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Foreword

The ACS Symposium Series was first published in 1974 to provide a
mechanism for publishing symposia quickly in book form. The purpose of
the series is to publish timely, comprehensive books developed from the ACS
sponsored symposia based on current scientific research. Occasionally, books are
developed from symposia sponsored by other organizations when the topic is of
keen interest to the chemistry audience.

Before agreeing to publish a book, the proposed table of contents is reviewed
for appropriate and comprehensive coverage and for interest to the audience. Some
papers may be excluded to better focus the book; others may be added to provide
comprehensiveness. When appropriate, overview or introductory chapters are
added. Drafts of chapters are peer-reviewed prior to final acceptance or rejection,
and manuscripts are prepared in camera-ready format.

As a rule, only original research papers and original review papers are
included in the volumes. Verbatim reproductions of previous published papers
are not accepted.
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Preface

Inspired by the opportunities and challenges presented by rapid advances in
the fields of retrieval of chemical and other scientific information, several speakers
presented at a symposium, The History of the Future of Chemical Information,
on Aug. 20, 2012, at the 244th Meeting of the American Chemical Society in
Philadelphia, PA. Storage and retrieval is of undeniable value to the conduct of
chemical research. The participants believe that past practices in this field have
not only contributed to the increasingly rapid evolution of the field but continue
to do so, hence the somewhat unusual title. Even with archival access to several
of the presentations, we presenters felt that broader access to this information is
of value so that an ACS Symposium book would be valuable to chemists of all
disciplines.

The past is a moving target depending on the vagaries of technology,
economics, politics and how researchers and professionals choose to build on
it. The aim of this collection is to critically examine trajectories in chemistry,
information and communication as determined by the authors in the light of current
and possible future practices of the chemical information profession. Along with
some additional areas primarily related to present and future directions, this book
contains most of the topics covered in the meeting symposium. Most of the
original authors agreed to write chapters for this book. Much of the historical
and even current material is scattered throughout the literature so the authors
strived to gather this information into a discrete source. Faced with the rapid
evolution of such aspects as mobile access to information, cloud computing, and
public resource production, we hope that this book will be not only of interest
but provide valuable insight to this rapidly evolving field not only to practitioners
within the field of chemical information but also to chemists everywhere whose
need for current and accurate information on chemistry and related fields is
increasingly important.

The editors would like to thank all of the original speakers, the sponsoring
technical divisions of the symposium, CINF and HIST, and our symposium
co-organizer, Andrea Twiss-Brooks, for their contributions to the stimulating
discussion that inspired this volume. Presentation titles, abstracts and slides are
listed at: http://bulletin.acscinf.org/node/347. We would also like to acknowledge
the patience and support of the ACS books staft throughout the project, as well as
the many reviewers. We are especially grateful to the authors for their willingness
to reflect on these collective issues of our profession beyond the regular course
of their individual work for the benefit of the broader chemistry and scientific
information audiences. In recognition of the sometimes personal nature of these
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pieces, we have preserved the original spellings provided by the authors whenever
possible.

On the cover: Cover design inspired by the original presentation “Historical
Cantilevering”, given by Peter F. Rusch, who is an author of a chapter in this
volume. The punch card image is from the original presentation by Engelbert
Zass, also an author with a chapter in this volume. The phone image was taken
from Chapter 14 by Alex M. Clark. Photo of the bridge by brewbooks; Cantilever
bridge construction - Sound Transit; https://www.flickr.com/photos/brewbooks/
394851251/; Creative Commons license http://creativecommons.org/licenses/by/
4.0/.

Leah McEwen and Robert Buntrock, co-editors

Leah R. McEwen
Cornell University

283 Clark Hall

Ithaca, NY 14853
607-793-6217 (telephone)
Irm1@cornell.edu (e-mail)

Robert E. Buntrock

Buntrock Associates

16 Willow Drive

Orono, ME 04473

207-866-7930 (telephone)
buntrockl6@roadrunner.com (e-mail)

X
In The Future of the History of Chemical Information; McEwen, L., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 2014.



Downloaded by 188.123.242.7 on August 7, 2014 | http://pubs.acs.org

Chapter 1

Taking a Long View:
Traverses of 215t Century Chemical Information
Stewardship

Leah McEwen*

Cornell University, 283 Clark Hall, Ithaca, New York 14850
*E-mail: Irml@cornell.edu

The introduction of the Internet into the publication
environment has greatly increased the breadth of concerns
around stewardship of information. Not only are research
libraries dealing with an overall expansion of more traditional
scholarly publication genres, an unprecedented number of
other information venues are focusing attention on networking
pre-published research data. In addition to communication
of the latest ideas, significant value lies in appreciating both
the super- and substructures emergent in the vast knowledge
bank of chemical research. Happily we don’t have to reinvent
too many wheels to leverage this information as the discipline
has constructed itself around systematic organizing principles.
Translating the value of these structures into digital utilities
and engaging the broader community of research chemists and
students is the work of today’s information stewards, much as it
has been over the course of the chemical information profession.
Now more than ever is the worth of such stewardship apparent
in the wake of blossoming information opportunity and resource
conservation.

Introduction

At the turn of the last century, when I started working as a chemistry librarian
in 1999, 1 had a pretty good notion that most of my time would be spent online.
Full text of current issues of journals was becoming available in critical mass,
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adding the next step in the online information cycle to accompany searchable
indices that had been available via federated systems for some decades. Directly
accessible primary literature en masse at point of need for those who consume it
reflected an increase in the storage media of the electronic information industry,
and more impressively the opportunity for more end-user friendly interface
development options in the advent of the Internet. This rather revolutionary
convenience completed the cycle of online information transfer for most scientists,
or at least seemed to meet the vast majority of the need.

Fast forward through a decade of growing pains on the part of scientists,
publishers, libraries and information technologists, and we arrive at a point
where most of the journals were available in user-friendly and manager-feasible
electronic form over full publication history, and usage measured in full text
downloads was skyrocketing. Monographs also began transitioning online and
series, textbooks and data compilations were emerging via odd hybrids of content
management systems and individual interfaces. All this, the promise of Google,
and the rapidly growing and globalizing Internet could be had for a price. About
this time, developed economies worldwide began to strain due to over-anticipated
growth, tighter budgets and the consideration of information as a commodity.
Research institutions responded by reducing investment in libraries and other
support services.

The Internet has brought much more than convenience, turning upside-down
the information transfer industry and with it the business practices of conducting
the science that it supports. Access, copy-of-record, return-on-investment and
information literacy are all concepts being rethought by stakeholders in the
value chain of published scholarly literature from scientists, through publishers,
system developers, libraries, and back to scientists. With freedom from old
business models comes new responsibility, and this need holds true in an online
environment as much as it did in a hardcopy environment. Can prior principles
of scientific communication transfer? Have changes in the online environment
impacted science to the extent that the information cycle has changed? Or,
is it more the rules of business that have changed? More critically from the
perspective of a scholarly information steward, what are the broad impacts of
recent changes on the utility of the information and the experience of the users?
Can we ascertain a trajectory of chemical literature and information practices by
gauging the future against the past?

To gain some perspective on the challenges of today, I am interested in
past challenges of the people involved in chemical information transfer. This
interest prompted the organization of a symposium at the American Chemical
Society Meeting in Philadelphia in 2012 on the Future of the History of Chemical
Information. The experience represented by the speakers spanned the chemical
information timeline from early implementation of computerized information
systems through more recent opportunities and challenges of networked data.
The sense of concern that arose out of the discussions there further prompted this
symposium volume which pulls together an even broader range of perspectives
from information professionals who are or have in their careers tackled difficult
problems of translating the essential information of chemistry through technical
revolutions.  Studying the advent of machine documentation presents an
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opportunity to understand dichotomies inherent between the online interfaces and
the chemistry being covered (implicit/explicit, human/computer).

The Professionalization of Chemical Information

It would be an understatement to say that computing technologies have
merely improved access to chemical information. The impact on chemical
research has made a profession of chemical information management. The
Division of Chemical Information of the American Chemical Society formed in
1948 as the Division of Chemical Literature, and has hosted many passionate
debates over the years ranging from standards of coding to pedagogy (/). In his
eloquent 2007 review of the previous 50 years of chem(o)informatics research,
Willet references Herman Skolnik’s criteria of what defines a discipline: active
researchers, research forums, research journals and specialized education (2). A
rigorous consideration of the development of this discipline along all of these
dimensions can help us understand the core principles underlying its strengths
and limitations.

Willet and others have documented the history of chemical information from
an informatics perspective, generally as far back as the early 1960s with the
founding of the Journal of Chemical Documentation (2—4); or from a teaching
perspective with a few notable references before the founding of the Chemical
Literature Group in the ACS Division of Chemical Education in 1943 (5). There
is very little historical treatment of this problem that considers the impact of
machine documentation on the experiences of practicing chemists during this
transformational period. Most histories of chemistry literature and communication
predate the computer era (6). Most of the historical considerations originating
in the chemical information field understandably focus primarily on technical
developments and highlight successes (7).

This focus on chemical information history distinct from the larger chemistry
discipline is probably indicative of the professional interests of those substantially
employed in either information or history studies. A comment in the introduction
to a 2002 Conference on The History and Heritage of Scientific and Technological
Information Systems at the Chemical Heritage Foundation emphasizes this sense
of separation in consideration of the technology of information: “From being a
kind of special tool used as an adjunct to the creative, substantive conduct of
science, information technology and systems has assumed a central role in the
actual constitution of a number of scientific disciplines that have been given such
eponymic designations as biomedical informatics and chemical informatics” ((8),
p. 6, emphases are mine).

What of the role of information technology in such an information-rich and
interdependent discipline as chemistry? Have the systems really only recently
assumed central roles, as recently as the modern computing machine, or do the
principles of informatics trace back farther in chemistry? Certainly chemical
information is inherent to the discipline and managing it in systematic and
increasingly automatic ways has been part and parcel of the practice for time
immemorial. Discipline-based development of systematic approaches that reflect
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scientific inquiry date back centuries to debates over chemical nomenclature,
symbolism and reactivity, were inspired by even longer histories of the empirically
based data-generating methodologies of alchemy (9).

I don’t think we have to look far from the current practices in managing
chemical information to find a frame that distinguishes our history, and in doing
so, shows that our opportunities in this field are firmly rooted within chemistry
practice. Rayward, a noted information science scholar, struggles with an
appropriate approach of study for information that is not quite a thing- “a word, a
concept, encapsulated, represented, embodied”; “a process or a product... text or
document... content... expression of meaning... process of symbol representation
and manipulation of electronic machines...” ((8), p. 4). By his own admission
he is unsatisfied with these articulations and settles on “the most useful modus
operandi for the historical study of information, it seems to me, and what is
implicitly or actually explicit in the discussions above, involves some notion of
system, of the creation and use of what I call information infrastructure without
which in its varied historical manifestations societies (or telecommunications
engineers or neurophysiologists) could not function” ((8), p. 4).

There it is- systematic information infrastructure that allows the operators,
human and machine, to take some action on the information. Who better to
articulate the characteristics of this enabling infrastructure in chemical information
than those operators whose professional work is to nuance and facilitate action
upon it, from industrial R&D and expert systems development to academic
discovery support and chemical education. While most chemical information
professionals are not also professionally active in history studies, we can offer
some unique perspectives intermediate between the evolving technologies of
information and the scientific practices of chemistry. Chemical information
infrastructure has evolved around two unique types of information, chemical
structures and chemical reactions, which distinguish it from generalizable
approaches in information science (7). Representation, notation, provenance,
metadata and other documentation practices around the organizational motifs of
chemical structure and reaction are recurrent themes throughout this volume.

Wither the History, Whither the Future of Chemical
Information?

Driven by my own journey through the transition of hardcopy research library
ecosystems into electronic information workflows, I applied for a sabbatical
and embarked on a search for more conversations around human-machine
communication in a chemical context (/0). An exemplar conversation surfaced
in the archives of the well-known organization that has been developing
and promoting chemical standards for almost a century: the International
Union of Pure and Applied Chemistry (IUPAC) (/7). In the late 1960s it was
becoming apparent to [UPAC functionaries that information critical to chemical
research had expanded beyond human indexing and finding capability. An
Interdivisional Committee on Machine Documentation was formed to pursue the
holy grail of bridging human and machine processing — “a unique definition of
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chemical structure which is understandable on the printed page and yet logical,
unambiguous to a computer program... universally applicable and can be readily
understood by both processors and users,” ((/2), emphases are mine). The
membership included several chemical information luminaries (/3), who engaged
in seemingly spirited and at times quite insightful debate along various axes
of this problem. However, this committee generated no concrete solutions or
rules such as those, however complex, dutifully produced by the nomenclature
committees, and the effort was quickly wrapped up.

Committees are not always the best venues for accomplishing revolutionary
movement and this attempt ultimately bogged down in the variability of
implicit needs and explicit requirements among different systems, both machine
and human focused. Interestingly, the tension was not over any particular
human-machine differences. Challenges arose over interpretation of when and
why these distinctions are important and the collective responsibilities of the
fledgling chemical information field to coordinate, collaborate and communicate
such requirements with the larger community of chemical researchers; in
other words, the business parts of the problem. Recent IUPAC efforts have
more successfully reframed the problem within the terms of more tractable
projects, including the development of the “Graphical representation standards
for chemical structure diagrams (IUPAC Recommendations 2008)” (/4), and
the “International Chemical Identifier (InChl)” (/5). It is worth noting that
neither of these published specifications is attempting to be comprehensive or in
perfect alignment with machine and human-appreciable definitions and state their
primary purposes accordingly.

Unambiguous representation of spatial structure and gathering spatially
similar clusters of data are very important to chemistry research. They underlie
both human and computer approaches to chemistry data management and require
managing what is implicit vs. explicit carefully. Repetitive patterns are explicitly
defined while iterative adjustments are implicitly determined. = Computing
machines excel at keeping track of things and automation is essentially a matter
of scale and accuracy, i.e. tracking more consistently and quickly and relieving
humans of the direct burden of repetitive and iterative actions over scale. Rules
were spatially articulated with pre-electronic technologies such as punch card
machines (/6). Computer models are numerically articulated, both approaches
well suited for topological expressions of chemical structure inherent in the
language of chemistry (7, 17).

Variability in the development of the rules and criteria underlying explicit
definitions and implicit determinations as well as how and when each are invoked
in a system can enable different types of application, as advocated by the various
members of the [UPAC Machine Documentation Committee. Specifications
of patterns and adjustments in literature indexing databases such as those
provided by the Chemical Abstracts Service (CAS) are based on repeatability
and streamlining of earlier manual indexing techniques employing nomenclature
rules (/8). Structural motifs such as ring scaffolds are explicitly defined in
these approaches by rules for numbering of atoms, with likely some variability
among treatment of functional groups depending on what is to be highlighted.
Specialized representations of chemical structures called Markush structures
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incorporate generic functional group notation and are used in patents to implicitly
cover large families of molecules (/9). Systems built on predictive models such
as DARC (Documentation and Automated Research of Correlations) explicitly
define atom properties and implicitly determine molecular structure through
correlation (20).

Variability in systems has indeed added possibilities for applying the
principles of chemical structure representation, and has subsequently created
myriad challenges downstream for chemists moving between systems due to lack
of transparency in underlying rules and assumptions (27). Further tensions arise
between systems managers over different approaches to crosswalks- should rules
be systematized (explicit approach), or best practices developed for exceptions
(i.e. approaches for implying most useful solutions). IUPAC has approached
this by developing rules for “preferred IUPAC names” to support use of a
common language in legal and regulatory scenarios, and principles (including
unambiguity) for guiding use of alternatives for diverse applications in daily
use (22). Additional factors impacting overall information processing include
data sources, access, responsibility, and many other familiar non-technical issues
juggled by information professionals daily. All of these concerns, technical and
otherwise, require attention to enable a functional work environment for chemical
research and should be captured and described in the provenance of data and
metadata structures to support problem solving along the full cycle of information
transfer.

These challenges are not exclusive to the advent of the computer in
managing information. Conversations with historians of science studying the
systematization of chemical nomenclature suggest similar ongoing tensions
arising around the codification and adoption of nomenclature rules from the
1800s (23). The struggle appears to lie in the impact of systematization on the
usability of representation for communication (as a type of use) or larger scale
indexing (as a type of handling). Infrastructure and decisions associated with
handling by information purveyors vs. use of information by practicing chemists
is an additional layer of information management that needs to be considered
(24). Given the importance of unambiguity, it is critical for the chemists using
these systems to appreciate the underlying approaches for establishing canonical
representation and streamlining automatable processes, whether manually created
or automatically generated, or as Currano eloquently expresses to her students,
“think like a database” (295).

Information Eras and the Continuum of Transition

The amount of chemical information and level of detail far exceeds the
capacity of linear or chronological indices. Aside from bibliographic referencing,
indexing by compound has long been of prime interest. Various approaches
encode compounds systematically, focusing on specific rules such as nomenclature
and atom-bond connectivity, or common motifs such as functional groups and
topology, rather than on individual instances. Such methods stretch back to the
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development of systematic nomenclature rules at the turn of 20t century for
humans to better manage indexing of more substances reported after the advent
of the dye industry (23). One hundred years of development suggests that this
has been a fruitful idea. Chemical structural notation is an important motif in
chemistry and has dominated the focus of chemical information development,
both in indexing and informatics. As the workflow environment becomes more
enabled for end-users, it is imperative to introduce the broader technical power of
this language back into the hands of practicing research chemists.

Chemical information has figured prominently online since early days
of machine documentation (/). Chemistry research was an early adopter in
both searchable indices such as STN, and later full text journals (26). As a
current member of CINF, I have been hearing at division meetings for some
time that chemistry is ready for digital information, content management for
computing purposes, not just human convenience. Electronic information
involves computerized representations of human-readable information, able to
be transferred electronically and reconstructed for other human readers. Digital
information is constructed in a digital environment; its semantic content is
computer-readable, discrete and explicit, and the computer can not only transfer
this information but also aggregate it and analyze it in chemically meaningful
ways beyond digital object management and basic statistical analysis of incidence.
A recent example of this distinction might be the use of fax machines to
electronically transport hardcopy where the computer only understands the
document at the level of rasterized dots on a page versus current word processor
documents where the native file format contains some level of markup in the form
of words organized via punctuation into sentences, paragraphs, pages, etc. In
chemical information, the different ends of the scale might be saving of sketches
of a molecule as purely graphical images to cut and paste into manuscripts versus
the underlying connection tables of atoms and bonds that are used internally by a
drawing program, and encapsulate a significant amount of chemical meaning that
can be transmitted to other chemically aware software (7).

To help frame the transition from electronic to digital information, it might
be helpful to reflect on the transition of chemical information flow from print to
electronic environments. In the print era, the push for chemical information was
focused on documentation to keep track of what was done and what happened in
long series’ of shots in the dark and increasing optimization exercises. Broadly
speaking, early publications clustered around topics, including such literature
forms as treatises, textbooks, and encyclopedic chemical dictionaries. Primary
publication of research results shifted to documenting research society and
institutional transactions, and subsequently society and national journals with
some eventually being absorbed by commercial publishing houses specializing
in scientific communication. With increasing accumulation of reported substance
characterization and methodology, research and teaching chemists further
specialized indexing around the most relevant aspects, chemical structures
and reactions. Secondary data compilations such as the Gmelin and Beilstein
Handbooks and the Houben-Weyl standard methods reference became established
as core tools of chemistry research practices to meet the need for high quality,
repeatable, protocols and methods (6).
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Such documentation of content was increasingly critical for successful
research and training as the corpus of chemical information continued to
expand. Hence the profession of literature chemists emerged who were
trained as chemists and applied this knowledge to the production, aggregation,
organization and distribution of chemical information. They produced abstracts
and indices of abstracts. They acquired and reviewed volumes of research
ephemera, primary published literature and secondary indexing sources. They
taught research chemists about the organizational structure of these collective
sources and developed further tertiary guides on how to maximize the utility
of the ever-increasing magnitude and variety of information bits. Machine
documentation of chemical information began in earnest after the Second
World War and morphed into the electronic information era soon after. The
push this time was access, towards more complete and more detailed access to
the rapidly growing corpus of information. From the mid 1960s through the
1990s was a golden era for chemical information professionals, engaging in an
ever-broadening array of activities related to translating hardcopy content into the
automated processing environment of computers and back out (more or less) for
the use of human chemists (27, 28).

With the advent of the Internet, where data can pass in native formats
through computer and cloud networks directly, and simultaneously to humans
not connected in physical space and time, we are entering the era of digital
information. The push here is towards application, re-use and mash-up of
empirical data in broader applications. This is the era of the semantic networking
of data in order to facilitate better discovery of related data and to find linkages that
result in a whole that is greater than the sum of its individual parts. Well-handled
metadata and data structure can indicate that two packets of bits are related
and enable them to be compared in a semantically meaningful way. The trick
is delineating which data types and relationship attributes among the metadata
need to be made explicit in order for the system to yield useful connections. The
stewards of this movement are emerging under the banner of informaticians;
magicians of parsing chemistry representation and machine-human translation.

The digital information era is in relatively early days and the long-term
challenges for stewardship are not fully apparent yet. Indeed, the majority of
chemical information professionals are involved with the still critical work of
the previous eras. The scientific nature of the underlying information seems
much the same and considerations of stewardship responsibilities can be initially
based on several recurrent themes. What are the secondary structures needed
to help manage, organize, find and reuse information for informatics activities,
other computing analyses, researcher interpretations, etc.? What tasks will be
necessary to ensure provenance and archiving of data collections increasingly
captured and destined for re-use? What training will be necessary to convince
research chemists to adopt practices in their workflow in order to facilitate direct
re-use of data in an environment of increasingly diverse data and data-analysis
tools? Finally, what pedagogical directions involving information will set the
course of digitally enabled chemistry research itself going forward? Harkening
back to earlier days of professionalizing documentation chemists, it could be
argued that these responsibilities still center on documentation, but the focus of
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documentation and validation has expanded beyond completed research. We are
now focused on the entire life cycle and the myriad styles of data, establishing and
documenting shared and transparent practices for stewardship that ranges from
experimental planning and data capture to storage, access, and computational
re-use.

Provenance: The Science and Poetry of Documentation

When communicating essential aspects of chemical information to librarian
colleagues who work in other subject areas, three more general information
science topics can be used as a framework: natural language processing, big data
and the focus on education. Structural formulae are an essential language through
which chemists communicate and evaluate their scientific claims (/7). They are
replete with ‘parts of speech’ and ‘rules of grammar’ in atoms, atom attributes,
bonds, bond orders and other topological and geometrical notations. ‘Natural’
language processing on this language of chemistry has been going on for a very
long time. In the early 1890s, prominent chemists engaged in codifying systematic
organic nomenclature sought to ascertain patterns emerging from representations
of chemical structures in order to classify and order molecules for further study
(23). The next stop was punch card notation, again attempting to determine
and translate useful patterns for classifying compounds. Subsequent efforts
focused on developing binary connection tables and graph-based analysis that
were then followed by statistical analyses of structure-activity relationships (7).
The latest efforts have focused on semantic based mining of chemical structures,
methodologies and processes (4, 40, 42). All of these approaches developed
classification schema to facilitate inferences based on structural formulations,
case-by-case as in individual lab or teaching scenarios and systematically as used
for indexing and large-scale screening. It is worth noting that such approaches
arose from within and have been taken seriously by the discipline itself long
before computing machines, which have been extensively employed subsequently
to ease the analysis and processing workload.

Also inherent to the practice of chemistry is the collection of data. The
study of chemistry is focused on synthesis, analysis, and further application. All
of these activities generate data of interest and early chemists and alchemists
were meticulous note-takers (9). Quantitative, systematic and critically reviewed
approaches to data collection have been in practice for some 200+ years on
over 88+ million substances to date (29). The types of data range through
extensive characterization, material properties and toxicity measurements. This
is the stuff of big data, systematically collected, ordered and re-purposed within
the normal course of discipline practice long before current approaches using
correlative analysis. The metadata that has subsequently grown up around
this data, originating primarily with practicing chemists in a variety of settings
from teaching to industrial optimization and further systematized by reference
compilation and standards development, is staggering. Over 300 separate fields
were coded into the CrossFire version of the Gmelin Handbook of Inorganic
Chemistry for example, in compilation for over 200 years, including such
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specialized fields as multi-center ligand formulae and catalyst classifications
(30). These metadata schema are complex and sophisticated, with layers of
classification and dependencies, and require extensive guides and decision trees
for navigating the printed version and command searching options for the online
version (37). Metadata has become the language of meta — professionals, the
literature chemists. When they consulted these reference works primarily in print,
chemists had to be meta-experts, too. Understanding the manner in which their
data was organized helped them understand their chemistry. Focusing on how
digital metadata is created and functions could provide a means for re-engaging
the meta-expert in every chemist.

A deeper knowledge and understanding of the context of chemical data
enables the broadest re-use of this data, and the molecules to which it pertains,
across the broad terrain of the chemical sciences, including areas with high
social impact such as biomedicine, materials science, and environmental science.
Cheminformatics techniques have exploited the metadata that already exists to
articulate when there is an intriguing chemical story, the level of confidence of
(parts of) methodologies, and the refinement of underlying assumptions through
the application of scientific knowledge. Expanding the scope and depth of the
documentation process furthers the potential of these approaches and the value
of the source data and work of chemistry. At the most basic level, provenance
documentation considers datasets as artifacts, supporting linking to associated
publications for scientific context through data citation infrastructure (32). With
a use-driven approach, provenance might take on the form of a family tree
over the course of research associated with the data through subsequent re-uses
(33). A full curriculum vita documenting the process of the original experiment
and subsequent analyses could support better parsing of minimally reported
methodology languishing in journal articles, and make it more mobile and
amenable to aggregation along with the data (34). Purposeful capture of metadata
and other notation can support richer scientific debates with as much empirically
derived information as available to help adjudicate them. Without documenting
and exploiting in-depth provenance, do we risk coming full circle to a sort of
modern alchemy, clumsily trying to find gold in combinations of vastly increasing
accumulations of common data?

In an abstract sense, expression of data within their original experimental
contexts is medium agnostic: values can be recorded by hand in paper laboratory
notebooks or streamed directly from instruments to networked systems. However,
the nature of data is not measurement- method agnostic. A methodological context
is needed to determine how much processing has been performed on the data:
initial screen vs. analysis vs. publication and communication. The National
Institute of Standards and Technology asserts that while “reliability may be the
most fundamental concern encountered in any application of materials property
data,” purpose and use are the critical dependencies and involve both quantitative
and non-quantitative criteria to ascertain quality and establish validity (35). Add
to this analysis the comparison of repeatability across scattered reports enabled
by compilation of data, as long practiced in the chemical sciences and industry
at great expense, and process documentation becomes an essential component of
data capture. Just as we need to document data processing, we must also provide
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documentation that enables readers to understand how much the data may have
been altered from their original form. The absence of such documentation creates
ambiguity that can degrade the value of chemical data to the point of uselessness
for future re-use.

One of my favorite illustrations of the critical position that data compilation
holds in chemical practice and the equally critical problem posed by inadequate
representation is captured by the timeless film, the Anatomy of Data (36). The
story bridges print and electronic information technologies as well as research
and application perspectives, the work is daunting and one is left yearning
for more data reporting standards, ideally digitally enabled. Data formats
that incorporate several layers of metadata to track specific instrumentation,
calculations, process conditions and even experimental rationale, can improve
scientifically meaningful comparison by both automated and human processes.
Such formats are becoming increasingly available, notably for crystallographic
structures, various spectroscopic characterizations and thermodynamic properties.
While some have been widely adopted, such as the crystallographic information
file (CIF) data format and information framework (37), the use of other digital
data formats such as the [UPAC JCAMP format for IR and NMR spectra have
not captured the attention of practicing chemists in spite of the wide use of these
characterization techniques (38).

Throughout the transition from handling print hardcopy to electronic
chemical information, and now to digital data in just over a human career span,
lack of transparency to researchers of the data manipulation and information
decisions made by online systems is of increasing concern. The ‘more convenient’
the user interface, the harder it is for the scholar or professional to consider and
intellectually examine what are really still open questions about their research
(24, 25). When humans did the organizational processing work, the information
systems had to make sense to chemistry-trained humans, e.g. literature chemists,
and were extensively and explicitly documented. It was easier then for the human
chemist and their support professionals to have a sense of how the system was
structured and organized and how to leverage them, even if it required more
legwork up front (27, 28). As more of the organization is handled through
automated processes by a computer, it may not be as readily apparent for a
human user to translate technical terms, especially if documentation is much less
accessible and explicit. Imagine this proverbial scene of past, disassembling the
intricate workings of a valuable pocket watch without sketching how it all fit
together. Documenting what happens to data in automated systems is as important
to the practice of craft-based trades such as chemistry as what happens to data
expressed in figures of peer reviewed articles. Additional attention to curation of
data capture, documentation and ordering principles can help address issues of
due process and improve confidence in “black-box” information systems.

As a methods-based science, with strong discipline focus on communication,
design, analysis and evaluation as discussed above, there is in tandem a strong
emphasis on pedagogy. Undergraduates learn about such information and
data management building blocks as language (structure and nomenclature),
classification, stoichiometry and analysis. Graduate level mentorship generally
runs towards refining methodology, technique and judgment, including leveraging
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chemical metadata structures for experimental design. I have heard many
expressions from students noting with interest the insights than can come with
“rebooting the information structure” as they move between search systems.
Without more transparency in digital information, generations of chemists using
online systems will be emerging without the benefit of the experience that was
gained previously from manual searches, which coincided with their (primarily)
manual lab experience.

Tensions or Opportunities?

The question of more interactive engagement of chemists about digital
information has garnered a great deal of discussion in several areas of the greater
chemical information community among cheminformatics, resource providers,
and librarians. How do we make our activities look like chemistry, building on
the structures that chemists know, and show where and how these concerns fit
into the research cycle beyond publishing articles? The more I study this debate,
the more it appears to me as multiple facets of our long-term conversation about
how to manage chemistry research data based on organizing principles that make
logical sense in the chemical space, to humans and computers alike. When I
think of particular strengths that we have built up professionally over our history,
distant and recent, to manage these challenges, I think of the compilation of
content characterizing chemical substances and reactivity and the organizing
principles of topology and geometry. Looking forward, critical control points
for chemists and professionals managing information are emerging through
issues of accessibility, mobile workflows and the semantic web (39-42). These
are fundamental questions in the chemical information profession that crop up
among conversations of our peers and further in the pages of this book. Below
are some introductory reflections from the perspective of an academic chemistry
librarian on sabbatical. I have taken a purposely general and broad tone to let our
colleagues in the chapters that follow speak more poignantly.

When I think of accessibility, I think of a community defined by responsibility
for content. Compiling data; reviewing scholarly assembly (articles, dissertations,
tenure dossiers); searching for, finding, parsing, and identifying connections;
browsing and planning; mixing and matching methodologies; noting observations;
and optimizing processes are all valued aspects of chemical synthesis research.
Anyone who engages with scientifically derived content in any such fashion
in a professional capacity is participating in the scientific enterprise and bears
a measure of responsibility to the chemistry collective both to process data in
some chemically intelligent manner and to leave them in at least as scientifically
robust form as they found them. The long-standing community approach to
meeting this responsibility is through documentation of process and subsequent
publishing of this metadata, attested by the massive collections of scientific
research libraries. While it is temptingly easy to concern oneself with greater
potential for availability via the Internet and subsequently become that much
more frustrated with barriers to current online systems, these challenges should
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not distract us from our greater community responsibility to accessibility of and
engagement in provenance documentation.

When 1 think of mobile workflows, I think of the power of modularity.
Whatever our art or craft, method must manifest itself in discrete chronological
tasks; so much the better in science where we are required to present and defend
our process on scientific terms. Modularity reminds us to think through the merit
of each step and capture the process. What could be considered limitations of
mobile platforms- small on-board storage and small interaction screens- have
forced increased transactions with cloud services, more discrete interactions with
users and lower tolerance for sloppy data representation for both computer and
humans, with the happy accident that users have more opportunity not only to
know where they are in their overall process but also more opportunity to engage
in step-wise decisions with their data, within or between apps. This ultimate
usability model is compellingly packaged and data dutifully logged and captured
to be potentially available for further transactions.

When I think of the semantic web, I think of the adaptive potential of pairing
native human intellect and logic with the repetitive consistency of the computer.
We are generating observations about our world at a rapid pace and are ever in
need of catching up with useful interpretive structure. To date, the computer has
primarily played a crucial but somewhat ancillary function of faithfully logging
the communication of our research bounty in essentially flat-file form. The
simple relationship format that underlies the networked structures of semantic
approaches reflects a tractable compromise between implicit formulations of
intelligent scientists and professionals, and explicit rule-driven computational
systems. Divvying up roles between human interests and computer capabilities
enables more flexible and extensible application to complex real-world problems.
Formulating the core defining concepts of a scientific approach forces greater
clarity of process on the part of the humans, putting the opportunity and
responsibility of ascertaining meaningful relevance back in the hands of scientists
and improving the overall documentation identified and captured by the computer.

When I think of pedagogy, I think of setting future courses of application
and thus the methodology of a discipline. Framing structure around abstract
ideas and articulating step-wise through complex methodologies built up over
generations for the benefit of students causes us to reflect logically on habitual
practices. This is one of the few situations where we must take the time to rework
out loud within the greater knowledge of the day, the technical and scientific
merit of our own underlying assumptions and those of the discipline as a whole.
Through the explanations and scenarios we conceive and deposit with the students
in the pipeline, educators are seeding the trajectory of further practice. Doing
this through the efforts of individuals, teachers and their students, maintains
maximum opportunity for creativity along the evolutionary course of a discipline
(43). Research apprenticeships further engage the direct contribution of students
in real time; jump starting them into the practice, community participation and
collective responsibility of chemistry research. We have the opportunity to
expand this model to documentation practices, encouraging more engagement of
practicing scientists in establishing the provenance of their work and the data that
they generate and use.
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Stewardship & the Long View of Chemical Information

We are collectively responsible for the stewardship of the scholarly output
of chemical research. Chemical information professionals encompass a richly
diverse group of job duties and responsibilities across a variety of sectors. The
diversity of this group of authors reminds me of the diversity within a chemistry
department, and among chemistry related research labs across a university. The
chemical information profession demands of its practitioners a multi-faceted
appreciation of the underlying complex art and craft based science of chemistry.
Our work has evolved around service and research focused on a context dependent
discipline. And our stewardship concerns range across the people-users, the
computing developments, and all the other issues in-between as well as the source
material and formats. What do the data want? What do the computers want?
What do the people want? As a profession we find ourselves in a veritable log-jam
of ideas and activities. In the rush from the ‘print’ era to the ‘electronic’ and yet
again to the ‘digital’ the object is to not fall too far back in a cycle of reinvention.
We must refresh our technological bathwater without tossing out the baby of
established organizational techniques that have facilitated innovative science.
Our challenge is to bring our exploratory-based activities to a professional service
level while still maintaining our appreciation of the scholarly perspective.

Chemists’ documentation, the unifying and particular focus of the chemical
information profession, is part and parcel of chemical practice. As stewards
and scientists, we know that documentation of process is more than just good
housekeeping and communication. Good notes enable immediate detailed
focus on the chemical reactivity that defines the discipline. The methodological
emphasis has cumulative value that impacts the overall quality of the practice at
the inductive as well as deductive levels. A native data-driven approach codified
into practice by 18th century scientists has resulted in precision measurement,
rational nomenclature and stoichiometry, principles underlying chemical research
and informatics today. Chemical information is valuable information indeed
and one might consider it a boon to have such a diversity of attention paid to
its care and feeding. This is certainly why librarians badger so much about
quality, and why collectively the discipline needs provenance-badgers along with
info-magicians to keep the data handling viable and robust as the scales and stakes
continue their exponential growth. As quoted in the memorial of a respected
colleague, “...In the past, trusting people might have been a necessary evil [of
research],” Bradley said. “Today, it is a choice. Optimally, trust should have no
place in science” (44).

Thus I close this missive with a moral for my valuable colleagues and myself
in a venerable profession. If I have seemed in this reflection to obsess over what
might at times be considered a secondary function of provenance tracking, I am
reminded of the ancient saying — “the fox knows many things, but the hedgehog
knows one big thing”. For academic libraries it has always come down to
accessibility of scholarly information in the broadest terms, from the past, in the
present and for the future. The hedgehog’s wisdom lies in passive resistance. To
avoid a similar posture of perennial defense in the face of continuous change, it is
the prerogative of chemistry librarians to steward the practice of documentation
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into the digital era. Documenting provenance is essentially overseeing the
documentation of stewardship in which we are all engaged professionally. In
other words, practicing the good chemical information hygiene that we preach.
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Chapter 2

Chemical Information: From Print to
the Internet

Robert E. Buntrock*®

Buntrock Associates, 16 Willow Drive, Orono, Maine 04473
“E-mail: buntrockl6é@roadrunner.com

As presented in the cited symposium (/), five decades of
progress in chemical information, including publication, media,
and retrieval are described in an expanded version. The
evolution of the chemical information industry, from both
the user and vendor standpoint, is illustrated by the personal
career history of the author. The emphasis is on the chemical,
petroleum, and petrochemical industries along with interaction
with the publishing and academic sectors. Knowledge of the
past is helpful and even necessary to analyze the present and
attempt to predict the future.

... “What we owe the future

is not a new start, for we can only begin
with what has happened. We owe the future
the past, the long knowledge

that is the potency of time to come.”...

Wendell Berry, At a Country Funeral,
from The Country of Marriage, Wendell Berry, 1973

Introduction

It was both an honor and a pleasure to be part of the symposium that is the
basis for this ACS Symposium Series publication on the Future of the History of
Chemical Information (/). Although the title seems anachronistic, the future does
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depend on the past and how we use it and adapt to it. In that vein, as a veteran
of the information wars, I’ll describe, in an expanded version, the evolution of
chemical information from the days of print and embryonic computerization to
the onset of the Internet. The time span will be about 50 years from the mid-50s
to the mid-2000s, corresponding to most of my active experience in the field. In
addition to the introductory poem, per this quote from Santayana (2), “Those who
cannot remember the past are condemned to repeat it”, the past can be used to
guide the future.

Several aspects of chemical information are being covered in more detail
by other symposium speakers and authors but I’ve attempted to be supplemental
rather than redundant. Pioneers in the chemical information field will also be
highlighted. The emphasis will be on the non-academic, industrial sphere but that
arena has obviously interacted with the academic throughout history, cantilevering
or bridge building if you will. In addition, for the industrial scene, I will
concentrate on the petroleum and petrochemical industries. The pharmaceutical
and specialty chemical industries had their own requirements for information,
often emphasizing other databases. Due their heightened interest and increased
funding by organizations within these industries, the prodding and support of
these organizations drove many of the developments in chemical information,
especially for chemical structures and for patents.

“Classical” Searching

As noted in chemical information books (3, 4), as with information sources in
other disciplines, chemical information can be categorized into primary—original
articles and documents; secondary—abstracting and indexing services, databases,
encyclopedias, monographs; and tertiary—directories, guides. Searching of
primary sources is done by reading, scanning, or use of tables of contents and
annual source indexes. Searching secondary sources usually involves subject
searching using the indexing provided. Chemical information has two additional
aspects as compared with other information: chemical structures and chemical
reactions. The latter not only involve starting materials, reagents, and products,
but have a vector aspect (the direction of the reaction arrow).

Using my experiences throughout my educational and jobs will hopefully be
exemplary. The narrative begins with my childhood experiences in chemistry. I
had a basement lab but had only a mediocre high school chemistry teacher and
textbook. I was overjoyed to be able to pursue further an excellent education in
chemistry at the nearby University of Minnesota. I had the good fortune to work
with my Organic Chemistry teacher after my sophomore year. Wayland Noland
was also my first of several mentors in chemical information. The Chemistry
Department at the University of Minnesota had a departmental library, a resource
becoming extinct in too many schools. If one had a free hour (a rarity given our
intensive schedule with more classes than the ACS Certification requirements) one
could study in the reading room before the next chemistry class. The resources
were primarily Chemical Abstracts (CA)—in print of course, journals, and several
reference books and monographs. Since Dr. Noland’s group specialized in indole
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chemistry, the Weissberger indole volume (5) was a required reference. With some
hints from the boss and graduate student group members, we taught ourselves how
to use CA. Another professor gave a biennial course on chemical information.
Unfortunately, I never took it due to a scheduling conflict, but fellow students said
I didn’t miss much since the course was largely confined to a laborious process to
search Beilstein, involving System Numbers.

After graduation, I had a summer job at the Veterans Hospital Research Lab
in Minneapolis along with a group of other U of M chemistry students. My boss
was Herbert Nagasawa, Research Professor of Pharmaceutical Chemistry at the
University of Minnesota. We worked on preparation of novel amino acids for
incorporation into novel peptides. Once again, Dr. Nagasawa and his assistant,
Jim Elberling, were not only our lab mentors but information mentors as well. A
discarded but obsolete set of Chemical Abstracts (CA) was shelved in the lab, but
another student and I, who lived near campus, were often asked to stop by the U of
M chemistry library on the way to work to search deeper in CA with the decennial
and volume indexes for specific compounds.

In graduate school at Princeton, I worked for E. C. Taylor, a heterocyclic guru,
on several projects. Once again, my lab mentor was also my information mentor
and the departmental library was again excellent. Still in organic synthesis, my
information resources expanded to monographs including Organic Syntheses,
Organic Reactions, Houben Weyl (Methoden der Organischen Chemie),
Theilheimer (Neuer Methoden; later editions were in English Translation,
Newer Methods in Organic Synthesis), the various volumes in the Heterocyclic
Compounds series, and the emerging Patai series, The Chemistry of Functional
Groups. Between my research and passing language requirement exams, I began
to use and scan the German and French literature as well as that in English
(although “fudging” by reading the International Edition of Angewandte Chemie
was easier and faster). Dr. Taylor also gave a course on heterocyclic chemistry
which broadened our horizons in this important area even further.

We were strongly encouraged by our professors to read current journals
since most of the Cumulative Exam questions came from these sources. Reading
journals was the primary mode of current awareness for our research. Dr.
Taylor consulted with various pharmaceutical companies, at least one of which
reimbursed him with novel information products and services, examples of what
the companies were using. One was a subscription to ASCA, the ISI (Institute
for Scientific Information) current awareness product based on the updates to the
Science Citation Index (SCI). The subscription was for 10 key references to be
monitored for citation updates. It did prove to be a good current awareness tool.
Taylor also recommended that his students conduct a literature search and write
it up in publishable form as the introduction to the thesis. He also encouraged
me to recycle my bibliography through the SCI. I did and uncovered a few more
references. After I received my degree, we published the literature review in
Chemical Reviews (6).

With this educational background, I was well prepared to cross the bridge
into the world of industrial research. My first job was with Air Products and
Chemicals, in a fairly new agricultural chemicals group. They already had
a potential winner but I was commissioned to explore new areas. Although
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primarily an engineering company, the library was fairly well stocked with
chemistry journals plus encyclopedias and other resources necessary for support
of industrial research. Not knowing where my next idea was coming from, I read
or at least scanned a number of journals with organic syntheses topics. Requiring
broader coverage, I began scanning a number of various “trade” journals for
new disciplines (agriculture, engineering, etc.) with which I needed to become
familiar. After a brief time on the library shelves, the journals were circulated to
those who wished to see them at their desks. In fact, our next series of “winners”
was inspired by an article in a then current journal issue.

What to do with this increasing flood of journal articles and CA abstracts? 1
briefly attempted to index my filing system with a set of edge punch cards; three
tiered for additional sub category indexing. However, I abandoned this as too
time consuming to be cost effective. Computerized personal citation and reference
systems were decades in the future.

Computerization

The decade of the ’60s began the onset of publication preparation by
computer systems which expanded current awareness capabilities. Chemical
Abstracts now appeared weekly with a keyword index in the back section.
The bio and organic sections appeared every other week, but I scanned some
subsections and used the keyword index in each. By this time, our research group
had some key ring systems we were developing which were adequately indexed
by Chemical Abstracts Service (CAS) with keywords. In addition, KWIC indexes
(Keyword in Context) appeared. Text phrases of about 5-6 words were extracted
from digital documents with keywords in the middle of the phrase. One of the
first publications was Chemical Titles, which appeared weekly, beginning in print
in 1961 and in computer readable format in 1965, consisting of rotated title words
from journal articles abstracted in current issues of Chemical Abstracts.

About the same time, ISI began publishing Current Contents. Tables of
contents from the journals used in preparation of the SCI were reproduced along
with a KWIC index. Like the SCI, the coverage was more than three thousand
journals covering many fields of science. The title page of each issue listed the
journal issues covered and was followed by an editorial by Gene Garfield, founder
of the whole enterprise and pioneer in scientific citation searching, which covered
a variety of topics not necessarily just on scientific information. Subjects covered
the making ice cream (and why Breyer’s was the best) to citation ratings of
articles and journals. Garfield also championed the writing and value of reviews.
Some waggishly referred to these editorials as the “Thoughts of Chairman Gene”.
Observing the rise of English as the predominant language of science, most of
the journals covered in the services of ISI were in English and Garfield further
championed the use of English in the communication of scientific research results.
For more background on ISI and citation searching see the chapter in this volume
by Bonnie Lawlor.

In addition, ISI began Current Abstracts of Chemistry/Index Chemicus
(CAC/IC) and Current Chemical Reactions (CCR) which reported “new”
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chemistry and “new” chemical reactions. A fair amount of “not-so-new”
chemistry was also included in context. Along with the bibliographic citations,
graphic reproductions of the new structures and new reaction schemes were
shown. Compounds were indexed with WLN (Wiswesser Line Notation),
which was a linear notation for chemical structures. Scanning those indexes
also provided good current awareness. Some companies, mostly chemical and
pharmaceutical, acquired the tapes of all of these products and ran current
awareness profiles in-house.

To facilitate current awareness, at Air Products we had subscriptions to the
weekly issues of Chemical Abstracts plus print subscriptions to Chemical Titles,
Current Contents Chemistry Section, CAC/IC, and CCR.

In 1968, Chemical Abstracts Service (CAS) began demonstrating CA
Condensates, which was the computer tape version of the bibliographic citations
for the abstracts appearing in current issues of Chemical Abstracts along with the
keyword indexing that appeared in the back pages of the printed issue. First used
for current awareness, an online accessible version of archived collections of CA
Condensates was demonstrated at the Spring 1969 ACS Meeting in Minneapolis
(my home town) and several of us saw the potential value. Tapes were available
but the real future lay in access to the backfile as it grew from its 1967 startup.

Need for Subject Expertise

Over the last several decades, those most interested in accessing and
retrieving chemical information were chemists themselves. However, the
explosive growth of technical information after World War 11 led to overloading
of both the publishing and indexing of the information as well as the burdening of
the users: research chemists. I came to realize that chemists were simultaneously
the most blessed yet the most cursed of users of scientific information. Most
blessed because the chemical information resources were so much better than for
other disciplines, but cursed because the sheer size of and often cryptic access
methods for the resources was depriving many researchers from access to needed
information. Observations such as “two hours in the library can save two weeks
in the lab”, although often true, all too often fell on deaf ears. This situation
gave rise to the emerging careers of chemical information specialists who were
chemists. This alternative career switch came for many after a beginning career
in research. It’s noteworthy that currently an increasing number of chemistry
graduates are making this switch immediately upon receipt of their degrees.
Many technical organizations hire chemists and engineers for service positions
in technical information. One of my maxims was “It’s usually easier to train a
chemist to be an information specialist than it is to train a librarian or information
specialist to be at least confortable with chemistry”.

After losing my first job at Air Products, I secured a lab position with Amoco
Oil at the Research Center in Whiting Indiana, a few blocks from the refinery,
also in pesticide synthesis. The group was much more marketing oriented and
I was the only chemist doing synthesis. Once again, I signed up for circulation
of several dozen journals. This brought me to the attention of the Director of

23
In The Future of the History of Chemical Information; McEwen, L., et a.;
ACS Symposium Series; American Chemical Society: Washington, DC, 2014.



Information Services who personally gave me an orientation to the services of the
Division. At the end of the session, he said that he hired chemists to do searching
services because they could “speak the language” and that if I ever considered a
new position, to contact him.

Later that year, the Library moved out to the new Research Center in
Naperville Illinois, a Chicago suburb about 50 miles away, along with Amoco
Chemicals and Corporate Research. Although a small library remained in
Whiting, several key resources went to Naperville. Funding of the Ag Chemical
Group was not from research funds but from Amoco Oil Marketing. When
that funding decreased the next year, my position could no longer be supported.
After a few weeks of interviewing for lab positions in the various research
groups of the Amoco companies, a searching position opened up in the Research
Information Division at the Naperville labs and I started full time in my second
love: information work.

I was hired to provide information services to the research staff. Since I
was a chemist, I spoke the language of chemists and engineers and could better
interpret their questions. My motto became “I am a chemist, I work in a library,
and I’'m not a librarian”. The Amoco Research Library was even better stocked
than was Air Products. In addition to a complete set of Chemical Abstracts, the
library had additional reference sources to those already cited such as Beilstein,
Engineering Index, the Kirk-Othmer Encyclopedia of Chemical Technology,
the Encyclopedia of Polymer Science and Technology (Mark), and additional
specialized monographs on topics like oxidation reactions and catalysis. Several
data resources, especially thermo- and physicochemical data were also available.
Depending on the search request, examination of this wealth of reference material
was often done first, either by the requesting scientist or the information services
personnel, before diving into Chemical Abstracts.

Unlike the experiences in several other companies, the Information Services
director and the head librarian had been able to plan the new research library, as
one wing on the main office building. The research campus was expanding and the
library had to serve a growing number of users scattered over 180 acres in several
building complexes. An MIT study had shown that a typical engineer would walk
75 yards to a library but only 50 yards if stairs were involved. So, the library was
made attractive as possible. We joked that it was a good suburban library: trilevel.
The middle level featured shelved reference materials and current journal racks.
Interspersed were reading areas which were well used by researchers, especially
during the lunch hour (the cafeteria was in the same building just down the hall).
The upper (and entry) level had the front desk, offices, and books. The lowest level
had back runs of journals, additional reference series, and microfilm. As soon as
the microfilm was received, the Chemical Abstracts weekly issues were retired and
motor driven film reels with printers became the archival resource for CA.

Since the various research groups of the operating companies were dispersed
among several buildings, branch libraries with limited but relevant resources were
established. The Amoco Chemical Library had some duplicate journal holdings,
a few reference materials, and a duplicate but less complete set of Chemical
Abstracts. We later innovated by recruiting laboratory technicians to be trained to
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search in addition to running the branch libraries. Since lab technicians typically
had a bachelors level degree in chemistry, they too “spoke the language”.
Support of the operation varied. Library services were “free” in that they
were supported, for subscription and staff costs, by overhead assessed to the
research groups on a per capita basis. However, “non-traditional” services,
including literature searching and the supporting computer services were charged
to the requester’s project account. Initially, the searching services were largely
manual and the expenditures were for the billable hours incurred by the searcher.

Current Awareness

This two tiered support structure became important in the early 70s as
the number and availability of computerized services and databases increased.
Although I began searching with printed CA as my primary resource, things
changed rapidly. The first innovation was current awareness or SDI (Selective
Dissemination of Information). CAS instituted their ISS (Individual Search
Service) service. Customers submitted a profile (a custom designed search
strategy) on a coding sheet and the profiles were batch run against the weekly CA
file updates in Columbus. Output was returned on computer paper, tearable into
4x5-1/2 inch sheets for filing. My predecessor offered a “teaser” to the research
staff: a free profile for a year. After that (and for any profile over the trial offer of
40 subscriptions), the customers project number was charged. When my colleague
transferred back to the lab, I was thrilled to take over the project and administered
it for the reminder of my career at Amoco (I maintained a profile myself). I coded
the profile sheets, maintained the profiles, and distributed the results.

My usual “pitch” to new customers was, “Nothing beats a good reading
program to keep up with developments in your area of interest, but even good
reading programs need to be supplemented”. We usually recommended that when
a client requested a background search for a startup project that they institute
an SDI profile to keep up with developments. The service improved over the
years and full subject indexing was added. Our SDI services expanded over the
years to include “automatic”—saved search strategies periodically updated by the
vendor system-- or “hand executed” online updates—a saved strategy executed
periodically by the user. The service remained patronized into at least the ‘90s.
My colleague Tom Wolff and I published an article on our SDI services (7), which
presents details on profile construction.

I’ve already mentioned online services. In the ‘60s, six regional NASA
information centers (RDCs) were set up on university campuses to spin weekly
tapes of various databases for current awareness including NTIS (National
Technical Information Service) federally funded research reports, and CA
Condensates. The services were originally for current awareness only but
virtually no one could provide retrospective services. NERAC (New England
Research Applications Center), ultimately the only survivor, eventually did
provide retrospective services in batch mode runs of the archived tapes.
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Advent of Online Services

The existence of data in digital form is necessary but insufficient to create
a usable and successful information service. This has been true for the entire
existence of digital data up to and including the present. Early in 1972, an
information salesman began making the rounds, pitching an online information
service with a few databases of interest. I don’t remember his name or the name
of his company (the information services were a spinoff of the primary business),
but we and several other librarians and information specialists went to a demo
in the Chicago area. Even though Chemical Condensates was mounted on the
rudimentary system, we weren’t too impressed. For one thing, due to limited
memory, all three letter words were “stop” words (stop words are those words
not placed in the inverted file and therefore not searchable). As my boss said at
a meeting later, “Oil is a three letter word”. The librarian from American Can
reminded us that “can” was also. I don’t think that entrepreneur made very many
sales, certainly not to us, and his enterprise soon disappeared.

Soon after, the Lockheed Business Group, spearheaded by Roger Summit,
and SDC (System Development Corp), led by Carlos Cuadra, introduced their
new online information programs, DIALOG and ORBIT respectively. They
began making presentations around the country demonstrating their new services.
The demos were typically held in hotel conference rooms, invariably with
problems getting an outside telephone line via the hotel switchboard. Both
seemed far superior to the previously described service with a far more limited
list of stop words. Both mounted databases like ERIC (educational), NTIS, and
COMPENDEX (Engineering Index). Since SDC had also designed ELHILL, the
program that ran MEDLINE at NLM (National Library of Medicine), they also
had MEDLINE. Carlos Cuadra himself often led the demos.

Many stories developed around these two prominent online pioneers.
Evidently Summit acquired a large number of used IBM “data cells” or memory
units from the parent Lockheed Corp. As a result, DIALOG seemed to always
have more memory capacity but they were slow. In contrast, Cuadra had to pay
“retail” for computer systems and memory from RAND, SCD’s original parent
company (8). An apocryphal story circulated around the industry that whenever
customers complained about slower response times, Summit had the equivalent
of a system rheostat and would turn up the dial a bit. Cuadra was quite active in
information circles, especially ASIS (American Society for Information Science,
now ASIST). He created and edited several editions of the Annual Review of
Information Science and Technology. A former lounge pianist, Cuadra would
often have a piano brought to his suite at ASIS meetings and entertain the guests
at a social hour. (For more on these pioneering information sources, see the
chapter in this volume by Peter Rusch.)

At first, access to ORBIT required a subscription fee over and above connect
time fees but SDC soon dropped that for ORBIT usage. Ironically, although
the Amoco library was comfortable with library subscriptions due to support by
corporate overhead, the Information Services group, funded by pay as you go,
was not. The suite of databases available was not yet of prime interest to us at
Amoco. However, when CA Condensates, the file of primary interest to us, was
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mounted on ORBIT, we signed up. We were confident that our clients would pay
for enhanced services and would be, along with us, guinea pigs. Later, when
DIALOG mounted CA Condensates, we also signed up with DIALOG. First
learned is probably best learned and often leads to more comfortable usage so
these and further developments led us to favor ORBIT over DIALOG even in later
years. Corporate frugality usually prevented me from going to training sessions,
usually at sites far remote from Chicago, so I was largely self-taught. However,
as we added searchers to our staff, we sent them to online training classes.

Other broad-based searching services appeared as well as systems dedicated
to a narrow set of databases. The BRS system was an outgrowth of online services
provided through BCN, the SUNY Biomedical Communication Network. It used
the STAIRS system from IBM. STAIRS was among the first of systems capable
of handling semantic full text searching but was widely regarded as a memory
hog. BRS was able to tweak the STAIRS program to produce an effective search
system. Their innovative marketing featured “unbundled” pricing by separating
out the royalty due the producer of the database and adding a flat connect time fee
for their portion of the service (9).

Although it never was adopted as a commercial search service, the SMART
system, designed by Gerard Salton (/0), was a powerful program. Based on
Salton’s concept of searching for concepts rather than by coincidence, by means
of vector cosine correlations, it was designed for effective contextual searching
of full text. Output was ranked for relevance in descending order per the
vector overlap between query and retrieval. Salton had a demo system and his
associate, Michael McGill, continued the endeavor with a version called SIRE
(Syracuse Information Retrieval Experiment) (//, /2). A commercial version,
MASQUERADE, was adopted by a few companies for their internal corporate
files (/3) but never caught on to any great extent. I was able to participate in a
multi-user comparison test of searching a subset of the API abstract file using the
indexed file on ORBIT vs. a loading of a corporate version of MASQUERADE.
For the publically available database used in the study, in general, searches of the
database on ORBIT were better both in recall and relevance than the version on
MASUERADE. Unfortunately, the complete results were never published.

Compared to searching resources in print, the advantages of online access
to digital databases rapidly became apparent. In addition to indexing, all
bibliographic details were searchable, some of which possibly for the first time
including title words, all authors, corporate/institutional authors, publication
source titles, dates, language, and patent numbers.

The “Business” of Information Services and Searching

I should point out that funding of information services by hours/dollars per
request got us into the online game more rapidly than the typical college or
university. Connect hour fees are more difficult to absorb into typical library
budgets, more accustomed as they are to subscription fees. Building bridges back
to academia, whenever we described our experiences formally or informally, the
academics were quite envious until they found ways to finance their own services,
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often years later. However, charge back accounting is a two edged sword. When
times get tough, as they did three times in the ‘90s, our clients and customers cut
back on allegedly non-essential services and decreased their support of fee-based
services as well as cutting their overhead reimbursements to libraries.

Because of the size of the Amoco Research Center—1500 employees
scattered over 180 acres in seven building complexes—the Research Information
group was less dependent on walk-in business than many information centers.
Requests came in by company mail, telephone, and later via company e-mail. 1
usually insisted on some sort of pre-search interview, quizzing the requester on
what was known or had been searched, and what was trying to be accomplished.
Customer supplied keywords were often necessary but insufficient. Reporting of
results was done via a cover letter, an official company document, indexed and
archived. These documents were searchable internally, often accessed to avoid
duplication or as foundations for more current retrieval of information. As well
as a descriptive title, the nature of the request was described as well as what
was searched, what wasn’t searched, and often some evaluation of the results.
The results were categorized as those “of interest”, “possibly of interest”, and
non-relevant hits were discarded. At first, references were cited bibliographically
and abstracts, copied from microfilm reels, were attached. Later, the bibliography
was generated from the online printout and even later digital abstracts were
included. After I left and went out on my own, I based my search reports on these
models.

Physical distance between offices and search rooms (where the terminals were
located) as well as cantankerous systems usually precluded us from searching
with the client present. Therefore my colleagues and I stressed good pre-search
interviews. Whenever we reported on our searching practices at meetings, a
vigorous discussion ensued on the value of having the requester present. Most
of those searchers who stressed the presence of the customer present were in
academic libraries or hospitals and were not necessarily, especially in the latter
case, subject experts. For searching medical information, having the requester
present probably was the better policy. In our case, if we did encounter a
problem, relevancy, too many hits, or zero hits, we’d contact the requester before
proceeding. Often, a successful search requires more than one searching session,
a “quick and dirty” to determine the extent and quality of the retrieval, and
subsequent sessions to refine the output. Often, we looked for reviews first,
analyzed them and their cited references, and then either updated or supplemented
the review.

Many research information specialists have found that superior
communications between clients and searchers occurs when information
specialists are adjunct members of research groups and attend research group
meetings. We in the Research Information group promoted such liaisons but we
rarely achieved that goal. I was able to interact with one group for a couple years
and the experience was mutually beneficial. Lacking group meeting attendance,
we searchers usually attended in-house presentations by the research groups and
encouraged our input before and after the presentations.
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Patents

Until recently patents have been a form of literature used much more by
industry than academia. Because of their complexity, patents are a form of
literature unfamiliar to many since, unlike non-patent publications, more than one
document is often associated with a given patent number. From the late ‘60s on,
funded by Amoco Patents and Licensing, Amoco Computer Services in Naperville
processed biweekly tapes of the IFI (Information for Industry) Comprehensive US
Chemical Patent File and merged the tapes into a searchable backfile. Requests
were submitted by code sheets and a card deck was keypunched. This deck
was run against the database overnight to incur the lowest charges. The search
program involved a numerically ranked hierarchical system. Numerical scores
of documents retrieved indicated the presence and hierarchical relation of terms
present so the system was quite good for both relevance and comprehension.
Broader terms provided higher recall and more specific terms provided enhanced
precision. This multi-level retrieval was especially valuable when using a
non-interactive, overnight batch system. If use of very specific terms produced
no hits, the more general results could be analyzed for possibly relevant content.
Later, three versions of the IFI files (CLAIMS) were mounted on both DIALOG
and ORBIT which used more standard search protocols including numerical
codes for chemical compounds, subjects, and corporate authors.

Even for a chemical company, mere knowledge of chemical patents
is necessary but insufficient. In the 1960s, Derwent, founded by Monty
Hyams, began abstracting and indexing patents of interest to the chemical and
pharmaceutical industries as well as supplying tapes of the files to be processed
by subscribers. Customers, now appreciating the advantages of online vs. batch
tape access, wanted online searchable files and the Derwent WPI files (World
Patent Index) were mounted first on ORBIT and later on DIALOG. Coverage was
expanded to subjects other than chemical and pharmaceutical as well as covering
an increasing number of countries and patent granting organizations. Chemical
compositions could be searched by an alphanumeric coding system for chemical
structure fragments developed by Peter Norton (/4).

In addition to the Derwent and IFI CLAIMS patent files, searching services
later mounted full text patent files from various countries and regional patenting
consortia. One was JAPIO, an English language full text version of Japanese
Kokai, or unexamined patents. Since a double translation was involved for patents
submitted from other countries, from English to Japanese for the submission and
back to English for the database, some interesting quirks often developed in the
text of the resulting Kokai documents, especially with non-Japanese names.

For additional background on patents and patent searching, see the chapter in
this volume by Edlyn Simmons and references cited therein. In addition, a recent
book, Chemical Information for Chemists (15), has, inter alia, an excellent chapter
by Michael White.
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Physicochemical Data

Petroleum and petrochemical companies have extensive needs for physical
and chemical data. At Amoco, we had several sources, especially for
thermochemical, engineering, and physical properties. Chemists and engineers as
well as we information specialists consulted these sources first before proceeding
to the secondary literature. In Chemical Information for Chemists (/5) A. Ben
Wagner has an excellent and comprehensive chapter on resources and searching
of physical properties and spectra, both printed and digital.

Collegial Interaction with Vendors

Since the ‘60s, Amoco had been an active subscriber to the products of CAIS
(Central Abstracting and Indexing Services) of API (American Petroleum Inst.).
Using the world’s second best thesaurus, 2nd only to NLM’s MeSH (Medical
Subject Headings), an expert staff abstracted and indexed (based on the article
abstract) a select list of journals of interest to the petroleum and petrochemical
industries (/6). The thesaurus also covered petrochemicals and the hierarchical
structure allowed for both generic and specific indexing and retrieval of chemical
compounds and related materials. The literature file was also a good source
of information on engineering, environmental, and transportation topics. In
addition, they re-indexed an appropriate subset of Derwent patents. Bulletins
were published for subscribers for both files and tapes were provided for in-house
access.

API/CAIS had several subscriber advisory committees and committee
members requested online access. After negotiations, the API files were mounted
on ORBIT. Features like SENSEARCH and STRINGSEARCH allowed precision
and proximity searching of indexing and text. They were later mounted (minus
these latter, often important features) on DIALOG and STN (Scientific and
Technical Information Network; an online service run by CAS and others). The
API files are now known as ENCOMPLIT and ENCOMPPAT). ORBIT was later
merged into Questel.

Online Searching; Nuts and Bolts

So, with the advent of online searching, how was searching accomplished by
the user? At first, 10 cps Teletypes were used but by the time we began in 1972,
300 baud phone modems with attached terminals were used. Connections were
tricky and Murphy’s Law said that the user was often dropped at crucial times.
Since the cost of usage was based on connect time, especially for slower typists like
myself (world’s fastest four fingered, most error-prone), it was advisable to prepare
a search strategy ahead of time but also to be flexible enough to take advantage of
the interactive nature of the process (a boon over batch submission and running).
Like users everywhere, we online pioneers immediately began asking for higher
speed connections. Network connection capabilities rose to 1200 baud in the later
“70s. The connections seemed better and higher rates of output printing were
welcomed. We found that although it was possible to read 300 baud display output
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“live”, one was limited to scanning 1200 baud and we had to depend on reading
the printout. Some database producers, like Monty Hyams of Derwent, were leery
of the higher speeds, worried that their files would be stripped and duplicated.
In 1978, I was commissioned to go to a Derwent subscriber meeting in Stratford
England to publicize 1200 baud searching and to reassure Hyams that his database
was already too large to enable wholesale copying even at that speed.

Interactive communication was via packet networks, especially Telenet and
TYMNET. Along with the advantages of ORBIT and DIALOG, the relative merits
of the use of the networks were hotly debated among information professionals
every time they got together. One’s location and local phone company often
determined which service was better.

Online searching activity continued to grow rapidly in the ‘70s, at first in
industry and eventually in academia. Not only for subject searching on a wide
variety of topics in a wide variety of fields, both scientific and non-scientific, but
the searchable fields outlined previously allowed for verification and identification
of specific references, a boon to any reference desk in any library.

A typical search performed at Amoco for a client, usually a research scientist
or engineer, involved a discussion of the problem to be solved and the questions to
be asked, investigation of applicable standard resources including encyclopedias
and other reference works, followed by a search for previous reviews. After
analysis and evaluation of these results, if any, an online search would proceed
unless the information retrieved was sufficient.

In my opinion and probably that of several other information specialists, there
are advantages of offline search strategy preparation to optimize the effective use
of interactive searching. This holds true even if connect time fees are no longer an
issue since these pricing systems may not be available to all.

Chemical Compound Searching

With printed CA indexes, compound searching was done via chemical
nomenclature and/or molecular formulas. CAS indexing of chemical substances
is based on IUPAC nomenclature rules, with a somewhat modified CAS “dialect”.
The advent of systematic nomenclature, especially the Ninth Collective indexing
(9CI), allowed at least some extent of structure and substructure searching.
For example, most aromatic amines were named with the “heading parent”
benzeneamine. Ring systems, named by Ring Index policies, were particularly
well suited for searching by index name (e.g., 1,3,4-thiadiazole). In addition, the
creation of the CAS Registry System, using CAS Registry Numbers (CASRN) in
1965, greatly facilitated compound identification and retrieval. For more on the
language of chemistry see the chapter by Bill Town. For more on ontologies of
chemistry see the chapter by Colin Batchelor.

Printed lists of CASRN became available, including the list of Common
Chemicals and later complete lists of CASRN from CAS as well as the growing
TSCA list (Toxic Substances Control List). However, we chemical information
searchers wanted online chemical dictionaries even if they were only searchable
by text or CASRN. The first such file I knew of was CHEMLINE from NLM.
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At first, it contained about 130,000 compounds from references indexed in
TOXLINE, the toxicity information subset of MEDLINE. However, NLM, in a
dispute with SDC, had pulled the MEDLINE file in-house and restricted access
to all three files only to those who were trained on the MEDLINE and MeSH
systems. Of course, further access was lost to improvements in ELHILL, the
NLM online search system version of ORBIT, even as ORBIT continued to be
upgraded. Prior to that time, MEDLINE/MeSH training consisted of two-week
classes typically given at NLM headquarters or at regional NLM libraries. After
the takeover, NLM offered 2 day classes in Bethesda. A side benefit was access
to CHEMLINE and TOXLINE.

Since we had no responsibility to the Medical and Industrial Health groups
in our company, we had no great use for MEDLINE but the brief training became
attractive. I attended one of the sessions and our CHEMLINE/TOXLINE training
was provided by Bruno Vasta, the “father” of the two files. I used CHEMLINE
until something better came along. The NLM files eventually were mounted on
DIALOG along with other related biomed files as well as eventually on the STN
system from CAS. Later, we seldom did toxicity searches but when we did, we
took advantage of efficient “one-stop searching” of the expanded suite of toxicity
databases (in addition to the CA File) on STN.

The venerable Beilstein Handbook of Organic Chemistry also underwent
extensive evolution in the online transition period. For much of its existence,
Beilstein has been the premier source of reviewed data on organic chemical
compounds. Before the database existed online, the best way to search for
existence of organic compounds (absence implied the possibility of novelty)
was to search the CA file and/or indexes in reverse chronological order and
supplement with a search of Beilstein.

Although the excellent Beilstein System Number process was the best way
to index the database, searching exclusively by this method (often the subject of
entire chemical literature courses) was not necessarily the most facile or effective.
Over the period of several successive ACS national meetings, the Division of
Chemical Information (CINF) sponsored vendor symposia, organized by several
vendors and producers of information online. At the Beilstein symposium, Reiner
Luckenbach detailed a facile and accurate method for searching the database in
print. The formula index for the 2nd supplement (based on literature through 1929)
should be searched and if the compound was not found the postings for relevantly
named compounds should be examined. Using the Beilstein System Number
(BSN), determined from the postings, subsequent indexes should be searched. If
the compound could not be found in the Basic or first two Supplementary Series,
the System Number could be determined by searching similar compounds and
the search proceeded from there.

The origin and development of the Beilstein Handbook is described in the
first two chapters of an ACS Symposium series volume (/7). The fifth edition
in English appeared in 1984 and the online version was first mounted on STN
in 1988 and on DIALOG in 1989. The DIALOG loading used the S4 structure
searching program produced by Beilstein/Softron, regarded by many to be
superior to other structure searching programs. (A subsequent comparison of S4
with other substructure search systems found S4 to produce the fastest searches.)
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(18) The CrossFire in-house version of the online file appeared in 1995 and
the complementary inorganic Gmelin file was added the next year. For more
background on Beilstein online see the two ACS Symposium Series volumes
(17, 19). Beilstein and Gmelin are now part of the Reaxys database system from
Elsevier (20). (Also see the chapter in this volume by Swienty-Busch, ef al.)

In the ‘80s CAS, first via CAS ONLINE (21), then via the newly formed STN
Network, began vending their files online. Detailed indexing had already been
added to the CA online files and structure searching and CA abstracts were also
added. The structures were offered to DIALOG but were subsequently withdrawn.
This produced a few years of acrimony between the two groups leading to lawsuits.
Fortunately, these were eventually settled out of court but only after depositions
were taken from some users (including me). Concurrently, the DARC system
for chemical substructures, developed in France, was established and was quite
comparable to the STN system (22).

Prior to the addition of the CA abstracts to the online CA file, users had to
convince even some of the staff at CAS that searching abstracts in addition to
using the CA indexing would lead to more comprehensive search results. After the
addition of the abstracts, I wrote articles demonstrating the value added (23-25).

For some time, the CA file online was limited to 1967 onward. Prior to that,
even with the advent of pre-67 material online, searching was better accomplished
by searching the printed indexes. For some time, I performed searches for
presumably novel compounds in reverse, doing the online search first followed
by searches in the collective indexes in reverse order as well as searching the
original Beilstein Handbuch and the first two supplements.

As mentioned previously, chemical information is unique among all other
kinds of information in at least two aspects: chemical structures and chemical
reactions (the latter involve chemical structures, associated data, and vector
aspects). The need for computerized storage and retrieval preceded the availability
of graphical capabilities. William J. Wiswesser invented WLN—Wiswesser Line
Notation—in 1949 (26). Chemical Structures were represented and searched
by means of coded text strings made up of characters on a standard typewriter
or terminal keyboard. Pharmaceutical companies used it, along with several
“dialects”, to index and search their chemical libraries. Eugene Garfield and ISI
used it to index their CAC/IC and CCR databases and bulletins. It is still used in
some information systems (26).

SMILES, the Simplified Molecular-Input Line-Entry System, was first
developed in 1980 (27). It has come to be more standardized than WLN and is
possibly more readable by humans than InChl (see below). However, several
valid SMILES can be written for the same molecule. As a result, algorithms have
been developed that generate canonical SMILES strings that are unique for each
molecule. Stereochemistry and chirality can be specified.

Another text-based chemical structure identifier is InChl (IUPAC
International Chemical Identifier) (28). Developed by IUPAC and NIST in
2000-2005, InChl was designed to enable searching chemical structures on
the Internet and is non-proprietary. Early versions were available under an
open-source license but version 1.04 (2011) is available under a custom license.
More information can be encoded than can be with SMILES. InChl is being used
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by many databases, with varying success, including ChemSpider and PubChem
(28).

Other authors in both the meeting symposium and in chapters in this
symposium volume have previously described the immense field of chemical
structure representation and searching. In his chapter, Roger Schenk as well as
others (4) have described historical and current developments at CAS and STN. In
Chemical Information for Chemists (/5), Judith Currano has an excellent chapter
on searching for chemical structures.

Chemical Reaction Information

As described previously, the other unique aspect of chemical information
concerns chemical reactions. Various books and references series (29-32) were
valuable print resources. When computerization of reaction information data
began, there were additional issues to consider. Not only must structural data
and representations be entered and searchable, but also the identity and nature
of reactants/starting materials, products, reagents, catalysts, and conditions must
be explicitly searchable. Positioning of functional group addition or deletion
from the reactant—the reacting group-- must be documented. On STN, chemical
reaction information originating within CAS is consolidated in the CASREACT
File. In addition, reaction databases from other sources are also vended by STN
and provide supplementary and complementary information. For more on these
databases and services, see the chapter in this volume by Schenck. For a detailed
description of Reaxys, the successor and expansion of the Beilstein and Gmelin
services, see the chapter in this volume by Swienty-Busch, et al.

MDL Information Systems, founded as Molecular Design Limited, Inc., was
founded by Stuart Marson and W. Todd Wipke, in 1978 (33). Their mission was
to automate chemical syntheses. Wipke and Corey had designed a computerized
“retro” synthesis program where one started with the target molecules and used
the system to work backwards toward possible starting materials via feasible
reaction paths (34). MDL provided the commercial version of the program and,
spurred on by support from the pharmaceutical industry, extended their novel
chemical structure and reactions programs to database management systems.
The MACCS (Molecular Access System) program was used to represent and
archive chemical structures, along with linked chemical and biological property
data, which pharmaceutical and chemical companies used to maintain their
proprietary chemical “libraries” and the associated testing data. The REACCS
program allowed storing and retrieval of chemical reaction data including
reagents, reactants, catalysts, and conditions. REACCS used commercially
available reaction databases including Theilheimer, the print version of which
had a coding system for groups of reactions categorized by bonds broken, bonds
formed. However, searching REACCS provided an easier method for more
comprehensive searching. As far as I know, MACCS and REACCS were never
used for databases with public online availability.
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Amoco, more of a process and commodity company than many chemical and
pharmaceutical companies without an extensive library of chemicals, was never
able to justify complete in-house loadings of MACCS and REACCS. A far-sighted
Amoco Chemicals Senior Research Associate had Amoco Research Computer
Services load a truncated version of REACCS for his own group. The program saw
only limited use and the subscription was terminated in a corporate downsizing.

For more on chemical reaction searching, see the chapter in this volume by
Guenter Grethe. In addition, in Chemical Information for Chemists (/5), Judith
Currano has an excellent chapter on searching for chemical reactions.

Information Resources Complementary to Chemistry

The number of online databases and breadth of topics continued to grow
and evolve. COMPENDEX/Engineering Index was supplemented by the
addition of INSPEC/Physics Abstracts. Beilstein and Gmelin became available.
BIOSIS/Biological Abstracts, EMBASE, the Merck Index, RTECS (Registry
of Toxic Effects of Chemical Substances), and HSDB (Hazardous Substances
Databank) were added to the biomed armamentarium. Although not one of
my favorite topics, “business” information is essential for industry including
the research centers so the availability of Chemical Industry Notes (CIN), ABI
INFORM, and Predicasts PROMT files were welcomed. STN added reaction
databases, their own and others. As STN acquired more and more of these
databases, one-stop searching caused many of us to depend more and more on
STN, while DIALOG remained the favorite of many academic libraries and
users because of much broader breadth of offerings and extensive marketing
and training. ORBIT and successors continued to be the service for Derwent
Patents until those files, along with IFI patents also became available on DIALOG
and STN. Descriptions of the various databases available in digital form have
always been available from the vendors or industry wide in the Gale Directory
of Databases from Gale Research, currently updated and available in print form
or by online access through vendors including Data-Star and ORBIT/Questel.
Descriptions of chemical information databases can also be found in the resource
texts including Maizell (4), Wiggins (3), and the Wikibook update to the latter,
Chemical Information Sources (35).

Amoco Information Services was never able to justify a subscription to
Science Citation Index. We never considered it to be a primary resource of
information, secondary and complementary to the indexed resources we used
regularly. If needed to supplement a search, we travelled to other libraries in
Greater Chicago to do a manual search. Therefore, we welcomed the loading of
SCI on DIALOG and STN. Even later, citation searching capability was added to
the CA files. The results of the searches of both files citation supplemented each
other.

In Chemical Information for Chemists (/5), Dana Roth has an excellent and
comprehensive chapter on resources and searching, both printed and digital, of
commercial availability, safety, and hazards associated with chemicals.
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Polymer Information

Polymers have been a category of chemicals typically more of interest to
the chemical industry than to academics. Although my company, Amoco Corp.,
was primarily a petroleum company and secondarily a petrochemical company,
in addition to monomers Amoco Chemicals was also active in polymers. Their
worldwide predominance in terephthalic acid production also led to activity in
research on PET (polyethyleneterephthalate) and other polyesters of aromatic
acids. In addition, they were large producers of polyethylene and polypropylene.
The former has several forms, high and low density, which are process and catalyst
specific. The latter has at least three secondary structures, syndiotactic, isotactic,
and atactic, with differing properties. We were especially concerned with these
nuances for both indexing and retrieval of these compositions along with details
on catalysis and processes. Also, Amoco was preeminent in polybutenes, covering
a wide range of butene liquid oligomers of varying compositions and viscosities.
In searching these compositions over the years, we at Amoco determined that
essentially all butene polymers needed to be searched using about forty CAS
registry numbers plus the various names, and the polybutene oligomers parsed
out by inspection or other aspects of the search request (36). This reference also
describes difficulties in searching the various forms of polyethylene. Searching
condensation polymers also produces problems (37).

Confusing and even inaccurate indexing of butene polymers is not limited
to CA files. Searching the PROMT, API, and Derwent WPI files also produces
problems although in fairness it should be pointed out that vague or incorrect
description of the compositions in the original literature, especially in patents, can
drive both indexers and searchers somewhat crazy. Although not extensively used
by companies with interests in polymers, the MDL (Molecular Design Limited)
indexing system with nested bracket functions was also applicable to polymers
since they are often multicomponent compositions.

Description of polymers, and therefore searching for them is also complicated
by their structures. Polymers can be indexed by their monomer components
(CAS indexes those as CRN—Component Registry Numbers) or as SRUs
(Structural Repeating Units) for regular, single component polymers. Secondary
and tertiary structural aspects must be dealt with like stereochemistry, blocks
(shorter polymeric strings linked further polymerically and regularly), grafts
(addition of terminal components), mode of formation, catalysts, properties
(average molecular weight), etc. For a primer on searching polymers, see the
chapter by Donna Wrublewski in Chemical Information for Chemists (/5).

Further Collegial Interactions

Cantilevers may or may not be one way, but most bridges are two way. We at
Amoco were fortunate to be able to interact with a number of database producers
and vendors. We served on advisory committees and otherwise interacted both
formally and informally, especially at ACS and other meetings, including user
groups and training sessions. Of course, the discussion typically went along
the lines of, “That’s a nice development, but how about this improvement?”
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I personally served on committees, with API, Derwent, CAS (including ACS
CCAS, the Council Committee on Chemical Abstracts Service), and STN, the
latter two even after I “retired” and went independent. One effort was a focus
group on polymer nomenclature that I was asked by CAS to organize. Polymers
are of particular interest to industry and categorization is confounded by variable
compositions and at least three levels of structure. I also consulted on the
development of STN Easy.

The information needs of the chemical and pharmaceutical industry obviously
drove developments in chemical structure representation and searching by CAS,
MDL, and other groups. In addition, similar needs drove developments in that
other unique aspect of chemical information, chemical reactions. Representatives
from these companies worked extensively with vendors like MDL to advance
the capabilities for storage and retrieval of chemical structures and reactions,
especially for the massive internal compound libraries that these companies
produced. Incorporation of biomed data was also a feature of these files.

I have been saying that I’'m the most delinquent founding member of PIUG,
the Patent Information Users Group. Although still a member, I’ve only been
to two meetings since. I was also on the advisory committee for the Journal
of Chemical Information and Computer Sciences (JCICS) and helped select two
editors and defend another.

Education and Training

The online service providers and database producers often gave training
sessions and workshops. Presenters included Ken Ostrum (aka Dr. O) for CAS
and STN databases and services and Peter Rusch, Mary Ann Palma, and others for
DIALOG, often given at professional society meetings or dedicated workshops .
We knew that many users could not regularly attend meetings (including several
of us at Amoco). So, we often hosted regional training sessions for database
producers and vendors in a conference room nearby to the Information Center.
One advantage for us was that we were able to conveniently have more of our staff
attend these sessions. Presenters and attendees from throughout Metro Chicago
found these sessions valuable. They also seemed to like the donuts and lunches
available from our nearby cafeteria. However, Draconian budgetary and cost
recovery measures caused our management to charge room rent for the conference
room even if there were Amoco attendees. Since there was no admission charge
for attendees, our hosting of these sessions unfortunately ceased. Amoco was not
alone in corporate hosting of training sessions and workshops as several other
companies, especially pharmaceutical, also hosted.

We were also able to publish extensively on developments on searching
especially online. For several years, I wrote “ChemCorner” columns for ONLINE
and DATABASE magazines and also published papers in JCICS, usually based
on presentations at ACS meetings.

We also crossed bridges back to academia. Several of us encouraged colleges
and universities to provide instruction in information resources especially online
searching. One method was to make road trips to Midwestern colleges and
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universities and give demos featuring searches of local interest including author
searches of prominent faculty members. For several years we also presented
online searching sessions in at least two chemical literature classes at Chicago
area colleges.

Soon after Arleen Sommerville, Adrienne Koslowski, and Bartow Culp
formed the CINF Education Committee, I joined and I was often its only industrial
member. One of our first efforts led to the preparation and circulation of searching
modules, based in part on sample searches I prepared and also ran for demo
sessions for academia. Judith Currano has described other education activities in
detail in her chapter in this volume.

Inspired by ancient proverbs (38) and developments in online searching, a
few of us in the industry also got into the education business ourselves (39, 40).
We realized that improvements in chemistry databases could make them more
attractive to end-users. In the 80s, we embarked on a program of our own design.
Amoco research staff, with the consent of their supervisors, could sign up for three
training sessions. Firmly believing that online databases are valuable outgrowths
of databases previously available only in print, the first session introduced concepts
of information in general and the use of printed CA in particular. The text booklet,
“How to Search Printed CA”, was obtained from CAS. In the second session,
sample searches were run live along with printed output. In the third session, the
attendees were strongly encouraged to bring their own sample searches. After
completing the three sessions, attendees could opt to get personalized, one-to-
one training in doing their own searching. The majority of the attendees decided
not to take further training but left with a much better appreciation of technical
information and were better clients of our services as a result. Several months later
after training, we had a fairly good retention rate of active users. They tended to
do the “quick and dirty” searches and the alumni still came to us for more complex
questions. Two alumni of the program later joined the search staff. For whatever
reasons, we apparently had the most successful pre-SciFinder program of end-user
training.

Unfortunately, just as I was leaving Amoco, SciFinder was just becoming
available. I’ve only had limited experience ever since because it was of no use
to me as an independent information consultant. I did collaborate with Carmen
Nitsche at nearby Nalco Chemical to publish a paper on the necessity for training
for SciFinder use and management of the program (47). Just recently, ACS made
limited use of SciFinder available to all ACS members so I was finally able to
search it directly. It is indeed an excellent search system for end-users. However,
since I’'m more familiar with searching on STN, for future searching for customers
I’ll continue to use STN. ACS members also now have limited access, at no charge,
for e-copies of articles from ACS journals even if one does not have a current
subscription.

I agree with Engelbert Zass (see his chapter in this volume) that it is much
easier for chemist end-users to search SciFinder than STN. However, we also agree
that even with the marketing hype that training for SciFinder use is necessary for
effectively obtaining search results. Even then, Zass points out that some searches
are not as comprehensive as they could be. I believe that STN is still the premier
system for comprehensive searching of chemistry and related topics.
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Quality Control

In addition to providing advice and corrections to database producers, the
Information group was always concerned with the quality of our own services. In
the early ‘90s, after our merger into the computer services group, our new boss
encouraged us to develop a quality control process. Dissatisfied with our brief
exposure to Crosby Quality programs, we developed our own Quality process,
which was quite successful. One of the concepts we developed was differentiating
clients (the requester of the search) from customers (those who paid the bills or
furnished the project number, usually a supervisor or manager). In the last year of
my tenure, faced with departures of supervisors from Information and Computer
Services and another round of “reengineering”, we formed a self-managed work
team and managed to learn how to run such a group. We were prepared to
contribute the results of our success to the rest of the company, but the next
downsizing eliminated that possibility.

Eye to the Future

I’ve taken this tale into this century. I hope I’ve been able to illustrate the
incredible transition from print resources up until the equally incredible impact
of Internet resources. I’ve not attempted to list all of the mergers, acquisitions,
departures, and other changes in the industry. For a number of reasons, including
mergers, purchases and the economy, the business of Buntrock Associates has
pretty much wound down. The number of advances in information access,
documented in Gary Wiggins’ Chemical Information Sources Wiki (35) and
elsewhere in just the last decade continues to amaze me. Although I’ve been a
career long advocate of current awareness, I do not and probably will not have
access to RSS feeds and the like but I can see where active researchers would
find them valuable. I find recent discussions on the role and place of the physical
academic library very interesting. I’m not convinced that the “classic” methods
of keeping up with the literature are all that obsolete even in the face of the
trend to electronic journals and electronic books. Searching success still hinges
not only access but on methodology involving concepts, relevance, and recall.
Unfortunately, with more emphasis on unedited source material, veracity is an
increasing problem. There’s still a need for indexing, Boolean logic, and Venn
diagrams. Many researchers still find these methods superior to Google-style
searching. Even though Google Scholar uses citations for evaluation of results, at
least one study (42) showed that use of the Web of Science (WOS) is superior to
the use of Google Scholar (admittedly, Google Scholar is free and use of WOS is
by subscription).

However, I hope that I’ve illustrated that the previous evolution of chemical
information has led to current developments and further evolution in storage,
access, and usage. I see no reason why these developments will not continue, still
grounded in the unique fundamentals of chemical information. Plus ¢a change,
plus ces la meme chose.

In conclusion, I’d like to thank my mentors, both academic and non, my
colleagues, too numerous to list, both at work and in the profession, the organizers
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and other presenters at this symposium, the authors of the other chapters in this
symposium volume, and my family, especially my wife Gloria, for putting up with
this puttering library nerd and chemist for so many decades. The presentation that
this chapter was based on might be my last presentation at one of these meetings.
I’d like to say that it’s been a great ride and in spite of occasional pitfalls and
disappointments, I wouldn’t trade my experiences for anything. I’'m looking
forward to monitoring and writing about the advances the rest of you will be
making in creating the continuing future of chemical information. I hope that our
shared past will aid in the development of our shared future. Join the revolution!
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Chapter 3

Computer-Based Chemical Information:
The Transition Years

Peter F. Rusch®

Rusch Consulting Group
“E-mail: PFRusch@aol.com

Use of computer-based online searching of chemical
information is now the preferred method of searching the
chemical literature. It has fully supplanted many printed
publications that no longer exist such as the printed Chemical
Abstracts Collective Indexes. The technological advances
in hardware, software and computer-readable information
sources are reviewed showing how they contributed to the
transition to online searching. Generalized search software was
applied to content derived directly from printed sources that
was often insufficient for direct computer-based usage. The
advent of these services set the stage for the modern offerings
in chemical information. Many of the early principles may
be “rediscovered” as current popular (or simplified) search
methods interact more with growing amounts of chemical
information that may require more precise searching methods.

Introduction

For centuries chemical observations have been recorded and exchanged with
other practicing chemists. This long history of chemical information is critical to
the advancement of chemistry and is an ever-increasing body of documentation
that is as important to that advancement as laboratory experiments. This review is
about a period in the development of chemical information that formed the basis
for the evolution that brought us from exclusively print products to the current state
of chemical information access. Selection of examples is solely at the discretion
of the author and is meant to be illustrative not exhaustive.
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Large Chemical Information Databases

For there to be computer-based access to chemical information there needed
to be significant sources to support it. In the late 1960’s, Chemical Abstracts
Service (CAS) recognized that its manual methods of preparing chemical
information were not sustainable. The huge growth of the worldwide chemical
literature was staggering. The traditional methods of preparing the annual and
collective indexes relied upon thousands of index cards each with a hand-written,
single index entry. This was true for both chemical subjects and chemical
substances. What followed was months of tedious hand sorting of the index cards
to produce the indexes. Although the traditional plural of index is indices, CAS
always favored the form indexes.

A sensible alternative was emerging in the form of computer processing to
collect and sort this vast amount of information. The savings, particularly in view
of the exponential growth of the chemical literature, were enormous. That growth
combined with the traditional methods posed an existential threat and a solution
was needed.

Computing power and mass storage were expensive in the 1960’s. To utilize
these labor saving devices required a huge investment. Largely due to the efforts
of Fred Tate, then Associate Director of CAS, a solution was found. The National
Science Foundation (NSF) was solicited for a grant to help CAS invest in the
equipment and manpower required to survive. Thus, an NFS Grant funded the
transformation for many years.

By the end of the 1960’s, CAS had operational computer systems producing
both the General Subject and Chemical Substance Indexes. To fulfill the
distribution requirement of the NSF grant, CAS produced and made available
several products from the growing store of computer based chemical information.

Among the earliest was a printed product called “Chemical Titles” that was a
Keyword in Context (KWIC) index of article titles covered by CAS (/). A KWIC
index of titles is produced by rotating the words in the title so that each word
appears at the beginning of the new KWIC entry. Each entry is completed with
the other words in the title. For example, the title of this chapter would give rise
to five new entries as follows. “Based Chemical Information The Transition Years
# Computer;” “Chemical Information The Transition Years # Computer Based;”
etc. This could only be produced by computer as the amount of manual effort was
prohibitive.

Other products were available for license and distribution on magnetic tape.
CAS developed its Standard Distribution Format (SDF) for all of its distribution
tapes. The broadest coverage SDF database was CA Condensates, a database that
contained the bibliographic data and keyword phrases for every article covered by
CAS and that appeared in Chemical Abstracts. Keyword phrases contained three
or four words that indicated the content of the abstracts printed in the issue. They
were replete with abbreviations and their vocabulary was uncontrolled. They were
often permuted so that other words in the keyword phrase would appear as the first
word in the alphabetically sorted list of phrases. Normally, these keyword phrases
were ephemeral as they appeared only in the weekly printed issue and were not
repeated in other printed indexes.
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The Institute of Scientific Information (ISI) also entered the chemical
information database market with magnetic tapes of bibliographic and chemical
substance information derived from its processing system. Their greatest
contribution was in the form of the Science Citation Index. Recognizing that
scientific ideas propagate through the literature, this unique index was designed
to provide access to both cited and citing publications using standardized
bibliographic references.

Patent Information

When the chemical enterprise accounted for approximately 20% of US GDP
in the mid twentieth century, chemical patents comprised a significant fraction of
patents issued worldwide. In general, chemical patents could be issued for uses of
chemical substances; chemical processes and contents of matter.

Chemical patents had high value and major chemical companies had
specialized departs to manage information about their own and related chemical
patents. With such an important market, databases of chemical patent information
followed. Among those of broadest importance were: Chemical Abstracts,
IFI, Derwent WPI and INPADOC. Due to the vast number of chemical patents
worldwide these became large chemical databases.

Chemical Abstracts Service had broad coverage of all of the chemical
literature including patents.  Patent coverage was for a group of major
patent-issuing countries and database content for patents was similar for
the journal and patent literature with additional items found only in patent
bibliographic information. Still, the other databases found significant markets
and were a part of most careful, deep searches.

IFT produced its Comprehensive Database (CDB) with a proprietary, deep
indexing vocabulary for both chemical subjects and substances. This indexing
vocabulary was created by DuPont and sold to IFI that expanded it and made
it a commercial service. A portion of the complete indexing was offered to the
general search community at reduced pricing while the full indexing was reserved
for subscribers that paid IFI for the right to access and the online search service
for the search and output process. Throughout the long life of this patent database
it was led by the affable Harry M. Allcock who hosted legendary social events for
the chemical information community.

Derwent World Patents Index was the inspired creation of its founder, Monty
P. Hyams, who was a patent agent for a British fire extinguisher company,
Pyrene. In the 1950’s he observed that most chemical patents from European
countries issued first in Belgium often several weeks before issuing in any other
country. This observation coupled with his knowledge of French caused him to
fly to Brussels periodically to read through newly-issued Belgian patents. He
disciplined himself to write 150-word abstracts in English for each of his selected
patents. Upon returning to England he and his wife transcribed his hand-written
notes onto carefully arranged type-written sheets that were reproduced and mailed
to subscribers. The fledgling service proved so popular that the redoubtable Mr.
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Hyams created his own company named after the building where they lived,
Derwent House.

One of the unique features of the Derwent WPI was its chemical fragmentation
coding developed by Peter Norton who received the Skolnick Award for this
work. This was a collection of alphanumeric codes that described major structural
features of a chemical substance. The codes were applied by indexers who
selected all of the appropriate codes for a chemical substance. As almost all
chemical patents contained Markush structures (named after the inventor in
whose patent the structures were legally recognized). The codes were designed to
be highly descriptive but lacking in connectivity. Thus, the code for two or more
carboxyl groups was useful but it did not describe where in the structure these
groups appeared.

INPADOC (the International Patent Documentation Center) was created
by a treaty between the Austrian government and WIPO (World Intellectual
Property Office). Headquartered in Vienna, Austria, INPADOC set out to create
a computer-based master file of patent “equivalents.” From the earliest days of
patents, intellectual property rights were valid only in the jurisdiction that issued
them. As the chemical enterprise became more global, chemical patents covering
the same invention issued in many different countries usually selected by the size
of market for the invention in a country. Such patents for the same invention
are known as “equivalents.” Using magnetic tapes of information from dozens
of different patent offices, the talented Wolfgang Pilch established computer
programs to bring these disparate files together to form families of equivalent
patents.

INPADOC covered all kinds of patents, not just chemical patents, and it lacked
any chemical structure information other than chemical substance names in the
patent titles that appeared in a variety of languages including transliterated titles.

In the beginning, INPADOC was represented in the US by IFI. As the
INPADOC database grew in the number of countries it covered to create families
of equivalent patents, Chemical Abstracts Service ceased production of its similar
patent family collection known as the CA Patent Concordance and used the
information from INPADOC.

Early Uses of Computer-Based Chemical Information

To promote use of CA Condensates, CAS offered a mainframe, batch
search software known as “System 360” named after the then-current top of
the line IBM mainframe computer. Only a handful of installations were made.
Although not terribly successful and later withdrawn, these installations provided
a much-needed testing ground. Searches of CA Condensates showed the value
and speed of computer-based searches. They also highlighted the differences
between manual searching of printed indexes and computer-based searching.

Manual searching of printed indexes encouraged “browsing” as the user
viewed many items, indeed pages and pages of index entries in the search for
some particular topic. Computer-based searching offered speed but introduced
spurious results that were not expected or relevant because the searcher had to
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predict through the use of “keywords” or other terminology, precisely how his
topic would be recorded so that it could be found.

Still, computer-based searching of CA Condensates was a huge benefit.
Since CAS no longer offered any software to search its distribution tapes, several
organizations began independent development of search software. Once search
software was available, searches of CA Condensates became a commercial
business.

Among the more successful of the early commercial searching systems
were those developed by Illinois Institute of Technology Research Institute
(IITRI) in Chicago and the United Kingdom Chemical Information Service
(UKCIS) in Nottingham, a project of the Royal Society of Chemistry. Through an
internship program, CAS hosted chemical information researchers from several
countries. Many of them returned to their national chemical societies to open
computer-based chemical information centers. Eventually there were centers in
the UK (UKCIS); Belgium, France, the Netherlands, Germany and Finland.

Apart from the national chemical society centers, an industrial cooperation
was started in Basel, Switzerland, then home of three of the largest pharmaceutical
companies: Ciba-Geigy, Sandoz and Hoffman-LaRoche. The Basel Center
for Chemical Information (BASIC) was both an information center running
searches and a research center developing new ways to search computer-based
chemical information, particularly chemical structure information of interest to
the pharmaceutical industry.

The Move to Online

To understand the impact and advantages of online searching, it is useful to
review the batch (or offline) searching described above.

Typically, the person desiring the search (the “end-user’’) engaged the help of
a searcher who understood how to translate the concepts of the user’s search query
into the terminology and commands required by the search software. All of the
systems were different and quite idiosyncratic. Once a sufficient number of such
queries were ready, they were run as a “batch.” The software passed each of queries
against the database that was on magnetic tape and, therefore, processed linearly
as a sequence of records processed one record at a time. Records on the database
that responded to a given query were printed and sent to the user for evaluation.

Surprising and irrelevant responses were a common problem causing the user
the request another translation of the query terminology to be re-submitted to
another pass of the database in hopes of reducing the irrelevant responses. The
process was time-consuming, often taking days to complete as further iterations
were tried to produce a better set of responses.

Clearly, speeding-up the process was not only desirable but also valuable to
the user.

By the early 1970’s the price of mainframe computers and mass storage
devices had declined while the performance was markedly advanced. The
real driving force for online searching was the appearance of packet-switched
telecommunications networks. Communication with computers was developed
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but it required dedicated telecommunications lines that were exclusive to the
single link between one user and one computer. Packet-switching obviated
all of that by “packaging” telecommunications so that the resulting packets
of information could be sequenced and exchanged using any of myriads of
telecommunications lines between user and computer.

Mass-storage devices are, by their nature, random-access devices. The need
to process records sequentially was no longer a requirement. That coupled with
faster and cheaper telecommunication made online searching a reality permitting
users to enter their own searches and obtain results directly. Not only was this
faster but it opened the opportunity for rapid refinement of searches to obtain a
more relevant results. Instead of days to refine and complete a search, only minutes
were necessary.

The only remaining problem for the user or information consumer was to learn
the method to translate a query into some form meaningful to the computer running
the online search software.

Early Online Systems

It is important to remember that the barriers to online information offerings
were primarily costs of processing and storage equipment. Accordingly, some
early efforts were funded by US federal government agencies. A particularly
important example of this is the work of the National Library of Medicine (NLM)
resulting in Medline and Chemline. This is not the only example but it is a good one
as it set the stage for other developments and the expectations of the commercial
customer community.

Both Medline and Chemline were derived from databases produced by CAS.
As part of the long-running NSF grant (vide supra) used to fund the development
of computer processing at CAS, it was agreed that “products” of that system
would be created and made available to third parties. Among the early adopters
was NLM that created search software that could be used in an online mode.
The Medline file was derived in part from the CAS product CBAC (Chemical
Biological Abstracts) that contained bibliographic information and abstracts in
addition to detailed chemical substance information.

Because of the constraints on just how much processing and storage
equipment could be afforded, NLM took the step of producing Medline’s
companion Chemline. This was a separate database composed of just the chemical
substance information found in CBAC. The most-commonly cited chemical
substance in CBAC at that time was d-glucose. Rather than repeat the chemical
substance identifiers (such as name, molecular formula, etc.) in each Medline
record, Chemline held that information only once. It was linked to each Medline
record using the CAS Registry Number. This separation of chemical subject and
chemical substance information mirrored the way CAS produced the information.
The CAS Registry Number is a numerical identifier unique to a specific chemical
substance without conveying any structural information. For internal processing
purposes, it was economical to process and store chemical substance information
separately. For products released to third parties, it was easy to add the complete
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chemical substance information for each occurrence in the product through
linkage using the CAS Registry Number.

Although initiated as a convenience, the separation of chemical substance
information from chemical subject (or text) information led to development of
separate search techniques for the two distinct types of information.

The Transition

Now the stage was set for the entrance of the large commercial online
services offering chemical information. Computing power and mass storage
devices were getting less expensive and their capabilities were constantly and
dramatically increasing. Packet-switched networks were a proven technology and
several providers offered public access albeit dial-up but with increasing speeds
as modem technology improved.

As this covers only the transition to such services, two examples will be
discussed: System Development Corporation (SDC) and Lockheed Information
Systems. These were widely available and shared some similar characteristics
as well as exhibiting significant differences for competitive advantage. Each
was developed as a unique computer program to be applied to general problems
of online information retrieval. They shared a basic architecture of “accession
number”, “inverted file” and “linear file”. The accession number is a carefully
chosen, unique number for each complete record in the database. The inverted file
is a list of accession numbers that contain a given search term. It can be compared
to back-of-the-book index where index terms are presented with a list of page
numbers (think “accession numbers”) on which the index term appears. Search
terms in a query were compared to index terms in the inverted file to produce sets
of accession numbers. Index terms were identified by the field from which they
were taken (e.g., document title, author names, keyword phrases, etc). The real
value in these systems was in the choice of index terms to be listed in the inverted
file. Finally, the linear file has a complete displayable record for each accession
number. Major contributors to this transition were Carlos Cuadra of SDC and
Roger Summit of Lockheed Information Systems.

They were command-driven systems where functions were initiated through
a command line where the user provided the command usually followed by
one or more operands. They were Boolean search systems where search terms
(“keywords”) were linked by the Boolean AND or OR with notable extensions to
be described later. The Boolean OR was always the inclusive OR. The Boolean
NOT was also available but its use was advised only with great caution as it could
lead to the unintended elimination of relevant items.

The Boolean logic operators used in online searching have a property known
as commutation. That is to say that the order of operands is not significant as
in arithmetic addition or multiplication (e.g. 1+2 = 2+1 or 3x4 = 4x3). Thus,
keywordA AND keywordB gives the same result as keywordB AND keywordA.
The same is true for the Boolean OR. The Boolean NOT does not commute.

Operations resulted in “sets” that were uniquely identified and were
conformable with other sets in certain operations. Sets were simply lists of
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the accession numbers of items responding to a query. As such they could be
combined with Boolean operators giving rise to a subsequent unique set or they
could be output in whole or in part. This provided a great advantage as partial
results of a larger search could be tried, retained, re-used or ignored without
starting over with a refined query against the entire database as was true with
batch searching.

Searchers were able to have online access to multiple databases selected by the
user. It is fair to say that extensive training was important to use them effectively
and both services had training staff and programs. Initially, users paid by the
“connect hour” (literally wall-clock time of the online connection to the database
calculated to some fraction of an hour) and for output printed and sent to the user
by the postal service.

Each of these systems had a means to view the alphabetical listing of search
terms thereby giving the user insight into possible search terms.

System Development Corporation

The Pharmaceutical Manufacturers Association (or PMA as it was then
known) engaged in an exclusive contract whereby SDC would provide online
search service using CA Condensates that was at the time quite large among
databases and was certainly the largest chemical information database. The
exclusive agreement meant that the commercial risk was reduced for SDC
as PMA paid certain costs to make the CA Condensates database available.
This arrangement did not preclude others from offering online access to CA
Condensates as CAS had a non-exclusive licensing policy. That such an
agreement was reached is testament to the high desirability of accessing chemical
information online. Due to the demands on the available storage resources, the CA
Condensates service was online only part-time. The SDC Search Service with its
software known as “Orbit” was available online for most of the day with different
databases available during different blocks of time. Over time this changed so
that all of the databases were available simultaneously and continuously.

For some searches this non-discriminating property could result in excessive
and unwieldy sets of results. SDC devised a means of making a search more
precise using its STRINGSEARCH command that could be applied to any set
formed with Boolean operators. The operand for the STRINGSEARCH command
was a literal string of alphanumeric characters place in quotation marks. The result
was another set containing only those records that had the exact string of characters
requested. Typically, this was a significantly smaller set as the records found were
more constrained than the starting set formed by Boolean operations.

This particular command was useful in chemical information searching
because it was possible to find responses to a query consisting of embedded
characters.  Accordingly, it was possible to find “chloro” in “dichloro” or
“trichloro.” Indeed, the customer community used it in exactly that way and
increased relevant answers to queries.

There were some problems with this approach. First, was how to form the
set against which the STRINGSEARCH command could be used. In the simple
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example above it was not possible to form a completely inclusive set using an
initial search term of “chloro” because that alone missed both “dichloro” and
“trichloro.” Second, was the potential ambiguity of the string being searched. For
example, “ethyl” invariably found “methyl.” Lastly, processing this command was
slow and, therefore, costly. Still, the command was quite popular and customers
always asked other search services to implement something like it.

Lockheed Information Systems

Bearing in mind the basic architecture descried above, this system, with its
software known as DIALOG”, was well-adapted to offering chemical information.
The first database was CA Condensates that appeared after it was available from
SDC. Eventually, almost all of the databases that were licensed by CAS were made
available. Because of the size and scope of that amount of chemical information,
several unique strategies were used to accommodate the breadth of information.

By 1980, CAS offered for license its CASIA (Chemical Abstracts Subject
Index Alert) database. The records on this database complimented those on CA
Condensates as they provided both the General Subject and Chemical Substance
index entries found in the printed indexes to Chemical Abstracts. Although
these records appeared from six to ten or more weeks after they appeared on
CA Condensates, they had exactly the same CA abstract numbers and could
be successfully matched to the corresponding records on CA Condensates that
contained the bibliographic information and keywords.

The in-depth indexing of CAS was in high demand by the customer
community. For General Subjects, the index terms were from a controlled
vocabulary that was applied in accordance with indexing rules. Rules for the use
of General Subject headings were described in the CA Index Guide. The vast
majority of index entries had an uncontrolled vocabulary modifying phrase to
describe further the use of the heading for the document being indexed. Using all
of this information more than doubled the number of index terms in the inverted
file and increased the lists of accession numbers for any index term.

This system also had a feature of connecting related terms to any index term
in the inverted file. To assist customers the CA Index Guide was used as a source
to provide alternatives and preferred terms to the online user.

The non-discriminating property of commutation of Boolean operators was
always present. To provide compensation for this property, adjacency operators
were used. By far the best know was the operator (W) that was placed between
operands. This meant that keywordA (W) keywordB was not the same as
keywordB (W) keywordA. The (W) operator was a Boolean AND that did not
commute. Order mattered. Using the (W) operator provided more precise search
statements. Additionally, this had great advantage that the search was run against
the entire inverted file, not against a previously determined set; the resulting sets
were created based upon the ordered occurrence of the search terms in the entire
database. To implement such a feature required the ability to process and store
enormous sets as each search term had to have attached not only the accession
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number of the record from which it came but also the position of the term within
the record.

There was a range of adjacency operators most of which were less precise
and were effectively Boolean AND with commutation but with restrictions on the
location of terms in the same field (e.g., document title, CA index entry, etc.).
The (T) adjacency operator was as precise as (W) but with special characteristics
brought about by chemical substance name searching. It provided a means to
locate search terms within the same chemical name preventing retrieval where the
search terms were in different chemical names.

One of the ancillary projects at CAS in the production of “Chemical Titles”
was a chemical name segmentation algorithm. Dissection of long chemical
substance names produced chemically significant parts. For example, a term such
as “dichloroethylmethyl” could be reliably reduced to di#chloro#ethyl#methyl
(where # is used to indicate a segmentation point). Each of the chemically
significant segments was placed in the inverted file for direct searching. The (T)
adjacency operator required that the search term appear in the same original term.
Some ambiguity arose because the example term would respond to di(T)methyl
because both segments were in the same original term. Still, the direct access to
each of the chemically significant segments proved advantageous as one could
also search for ethyl(T)methyl. Such searching was useful for both uncontrolled
chemical substance names where the order of the chemically significant segments
was unpredictable and in controlled chemical substances names where the order
was pre-determined.

Inventions

In spite of technological advances, in the late 1970’s it became clear that file
sizes were growing quickly and maintaining tractable search times and costs were
important in the commercial online business. In searching for ways to reduce
search effort and costs for users, an interesting fact appeared from the use of the
CASIA database. Some number, less than 23%, of all chemical substances covered
by CAS were referenced more than once. This was true over decades and millions
of publications covered and millions of chemical substances. Some core group of
chemical substances was often referenced and the size of the group grew rather
slowly. With this knowledge it was easy to separate the large body of chemical
substance information into one group that grew rather slowly while the number of
singly-indexed chemical substances grew explosively.

Separating the chemical substances from textual information offered
numerous advantages to both the online service provider and to the user. The
textual information consisting of general subject indexes, their modifying phrases,
titles, authors, keywords and bibliographic information had well-developed online
text searching methods. Indeed, most databases accessible online were purely
textual in nature. It was the chemical substances that offered the challenges due to
sheer numbers of them and the precise descriptors used. Using the CAS and NLM
models of separating the search for chemical substances from the search for text
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was an acceptable and beneficial compromise. The link was the well-established
CAS Registry Number.

In the online text databases derived from CAS information (primarily the
CASIA database of General Subject and Chemical Substance indexes entries),
there was an unusual problem that arose with the indexing of huge numbers of
chemical substances. In the CAS printed indexes it was customary to report
preparation of chemical substances with an entry consisting only of the CAS
systematic chemical name and the CAS Registry Number. Occasionally, but not
often, additional words such as “prepn.” or “synthesis” were used but were not
required.

For years it was understood by users of these printed indexes that such minimal
Chemical Substance Index entries signaled the preparation of the named chemical
substance. In the online search environment it was impossible to convey to the
searcher that the absence of words was meaningful. For this reason and on advice
and consent of CAS staff, the letter “P” for preparation was added to CAS Registry
Numbers in the conversion process when no other words were present. The letter
“S” for synthesis was considered but it resembled the numeral “5” and could be
confusing. This convention was later adopted by other online services.

Challenges with chemical substances were large as the CAS Registry
Nomenclature File (RNF) contained every chemical substance known to CAS
and the number of them grew rapidly. At the time of the transition to online
searching, the full scope of CAS coverage and indexing policies were little
understood by users. Converting this information to online searching focused
more attention on coverage and policies because search results were full of
apparently irrelevant results. In fact, the seemingly irrelevant results were
valid responses to well-constructed searches and were useful. Not all chemical
substances appearing in CAS products are well-defined. There are addition
compounds, alloys, coordination compounds, mixtures and polymers. The
methods of naming and, therefore, searching such chemical substances is quite
challenging.

Some straightforward searches yielded little, no or incorrect results due to
policies not well understood. For example, the molecular formula for table salt
(sodium chloride) does not exist as NaCl in Chemical Abstracts Indexes. The
“Hill Order” for molecular formulae has always been used by CAS. For carbon-
containing compounds, carbon is cited first followed by hydrogen (as H) and all
other elements cited alphabetically by element symbol (including D and T for the
isotopes of hydrogen); without carbon, element symbols are placed alphabetically.
Thus, the molecular formula for sodium chloride is properly given as CINa.

As illustrated above, chemical substance nomenclature is characterized by the
repeated use of a relatively small number of unique terms. Once it was possible
to license the entire CAS RNF for the millions of chemical substances registered
by CAS, this became even more evident. Something more than just transforming
words from a database to search terms was needed.

Some guiding principles became evident. Even though there were millions
of systematic chemical substance names, a relatively small number of systematic
nomenclature terms were used to correctly and completely name them using
the rules of CAS systematic nomenclature. Combining search terms with huge
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numbers of valid responses permitted a large collection to be precisely reduced
to a tractable number of chemical substances. Therefore, one strategy was to
generate useful search terms without regard to the large number of chemical
substances to which they applied. Another important strategy was to generate
search terms that worked to eliminate some chemical substances.

Much of the information about a chemical substance, particularly one that
has a known structure, is inferred by our chemical knowledge. For example, if a
heterocycle is seen in a chemical structure or explicit in a systematic name, this is
obvious to a chemist. In the online search environment using systematic chemical
names one could simply enter all of the possible heterocycle names and obtain
a useful answer. Although possible, such a strategy is impractical. Identifiers
in the RNF permitted the generation of “higher-level” terms that collected all
heterocycles under a single search term “HETEROCYCLE.” This single term,
not part of the actual chemical substance nomenclature, permitted the collection
of all identified heterocycles irrespective of the hetero-atom present. It had the
additional property of eliminating from a search all heterocycles by using it as the
object of a Boolean NOT. With hundreds of thousands of heterocycle chemical
substances, this search term in combination with other search terms proved useful.

At the risk of being pedantic, the generation of heterocycle terms was
expanded to include the hetero-atoms from the small set of Nitrogen, Oxygen,
Phosphorous, and Sulfur. “HETEROCY CLE-N” was used to describe all chemical
substances with heterocyclic nitrogen irrespective of the ring nomenclature.
Similar, O, P, and S terms were generated. Again, there were from tens to
hundreds of thousands of chemical substances for each of these terms but
in combination with other terms they were useful. The ability to include or
exclude certain heterocycles was also useful. Rather than relying on Boolean
NOT logic that could be misleading, other terms were “pre-coordinated.” Thus,
“HETEROCYCLE-NS” was used to describe heterocycles containing nitrogen
and sulfur but neither oxygen nor phosphorous.

Another useful generation of search terms came from molecular formulae.
Element counts were generated with an element symbol such as “C” followed
by a four digit number with leading zeroes. Thus, C0012 collected all chemical
substances with twelve carbons in the molecular formula. This was done
purposefully so that the counts would appear sequentially with C0012 followed
by C0013, etc. By doing so, ranges of element counts were directly searchable
such as C0012 to C0016. Because of the importance of isotopes of hydrogen,
element counts for deuterium (D) and tritium (T) were also generated.

Because carbon is present in well over 94% of all chemical substances with
molecular formulae, it was easy to produce the search term C0000 meaning no
carbon in the molecular formula. This could be an identifier for “inorganic”
substances if one ignores carbonates, for example. Another use of this search
term was with a Boolean NOT to mean all chemical substances containing carbon
in their molecular formula.

Many other examples abound. Most of them are not directly available as
chemical substance searching has moved more toward structure searching. One of
the tenets of structure (or sub-structure) searching is to screen a large collection of
chemical substances to eliminate those that cannot possibly be answers to a query.
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Many of the inventions descried above serve this purpose while others specifically
include desired characteristics.

Still, all chemical substances have names and, if systematic, the names are
fully descriptive of structure. By understanding systematic chemical substance
nomenclature, searches can successfully locate relevant answers that transcend
some of the finer points of nomenclature such as isotopic substitution.

Summary

The transition in chemical information searching from printed sources to
online searching was due to the adaptability of the hardware, telecommunications
and software that were decreasing in cost while increasing significantly in
capability. Large databases of chemical information including bibliographic
general subject and chemical substances were generated to support the growing
chemical industry including pharmaceuticals and agrochemicals. Online chemical
information search satisfied a growing need for cost-effective searches of high
economic value. Adaptations and inventions of better search terms and search
techniques enabled increasing amounts of chemical information to be handled at
reasonable cost.

The economic factors of this transition have been mainly about hardware.
There were, of course, issues about royalties, licensing fees, pricing and
competition that influenced the transition but the market was so big and expanding
worldwide that it absorbed many of these changes as the benefits of online
chemical information were more widely spread.
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Chapter 4

Looking Back, But Not in Anger

My View of the History and Future of Chemical Information

Engelbert Zass™

ETH Ziirich, HCI H 309, CH-8093 Ziirich, Switzerland
“E-mail: zass@chem.ethz.ch

The history of chemical information retrieval started a long
time ago with printed sources, soon differentiated by their
function into primary, secondary, and tertiary literature. With
the advent of appropriate technology, they were converted into
electronic databases, starting with secondary sources. These
impressive developments are illustrated by landmarks and
examples. Despite tremendous progress in the last four decades,
improvements are still necessary, as traditional sources have
lost most of their “must use” reputation in the face of Google
and Wikipedia.

The mission for chemical information retrieval was aptly defined shortly
before chemistry started as a science in a modern sense by the famous English
writer Samuel Johnson in 1775: “Knowledge is of two kinds. We know a subject
ourselves, or we know where we can find information about it”. In contrast, in
times like ours where information overload is much more of a threat than scarcity
of information, it may be useful to head the recommendation phrased at about
the same time by Georg Christoph Lichtenberg, first professor of experimental
physics in Germany, in one of his famous aphorisms: “Leute die sehr viel gelesen
haben, machen selten grosse Endeckungen. Ich sage dies nicht zur Entschuldigung
der Faulheit, den Erfinden setzt eine weitldufige Selbstbetrachtung der Dinge
voraus. Man muss mehr sehen als sich sagen lassen” — in its essence, it states
that reading too much may actually inhibit scientific discovery, as this is fostered
more by one’s own observation than by being told about interpretations of
observations by others. These two quotations set the difficult goal for appropriate
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information to support research, to navigate between the Scylla of information
overload (wasting time and running the danger of becoming too prejudiced) and
the Charybdis of a too cursory examination of the state of the art (leading to a
waste of resources by simple repetition of earlier work).

The Chemical Literature

Chemical information has always been communicated directly by personal
discussions, personal letters, public lectures and presentations at conferences,
or regular sessions of scientific academies. This was the major route chemical
information was exchanged before scientific journals (2) became widely available
and dominant in the process. Remarkably, by using modern electronic tools like
e-mail, mailing lists (above all the indispensable CHMINF-L inaugurated by G.
Wiggins; (3)), or blogs, this direct communication, both in a one-to-one and a
one-to-many mode, is increasing in importance.

Important as these informal (i.e. not normally documented) ways are, only
formal means of disseminating chemical information will be discussed here.
The term “chemical literature” will be used referring as to how information is
organized, i.e., not restricted to its traditional meaning for the medium print
on paper which dominated it until quite recently. For the development of the
chemical literature in the print era, important landmarks are shown in Table 1.

Table 1. Landmarks in the History of the Chemical Literature
Primary Literature
1474  first patent law: Venice (Italy)

1665  first scientific journals (2): Journal des S¢avans (Paris)
Philosophical Transactions of the Royal Society (London)

1790  first modern US patent: making of pot ash and pearl ash
1778  first chemistry journal: Crells Chemische Annalen (2)

1789  first chemistry journal still published: Annales de chimie, ou recueil de
mémoires concernant la chimie et les arts qui en dépendent, (et spécialement la
pharmacie)

Secondary Literature

1817  first handbook: Leopold Gmelin, Handbuch der theoretischen Chemie (finally
Gmelin Handbook of Inorganic and Organometallic Chemistry (4))

1830 first A & I publication: Pharmaceutisches Central-Blatt (later Chemisches
Zentralblatt (5))

1881  Friedrich K. Beilstein, Handbuch der Organischen Chemie (6)
1907  Chemical Abstracts (7)
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Chemical information is published (i.e. formally communicated and
documented) in the primary literature: journal articles, patents, conference
proceedings, research reports, theses. When numbers and volume of these
publications became too big to be overviewed and read individually by chemists,
secondary literature was created as a tool to locate the required information in the
primary literature, first handbooks, then dedicated abstracting and indexing (A &
I) publications (see Table 1). The following discussion is about such secondary
sources used for searching.

The ftertiary literature is less well defined and somewhat difficult to
differentiate from secondary literature: while many scientists group handbooks
like Beilstein or Gmelin into this category, we restrict tertiary literature to
monographs, encyclopedias (e.g., Ullmann, Kirk-Othmer) and handbooks like
Houben-Weyl, Patai etc., all dominated by what might be called “prose” in
contrast to the highly structured text in the secondary literature. In the secondary
literature, there exists a distinct relation between an individual primary publication
and the corresponding entry/record (print or database) in the secondary literature.
This relation is either one-to-one, as in A & I publications like Chemical Abstracts
(CA (7, 8)), or in a handbook like Theilheimer’s Synthetische Methoden der
Organischen Chemie (together with the Journal of Synthetic Methods basis for
the first reaction database (9, /0)), or a many-to-one relation in the Beilstein
Handbook: for a given compound, many chemical and physical properties are
collected in a well-structured way, each with the corresponding references to
the primary literature. The Gmelin Handbook with its “prose” structure is a
borderline case, but counted here as a secondary source. Tertiary literature is
characterized by a higher degree of transformation and processing of the primary
information than the secondary literature (see Figure 1).

Information Processing
* Web (Google, Wikipedia)

* 1° Literature (Fulltext)
» 2° Literature (A & 1)

* 3° Literature Selection
Concentration

Transformation

Structuring (meta-Data)

Figure 1. Chemical Literature Categories
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Tertiary sources became available much later in electronic form than
secondary sources; this may reflect their lesser importance, being more
specialized, but it certainly reflects the fact that their content was less amenable
to conversion into databases than A & I publications or handbooks like Beilstein
or Theilheimer with a highly structured content already in print. Many tertiary
sources are e-books and not databases in a stricter sense.

Searching the Printed Chemical Literature

For searching, only secondary or tertiary sources were available in the print
era. Among these, A & I sources like CA (7) or the Science Citation Index (SCI
(11)) abstracted the primary literature continuously in chronological order, with
no content structure or only a minimum (e.g., CA Sections). Within a defined
coverage of types of primary sources, there was no differentiation by the kind
of content: CA indexed authors, topics (including reactions), compounds (by
systematic name and molecular formula), while SCI provided citation links in
addition to bibliographic data as an alternative to bringing together publications
of similar content by indexing (/2). On the other hand, handbooks focus on
specific kinds of information: compounds with properties (Beilstein, Gmelin),
reactions/synthetic methods (e.g., Theilheimer, Houben-Weyl), or physical
properties (Landolt-Bornstein). This information is covered for an entire time
range, and presented in a highly structured way easy to perceive. Whatever kind
of chemical information handbooks covered, it was arranged in a very systematic
way based on chemical principles, highly formalized, but readily understandable
by chemists. Such systematics usually covered not only the arrangement of the
chemical entities reported, like compounds or reactions, within the handbook, but
pertained also to the information about them (73, /4). The price to pay for this
structured information, however, was a significant lack of actuality compared to
A & I sources.

These different printed secondary sources had therefore distinct missions and
uses well known to chemists from their established brand names, and this implied
that for many searches, more than one source had to be used.

Figure 2 shows notes taken during a search for the isomeric tetramers of
HCN about 1978, just before online database searching became available at the
ETH Chemistry Department: from the Beilstein Handbook, only two pages were
needed which, when photocopied, contained data about preparation and physical
properties with the appr<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>