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Preface

The Chemical Intelligencer (often referred to as CI) lasted six exciting years from 1995 through
2000. The preparation for launching it started in 1993 and Gabriela Radulescu, our sponsoring
editor at Springer New York, was an enthusiastic supporter of creating the magazine. The
magazine had an intriguing name, which we liked, but which we did not coin; it copied The
Mathematical Intelligencer to which one of us had been a contributor. The word “Intelligencer”
is an archaic English word; it means newsletter or newspaper. It is not known commonly and
it sounds as if it could be related to some secret activities.

This misinterpretation brought us some benefit. As we learned later, the title intrigued
Arnold Kramish (1923-2010) who at one time worked as a liaison of the US Atomic Energy
Commission to the Central Intelligence Agency and authored a book about a spy who passed
information to the Allies about the German nuclear project during the war.! Kramish connected
us with Clarence Larson and his wife Jane who had built up a video interview collection with
famous scientists and technologists. Clarence Larson (1909-1999) was a former Commissioner
of the US Atomic Energy Commission. After Clarence’s death, Jane donated their original
tapes to us, and excerpts of some of their interviews appeared in The Chemical Intelligencer.

Our own interviews project developed also due to the magazine. When prior to launching
the publication we asked a dozen or so leading chemists about the desirability of starting such
a project, the most enthusiastic support came from Linus Pauling. He only regretted that his
busy schedule would not allow him to write for the magazine. We knew that Pauling was ter-
minally ill by then. His response gave us the idea to send him a few questions to which he
responded promptly. That interview, Pauling’s last, as far as we know, became the lead entry
of our charter issue. Many more followed.

We interviewed famous chemists for the magazine, including Nobel laureates, but the non-
Nobel laureates represented a similar level. This is so much so that several among our inter-
viewees received the Nobel Prize following the publication of our interviews rather than
before. Thus, we published interviews with the discoverers of buckminsterfullerene in 1995
and they received the award in 1996. In 1997, we communicated interviews with John Pople
(award in 1998), Ahmed Zewail (award in 1999), and Dan Shechtman (award in 2011).

Our interviewing project continued for a few more years after the magazine had ceased
publication. Most of our interviews, among them those that first appeared in The Chemical
Intelligencer, were subsequently published in our six-volume Candid Science book series (see
Appendix 1). This is why the present volume contains only two interviews (they did not appear
in Candid Science), as a token of the interviews. Kurt Mislow’s interview is, among others,
about chirality in chemistry and about chemical topology for which he had published pivotal
discoveries.

' Arnold Kramish, The Griffin — The greatest untold espionage story of World War II (Houghton Mifflin, 1986).
Paul Rosbaud (1896-1963) was the Griffin. He was a metallurgist and a leading editor at Springer-Verlag. He
rushed Hahn and Strassmann’s manuscript on the discovery of nuclear fission for publication in the German
magazine Naturwissenschaften to inform the world about the potential danger of a German atomic bomb.
During the war, Rosbaud kept informing the British of German progress in war-related research. After the war,
he co-founded Pergamon Press.



Istvdn and Magdolna Hargittai (on the left) with Zipora and Dan Shechtman in December 2011
at the Royal Swedish Academy of Sciences in Stockholm during the 2011 Nobel
award celebrations (by unknown photographer).

Speaking about personal aspects, Mislow mentioned his escape from Nazi Germany, spend-
ing a few years in Italy and England before arriving in the United States in 1940. He was grate-
ful to Tulane University in New Orleans for generous help allowing him to get an education. It
was also in New Orleans that Mislow got his first experience in racism in the United States. He
was not invited to join the local chapter of Alpha Chi Sigma because he was Jewish. Not long
before our conversation in 1997, Mislow checked whether this national chemical honor society
had changed their rules and they had indeed: “Jewish chemists became eligible for member-
ship in 1948. Black chemists became eligible in 1954. Women chemists became eligible in
1970. A chronology of progress, of sorts.”

Most of our interviewees opened up more to a fellow scientist than they might have to a
journalist. In particular, Mislow later wrote us that he told about things that he had never dis-
cussed before, not even with his wife. When we sent back the transcripts for checking and he
could have deleted whatever he wanted, he left everything intact.

Eugene Garfield is an iconic pioneer of information science. He got his first degree in chem-
istry; then he went on to a unique career in a field that he created mostly himself. We talked
with him in 1999, and we now asked him how he looked back to what he told us in the original
interview reproduced in this Volume?:

1 just re-read the interview you did in 1999. That is now 15 years ago. I would not change anything in

the interview. However, the influence of the journal impact factor is ever more pervasive. I wonder how

often people even use databases like SCI or WebofScience for information retrieval. Current Contents
has essentially been displaced by free contents page alerts from publishers. However, that is not the
same and a lot of serendipitous connections are lost. I have to constantly remind people that the journal
impact factor [JIF] should not be used to evaluate papers but at the same time, the JIF is justifiably used
as a way of demonstrating the prestige of well-cited journals. Administrators and evaluators are always

looking for new metrics even if they are complex and really do not understand them. So now, we have
hundreds of bibliometricians churning out citation analyses and mappings.

Browsing the 24 issues of the magazine, quite a broad spectrum of topics and scientists
emerge and we found the title “Culture of Chemistry” appropriate for this compilation. It does
not cover everything this concept means, but all that there is is part of this culture. During the
brief existence of the magazine, we constantly felt the interest and support of the community

*Eugene Garfield, e-mail message, August 28, 2014.
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of chemists, and the sustained interest in various articles of the magazine during the ensuing
years has been especially gratifying. This sustained interest was the main impetus for initiating
this volume.

The arrangement of the material follows the structure of the magazine. The first half of each
issue contained the so-called Departments and the second, the Articles. The Letters from the
Editor-in-Chief and the Letters to the Editors will not be represented, although there were
some interesting exchanges. For example, The chemistry Nobel laureate mathematician
Herbert Hauptman published a paper “On the Packing of Spheres in the Regular Icosahedron”
[CI 1(2), 26-30]. In a letter published in the next issue, the great Canadian geometer
H.S.M. Coxeter pointed out a clever simplification for one of Hauptman’s expressions [CI
1(3), 4]. In his turn, Hauptman readily admitted that Coxeter was right.

The Departments (with department editors if there were such) included Interviews, Notes,
Beautiful Molecules (Balazs Hargittai), Chemical Tourist, Cooking Chemist (Nicholas Kurti
and Hervé This-Benckhard), A Chemist’s Photoalbum (Jack D. Roberts), Encounters with
Chemistry (William B. Jensen), Book Reviews, and Stamp Corner (Edgar Heilbronner). The
Articles follow the Departments. Within each section, the order of entries is chronological.

Of the various articles in the magazine, some had in them a certain time element. We have
asked a few authors to comment on further developments although, sadly, a number of authors
are no longer around; hence, we could collect such reflections on only a limited scale. The
articles about the discoveries of buckminsterfullerene appeared prior to the 1996 Nobel Prize
in Chemistry. The Nobel laureate discoverers have received ample exposure, but we note the
premature death of Richard E. Smalley.

The watershed effect of the Nobel Prize has been amply demonstrated on the differences in
the lives of scientists involved in the same award-winning field who had been honored with this
award and those who were not. Thus, for example, Donald R. Huffman and Wolfgang
Kritschmer could have also shared the buckminsterfullerene Nobel award, but they were not
included, presumably only for the stipulation of the limited number of three awardees in any
given category in any given year. On August 30, 1999, in Tucson, Arizona, Don and Wolfgang
treated the two of us to a special privilege. They recreated their seminal experiment in which
for the first time they had produced—rather than just observed—buckminsterfullerene.’ Our
pictorial account of the experiment appeared in the magazine and is reproduced in this
volume.

Richard E. Smalley (1943-2005) in 2004 in New York (photo by 1. Hargittai).

3W. Kritschmer, L. D. Lamb, K. Fostiropoulos, and D. R. Huffman, “Solid Cg: a new form of carbon.” Nature
1990, 347, 354-358.
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We asked Don and Wolfgang for their comments on the afterlife of fullerene research and
their own activities. Appendix 2 contains Wolgang Kritschmer’s and Donald R. Huffman’s
responses. We mention here two characteristic features of what Kritschmer had to say. One is
the chemical nature of his and his colleagues’ research at his nuclear physics research institute.
The other is his magnanimity concerning the Nobel award for buckminsterfullerene discovery.
He says that in our time most discoveries involve many scientists, and even though the Nobel
Prize is given to individuals, it is a recognition of a scientific area. Huffman’s activities since
the fullerene discovery could be summarized, in his words, “as a reprise of earlier work if one
simply replaces the phrase ‘interstellar’ with ‘atmospheric’. Both Kritschmer and Huffman
received significant awards, including the Hewlett Packard Europhysics Prize in 1994, which
they shared with Harry W. Kroto and Richard E. Smalley.

We asked Kozo Kuchitsu (“Training of a Molecular Scientist, East and West”) whether he
would like to augment the article for the ensuing two decades. Here is what he had to say*:

Communications using electronic webs, which started shortly after the publication of this article, may

confuse my question in this Epilogue, because e-mail can be used for ‘a serious but silent academic

discussion’ for training students. In addition, we have observed in these years a remarkable increase in
the long- or short-term international tours of young scientists, either from Japan or from overseas, for
their joint studies and/or presentations in academic meetings. These activities should significantly affect

their mentality and ambition. As for the traditional Japanese religious and cultural heritages discussed in
this article, I believe firmly that they will be handed down thoughtfully in our modern society.

The time element did not play a role in Alan Mackay’s reflections about J. Desmond
Bernal’s activities in Mackay’s article, “The Lab.” Nonetheless, we asked him whether he
would add anything to his account. In response, he sent us information about a paper by
Bernal’s daughter, Jane Bernal, in which she, a physician rather than science historian or politi-
cal scientist, draws an illuminating picture of her father.®

We also asked Nadrian C. Seeman whether he wished to add anything to his paper
“Molecular Craftwork with DNA.” His article concerned a fast-developing field. His response
was, “The article is largely still correct, although we have made a lot of advances in the last 20
years. Thus, we are no longer limited to topological characterization.”® His more detailed
response is reproduced in Appendix 3. As pioneer of DNA nanoscience, Seeman has been
recognized with a host of prestigious awards and prizes of which we mention only one:
“Nadrian Seeman is recognized with the Kavli Prize in Nanoscience, for inventing DNA nano-
technology, for pioneering the use of DNA as a nonbiological programmable material for a
countless number of devices that self-assemble, walk, compute, and catalyze”.’

The late Mordecai Rubin wrote a captivating article about the Wall of Fame in the Schulich
chemistry department of the Technion—Israel Institute of Technology. We have asked
Distinguished Professor and President Emeritus of the Technion Yitzhak Apeloig about further
development since Rubin’s 1997 account?®:

Since the death of David Ginsburg (1988), the founder of the Wall of Fame, only names of Nobel laure-

ates in chemistry were added to the Wall. To accommodate the new names, the sidewalls of the audito-

rium were also used. Now these walls are also covered with nameplates and for the time being we have
stopped adding new names. Until 2004, there were no names of Israeli chemists on the Wall (although
several may have qualified), because according to the “Wall rules” Israelis can be included only if they
win the Nobel Prize. Happily, this situation changed dramatically in the 21st century when we proudly

added FOUR Israeli Nobel laureates; THREE of them from the Technion: Avram Hershko and Aaron
Ciechanover (2004); Dan Shechtman (2011); and Ada Yonath (2009) from the Weizmann Institute of

*Kozo Kuchitsu, e-mail message, August 25, 2014.

SJane Bernal, “J. D. Bernal,” LLULL: boletin de la Sociedad Espariola de Historia de las Ciencias 2001, 24,
605-628 (the article is in English with an Abstract in Spanish and English).

®Nadrian C. Seeman, e-mail message, August 26, 2014

Thttp://www.kavliprize.org/prizes-and-laureates/prizes/2010-kavli-prize-laureates-nanoscience (accessed
September 4, 2014). The Kavli Prize recognizes scientists internationally in astrophysics, nanoscience, and
neuroscience.

8Yitzak Apeloig, e-mail message, September 6, 2014.
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Science. The names of two more Israeli chemists who won the Nobel Prize, Arieh Warshel (a Technion
graduate) and Michael Levitt (2013) will be added to the Wall soon. With this impressive achievement
for a small country like Israel, it seems that David Ginsburg’s dream to see names of Israeli Nobel laure-
ates on the Wall of Fame has been fulfilled.

We would have thought that hardly anything could be added to Bart Kahr’s article “Gibbs
and Amistad,” but this was not the case.” Recently at least three studies have appeared in the
most diverse venues, such as Modernism/Modernity," the Journal of Narrative Theory,' and
the Journal of Statistical Physics."> They give us the impression that Kahr’s paper in our maga-
zine was quite pioneering."?

& skook skock

Looking back to the time we spent with the magazine, we remember with gratitude the contri-
butions of the Editorial Board members, especially Lennart Eberson'* (1933-2000), Roald
Hoffmann, William B. Jensen, George B. Kauffman, Harold W. Kroto, Nicholas Kurti (1908—
1998), Torvard C. Laurent" (1930-2009), Jean-Marie Lehn, George A. Olah, Guy Ourisson
(1926-2006), Lev V. Vilkov (1931-2010), and Ahmed H. Zewail. We express heartfelt thanks
to Madeline R. Kramer, then at Springer, who was responsible for the production of the maga-
zine to which she was very much dedicated. We also appreciate our current Publishing Editor
Sonia Ojo’s support for bringing out this volume and Production Editor Karin de Bie’s dedi-
cated and expert efforts in making it happen.

It is our pleasure to mention the multifaceted assistance in and the encouragement for the
present project we have received from Magdolna Hargittai. Being not only her professional
colleague, but also her son (BH) and her husband (IH), we strive to manifest activities worthy
of her expectations of us.

Loretto, PA, USA Balazs Hargittai
Budapest, Hungary Istvan Hargittai
Spring 2015

Bart Kahr, e-mail message, September 4, 2014.

"Eben Wood, “The Private Lives of Systems: Rukeyser, Hayden, Middle Passage,” Modernism/Modernity
2010, 17(1), 201-222.

Stefania Heim, “’ Another Form of Life’: Muriel Rukeyser, Willard Gibbs, and Analogy,” Journal of Narrative
Theory 2013, 43(3), 357-383.

2Leo P. Kadanoff, “Reflections on Gibbs: From Statistical Physics to the Amistad V3.0,” Journal of Statistical
Physics 2014, 156, 1-9.

3We thank Bart Kahr for the quoted References.

14At the time, Eberson chaired the Nobel Prize Committee for Chemistry.

5At the time, Laurent chaired the Board of the Nobel Foundation.
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Appendix 1

Interviews First Published in The Chemical Intelligencer
and Republished Subsequently Elsewhere

Many though not all of the interviews that first appeared in The Chemical Intelligencer were
subsequently republished in the Candid Science book series.' Excerpts from some of these
interviews then appeared in the Great Minds volume."” In addition to the name of the inter-
viewee, there is CI standing for Chemical Intelligencer, volume(issue) numbers, and starting
page number in the magazine. This is followed by the volume number of Candid Science with
starting and ending page numbers and the starting page number in Great Minds in the relevant
cases. The asterisks indicate that the entries contain excerpts from Clarence and Jane Larson’s
interviews (see Preface).

Altman, Sidney: CI 5(2), 12; Candid Science II, 338-349
Alvarez, Luis W.*: CI 5(1), 43; Candid Science V, 198-217
Anderson, Philip W.: CI 6(3), 26; Candid Science 1V, 586—601; Great Minds, 6

Bader, Alfred: CI 4(3), 4; Candid Science III, 146157

Bartlett, Neil: CI 6(2), 7; Candid Science III, 28-47

Barton, Derek H. R.: CI 3(1), 31; Candid Science I, 148—-157

Bax, Ad: CI 5(1), 6; Candid Science III, 168-177

Berg, Paul: CI 6(3), 11; Candid Science I, 154—181; Great Minds, 247
Bodanszky, Mikl6s: CI 6(4), 42; Candid Science V, 366377

Boyer, Paul D.: CI 6(2), 16; Candid Science III, 268279

Brown, Herbert C.: CI 3(2), 4; Candid Science I, 250-269; Great Minds, 125
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2014 Update on Wolfgang Kratschmer’s Activities [to “Rising to New
Heights,” C/ 2000(3),42-43.]

Research on Fullerenes

It may be remembered that the discovery of Cq, was motivated by the search for carbon mol-
ecules in interstellar space. However, in the early 1990s, when the spectral features of fuller-
enes became known, astronomy provided no inkling of presence of Cg, in space. This somehow
puzzling situation lasted until C4, was finally detected by its IR emission features in circum-
stellar and interstellar environments in 2010. At that early time in the 1990s, we were hoping
that at least a form of hydrogenated C4, might exist in space. After we had synthesized and
characterized C4H,, we unfortunately found no spectral coincidences with prominent inter-
stellar features. We realized however that C4H, was extremely unstable and readily decaying
into Cg and H,. This in fact is an interesting feature of possible relevance to the formation of
molecular hydrogen in space. It is believed that the abundant atomic hydrogen in space requires
the surfaces of interstellar grains to convert into molecular H,. Cg in this context may be
looked upon as performing the role of such grains.

Almost by accident, we synthesized the dimer C,,,0 from a mixture of C4O and Cy, a reac-
tion which readily takes place at elevated temperatures in the solid state, i.e., in powders. We
could completely characterize C,,,0O as well as the related compound C,,,0,, which forms at
still higher temperatures. Both compounds are dumbbell-like Cy, dimers, in which two Cg, units
are bridged by oxygen (and direct C-C) bonds. Both show the characteristic low frequency
cage-cage stretching modes in Raman and IR. We then aimed at synthesizing either the oxygen
free C,, the dimer of Cg, or possibly an elongated (i.e., zeppelin-shaped) Ci,, fullerene. What
we obtained instead was the peanut-shaped “odd” fullerene C, o, a species, which was already
known from MS. The complete characterization of C,;o was a major effort and I still appreciate
the help of William E. Hull from the DKFZ'® Heidelberg in that work. C; o consists of two Csg
(sp*-C) “fullerene baskets” twisted against each other and connected by an array of three (sp*-C)
carbon atoms. Finally, I may remark that single-walled-carbon-nanotubes could not, so far, be
produced mono-dispersed, i.e., in a unique structure. A somehow controlled “fusion” of mono-
dispersed Cg, units into a zeppelin-shaped fullerene may thus be challenging.

CO was the first fullerene compound detected as an impurity in fullerene samples by
MS. We tried without success to synthesize the related compound Cy,S. For steric reasons Cg,S
seems to be unstable. What we did succeed in preparing was C,,0S, a dimer similar to C;,,O,,
in which one of the oxygen atoms is replaced by sulfur.

Fullerene formation is still a not well understood process. In order to shed some light on this
problem, Yohji Achiba from Tokyo Metropolitan University designed an experiment based on
a Smalley type laser furnace in which the region of the laser impact (onto the graphite rod) was
monitored by a high-speed electronic camera. Optical filters also allowed observations with
spectral resolution. In contrast to an arc discharge, fullerene formation in a laser furnace allows

8Deutsches Krebsforschungszentrum (German Cancer Research Center).
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a controlled change of various parameters, such as buffer gas temperature and laser power, and
one obtains reproducible results. I had the privilege to join this experiment (and other works
performed by the group) and thus could watch the fullerenes forming “in their cradle.” From
the images of the laser plume obtained at different times after laser impact, the temperature of
the laser-ablated material (nanoscopic carbon grains) could be monitored as a function of time.
Thus, the cooling down history of the laser-produced carbon plasma could be recorded. Under
conditions that were known to lead to measurable yields of fullerenes (when the buffer gas
temperature was elevated above about 900 K), the cooling speed of the plasma was signifi-
cantly reduced and a clear re-heating effect was observed. Apparently, the exothermic process
of fullerene formation occurred. We named this effect “fullerene fire.”

Work on Smaller Carbon Molecules

Some years before the dawn of fullerenes, Don Huffman and I did some spectroscopic work
on carbon grains (which finally led to the synthesis of fullerenes in bulk quantities) and on
carbon vapor which had been matrix-isolated in solid argon. These latter studies had been
pioneered by William Weltner in Florida in the early 1960s, and I think we could add some new
exciting data. The vapor molecules (mainly C, C, and C,) partially polymerized in the matrix,
yielding a variety of species. The most intense UV-VIS absorption bands that we observed
formed a regular sequence, indicating the presence of a variety of linear chain species.
Surprisingly, the pattern of bands looked quite reminiscent to the so-called “diffuse interstellar
bands,” the so far unexplained broad absorptions in the UV-VIS. These mysterious bands have
been known for almost 100 years.

Using matrix-isolation of mass-selected molecular beams, the group of John Maier in Basel
had found that each UV-VIS band belongs to a specific linear carbon chain molecule. The spe-
cies with an odd number of carbon atoms (i.e., cumulenic structures) produce the most intense
absorptions. In order to determine the IR bands for these carbon chains, we devised the method
of selective molecular oxidation. For this purpose, we chose a matrix of solid oxygen, in which
the linear carbon molecules were trapped, and in which their UV-VIS bands were excited by
laser exposure. The selected species reacted photo-chemically with the surrounding oxygen,
and upon laser exposure, the UV-VIS and the corresponding IR bands decreased in strength. In
the range from linear Cy to C,; we found an interesting regularity in the positions of the most
intense IR absorptions as a function of size. Furthermore, we could characterize the IR spectra
of various carbon chain oxides. We found no indication for the presence of cyclic species.

Bare carbon chains seem to be quite unstable when electronically excited and thus as free
molecules should show broad UV-VIS absorptions, which in width are probably comparable
to the diffuse interstellar bands. From our data, one may speculate about the carriers of these
mysterious absorptions: If they are neutral species, either they may be bare carbon chains or,
more likely, may possess a carbon chain backbone structure to which other cosmic abundant
atoms like H, N, or O are attached.

Some Personal Remarks

With the decline of interest in fullerenes, my life reverted to normal. The hectic atmosphere of
the 1990s became history. Naturally, from that time my memory has kept funny and bitter
events. To the funny and in some sense bitter events I count that for two or three years in
October, on the day when the winners of the Nobel Prizes are made public, journalists occu-
pied my office, waiting in case I got the famous telephone call from Stockholm. Their waiting,
and mine, was in vain. When the Nobel Prize was finally given to Curl, Kroto, and Smalley, I
was not in my office; I was in Japan. Nevertheless, a clever journalist managed to reach me by
phone. He asked me whether I intend to object to this decision of the Nobel committee. He was
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distinctly disappointed when I said, “No.” When I explained him that in fact, these three col-
leagues represent the entire fullerene field and it was that field which was honored by the
Nobel decision, he hung up. In fact, I knew this man: he was a science journalist from a
German news magazine. He should have known how modern science works: Science is not a
game with individual winners and losers, it is a collective effort of many researchers and the
Nobel-Prize-winners are usually the main representatives of that particular field. Would a jour-
nalist ask a player of a winning soccer team, “Why didn’t you score the decisive goal?”

The declining interest in fullerenes naturally leads to a decline in quoting our contributions.
After almost 25 years this is understandable but makes me a little sad since the Nobel-Prize-
winners’ paper is still quoted. Perhaps in the meantime, we have entered the collective memory
of science and do not need to be quoted anymore.

Otherwise, I am quite happy. I am retired since 2007, and have a guest status in my institute.
I could keep my office, and can use the facilities here and take part in the scientific life.
Occasionally I give lectures. My interest has turned to issues which I found interesting but did
not have the time to study in my active life. This mainly concerns natural science, physics and
in particular the rapidly developing field of cosmology. Because of the usual heavy mathemati-
cal overhead involved, this task, or better hobby, keeps me quite busy.

Max-Planck-Institut fiir Kernphysik Wolfgang Kriatschmer
Heidelberg, Germany

2014 Update on Donald R. Huffman’s Activities [to “Rising to New
Heights,” C/ 2000(3),42-43.]

Following publication of our paper in Nature on 17 November, 1990, which revealed most of
the basic properties and the production process for fullerenes, it seemed that almost every labo-
ratory in the world involved with materials science, chemistry and physics became involved
with research and applications-development on this new material. Since I have always enjoyed
my research most when only a few colleagues were involved with me in non-pressure situa-
tions, I mostly laid aside fullerene research in favor of other applications of “Absorption and
Scattering of Light by Small Particles” which is not only the title of my book with Craig
Bohren, but a one-phrase summary of the last 45 years of my career in science. In recent years,
I have involved myself in work on small particles in the earth’s atmosphere. Surprisingly per-
haps, carbon is just as important in modern atmospheric aerosol research as it was in the astro-
physics of interstellar dust in the 1970s and 1980s, which led to our fullerene discovery.

In fact, just as our 1990 discovery broke, and I found myself travelling the world, I had just
formed a company (DH Associates) to research, produce and market the only commercially
available cloud condensation nucleus counter (CCNC), an important instrument for studying
clouds by way of the CCNss that are necessary for the formation of any and all cloud droplets.
Although the heyday of the fullerenes in the early 1990s caused, in part, my shutting down of
DH Associates, I have continued to work on the physics of CCNs and their detection, since
aerosols including clouds have been the largest unknown factor in greenhouse warming
scenarios.

In the past three years I have collaborated with my son, Alex Huffman, in the Chemistry
Department of the University of Denver, in studying biological particles in the atmospheric
aerosol, including pollen, bacteria, and fungi, which have become more interesting lately
because of both health and environmental concerns. We have just presented a paper on a new,
inexpensive instrument for discriminating biological aerosols at the annual meeting of the
American Association of Aerosol Research in Orlando, which includes a smart phone-based
instrument that is small, portable and inexpensive. Our vision is to make it available at little or
no cost to “Citizen Scientists”, who would use their own smart phones for the measurements
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and relay the data to the central facility by way of “the cloud” thereby greatly increasing the
global coverage of measurements.

An important event following the 2000 Intelligencer article was the granting of the
U.S. Patents for the production of fullerenes, the first of which was granted in the year 2007,
28 years after its original filing in July of 1990. Wolfgang Kritschmer and I have continued to
be close friends. When he received the award for European inventor of the year after the issu-
ing of the patent, I took pleasure in joking with him about this honor, in view of the fact that,
in those early days in 1990, he only grudgingly went along with being named a co-inventor on
the patent.

Kritschmer and I have both used old vacuum bell jar systems that were instrumental in the
extended work on carbon, which resulted in the production of Cg, and the other fullerenes.
Although Kritschmer’s device has been enshrined in the Deutsches Museum in Bonn, I still
have mine. I joke with Wolfgang that I wouldn’t give mine to the Smithsonian Institution in
Washington even if they should ask for it, as I still use it for teaching and demonstrations. Its
latest task was to make nanoparticles of carbon that might mimic the properties of atmospheric
carbon particles. This sounds very much like a reprise of earlier work if one simply replaces
the phrase “interstellar” with “atmospheric”.

Department of Physics, University of Arizona Donald R. Huffman
Tucson, AZ, USA
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2014 Update on “Molecular Craftwork with DNA” [to N.C. Seeman,
“Molecular Craftwork with DNA,” CI 1995(3), 38-47.]

It has been nearly 20 years since my article appeared in The Chemical Intelligencer. At the
time, mine was the only laboratory engaged in DNA nanotechnology. Today, there are about
100 laboratories working on DNA nanotechnology like our own, which is based on objects,
tiles and lattices [1]. I cannot count the number of laboratories engaged in all forms of DNA
nanotechnology, including that which focuses on colloids whose surfaces are derivatized by
DNA [2, 3]. Consequently, there have been major advances in this time period. The first key
advance was that a robust DNA motif was discovered [4], making it possible to build 2D lat-
tices [5] and nanomechanical devices [6, 7]. Ultimately, a robust motif was discovered in three
dimensions [8], that led to the self-assembly of DNA molecules into crystals [9]. However, we
still haven’t achieved the goal of scaffolding oriented macromolecules (as illustrated in
Figure 4 of the original CI article); the crystals whose lattices can accommodate macromole-
cules do not yet diffract to adequate resolution.

The article emphasized the importance of minimizing the sequence symmetry of DNA
strands that act as components of these structures. However, a major development has led to
research that seems not to need tightly designed molecules. This is the relatively inexpensive
nature of DNA. When the first four-arm junction (Figure 5 of the original CI article) was pur-
chased, in large quantities, the cost was $312 per nucleotide. Today, the techniques we use
(which certainly don’t include ligation) have made it possible to buy adequate quantities of
sequences for $0.08 per nucleotide. This cost drop has enabled investigators to try experiments
with large numbers of sequences, which include the highly popular DNA origami [10] and the
DNA brick methodology [11]. Thus, we do not optimize sequence so carefully any more,
because if we make a mistake, it is cheap to correct it. Furthermore, origami has shown that
any sequence can apparently be adapted to making a DNA object.

A major change in the methodology is the adoption of atomic force microscopy (AFM) [5]
as a central tool for analysis. The complex catenanes and gel methodologies used to demon-
strate the early constructs described in the article are gone, along with the ligations they
required. More minor updates to the article include that 12-arm junctions have been built [12],
that Z-DNA has been replaced with commercially available L-nucleotides [13], and simple
branched molecules (but not complex ones) have been cloned [14]. Nevertheless, the key
change is that so many laboratories are engaged in the effort. Consequently, the advancement
of the field no longer depends on the imagination and talents of a single laboratory.

Department of Chemistry Nadrian C. Seeman

New York University
New York, NY, USA
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Photos of Kurt Mislow during the interview are by I. Hargittai.

aChemical Intelligencer 1998(3), 16-25.

"Department of Inorganic and Analytical Chemistry, Budapest University
of Technology and Economics, Szt. Gellert ter 4, 1111 Budapest, Hungary
e-mail: istvan.hargittai @ gmail.com

Kurt Mislow (b. 1923 in Berlin, Germany) is Hugh Stott
Taylor Professor of Chemistry Emeritus in the Department of
Chemistry of Princeton University. He attended Tulane
University (B.S., 1944) and obtained his Ph.D. degree at the
California Institute of Technology under Linus Pauling in
1947. The dominant theme of Dr. Mislow’s research has been
the development of stereochemical theory. His many distinc-
tions include membership in the National Academy of
Sciences and in the American Academy of Arts and Sciences,
the Solvay Medal (Belgium), the Prelog Medal (Switzerland),
the American Chemical Society’s James Flack Norris Award
in Physical Organic Chemistry and William H. Nichols
Award, and the Chirality Medal. Our conversation was
recorded in Professor Mislow’s office at Princeton University
on March 12, 1997, and was later augmented by figures and
references.

ISTVAN HARGITTAI (IH): A recent book stated, “Mislow
introduced chirality into chemistry.”

KURT MISLOW (KM): That’s very kind, but it’s putting it
too strongly. It’s true that my work has been focused on sym-
metry and chirality in chemistry for a long time. But credit as
the originator of the concept of chirality in chemistry obvi-
ously belongs to Louis Pasteur. Pasteur connected chirality
on the macroscopic scale to chirality on the molecular scale
in his famous experiments with sodium ammonium tartrate
[Pasteur, L. Ann. Chim. Phys. 1848 24, 442]. Eventually
Pasteur became interested in other things and didn’t pay
attention to developments in structural theory, particularly
the work of van ’t Hoff and others. But there was really
no need for that. In effect, what Pasteur said was that
the chirality—he called it dissymmetry—of the atomic

B. Hargittai and 1. Hargittai (eds.), Culture of Chemistry: The Best Articles 3
on the Human Side of 20th-Century Chemistry from the Archives of the Chemical Intelligencer,
DOI 10.1007/978-1-4899-7565-2_1, © Springer Science+Business Media New York 2015
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arrangement is the necessary and sufficient condition
for molecular enantiomorphism and optical activity. And
that was enough. He didn’t have to worry about structural
theory because his conclusion was based purely on a
symmetry argument. The chiral arrangement of atoms is all
that matters, regardless of the detailed structure of the
molecule.

So how did I get interested in this? Right after I got my
Ph.D. with Linus Pauling at Caltech, in 1947, I got a teaching
position at New York University. At that time, another new
Ph.D. Henry Hellman, who came from Purdue University,
joined the faculty. He brought with him the syllabus for
Advanced Organic Chemistry, by George Wheland of the
University of Chicago. These were mimeographed notes that
were ultimately published in a second edition, as a book, in
1949. Wheland’s uncluttered and logical way of thinking
about stereochemistry opened my eyes to the power of sym-
metry arguments. It was a revelation to me that symmetry
and chirality were at the heart of stereochemistry. So
Wheland’s book had a tremendous influence on my thinking
and was a real inspiration. I became fascinated by stereo-
chemistry, and it permanently changed the direction of my
research. Wheland, incidentally, was also a student of
Pauling’s, though before my time.

Wheland’s book inspired the first paper I published at
NYU [Mislow, K. Science 1950, 112, 26]. Its title was “The
Concept of Internal Compensation.” In meso-tartaric acid,
there are conformations with a plane of symmetry and con-
formations with a center of symmetry, and many others in
between that are asymmetric. The question back then was,
why is meso-tartaric acid optically inactive? There were peo-
ple who said the reason was that one half of the molecule
causes a rotation that is compensated by the rotation caused
by the other half of the molecule. In other words, the two
halves taken separately are mirror images of each other, so
supposedly their rotations cancel and the molecule is opti-
cally inactive no matter what the conformation is. They
called this “internal compensation.” Obviously this can’t be
right, because if you have a chiral conformation, you expect
it to be optically active. Pasteur taught us that. It shows the
primitive state that stereochemistry was in at that time.
Wheland’s book discussed and debunked this notion, and my
contribution was to propose an experiment to settle the issue
once and for all.

I’ll give you another example of Wheland’s penetrating
way of analyzing problems in stereochemistry. He asked the
question: what is a diastereomer? Standard textbooks of ste-
reochemistry, even in the early 1960s, defined diastereomers
as stereoisomers some or all of which are chiral but that
are not enantiomers. For example, mannose and glucose are
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diastereomers, and they are both chiral. meso-Tartaric acid,
which is achiral, is a diastereomer of D- and L-tartaric acids,
both of which are chiral. They all conform to this definition.
Now let’s examine the case of some methyl-substituted
cyclopropanes. If you take 1,2-dimethylcyclopropane, the
cis isomer is achiral and the trans isomer is chiral. So this is
like the case of the tartaric acids. But now take
1,2,3-trimethylcyclopropane: the all-cis isomer is achiral, of
course, but the trans isomer is also achiral. There are no
chiral isomers here. According to the conventional textbook
definition, these two isomers are not diastereomers. And
they are certainly not enantiomers. So then what are they?
Wheland recognized that the issue of chirality is irrelevant.
As far as he was concerned, maleic and fumaric acids, which
certainly aren’t chiral, are also diastercomers. In short,
Wheland’s point was that diastereomers are stereoisomers
that are not enantiomers. Period. All of this seemed perfectly
reasonable to me, and I argued for adoption of Wheland’s
definition at the first international stereochemistry con-
gress in Biirgenstock, in 1965. I ran into heavy weather,
though, because the stereochemistry establishment of the
day just didn’t like changing what had been the traditional
definition. But in the end the argument was compelling, and
ultimately everybody adopted Wheland’s definition. Even
the textbook writers finally saw the light. It’s been officially
sanctified by IUPAC. Today, nobody realizes that there was
ever a problem to begin with. The irony of it all is that the
definition of diastereomer that is accepted today was the
original one. This appeared in the second (1907) edition of
the textbook of organic chemistry by Victor Meyer (the
father of the word stereochemistry) and Paul Jacobson, the
junior author. We know all this thanks to some historical
research by Giinter Schiemenz, a professor at the University
of Kiel.

In the fifties and early sixties, I kept pushing symmetry
arguments at conferences, but I wasn’t making many con-
verts. For example, it seemed perfectly safe to me to predict
that asymmetric molecules of the type Cabcd should have six
different bond angles; or that carbenium ions in asymmetric
molecules should be nonplanar; or that if nuclei are symme-
try—nonequivalent, their NMR signals should be shifted rela-
tive to one another; and so forth and so on. Detailed structural
information is completely unnecessary to arrive at these con-
clusions. Pasteur’s legacy again, you see. When people found
these things experimentally, they thought that it was a big
deal, but it was all easily predictable from symmetry argu-
ments without any recourse to detailed structural
information.

All this seems obvious today, but it wasn’t obvious at all
to many of my colleagues at the time. Well, I found this
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intensely frustrating, and this gave me the impetus to write
a textbook, Introduction to Stereochemistry, which, basi-
cally, was a radicalized version of Wheland’s book. I intro-
duced point groups for the first time; organic chemists had
evidently never been exposed to them, at least not in stereo-
chemistry textbooks. My message was that the major prin-
ciples of stereochemistry rest on considerations of symmetry
and group theory. I emphasized symmetry arguments
throughout and, all in all, retextured stereochemistry. The
book was published in 1965, the year after I moved to
Princeton, the year of the first Biirgenstock conference. It
did what I hoped it would do. That is, it changed the way
people thought about stereochemistry. This way of thinking,
via Pasteur and Wheland, has now been adopted by every-
one, and you find it in all the modem textbooks. Today we
are at the point where most people have accepted what I said
before that symmetry and chirality are at the heart of stereo-
chemistry. This is enormously gratifying to me, to have
played a part in changing the way people think about my
subject.

So it’s amazing that there are still people who haven’t got-
ten the message. I’1l give you a particularly egregious exam-
ple. A lot of excitement was caused by the announcement
that some people had synthesized an enzyme, HIV-1 prote-
ase, from D-amino acids and had found that the D-enzyme
was active only with D-configured substrates. This is in con-
trast to the naturally occurring L-enzyme, which reacts only
with substrates of the L-configuration [Milton, R.C. deL;
Milton, S.C.F,; Kent, S.B.H. Science 1992, 256, 1445]. This
discovery made the cover of the issue of Science in which
this article was published. Milton et al. claimed that “we can
now state, based on experimental evidence, that protein
enantiomers should display reciprocal chiral specificity in
their biochemical interactions.” That was an amazing thing
to say. The outcome was totally dictated by symmetry, so
where was the need for experimental evidence? What else
did these people expect? If they had found anything else,
they would have had to claim violation of parity at the chem-
ical level, and nobody in their right mind would have believed
that. Enough said.

As a follow-up to my book I published a paper on stereo-
isomeric relationships in molecules, with a graduate stu-
dent, Morton Raban, who is now a professor at Wayne State
University. This paper was published in the inaugural issue
of the series Topics in Stereochemistry [Vol. 1, Chapter 1,
p 1 (1967)]. In this paper we recognized local symmetry
relationships and introduced the idea of enantiotopic and
diastereotopic groups. This, again, had considerable reper-
cussions in enzymology and NMR spectroscopy, and it’s
now in all the textbooks. Then, 17 years later, a further step
was taken with the introduction of the concept of chirotopic
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groups, and with local symmetry now the central issue.
This work was done with Jay Siegel, then a graduate stu-
dent and now a professor at the University of California,
San Diego [Mislow, K.; Siegel, J. J. Am. Chem. Soc. 1984,
106, 3319]. The main point of that paper was to clarify a
variety of stereochemical concepts. We critically reexam-
ined some classical concepts in stereochemistry. For exam-
ple, we pointed out that chirality elements, like chiral
centers, chiral axes, and chiral planes, are very useful as
nomenclatural devices, but they don’t have anything to do
with chirality. In order to determine whether something has
a chiral center or a chiral axis or a chiral plane, you have to
decide where the bonds are in the molecule. And, of course,
that is not what geometrical chirality is all about.
Incidentally, this work was the direct outgrowth of some
earlier work with Siegel, in collaboration with Frank Anet
[Anet, F.A. L.; Miura, S.S.; Siegel, J.; Mislow, K. J. Am.
Chem. Soc. 1983, 105, 1419], on the so-called “coupe du
roi.” That’s a parlor trick in which an apple is divided into
homochiral halves. Figure 1 shows reversible bisection and
reconstitution of an apple (the two homochiral segments on
the left are the enantiomorphs of the two homochiral seg-
ments on the right). It’s a wonderful example of how a
playful activity can lead to significant science [Mislow, R.
Bull. Soc. Chim. Fr. 1994, 131, 534].

IH: You never revised the book.

KM: No. I have been thinking of revising it off and on, but I
can’t seem to get around to it.

Fig.1 Bisection of an apple into homochiral segments.
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Fig.2 Interconversion of enantiomorphs by a chiral pathway.

Fig.3 Model of a bridged biphenylketone viewed down the twofold axis.

IH: Looking back, which of your contributions would you
single out as the most important?

KM: Well, I guess I can summarize the gist of my work by
saying that it has provided some of the theoretical underpin-
ning of modern stereochemistry. The role of symmetry and
chirality in stereochemistry has been the principal motif.
This opus, if I may call it that, is made up of lots of individ-
ual contributions that fit together, sort of like a jigsaw puzzle.
There was the introduction of the topicity concept, which is
now taught to every undergraduate in organic chemistry.
Another example was an offshoot of the internal compensa-
tion problem that I mentioned before. In meso-tartaric acid,
there are a couple of achiral conformations. But then, in
1954, 1 came up with the idea of a chemically achiral mole-
cule like meso-tartaric acid but one in which all the confor-
mations are asymmetric. The mirror-image conformations
interconvert, but they can’t enantiomerize through an achiral
state [Mislow, K. Science 1954, 120, 232]. Subsequently, we
actually made such a molecule, (1R)-menthyl (15)-menthyl
2,2',6,6'-tetranitro-4,4’-diphenate [Mislow K, Bolstad R.
J. Am. Chem. Soc. 1955, 77, 6712]. Figure 2 shows how the

two mirror-image-related (m) biphenyls are interconverted
by a 90° twist of the biphenyl moiety about the two single
bonds to the menthyl groups. This caused quite a stir, because
it raised a question: if you never go through an achiral con-
formation, at which point do you cross the dividing line
between left and right? This was discussed in a number of
textbooks, including in Wheland’s third edition of Advanced
Organic Chemistry. Since that time, we have found other
molecules of this type among asymmetric molecular propel-
lers and gears and, most recently, in a catenane, a chemical
link.

Thinking about biphenyls inspired the design of the first
configurational correlation between a classically asymmetric
molecule of the type Cabcd and one that owes its chirality
purely to restricted rotation. This work was done with my
student Paul Newman [Mislow, K.; Newman, P. J. Am. Chem.
Soc. 1957, 79, 1769]. The idea was to partially reduce a race-
mic biphenyl symmetrically bridged in the 2,2’-positions
with CH,-CO-CH,, and held conformationally rigid by bulky
substituents in the 6,6'— positions, using an alcohol of known
absolute configuration, like (+)-(S)-methyl-fers-butyl-
carbinol (pinacolyl alcohol). The ketone has twofold
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symmetry, so it doesn’t matter which face of the carbonyl
group gets attacked. Figure 3 shows the enantiomer with the
S configuration, viewed down the C, axis. The two carbonyl
faces are homotopic. But the faces of the carbonyl groups in
the enantiomers are enantiotopic, so the reduction gives rise
to diastereomeric transition states. From a knowledge of the
transition structure and the shape of the model, we knew that
the R enantiomer of the ketone was reduced more rapidly by
(S)-pinacolyl alcohol. By interrupting the reaction before
completion of the reduction, we got a mixture of the more
slowly reduced (+)-S ketone and the alcohol derived from the
more rapidly reduced (—)-R ketone, both in optically active
form. This correlates sign of rotation with absolute configu-
ration. So the idea worked just fine and inaugurated a whole
new era of biphenyl stereochemistry. Absolute configura-
tions were established for the first time for a wide variety of
optically active biphenyls [Mislow, K. Angew. Chem. 1958,
70, 683]. This was all later confirmed by X-ray crystallogra-
phy. Among other spin-offs were the first example of a pho-
toracemization, which involved racemization of a bridged
biphenyl ketone by irradiation, a generalization of the octant
rule, was done in collaboration with Al Moscowitz and Carl
Djerassi, and the first experimental demonstration that steric
isotope effects play a role in conformational interconver-
sions. Specifically, what we found was that 9,10-
dihydro—4,5—dimethylphenanthrene with CDj; in the hindered
positions racemizes more rapidly than the CH; analogue.
That’s evidence that CD; has a smaller van der Waals radius
than CHj;.

Raban and I were also the first to show how NMR could be
used to determine enantiomeric composition [Raban, M.;
Mislow, K. Tetrahedron Lett. 1965, 4249; ibid. 1966, 3961].
The idea was to react an alcohol of unknown enantiomeric
composition with an enantiopure acid chloride. The ratio of
diastereomeric esters can be estimated by integration of
appropriate NMR signals, and, if the reaction goes to comple-
tion, that’s of course the same as the ratio of enantiomers in
the starting alcohol. Our acids were 2-phenylpropionic acid
and a-methoxyphenylacetic acid. Well, Harry Mosher picked
up this idea and developed an improved derivatizing agent,
a-methoxy-a-(trifluoromethyl) phenylacetic acid (MTPA),
based on our method. That’s widely known as Mosher’s
reagent. I was happy to see that our idea had fallen on fertile
ground and has found wide application in chemistry. In our
1965 paper, we also predicted that a chiral solvent would be
effective in the same sense and serve the same purpose. This
was a perfect example of a symmetry argument. Bill Pirkle
shortly after found just such a solvent, and the subsequently
developed chiral shift reagents also fall into this class.

In later years I concentrated mainly on developing the
concept of correlated rotation in internally mobile molecules,
like the molecular propellers and gears that I mentioned
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before. Working with molecular propellers, we provided the
first examples of molecules whose conformers are collected
in sets that are distinguished by the phase relation of all cor-
related rotors. This imposes a constraint that results in a
novel kind of stereoisomerism [Mislow, K. Acc. Chem. Res.
1976, 9, 26], Stereoisomerism of this kind does not result
from restricted rotation, and so it differs fundamentally from
stereoisomerism due to hindered rotation as is found in
biphenyls, for example. I’ll try to explain this with an exam-
ple from work that we did with molecular gears [Iwamura
H.; Mislow, K. Acc. Chem. Res. 1988, 21, 175; Mislow, K.
Chemtracts-Org. Chem. 1989, 2, 151]. It’s a little bit compli-
cated. Let’s look at what 1l arbitrarily call the D-isomer of
bis(2,3-dimethyl-9-triptycyl) methane (TpCH,). The struc-
tural formula is shown in the middle of Fig. 4 (a=b=H).
Each benzene ring in one triptycyl (Tp) group acts like a cog
that fits snugly into the V-shaped notches formed by two ben-
zene rings in the other Tp group. The two Tp rotors behave
essentially like frictionless and securely meshed bevel gears.
The system undergoes dynamic gearing, or correlated
disrotation, with a very low barrier and no gear slippage, at
least under normal conditions of observation. Figure 4 shows
the gearing circuit of this molecule. [The view is along the
bisector of the C(9)-CH,-C(9) angle, the horizontal line
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Fig.4 Gearing circuit for a chiral bitriptycylmethane.
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symbolizes H-C-H, the open circles and the three lines radi-
ating from them represent the bridgehead carbons of the two
Tp’s and the three benzene blades, and the small filled circle
identifies the 2,3-dimethyl-substituted ring.] The point here
is that the D-isomer does not change into the L-isomer, no
matter how fast the rotation is or how many complete revolu-
tions the system undergoes. The reason is that the phase rela-
tionship between the labeled cogs remains invariant, just as it
does in real mechanical gears. The gearing circuit for the
L-isomer is the mirror image of Fig. 4. There is also a third
gearing circuit for the third isomer, which is chemically
achiral.

IH: What about the quantification of chirality?

KM: It’s perfectly natural to attach a quantitative meaning to
chirality [Mislow, K.; Bickart P. Israel J. Chem. 1976/717, 15,
1]. Consider an acetic acid molecule in which two of the
methyl hydrogens are replaced by deuterium and tritium,
CHDT-COOH. Its chirality properties, like optical activity,
are surely going to be less pronounced than the chirality
properties of an acetic acid derivative in which two of the
methyl hydrogens are replaced by a methyl and a fert-butyl
group. One can put this in geometrical terms. Take an isosce-
les triangle and distort it a tiny bit. It becomes a barely sca-
lene triangle, which is chiral in two dimensions. Next, you
create a chiral triangle with very different angles, say 30, 60,
and 90°. The new triangle will be “more chiral” than the one
that is barely different from an isosceles triangle. All this is
intuitively obvious, and the degree of chirality can be formu-
lated in a precise way. We looked into this quite a bit [Buda,
A.B.; Auf der Heyde T.; Mislow K. Angew. Chem. Int. Ed.
Engl. 1992, 31, 989; Weinberg N.; Mislow K. J. Math. Chem.
1995, 17, 35]. The problem is that there are many different
ways of quantifying chirality; there is no unique function for
doing this. This can lead to difficulties. Let’s say you have
two different functions f{(x) and f(y), that are zero only in case
of achirality. It can then happen that when you measure the
chirality of two objects A and B, f(x) finds that A is more
chiral than B while f(y) finds the opposite. In quantifying
symmetry, you face basically the same problem on a broader
scale, and with similar limitations. Going back in history,
just a few years after van ’t Hoff came out with his tetrahe-
dral model of the carbon atom, a French physicist, Guye,
developed a function that he used to quantify the chirality of
an asymmetric tetrahedron [Guye, P--A. C.R. Hebd. Seances
Acad. Sci. 1890, 110, 714]. This was the first example of a
chirality function in chemistry. The idea was to find a rela-
tionship between the shape of a tetrahedron and the optical
activity of a compound. So the concept of quantifying chiral-
ity and relating this degree of chirality to observable proper-
ties is not new. It’s just a question of working out suitable
functions. I really don’t know whether this is going to turn
out to be very useful in chemistry.
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Professor George W. Wheland, ca. 1949.
Photo by Betty C. Wheland.

IH: In the meantime, the business of chirality has become
huge.

KM: Huge and profitable. That growth has been fueled by
the pharmaceutical companies, which are under pressure to
produce enantiopure drugs. There are now three journals
specifically devoted to chirality: Chirality, Tetrahedron
Asymmetry, and Enantiomer. How did interest in chirality
originally get started? It goes back a long way. Immanuel
Kant was the first person who meditated extensively on the
paradoxical nature of chirality. The paradox is this. Idealized
left and right hands are isometric. They have exactly the
same metric properties. So in that sense they are congruent.
Yet they are also not congruent because they can’t be super-
posed, they can’t be made to coincide in space. This problem
puzzled Kant and has given rise to a lot of philosophical
speculation. Kant coined the phrase “incongruente
Gegenstiicke” [incongruent counterparts] to describe non-
superposable mirror images [Kant, I. Von dem ersten Grunde
des Unterschiedes der Gegenden im Raume (1768). In Kant’s
gesammelte Schriften; Konigl. Preuss. Akad. Wissensch.,
Vol. 2; Verlag Georg Reimer: Berlin, 1905; pp 375-383].
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IH: Is there any basic research going on nowadays in
stereochemistry?

KM: Much of the really novel stuff is in chemical topology.
The first person to look into the problem of topological chi-
rality was Johann Listing at the University of Gottingen. Carl
Friedrich Gauss, who was also at the University of Gottingen,
was himself passingly interested in knots. Listing introduced
topology into mathematics, and in a paper in 1848 he recog-
nized the mirror-image relationship between enantiomor-
phous knots. This was, of course, the year of Pasteur’s paper
on the optically active tartrates. About 30 years later, Peter
Guthrie Tait started the first systematic investigation of the
mathematics of knots and links. Tait was a professor at the
University of Edinburgh, and he had been inspired to get into
the knot business by the work of Lord Kelvin, who was then
professor at the neighboring University of Glasgow. Kelvin,
by the way, was the one who first introduced and defined the
words chiral and chirality. Chemical knots and links are fas-
cinating structures, and the problem of chirality gets a lot
more complicated because molecular models get treated as
though they were infinitely deformable. Topology has been
called rubber-sheet geometry. We’ve done a fair amount of
work in this area, and I’ve recently written a commentary on
the subject [Mislow, K. Croat. Chem. Acta 1996, 69, 485].

IH: What is the difference between structural chemistry and
stereochemistry?

KM: Chemical structure is an invention of chemists.
Structure in the chemical sense is an undefined concept in
quantum mechanics. You need the Born-Oppenheimer
approximation to get the atomic nuclei in the molecule to
behave like classical particles, like little balls with more or
less fixed positions in space sitting inside a cloud of elec-
trons. This classical model is an extremely powerful concept,
though. Stereochemistry is based on it. Historically, stereo-
chemistry was considered as secondary to constitution.
Constitution is the bonding connectedness among atoms.
Two molecules with the same constitution can still have dif-
ferent stereochemical arrangements. These are called stereo-
isomers. Stereoisomers can then be further classified into
enantiomers and diastereomers. To me, a different classifica-
tion makes a whole lot more sense [Mislow, K. Bull. Soc.
Chim. Belg. 1977, 86, 595]. In my scheme, constitution takes
second place to symmetry. I start with the question, are two
isomers isometric or not? If the answer is yes, you can ask
whether they are superposable. If not, they are enantiomers;
if yes, they are homomers. The point here is that homomers
and enantiomers have pairwise exactly the same scalar
properties because they are isometric. Enantiomers differ
only in pseudoscalar properties, like sign of optical rotation.
So enantiomers have more in common with homomers than
with diastereomers. Let me try to say this in other words. The
relationship between enantiomers doesn’t require any
knowledge of molecular constitution, any more than the

relationship between homomers. It’s established on the basis
of symmetry alone. On the other hand, the relationship
between diastereomers requires specifying molecular con-
nectivity. If you don’t do this, you can’t tell the difference
between diastereomers and constitutional isomers. All right,
back to the classification scheme. If the answer to the isom-
etry question is no, then we could have either diastereomers
or constitutional isomers. If the isomers have the same con-
stitution, then they are diastereomers; if not, then they’re
constitutional isomers. That’s the end of it. If it comes to
physical properties, there is not really much to choose
between pairs of constitutional isomers and pairs of diaste-
reomers. They differ in all scalar properties, in just about
every physical measure you take, and sometimes even in
chemical properties. Look at maleic and fumaric acid, for
example. Only maleic acid can form an anhydride. So this is
my classification scheme. You’ll notice that there is no men-
tion of stereoisomers in this scheme. The concept becomes
totally superfluous. That’s the beauty of giving primacy to
symmetry. Still, in chemical reaction schemes, it’s normally
convenient to lump enantiomers and diastereomers into a
common class. So the class of stereoisomers will endure, as
a sort of auxiliary concept, for purely practical reasons.

Istvan Hargittai and Kurt Mislow at the symmetry meeting
in Darmstadt, Germany, in 1986 in front of a display
of Javanese batik patterns.
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IH: How about different conformers, gauche and anti, for
example?

KM: They are different diastereomers, as far as I am con-
cerned. They have distinctly different properties.

IH: Let’s go back now to your own history.

KM: I officially retired in 1988. My retirement brought
about a big difference in my lifestyle. It has been a sort of
liberation. My time isn’t structured by external demands
anymore. No more committee meetings and numerous other
departmental services. My time is my own, and I devote it
fully to my work. My external funding continues. The money
comes from the National Science Foundation, which has
given me unstinting support throughout my career. It’s my
only support, actually. I don’t take any more graduate stu-
dents, but I usually have one or two postdocs.

IH: You were born in Berlin. When did you leave Germany?

KM: I was born in Berlin in 1923. My family left Germany
in 1936. My father was a businessman so we moved around
a lot. I spent my formative years in Diisseldorf. Even before
Hitler came to power, in 1933, there were lots of street fights
between the Communists and the Nazis. I witnessed all this.
It was a violent environment. After 1933 there were no more
Communists on the street, but the violence continued in a
different way. For Jews, it was mostly a matter of humiliation
and intimidation; the physical violence against Jews didn’t
really get started until Kristallnacht, in 1938. So this was
merely the prelude to the Holocaust. I remember banners on
buildings, in addition to the ubiquitous “Deutschland,
erwache!”, proclaiming things like “Die Juden sind unser
Ungliick” [The Jews are our misfortune] and “Juda ver-
recke!” [Jews, croak!]. One of the Nazi marching songs con-
tained the words “Wenn’s Judenblut vom Messer spritzt
dann geht’s nochmal so gut” [When Jewish blood spurts
from the knife, it’s going even better]. Pretty scary to hear
this yelled by the “braunen Battalionen,” especially for a kid.
Restaurants had signs on the outside that said that Jews and
dogs were “unerwiinscht” [unwelcome]. Jews were the tar-
get of implacable, irrational hatred. Fortunately, my father
had the sense to see what was coming and got us out in time.
I still have my old brown passport, with the “Hoheitszeichen,”
the spread eagle holding a swastika in its claws on the cover,
and a big red “J” printed over it. I always assumed that this
was the idea of some German bureaucrat. It turns out, though,
that this was actually the idea of the head of the Swiss Federal
Police, a guy by the name of Heinrich Rothmund. He didn’t
want Jews to escape into Switzerland. So he asked the
Germans to put this mark of Cain on our passports, and they
obliged him.

In 1936 we left for Italy, where my father had business
connections, thanks to my grandfather. My grandfather
stayed behind, I don’t know why, and was killed by the
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Gestapo, in Frankfurt. My father was in sales of electric
equipment. Not a glamorous business but he was a good
provider, a good father. In Italy, in Milan, I was sent to a
so-called liceo classico; it was called Istituto Edmondo de
Amicis. I had to learn Greek and Latin taught in Italian, so
I had to learn Italian fast. I became Italian in spirit at that
time. Italian Fascism was a joke compared to the demented
racism of National Socialism. The Fascists were Italians in
black shirts. They were relaxed about everything, they had
a very urbane outlook on life, the outlook of a people who
have had a long, distinguished culture. Afterwards, we
learned that Jews were treated relatively well by the Italians
even during the war. I never felt any sort of problem of any
kind there and have nothing but good memories of my years
in Italy.

In 1938 we went to England. I went to a grammar school
there, in Shoreham-by-Sea, and found out what boarding
school life was like in a boy’s school. The less said, the bet-
ter. In that school I was exposed for the first time to serious
physics and mathematics. By accident, in my senior year, 1
also picked up a chemistry book. It was Partington’s Textbook
of Inorganic Chemistry. 1 loved everything I read in that
book and decided that chemistry was my thing. Then the war
started, and my father and I were interned on the Isle of Man
as “enemy aliens.” Then we were released, got affidavits
from the States, and crossed the Atlantic in 1940 under
adventurous conditions. My European experience was over.
I went to live with relatives in New York and earned my liv-
ing as a page boy in the Columbia Main Library. Then I got
a generous scholarship from Tulane University, in New
Orleans. I got my bachelor’s degree there, in 1944, and then
went on to graduate school at Caltech.
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Without the generous help from Tulane University, |
couldn’t have gotten my education. But in New Orleans I
also got my first experience of racism in the U.S. That was in
1941. I took a streetcar on St. Charles Street. The streetcars
were segregated. There were little movable shields on the
backs of the seats saying “for whites” or words to that effect.
I got on this streetcar, and all the seats for whites were taken
but there were some empty seats in the black section. So the
conductor came over and moved a shield to give me a seat. It
was a shock to me because I had just got away from this
cauldron of racism in Europe. In those days there was quite a
bit of anti-Semitism too. There was a local chapter of Alpha
Chi Sigma on campus, the national chemical honor society
for undergraduates. If you were an upperclassman majoring
in chemistry, you could become a member. [ was a major in
chemistry all right, but I wasn’t invited to join because I was
Jewish.

IH: Have they changed their rules since?

KM: I recently checked, and they have. Originally, to
become a member of Alpha Chi Sigma, you had to be white,
Christian, and male. Jewish chemists became eligible for
membership in 1948. Black chemists became eligible in
1954. Women chemists became eligible in 1970. A chronol-
ogy of progress, of sorts.

IH: How about your Caltech years?

KM: I was there from 1944 to 1947. I mentioned before
that I was one of Linus Pauling’s students. He was a
remarkable man in many ways. I took his course in quan-
tum mechanics, using the text by Pauling and Wilson, and
he would give his lectures in a totally impromptu way. It
was beautiful. For example, he would disappear for a cou-
ple of weeks on one of his lecture tours. When he came
back into class, we had to remind him where he had left
off, and he picked up the thread, just like that, and went
on. Obviously, without any preparation whatever. I learned
a lot from him. When I graduated, I wanted to postdoc
with Melvin Calvin at Berkeley, but Pauling got me the
job at NYU instead.

IH: You obviously thrive on ideas of stereochemistry and
symmetry. Did you manage to bring some of this home to
your family?

KM: Of course I've tried to share my enthusiasms with my
wife, Jacqueline. As an internist, she has the requisite scien-
tific background. This means that I can tell her about chem-
istry that relates to cutting apples, tying knots, flipping
propellers, turning gears, distorting triangles, and so forth.
More important, though, she is an attentive listener and takes
nothing on faith. She is a live wire and great fun, and she
keeps me on my toes.

IH: It is now 50 years since you started your first job at NYU
and got an inspiration that set you on a course for your entire
career. Imagine a young beginning faculty member arriving
here today; what could be an inspiration for her or his career?

KM: That’s really hard to say. My own experience was
abnormal. It was pure serendipity that I was exposed to
Wheland’s book at the beginning of my career. And there
was no way to predict that I would be turned on so power-
fully by his way of thinking about chemistry. So let’s assume
the more normal thing, that the new faculty member is
excited about a scientific problem. What should that problem
be? Well, in my opinion, chemistry is now pretty well under-
stood. There are still plenty of problems to be solved, of
course. How do proteins fold? Nobody knows. Nobody can
predict, with any degree of confidence, how molecules will
pack in crystals. And so forth. So people are going to be kept
busy for a very long time. But problems like these are merely
complicated; there are no deep mysteries here, at least that I
know of. There are deep mysteries in cosmology and maybe
in particle physics, and of course in biology. Like the molec-
ular basis of heredity before Watson and Crick. I am thinking
particularly of the neurosciences. How does memory work?
How do we think in words and pictures? How does con-
sciousness work, the subjective feeling of the “I”” inside us?
Nobody has a clue. We don’t have the tools yet to answer
these questions, but there are plenty of theories around. I
don’t know how much chemistry can contribute to this, but
talking about inspiration—that’s extremely exciting stuff.
Our younger son, John, who is in medical school now, is
planning to go in that direction.
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Dr. Eugene Garfield (b. 1925) is President and Editor-in-
Chief of The Scientist, a biweekly professional newspaper,
which he founded, and Chairman Emeritus of the Institute
for Scientific Information (1SI), Philadelphia. He is probably
best known for Current Contents (CC) and Science Citation
Index (SCI). Dr. Garfield instituted an information revolu-
tion in scientific research. He received a B.S. in chemistry in
1949 and an M.S. in library science in 1954, both from
Columbia University, and a Ph.D. in structural linguistics
from the University of Pennsylvania in 1961. He was
President of Eugene Garfield Associates from 1954 to 1960
and President and CEO of the Institute for Scientific
Information from 1960 to 1992. He has published numerous
books and articles on scientific information retrieval and
related topics. We recorded our conversation in Dr. Garfield’s
home in Bryn Mawr, Pennsylvania, on March 7, 1999.

ISTVAN HARGITTAI (IH): You introduced Science
Citation Index and changed the way scientists are employed,
professors at universities are given tenure, and research jour-
nals are judged for their quality. This is heavy stuff. The
Sputnik in 1957 had a tremendous impact on American sci-
ence. Is there anything comparable to your impact
worldwide?

EUGENE GARFIELD (EG): Thanks for the pleasant
hyperbole but if there is any truth to the statement, I’'m not
acutely conscious of it. Of course, CC and SCI are widely
used, but I don’t hear people say much about it. If you use
SClI especially for evaluative purposes, you don’t advertise it.
If the SCI is used in tenure evaluations, hopefully it is done
intelligently. I described this in an essay on faculty evalua-
tion [1], one of my most popular. Undoubtedly, this use of
citation analysis is due to the paucity of objective data for
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such evaluations. I can’t imagine how you would evaluate
the impact of my work. How would you measure it? The
Internet is having an impact but how would you measure it?
When we talk about intellectual impact, it is very subjec-
tive—economic impact is another thing.

Nevertheless, I do find it hard to keep up with the large
literature involving journal impact factors. I am especially
frustrated that I can’t respond to the portion containing mis-
statements or misuses. There is much controversy about the
validity of impact factors, which are used for many purposes.
As you have implied, SCI and Journal Citation Reports
(JCR) data have become institutionalized. People often criti-
cize the impact factor because it is so pervasive. Editors,
especially of new journals, are using JCR to demonstrate
how quickly their journals are accepted or whether they mea-
sure up to the best-known journals. Some of the most
respected journals do not hesitate to use impact factors in
their advertising.

IH: In The Chemical Intelligencer, there were a couple of
papers comparing the impact factors of the Journal of the
American Chemical Society and Angewandte Chemie [2, 3].
It was alleged that the impact factor of Angewandte Chemie
was overinflated because it is published in the original
German and in an English translation edition. The people at
Angewandte Chemie were rather unhappy about these papers
because they thought that Angewandte Chemie should have a
higher impact factor for the very reason that it carries reviews
in addition to research papers.

EG: I think these allegations are overstated. The analysis is
not as simple as it is made to seem. There is some inflation in
the impact factor due to dual citation of both editions. But
the journal’s self-citation only represents about 10—15 % of
the citations that it receives. Undoubtedly, these disputes
indicate that there is more citation consciousness among edi-
tors and publishers today.

In the studies that I did in the past, citation analysis
“exposed” the political nature of East European science
academies—many academicians were administrators, not
world-class scientists. That was true also in some other
European countries. In Italy, the SCI was like salvation to
some scientists even though it did not immediately correct
the unfair allocation of credit and resources. It called atten-
tion to the disparities in funding and publication. There are
still many politically based science decisions—who gets ten-
ure, who gets research funding, money, and so forth. The
Italians started using the SCI data over 20 years ago, not only
to measure citation impact but simply to determine if partic-
ular grantees had published any papers in peer-reviewed
journals. The younger scientists resent the power of the old
guard, who continue to get the money. The younger ones
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publish in reputable journals and do significant research. So
there is no doubt that SCI had some effect, in particular in
Europe. In those days, I don’t think we had that much of a
problem in the United States. There may not have been
enough money available, but, in general, our peer-review
system is not nearly as politicized. The use of citation data in
Italy led to the publication of an interesting monograph
[4].I’m curious as to of what effect SCI had in Israel. Gideon
Czapski, a Professor of Chemistry at Hebrew University, has
made an extensive citation analysis of Israeli science, espe-
cially in chemistry [5]. Nevertheless, he likes to point out
that one of his papers [6] is rarely cited because it disproved
a theory that was investigated heavily. There is no need to
continue citing the proof that a theory is wrong. Falsification
in science is also important. However, I don’t think he dis-
agrees with the idea that citation frequency is associated with
creativity, but it is always important to note that there are
exceptions. Some important discoveries are not matched
with high citation. And false ones, like cold fusion, may be
cited heavily but they are the exception. In general, Nobel-
class work is accompanied by significantly higher citation,
as we demonstrated over 30 years ago. And every Nobelist
has published one or more Citation Classics.

IH: You have brought many of your ideas to fruition. Have
there been any that did not happen?

EG: Sure. When I sold ISI, new management almost imme-
diately emasculated certain projects. We had started The
Atlas of Science and later changed its name to Research
Reviews. We used the results of our global co-citation analy-
ses to identify the newly emerging research fronts that
needed to be reviewed. We published several volumes. JPT,
the new partners, killed it because it still was not profitable,
and it might have taken five years for it to break even. It
would have been an encyclopedic treatment of current sci-
ence. There are, of course, plenty of review articles pub-
lished. The Current Opinion series, published by Vitek Tracz,
came out later. He is a brilliant Polish-Russian-Israeli scien-
tist who now lives in London. His company, Current Science,
also is located in Philadelphia. He understood the mapping
concept very well but, to my knowledge, neither he nor any-
one else has used co-citation mapping to produce an interna-
tional encyclopedia of science. Systematic examination of
the literature is necessary to identify what is not being
reviewed.

I’'m on the Board of Directors of the nonprofit Annual
Reviews, which produces about 30 annual review volumes in
print and online each year. They have not used citation data
as yet. Their methods for choosing topics are purely subjec-
tive—not that that is bad, just different. Their editorial boards
are top-notch. Derek Price used to say that for every 50 new
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papers in each field, you need a review, which then becomes
the paper that people cite as a surrogate for those references.
One could do an interesting historical mapping based on the
network of review papers.

So, returning to your original question, there are a lot of
things I wanted to do that have not happened. I wanted to
publish a constantly current dictionary of science. What
could be a better source of new terms than the ISI database?
There is constant input of new terminology. The nomencla-
ture from indexing services is not systematically being
exploited to compile dictionaries. Libraries spend a lot of
energy compiling thesauri. Most of those terms eventually
do get into dictionaries, but it could take many years.

Catheryn and Eugene Garfield in their home (Photo by I. Hargittai).

I would also like to see the algorithm finished for creating
historiographs. The Citation Index is a gold mine for the his-
tory of science. Mapping all the key references for a given
topic, you should be able to graphically portray the develop-
ment of a field. My brother, Ralph Garner, wrote a graph
theoretical description of such networks [7]. And there has
been some recent work done on visualizing citation networks
[8].

I find it very frustrating that so many scientists are igno-
rant of what they could do with information retrieval sys-
tems. I think it is important not only to be literature-minded,
but to develop citation consciousness. I’m not sure how you
teach this. It requires indoctrination by informed mentors.

I also wanted to use ISI Press to launch a systematic series
of scientific biographies. It would have been an extension of
our Citation Classics series. We published 4000 of those in
Current Contents, and 2000 were reprinted in a series of
books called Contemporary Classics in Science [ISI Press:
Philadelphia, 1986].

We could have easily published many more thousands of
Citation Classics. And there are always more recent ones to
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be covered. A systematic series of biographies could include
not only most-cited authors and members of the academies.
Josh Lederberg was a strong supporter of this idea. The
National Academy of Sciences publishes their Memoirs, but
they appear only after members die. In addition to mono-
graphic autobiographies and biographies, I thought a journal
of scientific biography would also be an interesting project.

IH: Early on, you had a meeting with J. D. Bernal. He was
very much concerned with the ways of science publishing.
He considered the unit of scientific publication the article,
not the journal. How much impact did Bernal have on you?

EG: On the Internet we now have a preprint depository in
physics and other topics. That was essentially what Bernal
had in mind. He gave a paper in 1958 at the Information
Conference on Scientific Information in Washington. That’s
where I met him for the first time.

My uncles were Marxists. One of them gave me Bernal’s
book The Social Function of Science in 1939 when I was 14
years old. It may have had some influence on me. But it was
not until 1951 that I realized that he was involved in the “sci-
ence of science” movement, the predecessor of scientomet-
rics and science policy studies. He was involved in the 1947
Royal Society Scientific Information Conference. The
Proceedings volume was my bible when I worked at Johns
Hopkins from 1951 to 1953. My interest, however, was in
information retrieval, not in research evaluation. Bernal was
a Nobel-class scientist who might have received more recog-
nition for his science if he had not been so openly leftist. His
politics undoubtedly affected his influence. In 1962, when
we had the first experimental printouts of SCI from the
Genetics Citation Index, 1 sent samples to him, Robert
R. Merton, and Derek de Solla Price. He responded very
positively as did Bob and Derek.

IH: Looking back, was there anything in your family back-
ground that steered you in the direction of your future career?

EG: There were political discussions with my uncles but not
much science. Only one of my uncles finished college. At
first, I attended a science high school, Stuyvesant, but I left
for a variety of reasons. I had no real mentors there and
throughout high school. We lived in the Bronx, and
Stuyvesant High School was a long subway ride to lower
downtown Manhattan. And I wanted to study more foreign
languages. So I transferred to DeWitt Clinton High School in
the Bronx. Except for math, I was not a good student in high
school. My grades were not exceptional. I still was interested
in science and I wonder what might have happened if I had
stayed at Stuyvesant. My regret is that I didn’t encounter a
scientist or teacher there who could have steered me in the
right direction. And Stuyvesant was very competitive.
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In my last year at Clinton, I met an English teacher and
former journalist, Wilmer T. Stone, who gave me some
direction. Almost 10 years after I graduated, I visited him
in Maryland, where he had retired, but he really didn’t want
to be bothered. Of course, I was not his child, just one of
many students to whom he had described his experiences as
a free-lance journalist interviewing Jack London, among
others. He taught in high school because of the depression.
When I was an undergraduate in college, none of my pro-
fessors had a significant impact. At 17, I started out in
chemical engineering at the University of Colorado, but it
was wartime, so I left soon for San Francisco, worked in a
shipyard, and eventually was drafted even though I had
been accepted for the merchant marine. After the war, |
returned to Berkeley. Classes were huge but I did encounter
famous chemists like Joel Hildebrand and Melvin Calvin.
But I was a premed student at that time and switched to
chemistry later.

IH: What did your parents do?

EG: My mother was a housewife. My father became a suc-
cessful newspaper—magazine distributor, but I never lived
with my father. My parents separated before I was born and
shortly afterward were divorced, when my sister Sylvia was
2 years old. I was 5 years old when I saw my father for the
first time. And then, again, four or five years later. Our rela-
tionship is a long and sad story. My mother’s oldest brother
became my surrogate but absentee father. My uncle helped
support us, but he never was there in person. The only time
we would see him was at my grandmother’s house on
Friday night. He was a successful ladies’ coat and suit
manufacturer.

On my mother’s side, they were Lithuanian Jews. I’'m not
sure about my father’s parents. I once heard that they came
from Galicia. Garfield is not my original name. It was the
name of my father’s firm, the Garfield News Company. My
father opposed my changing my name but my uncle forced
the issue since they had had a long, bitter rivalry.

Interviews

My stepfather was a butcher and later drove his own taxi-
cab. He was an Italian immigrant, so we were a nondenomi-
national family. I was never bar mitzvahed. My half-brother
Ralph was born when I was 12.

IH: There is a lot of change going on in journal publishing:
the American Chemical Society is bringing out new journals
and the European chemical societies are consolidating their
national journals.

EG: Science is still growing so there’s more capacity for
journal growth. Inevitably, there is twigging of journals to
accommodate new fields.

IH: You have written about the connection between publish-
ing, impact, and the Nobel Prize.

EG: It became an interesting game. But I never tried to pre-
dict who would win the prize. It was more relevant to suggest
the fields that might be recognized. We might have predicted
a prize for nitric oxide. Certainly, among those names would
be Salvador Moncada. Moncada was certainly among the
most-cited authors. Nobel prizewinners are almost invariably
well cited. The Nobel Committee didn’t include him, and it
has created a lot of controversy. I'm not suggesting that the
committees should select on the basis of citation analysis,
but they should be aware of the most cited scientists for each
field considered. The same thing happened to Moncada for
the Lasker Award. Something odd is going on there. I find it
very strange that members of many lesser prize committees
prefer to choose Nobel laureates. Why not pick someone
who hasn’t been so visibly recognized? I have fought this
battle many times. Most award committees like to play it
safe. I think awards should go to people for whom the award
would make a significant career difference. Why give a lesser
prize to Nobel laureates? They’ve already had the highest
recognition. But there will always be exceptions even to that
generalization.

IH: Speaking about publishing, sometimes people complain
that they cannot get their message through.

EG: Hans Selye said that to get his general adaptation syn-
drome accepted, he published everywhere and over and over.
He didn’t care if he repeated his message. But take an oppo-
site example, Eiji Osawa in Japan, who had the basic idea of
what later became known as buckminsterfullerene. Did he do
what he should’ve done to get across his message? The ques-
tion is, to what extent does a scientist sell his ideas? The
word “sell” is not usually used, but that’s part of it. Scientists
all have to get their ideas across to fellow scientists. Consider
the SCI, for instance. It didn’t happen just by itself. Long
after I published my 1955 paper in Science, I had to publish
dozens of articles and give hundreds of talks. I became a pro-
paganda machine. Merton described this very well in his
Foreword to my book Citation Indexing [9]. It is the same
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with scientific ideas. I’'m awfully curious to know what was
missing in the Moncada affair.

In the case of the Japanese, their problem often is that
they don’t learn to speak English well. So they are at a disad-
vantage at conferences. At least in the past, the Japanese
authorities didn’t insist that scientists learn to speak and
write English, from an early age. If Japan wants to have its
fair share of recognized scientists, they have to emphasize
good linguistic skills. A lot of good work in Japan is proba-
bly underappreciated because they are so timid about pro-
moting their ideas, especially to authoritative figures.

IH: Would you care to single out what you consider to be the
most important thing you have done?

EG: To many people, Current Contents had the most perva-
sive influence. Current Contents is a ridiculously simple
idea. Curiously, there has never been a scholarly article writ-
ten about Current Contents. But it is still the model that has
been adopted and copied. Its simplicity is what made it so
successful. You say that I have a strong influence on science.
Well, for a 25-year period I had a captive audience world-
wide. The readership was larger than that of Science or
Nature. The number of printed copies was as high as 40,000,
but the average readership was tenfold that number. Some
copies were read by hundreds of people in Eastern Europe
and China, where they also copied it. When I went to Eastern
Europe and elsewhere, people respected me because I did not
attempt to criticize their political systems. I used citation
data to demonstrate the relative strengths of their science. I
didn’t have to tell them what they knew. Rather, I provided
them a window on the rest of the world. Since Current
Contents was just a bibliographical tool, the Russian censors
did not touch my essays. They allowed my essays to go
through. Of course, I was proselytizing about citation index-
ing and not capitalism. Many people still think that I'm writ-
ing those weekly essays. Recently, I met a senior scientist
who said that he loved my essays and read them every week!
I wrote the last one six years ago. Maybe he’s thinking of my
occasional editorials in The Scientist. In fact, many people
don’t know that The Scientist has not been an ISI publication
for 10 years.

IH: Do you have any children?

EG: I have a 52-year-old son, Stefan, who is a crane operator.
My second son, Joshua, 40 years old, graduated in marine
biology but is now a computer scientist. Both live in Florida.
I had two daughters, Laura and Thea. Laura is 41, but I don’t
hear from her. My younger daughter committed suicide 20
years ago. I have a stepdaughter, Cornelia, who lives in
Philadelphia and we visit regularly. From my third marriage,
I'have a 14-year-old son, Alexander Merton, who is a violinist
and a good student in math and science. My wife, Catheryn,
originally taught biology. Then she got an information sci-
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ence degree and worked at ISI as a lecturer. Eventually, she
became Vice President but left ISI after we sold the company
to Thomson. We have been married for 16 years.

IH: How would you formulate the lessons to be learned from
your career?

EG: Too often, people are afraid of failure. They worry that
they cannot manage financially. Money never drove me; it
came to me. Nevertheless, if I had worried about money, I
might never have achieved financial success. I don’t know
what accounts for this quality of persistence. My mother
never stopped until she finished the task at hand. You learn a
certain doggedness. I grew up working. When I was 9, I was
delivering orders in a grocery store and worked in a laundry
for hours just to earn a quarter. Later, I went to work for my
uncles. I delivered orders in my Uncle Lou’s liquor store.
Then I worked in the garment district after school and sum-
mers. Maybe that was another reason that I didn’t do that
well in high school. I certainly enjoyed the work but realized
I didn’t want to remain in the garment business, much as my
uncle Sam would have liked me to.

IH: How did your Ph.D. happen to be in structural linguistics?

EG: I got my B.S. in chemistry from Columbia. I had a good
friend who was working on mechanical translation of
Russian at Georgetown University. I was supposed to join
him there. However, I was broke and had to support my son.
I got sidetracked by some people from Smith Kline and
French. I met them when I was at Johns Hopkins. They
offered me a consulting job to set up a punch card system on
thorazine. That’s why I came to Philadelphia in 1954. My
friend Casimir Borkowski later came to Philadelphia to get
his Ph.D. under Zelig Harris, the chairman of structural lin-
guistics at Penn. Noam Chomsky was graduating that year. [
introduced Zelig Harris to the field of information retrieval.
Within a few months, he had a half a million dollar grant
from the National Science Foundation.

I had started my doctoral program at Columbia but
couldn’t get my interdisciplinary committee to meet. So I left
and subsequently made a deal with Professor Harris. He
agreed that I could transfer my credits and do my dissertation
in chemical linguistics. My task was to create an algorithm
for translating chemical nomenclature into molecular formu-
las using a computer. Today it seems ridiculously simple but
in those days it seemed impossible. That’s how I got my
degree in the linguistics department. It was as much a chem-
istry topic as structural linguistics. Allan Day, Chair of
Chemistry, was a great help to me.

Later on, I taught at Penn in the electrical engineering
school. I gave a course in information retrieval for computer
and information science graduate students. Many of them
worked on Department of Defense contracts involving
information retrieval.
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IH: Do you keep track of citations of your own work?

EG: I have received a weekly printout for over 30 years,
which lists every paper that cites my work. Because of my
essays in Current Contents, I am probably the most self-cited
person in the world. There are still quite a few papers pub-
lished that cite my papers and books, but lately impact fac-
tors are very popular. I’ve posted almost all my work full-text
on my web site [http://165.123.33.33/eugene_garfield] and
that’s a good place to end.
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The Naming of Buckminsterfullerene®

E.J. Applewhite®

Systematic chemical nomenclature has always been cor-
rupted—or enhanced, depending on your point of view—by
the prevalence of eponyms. The fact that C, was named buck-
minster-fullerene could be construed as (a) an erratic depar-
ture from the etiquette of attributing discoveries to individuals,
(b) trivial, or (c) the validation of an intuitive vision of a
designer of geodesic domes. H.-W. Kroto said that the newly
discovered carbon cage molecule was named buckminster-
fullerene “because the geodesic ideas associated with the con-
structs of Buckminster Fuller had been instrumental in arriving
at a plausible structure” [1]. It is becoming, in Fuller’s case,
that he made no claim; the honor was bestowed by others.

The Israeli poet Yehuda Amichai once described naming
as “the primary cultural activity,” the crucial first step anyone
must take before embarking on thought. John Stuart Mill
declared that “The tendency has always been strong to
believe that whatever received a name must be an entity or
being, having an independent existence of its own.”

When Harry Kroto and Richard Smalley, the experimen-
tal chemists who discovered Cg,, named it buckminsterfuller-
ene, they accorded to Richard Buckminster Fuller
(1895-1983), the maverick American engineering and archi-
tectural genius, a kind of immortality that only a name can
confer—particularly when it links a single historical person
to a hitherto unrecognized universal design in the material
world of nature: the symmetrical molecule Cg. Smalley’s
laboratory equipment could only tell them how many atoms
there were in the molecule, not how they were arranged or
bonded together. From Fuller’s model they intuited that the
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atoms were arrayed in the shape of a truncated icosahedron—
a geodesic dome. Only after a novel phenomenon or concept
is named can it be translated into the common currency of
thought and speech.

This newly discovered molecule, a third allotrope of car-
bon—ancient and ubiquitous—transcends the historical or
geographical significance of most named phenomena such as
mountains of the moon or Antarctic peaks and ridges.
Cartographers named two continents for Amerigo Vespucci,
because he asserted (as Columbus did not) that the coasts of
Brazil and the islands of the Caribbean were a landmass of
their own and not just obstacles on the route to Asia. Cg is a
far more elemental discovery; it is more ancient; and it per-
vades interstellar space. Fuller has no reason to envy
Vespucci.

Buckminsterfullerene was discovered by chemists who
were not looking for what they found. Kroto was looking for
an interstellar molecule. Smalley said he hadn’t been very
interested in soot, but they agreed to collaborate. Smalley’s
laboratory at Rice University had the exquisite laser-
vaporization and mass spectrometry equipment to describe
the atoms of newly created molecules. Scientific experiment-
ers investigate nature at a level where revelation is often
unpredictable and sometimes capricious. This is a phenom-
enon that Fuller (who was not a scientist, but a staunch
defender of the scientific method) generalized into the dog-
matic statement that all true discovery is precessional. For
Fuller, the escape from accepted paradigms is precessional.
(Vespucci precessed; Columbus did not.) Fuller had a life-
long preoccupation with the counter-intuitive, gyroscopic
phenomenon of precession. He defined precession, quite
broadly, as the effect of bodies in motion on other bodies in
motion. Every time you take a step, he said to me many
times, you precess the universe.
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For that matter, one may say that Kroto and Smalley, in
recognizing the shape of the Cy, molecule made a preces-
sional discovery. Earlier, Osawa, in a paper published in
Japanese in 1970, had described the Cg molecule with the
truncated icosahedral shape; so had Bochvar and Gal’pern in
1973 when they published a paper in Russian on the basis of
their calculations. They all recognized the novelty of the
molecule and conjectured that its structure should afford
great stability and strength. However, neither Osawa nor
Bochvar and Gal’pern had experimental evidence, nor did
they consider their result important enough to follow up their
finding with further work or to convince others to do so.
Curiously, in 1984 a group of Exxon researchers made an
experimental observation of C4, along with many other spe-
cies. They failed, however, to discern the shape of this spe-
cies and did not recognize its special importance. These
precursors to Kroto and Smalley apparently lacked the requi-
site—precessional—insight to appreciate the significance of
what they had found. Kroto and Smalley’s precessional
insight was best manifested by their decision to give a name
to the Cgy molecule of the truncated icosahedral shape.

Buckminster Fuller and E.J. Applewhite at a midnight supper
at the Waldorf-Astoria Hotel celebrating their completion of the final
galleys of Synergetics. Fuller in his own hand has inscribed the mat
of this photograph as follows: “Entering the home stretch
of the Y2-century long, Synergetics galley race. B.F. and E.J.A. Jr. at
the Waldorf Jan 9, 1974.”

As a longtime close friend of the Fuller family, as his
collaborator on his two volumes of Synergetics (1975, 1979),
and as a trustee of the Buckminster Fuller Institute (BFI), I
rejoiced vicariously in the molecular celebration of his name.
I preserved the copy of its first publication in Nature
(November 1985), with the Cq molecule on its cover, and,
with the compulsion of an archivist, I documented the prolif-
eration of reports on this molecule in the professional litera-
ture for some while thereafter. While I sensed that Professors
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Kroto and Smalley had granted the name for perhaps trivial
reasons, I felt that there was a greater resonance between Cg
and Fuller’s writings and design philosophy than the mere
congruence of the topology of that molecule and Fuller’s
geodesic domes. Fuller did not develop his peculiar geome-
try in order to build a dome. Of course, he delighted in build-
ing domes and built a great many of them (though all were
replicable, no two of his prototypes were the same), and he
succeeded admirably in containing a greater volume of space
in an enclosed stable structure than any architect or engineer
before him had ever done. (He had a dozen or so patents
relating to his domes.) But I knew that Fuller was one of the
most celebrated but least understood original thinkers of his
day. Fuller did not develop his original great-circle coordinate
geometry in order to build domes; he built domes because
otherwise people would not understand the geometry—
which rejected the XYZ coordinate system of standard
mensuration. He advanced synergetics as nothing less than a
new way of measuring experience and as a new strategy of
design science which started with wholes rather than parts.

Although I felt that it was presumptuous for me, as a
nonscientist, to address Kroto and Smalley on Fuller’s behalf,
I nevertheless offered them copies of Fuller’s Synergetics
books and drew their attention to collateral aspects of Fuller’s
work that might be relevant to their major discovery. I was
careful to disavow any claim for priority of discovery on
Fuller’s behalf. He did not anticipate Cg, but its discovery
did validate his intuitions that geodesic design plays a more
significant role in nature’s arrangements than had hitherto
been recognized. Fuller would have been less surprised
than any of us to learn that the 60-atom array possessed an
extraordinary property of stability. Although he regarded
the hydrogen atom as the simplest—and hence the most
beautiful—design in nature, Fuller had a lifelong interest in
the carbon atom, and, in many of his writings and lectures,
he celebrated J.H. van 't Hoff’s 1874 concept of the tetrahe-
dral configuration of carbon bonds.

Some years later, on March 21,1991, on a visit to Houston,
I had the opportunity to call on Professor Smalley in his lab-
oratory at Rice University and pay him homage, specifically
on behalf of the Fuller family and the BFI—expressing our
gratification in the luster that he and Professor Kroto had
added to Fuller’s name. He greeted me with a hospitality,
a sympathy, and an enthusiasm matching the cordiality of the
correspondence I had initialed with Professor Kroto at the
University of Sussex in Brighton. A sense of destiny perme-
ates his large, comfortable office; he told me I was sitting on
the very couch where he and Kroto christened the new mol-
ecule on September 9, 1985. He told me about how he and
his colleagues had sat up all night making models out of
Gummy Bear jelly beans and paper cutouts of pentagons and
hexagons. I recalled that Fuller as a child had made models
out of toothpicks and dried peas, and he had always felt that
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geometry should be taught as a hands-on laboratory disci-
pline. Smalley said that he had overcome any initial reserva-
tions he might have had to Kroto’s proposal to name Cg
buckminsterfullerene. For one thing, the standard IUPAC
name for the molecule was impossibly awkward and difficult
to read, much less speak. When I asked him why he found
the name so appropriate, he said that it was because it con-
veys in a single word so much information about the shape of
the molecule, and he found a happy congruence in the fact
that its 20 letters match the 20 faces of the icosahedron—a
letter for each facet. All even-number carbon cluster-cage
molecules are now termed fullerenes. The root name Fuller
lent itself to generic applications with the various other
conventional suffixes, producing not just fullerenes, but
fulleranes, fullerenium, fullerides, fullerites, fulleroids,
fulleronium, metallofullerenes, and so forth. Colloquially—
even affectionately—they are subsumed as buckyballs.

As Smalley escorted me out of the laboratory complex on
that steaming hot March afternoon (Houston is like that), I
was exhilarated by his conviction that Cg, is one of the most
stable and photoresistant molecules known to chemistry, and
also probably the most proliferating, and possibly the oldest.
A new branch of organic chemistry indeed—and countless
textbooks had instantly been rendered out of date.

After a few letters objecting to the name buckminster-
fullerene had appeared in the columns of Nature, Harry
Kroto gallantly defended its choice on the grounds that no
other name—none of the forms of the classic Greek geome-
ters—described the essential three properties of lightness,
strength, and the internal cavity that the geodesic dome
affords. To the protest that nobody had ever heard of Fuller,
he submitted that the name would have educational value. A
fine exercise of onomastic prerogative.

Fuller was not a chemist. He was not even a scientist, and
made no pretension of adhering rigidly to an experimental
and deductive methodology, and he did not follow the rules of
submitting published papers to peer review. But he had an
extraordinary facility for intuitive conceptioning. Jim Baggott,
in his superb account Perfect Symmetry: The Accidental
Discovery of Buckminsterfullerene [2] quotes Fuller in an
epigraph: “Are there in nature behaviors of whole systems
unpredicted by the parts? This is exactly what the chemist has
discovered to be true.” Baggott goes on to describe how Fuller
had derived his vector equilibrium (cuboctahedron, in con-
ventional geometry) from the closest packing of spheres of
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energy. What he had was a principle that led to the design of
geodesic structures capable of a strength-to-weight ratio
impossible in more conventional structures. Fuller had a
highly generalized definition of the function of architecture
that put him outside the scope of the academicians’ view of
their discipline. Bucky said “architecture is the making of
macrostructures out of microstructures.”

Baggott concludes: “Fuller’s thoughts about the patterns
of forces in structures formed from energy spheres had led
him to the geodesic domes....That his geodesic domes
should serve as a basis for rediscovering these principles in
the context of a new form of carbon microstructure has a
certain symmetry that Fuller would have found pleasing, if
not very surprising.”
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Peace Through Chemistry?

Istvan Hargittai®

Last November during a lecture tour in the Washington, DC
area, I visited the National Gallery. One of the temporary
exhibitions was a showing of Roy Lichtenstein’s works. I
had known some of his pictures either as reproductions or
from visits to modern art museums. His unique style was
strongly imprinted in my mind, the large-scale comic-strip-
like paintings with bright colors in which benday dots were
visible in an exaggerated way. There were some striking
examples of such paintings in this exhibition. I noticed, how-
ever, a large picture, consisting of three adjacent panels, of a
different style. It differed from the rest in being rigorously
geometrical, although the Lichtenstein trademark benday
dots and the bright colors were there, too.

I liked the picture as soon as I noticed it from a distance.
I liked its geometry and colors, and then, as I got closer, I
was completely taken by its title, Peace through Chemistry.
It was painted in 1970.

Chemistry has such a bad popular image, due most of all
to ignorance about it among nonscientists, that this was a
pleasant surprise. Here was a major artist and such a title and
a truly beautiful piece of art.
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Following this visit to the National Gallery, I wrote a let-
ter to Mr. Lichtenstein, and eventually got a color transpar-
ency for reproducing the painting in our magazine. I also got
some information about the painting through the artist’s
kind assistant, Ms. Shelley Lee. I sent the questions and
received the answers. This is why there are no follow-up
questions where the reader might feel there should have
been some.

ISTVAN HARGITTAI (IH): How did Mr. Lichtenstein
come to the idea of making this picture?

SHELLEY LEE (SL): He was thinking about the WPA
[Works Project Administration] murals done in the United
States in the 1930s on public buildings. Peace through
Chemistry is similar in style to the painting Preparedness,
1968, which is owned by the Guggenheim Museum. Both
paintings were part of his Art Deco series.

IH: Did he have any previous encounter with chemistry?
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ROY LICHTENSTEIN Peace through Chemistry, 1970; oil & magna on canvas; 3 panels; 100” x 60”, overall:
100" x 180”; 0440. Used with permission © Estate of Roy Lichtenstein.

SL: He studied chemistry at de Paul University in Chicago
while in the Army, as part of an engineering course in
1942.

IH: Where did the title originate from?

SL: Preparedness was a theme of government during World
War II and the Cold War. Of course, in spite of his serious
interest in science, the title is meant to be ironic.

IH: How did Mr. Lichtenstein create the picture? Did he
have some tools as models for the picture?

SL: He was influenced by Art Deco, but the painting was all
thought up. There was no original source.

IH: Is there any meaning in the change of style stressing
geometry?

SL: The style is Art Deco, and the geometry is connected
with Art Deco style. He thought it was fitting for the
government-sponsored mural style.

IH: Has he created any other picture related to chemistry?

Roy Lichtenstein (Used with permission © Estate of Roy Lichtenstein).



Peace Through Chemistry

SL: He created several versions of Peace through Chemistry
in prints done with Gemini G.E.L. in Los Angeles.

IH: Has he created any other picture related to any other
fields of science?

SL: No.

Some biographical data on Roy Lichtenstein: He was born in
1923 in New York City. Attended summer art classes in
1939 in New York, and studied in the School of Fine Arts,
Ohio State University, 1940 to 1943. Served in the U.S. Army
in Europe from 1943 to 1946. Obtained his BFA (1946) and
MFA (1949) at the Ohio State University. He taught there in
1949 to 1951. He lived in Cleveland working as a graphic and
engineering draftsman among other jobs in 1951 to 1957.
Worked as Assistant Professor first at the State University of
New York at Oswego, and then at Douglass College of
Rutgers University until he moved to New York City in 1963.
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He was inducted as Fellow into the American Academy of
Arts and Sciences, Boston, in 1971, and since then received
numerous recognitions, including a Doctorate of Fine Arts
from the California Institute of the Arts (1977), membership
in the American Academy and Institute of Arts and Letters,
New York (1979), and honorary doctorates from Southampton
College, New York, Ohio State University, Columbus, and
Royal College of Art, London. He has had numerous one-
man exhibitions since 1951.

The ironic overtone in the title Peace through Chemistry
might almost suggest that I scored a goal against my own
team in “discovering” this painting. I don’t think so,
though. The painting is beautiful and it is about chemistry.
Also, in the context of the rest of his works, it could not be
vintage Lichtenstein without some humor, without some
irony.



Food for Thought®

Alan L. Mackay®

Eating together is the most basic and important social activ-
ity, and the enjoyment of eating, and even the mere process
of ingestion and digestion, is connected with one’s mental
disposition. Only now is it beginning to be understood,
through delicate magnetoelectric recording techniques,
“how the brain and the gut talk to each other.” Very recent
work shows that the gastric—intestinal tract even seems to be
differently lateralized in the brains of different individuals.
To eat comfortably goes with social ease. The opposite,
social dis-ease or disquiet, shows in the phrase “I cannot
stomach his opinions.” Eating together is therefore one of
the basic social institutions of science. If eating is mixed
with talking, then nobody can talk all the time. A practical
everyday version of this is the department tea club, of which
Aaron Klug remarked “visiting Americans often think that
the tea and coffee breaks [at the MRC Laboratory for
Molecular Biology] are a waste of time, but some of them
learn better” [1].

Commensality implies equality and democracy and the
practice of the dialectic—the emergence, if not of truth, then
of shared opinions and the recognition of differences, from
the expression of argument and counterargument. Even Jesus
ate with publicans and sinners, no doubt because the conver-
sation as well as the drink was better.

In Plato’s Symposium, which was literally drinking
together, the duty of the chairman was to regulate the talk by
adjusting the ratio of alcohol to water. If the talk was too
slow, then more alcohol, and conversely. The Ciba Foundation
is a master of the technology of the modern symposium,
arranging more parameters. There are not too many partici-
pants; they have just the right amount of food and drink; the
temperature is right; the seating is right—everyone can see
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and hear and be seen and heard; the projection is perfect.
Few other organizations take such care, but the results
justify it.

It is not a coincidence that the most developed institution
of social dining is associated with the great scientific distinc-
tion of Cambridge University. For example, the Fellows of
Trinity College may mention that Trinity College has pro-
duced as many Nobel prizewinners as France. In discussions
with Chinese colleagues, for example, about how science is
organized in China and how top rank scientists may be
encouraged, the question “When do your professors eat
together?” almost uniformly led to the answer “almost
never.” (For their part, the Chinese scientists were anxious to
understand the role of the Trinity in Trinity Science Park—
consulting the dictionary had only increased their
mystification.)

In 1912 P.P. Ewald, A. Sommerfeld, and Max von Laue
were drinking in the Café Liitz in Munich and discussing
physics when von Laue proposed an experiment, based on
Ewald’s recent thesis, to see whether crystals diffracted
X-rays. No doubt they penciled diagrams on the marble-
topped table—every café for scientists needs something to
write on. This experiment was quickly done by von Laue’s
students Friedrich and Knipping, and von Laue duly received
the Nobel Prize for it. Moreover, a string of other Nobel
Prizes followed directly from this discovery.

Perhaps the most important dining table ever was that of
Baron d’Holbach in Paris, talk around which shaped the
intellectual climate of Western Europe in the eighteenth cen-
tury and nourished the Enlightenment [2]. The Baron enter-
tained about 20 people to dinner at his house in the Rue
Royale every Thursday and Sunday for 35 years (from 1750
to 1785). This was a subsidy to learning and culture of
immense value. There was a constant nucleus with a fluctuat-
ing stream of visitors. The British visitors included John
Wilkes, David Hume, Lawrence Sterne, Horace Walpole,
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Samuel Romilly, David Garrick, Allan Ramsay, Edward
Gibbon, Dr. Burney, and Joseph Priestley. There was also
Benjamin Franklin from America. Besides Holbach, the key
nucleus comprised Denis Diderot, the most celebrated fig-
ure, Friedrich-Melchior Grimm, the Abbé Raynal, and the
Abbé Galiani. Although this “Coterie Holbachique” was
reputed to be a nest of atheists, and atheist views were freely
expressed, atheism was not pressed to the disadvantage of
other views. There was, to use a modern phrase, no hidden
agenda. Many of those attending contributed to Diderot’s
gigantic project of the “encyclopedia of the arts and tech-
nologies” [Encyclopédie ou Dictionnaire Raisonné des
Sciences des Arts et des Métiers, 1751-1772], but this was
not central to the group. The arts, the sciences, and politics
were all discussed. People could speak and speculate without
fear in the company of exciting minds in the “inviolable
sanctity of the haven where they assembled.”

H.G. Wells has reported on the influential dining club
“The Coefficients,” founded by Mrs. Beatrice Webb, where
long-term geopolitical discussion about the Empire took
place monthly from 1902 to 1908. The formidable Beatrice
Webb had written: “You do not, as a matter of fact, get to
know any man thoroughly except as his beloved and his
lover—if you could have been the beloved of the dozen
ablest men you have known it would have greatly extended
your knowledge of human nature and human affairs” [3],
However, this ambitious project was beyond her, and her din-
ing club provided in substitution a deep familiarity with
political affairs. J.D. Bernal has described the “Tots and
Quots” (from “Tot homines, quot sententiae”), a club mostly
of scientists who met once a month in wartime London
around 1939/1940. From its discussions, ideas about how to
manage the war emerged. Allen Lane, the publisher of
Penguin Books, said that if Bernal and Solly Zuckerman
would produce a text, then he would publish it in a month,
and they did. The book was Science in War (1940), and a
copy was at each place for the next month’s meeting.

Earlier, Bernal was a member of The Kapitsa Club, which
met in Cambridge in the 1930s, an informal “interdisciplin-
ary” group at whose meetings participants heard about every
scientific discovery as soon as it happened, or sometimes
before. This was a typical “invisible college” at the growing
front of science. It is an important character of such groups
that everyone is interested in everything, like the ancient
Athenians in the agora (Greek for the Latin forum)—*“For all
the Athenians and strangers which were there spent their
time in nothing else, but either to tell, or to hear some new
thing” [Acts 17:21]. This is the way to get new ideas for solv-
ing old problems.

What a pity then that, in the present period of cost-
effectiveness and ranking of university departments by the
citation index, leisured regular dining has gone by the board.
Indeed, the commensal board has been replaced by the coffee
machine. In the old days, when everyone in the laboratory
knew what everyone else was doing, one could see beakers
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on the shelf with notices: “Brucine crystallization—do not
use for coffee!” Everyone knew the significance. But today
there might be people around who do not even know what
brucine does. Staff meet only for committees and judge each
other by bureaucratic statistics of numbers of papers and
weight of money brought in. Sydney Brenner says that
“Before we develop a pseudo-science of citation analysis, we
should remind ourselves that what matters absolutely is the
scientific content of a paper and that nothing will substitute
for either knowing or reading it” [4].

The global market economy affects science, and an
important analysis of the way in which the work of Third
World scientists is cut off from the body of world science by
a selfish scientific Mafia, using the science citation index
from a distance, has just appeared [5]. In this way, we avoid
meeting a large part of the world face-to-face at a communal
table. If we do not know of their work, then we do not need
to acknowledge their existence. “Science is public knowl-
edge”—this is Merton’s aphorism [6]. As in the Matthew
Principle, also enunciated by Robert Merton: “To him that
hath, shall be given. From him that hath not. shall be taken
away even that which he hath” [Matt. 13:12].

Proper estimates of our colleagues develop only after long
discussion of actual problems based on reading their work.
There is nothing more interesting than professional shop
talk, but with how many people can we productively inter-
act? Nowadays, through the Internet, we may communicate
with hundreds and realize many aspects of H.G. Wells’ World
Encyclopedia [7], but how many can we really get to know as
well as if we had dined with them twice a week for a decade?
The administrators have carried out the classic military tactic
of cutting their opponents into small units and demolishing
each in isolation. The captains do not now eat with the crew,
and they find out what the crew are doing only from “man-
agement statistics” and not by discussing actual research
face to face over dinner.

What hurried, mechanized eating in “fast food” cafeterias
does for the digestion is another question, but it is a matter
for reflection that half the profits of Britain’s largest com-
pany come from the sale of copies of one molecule, raniti-
dine hydrochloride [8], for stomach ulcers.
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Hans Hellmann of the Hellmann-Feynman Theorem?

Michail A. Kovner®

Hans Georg Gustav Adolf Hellmann was born on October
14, 1903, in Wilhelmshaven, Germany. He got his doctorate
in engineering as a student of V.E. Regener in 1929 in
Stuttgart. He worked in Stuttgart, Kiel, and Hannover, last
teaching physics in Germany at the Hannover Veterinarian
College. From 1934 he was Professor of Theoretical Physics
at the Karpov Institute of Physical Chemistry in Moscow. He
became a Soviet citizen in 1936 and received various Soviet
awards and decorations.

Hellmann was the author of the first quantum chemistry
book, Quantenchemie, which was translated into Russian by
myself and colleagues. By doing so, we had to create the
Russian terminology for quantum chemistry [1].

Hellmann [2] formulated the famous Hellmann-Feynman
theorem [3], to which the American physicist Richard
Feynman came independently [4] and which has retained its
fundamental importance in molecular dynamics.

Hellmann organized a quantum-chemical seminar in
Moscow which became popular, especially among young
chemists. I prepared my dissertation, “Quantum Theory of
the Ammonia Molecule,” under Hellmann’s supervision. I
was often a house guest of the Hellmanns, and I knew his
wife and his little son well. Hellmann was an antifascist, and
he hated Hitler and anti-Semitism. His wife was Jewish, and
that is why they left Germany and came to Moscow as
immigrants.
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At the beginning of 1938, Hellmann was charged by the
Soviet authorities as a German spy, and soon after these
accusations he perished. After Hellmann’s arrest his son was
placed in an orphanage and his wife was sent into exile in
Kazakhstan where she remarried. Because the little Hellmann
did not have any papers, he got a new name, Minchin. He
grew up in Kharkov and graduated from the Mining Institute.
Eventually he also found his mother.

One day in 1988 a middle-aged person appeared at the
door of my home. He was Hellmann’s son and had come to
visit. He was visiting all his father’s former pupils in Moscow.
Then one day, on another visit, he told me that he had come
to say goodbye. He was leaving for Germany. I never heard
from him again.
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The Difference Between Art and Science?

Roald Hoffmann®

It’s the land of the Slinky, warped mirrors,

the seemingly misfit gears of eccentric

motion. It’s the modern science museum.

You would have to drop a crowbar on a gong
to hear it above decibels of ten-year old
visitors. The masterpieces—Planck’s quantum
hypothesis, the quinine synthesis—are missing.
Only the photos of the makers, the tangible,

billboards explaining the mystery of common sense.

In the hushed temple of high art one is moved
from the discreet space carved out by a Simone
Martini to the Master of the Urbino Annunciation.
It’s the untouchable preserve of patrimony,
cautiously labelled for the farsighted, all
masterpieces, at least until deaccessioned.

But there it hangs, my Crivelli with a fly,

in the palace of unique resolutions, once done
waiting patiently to be done again, differently.

2

He thinks of the unique

molecule friends in Moscow made,

tin in the middle,

linked to two niobiums, two chlorines.
Around tin, like carbon, there should be

2Chemical Intelligencer 1996(1), 55.
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a rough tetrahedron,

but that ancient figure opens an angle wide

vs. the opposing one.

So he puzzles with a student

who tweaks the supple molecule in the computer,
gauging its resistance until

from the electrons’ chanced clouds, inner space,
the reason snaps clear.

So that one could kick oneself

for not having seen

how unexceptional

it really

is.

She takes the common,

here young eucalyptus,

and with neat saw-cuts sketches

the aura of its absent leaves and trunk.
She hard-wires its give

into a limber lattice-work of chambers
partially open, the pliant mystery

of shaped emptiness passing

through emptiness,

tough for simple space to bear.

A burl of the giving mind, out

of the ordinary, no one

like any other one.
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From this Munch painting
of someone pained on a bridge,

hands held to ears, the observer
could scrape an orange

micron speck. He could
mount it on a slide, fine-tune

the fast beams that circle
under parking lots and football

fields, prodded on by magnets’
handless shove, focus, for that

is his craft, the probe particles
(fancy calibrated stones)

to jarring graphed impact
in the paint. The search

is for the force of the scream.

for Jorge Calado

Notes

But the particles’ pry is

too strong—they shock loose
the paint molecules, in sound

demonstration of the uncertainty
principle. The painting hangs;

Norwegian sky and harbor
pick up the scream, beam

it into the observer’s skull.
There, echoing, effect change.

This poem has a publication history.

Part 1 appears here for the first time.

Part 2 was published in the literary journal
Webster Review 1989, 14(2), 155. Part 3 was
published in my first book Gaps and Verges,
and has been republished in French,
Portuguese, and Spanish translations in
Nouv. J. Chim., CTS (Lisbon), and

La Republica (Montevideo), and in English
in Chemisch Weekblad.



A Memory of Dorothy Hodgkin?

Sir John Cornforth®

My wife Rita and I were good friends with Dorothy Hodgkin
for 50 years. Dorothy was, technically, Rita’s tutor at
Somerville College; but we first got to know her better in
1943 during the chemical work on the structure of penicillin.
We did a chemical synthesis of penicillamine, a degradation
product of penicillin, and Dorothy did the X-ray work that
proved conclusively the identity of the synthetic and the nat-
ural material. After penicillin, Dorothy took up work on the
structure of calciferol, the D vitamin. She wanted a crystal-
line derivative containing a heavy atom, and this was proving
difficult to obtain. She enlisted our help (via Robert
Robinson, I think), and after failing to get a crystalline iodo-
benzoate, we tried the 3-nitro-4-iodobenzoate, then a new
acyl group. Rita did one experiment with 0.1 g of calciferol
(it was precious at the time) and got a crystalline derivative
with which Dorothy solved the structure. There was an
amusing sequel, some years later. A Frenchman, L. Velluz,
showed that in the preparation of calciferol from ergosterol
by ultraviolet irradiation the final stage, from precalciferol to
calciferol, is a reversible thermal process. So in theory, since
Rita heated her reaction mixture when making the derivative,
she could have obtained a precalciferol derivative and the
X-ray work could have given a wrong structure for calcif-
erol. Dorothy wrote to us about this dilemma (we were at
Mill Hill by then), and I said I'd make some more of the
derivative and hydrolyze it, without heat, back to calciferol.
I made some more of the iodonitrobenzoyl chloride and
started work, and I had 10 g of purest calciferol to play with,
and I couldn’t get any crystals at all! Finally, in despair, I
wrote to Dorothy and asked if she had any of the original
specimen left. She said no, but she sent me the tiny tube that
had contained Rita’s specimen. I touched with a glass rod

2Chemical Intelligencer 1998(4), 57-58.
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first the inside of the tube and then my specimens; they all
crystallized rapidly. And the derivative was the same as
Rita’s, and it did give calciferol when saponified at 0 °C. So
that was a happy ending, but it emphasized that some crystal-
lizations are games of chance, and in this case we must have
been lucky to get crystals the first time. We wrote an appen-
dix to her full paper [1] on calciferol, describing the deriva-
tive and the method for making the reagent.

Dorothy Hodgkin, O.M., F.R.S., by Bryan Organ (From Ref. 2,
reproduced with permission from The Royal Society, London).
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We used to meet at the Royal Society from time to time,
and we corresponded at intervals. And I was instrumental in
raising money from Fellows and others to have her portrait
painted for the Royal Society. It hangs in the restaurant there;
she didn’t like it much but everyone else did. And the project
had other consequences, which I have described [2]. She was
genuinely great and remained the same unassuming, com-
passionate, dedicated person for her whole life.

Notes
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What Did Carl Wilhelm Scheele Look Like??

Torvard C. Laurent®

Carl Wilhelm Scheele was born on December 9, 1742, in
Stralsund in Pomerania, a province of present Germany.
However, at that time Stralsund belonged to Sweden, and
Carl Wilhelm was born as a Swedish citizen, but his native
language was German. He was the 7th of 11 children of
Joachim Christian and Margareta Eleonora Scheele. His
older brother, who has been sent to Goteborg to be trained as
a pharmacist, died of typhoid, and Carl Wilhelm, at the age
of 14, succeeded him as an apprentice in the “Unicorn” phar-
macy. From the beginning, Scheele showed a great interest in
chemistry and, despite not having any formal training in the
subject, he devoted all his free time to his personal experi-
ments. In this, he was encouraged by his superiors.

Medal minted for the Royal Swedish Academy of Sciences in 1789
commemorating Carl Wilhelm Scheele. Artist: Carl Johan Wikman.
Inscription on the back side: Ingenio stat sine morte decus (His genius
makes his fame immortal).

2Chemical Intelligencer 1999(3), 28-30.
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Scheele stayed in Goteborg for eight years until 1765 and
then worked in pharmacies in Malmo, Stockholm, and
Uppsala before he got his own pharmacy in the small town of
Koping in 1775. The previous owner of the pharmacy had
died and, as part of the deal, Scheele committed himself to
supporting his widow, 23-year-old Sara. She became his
housekeeper. Scheele died in 1786, when he was only 43Y2
years old, probably due to heart failure caused by rheumatic
fever. He married Sara a few days before he died.

Scheele never received an academic education; he was
self-taught. He lived a secluded life with limited resources
for scientific work, but he became one of the foremost chem-
ists of all times. As a sign of respect from his contempo-
raries, he was elected a member of the Royal Swedish
Academy of Sciences already at the age of 32. However, he
only attended one meeting, the only time he left Koping and
went to Stockholm. On the same visit, he took the formal
examination required for managing a pharmacy.

The discoveries that Scheele made are numerous. He dis-
covered oxygen, chlorine, manganese, and barium and did
the basic work leading to the discoveries of other elements.
He produced hydrogen at the same time as Cavendish. He
described nitrous acid and nitrogen oxides, many inorganic
and organic acids (citric acid, oxalic acid, tartaric acid, etc.),
glycerol, hydrogen cyanide, and hydrogen sulfide. He was
involved in the discovery of calcium phosphate in bone
together with Johan Gottlieb Gahn. He studied the effect of
light on chemicals and prepared papers with silver chloride
which were blackened by light and showed that the effect
was wavelength dependent. Although he communicated
many of his discoveries to the scientific community during
his lifetime, the true depth of his work did not become appar-
ent until a century after his death, when Adolf Erik
Nordenskiold, the famous polar explorer who discovered the
Northeast Passage, went through Scheele’s notes and pub-
lished them.
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Notes

Scheele’s most famous discovery was that of oxygen, at the
same time as Priestley and Lavoisier described the gas. The
book by Scheele Chemische Abhandlung von der Luft und
dem Feuer was written in the fall of 1775 but was not pub-
lished until 1777 due to a delay in the printing. Both Priestley
and Lavoisier published their work in 1775. However, the
story behind the publication date is less well known. For some
years, Scheele had produced oxygen in several ways. In reply
to Lavoisier, who had sent him his Opuscles, Scheele wrote on
September 6, 1774, and asked Lavoisier to repeat an experi-
ment in an apparatus which had been described in the Opuscles.
Scheele wrote that when silver carbonate was heated and car-
bon dioxide removed by adsorption onto sodium hydroxide, a
gas was produced which could sustain a burning candle and
keep animals alive. Priestley made his discovery in 1774 and
traveled to Paris and described it to Lavoisier. When Lavoisier,
at Eastertime in 1775 at the French Academy, spoke about a
new type of air, until then unknown, he mentioned neither
Scheele nor Priestley.

Statue of Scheele on “Flora’s Mound” in Humlegdrden, Stockholm.

Artist: John Borjesson. The statue was inaugurated on December 9,

1892, on the 150th anniversary of Scheele’s birth. The son of John
Borjesson was the model. (Photo by I. Hargittai, 1998).

Although Scheele has been depicted both on stamps and
in a famous statue, there seems to be no one who really
knows what Scheele looked like. We have no picture of

him from his lifetime. The closest to the original is proba-
bly his face on a coin minted by the Royal Academy of
Sciences in 1789, four years after Scheele’s death. At that
time, people probably still remembered him. When a stamp
was issued in 1942, 200 years after Scheele’s birth, a min-
iature portrait owned by a distant relative was used.
However, the portrait cannot be of Scheele because the
person is wearing a necktie, which did not become fash-
ionable until around 1800.

On December 9, 1892, the 150th anniversary of Scheele’s
birth, a statue of him was inaugurated on “Flora’s Mound”
in the Humlegérden park in Stockholm. Present at the time
were the King, the Crown Prince, two other princes, and
representatives of the government, the diplomatic corps, and
various universities and learned societies. There was mili-
tary music, songs, and speeches. Count Carl Snoilsky,
Sweden’s foremost poet at the time, had written a poem
about Scheele. The secretary of the Academy of Music had
written music to the poem, and it was sung by a well-known
choir, Par Bricole.

The money for the statue had come from a nationwide
collection started by Nordenskio6ld, and the artist contracted
for the work was Professor John Borjesson. The statue
weighted 900 kg and was 2.26 m high. Smaller replicas of
this statue can be found elsewhere. One is kept by the Faculty
of Pharmacy in Uppsala. But who is the man on the statue? It
is generally thought that the son of John Borjesson was the
model.

The poem written by CGarl Snoilsky for the
inauguration of the Scheele statue
(English translation by Roald Hoffmann and Torvard Laurent)

Quiet, modest, hidden from the world

You sat in your obscure corner

But from your labor at the hearth

A light spread, where there was only night

The square’s noise is not for you,
A woody mount is best

And Linnaeus in Humlegarden

Will have a worthy guest in you.

In the solid blend of metals

Sit with the crucible in your grove
Greal seeker of the truth,
Searcher for matter’s base

Bathe yourself in waves of air
Under the sighs of your tree
And when evening turns on its flames

Live on, in fire and light




What Did Carl Wilhelm Scheele Look Like?

One hundred years later, on the evening of February 25,
1992, an explosion was heard from the Humlegéarden.
Scheele’s statue had been blown into pieces. It later turned
out that the wicked deed had been performed by a couple of
schoolboys, who also had sabotaged other statues in
Stockholm. Fortunately, the damage was not too extensive,
and there was still some money left from the collection made
in the nineteenth century. This was used to repair the statue,
which was reinaugurated on December 6, 1992, three days
before the 250th anniversary of Scheele’s birth. The actual
anniversary coincided with the Nobel festivities.

A Scheele Symposium on “Oxygen—Perspectives on the
Element of Life” was held at the Royal Academy of Sciences
on December 5-6. Oxidation is the main source of energy for
mankind. Another source of energy celebrated its 50th anniver-
sary at the same time. On December 2, 1942, the first nuclear
chain reaction took place in Fermi’s laboratory in Chicago.

In the original discussions about the location of the statue
of Scheele, the town of Koping argued that it should be
placed where his home and pharmacy had been. To protest
the selection of a location in Stockholm, representatives
from K&ping did not attend the original inauguration of the
monument. Later, in 1912, Koping got its own memorial,
made by Carl Milles, but it has never achieved the fame of
the one in Humlegarden.

Retorts

TOP: The retort at Scheele’s feet in John Birjesson’s
sculpture. (Photo by 1. Hargittai.).
BOTTOM: Insignia of the U.S. Army Chemical
Corps (A Guide to U.S. Army Insignia. Whitman
Publishing Co., 1941).
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Stamp issued in 1942 to commemorate the birth of Carl Wilhelm
Scheele in 1742. The stamp shows a painting previously owned by a
distant relative of Carl Wilhelm. It cannot be a genuine picture of
Scheele because the man is wearing a necktie, which did not become
fashionable until 1800. © Posten Frimdrken.

At Scheele’s feet in John Borjesson’s sculpture there is
an oven, a mortar, and a retort. The retort has been
known from ancient times. It often appears in engravings
depicting chemistry. If there is any single apparatus that
symbolizes chemistry, it is the retort. A curious appearance
of the retort is in the insignia of the Chemical Corps of the
United States Army, originally called Chemical Warfare.
The colors of the insignia are cobalt blue and golden yel-
low, and the insignia displays crossed retorts behind what
may be taken as a benzene ring. Postage stamps, too, often
display the retort to symbolize chemistry. Four examples
are shown here from (1) Switzerland (1982), (2) Mexico
(1972), (3) Kuwait (1969), and (4) the Soviet Union (1965).
I thank Dr. Louis Adcock (University of North Carolina
at Wilmington) for calling my attention to
the U.S. Army Chemical Corps insignia.
ISTVAN HARGITTAI

Stamps 1, 2, 3, 4



Insider Trading®

Michael Lederer®

In recent years, stories in the daily papers about court cases
dealing with “insider trading” have been common. A typical
case concerned a columnist for the Wall Street Journal who
analyzed the position of a firm and wrote an article showing
that the prices of its shares should rise. He tipped off his
friends that this article was to appear, thus permitting trades
to be made based on this information. This case was brought
to trial and resulted in jail sentences and fines.

The analogous situation with not so obvious financial
implications exists, unfortunately, in the chemical literature.
Sir Robert Robinson in his Memoirs of a Minor Prophet
[Elsevier: Amsterdam, 1976] mentions under the heading
“Piracy in Chemical Research” (p 84):

As a rule this kind of invasion of territory is carried out with

fresh forces using new methods. It is not a question of copying

so much as of unnecessarily occupying ground, which some-

body else is clearly tilling. Sometimes, others have to complain

of leakage. I am quite unable to confirm that the following has

any real basis in fact, but the statement was made, so that one

supposes there must have been some reason for it. Samuel

Smiles had established the tetrahedral environment of quadriva-

lent sulphur (trialkylsulphonium salt) and lectured on the subject

after his publication. He then referred to the fact that simultane-
ously with his own paper another had appeared, the authors of

which appeared to be Messrs. Peep and Poachey (Spoonerism
for Pope and Peachey).

The late Dr. EH.P. told me 30 years ago that when he
submitted a paper to a journal, which we shall call “A,” the
referees often took more than six months to review it. In the
meantime, his “peers” would publish a paper based on the
same idea as his in another journal. I think that there are few
chemists who have not experienced something similar.
I have.

2Chemical Intelligencer 2000 (2), 47.
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The “Ethical Guidelines to Publication of Chemical
Research” [Anal. Chem. 1986, 58, 265] state that:

A reviewer should treat a manuscript sent for review as a confi-
dential document. It should neither be shown to nor discussed
with others except, in special cases, to persons from whom spe-
cific advice may be sought; in that event, the identities of those
consulted should be disclosed to the editor.

However, the referees consulted do not swear an equiva-
lent of the Hippocratic oath. They may even carelessly men-
tion something about the paper they have refereed to other
colleagues without evil intentions. In our present state of sci-
ence, where the development of a new instrument (or prin-
ciple thereof) or a new observation in gene technology or
biotechnology in general may translate into large sums of
money, the reviewing process is far from satisfactory.

In the last 30 years, I have given a lot of thought to how
journal editors can keep the situation under control. Here are
some suggestions:

1. Manuscripts should be sent only to referees who return
them quickly and, if accepted for publication, should be pub-
lished as fast as possible. Since it usually does not take a
referee much more than three hours to review a paper, manu-
scripts should be returned at the latest within a few days, and
the whole review process should not take longer than two
weeks. The time between submission and publication should
not ever exceed six months. This makes it practically impos-
sible for somebody else to develop an idea he has picked up
and get it published earlier than the original author.

2. Most journals pride themselves on sending manuscripts
to lots of referees and feel that this practice guarantees a
thorough review and a maximum of assistance to the author.
Before sending a paper to a reviewer, the editor should ask
himself or herself the following questions:

2.1. Can the reviewer tell me something that I cannot
establish by going to the library? If not, instead of asking the
reviewer, check the literature yourself.
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2.2. Do I know for sure that the selected reviewer is not an I think that if these principles were followed, there would
enemy of the author? If you are not certain, then don’t sent be very few cases of “insider trading.” Of course, this would
the paper to this reviewer. result in much work for the editor, and that may not be to

2.3. Do I know the reviewer well enough personally thatI  every editor’s liking.
can trust him or her with an original work entrusted to me? If
not, don’t send it.



The Pursuit of Happiness®

Liberty Medal Address, City of Philadelphia, 4 July 2000

James D. Watson®

We have assembled here this Independence Day to reaffirm
that freedom is at the heart of human existence. When in con-
trol of our individual destinies, we thrive and look forward to
the future. In contrast, when our aims and actions are deter-
mined by others, we feel stifled and unable to live up to our
potentials as human beings. Without life, liberty and the
ability to pursue happiness, human beings have no chance to
realize the great talents that let Galileo see the moons of
Jupiter, or Rembrandt catch the essence of humanity in his
portrayal of our faces.

In preparing our country for the war that would soon
envelop us, Franklin Roosevelt spoke of four essential free-
doms—freedom of speech, freedom of religion, freedom of
want, and freedom from fear. That bleak January 1941 day,
Roosevelt emphasized freedom from fear, knowing well the
mortal potential that attainment of Hitler’s ugly aspirations
held for human life. But if Thomas Jefferson were then
mobilizing our nation, he would have added a fifth free-
dom—freedom from ignorance. The uneducated man can
never be in control of his destiny. Had newspapers, the BBC,
and cinema newsreels not informed the general public that
Hitler was evil incarnate, the fateful Battle of Britain might
very well had a different outcome.

As aproduct of the eighteenth century intellectual enlight-
enment, Jefferson saw truth arising from observations and
experiments. So he wanted his state of Virginia to select, for
special educational enrichment, youths of inherent genius
who were sprinkled as liberally among the poor as the rich.
He saw the knowledge so learned as the ultimate safeguard

2Chemical Intelligencer 2000(4), 47-48.
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of liberty. Correspondingly tyrannies thrive when education
is prevented. Cromwell’s victorious march across Ireland
was soon followed by abolition of education for its Catholic
denizens.

Essentially a deist who saw a role for God only in the
creation of the universe and its life forms, but not in events
afterward, Jefferson did not see organized religions as the
basis for moral virtue. Instead he accepted the idea going
back to the Greeks of natural rights which arose out of the
essence of the human being as created by God. To Jefferson
it was self evident that all humans were created equal with
inalienable rights that transcended where or in what period
of history one was living.

Today, 224 years after Jefferson so eloquently expressed
these ideas in the Declaration of Independence, biology is
witnessing the completion of an intellectual renaissance that
Charles Darwin began in the nineteenth century. Through his
Theory of Evolution through Natural Selection, Darwin for-
ever changed our view of human life. He saw ourselves as
the products not of creation by a God as revealed in Genesis
but as arising through a series of evolutionary events going
back to a common ancestor of many eons ago.

Much more recently we have learned that the variation
upon which natural selection acts reflects mutational changes
in DNA, the molecule of heredity. Differences between dif-
ferent forms of life reflect differences in the sequences of the
four letters—A, T, G, and C—of the DNA alphabet. When
the double helix was first revealed in 1953, neither Francis
Crick nor I ever thought that, within our lifetimes, the three
billion letters that compose the human genetic message
would ever be close to being deciphered. But just a week
ago, elegant technology and innovative science, combined
with much human perseverance, allowed the world of
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science to give to humanity this true book of human life.
Already we can see the outline of some 40,000 genes, the
discrete packets of DNA information that are used to deter-
mine the structure of proteins, the actors in cellular life.

The inborn equality of all humans that Jefferson so
forcefully believed in we now see arising from our common
ancestor that existed in Southern Africa only some
100,000 years ago. Most likely the hunter-gatherer Bushmen
of the Kalahari Desert are a direct and largely unchanged
representation of human life as it then existed. On a recent
trip to Botswana, I was struck by the Bushmen’s quickness to
learn despite speaking a language that only counts “one, two,
three, and many.” Underlying the close resemblance of all
humans to each other is the close similarity of our books of
DNA instructions. Individual variations in our DNA
sequences amount to less than one letter in 1,000 with most
of these differences arising long before modern humans
spread across Africa into the Middle East.

Modern biological thought, however, is much less com-
patible with Jefferson’s concept of undeniable rights.
Evolution has not endowed ourselves or the fox or the
chicken for that matter, with the right to live or to be treated
well. Instead, every successful animal form has evolved with
its own individual needs, say for specific foods. In turn, we
all have evolved capabilities that largely satisfy such needs.
High among the needs for virtually all vertebrates is liberty;
for being free to move and act unimpeded by others is an
indispensable condition for evolutionary survival. At the
same time, our various brains have been programmed by our
genes to initiate actions that keep us alive. Animals that do
not seek out food or evade fast moving objects will not likely
give rise to offspring.

Jefferson’s most unique insight with regard to freedom
was his identification of the pursuit of happiness as a funda-
mental prerequisite for human advancement. Under normal
circumstances, most individuals are only fleetingly happy,
say, after we have solved a problem, either intellectual or

Notes

personal, that then lets our brain rest for a bit. Equally impor-
tant, happy moods also reward higher animals after they
make behavioral decisions that increase their survivability.
Successfully replenishing fat cells not only turns off appe-
tites but leads to the appearance of pleasure-bringing natural
opiates—the endorphins. A desire for more endorphin
enriched moments may well be the primary motivation for
ourselves to seek out food or to bask in Vitamin D producing
sunshine. Likewise, the happiness we feel upon strenuous
exercise should be seen as a Pavlovian reward for the
physical exertion needed for food gathering and sexual
satisfaction.

These moments of pleasure best be short-lived. Too much
contentment necessarily leads to indolence. As Shakespeare
has Julius Caesar say, “Let me have men about me that are fat
and sleek-headed, and such as sleep o’ nights. Cassius has a
lean and hungry look; he thinks too much; such men are dan-
gerous.” But it is discontent with the present that leads clever
minds to extend the frontiers of human imagination. During
a low moment in World War II, Joseph Stalin wanted to elim-
inate one of Russia’s most brilliant individuals, the theoreti-
cal physicist Lev Landau. Fortunately, one of his colleagues,
Peter Kapitsa, saved his life by arguing successfully that
Landau was not subversive, only unpleasant.

Every successful society must possess citizens gnawing
at its innards and threatening conventional wisdom—
individuals like Thomas Jefferson, Tom Paine and
Benjamin Franklin. Without the changes that radical ideas
and actions like theirs bring about, established orders go
stale and crumble before brasher peoples accepting the
new. Now, more than ever, successful nations must be free
societies where diversity of thought is not only tolerated
but seen as the intelligent response to a constantly changing
world. As long as we can see happiness ahead, the worries
and faults of today are bearable. So in the perfect world we
want some day to exist, humans will be born free and die
almost happy.
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Beautiful
Molecules

Spherand’

Donald J. Cram®

Very often, molecules appeal to our sense of aesthetics as
well as to our chemical interest. We would like to enhance
such considerations by devoting a small column in The
Chemical Intelligencer fo the beauty of molecules that have
been recently isolated, synthesized, or computed, or what-
ever way they appear in the literature.

We would like to have a brief description of the molecule
and its properties and an illustration of its structure. We
would also like to know why that particular molecule is con-
sidered to be beautiful, fully aware of the fact, of course, that
molecular beauty may exist in the eyes of the beholder only.

We shall be looking for such entries by authors of new
molecules or by anybody else who has an eye for them in
reading the literature.

A beautiful molecule to me is one whose structure elicits a
pleasureful aesthetic reaction that symbolizes other positive
experiences. Compound 1 is shaped not quite like a snow-
flake. As a person happily raised in Vermont whose winters
abounded in snowflakes, I designed 1, a potentially specific
complexing agent for Li* and Na* ions. In space-filling mod-
els, the 24 unshared electrons of the 6 octahedrally arranged
oxygen atoms of spherand 1 line an enforced cavity, whose
diameter is slightly larger than the diameter of six-coordinate
Li*, and slightly smaller than that of Na*. The six O-methyl
and six phenyl groups isolate these electrons from stabilizing
interactions with solvent.

2Chemical Intelligencer 1995(2), 58.
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Subsequently my research group synthesized 1, 1OLi*
and 1ONa*, whose crystal structures were essentially
those predicted by model examination. These three molec-
ular entities all possess one three-fold axis of symmetry,
three twofold axes, and three mirror planes. As hoped,
1 bound these two cations more strongly than any other
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host, but would not touch other ions (e.g., K*, NH,*, or
Ca?*). The noncyclic counterpart of 1, in which two termi-
nating hydrogen atoms replace one aryl-to-aryl bond, did
not complex detectably any cations. The contrast in
behavior between the rigidly-structured 1 and its highly
mobile (>1000 conformations) analogue gave rise to the
principle of preorganization. The more highly hosts and
guests are organized for binding and low solvation prior
to their complexation, the more stable will be their com-
plexes [1].

Beautiful Molecules

The structure of 1 exhibits unusual symmetry, calls to mind
the pleasures of childhood, and symbolizes the threefold sat-
isfactions of prediction, creation and generalization. Spherand
1is my entry in the beauty contest for organic compounds.
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System of Elements in Anagni?®

Istvan Hargittai® and Aldo Domenicano®

Anagni is an ancient little town, beautifully situated on top of
a hill about 60 km southeast of Rome, off the Rome—Naples
motorway. Originally a Hernic settlement, it was conquered
by the Romans in 306 B.C. Anagni became wealthy and
important in the thirteenth century, during which it gave four
popes to the Roman Catholic church.

Anagni Cathedral (Fig. 1) was built between 1072 and
1104, originally in the Romanesque style. Gothic elements
were added later in the thirteenth century. A famous feature
of the cathedral is its mosaic floors, created by the Cosma
family in the first half of the thirteenth century.

To the chemical tourist though, the most interesting fea-
ture may be some of the frescoes covering the walls and ceil-
ing of the crypt, built in the same period as the upper church.
These twelfth- and thirteenth-century frescoes are due to
Benedictine painters of the Roman-Byzantine school. They
blend religious topics and representations of the physical
world, namely, medicine, astrology, and alchemy [1, 2]. In
one of the 21 vaults, a human figure symbolizes the allegory
of life in relation to the astronomical cycles. The four ages of
man are presented in relation to the four seasons and the four
elements. The fresco is thought to have been inspired by
Platonic cosmology (Plato’s teachings were spread in south-
ern Italy by the Salerno medical school). Another fresco dis-
plays two physicians, Hippocrates (fourth century B.C.) and

*Chemical Intelligencer 1996(1), 56.
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Fig.1 Anagni Cathedral (the transept and two apses). (Photograph
taken by I. Hargittai, June 1995).

Galenus (second century A.D.), sitting together as Teacher
and Disciple.

Next to the two physicians, there is a diagram of the four
elements (Fig. 2), Earth, Water, Air, and Fire, and six proper-
ties, immobile, corpulent, obtuse, mobile, subtle, and acute.
The straight connecting lines indicate correspondence
(e.g., fire is mobile, subtle, and acute) whereas the curved
lines connect opposite qualities. There are Roman numerals
beneath the names of the elements: for Earth, 8 = 23; for Fire,
27 = 33; for Water, 12 = 3 x 22; for Air, 18 =2 x 3% The equal-
ity containing these numbers, i.e., 8/12 = 18/27, unifies the
whole universe in its perfection according to Platonic
philosophy [3]. This relationship may be generalized as
X+ Dx?] = x(x + D2+ 1)%.

A detailed description of the six properties and their rela-
tionship to the four elements, corresponding closely to the
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Fig.2 System of four elements in the crypt of Anagni Cathedral (twelfth- or thirteenth-century fresco).
(a) Scheme after Ref. 1; (b) photograph (taken by I. Hargittai, June, 1995).

Anagni diagram, was already given by Chalcidius (ca. fourth References

century A.D.), a Latin philosopher who translated and com-
mentated Plato’s Timaeus [3]. 1. Ribaudo, C.; Scascitelli, S. Anagni: Historical and Artistic Guide to
the City: ITER: Subiaco, 1990.
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Chemical
Tourist

The Snub Cube in the Glanville Courtyard
of the Beckman Institute®

at the California Institute of Technology

William P. Schaefer®

In the central (Glanville) courtyard of the recently con-
structed Beckman Institute building at the California Institute
of Technology is a fountain, placed there by the architect,
Mr. Tim Vreeland, to create some “white noise” and thus
separate acoustically four areas of the courtyard designed for
conversational groups. The architect asked for help from the
future occupants of the building in designing the fountain
itself; several suggestions were made and rejected by the
Caltech administration as not having any relationship to the
purpose of the building. Arnold O. Beckman, the donor of
the building, had specified that he wanted this Institute to
develop new methods and instruments that would advance
research in the fields of biology and chemistry, including
their interface. After our latest suggestion had been rejected,
Harry B. Gray, then the Director-designate of the Beckman
Institute (now Director), recalled a paper [1] describing the

2Chemical Intelligencer 1996(4), 48-50.
bCalifornia Institute of Technology, Pasadena, California 91125, USA

tertiary structure of the iron-containing protein ferritin; the
molecule of ferritin was found to have 432 (read as four,
three, two) symmetry; i.e., it has fourfold axes, threefold
axes, and twofold axes relating the 24 subunits of the
protein.

Now, the ferritin protein seemed to Harry Gray to be an
excellent symbol for the work that would be done in the new
building. Ferritin is found in plants and animals alike; it is an
iron-storage protein containing up to 4500 iron atoms in a
hydroxyphosphate complex form in the core, surrounded by
the organic protein shell. Thus, the molecule can be claimed
by biology, organic chemistry, and inorganic chemistry, all
three fields that were to be emphasized in the Beckman
Institute. Harry asked me to design something for the court-
yard fountain that would capture the essence of the ferritin
structure.
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Three views of the snub cube sculpture (1996) in this article. Close-up.
(Photo by 1. Hargittai).

The essence of any structure is its symmetry [2]; this
was the obvious starting point for the design. And because
I am a crystallographer, symmetry was a handy tool for me
to use. I looked in the International Tables for X-Ray
Crystallography [3] and found the simplest space group
that had 432 symmetry; that turns out to be space group
#207, a cubic space group with symmetry P432 and 24
general equivalent positions, just the same as the number
of subunits in the ferritin molecule. In order to visualize
this structure, I used the computer program ORTEP, writ-
ten by Carroll Johnson [4], and placed an arbitrary atom in
the unit cell. The program used the 432 symmetry of the
space group to generate the other 23 equivalent atoms and
then drew a picture of the result. I discovered that by join-
ing the “atoms” I had generated by “bonds,” I had the out-
line of a solid; I could vary the shape of the solid by

Chemical Tourist

changing the position of the arbitrary “atom” I started
with. The solid had 6 square faces and 32 triangular ones,
with 24 corners. The corners, then, would represent con-
ceptually the subunits of the ferritin molecule. Some of the
triangular faces could be either acute or obtuse, and I made
paper models of both kinds to see which was more pleas-
ing to the eye. I favored the solid with somewhat acute
triangular faces, but my colleague Verner Schomaker
pointed out that the solid with all equilateral triangles was
special: it is called the snub cube, and Verner said that it
was one of Linus Pauling’s favorite solids. (The other was
the icosahedron.) It is in fact an Archimedean semiregular
solid, derived from a cube and having only two kinds of
faces, squares and equilateral triangles, with all its edges
of equal length.

With its pool and its tiling. (Photo by William P. Schaefer).

(There are two other facts about the snub cube that may
be of interest. First, despite its apparently high symmetry,
with all sorts of rotational axes running through it, it has no
planes of reflection; it exists in two forms, one left-handed
and the other right-handed. Second, as with any semiregular
solid, the snub cube can be inscribed in a sphere. In this case,
the 24 points on the sphere represent the distribution for
which the smallest distance between any two is as great as
possible [5].)

The model I made of the snub cube pleased the architect
as well as the Administration, and we decided to use a snub
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cube as the decorative element in the fountain of the
Beckman Institute. The contractor who was to build this,
though, insisted on making a half-sized model first to see if
water could be made to flow evenly over the surface of such
a solid. He was used to building much more symmetric
fountains and was skeptical about this. A wooden model,
though, showed that with a sufficiently strong flow, the
entire surface of the solid could be wet; we were given the
go-ahead to install a five-foot-tall, granite snub cube in the
fountain. The granite chosen was a green variety from
Africa. It was quarried there and shipped to Italy for cutting
into slabs, and the slabs were shipped to California. The
subcontractor charged with fabricating the actual fountain
claimed not to be able to build such a complicated form, so
I used the ORTEP program again to calculate all of the inter-
facial angles that he needed to know, and I gave him precise
measurements to work from. With these measurements and
angles, the man went ahead with fabrication, first flaming
the outer surface of the granite to roughen it and produce
something that would be as hydrophilic as possible, and
then attaching the cut slabs of granite to a stainless-steel
armature he had built to my specifications. The plumbers
would later run a pipe up through the snub cube to discharge
water over the top, so it would flow down the sides and into
the pond at the bottom, to create the white noise the archi-
tect wanted. The final granite construction is five feet across,
from square face to square face, and, because of its cubic
symmetry, also five feet tall. It rests on a cylindrical pedestal
of green granite about 18 inches high, so the top of the snub
cube is visible only to quite tall people, or from the upper
floors of the building.

Jay A. Labinger, William P. Schaefer, and Verner Schomaker on
February 19. 1996. (Photo by I. Hargittai).

With the Beckman Institute in the background. (Photo by William
P. Schaefer).

The fountain, with its impressive granite snub cube, has been
functioning for nearly six years. The Beckman Institute building
won an award given by Pasadena Beautiful for the most beauti-
ful noncommercial building built in 1991, and the snub cube
fountain itself was recognized by the City of Pasadena in 1992
as one of the ten best examples of public art in the city. The cita-
tion recognized as “artists” of the sculpture Harry B. Gray and
William P. Schaefer, the first time either of us had won such a
distinction. We continue to be pleased with our work.
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Rising to New Heights®

Balazs Hargittai®<? and Istvan Hargittai®

On the campus of the University of Arizona (UA), in front of
the Chemistry-Biology Teaching Building, there is an
intriguing sculpture in the shape of an archway, called ‘25
Scientists,” which was inaugurated in 1993. It is made of
welded steel and painted in bright colors. It resembles a
“Glockenspiel,” popular in Germany and elsewhere in
Europe, in which little figures come out of the clock in a
clock tower and go around at certain times. The figures on
the archway at UA, which do not move, represent some
important branches of science and some discoveries.

One of the central units of this sculpture at UA shows a
buckyball, Cg, somewhat compressed like a filled pancake,
with the carbon atoms and the bonds between them painted
on a blue background. Two figures are holding this bucky-
ball. One of them resembles Donald Huffman of UA. The
other could have been Wolfgang Kritschmer but doesn’t
look like him. The similarity to Donald Huffman is no acci-
dent. The creator of the archway, New York artist George
Greenamyer, painted Huffman as one of the two people
flanking the buckyball, with emphasis on his gray beard.

2Chemical Intelligencer 2000(3), 42—43.
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Huffman was pleased to serve as the model for the figure on
the four-meter-high archway. Referring to this experience,
he said, “I’ve risen to new heights.”

The students walking underneath may not be paying too
much attention to the topics depicted on the sculpture. Since
Dr. Huffman is rather taciturn, even his own students are not
aware of his being the model for one of the figures flanking
the buckyball.

We noticed the archway on our very first day on the cam-
pus, August 30, 1999, upon our arrival in Tucson. By lucky
coincidence, Wolfgang Kritschmer just happened to be visit-
ing Donald Huffman in the Department of Physics for a cou-
ple of days. Donald and Wolfgang graciously posed for us
beneath the archway. Then, the next day, they generously
recreated for us the experiment that produced the Cgy-rich
soot. The pictorial report is from these encounters.

The artistic entranceway to the Chemistry-Biology Teaching Building
of the University of Arizona, Tucson, with Wolfgang Krdtschmer and
Donald Huffman under the archway. (All photos by 1. Hargittai).
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1. Closeup of the buckyball section of the archway with Huffman and Krdtschmer.

2. Huffman and Kritschmer before the experiment. The clean bell jar is visible between them. This is a historic piece of equipment since
Huffman has been using this bell jar ever since these experiments were started at UA. Krdtschmer’s original bell jar is no longer in his
Heidelberg lab. It is now on display in the Deutsches Museum in Munich.

3. The graphite rods (in somewhat displaced position) in the apparatus.

4. While Krdtschmer is adjusting the helium pressure, Huffman is getting ready to start the experiment.

5. The resistive heating experiment producing the fullerene-rich soot is on. The bell jar is rapidly logged by soot.

6. Krdtschmer is collecting the soot with Huffman looking on.

7. Huffman is dissolving the soot in carbon disulfide.

8. Donald Huffman is transferring the sample of Cg, solution.
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Soufflés, Choux Pastry Puffs, Quenelles, and Popovers®

Nicholas Kurti® and Hervé This-Benckhard¢

“The advantage that would result from an application of the
late brilliant discoveries in philosophical chemistry and
other branches of natural philosophy and mechanics to the
improvement of the art of cookery are so evident that I can-
not help flattering myself that we shall soon see some enlight-
ened and liberal-minded person of the profession to take up
the matter in earnest and give it a thoroughly scientific inves-
tigation. In what art or science could improvements be made
that would more powerfully contribute to increase the com-
forts and enjoyments of mankind?” (From the 400-page
essay “On the Construction of Kitchen Fireplaces and
Kitchen Utensils together with Remarks and Observations
relating to the various Processes of Cookery and Proposals
for improving that most useful Art,” by Sir Benjamin
Thompson, Count Rumford, 1794.)

What could be better for introducing the Cooking Chemist
column to readers and contributors alike than the above quo-
tation from the writings of Count Rumford, the English sol-
dier, statesman, natural philosopher, inventor, and social
reformer?'

2Chemical Intelligencer 1995(1), 54-57.
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'Benjamin Thompson was born in 1753 in the Commonwealth of
Massachusetts. During the American War of Independence, he was a
loyalist and a spy working for the Governor of Massachusetts and later
raised and commanded the “King’s American Rifles.” a regiment noted
for its atrocities on Long Island. He spent most of his working life in

It is true that Rumford’s wish of a thorough application of
science to the art of cookery has been fulfilled to some extent:
good basic science and engineering have greatly helped the
development of the food industry in the last 50-100 years.
However, it still seems to be very rare to see the professional
scientist-cum-amateur cook using his or her physics, chemistry,
or mathematics to explain, to explore, or to improve the every-
day processes in the domestic kitchen and, in doing so, perhaps
even to create new dishes. It is in this spirit that we invite read-
ers to contribute to this column. There are no rules about the
lengths of the contributions (but see Instructions to Authors). On
the other hand, brevity is a virtue, and often a paragraph of a
few lines suffices to make a point, correct an error; or illuminate
a fact. Nor are there any rules about the nature of the contents.
Contributions may provide scientific explanations of culinary
processes, suggest improvements, comment on traditional cook-
ing practices, or, if justified, debunk entrenched myths.

If potential contributors feel apprehensive about being
accused by their peers of debasing science by using it for ulti-
mately hedonistic purposes, they may answer their critics
with the following quotation from Rumford’s essay: “These
minute investigations may perhaps be tiresome to some read-
ers; but those who feel the importance of the subject and per-

England, where among other things he founded the Royal Institution
of Great Britain, and in Munich. Bavaria, in the service of the Elector
of Bavaria, who made him a Count of the Holy Roman Empire. It was
in Munich that, with his famous canon-boring experiments, he demol-
ished the caloric theory of heat. He also designed the famous Englischer
Garden and put the beggars of Munich into workhouses, feeding them
on “Rumfordsche Suppe,” providing a daily intake of 1000 calories!
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ceive the infinite advantages to the human species that might
be derived from a more intimate knowledge of the science of
preparing food, will be disposed to engage with cheerfulness
in these truly interesting and entertaining researches.”

And if that fails, let them have Brillat-Savarin’s eternal
aphorism: “La découverte d’un mets nouveau fait plus pour
le bon-heur du genre humain que la découverte d’une étoile”
(the discovery of a new dish does more for the happiness of
mankind than the discovery of a star).

In this first article to appear in the Cooking Chemist col-
umn, we discuss four dishes, namely, souffiés, choux pas-
try puffs, quenelles, and popovers. We could have added
meringues, sponge cakes, and some others. They have in
common that they are, wholly or partly, solid—or at least
firm—foams, which means that they contain air bubbles
encased in rigid or semirigid walls. The size and the num-
ber of these bubbles are different for the different dishes,
and so is the appearance and the consistency of the starting
material, that is, the dish before it is cooked. Thus, whisked
egg whites mixed with sugar, which become meringues
when cooked, look like a heap of bubbles; a soufflé mix-
ture is definitely foamy; but it is hard to discern any bub-
bles in the traditional choux pastry or pancake batter.
However, they all expand when they are cooked and finish
up as rigid or spongy foams.

The expansion is clue to the increase in size of the air
bubbles brought about by two distinct mechanisms. There is
first the expansion of air on heating, which, however, could
account for only a 25% increase between 20 °C and 100 °C,
whereas soufflés are known to increase twofold or threefold.
This is made possible by a second mechanism, namely, the
rapid rise of the vapor pressure of water with temperature. At
60 °C, the vapor pressure is one-fifth of an atmosphere, and,
because the water evaporates from the walls of the bubbles,
the pressure inside them is at least one-fifth of an atmosphere
above that of the surroundings. The size of the air bubbles
will thus depend on the elasticity of the bubble walls and, of
course, on temperature.

We shall now describe experiments carried out recently
on these dishes. It should be noted that where the personal
pronoun “we” is used in this and any further contributions by
the two of us, it means that the conception and the design of
the experiment was joint but not necessarily that it was car-
ried out by us together.

Soufflés

The first quantitative experiments on the variation of
temperature in a soufflé were done some 25 years ago
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(see Nicholas Kurti, The physicist in the kitchen, Proceedings
of the Royal Institution of Great Britain, Vol. 42, No. 189,
pp 451-467, 1969). A standard vanilla soufflé mixture was
used: béchamel sauce (butter, flour, milk, sugar, vanilla) to
which egg yolks and finally whisked egg whites are added.
The temperature was measured with a thermocouple
anchored to the soufflé dish (20 cm diameter and 10 cm
deep) with its tip 2 cm from the surface of the mixture at the
start. When the dish was placed in the preheated oven, the
temperature rose for the first 10—15 minutes, then leveled out
at between 45 °C and 50 °C (in some experiments it even
dropped by a few degrees), and then, after about 25-30
minutes, rose again steadily, and the soufflé was found to be
perfectly cooked when removed from the oven a few minutes
after the temperature rose to about 65-70 °C.

Since experiments with a baked custard (egg and milk
mixture baked in a bain marie in the oven) showed no similar
effect, the temperature leveling could not be ascribed to the
endothermicity of the protein denaturation and coagulation.
It was probably caused by the rise of some cold layers to the
tip of the thermocouple.

We recently carried out further soufflé experiments to
find out to what extent the quality of a soufflié (character-
ized by its rise in height) depended on the history of the
mixture between folding the whisked egg whites into the
béchamel and placing the dish in the oven. These experi-
ments were done in small 10-cm-diameter, 4-cm-deep
ramekins filled to a depth of 3 cm whereas the previously
described large soufflés started with a 6-cm-deep mixture.
No plateau was observed, but only a point of inflection at
around 50 °C.

Five experiments were carried out, some of them repeat-
edly: (1) soufflé ramekin put into the oven immediately after
folding in the whisked egg whites; (2) ramekin kept for half
an hour in a 40 °C bain marie; (3) ramekin kept at kitchen
temperature for about two hours; (4) ramekin kept for six
hours in the refrigerator; and (5) ramekin deep frozen for two
days and placed in the oven after rewarming to room
temperature.

Not surprisingly, the soufflé cooked immediately after
the whisked egg whites had been folded in (experiment 1)
was the best (a 2.5-fold rise), but the next three experi-
ments produced only marginally worse soufflés (rises
between 1.5-and 2-fold), and even the deep-frozen soufflé
(experiment 5) produced a respectable rise of 1.8-fold.
These results will be greeted with pleasure by hosts who
are also the cooks. They will be able to ladle their soufflé
mixture into the dish or the ramekins well before the arrival
of their guests.

All recipes emphasize that, although it is important to
mix the whisked egg white intimately with the béchamel
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without retaining any blobs of egg white, the folding in
must be done gently so as to prevent the air bubbles from
bursting or coalescing. However, recipes rarely give any
indication about the firmness of the whisked egg whites.
Pierre Hermé, Head Patissier of Fauchon, Paris, noticed
that the use of firm egg foams improves the quality of the
soufflés. Experiments were carried out with him in Paris
to test this effect: a chocolate soufflé base (melted choco-
late plus milk plus sugar plus egg yolk) was divided into
two equal parts, and differently prepared egg-white foams
were added to them. For the first one, the whisking was
stopped immediately after the first soft peaks appeared.
For the second, the whisking was continued until the
foam was so firm that it could support an egg in its shell.
The two mixtures were placed in identical soufflé dishes,
15 cm in diameter and 10 cm deep, filled up to 8 cm.
They were cooked side by side, and after 20 minutes they
were both taken out of the oven. The difference was
remarkable: the “firm” soufflé rose to 15 cm, that is,
nearly doubled in size, while the “soft” soufflé rose only
to 11 cm. Furthermore, the firm soufflé was well cooked
and light brown whereas the other one was dark brown
and still liquid in the center. This result seems to indicate
that the smaller the air bubbles are, the higher the heat
transfer in the soufflé and the speed of migration of the
water vapor.

In a second experiment carried out with smaller soufflé
dishes, both soufflés were cooked until they were done, and
while the rise of the firm soufflé was nearly threefold, that of
the soft soufflé was barely twofold.

Choux pastry puffs

Choux pastry puffs have practically the same ingredients as
soufflés but they are made differently: first, water (or milk) and
butter are boiled, then flour is added in one batch, slightly dried,
and finally eggs are mixed in to form a rather firm batter.

We became interested in choux pastry puffs because many
cookery books (Escoffier, Pellaprat, Saint Ange, Larousse
gastronomique, Flammarion’s L’art de la cuisine francaise,
Mathiot) insist that the eggs must be added one by one to the
batter, some books even prescribing that the mixing time
after each addition should be the same. This seemed strange
because it was thought that, as long as the resulting paste was
homogeneous, the mode of adding a given quantity of eggs
should have no influence.

A simple microscopic examination provided the answer
because it showed that in mixing the eggs with the batter, one
also introduces many tiny air bubbles. So, as in the case of
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soufflés, the expansion seems to be due to the increase of
existing air bubbles and accumulation of vapor in these
bubbles.

To test this assumption, the following experiments
were carried out. The water-butter-flour mixture, the
“panada,” was divided into two equal parts, and the eggs
(4) were incorporated using a wire whisk in different ways
in the two batters. For the first batter, the eggs were added
one by one, the number of whisk turns being counted; for
the other half of the panada, the four eggs were added
together. Since it was assumed that mixing was more
important than adding the eggs one by one, the panada
with eggs introduced together was given twice the number
of whisks. The puffs were baked in batches, each having
an equal number of the two types of puffs arranged sym-
metrically on the baking sheet. A blind tasting by 50 peo-
ple gave the unanimous judgment that the thoroughly
mixed puffs were better.

Following this experiment, it was reasoned that if air
bubbles were indeed the key to the success in making choux
pastry puffs, a better expansion could be obtained if the egg
whites were whisked separately and then folded into the
panada-yolk mixture. To test this, conventional choux pas-
try puffs were compared with choux pastry puffs of the
same composition made by mixing thoroughly the panada
and egg yolks and then folding in whipped egg whites. It
was found that the diameter of the new kind of choux pastry
puffs after cooking was 35 % higher than that of the con-
ventional pastry puffs. From a gastronomic point of view,
however, the more foamy choux pastry puffs were less
appreciated than the traditional ones because their surface
was not as smooth.

Quenelles

Quenelles are popular in France, especially in Alsace and in
the Lyons region. They are generally made by mixing finely
ground meat or fish with panada, cream, and eggs. They
expand when they are poached. The principle of the quenel-
les’ swelling is obviously the same as in choux pastry puffs
or in soufflés: vapor accumulates in the air bubbles intro-
duced by mixing. If introduction of egg foam separately into
the choux pastry improves its quality, the same should be
true for quenelles. As the aim is to obtain a solid foam, the
various means of introducing air bubbles into the mixture
before cooking should be analyzed both from the technical
point of view (degree of expansion) and then from the gas-
tronomic point of view: the two are complementary, and nei-
ther must be forgotten.
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Durham popovers

Durham popovers are light bread rolls made from a pan-
cake mixture, consisting of 50 g of plain flour, 75 ml of
milk, one egg, 20 g of melted butter, and salt to taste, to
give a batter of the consistency of single cream. Truncated
conical metal cups, of about 2.5-cm base diameter, 6 cm
high, buttered and floured, can be used. In an experiment,
half of the batter was given 15 seconds with a low-speed
electric whisk and poured into two of the cups. The other
half was given 150 seconds whisking. The four cups were
then put into a 200 °C oven and were taken out some 30-40
minutes later, by which time the crust was brown and hard
and the volume increase was guessed to be 6—8-fold for the
first two and somewhat larger for the second two (experi-
ments done earlier without any whisking gave a smaller
increase, but since the mixture was not the same, this result
cannot be used to speculate about the effectiveness of the
whisking). It should also be emphasized that the resulting
popovers were not fluffy or spongy. Most of the bubbles
coalesced and joined forces to push the dough up and out.
This happens, though to a lesser extent, with éclairs and
profiteroles.

Epilogue

The experiments in culinary physicochemistry we have
discussed had as the central theme to make “bigger and
better” or lighter and more uniform foams. When scientists
develop new methods or techniques, they often display an
almost missionary zeal to get them adopted by the profes-
sions. There is no harm in this since technical feasibility
and economic advantages act both as brakes and as
accelerators.

However, when it comes to the applications of science in
the arts, in our case the culinary art, we scientists should be
careful in making propaganda for new techniques and for
purportedly improved results. Are we sure that a soufflé that
has increased threefold is belter, more enjoyable, than one
that has merely doubled in size?

Thus, meringues increase only little while being dried
out in the oven, but we enjoy biting into them and
chewing their light, crisp insides. It is possible to make
lighter meringues by drying them out at subatmospheric
pressure, so that they expand to six or eight times their
original volume. The sensation of biting into a “vacuum
meringue” is the same, but there is hardly anything there
to chew. The meringues are certainly bigger, but are they
better?

We conclude as already mentioned in the discussion
of the choux pastry puffs: technical improvements do
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not necessarily go hand in hand with gastronomical
improvements.
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The Chemistry of Good Taste®

Anthony Blake®

When Adam was tempted by Eve with the forbidden fruit,
the human curiosity for new flavor sensations was exploited
for the first time. We alone among the animals do not simply
eat the food we find; we blend, cook, and process the natural
foodstuffs we have available in order to improve its nutrition
and palatability: we have cuisine. For most of human his-
tory, this search for new eating sensations has been a pro-
cess of serendipity, of trial and error, yet the flavor of our
food is enormously important to most of us; whether it be
the selection of a fine wine, the buying of vegetables by the
housewife, or the choice of a meal in a restaurant, our
appreciation of these are all greatly dependent on the flavor
of the product—we are tempted and tantalized by our senses
of taste and smell. It can be quite reasonably argued that
during human existence, the importance placed on flavor
has significantly changed and molded the course of the
world’s history.

In this article we will examine how flavor has played this
key role, yet, although flavor has been a major contributor to
the appreciation of food, it is only in the past hundred years
that it has been studied chemically in any depth, and only
very recently at a physiological level: we still know very lit-
tle about why we appreciate flavor and close to nothing about
how. We should at this point define flavor, a word used
loosely and often with different meanings. For the purpose of
this article, it is used in the sense that it is our combined
impression of taste and smell.

2Chemical Intelligencer 1995(2), 50-55.

"Department of Food Science and Technology, Firmenich SA,
P.O. Box 239, 1211 Geneva 8, Switzerland

Taste is perceived in the mouth and the smell or aroma in
the nose. Both of these senses are in the first instance defenses
for our body against the outside world and specifically
against eating harmful materials; these senses also, however,
direct us to eat desirable or dietetically necessary foods, and
this is especially seen when we develop cravings for a par-
ticular type of foodstuff. The physiological basis for these
phenomena is, however, poorly understood.

If we consider our sense of taste, it was for a long time
accepted that there were four basic tastes of sweet, sour,
salty, and bitter, but increasingly we now accept a quite sepa-
rate savory or meaty taste, often given the name “umami,”
which is typified by the taste of MSG (monosodium gluta-
mate). Whereas taste is limited in its specificities, in contrast
aroma is multidimensional; we appear to have the ability to
recognize many thousands of individual aroma notes, and
much research has been aimed at unraveling the physiology
and biochemistry that link our nose to our brain [1]. The pre-
cise details are still poorly understood, but we know that
ability to detect odor can be trained and is therefore depen-
dent on the smells we experience. We know, however, that
some people are able to detect certain aroma chemicals that
others cannot, which suggests that their genetic makeup con-
trols their innate ability to detect these chemicals. Whatever
the chemistry may be, the sense of smell gives us an enor-
mous ability to detect, store, and remember the aroma of our
foodstuffs with a high degree of acuity. This ability to detect
and appreciate flavor and to take pleasure in certain combi-
nations has long affected our society and organization.

In the beginning, humans were gatherers of food, picking
or scavenging what was available, and then hunters.
Eventually, there evolved a society which grew and harvested
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crops and tended livestock. The principal food problem was
often one of storage, of how to save food from times of sur-
plus and have it in times of shortage; this was a particular
problem with meat and fish, which rapidly deteriorate. The
early techniques of drying and pickling often made use of
salt. Today we take salt for granted, but it was not always so
that salt could be obtained easily—we should remember that
the word salarium comes from the salt ration given to the
Roman legionnaires. Salt was important, not only because
we need it in our diet to preserve our bodies’ electrolyte bal-
ance—hence our craving for salt after sweating—but also
because of its use in preserving foodstuffs. After the decline
of Rome, European culture largely vanished except for nota-
ble exceptions. The Lombards, who occupied northern Italy,
were renowned for their culinary skills, and the city of Venice
became the Mediterranean center of the salt trade; Venice
was famous and initially became wealthy from its salt indus-
try and a trade in salted meat and fish. This key role of Venice
as a trading center for foodstuffs was to be strengthened in
later centuries by the role it was to play in the medieval flavor
industry, the spice trade.

Whereas the salty taste is associated with the physiologi-
cal need for salt, the sweet taste evolved as a pleasurable
sensation and a good indicator of food that was safe and
nutritious. For many millennia, the most important sweet-
ener was honey; cave paintings made some 20,000 years ago
at Arama in southern Spain show the gathering of honey.
Sugar, native to India, did not receive much attention as a
sweetener until the spread of the Greek empire under
Alexander the Great into India—the home of sugar cane;
however, it was not until 1506 that sugar was taken by the
Spanish to be grown as a cash crop in the Caribbean. This
initiative was followed by the Portuguese, Dutch, and British,
and sugar finally replaced honey as the world’s main sweet-
ener. By the late seventeenth century, sugar was so important
a crop that the Dutch traded New York as part of a deal with
the British that allowed them to produce sugar in Surinam.
Sugar had ceased to be an expensive novelty and fed the
sweet tooth of the industrial revolution, and, incidentally, the
bacteria that cause tooth decay. Sugar was also used as a pre-
servative of food though on a smaller scale than salt. Chemists
only came onto the sweetener scene by accident; in 1879 at
the Johns Hopkins University in Baltimore a young
researcher, Constantine Fahlberg from Leipzig, working in
the laboratory of Professor Ira Remsen, was investigating the
oxidation of o-toluenesulfonamide. Fahlberg unexpectedly
produced a condensed heterocyclic molecule (o-sulfobenzoic
acid imide), which he accidentally discovered to be sweet—
far sweeter than sugar. He patented his product, called it sac-
charin, and created the first high-intensity sweetener.

Since that time, many other molecules with sweetening
properties have been discovered (usually by accident), and
some have been commercialized. However, sugar sweetness
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has always been the standard against which these have been
judged, and they have not always been found to be as accept-
able; for instance, saccharin has a bitter aftertaste that is per-
ceived differently by different individuals. Yet another
sweetener, sucralose, a derivative of sugar itself, is poised to
become the latest high-intensity sweetener approved for use
in food. Sucralose was discovered in the research laborato-
ries of the sugar producer Tate & Lyle and developed jointly
with Johnson & Johnson; after exhaustive safety testing to
establish the absence of health risks, it looks likely to be a
virtually perfect replacement for sugar with high sweetness
intensity, stability to heat and acid conditions, and a flavor
profile almost identical to that of sugar itself. Chemistry has
and continues to play a key role in satisfying modern con-
sumers’ demand for sweetness.
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Saccharin (0-sulfobenzoic acid imide)

‘We should now, however, return to Venice in order to trace
another subject where chemistry comes into the kitchen and
to consider the major impact that the need for flavor and vari-
ety in food had on world history. In the twelfth to fourteenth
centuries, the diet in Europe was cereals, mainly bread, with
cheese, vegetables, fruit, and occasionally salted or pickled
meat. Ingredients which gave character to an otherwise dull
diet were herbs and spices. Spices were products of mystery,
brought from far-off lands and sold at high prices; the spice
traders can fairly be said to have been the earliest forerunners
to the flavor industry, and once again Venice played a key
part in this trade. By the fourteenth century, the demand for
spices was great enough and their costs high enough to pro-
vide a major part of the justification for seeking sea routes to
the lands where they grew. Once the feasibility of sailing
from European ports to the spice-producing countries had
been established by the voyages of Columbus, Dias, da
Gama, and Cabral, the European race to overseas coloniza-
tion had begun. The search for the spice-growing countries
of Asia had, of course, an unexpected spinoff in the discov-
ery of the Americas, an event that totally changed the diet of
the world and the flavors of it. By the nineteenth century, the
traders in spices, herbs, and decoctions of these had become
the suppliers of flavors, tinctures, and essences to the largely
artisanal food industry. As the food industry grew, so too did
the need for reproducible and reliable flavor systems, and
thus the modern flavor industry was born.

With the improvement of analytical techniques and with
increasingly sophisticated knowledge of organic chemistry,
the nature of the flavor industry changed; it now became
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possible to isolate, identify, and synthesize the individual
chemicals responsible for flavor that are present in our foods.
After the 1950s, explosive growth in knowledge came from
the new techniques of chromatography, mass spectrometry,
and nuclear magnetic resonance spectrometry. Key compo-
nents were identified at an increasingly rapid rate and syn-
thesized in significant quantities. Many examples could be
given, but the following will serve to illustrate some key
aspects of this work and the relevance of it to the food and
flavor industry.

Strawberry is one of the most popular fruit flavors world-
wide, but until the 1970s it was difficult to produce a food
product with the realistic taste of fresh strawberries. Even if
the actual fruit was used, the freshly picked taste of strawber-
ries was lost. The reason is that a chemical component in
fresh strawberries that gives much of this character is unsta-
ble and rapidly modified when the fruit is structurally dam-
aged; this is why frozen strawberries taste so differently from
fresh. This chemical was identified as Furaneol [2], and since
then strawberry flavors have improved substantially in qual-
ity and authenticity.
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2,5 Dimethyl-4-hydroxy-3(2H)furanone
(Furaneol)

With the growing sophistication of analytical systems,
other interesting chemical species that are responsible for
characteristic flavors were identified in foodstuffs. Many
chemical structures were found in nature for the first time;
for example, a chemical that occurs in passion fruit was iden-
tified by Winter [3] to be from the family of oxathianes. A
series of such compounds has since been identified, and
these are particularly important in many tropical fruit fla-
vors; two such chemicals are shown below.
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A characteristic of these compounds is that at high con-
centrations their odors are extremely unpleasant, and it is
only at very low dosages that their odors become character-
istic of the fruit and are appealing.

This phenomenon whereby odorous chemicals are per-
ceived differently depending on concentration is not
unusual but makes difficult the task of evaluating such
materials. Another example of a very interesting chemical
compound that is intensely unpleasant in its pure state but
pleasant at low concentrations is the sulfur-containing terpene
I-p-menthene-8-thiol:
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The remarkable feature of this chemical is the low dosage
at which it is detectable [4]; for example, its flavor threshold
level is one microgram in 100 tonnes (roughly equivalent to
a grain of salt in a small backyard swimming pool). Yet at
this level in drinks it adds freshness, particularly to citrus
flavors such as grapefruit.

Not only can flavor chemicals give detectable physio-
logical responses at incredibly low levels, but synergistic
effects can also occur which are impossible to predict. For
example, a characteristic of cocoa is its mouth-filling bit-
terness, and for many years it has been known that the
chemical theobromine is partly, but only partly, responsible
for this.
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Theobromine

Theobromine is bitter and occurs in raw cocoa beans, but
it is not until after the roasting process that the true flavor and
bitterness of cocoa is produced. The bitterness of theobro-
mine is different in character to that of cocoa. It has, how-
ever, been discovered [5] that during the roasting process
compounds with the diketopiperazine structure are formed,
such as 2,5-dimethyldiketopiperazine.
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2,5-Dimethyldiketopiperazine

Such materials act synergistically with theobromine, and
only when they are present together with theobromine is the
typical bitterness of cocoa obtained. These diketopiperazines
are thought to form during the roasting process from the pro-
teins or peptides in the cocoa beans, and experiments involv-
ing the heating of model peptide solutions confirm the
feasibility of this.

The search for more and more elusive chemical species
continues, and components can be detected at lower and
lower levels in the nanogram range. Likewise, the search for
more sophisticated separation and analytical techniques goes
on. As an example, we can cite the separation of materials of
high volatility and lability using supercritical carbon dioxide
[6]. At pressures above 74 atm and above 31 °C, carbondiox-
ide becomes a supercritical fluid with the diffusivity and vis-
cosity associated with a gas but the density and dissolving
power of a liquid. This supercritical fluid can be used as the
moving phase in high-pressure chromatography to effect the
separation of components in flavorful extracts in a very gen-
tle way, with no thermal degradation; it then allows the
removal of the solvent at room temperature or below. Such
techniques combined with more precise analytical systems
add to our knowledge of chemical structures and their rele-
vance to flavor.

However, in spite of these improvements in our analytical
techniques, there are many foodstuffs, usually cooked ones,
whose flavors are still too complex for complete resolution
and reconstitution. At this point we should distinguish
between two types of flavor. The flavors of raw foods such as
fruit, vegetables, or uncooked meat are relatively simple; the
chemicals that give rise to them are the products of a limited
number of precise biochemical pathways, and, as such, these
flavors may be referred to as primary flavors. When, how-
ever, we cook food, many chemical interactions can and do
take place, and a very large number of secondary flavor com-
ponents are produced; the number and low levels of these
make their analysis very difficult yet they are essential to the
final flavor. The human species is the only one that cooks its
food, and it is here, in the kitchen or on the barbecue, that
chemistry is unconsciously practiced and where the knowledge
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of the flavor chemist directly interrelates with the art of the
chefs de cuisine.

As a specific example, let us discuss the cooking of meat.
Meat is rarely eaten raw and in this state has little intrinsic
flavor; however, with quite gentle and brief cooking there are
major changes in both the character and the intensity of fla-
vor, especially when temperatures over 100 °C are involved.
The development of flavor is associated with color changes,
and such flavor-producing processes are often called brown-
ing reactions. The chemistry of these has now been studied in
considerable detail.

The book The Curious Cook by Harold McGee [7] pro-
vides a fascinating account of the early investigations into
this subject. At the end of the eighteenth century, the French
chemists Rouelle and Thouvenel investigated the cooking of
meat and the generation of meat flavor. For several decades it
was thought that a single component was responsible for the
savory character of cooked meat, and the name osmazome
was given to this material in 1806 by Louis Jacques Thenard
at the University of Paris. We now know that the flavor of
meat is very complex, and the chemistry of its development
equally so. It was another French chemist, Louis-Camille
Maillard, who laid the foundation of modern meat flavor
research with his investigation of the heat-induced reactions
between sugars and amino acids. His interest was primarily
in the consequences of such reactions in living systems, but
he also recognized the importance of such reactions in food-
stuffs. However, as far as food technology was concerned,
the research of Maillard remained an obscure piece of work
until the 1950s, when Unilever filed a patent disclosing the
generation of meat flavor by reacting cysteine and hydro-
lyzed proteins with pentose sugars such as ribose [8].

We now know that the flavor of meat is generated from
relatively simple chemicals in the tissues of the raw meat:
sugars and amino acids, especially cysteine, play a major
role in the generation of non-specific meaty and roast meat
character while fat plays a complex role in determining both
the type of meat flavor (beef, chicken, lamb, etc.) and the
characteristic notes associated with frying, roasting, and
grilling. Although it is only since the 1950s that we have
understood the role played by cysteine and sulfides in meat
cookery, the use of onions and garlic in the cooking of meat
has been practiced since the time of the Pharoahs. Important
flavor precursors in raw alliaceous vegetables such as onions,
garlic, and leeks are also cysteine derivatives, and the charac-
teristic flavor of these when cut or chopped is due to disul-
fides; it is interesting to speculate that such compounds and
their use in meat cookery actually aid the generation of meat
flavor during cooking.
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Anethole Anisaldehyde Anisketone
I
Reactants HQC-—CH=CH‘<@-OCH2 O=CH—<@>—OCH2 CH2—C—CH2—@—OCH2

Methanethiol

CH,—SH Sulfurous vegetable Stewed radish Stewed meat

Ethanethiol

CH,—CH,—SH As above, weak Stewed tofu Stewed meat
Propanethiol

CH,—CH,—CH,—SH As above, weak

Butanethiol

CH,—CH,—CH,—CH,—SH As above, weak

Taken from the 1966 Annual Report of the Food Industry Research and Development Institute, Taiwan.

Stewed meat Stewed meat

As above, but weak As above, but weak

The development of meat flavor has been exhaustively
studied, and many of the chemicals in it have been identified.
Although no single chemical has been identified as being fully
characteristic of meat, van den Ouweland et al. published a
paper [9] which supports the view that specific chemical struc-
tures can be important to our overall impression of meat like
odor. They showed by comparing a series of sulfur-containing
molecules that those which possess the structural grouping
shown below possess aroma reminiscent of cooked meat:

Aromatic Ring

CH, SH

Gradually, we are learning more about the interactions that
take place during the cooking of food and that give the flavors
we enjoy. The unraveling of this chemistry is not restricted to
Western styles of cooking. A publication from the Food
Industry Research and Development Institute of Taiwan [10]
reports a study of the flavor chemicals that are generated dur-
ing cooking with five-spice powder, a blend of spices fre-
quently used in Chinese cooking and which contains
substantial quantities of aniseed. The results of this work are
interesting in that they show that the heat-induced reactions
between anisaldehyde and anisketone (components of ani-
seed oil) and short-chain thiol compounds, typical of those
occurring in onions and leeks, can yield chemicals with meaty
aromas. Interestingly, no such meatlike aromas are generated
when anethole, the main component of aniseed, is used.

Commercial meat flavors improve all the time, and it is
the part analytical, part pragmatic, and yet creative develop-
ment which appears to give the best results.

Another example where kitchen practice preceded chemi-
cal understanding is seen when we consider the taste of
savory products. Earlier, we discussed the basic taste sensa-
tions; for fruit products the key tastes are sweet and acid, and
a correct balance of these is important to have a proper
appreciation of the flavor of an apple pie or a fruit flan; in the
case of savory cooking and specifically in the case of meat
products, the taste sensations of salt and umami are impor-
tant. Umami is a word used increasingly in the West and
comes from the Japanese descriptions given to meat broths.
Much emphasis is given in Japanese cuisine to subtlety of
taste, and it is therefore not surprising that much of the
research in this area has been carried out in Japan. The word
umami roughly translates as “mouth filling,” and the identifi-
cation of the chemicals that give rise to this sensation were
identified at the University of Tokyo [11, 12]. The umami
taste is triggered by glutamate ions and also by 5'-ribonucle-
otides derived from the breakdown of RNA (ribonucleic
acid); specifically, 5'-inosinate and 5'-guanylate anions have
a pronounced umami effect, which is now recognized to
be distinct from the other basic tastes of sweet, sour, salty,
and bitter—umami [13] is our fifth taste.

Although umami has only been recently recognized by
food scientists, it has been important to chefs for centuries.
We see this when we look at the foods that contain it.
Seaweed is a rich source of glutamate and has long been used
in Japan as a condiment; tomatoes are rich in glutamate, but
the chef who first created spaghetti sauce did not realize this,
nor did he realize that when he added grated parmesan he
further boosted its level; anchovy extract is a key component
in Worcestershire sauce and is rich in umami taste. Today,
when we go to our local Chinese restaurant, beef and vegeta-
bles cooked in oyster sauce is usually on the menu, and once
again oyster sauce contains glutamate. We have always used
mushrooms in our savory cooking, and the significance of
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truffles, shiitake, bolets, and other species of fungi becomes
much more obvious when we understand that these often
contain important quantities of the ribonucleotides that also
contribute umami taste.

It is to be hoped that these few examples show how
knowledge of flavor chemistry can help us understand and
make better use of our food materials. The development of
cuisine is alive, and never before have consumers been so
interested in tasting and trying the foods of other countries.
As the food industry develops new products and new tech-
niques of manufacture, storage, and preservation, it is certain
that the flavor industry will be called upon to develop the
flavor systems to guarantee the flavor quality of the end
products.

The aim of this article has been to give you some food for
thought with some thoughts on food and to show that having
a chemist in the kitchen can also be in very good taste.
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Can a Cooked Egg White Be“Uncooked”?*

Hervé This-Benckhard®

Egg white is a solution of proteins in water, about 6 g of
proteins to 34 g of water. When egg white is heated, it first
becomes milky and then its consistency changes: it becomes
more viscous and then turns into a gel, first soft and finally
rubbery. The generally accepted explanation of this phenom-
enon is as follows. About 70% of the proteins in egg white
are globular proteins. When egg white is heated, the globular
proteins uncoil: the protein has become denatured. The
hydrophobic parts, which previously were hidden inside the
globules, are now exposed to water, and to avoid this contact
they link up with similar groupings of neighboring molecules
and form a network. The protein has coagulated.

In addition to the hydrophobic bonds, there are other
types of links that could lead to coagulation. They are, in
ascending order of strength: hydrogen bonds between a
donor atom and a hydrogen atom on a lateral group of an
amino acid, disulfur bridges between two cysteine mole-
cules, and, finally, covalent bonds. The main purpose of this
investigation was to determine which of the above bonds
was responsible for the coagulation and to see whether
coagulation could be reversed by breaking those bonds or, in

2Chemical Intelligencer 1996(4), 51.
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simple language, whether a cooked egg white could be
“uncooked.”

The following experiment was carried out. An egg white
that had been cooked was whisked. Since it is known that
whisking breaks the hydrophobic and hydrogen bonds, the
gel would have turned into a liquid if those bonds had been
responsible for the coagulation. However, all that the whisk-
ing did was to break up the gel into tiny fragments.

To see whether the disulfur bridges were responsible for
the coagulation, about 1 g of sodium borohydride, which is a
strong reducing agent, was mixed with the broken-up egg
white. A few seconds of whisking produced a foam contain-
ing no solid particles. After a few hours, this foam turned
into a translucent liquid, which under the microscope looked
identical with fresh egg white. This result proves that disul-
fur bonds are responsible for the coagulation of egg white
and, as a corollary, that covalent bonds play no part in the
cooking of egg white.

In the unlikely event that someone wants to uncook an
egg white for culinary purposes, sodium borohydride must
not be used since it is a poison. However, ascorbic acid,
although a less powerful reducing agent, would do.

Finally, it should be emphasized that this experiment was
not an exercise in molecular gastronomy. It was just a modest
example of the endeavors to establish the scientific bases of
culinary processes.
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Favorite Recipes’

Diversified Nutmeg
Marye Anne Fox®

I must admit that my husband (Jim Whitesell, also a chemist)
is by far the better cook in our family. These two recipes
reflect two uses of nutmeg, which we bring back every year
from a family vacation in Jamaica.

LEEK AND MUSHROOM SOUP

8 oz fresh mushrooms, preferably found and identified
during a Sunday afternoon forest walk

4 medium-sized leeks

4 T butter

1/4 cup dry sherry

3 cups chicken broth

1 cup fresh cream

Lots of fresh ground nutmeg

Parsley springs for garnish

Clean and coarsely chop the mushrooms. Coarsely chop the
leeks after removing the roots and the green tops. Sauté the
chopped leeks in the butter until they are tender and transpar-
ent. Add the sherry and cook for about one minute more, or
until bubbles begin to form in the liquid. Stir in the broth and
chopped mushrooms. Heat to boiling and then reduce heat to
simmer for about 20 minutes or until the mushrooms are ten-
der. Puree the resulting mixture in a food processor or

2Chemical Intelligencer 2000(3), 55 and 57.
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blender, before adding the cream and nutmeg. Reheat to the
desired temperature and serve, with a parsley sprig added as
a garnish.

JAMAICAN SUGAR COOKIES

2 1/2 cups white baking flour

1 cup sugar or molasses

1 t. freshly ground nutmeg

1 1/2 T baking soda

Pinch of salt

1/2 cup butter

1/2 cup whole milk or buttermilk
1 large egg

Powdered sugar (optional)

Mix together dry ingredients before adding the butter, milk,
and egg. Roll out the dough to a thickness of about 1/4 inch.
Cut into triangles and bake at 375 °F for 10 minutes. Cookies
can be further decorated by dusting with a nutmeg/powdered
sugar mixture, if desired.

Jelly from Poison Elder
Guy Ourisson®

Sambucus racemosa is a wild shrub, growing in mountains
up to 2000 m throughout central and eastern Europe, but

‘Institut de France, Académie des Sciences, 23 quai de 53 Conti,
F-75006 Paris, France (deceased)
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more widespread: it is a panbo-real species. It is sometimes
very abundant in open spaces (clearings) but can be present
also in forests.

Despite one of its vernacular names? (“poison elder”), it
appears to be innocuous, in a large measure certainly because
its appetizing coral-red berries are quite unpalatable. Yet,
they can not only be fermented into a schnapps, but can also
be used to prepare a remarkable jelly.

These berries can be extremely abundant and conspicu-
ous. They form palm-size racemes and are usually at 1.5-2 m
height, and thus easily picked. A short hike through places
invaded by S. racemosa can easily yield 5-10 kg of berries,
mixed with stems, without any apparent depletion of the
stock. The only problem for weekend pickers is that these
beautiful berries may be just ripe one weekend and moldy
the next, if it has rained. This part of the jelly-making pro-
cess, on a sunny Sunday, is as pleasurable as the last part:
eating the finished product.

In the kitchen, berries can quickly be separated from
stems with a fork. In a large cooking pan, they are then
brought to a boil without any addition of water and kept
boiling for a few minutes. The resulting mash can be
directly filtered from skins, seeds, and remaining woody
stems in the setup sketched here. This is slow (one night is
a good indication) and far from quantitative, but if you have
brought back 10 kg of these easily collected berries, you
will be satisfied with 2-3 kg of juice, which will yield
nearly 10 jars of jelly.

The juice is then boiled again under constant supervision,
heating the pan from one side so as to produce asymmetric
convection currents, which progressively collect to one side
a creamy, brightly yellow, soft foam (probably rich in
p-carotene), which is carefully removed by scooping it up
with a skimmer or even a simple wooden ladle (I use a small
skimmer made of artistically woven grasses and rushes,
bought on a roadside from an anonymous and sculptural
Zulu lady—but an ordinary kitchen skimmer will do). The
juice, initially orange and milky, becomes progressively
clear and bright red. Let it cool down, refilter it through clean
cloth using the same setup as before, measure it, and add
sugar to your taste. Usually, recipes of jellies recommend
using 1 kg of sugar for 1 liter of juice. I prefer using only
two-thirds of that amount of sugar. Bring to a brisk boil,
remove any possible foam, evaporate enough water to ensure
that a hanging drop sets upon cooling, and pour into pots.
Cover with a cellophane foil in the usual way. The resulting

4Engl. dwarfelder, Hart’s elder, poison elder, Germ. Traubenfliedter,
Berghotder, Hirschholder; Fr. sureau de montagne, sureau a grappes;
Ital Sambuco montano, Zambuco di montagna; Flerm. Bergvlier,
Peterselievlier.

Cooking Chemist

A chair is inverted on a stool (or another chair). To the legs is firmly
fixed a piece of clean cloth, hanging over a large enough receiving
pan. The mash (see recipe) is poured into the cloth and filtered without
disturbance. For the initial filtration, any cotton cloth will do. For the
final one, it is highly preferable to use a linen cloth, sometimes sold
commercially for the purpose of jelly making.

“poison elder jelly” is beautiful to look at, and its taste is
quite unique: sweet with a slightly bitter aftertaste.

The easily fermented stem fragments, cooked seeds, and
foam can be disposed of on your compost heap, if you have
one.

Quince Recipes
Sir John Cornforth®

The most original preparations in our kitchen are made with
quinces. Wien we came to live at Saxon Down, I brought
with me a young quince tree. It is now around 30 years old
and it bears a crop every year (up to 70 kg!).

Quinces are picked (or bought, if available) slightly
unripe and are allowed to develop their aroma by storage for
a week or two.

QUINCE PUREE

Ripe quinces (ca. 2 kg) are pricked with a fork and placed in
a steamer for around 15 minutes or until they are soft enough
to cut away the flesh from the core. Instead of steaming, the
quinces can be cooked in an oven at 180-190 °C (like baked
apples) for 25-50 minutes.

¢School of Chemistry, Physics & Environmental Science, University of
Sussex, Falmer, Brighton, East Sussex, BN1 9QJ U.K. (deceased)
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Blemishes on the skins are cut out, then the skin and flesh
are cut away from the core, weighed, and boiled with water
(600 ml/kg) and sugar (250 g/kg) for 10-15 minutes. The
mixture is then pureed (we use a blender). The puree can be
frozen and kept indefinitely.

75

QUINCE FOOL

For 500 ml of puree, use 250 ml of double cream (or 125 ml
of double cream and 200 g of thick yogurt). Whip the cream,
add the yogurt if used, add the quince puree, mix, and refrig-
erate. Serve cold.
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Photo Album

Henry Eyring and Morris S. Kharasch?

John D. Roberts®

The next round of choices from my photo album are Henry
Eyring and Morris Kharasch. The original pictures were
taken with flash and a slow, but very fine grain, 35-mm
Kodachrome slide film. Although almost a half-century old,
the colors are still very vivid and fresh-looking.

Henry Eyring (1901-1981) was born in Mexico and moved
in 1912 to Arizona, where his father started a farm. His early
education was, to say the least, unusual for chemistry in that
he received a B.S. in mining engineering at the University of
Arizona in 1923 and a M.S. in metallurgy in 1924. He then
turned to chemistry and received a Ph.D. in radiochemistry at
Berkeley in 1927. Postdoctoral research with F. Daniels at
Wisconsin on the decomposition of nitrogen pentoxide kin-
dled his interest in reaction kinetics, and he spent 1929-30 as
a National Research Council Fellow in Berlin at the Kaiser
Wilhelm Institute. Here, he and Michael Polanyi developed a
potential-energy surface for H» + H—H — H—H + He,
which was to have an enormous influence on chemists and
chemistry. Why? Because such energy surfaces provide a
framework based on thermodynamics and quantum and sta-
tistical mechanics for discussion of comparative reaction
rates, especially when coupled with the later idea of an acti-
vated complex that could be assigned a more-or-less definite
structure and corresponding thermodynamic properties. This
approach, along with its subsequent controversial develop-
ment by Eyring and other chemical physicists, was of
extraordinary, although mostly qualitative, value for physical
organic chemists interested in the rates and mechanisms of
reaction of organic compounds. After a subsequent year at
Berkeley, Eyring spent 15 years at Princeton and then, as a
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devout Mormon, was convinced to come to the University of
Utah and help build up its research program.

Henry Eyring (left), Morris S. Kharasch (right)

Eyring was a wonderful kindly man who had an amazing
breadth of research interests and who seemed to contribute
more to ways of looking at how to solve problems than actual
final solutions. The portrait was taken in his office at the
University of Utah in the summer of 1953.

Morris Selig Kharasch (1895-1957) was born in the
Ukraine and came to the United States in 1908. He received
both B.S. (1917) and Ph.D. (1919) degrees from the
University of Chicago and was subsequently a National
Research Council Fellow at Chicago until 1922. After six
years at the University of Maryland, where he worked
primarily on organomercurials, he returned to Chicago and
began his truly seminal research on free-radical chemistry.
Nothing emphasizes the word ‘“seminal” more than his
discovery in 1933 with Frank Mayo of the “peroxide effect”
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in the addition of hydrogen bromide to unsymmetrically sub-
stituted alkenes. Every student of organic chemistry of that
era knew of Markovnikov’s rule for the addition of hydrogen
halides to such alkenes, which, however stated, resulted with
the halogen winding up on the carbon with the least number
of hydrogens. But hydrogen bromide was erratic and, even
worse, with the same compound could add one way or the
other in a seemingly aimless way. Kharasch and Mayo
showed that it was peroxides that facilitated the anti-
Markovnikov addition. Somewhat later (1936), they showed
the discrepancies as being the result of the now well-known
competition between free-radical and polar addition

A Chemist’s Photo Album

mechanisms. Around that time, when polar organic reactions
were just becoming understood, Kharasch’s many papers on
unusual halogenations, copper- or chromium-influenced
abnormal Grignard reactions, and such seeming oddities as
addition of tetrachloromethane to alkenes were treated with
almost incredulous disbelief by his more conservative
colleagues. His many illustrious students and postdoctoral
fellows included Frank Mayo, Herbert C. Brown, Wilbert
H. Urry, Elwood Jensen, and Cheves Walling. My picture
was taken about 1951 in Kharasch’s office at the University
of Chicago.
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Charles Darwin?

William B. Jensen®

Many famous nonchemists have left behind accounts of their
first encounter with chemistry. Whether the person in question
was a psychologist, a writer, a critic, an artist, an economist,
a mathematician, or a philosopher, whether the experience
was brief or prolonged, whether it was pleasant or unpleasant,
the purpose of this column is to record these encounters and
to do so in the person’s own words whenever possible.

The English naturalist Charles Darwin (1809-1882) needs
no introduction to modern-day scientists. As a result of the
publication in 1859 of his book On the Origin of Species, his
name has become virtually synonymous with the concept of
biological evolution. Among the more than 19 books that
he wrote during his life, his travel journal, The Voyage of
the Beagle (1839), and his study of human evolution,
The Descent of Man (1871), have remained, along with
On the Origin of Species, continuously in print and are still
widely read.

In old age he wrote a short autobiography, which was
published in an abridged form by his son Francis in 1887,
along with a collection of his letters [1]. A fully restored
edition of the autobiography was finally published by his
granddaughter, Nora Barlow, in 1956 [2]. In the autobiog-
raphy, Darwin revealed that, as a schoolboy, he had devel-
oped a keen interest in chemistry, largely at the instigation
of his older brother Erasmus, who was being trained, like
his father and grandfather before him, for a career in
medicine [3]:
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Towards the close of my school life, my brother worked
hard at chemistry, and made a fair laboratory with proper
apparatus in the tool-house in the garden, and I was
allowed to aid him as a servant in most of his experiments.
He made all the gases and many compounds, and I read
with great care several books on chemistry, such as Henry
[4] and Parkes’ Chemical Catechism [5]. The subject inter-
ested me greatly and we often used to go on working till
rather late at night. This was the best part of my education
at school, for it showed me practically the meaning of
experimental science. The fact that we worked at chemis-
try somehow got known at school, and as it was an unprec-
edented fact, I was nicknamed “Gas.” I was also once
publicly rebuked by the head master, Dr. Butler, for thus
wasting my time on such useless subjects; and he called
me very unjustly a “poco curante” [6], and as I did not
understand what he meant, it seemed to me a fearful
reproach.

Encounters with Chemistry

Given the enormous importance of “Gas” Darwin’s later
work in biology, chemists can perhaps forgive the fact that
his early interest in chemistry waned as he grew older.

References and Notes

1. The Life and Letters of Charles Darwin; Darwin, F., Ed.; Appleton:
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Part VIl

Book Reviews



Stalin’s Captive: Nikolaus Riehl and the Soviet
Race for the Bomb?
Operation Epsilon: The Farm Hall Transcripts®
Hitler’s Uranium Club: The Secret Recordings
at Farm Hall<°

Arnold Kramish®

Among the jacket photographs of Stalin’s Captive is that of
Paul Rosbaud, appropriately with those of Otto Hahn and
Lise Meitner, the discoverers of nuclear fission, and with that
of Igor Kurchatov and Yuli Khariton, the “fathers” of the
Soviet nuclear weapons. For Rosbaud, a German scientific
editor and secret agent, passed the German atomic secrets to
the British during World War II. Somehow, those secrets also

Stalin’s Captive: Nikolaus Riehl and the Soviet Race for the Bomb
By Nicolaus Riehl and Frederick Seitz (Rockefeller University).
History of Modern Chemical Sciences. Series Editor Jeffrey L.
Strurchio (Merck & Co. Inc.). American Chemical Society

and the Chemical Heritage Foundations: Washington. D.C. 1996.
XXII + 218 pp. $34.95. ISBN 0-8412-3310-1.

®Operation Epsilon: The Farm Hall Transcripts

Introduced by Sir Charles Frank, OBE, FRS. Institute of Physics
Publishing (U.K.): Bristol and Philadelphia. 1993. IX + 313 pp.
ISBN 0-7503-0274-7. Also published by University of California
Press: Berkeley. 1993. $30.00.

Hitler’s Uranium Club: The Secret Recordings at Farm Hall

By Jeremy Bernstein (Aspen Center of Physics, Aspen, Colorado)
American Institute of Physics: Woodbury, New York.

1996. XXX + 427pp. ISBN 1-56396-258-6.
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became known to the Soviets. And, although Rosbaud died in
1963, the three books here reviewed owe a great debt to him.

Even though, largely through Rosbaud, the British had
known since 1943 of the lack of German atomic progress,
General Leslie R. Groves, head of the Manhattan Project,
the American atomic effort, had to know for himself. He
directed his Alsos mission to follow the troops through
Germany to collect documents and scientists. Ten of the
most important German scientists, including Nobel laure-
ates Max von Laue and Werner Heisenberg, were incarcer-
ated for eight months in a Georgian mansion, Farm Hall, at
Godmanchester, near Cambridge. In visiting Farm Hall’s
cellar, one sees traces of the wiring from every room to a
secret “listening room,” where every word of the scientists
was recorded on tape. This was “Operation Epsilon,” whose
transcripts were released only in 1993, 30 years after Paul
Rosbaud’s death.

Interrogation was not the only purpose of “Operation
Epsilon.” General Groves feared that the German scientists
would be captured by the Soviets and help them to make the
atomic bomb. Little did Groves know that most of his
“secrets” had already been acquired through espionage. Also,
in a practical sense, none of the ten Farm Hall internees would
have been as helpful to the Soviets as Nikolaus Riehl, the
metallurgist who supplied the Germans with the uranium
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metal for their pitifully small effort but then supervised man-
ufacture for the Soviet nuclear program.

In Stalin’s Captive, Frederick Seitz, himself a distin-
guished solid-state physicist, introduces a translation of
Riehl’s memoirs, “Ten Years in a Golden Cage.” Riehl, born
in Saint Petersburg in 1901, had obtained his doctorate in
Otto Hahn’s laboratory, under the supervision of Lise Meitner.
As research director of the Auer Gesellschaft, he developed
methods of extraction and purification of uranium.
(Incidentally, he was also the inventor of the fluorescent elec-
tric lamp.) Until 1950, at Elektrostal, near Moscow, Riehl
perfected his own process as well as others that he was con-
fident had been learned through espionage. After those ser-
vices were no longer required from him, Riehl was transferred
beyond the Urals to an institute in Sungul, where the tasks
involved fission product chemistry and radiation biology.

After a three-year “cooling-off” period on the Black Sea,
to isolate him from current work, Riehl and family were
allowed to return to Germany, having been highly honored
by the Soviets. At a May 1996 symposium in Dubna, Russia,
Riehl’s contributions to the early Soviet nuclear program
were given due recognition. Riehl died in Munich in 1990.

For the reader wishing a lively account of the German
atomic program and some insight into the early Soviet pro-
gram, the Riehl autobiography is recommended reading.
Frederick Seitz’s long introduction is itself worth the read.
Indeed, much about Seitz’s remarkable career is also illumi-
nated. The book is short on the goings-on at Farm Hall, but
for those desiring to eavesdrop on the 10 German scientists,
minute-by-minute, day-by-day, one of the two “Operation
Epsilon” accounts is the source. Each has its particular merit.

A unique merit of the edition published by the British
Institute of Physics and the University of California Press
is its introduction by Sir Charles Frank, who knew many
of the 10 internees during the war and Rosbaud before that.
Sir Charles was one of their rare visitors at Farm Hall.

Book Reviews

The transcripts themselves are published unannotated, which
has a certain appeal, since one is not distracted by scientific
explanations, etc, which many readers will not require.

However, for those more comfortable with explanation
and who believe they will not miss Sir Charles’s introduc-
tion, Jeremy Bernstein’s Hitler’s Uranium Club is the book
to read. (The title is something of a misnomer, for Hitler
ignored the program.) Bernstein, a physicist and well-known
science writer, makes much use of Max von Laue’s signifi-
cant and increasingly better-known Lesart letter of April 4,
1959, to his close friend and confidant Paul Rosbaud.
Rosbaud had been a confidant of all of the Farm Hall scien-
tists, as well as of Nikolaus Riehl. That is how he stole their
wartime secrets. However, his relationship with von Laue,
strongly anti-Nazi, was particularly close.

In his 1959 letter, von Laue asserted that after the Farm
Hall internees heard about Hiroshima, a “version (Lesart)
was developed that the German atomic physicists really had
not wanted the atom bomb, either because it was impossible
to achieve it during the expected duration of the war or sim-
ply they did not want it at all.” The Lesart was bitterly con-
tested by many after it was published in 1986 [Kramish, A.
The Griffin: The Great Untold Espionage Story of World War
1I; Houghton Mifflin: Boston, 1986; pp 242-248].

The ultimate value of the full text of the Farm Hall tran-
scripts is that it confirms the statements of von Laue’s 1959
letter to Paul Rosbaud. For that, and for the general impres-
sions of what 10 scientists talk and gossip about when they
are locked up together, reading just one of the books of Farm
Hall transcripts is enough for anyone.

Arnold Kramish served in the Manhattan Project and, later, with the
U.S. Atomic Energy Commission. He is the author of many books and
articles on nuclear history and serves as a consultant to government
and industry, including the ANSER Corporation. He contributed this
review on November 18. 1996, the 100th anniversary of the birth of
Paul Rosbaud!



Force of Nature: The Life of Linus Pauling®
Linus Pauling in His Own Words"

Zelek S. Herman<¢

By virtually any standard of measure, Linus Pauling ranks
as one of the most influential and celebrated scientists of
the twentieth century. His list of publications (The
Publications of Professor Linus Pauling, compiled by
Z.S. Herman and D.B. Munro; available for downloading
on the Internet: http://charon.lpi.org/~zeke) fills 95 pages
of fine print and contains over 1100 entries concerned with
quantum mechanics, crystallography, molecular biology,
medicine, nutrition, biostatistics, nuclear physics, and
world peace, including Letters to the Editor and 13 books
on subjects ranging from quantum mechanics to the
achievement of human well-being. Of these 1100 publica-
tions, approximately 700 are scholarly ones, and approxi-
mately 300 represent original scientific ideas—a sum
unequaled in number and variety by any other scientist, liv-
ing or dead. Pauling’s book The Nature of the Chemical
Bond, in its three editions and numerous translations, is the
most cited scientific book of all time. He is the only person
to have been awarded two unshared Nobel prizes
(Chemistry, 1954; Peace, 1962), and there are many knowl-

aForce of Nature: The Life of Linus Pauling
By Thomas Hager. Simon and Schuster: New York. 1995. 721 pp.
Hardback. $35. ISBN 0-684-80909-5.

Linus Pauling in His Own Words

Edited by Barbara Marinacci. Simon and Schuster:

New York. 1995. 326 pp. Hardback $35. ISBN 0-684-80749-1.
Paperback $15. ISBN 0-684-81387-5.
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edgeable people who argue that he should have also
received the Nobel Prize for Physiology or Medicine for
any of such subjects as the nature of the bonding of oxygen
to hemoglobin, the alpha helix, the elucidation of the cause
of sickle-cell anemia (the first “molecular disease”), or the
Pauling oxygen meter, an invention that saved the sight of
countless premature infants.

During the course of his long life, Pauling was awarded
nearly 50 honorary degrees, including an honorary high school
diploma. (Because he was not allowed to take two American
history courses concurrently instead of sequentially, Pauling
did not graduate from high school.) He also received the
U.S. Presidential Award for Merit, the International Lenin
Peace Prize, the Gandhi Peace Prize, and nearly every award
of the American Chemical Society. In addition, he was
awarded memberships in national academies and learned soci-
eties throughout the world. Pauling was acclaimed for his out-
standing abilities as a lecturer and teacher, and the number of
his students who went on to distinguished scientific careers of
their own is significant in itself. According to one of his former
students, Professor Alexander Rich of the Massachusetts
Institute of Technology, Einstein remarked on hearing
Pauling’s name, “Ah, that man is a real genius!”

Owing to his controversial advocacy and analysis of the
effects of large doses of vitamin C in mitigating illness and
promoting well-being, and in spite of opposition from ortho-
dox medical practitioners, Pauling almost single-handedly
transformed the nutritional habits of people in the developed
world regarding the use of supplemental vitamins. For this,
his name became a household one and virtually synonymous
with vitamin C.
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Thus, it is a difficult task for a biographer to portray this
unique human being in such a way as to make him a living
being—with his sparkling blue eyes, his incredible intelli-
gence and knowledge, and his belief in the essential good-
ness of humanity—for those who did not have the
unforgettable opportunity to interact with him.

From sociological and political points of view, Thomas
Hager, a science writer living in Pauling’s native Oregon, has
produced, in his meticulously researched book, Force of
Nature, an eminently readable, interesting, and sympathetic
portrayal of Linus Pauling. His description of Pauling’s dif-
ficult early life (Linus’s pharmacist father, Herman Pauling,
died when Linus was nine years old, leaving him as the men-
tor and part-time breadwinner for his sickly mother and his
two younger sisters) in turn-of-the-century Oregon makes
for fascinating reading, as do the accounts of his friendship
with Lloyd Jeffries, his surreptitious and meticulous chemi-
cal experiments, and his romance with his wife-to-be, Ava
Helen Miller. Hager’s extensive narrative of Pauling’s trou-
bles with various governmental agencies and the administra-
tion of the California Institute of Technology over his peace
work and his tireless campaigning for the cessation of atmo-
spheric nuclear testing should be required reading for any-
body interested in twentieth-century history. However,
perhaps for want of time, space, or energy, Hager’s descrip-
tion of Pauling’s dealings in the latter part of his life with the
two presidents of the Linus Pauling Institute of Science and
Medicine, namely, Arthur B. Robinson and Emile
Zuckerkandl, is not as satisfactorily written, and it is not easy
for the reader to draw substantive conclusions regarding
Pauling’s role in these rather sordid matters.

Moreover, from the scientific perspective, Hager’s
accounting of Pauling’s numerous scientific contributions is
inadequate. In spite of its length, Force of Nature has not a
single diagram (Pauling was noted for the quality of his sci-
entific artwork), and there are numerous factual errors. For
example, on p. 143, Hager states that carbon monoxide has
carbon “double-bonded to a single oxygen atom.” (Hager
should have read Pauling’s description of carbon monoxide
on pp