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Over the past 25 years ISI@ has published multidisciplinary
citation indexes
for the social and natural sciences as well
as the arts and humanities. The recent
Citation
publication of the CompuMath
Index” was our first attempt to produce
a discipline-oriented
index. In the article
that follows, published last August in the
silver anniversary issue of the Journal of
Chemical
Sciersce~,

Information
and
1 I traced the hktory

.

I_ebruary

6

------

‘IU, 1 Y&h

mation
Division and Citation
Index
Products Group. It will cover the literature from 1978 to 1983. The CCZwill provide a condensed approach to the core
of chemical literature, in print, online,
and in compact disc form. By using this
database as a point of departure,
we
have also identified the detailed research
fronts that make up the CCfs particular
view of chemistry. Research-front
analysis of our citation indexes is also helping
us to develop a series of publications on
“the whole world of science.” This series
is called the 1S1 A tlas of Sciencea’.
Sections of this work that are devoted to
chemistry will be developed from the

Computer

of citation
indexes in relation to chemistry.
While any field can claim to have specialized indexing needs, chemistry, with
its complex nomenclature
and notation
systems, has always presented a special
challenge. This was true even when we
could more easily rationalize the differences between chemistry and other natural sciences. As recently demonstrated
in the case of physical chemistry and
chemical physics, z the boundary lines
between chemist~ and some other fields
have already disappeared.
In his discussion of the recent NAS Pimentel report
on chemistry, s John Maddox confirms
this view.d Since 1965, when an earlier
report was issued, 5 the old subdiscipline of chemistry have become nearly
extinct.d In spite of this, however, chemists and their institutions maintain a separate political identity.
I have been preoccupied
for some
time with developing publications
that
will serve the needs of chemists more
conveniently. So it is not surprising that
Citation
In1S1 is creating a Chemistry
This subset of the ScidexTM (CCP).
ence Citation Index@ (SCF ) is being developed jointly by our Chemical Infor-

CCI.

As a first step in preparation
for the
of Science,
we are now planning a
section on pharmacology,
therapeutics,
and drug development.
It will be
published every two months beginning
in the latter half of 1986, and each of its
issues will contain 20 to 30 short review
articles on current pharmaceutical
research. These brief, systematic reviews
will be based on 1S1 research-front
data
and will cover the development
of individual research topics, as well as their
current status and future prospects.
A prototype ISIA tlas of Science: Biowas
technology
and Molecular
Genetics
published
as one volume in March
1985,6 following the earlier 1S1 Atlas of

Atlas

Science:
Biology.7

Biochemistry

and

Mo[ecrdar

Although these new publications make use of the current literature,
we must also complete the record for the
past. In fact, work on the 1945-1954 SCI
cumulation is now under way. We have
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started to process the most important
journals from that decade, which were
identified through citation analyses of
the recently published 1955-1964 SCI.
We expect to finish the 1945-1954 SCI
by 1988; it will enable us to check the
postwar citation histories of classics such
as

the

seminal

1944

McCarty report on the chemical nature
in the
of DNA, which is mentioned
We can then
paper
reprinted
below.
begin completing
the first 45 years
tury.
As every
references
never
of them that fades

Avery-MacLeod-

the citation
record for
of the twentieth
censcholar
knows,
good
die—it’s
our memory
away.
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was the first comprehensive
citation
index
was not obvious, even though the SCI
covers e},ery important journal of chemistry, However, citation-based searching
bypasses dependence on chemical nomenclature, Finding applications of synthetic methods and physical-chemical equations is simplified, These are fields
where use of traditional indexing is difficult. An extension of citation indexing,
co-citation clustering, is now also used for automatic hierarchical classification
and mapping of literature. The value of citation indexes to the historian of
chemistry will continue to increase as SCl coverage is extended back to include
the pre-1955 literature.
for

chemistry.

But

its

use

(SCF

in

)

chemistry

This year marks the 25th anniversary of the
Journal of Chemical information and Com puier Sciences.
Appropriately,
the journal’s
name has changed since it was founded in
1961 as the Journal of Chemical Documentation, When I contributed
a paper to the first
issue, Iz the field seemed to be moving quite
slowly, In retrospect, it was difficult to imagine how rapidly problems would be solved
that then seemed insolvable.
Over the past 25 years the scope of the
journal has broadened as the field of chemiReptinted

with permission

from

J, Chem

ln~o Comp”t.

Set

cal documentation
has advanced.
This explains why the journat’s title was changed in
1975 to reflect the growth of the information
and computer
sciences.
Of the many advances made in chemical information retrieval over the past 25 years, I ha~e been asked to
review the history of citation indexes for
chemistry.
It is sometimes difficult to discuss problems that are specific to chemical information because they cannot really be separated
from the broader problems of scientific infor1985, 2.$, 170-174.
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mation. Modern chemistry
is unavoidably
multidisciplinary.
Chemical Abstracts (CA ),
which calls itself a chemical information service, is used in medicine, engineering,
and
other disciplines, as well as in chemistry. It
can be argued that the fiist multidisciplinary
Science
Citation
Indexm
(SCP ), which
covered the literature of 1961, was the first
comprehensive
citation index for chemical
information.
The history of chemical
documentation
has always been schizoid.
We know that
chemical information
is inherently muhidisciplinary in its application,
but it also has its
peculiar problems. I discussed this extensively, earlier.3 But there are certain types of information that are specific to chemistry, such
as the structure
and composition
of molecules. These retrieval problems generally are
not solved by standard indexing methods.
Thk in part explains the existence of Curreni

experiment in the Jouma[of the Patent Office
Society.7 Itis most unfortunate
that proposals for a Patent Citation Index were ignored.
A significant
boost to citation indexing
came in the late 1950s from the Genetics Cita tion Index8 project. Many scientists were already aware of the broad biochemical significance of the emerging field of molecular genetics. Molecular
biology was a new field,
and some of the most important papers were
of Modern
Physics.
reported in the Reviews
Our advisory committee
members included
Joshua Lederberg,
Sol Spiegelman,
Gordon
Allen, and L. CavalIi-Sforza.
They decided
that only a complete, multidisciplinary
input
could guarantee that everything important in
general and molecular
genetics would be
picked up.
The result was the 1961 SCI. Itcovered
“only” 613 journals, but these included most
of the important Western chemistry journals.
When the SC] for 1955-1964 was created recently,~ only about 50 chemistry
j oumals
needed to be added to its coverage. Many of
these were Soviet and Japanese journals. Only six were significant, pure chemistry titles,
Society
such as the Bulletin of the Chemical
of Japan and Zhurnal Obshchei Khimii. In
confirmation
of this important expression of
my Law of Concentration,
10when we started
IC, most of the new compounds and reactions
were found by scanning only about 100 journals, (1 commented on this in an essay in Current Contents” (CP) in 1969,)11
While the work on the putative SC1 was
taking place between 1958 and 1961, lC also
was being planned, It was initiated in 1960 as
a current-awareness
service for chemists and
in particular as an up-to-date molecular-formula index. We were aware of the peculiar
problem of chemical substructure
analysis
and retrieval. But we did not think that citation indexes would help solve such problems
directly.
We always thought that the SCI
would “merely” complement
the use of molecular-formula
indexes or other indexes organized by line notation or nomenclature.
It
was much later that we began to realize the
implications
of citation indexing even for
such structural retrieval problems. And more
recently, we have demonstrated
the hierarchical capabilities of co-citation clustering.
We correctly thought that chemists would
be needed to do the kind of indexing done in
CA C&IC to this day. We also believed that
the first step in a literature search would be to
use its progenitor,
lC. You would first find
the most relevant compound and the paper in
which it was reported. The second step would

Abstracts
of Chemistry
and Index Chemicusa
(CA C&I@ ) and its progenitor Index Chemicus@

(KY).

Indexing documents to facilitate their retrieval has always been the primary objective
of citation indexes. During the formative
was stated repeatedly that
years of the SCI, it
retrieval by citation indexing would overcome some of the inherent
limitations
of
then-existing methods of retrieving chemical
information.
I had worked briefly in physical
chemistry, so I was particularly conscious of
retrieval problems that were not solved easily
by searching CA. For example, how do you
find all of the papers that mentioned one of
Organic
Hammett’s
equations
in Physical
Chemistry?4

Thk question was quite reasonable in the
early days of physical organic chemistry.
Nevertheless,
it was very difficult to do such a
search without scanning every article. The
problem epitomizes the information needs of
workers in a newly developing field. Once the
volume of literature on any particular subject
gets large enough, traditional
indexing systems may be helpful. But in the formative period, when ideas are not expressed precisely,
even an informal nomenclature
to which one
can attach an idea may not exist. Citations
symbolize the early expression of those formative ideas. Each new use of a paper is important
to the inventor of that ideas
Of
course, not all ideas we express in papers are
supported by formal citations. But when they
are, it is easier to find out who has written
about them through citation indexes.G
My first experiment with indexing chemistry was with patents. I reported on this early
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current literature into more specific research
topics.
By procedures
described
elsewhere,
we
use single-link clustering to form clusters of
co-cited papers. Together with the papers
that cite them, research fronts are identified.
The fronts are named by examining the frequency-ranked
list of key words and phrases
used in the titIes of the citing papers. ~~Once
co-citation
analysis became
a well-understood mechanism
for classifying literature,
we realized that we had added a new dimension to information retrieval. We had created
a system for identifying the emerging scientific research fronts.
At one point, we were going to issue an A tlas of Science, 15 which simply provided the
bibliographic
information
for several thousand research fronts, as well as a series of cogitation maps. This bibliography of the core
papers of science was to have been a supplement to the SC1. I decided to hold back on
publishing
this primordial
atlas. It would
have been a new and useful kind of “thesaurus” of current research topics. But I felt we
needed to make another quantum leap. We
needed to make the transition from bibliographism to encyclopedist.
We would do
this by including “minireviews”
in the atlas.
Each minireview would require 750 words or
less. It would include all of the key ideas associated with the core papers. It would include
a discussion of the relevant current literature
for each research front covered in the atlas,
The current citing literature would be ranked
by relevance, that is, by the number of core
papers it cited.
Once we created the first minireviews for
the atlas, I knew we had the makings of a
large-scale
encyclopedia
service. After we
completed a few minireviews in synthetic organic chemistry, I also realized that we might
have a system for emulating Fnedrich Beilof Organic Chemistry.
16 By
stein’s Handbook
thk I mean that co-citation
clustering had
permitted
us to develop increasingly
hierarchical
classes of chemical
information
based on the two quantitative criteria used in
the clustering procedure—citation
threshold
and co-citation strength.
Another important step in putting together
was the identification
the A/(as of Science
and naming of 10,000 or more new research
fronts each year. It took much time and effort
to learn how to do thk efficiently. The first
use of these research fronts was made in
,17
the online systems called ISI/BIOME@
[SI/GeoSciTechrM,
~$
ISI/Compu
and
Marhr”’ .14 These 1S1 online and print products
cover the literature
of biological sciences,

be to look up its applications in the SCI. We
thought that chemical classification
was beyond the power of citation indexing. That is
simply because we never attempted to define
the term properly.
Another common myth about chemical information
retrieval was that only humans
could translate chemical names or nomenclature into structural
diagrams or molecular
formulas. Since then, it has been demonstrated that computers can use the linguistic properties of nomenclature
to generate structural
diagrams. We can now use the connectivity
tables implied by a name to generate graphics
for visual displays in IC Onfine. This is now
available from the French database vendor,
Telesyst2mes,
which uses Questel and DARC
software systems to handle bibliographic and
structural data, respectively. 12
On numerous occasions during the evohstion of the SCI, we stressed to synthetic
chemists that the SCI could help them find
chemical information.
Using the primordial
or key reference for a reaction, you can find
subsequent uses for it reported in the literature. For example, a chemist can use the primordial
reference
for the now classical
Eschenmoser
hydrolysis13 to find the papers
that have used the method. These papers may
list additional
uses or modifications
of the
process. Most chemists will agree that if you
are going to use a particular reaction, it is
helpful to know about other people’s experiences with it.
So it is not surprising that the SC1 has been
widely used in chemistry, but its application
has been limited because chemists do not
adequately identify with it. Among biochemists, the SCI has been more popular because
of its close connection to the life sciences and
medicine where the SCI has been adopted
universally.
For these reasons
we have
Chemistry
Citation
Increated a separate
dexTM (CCITM). This file will be made available online and, if appropriate,
also in
printed form,
The next stage in the evolution of citation
indexing was the development
of co-citation
analysis as a classification
system. The basic
assumption
of citation
indexing is that a
unique, highly specific group of papers is
formed when they cite one particular article
or book, From this assumption it ought to be
simple to perceive that the citation of two papers provides an even more unique grouping.
Two papers are frequently cited together, or
c~cited,
because the citing authors have established an important connection
between
those two papers. By using pairs of papers,
citing authors themselves help categorize the

44

Hierarchies in clustering, The vast literature of chromatography is illustrated in this hierarchic
listing of topics and research fronts. Subtended under the general classification of chromatographic
methods of analysis (C4) will be found a series of lower, more specific levels (C3), These include high-

Ffgure 1:

pres.wre Iiquid chromatography (HPLC) analysis of biomolecules, kinetic aspects of gas chromatography
(GC), and analytical applications of capillary CC. WiIhin each of these broader categories are further subdivK1ons (C2), such as retention and other column properties in HPLC and analysis of plant tissue compounds by HPLC, to name two. Within each C2-level cluster will be found the C 1 research fronts; for example, under C2 retention and other column properties in HPLC are the C 1 research fronts 0809, 3095,
3096, 3492,7378, 84CH3,
8503, 9079, and 9148. Full names for the C1 research fronts are listed below the
figure,
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Studying copolymerization by inverse GC
GC methmfs to determine equilibrium ohenomena
New detectors in GC and H~LC
‘
Kinetics of adsorption and dispersion in packed beds
Adsorption and mass-transfer parameters from chromatography columns and porous catalysts

Ion-exchange and liquid-column chromatography of yeast aminmacid autolysates
Reversed-phase or ion-pair HPLC analysis of nucleotides, bile acids, and aromatic compounds
Use of carbon as packing material for HPLC columns
Use of silks in HPLC
Practical aspects of HPLC
Separation, retention, and selectivity in reversed-phase HPLC
Reversed-phase HPLC determination of proteins and other biological compounds
Theory of retention and other aspects of reversed-phase HPLC
Reverxed-phase HPLC with chemically bonded phases
Absorption theory and retention effects in HPLC
Reversed-phase HPLC determination of metal ions and ionic compounds
Ion-exchange and reverse-phase HPLC analysis of nrganic acids in plant tissues
Sugar-beet metabolism and chemical composition
Fused silica and glass capillary columns in GC
GC/maas spectrometry detection of a trichothecene toxin in foods
Capillary GC analysis by on-column injection
GC analysis by glass capillary columns
Metabolic anafysis of trichothecenes and other toxins
Detection of toxic and fatal drug concentrations by capillary GC
GC characterization of exsential oil extracts used in brewing
Retention indexes in GC
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geosciences,
and mathematical and computer sciences, respectively. For each file we
created a separate thesaurus of research
fronts, by creating separate subdivisions of
the SCI, While each of these files contains
biochemistry,
geochemistry,
and computational chemistry information,
the literature
of organic chemistry was not covered extensively, We subsequently
created a separate
Citation IndexTM
more detailed Biochemistry
and then more recently the CC1.
Since that time, we have learned not only
how to identify research fronts through clustering but also how to create hierarchical
clusters that more closely mimic what chemists do when they classify compounds and reactions. For example, we start the clustering
process by identifying all highly cited papers
and the documents that cite them, We then
identify those highly cited papers that are cocited. A citation threshold is set, and eventually, thousands of research fronts are identified. Each front is associated
with two or
more core papers. We then cluster these research fronts in much the same way to form
about one-sixth as many subspecialty
research areas. These areas then are clustered
again to identify about 500 subdiscipline
of
science. By creating these “clusters of clusters” we are moving up the hierarchical scale
from the more specific to the more generic. ld
Figure 1 gives examples of each level of
clustering.
These research fronts will be updated continuously. Research fronts change rapidly in
many cases, Each year there are new and/or
emerging fronts. The stability of established
research fronts depends on the rate of change
of the core papers. As the core literature
changes, we have to decide whether or not
there is a need to change the name of the
front. We also have to determine if it has split
into several fronts, merged with other fronts,
or been eliminated,
As stated earlier, we decided to create
minireviews for each research front we identified. It remains to be seen how these reviews
compare with traditional review articles. In
1981 we published a prototype of the compreISI Atlas of Science$
hensive encyclopedic
envisioned
so long ago. The ISI Atlas of
Science:
Biochemistry
gy, 1978/80
consists

and Molecular

Biolo-

of 102 chapters
that
cover distinct
subspecialties
or research
fronts. Each chapter includes a minireview, a
cluster map, a bibliography
of the core
papers for 1978, and a bibliography of the
current citing papers. IS In early 1985, we
published a second prototype ISI Atlas of

Science:

Biotechnology

and

Molecular

the core literature
for 1981
netics. It includes
and the citing literature for 1981-1984.2°
An encyclopedia
of any kind is an ambitious undertaking, but clearly, a continuously
current and updated encyclopedia,
online
and in print, is the only way to deal with the
dynamic requirements
of modern chemistry,
Our initial plan is to create at least 5,000 minireviews each year for as many research fronts
in all branches of science. A large percentage
of these will be in chemistry. We also contemplate a series of volumes such as the A tlas of
Chromatography,
Al[as of Organic
Chemistry, and so on. As each series of \olumes
is

prepared, we will gradually fill in the gaps for
the previous years by using the database we
have developed covering more than 30 years
of literature.
The implications of these files for the study
of the history of chemistry are already being
felt. I think chemists will readily appreciate
the use of co-citation analysis for writing the
history of chemistry.
By completing
the SCf for the 20th century, our eventual goal at ISI, we will help
historians resolve many controversies.
I am
particularly
eager to finish the SCI for
1945-1954 so that we can determine who cited
the 1944 classic paperzt by Avery, MacLeod,
and McCarty, the key historical progenitor to
the Watson-Crick
paper. It will also be interesting to observe how quickly Watson and
Crick’s 1953 paperzj on the structure of DNA
was cited. We now know that in 1955 it was
cited over 28 times. We recently published
the SCI for 1955-1964 and have already started work on the postwar period.
Another
way in which citation indexes
have helped in historiographic
research
is
Classics@
series.23 To
through our Citation
date, we have published over 2,(KKIcommentaries by authors of classic papers. Included
in these are hundreds of papers from all types
of chemistry journals. This will be expanded
significantly over the next several years. The
commentaries
we receive from the authors of
these classics provide a special kind of personal autobiography,
of which there is too Iittle in the literature, Recently, we published a
commentary by Linus C. Pauling on hk 1939
book The Nature of the Chemical
Bond.2~
We hope that Citation
Classics will help

young chemists realize that there is more to
science than what they learn from the most
visible scientists. Science is built on the contributions of thousands of creative individuals, as Ortega y Gasset suggested in The Revolt of /he MassesZ~—not
merely an elite
group of highly visible or highly cited perJons.

Ge -
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