particu-
larly to environmental and human health problems). To
enable analytical chemists to choose the methods best
suited for specific applications, the roles of the ACD
encompass:

e the critical and comparative evaluation of estab-
lished and emerging analytical methods (including
the harmonization of associated terminology, profi-
ciency testing, and other inter-laboratory compar-
isons);

e the recommendations for sample collection, prepa-
ration, storage, and handling;

e thecompilation of data used in analytical chemistry
and their critical evaluation; and

e the definition of recommended methods and proper
application of QC and QA procedures.

To optimally perform its required duties under a
smaller structure, the division committee established
several new managerial and organizational initiatives.
Roles and responsibilities were established for each cat-
egory of division committee membership. Each titular
member (TM) of the division committee is encouraged
to organize an advisory group in order to help them
develop and/or select projects in response to pressing
needs in a given area. An advisory group should there-
fore have a global view and experience in a specific
area, in order to aid in identifying and soliciting new
projects. Associate members of the committee are to
provide focused representation in a particular area of
analytical chemistry or to establish atight link to other
IUPAC committees, such as the Committee on
Chemistry Education, the Interdivisional Committee on
Terminology, Nomenclature and Symbols, or the
Committee on Printed and Electronic Publications.
National representatives are nominated by IUPAC
National Adhering Organizations that are not otherwise
represented on the committee (up to six are appointed).
Each national representativeislinked to aTM according
to their expertise, with the goal of ensuring they partic-
ipate and are tutored in project proposal reviews and
ACD planning activities.

A shortcoming and criticism of IUPAC has been its
lack of internal and external communication as well as
relevance to the community. We have addressed the
internal communication issue by establishing a regular
e-mail newsletter (“Teamwork”) to keep members
apprised of their responsibilities, upcoming events, new
project proposals, and deadlines. As discussed below,
initiatives to improve relevance have begun with afresh
review and selection process for new projects. External
communication has been improved by better dissemina-
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tion of project results. Moreover, we are establishing a
directory of expertise database to allow us to locate
experts according to a set of keywords related to their
own field of expertise. Each person that has served the
IUPAC ACD on a commission or project task group in
the past decade or more will be recorded. New task
group and division committee members, as well as
expertsinvolved in project review, will be added.

Electing the 10 ACD Committee Members

The smaller size of the division membership has also
increased the difficulty in maintaining continuity over
many years. We have addressed this problem by estab-
lishing a revolving election, whereby half of the com
mittee is elected each biennium to facilitate four-year
terms.

New ACD committee members are elected through a
process defined in the IUPAC Bylaws. Nominees are
selected by a Nominating Committee composed of five
members. two from the ACD and three other well-
known external analytical chemists, one of whom is
appointed to be the chair. It is necessary for the
Nominating Committee members to be very active to
ensure a supply of fresh blood to the division commit-
tee, to ensure geographical diversity, and complete rep-
resentation of the different branches of analytical chem
istry. After the slate of nominees is complete, the
IUPAC Secretariat handles the election itself via e-mail
ballot. The electorate consists of the division committee
titular members, associate members, and national repre-
sentatives; project and task group leaders of current
projects and projects scheduled to be completed during
the current biennium; and nominating committee mem
bers not otherwise eligible.

Selecting the Most Relevant Projects

The ACD hasalimited project budget, and yet, there are
pressing needs within the international analytical chem
istry community. The ACD therefore established a
selection process for funding project proposals, based
on aset of priorities.

After ensuring that a project proposal is complete, the
Division president assigns one or two TMs to check the
financial feasibility and practicality of the project. If
needed, the proposed task force leader (or Task Group
Chairman [TGC]) is asked to modify and resubmit the
proposal. The Division president then recommends at
least two external reviewers (either as suggested in the
project proposal form or others as deemed appropriate)
and transmits their names to the Secretariat, which han-
dles the correspondence. Upon receipt of the reviewers
comments, the Division president either accepts the
reviews or asks the TGC to modify and resubmit the
proposal.

A complete and annotated model project proposal is
available on the ACD Web site. To be approved, proj-
ects should demonstrate clear evidence of advance plan-
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ning and should describe the process that will be used to
complete the project. Appendix A of the model propos-
al provides an example of such advance planning.

Following the initial review, and twice a year, the
division committee carries out the selection and funding
of projects, giving priority to pressing needs in given
areas. The ACD committee is, however, concerned that
al the different subject areas in analytical chemistry are
covered in as equitable a fashion as possible. April 30
and October 31 are the deadlines for submitting com
pletely reviewed proposals and initiating the selection
process. The projects that are considered good, but can-
not be funded, are then carried forward for the next
selection, if so desired by the TGC.

The ACD has adopted the following general guide-
lines for project priority:
e |UPAC objectives met

e Task group membership complete with appropriate
expertise and diversity

e Funding amount appropriate and justified
e High scientific value to user groups per cost
e Subject area coverage balance

e Cost sharing with other funding agencies so that
funds are leveraged

e High visibility and usability of product
e Dissemination plan complete and appropriate

Monitoring Projects

Individual TGCs are responsible for the implementation
of their projects and the management of their project
budgets. Practically, a TM of the division committee is
assigned to track a given project, as soon as funding is
approved. Each TGC is asked to send a progress report
to the Division vice president semi-annually (at the end
of June and December), stating the completion of mile-
stones, indicating whether any difficulties have been
encountered, and stating whether the project is likely
still to meet its completion date. All these reports are
collated and forwarded to all ACD members so that they
can add comments when needed. The expenditures are
handled and tracked by the Secretariat.

Completing a Proj ect

The final product of a project—usually a manuscript—
is sent to the Division secretary (a copy also goesto the
Division president), who then sends it to two or three
ACD members for internal review, and also to three
external reviewers named by the TM monitoring the
project. The Division secretary then collects the reviews
and returns them to the TGC for incorporation into a
revised camera-ready manuscript. If the project involves
nomenclature or terminology, an additional review
process through the ICTNS is then initiated to further
ensure consistency with previous publications, as well
as worldwide consultation.
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Doesit Just End There?

No, the next stage is the dissemination plan, one of the
most important parts of any IUPAC project. Thisis how
terminology recommendations, for instance, are made
known to practitioners or to the intended audience.
Therefore, the implementation of the dissemination plan
will be monitored. Again, an assigned TM will liaise
with the TGC. As each step in the dissemination planis
executed, the TGC is asked to notify the assigned TM.
This tracking system is to supplement the semi-annual
progress reports and to help the ACD to improve on
external communication.

What Does the Future Hold?

A magjor undertaking that looms just over the horizon is
the revision of the Orange Book (Compendium of
Analytical Nomenclature), which is being posted on the
IUPAC Web site. Each chapter is slated to be systemat-
ically updated over the next few years according to the
latest recommendations in each field. In the future, each
project that recommends terminology will aso provide
for a mechanism to update the relevant entries in the
Orange Book.

Project proposals are always welcome. In addition,
ideas for projects and/or pressing needs within the ana-
Iytical chemistry community can be communicated to
anyone on the division committee so that a task force
can be organized.

Dr. David Moore is a technical staff member at the Los
Alamos National Laboratory, New Mexico, USA, and is
the current president of ACD. He has been involved in
the Analytical Division since 1988, and a member of the
division committee since 1998.

@ www.iupac.org/divisions/V

2002 Winners of the IUPAC Prize for
Young Chemists

On 14 May 2002, IUPAC today announced the winners
of the IUPAC Prize for Young Chemists, an award for
the best Ph.D. thesis in the chemical sciences, as
described in a 1 000-word essay. The winners are:

e Jeroen J. L. M. Cornelissen, University of
Nijmegen, The Netherlands (currently at I1BM
Almaden research Center, San Jose, CA);

e Jinsang Kim, Massachusetts Institute of
Technology, Boston, MA, USA (currently at the
CdlifornialInstitute of Technology, Pasadena, CA);

e Stefan Lorkowski, University of Miunster,
Germany;

Chemistry International, 2002, Vol 24, No. 4

e Simi Pushpan, Indian Institute of Technology,
Kanpur, India.

The four winners will each receive a cash prize of
USD 1 000 and a free trip to the [UPAC Congress, 10-
15 August 2003, Ottawa, Canada. Each prize winner
will also be invited to present a poster at the IUPAC
Congress describing his/her award winning work.

Applications for the 2003 Prize are now being solicit-
ed, as described on the IUPAC Web site.

The essays describing the winners' theses also can be
found on the Web site and cover awide range of subject
matter:

e Dr. Cornelissen, “Polymers and Block Copolymers
of Isocyanopeptides—Towards Higher Structural
Order in Macromolecular Systems;”

e Dr. Kim, *“Supramolecular Assemblies of
Conjugated Sensory Polymers and the
Optimization of Transport Properties;”

e Dr. Lorkowski, “Differential Gene Expression in
Human Macrophages During Foam Cell
Formation;”

e Dr. Pushpan, “Core Modified N-confused and
Expanded Porphyrinoids: Syntheses,
Characterization and Photodynamic Activity.”

There were 40 applicants from 20 countries. The

Prize Selection Committee was comprised of Members

of the lUPAC Bureau with awide range of expertise in

chemistry. The Committee was chaired by Dr. Alan

Hayes, IUPAC Past President.

In view of the quality of many applications, the

Committee decided also to give four Honorable

Mention awards to:

e Christopher J. Kuehl, University of Utah, USA
(currently at Los Alamos National Laboratory,
NM);

e Gabor Lente, University of Debrecen, Hungary;

e Shinsuke Sando, Kyoto University, Japan (current-
ly at Stanford University, CA, USA);

o lzabela Tworowska, Polish Academy of Sciences,
Lodz, Poland (currently at Rice University, Texas,
USA).

The Honorable Mention Award winners will receive
acash prize of USD 100 and a copy of the Compendium
of Chemical Terminology, the IUPAC “Gold Book.”

The awards to the four winners of the IUPAC 2002
and those of 2003 will be made during the Opening
Ceremony of the IUPAC Congress in Ottawa, Canada.

{E www.iupac.org/news/prize/2002_winners.html
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IUPAC Projects

Pest Management for Small-Acreage
Crops: A Cooperative Global Approach

The pesticide industry is global, with seven companies
dominating world markets. The primary crops for which
the industry develops pesticides are those that occupy
large acreages such as grain and oilseed commodities.
Fruits, vegetables, and other smaller-area crops receive
attention in proportion to their area. However, such
minor crops constitute a major portion of most region’s
economies and are often a region's best protection
against the negative effects of globalization. With arel-
atively small market potential for any individua crop,
pesticide manufacturers need cooperative assistance—
with the expense of registration and liability control—
from growers and governments. Thus, national minor-
use pesticide registration programs are in various stages
of development worldwide. There is a need for commu-
nication and data-sharing between these programs and
for technology transfer to countries that are initiating
them. The IUPAC Chemistry and the Environment
Division is supporting an information exchange project
to address this need. R. Donald Wauchope is Task
Group chairman of the project.

The project methodol ogy includes the (1) comparison
of minor-use procedures between countries; (2) propos-
a of harmonization and data-sharing approaches; (3)
examination of minimum data requirements for minor
uses;, (4) examination of extrapolation possibilities:
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from major to minor crops, from major crops to crop
groups, and between climatological zones; and (5) min-
ing available crop residue data for development of a
food crop pesticide residues predictive model. We pro-
pose to develop an open information system, and we
invite participation from all interested parties, with the
expectation that improved global consistency in minor
use registration procedures will benefit consumers, agri-
culture, and the environment.

@ www.iupac.org/projects/2001/2001-039-1-600.html
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Provisional Recommendations

IUPAC Seeks Your Comments

Provisional recommendations are drafts of |UPAC recommendations on terminology, nomenclature, and symbols
made widely available to allow interested parties to comment before the recommendations are finally revised and

published in Pure and Applied Chemistry.

There are currently two documents available for review:

Quantities, Terminology, and Symbolsin Photothermal and Related Spectroscopies

Comments by 31 July 2002
Chem. Int. 2002, Vol 24, No 2, p. 19

Thermochemistry of Chemical Reactions. Terminology, Symbols, and Experimental
Methodsfor the Deter mination of Bond Energies

Comments by 30 September 2002
Chem. Int. 2002, Vol 24, No 3, p. 16

If you would like to comment, please visit the IUPAC Web site, where the full texts are available for

downloadings as draft pdf files.

@ www.iupac.org/reports/provisional

Highlights from Pure and Applied Chemistry

Presenting recently published IUPAC technical reports and recommendations

Critical Evaluation of Proven Chemical
Weapon Destruction Technologies
(IUPAC Technical Report)

by Graham S. Pearson and Richard S. Magee
Pure and Applied Chemistry, Vol. 74, No. 2, pp. 187-
316 (2002)

The Chemical Weapons Convention (CWC), which
entered into force on 29 April 1997, prohibits the devel -
opment, production, transfer, acquisition, stockpiling,
and retention of chemical weapons and their use and
requires all State Parties to undertake “to destroy chem
ical weapons it owns or possesses, or that are located in
any place under itsjurisdiction or control, in accordance
with the provisions of this Convention.” The CWC
opened for signature in January 1993 and, as of May
2002, had 145 State Parties—states which have ratified
or acceded to the Convention.

The Requirement for Destruction
Article IV of the Convention requires that:

“Each State Party shall destroy all chemical
weapons. . . Such destruction shall begin not later
than two years after this Convention enters into
force for it and shall finish not later than 10 years
after entry into force of this Convention.”
[Emphasis added]

Chemistry International, 2002, Vol 24, No. 4

Consequently, the deadline for destruction of chemi-
cal weapons is 29 April 2007. However, the CWC's
Verification Annex includes aprovision allowing a State
Party to apply to the Executive Council for an extension
of the deadline if it believes that it will be unable to
ensure destruction of al chemical weapons within the
10-year timeframe. The Convention states that “any
extension shall be the minimum necessary but in no case
shall the deadline for a State Party to complete its
destruction of all chemical weapons be extended beyond
15 years after entry into force of this Convention.”

Five years left to destroy chemical
weapons

The destruction requirements are further elaborated
in Part IV(A) of the Verification Annex which inter alia
require that the “chemicals are converted in an essen-
tially irreversible way to aform unsuitable for produc-
tion of chemical weapons, and whichin anirreversible
manner renders munitions and other devices unusable as
such.” [Emphasis added]

This report, published in Pure and Applied Chemistry,
Vol. 74, No. 2, February 2002, pp. 187-316 is intended
to provide policymakers and decisionmakers concerned
with the destruction of chemical weapons with informa-
tion about technologies proven to destroy chemical
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weapons. The IUPAC Working Party that prepared this
report recognized that each country faced with destruc-
tion of chemical weaponswill need to consider the quan-
tity and nature of their weapons, the CWC requirements,
and its own nationa laws and regulations in deciding
where and how to destroy them safely with minimal
impact on public health and the environment.
Consequently, the report is designed to provide appro-
priate and relevant information on the proven and avail -
able destruction technologies in order to help countries
arrive at informed national decisions appropriate for
their circumstances.

As already noted, the CWC requires that all declared
chemical weapons be destroyed within 10 years after its
entry into force, with a possible extension, should that
be necessary, for up to five years, which would be until
29 April 2012. The CWC also sets out requirements for
the destruction of old and abandoned chemical
weapons, which will continue to be found for decadesin
countries where chemical weapons have been produced,
tested, stored, and used. There are, thus, two principal
categories of chemical weapons:

1. Stockpiled chemical weapons, which have to be
destroyed by 29 April 2007 with a possible exten-
sion to 29 April 2012; and

2. Old and abandoned chemical weapons, in
unknown types and quantities, which will be found
from timeto time and will need to be destroyed also
by 29 April 2007 unless the Executive Council
decides to modify the provisions on the time limit.

The report starts by addressing in its first chapter the
mandate for destruction. The second chapter provides a
historical perspective on the type of chemicalsthat have
been used in chemical weapons during the past century
and then the third chapter addresses the nature of the
problem. The report notes that many chemical weapons
have been destroyed or disposed of by methods that are
no longer accepted. Indeed, the CWC specifically pro-
hibits “dumping in any body of water, land burial, and
open pit burning.” During the past 40 years, over 20 000
agent-tonnes of chemical weapons have been destroyed,;
more than 70% by incineration and the remainder by
neutralization. As of October 2001, the United States
had destroyed over 20 percent of its stockpiled chemi-
cal weapons—around 6 700 agent-tonnes—using incin-
eration. [Note: the unit used in the IUPAC Technical
Report for the quantities of chemical weapons destroyed
is agent-tonnes and not the weight of munitions.]

According to the Organization for the Prohibition of
Chemical Weapons (OPCW), as of 30 June 2001, 69
862 agent-tonnes of chemical weapons have been
declared and 5 734 agent-tonnes of chemical weapons
have been destroyed under OPCW supervision since the
CWC entered into force. The principal contributors to
the globa stockpile are the United States and the
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Russian Federation. The United States has declared its
stockpile to be some 31 495 agent-tons (short tons),
which corresponds to 28 570 agent-tonnes. The Russian
Federation has declared its stockpile to be about 40 000
agent-tonnes. As India and one other country, known
from non-OPCW information to be South Korea, have
also declared chemical weapons, the combined stock-
piles for these two countries can be deduced to be about
1 500 agent-tonnes.

In addition to stockpiled chemical weapons, there are
also quantities of old and abandoned chemical weapons
in several countries around the world. The following
State Parties to the CWC have made declarations of old
and abandoned chemical weapons:

e Belgium e Japan

e Canada e Panama

e China e Slovenia

e France e United Kingdom
o Germany e United States

o ltaly

The old and abandoned weapons in Europe are prima-
rily from World War | and in China from World War I1.

The quantity of chemical weapons that have been
destroyed during the past 40 years in a number of coun-
tries has been in excess of 20 000 tonnes. The mgjority,
over 16 000 tonnes, has been destroyed by incineration,
while 4 000 tonnes have been destroyed by neutraliza-
tion. Yet, there remain some 64 000 agent-tonnes of
declared weapons to be destroyed by 29 April 2007.

Destruction Technologies

It isimportant to recognize that the destruction technol-
ogy is only one part of the overall process of safely dis-
posing of chemical weapons. The technology destroys
the chemical agents and decontaminates their contain-
ers, while creating residual effluent streams of gas, lig-
uid, or solid. The treatment of these effluent streams so
they can be discharged to the environment with minimal
impact on public heath and the environment is as
important as the destruction technology itself.

Because these chemical agents were produced to cause
harm, steps were never taken to ensure that they were par-
ticularly pure. The original considerations were simply
that the agent should be effective and should have suffi-
cient stability to be stored for a number of years.
Destruction and disposal are consequently made more
complex because the agents are likely to contain impuri-
ties and materials such as solvents that were present when
originally produced, as well as degradation products gen-
erated during storage. Many stockpiled chemical weapons
are over 40-years old and the nature of their contents is
variable and uncertain. Therefore, destruction technolo-
gies and effluent treatments must be robust to handle a
wide range of impurities and agent compositions.

Chemistry International, 2002, Vol 24, No. 4



The fourth chapter of the IUPAC Technical Report
addresses the transportation of chemical weapons and
bulk agent from storage depots or other locations where
chemical weapons have been found to sites at which
they are destroyed. In the following chapter, the various
options for the removal of the agents from weapons are
considered. The next two chapters examine the high-
temperature and low-temperature technol ogies that have
been used—or are being considered for use—to destroy
chemical agents. The report identifies the following
processes as having been sufficiently and successfully
demonstrated with actual chemical warfare agents to be
considered for use within the timeframe of the CWC
reguirement.

High-Temperature Destruction of Chemical Agents

Incineration

Plasma Pyrolysis

Molten Metal Technology
Hydrogenolysis

Destruction of Arsenical Agents

L ow-Temperature Destruction of Chemical Agents

Hydrolysis of Mustard Agent

Hydrolysis of Mustard and Nerve Agents using
Aqueous Sodium Hydroxide

Reaction of Mustard and Nerve Agents using
Amines and Other Reagents

Electrochemical Oxidation

Solvated Electron Technology

It should be noted that there is wide variation in the
technical maturity of these technologies. The additional
development required for some of these technologies
makes it highly problematic that they will be sufficient-
ly advanced to use within the CWC treaty timelines.
These technologies may, however, have application for
the destruction of old and abandoned chemical weapons.
Again, it may be possible for the CWC treaty timeline
for these weapons to be modified should the State Party
concerned make such a request.

A separate chapter of the report addresses the treat-
ment of gas, liquid, and solid effluent. A subsequent
chapter considers how to deal with abandoned chemical
weapons, which will be found intermittently in unknown
types and quantities in many countries for decades to
come. References are provided throughout the report to
assist those seeking additional detail.

National Decisions and National Circumstances

A final chapter considers the technologies and con-
straints that have to be considered by a country faced
with making informed decisions about destruction of
chemical weapons. The IUPAC Working Party recog-
nized that chemical agents are highly toxic chemicas
that primarily became available for use in chemical
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weapons programs from ongoing work in chemistry.
There isthus a sense in which chemical agents are mere-
ly members of a vast array of chemicals of varying tox-
icity. Consequently, there is alogic in considering the
destruction of chemical agents as being no different
from the destruction of other highly toxic chemicals.
Chemical agents, therefore, need not be regarded as
being a special class of materials whose destruction
dem