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DR. PAULING: …born in Portland, Oregon. My father was a druggist. My father was born in Missouri of German ancestry and my mother was born in Oregon, Lone Rock, Oregon, of English and Scottish ancestry. I started school in a small town in Oregon, Condon, Oregon. I was just interested too. I noticed the other day that in 1906, I was going to school in Condon and there was another boy there, somewhat older going to school, William P. Murphy, who received the Nobel Prize in medicine a number of years later. So, we were in this small town of 500 population. It’s still 500 population.
MR. LARSON: I’m amazed when you mention something like that because I became interested several years ago in such coincidences or whatever you call it. There have been certain small towns where a number of people have come to make tremendous contributions. There is a small town in South Dakota where E.O. Lawrence was born, John Lawrence and several other very prominent scientists that came from there. Then of course I think you are all familiar with, what is it, Budapest and Hungary where people like [Eugene] Wigner, [John] Von Neumann. I’m delighted to hear that there is another example of a small town where there was a real concentration. 
DR. PAULING: Well, my father and mother, my two sisters a little younger than I, and I moved to Portland where he continued working as a druggist. Then he died suddenly, my father, when I was nine years old. So although I have some memories of him and I think to some extent he influenced my life in these early years, I don’t remember very much. I do know that he was very much interested in the fact that I was a good student and an omnivorous reader and apparently a thoughtful boy, even when I was nine years old. He recognized that I had this special interest in learning. Well, when I was 10, 11, when I was 11, I became interested in insects and I got books from the library and read books about insects and collected insects. Then when I was 12, I got interested in minerals. I again got books from the library, read them and made tables for my own use and made some efforts to collect minerals, not very successfully because I didn’t have transportation and [inaudible] isn’t a good place (an especially good place) for finding minerals. Then when I was 13, in my second year in high school, a boy my own age, Lloyd Jefferies said to me one day as we were walking home, “Would you like to see some chemical experiments?” I said, “Yes,” and he said, “Come on in.” We went into his home. He was an only child. We went up to his room and he carried out some experiments which impressed me immensely. I became very enthusiastic about chemistry. That same day, I found a book that belonged to my father on elementary chemistry. I read it, and I even repeated a couple of experiments using materials around the house. From then on I think I was a chemist. 

MR. LARSON: Were you able to take a chemistry course in high school then? Or was it…?

DR. PAULING: Yes.

MR. LARSON: It was a formal course then. 

DR. PAULING: The next year I had a course in high school chemistry and followed that by half a year of physics, but also the chemistry teacher, William V. Green in Washington High School in Portland, then gave me special supervision the following year. So I continued to carry out experiments in the high school laboratory. I stayed after school on certain days and helped him operate a bomb calorimeter to determine the heat value of the cooling oil used in the Portland schools. 

MR. LARSON: Yes. That’s a very sophisticated experiment for high school.

DR. PAULING: Yes, well I was much impressed by it and Mr. Green, this teacher, in fact was much impressed by something that had happened to the physics teacher, whom I admired. I think he was very good too, had worked out equations for Mr. Green, showing how he should correct for the heat loss. This struck him as being something unusual that it would be possible to carry out a theoretical treatment of that problem. So I left after three and a half years. I got my high school degree because I had begun in the middle of the year, in February, and the Oregon Agricultural College didn’t like students to come in the middle of the year. They preferred they come in September. I didn’t want to miss a year for that reason and I had enough credits to be admitted to Oregon State, even though I didn’t have a high school diploma. So I went to Oregon State to study chemical engineering. An interesting event had happened about a year before. This young man, a boy my age, Lloyd Jefferies got his Ph.D. in Psychology, ultimately at Berkeley and became head of the Psychology Department in Austin, Texas, but at this time, we were 15, my grandmother [inaudible] said to me one day, “What are you going to be when you grow up?” I said, “I’m going to be a chemical engineer.” Lloyd Jefferies immediately said, “No, he’s going to be a professor.” [Laughter]
MR. LARSON: Oh that’s interesting.

DR. PAULING: I studied chemical engineering at Oregon State. First I studied at Oregon State because of not having any money. It was the cheapest place for me to go.  [Inaudible] College was only a couple of miles from where my mother lived, but at first, I know we had to pay tuition at [inaudible] and there didn’t seem to be much chance of my going there, but also I didn’t know that there was any profession that would involve chemistry except chemical engineering.
MR. LARSON: Oh yes. Of course that was a natural thing to do, but of course usually the chemical engineering courses have been very rigorous in getting a good background in fundamental chemistry and analytical chemistry, so you…

DR. PAULING: At this time, 70, 65 years ago, the chemical engineering was, to a much greater extent in a practical way. The first two years the students were combined with mining engineering students.

MR. LARSON: Oh yes.

DR. PAULING: So I got instruction in mining engineering too, then blacksmithing, and then making drills. Things that a mining engineer needs to know. Fire assay was pretty interesting to [inaudible], gold and silver ore, fire assay, [inaudible] pipe analysis. I had had four years of high school mathematics in the three and half years I was at Washington High School because I was interested in mathematics. I exhausted Oregon State in my freshman year, so as far as mathematics goes, time went by without my getting additional training in mathematics; four years in fact. At the end of my sophomore year, I was working during the summer, which I had done, no, this was the first year that I had done this. I was working as a paving plant inspector and the, in southern Oregon. When September came, my mother told me that we just didn’t have enough money for me to return to college. She needed to continue to get some support from me. So I didn’t return to college. After a month, I was offered a job as an assistant instructor full-time in quantitative analysis, teaching the sophomore courses. I had a very heavy load during that year, during which I taught quantitative analysis, a rather advanced course, to the sophomores in mining engineering and chemical engineering and a more elementary course to a large number of students in agriculture.
MR. LARSON: Yes, of course…

DR. PAULING: I like quantitative analysis very much. It’s precise. The precision appealed to me.

MR. LARSON: I was a college professor at one time, very early and I always felt that the disciplines you get in quantitative analysis are very essential to a real understanding of chemistry. Also I found that teaching it helps an awful lot to really understand.

DR. PAULING: Then a very interesting event occurred during this year that I was teaching. When I was 19 years old, 18 to 19 that year, I had a desk in the Chemistry library and no one else came into the Chemistry Library, but journals arrived and I had a little spare time despite my heavy teaching load and I read the journals. The Journal of the American Chemical Society came with a couple of articles in successive months, I think, by Irving Langmuir on the electron, the shared electron pair theory of the chemical bond.

MR. LARSON: What year was that?

DR. PAULING: 1919. 

MR. LARSON: Yes.

DR. PAULING: It was the year Langmuir first published his paper.

MR. LARSON: Yes, that’s his first work in the field.

DR. PAULING: In 1916, he referred back to G.N. Lewis. So I got out the 1916 copy of the Journal with G.N. Lewis’ paper in it.
MR. LARSON: Oh yes.

DR. PAULING: I gave a seminar on chemical bond theory and the shared electron pair. I think it was the only seminar that was given that year, a chemistry seminar. It wasn’t a very common thing for a chemistry seminar to be given. So I continued to be interested in chemical bonds, ever since 1919, the year, yes 1919. Of course a couple of years later when I was a senior, I applied for a teaching fellowship to Berkeley and some posters had come from Throop College of Technology. The California Institute of Technology was just changing its name. I had known a couple of young fellows who had flunked out of [inaudible] and moved to [inaudible]. So I knew about Throop College of Technology. I knew it was down there in Pasadena. The head of the Chemistry Department said perhaps that would be a good place for me to go. So I applied there and Harvard and Illinois, perhaps one or two others. So I received an offer, an appointment from Harvard of a half-time instructorship that would require six years for the Ph.D. Well, that didn’t appeal to me very much and moreover I was timid about going so far away from home, just the expense of travel [inaudible]. I received an offer from [inaudible] in Pasadena…

MR. LARSON: Oh yes.

DR. PAULING: …with a request that I decided immediately. Well this was not really proper in the few years the universities got together and agreed that they wouldn’t put him, there would be a deadline, the same for all the universities. I hadn’t heard from Berkeley. So I thought, “Well, I better take the job that has been offered to me,” and I wrote accepting the job at CIT and wrote to Berkeley and Illinois and I had written to Harvard turning that down, but I wrote to Berkeley withdrawing my application. Last January, January of 1983, I gave the Hitchcock lectures at Berkeley. I was a Hitchcock professor. Three younger members of the Chemistry Department spoke to me on that occasion, saying the same thing. I’d been around Berkeley from time to time every year almost from 1922 on. I stopped there for a few hours on the way to Pasadena in 1922 and I was a visiting lecturer in chemistry and physics for five years coming up every spring, the same time [Robert] Oppenheimer was coming down to Pasadena every spring, a sort of interchange. No one had ever told me this story until 50 years, 60 years later, just a little over 60 years later. In the spring of 1922, the story is, G.N. Lewis was looking at the applications from applicants for teaching fellowships, a pile of 20 or 30. There weren’t so many then. The story is he came to one and looked at it and said, “Linus Pauling, Oregon Agricultural College. I’ve never heard of that place,” and down it went. [Laughter]

MR. LARSON: That is an absolutely wonderful story, then to come back as a very distinguished Hitchcock lecturer. If I’m not mistaken, I remember hearing the Hitchcock lectures back in the ‘30’s. They had the most distinguished men. I think Dubai [sp?] was the one who impressed me so much, but you never would think of missing one of those Hitchcock lectures.

DR. PAULING: I was back in Berkeley seven years later because in 1929, I received this offer to come up to Berkeley every spring as a visiting professor, visiting lecturer in chemistry and physics. So it only took seven years for me to reach that stage. In fact, in 1926, I believe it was, ’25 perhaps, ’26, G.N. Lewis came to Pasadena, the only time. He had come a few years earlier. I have a photograph that someone had taken, around 1918, perhaps. This was the only time he ever came to the Institute. This was 1918. I learned only a few years ago that he had come down to offer me a job as an assistant professor and A.A. Noyes wouldn’t let him. [Laughter]

MR. LARSON: That’s interesting.

DR. PAULING: He had been with Arthur Amos Noyes at MIT. When Noyes set up the research laboratory in physical chemistry, Lewis, after he got his Ph.D. with Richards at Harvard, Lewis came over to the research laboratory as the assistant director. He was with Noyes and Noyes may well have been involved in Lewis’ becoming Dean of the College of Chemistry at Berkeley back then, around 1911.
MR. LARSON: That’s a very interesting bit of history.

DR. PAULING: Noyes, of course, ran much of the chemistry in the United States, just as George Hale ran most of the science in the United States. Noyes and Hale were very close together in running things in the period around 1920, 1915 to 1920. The National Research Council, and getting the Academy building, Noyes, Hale was primarily responsible for that, with Noyes backing him up. 

MR. LARSON: Well, that is a fascinating story weaving together all of these men and how you pointed out that reading about G.N. Lewis’ work and Langmuir’s work, you took that and then extended that to all of your theoretical work which…

DR. PAULING: I’ve been very fortunate you know, I think during my life in that several times something has happened that in retrospect I see turned out to have been just the right thing to have happened. For me to have gone to Pasadena in 1922 was really most fortunate. That was great. I have said that I don’t believe I could have got better training for the work that I have carried out anywhere else, anywhere in the world, than what I got there in Pasadena. Here I came up seven years later, four years after my Ph.D. as visiting professor at Berkeley because they needed to be brought up to date. That is why they got me to come in.

MR. LARSON: Of course that reminds me of the famous saying however of Pasteur who says fortune favors the prepared mind. So you had to be prepared for all of this. 
DR. PAULING: That’s right, but there were remarkable teachers there. Of course it was a small place, perhaps 300 undergraduates and about 30 or 40 graduate students and 50 faculty members back in 1922. The man with whom I did my doctoral work, Rosco Dickenson was the first person to get a Ph.D. from the California Institute of Technology. He got it in 1920. There were a couple every year then up until 1925 when I got mine. There were quite a number, perhaps a dozen, perhaps not that many, 10 in physics and chemistry together in 1925, but the teachers were marvelous and of course classes were small. Tolman, Richard Chase Tolman was one of these outstanding teachers there at CIT. I studied a course that he gave on the nature of science, essentially. It was a very interesting course. I think he may have only given it once just here in 1922, ’23. Then I studied statistical mechanics with Tolman, and very thoroughly. After taking the course one year, I attended the next year, and the following year, and a number of years later, when he was presenting the course I went in to, I thought I would audit the course again, but as soon as I came in, he beckoned to me and said, “Stay out.” So I stayed out. He thought that, I think, my presence would handicap him in presenting the subject to the new students who didn’t know anything about it. So, I learned a great deal from Tolman. One of my first papers, well, my first papers were published in 1923 on crystal structure. By 1925, I was publishing papers on quantum theory. Tolman and I published a paper in 1925 on the entropy of super cooled liquids, crystals in super cooled liquids. This was an application of statistical mechanics to the problem of liquid structure. 
MR. LARSON: So during that particular period of time, this was leading up, I was just trying to think when your classical book, The Nature of the Chemical Bond came out. I had forgotten, I’ve seen the book as long as I can remember, but I can’t quite remember…

DR. PAULING: It was published in 1939.

MR. LARSON: Oh yes.

DR. PAULING: It was my third book. The first book that I ever wrote was The Structure of Line Spectra.

MR. LARSON: Oh yes.

DR. PAULING: That one I wrote in collaboration with [Samuel] Goudsmit. Goudsmit was in Denmark when I was there in 1927. He and I worked together for a month tackling the problem of hyperfine structure of spectrum lines. I translated his thesis from Dutch to English and used that as chapters four, five, and six of the book. I wrote three chapters as sort of introduction to quantum theory and quantum mechanics. Then three chapters on the vector model of the atom that Goudsmit had been largely involved in developing with a spinning electron, of course, which he and [George] Uhlenbeck had discovered. Then four chapters more that I wrote partially with material that Goudsmit had sent to me from Ann Arbor where he had, in the meantime, become a member of the Physics Department. That came out in 1930. Then in 1935, one of my first graduate students in theoretical chemistry, [Edgar] Bright Wilson who later went to Harvard, and I wrote together with Bright Wilson the book Introduction to Quantum Mechanics. That came out in 1935 and for 48 years it continued to be sold by McGraw-Hill without any changes. It never was revised.

MR. LARSON: Oh, that’s…

DR. PAULING: But only last year, or early this year they decided that they weren’t selling enough copies to keep it in print. 
MR. LARSON: That’s amazing.

DR. PAULING: So it didn’t quite make 50 years. For 10 years or more, it had been the oldest unrevised book that McGraw-Hill kept in print. So then my third book was the Nature of the Chemical Bond.
MR. LARSON: Yes. 

DR. PAULING: My graduate work, my experimental work at CIT was on the determination of the structure of crystals by the x-ray diffraction method. CIT was the first place in the United States where crystal structure determination was made by x-ray diffraction. Bernick [sp?] and [James] Ellis who had come with A.A. Noyes to Pasadena carried out that study. Then Dickenson took it on. His doctoral thesis was on x-ray diffraction and he was in charge of the x-ray laboratory. This was, of course, just fine for me with my interest in the chemical bond. In 1925, I had a freshman student in 1924 to ’25. I was in charge of a dozen freshmen who had been selected from a total of 125, I think they admitted, as being the more able ones, the honors section. During half of the section, at Dr. Noyes’ suggestion, these students carried on small researches, independent researches in their freshman year. Well, not quite independent. Noyes adjusted some problems that they might have had and I suggested some. Only one of these investigations led to publication, which was of course the first paper by a student. It was on the structure of the alloys of lead and thallium in x-ray investigation. The student was the son of my wife’s physician, or my family physician, in Pasadena. He worked through the summer after the freshman year came to an end. He continued to come to the laboratory to finish this investigation which was published in the Journal of the American Chemical Society.
MR. LARSON: That was a triumph for a young man to be associated with…

DR. PAULING: Yes. His name was Edwin McMillan.

MR. LARSON: Oh no! That is a fantastic story!

DR. PAULING: A little later he got his Bachelor’s Degree and went to Berkeley…

MR. LARSON: Yes.

DR. PAULING: …to study and got his Ph.D. Degree and, of course, he invented the synchrotron simultaneously with [Vladimir] Vexler in the Soviet Union and became Lawrence’s successor I think.
MR. LARSON: Yes, he was director of the Lawrence-Berkeley Laboratories for many years.

DR. PAULING: Yes.

MR. LARSON: It must have been at least 10 years.

DR. PAULING: I remember when I came up to Berkeley to give my lectures, I think it may have been the spring of ’29, possibly ’30, either the first or the second time that I came, Ernest Lawrence had arrived, so I became well acquainted with Ernest Lawrence. Then in ’31, ’30 or ’31, I think, I was for a month a visiting lecturer at MIT [inaudible] lectures there and was asked to be the chairman of the Chemistry Department. [John] Slater had become the chairman of the Physics Department, but I preferred to stay at California Institute of Technology and Ernest decided to get married. So I was an usher when he and Molly Lawrence were married in New Haven.

MR. LARSON: Isn’t that amazing?

MRS. LARSON: Isn’t that something?
MR. LARSON: Just as a matter of coincidence, Ernest Lawrence was at our wedding too.

MRS. LARSON: Larry is named after him.

MR. LARSON: His name is Ernest Lawrence Larson.

DR. PAULING: Larry is Lawrence Larson. That’s really fine.

MR. LARSON: It’s strange how all these names come together, particularly that story about Ed McMillan is a fabulous one.
DR. PAULING: I just put in the box of clippings here, a couple of pages about Molly from the Berkeley paper that you may never have seen.

MR. LARSON: No. 

DR. PAULING: I think it might be worthwhile for you to talk with Molly because of Ernest’s involvements.

MRS. LARSON: That is a good idea.
DR. PAULING: She would have something to say too.

MRS. LARSON: She is wonderful.
MR. LARSON: I’d be very happy to get that. We get a Christmas card from Molly every year and we exchange Christmas cards. I think definitely with your suggestion there, I’ll do that because I expected to get something from Ed McMillan and something from Glenn Seaborg about Ernest. So….
DR. PAULING: Of course Molly was in close contact with him. [Laughter]
MRS. LARSON: Of course. Of course.
MR. LARSON: Fine.
DR. PAULING: She makes some statements in this interview that rather surprised me. One of them was that Ernest felt strongly that there should be no more wars after the Second World War. I knew, you know, he was a very patriotic man.
MRS. LARSON: Oh, of course. 

DR. PAULING: You know his life and his working hard. 
MR. LARSON: That’s fascinating.

DR. PAULING: This feeling that she had that she expresses in this interview. It was definitely brought out.

MR. LARSON: Tomorrow when we are over in Berkeley, let’s give Molly a ring.

MRS. LARSON: Fine.

DR. PAULING: You know that she has been trying to have Ernest’s name removed from the Livermore Laboratory.

MR. LARSON: Oh I didn’t know that.

DR. PAULING: You didn’t know that and the university turned her request down so she has got a member of the California Legislature to introduce a bill to this thing, or at least is trying to.

MR. LARSON: These are interesting things and I’m delighted that you’re giving me this information before I get over to Berkeley tomorrow.

DR. PAULING: That’s right. And her argument is that Ernest felt so strongly that the existence of nuclear weapons required that we give up the war between the great nations that he himself would not have liked to see his name attached to the nuclear weapons laboratory.

MR. LARSON: Well, his name is associated so much with the application of radioisotopes and nuclear electric power, and everything else that he naturally would want to be remembered for that. Well that’s wonderful. Now, I was just going to ask you another question about the, your book on chemical bonding and your start of the work on your x-ray studies, crystal structures, which of course has led to a revolutionary thought in physics, chemistry, biology, and all that.

DR. PAULING: Well, I was fortunate to go to Pasadena. I took courses in advanced mathematics from people such as [Harry] Bateman, and Charles Galton Darwin, the original Charles Darwin’s grandson who was an interesting lecturer there and spoke, gave lectures on Lagrangian and Hamiltonian mechanics, but Bateman was a great mathematician. I enjoyed his courses very much, although sometimes the mathematics got beyond me. My main interest was chemistry. I got my Ph.D. with a major in Chemistry in 1925 and I had signed up for a minor in physics, but when I got the diploma, I saw they had given me minors in physics and mathematics.
MR. LARSON: Oh yes.

DR. PAULING: Both. So in 1925, as I was approaching a Ph.D. I applied for a National Research Fellowship which was the thing to do. It was required that one move from the university where one got their Ph.D. So I put down Berkeley. Here again is my interest in Berkeley. They have no x-ray apparatus at Berkeley. I think G.N. Lewis had written that they would get an x-ray apparatus when I came. Noyes said to me in the summer time, after I got my degree, said to me, “Here you have so many experimental results, structure determination that you haven’t written up for publications yet. I think it would be wise if you postponed Berkeley in order to write those papers.” So I said, “All right. I’ll do that.” Then he said, “There is something new. A Guggenheim Fellowship has come out and they have the Guggenheim committee selection. Frank [inaudible] is coming here next week. The committee is selecting a few people to get Guggenheim Fellowships this year, even though there hasn’t been any announcement of application. Nobody has applied for one yet, but they are planning to give a few fellowships. So you should meet Dr. [inaudible].” So we had dinner, lunch [inaudible] and I, then Dr. [inaudible] said they had decided that they wouldn’t give me a Guggenheim fellowship, I hadn’t applied for one this year and they were just starting, but that I should apply for one the first formal year in which applications were made. See, I just did what I was told. I was a good conformist, a conforming person. [Laughter]
MRS. LARSON: You didn’t rebel.

DR. PAULING: I didn’t rebel and I didn’t think for myself very much. I had gotten married after my first year as a graduate student and this was one of the events in my life that was most fortunate. I got married to the right person who was smart enough to pick me out. So we were married for 58 and a half years. I went back for a year for my first year as a graduate student in Pasadena. At the end of that year we were married. So my wife was with me and of course protected me the rest of my life, enabled me to devote myself effectively to my scientific interests. Ultimately, of course I think influenced me to do something more than just the scientific interests. 

MR. LARSON: That’s a marvelous tribute.

DR. PAULING: Then I applied for the Guggenheim fellowship and I had been in Pasadena about four months and could go to Berkeley, you see. Dr. Noyes said, “It’s hardly worthwhile for you to change from one laboratory to another for just a few months.” The Guggenheim fellowship would be given in April for next year, or May, it would be announced. “It would be better if you would just stay in Pasadena.” So I said, “All right.” That meant I didn’t have to move. Then he said to me, “Well, the Guggenheim fellowship,” no, “the National Research Council Fellowship requires that you leave. So you can’t stay on in Pasadena. So why don’t you resign from it and go directly to Europe and the Institute will give you some adventures, some money to take care of your expenses until the Guggenheim fellowship comes through.” I said, “That sounds like a good idea. We’ll go to Europe.” In 1926, leaving in February, I wrote to the National Research Council resigning my fellowship. I got a very caustic letter, a very critical letter saying that they had wasted one of these fellowships on the person who was only using half of it. It was quite improper. Of course, Noyes had been involved in setting up the National Research Council Fellowships. I just did what he did. He was keeping me from going to Berkeley.
MR. LARSON: Oh yes.

DR. PAULING: Other people knew this, but I didn’t know this. Other people knew this. He was just keeping me from getting to Berkeley. So I went to my wife and I went to Europe in February, March. We got there, I think we had left about the first of March and got there about the end of March. It took some time. We had the month of April in Italy. Dr. Noyes had planned out just where we should go. He had given us a [inaudible] with everything, one week in Naples, going down to [inaudible] and going through Vesuvius and all these things, one week in Rome, one week in Florence, one week in Venice, going over to Pisa from Florence. So we arrived in Munich and I began working with [Arnold] Sommerfeld and this was really fortunate too. 
MR. LARSON: How long did you stay with Sommerfeld then?

DR. PAULING: I stayed a year then and then spent seven months traveling going from [inaudible] to [Niels] Bohr, Bohr Institute, and then to Zurich with [Erwin] Schrodinger and [Peter] Debye, then I went back in 1930 for six months to Europe. I then didn’t get back until 1947 to Europe again. So, the Guggenheim Fellowship did go through all right. With the Guggenheim application one was suppose to enclose a statement that the institution that you were going to would accept you. I had written to Sommerfeld who I met when he visited Pasadena and to Bohr, who I had also seen when he was at Pasadena. My memory is that I wrote on some yellow lined paper, just by hand to each of these people. I never got an answer from Bohr, but Sommerfeld answered and said, “Yes, it would be all right.” Accordingly, I went to Munich. Well, I learned much more by going to Munich than I would have by going to Copenhagen. Sommerfeld was a marvelous teacher. His students were outstanding, of course, Debye, [Werner] Heisenberg, [Wolfgang] Pauli. Heisenberg and Pauli took their doctorates with them. I think Debye was [inaudible] Sommerfeld. 

MR. LARSON: Yes.

DR. PAULING: You can count off many of the younger theoretical physicists. 
MR. LARSON: Yes.
DR. PAULING: [Hans] Beta was there as a student when I was. 

MR. LARSON: Oh, is that right?
DR. PAULING: When I went back in 1930, he was [inaudible] I don’t remember which. Various other well-known physicists were there, but the main thing was that Sommerfeld was lecturing on wave mechanics. Here I arrived in Europe, just the same month, I think when Schrodinger’s first paper came out, and his other papers kept coming out during the year, the first part of the year I was there. Sommerfeld was lecturing on this subject. It was really marvelous.

MR. LARSON: That’s amazing how all of those giants were together in such a short period of time. 

DR. PAULING: I should have had the good fortune, not the good sense, but the good fortune to have gone to Munich to Sommerfeld, instead of to Copenhagen with Bohr. When I went to Copenhagen, I spent my time there helping a couple of Japanese physicists who were working on a problem involving crystals. I was able to assist them on that work, but most of my time was spent working on the hyperfine structure problem with [inaudible] who thought that I was a more theoretical man, more, better versed in mathematical physics than he was. I saw Bohr only a couple of times the whole time I was there. 

MR. LARSON: Yes. 

DR. PAULING: So there weren’t lectures being given that were at all comparable to what was presented in Munich. Of course, it was much better for me to learn German than to learn Danish.

MR. LARSON: Yes. It’s much easier for you all the way around. 

DR. PAULING: Yes. So, this was a great time in Munich. The first thing that happened, I had applied, in my application I said I want them to understand the electronic structure of atoms well enough to be able to apply this knowledge to chemical problems, the structure of molecules and crystals. I began work, Sommerfeld had suggested a problem to me, which I worked on for a little while, which was the value of the anomalous G factor of the electron. [Inaudible] the theoretical physicist had published a paper around 1900 about the magnetic moment of a spinning electron in which he showed that with different distributions of electrons uniformly, or a surface charge, you get different values of the G factor. Sommerfeld thought there might be something to that. I didn’t get anywhere with that problem. I had a problem that I was interested in: the motion of the diatomic molecule hydrogen chloride, across electric and magnetic fields. 
MR. LARSON: Oh yes. 

DR. PAULING: I worked on that and published a paper about it in the Physical Review. But something then happened that really was fortunate. I was reading the [inaudible] and I came across a paper by Gregor Vensel [sp?] [inaudible] electrons. He was [inaudible] for Sommerfeld at the time [inaudible]. He had invented a way of treating atoms with many electrons, the sort of [inaudible] method, not exactly, but carried out an expansion in the inverse powers of the, inverse negative powers of the atomic number [inaudible] squared, [inaudible] squared. He evaluated the screening constants for the screening doublets that Sommerfeld had discovered in the course of his developing the Sommerfeld [inaudible] conditions in the quantum theory. The values he got didn’t agree with the experiment. That was the difficulty. I read this paper with great interest. My interest in my wanting to do something about complicated atoms, elements with many electrons. I thought that even though he hadn’t gotten a good result, I might be able to apply this method. I didn’t just read the paper. When I came to an equation, I then developed the next equation myself.

MR. LARSON: Oh yes.

DR. PAULING: Pretty soon my equations were different from Bessel’s equations.

MR. LARSON: How remarkable.

DR. PAULING: I found at one point when he was carrying out his expansions in inverse powers of the atomic number, he just decided that there was some quantum number that he didn’t need to, well, that would be the same quantum number. This was perhaps a rather sensible assumption to have made, but it was the wrong assumption. It wasn’t just a error, it was drawing the wrong conclusion. I expanded this and my theoretical values of the screening constant agreed with Sommerfeld’s imperical ones.

MR. LARSON: Oh yes.

DR. PAULING: So I took this paper to Professor Sommerfeld to see and he said, “We’d better show it to Vensel,” and Vensel didn’t have anything to say except that it was right. So it was published in the [inaudible] electrons, something like that. Then I went ahead using this technique to determine ionic radii and to determine the x-ray F values scattering power, some bio-magnetic susceptibilities of atoms and ions and the electric polarizabilities of atoms and ions all through the periodic table. So for a year or two, I was able to exploit this treatment, to approximate the quantum mechanical treatment of complicated systems very effectively. 
MR. LARSON: So that, you were really able to translate some of these essentially quantum physics into quantum chemistry there…

DR. PAULING: That’s right.

MR. LARSON: …which has proved so tremendous. 

DR. PAULING: That’s right. So, then I wrote papers on the principles determining the structure of complex silicates and other complex crystals, on the theory of the chemical bond, covalent bond, in 1927. In that paper, I said because the resonance from [inaudible] the four bonds formed by the carbon atom turned out to be equivalent, not different as is suggested by the S and P [inaudible] equivalent to one another [inaudible]. I published a note about that, a two or three page paper on that and some other results in 1928, I guess. Then in 1931, it wasn’t until 1931 that I published a detailed discussion because my first treatment was so complicated that I felt that nobody, I couldn’t convince anybody else. I found a way of simplifying it in 1931, December 1930, I think. It came out as my first long paper on quantum mechanics of the chemical bond. Someone pointed out to me the other day that times have changed. He had seen that 1931 paper by me where it was received February 10, 1931, published March 27, 1931. I think that by this time I had made such an impression on the editor of the American Chemical Society that when this paper came in, he just sent it off to the printer without sending it out to other readers. That’s my explanation. 

MR. LARSON: That’s an amazing story, particularly the length of time now that it takes to get articles published. That’s what’s so nice about science occasionally. You can get things into science much faster than you can into the regular journals, which is a very important contribution.

DR. PAULING: Sometimes it takes longer. I wrote a paper on carbon-14, radioactive carbon-14 produced by bond tests and sent it to Science. I got it back with comments by [inaudible]. So I revised it and sent it in again. I got it back again with comments and I revised it and sent it back again. I got it back again and what the [inaudible] said was this estimate of 600 mega tons of nuclear explosions in the atmosphere is an astronomical exaggeration. Well, all the calculations that I had made were based on guesses of stuff I had made because the information wasn’t released that I would need. There was a paper by [Willard] Libby on carbon-14, in which there were a few numbers. Then I calculated back trying to estimate quantities because I didn’t know them. I ended up with this number 600. I said, “I refuse to make any further changes in this paper.” They printed it a year after I sent it in. But it was finally published. Of course years later, the information came out and my estimates were just right. 

MR. LARSON: Oh yes.
DR. PAULING: In fact, in 1947, or probably in ’52, I’ve forgotten which year, the government brought out its first statement about biological effects of fallout radioactivity and this, when the statement appeared, I was quite pleased. [Jerome] Wiesner had called me and said that he would like to know just how I had made my calculations.
MR. LARSON: Oh yes.

DR. PAULING: My wife and I were on our way to Europe. I sat down and wrote out with pen just my derivation of all the quantities. When the government’s report came out, they used my calculations, but the numbers weren’t the same because they had referred to the United States instead of the world as a whole. I had estimated that the population would continue to increase and that carbon-14 would continue to affect future generations, larger numbers and they assumed the population of the United States would stay 150 million for the next 1,000 years. So their numbers were smaller, but…

MR. LARSON: At any rate, the mathematics agreed all the way around. 

DR. PAULING: That’s right. The assumptions I had made, they accepted too. So in the early 1930’s, here I was in the Physics Department. In fact, when I was in Munich, I received a letter in the spring of 1927, from A.A. Noyes saying that the Institute was offering me a position as assistant professor of theoretical chemistry and mathematical physics. I wrote back accepting it. When I got to Pasadena in the fall, I found that I was assistant professor of theoretical chemistry. Noyes had managed to get the mathematical physics dropped from my title because I think he thought that the Physics Department was getting along all right. We better build up the chemistry.

MR. LARSON: He wanted to make sure that the chemistry was strengthened. That was very interesting.

DR. PAULING: Yes. A little later, he asked if I wouldn’t become professor of organic chemistry. He wanted to build up organic chemistry. I had had one elementary course in organic chemistry my junior year at [inaudible]. I didn’t like it. I didn’t think much of organic chemistry. I had made big contributions to it, of course, with chemical bond theory.

MR. LARSON: With your chemical bond theory of course.

DR. PAULING: But I still didn’t like it. So I refused. I said what I would like to be is professor of chemistry. So he said, “All right.” I didn’t like being professor of theoretical chemistry. We had a [inaudible] which I think Noyes instituted most of the fundamental principles which California Institute of Technology was built on. He and Hale managed to get Milligan to come in as a sort of front man to hob-nob with the rich people, [inaudible] raise money while he, Noyes, determined the academic principles. One of them was that women shouldn’t be admitted. He was a bachelor.
MR. LARSON: Oh yes. 

DR. PAULING: He thought it was just a waste of energy to train women in science. It took a long time…

MR. LARSON: It took a long time for that policy to…

DR. PAULING: …to be changed.

MR. LARSON: …be changed. That’s right.

DR. PAULING: When I left, there were graduates. I left in 1964. There were some women graduate students, no undergraduates yet. Now there are a very good number of undergraduate students. So Noyes determined the academic policies of the Institute.

MR. LARSON: That was a tremendous foundation that he laid there for the prestige of the institution. 

DR. PAULING: Yes. 

MR. LARSON: Yes, well then as you went along, as you expanded your interests in the structure to complicated and more complicated things. 

DR. PAULING: Yes.

MR. LARSON: I was wondering if you could make a few remarks about that.

DR. PAULING: Well of course, I was interested in physics all during this period and occasionally wrote a paper about some physical problem and interested even in nuclear physics, but only starting in 1965, have I published papers on nuclear physics, nuclear structure. I was interested in inorganic chemistry and then organic chemistry almost entirely from the structural point of view. The question of how are the properties of the substance are determined by the structure. This could be its crystal structure, molecular structure, or electronic structure of the atoms which determine the other structures.

MR. LARSON: Of course you did early work on the nucleic acid also. 

DR. PAULING: Yes. The way this came about was through natural outgrowth, I think, of my interest in nuclear structure. At first, I worked on crystals, inorganic substances, simple, more uncomplicated ones.

MR. LARSON: Yes. 

DR. PAULING: In 1930, when I was in Germany, I learned about a new technique that Hermann Mark had invented, electron diffraction by gas molecules. I asked Mark if it was all right if I was to build an apparatus like that and he said, “All right.” He wasn’t going to go ahead with it. He was working for I.G. Farben Industry. This was sort of, he was working mainly on practical problems. So, he even gave me the plans for their apparatus. So, I got a graduate student to work with the shop building the apparatus and we began determining the structures of organic compounds. Of course, during the early 1930’s, we got a great deal of experimental information from a couple of hundred organic molecules and the theory was developing rapidly. I felt pretty satisfied about ordinary organic compounds just as I felt pretty satisfied about the inorganic compounds. But I thought, “Here is an interesting substance, hemoglobin.” I knew about it. I didn’t know much biology, but I knew about hemoglobin. It had been found a few years earlier, in 1927, that the molecule contains about four iron atoms, about 10,000 atoms all together, four are iron atoms, in the E groups. 

MR. LARSON: Yes. 

DR. PAULING: I thought, I’d heard about this sigmoid equilibrium curve of oxygen. So I would apply physical chemistry to that, structural chemistry. I worked out a theory of the oxygen equilibrium curve. That was my first paper on proteins. Then I thought, “Nobody knows how the oxygen molecules stick to the hemoglobin molecule.” Some people say it’s a sort of absorption onto this large molecule. Oxygen is that large. Langmuir showed you would get a sort of sigmoid curve. Other people say there is a chemical bond for it. Well, oxygen has two unpaired electrons. It is very magnetic. You can pick up liquid nitrogen by a magnet. The liquid will hang between the poles from the magnet. I knew that. I knew that G.N. Lewis back in the early 1920’s had interpreted measurements of the magnetic susceptibility of solutions of oxygen, liquid oxygen and liquid nitrogen to show that there is an equilibrium between the paramagnetic oxygens and diamagnetic O-4. He had determined the equilibrium constant that free energy, standard free energy in the center, entropy of the reaction, that combination. It was very clever of G.N. Lewis to have done that. He discovered O-4, the dimmer of O-2. I thought, “Why don’t we measure the magnetic susceptibility of oxi-hemoglobin? It will be paramagnetic if the oxygen molecules; at least there would be a paramagnetic.” I wrote in getting some support from the Rockefeller Foundation for two or three years already. I had applied to them for some money to permit me to work on the structure of the sulfide minerals. They gave me $5,000, and the next year $10,000, and the next year $15,000. So I said I wanted to study the magnetic properties of oxi-hemoglobin and they sent me $50,000, and also a little suggestion that they weren’t very interested in the sulfide minerals, but were interested in biology. 
MR. LARSON: Oh yes.

DR. PAULING: So I had a student, Charles Coryell working on that. You remember him?

MR. LARSON: Yeah, I know Charles Coryell very well. He was at Oak Ridge…

DR. PAULING: Yes. 

MR. LARSON: …for quite a long time.

DR. PAULING: He had taken his Ph.D. and had come to me as a post-doctoral fellow. He and I set up an apparatus and got some blood and measured oxi-hemoglobin. It was completely non-magnetic which showed that you had a chemical combination, but the hemoglobin without oxygen was strongly paramagnetic and I hadn’t predicted that. This was one of the rare occasions when something has come along because of an experiment that I had carried out that was a surprise to me. The change in magnetic properties of the iron atom permitted us to get great insight into the arrangement of other atoms around the iron atoms in the hemoglobin molecule. Moreover, this technique of measuring the magnetic susceptibility permitted us to determine equilibrium constants and rates of reaction. So, over the next few years, my students and I published 15 or 20 papers on hemoglobin and hemoglobin derivatives. Tyrrell [sp?] came over from Sweden about 1939 and worked for a month to learn the technique and applied it to the heat compounds, iron proteins that he was working with in Sweden. In general, that worked out very well.
MR. LARSON: Yes. That’s carried a long way from your very simple atom experiments…

DR. PAULING: So, then I thought, “What about the rest of the hemoglobin molecule, the protein?” Here [William] Astbury, in England was making x-ray diffraction photographs of hair, fingernail, and other people too, starting in Japan and Germany had made photographs of silk, wool, well, hairs. Other people had updated Astbury. I took some of these x-ray photographs in 1937, and then tried to find the structure, a way of coiling the polypeptide chain. Other people were trying too, with no success. I thought, “I think I know a lot about these atoms and how they combine with one another, but the structures that I had been predicting, don’t seem to be the right ones. So there must be something that I don’t know about proteins. Nobody has ever determined the structure of an amino acid, or a dipeptide, a simple peptide. So why don’t we go ahead and do that?” Rockefeller Foundation gave us money. Robert Corey had come just that summer, ’37, to work with me and I talked with him about this problem, which interested him. We decided to go ahead and for 10 years in our Institute with a good number of different people involved in it, we determined these structures for about 10 amino acids and several simple peptides. Nobody else in the whole world had turned out a single correct structure for any of these fundamental substances during this whole period. 
MR. LARSON: What simple polypeptide did you use? I mean, dipeptide, I suppose.
DR. PAULING: The first one was diketodiperazine…

MR. LARSON: Oh yes.

DR. PAULING: …which is a cyclic diglycol. The second structure I think was glycylglycine and then glycylalanine, and so on, a tripeptide or two. So 10 years later, when I was an Eastman professor at Oxford, I thought I better think about that problem again. I failed in 1937. Here it is 1948, 11 years later. There was nothing surprising about the amino acids or the simple peptides. They all have just the structures that I had assigned to them back in 1937. But I thought, I’ll try again and I’ll forget about x-ray diffraction photographs. First, I won’t have them here, but they weren’t very good anyway, these fiber diagrams. Second, I’ll just forget about them. Suppose I assume that the residues are equivalent to one another? Back in 1928, I had written a paper on structural principles in silicates and such substances. One of the principles was the principle of parsimony that the different kinds of units are to be as few as possible in number. So I will assume all the amino acid residues in the polypeptide chain are equivalent. In the course, I heard from Bateman, back about 1925. Before he had shown that the most general symmetry operation that converts an asymmetric object into an identical object is rotation around some line space coupled with rotating the translation along it. If you repeat this operation, you get a helix.
MR. LARSON: Oh yes. 

DR. PAULING: So I said, “Here I haven’t looked at any oval structures. I know other people have.” I’m not sure that I knew that then, but other people had looked at helical structures for the polypeptide chains and hadn’t found that. “I will look at that.” I took a sheet of paper and made a sketch on it and then folded the paper together to get those bond angle [inaudible] carbon correct and kept folding parallel until it came around again and I tried to form a hydrogen bond from this turn to the next turn and couldn’t do it. So I tried again putting the folds in a different way and finally got this hydrogen bond. That was the alpha helix. 

MR. LARSON: That’s the alpha helix. When you get…

DR. PAULING: So I predicted the properties of this alpha helix and the x-ray diagram. The x-ray diagram would show a repeat in 7.4 angstroms. Actually, that was the pitch of this helix, 7.4 angstroms. The x-ray diagram showed 7.1 angstroms and there you have about a five percent error. I couldn’t see how that was possible. I waited a year, more than a year before publishing anything about it. At the end of a year, 1949, a paper was published in the proceedings of the Royal Society by [William] Bragg, [John] Kendrew, and [Max] Perutz on the structure of the polypeptide chain and alpha-carotene. They described about 20 structures, all of which were wrong. 
MR. LARSON: Oh. [Laughter]

MRS. LARSON: Isn’t that funny?

DR. PAULING: So I said to Corey that we better publish about the alpha helix and the gamma helix. So we sent off a short note to be printed and we started writing a longer paper, but then a little later, a paper was published by some investigators at [inaudible] on synthetic polypeptides that they had been interested in for artificial fibers, polyethylglutimate and they had spun fibers of this synthetic polypeptide and made x-ray photographs of them. They were something like the photographs you get from hair, but different in a very interesting way. The main reflection that gave the 7.4 angstrom repeat, or pseudo, didn’t appear. There were two reflections off to the side, not really on order of reflections, two strong reflections like this and they corresponded to 5.1. I said 7.4, I meant 5.4. They corresponded to a 5.1 angstrom pseudo repeat rather than a 5.4. On the hair, these reflections had formed [inaudible] formed an arch and by measuring this arch up like this, you see, there was a five percent error, which had fooled everybody.

MR. LARSON: Oh yes.

DR. PAULING: That showed, this showed that the alpha helix was right. In the meantime, there was this paper by Bragg, Kendrew, and Perutz with all their structures wrong and ours right. Why? Well, when the peptide groups attach to one another, they form what’s called a peptide bond, NHCO.

MR. LARSON: Yes. The standard peptide bond. 

DR. PAULING: And even back in the early 1930’s, I had said that there is some double bond character to this CN part because of the theory of resonance that I had been writing about. This double bond character requires that those six atoms lie in one plane. So you have to keep those six atoms co-planer. Then you have another group of these six and they can rotate around the single bonds to the alpha carbons. It makes a rather simple problem, just two parameters with my assumption of equivalence. But of course Bragg and these others had a third parameter, rotation around this, which made a very difficult problem and none of the 20 structures that Bragg Kendrew and Perutz described contained these planer peptide groups. 
MR. LARSON: So they were in error.

DR. PAULING: So they were in error. Todd, Lord [Alexander] Todd, the head of the Chemistry Department at Cambridge was a friend of mine when I was chairman of chemistry, Division of Chemistry and Engineering, when I became chairman in 1937, I applied to the Rockefeller Foundation to build up some organic chemistry, as Noyes had said seven years earlier, five years earlier.

MR. LARSON: Oh yes. 

DR. PAULING: We ought to be doing something about organic chemistry. They gave us a million dollars on a matching grant. So we were able to make some appointments. I traveled around the United States talking to various organic chemists and offered the job to Todd who came for one term with his wife. Then we offered him a permanent professorship to be Head of Organic Chemistry. On the way back to, [inaudible] fellow had been in England. On the way back to England, while he was on the ship, the British got busy and arranged for him to be offered the professorship at Manchester, when he came to Cambridge. So he told me after this alpha helix affair that when Bragg read our paper in 1949, he rushed over to the Chemistry Department at Cambridge, “Here I came over last year to talk to you about the structure of polypeptide chains and you didn’t tell me that that group is planer.” Todd said, “I’m pretty sure I did. I can remember quite clearly saying to you that I had always thought that that carbon-nitrogen bond had some double bond character.” Well, of course I’m sure that’s what happened. Todd said to Bragg, “I’m sure that bond has some double bond character,” but Bragg didn’t know enough chemistry to know that the six atoms would lie in the same plane. 

MR. LARSON: That’s pretty, with Bragg and his distinguished record in this field, I suppose there could be some misunderstandings in communication there. 

DR. PAULING: So, we found that the gamma helix doesn’t, seems not to occur in nature. It has a hole down the middle that you can’t fill up with anything that’s not big enough to be filled up. It decreases the metabolic interactions stabilizing the structure. Structures in general don’t have holes in them [inaudible] basis. It doesn’t occur, but the parallel chain and the anti-parallel chain [inaudible] sheets which we predicted, also occur. Globular proteins, there have been several hundreds of them studied now, all contain these units, the alpha helix, the parallel coil [inaudible] sheets, and the anti-parallel chain [inaudible] in different parts of the globular molecule. So that secondary structure protein, that problem was solved. Well, this was already after the war. During the Second World War, I worked, I think I was the responsible investigator on 14 contracts from the Office of Scientific Research and Development on various problems. Most of them were dealt with pretty well, too. I had met [Robert] Oppenheimer in 1926 and 1927. My wife and I were going to Gottingen. He had gone to England after getting his Bachelor’s Degree in Chemistry at Harvard. He had done a little work with [Percy] Bridgeman on the high pressure physics.
MR. LARSON: High pressure physics, yes. 

DR. PAULING: A little experimental work, and he went to England for a while, didn’t like it. I not sure that he was a student, and then he went to Gottingen for a couple of years, worked with [Max] Born. His thesis was on the Born-Oppenheimer principle, [inaudible] molecules which Oppenheimer may have been interested in because of his background in chemistry too.
MR. LARSON: Oh yes.

DR. PAULING: So I saw him there, met him for the first time at Gottingen. Then when he came to Pasadena, my wife, and Oppenheimer, and I were together a great deal for a year or more, went to the [inaudible] with our youngest son, who was with us. during that period. Oppenheimer, I remember this occasion…
MR. LARSON: Oh yes.

DR. PAULING: 1942, I think it was, perhaps ’43, he came to Pasadena and asked me to come to Los Alamos as…

MR. LARSON: He was organizing Los Alamos.

DR. PAULING: …head of the Chemistry Section. The Chemistry Section existed and he was having some troubles, I judged, with it and wanted me to come, but I decided I shouldn’t do it. I didn’t do it I think largely because of the several contracts that I had with the government.

MR. LARSON: Yes. You had your hands full with all those other contracts too. Yes, well that is a fascinating story of how your work on very simple atoms got more complicated, into more complicated structures.

DR. PAULING: Yes.

MR. LARSON: Ending up essentially with the discovery of the alpha helix and that sort of thing.

DR. PAULING: And then, of course, I thought I would work out the structure of DNA.

MR. LARSON: Yes. 

DR. PAULING: I started to work on it rather desultorily, I suppose. Later on, my wife said to me, “That was such an important problem, why didn’t you work harder at it?”

MR. LARSON: That’s always very easy to say in hindsight. I can remember when I first took organic chemistry. We were suppose to isolate some organic compound from a naturally occurring substance, cysteine from hair, that type of thing, and I took nucleic acid from brewer’s yeast. At that time, we couldn’t figure out any use for nucleic acid, what role it was, but there was a lot of it in brewer’s yeast. That was a simple thing.
DR. PAULING: Yes.

MR. LARSON: What a revolution in the last 50 years that has come about.

DR. PAULING: That’s right.

MR. LARSON: As a matter of fact, a real understanding of that might prove to be almost more revolutionary than anything in the last 100 years.

DR. PAULING: Yes. No doubt the sequences of nucleotides in brewer’s yeast nucleic acid overlap a lot of those in human beings because one protein, several proteins have been studied. Cytochrome-C from brewer’s yeast has polypeptide chains with 100 amino acid residues. About 50 of them are identical with those in human cytochrome-C.

MR. LARSON: Yes.

DR. PAULING: No doubt the corresponding nucleic acid, the gene, has a great deal of [inaudible] with human gene for cytochrome-C.

MR. LARSON: Coming from that particular point, you’ve broadened your interests, you might say, into larger, more complex systems. Could you say something about how you developed your interest in the medical and health field?

DR. PAULING: Yes. All right, of course this had developed already back in the ‘30’s, when I began work on hemoglobin. 

MR. LARSON: Yes. 

DR. PAULING: In 1936, I gave a seminar talk on hemoglobin at the Rockefeller Institute for Medical Research. Carl Einstimer who was a member of the Rockefeller Institute, he had discovered the blood groups in 1900 and had been some 20 years earlier, or 30 perhaps, had gotten a job at the Rockefeller Institute. He was doing work in immunology, immunochemistry. He asked if I would come with him to his laboratory after my talk and I did. He said that he hoped that I would think about the experiments he was carrying out and see if I could explain the results that he was getting. I started. I got a copy of his book and thought about the problems of interactions of antibodies and antigens, and in 1940, by 1940, I had developed a theory of the structure of antibodies and the nature of the interactions with homologous antigens, heptodes. In 1942, the same year, I wrote a paper, a short paper with [inaudible] saying, in which we said the same sort of interactions are responsible for the gene. The gene consists of just an antibody and an antigen, which are complimentary in structure. The gene consists of two strands that are mutually complimentary, such that they are separated. Each can form, act as a template for forming a replica of the other one. This was, I think, the first time that this had been stated, clearly.
MR. LARSON: Yes, the template, the concept…

DR. PAULING: The template concept.

MR. LARSON: …was an amazing thing.

DR. PAULING: The template concept went back somewhat earlier. What we had done, my students and I, in the period, what we did then, the period of 1940 to 1948, was to prove this without doubt. We did it by taking chemical groups that we knew all about, such as the benzoic acid group and we could put different substituents on it, chlorine atom, or a methyl group, or something else in various places, and also use various other groups instead of a carboxylate, negatively charged group, alpha, positively charged group. We were able to show by hundreds, thousands of separate experiments that the antibody fits tightly around the heparinic group. That the degree of approximation is to a fraction of an atomic diameter, a fifth perhaps of an atomic diameter, and if there is a positive charge in the heparin and there is a negative charge in the antibody. If there is a hydrogen bond forming group that presents a hydrogen, there is a complimentary group that presents the electron pair in the antibody, and so on. All of these specific aspects of complementarianism, we were able to verify by experiments with the antibodies. I was able then to reach the conclusion that the basic structure, the structural basis of biological specificity is a detailed complementarianism in molecular structure. This applies throughout the whole of biology, explaining this specificity of enzymes, in capitalizing chemical reactions, in specificity of antibodies and their combination with antigens and the specificity of genes, and the production of proteins. Then when I was a member of the Committee on Medical Research that wrote the section on medical research in the Bush Report in 1945 to President Roosevelt, a report about what the federal government should do about science and medicine. I learned about the disease sickle cell anemia. 
MR. LARSON: Oh yes.

DR. PAULING: I immediately had the idea that the disease is not a disease of an organ, or a cell. [Rudolf] Virchow in Germany 100 years earlier had said that there could be cellular diseases, diseases in cells, but that it was a disease of a molecule.

MR. LARSON: Yes.

DR. PAULING: The hemoglobin molecule was different from the molecules in hemoglobin in other people. It was something like an antigen and an antibody that had had two mutually complimentary structures so that two hemoglobin molecules would attach and a third one and a fourth one, giving a long chain, a long rod, that these would line up side by side through [inaudible] attraction forming a long needle-like crystal which as it grew longer and longer, exceeding the diameter of the red cell. It would twist the red cell out of shape making it stick, causing cells to aggregate and block the capillaries and lead to the crises in the disease. So, as soon as I thought of that, while [inaudible] was talking, Castle, Bill, William Castle, when he got to the end of his sentence, I said, “Do you think that this could be a disease of the hemoglobin molecule?” He said, “I don’t know.” I said, “Would it be all right if I looked at some hemoglobin from sickle cell patients to see?” He said, “What is there to stop you?” Well, one thing to stop me was where I would get the blood. Another member, Castle was a member of this committee. Another member of this committee was a professor in Washington University, later in Catholic University in St. Louis. What is his name? He wrote to me to say that a student of his was in Carnegie, a young M.D. and had just been given the American Chemical Society pre-doctoral fellowship to permit him to get a Ph.D. Would I accept him? I said, “Yes, I would.” Harvey Itano. So I wrote to him saying, “When you come, I would like you to get some blood from a sickle cell anemia patient and check to see if the hemoglobin is different from that in other people.” So he came the next fall and started in. He measured the absorption spectrum. It seemed to be the same of other hemoglobins. He measured the oxidation equilibrium constant. It seemed to be the same. For a couple of years, he didn’t get anywhere. In the meantime, we were building Tiselius electrophoresis apparatus. You couldn’t buy them. It was too new. So we were building one. When it got built, we carried out this electrophoresis experiment and showed that the hemoglobin is different.
MR. LARSON: Did the amino acid line up…?

DR. PAULING: Yes. It turned out that the abnormality is in the beta chains. The hemoglobin contains two alpha chains and two beta chains. These hemoglobin sickle cell people, the sickle cell homozygotes had in their beta chains, which have 146 amino acid residues, one residue different, out of 146.

MR. LARSON: Only one?

DR. PAULING: The alpha chains are the same. They have 140 amino acids. The beta chains have six amino acid residues from the free amino band, different.

MR. LARSON: Different. 

DR. PAULING: It is different in such a way as to change the electrophoretic properties. In normal adult hemoglobin, has a glutamate residue there which carries a negative charge on the side chain and that’s replaced by a valence which has a neutral side chain. So you lose an electric charge on each of the two beta chains.

MR. LARSON: So it’s a substitution of glutamic acid and…

DR. PAULING: Yes. So then pretty soon we discovered another abnormal human hemoglobin, hemoglobin-D and then another one, hemoglobin-E and then another by that time, a year or two later, people began discovering them and there are perhaps 300 human hemoglobins now. That was the first time that it was shown that a human being manufactures proteins different from those different in structure, than those manufactured by other human beings. So, we called our paper, “Sickle Cell Anemia, a Molecular Disease”. This is the first time that that expression, molecular disease, was used. Of course, there are thousands of molecular diseases wrecking us now.

MR. LARSON: Yes.

DR. PAULING: So, time went on. When Harvey Itano left me after eight years to go back to Bethesda, I thought I would work on something else. I thought I’d gotten into these medical problems and discovered molecular diseases, why don’t I look to see if in other diseases, hemoglobin [inaudible] is a molecular disease. It could be an important disease. I could check on cancer.
MR. LARSON: Yes.

DR. PAULING: Or I could check on mental disease. Well, everybody works on cancer, I said to myself. Nobody works on mental disease. This was 1963, but of course now, everybody works on mental disease too.

MR. LARSON: That’s right. These things do change.

DR. PAULING: Everybody works on cancer, but everybody also works on mental disease. So, I applied to the Ford Foundation for a grant and they gave me $650,000 for a five year project on the molecular basis of mental disease. I got some people together and for 10 years at the California Institute of Technology, we worked on the molecular basis of mental disease. I formulated a molecular theory of general anesthesia during this period. We made some discoveries about schizophrenia, about mental retardation, nothing very, nothing extremely important. At the end of this period, I left the California Institute of Technology. I’d been having troubles with them because of my political activities and it finally got to the point where I would leave. I resigned in 1963, November of 1963. I ran across work done by two psychiatrists in Canada, in Saskatoon, Saskatchewan. They had reported that schizophrenic patients are benefited by their taking vitamin B-3, nicotinic acid or nicotinamide. I wasn’t especially interested, I wasn’t especially very much interested in the drugs, the [inaudible] drugs that are given to schizophrenic patients either, but I wasn’t perhaps thinking of nicotinic acid or nicotinamide as drugs, but…
[Break in video]

MR. LARSON: …findings.

DR. PAULING: Well, in 1964 or ‘65, just after I left the California Institute of Technology, I ran across work by two Canadian psychiatrists who were working in Saskatoon, Saskatchewan, who reported that they had gotten good results with schizophrenic patients by giving them vitamins, one vitamin especially, B-3, nicotinic acid or nicotinamide. I wasn’t especially interested because I think I was thinking of these vitamins as drugs.

MR. LARSON: Yes.

DR. PAULING: I hadn’t been much interested in drugs. Plenty of other people work on drugs and the treatment of disease. After a while, something occurred to me, this related to the amount of this vitamin that they gave the patients. This vitamin is extremely important. Back before 1920, there were hundreds of thousands of people in the United States and many in other parts of the world suffering from pellagra and dying from pellagra. It was discovered at about that time that a glass of milk a day would prevent pellagra. In the early 1930’s, it was discovered at Wisconsin that pellagra, the substance in milk that prevents pellagra is nicotinic acid or nicotinamide, vitamin B-3, usually called niacin.

MR. LARSON: Yes.

DR. PAULING: Well, a little pinch, five milligrams a day of this substance, either one of these two substances will keep you from getting pellagra. It’s a very powerful substance. 
MR. LARSON: Very powerful.

DR. PAULING: Just a little pinch. These same psychiatric patients were being given 1,000 times that much. Fifty grams, 50,000 milligrams a day, two ounces, and without any side effects.
MR. LARSON: That’s amazing. Isn’t one of the side effects of this an increase in the metabolism leading to a somewhat elevated temperature, or am I confused?

DR. PAULING: Well, nicotinamide doesn’t have that effect.

MR. LARSON: Oh, I see.  

DR. PAULING: Nicotinic acid is a meso-dilator that causes flushing.

MR. LARSON: Flushing, yes. 

DR. PAULING: If you take large amounts of nicotinic acid for three or four days, you will flush, but from then on you can continue to take large amounts without flushing. The flushing reaction doesn’t prevent people from taking large amounts. 

MR. LARSON: So they help out. 

DR. PAULING: Nicotinamide is nearly as good as nicotinic acid…

MR. LARSON: Oh yes.

DR. PAULING: …for the control of schizophrenia.

MR. LARSON: And no side effects.

DR. PAULING: I thought this was really astonishing that you could have a substance that has a physiological activity over such a broad 10,000 full range of concentrations. Doctors prescribe aspirin for people with arthritis and some times the amount of aspirin they take is such that if they take five times as much one day they would be dead, five or ten times, but many patients die from the toxicity of the drugs that are prescribed for them, especially of course cancer patients where the drug is given in amounts that, the toxic drugs are given in such great amounts in hopes of controlling the cancer, and sometimes it’s enough just by itself to kill the patient. Well, I’d never heard of anything like this. Here I am, this was ’65, 64 years old and interested in the world and I’d never heard of any substances that had a physiological activity at five milligrams, but are so innocuous that you could take 10,000 times that much day after day without being harmed.

MR. LARSON: Yes. You could take vitamin D for instance; take 1,000 times that much and it would kill you.

DR. PAULING: That’s right. Presumably with vitamin D, some people say that it isn’t a vitamin, but is a hormone because you can manufacture it, especially if you go out in the sun. The other vitamins too are not very toxic because I found out when I looked into them that no one had ever died of an overdose of vitamin A, which is often referred to as a dangerous substance. People get headaches or get nauseated from an overdose. Vitamin C it turned out when I looked into the matter has value for schizophrenics too. [G. Brenda] Milner showed that it is beneficial. Here again, you can take 10,000 times as much vitamin C as is required to keep you from developing scurvy without any serious side effects.

MR. LARSON: It has that broad of a range.

DR. PAULING: I thought, as I said, I’d never heard of substances of this sort. I thought why don’t we ask how much you should be taking to be in the best of health. The Food and Nutrition Board tells us about the RDA’s, recommended intakes and if you read what they say, they say these are the amounts that will keep you from dying. They don’t say these are the amounts that will keep you in the best of health. If you have a 10,000 fold range of concentrations that you can investigate, why not find out what the optimum intakes are. Then I thought this needs a name. Why don’t I call these substances orthomolecular substances, meaning the substances with the right molecules. If you use them then you are dealing with orthomolecular medicine, prophylactic or therapeutic use of these orthomolecular substances. So I wrote a paper, “Orthomolecular Psychiatry”, and then later collaborated with a psychiatrist who had a big book, Orthomolecular Psychiatry, Treatment of Schizophrenia, in which these arguments are brought out in detail. Of course, I got into an argument with a professor of medicine who was very vituperative about my statement that large doses of vitamin C will keep you from developing the common cold. He was, as it turned out, when I continued corresponding with him, just unwilling to look at the evidence. He just rejected the evidence. He was so high-bound that I had gone to the medical literature to find out what the situation was generally and I found out that the textbooks in medicine misrepresented the situation in the same biased way. By that time, I got so interested in the whole story about vitamins that I sat down, downstairs in my study here, during the month of August, between the first and the 31st of August in 1970, and wrote my little book, Vitamin C and the Common Cold, which came out in November of that year. 
MR. LARSON: Wow.

DR. PAULING: Later, in my reading, I had run across work on vitamin C and cancer, early work which had been pretty much ignored, just as the work on vitamin C and wound healing. This had been ignored by the medical profession. Vitamin C and cancer remained in my mind when I was asked by Charlie Higgins to come give a principal address at the dedication of his new cancer research laboratory in the University of Chicago Medical School, Pritzker Medical School. [Arne] Tiselius in Sweden had been invited to give this talk, but had become ill and couldn’t come. So Higgins asked me a week before the affair to come. I thought, “What can I talk about?” Well, I remembered a book by a surgeon named Ewan Cameron who had written this book in 1966. He had been interested in cancer after having served for a year in the cancer hospital and, although he was a general surgeon with some cancer patients, he kept asking himself, “Isn’t there something we can do about the disease?” He kept trying hormones. This is for patients with the kinds of cancers that hormones have not been shown to be beneficial for and other things and always was disappointed. Nothing worked. In his book, which had the title, Hyaluronidase and Cancer, he expressed a general principle that if we could strengthen the normal tissues, that might help them to resist infiltration by a growing malignant tumor. I remember I thought, “We know something that strengthens tissues.” The intercellular cement contains fibers of collagen which strengthens, the way reinforcing rods strengthen concrete, reinforced concrete. We know that the more vitamin C that you take, the more collagen you synthesize. It’s required for the synthesis of collagen.
MR. LARSON: Is that any relationship to the use of vitamin C and perhaps the healing of even simple wounds?

DR. PAULING: Oh yes. Collagen synthesis…

MR. LARSON: The same principle.

DR. PAULING: If you’re not synthesizing collagen, the wounds won’t heal.

MR. LARSON: Yes.

DR. PAULING: The high intake of vitamin C causes the wounds, helps the wounds to heal.

MR. LARSON: Whenever I get some cuts, I always take more vitamin C.

DR. PAULING: I thought well, there is something I can say. When I gave my talk in Chicago, I made this statement and I said looking at some epidemiological material that I found, I estimate that with the proper use of vitamin C we could cut the mortality from cancer by 10 percent. An article, a little article about my talk appeared in the New York Times and someone sent it to Ewan Cameron in Scotland. He wrote to me asking how much vitamin C he should try.

MR. LARSON: Isn’t that amazing?

DR. PAULING: I wrote saying 10 grams a day. This was in 1971. So he took a hopeless cancer patient and gave her 10 grams a day of vitamin C by intravenous infusion in the hospital. She responded in such a remarkable manner that she wanted to go home, and did go home. He arranged that she would get, be able to take 10 grams a day in a syrup that he prepared at home. So he tried another patient and this patient also responded in a remarkable manner. More energetic, the feeling of being miserable that these patients had went away, they had good appetites, and of course, also I went over to see Cameron and they went back. After a couple of years, I said, “Do they live longer than the other patients?” He said, well he was sure, he thought they lived twice as long after reaching the untreatable stage.

MR. LARSON: But the quality of life was…

DR. PAULING: The quality of life was much different, yes, much better. So we sat up a study in which the first 100 terminal cancer patients who had been given vitamin C were compared with 1,000 matched terminal cancer patients who had not received vitamin C, but were in the same hospital, but were matched 10 with the same kind of cancer, same sex, same age. It turned out that the ones who didn’t receive vitamin C died within two months on the average after being, reaching this terminal stage when treatment was essentially stopped except for [inaudible] supportive treatment. The ones who received vitamin C lived about a year, five or six times as long.

MR. LARSON: That’s amazing.

DR. PAULING: Some of them were still alive. There were even a couple of the first 100 who were still alive 10 years later after having been considered terminal. But most of them felt better and lived considerably longer.

MR. LARSON: Is this the main direction of your work then at your Stanford Institute?
DR. PAULING: Yes. We do work on the biochemistry of vitamin C to some extent other vitamins, on animals. We study cancer in animals, effected by intake of vitamin C, and also other vitamins. We have some general work similar to what other people are doing on genetics of cancer, the DNA genetic material, characteristic of cancer, trying to find out just what happens to cause the cancer to begin to develop. Here is a lot of competition. There are many other people doing the same thing. Then we are also working on other medical problems. We have started the study of cataract formation in the elderly and are just starting a study of nephritis to see if it might not be possible to keep a good traction of the people who go on a kidney machine from having to go on the kidney machine.

MR. LARSON: Oh yes.

DR. PAULING: I’m very interested in that because there are about, I’ve heard there are 50,000 people in the United States on kidney machines at the cost of about $5 billion a year.

MR. LARSON: Yes. That’s the figure I have heard also. If you could cut it down five percent it would be tremendous.

DR. PAULING: I said the other day that I was pretty sure it would be possible to cut it by 10 percent if you could get people to do it. 

MR. LARSON: Yes.

DR. PAULING: If you could get the physicians to agree. In fact, I was just talking with Hal Holman, professor of medicine, formerly the Head of the Department of Medicine at Stanford about this and he is checking on the nephrologists at Stanford about their possible interests in collaborating with us. 

MR. LARSON: Yes. 

DR. PAULING: I have a couple of ideas about what to do. One of course [inaudible]

MR. LARSON: Yes. That’s… You know, with respect to that, I can’t help but give the comparison with regard to the controversy that you mentioned in connection with some of these. The theories of Pasteur were resisted. He was a chemist of course and his theories were resisted tooth and nail by the standard medical profession. Here you are 100 years later and you’ve got another quite similar situation in some respects. Although I gather there is much more acceptance of your things than Pasteur encountered during his lifetime. 
DR. PAULING: Yes. Well I was very flattered 20 years ago, around 20 years ago, when I received the medal of the City of Paris, the Vermeil Medal from the mayor, a nice big shiny medal. What flattered me was the speech that he delivered was a comparison of me with Pasteur.
MRS. LARSON: Oh! [Laughter]

MR. LARSON: Oh is that right? Well, as I say, I feel in good company then in bringing this up. Well as I say, with such a variety, such a distinguished number of accomplishments, are there any, in this short of time, are there any other things that you would like to get, you might say, in the archives, for being on the records, any other scientific or social, or other things that might not have been discussed.
DR. PAULING: As I think back about my involvement in social, political, and economic matters, I realize that my wife was probably responsible. After the atomic bombs were dropped at Hiroshima and Nagasaki I was asked quite soon, within a month perhaps, a month or two, to speak to a service club, a Rotary club in Hollywood and it was known that I had given popular lectures about science, so I gave a popular lecture about nuclear fission, explaining what the nucleus is and I had the Smythe Report and got my information largely from it. The day after, two days after I gave my talk, I guess, an FBI man was in my office saying, “Where did you get the information about the amount of fissionable material in the atomic bomb?” I said, “I figured it out,” and he went away. [Laughter] So, I was asked to give some more talks of that sort and I began putting in an occasional statement to the effect that with these weapons in existence, we should give up wars between great nations and they no longer made sense. The same sort of statement that [Albert] Einstein made back in 1945 or ’46, the existence of these weapons, that such a bomb can destroy a city and with vehicles to deliver them, rockets, means that war has just ruled itself out. It must be replaced by international law. I remember my wife pointing out to me that I didn’t do a very good job in these talks because I relied largely on reading clippings from the newspapers, statements other people had made. I did that because of a lack of confidence in myself. She said to me, “When you talk about science, you are speaking with an authority and it’s interesting to listen to you and it’s convincing, but when you talk now about the world affairs, you aren’t convincing. So I thought, “Well, if I’m going to keep on doing this, and it seems like an important thing to do, I better learn something.” So I started learning about world affairs, not only about world affairs, but about nuclear weapons and later on, of course, about radioactivity. I knew about radioactivity, but about biological effects. Then I gave a talk in 1957 at the Honors Convocation of George Washington, of Washington University in St. Louis, which I devoted just to radioactive fallout and its’ effects on genetic material. After my talk, it was very well received, after my talk, Ed Condon and Berry Commoner came to me and said that we should write a petition and we should get scientists to sign it to stop the testing of radioactivity, of nuclear weapons in the atmosphere. So, that petition was written and circulated. Within three months, I think, we had 2,000 signatures. I had a press conference and released the names of these people and later 13,000 people from other countries began signing. 13,000 all together from 50 countries. I had been having trouble back in 1952. The Royal Society arranged a symposium, a two day symposium on the alpha helix and other protein structures. I was to be the first speaker and then there were a dozen other speakers. I didn’t have a passport yet when I went. My passport was refused. That was the first time. People say that if I had gone to London, I surely would have gone again to see Roslyn Franklin and would have seen her x-ray diffraction photographs of DNA with [James] Watson and [Francis] Crick.
MR. LARSON: Oh yeah.

DR. PAULING: I had written to [Maurice] Wilkens. Roslyn Franklin was working with Wilkens. I had written to Wilkens asking for prints of these photographs that I had heard rumors about. He refused to send them to me.

MR. LARSON: Isn’t that a tragedy though? You missed it by just that much.

DR. PAULING: I didn’t get to see these photographs which showed that you had the double strand structure theory. It worked out. It was known that these helical structures looked like, what sort of diffraction photographs they would be. So by 1954, the fall of 1954, the State Department decided by itself that they would not keep me from going to Stockholm to get the Nobel Prize in Chemistry.

MR. LARSON: Yes.

DR. PAULING: Senator [Thomas] Hennings of Missouri held a hearing about the passport office. I testified at it about how, it’s a long story. I shouldn’t tell the whole thing about my troubles, but the Assistant Secretary of State was testifying later and Senator Hennings asked how it happened that I got the right passport after it had been turned down. Was there an appeal? He said, “It was a sort of self-generating appeal.” So Senator Hennings said, “You mean to say the United States of America, the State Department of the United States allows some committee in some foreign country to decide which Americans will get passports?”
MR. LARSON: Fantastic. Oh, it’s incredible. Those were sort of the dark ages of that part of our history.

DR. PAULING: So during the long period, first back in 1946, ’47, I guess, I was asked to be a member, Harold Urey called me and said that Professor Einstein would like me to be a member of the board, the Einstein Committee, the so called Emergency Committee of Atomic Scientists. Hans Beta was on there, Harold Urey, Mickey [Victor] Weisskopf, and two or three other physicists and I. so I worked with it. Leo Szilard went around speaking together at colleges and meetings. I gave hundreds of talks about world peace during, up until the present time. this year I’ve given about 40 talks.

MR. LARSON: Is that right?

DR. PAULING: Many more than last year, I gave about 20. For a period, I didn’t give any talks about world peace. Reagan, of course, has gotten me so stirred up and everyone else that I…

MR. LARSON: You’ve been stimulated to speak more.

MRS. LARSON: May I ask you if any of these are going to be confined and published in a book form? Are they recorded?

DR. PAULING: Well, I wrote a book that contains essentially, amplified what I was saying around 1958. It came out in 1958 with the title, No More War. This year, or last year, I wrote to the publisher, saying that I wanted to bring it up to date if they were willing for me to do so. I got an answer from the editor saying that they had been thinking the same thing, a new edition ought to be brought out. Last December, I revised it. I read the 10 chapters and I couldn’t see how to change it. [Laughter]

MR. LARSON: Yes.

DR. PAULING: The arguments seem to be all pretty much the same except some of them about the damage done by radioactive fallout were out of date. I just decided that they should be reprinted the way they are, but I added about a five page addendum to each chapter and put in some additional material in a couple of appendices. So it’s available, essentially what I’m saying now. 

MR. LARSON: Who is the publisher of that now? 
DR. PAULING: Doc Meade [inaudible] Institute. I’ll give you a copy.

MR. LARSON: Fine.

DR. PAULING: This brings us up to date.

MR. LARSON: That is wonderful. I want to thank you very much, Dr. Pauling. This was a wonderful chance to interview you. I hope that your words here will be preserved so that future scholars can get the benefit of your wisdom. Thank you very much again.
DR. PAULING: Well, it’s been a pleasure for me.

MR. LARSON: Okay, fine.
[End of Interview]
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