that lead to inhibition of ingestive behavior
but are independent of the dissimilar affec-
tive states associated with nausea and satiety.

Although the effects of CCK on plasma
OT resemble those of various chemical
agents, it is provocative that CCK is an
endogenous peptide found in gut and brain
rather than an exogenous toxin. CCK im-
munoreactivity has been colocalized in many
hypothalamic oxytocinergic neurons (14).
Our results therefore also imply that multi-
ple vagally mediated stimuli converge in the
hypothalamus to cause secretion of CCK as
well as OT. Together with the finding that
ablation of the paraventricular nucleus can
lead to hyperphagia and obesity in rats (15),
these observations support suggestions that
this hypothalamic nucleus plays an impor-
tant role in the control of feeding behavior
and related autonomic functions (16) and,
further, that brain OT, CCK, or both are
involved in this regulatory system.
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Synthetic Diamond as a Pressure Generator

AxIFuMI ONODERA, KATSUHISA FURUNO, SHUJI YAZU

Synthetic diamond crystals were used as opposed anvils whose small culet surfaces
were driven into contact with each other to generate high static pressures. Pressures in
excess of 68 gigapascals (680 kilobars) were achieved, as determined from the
fluorescence line of a ruby fragment sandwiched between the diamonds.

URING THE LAST DECADE RE-
D markable progress has been made
in high-pressure science. Static
pressures higher than 250 GPa (2.5 Mbar)
have become attainable with single-crystal
gem-quality diamonds used as opposed an-
vils (1). Measurements of the physical prop-
erties of condensed matter can now be made
with diamond anvils (2, 3), sometimes with
geophysical implications (4, 5).
The diamond-anvil technique was devel-
oped in the late 1950’ (6), but its use did

not become widespread until the feasibility
of using the ruby fluorescence line for in situ
pressure measurement was established (7).
The ruby fluorescence scale was calibrated
against the equation of state for NaCl to
19.5 GPa (8) and later to 29.1 GPa (9), and
against the equation of state for heavy met-
als up to 100 GPa on the basis of shock
compression data (10). The pressures
reached with diamond anvils [to 100 GPa
(11), 170 GPa (12), and 250 GPa (1)] were
estimated from extrapolations of these cali-

Fig. 1. Side view (A) and top view (B) of the synthetic diamond anvil.
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brations, although the ruby scale becomes
ambiguous above 185 GPa where the fluo-
rescence line weakens and disappears (1).

A reproducible method for generating
stable, very high static pressures is of great
importance. The advantages of selecting dia-
monds as the anvil material have been dis-
cussed (13-15). Important factors are size,
type, color, orientation, inclusions, and im-
purities. Beveling is also important, especial-
ly at extremely high pressures where plastic
deformation is observable around the anvil
surface (12). Some ideas for designing dia-
mond anvils have been derived from stress
analyses based on the use of the finite ele-
ment method (16, 17).

All the aforementioned experiments have
been carried out with natural gem-quality
diamond used as the anvil material. Synthet-
ic carat-sized diamond has recently become
available (18); single crystals have been
grown under prolonged high pressure and
temperature inside a large-volume appara-
tus, and it now is possible to make anvils
from synthetic diamond. Some advantages
derived from the use of synthetic diamond
instead of natural diamond as the anvil
material are as follows: (i) imperfections are
fewer and can be controlled, (ii) the concen-
tration of nitrogen can be controlled so as to
improve the strength (19), (iii) the pressure-
temperature conditions for preparing dia-
mond crystals can be determined, and (iv)
suitable crystals can be obtained repeatedly.
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As far as we know;, this is the first attempt
to use synthetic diamond for pressure gener-
ation. Our diamonds, grown at Sumitomo
Electric Industries, Ltd., were of type Ib,
containing nitrogen, and hence were a deep
yellow color. The nitrogen concentration,
determined from the infrared absorption
peak at 1130 cm™’, ranged from 30 to 60
ppm (20). An x-ray topographic analysis
suggested that the diamonds had very few
imperfections (21). Two anvils of old single-
cut style (22) were prepared from the dia-
monds. Each weighed approximately 1/10
carat, with the angles for the pavilion and
crown about 45° and 50°, respectively. Fig-
ure 1A shows a side view of the anvil. The
table surface (1.8 mm in diameter) was
oriented parallel to the (100) crystallograph-
ic plane. The culet surface was octagonal and
0.2 mm in diameter (Fig. 1B).

The diamond crystals were .driven by a
diamond-anvil cell (23) while their culet
surfaces were opposed. A stainless steel gas-
ket was sandwiched between the culet sur-
faces, and a ruby fragment was placed on the
culet surface of one of the diamonds so that
pressure could be monitored. The ruby R
line fluorescence was measured in terms of
the reflection of monochromatic light at 442
nm from a helium-cadmium laser.

Figure 2 compares the ruby fluorescence
lines (R; and R;) (7) measured in the syn-
thetic and natural diamond anvils. The re-
duced intensity of the fluorescence line in-
side the synthetic diamond anvil is ascribed
to absorption in the visible region, yet the
data are sufficient to permit pressure moni-
toring.

Figure 3 shows the shift of the ruby
fluorescence lines with increasing pressure.
The pressures were estimated from the

Natural Synthetic
diamond diamond
(x50)

Intensity (arbitrary units)

1 1 J L 1 1 J
695 692 695
Wavelength (nm)

L
692

Fig. 2. Comparison of the R line fluorescence

:Eectra of the ruby fragment in natural and syn-
ctic diamond anvils at ambient pressure.
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amount of the shift (12). The shoulder peak
at 699 nm is from diamond (24). Two peaks
arising from the helium-cadmium laser did
not interfere with the measurement when
the pressure was increased slowly. The split
R lines observed at ambient pressure (Fig.
2) merge into a single peak at high pressure.
This result is attributed to the effect of a
nonhydrostatic environment (8).

The highest pressure achieved in the pres-
ent study was 68.3 GPa (Fig. 3). Increasing
the pressure beyond this point caused one of
the diamond anvils to fracture. The fracture
was caused by cracks that developed in the
center and at the periphery of the culet
surface (Fig. 4). No plastic deformation was
observed. The cracks remained very shallow
near the surface and did not extend to the
interior of the anvil. Small pieces of frac-
tured diamond were also observed. This
fracture mode is apparently different from
the spalling or vertical fracture observed on
the anvils of natural diamond (12). Howev-
er, no explanation for the difference in frac-
ture mode can be derived from this single
experiment.

In natural type Ia diamond, nitrogen is
localized in platelets (22). This localization
of nitrogen can in some cases prevent the
propagation of cracks, but in other cases the
nitrogen sites can be the points where cracks
are initiated. The nitrogen included in our
diamond is dispersed and substitutional
(20), as evidenced by the infrared absorp-
tion at 1130 cm™! (25). Substitutional ni-
trogen improves the strength of diamond,
depending on the concentration (19). Also,
the Knoop hardness on the (100) and (110)
planes of our synthetic diamond, ranging
from 8,000 to 11,000 kg/mm? depends
very little on either the plane or the direc-

He-Cd He-Cd
laser laser
i
68.3 GPa
2 50.3 GPa
[
S
g 29.0 GPa
-
K]
> /\18.8 GPa
= .
[]
c
k3
£
8.2 GPa
L | 4 1 1
690 700 710 720

Wavelength (nm)

Fig. 3. Shift of the ruby fluorescence line with
increasing pressure.

Fig. 4. Fractured culet surface of the synthetic
diamond anvil.

tion, whereas in natural diamond the hard-
ness is anisotropic (20). Thus we have confi-
dence that the synthetic diamond has
strength.

Our results suggest that the synthetic
diamond can be used for pressure genera-
tion. Higher pressures could perhaps be
attained if larger anvils were used and if the
culet surfaces were beveled.
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