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. Introduction

The growth of a science field depends on its ability
to organize its findings, and its placing in the wealth
of knowledge depends on its growth. Scientists see
science fields as somewhat arbitrary divisions of
knowledge but as divisions actively working to dif-
ferentiate themselves further from neighboring fields.
Their institutionalization in the academic world
emphasizes distinctions between bodies of knowledge
and works to magnify them.

One quantitative measure of a research field is the
size and structure of its archival literature. This
paper reports the findings of an investigation to
identify various quantitative features of the journal
literature of fullerene sciences in the period from
1985 to 1998, which includes the number of papers
year by year, the contributing countries of the papers,
the distribution of the journals, the productive indi-
vidual authors, their international coauthorship, and
the citation impact of the papers. Analyses of these
features focus on the rate of growth of the literature
and certain aspects of its scatter. The tools used in
this study are accentuatedly based on statistical
analyses of the occurrence frequency of certain ele-
ments of the formal literature, as opposed to an
analysis of the literature’s content.

The function of scientific papers is to publish new
knowledge. This is possible by an analysis of the
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above-mentioned characteristics although many of
the papers in the journal literature mainly test
previously suggested hypotheses and conclusions
under some new conditions or extend established
knowledge to some additional places and related
fields and subfields. They are also published to
uphold the prestige of science and scientists. It seems
that many of them are also published to establish and
uphold the prestige of nations. Thus, advancement
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Figure 1. (a) Growth of the journal literature of fullerene
science related papers. (b) Growth of the dissertation
literature on fullerene science related topics.

is taking place, though possibly somewhat unevenly,
over a wide front. Competition is seen, and duplica-
tion of effort is unavoidable. But only lack of com-
munication would seem to stand in the way of
utilizing the considerable knowledge already ac-
cumulated in various parts of the world to the mutual
benefit of all concerned.

An understanding of the quantitative patterns of
the development of fullerene research could be of use
and interest to the scientists working in the field but
also to science decision makers and administrators
at large by using these data and conclusions to
complement their previous qualitative views and
feelings and their peer evaluations.

Il. Methodology

To identify the growth, structure, and sources of
international fullerene research, we employ, as men-
tioned, journal publication and citation analysis. The
rationale behind this approach is that the knowledge
base of any field is its published literature and any
new information and contribution grows out of past
publications.

One presumes also that a frequently cited paper
is notable, seminal, and/or innovative. However,
many variables in addition to scientific merit deter-
mine citation frequency. These include the circulation
of the journal and the reputation of the authors.

The database we have used was the computerized
bibliography we have published previously*? in book
form. The raw material for citation analysis has been
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Table 1. Journals Publishing the Greatest Number of Fullerene Science Related Papers During the 1985—-1996
Period

rank journal title no. of papers growth ratio papers/year
1  Chemical Physics Letters 716 0.68 59.7
2 Physical Review B 703 0.99 58.6
3 Journal of Physical Chemistry 418 0.78 31.8
4 Journal of the American Chemical Society 275 0.52 22.9
5 Synthetic Metals 249 1.62 20.2
6 Fullerene Science & Technology 234 2.76 58.2
7 Solid State Communications 231 0.88 19.2
8 Physical Review Letters 226 0.55 18.8
9  Nature 158 0.24 131
10  Journal of Chemical Physics 151 0.65 12.6
11 Journal of the Chemical Society, Chemical Communications 145 1.04 121
12 Science 144 0.31 12.0
13  Applied Physics Letters 124 1.02 10.3
14 Carbon 113 1.59 9.4
15 Molecular Crystals and Liquid Crystals Science and Technology, Section A 87
16 Physica C 87
17  Tetrahedron Letters 77
18  Journal of Physics and Chemistry of Solids 77
19  Angewandte Chemie, International Edition in English 74
20  Japanese Journal of Applied Physics, Part 2 70
21  Zeitschrift fur Physik D 65
22 Europhysics Letters 65
23 Chemical & Engineering News 64
24 Journal of Organic Chemistry 62
25 International Journal of Mass Spectrometry and lon Processes 59
26 Physics Letters A 54
27 Journal of Physics, Condensed Matter 54
28 Russian Chemical Bulletin 52
29 Surface Science 51
30 THEOCHEM, Journal of Molecular Structure 50
31  Journal of Applied Physics 49
32  Journal of the Chemical Society, Faraday Transactions a7
33  Applied Physics A a7
34 Journal of the Chemical Society, Perkin Transactions 2 44
35 Nuclear Instruments & Methods in Physics Research, Section B 43
36  Journal of the Physical Society of Japan 43
37  Journal of Physics B 43
38  Tetrahedron 41
39 Chemistry Letters 41
40  Thin Solid Films 41
41 Physica B 38
42 Chemical Communications 37
43 New Scientist 34
44 JETP Letters 33
45 Chinese Physics Letters 33
46 Journal of Materials Research 31
47 Chemical Physics 29
48 Chemistry of Materials 28
49  Zeitschrift fur Physik B 27
50  Journal of Electron Spectroscopy and Related Phenomena 27
T T
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Table 2. Countries Publishing the Greatest Number of Fullerene Science Related Papers during the 1985—-1996

Period
rank country number of papers  growth ratio rank country number of papers  growth ratio
1 United States 2687 0.65 26 Czech Republic 36
2 Japan 1206 1.25 27 Denmark 35
3 Germany 743 1.26 28 Scotland 34
4 England 451 0.83 29 Brazil 31
5 France 409 1.48 30 Mexico 30
6 Russia 406 2.73 31 Croatia 29
7 P. R. China 398 3.28 32 Slovenia 27
8 Switzerland 246 1.76 33 Romania 17
9 Italy 241 1.93 34 Argentina 16
10 India 211 0.89 35 Finland 13
11 Canada 167 0.65 36 Greece 13
12 Belgium 148 1.20 37 Bulgaria 12
13 Australia 112 1.28 38 Ireland 12
14 Austria 102 1.98 39 Slovakia 12
15 Sweden 95 40 Norway 11
16 Hungary 92 41 Portugal 11
17 Taiwan 91 42 Armenia 7
18 Israel 76 43 New Zealand 6
19 South Korea 74 44 South Africa 6
20 Spain 72 45 Lithuania 5
21 Netherlands 71 46 Latvia 3
22 Poland 71 47 Yugoslavia 3
23 Ukraine 44 48 Turkey 3
24 Hong-Kong 41 49 Wales 3
25 Uzbekistan 40 50 Estonia 3

[ll. Results and Discussion

A. Growth of the Literature

The general appeal of fullerene science research as
reflected in journal papers output can be compared
to the growth of defended Ph.D. theses on this topic
at United States universities in Figure 1. Both curves
show similar shape, except for their peak year (1993
for journal papers, 1995 for dissertations). This
retardation can be explained by the somewhat slower
procedure of defending Ph.D. theses as compared to
publishing a paper.

It seems that the field has entered the period of
logistic growth approaching maturation (Figure 2).

As Derek Price has argued,® logistic growth can
react to ceiling or “maturation” conditions in various
ways. New exponentials can develop as old ones
disappear, thus creating an escalating effect (Figure
3). Such escalations can arise out of new directions
in research, new discoveries, and new opportunities.
But such natural renewed growth cannot occur if the
basic field is not nurtured at a level sufficient to
support new trends. At this moment it is quite
difficult to define exactly the stage fullerene research
is in and/or forecast the shape of its growth in future
years.

B. Scatter of the Journal Literature

The 7381 bibliographic items were scattered among
a total of 437 journal titles; among them 247 were
used in the first (1985—1993) and 375 in the second
(1994—1996) period; 185 journals were used in both
periods. Fifty journals publishing the greatest num-
ber of fullerene-related papers during the 1983—1996
period are given in Table 1. For the first 14 (those
publishing at least 100 papers) the growth ratio, i.e.,
the ratio of the journal’s percentage share in 1994—
1996 versus 1985—1993, and the number of papers/

year are also given. Papers from these 14 journals
represented more than one-half of the total journal
publication output in fullerene science.

The trend of the productivity of the 14 leading
journals is presented in Figure 4.

As visible in Table 1, only four journals show a
positive growth ratio for the 1994—1996 period as
compared to 1985—1993. The highest growth ratio
is shown, as expected, by Fullerene Science and
Technology, the only journal totally devoted to
fullerene sciences.

C. Country of Publication

Authors of a total of 62 countries contributed to
fullerene science in the world. Fifty countries pub-
lishing the greatest number of fullerene-related
papers during the 1985—-1996 period are given in
Table 2. For the first 14 (those publishing at least
100 papers) their growth ratio, i.e., the ratio of the
country’s percentage share in the total publication
output in 1994—-1996 to the percentage share in
1985—-1993, is also given. Authors from these 14
countries contributed to 86% of the total journal
publication output in fullerene research. As visible,
the United States is the leading power in fullerene
science, followed by Japan and the European triad
of Germany, England, and France. Russia’s and
China’s productivity is also remarkable.

In Figure 5 the number of papers from the coun-
tries of the world is given in the form of a propor-
tional map, i.e., a map where the relative position of
the countries is attempted to reflect their “natural”
(geographical) order, whereas their area represents
the number of fullerene papers by authors of the
given country.

D. International Coauthorship Patterns

Just 1284 bibliographic items (17% of the total)
were the results of international coauthorship. A
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definite increase in the cooperative activity (from 13%
in the 1985—1993 period to 20% in the 1994—1996
period) could be observed. There were only 4 of the
62 countries (Egypt, Estonia, Thailand, and Turkey)
with a total of 10 publications which were not
involved at least once in such cooperative activity.
Figure 6 graphically presents the main coauthorship
links between the contributing countries.

Figure 6 shows that the world of fullerene research
as a collaborative international venture rotates around
a strong cluster having the centers in the United
States, England, Germany, Switzerland, France, and
Italy.

E. Author Productivity

Research in a scientific field is a joint effort, done
by “a group of individuals, dividing their labor but
continuously and jealously checking each other’s
contributions”.*

There have been many individual scientists con-
tributing to the field of fullerene science. Table 3

AUS DEN
ISR CAN

Figure 6. Coauthorship map. Links representing at least
10 joint papers are shown on the map. Weak links (thin
lines) represent 10—14; medium strength links (medium
thick lines) 15—24; strong links (thick lines) more than 25
coauthored papers.
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Table 3. Most Productive 108 Authors in Fullerene Science
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rank name no. of papers rank name no. of papers

1 Achiba, Y. 129 55 Prato, M. 32
Kikuchi, K. 110 56 Scuseria, G. E. 32

3 Kroto, H. W. 106 57 Campbell, E. E. B. 31
4 Saito, V. 102 58 Hertel, I. V. 31
5 Shinohara, H. 85 59 Nagase, S. 31
6 Wudl, F. 84 60 Sariciftci, N. S. 31
7 Taylor, R. 83 61 Tokumoto, M. 31
8 Fischer, J. E. 82 62 Zahab, A. 31
9 Haddon, R. C. 80 63 Fleming, R. M. 30
10 Suzuki, S. 79 64 Roth, S. 30
11 Fowler, P. W. 71 65 Zettl, A. 30
12 Smalley, R. E. 69 66 Balasubramanian, K. 29
13 Walton, D. R. M. 67 67 Lambin, P. 29
14 Diederich, F. 64 68 Mark, T. D. 29
15 Zakhidov, A. A. 60 69 Orlandi, G. 29
16 Tanigaki, K. 59 70 Cohen, M. L. 28
17 Dresselhaus, M. S. 58 71 Dennis, T. J. 28
18 Ebbesen, T. W. 55 72 Harigaya, K. 28
19 Bernier, P. 54 73 Heeger, A. J. 28
20 Ikemoto, I. 54 74 Holczer, K. 28
21 Whetten, R. L. 50 75 Huffman, D. R. 28
22 Rassat, A. 49 76 Murphy, D. W. 28
23 Weaver, J. H. 49 77 Nagashima, H. 28
24 Prassides, K. 47 78 Osawa, E. 28
25 Dresselhaus, G. 46 79 Pekker, S. 28
26 Kuzmany, H. 46 80 Saito, S. 28
27 Kratschmer, W. 44 81 Bohme, D. K. 27
28 Rao, C. N. R. 44 82 Moses, D. 27
29 Eklund, P. C. 43 83 Nishina, Y. 27
30 Yoshino, K. 43 84 Petrie, S. 27
31 Ruoff, R. S. 41 85 Sakurai, T. 27
32 Fabre, C. 40 86 Sokolov, V. I. 27
33 Hebard, A. F. 40 87 Suzuki, T. 27
34 Kobayashi, K. 40 88 Szwarc, H. 27
35 Maruyama, Y. 40 89 Wilson, M. A. 27
36 Tanaka, K. 39 90 Yakushi, K. 27
37 Slanina, Z. 38 91 Zhou, X. H. 27
38 Chibante, L. P. F. 37 92 Darwish, A. D. 26
39 Smith, A. B,, 11l 37 93 Hare, J. P. 26
40 Meijer, G. 36 94 Hashizume, T. 26
41 Schlégl, R. 36 95 Hirosawa, I. 26
42 Werner, H. 36 96 Lobach, A. S. 26
43 Bethune, D. S. 35 97 Mehring, M. 26
44 Hirsch, A. 35 98 Seshadri, R. 26
45 Kappes, M. M. 35 929 Ajayan, P. M. 25
46 Rosseinsky, M. J. 35 100 Compton, R. N. 25
47 Zerbetto, F. 35 101 Fink, J. 25
48 Takahashi, T. 34 102 Kortan, A. R. 25
49 Wang, Y. 34 103 Maggini, M. 25
50 Yamabe, T. 34 104 McCauley, J. P. 25
51 Forro, L. 33 105 Rachdi, F. 25
52 Baum, R. 32 106 Scheier, P. 25
53 Gu, Z. N. 32 107 Strongin, R. M. 25
54 Lucas, A. A. 32 108 Yamamoto, K. 25

shows the list of the most productive 108 authors.
The high productivity of Japanese authors is really
remarkable.

F. Citation Analysis of Fullerene Papers

Table 4 presents the 50 fullerene papers published
during the 1985—1993 period which were most cited
in 1994—-1996. We have chosen this differentiation
of publication and citation periods by considering that
citations to papers need a few years to be being able
to accumulate a citation population which can be
analyzed. Each paper on this list represents a mile-
stone on the road leading to new vistas in fullerene
research.

The collection of the time series of the citation
histories of those top cited papers is shown in Figure
7.

The top cited 50 papers could be categorized
somewhat arbitrarily by their research topics into
nine fullerene research subfields as follows: fullerene
superconductors; crystal structure; electron structure
and bonding; fullerene compounds; photophysical
properties; electrochemistry; synthesis of fullerenes;
covalent chemistry of fullerenes; nanotubes. The
grouping of the most cited papers according to these
categories did generate the trend of the citation
histories of the above mentioned subfields presented
in Figure 8.
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Figure 7.

Citation history of the most cited fullerene papers.
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Figure 8. Citation history of subfield clusters formed from most cited fullerene papers.

Although the authors of this evaluation do vividly cannot neglect by looking at Figure 8 that the only
remember Niels Bohr’'s “bon mot” stating that “it is subfield which shows an increasing trend in ag-
very difficult to foresee, especially the future”, one gregated citations is that of nanotubes research. This,
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of course without considering that any of the other
subfields also represented in Figure 8, could not begin
to show an escalating trend sometime soon.

IV. Conclusions

As mentioned in the Introduction, this paper was
aimed at the quantitative investigation of some
structural characteristics of the journal literature of
fullerene science without implicating an analysis of
the literature’s content. This can point toward growth,
stagnation, or decline.

To be clear, we think that one can speculate on how
far the results outlined in this paper could contribute
to shed more light on recent statements, e.g., of the
type “Fullerenes are an example of promises unful-
filled. Given a totally new material, researchers
envisage many possible uses (molecular ball bearings,
for lubricants) where the fullerenes might be the best
option. But from superconductors to lubricants,
fullerenes have not yet improved on existing materi-
als”.%

We consider that the trends revealed in the litera-
ture of fullerene science could be viewed as a guar-
antee that by being actually immersed into the
questions of rising the basics of fullerene science,
research in this field will be able to prove that the
words “not yet” are the key terms of that whole

statement. We duly hope that they could change into
“already” at any moment in the future. Escalation,
as also mentioned is not unusual in promising science
fields.
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