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Current Contents ® has regularly identi-
fied and discussed papers in chemistry that
become highly cited soon-after- their initial
publication. The two most recent examples
concerned 1984 chemistry papers most
cited from 1984 to-19861 and 1985 chemis-
try articles most cited from 1985 to 1987.2
This essay covers the 1986 chemistry arti-
cles most cited from 1986 to 1988. As be-
fore, this does not merely invoive determin-
ing a suitable citation threshold for
inclusion in this essay. An in-house subset
of the Science Citation index® known as
the “Chemistry Citation Index” is used to
limit the selection to-chemistry. Nonethe-
less, the interdisciplinary nature of chemical
research is still apparent. The journals pub-
lishing the largest number of highly cited

papers continue to include the Journal of
Chemical Physics and the Journal of Physi-
cal Chemistry (see Table 1). The most-cited
paper of all, “Enzymes in organic synthesis”
by J. Bryan Jones, University of Toronto,
Ontario, Canada, is also interdisciplinary
but appeared in Tetrahedron.

The 101 papers listed below received a
median of 42 citations and an average of
45.4 (4.4 citations in 1986, 18.4 in 1987,
and 22.6 in 1988). The numbers ranged
from a high of 99 to a low of 35 citations,
the threshold value for inclusion. Not sur-
prisingly, no fewer than 29 of the papers are
review papers, including the two most cited.
The second most-cited paper, by Roger At-
kinson, University of California, Riverside,
appeared in Chemical Reviews, which to-
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gether with Angewandte Chemie Interna-
tional Edition is particularly well repre-
sented (8 out of 101 papers each in this
database). Review journals traditionally
have shown the highest citation impact.

Research Fronts
Enzymes and Other Catalysts

The Jones paper, mentioned above, was
published as Tetrahedron Report (#203).
Enzymes have been extensively used in the
pharmaceutical industry to promote syn-
thetic changes in organic molecules, espe-
cially to act as specific and chiral catalysts.
They now see more routine use in biochem-
ical and synthetic organic chemical work.
This extensive review (54 pages, 388 refer-
ences) covers the literature of 1984. The
emphasis is on readily available enzymes,
such as from baker’s yeast. The paper
stresses experimental aspects of enzymic
reactions.

The review is subdivided into sections
about exploiting structural specificity for se-

lective reactions, enantiomeric specificity,
prochiral stereospecificity, and combina-
tions of enzyme specificity, multiple en-
zyme reactions, stereospecific introduction
of isotope labels, and a prognosis for the
future. The scope of the review is enormous,
as there exists an enzyme-catalyzed equiva-
lent to most organic reactions and more than
2,000 known enzymes. Aside from their se-
lectivity, the major advantage of enzymic
reactions is that they take place under mild
conditions (room temperature, neutral pH),
which minimizes many potential problems,
such as rearrangement, within the organic
synthesis.

Although this is the only paper listed on
enzyme-mediated synthesis, there are a
number of papers on other types of catalytic
reactions. Transition metal complexes of
small, neutral molecules drew significant in-
terest. Metal hydrogen complexes were the
most investigated, including those of mer-
cury (W.H. Breckenridge, Christophe
Jouvet, and Benoit Soep, University of
Paris-South, Orsay), iridium (see below),
molybdenum and tungsten (Gregory J.

112



Kubas, and colleagues, Los Alamos Na-
tional Laboratory, New Mexico), and palla-
dium and platinum (John J. Low and Wil-
liam A. Goddard, California Institute of
Technology [Caltech], Pasadena).

One such paper is entitled “Some molecu-
lar hydrogen complexes of iridium,” by
Robert H. Crabtree; Maryellen Lavin, and
L. Bonneviot, Yale University. This JACS
paper describes the new molecular hydro-
gen complexes [IrH(H2Xbq)L2]* and
[IrH2(H2)(PCy3)2)* (bg=7.8-benzoquinolin-
ate, L=PPh3 or PCy3), and their detection
via I-H-NMR T studies. The catalysts are
generated through the reaction of molecular
hydrogen with the aquo complex, which is
in tum obtained through the reaction of
[Ir{(cod)L2]SbFs in moist methylene chlo-
ride at 0°C under hydrogen. The uptake of
molecular hydrogen is reversible, as passing
nitrogen gas through the solution rapidly re-
forms the aquo complex.

The H-H bond is more easily broken in
the coordinated complex, as a result of the
donation from the bond to the metal. This is
similar to the activation of C-H bonds by
metal centers (see below). The mechanism
of the coordinated H2 being deprotonated,
forming the neutral dihydride, is elegantly
shown by isotopically substituting both the
hydridic and dihydrogen sites. In the Ti
studies (inversion recovery), the dihydrogen
protons relax much: faster than the terminal
hydride, and are thus detectable. The au-
thors conclude that it is likely that many
other such dihydride complexes are unrec-
ognized in the literature, suggesting that a
re-examination of such materials is in order.

This area has appeared in lists of highly
cited papers several times before. The bind-
ing of molecular hydrogen to metals was
unknown until 1984;-when Kubas and his
colleagues at Los Alamos characterized the
complex [W(H2)(CO)3(PR3)2].3 The origi-
nal reference appeared on the 1984 most-
cited chemistry list,-and other complexes
have been characterized by the same
group.4 Several papers on this subject ap-
peared on the 1985 list as well.5-8

Crabtree’s work in the closely related area
of C-H bond activation was on our 1985 list.

Table 1: The 21 journals that published the papers
listed in the Bibliography. The numbers in parenthe-
ses are the 1986 impact factors for the journals. (The
1986 impact factor equals the number of 1986 citations
received by the 1984-1985 articles in a journal divided
by the number of articles published by the journal dur-
ing that same period.) Data were taken from the 1986
JCR®. The figures at the right indicate how many
papers from each joumal appear in the Bibliography.

Number
Journal of Papers

J. Chem. Phys. (3.300) 27
J. Amer. Chem. Soc. (4.435) 20
J. Phys. Chem. (2.967)
*Angew. Chem. Int. Ed. (5.335)
Chem. Rev. (7.400)
Chem. Phys. Lett. (2.226)
Anal. Chem. (3.797)
1. Organometal. Chem. (1.179)
Tetrahedron (2.031)
Tetrahedron Lett. (2.158)
Annu. Rev. Phys. Chem. (7.159)
Catal. Rev.-Sci. Eng. (2.429)
Int. J. Quantum Chem. (1.173)
J. Catal. (2.527)
J. Chem. Soc. Chem. Commun. (2.385)
J. Chromatogr. Sci. (2.415)
J. Org. Chem. (2.079)
J. Phys. Chem. Ref. Data (N/A)
Macromolecules (2.227)
Organometallics (3.588)
Polyhedron (1.154)
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*Also published in German as Angew. Chem.

That review paper covered “The or-
ganometallic chemistry of alkanes,”® and
was one of the core papers on “Arene C-H
bond activation, molecular hydrogen com-
plexes, catalytic intermolecular h/d ex-
change, and aliphatic C-H bonds” (#86-
3302). An additional paper on “C-H and H-H
bond activation: dissociative vs. nondissocia-
tive binding to iridium”10 is clearly a precur-
sor to the 1986 work.

Activation of organic ligands by transition
metals continues to be heavily studied, in-
cluding the cyclometalation reactions of
thorium dialkyl complexes (Joseph W.
Bruno, Northwestern University, Evanston,
Illinois, and colleagues), shape selective hy-
droxylation of alkanes by metalioporphyrin
catalysis (Bruce R. Cook, Thomas J.
Reinert, and Kenneth S. Suslick, University
of Illinois, Urbana Champaign), epoxidation
of olefins by oxo-iron porphyrins (John T.
Groves and Yoshito Watanabe, University
of Michigan, Ann Arbor), physical studies
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of ethylene on the ruthenium (001) surface
(M.M. Hills and colleagues, Caltech) che-
misorption of methane on Ni(111) (M.B.
Lee and colleagues, MIT), oxidative dimer-
ization of methane over lanthanum oxide
(Chiu-Hsun Lin and colleagues, Texas
A&M, College Station), and the synthesis of
ethylene and ethane via oxidative coupling
of methane (Kiyoshi Otsuka and colleagues,
Tokyo Institute of Technology, Japan).

Cluster Chemistry

Several research areas continued to be ac-
tive in 1986—the most notable being cluster
chemistry. Metal clusters have long been
studied as models for metal catalysts. Sev-
eral papers were in the area of transition
metal clusters, including metal cluster ion
photofragmentation (P.J. Brucat and col-
leagues, Rice University, Houston, Texas),
electronic structure effects in metal clusters
(Manfred M. Kappes and coworkers, Uni-
versity of Bern, Switzerland), theoretical as-
pects of metal atom clusters (Jaroslav
Koutecky, Free University of Berlin, Fed-
eral Republic of Germany (FRG), and
Piercarlo Fantucci, University of Milan,
Italy), electron binding and chemical inert-
ness of niobium clusters (R.L.. Whetten and
colleagues, Exxon Research and Engineer-
ing Company, Annandale, New Jersey), and
a review paper on the clusters of transition-
metal atoms (Michael D. Morse, University
of Utah, Salt Lake City). An additional re-
view paper appeared on the subject of ionic
clusters (A.W. Castleman and R.G. Keesee,
Pennsylvania State University, University
Park).

Smaller clusters also were covered in a
review paper dealing with the bonding, ki-
netics, and approach to equilibrium struc-
tures of simple metallic, molecular, and net-
work microclusters (J.C. Phillips, AT&T
Bell Labs, Murray Hill, New Jersey), as was
an additional equilibrium structure theoreti-
cal study (Krishnan Raghavachari, AT&T
Bell Labs). Finally, electronic wave func-
tions were studied for semiconductor clus-
ters (Louis Brus, AT&T Bell Labs). Several
papers on this topic also appeared in the

1985 list, including two by the Exxon group
mentioned above 11.12 and Morse. 13

Buckminsterfullerene Carbon Cluster

In the “organic” area, seven papers dealt
with carbon clusters, with Cgo clusters being
the primary focus. The 1985 literature re-
view described in detail the interest in the
hollow molecule “buckminsterfullerene,”
which clearly continues to the present day.2
This work formed the core of two research
fronts: #87-1267, “Carbon clusters, icosahe-
dral Cep, and vanishingly small ring current
magnetic-susceptibility” (“Footballene: a
theoretical prediction for the stable, trun-
cated icosahedral molecule Cgp” by A.D.J.
Haymet, University of California, Berkeley
(UCB), and Q.L. Zhang and colleagues,
Rice University, discussed in detail below),
and #88-1654, “Carbon cluster ions, poten-
tial-energy surfaces, and icosahedral -gold
small particles” (“Resonance in Ceo, buck-
minsterfullerene,” by D.J. Klein and col-
leagues, Texas A&M, Galveston, and “Clus-
ters of transition metal atoms,” by Morse,
mentioned earlier). The other papers focus-
ing on buckminsterfullerene and other such
clusters discussed their photofragmentation,
their electronic structure and bonding, and
their stability.

Soot: Q.L. Zhang’s Group

Aside from their aesthetic and catalytic
appeal, large carbon clusters are thought to
be key intermediates in the formation and
morphology of soot, the subject of the paper
by Zhang et al., published in the Journal of
Physical Chemistry. An earlier paper!4 on
this subject, by H.W. Kroto and colleagues,
was the second most-cited paper in the 1985
list? and is one of the core papers on *Small
alkali metal clusters, metal cluster ion pho-
tofragmentation, Fourier transform ion cy-
clotron resonance mass spectrometry, and
magic number” (#86-2748). The Rice Uni-
versity group proposes that the stability of
the Ceo cluster arises from the ability of
small sections of the graphite sheet (from
which the buckminsterfullerene is prepared
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by vaporization) to close into spheroidal
shells, thereby eliminating any reactive
edges.

All clusters containing even numbers of
carbon atoms in the 40-80 carbon range, in
fact, were found to be resistant to chemical
attack. This is attributed to the possibility of
forming closed shells by using a combina-
tion of 12 pentagons and (n/2)-10 hexagons
(n=number of carbons). Odd clusters cannot
form such closed shells, and are quite reac-
tive. This reactivity, and the propensity to
form closed shells offers a possible mecha-
nism for soot formation: the reactive odd
clusters try to form- closed shells, but be-
cause of the abundance of hydrogen in the
flame, etc., the carbon net is likely to close
imperfectly, resulting in a second shell be-
ginning before the first has been completed.
The overall result is a soot-nucleus consist-
ing of concentric, but imperfect, spheres,
which presents an active front for further
growth. Earlier work investigated inorganic
aspects using the Cgo-and smaller clusters as
complex ligands, similar to benzene and cy-
clopentadiene, in the area of main group and
lanthanide chemistry.15

Hydroxyl Radical: R. Atkinson

As noted earlier, the Chemical Reviews
paper detailing the *“Kinetics and mecha-
nisms of the gas-phase reactions of the hy-
droxyl radical with organic compounds
under atmospheric conditions,” by Atkin-
son, was the second most-cited paper. The
hydroxyl (OH) radical plays ‘an important
role in combustion and atmospheric chemis-
try, serving as the dominant species in the
degradation of organic compounds. Thus,
the kinetics and mechanism of OH radical
reactions ‘have been the focus of a large
number of investigations. This extensive re-
view (132 pages, 550 references) covers
those mechanisms that occur at tempera-
tures below 500K.

Hydrogen-Bonded Complexes

One of the highly cited papers is in the
area of theoretical chemistry, entitled “Ex-

tensive theoretical studies of the hydrogen-
bonded complexes (H20), (H20)H*,
(HFy, (HF):H*, F2H', and (NH3),,” by Mi-
chael J. Frisch, UCB, Janet E. Del Bene,
Youngstown State University, Ohio, J. Ste-
phen Binkley, Sandia National Laboratories,
Livermore, California, and Henry F. Schae-
fer, University of Georgia, Atlanta. Pub-
lished in the Journal of Chemical Physics,
this study examines the above-mentioned
molecules using large basis sets and optimi-
zation of structures, including the effects of
electron correlation. Single bond energies of
excellent accuracy are obtained in this man-
ner (usually +2 kcal/mol). Comparisons of
previous theoretical studies with experimen-
tal data are made. Frisch coauthored a paper
with Del Bene and J.A. Pople, Carnegie-
Mellon University, Pittsburgh, Pennsylva-
nia, on this subject in the 1985 list, entitled
“Molecular orbital study of the dimers
(AHy), formed from NH3, OH2, FH, PH3,
SHy, and CIH.”16

Electron Transfer Reactions, Silicon
Chemistry, and Other Research Fronts

Other significant research areas included
electron transfer reactions and silicon chem-
istry. The broadest research front in 1987-
1988 (Table 2) centered on “Ab initio calcu-
lation, C-H bond, and formation for
2nd-row hydrides” (#88-1623). Of 56 core
papers for this front, only two papers were
from this 1986 list (B. Andes Hess,
Vanderbilt University, Nashville, and col-
leagues, and N. Bernhard Schlegel, Wayne
State University, Detroit). However, there
were 1,057 citing (published) papers in
1988 alone. It also is tied to the more gen-
eral area of C-H bond activation by transi-
tion metals, discussed earlier.

The second largest front (#88-0270), with
726 published papers in 1988, dealt with
“Intramolecular electron-transfer, solvation
dynamics, solvent saturation and dioxygen
copper reactivity.” Of 50 core papers, two
were from this list (G.L. Closs et al., Uni-
versity of Chicago, and Edward M.
Kosower and Dan Huppert, Tel-Aviv Uni-
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Table 2: The 1987 and 1988 ISI® research fronts that include at least two of the most-cited 1986 chemistry papers as
core documents. A=number of Bibliography papers that are core to each research front. B=total number of core

& C=total of citing papers published for the year designated by the prefix.

Number Name A B C

87-1267 Carbon clusters, icosahedral Cso0, and vanishingly small ring current magnetic- 3 16 189
susceptibility

87-1442  Inductively coupled plasma mass-spectrometry, boron isotope ratios in geological 2 2 13
materials, and easily ionizable concomitant elements

87-3077 Oxidative coupling of methane, oxide catalysts, and highly selective ethane formation 2 20 12

87-3447 Colloidal semiconductor particles, size quantization, and illuminated CdS 3 21 195

874349 Molecular-hydrogen complexes, dihydrogen coordination, methane activation, and 3 7 9
dinitrogen ligands

88-0270 Intramolecular electron- fer, solvation dy solvent ion, and dioxygen 2 50 726
copper reactivity

88-0367 Oxidative coupling of methane, CO + NO, and RB+ doped MGO catalysts 2 43 361

88-0529 Functionalized organocopper reagents, allylic stereocenter directed asymmetric conjugate 2 21 169
addition, organocuprate reactivity selectivity, and copper chemistry

88-1623  Ab initio calculation, C-H bond, and formation for second-row hydrides 2 56 1,057

88-1654 Carbon cluster ions, potential-energy surfaces, and icosahedral gold small particles 18 3 240

88-2569 Molecular-hydrogen complexes, reversible protonation of iron dihydrides, oligophosphane 3 9 128

ligands, and n2-H; for R

versity, Israel). But, as mentioned pre-
viously, three of these papers dealt with
electron transfer.

Other fronts appearing in the 1985 report
that remain active include: #87-1442, “In-
ductively coupled plasma mass-spectrome-
try, boron isotope ratios in geological mate-
rials, and easily ionizable concomitant
elements,” and #87-3077, “Oxidative cou-
pling of methane, oxide catalysts, and
highly selective ethane formation.” Work in
this area was mentioned above as part of the
general research in activation of organic
ligands by transition metals.

Many research fronts experienced de-
clines in interest, as they matured and
broadened out. Nuclear magnetic resonance
(NMR) was the dominant research front in
198317 and in 1985.2 However, it all but
disappeared from the 1986 list, with only
one paper (Ad Bax, National Institutes of
Health, and Michael F. Summers, Food and
Drug Administration, Bethesda, Maryland)
on the subject. And the research front on
superconductivity disappeared altogether.

Authors

A grand total of 293 authors were repre-
sented on the 1986 list of most-cited papers.
The majority, 269, were authors on single
papers, while 23 were associated with two
papers. Schaefer was the most prolific, co-

authoring three papers (see papers by
Frisch, Rice, and Yamaguchi). As noted in
Table 3, the number of authors per paper
ranged from one to nine. The mean was just
under three (2:9). One Nobel laureate ap-
peared on the list, Donald J. Cram, Univer-
sity of California, Los Angeles (chemistry,
1987).18 Many of the authors were also rep-
resented on the 1984 and 1985 lists, indicat-
ing the continuing interest in their research.
Universities and research institutes from
many nations were represented (Table 4).
The largest number (77) of authors contin-
ued to be from the US, followed by the FRG
(8), the UK (5), and Israel and Japan (4
each). International coauthorship was wide-
spread, accounting for more than 10 percent
of the papers. The most prolific institutions
were Caltech (8 papers) and UCB (6). In
addition, AT&T Bell Laboratories, Argonne

Table 3: The sumber of authors per paper for the
1986 chemistry articles most cited in the SCI ®,
1986-1988.

Number of Number
Authors of
per Paper Papers
9 1
7 2
6 5
5 10
4 17
3 19
2 24
1 23
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National Laboratory, Illinois and the Uni-
versity of Wisconsin, Madison, each pub-
lished five papers.

Conclusions

Several trends seen in earlier studies con-
tinue here. The top three journals remain the
same, although their order has changed. For
the first time, the Journal of the American
Chemical Society did not publish the largest
number of most-cited papers, dropping to
second with 20 (Table 1). Chemical physics
and physical chemistry journals dominate,
including the Journal of Chemical Physics
(1st, 27 papers), the Journal of Physical
Chemistry (3rd, 9 papers) and, Chemical
Physics Letters (5th, 7 papers). An addi-
tional four papers appear in other physical
chemistry journals.-Only two review jour-
nals turned up—Chemical Reviews and An-
nual Review of Physical Chemistry. One no-
table change is the absence of Accounts of
Chemical Research (4th on the 1985 list).

As has been the case in the past, the over-
whelming majority of highly cited papers
were published in English—the sole excep-
tion was a paper in German on a “Chance
discovery in the case of rhenium: oxo-com-
plexes in high and low oxidation states,” by
Wolfgang A. Herrmann, University of Mu-
nich, FRG, in the Journal of Organometal-
lic Chemistry. It has been noted here in the
past that publication of a paper in a lan-
guage other than English usuaily guarantees
a lower impact.!9 However, Herrmann also
published another paper on the list in En-
glish. An additional eight papers were pub-

Table 4: National locations of the institutional affilia-
tions listed by authors in the Bibliography, according
to total papers (column A). B=number of papers co-
authored with researchers affiliated with institutions in
other countries. C=national locations of institutions
tisted by coauthors.

Country A B C

uUs 77 9  Australia, Czechoslovakia,
FRG, Israel, Spain, UK,
Yugoslavia

FRG 8 6 Israel, Italy, UK, US

UK 5 2 FRGUS

Israel 4 4 FRG,US

Japan 4 0

Australia 2 1 US

France 2 0

Poland 2 1 The Netherlands

Canada 1 0

Czechoslovakia 1 1 USs

GDR 1 0

Ttaly 1 1 FRG

The Netherlands 1 1 Poland

Spain 1 1 Us

Switzerland 1 0

Yugoslavia 1 1 Us

lished in German but also appeared in En-
glish translation (Angewandte Chemie Inter-
national Edition).

The closely related areas of catalysis and
cluster chemistry (both transition metal and
carbon) dominate the list. This is reinforced
by the largest of the research fronts, dealing
with theoretical calculations of C-H bond
strengths in second-row metal hydrides.
However, NMR and superconductivity dis-
appeared from this year’s list. This does not
mean a lack of interest in these areas,
merely that no paper published in 1986 re-
ceived the threshold level of citations. Ear-
lier papers in these areas continued to be
heavily cited.

Note from Eugene Garfield

Since the publication of this analysis was delayed by a year, there was the additional benefit of
learning how many of these papers continued to be utilized in 1989 and 1990. The addition of these data
demonstrate that work in chemistry usually requires a much longer period of time to demonstrate its
impact. Consider especially the papers by Atkinson, Bax, Brus, Closs, Dance, Frisch, Hess, Hynes,
Jones, Jurczak, Kavarnos, Koutecky, Morse, Sato, Stille, Sumi, and West. The paper by J.B. Jones
appears to be well on its way to Citation Classic ® status. And, not surprisingly, the subject of enzymes
in organic synthesis has become a very hot area of chemistry, as implied in the opening of this essay.
The Jones paper is the most-cited core paper in research front — #89-0501, Lipase catalyzed transester-
ifications in organic-solvents, enzymatic catalysis, immobilized enzymes, and enantiomeric purity—
well ahead of the number two core paper by G.M. Whitesides that was one of the 100 most-cited 1985
chemistry papers from my earlier essay.2
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