
4. ----—.. Joumaf citation SNdks. 49. The diverse yet essential nuwienw in the information diet of
nutrition researchers. Currenr Coruenrs (28):3-15, 11 July 1988.

5. —------ Joumaf citation studies. 50. Part 1, Tk core journals of economics. Parr 2, Most-cited
economics papers snd current rewarch fronts. Currerrr Conrerrfs(1):3-11, 2 Jsnuary 1989;
(2):3-8, 9 January 1989,

6. -—--—-. Journal citation studies, 51. Down to rhe sea again: probing the depths of marine biology
literature. Current Contents (19):3-13, 8 May 1989.

7. ------—. Journal citation studies. 13. Acts Crystallogrophica. Essays of an inforrnarion scientist,
Phifadelpbia: ISI Press, 1977. Vol. 2, p, 128-33.

International Crystallography Research: Where It Is Published,
What It Cites, and What Cites It

Crystallography: A Multifaceted,
Mdtidiseiplimry Field

Crystals have fascinated mankind since
antiquity because of their brilliant colors and
seemingly perfect geometric shapes. John
G. Burke, emeritus professor of the history
of science, University of California, Los
Angeles, noted that these qualities inspired
an ancient belief, which still persists today,
that crystals possess magical and medicinal
properties. 1 (p. 12) Crystrds have apparently
been used as tools or in rituals as early as
the middle Pleistocene era some one million
years ago. Burke traced the more rational
examination of crystals as a part of natural
philosophy to the Hellenic period, when
Plato, Aristotle, and other classical Greek
thinkers were developing various theories
of matter.

According to Boris K. Vainshtein,
Vladimir M. Fridkin, and Vladimir L.
Indenbom, Institute of Crystallography,
Academy of Sciences of the USSR, Mos-
cow, crystallography emerged as art in-
dependent branch of scienee in the seven-
teenth and eighteenth centuries.z Indeed,
the earliest treatise on crystallography was
published in 1723 by the Swiss physician
Maurice A. Cappeller. 1 (p. 56-7) Entitled
Prodromus crystallographiae, de crystallis
impropn”e sic dictis commentan”um, the
publication presented Cappeller’s classifica-
tion of crystals. Vainshtein summmizd the
major trends in crystallography research and
the many scientific fields that benefited from
these developments:

From its very origin crystallography
WSS kttimdy COMc2&?d With tOb3idOgy,

whose most perfeet objects of investiga-

tion were crystals. Later, erystallography
became associated more closely with
chemistry, because it was apparent that
[crystal properties depend]directty on the
composition of crystals and can only be
rieseribedon the baaisof atomicmxkrdru
concepts. In the 20tb century [it] also
became more oriented towards physics,
which found an ever-increasing number
of new optical, ekctrieal, rendmechaniczd
phenomena inherent in crystzds. Mathe-
matical methods began to be used.. .par-
ticrdarly the theory of symmetry (which
achievedits claasiealeompktion in apace-
group theory at the end of the 19th cen-
tury) and the calculus of tensors (for
crystal physics).2

However, crystallography was completely
changed-and had greater impact on an even
wider range of seientitic disciplines-by the
development early in this century of X-ray
diffraction analysis. I (p. 1-3).2 This tech-
nology was discovered in 1912 by Max von
Laue, University of Munich, Germany, and
won him the 1914 Nobel Prize for physics.
Also in 1912 William Hemy Bragg, Univer-
sity of Leeds, UK, and his son, William
Lawrence Bragg, then a graduate student at
the University of Cambridge, UK, extended
the application of X-ray diffraction to deter-
mine the internal structure of a variety of
crystalline materials. 1 (p. 1-3) They shared
the 1915 Nobel Prize for physics for this
work.

As a result of X-ray diffraction and other
techniques for structural analysis, cr@al-
lography no longer is frxtrsed on the external
crystal form or its symmetry. Rather, it now
concentrates on the internal atomic and
molecular arrangement of crystals, which

328

http://garfield.library.upenn.edu/essays/v11p227y1988.pdf
http://garfield.library.upenn.edu/essays/v12p001y1989.pdf
http://garfield.library.upenn.edu/essays/v12p010y1989.pdf
http://garfield.library.upenn.edu/essays/v12p129y1989.pdf
http://garfield.library.upenn.edu/essays/v2p128y1974-76.pdf
http://garfield.library.upenn.edu/essays/v13p327y1990.pdf


leads to a new understanding of the relation-
ship between structure and physical, elec-
tronic, optical, acoustic, and other proper-
ties. In addition to giving birth to solid-state
physics, X-ray diffraction and other crys-
tallographic methods have become standard
tools in materials science, metallurgy, min-
eralogy, organic and physical chemistry,
molectdar bioiogy, quantum and s.smicon-
ductor electronics, engirwaktg, and allied
fields.z

In summary, modem crystallography can
be defined as the scientific investigation of
the structure, growth, and properties of
crystals. But, as Vainshtein et al, point out,
crystallography is more than just the science
of crystrds: “At the same time, the general
approach to the atomic structure of matter
and the similarity of the various diffraction
techniques make crystallography a science...
also of the condensed state in general.”2

A ‘‘Macrojoumal” of Cryatabgraphy

Table 1: Core crystallography ]otrmala, 1988 SCP,
with their editors, years of origin (in parentheses),
publishers, and 1988 impact factors.

The 1988 SCZlisted 15journals under the
crystallography catego~. Using these as a
starting point, we processed over 51,000
cited references in about 3,300 source rtr-
ticles to determine what they cited. This
helped us to decide whether any other key
journals in the field should be included or,
conversely, whether any journals in the
initial set should not be included. We also
examined over 34,000 citations received by
these journals to observe what cited them,
for the same purposes. To be included in the
final set, a journal had to rank among the
50 publications most cited by the SCLcate-
gorized crystallography joumrds or the top
50 most frequently citing these journals.

As a result of ttds preliminary analysis,
11 K2-indexed journals were selected to
make up the crystallography’ ‘core” for the
purpose of this study. They are listed in
Table 1. The editor, publisher. and address
are shown for each, as are its inaugural year
of publication and 1988 impact factor. The
latter is a simpie ratio, the result of dividing
the number of 1988 citations to a journal’s
1987 and 1986 articles by the totrd number
of articles it published in that two-year
ueriod. The median inmact factor for the

Molecular Crystals and Liquid Crystals
(1966)

M.M. hk$, rd.

Gordon & Breach
London, United Kingdom

Zeitachrift fir KristaUographie (1S77)
H. Schulz & H.G. von Wurering, eds.
R. Oldenbourg Verlag
Munich, Federal Republic of Germany.

Acts Crystallogmphica Section A:
Foundations of Crystallography ( 196S)

C,E, Bugg, ed,
international Union of Crystallography
Munksgaard fntemarional
Copenhagen, Oemnark

Acts CrystaUographica Section B: Strucmral
.%ence (196S)

C.E. Bugg, ed.
International Union of Crystallography
Mrmkagaard Jntemational
Copenhagen, Denmark

Acts Crystallogmpbica Section C: Crystal
Structure Communications (1972)

C.E. BUW, ed.
International Union of CrystaUography
Mmrkagaard International
Copcrrhagen, Denmark

Crystal Research and Technology (1966)
H. Neels, ed.
Akademie-Verlag
Berlin, German Demccmtic Republic

Journal of Applied Crystallography (196S)
M. Sctdenker, ed.
International Union of Crystallogmphy
Munksgaard International
Copenhagen, Denmark

Journat of Crystal Growth (1967)
M. Schieber, ed,
Elsevier
Amsterdam, The Netherlands

Journal of Crystallogmphic and
Spectroscopic Research (197 1)

J.L, Ahvnod, S,F.A. Kettle, and M.F,C.
Ladd, eds.

Plenum Press
New York, NY

Knstallografiya (1956)
B.K. Vainshtein, rd.
Academy of Sciences of the USSR
Naoka
Moscow, USSR

Liquid Crystals (19S6)
G.R, Luckhurst and ET. Samulski, eds,
Taylor & Fmncis
London, United Kingdom

2.09

1.42

0.47

0.32

1,3s

1,s8

0.42

0.47

1.69

0.s6

0.7s
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Table 2: The Wpak mast cited by the core cryatahgraphy jossrmnls in the 1988 SCF. Asterisks (*) indicate
core joumafs. A =citations from core journals. B-citations from all jnsmrds. C = self-citations. D= Percent of
total citations that are core-journal citations (A/B). E = percent of totaf citations that are selkitations (self-cidng
rate, C/B). F =percent of core-journal citations that are self-ritations (C/A). G= 19gg impact factor, H = 1988
immediacy irrdex. 1= total 1988 source items

*J. Cryst. Growth
*Acts C~stafJogr. A—Found. Crys
*Acts Crystaflogr. B—Stmct. Sci.
*Mol. Cryst. Liquid Csyst.

AppL Phys. Mt.
J, Amer. Clrem. SIX.
J. Appl, Phys.
J. Chem. Phys,
Acts Crystallogr.

*Acts Crystallogr. C—Cryst. Str.
Jpn, J. Appl. Phys.

*J. Appl. Cryst
Phys. Rev. Mt.
Phys. Rev. B—Condensed Matter

*KristaJlogmtiya SSSR
Inorg. Chem.
J. Electrcwhem. Sm.
J. Phys. –Paris
J. Phys. Chem.
Phys. Rev. A–Gen. Phys.

*Cryst. Res. Tech.
*Z. KristaUogr.

Phys. Status Solidi A–Appl. Res,
J. Chem. Sot. Chem. Commun.
J. Mol. Biol.
Macromolecules
Nature
Solid State Commun.
Phys. Rev.
J. Phys, SW. Jpn.
J. Vac, Sci. Tcchnol. A
J. Chem. SOC, Dafton Trans.
J. Org. Chem.
J, Electron. Mater.
Z. Anorg. Allg, Chem.
J. Phys. C–solid State Phys.
Ookl. Akad. Nauk USSR
Mol. Phys.
Acts Meodl, Mater.
J. Phys. Chem. Solids
Z. Naturforach. Sect. A
Fiz. Tverd. Tela SSSR
Proc. Roy. SOC. London Ser. A
Tetrahedron
Amer, Mineral.
Jnst. Phys. Conf. Ser.
Tetrahedron Len.
Ferrnelectrics
Chem. Phys. Lett.
Surface Sci.

A

2,343
1,666
1,472
1,298
1,2(X)
1,029
I ,025

971
965
947
713
687
661
645
554
470
456
401
371
337
333
312
290
278
278
275
274
251
250
235
219
207
198
192
176
173
170
I70
160
160
159
155
155
151
148
146
139
138
137
135

B

7,018
4,839
7,722
4,035

28,589
122,492
33,787
84,098

5,252
2,493

14,435
2,514

73,497
68,179

2,001
28,776
13,073
7,826

34,856
24,388

695
1,812
5,264

23,515
31,791
11,241

167,897
15,845
25,842
10,281
4,826

10,612
35,940

949
5,[54

11,9go
10,557
8,238
7,912
4,796
3,433
5,553

10,342
13,795
4,885
1,505

31,910
1,780

22,653
20,444

CD

2,114 33.4
705 34.4
311 19,1
776 32,2

4,2
0.8

.-. 3.0

. . . 1.2
18,4

744 38.0
. . . 4.9

388 27.3
. . . 0.9
. . . 1.0

393 27.7
. . . 1.6

3.5
5.1

. . . 1.1

. . . 1.4
2M 47.9
119 17.2

. . . 5.5
1.2

. . . 0.9
2.5

. . . 0.2
--- 1.6
. . . 1.0
. . . 2.3
. . . 4.5

2.0
. . . 0.6
--- 20,2
. . . 3.4

1.4
. . . 1.6
. . . 2.1
. . . 2.0
. . . 3.3
. . . 4.6
. . . 2.8
. . . 1.5
. . . 1.1
.-. 3.0

9.7
. . . 0.4
. . . 7.8
. . . 0.6
. . . 0.7

E

30.1
14.6
4,0

19.2
. . .

. . .

. . .

.—

29.8
. . .

15.4
. . .
. . .

19.6

. . .

29.6
6,6

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

---
. . .
. . .
. . .
. . .
. . .

. . .

. . .

. . .

. . .

. . .

F

9Q.2
42.3
21.1
59.8

. . .

. . .

78.6

56.5
. . .

70.9
. . .

. . .

. . .

. . .

61.9
38.1

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .

. . .
-. .

GHI

1.88 0.36 704
2.09 0.29 158
1.42 0.54 101
0,86 0.20 345
4.06 0.88 1,627
4.57 0.79 1,878
1.75 0.32 2,507
3.59 0.78 1,906
NIA NIA N/A
0.47 0.21 893
2.23 1.15 1,327
1.38 0.29 157
8.21 2.10 1,430
3,82 0.94 3,508
0.47 0.08 311
2.69 0.44 948
1.54 0.23 679
0.92 0.21 692
3.14 0.49 1,250
2.32 0.47 1,514
0.32 0.14 234
0.78 0.24 45
O.m 0.10 625
2.42 0.38 978
6.56 1.11 368
2.40 0.43 580

15.76 4.42 1,119
2.52 0.71 1,086
NIA NIA N/A
1.&3 0.82 422
1.92 0.56 566
1,98 0.44 484
2.34 0.46 1,26Q
1.42 0.38 81
0.81 0.29 246
1.98 0.58 501
0.33 0.05 2,183
l.% 0.41 252
1.84 0.43 295
0.92 0.22 215
0.90 0.30 181
0.45 0.08 743
1,41 0.45 129
1.76 0.29 720
1,63 0.41 I 59
NIA NIA NIA
2.08 0.36 1,770
1,62 0.09 439
2.29 0.45 1,179
2.92 0.07 646

crystallography core was 0.86, compared to & Breach and Taylor & Francis. The
0.55 for the entire SC1 ffie. Federal Republic of Gemy, German

The eight publishers are an international Democratic Republic, The Netherlands, US,
group. Four journals are published in Den- and USSR account for one each.
mark by Munksgaard International for the These core journals will be treated as if
International Union of Crystallography they were a single ‘‘macrojoumal” of
@JC). Two each are from the UK–Gordon ~ crystallography. In 1988 it published 3,173
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papers, which represent 0.6 percent of the
approximately 500.000 papers covered in
the Journal Citation Repor?s@ (JCR@) sec-
tion of the SCZ.The macrojournal also cited
48,332 references, or 0.6 percent of the
8 million references included in the 1988
JCR. The average article from a core jour-
nal cited 15.4 references, compared to the
JCR average of 15.9. Also, the core jour-
nals received 33,548 citations in 1988, or
0.4 percent of the total.

What the Macrojoumud of
Crystallography Cited

Table 2 lists the 50 journals that were most
cited by the macrojournal in 1988, ranked
by citations from the core (column A). Col-
umn G shows 1988 impact factors, followed
by 1988 immdlacy indexes in Column H.
Immediacy is the average number of times
a journal’s 1988 articles were cited in 1988.

Nine core journais are listed, and they are
indicated by asterisks. The four journals
most-cited by the core are themselves core
jourruds. They received 6,779 citations from
the core, or 14.0 percent of all core refer-
ences. Elsevier’s Journal of Crystal Growth
leads with over 2,300 core citations. How-
ever, as can be seen from coitunn F, just
over 90 percent of the core citations to this
journal were se~-citations. This would
indicate that the Journal of Crystal Growth
is not strongly comected with the broader
crystallography literature since less than 10
percent of the citations it rweived were from
other core journals. A possible reason for
this may be that crystal growth research
is a small and relatively self-contained
specialty.

The next four core journals are the IUC’S
A, B, and C sections of Acts Crystal[o-
graphica and Gordon& Breach’s Molecular
Crystals and Liquid C~stals. Acts Ctys-
tallogr~hica, the parent journal that started
in 1948, split into the A and B series in
1968. Acts Crystallographic C developed
from Crystal Structure Convnunications,
which began publication in 1972 and was
renamed in 1983, The onginrd Acts Crys-
tabgrophica is notcountedasa core jourrud

since it no longer exists. It ranks ninth in
Table 2 with 965 core citations. As is often
the case, this demonstrates the continuing
impact of older literature.

Strong Ties to Chemistry and Physics

Most of the noncore journals listed are
chemistry and physics journals, such as the
Journal of the American Chemical Society,
the Journal of Applied Physics, and the
Journal of Chem”cal Physics. Citations from
the core typically represent no more than
5 percent of the total they receive per year,
which can be seen in column D. That is, the
macrojournal of crystallography is selectively
citing that fraction of the general chemistry
and physics literature that is relevant to its
specific interests.

These citations represent a large propor-
tion of the core’s total and indicate that
crystallographic methods and theories are
strongly linked with chemical and physical
research. This is to be expected since it is
well known that crystallographic techniques
are widely applied to analyze the structure
and properties of organic and inorganic
molecules, compounds, and materials. What
is perhaps surprising is the virtual absence
of life-sciences journals in Table 2.

Why So Few Signs of Life Sciences?

The Journal of Molecular Biology is the
only life-sciences publication listed among
the 50 journals most cited by the macrojour-
rud of crystallography. It was cited 278 times
(0.6 percent of total core citations), which
represents just under 1 percent of all cita-
tions thk journal received in the 1988 SCI.
Even if the list were extended to the top 1(H3,
only four other life-sciences journals would
appem Biochemistry (128 core citations),
Biochimica et Biophysics Acts (104), the
Journal of Biological Chemistry (86), and
the Journal of Medicinal Chemist~ (65).

The lack of a stronger life-sciences pres-
ence is surprising in light of the profound
contributions that crystallographic tech-
niques have made to molecular biology,
biochemistry, genetics, and other fields.
Perhaps the most obvious example is the
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1953 discovery of DNA’s double-helix
structure through X-ray crystallography, for
which Francis H. C. Crick, James D. Wat-
son, and Maurice H. F. Wilkins shared the
1962 Nobel Prize for physiology or
medicine. 3,4

The reviewers who refereed this essay
suggested that a citation study of crystallog-
raphy journals would not necessarily reveal
a direct and obvious relationship with the
life sciences. They noted that these journals
are directed at professional crystallographers
and focus on reports of improvements in
methodology. While the core journals also
publish a lot of crystallographic structure
studies of interest to chemists and physicists,
they very rarely contain reports on structural
determinations of biological macromole-
cules. These latter studies are scattered
widely in the life-sciences literature, notably
the Journal of Molecular Biology.

Noncore Journal Articles Most cited by
the Macrojourmd of Crystallography

Another way to examine the areas of in-
terest to crystallographers is to identify ar-

ticles from noncore journals that were most
frequently cited by the macrojoumal of
crystallography in 1988. These are shown
in Table 3 in alphabetic order by first author.

The highest impact article was published
in the JourrIul of Chemical Physics by
Robert F. Stewart, University of Washing-
ton, Seattle, et al. in 1965.5 It is a Ci?arion
Classic~ b on X-ray scattering and the hy-
drogen atom, which was cited 116 times by
the core in 1988 and over 8,000 times total,
The second-ranked paper is from the same
journal and is on a related topic—relativistic
calculations for X-ray scattering factors. It
was published in 1970 by Don T. Cromer
and David Liberman, Los Alamos Scientific
Laboratory, New Mexico.T

Two are very recent papers on supercon-
ductivity. One is a 1986 Zeitschrijl @r
Physik B–Condensed Matter article by 1987
Nobel Prize winners Johannes G. Bednorz
and Karl A. Miiller, IBM Zurich Research
Laboratory, Ruschhkon, Switzcrkmd.g The
other is a 1987 Physical Review J.effers ar-
ticle by M .K. Wu, University of Alabama,
Huntsville, and colleagues.g Of the more
than 2,700 citations these papers received

in 1988, only 49 were from the crystallog-
raphy core.

Table 3: Articles published In noncore jourssds cited at least 24 times by core cryatdtngraphy @srrda in
die 1988 SCF’. Articles are listed in alphabetic order by timt autbnr. A= 1988 citations fmm core jcaunafs. B-mod
1945-1988 SC] citations. C= 1989 S(3 citations. An asterisk (*) indicates the paper was the subject of a Cifath
Ckassic@ commentary. The issue, year, and edition of Current Contentsm in which the commentary appeared
follow the bibliographic reference. SCI/SSC~ research-front numbers for 1988 also follow the rcferenm.

A B

25 2,282

26 2,09s
24 275

33 867

82 4,014

43 248

116 8,079

24 2,043

c

851

1s6
82

%

221

%

249

692

Bibtingc@ic Data

Bednorz J G & Milk K A. Possible high T= superconductivity in the
Ba-La-Cu-O system. Z Phys. B–Cbmierw Matter 64:189-93, 1986.88-2172

Bard A. van dcr Waals volumes and radii. J. Phys. Chart. 68:441-51, 1964.
Ctark N A & Lagecwdf S T. Submicroaccnnd bistable electro-uptic switching in
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What Journals Cite Crystallographers Once again, theJourmd of Crystal Growth

Table 4 lists the 50 journals that most fre- leads the list. However, of its 2,284 cita-

quently cited the crystallography core in tions to core crystallography journals, about
1988, ranked by cita~ions (column A). All 93 percent were se~+itations. As stated
11 core journals are included, and they ac- previously, this indicates that the journal is

count for about 9,800 core citations, or 30.0 “self-contained” and not closely linked with

percent of citations the core received in the other crystallography journals in thk

1988. study. Thus, while the journal may be par-

Tahte 4 The 50 jourmafs that moat @lleJltiy cfted the core W@d@T@ly jOUITUlkinthe1988 SCF’ Asterisks

(*) indi@e core jmmrais. A.citations to core journals. B-citations to atl joorrrrds. C -self-citations. D -percent
of totaJ citations that are. core-jmmrat citations (A/B). E =percent of totat citations that are self-citations (self-
cited rate, CiB). F =percent of core-journal citations that are self-citations (C/A). G = 1988 impact factor. H = 1988
immediacy index. I-=total 1988 a&wce items

*J. Cryst. Growth
*Acts Crystallogr, C-Cryat. Mr.
*Acts CrystaJfogr. A—Found. Crys,
*Mo1. Cryst. Liquid Cryat.

Inorg, Chem.
*KrktaUografiya SSSR

J. Amer. Chem. Sot.
Phys. Rev. B-Condensed Matter

*Acts CrystaUogr. B—Stmct. Sci.
J. AwL Phys.

*J. AwL Cryst.
*L1q. Cryst.

J. Sol. State Chem.
●Cryst. Res. Tech.

Fermelecrrics
AwL Phys, Lett.
Jpn. J, Appl. Phys.
J. Chem. Sot. Dalton Trans.
J. Phys. Chem.
J. Organomeral. Chem.
Can. J. Chem.
Chem. Rev.

*Z. KristaUogr.
*J. Cryst. Sp@roac. Rea.

Jnorg. Chin, Acts
Phys. Status Solidi A—AppL Res.
Ccord. Chem. Rev.
Bull. Chem. Sot. Jpn.
Z. Naturforach. Sect. B
J. Mol. Struct.
Organomekdlics
Z. Anorg. Aug. Chem.
J. J..esa-Common Metats
J. Mol. Biol.
J, Phys. C–Solid State Phys.
J. Chem. Phys,
Aust. J. Phys.
Solid State Commmr.
Zh. Neorg. Khii. SSSR
J. Chem. Sot. Perkin Trans. U
Koord. Khirn.
Angew. Chem. L~t. Ed.
Mater. Res. BuJL
Macromoleartea
Phys. Rev. A—Gen. Phys.
J. Mater, Sci,
J. Org. Chem.
Synrhet. MetaJ.
J. Chem Sot. Chem. Commrrm
Solid State 10tiCS

A B

2,284 11,947
2,1&f 9,701

950 2,844
931 6,801
736 32,187
712 3,212
665 67,894
654 88,345
632 2,278
626 42,777
556 2,937
511 3,183
502 6,177
465 2,955
446 6,681
445 19,937
412 14,266
384 12,571
373 44,519
365 26,246
349 14,018
315 14,628
313 1,270
309 1,204
303 11,596
286 8,857
275 11,414
273 16,218
261 5,417
241 7,959
230 17,440
214 4,279
211 6,310
210 17,956
203 13,6S5
202 17,956
198 1,331
1S8 15,929
185 6,974
1S3 9,413
180 4,337
177 15,837
177 2,828
176 16,551
171 35,843
169 12,3@l
159 39,692
149 3,696
148 12,506
147 6,347

CD

2,114 19.1
744 22.3
705 33.4
776 13.7

.-. 2.3
393 22.2

.-. 1.0
-.. 0.7

311 27.7
-.. 1.5

388 18.9
80 16.1
. . . 8.1

206 15.7
.-. 6.7
--- 2.2
-.. 2.9
.-. 3.1
. . . 0.8
. . . 1.4
. . . 2.5
. . . 2.2

119 24.7
68 25.7
. . . 2,6
. . . 3.2
-.. 2,4
. . . 1.7
. . . 4,8
-.. 3,0
-.. 1,3
-.. 5,0
. . . 3,3
-- 1,2
-. 1.5
..- 0.3
--- 14.9
... 1.2
... 2.7
... 1.9
... 4.2
..- 1.1
--- 6.3
--- 1.1
... 0.5
... 1.4
..- 0.4
--- 4.0
.-. 1.2
--- 2.3

E

17.7
7.7

24.S
11.4

.-.

12.2
.-.
.-.

13.7
—.

13.2
2,5
---

7,0
. . .
. . .
. . .
---
---
. . .
. . .
. . .

9.4
5,6

. . .

. . .

.-.
---
---
---
---
---
.-.
-..
--.
---
. . .
-..
---
. . .
-..
---
. . .
. . .
. . .
. . .
. . .
. . .
. . .

F

92,6
34.3
74.2
83.4

. . .

55.2
.-.
. . .

49.2
.-.

69.8
15.7

. . .

44.3

. . .

. . .

.-.

. . .

. . .

.-.

38.0
22.0

. . .

. . .

. . .
-.
--.
-..

. . .
--.
---
--.
. . .
. . .
. . .
. . .
---
---
. . .
—.
..-
. . .
..-
. . .
---

..-

GH1

1.88 0.36 704
0.47 0.21 893
2.09 0.29 158
0.86 0.20 345
2.69 0.44 948
0.47 0,0s 311
4.57 0.79 1,878
3.82 0.94 3,508
1.42 0,54 101
1.75 0.32
1.38 0.29
1.69 0,19
1.21 0.37
0.32 0.14
1,62 0.09
4.06 0,88
2.23 1.15
1.98 0.44
3.14 0,49
1.93 0,33
1.02 0,20

10.40 0.92
0.78 0.24
0.42 0,44
1.40 0,36
0.60 0,10
3.21 0,69
0.91 0.21
1.14 0.35
0.86 0,10
3.35 0,64
0.81 0.29
0.80 0.39
6.56 1.11
1,98 0.58
3,59 0.78
0,61 0.16
2,52 0.71
0,26 0.07
1,11 0.27
NIA NIA
5,10 1.30
1.70 0.26
2.40 0.43
2.32 0.47
0.78 0.11
2.34 0.46
1.99 0.28
2.42 0.38
1.72 0.19

2,507
157
146
313
234
439

1,627
1,327

484
1,250

910
486

64
45
79

450
625

45
830
2s4
414
484
246
375
368
501

1,906
70

1,086
718
34 I

NIA
379
216
580

1,514
659

1,260
216
978
415
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Tabte 5: The mmvt-cited artfcfe from eiteh core crystattograptry jtmrnrd, 1945-1988 SCZ@. Core journsts that
did not publish any article receiving at least 50 citations are excluded. A= 1945-1988 citations. B= 1989 citations.
C =total number of papers from thst jom’md cited at least 50 times. An asterisk (*) indicates that the paper was
the subject of a Citation Cla.rsicO commentary. The issue, yrar, snd edition of Current Contentsm in which the
commentary appeared follow the bibliographic reference, SCP research- front numbers for 1988 also follow
the reference.””

A

235

19

5,792

4,112

319

394

260

1,105

2,522

99

79

B

14

g

316

45

22

91

113

152

136

9

4

c

130

1

132

1,119

96

19

102

72

269

3

5
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titularly influential in crystal growth re-
search, its impact on crystallography as a
whole is more limited.

As before, the noncore journals are
dominated by chemistry and physics publi-
cations. They account for about 11,600 cita-
tions, or 35.1 percent of the 33,548 citations
received by the core in 1988. Again, the
Journal of Mokxufar Bio[ogy is the only life-
sciences journal listed, with 210 citations to

the core in 1988.

Most-Cited Articks from the
Macrojourmstlof Crystallography

To give some indication of the specific
topics of research in crystallography, it is
useful to look at the titles of key articles in
the field. Table 5 presents the most-cited ar-
ticles from each of the core crystallography
journals, in alphabetic order by first author.

Total 1945-1988 SC] citations are given in
column A, followed in cohmm B by 1989
citations. Column C gives the number of
articles from each journal that were cited at
least 50 times.

Liquid Crystals is the only core journal
not listed. It began in 1986, and none of its
articles had achieved 50 citations through
1988 in the SCf. Acts CrystaUographica B
has produced the largest number (269),
followed by Acts Crystd!agraphica A (132).
As stated earlier, both were started in 1968
when Acts Crystallographic was split.

The most-cited paper from Ac.ta Crystab-
graphica is included in the list although the
journal is technically not considered a core
journal in this study. It has published 1,119
articles cited at least 50 times in the 1945-
1988 SCf. Zeitschrifi jir KristaUographie,
founded in 1877, has produced 130 high
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impact articles, and the Journal of Crystal
Growth (1967) has 102.

The highest impact article is by Cromer
and Joseph B. Mann, Los Alamos Scientific
Laboratory, published in 1968 in Atia Crys-
fallographica A. 10Cited about 5,800 times
through 1988 and 316 times in 1989, it
discusses computing X-ray scattering fac-
tors from Hartree-Fock wave functions.
Another article by Cromer on scattering
factors computed from Dirac-Slater wave
functions is ranked second with over 4,100
citations. Coauthored with Los Alamos col-
league J.T. Waber, it was published in 1965
in Acts C.rystallographica. Next is a 1969
article on effective ionic radii in oxides and
fluorides (over2,600 chtions) by R.D. Shan-
non and C .T. Prewitt, E.I. du Pent de
Nemours & Company, Inc., Wilmington,
Delaware. 11,I’2The fourth-ranked paper,
with 1,257 citations through 1989, is by
H.M. Rletveld, Reactor Center of The
Netherlands, Petten. It was published in
1969 in the Journal of Applied Crystallog-
raphy and describes “A profile refinement
method for nuclear and magnetic
structures. “13

Research Specialties in Crystallography

To get a broader view of recent areas of
active research in crystallography, we can
identify 1988 SCI research fronts that were
cited by the core journals. Simply described,
a research front is formed by the frequent
co-citation of papers. The cited papers are
defined as the “core” of the specialty, and
the citing papers make up the research front
and provide the terms that define the special-
ty’s name.

Table 6 lists 121988 SCf research fronts
in which there were at least 50 articles from
the macrojournal of crystallography. The
serial number is arbitrarily assigned to iden-
tify each research front among the 8,177
discrete research fronts in the 1988database.
Column A gives the number of citing papers
published by the crystallography macrojour-
nal, followed by the total number of citing
articles in column B, and the number of cited
core documents for each research front.

In terms of size, the four areas that
attracted the greatest number of crystallog-
raphy citing papers involved crown ether
complexes (#88-6626, 435 papers); X-ray

Table 6 The 198S MT@ /Sf3CI” research fronts thnt hrclrrde at least 50 citing documents pubtiahed frr
the cure crystafbgraphy journals. A =rmmbsr of srticles from core crystallography journrds citing the
core of each front. B-total number of citing ducmncnts. C =totaf number of core documents.

Number

8S-0220

88-04s3

88-0653

88-1281

S8-1282

88-1415

88-1585

88-2152

88-3434

S8-4393

88-6626

88-7292

Name

X-ray crystal stmcture, cluster lmriins, transition-metal complexes, arrd
nuclear magnetic resonance spectra

Lmrgmuir-Bludgett fk, liquid crystalline side-chain polymers, optical
second-harmonic generation, arrd monolayer at the air-water iorcrfacc

X-ray crystal structure, spirucyclic pulyaelenido complexes
p4a- 15-Crown-5 ],[M(Se.),], and heteronuclear cluster chemistry

Semiconductor aftoys, orgmromerallic vapur-phaae epitaxy, ah irdtio
molecular-dynamics calculations, and electronic properties of amorphous
sihcurr

Metalorganic vapor-phase epitaxy of GSAS, MOVPE growth, and
horizontal CVD reactor

Thermotrupic liquid crystalline copolyester, pnly(etheretherketmre) aromatic
prdymer composite, rmd reonentational motion model

Fermclcctric liquid crystals, spontaocous polarization, low-frequency
fleicctric response of chirat smectics C*

Red extinction mndel, intermolecular hydrogen bmrdhg, rmd neutmrr
diffraction dam

Herernnuclear cluster chemistry, X-ray crystal structure, grouplB metals,
trimethylplatirmm(IV) complexes, and dynamic behavior

Hydrido acetate complexes, X-ray crystal, rclluric acid adduct, and
Ph,PCH,PPh,(dppm) ligarrds

Crown ether complexes of alkaline earth metal ions, barium rhiucyanates,
rmd tris(3-ethylpyridirrium) decavrmadatc monohydrarc

Crystal structure of ND4D2P0,, cadmium strontium tctmrritritc
tetralrydrate, and nucleoside arrafog 5-rritro- I-j3-D-arabirrofuranosyluracif

ABC

162 S12 46

72 486 60

256 792 26

56 207 57

69 198 27

53 420 52

w 236 35

107 261 19

76 355 10

56 207 3

435 615 6

64 130 2
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crystal structure of spirocyclic polyselenido
and transition-metal complexes (#88-0653
with 256 papers and #88-0220, 162); and
the red extinction model (#88-2 152, 107
papers).

In terms of proportionate share, the re-
search fronts with the highest concentration
of crystallography citing papers are on
crown ether complexes (70.7 percent);
crystal structure of ND4D2P04 (#88-7292,
46.2 percent); red extinction model (41.0
percent); gallium-arwmideepitaxy (#88-1282,
34.8 percent); and X-ray crystal structure
of polyselenido complexes (32.3 percent).
Keep in mind that articles from the macro-
joumal of crystallography represent just 0.5
percent of the 1988 SC1database. But these
articles constitute from 13 to 71 percent of
the research fronts listed here, so the areas
depicted are among the most active in the
field.

Conclusion

In summary, this examination of 1i SCI-
indexed crystallography journals indicated
strong links with research in chemistry and
physics but only weak ties to the life sci-

ences, as indicated by journal citation pat-
terns, high impact articles, and research
front specialties. Taking a composite look
at the data presented in Tables 2 and 4, as
well as at impact factors and immediacy in-
dexes, six core journals occupy an outstartd-
irtg position-Sections A, B, and C of Acts
C’rystallographica, the Journal of Applied
Crystallography, the Journal of Crystal
Growth, and Molecular C~stals and Liquid
Crystals.

However, it should be recalled that the
Journal of Crystaf Growth showed high self-
cited and self-citing rates of 90.2 and 92.6
percent, respectively. While this journal
may be influential within the specialty of
crystal growth studies, its citation impact on
mainstream crystallography is rather re-
stricted.

*****

My thanks to Al Wel@rm-Dorof and Eric
Thurschwell for their help in the prepara-
tion of this essay.
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