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The work of the 1986 Nobel laureates in
physics and chemistry illustrates the impact
that new technologies and methods can have
on research. 1The 1986 awards also recognize research that has long-term impact dating as far back as the 1930s. In regard to
the work of the chemistry wimers, citation
data demonstrate the continuing influenee of
research done during the 1960s and 1970s.
In physics, the data demonstrate a contrast
in the citation records of the researchers who
shared the prize, as Alexander Grimwade,
director, ISI Atlas of Science@, noted in a
reeent article in The Scientistm. The work
of one of the physics wimers, Ernst Ruska,
from the fwst half of this century, has
become so assimilated into scientific wisdom
that explicit citations to it are rare. The two
researchers who shared the other half of the
physics prize published their work in the
early 1980s. The citation impact was immediate.z Without a citation index for the
prewar years we can’t determine if this was
the case for Ruska’s work. However, there
is little doubt it had a major and prompt
impact on the development of biological
science.
Chemistry
The 1986 chemistry prize was shared by
three researchers: John C. Polanyi, University of Toronto, Canada; Dudley R. Herschbach, Harvard University, Cambridge, Massachusetts; and Yuan T. Lee, University of
California, Berkeley. According to the Royal Swedish Academy of Sciences, “Their
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work has been of great importance for the
development of a new field of research in
chemistry-reaction dynamics-and has provided a much more detailed understanding
of how chemical reactions take place.”s
The wide scope of applications of this new
understanding is evident in ISI”’s Current
Chem”calReactions@ (CsX@) Personal &takes,
a structure-based reaction file of
new synthetic methods that we discussed
recently.4 This product joins Index
Chemicusa and CCR in providing students
and professionals with important current
awareness of new organic chemical compounds and pathways.
Polanyi’s work in chemical reactions derived from a question he formulated as a
graduate student: what types of forces operating during a molecular collision are the
most conducive to reaction? In the process
of answering this question, Polanyi developed a method known as infrared chemiluminescence, a means of measuring and analyzing the emission of energy from product
molecules in chemical reactions. Polanyi’s
early work on chemiluminescence dates
from the late 1950s, when he began studying the reaction H + C12~ HC1 + Cl.
Polanyi reasoned that a newly created
hydrogen chloride molecule would come out
of the reaction vibrating and rotating, eventually emitting energy in the form of infrared
photons. Analysis of data from an infrared
spectrometer confirmed that 50 percent of
the liberated energy was emitted from very
high-level vibrations in the hydrogen chloride molecule. 5 It is this information on the

demonstrate that the reaction prcducts merge
with a strongly preferred range of directions
and velocities. This result and later work
have provided much information about the
forces governing the making and breaking
of chemical bonds.
Table 2 is a list of Herschbach’s mostcited works. For example, a 1959 paper
from the Journal of Chemical Physics,
“Calculation of energy levels for internal
torsion and over-all rotation. III, ” has been
cited more than 300 times. Interestingly, this
paper and the next three papers listed pertain to studies of molecular spectra and
structure, which is outside Herschbach’s
major field of reaction dynamics. In a recent telephone interview, Herschbach noted
that the high number of citations for these
papers most likely reflects a difference in
citing populations. There are more researchers involved in spectroscopy than are involved in collision dynamics, which, according to Herschbach, may have something to
do with why these papers have been highly
cited. T Herschbach’s most-cited work,
“Reactive scattering in molecular beams,”
a 1966 paper from Advances in Chemical
Physics, has also received more than 300
citations.
Herschbach was born in San Jose, California, in 1932 and rweived a BS from Stanford Univesxityin 1954. In 1958 he received
his PhD in chemical physics at Harvard,
where he has taught chemistry since 1963.
It is significant that one of his most-cited
works, the 1959 paper mentioned above,
came from his doctoral research.
Considerable advances in the crossed molecular beam method were made by Yuan
T. Lee. The chemist joined Herschbach’s
team at Harvard in 1967 as a postdoctorrd
fellow and set ahout replacing the tungstenwire detector with a mass spectrometer of
his own designs This device permitted
analysis of a much broader class of reactions. Coupled with supersonic beam
sources and laser beams, it greatly extended the applications of the molecular beam
technique. Subsequently, at the University

quantum mechanical states occupied by the
product molecules that reveals the detailed
behavior of a chemical reaction.
Polanyi was born in Berlin, Germany, in
1929 and received his PhD in chemistry at
the University of Manchester, UK, in 1952.
He has been professor of chemistry at the
University of Toronto since 1962. Many
Currenr Content#’ readers will recognize
his name since his father was Michael
Polanyi, the chemist and philosopher whose
works include the widely cited 1958 book
Personal Knowledge, an’ ‘enquiry into the
nature and justification of scientific knowledge. ”b
In 1966 Pokmyi published one of his mostcited papers in the Journal of Chemical
Physics. Coauthored with P.J. Kuntz and
colleagues at the University of Toronto, it
has been cited in over 270 publications. Two
more of his most-cited papers appeared in
1972, one concerning “Some concepts in reaction dynamics, ” and another, coauthored
with University of Toronto colleague K.B.
Woodall, on the “Mechanism of rotational
relaxation. ” (See Table 1 for a list of
Polanyi’s most-cited papers.) Polanyi has
continued to develop the chemiluminescence
technique and has provided valuable theoretical insights into the forms of energy at
work in chemical reactions. 5
Dudley R. Herschbach used another approach in exploring chemical reaction dynamics. Employing a method analogous to
nuclear reaction studies by high-energy
physicists, Herschbach explored molecular
reactions by firing the reactant molecules at
one another in two separate, well-colliited
streams. This technique had been tried sporadically in chemistry since the 1930s, but
Herschbach was the first to fully exploit its
Potentials His first experiments, in the late
1950s, centered on potassium atoms reacting with methyl iodide. The equipment was
crude; the detector consisted of a hot tungsten wire that gave off an electrical current
when struck by potassium iodide molecules.
Despite the relatively primitive apparatus,
Herschbach and his colleagues were able to
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The most-cited papers from the SCF, 1955-1986, for the 1986 Nobel laureates in chemlatry. Number of ckationa emd blbfingrcphic data appear below. The SCI researeb front(s) to which the paper fs core are fncludad
in parentheses.
Table 1: John C. Polanyi’s most-cited papers

Number
of
citations

291
274

223
199
182
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Chen C H, Siaks P E & Lee Y T. Intermolecular pntcntials from crossed beam differential
elastic scattering measurements, VIII. HE+ NE, HE+ AR, HE+ KR, and HE+ XE, J. Chem.
Phys. 59:601-10,

1973.

of Chicago, Illinois, and in hk present post
at the Universiv of California, Lee has continued to investigate reactions, designing and
building increasingly sophisticated molecular beam machines.
Lee was born in Hsinchu, Taiwan, in
1936 and received a BS from the National
Taiwan University, Taipei. He came to the
University of California, Berkeley, as a

graduate student in 1%2, receiving his PhD
in chemistry in 1965. After teaching in
Cambridge and Chicago, Lee returned to
Berkeley as a professor of chemistry in
1974, the same year he became a US citizen.
Table 3 lists l-m’s most-cited papers. For
example, “Interatomic potentials for krypton and xenon, ” a 1974 paper from the
Journal of Chemicul Physics, coauthored
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Ffgure 1: Histmiograph of research fronts relating 10reaction dynamics, 1976-1986. Numbers of core/citing papers
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with J. A, Barker, IBM Research Laboratory, San Jose, Cahiornia, and colleagues, has
received nearly 200 citations.
The historiograph in Figure 1 shows the
progression of research fronts relating to reaction dynamics from 1976 to 1986. One of
these 1985 fronts, “Rotational anrdysis of
excited states,” #854)45 1, is included in the
higher-level map in Figure 2. This map
shows the citation links between #85-045 1
and the other fronts that make up the higherlevel front’ ‘Laser and microwave spectroscopy of rotational and vibrational states in
molecules, ” #85-0083.
The highly cited work of Polanyi and
Herschbach continues to show up in our research fronts. Polanyi’s most-cited paper is
core to a 1986 research front, “Selectivity,
reactivity, and equilibrium in molecular reaction dynamics, ” #86-7005. And Herschbach is in the core of another front, ‘‘Molecular mechanics-vibrational
frequency
and spectra, ‘‘ #86-1482. For those readers
not familiar with the notion of research
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fronts in the context of co-citation analysis,
see our discussion earlier tlis year of the
new ISI Atlas of Science. As I noted, these
fronts are crucial to our analysis of the
emerging fields that receive first priority in
the Arkzs.8
Physics

The physics prize was shared by Ernst
Ruska, Fritz Haber Institute of the Max
Planck Society, Berlin, Federal Republic of
Germany, and by Oerd Binnig and Heinrich
Rohrer, IBM Research Laboratory, Zurich,
Switzerland. Ruska received the award for
his work in electron optics and for the design
of the electron microscope, which the Royal
Swedish Academy referred to as “one of the
most important inventions of the century.”9
Bitmig and Rohrer received their portion of
the prize for their design of the scanning
tumeling microscope, an invention that has
opened up “entirely new fields .. .for the
study of the structure of matter.”9
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to surpass the resolution possible in a light
microscope, which is limited by the wavelength characteristics of light. A key finding
was that a solenoidal magnetic field can be
used as a lens to concentrate electron
bearns.lo (p. 8)
Under teacher Max Knoll at the Berlin
Technical University, Ruska began studying the electron-optical properties of
magnetic coils, tinding that a properly
designed iron encapsulation improved these
properties considerably. 1I Also, it then

Ruska, born in Heidelberg in 1906, was
honored for work done more than 50 years
ago. After attending the Technical University in Munich, he became a graduate student at the Berlin Technical University. In
his 1980 work 1% E2@v Development of
Electron Lenses and Electron Microscopy,
he discusses the steps leading to the electron microscope. 10A key development was
the discovery that electron beams could be
used to produce an image of an object. As
Ruska points out, electron beams promised
147

Figure 2: Higher-level, multidmensiomd-scrding map for research front #85-CKB3,‘‘LaseI
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became possible to build a lens with a short
focal length, which is a prerequisite for high
magnification. In early 1931 Ruska and
Knoll presented their design of what can be
considered the first elextron microscope, an
apparatus using two magnetic coils in
series. 1Z The authors avoided the term
“electron micro scope,” however, out of
“fear of being accused of showmanship, ”
as Ruska later wrote. 10 (p. 28) They did
use the term in an article published in
1932.13 In an article assessing 50 years of
electron microscopy in biology, V. E. Cosslett, High Resolution Microscopy Group,
University of Cambridge, UK, notes that
Ruska’s early work on the electron microscope “must rank as one of the most productive doctoral theses ever. ” 14
Although the early designs were initially
inferior to light microscopes in resolution,
Ruska and colleagues made substantial improvements in electron microscopy. By the
end of 1933, Ruska had obtained resolution
that equaled and even surpassed that of a
light microscope. 10(p. 44) In 1937 Ruska
accepted a post at S]emens laboratories, Ber148

lin, where, with his brother Helmut, he persuaded the company to undertake development of the world’s first commercially
available, mass-produced electron rnicroScope.
Although Ruska’s work from the 1930s
and 1940s predates the period covered by
our database, citations to his early work continue to appear in the Science Citation fndexm. And his 1980 history of electron microscopy 10 is one of nine core documents
in the 1985 research front “History and
development of electron microscopy,”
#85-2288.
In 1955 Ruska became director of the Institute of Electron Microscopy at the Fritz
Haber Institute of the Max Pkmck Society.
More than half a century after the first
electron microscope, the technology of microscopy continues to develop and evolve.
One major development was the scanning
tumeling microscope, invented by Gerd
Binnig and Heinrich Rohrer. As the inventors themselves point out, the device permits researchers to “see” complex surface
structures atom by atom. The scanning tun-

Birmig’s
andHeinrichRohrer’smost-cited
papersfromtheSCF’,1955-1986.
A=numberofcifations.B=bibliogrsphic
&ta. TheSClresearchfront(s)to whjch the paper is core are included in parentheses.

Table 4 Gerd

A

B

137 Birmig G, Rohrer H, Gerber C & Weibel E. 7 x 7 reconstruction on Si(l 11) resolved in real space.
6s

Phys. Rev. L@. 50120-3, 1983. (83-2788, 84-2767, 85-1805, 86-1229)
Birmlg G, Rohrer H, Gerber C & Weibal E. Surface studies by scanning tunneling micrnacopy.
Phys. Rev. Len. 49:57-61, 1982. (&13-2788, S4-2767, fr5-lS05, 86-1229)

67 Rohrer H & Thomas H. Phasetransitions in the uniaxial antiferromagnet.
J. APP1. Phys. 40:1025-7, 1969.
65 Rohrer H. Properties of GdA103mar the spin-flop bicritical puint. Phys, Rev. left. 34:1638-41,
60 Birtrdg G. Rohrer H, GerberC & WelbelE. Trmneliigthrough a controllable vacuum gap.
Appi. tihys. Len. ti: 17H30, 19g2. (83-2788, 84-2767,-85-1 L365)

1975.

Figore 3 Hkturiogrsph of recent research fronts on technology and applications of electron microscopy. Asteriafrs

(*) indicate research fronts in which Rusks, Rohrer, or Birrrrk are core authors. Numbers of corelcititrg papers
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neling microscope can even resolve features
that are only about a hundredth the size of
an atom. is Although jokingly compared by
Rohrer to “a rusty nail you drag across a
su~ace I‘16the device is considerably more
complex and has important implications in
microelectronics and other fields.
To scan a surface, the seaming tumeling microscope uses a sharp, needlelike
probe positioned so close to the sample that
the electron clouds of the probe and the sample overlap. Applying a voltage between the
tip of the probe and the sample causes electrons to flow through a narrow channel in
the electron clouds. This flow is called the
tunneling current. 15Because the density of
an electron cloud falls exponentially with
distance, the tumeling current is extremely
sensitive to the separation between the needle tip and surface. As a result, when the
probe scans across the sample, surface features as small as atoms show up as variations in the tumeling current. 17
According to Bimig and Rohrer, three
main design features alfow the probe and the
sample to interact with such precision. First,
the microscope must be entirely shielded
from vibrations caused by sound or movement in the immediate environment. Second,
the drives of the needle must be very precise. Third, the tip of the probe must be as
sharp as the limits of rigidity and stability
allow. 15 With their design, Bimig and
Rohrer were able to solve experimental difficulties that had thwarted previous researchers in tunneling microscopy. And as the
Swedish Academy indicates, the applications
of Binnig and Rohrer’s device in exploring
surface structures have only begun to be
seen, in semiconductor physics, microelectronics, chemistry, and other areas.g It has
already proved instrumental in exploring
higher-temperature superconductivity within
weeks of the primary discoveries. Ig
Binnig was born in 1947 in Frankfurt and
rrzeived his PhD in experimental physics at
the University of Frankfurt in 1978. He has
worked at the IBM Research Laboratory,
Zurich, since 1978. Rohrer, born in Buchs,
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Switzerkmd, in 1933, received his PhD in
physics from the Swiss Federal Institute in
1960 and has worked at IBM in Zurich since
1963.
Table 4 is a list of most-cittxl papers in
which Binnig and Rohrer are coauthors. At
the top of the list is a paper from Physical
Review Letters coauthored with IBM colleagues C. Gerber and E. Weibel, ‘‘7 x 7
reconstruction on Si(111 ) resolved in real
space. ” Cited over 130 times since publication in 1983, it appeared in our study of the
most-cited papers in the physicaf sciences
for that year. 19In fact, in 1983 this paper
had already emerged as a core paper to an
1S1 research front (#83-2788). A 1982
paper, “Surface studies by scanning tumeling microscopy, ” afso from Physical Review
Letters, was one of the first demonstrations
of Bimig and Rohrer’s design, This paper
has been cited in over 60 publications. h
too is a core document to research front
#83-2788.
These 2 papers are among the 13 documents that are core to the 1985 research
front “Theory and applications of scanning
tunneling microscopy, ” #85- 1805. This
front is included in the historiograph in
Figure 3. Also included is front #85-2288,
mentioned previously, which deals with the
history and development of electron microscopy. The historiograph demonstrates the
variety of ways in which electron microscopy has been applied, including its uses in
studying the structures of cells and crystals.
Next week we will conclude our examination of the 1986 Nobel laureates with a discussion of James M. Buchanan, wimer of
the economics prize, and Wole Soyinka,
who won the prize for literature. In the areas
of physics and chemistry, the 1986 wimers
illustrate the immediate and enduring impact
of new techniques and technology on scientific research.
*****
My thanks
to C.J. Fiscus and Christopher
King for their help in the preparation of this
?<98,
1,,
essay.
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