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Abstract

The field of high pressure synthesis of solid state compounds is reviewed, for the period between late 1997 through late 1998. The
review does not cover syntheses of organic compounds, nor high pressure mineralogy. Emphasis is placed on new solid state compounds
discovered during the reviewing period, and on recent findings in on-going areas of high pressure research. The main classes of materials
receiving on-going attention are (i) ‘super-hard’” materials, including compounds based on the diamond structure, advances in the search
for C;N,, interesting new materials derived from fullerite (C4, and C,,), and icosahedral borides, and (ii) high T, oxide superconductors,
as well as (iii) other new compounds and classes of compound synthesized for the first time by high pressure techniques. Current research
on synthesis of new organometallic compounds prepared at high pressure is also mentioned briefly. O 1999 Elsevier Science Ltd. All

rights reserved.

1. Introduction

The application of high pressure results in a densifica-
tion of solids, often accompanied by dramatic changes in
physical properties, such as electrical conductivity, optical
absorption, magnetism, and resistance to shear or compres-
sive stress. Solids synthesized under high pressure con-
ditions tend to have increased first- or second-nearest-
neighbor coordination numbers, and often unusual valence
states for the constituent atoms. The same solids de-
compressed to ambient conditions also can exhibit unusual
and interesting material properties, due to their metastable
‘stretched’ state, relative to their equilibrium volume
within the high pressure stability field. The pressure
variable in synthesis also provides a pathway to unusual
metastable compounds, not normally observed in room
pressure syntheses, derived from highly energetic pre-
cursor materials, by careful design of the pressure—tem-
perature treatment conditions used.

In this review, we focus on recent advances made in the
well-known but still relatively unexplored field of high
pressure synthesis of inorganic solids, with emphasis on
work published during the final part of 1997 through late
1998. This review does not extend to the large body of
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work devoted to the study of Earth and planetary materials
and their phase relations under high pressure—high tem-
perature conditions, which do not strictly correspond to
synthesis of new solid state materials. However, there have
been severa interesting and exciting developments in this
field during the past year, some of which are relevant to
solid state and materials chemistry [1,2]. We likewise do
not include the recent rapid developments in organic
synthesis under high pressure conditions, although we note
the opportunities afforded by the development of new
synthetic pathways at high pressure, including stereoselec-
tive syntheses [*3]. In this context, we note the use of
‘high’ pressure (in the 0.1-1.5 GPa range) to expand the
range of reactions involving fullerene molecules, Cy, [4],
including what is presumed to be a cross-linking reaction
between C,, molecules and polystyrene [*5]. Below, we
describe solid state reactions of Cg, at high pressures and
high temperatures, to obtain a new family of ‘super-hard’
materials. Finally, we neglect those high pressure experi-
ments that belong more truly to the domain of high
pressure physics rather than to that of synthetic solid state
chemistry, such as the recent report of metallization of the
‘quintessential’ ionic compound Csl (and its superconduc-
tivity) above 108 GPa [*6], the coaxing of elementa
sulphur into a superconducting state (with a T, of 17 K,
higher than that recorded for any other element) at 100—
157 GPa [*7], or the metallization of hydrogen in the fluid
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state under shock conditions [**8,**9] and its non-metalli-
zation under static high pressure conditions in the solid
state, to the highest pressures yet attained [10].

2. '‘Super-hard’ materials

The first target of high pressure laboratory synthesis of a
solid state material was diamond, the high pressure phase
of carbon, beginning in the late 1800s and culminating
with its successful synthesis and commercialization follow-
ing the intense activity in the early to mid 1950s . There is
still considerable activity in this area. Onodera et al. [11]
have reported the catalyzed formation of large (0.3-0.7
mm), transparent, well-formed diamond crystals (with
cuboctahedral habit) from phenolic resin precursor in the
presence of liquid Co at pressures of 2—4 GPa (20-40
kbar), well below the diamond stability field. The de-
composition of the precursor to form free radicas is
thought to play an important role in determining the
crystallization and growth of the diamond phase outside its
thermodynamic stability range. Sung and Tai [12] have
summarized the catalytic effect of all of the transition
metals in effecting diamond synthesis at high pressure, and
have reviewed the mechanisms proposed for stable and
metastable diamond crystallization in high pressure—high
temperature experiments. Perhaps one of the most interest-
ing reports this year was the metastable synthesis of bulk
(rather than thin film) nanocrystalline diamond via a
metathesis route, in which CCl, was reacted with metallic
sodium (note the potential danger associated with such
experiments!) at 700°C and ambient pressure [**13].

After diamond, a primary target of high pressure syn-
thesis groups has been the preparation of other ‘super-
hard” materials, particularly in the system B—C-N-O.
Komatsu et al. [*14] have reported the synthesis of a new
hetero-substituted diamond structure with approximate
composition BC, N, prepared at 50 GPa and 3000—
10 000°C by explosive shock synthesis from graphitic
precursors. Bando et a. [15] have described a fullerene-
type compound with a similar composition, synthesized by
laser heating in a diamond anvil cell at 5-10 GPa.

A suite of theoretical papers published by M.L. Cohen
and co-workers at Berkeley in 1985-1990 stimulated a
period of intense interest in the covalent compound C;N,,,
predicted to have a hardness comparable with or exceeding
that of diamond [17]. In arecent report, Nguyen et al. [16]
have claimed to have synthesized a high pressure phase of
this material for the first time. They placed C,, particlesin
a diamond anvil cell with a nitrogen pressure medium, and
laser heated the mixture at pressures of 10-60 GPa to
temperatures ranging from approximately 100 to 5000 K.
Following the synthesis run, the samples were examined in
situ at high pressure using synchrotron X-ray powder
diffraction. For synthesis pressures and temperatures above
18 GPa and 2000 K, they observed the appearance of a

series of wesk, sharp diffraction lines, which could be
indexed to a cubic phase of C;N, predicted by Teter and
Hemley [17]. Nguyen et a. saw no evidence for the
B-Si;N, structure considered in the original theoretical
work. The bulk modulus measured by Nguyen et al. for the
new phase observed in their experiments was much lower
than predicted, 249 GPa compared with 496 GPa, and no
chemical analysis or spectroscopic information could be
obtained. The new C,;N, phase was unstable on decom-
pression, losing its diffraction lines below 14 GPa. Al-
though this result is extremely interesting, at this point,
there are no chemica analysis data to indicate that the
sample in fact contains both nitrogen and carbon, nor in
what ratio, nor how they are bound. The experiments could
be repeated using, for example, micro-infrared spectros-
copy to study the sample while held at pressure in the
diamond cell, to detect or confirm the presence or absence
of C—C bonds and terminal or bridging C—N bonds [18].

Nesting et al. [19] have reported preliminary results of
similar laser heated diamond cell synthesis experiments,
but this time using molecular precursors with fixed C:N
ratio, and in which the desired C—N bonds were already
present. In particular, they used tetracyanoethylene
(TCNE: C4N4) in laser heating experiments at 2500°C and
at 20 and 42 GPa. A transparent orange material containing
only carbon and nitrogen (determined by electron energy
loss spectroscopy on quenched material) was recovered
with a C:N ratio of nearly 3:2 at the higher synthesis
pressure. Infrared spectroscopy showed no terminal nitrile
(C-N) dtretches, indicating that the nitrogen atoms were
incorporated in the structure. No diffraction data were
reported. In a second experiment, TCNE was mixed with
cyanuric triazide (C;N,,) to give a C;N, stoichiometry,
and the precursor material was heated at 2500°C and 119
GPa. The resulting product showed a series of weak, broad
X-ray diffraction lines (taken in situ at high pressure) that
could be indexed to a tetragonal cell with a=7.815,
€=6.219 . This does not correspond with any of the phases
considered in the theoretical study by Teter and Hemley.
The decompression behavior of this sample was not
described. In their paper, Nesting et al. also describe work
in progress using a ‘graphitic’ form of C;N, containing
only C-N bonds (as determined by IR spectroscopy)
previously prepared as thin films [18], as a precursor for
further high pressure synthesis experiments.

Recent work in our own group has focused on the
‘icosahedral boride’ class of super-hard materias, with
structures related to that of a-rhombohedral boron. Syn-
thesis of B,O, _, at pressures above 3 GPain a B,0,-rich
environment yields material close to the nominal com-
position (up to B;O, ) [20]. In the presence of a B,O,
flux, these high pressure syntheses yielded large (30—40
wm) near-perfect icosahedral particles in syntheses at 4—
5.5 GPa and 1200-1800°C [**21,22]. This unusua mor-
phology is the result of multiple twinning of the R3m B,0O
structure. The icosahedral growth can also be described by
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Mackay packing, in which successive shells of icosahedral
B, units form around a central icosahedral nucleus. In this
work, synthesis of a new material with composition close
to B;N was also reported [22]. The thermodynamic,
kinetic and structural factors affecting the nucleation and
growth of this unusual morphology are the subject of
on-going work.

There has been recent interest in high hardness forms of
carbon formed from polymerizing Cq, and C,, at high
pressure, and severa reports appeared in the proceedings
of the last International Conference on High Pressure
Science and Technology [2]. Brazhkin et a. [*23] and
Lyapin et al. [24] studied the structural nature and prop-
erties of materials obtained by tresting C,, held at 9 and
12.5 GPa at various temperatures. The solid state fullerene
became increasingly polymerized (increasing proportion of
sp® bonds) and X-ray amorphous with increasing synthesis
temperature, and theVickers hardness H (at 1.96 and 5.5 N
load) increased to nearly 70 GPa for samples treated at
12.5 GPa and 450°C, compared with diamond [~130 GPa
for the (100) faces, ~170 GPafor (111)]. Matsumuro et al.
[*25] carried out a similar series of studies, and obtained
H =104 GPafor bulk material polymerized at 5.4 GPa and
400°C. Blank et a. [26] carried out pressure-induced
polymerization studies for both C,, and C, materials, and
reported hardnesses (measured by scanning force micro-
scopy) up to 9010 GPa for polymerized C,, and up to
120+10 GPa for polymerized C,, materials. These groups
studied the polymerization process via X-ray diffraction
and vibrational (IR and Raman) spectroscopy, as well as
by electron microscopy of the recovered materials. The
mechanism for the polymerization/amorphization process
is gtill not clearly understood. Blank et al. [**27] prepared
super-hard carbon materials from C, fullerite at up to 13
GPa and up to 2000°C. Samples prepared at the highest
pressures had hardnesses that were comparable to or even
exceeding that of the diamond indenter used to measure
hardness: these authors estimated a hardness equivalent to
Vickers hardness of ~300 GPa for samples prepared at 13
GPaThese materials are truly remarkable: they constitute
the first solids prepared with a hardness reliably reported to
exceed that of diamond. It is expected that increasing
attention will be paid to understanding and controlling the
high pressure—high temperature polymerization process
and characterizing the resulting forms of carbon, to yield a
new family of technol ogically important super-hard materials.

3. Other refractory materials

There has been recent interest in amorphous aloys
containing ‘borderline metals such as Si, B and Be in
combination with transition metals, which can be quenched
directly from the melt. Zhou et al. [28] have found that
increasing pressure (to 1.5 GPa) considerably widens the

supercooled liquid range of Nig,Cr,Fe,SigB55, permit-
ting the metallic glasses to be formed over a wider range
of cooling rates, and permitting maximum densification of
the amorphous compacts obtained. In the area of direct
synthesis of metal—alloy matrix composites, Liu et a. [29]
have reported a similar degree of densification, with
formation of highly oriented Al;Ni whiskers, of composite
materials in the AI-Ni system at 1-6 GPa. Suzuki et a.
[*30] have discovered an interesting new synthesis route to
form thin films of the refractory ceramic TiC on steel
substrates by treating successive layers of Ti and poly-
ethylene at room temperature but at high applied pressure
(1.45, 10.9 kbar) in the presence of an electric field (37 or
99 MV/m). Bockowski et a. [31] have explored the
synthesis and sintering of the important refractory ceramic
material AIN from Al metal via combustion synthesis, or
self-propagating high-temperature synthesis (SHS) under
high N, or Ar/N, pressures combined with hot-pressing of
the recovered AIN powder. This section would be incom-
plete without a mention of the single crystal growth of
GaN, desired as a substrate for homoepitaxial growth of
(In, Ga) N blue—green semiconductor LEDs and lasers,
which has become the speciality of the high-pressure group
in Warsaw [*32].

4. Oxide superconductors

There has been intense activity over the past year in the
area of high pressure synthesis of new ceramic supercon-
ductors with high values of the superconducting transition
temperature, T_. It is now common practice to use high
oxygen pressures (up to several hundred or severa
thousand atm) during synthesis to control the oxygen
content and hence vary T, of cuprate superconductors, as
well as supressing unwanted impurity phases [*33]. Kar-
pinski et al. [34] have recently used high oxygen pressures
(P02=2 kbar) to synthesize the ‘spin-ladder’ compound
Sr, ,3CUO,. This particular low dimensional compound is
not superconducting, but is an insulator which shows
antiferromagnetic ordering below 135 K. A sharp change
in the magnetic properties occurs below 10 K, the tempera-
ture at which a superconducting transition occurs in the
related compound Sr, ,Ca, 5 Cu,,0,, 5,- Kopnin et al. [35]
used high Ar gas pressures to prepare single crystals of
CaCu0,, Sr,s,Ca,,,Cu0, and Ca,_,La,CuO, (with x<
0.016) for structure refinement and a preliminary study of
their magnetic properties and electrical conductivity. These
compounds are not found to be superconducting, but they
show very interesting magnetic behavior as a function of
temperature. The relationship between the magnetism and
the superconducting properties in this genera class of
materials is of considerable current interest [**36].

The Hg-bearing cuprate family of superconductors has
the highest values of T, reliably reported to date, reaching
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133 K (for HgBa,Ca,Cu,Oq,s: HO-1234) a ambient
pressure [37]. Morikawa et a. [38] have nhow demonstrated
a high pressure synthesis route of these compounds
directly from a mixture of the component oxides. In
another recent study, Lokshin et a. [*39] used high
pressures (2—4 GPa) to synthesize suites of Hg-1234 and
Hg-1223 (HgBa,Ca,Cu,0,,, ;) samples. The phase purity
of the samples was examined carefully as a function of
synthesis temperature and pressure and starting composi-
tion. The fraction of Hg-1234 phase in the mixture was
maximized for a nominal oxygen content 6=0.2 in the
starting mixture, and there is a strong correlation between
the value of T, and the a cell parameter. The highest
values of T, occur for the Hg-1223 phase with a=23.852
A, for which T,=135 K was recorded. Further work is
needed to precisely determine the oxygen content in the
superconducting phases.

The T, value of Hg-1234 has been found to increase to
164 K when measured in situ at high pressure (30 GPa)
[40]. A recent study by Attfield et a. [*33] on a series of
A,CuO, compounds (A =LaNd,Ca,Sr,Ba), demonstrates a
pesk in T, (at 39 K) values at a mean A-site cation radius
of 1.22. Both of these studies show the great sensitivity of
superconducting transition temperatures to lattice strains.
Locquet et a. [**41] have used this dependency to double
the T, (from 25 to 49 K) of La, ,Sr,,CuO, in a sample
prepared in a compressionally strained state by epitaxial
growth on a SrLaAlO, substrate. This could provide a
powerful new approach for tuning the superconducting
properties of samples prepared in thin film form [*57].

Another family of superconductors that has been receiv-
ing recent attention via high pressure synthesis is the class
of rare earth-containing superconductors, particularly those
containing Pr’*. The parent compound PrBa,Cu,O, (Pr-
123) is not superconducting, the reason for which is still
not fully understood. Chen and co-workers [42,43] syn-
thesized a series of compounds (R,_,Pr,),Ba,Cu,0,, s
with R=Nd, Sm, Eu, Gd, Ho and Tm, and found that the
superconductivity was suppressed with increasing Pr con-
tent. Yao et al. [44] have used high pressure techniques to
prepare Pr, .Ca, ;Ba,Cu,0,. In highly oxidizing environ-
ment (using KCIO,, as oxygen source), nearly single phase
orthorhombic Ca-doped Pr-123 was formed. This material
was found to be superconducting, with T,.=52 K. In
reducing environment, a high purity tetragona material
was formed, which had a much higher value of T, (97 K).
This class of materials obviously merits much further
study.

High pressure synthesis methods have also been used to
explore new families of ceramic superconductors. lyo et al.
[45] have reported synthesis of (M,C)(Ba,Sr),Ca,Cu,O,
superconductors with M =Al and Ga. The partial substitu-
tion of C** for AI** or Ga®* was found to enhance T_. In
contrast, Bordet et a. [46] synthesized superconducting
mercury cuprates (Hg, ,M,)Ba,Ca, ,Cu,O,. .., With

partial replacement of mercury with C or S (=M).
Depending on the synthesis pressure in the system with
carbonate precursors, recovered samples consisted either of
polyphase mercury barium copper oxides and carbonates,
or nearly single phase HgBa,Cu,CO,0,. This material,
containing carbonate groups in the Hg layer, was not found
to be superconducting. Matseev et al. [47] and Kawashima
et al. [48] have used the high pressure synthesis route to
prepare a new family of superconducting copper oxycarbo-
nates  (CCa,Ca,_,Cu, 0, 5..5) and  oxyborates
(BSr,Ca,_,Cu,0,, ,,). These compounds were prepared
at 5-6 GPa pressure, and were found to have T, values
reaching 43 K (for n=1) for the oxycarbonate series and
110 K for the oxyborate with n=4. The use of high
pressure in these syntheses permitted substitution of the
small atoms B and C in the ‘blocking layer’, normally
occupied by large metal cations. It is apparent from these
intriguing, but obviously preliminary and often conflicting
observations, that the high pressure route offers additional
control over experimental synthesis parameters to expand
the search for high T, materials to a wide range of new
chemical systems: however, work in this area is only just
beginning.

5. Other solid state compounds

The field of experimental mineralogy continues to yield
interesting new solid state compounds. Wunder and Marler
[49] have reported the high pressure synthesis (2 GPa,
650°C) of a new aluminogermanate topaz-structured ma-
terial, with composition Al,GeO,(OH),. Park and Parise
[50] have reported the synthesis of a new chromite
perovskite (ScCrO,;) at 4.5 GPa and 1200°C, and de-
termined its crystal structure. This family of compounds is
receiving renewed attention because of its interesting
magnetic ordering behavior [*51]. Troyanchuk et al. [52]
have used high pressure to prepare a series of solid
solutions La, ,Pb,MnO, as well as the compound
La, ;xPbg ,,MNO, (F, 4., cOntaining Mn ions in mixed
valence (Mn*>"—-Mn*") states. These materials with the
perovskite structure show a ‘collosa magnetoresi stance’
(CMR) effect. Kanke [53] has reported the first synthesis
of the mixed valence (V®"-V*") oxides KV,0,, and
Bav,O,,, by preparation from the oxides a 5.5 GPa and
1200—2000°C. Park et al. [54] have recently used high
pressure synthesis (14 GPa, 1000°C) in a multi-anvil
apparatus to obtain two new perovskite compounds con-
taining monovalent silver, Ca,NdAgTi,O,, and
NdAgTi,O,, with an unusua layered ordering of the Nd**
and Ag” A-site cations. The same group has now reported
a very interesting use of the high pressure variable to
synthesize a new high dielectric perovskite-structured
materia, (Bi,,,Ag,,,)TiO,, aso with Ag™ on the A site
[**55]. This orthorhombically distorted perovskite struc-
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ture has a static (100 kHz) dielectric constant of 350, rising
to e~1400 at 580 K, in the vicinity of an orthorhombic—
tetragonal transition. The principle used by these workers
to identify candidates for high dielectric materials prepared
at high pressure, based on general correlations expected
between the dielectric properties and bulk density, should
prove extremely powerful in future investigations.

Over the past decade or so, considerable attention has
been paid to the field of ‘pressure-induced amorphization’,
in which a glassy material is formed by metastable
compression of a crystaline solid at a temperature low
enough to preclude crystal—crystal phase transitions on the
experimental timescale. This method, of essentially phys-
ical interest in most cases, can be employed to obtain
amorphous materials in systems which are difficult glass
formers. This is the case for ZrW,0g4, which was not
known previously as a bulk glass by melt quenching,
which has been rendered amorphous by high pressure
treatment at room temperature [**56]. This crystalline
material is remarkable in that it contracts upon heating, due
to thermal excitation of deformational modes and bridging
oxygen vibrations of and between the ZrO;, and WO,
units. This general class of compounds with ‘negative
compressibilities' is currently receiving considerable atten-
tion within the materials science community [*57].

At or near ambient pressure, the akali metals do not
react with any of the transition metals except for gold.
However, Parker et al. have conducted a series of experi-
ments over the past few years demonstrating that whole
series of new compounds are formed in the K—Ag, K—Ni
and K—Pd systems [*58]. Hasegawa et a. [*59] have
recently reported the synthesis of a new phase KAg, with
the Cl4 Laves structure following compression of a
stoichiometric mixture of the elements to 7 GPa in a
diamond anvil cell. Although the product formed at
ambient temperature, laser heating was used to improve
the crystalinity. This is a rich area for further inves
tigation, as formation of these compounds implies a
change in the alkali metal electronic structure via pressure-
induced mixing of the 4s- and 3d-states.

Compared to other families of materials, there have been
relatively few investigations of the solid state chemistry of
chalcogenide compounds at high pressure in general, and
this reporting period is no exception. Poulsen [60] has
reported the high pressure synthesis and Rietveld structure
analysis of a solid solution series ((Ba,K)VS;). This family
of compounds based on the BaNiO, structure is interesting
because of their low-dimensional magnetic and electronic
properties, and they deserve much more attention in the
future. The whole family of chalcogenides, with their
structures linked into oligomers, chains, sheets, and net-
works by chalcogen—chalcogen bonding correlated with
variable dimensionality of their electronic, optical and
magnetic properties, provide arich area for future explora-
tions in high pressure synthesis studies.

Like the chalcogenides, the pnictides (containing P, As,
Sb) and tetrelides (with Si, Ge, Sn) have received much
less attention in high pressure synthetic studies than the
first-row oxides, nitrides and carbides, and this area
constitutes a rich field for future investigations. Shirotani
et a. [61] have used high pressures (~4 Gpa) to prepare
the new superconducting (T,~10 K) materias ZrNi ,P, and
Mru,P,, with M=Zr and Hf. Evers et &l. [**62] have used
a high pressure route to synthesize for the new Zintl phase
LiSi, the missing first member of the alkali metal mono-
silicides. In a highly entertaining article, they describe the
strategy devised to synthesize this compound, and discuss
the thermodynamic considerations that prevented its obten-
tion in prior studies at ambient conditions. Unlike the other
alkali metal silicides which contain isolated tetrahedral
Si3™ anions, LiSi contains a three-dimensional, three-con-
nected net of silicon atoms with large cavities occupied by
the Li" cations.

6. Organometallic and molecular compounds

The high pressure variable, usually in the 1-10 kbar
(0.1-1 GPa) range, has been used previoudy in the
synthesis and study of transition metal complexes. In a
recent study, Boudin and Lii [*63] have used hydrothermal
synthesis at pressures of several kbars to synthesize single
crystals of NH,Fe,(PO,),, the first example of a mixed-
valence ammonium iron phosphate. The utilization of high
pressure fluids in the supercritical state is yielding new
compounds, particularly those with labile ligands. Ferrence
et a. [64] have employed a high pressure Parr reactor
(~1000-1300 p.s.i.) to prepare a new series of Ru—Ru
bridged complexes. Lee et a. [**65] have used supercriti-
cal CO, as a solvent to prepare a new series of cyclopen-
tadienyl compounds with labile C,H, and H, as ligands.
This rapidly developing field is certain to yield a wide
range of new compounds which were difficult to stabilize
using previoudly existing methods. As the range of new
organic syntheses at high pressures is opened up [*3], we
can expect a further infusion of new preparative strategies
in organometallic chemistry.

Finally, Somayazulu et al. [*66] have reported the
‘synthesis of a new family of ‘compounds formed
between methane and hydrogen, held together in a
diamond anvil cell at pressures up to 36 GPa. These new
phases have compositions CH,(H,),, (CH,),H,, and a
phase of unknown stoichiometry (CH,),,(H,),. They are
not ‘normal’ chemical compounds in that the bonding
between the closed shell molecules are very weak; how-
ever, their existence is not determined by simple packing
of the constituent molecules either. Work is in progress to
further characterize these phases which only exist a high
pressure, and to understand the bonding in them.
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7. Conclusions

The past year has seen significant advances in the high
pressure synthesis of oxide superconductors and related
ceramic materials with interesting and potentially useful
electronic properties. The use of the high pressure syn-
thesis variable significantly expands the range of com-
positions that can be made, and can be used to achieve
even higher values of T.. The range of lattice strains
induced in high T, compounds and also high dielectric
materials can aso be achieved by control of the lattice
mismatch during epitaxial growth on suitable substrates,
and this too can be used to tune the electronic properties. A
new family of carbon-based ‘super-hard’ materias is
obtained by pressurizing C,, and C.,: work is just
beginning to characterize these interesting new materials,
and to control the polymerization process. There remain
fleeting glimpses of what may be super-hard high pressure
phases of carbon nitride C;N,, but no reliable high
pressure syntheses or characterization has been done. The
rhombohedral boron suboxide (B4O,_,) yields an interest-
ing icosahedral particle morphology at pressures in the
4.5-7 GPa range, due to multiple twinning or Mackay
growth. New silicides and phosphides are formed at high
pressure: the field for compounds such as these is only just
beginning. Finaly, significant opportunities exist for syn-
thesis of new organometallic compounds at more moderate
pressures, in the supercritical solvent regime.
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