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DR. CALVIN: …this question on where to begin, you know, you begin when you are born, but I guess I was there at the time, but I don’t recall any scientific events until somewhere in the grade school, must have been in the fifth, eighth, sixth or eighth grade, something of that time.
MR. LARSON: Where did you start in your grade school?

DR. CALVIN: Well my grade school began in the Twin Cities, Minneapolis and St. Paul.

MR. LARSON: Oh yes. 

DR. CALVIN: But I have no recollection of those years at all because very early on my father went to work for the Cadillac Motor Company in Detroit and I, my whole family of course moved to Detroit, and Detroit is where I grew up. I went to grade school and high school in Detroit. So all of my schooling, all of it, took place in Detroit. The event, the first scientifically related conversation that I can recall, unambiguously recall, was in the physics class of, I must have been a tenth grader, eleventh grader, something like that.

MR. LARSON: Oh yes.

DR. CALVIN: And I was in the habit as I still am of responding to the teacher’s questions almost before the questions were out of his mouth. The result was I would answer questions that he didn’t ask completely and sometimes I couldn’t answer the questions that he did ask.

MR. LARSON: You would be very good at some of these T.V. contests.

DR. CALVIN: Well in any case, eventually he was really unhappy with me and annoyed with me because I answered, half the questions I answered were wrong, which is par for the course, but he said, “You know, you’ll never make a scientist and the reason you’ll never make a scientists is that you don’t allow all the information to be presented before you decide on an answer.” That’s been a very characteristic phenomenon throughout my life. I’ve always taught my students that and I’ve done it from a sort of different point of view, namely that it’s no trick to get the right answer about some scientific question when you’ve got all the data, it’s all laid out in front of you, a computer can do that, it doesn’t take any brain to do that. The real trick is to get the right answer when you’ve only got half the data and half of what you have is wrong and you don’t know which half is wrong and then when you get the right answer you’re doing something creative. I have tried to teach that to all my students and it works.

MR. LARSON: That’s a marvelous philosophy.

DR. CALVIN: It usually works. But you see it stems from a very early time, from the time when the physics teacher said I would never be a scientist because I didn’t wait for all the data to come in before I tried to give him an answer. And I still do that. In fact I feel that it is essential that we do that. If we don’t do that, it’s not a creative act. It’s not useful to have a man doing it, not to have any person doing it because a machine could do that. So that’s been basic throughout my whole life to really try and understand the phenomena of the world, all the phenomena as early as possible in the presentation of the phenomena without necessarily waiting for all of the facts to be in. Now that is a philosophy which can lead you into great troubles as it frequently does, but also…

MR. LARSON: Also great advances.

DR. CALVIN: You can make advances that way because then you aren’t bothered by the, too much by the dogma of the days so to speak because you really don’t know what it is.
MR. LARSON: I think that is another example of this famous saying that turtle makes progress only when he sticks his neck out.

DR. CALVIN: All right. I hadn’t, using it that way, but that’s quite correct. That’s essentially what it amounts to, and that’s how the thing started. I don’t know that I had made my mind up to be a scientist at that time. I don’t think I had because at that time I was still in high school, I had not had any high school chemistry. If I had, it was purely descriptive; I don’t recall any at all. The only course that I really had that was called science was the physics course. And I never had, this much I know, I never had a biology course at all throughout my whole career, whether it was high school, undergraduate, and graduate, never had a course in biology. And as you know later on I spent a good fraction of my time doing biology, even so even today. So there has been none of that formal biology in my background. That has been both an advantage and a disadvantage. It’s a disadvantage in that I don’t know the formal taxonomic language of biology. I can’t understand, I have to look up everything to understand the classification systems. It’s difficult for me. 

MR. LARSON: Of course that’s very important in biology. It makes things easier, but if you work at it…

DR. CALVIN: Yeah, that’s the only part that’s missing. Later on of course I had lots of chemistry and lots of physics, theoretical physics, mathematics, quantum mechanics, all of that. It came much later.

MR. LARSON: Well which colleges and universities did you go to?

DR. CALVIN: Well there is a reason, let me explain that. I chose chemistry out of high school for a very practical reason. As I mentioned earlier, my father worked in the automobile factories and that wasn’t a very pleasant life, although he enjoyed, he became a very skilled mechanic for the Cadillac Motor Company and was very proud of that. I never got into an automobile factory, ever, at all, but during the weekends, my high school weekends and during some of my first undergraduate weekends, I would work in a grocery store in Detroit on a Saturday. Now in those days and perhaps it’s true even today with the stores being closed, retail stores being closed on Sunday, Saturday was an enormous shopping day, especially in the cut rate grocery stores. I got jobs regularly in those grocery stores on Saturdays and the work began at five o’clock in the morning, getting the store ready to open, and we closed up at midnight that night. So it was a very long day. In the course of that day, although I got to know a lot of people and I learned all about how groceries are packaged and sold and all that type of thing, I finally realized, I noticed, let me say it this way, that in every package of groceries and even those that weren’t packaged, some interference, interference isn’t the right word, some role of a chemist played, a chemical role entered into the production of the product being sold, either in the canning of the food itself, in the making of the cans, in the printing of the labels, the making of the paper, the making of the paper bags, everything involved chemistry and about that time jobs were not as, let me think when that was. That was in the early ’40’s, right at the end of the Depression, in the early 30’s, ’29 to ’35, something like that. Right at the end of the Great Depression and my father was periodically laid off and that made a big trouble for us. So one of the most important factors in my decision was to find something that people couldn’t get along without and to learn, to have a talent in that thing, whatever it turned out to be so that I couldn’t be fired. That was my basic thought. I had to learn how to do something that people simply had to have. Having worked in the grocery stores as I did, I wasn’t, I didn’t have the farmers’ kind of mind, it didn’t occur to me that I could grow the food, but I could certainly know the chemistry that was through all its processing, from the beginning to the end and eventually I got into the chemistry of the growing as well.

MR. LARSON: Yes. Well that’s very interesting. Many of the famous scientists have started out in chemistry and later turned to physics like Teller and Wigner. Both of them were chemists to start. 

DR. CALVIN: I started in chemistry, but of course I was very heavily committed to physics as well and all of the elective courses that I took, both as an undergraduate and as a graduate student were physics and engineering courses, all of them so that I had no biology ever, ever. And yet as soon as I finished my degree, my graduate degree, well I skipped a good deal here. I went to high school in Detroit and I went to Detroit Central High School in three, at three different sites. It kept moving around and I kept moving around. So I went to Detroit Central High School when it was at Cass and Warren and then I went to it again when it was on Lynnwood and then I went to it again when it became the City College of Detroit on Cass and Warren and I went to it again when it became Wayne State University. So I was in that building four different times. But I graduated from Detroit Central High School and at that time, this was in 1927, there was a college in northern Michigan which was trying to expand its clientele. In order to do so, it arranged to give a scholarship to one high school student in every high school in the state and their only qualification was that the high school principal would certify that this was the best student in the school, the best student of that class that year and I got one of those in 1927. I went to what was then called the Michigan College of Mines, but it became the Michigan College of Mining and Technology that year and has since become the Michigan Technological University in northern Michigan. It went through several stages until it became a large, essentially an engineering school, but when I was there it was a mining school and so my only electives, the only thing I could study there was, outside of chemistry, was geology and mining engineering and civil engineering. So I did all of those things and physics of course, elementary physics, mineralogy, geology, paleontology and field geology, mining engineering, and physics, those are all the things I did. I did a little bit of civil engineering as well and that finished in 1931. I finished that one. By that time the school had expanded its concerns and was now a general engineering school. It hadn’t really reached that stage, but they were moving in that direction and I was the first chemist to graduate from there, the first one to take a degree from there. From there I went as a graduate student to the University of Minnesota, Minneapolis.
MR. LARSON: Oh yes.

DR. CALVIN: Now that wasn’t a very big change because by that time my family had moved back to the Twin Cities and had a small shop there in Minneapolis. So it was very easy for me to do that. I got a teaching fellowship at Minnesota which in those days, 1927, 1931, I think it was $300 a year or something, 1931.

MR. LARSON: Yes, they ran between $250 and $500 in those days.

DR. CALVIN: I think it was $300 when I started and $500 when I finished. That was a four year stint. So I got my Ph.D. from Minneapolis in 1935 and it was a straight physical chemistry thesis, very physical chemistry oriented by a man named George Glochner, who later became the Dean of the Faculties at Iowa State. He was a pretty good physical chemist, I thought, at least of what little I knew of him. I studied mostly the electron interactions with gaseous atoms. One of them, my thesis was actually to measure the energy of interaction of halogen atoms, single halogen atoms, chlorine, bromine and iodine atoms with electrons and I did that in a vacuum tube, all of which I had to build. It was an interesting, it was a time when building things was common for a graduate student. They all did it. 

MR. LARSON: Yes, and you devoted an awful lot of time to it.

DR. CALVIN: Building something was part of the business. You know, you have to build it and I learned how to do that and I learned how to, I learned the relationships between the current voltage curves in the vacuum tube and the charge to mass ratio of the carriers. It was from that current voltage curve that I measured the charge mass ratios and from the charge mass ratios and the numbers of atoms of iodine or bromine that was in the vacuum tube and the currents, I could calculate the equilibrium constant between the atom, the electron, and the anion…
MR. LARSON: Oh yes.

DR. CALVIN: …that was formed from them. That’s how I measured the electron infinity from the halogens. I measured, the first one I measured was the iodine, then I did bromine and chlorine, but by the time I got around to chlorine, Joe Mayor had started that work as well, but in a completely different approach, but I published the iodine and bromine work already, so I didn’t feel too badly about it. That was my thesis and then by that time, during the course of my graduate work, I learned, I had to study the theories, the quantum mechanical theories of the reaction mechanisms and the best statement of the quantum mechanical theory of reaction mechanisms that was, at a time, was just being developed at that time, was that of Michael Polanyi. Now Michael Polanyi had been studying the reactions of sodium atoms with alkyl halides in a dilute gas. He also had undertaken a study of the reaction of the hydrogen atom with a hydrogen molecule and the way he made that measurement was to use H atoms and D2 and measured the formation of HD and things of those kinds. So he was measuring the simplest kinds of reactions which were susceptible to first principal of quantum mechanical calculations and he succeeded in doing that and developing what we now know as a transition state theory of reaction kinetics. His more famous pupil was Henry Iron [ph] who just preceded me in that work. In fact Henry Iron was there at, well I might add that by that time I was aware of Polanyi’s work and of Iron’s work and that their work was being done at the University of Manchester in England. So I applied to go there and Iron was able to find some money, not very much, but enough to keep me there for two years. I arrived after Iron was gone, but by that time the theory, the transition state theory of reaction mechanisms had been pretty well sorted out, not completely, but well on its way. So I, Polanyi asked me to study the mechanism of activation of molecular hydrogen on platinum to start with, on polarized platinum. He had the idea that you could study the reaction of hydrogen with, molecular hydrogen, hydrogen atoms attached to platinum which were polarized with hydrogen molecules which were not attached to platinum and thus you would be able to affect the activation energy of the atom molecule reaction and that’s what he put me on. So I began to study the effects of polarization on platinum molecules carrying hydrogen atoms on the rate of exchange between the hydrogen atom and the D2 or HD reaction as the case may be. This led to a more general question which Polanyi now posed. He noted, he knew, you should understand who Polanyi was. He was a refugee from, both from Hungary and Germany. He was a surgeon in the First World War for the Hungarian Army and after that was over in the late ‘20’s, he realized that his interests were in basic science. So he went to Berlin to study in that famous school of physical chemistry which [inaudible] and all the other Germans of the middle ‘20’s and he was one of them, he became one of them I should say, not quite, but he became one of them and that’s where his physical chemistry developed, in that environment. His ideas about reaction mechanisms were born and developed there. However, as Hitler came to power in Germany, Polanyi left and he left in time so that he didn’t, I don’t know how serious his suffering, as a result of that was, but he went to England and it was in England that I met him, not in Germany. He came to England; it must have been some time before 1935, probably ’32, ’33, at the worst Hitler period. 
MR. LARSON: Yes. There were of course quite a number at the same time…

DR. CALVIN: Exactly.

MR. LARSON: …Fermi from Italy, part of the same…
DR. CALVIN: …part of the same exodus. Teller was a Hungarian and so was the other man, what was his…

MR. LARSON: Wigner.

DR. CALVIN: And Polanyi was one of those people, but he went to England. The others came here and I got to know him in England. I went there in 1935 and I spent two years with him. By that time, as I say after I finished the hydrogen work, I got well into it, because Polanyi’s background had some biology in it, he was aware of the fact that there were enzymes in living systems that could deal with molecular hydrogen and he thought that all those enzymes had metals in them and he thought that those enzymes would probably be important to understand if we really wanted to activate molecular hydrogen properly. At that time it was believed and he believed that the active site of hydrogenase, the enzyme that activates molecular hydrogen and allows it to exchange with water was an iron porphyrin barring enzyme. The reason I think he thought that, I have to say because he never did tell me, was that most of these enzymes that did things like that where oxidation and reduction enzymes, enzymes which catalyzed the addition or removal of electrons from sub-straights. In a sense if the enzyme activated molecular hydrogen so that it would exchange with the protons of water, presumably the enzyme was oxidizing H2 to give protons and holding the electrons back somehow and then the protons would exchange and then come back again somehow as molecular hydrogen, with a D in the middle, tritium or what have you. Polanyi had been studying these exchange reactions in various ways. He invented for example the micro pycnometer to measure the density of water in order to measure the amount of deuterium that he would use, I don’t think more than a few tens of micro liters of the water to measure it’s density. He made micro pycnometers, little floats. The pycnometer itself would hold maybe 100 microliters or 50 microliters of water and it was put in by evaporating it through a micro capillary and that top of that pycnometer bore a little seer about five millimeters in diameter and that seer was very thin glass and flattened on one side so that now when the pycnometer was dropped in water would float with the water containing part, little solid water containing part down and the bulb up. Now the size of that bulb depends on the pressure because of the little flat part and if you increase the pressure you would reduce the size of the float and it would sink. If you raised the gas pressure it would expand and it would rise. He could measure the density of 100 microliters of water to five or six or seven places that way.

MR. LARSON: That’s a fantastic technique.

DR. CALVIN: That was the kind of a man he was.

MR. LARSON: And ingenious. Ordinarily you would…

DR. CALVIN: You didn’t have mass spectrometers in those days.

MR. LARSON: That’s right.

DR. CALVIN: We didn’t have them and he invented that, you know designed it and had it built. So we were measuring water that way, and measuring the exchanges that way as a matter of fact. As I said he had the idea that the enzymes must have some peculiar properties which are dependent on the porphyrins because almost all redox systems in biology that he knew about it, the hem [hemoglobin] of red blood cells, the chlorophyll in green plants all were porphyrin type molecules all with different types of centers.  The hem always had an iron center. The chlorophyll, a magnesium center.
MR. LARSON: And then of course the crustaceans or mollusks have a copper…

DR. CALVIN: Have a copper center, and so he put me onto that after I had been there a year, year and a half and he said there must be something very special about this tetrapyrrolic structure which surrounds the metal and makes it do funny things in biology. The trouble with the biological tetrapyrroles is they are very unstable compared to the kind of things he was used to doing. And about that time, 1934, R.P. Linstead, professor of organic chemistry at the Imperial College in London had discovered phthalocyanine. He was a consultant for ICI [Imperial Chemical Industries] and ICI was making phthalonitrile which is dicyanobenzene, [inaudible] in glass lined kettles. Well one time one of those glass lined kettles which phthalonitrile is normally colorless and crystalizes out these beautiful white crystals, one time it turned into a blue mess and they called in Linstead and said, “What happened?” so he took some of this blue stuff and worked with it a short time, I don’t know how long, and he sorted out the fact that what had happened had been that the glass lining of the kettle had cracked and the phthalonitrile had come in contact with the iron and this had metalized the cyclization of the four phthalonitriles on an iron center, so we had iron phthalonitrile. That was the beginning of a new dye style. It turned out to be a very stable dye isotope. It is known as a tetraphenylporphyrin because the miso bridges between the four pyrrole rings, instead of being carbon atoms as they are in nature are nitrogen atoms, that’s why it’s called a tetraphenylporphyrin. 
MR. LARSON: But it has the same basic structure.

DR. CALVIN: Exactly. Same basic structure. So Polanyi says go down to London, find out how to make that stuff and bring it back. He gave me two weeks to do that.

MR. LARSON: Yes. I know these glass lined vessels, they are used very much in chemical engineering and we use to have to, when we got a crack we would go in there and fill it with gold. That was the only way you could repair it.

DR. CALVIN: That’s right. 

MR. LARSON: That’s a common thing.

DR. CALVIN: Well, you see…

MR. LARSON: That led to a new discovery.
DR. CALVIN: That became one of the most important dye isotopes, the most important pigments for a period of 20 or 30 years now. ICI is one of the principle pigments, DuPont picked it up, the license from ICI and they have only have just gone out of the business 50 years later.

MR. LARSON: That’s a long time for the lifetime of a product.

DR. CALVIN: Of one dye, there was a whole class of dye stuff. Once you got the idea… so I began to study the, Polanyi then asked the question, well now here you have an extremely stable porphyrin, a porphyrin-like molecule. You could put copper in it, iron in it, anything you want in it and you should be able to study its catalytic properties as a hydrogen catalyst, just like platinum. You could heat it up, cool it, do what you like [inaudible] so on. So he had me make some of it and study it as a hydrogen activating catalyst to see if I could make it do what platinum does, you know catalyze the H2 D2 reaction, things like that and we spent a lot of time doing that and I enjoyed that very much and in so doing I became thoroughly aware of the importance of that particular type of structure in biological oxidation-reduction because it’s everywhere. It’s in the hem of red blood cells. It’s in the myoglobin of muscle. It’s in the cytochromes of the, all over the liver. It’s everywhere that these iron porphyrin molecules, they’re everywhere. They always involve the movement of electrons and protons and of course the chlorophyll, the green of the plants is a very close relative. It’s not the same, but it’s a close relative of a porphyrin, but it’s not quite the same as a porphyrin, very close and so that also involves photo chemical oxidation-reduction.

MR. LARSON: Oh yes.

DR. CALVIN: And that’s how I got started on that business and I did, my last experiments with Polanyi were hydrogen activation on metal phthalocyanine, copper, zinc and so on and that was the end of that work and then I came to Berkeley. I came to Berkeley in 1937 because Joel Hildebrand had visited, had visited Polanyi in 1934, ’35, something of that kind, I don’t remember the exact date, early ’35 and Polanyi knew it was time for me to go get a job somewhere and so he recommended me to Hildebrand. Now Hildebrand wasn’t chairman of the department here. Gilbert Louis was chairman of the department. So Hildebrand said, “I’ll see what I can do,” or something. I wasn’t part of the conversation. In any case an offer did come from Gilbert Louis to come and be an instructor at the University of California, Berkeley, and that’s where I came. I came from Manchester to Berkeley and I’ve been here ever since. That’s 1937 to 1984, whatever number of years that is. It’s a long time.
MR. LARSON: That is a long tenure.

DR. CALVIN: And I’ve been here all that time, but the work has moved as you probably know. The first thing I did when I came here was I had to learn how to teach organic chemistry because that was what I was hired for. Now Louis didn’t, Louis knew a lot of organic chemistry, but not in the way that the ordinary organic chemist knows it, as you probably know. He understood the structure of molecules the way nobody else did. He put the molecules together with electron paired bonds. He could take them apart. He knew when they belonged together, when they didn’t belong together. But he wasn’t any great, he didn’t teach organic chemistry the way an organic chemist would teach it. So it didn’t bother him that I didn’t know any organic chemistry either, but that was my assignment, to teach organic chemistry. I had to learn it and that’s when I learned organic chemistry, from 1937 on. I taught organic first for the chemists and then for the biologists for well onto 40 years and in doing so, I had to learn the myology because most of the time I was teaching premedical students. At the same time, about that time, I, well my first experiment was to try and find a homogeneous catalyst metal complex that would activate molecular hydrogen. That was my personal research at that time, the first thing that I did when I came to Berkeley and indeed I did. I found a copper salt which would activate molecular hydrogen for exchange reactions and for reduction reactions, just as platinum did, but there was no solid there. It was homogeneous. It was all homogeneous. 

MR. LARSON: All homogeneous.

DR. CALVIN: It was the first homogeneous hydrogenation catalyst, the very first one, 1930, let’s see, I came here in ’37. By 1938 I had it and the first publication was roughly 1938, something like that, on homogeneous catalytic hydrogenation, a hydrogenated [inaudible] well it was easy to hydrogenate, but that was the first one and it turned out to be a copper salt dissolved in an organic solvent. That led to an attempt to understand in general homogeneous hydrogen activation.
MR. LARSON: This was a copper salt of what?

DR. CALVIN: Copper acetate in [inaudible]. It turned out to be cuprous acetate, not cupric. I started with cupric, but I very soon learned it wasn’t cupric, it was cuprous acetate that was the catalyst. It was an autocatalytic phenomenon, you see. It would sometimes work and sometimes it wouldn’t. I never knew why until I realized what the nature, hydrogen absorption would start out as practically zero and then all of a sudden it would take off and the curve was catalytic. It was as though whatever was formed was catalyzing more and that’s what put me onto the cuprous idea. Then if I start with cuprous I don’t have that, it’s a straight line. That’s how I found that out. But in doing this I became even more concerned with the coordination chemistry of the metal, the transition metals, iron, cobalt, nickel, copper, zinc, so on and how they do [inaudible] and that led to thinking again about chlorophyll. Now this was in 1937 to ’39. In 1939, Martin Kamen, ’38 I guess it was, Martin Kamen and Sam Ruben working with the cyclotron, which is right here, just underneath this building, where we are sitting now, right down here.
MR. LARSON: 37-inch?

DR. CALVIN: 37-inch and there is a little plaque down there, if you go down there, right under this room, that’s where I’m at. 
MR. LARSON: Fine.

DR. CALVIN: Only six stories up, found that they could bombard nitrogen with neutrons and get an NP reaction which would give them carbon-14. Now a neutron in and a proton out would give carbon-14 into nitrogen-14. You understand what I’m saying? 

MR. LARSON: Oh yes. Sure.

DR. CALVIN: They found, also carbon-11 that was found.

MR. LARSON: Well, carbon-14 is infinitely more useful.

DR. CALVIN: Yes, well they found both and the carbon-11 was only 20 minutes and they tried to do something with carbon-11 and they did a few things, but it’s very hard to work with carbon-11. In the meantime, they stacked ammonium nitrate around the 30-inch cyclotron downstairs, 37-inch which is down here, stacked huge tanks of ammonium nitrate all around it and then after a while they would add CO2 to those tanks and precipitate barium carbonate and the barium carbonate had the radiocarbon in it. Now I got some samples of that early on. In the meantime, Ruben was busy doing some work for the Army and one of the things he was working on was phosgene and he had an accident with the phosgene.
MR. LARSON: Yes, I remember that tragic accident.

DR. CALVIN: He plunged a tube of, a glass tube of phosgene into liquid nitrogen and it burst and that blew phosgene in his face, you know the explosion, the boiling liquid nitrogen blew the phosgene in his face and it killed him. That left, at the end of the war, in fact, well, that left that whole program in limbo for the time being because Martin Kamen left also. He was doing something else because Sam was the leader of that. In the meantime I was involved in the Manhattan District as well. I had been invited by Glenn Seaborg to develop a separation method for the decontamination of irradiated uranium and also for the purification of plutonium. Turns out that the method I used was good for both and the reason that I was able to do that was because I had been working on metal complexes. Now the method that was in use by Glenn was a precipitation method, bismuth phosphate precipitation method, which was a terrible method to work with on a large scale and so they were trying to do solvent extraction procedures and one of the solvents that was being used was, I think it was a butyl phosphate, I’m not sure which one…

MR. LARSON: Tributyl phosphate…

DR. CALVIN: Yeah, something like that, but that wasn’t very specific, it was very, it would pour out a lot of things. So my job was to develop a specific binder that would grab fission products and leave the uranium alone.

MR. LARSON: Oh yes.

DR. CALVIN: That was my job and I did that. I found out that uranium-6, that is the uranyl ion doesn’t complex very well. Whereas all the rare earths, which are plus three and zirconium in the plus four state, all the other elements that we were worried about could be kept in a plus three or plus four state while the uranium was oxidized at plus six. All those other elements, the fission products and the plutonium stayed in the three or four state in which case the cylate that I built would work in one normal nitric acid, pull them right out and leave the uranium alone. I could adjust which ones they would pull out by adjusting the acidity. I could pull them out one at a time that way because I put this special grabber claw if you want to call it, that’s what a cylate is, I built a special claw that had the correct acidity so that it would work in an acid solution and just at the right levels so that I could take out one or another of these rare earths or the next transition series below that, the uranium and all of the next row. By adjusting the redox state and the acidity I could pull them out and leave the uranium alone and I could pull the plutonium out because that was easier to reduce than the uranium. So I pulled that out plus four. That method as you see brought me in contact with the whole Manhattan District. I use to go to Chicago meetings, which you probably remember.
MR. LARSON: Oh yes. Of course I was over on the electromagnetic side.

DR. CALVIN: I use to go to the Chicago meetings and hear these things all the time and occasionally I would give a little paper of my own at these meetings, but it was a very exciting time obviously and my process never reached commercial production in time to be used by the United States, the bismuth phosphate and the tributyl phosphate processes got there first. So by the time mine was ready to be developed they didn’t need it any more. The pressure was off and the only people that did use it were the Canadians and the British. They both used it and then it’s eventually come back here and it’s used here in very special places. So that is how that work began. That’s how my connection and the reason I have to say this, that is how my connection with Ernest Lawrence also came about. 

MR. LARSON: Yes. I remember, there is a picture of you among the other staff, taken at the cyclotron or something like that. 

DR. CALVIN: Yes. I was right there. Then I can remember V-J day. The faculty club was where we always had lunch and on V-J day, that was sometime in October, November, 1940… 
MR. LARSON: V-J day must have been…

DR. CALVIN:’44, wasn’t it?

MR. LARSON: …September ’45…
DR. CALVIN: September ’45, well, first of October…

MR. LARSON: …or August or something like that.

DR. CALVIN: Well within a few days, I was coming back from lunch from the faculty club and Ernest was coming over. Ernest stopped me right across the street here, this street that’s still here. He says, “Time to quit. Time to do something useful,” he says, “Time to do something useful. Now do something with that radiocarbon. We’ve got a few curies of it. Here it is.” He gave it to me. You know stuff had been stored around.

MR. LARSON: Oh yes.

DR. CALVIN: “You ought to be able to do something useful with it. Cure cancer with it.” That was his attitude. 

MR. LARSON: Yes.

DR. CALVIN: “Go ahead and build something that will stick to the cancer cell that will put radiocarbon in it and that will kill cancer.” That was his idea. I said, “Well, I’ll try.” So we started a radiocarbon lab the next day, I mean within one day we started it and it was in that building over there, the Donner. 

MR. LARSON: Oh yes. Sure.

DR. CALVIN: At that time, Ernest’s office, the whole thing, his office and all his people were on the second floor, so I got the third floor of the Donner, that’s where I was going to do my radiocarbon. I set up the third floor of the Donner as a radiocarbon lab and we started making carbon labeled compounds that would be useful for human metabolism, eventually find their way to cancer cells. That was Ernest’s idea. Well, that’s how we got going into the radiocarbon and we started learning the mechanism of organic reactions that way and then obviously because of my interest in chlorophyll and how the green plants worked, it was such an obvious thing, I couldn’t avoid doing it, here we have a tracer for the most important thing the plant handles, namely carbon dioxide and we could figure out, it was obvious how to do it. You feed the plant the carbon dioxide and find out where the hell it goes. That’s all there was to it.
MR. LARSON: A fantastic tool that appeared at just the right time.

DR. CALVIN: And I knew enough organic chemistry that I knew how to do it and enough biology so I knew how to do it and the result was, we put it all together and in the beginning of 1945 we began to sort out the various steps that carbon takes from CO2 to sugar and I think the final paper was published in 1955. It was a 10 year period in which the whole thing was done. It took us about 10 years to do it. As a result of that of course we moved from there, from Donner into the [inaudible] when they moved the old 37-inch out and gave it to Davis. So we had the whole main floor of the 37-inch building, the old wooden building. There are photos up on the wall over there. in fact it’s right behind you on the fireplace. 

MR. LARSON: Yeah. That’s a famous picture.

DR. CALVIN: We used the whole thing and we had no problems because such an old building, nobody in the university cared what I did to it. 

MR. LARSON: Oh yes.

DR. CALVIN: We could put rooms wherever we wanted to, we could put anything we wanted into it.

MR. LARSON: You didn’t need a permit for a nail in the wall.

DR. CALVIN: No permits for anything. Saw a hole in the floor. We did it all. As a matter of fact we had to build a concrete column under the floor because every time they turned on the 60-inch which was next door to us in the Crocker Lab, we couldn’t count.

MR. LARSON: Oh yes.

DR. CALVIN: Every time they turned it on there were neutrons all over the place and we just couldn’t count. So we had to dig a hole in the ground, saw a hole in the floor and dig a hole in the ground and build a concrete column down underneath that wooden building and even that was a little, not enough to protect us from when they turned the 60-inch on. That really sprayed neutrons all over us, all over campus in fact. You know we have the lab over in the Donner and every time the 60-inch was turned on we quit. We couldn’t work.

MR. LARSON: There was still enough spray of neutrons over there.

DR. CALVIN: Well you know we were counting two or three counts a minute.

MR. LARSON: Oh, of course. That’s it.

DR. CALVIN: So not very much had to happen for us to be out of work.
MR. LARSON: The background is so important.

DR. CALVIN: It was very, very, well we finally got them to put lights on, you know, connect them, so when the red light came on, we stopped. We didn’t try to make any counts. That’s when the beam was on, the deuteron beam was on. We just didn’t make any counts. As I said, the path of carbon in the photosynthesis, well we had to learn a lot of plant biology to do that of course and I’m still doing that, but we learned a lot of plant biology and then as I said that 10 year period from 1945, 1955, we mapped the whole route from CO2 to sugar and got it all done. Then the next question, two more questions. One was what drives it? And that’s the photochemistry on the one hand and the other was what controls it? What turns it to sugar? What turns it into fat? What turns it into protein? Those problems are still with us. I am working on both ends of those. Some of my associates are more deeply involved with it than I. Paul Vassel of course is the world’s expert on how plants control what happens to the carbon after it gets into the sugar. What turns it on in this place or that place. Some of my other colleagues are more concerned with the primary photochemical act as a [inaudible]. My concern now, my two major activities stem from both of those other things. One, can we use plants today, plants that are not now used as crops to solve the energy problem, to produce oil which can be converted into gasoline and fuel oil, lubricating oil and all that. That’s one part of it and the other one is can we use the knowledge that we are gaining of how the plant actually captures a quantum and stores it in some kind of energy form, can use that…

MR. LARSON: That is terrifically high efficiency.

DR. CALVIN: Yes. The efficiency isn’t very high, but it’s higher than, it’s the best photochemical converter we’ve got. It’s still not very good, but it’s the best. We haven’t got anything better. The best has been done to 15 percent.
MR. LARSON: Oh yes. That’s pretty high.

DR. CALVIN: In the field it’s only about four percent and most of the times we round one percent, but I think we can do it in the lab once we learn how, we can run it 15 to 20 percent, that would be very good and we’ve learned now a good deal about how the plant does it and we’ve begun to simulate totally synthetic systems, a sensitizer, not chlorophyll, but something like it, the donor molecules which, the accepter molecules, the chlorophyll or the chlorophyll analogue hands the electron to an accepter and then the chlorophyll has a hole left behind and has to get the electron from the water which it can get with a catalyst there. We know now that we have a number of possible sensitizers in the middle, possible accepters to make hydrogen, or reduce CO2 on one side, donors on the other side, catalysts with manganese or [inaudible] or something like that, which can take the electron away from water and make either oxygen if you want to make it which would be a waste, or oxidize something else which would be useful. So we can do that now and the question really is can we construct a unitary system that will do it all at once and I think we are on our way to do that. That I think will be the ultimate answer to our energy needs and hopefully we’ll get it before, before the war for resources catches up with us…
MR. LARSON: Oh yes, well…

DR. CALVIN: …because that is coming and we have to avoid it.

MR. LARSON: That is coming and this is one of the hope of the future which…

DR. CALVIN: We have got to be able to do that and we have to be able to do it fast enough to make liquid fuels which we need on a large scale, that means hydrocarbons essentially, on a large enough scale to fulfill the demands of agriculture, industry, of all the various personal transport, everything that goes with that.

MR. LARSON: Almost everything that is associated with our civilization...

DR. CALVIN: Is dependent on high quality, high density liquid energy and that’s mostly hydrocarbon, hydrogen or hydrocarbon. I think we can do that and I think we, the only problem is can we do it in time.

MR. LARSON: Yes. 

DR. CALVIN: That’s really the…

MR. LARSON: It’s a tremendous problem.

DR. CALVIN: Well, we are learning. We are learning from the plants how the plants do it. Now we can’t depend on the plants, well, I shouldn’t say that. We can depend on the plants today because there are many plants. You see photos of them behind you there, one over there, which produce latex which is mostly a suspension, or an emulsion of oil and water and we can use those in the interim until we can get a totally synthetic system working. That’s the way I look at. So we use the existing plants that can make hydrocarbons to produce them right now so we don’t run into the CO2 problem in the atmosphere which burning coal, or [inaudible] would do, and we don’t run into the localized problems which leads to war, which is what the other aspect, those are the two primary problems that we have to deal with and those are the two primary problems I am concerned with from those two points of view. The plants to produce hydrocarbons now, it can be done. In some countries they are doing it already. That invitation to Brazil that I showed you, that’s the sugar business.
MR. LARSON: That’s their hope for the future.

DR. CALVIN: That’s right and they are doing it. They made last year seven billion liters of fermentation alcohol from sugar cane. Seven billion, let’s see eight billion, that’s two billion gallons of gasoline essentially, two billion gallons of alcohol.

MR. LARSON: That uses more than just the sugar. It uses the whole biomass.

DR. CALVIN: The whole biomass is used. That’s correct. Burn the gas that is left over to run the whole extraction plant so you don’t have any excess energy put in. Everything is coming out.

MR. LARSON: So that takes care of the energy to do the processing. 

DR. CALVIN: To plants, process them, harvest them, it takes care of the works. So they have got a process and they are doing it. That’s, as I said, that’s what that invitation is about. I think that’s going to work, but we can’t do that. We can’t grow sugar cane on the scale in this country, so we have to grow other plants and we have been selecting other plants that could do it and there are a number that could do it. Some of them are trees; some of them are shrubs, and so on. It’s possible, it’s just a question now of getting it done before the eruption occurs.

MR. LARSON: Yes, well it’s of course, when you look at the energy problem from any human short range thing, in the year 2020 we know we have some fantastically difficult things, unless we know how to solve things like energy.

DR. CALVIN: I don’t think we’ll have to wait that long. I think it’s coming sooner than that. I think we will do it. I think we will do it in 20 years, if I live that long, but we will only do it in 20 years if our population is really willing to support it and that kind of support comes in two ways. It comes in the way; first of all, the population has to believe that it is necessary. Secondly, just as all other transitions into new technologies have been subsidized in their infancy in some way or another, we need a little subsidy and I know where that subsidy is going to come from. One way it would come from, the farmers now are being paid to set aside land and not grow grain. Let them be paid. Let them grow an energy crop on that land and let them collect for that energy crop as well as being paid for not growing grain. In other words, don’t deprive them of the subsidies that they are getting for withholding the land from grain production, but allow them at the same time to grow the cash crop for oil. When they have learned how to produce about 10 percent of our needs, you can then withdraw the subsidy and it will go. 
MR. LARSON: Well these are some very sound proposals and most people will seem that’s quite foreign to industry.
DR. CALVIN: Not at all, every industry…

MR. LARSON: Being in the chemical industry myself, practically every product needs eight to 10 years before it turns into the black from the red, eight to 10. Practically every product that a chemical company puts out, it needs that period that they can subsidize…

DR. CALVIN: You hear from these professional economists who, catch me on the stage and say, “Well, how much can you make it for?” “Well I can make it today for about $30, $35, if you don’t jack something up on me,” but that’s not going to work that way. So I think that the best way is to use these farmers that are getting paid anyhow, not to grow, and let them use that same land for an energy crop which won’t interfere with the price of wheat or corn or anything like that because it’s not in that business, you see. They would grow something quite else, like euphorbias or like milkweeds or something of that kind. It won’t have anything to do with a food crop at all. And it will fulfill the liquid energy needs at least to some extent that this country needs and when, as I said, when that price, I shouldn’t say price, when that amount reaches 10 percent of our demand it will go on its own, they can withdraw the subsidy. It will go on it’s own by that time.
MR. LARSON: Well, that’s a fascinating system you have worked out. So far as the…

DR. CALVIN: After that, let me say after that of course by that time we won’t need the plants at all. We will have the totally synthetic system which would make hydrogen or methane or what have you, by that time. We’re almost there now, but you know, that’s a little bit further away. The plants you can do it today. 

MR. LARSON: With plants you can do it.

DR. CALVIN: Today.

MR. LARSON: And ultimately if the chemists are smart enough…

DR. CALVIN: They can do it without the plants.

MR. LARSON: They can change sunlight to hydrocarbon.

DR. CALVIN: Exactly. Exactly.

MR. LARSON: With the proper catalyst.

DR. CALVIN: Exactly, and that is the kind of thing we are doing now.

MR. LARSON: Yes.

DR. CALVIN: Those are the two major activities. It’s really quite an exciting story and I just hope that we have time and by saying we, I mean the scientific community of which I am one, has time not because of my, the length of my life, but because of the shortness of the piece in the community in order to get this done before it explodes. See that’s really what I am worried about. There are tendencies to explode all over the world as you well know.

MR. LARSON: Oh yes and you really, so much of it is concerned with the…

DR. CALVIN: Resources.

MR. LARSON: …resources, particularly energy and anything we can do to solve that problem and of course in reality energy is so artificially…

DR. CALVIN: Priced.

MR. LARSON: …cheap now due to the fact that we had an awful lot of photosynthesis 100 million years ago and the fact that you might, I did some calculating that you can confirm or deny it, but it looked like at least every year we use up a [inaudible] gasoline in what it took plants to do one to ten million years. 

DR. CALVIN: Yes, that’s about right. There is another way to look at it. It’s a little more complex, but I think the way you have put it right for a popular audience. The fact is that the energy that we use today in the form of gasoline and oil, natural gas, hydro, these are all solar energy forms. Hydro is also solar energy as you probably know. We are using less than a tenth of a percent of the available sunshine in this way. The reason is that most of it is growing forests, or grass or cows or what have you and that’s the reason this million year number comes up because the amount that is actually deposited and transformed into oil and gas and even coal is a tiny fraction of the amount that is fixed every year. That’s why your million year number is right, you see. 

MR. LARSON: A much greater fraction of course is fixed every year.
DR. CALVIN: Much larger than that is fixed, but it doesn’t get put into oil.

MR. LARSON: It doesn’t get into a place where you can readily use it in your car.

DR. CALVIN: Exactly. That’s right. The fraction is very small. The fraction of what is fixed and gets transformed into storable hydrocarbon, or coal is tiny. It’s less than a tenth of a percent. It’s very small and that’s the reason, you say, well we’re using up ten million years of photosynthesis every day, or every year is about right, because of the small fraction that gets used and gets stored.  Well that’s the end of the story, or I should say the beginning of another one.

MR. LARSON: Well, yes. Well, this, your particular efforts are continuing along to get out all of the details of this whole energy problem...

DR. CALVIN: Yes.

MR. LARSON: …of which there must be literally thousands of separate problems that have to be solved.

DR. CALVIN: Oh, indeed. Everyone has to be dealt with.

MR. LARSON: Including the ultimate catalyst that you know will take the sunlight.

DR. CALVIN: Well it won’t be one. It will be a half a dozen.

MR. LARSON: Half a dozen.

DR. CALVIN: All lined up in the right order and the right systems.

MR. LARSON: That of course is the ideal solution, almost the philosopher’s stone of solving our energy…

DR. CALVIN: You know there is something very funny about the American public. I don’t think it’s funny really. I think it’s sad, but until they are put into a crisis situation they simply won’t do it and I hate to see that happen because a crisis can get out of hand you know. 

MR. LARSON: Well that’s right and a crisis on some of these things cannot be solved in one year.

DR. CALVIN: No, of course not. That’s why you have to start now. They should have started 20 years ago, 15. 

MR. LARSON: I like to think of a program, of course I’m interested in nuclear energy and nuclear reactors and so on and to really get at the optimum we should start right now on the right kind of breeder program…

DR. CALVIN: You might have it 20 years from now.

MR. LARSON: It might happen by 2020. 

DR. CALVIN: Well you know the other problem and I don’t know how to solve it is the, to me, see nuclear is essentially an electrical, an electric generating system.

MR. LARSON: Yes.

DR. CALVIN: It doesn’t produce liquid. You can produce liquid fuel, but that’s a long way off.

MR. LARSON: That is a long way off.

DR. CALVIN: But it’s essentially an electric system and that’s necessary and I just don’t understand how, I don’t really appreciate how the perception in this country can be modified so that we would be able to go forward with it as they are in other countries. In other counties they are not paying as much attention to the waste disposal problem as we are. That’s really the difference and somehow we have to solve that waste disposal problem to the satisfaction of our people and that hasn’t been done. Now don’t tell me technically it has been done, maybe so, but to the satisfaction of our people I said. Don’t forget that. 

MR. LARSON: Of course I think in this particular case, the technical problem is much easier than the perception problem.

DR. CALVIN: That may be and if my wife was here she would say, “Which is more important?” You’ve got to have them both.

MR. LARSON: It doesn’t make any difference. If you don’t have the perception you can’t go forward.

DR. CALVIN: You can’t do it, that’s exactly right. That’s exactly what she says…

[End of Interview]

� V-J Day or Victory in Japan Day was declared on August 15, 1945.
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