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Abstract It is inevitable that the´publish or perish́ paradigm has implications for the

quality of research published because this leads to scientific output being evaluated based

on quantity and not preferably on quality. The pressure to continually publish results in the

creation of predatory journals acting without quality peer review. Moreover the citation

records of papers do not reflect their scientific quality but merely increase the impact of

their quantity. The growth of sophisticated´push -buttoń technologies allows for easier

preparation of publications while facilitating ready-to-publish data. Articles can thus be

compiled merely through combining various measurements, usually without thought to

their significance and to what purpose they may serve. Moreover any deep-rooted theory

which contravenes mainstream assumptions is not welcomed because it challenges often

long-established practice. The driving force for the production of an ever growing number

of scientific papers is the need for authors to be recognised in order to be seriously

considered when seeking financial support. Funding and fame are distributed to scientists

according to their publication and citation scores. While the number of publications is

clearly a quantitative criterion, much hope has been placed on citation analysis, which

promised to serve as an adequate measure of genuine scientific value, i.e. of the quality of

the scientific work.
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Republic, Cukrovarnická 10, 16200 Prague, Czech Republic

123

Scientometrics (2017) 112:697–709
DOI 10.1007/s11192-017-2334-x

http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-017-2334-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s11192-017-2334-x&amp;domain=pdf


Introduction: ‘publish or perish’

The authors have been actively involved reviewing papers arising from Materials Science

research. These papers form a significant portion of the 70,000 scientific publications

produced annually and contribute to over one million papers (about 10 million pages) of

published scientific text. Additionally, almost half of all manuscripts submitted are rejected

directly by journals or as a consequence of peer-review. It is known that about half of all

published papers are never read (or even noticed) and a mere one percent of publications

receive over half of all citations. About 90% of all actual information is never cited, with

only a few thousand scientific papers generating significant citations. In contrast to sev-

enteenth century science where a scientist would be capable of reading almost all infor-

mation published to that date, today the average scientist does not possess the capacity to

even read all the papers related to their own specialization and thus is reliant on abstracts.

Many scientists, moreover, do not seem read anything other than their own previously

published data, and are almost irritated by information from other sources. They are

focused on obtaining as many citations as possible in order to support their attempts to

obtain financing.

What is the driving force behind the production of the mounting number of scientific

papers? Besides the original and natural need to share and disseminate the latest knowl-

edge, there is now an immense need to have a distinguished publication record in order to

be well considered when seeking financial support. This fact was succinctly captured in the

popular dictum ‘‘Work-finish-publish’’ attributed to M. Faraday (1791–1867),1 and in the

same vein, the notoriously applauded phrase: ‘‘publish or perish’’2 (Garfield 1996), which

is worthy of serious reconsideration particularly in the age of computer facilitated pro-

duction of reports.

Almost twenty years ago we published an essay (Fiala and Šesták 2000; Fiala 1987)

describing the storage and citation protocols utilized in the sphere of scientific literature

(Fiala 1987; Šesták 2012) noting that ‘‘if the aim of science is the pursuit of truth, then the

pursuit of information may drive people away from science’’. Since then the demand for

more extensive dissemination of data has accelerated because most scientific evaluations

account for the ability to be seen (the reach of the publications), which is rated according to

the journalś impact factor (IF) rating, which ranks the journal against other journals within

the same field and the authorś ´citation feedbacḱ (i.e. readerś responsiveness). Specific

databases have been established and available records are followed to provide a basis for a

less subjective scientific appraisal, though completely objective assessment is, as yet,

unreachable. The most commonly used database is the ISI ‘Web of Science’ (WOS) which

sets the standard for providing easily accessible data (from 1972) on a journal, paper and/or

author, yielding figures based on total citation and annual citation records, as well as partial

data on annual mean responsiveness (including IF and h-index). In addition, there is

another larger database of peer-reviewed literature held by Elsevier—SCOPUS (Burnham

2006) which is more complex to search but is often preferred when exploring more recent

data (after 1990).

In recent evaluation practice, the journal IFs are produced by the Thomson ISI Journal

Citation Reports (JCR),providing a quantitative tool for journal appraisal. The impact

factor (IF) is a measure of the frequency with which an ‘average article’ in a given journal

1 http://en.wikiquote.org/wiki/Michael_Faraday.
2 http://en.wikipedia.org/wiki/Publish_or_perish.
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has been cited within an agreed period of time (often a two-year interval). It is determined

by dividing the number of citations (in x) to all publications in the journal in the previous

two years (Ncit, x) by the number of publications in this journal (Npub) in the same period of

time. Thus the IF is considered to be the average number of times published papers are

cited up to two years after publication. Alternatively a personalized total of all citations to

the authoŕs work is usually regarded as a representative indicator of his/her scientific

success (i.e., authoŕs popularity). However, of greater informative value is the average

citation per publication, reported as the newly introduced (by American physicist J. Hirsch

at 2005) and widely accepted h-index which is used to measure the productivity of an

individual (or group or institution), which when calculated takes into account both the

number of publications and the number of citations per publication. The authoŕs h-index

has a value of N, if N publications have been cited at least N times, with the remaining

publications cited less than N times. For example, an author who has an h-index of 22

means that he has 22 publications which received 22 or more citations on each paper.

Another indicator, the Proceedings Citation Index (Jimp) is expressed as a specific number

of evaluation points for papers in international journals with IFs. The formula employed is

Jimp = 295 9 10 ? f, where f = (1 - N)/(1 ? (N/0.057)). The value of N is normalized

sequence within the given category of journals, N = (P - 1)/(Pmax - 1), where P is the

rank of the periodical in the field according to the descending order of the IF in the Journal

Citation Report.

Publication strategies

The way in which published research is stored and made available has changed radically in

recent times. Libraries have, on average, been removing about 200 outdated printed vol-

umes each year due to shortage of space, moving to space-saving digitalization of records

and computerised data-basing. Over the last twenty years there has been an ongoing debate

on the best means to evaluate the ever growing amount of scientific work. This is often

done based on citation analyses, specifically using the Impact Factor, and over time some

problematic aspects have been revealed (Seglen 1997; Adam 2002; Scully and Lodge

2005; Lehmann et al. 2006; Editorial 2008, 2013; Frey and Rost 2010). It is surprising that

in spite of the fact that some time ago there was a recommendation to abandon this method

of analysis (Editorial 2003), the 2012 statement by DORA (San Francisco Declaration of

Research Assessment) condemning specific international initiatives (Ylä-Herttuala 2015)

remains relevant. On the other hand it should be noted that there is no doubt that citation

analyses add great value as an aid in the search for scientific information.

What are the current problems with the publication process? Firstly, the sheer volume of

potential publications makes assessment difficult to achieve, particularly given the variety

of approaches and criteria currently used. Secondly, where high impact journals are con-

cerned, their editors have gained a pre-eminent position in terms of deciding which papers

should be admitted to the second stage of the publication process. About half of all

manuscripts are rejected at this point. This editorial dominance can lead to favouritism and

the operation of cliques. Even papers that contain data which can easily be disproved may

still achieve publication, if the author is of sufficient standing. Conversely an author of

little or no standing will often have little or no chance of having work accepted by the

leading journals. Finally, any paper which challenges the existing scientific orthodoxy will

also have little chance of being accepted. Even data from the most famous scientist can be

unaccepted, for example the heat inertia effect of Newton’s cooling law (1701) has yet to
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be properly incorporated into core scientific understanding (Holba and Šesták 2015). As

Max Planck (1858–1947) said, ‘‘A scientific truth does not triumph by convincing its

opponents and making them see the light, but rather because its opponents eventually die

and a new generation grows up that is familiar with it’’(Wissenschaftliche Selbstbiographie

(1948).

What is the consequence of this scenario? The need to publish, in order to increase the

chance of securing funding, has driven a massive expansion in the number of journals

available to researchers. These journals, acting in a crowded market and dependant on the

income of those submitting papers for publication, often do not employ rigorous peer

review or request extensive revisions in order to provide an easy path to publication. These

journals often attempt to mislead the readership and appear to associate themselves with

prestigious journals by using similar journal titles e.g. by using a different word order; or

by using a seemingly prestigious title. They may also attempt to inflate their perceived

importance by using bespoke assessment formula which favour their journal and name

these measures using a variation of Impact Factor e.g. Global Impact Factor or Universal

Impact Factor. Such journals are now commonly referred to as predatory journals. Fifty of

these titled as the ‘‘International Journal of Advance of » Something«’’ even had their own

Wikipedia sites providing cover for standalone predatory journals. In 2013 the shocking

news appeared that predatory journals published about 420 thousand papers in contrast to

the mere 53 thousand published in 2010. We can infer from this that the careers of many

second-rate scientists have been supported. If this trend continues another generation of

‘‘super-predatory’’ periodicals may appear to fill the´gap inside the gaṕ.

Seemingly contradictory scientific results and the impenetrability of certain novel ideas

have resulted in the formation of two scientific camps: one traditional and conservative and

the other dissident, postulating ideas against the mainstream. For example, dissident

alternatives to conventional physics are discussed in specialist journals such as Apeiron or

Galliean Thermodynamics where challenges are often expressed as questions, such as:

‘‘Can we believe that the Maxwell equations are universally applicable?’’ or ‘‘Is the uni-

verse finite or infinite?’’ etc. Nevertheless these journals are providing a crucial platform

for discussion and the development of new ideas (Fig. 1).

Fig. 1 Publishable value of scientific results or just a diplomatic or random verdict
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The growth of sophisticated ‘‘push button’’ technologies facilitates the generation of

ready to publish data and consequently simplifies the preparation of manuscripts. Articles

can thus be compiled by mere combination of different measurements usually without

analysis or understanding of their significance. Consequently journals overflow with ele-

gantly written papers that describe various measurements on a mixture of materials, which

are generally ignored. This situation encourages a culture which favours those skilled in

formal writing and discriminates against those less skilled in this area but who focus on

scientific development. In extreme situations this has led to the founding of specialist

organisations dedicated to the perfection of (hopefully scientifically sound) manuscripts.

Consequently the true value of research has begun to separate from its formal valuation.

With limited financial resources university, academic, departmental and industrial work-

places are influenced, where the judgement of results now favours form over function.

Scientific information and citation (or the hunt for fame and fortune)

The purpose of a citation in a scientific publication is to facilitate the tracing of information

to its source. Scientific publications (articles, journals, books, proceedings) can be indexed

(recognized, retrieved) by the materials they cite. This idea was first proposed in 1955

(Garfield 1955) and implemented by Eugene Garfield in 1963 when his Institute for Sci-

entific Information issued the first Science Citation Index (SCI) (annual edition: 9 volumes,

20,000 pages). Since then, SCI has been published annually, being continuously extended,

updated and improved, making it the most effective way for readers to search for and

identify relevant information.

The great success of citation indexing of scientific literature soon raised scientific

institutions’ administrators’ interest in the application of citation analysis for performance

assessment of people who produce scientific information (Johnson and Davis 1975; Roy

1976). Until the SCI, scientific activity was simply measured by the number of publications

(articles, books, etc.) produced, i.e. by a purely quantitative criterion. As an analogy,

chemical activity (a) was only measured by concentration (c) back in 1867 when Guldberg

and Waage formulated their law. It was only in 1886 that vańt Hoff proposed the idea that

in addition to concentration (quantity), the chemical effects of a component of a reaction

also depended on what the component is like, i.e. on its quality, which in this scenario is

determined by measuring partial pressures or electromotive forces (Mannchen 1965) and

with this effect being expressed by the activity coefficient c, where:

a ¼ c:c: ð1Þ

Similarly it was thought that some measure of the quality of scientific publications was

needed to better assess the scientific performance of an individual. Consequently it was

proposed that researchers should be evaluated not only by the number of publications but

also by the rate of citation of his or her publications, because ‘‘the more frequently a

publication is cited, the more it has been used by people and, therefore, the higher is its

scientific contribution’’. This idea is believed to have first been presented by Robert K.

Merton in his foreword in Garfield́s book on citation indexing (1979). Garfield himself

speaks about it in the last chapter of his book (1979), also noting that problems could arise

if citation criterion of scientific work are applied in an all-inclusive, routine manner to

assess quality without a more detailed analysis.
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As we have noted earlier, problems have indeed arisen. The book ‘‘The Web of

Knowledge’’ published to honour Eugen Garfield on the occasion of his 80th birthday

(Cronin and Atkins 2000) discusses this in 151 out of the total 565 pages. It showed that the

mere rate of citation of a publication was not, in many cases, an adequate measure of its

scientific value. A number of modifications were recommended and more sophisticated

criteria developed, taking into account other aspects in addition to the rate of citation, such

as the h-index (Hirsch 2005), g-index (Eghe 2006) and others (Bornmann et al. 2011), but

ultimately this has not yet improved the situation to any great extent.

Recognition and legitimacy

What is behind the failed attempts to measure science? Is it the idea that the main thing that

motivates researchers in science is that money and honours are distributed on the basis of the

results of such measurement? This idea is not only a tragic mistake, but is also the main reason

behind the dissatisfaction of the scientific community with the manner in which its activities

are currently assessed. Furthermore the efficiency of citation indexing as a tool for retrieving

scientific information has decreased greatly since the time citation started to be used to assess

scientific work. This is because information, i.e. communicable knowledge, while the prin-

cipal product of science, is not its ultimate goal. After all, the goal of science is to know (i.e. to

learn and to recognize) the truth. As quoting J.W. Goethe wrote (1870):

that I may detect the inmost force

which binds the world, and guides its course;

its germs, productive powers explore,

and rummage in empty words no more!

Citations of publications are of great help in improving the efficiency of retrieving

information (identification) but are completely unsuitable for the assessment of individual

scientists. One reason for this is, due to the abundance of scientists and scientific work, so

the methods used in assessment are necessarily of statistical nature and are relevant for large

sets only. Citation analysis can be used to compare the scientific activities of (approximately

equally) big countries, giant scientific institutions, or magazines that publish a great number

of articles year on year. Even in these cases great care is needed because statistically valid

results are often only produced over time spans which are longer than the entire careers of

individual scientists (Ketcham 2007; Garfield 1999). Material support and social

recognition of individuals are based on the evaluation of their scientific activities. But the

resources of both are limited, which tends to encourage collusion between the citing and the

cited subjects, creating closed groups who have the aim of establishing a dominant position

in procuring funds and fame. This is probably what the King of Bohemia and Holy Roman

Emperor Charles IV had in mind when they established in the Founding Charter of Prague

(Charleś) University in 1348 that it was the duty of students to swear that they would

continue to devote themselves to science after leaving the University ‘‘not for filthy profit or

passing fame but to propagate the truth and to brighten its light upon which the human

welfare rests‘‘. Money and fame are temporary worldly possessions but the truth is eternal

and transcendent, really the ‘‘light of the world’’…Goethe said, as he was dying ‘‘Mehr

Licht!’’, and Jesus said ‘‘I am the light of the world’’.3 Moral weakness leads humankind to

strive for personal profit and fame far more often than to strive to uncover universal truths.

3 The Gospel according to St.John 8:12.
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Evaluation of scientists based on citations only strengthens this impulse and creates conflict

within the scientific community. As ‘‘every kingdom divided against itself is brought to

desolation’’,4 evaluation of scientists based on citation becomes the driving force for decline

of the scientific community. ‘‘There will be no hope for honesty, peace and abundance in the

world should individuals only pursue their own interests according to their ideas and should

they not be attracted to and connected with something in common, to understand clearly that

only together they can achieve success in everything’’ by the Bohemian thinker Jan Amos

Komenský (1592–1670). If scientists are evaluated by citations, it means that (owing to the

cartelization of the scientific community), in the final analysis they only evaluate

themselves. But for such an evaluation to be fair, it is beyond their control: ‘‘it is not in man

that walketh to direct his steps’’.5

Basis of misunderstanding

Throughout the history of science time and money have been two of the major factors limiting

research. In England it used to be said that if a man wanted to do science, he had to have a large

manor and a reliable administrator to send him one thousand pounds every fortnight. It was in

this way that Joseph Achille le Bel (1847–1930) was able to practice science and was

consequently able, together with vańt Hoff, to propose the idea that the four bonds of carbon

are not oriented randomly, but have a specific spatial arrangement. Thanks to the wealth of his

family, he did not have to work to earn his living and could set up his own private laboratory.

Likewise John William Strutt, Baron Raleigh (1842–1919), who inherited an estate with

seven thousands acres of land (which his younger brother agreed to manage) was able to

engage himself in the theory of wave motion and its applications in acoustics, optics, and

electromagnetism (Nobel Prize for physics in 1904). If someone who had no such proverbial

large manor wanted to do science, he had to earn his living and carry out science as a hobby.

He was the sponsor of his own scientific work, which he performed with love and pleasure as

the best way of making its results useful for mankind. Others such as Johannes Kepler

(1571–1630), secured a wealthy patron. Kepler made his living as an astrologer for the Holy

Roman Emperor Rudolph II and was therefore able to carry out a great deal of scientific work

in astronomy and optics and produced the essay ‘‘Strena seu de nive sexangula’’ (1612),

considered by the International Union of Crystallography to be the very first scientific

monograph in crystallography. Even when funds were available researchers needed to

overcome other hurdles. Many women, such as Marie Skłodowska-Curie (1867–1934)

double Nobel Prize laureate (1903 and 1911), or Dorothy Mary Hodgkin (1910–1994) Nobel

Prize laureate for the x-ray diffraction research of structures of biologically important sub-

stances (1964), conducted excellent scientific work while coping with the additional duties of

raising their children and taking care of their husbands (Kraus 2015).

However, great research is not only dependant on money and time. Where researchers

were professionally employed, their most significant discoveries were not always the

intended focus of their research. An interesting illustration of this and of researchers’

attitude to their discoveries is shown by the contrasting actions of Edison and Roentgen.

The laureate of the first Nobel Prize for physics, Wilhelm Conrad Roentgen (1845–1923),

worked as a professor and an academic worker at the universities of Würzburg and Munich

when he discovered ‘‘X-rays’’, still sometimes referred to as Roentgen radiation in

4 The Gospel according to St.Matthew 12:25.
5 The Book of the prophet Jeremiah 10:23.
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remembrance of the discovery. However Roentgen was not supported for the purpose of

discovering X-rays, in fact no one had anticipated that anything like X-rays existed. In the

afternoon of 8 December 1895, not even Roentgen himself had the faintest idea that he

would discover X-rays later that evening in his apartment. His attitude to his discovery was

unusual in that he even refused to have the discovery patented. When prompted to do so by

Thomas Alva Edison, Roentgen said that he would have felt ashamed should he assume

even a small part of what X-rays could bring to mankind. He donated the money he

received together with the Nobel Prize to the University of Würzburg. He was ascetically

modest. He was not interested in any honorary degrees or functions and he did not even

accept the Order of the Crown through which Prince Luitpold of Bavaria promoted him to

nobility in 1896 (Kraus 1997). Unlike him, Thomas Alva Edison (1847–1931) died a rich

man. For his research activities (the results of which could be envied by many renowned

scientists), this talented and unprecedentedly hard-working man did not need any grant

support, earning his living as a private person in his laboratories in Menlo Park, New

Jersey. With his lifés credo—four hours of daily sleep is a need, five hours means leisure

and six hours means laziness—he could not use the money he earned through his work on

anything other than to continue to support his work and further discoveries. That scientific

productivity does not need to be supported with social honours was proved for example, by

Josiah Willard Gibbs (1839—1903). This man, whom Albert Einstein appraised as one of

the most original thinkers-scientists the United States gave mankind, was the father of

vector analysis, co-author of statistical physics and pioneer in the physical chemistry of

interfaces. Yet he never aspired to membership in scientific institutions and, in the United

States, his work became recognised as late as two years after publication.

In the distant past Aristoteles recognized that human beings have an innate spontaneous

interest to learn the truth. This interest is the intrinsic driver of science, needs to be

nurtured. However care needs to be taken to stimulate scientific endeavour in the correct

way as there is a danger that the pursuit of scientific truth could be disrupted by the wrong

kind of stimulus and not taking individual’s characteristics into account. A physical

analogy would be in the field of magnetism. Copper, silver and gold are only slightly

magnetic substances; when placed in a magnetic field, small magnetic moments are

induced in their atoms in a direction opposite to that of the external magnetic field, which

becomes slightly weakened. In contrast, at room temperature, iron is a strongly magnetic

(ferromagnetic) metal. Its atoms possess large magnetic moments. They are so strong that,

by their mutual interaction, they are oriented spontaneously into Weiss domains even

outside the external magnetic field. When placed in an external magnetic field, they turn to

align with its direction, increasing the field considerably. However, if iron is heated up

above the Curie temperature, the heat will disturb the arrangement of the magnetic

moments of its atoms, iron will stop being ferromagnetic and its ability to increase the

external magnetic field will be reduced by several orders of magnitude. Likewise, in some

cases, money and fame allocated by authorities on the basis of problematic scientometric

criteria can actually, for many of us, suppress the interest to seek scientific truth.

Quality times quantity is constant

The number of scientific publications is rapidly increasing year on year, this does not

necessarily mean that the amount of in depth knowledge is increasing at the same rate. This

can be illustrated by the rate of growth of the number of substances registered in the

Registry File (RF) of the Chemical Abstracts Service (CAS). During its first year (1965),
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211,934 substances were registered. During the year 2000, 6031,378 substances, including

5,131,250 biosequences (aminoacids in proteins and bases in nuclear acids) were regis-

tered, so that by the 31st of December 2000 at total of, 28,499,942 substances including

10,938,676 biosequences were registered in the RF. The Abstracts File—AF, CAS’ second

largest database, which has been in existence since 1907, increased in the course of the

year 2000 by 725,195 abstracts, with the total number of abstracts in AF reaching

19,754,207 by the end of 2000. The growth in the number of registered substances from

1965 till 2000 is shown in Table 1. Since 2000, the number of registered substances has

been increasing even more swiftly. So, e.g., 41,911,919 organic and inorganic substances

and 60,642,927 biosequences were registered in CAS RF at 04:57:16 EST in 19.1.2009.

The number of substances registered during the last six years is given in Table 2.

Unfortunately, the number of registered substances (&100,000,000 substances) is much

greater than the number of substances for which we have data on their molecular structure,

i.e. x–y–z coordinates of the atoms in the molecule. In fact we know this for no more than

1,000,000 substances and the difference between these two numbers is rapidly increasing.

This is important e.g. in pharmacy, as knowledge of the molecular structure is required for

each new medicine along with the successful passing of rigorous tests, the cost of which is

estimated to be about 1,000,000,000 $ per new product. In the year 2000 some 160 new

medicines were successfully developed, while only 10 new medicines arose in 2012. For

the majority of substances registered in CAS RF we do not know much about their

properties, how they react with other substances and to what purpose they could serve.

Detailed information on inorganic and metallorganic substances used to be systematically

gathered and extensively published by the Gmelin Institute for Inorganic Chemistry in the

Gmelin Handbook of Inorganic Chemistry—first edition (in German) in 1817. The Institute

Table 1 Growth in the number
of substances registered in the
database Chemical Abstracts
Service Registry File

Year D R Year D R

1965 211,934 211,934 1983 418,905 6,346,713

1966 313,763 525,697 1984 563,390 6,910,103

1967 270,782 796,479 1985 544,618 7,454,721

1968 230,321 1,026,800 1986 628,966 8,083,687

1969 287,048 1,313,848 1987 610,480 8,694,167

1970 288,085 1,601,933 1988 602,465 9,296,632

1971 351,514 1,953,447 1989 615,987 9,912,619

1972 277,563 2,231,010 1990 663,342 10,575,961

1973 437,202 2,668,212 1991 684,252 11,260,213

1974 319,808 2,988,020 1992 690,313 11,950,526

1975 372,492 3,360,512 1993 680,230 12,630,756

1976 347,515 3,708,027 1994 777,212 13,407,968

1977 369,676 4,077,703 1995 1,186,334 14,594,302

1978 364,226 4,441,929 1996 1,269,246 15,863,548

1979 346,062 4,787,991 1997 1,376,942 17,240,490

1980 353,881 5,141,872 1998 1,679,913 18,920,403

1981 424,230 5,566,102 1999 3,548,161 22,468,564

1982 361,706 5,927,808 2000 6,031,378 28,499,942
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was, in the final years of its existence, staffed by about 120 full-time employees, of whom

about 80 had doctorates. The Gmelin Handbook (GH) presented many valuable tables of

numerical data, curves, and other graphic material, including diagrams of apparatus. The

GH reported the applied or ‘‘practical aspects’’ of the molecules and methods of their

manufacture. It included about 20% of patents considered. Due to the detailed, in-depth

processing of the work, data could be delayed from 2 to 25 years before appearing in new

volumes of the GH. Altogether 760 volumes of the GH were issued (comprising more than

240,000 pages), plus the ‘‘Gmelin Formula Index’’ in 35 volumes. In the year 1997 pub-

lication of the GH was stopped and the Gmelin Institute dissolved. In addition, the basic

reference work (database) on organic compounds was the Beilstein Handbook of Organic

Chemistry, which was published by the Beilsten Institute for Organic Chemistry in

Frankfurt-am-Main. In the final years of its existence, the Institute had 160 full-time

employees, of whom 110 had a doctorate in chemistry, and more than 500 outside con-

tributors. The Beilsten Handbook (BH) reported structural diagrams, information on nat-

ural occurrence, techniques for isolation from natural products, methods of preparation and

manufacture, physical properties alone and in mixture with other compounds, chemical

properties, methods of analytical determination as well as data on salts and additional

compounds. The time lag between the publication of original data and the publication in

the pertinent volume of BH was about 20 years. Altogether 503 volumes of BH were

issued with 440,814 pages. In the year 1998 the publishing of BH was stopped.

Numbers and information

The number of substances registered by CAS RF during the past 50 years (m = 100,000,000)

is immense. However, in practice we mostly use mixtures of substances rather than pure

substances and it is as important to know how the substances behave in combination, how they

react with each other. We therefore need information onm � (m - 1) = 1016 binary mixtures

and on m � (m - 1) � (m - 2) = 1024 mixtures. More useful, from scientific, technological

and economical points of view, would be to provide information on binary mixtures of 10,000

substances or on ternary mixtures of 470 substances than on those (pure) 100,000,000 sub-

stances which are registered today. It would be better to know more about a small number of

substances than little about a great number.

Among the large number of registered substances there are certainly quite a few that, in

mixture with other substances, would prove to be remarkable catalysts, medicines,

explosives or maybe structural materials. A major problem is that for 99% of the

100,000,000 registered substances there are no reference spectra of identification features,

with the help of which those substances could be recognized. The world́s largest database

Table 2 Total number of
organic and inorganic substances
(without biosequences) registered
in the last years (counts in
December)

Year Count

2010 56,259,436

2011 64,765,463

2012 70,082,806

2013 76,705,260

2014 91,022,519

2015 104,228,986
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for identification of substances—Powder Diffraction File of the International Centre for

Diffraction Data—contains at present only about 800,000 x-ray diffraction reference

spectra. Along with the continued registration of new substances we should also register

the reference spectra of all substances that have already been registered; the spectra which

could help those substances to, at least theoretically, be identified. But even in the case that

such a database would exist, the identification of substances registered in CAS RF will face

serious problems. Expressing the reference spectra (IR, XRD, MS, NMR,…) by n-di-

mensional pattern vectors (Fiala 1972, 1976, 1980, 1982; Fiala and Řı́ha 2014; Malinowski

and Howery 1980; Alves et al. 2016; Qian et al. 2017), the identification of an unknown

substance (unknown mixture of substances) means finding m numbers c1; c2; . . .; cm, which

minimize the value of the residual misfit

x~�
Xm

j¼1

cjy~j

�����

����� ð2Þ

where x~¼ yj1; yj2; . . .; yjm
� �

is the pattern vector (vectorial representation of the spectrum

of identification features) of the unknown substance and y~¼ yj1; yj2; . . .; yjm
� �

; j ¼
1; 2; . . .;m are reference pattern vectors. Among the m reference spectra (pattern vectors),

there are only n independent vectors and each other pattern vector can be expressed as a

linear superposition of those n independent pattern vectors. After the identification tech-

nique used, n amounts to several hundred or at most a few thousand. This is why the

identification of m = 100,000,000 substances would be hopelessly ambitious, unless the

identified substance is composed of only several (not more than four or five) components.

In this case, the spectrum of such a simple mixture is similar to spectra of each of its

components, so only comparing with those reference spectra that are most similar to the

unknown spectrum will work. The efficiency of such a procedure can be increased using

factor analysis. The analyzed mixture (with the pattern vector x~) is separated into p - 1

fractions and their spectra x~� x~; x~2; . . .; x~ are determined. Designating the spectra of

(unknown) components of the analysed substance, z~1; z~2; . . .; z~k, then the vectors form a k-

dimensional subspace (of the n-dimensional space of pattern vectors) with the base

z~1; z~2; . . .; z~k, which can be calculated (reconstructed) by factor analysis from the p (Ck)

vectors x~1; x~2; . . .; x~p of this subspace (Malinowski and Howery 1980).

x~i ¼
Xk

j¼1

cijz~j; i ¼ 1; 2; . . .; p ð3Þ

If the spectra of ‘‘pure’’ substances (single component ‘‘mixtures’’) are recognized, then

their identification would be straightforward when using a database y~1; y~2; . . .; y~mf g of

reference spectra of known substances. Of course, thus far we have at our disposal a

database of reference spectra for all substances which we want to identify to date. If we do

not want to identify the substances, then perhaps it is needless for them to be registered.
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