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MR. LARSON: …because I’m from a neighboring state...
DR. SEABORG: I see. 

MR. LARSON: …Minnesota, and that name is very familiar.

DR. SEABORG: There are a number of people that wouldn’t be familiar with Ishpeming [Michigan]. I am fond of saying, when they seem to exhibit a little bit of bewilderment about where Ishpeming might be, I’m fond of saying it’s near Negaunee.

MR. LARSON: Very good. Well that explains it perfectly.

DR. SEABORG: That gives them a good lead. Then when I was ten years old, and my sister Jeanette was eight years old, my father and mother moved our family to Southern California, to a suburb of Los Angeles that was called, at that time, Home Gardens. It became, a few years later, a part of the town of South Gate, which is a rather well known suburb of Los Angeles now. I went to school there, through grammar school. Then, interestingly enough, there was no high school in Home Gardens or South Gate at that time. The nearest high school was in the town of Watts, which is fairly well known.

MR. LARSON: Oh yes. That’s interesting. How far away was that? 

DR. SEABORG: About three miles. We were bused into Watts, to David Starr Jordan High School and I attended four years of high school in Watts. 
MR. LARSON: That’s an amazing story.

DR. SEABORG: When I started high school, in the ninth grade, I had no interest in, I should say no knowledge of, science and I decided to have a literary major and I took no science in my ninth grade because it didn’t sound interesting to me. General science just seemed to be a matter of memorizing things, not very interesting. Then in the tenth grade, biology was offered and I didn’t have any interest in that. So, I didn’t take any science in the tenth grade. Then it was pointed out to me that if I didn’t take some laboratory science I wouldn’t be eligible for admission to the state university, which I felt I would have to go to, because we were poor and I didn’t have enough money to pay tuition. So, I would have to go to a tuition free university. I wound up going to the University of California at Los Angeles. So, I took chemistry from a teacher called Dwight Logan Reed. That turned me on. He wasn’t a great chemist, obviously, but he just loved his subject. He preached the subject and urged me to go on to the university and major in chemistry. Then the next year, my senior year, I took physics from the same Mr. Reed. It was a school where they alternated chemistry and physics. I liked physics even better, but it was clear to me in those days that the employment possibilities in chemistry were much greater. Physics majors were pretty much limited to academic positions. So I decided to major in chemistry at UCLA and take the maximum amount of physics. I almost majored in physics concurrently. 

MR. LARSON: That’s very interesting. Your remark about the influence of high school teachers at an age who have influenced future scientists who have later become very distinguished, that seems to be a very common thing. I remember, of course, talking to E.O. Lawrence about the influence of his high school teacher and…

DR. SEABORG: I believe he did have that same experience.

MR. LARSON: …there are many others and, of course, with your work that you have done on the national committees in strengthening education, I guess you have a full appreciation of the need for good inspirational teachers.

DR. SEABORG: Motivation. Yes, inspiration and motivation. As I say, in my case, I didn’t even know what chemistry and physics were.

MR. LARSON: Oh yes.

DR. SEABORG: Then at UCLA, as I say, I majored in chemistry and took almost enough courses to major in physics. Then in my senior year, I took a course in atomic physics from a man named John Adams, who was lineal descendent by the way of the John Adams, and again it was a matter of turning me on. He told about all the recent work that was going on in atomic physics and nuclear physics and in particular about the work of Ernest O. Lawrence, the invention of the cyclotron, transmutation experiments, the discovery of the neutron, of course which was in England, and all of these interesting things in the field of nuclear science. I decided well, that and the fact that I also read Gilbert N. Lewis’s, Gilbert Newton Lewis’s famous book on atomic structure, made me decide to go to Berkeley for graduate work. I didn’t apply anywhere else. My professor that had the best contacts at UCLA was James Blaine Ramsey and he had received his Ph.D. in the ‘20’s at Berkeley and assured me that I wouldn’t have to worry. He would arrange it so that I would be accepted at Berkeley. As a matter of fact, Wendell Latimer also visited UCLA during my last year there and assured me that I would be able to get in. I had quite a good academic record. I had been elected to Phi Beta Kappa my junior year and had spent several years almost as an assistant instructor in the Quantitative Analysis Course there, helping William R. Crowell. There was no graduate work at UCLA at that time and they used undergraduates to help in the instruction. So, then I came to Berkeley in 1934 and this was just sort of at the beginning of the opening of the vistas in nuclear science. I remember attending the seminar in nuclear science there that was led by Bill Libby and Bob Fowler. I did my, I chose to do my work with George Ernest Gibson who was in the nuclear field, and Bob Fowler, although Bob Fowler left after I had been at Berkeley about a year and a half, and did my thesis work on the inelastic scattering of fast neutrons. That’s a great subject for chemistry.
MR. LARSON: Oh yes. 

DR. SEABORG: That was the philosophy of the Berkeley chemistry department. You worked in whatever you wanted to and you were left pretty much on your own. Actually, I chose Professor Gibson because I was warned not to work with him because he didn’t pay any attention to his graduate students. So, that was just what I was looking for. I chose Gibson and as I say I was more or less on my own; actually working with a fellow graduate student named David Graham. I managed to work out a thesis on the inelastic scattering of fast neutrons. Then in 1937, after I obtained my Ph.D. to my immense surprise, Gilbert Newton Lewis called me into his office one day and asked me whether I would like to accept a position serving as his personal research assistant. I had no idea that I could qualify for a position like that. Lewis was unique in that he had the funds, $18,000 a year, to pay research assistants. I think maybe he chose me because he had been working in an area of nuclear science on the scattering of neutrons, and he thought he was focusing neutrons. He asked me what I thought. He published this work and he asked me what I thought of it. I had the courage that I thought it was wrong, and that he was just scattering neutrons, and not focusing them. 

MR. LARSON: That’s a very fascinating story as to how… I somehow got the impression that you worked very closely with Dr. Latimer because of…
DR. SEABORG: No, I didn’t. Latimer was my mentor. I was close to him all the time. I actually did not do my Ph.D. work with Wendell Latimer, but he was my friend and my mentor from then on, all the way through my career with the university. With Lewis, I worked in a field that was absolutely outside of my area of expertise on acids and bases, generalized acids and bases.

MR. LARSON: Oh yes. 

DR. SEABORG: Primary and secondary acids and bases and it was a terrific experience because Lewis, he was just a master experimenter, a master of simple experiments from which he drew the most advanced conclusions. It was just a tremendous experience to watch a master at work and, of course, a tremendous boost to my self-confidence which wasn’t at a high level at that time. A boost to me to realize that here I was working with perhaps the foremost physical chemist in the world and holding my own on a day to day basis. But while this was going on, and even while I was a graduate student, I was working with Jack Livengood on this search for new radioactive isotopes produced in the cyclotron. The way I got started with him is interesting. It was in my second year as a graduate student and I happened to bump into him in the area between Gillman Hall, the chemistry building, and LeConte Hall, the physics building, and he said that he was bombarding on the 27-inch cyclotron, tin with deuterons and he wanted a chemist to make a chemical separation to help identify the products and would I do it. I, of course, jumped at the chance. I ran over to the stock room and gathered up the chemicals and he placed, nothing more than a sink in the corner of the room on the second floor of the physics building, LeConte Hall, at my disposal and then when the bombardment is over, I dissolved the target and made the chemical separation, and as it turned out, not very good. I would have to separate it from tin and then the element just below it, indium, and the element just above it, antimony, and I didn’t get all the indium separated from the tin. That’s a tough separation. At least, it was at that time.
MR. LARSON: Oh yes. Some of those separations were very tough. Is it not true that tin has such a large number of stable isotopes? 

DR. SEABORG: Oh, it did.

MR. LARSON: And then it multiplied into…

DR. SEABORG: But we found these stable isotopes of tin

MR. LARSON: Oh yes. 

DR. SEABORG: We reported some of indium that don’t exist and also some isotopes of antimony. One of which turned out to be copper, because copper in the target splattered over. Nobody told me that antimony and copper in the H2S separation would come out in the same place, but anyway, that was my first paper. Jack liked that, and from then on we continued our collaboration. And this led to the discovery of a number of radioactive isotopes: the eight day iodine-131, the iron-59, the iron-60, the cobalt-60, and a number of the isotopes that later found a use in medicine in the diagnosis and synthesis of disease. There is an interesting story there too, how I got working with Livengood on the iodine isotope. I ran into Joe Hamilton, who was doing pioneer work on the mechanism of the thyroid function using the 25 minute iodine-128, and complaining that it was too short-lived in order for him to perform his experiments. So I asked him if he wanted me to find another isotope and what would be its ideal half-life, and he said about a week. That way you could build up enough activity and still, it would decay fast enough that it would be easily detectable. I said, “Okay, I’ll see what I can do.” As you know, a few months later, we came up with iodine-131 with a half-life of eight days. 
MR. LARSON: Oh yes. According to specifications.
DR. SEABORG: According to specifications.

MR. LARSON: Practically. 

DR. SEABORG: That was one of the core courses of nuclear medicine, has been over the years. At about the same time, 1938, Emilio Segre came over from Italy and I began to work with him on element-43 isotopes, later named technetium by Segre who discovered this first artificial element. In this work, we found the 6.6 hour technetium-99m which decays by an isomeric transition, the first example of that kind of decay, which found its way into applications in the diagnosis of disease and is probably still today one of the most widely used isotopes. I had the satisfaction in the case of iodine-131 of seeing it applied to my own mother, who developed that condition that is best treated, a thyroid, a hyper-thyroid condition that is best treated with iodine-131. Her life was prolonged for many years as the result of the treatment with iodine-131.

MR. LARSON: That’s an amazing and gratifying experience to see how science could be applied…

DR. SEABORG: And one of those practical applications… 

MR. LARSON: …and how effective it was.
DR. SEABORG: …that came about. 

MR. LARSON: Yes.

DR. SEABORG: Now this then brings us more or less up to the threshold of my work on the transuranium elements. I happened to be following the work on the so-called transuranium elements that Fermi and co-workers had thought they had discovered in Rome in 1934 and then were formed as a result of the bombardment of uranium with neutrons and investigated for the next four years by [Otto] Hahn, and [Fritz] Strassman, and [Lise] Meitner in Berlin. I had been following that work, avidly feeling there was something wrong with it. They were finding too many radioactivities. They couldn’t all be assigned to isomeric states and transuranium elements and so forth, but I was working with Joe Kennedy at the time on other isotopes, isomeric transitions in tellurium and so forth. Joe and I were trying to find out just what was wrong with this interpretation and then one night we attended the weekly meeting in physics, called the Physics Journal Club, in which the word came through from Germany. This was in January 1939, that Hahn and Strassman had explained all these activities as fission products. The uranium was splitting in half and forming lots of radioactive isotopes of medium atomic weight and that there weren’t any transuranium elements. So, we went from many transuranium elements, I guess about four, so-called, each having many isotopes, isomeric states, to none. They were all wiped out. They were all medium weight isotopes due to fission products. Following this, McMillan did some work and he was soon joined by Phil Abelson. They identified the first real transuranium isotope, the 2.3 day isotope of element-93 that has a mass number of 239. They went on and tried to find the daughter of that which was a beta particle emitter which should be 94-239, but they didn’t succeed. Before they could carry this work on any further, Ed McMillan was called to MIT to work on war work, the radar project. Of course, Abelson was already in Washington at the Bureau of…
MR. LARSON: At the Bureau of Standards, wasn’t it? Bureau of…

DR. SEABORG: Bureau of Terrestrial Magnetism at that time, I believe.

MR. LARSON: Yes.

DR. SEABORG: He had only come up for the summer to work on element-93. So, he was back home. When I learned that McMillan had left, unbeknownst to me, for Boston I wrote and asked him if I could carry on the search for element-94, the next transuranium element. I had the idea, and I believe I knew that McMillian had this approach too, that it might be possible to form a shorter lived isotope of element-94 by bombarding uranium with deuterons. The 94-239, the daughter of 93-239, seemed to be so long-lived that it would be difficult. The radioactivity therefore correspondingly so low, that it would be difficult to identify. 
MR. LARSON: Yes, of course, there with regard to neptunium, I guess, the beta particle emission had been identified so…

DR. SEABORG: Yes.

MR. LARSON: …you knew there must be…
DR. SEABORG: We knew there must be a daughter.
MR. LARSON: …a 94.

DR. SEABORG: We knew there must be a daughter, but if it was long, too long-lived then the activity is correspondingly too weak, because it’s not decaying through its long life. Therefore, that would explain why it hadn’t been observed by McMillan and Abelson. So I started a graduate student, Arthur Wahl, he’d started already before I knew McMillan had left, to study the chemistry of element-93. It was known, McMillan and Abelson had shown that there were two oxidation states, a lower state which in a radioactive form could be carried by a rare earth fluoride and an upper state that was not carried by a rare earth fluoride that was soluable, making it similar to uranium in its chemical properties and not at all like rhenium as it would be in the periodic table of that day. So I, when McMillan assented, then used the approach with my colleagues, Arthur Wahl, the graduate student, and Joe Kennedy, who I was working with, bombarding uranium with deuterons. Then we found another isotope of element-93, which later was shown to have the mass number of 238, decaying with the half-life of two days, the difference being that it decayed with a readily identifiable daughter emitting alpha particles. I remember we made that bombardment of uranium with deuterons on December 14, 1940, and we studied the chemical properties of this alpha emitter. We felt we must have an isotope of element-94 for the first time, but we couldn’t prove it chemically until the night of February 23rd, 24th. We were working in Gillman Hall in Room 307 and that night Wahl succeeded in oxidizing it with a strong oxidizing agent to a higher oxidizing state that could not be carried by a rare earth fluoride carrier. That way, it was separated from all other elements because element-93 could be oxidized with a much weaker oxidizing agent to this non-carryable state and we knew for the first time that we had found the new element-94, the element with the mass number of 238. We reported that in letters to the Uranium Committee in Washington and these were published. They were withheld from publication until after the war and then published as letters to the Physical Review. Then Segre joined us and we made a search for that missing daughter of McMillan and Abelson’s 93-239. We bombarded 1.2 kilograms of uranyl nitrate. That was large for those days…
MR. LARSON: Yes.

DR. SEABORG: …for several days and then we made a separation by remote control ether extraction to get rid of the uranium and so forth and then lanthanum fluoride, rare earth fluoride cycles of oxidation reduction to remove fission products until we got, isolated about a half a microgram of 93-239. Let that decay to the daughter 94-239 giving half a microgram of 94-239. Then we used the neutrons from the 60-inch cyclotron formed from the bombardment of beryllium with deuterons to produce this sample and then we used the neutrons from the 37-inch cyclotron to prove that it underwent fission with slow neutrons. 

MR. LARSON: Oh yes.

DR. SEABORG: That was the big…
MR. LARSON: All at once there you had those two things.

DR. SEABORG: That experiment was on March 28, 1941, and that really was the basis for the plutonium project. We could just barely show that it was fissionable. We had to, Wahl had to remove more of the carrier. It was too thick by the oxidation-reduction procedure, getting the carrier down to a couple of tenths of a milligram. Then at the end of May, we did the experiments again using the neutrons from beryllium plus deuterons at the 37-inch cyclotron and then we could show by comparison with the sample of natural uranium that underwent fission from its U-235 content to the plutonium, the 94- 239, I shouldn’t say plutonium. We didn’t have a name yet for it, underwent fission with slow neutrons with a cross-section that was about one and a half times that of U-235.

MR. LARSON: Oh yes. 

DR. SEABORG: We recorded that, and that crude experiment gave the correct answer. I think it was a matter of errors cancelling each other, because I think even today we know that the cross-section for the fission of 94-239 with slow neutrons is about 15 percent greater than that of U-235. Of course we reported that immediately to the uranium committee in Washington and that led to the plutonium project for its, for the production of element-94 in quantity. Actually, we wrote a report, Wahl and I, in March of 1941, in which we described our tracer chemical experiments on plutonium and suggested for the first time the name “plutonium” after Pluto, the second planet beyond…

MR. LARSON: It’s the next planet…

DR. SEABORG: Yes.

MR. LARSON: …beyond Neptune.

DR. SEABORG: McMillan had suggested that element-93 be named neptunium after the planet Neptune, the next planet after Uranus, which gave its name to uranium. So we used the second planet, Pluto, beyond Neptune and we decided on the name plutonium. By the way, this was quite an exercise. We were trying to think of a good name. We thought of such names as extremium or ultimium. We thought we were at the top, you know. Nobody would ever top this.
MR. LARSON: Nobody would go beyond that.

DR. SEABORG: Yeah, nobody would go beyond that, you see, but we had the good sense to call it plutonium, and also we weren’t sure whether it would be better as plutium. See the planet’s name is Pluto, not Plutono, but I thought, no, plutonium would be better. I’ve been told later that is a proper use of the root, Pluto. Also we decided, (and here we were a little mischievous) that the symbol should be Pl, to follow the rules for chemical symbols. We thought no, we’re going to call it Pu, and see what the reaction would be.

MR. LARSON: Oh yes.

DR. SEABORG: When this was all revealed after the war, we didn’t get much of a reaction at all. Pu seemed quite acceptable.

MR. LARSON: Yes. Of course, by that time the tremendous significance dwarfed any…

DR. SEABORG: Oh yes. I think so.

MR. LARSON: …anything else.

DR. SEABORG: Of course, as you know, the announcement to the world of the discovery of plutonium was that it was used in a nuclear weapon on Nagasaki. That’s when Truman, well of course, the first bomb was on Hiroshima, U-235. Then after that, the plutonium bomb was dropped on Nagasaki and the fact that this synthetic element was the explosive ingredient was announced to the world. Well…

MR. LARSON: Well, I was going to suggest that this particular point which was so significant in scientific history came so close to not being either, you might say, being noticed or exploited. I guess, I have heard the story, and perhaps you might want to comment on it, at this point, that there was some doubt as to whether the plutonium route would be very…

DR. SEABORG: Would be feasible.

MR. LARSON: …feasible. The story was that Compton said, “Well, I’ve been assured by Dr. Seaborg that if we can produce it, he can separate it.”

DR. SEABORG: That’s right. We moved to Chicago in April of 1942 and, oh, I should say that that report that I mentioned that Wahl and I wrote was in March of 1942. I may have said ’41. We along with [Isadore] Pearlman and a few of my key people moved to Chicago in April of ’42, and there we had the responsibility for developing the separation processes for the plutonium that would be produced in the production plants, the chain reacting piles, which would develop tremendous amounts of radioactivity. We had the responsibility for developing the separation process to be operated by remote control that would separate these small amounts of plutonium, some 250 parts per million, from the millions of curies of fission products and the uranium. As you have indicated, at one point James Conant expressed doubt that it could be done at all, and that maybe we shouldn’t waste money on such a project. It was at that time, at one of the important meetings that Arthur Compton, who was in charge of the plutonium project said that Glenn Seaborg had told him that it would be possible and that within six months after he received it, or the plant that would be built received the uranium containing the plutonium and the fission products, he would have the plutonium separated out. Well, it didn’t. We developed a process that got it out much faster than six months. We had to let it cool two months, but it ran through the plant in about, you know, just a few days. As you know, we developed the so-called Bismuth Phosphate Process in which the plutonium was carried in its lower oxidation state by bismuth phosphate and then when it was oxidized to the upper state, the bismuth phosphate and the fission products that had come down with it could be precipitated away from the plutonium, hence cleaning it up. Then by running a number of cycles like that, and then switching over to the use of the lanthanum fluoride cycle, and then finally at the end precipitating it as a pure plutonium peroxide, we were able to separate it at the Hanford plant, the plutonium. It worked very well. We had many doubters even then that the Bismuth Phosphate Process would work. The reason being that it’s not suppose to carry plutonium in the plus four state. See bismuth is a tri-positive and the bismuth phosphate shouldn’t, according to the understanding of a number of people of those days, incorporate a tetra-positive plutonium in it, particularly at the high concentrations that existed at Hanford. Actually, we knew it carried at tracer concentrations. Our critics said, “Yes, but when you get up to the macroscopic concentrations that existed at Hanford, this won’t be possible. It won’t carry.” So in order to prove this, I inaugurated this program of ultra-microchemistry. 
MR. LARSON: Oh yes.

DR. SEABORG: That is we produced enough plutonium, and it was considered impossible to do this, by bombarding hundreds of pounds of uranyl nitrate at the cyclotrons, the one at Berkeley and the one at Washington University at St. Louis, so that we could isolate at the order of one hundred micrograms of plutonium by a huge laboratory process where the uranium was removed by ether extraction. We had the oxidation-reduction cycles like the lanthanum fluoride process and isolated this material. Then I had some microchemists, Burris Cunningham, his student, Louis Werner from Berkeley, and Michael Cefola from New York, who worked out a process for isolating plutonium in the pure form. The last stages after the extractions had been made and they isolated the first visible amounts of plutonium at the Metallurgical Laboratory at Chicago on August 20, 1942, and then the first weighable amount of plutonium. It was a plutonium dioxide sample weighing 2.77 micrograms, it was weighed on September 10, 1942.

MR. LARSON: That was of course the first artificially produced, weighable…

DR. SEABORG: That’s right.

MR. LARSON: …element.

DR. SEABORG: The first artificial element seen by man and the first artificial element weighed by man.

MR. LARSON: It was seen and weighed.

DR. SEABORG: It was weighed by a Salvioni balance. It was a quartz fiber anchored at this end, with a weighing pan here and then the fiber holding another fiber that held a weighing pan. On that weighing pan, we put the sample and then, of course, the distance that this fiber went down was calibrated to relate to the weight.
MR. LARSON: Oh yes.

DR. SEABORG: We could weigh it very accurately. Cunningham, I should say, Burris Cunningham was a genius as ultra-microchemistry. He was trained by Paul Kirk…

MR. LARSON: Yes.

DR. SEABORG: …at Berkeley and he could weigh to within one percent. Then he proceeded to, he and his coworkers proceeded to determine all of the critical properties of plutonium by this ultra-micro technique. In other words, he worked at the normal concentration of grams per liter by working with micrograms per microliter. See, it was the same concentration. Then he worked under the microscope and made his precipitations and his reactions and so forth, and worked out the chemistry and in particular, demonstrated that the Bismuth Phosphate Process worked at the concentration of plutonium that would exist at the Hanford plant for production. 

MR. LARSON: Yes. I remember, I knew Paul Kirk very well. A lot of people thought he was sort of wasting his time on this microanalysis fad. So every example…

DR. SEABORG: Yes, but boy, that’s a great example of the value of basic research. He was ready. He had trained people and they were ready. He actually came and worked at Chicago with me, too. 

MR. LARSON: Oh yes.

DR. SEABORG: But the Bismuth Phosphate Process, which was the conception of my UCLA classmate, Stanley Thompson.

MR. LARSON: Oh yes.

DR. SEABORG: He didn’t even have a Ph.D. He graduated the same time I did, came up to Richmond and worked in the Standard Oil plant as an analytical chemist. Then the war broke out, I went to Chicago and remembered his abilities. I wrote to him and asked him to come to Chicago, which he did, in the summer of 1942. By December of 1942, he had discovered this remarkable ability of bismuth phosphate to carry tracer amounts of plutonium.

MR. LARSON: What led him to that conclusion?

DR. SEABORG: He had done some work, it was a good example of a practical chemist at work. He had done some work with bismuth phosphate before, and he knew something about its properties. We couldn’t scale up to production the lanthanum fluoride process which we knew how to work, in which plutonium was carried in its lower state by lanthanum and not in its upper state. The engineers, the DuPont Company, had then been called in and were given the responsibility of scaling whatever process my chemists came up with, and at a certain stage they gave up on the lanthanum fluoride because it was too corrosive, the hydrofluoric acid.

MR. LARSON: Oh yes.

DR. SEABORG: The precipitates were too hard to settle. See, they had to operate…

MR. LARSON: You couldn’t filter them.

DR. SEABORG: You couldn’t filter them. They didn’t know whether we’d have to filter them. We finally ended up using a centrifuge, but even so, they were just difficult to cope with. 
MR. LARSON: Particularly on remote control, some of those operations…

DR. SEABORG: That’s right.

MR. LARSON: …would be very difficult.

DR. SEABORG: They wanted a process that had a crystalline precipitate and Stan knew that bismuth phosphate had these properties and Stan had more chemical intuition than any chemist I’ve ever known. He tried this out and, as I say, it carried the plutonium beautifully. There was a pilot plant, of course, as you know at Clinton, the Clinton Engineer Works, near the town of Clinton in Tennessee, the Clinton Laboratories. After Fermi demonstrated on December 2, 1942, in Chicago that the chain reaction worked, a pilot pile (as they call it) was built in Clinton and that produced plutonium on the milligram scale, hundred milligram scale, and finally gram scale, and the Bismuth Phosphate Process was put into operation there by the end of ‘43 showing the rate at which we were working, one year after the discovery of the Bismuth Phosphate Process and three years after the first look at plutonium. 

MR. LARSON: Yes. I believe the Clinton pile at Oak Ridge was not critical until about late December of ’42, or early ’43.

DR. SEABORG: Oh no. It was well into ’43. 

MR. LARSON: Yes.

DR. SEABORG: I’d say the fall of ’43, October or something. They produced, the chemical plant was working at Clinton by December of ’43 [42] and by February of ’43, they were delivering milligram amounts of plutonium to Los Alamos, New Mexico, where the nuclear weapons effort, was centered. In the meantime, the DuPont Company had begun to build a huge production plant on the reservation at Hanford, the Hanford Engineer Works in East Central Washington state. They began to build reactors there in 1943 and the chemical separation plants in 1944. By December of 1944, they had the chemical separation plant operating at Hanford and by February 1944 [1945], the bismuth phosphate had worked so well from the very beginning despite the skepticism, that by February 1945, the first plutonium from Hanford was shipped to Los Alamos. Then of course, more came during the spring of 1945, so that by the summer they could make the test with plutonium at Alamogordo on July 16 and then have it ready for the bomb that was used on Nagasaki on August 9 of 1945. 
MR. LARSON: That was an amazing series of…

DR. SEABORG: And how fast the work went. A number of the people working with me, Stan Thompson and John Willard, went to Hanford to be in the Laboratory there for backup purposes. A number of people went to Clinton Laboratories. Pearlman was the leader there for the backup work. I’ll never forget the fateful day when a decision was made between the Bismuth Phosphate Process and the Lanthanum Fluoride Process. We just got up to the point where the DuPont people said, “We’ve got to make a choice between these two,” and this was on June 1, 1943, at the Metallurgical Laboratory. Crawford Greenwald who was sort of in charge of the DuPont effort and an amazingly able, alert, intelligent person, listened to us giving the pros and cons before the group, before the DuPont group. We were doing this with the realization that before the end of that afternoon a decision would have to be made. At the end of that afternoon, Greenwald turned to me, Crawford turned to me and said, “Well, it looks to me like it would be very risky to use the Lanthanum Fluoride Process because we might just lose everything due to corrosion, whereas if we use the Bismuth Phosphate Process, we’re not quite sure of the carrying,” people are still skeptical of what I have assured them. “Therefore we might not have a high yield.” He turned to me and he said, “Glenn, could you guarantee at least a 50 percent yield through the use of the Bismuth Phosphate Process?” I sort of gulped and said, “Yes.” Crawford more or less said…

MR. LARSON: That was the decision. 

DR. SEABORG: …we’ll go with the Bismuth Phosphate Process. Of course, it was just one of the extreme gratifications of my life that the yields both at Clinton and at Hanford were up in the range of 90 percent within a month or two. 

MR. LARSON: Oh my.

DR. SEABORG: The process just worked beautifully. 
MR. LARSON: Yes. It far surpassed the requirements for barely working.

DR. SEABORG: Yes, and it was attributed to the work of these chemists. I had as many as 100 chemists with me at the Metallurgical Laboratory at one time, but many more passed through because we had to train the chemists that went on to Clinton and all the DuPont people, the engineers who did the [inaudible] work scale for the process, and the people who went to Hanford and so forth. I remember that in the summer of 1942, when we first came to the Metallurgical Laboratory, I gave a series of lectures, a fundamental course in nuclear chemistry and radio chemistry to all the chemists and even physicists on the project. We couldn’t find any radio chemists. We were it. We had to just hire good people and then train them on the job. That’s what we did. We had some very remarkable alumni, I might say. I managed to find a large number of very able chemists and it was possible then to work out the separation process, the purification process. The plutonium had to be very, very pure. At one time, we thought it had to be almost impossibly pure in order to get the light elements and impurities out so that there wouldn’t be neutrons formed by the alpha-N reaction on the light elements which would lead to pre-detonation. However, in the summer of ’44, Emilio Segre and co-workers at Los Alamos found that the plutonium-239 had some Pu-240 with it which underwent some spontaneous fission that produced, therefore, neutrons which could not be eliminated, and therefore they had to figure out at Los Alamos a method of detonating the plutonium in the presence of neutrons. So they couldn’t use the gun model, which they used for the U-235 detonation, where you would shoot the two pieces together. You couldn’t bring the two pieces together fast enough with plutonium. So [Seth] Neddermeyer, and others, had the idea of squishing it by the so called “implosion method”. That, you could do fast enough. You squeezed it down by imploding from all sides, uniformly down to a high density which then exceeds, although the original piece of plutonium didn’t exceed critical mass by the time it was squeezed down this way it exceeded it and that is the way the plutonium was exploded. This meant that when we received word of that in Chicago, we didn’t have to, in the summer of 1944, soon following Segre’s discovery of the spontaneous fission of Pu-244, we got the word that we didn’t have to purify it to these impossible levels of less than parts per million of light elements like boron and lithium and so on. But we still had to help develop methods that were used by Los Alamos where Joe Kennedy was in charge of the chemistry division, methods that helped him purify it efficiently. So as I say, our chemists at the Metallurgical Laboratory had to work out the method for separation, the methods for purification, and all of this basic chemistry on the ultra-microchemical scale during those critical years.
MR. LARSON: And it was done over such a…

DR. SEABORG: Short.

MR. LARSON: …short time period.

DR. SEABORG: Oh, as I look back on it, I’ve written it all, I’ve kept a kind of a diary which I have reconstructed. I have an account of this on a day by day basis for all of the four years that we were in Chicago. When I look back on that and recall the start of a problem, the enormity of that particular problem, to its final solution, I thought this must be a long period. As I look back on this, it’s often just a period of a week or so. 

MR. LARSON: Yes.

DR. SEABORG: The problem cropped up on Monday and by Friday we had it solved.

MR. LARSON: That’s an amazing thing. Incidentally, after you’ve had more time to reflect on it, afterwards, did you unravel the mystery why bismuth phosphate…

DR. SEABORG: Not really.

MR. LARSON: …performed so well.
DR. SEABORG: Not really.

MR. LARSON: Because you say it’s a trivalent.

DR. SEABORG: Yeah, not really. We just had to change the rules of precipitation. 

MR. LARSON: So…

DR. SEABORG: To say that something is very insoluble like plutonium tetravalent plutonium phosphate is, it will be carried in a matrix.
MR. LARSON: But it’s so nice to look at it. It would fit for a four valence. It would fit very nicely in there.

DR. SEABORG: Yes. Well…

MR. LARSON: A trivalent wouldn’t.

DR. SEABORG: …there wasn’t a real explanation. It was just an example of where the experimentalist prevailed. Then of course as you know, we went on and were able to produce the, were able to identify the next two elements, elements-95 and 96.

MR. LARSON: Yes. 

DR. SEABORG: But this only came after I got the insight, the intuition, and I can almost remember the day in July 1944 that the heavy elements were misplaced in the periodic table. We had been trying to, we had certain transmutation reactions performed on plutonium and so forth which we thought should produce isotopes of elements-95 and 96, but we never found them. It turns out, in retrospect, that we were using the wrong method of chemical separation and throwing away the fractions that had 95 and 96, you see. The idea in 1944 was that this was a uraninite series, you see. Neptunium had chemical properties like uranium. Plutonium had chemical properties like uranium and therefore those fourteen elements beyond uranium should have the filling of the inner 5-F shell ending up at element-106, and 95 and 96 should have chemical properties like uranium with an upper oxidation. Then, it suddenly occurred to me in July of 1944 that this is all wrong. We should go back and start the second rare earth series at actinium, or the element beyond actinium, and pluck thorium, protactinium, and uranium out of the periodic table up where they were situated under hafnium, tantalum and tungsten, and put them down as rare earth, the beginning of a rare earth series. Then, if you do that and count over element by element, then element-95 falls under the rare earth europium and element-96 under the rare earth gadolinium. Under that basis, it should be difficult, if not impossible to oxidize tracer amounts of isotopes of elements-95 and 96 to a plus six state. We could separate and identify elements-95 and 96.
MR. LARSON: Yes. Well that was an amazing thing to straighten out the periodic table. Of course [Dimitri] Mendeleev…

DR. SEABORG: Would turn over in his grave.

MR. LARSON: That’s right.

DR. SEABORG: I’m telling you, that wasn’t easy to sell either. When the war was over, I said that I wanted to publish this periodic table in this form, and I did in a December issue of Chemical Engineering News following its announcement at a local ACS meeting in Chicago. My friends advised me not to do it. They said it would ruin my scientific career.

MR. LARSON: Is that right? 

DR. SEABORG: There were some really outstanding inorganic chemists who gave me that advice. I’m fond of saying that I didn’t have any scientific reputation so I didn’t worry about it. I went ahead and published it and now every periodic table puts the heavy metals in as a second rare earth series, the actinide series. It’s interesting for me now to talk to students who are surprised to learn that it wasn’t always that way.

MR. LARSON: Yes. That’s amazing. Incidentally, I should add something that just occurred to me, just with regard to the absorption spectra in aqueous solution of uranium, well uranium in the plus four state. It has these narrow bands.

DR. SEABORG: That’s right.  

MR. LARSON: Is that not true with some of the rare earths also?

DR. SEABORG: Oh yes. That’s one of the arguments for the actinide series. It hadn’t been noticed before…

MR. LARSON: Yes. 

DR. SEABORG: …and so forth. That was one of the arguments. You know, of course, that the discovery of elements-95 and 96 was announced to the world when I was a guest on the Quiz Kids program in Chicago on November 11, 1945. 

MR. LARSON: That was one of my favorite programs. I actually did hear that program.

DR. SEABORG: Oh, you did hear that program.

MR. LARSON: Yes. I did hear that program.

DR. SEABORG: Actually, it was recorded on one of these 78 RPM discs.

MR. LARSON: Oh yes. 

DR. SEABORG: A copy of it was sent to me, and now I have it on tape.

MR. LARSON: Oh yes. Good.

DR. SEABORG: So I can hear it. I can sometimes, in my talks, play the tape, reproducing, of course, verbatim as I said it on the Quiz Kids program when I announced the discovery of elements-95 and 96. You see, I appeared as a guest on that program and at the end they turned it around and instead of asking the Quiz Kids questions, the Quiz Kids asked me questions. One of them asked if there had been any new elements discovered at the Metallurgical Laboratory during the war. I blurted out, “Yes, elements-95 and 96.” Actually, I had it cleared already, the secrecy label removed, the clearance, for the talk to be given the following Friday, November 16, 1945, to the Chicago section of the American Chemical Society. So I was able to…

MR. LARSON: All of the ground work had been done.

DR. SEABORG: All of the ground work was done.

MR. LARSON: Although it wasn’t in the script, it would have been a wonderful script to have written.

DR. SEABORG: There was no script, actually because they were asking me questions off of the tops of their heads.

MR. LARSON: Yes.

DR. SEABORG: I told the audience, the kids, the radio audience, this was a national audience, of course, and my first appearance on radio. I told them, the kids in the audience, to go and tell their teachers that there are 96 elements and their school books would be changed. I got a number of letters saying that they did tell their teachers and their teachers didn’t believe them. So what should they do now. I, of course, answered those letters and tried to bail those kids out.
MR. LARSON: Wonderful. That’s a wonderful story. Then you went right on from there to other, to additional…

DR. SEABORG: We went on. We returned to Berkeley after the war. Burris Cunningham, Stan Thompson, Isadore Pearlman, and Albert Ghiorso, I should say. He was really the key man in the discovery of elements-95 and 96. He was a young electrical engineer that married a friend of my wife, Helen.
MR. LARSON: Oh yes.

DR. SEABORG: He was about to join the Navy in the summer of 1942, and he wired me asking for a recommendation. My wife, Helen, said, “You ought to hire him.” I brought him to Chicago and he, of course, was lost for a year, no background except for electrical engineering, but very bright, very intelligent, very industrious and by 1944, was really adept at experimentation and played a key role in elements-95 and 96 and we came back, I brought him back. He has been involved in the discovery of the subsequent elements made in various reactions: 97, berkelium; 98, californium; 99, of course Stan Thompson helped with these too, einsteinium; 100, fermium; 101, mendelevium; and on to 102, and that’s as far as Stan was involved. A year or so on to 102, nobelium. Then as you know, I was called to Washington in 1961 to be chairman of the Atomic Energy Commission and Albert continued with the discovery of elements 103, lawrencium; 104, rutherfordium; 105, hahnium and so forth. Then, when I came back after my 10 and a half years in Washington, in 1974, Ghiorso accepted me back on his team and we discovered element-106. 
MR. LARSON: That’s a magnificent story of how that developed. And to think, you almost called plutonium the last element.

DR. SEABORG: Yes. That would have had to been changed. As you know now, the last two elements have been synthesized, 107, skipping 108, 107 and 109 in the GSI laboratory at Darmstadt, Germany. So now we stand up at element-109, skipping 108 momentarily which I’m sure will be filled in. as you know, we’ve been trying for the last 10 or 15 years to synthesize the super-heavy elements…

MR. LARSON: Oh yes.

DR. SEABORG: …corresponding to a closed, to closed shells of neutrons and protons…
MR. LARSON: Using the heavy ion accelerator.

DR. SEABORG: …using the heavy ion accelerator here and trying to do it in Germany and also the Dubna Laboratory in the Soviet Union near Moscow. It is predicted that the element with the atomic number 114 should have, that this corresponds to a closed shell of protons. 

MR. LARSON: Oh yes.

DR. SEABORG: Then, if it could simultaneously have a closed shell of 184 neutrons this should give us a double closed shell and extra stability, but we haven’t been able to find reactions yet that will produce 184 neutrons. We now have a huge project, an international project underway in Oak Ridge. They will manufacture for us 40 micrograms of the highest [inaudible] isotope known, einsteinium-254, the highest that can be manufactured in quantity. We’ve asked them to produce, with tremendous effort, 40 micrograms of einsteinium -254, which when we bombard with calcium-48, would get you up to a compound nucleus very close to 184 neutrons.

MR. LARSON: Yes.

DR. SEABORG: This is a program that will be underway with cooperation between many laboratories, but will be centered here in Berkeley. It should come to a climax in about 1985 or 1986, when we get the 40 micrograms of einsteinium-254.

MR. LARSON: Well, I’ll eerily be looking forward to seeing those experiments. That’s a fascinating addition to our knowledge of nature.

DR. SEABORG: Oh yes. We certainly hope to be able to produce the super heavy elements.
MR. LARSON: Fine. In connection with some other general topics, of course, you served in some many key positions such as in the General Advisory Committee and making other important decisions in other aspects of nuclear energy, the power programs, and the extension of radio isotope programs for medicine and science and so forth. Would you care to make some general remarks about some of your thoughts on some of those decisions that you’ve participated in, nuclear electric power, radio isotopes…?

DR. SEABORG: I’ve served with, I don’t know, five or six presidents. You can see some of the pictures here on the wall beginning as a member of the first General Advisory Committee to the Atomic Energy Commission from 1947 to ’50 with President Truman. I served as a member of the President’s Science Advisory Committee under President Eisenhower. Then I served as Chairman of the Atomic Energy Commission under Presidents Kennedy, Johnson, and Nixon. In between, I served as Chancellor of the University of California at the Berkeley Campus from 1958 to ‘61. This, of course, has been a very interesting experience. I have a strong feeling that people with scientific backgrounds should serve their country in this way. There are so many decisions of national importance now that have a scientific basis to them. Of course, we also have the problem of education and the need for improvement in education, particularly pre-college education in the United States. I served on the National Commission on Excellence in Education whose report was given to President Reagan last April which has swept the country, as you know, and I think has a good chance of leading to a wide spread reform of pre-college education particularly in mathematics and science. 

MR. LARSON: You see signs of it all over, not one integrated program, but the inspiration of that report has caused many states, many cities, many localities, and many individual schools to give more emphasis and do more in the excellence of the field.

DR. SEABORG: Yeah, I think so. I think that, well, I get reports from all over the country indicating what the school boards, what the school districts, what the states are doing. It’s very gratifying the response that our committee report has received. David Gardner, at that time president of the University of Utah, a longtime friend of mine, actually he served as sort of one of my assistants when I was Chancellor at Berkeley, served as Chairman of the National Commission on Excellence on Education in a masterful way and just this last summer, has assumed his new position here as the president of the University of California. 

MR. LARSON: Yes. Fine. The other topic that I would like to have you comment on is about four or five months ago, I think you wrote a letter to the editor of CNE news concerning possible initiative that might thaw the very critical situation…

DR. SEABORG: Well, slow down the nuclear arms race, yes. 

MR. LARSON: …slow it down, by a very simple and direct and clear, easily understandable…  I was wondering if you would care to comment on how that stands at the present time.
DR. SEABORG: I don’t know if I have here a copy of my book, Kennedy, Khrushchev and the Test Ban. That was based on the diary I kept when I was Chairman of the Atomic Energy Commission. In this, I trace the steps that led to the limited test ban.

MR. LARSON: Yes.

DR. SEABORG: And mentioned the disappointment that we weren’t able to apprehend a comprehensive test ban. This editorial that I wrote, or letter to the editor for the June 13th issue of Chemical and Engineering News gives the arguments for a comprehensive test ban today. I think this is the most feasible immediate step that we can take toward arms limitation. By comprehensive test ban, I mean that prohibits the testing underground which is now possible under the limited test ban treaty. This will make it impossible to have qualitative improvements in weapons and that is very, very important. This would have a tremendous effect on slowing the arms race. If we had achieved a comprehensive test ban in 1963, the world would be so much better off today. I point out in this letter to the editor that this idea of a comprehensive test ban is so understandable. Everybody understands it. You just stop testing. Whereas in the case of some of the other arms limitation movements, nuclear freeze and so forth, which are applaudable, in a way, it’s just difficult defining the problem. You know, with the different kinds of weapons and so forth, new weapons, there is always going to be the feeling that one side or the other is ahead.
MR. LARSON: Yes.

DR. SEABORG: With this it would be possible to take a step that is easy to understand and by the way is also verifiable. We now have the means by seismic instruments to detect any possible violations down to the level of one kiloton of a test underground.

MR. LARSON: And if you can detect it to that level, that’s essentially 100 percent reliability…

DR. SEABORG: Nobody’s going to cheat it.

MR. LARSON: It’s not worthwhile.

DR. SEABORG: It isn’t worth the risk.

MR. LARSON: Has there been any response? What is the nature of the response?

DR. SEABORG: Oh, there has been quite a bit of response. In fact, I’ve got some response from sections of the American Chemical Society. The New England section has met and voted on the endorsement and has even asked the Board of Directors and the President of the American Chemical Society to endorse the concept. There have been a number of other local sections in the American Chemical Society that have endorsed the concept. 

MR. LARSON: That’s good. I’m very glad to see that that is advancing. As I say, these things may not be adopted overnight. It’s the only thing that I can see in the future that you can get as an understandable agreement.

DR. SEABORG: Yes.

MR. LARSON: As a start. It’s not the whole answer.

DR. SEABORG: Oh no. You can go on from this and cut back, but in the meantime, let’s stop this terrible escalation in the quality of the weapons.

MR. LARSON: That is a very important contribution that you have made there in getting this before the American people. I hope that through institutions like the American Chemical Society and the sections you mentioned that this will receive more and more attention until something is done on that. Well I certainly, this has been a wonderful review of your numerous contributions to our society, Dr. Seaborg. I want to thank you very much for this. I was wondering if we might just close by perhaps taking a picture of some of your pictures with your presidents that you have…

[Break in video]

MR. LARSON: All right. How’s it look, Jane?

MRS. LARSON: Good.

DR. SEABORG: This is when I met, when President John F. Kennedy came out to the Atomic Energy Commission headquarters in Germantown on February 16, 1961, soon after he became president, and after I had been appointed by him as chairman of the Atomic Energy Commission. He came out for a briefing at that time. This one is a meeting that I had with President Lyndon Johnson during the time that I continued to serve with him as Chairman of the Atomic Energy Commission. This is notable because it was on an occasion like this that he asked me to come to his office and see him and I spent the whole afternoon with him just talking. He didn’t have any particular agenda in mind at all. He was just lonesome.
MR. LARSON: That’s an amazing story of a busy president with all of his problems.

DR. SEABORG: But he wanted to have somebody to talk to. This of course is Hubert Humphrey on an occasion that I introduced him. It might have been at a meeting of the Atomic Industrial Forum of the American Nuclear Society. I think it was something like that. This is an occasion when I introduced Gerry Ford. He was vice president at that time. It was a meeting of the World Future Society.

MR. LARSON: Oh yes.

DR. SEABORG: The one there is when I visited President Richard Nixon in his office in January of 1969, soon after he became president, on the occasion when he asked me to remain on as the Chairman of his Atomic Energy Commission. That’s an earlier picture taken in 1960 when he was, when Nixon was Vice President and he was visiting, I visited his office along with my two kids, Peter and Lynn.

MR. LARSON: Oh yes. That must have been a wonderful occasion for them.

DR. SEABORG: This is just a reception in the State Department when Secretary of State [William] Rogers was greeting me in the receiving line. That’s a picture, of course, of Arthur Compton who was head of the…

MR. LARSON: Oh yes.

[End of Interview]
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