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INTRODUCTION 

It has been a long time since I have been so concerned with a 

public appearance. I feel as though I am being watched, and I know 

that some of you will understand what I mean. It is an enormous respon

sibility to try and present to~' to the United States and to the 

world, Gilbert Lewis. I feel a little bit as though I were coming 

up for my first oral prelim examination, and, in fact, it is, because 

I have never tried to speak publicly about Gilbert Lewis before, and 

it is a very difficult and a very emotional task for me. 

You have heard in the last two days a little bit of the scien

tific confusion of the latter part of the 19th and early part of the 

20th centuries. You have heard a little bit of the two men (T. W. 

~ichards and A. A. Noyes) who played such an important role in Gil

bert's beginnings, and having heard about those men, I understand 

a little bit more of Lewis' teaching methods and the introduction 

of those teaching methods to Berkeley and a little more of his view 

of an experiment how you do an experiment. But Lewis was unique. 

He· took from his teachers what he could, but he went alone in all 

of the things that he did. 

I have prepared a summary of G. N. Lewis' biographical history 

and major scientific contributions·, and have tried to catalogue the 

things Lewis did in science. I have listed five items more or less 

separate (but, in actua 1 fact, they are not separate), ~one of 

which would have been an entire life's work for! good chemist. I 
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have put these together for you to peruse. What manner of man was this 

that could have done what he did? I will try to encapsulate as much as 

I can the formal history of Lewis' life. Instead of trying to discuss 

all five areas of his major contributions I will spend what. time I have 

en the last two, with which I personally was involved. 

Siographical Information: Lewis was born near Boston on 
... 

October 23, 1875, just about ten years after T. W. Richards. At the 

age of nine, his father (a lawyer) and motHer moved to Lineal nebraska. 

His formal educ]tion up to the age of 13 was entirely in the hands of 

his pa~ents. It sounds reminiscent of what we heard about T. W. Richards. 

At the age of 13, Gilbert entered a University of Nebraska prep school, 

and from there, at 16, entered the University of Nebraska where he spent 

a couple of years. From there, at the age of 18, he went on to Harvard. 

where he received his B.A. in 1896. From 1896-1897 he was a master at the 

Phillips Academy, Andover, Massachusetts. He then returned to Harvard to 

fini~h his education, receiving his Ph.D. degree in 1899 at the age of 

24. He did his thesis with T. W. Richards on the electrochemistry and 

thermochemistry (or thermochemical relations) of some zinc and cadmium 

amalgams. You can already see that he was into the area of thermodynamics 

from the very beginning. Lewis then became an instructor at Harvard 

from 1901-1903. 

One of the interesting items in the chronology of Lewis' profesional 

career is that he went to Manila in The Philippines in 1904-1905 as 

the Superintendent of Weights and Measures. After that experience, he 

returhed to Cambridge to join A. A. Noyes at the Massachusetts Institute 

of Technology, \!Jhe're he remained (passing through the ranks from assistant 
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MAJOR SCIENTIFIC CONTRIBUTIONS--G. N. LHIIS 

CHEMICAL BONDING 

Electron Pair Bond 

Culminating in publication of VALENCE AND THE 
STRUCTURE OF ATOt·1S AND HOLECULES ( 1923) 

THERMODYNAMICS 

1913' 1916 

1923 

Cul~i~ating in publication of the classic text on 1923 
THERMODYNAIHCS AflD THE FREE ENERGY OF CHEMICAL 
SUBSTANCES (1923) 

DEUTERIUM 

Isolation of Pure Deuterium 
Biological Effects of Deuterium 
lnstabil ity of Deuterons 

LEWIS ACIDS 

COLOR 

Theory of Color 
Photochemistry in Rigid Medium 
Fluorescence and Phosphorescence 
Paramagnetism 

Of Oxygen 
Of Triplet State 
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professor to professor). In 1912 he was called to Berkeley and the 

University of California where he became Dean of the College of 

Chemistry and Chairman of the Department. 

In this same year he married Mary Sheldon whom he brought to 

Califorhia with him and who survives him to this day. 

Lewis retired from the 110fficial titles .. of Dean and Chairman 

in 1941, but he never retired from the laboratory. He actually died 

in the laboratory in 1946 in the course of performing an experiment. 

LEWIS' RESEARCH CHARACTERISTICS 

I have tried to summarize Lewis' peculiar characteristics as 

a sciehti~t and these can be outlined as: 

(1) · Spirit of research and inquiry whic·h he exhibited himself and 

engendered in all those around him. The external manifestation of 

this characteristic was in the form of the research conferences, and 

perhaps even in the hallways of Gilman Hall. 

(2) ·As a result of Lewis' way of conducting research, American 

physical chemistry was dominated by his students and former associates 

from the early twenties onward. 

(3) G. N. Lewis' general approach to science was intuitive, followed 

by a rigorous experimental testing of the intuition. The experi

mental approach was always direct and with a minimum of obfuscation. 

(4) Lewis always used the very simplest type of apparatus (preferably 

homemade) for his experimental demonstrations, and took great pride in 

this simplicity. He always used visual demonstration of the effects 

which he was trying to explore. 

-4-
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(5) When Lewis would speak, he would always seek to ha.ve ~n experi-

mental demonstration, no matter how large or small the audience, 

and that experiment was always something that everyone could appreciate 

{color change, magnetic moment, etc.). 

(6) His curiosity and breadth of interest knew no bounds. He had 

ideas on the theory of money, archaeology, and the thermodynamics of 

glaciation (see Ap~endix II, list of Lewis• publication). 

(7) Lewis had great intuitiveness in his approach to science, 

coupled with rigorousness of experimental observations, simplicity 

of equipment, freedom and range of his thinking. Lewis was not 

inhibited by current dogma, or boundaries of expertise. He had 

a tremendous breadth ·Of scientific and nonscientific interests 

and contributions. 

·MAJOR SCIENTIFIC CONTRIBUTIONS 

Gilbert and Mary Lewis came to Berkeley in 1912, already having 

experienced the influence of A. A. Noyes and· T. W. Richards. As I 

listened to the discussions earlier in this conference, I heard for 

the first time -- because I knew neither of these two men who were 

his teachers -- some of the background of some of Lewis' idiosyncracies 

in his teaching methods as well as his research interests and methods. 

These <i:ame from his teachers. which ist of course. as it should be. 

When Lewis came to Berkeley he already had a free hand in bringing 

people. and Fig.ure l shows some of the members of the Department of 

Chemistry in Berkeley in 1916. William Bray. Axel Olson, Merle Randall, 

Dorothy Parks, as well as Gilbert himselft are all in this picture. 
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FIGURE 1. Department of Chemistry, Berkeley, ca. 1916 

Back row (L toR): Bray, Argo, Lewis, Gray, Borgstrom, Parks, 
Randall, Bisson, ?, Holmstrup, Cummings 

Front row (L toR): Olson, Brighton, Cushman, ? 
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From that time on, all the rest of the members of the department of 

chemistry were home-made (Berkeley graduates) and were at least in 

. part responsible for the 11 clutter 11 you saw earlier in this conference 

in the time line developed by E. Bright Wilson. 

Thermodynamics: At Berkeley, Lewis brought thermodynamics into 

its third and most generally fruitful area. Thermodynamics was invented 

in England by Rumford and Carnot, Joule and Kelvin, to help in under

st~nding the mechanisms of steam engines. Thermodynamics was transformed 

into a general physical theory by Gibbs and van Hoff. The subject was 

brought to the useful stage of chemical thermodynamics beginning with 

Haber and Nernst, Brunsted and A. A. Noyes. Lewis' book of 1923 

Thermodynamics and the Free Energy of Chemical Substances was the point 

at which the subject was brought into the ~ands of the chemists and 

chemical engineers of the world in a useful way. It may seem an 

anomaly that Lewis, who very carefully all his life shunned, as a 

personal activity, what he called 11 applied and engineering chemistry .. 

should have produced this work of thermodynamics, upon which the entire 

chemical industry of the world is dependent, especially the petrochemi

cal industry. It does not really give you the 11 flavor 11 of G. N. Lewis 

to say that. 

But the true 11 flavor 11 of Lewis went beyond the simple and the 

practical. He was also a philosopher. 
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.. There are ancient c·athedra 1 s which, apart from their consecrated 
purpose, inspire solemnity and awe. Even the curious visitor 
speaks of serious things, with hushed voice, and as each 
whisper reverberates through the vaulted nave, the returning 
echo seems to bear a message of mystery. The labor of genera
tions of architects and artisans has been forgotten, the 
scaffolding erected for their toil has long since been 
removed, their mistakes have been erased, or have become 
hidden by the dust of centuries. Seeing only the perfection 
of the comp 1 eted \vho 1 e, we are impressed as by some superhuman 
agency. But sometimes we enter such an edifice that is still 
partly under construction; then the sound of hammers, the reek 
of tobacco, the trivial jests bandied from workman to workman, 
enable us to realize that these great structures are but the 
result of giving to ordinary human effort a d1rection and 
purpose. 

Science has its cathedrals, built by the efforts of a few 
architects and of many workers ... 

(From: Thermodynamics and the Free Energy of 
Substances, G. N. Lewis and Merle Randall, 1923) 

Lewis was both an architect and a worker in the cathedral of science, in 

a very real sense. 

To me, thermodynamics was something I had to learn as a senior 

at college, and I learned it, using the Lewis and Randall book. 

Incidentally, I only recently learned, in a conversation with one of 

Lewis• earlier students who was in aerkeley at about the time the book 

was written, how it was done. Apparently Lewis wrote the book by 

pacing up and down and dictating, and Randal~·.1rote it dovm and did 

all the calculations. When I learned of this modus operandi last fall 

(from Albert Loomis), it struck a very familiar note which I am sure 

a number of those in the audience will recognize. Incidentally, I 

failed to mention at the beginning of the talk that part of the reason 

I felt nervous about this presentation was that there would be present 

in the audience at least half a dozen people who knew Gilbert Lewis, 

but there must also be present several times that many who were taught 

by students who were taugnt by Lewis. 
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Chemical Bonding: Perhaps the most far-reaching and important 

step for chemistry that was taken by Lewis was the invention of the 

electron pair bond in the form he envisaged it. I will not try to give 

you an historical account of the origin of that idea, because a very 

excellent description of this has been written, entitled "The Origin 

of G. N. Lewis• Theory of the Shared Electron Pair Bond" by Robert 

Kohler, a professional historian of science, published in 1971. 

I do, however, want to say a word or two about Lewis• concept of the 

electron pair bond, because you have heard it referred to as being 

awaited in order to understand many of the chemical phenomena which 

were under investigation in the last part of the 19th and early part 

of the 20th cer.turies. 

I came into this late, and can only remember Lewis• statement 

that there is only one chemical bond, a shared electron pair, and 

everything else is electrostatic and is not a chemical bond at all. 

I came in pretty late to hear that, and it•s only now that I am beginning 

to understand how he arrived at this conclusion. I taught the theory 

of the electron pair bond (shared pair) for many years, and I think 

it can still be taught that way(in a beginning course at least). That's 

what Lewis actually did: He brought the concept of the electron pair 

bond into being in a way that was understood readily by all chemists, 

including beginning students. He straightened out the organic 

chemists and the inorganic chemists, and he also straightened out the 

confusion that you heard described earlier in this conference. The 

electron pair bond concept which Lewis promulgated clarified and 

integrated these divergent views. 
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How did Lewis originate this concept of the electron pair bond? 

He didn't begin with first principles, as Gibbs did, and come out with 

the end result. He "guessed", and then he tested to see if it were so. 

That method of doing science went on all his life (I participated 

in some of th~ "guessing" myself and some of the testing of these 

guesses). I can just see how Gilbert must have done this: He saw 

the periodic table, with its rows of eight, and since molecules were 

real things, he asked \'Jhat geometrical shape is characteristic of 

eight; it would be the eight corners of a cube. So, Lewis made the 

ass~mption that the atom was a cube and terminated every one of those 

corners with an electron. Thompson, in 1896, had discovered the electron. Lewis 

knew about this and sketched out his theory of the atom in 1902, but 

it wasn't until 1913 that Lewis discussed his ideas publicly in depth. 

(While Lewis was at tHT he did discuss his theory of the atom and electron 

pair bond from 1905-1912.) However, Lewis realized that there was some

thing wrong with his initial concept, and gradually he brought the elec-

trons together into a tetrahedral form, into four pairs at the corner 

of a tetrahedron; this concept was fully developed by 1916. The com

plete theory of the electron pair bond was published by Lewis in 1923 

in a book entitled Valence and the Structure of Atoms and Molecules. 

In doing some preparatory reading for this occasion I was 

struck by the fact that both of Lewis' major books were published in 

the same year, 1923. These were Valence and the Structure of Atoms 

and Molecules and Thermodynamics and the Free Energy of Chemical Sub

stances. This must be a unique event in the history of science. 
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After Lewis brought the two electrons together at the corners of 

a tetrahedron, the rest of the theory of the electron pair bond followed 

rather straightforwardly. There were various kinds of inputs into this 

theory, but I can see Lewis visualizing that atom as a cube, just 

because of the rule of eight, Thompson•s discovery of the electron 

a few years earlier. 

In the book on chemical bonding Lewis had formulated the germs 

of many other basic scientific concepts; the paramagnetic susceptibility 

of oxygen, the paramagneticsm of free radicals and the exact definition 

of acids and bases. Lewis defined an acid as any atom, or group of atoms, 

which has a vacancy for an electron pair in the tetrahedron, and a base 

as being an atom, or group of atoms, which has an unshared electron paii 

which could occupy that vacancy; he expressed this idea very succinctiy 

in 1923. 

In a sense, the discussion of Lewis acids and the discussion 

of color really were born in Lewis• mind in 1923. Most of the ideas 

which were explored later in his publication on the theory of color, 

photochemistry in regid medium, fluorescence and phosphorescence, 

were expressed in those earlier papers of 1916-1923. 
' 

Deuteri urn: When Gil bert Lewis came to Berke 1 ey, one of the 

conditions of his coming was that he should have a personal research 

assistant. Ronald McDonald, then Dan Luten, then Glenn Seaberg were 

involved in this progression. In chasing down Lewis• work on the 

deuterium purification, I called Dan Luten to find out what he knew 

about how the work began. He told me that Gilbert had been working 

on isotope separation, particularly of lithium, for some years. The 
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moment that it became clear that a heavy isotope of hydrogen existed, 

Lewis realized that this would be the easiest one to separate, and, 

furthermore, that he probably already had some in the laboratory in 

a fairly pur~ form in the electrolytic cells that Giauque (Professor 

William F. Giauque) had been using for many years to make liquid 

hydrogen. Lewis began the work by using 20 liters of water from the 

electrolytic cells which Giauque had been using on the first floor of 

Gilman Hall and got 0.5 ml of water Wich was about 70% deuterium; 

he did this within the matter of about a year. The year after that Lewis 

had several milliliters of over 95% o2o. 
It was characteristic of Lewis to explore all the possibilities 

of his material, and he did both types of experiments at each end of 

the scale (physical and biological) with the material he had available 

to him. 

About that time there was some suspicion about the stability of 

the deuteron (what it was composed of), and Lewis and Ernest 0. Lawrence 

arranged to do some experiments in the cyclotron with deuterium gas. 

When the (any) target was bombarded with deuterons, neutrons emerged 

in great profusion. This work led to a paper with E. 0. Lawrence on 

the instability of the deuteron. 

On the other hand, Lewis also did experiments on the opposite 

end of the scientific spectrum. He took some of his original 0.5 ml 

of o2o, put it on a petri dish and put some seeds in the petri dish. 

He also had a control petri dish with ordinary water and the same type 

of seeds. He watched the development of these seeds. The seeds in the 

ordinary water sprouted and grew, while the seeds in the heavy water 
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did not; only a few of the seeds sprouted and grew poorly. Lewis 

recognized at that time (1933-1934) that the deuterium did not kill 

the seeds but, rather, inhibited their growth. When the seeds were 

removed from 020 and placed in ordinary water and the usual nutrient, 

they would grow again. This observation was very important, but Lewis 

himself did not follow it up. 

Lewis then fed some of his 95% 020 to a mouse. The mouse apparently 

didn't like it at all, refused food and water for sometime thereaft 

but did survive. I think the reason the mouse survived was that Gilbert 

ran out _of o2o because the mouse wouldn't have lived if he had been able 

to increase the dosage over a longer period of time. 

About twenty years after Lewis' experiment, we repeated basically 

the same thing in our laboratory af er o2? had become readily available. 

I can tell you that the mouse cannot survive when the higher concentrations 

of o2o are administered. When the concentration of o2o reaches over 21% 

in the body, the mouse is sick, by 28% in the body, the mouse expires. 

Another effect of the heavy water which Lewis didn't know 

(and we found out about much later) is that when the mouse has about 

21% o2o in his body there is temporary sterility. Just as the 11 Seed 11 

will not sprout with 21% o2o, so the mouse will not 11 Sprout 11
• What I 

mean is that a male mouse becomes sterile if the water level in the body 

reaches more-than 21% heavy water; if you remove the heavy water, the 

sterility is reversed. We actually performed that experiment for another 

reason. We had expected that virus replication involved hydrogen bonding 

and separation of the double helix, and thought that it (replication) 

should be effected by replacing the hydrogen in the medium with deuterium. 
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At that time, I was trying to cure the mouse of a virus disease when 

I found out as well that the mouse became sterile; the deuterium 

.affected not only the virus replication but, additionally, the mouse 

.. replication ... 

Le\'tis worked very vigorously in the deuterium business for a couple 

of years, and published several important papers. He presented the 

most important results of his work at the meeting of the International 

Union of Pure and Applied Chemistry in Madrid, Spain in 1934. He 

never touched the deuterium problem again after that. 

Color: The next phase of Lewis' work is the one that I know 

most about. As I said earlier, most of the germs of what he did in his 

later life were contained in the book on valence published in 1923 

and the earlier papers such as the definition of an acid and base. 

When I came to Berkeley in 1937, Glenn Seaborg was Lewis' personal 

research assistant and they were working on acids and bases. I can 

remember that they used trinitrotiphenylmethane as an indicator in the 

laboratory on the first floor of Gilman Hall. 

I wish to digress, here, into some personal reminiscences 

because you might be interested to know how I got into this business 

with Lewis at all. When Lewis came to Berkeley in 1912, he brought 

with him William Bray (from MIT), Joel Hildebrand (University of 

Pennsylvania}, vJendell Latimer (University of Kansas)~ but the rest 

of the staff of the Department of Chemistry were 11 home grown .. Berkeley 

graduates, until I came to Berkeley in 1937. This event was such a 

shock to him -- to bring in someone from the outside -- and this comment 

is being made in retrospect because at the time I di.d not realize what 
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he was doing, that Lewis was a little bit nervous about my presence, 

because he did not know me personally. When Lewis and I began to 

discuss the color of the trinitrotriphenylmethane, which was being 

used in the acid-base experiments, Lewis realized that I had an 

interest in the color problem. So, Lewis said 11 let's do a paper 

on the theory of color". He didn't quite say it that way, but that's 

how it came out. 

Within a few months I was involved with Gilbert Lewis, reading 

all that was available on the color of organic molecules and dyestuffs. 

This work began in 1937 and the review paper, Color of Organic Substances, 

was published in 1939 in Chemical Reviews. The literature searches 

went on for some time, to bring Lewis up to date from the period of 

1923 to 1937 (1939), and we collected all kinds of literature, color 

indices, etc. We scattered this material all over the seminar room in 

Gilman Hall. We would discuss this literature for hours at a time. 

Lewis already had (and he transmitted this to me) an idea of what the 

paper would contain: He was going to try to introduce an idea of 

elementary linear harmonic quantum mechanics into the theory of color 

of organic substances. 

After many months of discussion, Lewis decided it was time to 

write, and he started to dictate. The seminar room was in one end of 

Gilman Hall, and it was longer than it was wide, with the door at one end 

and the blackboard next to it. The room contained a long table, and about 

two dozen chairs around the table. The literature and books were on top 

of the table. Lewis would walk round and round the table, dictating to 

me, while I wrote, and I sat in a special place at the table. (I never 

sat at the forward right-hand corner; that was Lewis' place.) He would 
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start to dictate, I would write and he would walk. He dictated sentence 

by sentence. One time I did not write the sentence when he dictated it. He 

inquired why I did not write it down, and I said it was already written down . . 

He looked, and sure enough, the exact words he had just spoken to me were 

already on the paper. That wasn•t very hard to do, because we had been 

talking for the past three months about these very things, and the same 

phrases were coming out all the time. By the time Lewis decided to dictate, 

it was all constructed in his head and I had heard most of it many times. 

So, it wasn•t any great trick to do what I had just done. But after 

that, the situation changed a little bit, and Lewis would dictate more 

slowly, and his phrases weren•t so coherent, so I couldn•t 11 anticipate 11 

him. 

This bit of work gave rise to a whole sequence of scientific 

thinking which took place in Gilbert 1 s mind. The basic notions of 

what was to come out in the color paper had already evolved in Lewis• 

thinking electron oscillation, nature of the excited state, simple 

1 inear asci llator quantum theory to understand these phenomena. In 

the course of our searches in this area, we learned that many dyestuffs 

were · reported with broad absorption bands, whose color was not reported 

in the color index in terms of wavelength (only as blue, green, yellow 

or some other color), and so it was necessary to do some spectroscopic 

experiments. To do spectroscopy on these organic dyes, Lewis conceived 

the notion that he might put them in a glass, cool them down, and get 

low temperature spectra; in other words, to sharpen up the peaks. How 

do you put an organic dyestuff in a glass? Lewis invented and created 

the particular type of glass for these experiments, by taking boric acid 

in a large beaker with a Bunsen burner underneath, and using a thermo

meter to stir the molten boric acid. When the liquid came to the right 
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temperature, he would remove the Bunsen burner, put the dyestuff in, 

and let "th molten boric acid (containing the dyestuff) cool. It cooled 

to a glass. What Lewis had done was to dehydrate the boric acid just 

enough so that when it cooled it did not crystallize but solidifed to 

a glass -- in other words, it was a rigid medium, contaning a dye. 

Lewis always did these experiments, with the boric acid, himself, because 

of the critical temperature, which he never told me about! 11 m not 

joking -- that•s exactly what happened. 

As we went through these experiments, he noticed that most of 

the dyes in the glass would fluoresce. He then asked himself why doesn•t 

everything fluoresce? Whey is there thermal degradation? Why doesn•t 

everything drop back to the .ground state? He conceived the important 

idea that, in general, the molecules which failed to fluoresce had in 

them structures in which the vibrational mode interacted closely with 

the electronic excitation and the electronic excitation would then go 

over to vibrational excitation. To produce fluorescence in a rigid 

medium this process was inhibited. In a rigid medium, therefore, it is 

possible to increase the degree of fluorescence, which Lewis proved 

by his experiments. 

In the course of this work, another idea evolved which came to be 

even more important. On some occasions, when Lewis turned off the light, the 

boric acid glass continued to glow (phosphoresce) for as much as 10 to 

20 seconds. Why did some samples have phosphorescence and others not? 

The phosphorescence was not the same color as the fluorescence -- it 

was usually redder in color. Lewis then had another question to ask: 

Why do some of these materials phosphoresce i.nstead of fluoresce, and why 

was the color different? As you undoubtedly know, Lewis was aware of 
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the basic concepts of quantum mechanics and some selection rules for 

spectroscopic transition. He understood quite well angular momentum 

restraints, so he theorized that the dye molecule in its upper state 

must go over to some state by thermal motion which is prohibited from 

falling to the ground state with light emission. What would that pro

hibition turn out to be? What was thy condition of the state that pre

vented it from falling down (to the ground state) fast? In other words, 

this was the evolution of the theory of th~ triplet state. There should 

be a non-anti-parallel electron pair present which could be found as 

paramagnetic ~aterial. 

To prove this theory, it was necessary to measure the displacement 

of a magnetic material in a magnetic field. Lewis therefore decided to 

try this type of an experiment, and he thought about it for a week or 

two. He went down into Gilman Hall and looked at Giauque's magnet, which 

was relatively small (10,000 to 12,000 gauss) and the pole faces were about 

6 to 8 inches in diameter. There was a balance on the top of the magnet, 

and the first experiments were done with the samples hanging from the balance, 

with the light and magnet turned on; it was not possible to measure the 

magnetism. This turned out to be not sensitive enough for what lewis 

wanted to know. He then constructed a balance in which the sensitivity 

was greater by another factor of 100 (or perhaps 1000). The construction 

of that balance turned out to be a most interesting thing. It was dependent 

upon horizontal displacement of the sample in the magnetic field, 

with light striking half the sample in the magnetic field. A given 

horizontal displacement would correspond to a given number of micrograms 

of force (by calculation). It was necessary to construct the sensitive 
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balance in Gilman Hall since it wasn't possible to purchase equipment 

which was sensitive enough, and, anyway, we didn't have the money! 

For the balance, we needed two quartz fibers, about 2 meters long from 

which to suspend the sample. Lewis wouldn't let me turn the quartz rods 

in the glassblowing torch. This is similar to the experience when he 

wouldn't let me help with the liquid boric acid experiments . Lewis 

got the glassblowing torch at one end of the 50-yard long hall on the 

top floor of Gilman Hall. He took the quartz rod about 4 mm in diameter, 

and stood over the torch, turning the rod. When the rod was just the 

proper temperature, he handed me one end of the fiber, and I had to 

run down the hall with it, while he held the other end. We kept repeating 

this performance until we got a couple of good fibers, which were then 

hung up inside glass tubes about 1 inch in diameter, with ground 

joints at either end. The sample was suspended from these fibers and 

the tip of the sample carrying rod was watched through a microscope. 

The next step in the experiment was to turn on the magnetic field 

and then turn on the light. My job was to tell him which way .and how much 

the sample moved. I said that it "jerked" the right way, but it came to 

rest going the wrong way. This went on for several days. We were illumin

ating the sample at one end of thy magnetic field, and the illuminated 

part of the sample should have come into the field, but instead it jerked 

and then went back the other way. Lewis didn't believe these observations. 

He then let me turn on the light and watched himself; the results were 

the same -- it went the wrong way. 

As you can imagine, this was a rather nervous time for me, as 

the results were going the wrong way, and Lewis knew that they shouldn't 

behave in that fashion. He could not understand the results. Late one 
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afternoon we were down o.n the lower floor of Gilman Hall in the magnet 

room and the door was open. You should know that the basement of Gilman 

Hall was Giauque•s, including the magnet that Lewis was using. Giauque 

came by and asked what the matter was (he could feel the tension), and 

Lewis explained what was happening. Giauque asked what gas we had in 

the glass tubes, and Lewis replied that there was air i~ the tubes. 

Giauque said that you shouldn•t have air in the tubes as oxygen is 

pa~amagnetic. When we changed the air in the tubes to nitrogen, all 

the experimental results were proper, and as expected. The sample 

became heated by the light, which warmed the oxygen, and the volume 

magnetic susceptibility becomes less, so that the oxygen moves out 

of the field. The result was acutally an oxygen wind blowing the sample 

in the wrong direction. 

So, Lewis said if that•s the case, the same result should ccur 

if I put a microscope slide with soot on it in the place of the sample. 

Everything did go properly. The next question was: How much does it 

move in the right direction (how many millimeters). We could calculate 

the cosine of the suspension angle and determine the answer. It turned 

out that the triplet state was indeed magnetic, and we closed up shop 

on that particular experiment in 1944. 

Lewis had predicted that if the excited state of a long (extended) 

molecule was dipolar, then the energy level of the excited state should 

fall in a medium of higher dielectric constant. He should then be able 

to plot (if the ground state was not polar and the excited state was 

polar) the difference which would be due to a shift in the energy of 

the excited state. Therefore, the color of the molecule (the wave

length of the absorption) should have some relation to the dielectric 

-19-



constant of the solvent in which the measurement is made. In those cases 

in which the data existed, it was that way. However, Lewis wasn•t satis

fied with that and he wanted to check it out with a wider range of dielec

tric constant materials, which led to the next step in these experiments. 

Lewis then selected a group of molecules (I think they were carotenoids 

and diphenylpolyenes), simple, relatively long molecules, in which the 

dipole of the excited state should be noticeably larger than the ground 

state. He then sought to find a series of solvents which would dissolve 

these molecules (low dielectrics like hydrocarbon solvents and high 

dielectrics beyond water). In characteristic fashion, nothing stopped 

him, and he did what he had to do. He would acquire the necessary data, 

or necessary technology, even in areas with which he was not fully 

familiar. He would do what had to be done to test his scientific 

thoughts. The highest dielectric medium he could lay his hands on 

was liquid HCN, and so he went to work to measure the absorption 
including 

spectra of various carotenoids, etc. in a variety of solvents,/liquid 

HCN which has a very high dielectric constant. 

CONCLUDING PERSONAL REMARKS 

It was during the course of the work described 

immediately above that Gilbert N. Lewis died in March, 1946. He died 

on the third floor of Gilman Hall, in a laboratory across the hall 

from my laboratory (310 Gilman Hall) on a Saturday morning, with no 

one around. There has been some conjecture about the sequence of 
be 

events, and it is, of course, a conjecture. But I would/very sur-

prised if he dropped the test tube of HCN and didn~t leave the labora-
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tory. He wouldn't have done it any other way. That was the way he came to 

his end, doing an experiment, on a theory of his own, by himself, in the 

laboratory. 

Not many of us will have the good fortune to live and to die as 

he did, to be as creative as he was. I have mentioned in this discussion 

only Lewis' scientific contributions, but that isn't all there was to 

Gilbert Lewis, by a long way. 

Earlier in this discussion there was a photograph of themembers 

of the department of Chemistry at Berkeley in 1916. Gilbert Lewis in 

his 11 deaning 11 office is shown in Figure ~· The square bookcase, full 

of books, behind him was very characteristic, and his desk wasn't 

visible usually, nor were the guest chairs. He had two wicker guest 

chairs and they were always covered up with papers! (Incidentally, those 

wicker guest chairs are now part of the furniture of my own office, 

and ·area treated with great respect by all who use them.) Lewis is 

shown in this photograph in typical surroundings and in his typical 

appearance . The cigar was in his mouth at the time the photo was 

taken, but most of the time the cigar was in his hand; that's why 

he had to have a personal assistant, like Seaberg or myself! 

Mary Lewis and Gilbert's Family Life: It was during this 

early period that there took place at the Lewis home on Piedmont 

Avenue near the campus a number of gatherings arranged by Gilbert• 

wife, Mary, for the integration of the younger members of the staff 

into the department. These affairs were attended only by the younger 

members and their wives, or girl friends, and constituted a genuine 

opportunity for these younger people not only to meet .each other but 

to see Gilbert and his family in quite a different environment than we 
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FIGURE 2. GILBERT NEWTON LEWIS IN HIS 

GILMAN .HALL OFFICE 

GILBERT NEWTON LEWIS (1875-1946) 
Chemistry in California's History: An Exhibit 

Lawrence Hall of Science, August 31 to December 31, 1976 
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accustomed to seeing him in the laboratory. It was at such an event as this 

that I met Gi 1 bert • s daughter, ~~argery, and the younger son, Ted, and over 

the years came to know Mary Lewis herself and to understand a little 

better the role she played fn making possible the dedication that Gilbert 

had to science. 

The other opportunity to see both Gilbert and Mary Lewis ~n quite 

a different environment occurred somewhat later when my wife and I 

discovered that the Lewises were also very active and popular members 

of the Drama Section of the U.S. Faculty (as we ourselves became). They 

both participated in the production of plays once a month over a period 

of many years, some times as actors and some times as producers or 

directors. Their zest in this activity was an inspiration to all of 

the younger faculty in broadening the base of their lives. (Inciden

tally, Mary Lewis still participates in trtese gatherings.) 

Gilbert•s Cigars: I mentioned earlier the importance of the 

year he spent in Manila as Superintendent of Weights and Measures. 

He acquired a taste for Philippine cigars there, very early in 1904-

1905, and there was a great collection of cigar boxes around the depart

ment. Glenn used some, I had one or two, for a 11 sorts of things. We had 

learned that after Lewis returned to the United States and came to 

Berkeley he would ·buy his cigars from the Philippines. He continued 

to smoke those particular cigars. Eventually, the manufacturer of 

these particular cigars wrote to him and asked him how many he was 

going to use. It turned out that the company exported cigars to only 

one place in the United States, namely, Berkeley, and one shop in 

Berkeley, and that shop had one customer for these cigars, Gilbert Lewis. 

When he found that out, he arranged to get his cigars directly. I don•t 
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know how many cigars Lewis smoked each day, but it must have been ten 

to fifteen. He always had one in his hand, as shown in Figure ~· 

Another characteristic activity which was associated with the cigar 

smoking was Gilbert•s bridge playing at the Faculty Club. Just as 

he always had a cigar in his hand throughout the day, his lunch at 

the Faculty Club consisted of a two-hour bridge game. Fortunately, I 

don•t think I ever played in one of those games, but I did watch them 

frequently. They were real 11 Spectator 11 sports as well as a participatory 

sport. They were spectator sports not only for the technical aspects of 

bridge playing (at which Gilbert was superb), but also for the comments 

and asides of the players themselves. 

The Seminar: I would now like to describe and discuss the 

departmental seminar, which was part of Gilbert•s way of conducting 

research in Berkeley. The most important thing, as far as the department 

was concerned, was to talk about what you were doing, somewhere, sometime. 

The seminar room in Gilman Hall was the place in which most of this 

.. talking .. was done, usually every Thursday. Lewis always sat in 

the same chair at the table, the first chair on the right hand side 

facing the speaker and blackboard. Everybody else would sit in 

the ampitheater of two rises and the faculty sat around the table. 

In the early days, I am told, the faculty gathered in the 

seminar room and there was no formal program. Lewis would look around 

and see if he could find someone whom he could .. put the finger on .. , which 

he did. He would ask ~~~Jhat are you doing? .. , and the person would have 

to get up and tell Lewis what he was doing, just like that! It was that 

way everywhere in the department. The door to Lewis• office on the first 

floor of Gilman Hall was always open, and there was a blackboard on the 
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door. You couln•t .go by that office without him seeing you. He would 

then catch- you right there and ask you 11 What are you doing? 11 That went 

for everyone, not just the newer faculty and students but everybody -

Gibson, Branch, Giauque, Eastman, and the other senior faculty members. 

There was always something going on in the hallways of Gilman Hall 

immediately nearGilbert•s office. 

Incidentally, the first time I went to the seminar, I sat in the 

rear (in the chairs on the risers), and after attending this meeting 

a couple of times, I made a comment. Lewis, sitting at the table, 

looked around to see if he could see me in the back, because it 

wasn•t a common occurrence for a faculty member to sit in the back. 

It was that comment, partly, which 1 ed him to try and discover what he 

had in the back there, to be sure that there wasn•t something going. 

wrong! That•s how I got into this business with Lewis -- into the 

theory of color, the photochemistry of rigid medium, fluorescence 

and phosphorescence of the triplet state. 

Lewis• Influence on Physical Chemistry. You have heard many 

others say that through Lewis they had their influence on American 

physical chemistry. I had the impression in the thirties, and perhaps 

in the forties as well, that American physical chemistry was in the 

hands of Lewis• students or grandstudents in one way or another. 

A list of those students who took their degree in Berkeley from 

the time Lewis arrived in 1912 until he retired in 1941 is given 

Appendix III. 

The most important tribute that I can actually give to Gilbert 

Newton Lewis which is not in the formal record is found in that list 

of the students who received their degrees at Berkeley while he was 

there, thus providing thy continuity in American physical chemistry 

which still exists today. 
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Glenn Seaborg•s View of G. N. Lewis: I can vividly recall 

·Melvin {Calvin) taking G. N. Lewis• dictation down in the seminar 

room in Gilman Hall, and I myself had a similar experience. Actually, 

I was Lewis• personal research assistant nominally, but t,1elvin was 

serving as res~ar.ch assistant as well, as he has clearly indicated. 

I remember how I became Lewis• research assistant: The time for my 

Ph.D. research had come to an end in 1937 and it was time for me 

to go out and get a job someplace. Lewis didn•t reconJTlend me for· 

a position anywhere, and you would think that was a bad sign. Actually, 

in this case, it was a good sign. That meant that I still had a chance 

to stay on at Berkeley which, of course, was my ambition. One day Lewis 

called me {Seaborg) into his office. Actually, the academic year had 

already started {it was past July 1, 1937), and he asked me if I 

would like to be his research assistant. I said, ~~~Jho, me? ... I was 

co~pletely flabbergasted and asked if he was sure I could actually 

fill this role. He indicated that if didn•t think so, he would not 

have given me the opportunity. So, we did our work at the other 

elid of Gilman Ha 1 h Room 119 to be exact, the same room where the 

deuterium was isolated. 

My first project with Gil bert Lewis was on acids and bases, 

and the first paper was on the generalized theory of acids and bases. 

When we finished that paper -- I was there on a Sunday afternoon 

taking his dictation as he walked back and forth along the laboratory 

bench -- I remember very well his attitude toward the Journal of· 

the American Chemical Society. He would stop every now and then and say, 

11 indi cate that that goes into small print ... I said, 11 Why? 11
, and he 

would say, 11 That•s one of our most important thoughts and they will 

put that in small print ... He also had a disdain for the rules of 
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the JACS because w~ didn 1 t do any of our work in a thermostatically

controlled bath, wh~re w~ knew the exact temperatures. Lewis was 

always investigating n~w phenomena (did they go or didn't they go) 

and he didn 1 t care about the exact temperatures. He would say that 

"we 1 11 probably have a great deal of trouble getting this paper pub

lished" because JACS only want things done in a carefully controlled 

environment, i.e., 20.00 + 0.01°, or something like that! 

I also remember when I got Lewis ready for this trip to Phila

delphia to receive the Franklin Medal. We had worked out all of the 

demonstrations and experiments on generalized acids and bases, and 

he was- going to bring the equipment, chemicals, dyes, etc. for his 

demonstration lecture in connection with his acceptance of the 

medal. He came in one day and put two moderate size suitcases 

on the lab bench and opened them up. I said, "this is great, it will give 

me plenty of room" for all the equipment and chemicals. Lewis said, 

"No, wait, I have to put my cigar boxes in there first". He filled 

one entire suitcase with cigars, and part of the other one. 

I don 1 t think Nel vin remembered to tell the story that at 

a certain stage the Philippine cigar company had decided to go out 

of business, and the word came back that they would stay in business 

if Lewis would double his consumption! 

The seminar that Lewis conducted was a fantastic operation. 

The graduate student would give his seminar on some paper from the 

literature for the first ha1f of the period, then some faculty 

member, postdoctoral fellow or graduate student who had finished 

his research would talk on his researchfor the second half of the 
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seminar. Everyone was wait'i.ng for Lewis' comments. In my case, when 

I finished my seminar as a graduate student, I had worked for weeks 

trying to think of every possible question that he could ask. When 

I finished my presentation, I turned to Lewis and he asked the question 

I finished my presentation, I turned to Lewis and he asked the question 

that I couldn•t answer. 

, , One of the famous incidents in the seminar, which perhaps many 

of you have heard, is that a graduate student made a coJ11Tlent (graduate 

students were almost on an equal footing with the faculty), and Lewis 
,._ 

made the retort to the graduate student saying •that was a very imper-

tinent remark, but it was also very pertinent. 11 

Also, Melvin reminded me of another story. Lewis used to spend 

a good deal of time at the Faculty Club conversing with members of 

other departments in the Uni vers'i ty. On one occasion, he was ta 1 king 

with faculty members from the department of education. An argument 

was raging as to what was the best way to teach the arithmetic opera

tion of adding figures. Do you add the column from top to bottom, or 

do you add the column from bottom to top? Lewis said, 11 that•s easy. 

I add the column from top to bottom and then I add it from bottom to 

top and I take the average. 11 

When I finally completed my two~year term as Lewis• personal 

research assistant, I remember that he called me into his office. 

I was also doing a great deal of other work at the same time in 

the Radiation Laboratory. Lewis informed me that he was terminating 

my appointment as his research assistant and putting me on the 

faculty as an itlstructor, because he was taking 11 too much of my 

time 11
• I was supposed to be working fulltime for Lewis! 
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CONCLUSION 

Perhaps the best way to end the discussion on Gilbert Newton 

Lewis wi 11 be to quote from the 1 ast chapter of Va 1 ence and the Struc

ture of Atoms and Molecules where he wrote, on the future of the quantum 

theory: 

Our show is now over. I trust that the majority of readers 
whd had the patience to reach this point will now leave 
the tent. For what I am about to say is no longer chemistry, 
nor is it physics, nor perhaps is it sense. But, since we 
have been obliged here and there to take cognizance of the 
entering wedge of scientific Bolshevism, which we call 
quantum theory, or the theory of discontinuity in nature, 
I cannot refrain from attempting to forecast some of the 
logical consequences which must follow from the new facts 
which have been discovered and the interpretations they 
have been given. 

Later: Some of these abstractions may have to be abandoned 
as the conventional ether was abandoned after the acceptance 
of relativity. Others may have to be modified, and my chief 
purpose in writing the present section is not so much to 
predict just how these modifications are to occur, as it 
is to emphasize the necessity of maintaining an openness of 
mind so that when the solution of these problems, which 
now seem so baffling, is ultimately offered, its acceptance 
will not be retarded by the conventions and the inadequate 
mental abstractions of the past. 

P.e.rsona 1 Postscript: Gil bert Lewis and his methods of research, 

his methods of questioning the scientific fact~ his methods of 

intuitive approach coupled to experimental proof, still lives in 

many laboratories throughout the world. On the Berkeley Campus, 

my own Laboratory of Chemical Biodynamics is set up on these same 

principles, including, even, the seminar. The shape of the building 

(round) allows no long hallways with many doors to isolate people 
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of various disciplines from each other. People can intermingle with 

easa, and there are blackboards everywhere where spontaneous discussions 

can and do occur. The round coffee table where the-members 

of the lab gather each morning is another focus of free discussion 

which knows no boundaries, either in science or in nonscientific 

subjects. Even the seminar·remains the same, to the point where there 

is one place (that of.the director, myself) where no one else sits. 

Initially, when the group was small and just beginning, we used 

the same approach as Lewis• did -- a glance around the room, and a 
11 finger 11 pointed to someone to stand up and talk about his work. 

Now that the group has grown to over 100 people, it is not so easy to 

do this, and the senior staff of the laboratory makes up a schedule 

for the weekly seminar speaker, allowing him (or her) some time for 
j 

more formal preparation. The question and answer session, however, 

remains the same, in the tradition of Gilbert Newton Lewis . 
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