
Abstract. A history of diamond synthesis at the Institute of
High Pressure Physics, Academy of Sciences of the Soviet
Union (IHPP), is described based on archival materials. Many
details of those events are still unclear. In particular, it is not
known what IHPP researcher was the first to see in his appa-
ratus the first diamond synthesized in the USSR. Nor is it
entirely clear why the high-pressure group at the Institute of
Crystallography, Academy of Sciences of the Soviet Union,
which was quite close to success, was ruthlessly liquidated.
The history described allows the reader to better understand
the organization of science in the USSR that is often idealized
nowadays.
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There is a large number of reports and memoirs concerning
the synthesis of diamonds in the laboratories of ASEA
(General Swedish Electric Company, Sweden) and General
Electric (USA). Nothing similar exists about corresponding
work performed in the USSR. It is clear that this work was
classified, but a lot of time has passed since then, and the very
state of theUSSRno longer exists. Unfortunately, none of the
participants in that work took upon themselves the task of
writing memoires, and now they are no longer with us.
Nevertheless, using the retained archival materials, it is
possible to partially restore the course of events that finally
led to the hardly explicable success achieved at the Institute of
High Pressure Physics (IHPP) of the USSR Academy of
Sciences.

Attempts to obtain artificial diamond have a long history.
According to legends, everything began with the experiments
of Florentine academicians, who evaporated diamond with a
focused sunbeam. Subsequently, the French scientist Antoine
Loran Lavoisier (1743±1794) was more cautious: he did the
same experiment with a diamond placed in a sealed vessel and
ascertained that the only compound formed in the vessel as a
result of the combustion of the diamond was carbon dioxide.
Thus, it became clear that diamond consists of pure coal
(carbon).

Apparently, since those times, humanity began to dream
about the transformation of chimney or furnace soot into a
placer of diamonds. It is not possible to describe all attempts
made in this area. I will mention only two of them, which
attracted definite interest at that time. The first was the
experiments of the English chemist J B Hannay, who heated
different organic materials in metallic tubes whose ends were
closed by forging. Hannay obtained small transparent
crystals, which were then deposited at the British Museum.

Almost no one believed that Hannay's small crystals were
diamonds. However, many years later, the English crystal-
lographer Kathleen Lonsdale investigated these crystals by
the X-ray diffraction method and, to everyone's surprise,
revealed that they indeed proved to be diamonds. The reason
for the surprise consisted in the fact that the method of their
preparation used by Hannay, as we know nowadays, could
not provide conditions necessary for obtaining diamonds;
thus, the appearance of diamonds in Hannay's experiments is
a mystery. Possibly, Hannay used small diamond crystals as
seed crystals and for some reasons believed that the crystals he
revealed were the product of his studies; or someone simply
put these crystals secretly into the mixture in order to stop
exhausting experiments. A similar case happened much later
in experiments carried out at the General Electric (GE)
Research Laboratory (see below). At approximately the
same time, the French chemist H Moissan crystallized
carbon from molten iron and obtained small hard crystals,
which proved to be crystals of silicon carbide (the iron
employed appeared to contain a sufficiently large amount of
dissolved silicon).

One way or another, no one succeeded in synthesizing
artificial diamonds before the war years in the middle of the
20th century. However, in the war and postwar years, at least
three countries, namely, the USA, the USSR, and Sweden,
which had no natural resources of diamonds at that time,
faced the problem of obtaining them artificially. As was noted
in the memoirs of Tracy Hall [1] (one of the main participants
of successful synthesis of diamonds at General Electric), the
task of synthesizing diamonds was laid out by Chauncey Guy
Suits in 1951, when he was the director of the GE Research
Laboratory. The motivation for this solution was quite
obvious. The company was engaged in the mass production
of light bulbs, the main part of which is a tungsten filament.
The necessary tungsten filaments were drawn out using
expensive diamond dies, the diamonds for which were
bought in South Africa or Brazil. The Swedish company
ASEA was able to start research aimed at the synthesis of
diamond already in 1942 [2]. It is interesting that while in the
USA and Sweden the task of synthesizing diamondswas set at

S M Stishov Vereshchagin Institute for High Pressure Physics,

Russian Academy of Sciences,

Kaluzhskoe shosse 14, 108840 Troitsk, Moscow, Russian Federation.

E-mail: sergei@hppi.troitsk.ru

Received 1 March 2019

Uspekhi Fizicheskikh Nauk 189 (7) 752 ± 758 (2019)

DOI: https://doi.org/10.3367/UFNr.2019.03.038545

Translated by S N Gorin; edited by V L Derbov

FROM THE HISTORY OF PHYSICS PACS number: 01.65.+g

Mysteries of diamond synthesis

at the Institute of High Pressure Physics

of the Academy of Sciences of the Soviet Union

S M Stishov

DOI: https://doi.org/10.3367/UFNe.2019.03.038545

Physics ±Uspekhi 62 (7) 704 ± 710 (2019) #2019 Uspekhi Fizicheskikh Nauk, Russian Academy of Sciences

https://doi.org/10.3367/UFNe.2019.03.038545


the level of a separate (although large) company, in the USSR
this problem acquired national state importance because of
the decree of the Council of Ministers of the USSR dated
August 28, 1947, on research and experimental work to
obtain artificial diamonds (Fig. 1).

In accordance with the decree of the Council ofMinisters,
the Presidium of the USSR Academy of Sciences, by a
decision dated October 7, 1947, obliged

(1) the Institute of Crystallography of the USSR Acad-
emy of Sciences (ICAS) to start ``research and experimental
work on obtaining artificial diamonds'';

(2) the Institute of Organic Chemistry of the USSR
Academy of Sciences (IOC) to include in the plan of the
High-Pressure Laboratory the production of equipment for
high and ultrahigh pressures for the synthesis of diamonds.

Simultaneously, the Presidium of the USSR Academy of
Sciences entrusted ICAS with the responsibility for the
scientific guidance and general coordination of work on the
synthesis of diamonds.

Almost instantly, A N Nesmeyanov, who was then the
director of IOC, in a letter datedOctober 22, 1947, reported to
the President of the USSR Academy of Sciences S I Vavilov
that the appropriate studies at pressures to 30, 000 atm and
temperatures to 2000 K would be headed by Candidate of
Science in Physics and Mathematics L F Vereshchagin
(Fig. 2).

It is interesting that by that time articles F Rossini and
R Jessup [3] and O I Leipunskii [4] had already been
published, from which it was evident that higher pressures
would be required for the synthesis of diamond. However, at
that time, no one in the world, including the patriarch in the
field of high pressures, the Nobel Laureate Persi W Bridgman
(Harvard University), had the technology to obtain the
necessary combination of pressure and temperature
(60,000 bars and 2000 K). Since those times, i.e., beginning
on October 22, 1947, no information connected with the
development of equipment for the synthesis of diamond has
apparently come from Vereshchagin's laboratory. And
seemingly nothing essential has occurred at the Institute of
Crystallography either.

Suddenly, in July 1955 in the journalNature a paper titled
``Man-Made Diamonds'' appeared (Fig. 3), in which, on
behalf of the team from the Research Laboratory of the
General Electric Company (Fig. 4), it was reported that
diamond had been synthesized for the first time in the world

[5] (information for the press had already appeared in
February 1955 but was not widely known then). However,
no detailed information about the conditions of the synthesis

Figure 1.Order of the Presidium of the Academy of Sciences of the USSR

dated October 7, 1947 concerning the start of work on the synthesis of

artificial diamonds.

Figure 2. Letter to S I Vavilov from A N Nesmeyanov concerning the

readiness of L F Vershchagin to start investigations in the field of the

synthesis of artificial diamonds.

Figure 3. First article on the synthesis of diamond at the Research

Laboratory of General Electric.

Figure 4. Researchers at the Laboratory of General Electric who first

implemented the synthesis of diamond (from left to right): Francis Bundy,

Herbert Strong, Tracy Hall, Robert Wentorf, Anthony Nerad (team

leader), James Cheney (technician). It is instructive that the project

manager Anthony Nerad never included his name in the group of authors

of diamond synthesis.
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and high-pressure equipment was disclosed. Considerably
later, it was revealed that one of the allegedly synthetic
diamonds shown in the photograph in [5] proved to be a
natural diamond that was used as a seed [6] (Fig. 5).

The paper [5] was almost instantly translated into Russian
and appeared in the December issue of the journal Uspekhi
Fizicheskikh Nauk [7]. In that same 1955, an article was
published in the almost inaccessible journal of the ASEA
company, which reported on the successful synthesis of
diamond in the laboratory of the company already in 1953
as a result of more than 10 years of effort [8] (Fig. 6).

It is obvious that this information became known both in
the Division of Science of the Central Committee of the
Communist Party of the Soviet Union (CC CPSU) and in
the Council of Ministers; therefore, naturally, they inquired
how the decree ofAugust 28, 1947was being fulfilled. Judging
by the available materials, the `curator' of the diamond
problem in the USSR Academy of Sciences was at that time
the `Grey Cardinal' of the academy, A V Topchiev, the Chief
Scientific Secretary of the USSR Academy of Sciences, who
was in his time the organizer of a conference that had to rout
Soviet physics but never took place. Apparently, he was
`called on the carpet,' and he in turn summoned the persons
accountable to him from the Institute of Crystallography and
from the already separate High-Pressure Laboratory of the
USSR Academy of Sciences.

On the whole, the situation seems to have been as follows.
No equipment suitable for the synthesis of diamond was
obtained by the Institute of Crystallography from the High-
Pressure Laboratory. Moreover, as can be judged from the

list of publications by L F Vereshchagin [9], the correspond-
ing work in the laboratory was practically not conducted.
Therefore, in these circumstances, at ICAS independent work
started on the creation of high-pressure equipment, and
significant success was achieved. Indeed, at ICAS a double-
cylinder hydraulic press was designed and constructed with a
power of the cylinders of 600 and 800 tons, capable of

Figure 5.Message on the errormade in the first attempts to synthesize diamond in theGeneral Electric Laboratory, in which a seeding splinter of a natural

diamond was taken for an artificially grown diamond.

Figure 6. Belated communication on the synthesis of diamond in the

ASEA laboratory (Sweden) that occurred in 1953.

706 S M Stishov Physics ±Uspekhi 62 (7)



realizing the mechanical backing for a high-pressure chamber
[10]. Simultaneously, a high-pressure cylinder±piston cham-
ber was created, in which it was possible to obtain a pressure
of approximately 60 kbars sufficient for the synthesis of
diamond [10, 11]. Judging by the publications, all this
occurred in 1955±1959. Victory seemed to be near. However,
in 1958 history decided otherwise.

The year 1958 can be called the year of the `great turning
point.' In March 1958, Kathleen Lonsdale with her colleague
revealed nickel in the artificial diamonds produced in the GE
Laboratory [12]. It became clear that in the synthesis of
diamonds nickel served as a solvent-catalyst. Note that it
was Leipunskii who had already indicated the importance of
using transition metals (iron) to transform graphite into
diamond [4]. However, apparently, no one remembered this
or did not know about this. Indeed, Tracy Hall used troilite
(iron sulfide, FeS) as a catalyst in the first successful
experiments on the synthesis of diamond, based on the
association of troilite and diamond in a meteorite from the
Arizona crater [13].

In April 1958, Hall, who by that time had already left the
GE Laboratory, published a description of several devices for
obtaining high pressures, includingmodified Bridgman anvils
and the so-called tetrahedral-anvil setup capable of generat-
ing pressures to 100,000 atm at a temperature of 3000 �C [14]
(Fig. 7).

In the same article [14], Hall described the method of
creating high temperatures in chambers with a solid pressure-
transmitting medium with the aid of short-circuited heaters.
The latter information was very essential, since, for example,
in the Swedish experiments on the synthesis of diamond, the
high temperature was created by means of thermit mixtures.

In July 1958, L FVereshchagin, already the director of the
Institute of High-Pressure Physics of the USSR Academy of
Sciences, participated in the Gordon conference on high
pressures in the USA, where Tracy Hall made a report,

``High-Pressure, High-Temperature Development.'' Appar-
ently, precisely as a result of this trip, Vereshchagin concluded
that the game was worth the candle and that it was worth
taking an active part in solving the diamond problem.

It is unknown what occurred in August and September
1958; but onOctober 3, 1958, an order of the Presidium of the
USSR Academy of Sciences appeared about the unsatisfac-
tory state of work on the synthesis of diamond and about the
transfer of the functions of the leading organization on the
problem of diamond and Borazon to the Institute of High-
Pressure Physics (Fig. 8). Here, it is necessary to explain that
in 1957 R G Wentorf reported the synthesis of a cubic
superhard modification of boron nitride (BN) (which was
called `Borazon') at high pressures; however, no details of the
synthesis were disclosed [15].

It is not completely clear why Academician A V Shubni-
kov, director of the Institute of Crystallography, gave up so
easily. He probably lost faith in the possibility of solving the
problem with the aid of his research workers. The degree of
Shubnikov's frustration is illustrated well by his letter of
May 6, 1959, addressed to EGPonyatovskii, the key player in
the diamond business at ICAS. In this letter, Shubnikov
suggested that Ponyatovskii think about his further work at
ICAS in view of the liquidation of the work on the synthesis of
diamond and Borazon not agreed with L F Vereshchagin (see
Fig. 9). Thus, the task of eliminating the competitors was
solved, apparently, not without A V Topchiev's help. Never-
theless, it is unclear why the administration of the USSR
Academy of Sciences did not want to have a parallel group
competing with Vereshchagin's, as this was frequently done
to solve important problems and as Vereshchagin later did
himself by organizing several competing groups within one
institute.

Figure 7.Hall's tetrahedral-anvil setup.

Figure 8. Order of the Presidium of the USSR Academy of Sciences dated

October 3, 1958.
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To solve the problem, Vereshchagin organized several
groups that worked in parallel, with communication among
them being categorically forbidden (naturally, all informa-
tion was classified). The complete information came only to
Vereshchagin. Each of the groups created its high-pressure
apparatus, copying American models in one way or another.
As a result, a piston-in-cylinder apparatus was created with a
quasi-hydrostatic support of the piston, which was first
suggested by F Boyd from the Geophysical Laboratory in
Washington [16]; Hall's tetrahedral apparatus [17] was
reproduced; and a simplified copy of the belt apparatus [18]
was made. Simultaneously, attempts (apparently unsuccess-
ful) were undertaken to synthesize diamonds. Nevertheless,
Vereshchagin constantly sent letters about progress in the
synthesis of Borazon directly to Topchiev's address, bypass-
ing L A Artsimovich, who was at that time the academician-
secretary of the USSR Academy of Sciences (see below).
Here, something else is of interest.

In particular, in a letter to the Vice President of the USSR
Academy of Sciences A V Topchiev dated March 19, 1959, it
was asserted (Fig. 10): ``BN is obtained, with a specific weight
of > 3 g cmÿ3, with a cubic structure.''

And simultaneously, as if made by order (and, maybe,
precisely by an order), a decree of the Council of Ministers of
March 20, 1959 appeared, confirmed by a decision of the
Presidium of the USSR Academy of Sciences, which obliged
IHPP to synthesize crystals of Borazon in 1959 and crystals of
artificial diamond in 1960-1961 (Fig. 11).

In a letter from IHPP to the CC CPSU dated March 25,
1959, it was announced that the rotation X-ray diffraction
pattern of BN indicated that the BN crystal lattice had amore
complex nature as compared to the American data.

Let us present extracts from subsequent letters from IHPP
to the higher authorities.

``On October 20, 1959.
BN, spec. weight > 3 g cmÿ3, contaminated with Ni.''
``On November 3, 1959.
BN, lattice parameter is greater than in the American

samples, spec. weight >3 g cmÿ3, contaminated with Ni. In
the last experiments: a � 4:3 �A (3.615 �A in the samples of
Wentorf).''

``On January 6, 1960.
Cubic BN has been synthesized; contaminated with Ni.''
In the report of 1960 (in fact, written later), a value

a � 3:61� 0:02 �A is already given without any comments.
Strange and anecdotal assertions are contained in these

letters. The lattice parameter of the material obtained is much
greater than that of Borazon; furthermore, the material
contains nickel. It is amusing that a nickel-containing

Figure 9. Letter from A V Shubnikov, director of the Institute of

Crystallography, to E G Ponyatovskii, one of the active members of the

diamond group, with the demand to stop any work not agreed with

Vereshchagin.

Figure 10.Letter ofMarch 19, 1959 fromVereshchagin to Topchiev with a

report on supposedly prepared Borazon.

Figure 11. Order of the Presidium of the USSR AS dated April 21, 1959

obliging the IHPP to produce crystals of Borazon in 1959 and artificial

crystals of diamond in 1960±1961.
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material with a lattice parameter that is considerably greater
than that of Borazon is obtained, but nevertheless it is
asserted that it is Borazon that is obtained. And all these
communications were accepted by A V Topchiev, the vice
president of the USSR Academy of Sciences, who was a
chemist, and by Head of the Division of Science of the CC
CPSU V A Kirillin, a power engineer, who was then a
corresponding member of the USSR Academy of Sciences.

The situation in reality was very simple. Since the details
of the synthesis of Borazon in Wentorf's first article were not
indicated [15], someone decided that if nickel worked as a
catalyst in synthesising diamond, why can it not be used for
the synthesis of Borazon as well. Apparently, the real
Borazon was obtained at IHPP no earlier than March 1961,
after Wentorf published the technology of synthesis that
included the use of alkaline and alkaline-earth metals as
catalysts [19]. However, judging by information on the
website of the Kiev Institute of Superhard Materials, in
reality, Borazon was obtained only in 1964.

It is remarkable that Vereshchagin had some samples of
real `American' Borazon, although this material was not, to
put it mildly, easily accessible. It is possible that it was
precisely this circumstance that gave the participants in the
`enterprise' confidence in the happy outcome. This entire
affair with allegedly produced Borazon played the role of a
smoke screen and made it possible to gain the necessary time.
In October 1959, inNature an article appeared (signed by the
same team from the GE Research Laboratory) under the
promising title ``Preparation of Diamond,'' in which the
conditions of diamond synthesis were described in sufficient
detail [20] (Figs 12, 13).

This undoubtedly played its role, and already on
March 25, 1960 Vereshchagin reported at the Presidium of
the USSR Academy of Sciences the results of successful
experiments on the synthesis of Borazon (although `con-
taminated with nickel') and of diamond. In the order from
the Presidium, it was written precisely: ``crystals: contami-
nated with nickel''! It is surprising that in this resolution
diamond, which was `the holy grail' of the entire enterprise, is
mentioned briefly and only in the second place after the
monstrous untruth concerning the borazon (Fig. 14)!

Nevertheless, in 1960, diamonds were obtained at IHPP.
However, it is still unknown who was the first to make it and

when it was made; judging by the report (which was classified
at that time) prepared in 1960, possibly the first successful
synthesis of diamond was carried out on March 17, 1960
(Fig. 15).

Were all these circumstances expenses or advantages of
the prohibition on communications between colleagues±
participants in this `diamond race'? Only Vereshchagin
knew everything. It is supposedly known that the successful
synthesis of diamond was performed not with the aid of some
monstrous apparatuses, but using amodest device, which was
a modification of Bridgman anvils. This device, in view of the
form of its working volume, was called a `lentil' and became
the basis of the industrial production of diamonds in the
USSR (Fig. 16). However, in contrast to descriptions of the

Figure 12. Description of conditions for the synthesis of diamond

published in 1959 by the team of the General Electric Research Labora-

tory [20].

Figure 13. Diagram of the belt-type high-pressure apparatus used in the

General Electric Research Laboratory for the synthesis of diamond. The

apparatus consisted of two conic pistons and a shaped matrix made of a

hard alloy and supported by steel rings.

Figure 14.Order of the Presidium of theUSSRAcademy of Sciences dated

March 25, 1960 announcing a successful synthesis of `Borazon' (con-

taminated with nickel) and of diamond.
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American samples given in [16±18], the description of the
`lentil' chamber which became known to everyone every-
where, was never officially published, and its real authors
obtained neither fame, nor recognition. (Many years later, an
originaldescriptionofthe`lentil'chamber,withLFVereshcha-
gin, V N Slesarev, and V E Ivanov as the authors, was
published only in the Sbornik Trudov (Collection of Papers)
of IHPP in 1998). However, awards followed. Already in
1960, L F Vereshchagin was elected as a corresponding
member of the USSR Academy of Sciences; then, in 1961,
L F Vereshchagin, V A Galaktionov, and Yu N Ryabinin
were awarded the Lenin prize ``for studies in the physics of
high pressures.'' In 1963, L F Vereshchagin became a Hero of
Socialist Labor, and in 1966 he was elected a full member of
the USSR Academy of Sciences.

It is interesting that Tracy Hall, the creator of the belt
chamber and the author of the first successful synthesis of
diamond in the USA, did not receive due recognition and left
the Research Laboratory of the General Electric Company.

Such is the real, although, possibly, incomplete history of
synthesis of artificial diamonds in the USSR. The history
would be not worth describing, if it did not reflect the specific
mechanisms of the functioning of Soviet science, which was
determined by the control link chain: Central Committee of
the CPSU±Council of Ministers±Gosplan (State Planning
Commission)±State Scientific and Technical Committee of
the USSR±military-industrial complexÐand, finally, the
USSR Academy of Sciences and applied-research institutes.
Outside this chain, it was not possible to implement any
expensive project and (or) a project which promised signifi-
cant moral and material dividends. It seems that the team at
the Institute of Crystallography did not possess the adminis-

trative resources necessary to successfully complete the
project on the creation of artificial diamond initiated by the
decree of the Council of Ministers of the USSR in 1947.
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Figure 15. Extract from the final report of IHPP on the diamond problem.
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Figure 16. High-pressure `lentil' chamber designed at IHPP: (1) shaped

pistons made of a hard alloy; (2) steel supporting rings; (3) lithographic

stone (pressure-transmitting medium); (4) heater; and (5) sample.
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