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63 USER NEEDS IN CHEMICAL INFORMATION 

Abstract 

Information has become an absolutely indispensable factor 
in the modern industrial society. In chemistry, detailed 
information about all compounds known is required. Learned 
journals, research and conference reports, publications 
from universities and learned societies, and dissertations 
present the progress in research. It is important that 
all properties of compounds (stereochemistry, physical 
values, chemical and environmental behaviour, toxicity 
etc.) reported in these publications be indexed and made 
available to the users. There is also a need for factual 
and/or numerical data and reviews concerning general or 
specific topics. High on the list of desiderata are 
timeliness, accuracy and completeness of the information. 
Abstracting and indexing services and database producers 
have to take in consideration that a high degree of 
user friendliness is necessary. In the future, most of the 
information will be offered in computer readable form 
(factual and numerical databases, reaction databases, 
information on CD-ROM etc.), a fact which will require 
many improvements in the flow of information in order to 
render possible an easy and direct access to the chemical 
information worldwide. 

1. Introduction 

Modern industrial society depends on the availability 

of the commodity "information". Information is of incalcul

able value to industry, government and universities; 
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its value far exceeds its cost. For this reason it is 

a prerequisite to cover, evaluate and offer information 

in a way meeting the wishes of the users of information 

best. In scientific and technological fields the producer 

of information of one type is often the consumer of the 

same or of a different type. 

1.1. Who is involved in information flow? 

The following institutions participate in the flow of 

information: in science and technology 

1.1.1. Commercial publishers and learned-societies 

Many commercial publishers and learned societies produce 

books and scientific and technical journals that contain 

original research, compilations and reviews. Until recently 

such publications have been on paper, but some are now 

available in microfiche or electronic form. 

1.1.2. Patent offices 

Patents issued by patent offices present special problems, 

as their purpose and mode of drafting differ completely 

from those of a journal article. The purpose of the latter 

is to convey as much informetion as possible, and commercial 

considerations do not restrict the freedom of the author. 

A patent, on the other hand, would contain enough informa

tion to protect the invention but nearly no information 

that might be useful to a competitor. 
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1.1.3. Abstracting and related services 

Abstracting and indexing services, database producers, 

handbook editors and textbook authors analyse and report 

the original literature, thus making it more readily acces

sible. Although the activities of the organizations describ

ed here and in 1.1.1. arc conceptually distinct, the same 

parent organization often engages in activities of both 

types. For example, the American Chemical Society produces 

both scientific journals and Chemical Abstracts, and the 

International Union of Crystallography publishes two jour

nals, an annual volume of abstracts, and the multi-volume 

handbook International Tables for Crystallography. 

1.1.4. Libraries 

In principle, libraries should collect and store all types 

of literature, make them available to the user, and provide 

on-line access to databases. In practice, however, under-

funding restricts the services that libraries can provide. 

1.2. Categories of literature 

For clarity, the literature in the information system is 

often divided into three categories: 

1.2.1, Primary literature, consisting of reports of orginal 

research 

Original research ordinarily appears as articles in the 

learned journals, research and conference reports, patents, 
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serial but non-periodical publications, dissertations and 

theses Г 1 ]. 

1.2.2. Secondary literature 

In the secondary literature certain portions of the primary 

literature are processed and offered in printed or machine-

readable form. Traditionally the abstracting and indexing 

services have produced bibliographic databases, but in 

recent years factual databases, and in particular numeric 

databases, have been growing in number and importance. 

Secondary literature is offered by secondary services which 

classify, summarize, index and make primary literature 

available to the public. 

1.2.3. Tertiary literature 

Contrary to the secondary literature, tertiary literature 

judges the quality of the information processed or relates 

the units to one another. Additionally to these functions, 

digestion and synthesis are the province of the tertiary 

literature to which belong progress reports, review artic

les, textbooks, encyclopaedias, handbooks, and critical 

tables of measured quantities. 

The above lists of types of literature in the three 

categories cannot claim to be complete, and the borderlines 

between the categories are not always sharply defined 

[2 J . It is evident that in this information system the 

free flow of information must be guaranteed. 
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2. General User Needs 

The information needs of users vary considerably, and depend 

significantly on the field of interest or on the specific 

problem to be solved. Attention will be focused on user 

needs in the field of chemistry, but there are some general 

requirements that are independent of the field of interest. 

2.1. Completeness 

Information should not be lost through failure of the 

transmission process from the primary literature to the 

secondary. If a unit of the primary literature is not ab

stracted or indexed, this information is almost irretrievab

ly lost. There is ordinarily no problem with periodicals 

and patents, and little with established non-periodical 

serials, but books and the so-called 'grey literature' 

are rarely fully abstracted |_ 3 J. 

Physical properties and measured values should be abstract

ed precisely. Vague or inaccurate data are useless [_4J. 

2.2. Timeliness 

Information must be available rapidly. This is important 

to avoid duplication of research work. 

Provision should be made for the rapid ordering and quick 

delivery of original documents or photocopies when full-

text databases are not available. Ordering on-line from 

within the abstracting database is a highly desirable facil-
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ity. 

2.3. Accuracy 

The information should consist of all the findings and 

be as precise as possible. Otherwise the information is 

of less or no value. 

2.4. Costs and cost-effectiveness 

The retrieved information should be worth its cost. It 

is not necessarily cheap but "poor" users (universities, 

third-world countries) often experience difficulties in 

paying the economic cost. Provision must be made to provide 

them with information services at a lower price. This makes 

sense from a general enlightened economic viewpoint for 

they are important sources of original research. 

The above needs and requirements can hardly be realized 

completely. However, this is no reason for failing to work 

towards fulfilling them as far as practicable. 

3. Requirements for Chemical Information 

(a) Chemistry is a discipline dealing with compounds. Naming 

of compounds plays a special role. The international rules 

for the nomenclature of chemical compounds are handled 

too slowly and should be processed more rapidly by IUPAC. 

Their use in the primary literature should be encouraged 

by the national bodies and enforced rigorously by the edi

tors of journals. At present names must be invented by 
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the authors or abstracting services, without waiting for 

IUPAC action, and may be difficult to eradicate if found 

to conflict with later IUPAC standards. 

(b) After a CAS Registry Number has been assigned to a 

defined compound it should be quoted in all later publica

tions. 

(c) The encoding of chemical structures in graphical form, 

internationally accepted as the most important representa

tion of compounds, should be standardized and unambiguous. 

Stereochemistry must be included. 

(d) The encoding of reactions and the provisions for search

ing for them should be improved, so that consecutive reac

tions can be retrieved. 

(e) More attention should be paid to safety and environmen

tal matters. For example, an explosion occuring during 

the processing of a mixture should always be reported both 

in the primary and in the secondary literature. 

(f) Legal claims made in patents and presented by Markush 

formulas should be abstracted as comprehensively as pos

sible . 

The above desiderata relate particularly to the abstracting 

and indexing services, too. In addition, education in chem-
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ical information in universities, colleges etc. should 
be improved. 

4. Content and scope of chemical information 

4.1. Primary literature 

Surveys of user requirements for chemical information 

[J5,6,7J have established that the primary literature, 

especially journal articles, is still the most important 

source of information, and that users preferentially scan 

titles, followed by looking at the abstracts or summaries. 

The following requirements are derived from these surveys: 

4.1.1. The literature explosion forces to publish research 

results only once. Nevertheless, preliminary communications 

describing important results have their place [_8, 9J. 

4.1.2. The tendency to publish journals for special fields 

is to be encouraged; it drastically reduces the number 

of journals that have to be scanned by any particular user. 

Studies have shown that the major specialized journals 

turn out to be 'core' journals. 

4.1.3. The title of each article should be informative. 

Each article should have an abstract in which the important 

findings are described precisely. The content of the article 

should be arranged clearly, to allow 'diagonal reading'. 
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4.2. Secondary literature 

4.2.1. Bibliographic services 

There are many bibliographic services in chemistry and 

related fields in printed or machine-readable form. The 

main types of service are: 

1. Title lists 

2. Patent lists 

3. Abstracting and indexing services, e.g. Chemical 

Abstracts Service (CAS), JICST, PASCAL, Derwent's 

Chemical Patents Index 

covering all fields and subfields of chemistry, selective 

services for particular fields [Chealnfora, Index Спеи-

icusj, and progress bulletins. 

4. Services adapted to inverse and other special sear

ches [Science Citation Indexj . 

5. Business services [Cheaical Industry NotesJ. 

Title lists have a high currency, and are important in 

bridging the gap between the publication of an article 

in a primary source and the appearance of an abstract of 

it in the secondary literature. 

A&I-services, such as CAS, claim to cover the whole field 

of chemistry comprehensively, but cannot replace the primary 

literature. The abstracts in one common language are arrang

ed in accordance with conceptual criteria, which permits 

rapid scanning and evaluation. The loss of detailed 
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information in the abstracts is partially compensated for 

by comprehensive indexes (author, molecular formula, patent, 

etc.)» Although the services are very useful, several 

improvements should be considered: 

1. Every compound about which new information is given 

in the primary source should be indexed and made searchable. 

2. Stereochemistry (configuration, conformation) should 

be indexed and made searchable to the same extent as in 

the primary source. 

3. Data on safety, environmental behaviour, toxicity 

etc. should be searchable, even if they are not the main 

objective of the primary source. The economic damage that 

may result from lack of information on such matters can 

be much greater than the cost of providing the information. 

4. The 'legal' compounds contained in patents should 

be indexed in addition to the 'real' ones. 

5. The CAS Registry Number assigned to each clearly 

defined substance should be quoted by all services proces

sing chemical information. Similar systems of numbering 

should be established for other materials, such as plant 

extracts or minerals. 

6. The A&I-services should make agreements among themsel

ves to ensure that 'borderline areas' are covered in one 

of their products. 

The selective services cover the primary literature in 
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accordance with clearly defined selection criteria. The 

apparent loss of information resulting from selection may 

be more than compensated for by the fact that the user 

receives only a manageable quantity of important and high-

quality information. Adherence to the criteria is monitored 

normally by an advisory board representing the users. 

Patent claims concerning chemical Markush structures are 

widely drafted and may generate a 'hit' in nearly all sub

structure searches. Reform of patent law to restrict such 

claims to a 'reasonable' extent is highly desirable, but 

may be difficult to achieve. 

4.2.2. Numeric and factual databases 

In many applications the user needs factual or numerical 

data, not only references to the original literature. These 

needs are met by collections of factual and/or numerical 

data in printed or machine-readable form. Machine-readable 

collections are usually called databases. Examples of fact

ual and/or numeric collections are Beilstein's Handbook 

of Organic Cheaistry, Gmelin's Handbook of Inorganic Cheai-

stry, Wiley's Registry of Mass Spectral Data and the Cam

bridge Crystallographic Data File. Such collections may 

replace reference to the original literature if they contain 

high-quality and critically evaluated data. 
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Such collections will be of increasing importance in the 

future. Generation of new data collections should be en

couraged, in fields such as toxicity, optical rotation 

and reactions. All these collections should be machine-

readable. At present, the effectiveness with which different 

fields are covered varies widely; crystallographic data 

are particularly well organized, with major databases for 

organic substances, inorganic substances, and metals, 

as well as several specialized databases (see, for example, 

[10]). 

4.3. Tertiary publications 

The factual and numeric databases occupy a position that 

is in some ways intermediate between secondary and tertiary 

publications. They are secondary in that they are based 

directly on the primary literature, but tertiary in that 

the data have been digested and critically evaluated. 

There is, however, a need for review articles on general 

or specific topics. These are especially useful to those 

engaging in new research areas, and authors able and willing 

to write good reviews are encouraged to do so. 

Chemistry is well served by textbooks. The ambition of 

authors and the self-interest of publishers ensure this. 
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5. Methods of Dissemination of Information 

Since the introduction of computers revolutionary progress 
has been made to process information. Retrospective searches 
now can be completed in a few minutes, and the results 
are usually better and more comprehensive than were achieved 
by manual search. Even full-text databases (chemical jour
nals online) can now be searched online. However, indexing 
and search techniques are not yet sufficient, e.g. they 
do not yet provide for graphics, such as structural formu
lae. It is of the greatest importance for chemists that 
chemical structures are keyboarded in machine-searchable 
form and that they can be retrieved easily. 

5.1. Searching bibliographic databases 

In addition to the Boolean operators (OR, AND, NOT) some 
special operators have been developed that improve the 
precision of search results without necessarily involving 
information loss. The question of whether an information 
specialist or the user should undertake the search (see 
7j, {_1 lj , [.12j ) depend on several factors which influence 
the decision: 

1. type of query; 
2. complexity of the database; 
3. qualifications and expertise of the searcher; 
4. attitude of the administration to this problem. 

С 
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In user meetings the following improvements have been pro

posed : 

1 . a single command language should be introduced for 

all publicly accessible hosts, and for non-public in-house 

systems ; 

2. both a standardized (controlled) and a free vocabu

lary (keywords) should be usable simultaneously; 

3. thesauri should be available on-line; 

4. cross-file searching should be installed; 

5. the CAS registry number or other relevant numbering 

systems should be used in databases; 

6. automated switching to full-text databases or on

line document delivery services should be made possible; 

7. automated transliteration of different spellings 

in English (colour versus color, sulfur versus sulphur) 

should be implemented; 

8. substructure searches should be extended to Markush 

structures in patents; 

9. menu-driven searches should be an available option 

for beginners or occasional users; 

10. learning aids, such as manuals, diskettes and soft

ware, should be user-friendly; 

11. it should be legally possible to down-load search 

results to the customer's personal computer for inhouse 

purposes, 
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5.2. Searching factual databases 

Numerous factual databases already exist, e.g. for crystal

lography |_10J , thermodynamics and spectra. They contain, 

in addition to the concepts themselves (such as densities), 

the numerical measured values, which may in many cases 

depend on external conditions and are accompanied by error 

limits (ideally estimated standard deviations). Other data 

may contain ranges of values, such as 10.0 to 10.2 % in 

the content of a material in a mixture. In such cases algo

rithms are required to search numerical values, their tole

rances, or ranges, in addition to the normal search methods 

used for bibliographic databases. 

Factual databases require other new search features, such 

as : 

1. interconversion of units (inches to centimetres 

and vice versa; Celsius to Kelvin; psi to pascal); 

2. searching of 'empty fields' — the user must be 

informed if failure to retrieve information is due to the 

fact that the data required have not been measured or re

ported as yet. 

Methods should be developed for presenting search results 

on monitors and print-outs 

1, as tables in a format predefined by the program 

or set up by the user; or 

- 15 -



2. in graphical form, as curves or diagrams; and 
3. in appropriate cases the databases should contain 

programs for the manipulation of search results, such as 
the inter- and extrapolation of thermodynamic data or for 
similarity searches in spectra. 

As for bibliographic data, it should be legally possible 
to down-load data for off-line manipulation, thus relieving 
the mainframe computer, saving telecommunication costs 
and eliminate duplicate hits. When the database is not 
too large, it can be made available to users on diskettes 
or CD-ROMs. 

6. New Developments 

6.1. Software developments y 3j 

Some desiderata of chemists may be met by new software 
systems. The ability of computers to manage and manipulate 
large quantities of data rapidly has stimulated the develop
ment of new research areas and new methodology. Examples 
of such developments are: 

1. Synthesis planning, which makes it possible to search 
for chemical products from given starting materials or 
vice versa; 

2. quantitative structure/activity relationships, for 
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example in the prediction of pharmacological activities, 

design of drugs, or of plausible metabolites; 

3. quantitative structure/property relationships, useful, 

for example, in the interpretation of spectra. 

With the aid of such developments reliable structure-derived 

predictions can be made and the risks of chemical, physical, 

or other experiments can be avoided, thereby saving, time, 

trouble and expense. 

The tools employed for such purposes are, for example: 

1 . chemometrics (mathematical methods for the inter

pretation of such relationships); 

2. molecular modelling (for evaluating the electronic 

and spatial relationships in such interactions) and mole-

ular design; and 

3. expert systems (man/machine systems for the treatment 

of special problems). 

The efficiency of these methods is based on knowledge ob

tained by a comparison of observed and calculated values 

and by successive approximations after the acquisition 

of new measured data. Predictions will therefore become 

more precise with increasing size of the data files of 

chemical structures and of their properties or activities, 

and with increasing quality of the measured data. 
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6.2. Networks 

To the advantage of the users several hosts have been con

nected via satellite lines to build a network. STN 

(Scientific and Technical Network) comprises three computer 

centres (hosts) where chemical databases are loaded 

J_14J, Г15j . It would be desirable that other large and small 

exiting hosts are linked into a single network. Prerequisi

tes for this goal are: 

1. a single command ^anguage that can also be extended 

for application to the factual databases; 

2. a directory (a database of databases); 

3. an increase in the transmission rate to at least 

9600 baud. 

6.3. Data compilation for the user 

The use of diskettes or CD-ROMs for inhouse purposes has 

already been mentioned. The availability of more efficient, 

faster and less expensive computers will make the management 

of large data collections or subsets of such compilations 

possible 'at home*. Of prime importance, however, is the 

provision of legal safeguards for preventing misuse. 

The software for searching and processing such data is 

needed. Graphic representation of chemical structures during 

input and retrieval is especially important for chemists. 
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7. User Education and User Feedback 

Information disseminators and vendors as well as universi

ties must participate in ensuring that the commodity 'in

formation' is employed optimally. 

The potential users can be reached by: 

1. lectures and discussions at a level intelligible 

to all ; 

2. provision of educational materials, such as articles 

in newspapers and magazines, and of textbooks at an appro

priate level. 

For the user in a specialized field the following should 

be available: 

1. user handbooks and/or learning diskettes; 

2. menu-driven searches for beginners or occasional 

users ; 

3. 'help' functions incorporated in the software for 

search and processing; 

4. regular seminars or workshops; 

5. user meetings for exchange of ideas and experience; 

6. means to get feedback from the users; 

7. establishment of advisory boards or panels as forum 

for the scientific community. 
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8. Libraries 

The most important task of libraries is to supply informa
tion as quickly and cheaply as possible, and this task 
will not change in the foreseeable future. The 'paperless' 
community that has been visualized will not come in the 
near future. 

However, limited monetary resources are a driving force 
toward rationalization of library and archive structures. 
There has been a change of attitude on the part of the 
authorities during the last generation: older books and 
long runs of journals used to be regarded as a valuable 
resource; now they are regarded as a waste of expensive 
storage space. It does reflect the fact that in the long 
run it will be physically impossible for any library to 
store all the literature required by its users, and it 
will have to concentrate on their main specialisms. The 
inconvenience of incompleteness can be mitigated by the 
use of on-line search and ordering services. 

9. Pricing 

There are two important facts about information. 
1 . Information and its availability to the user are 

of the utmost economic importance. 
2. Information offered to the community has its price. 
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If the literature explosion continues and if the financial 

resources of the user do not grow at vhe same rate, only 

a drastic rationalization at all levels can redress the 

situation. Much can be done by cooperation among services 

to reduce duplication. 

Requests often expressed by colleges and universities for 

low-cost or free information cannot be fulfilled. On the 

other hand, it is without doubt that industry and other 

non-academic organizations benefit not only from the re

search carried out in educational establishments but also 

from the knowledge and experience in information science 

that engineers, chemists and other scientists have acquired 

in these institutions. Other information services should 

be encouraged to follow the CAS practice со offer a discount 

to academic institutions under appropriate conditions, 

and all services should extend similar help to academic 

and non-academic institutions in the developing countries. 

The problem is evident: the state, which purchases the 

books, journals, etc. for public libraries, may not be 

willing to finance the same literature a second time in 

other forms, such as magnetic tapes or on-line services. 

CAS and FIZ Karlsruhe within STN execute a practice whereby, 

under certain circumstances, a discount is given to college 

and university members. With CAS, non-academic users indi

rectly subsidize such discounts via their on-line fees. 
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Such practice cannot find universal application because 

many services are required to recover at least their own 

full expenses. Here other solutions have to be found to 

help universities and developing countries to keep abreast 

with the worldwide developments. 
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