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Abstract—The compressibility of adamantane was measured to 20 kbar at
20 °C. The solid-solid transition occurs at this temperature at 4.1 kbar
with & volume change of 1.8 cm3/mole. The melting curve of adamantane
rises with pressure with an initial slope of 26.6 °C/kbar, but shows con-
giderable curvature at higher pressures. The triple point tetragonal/fce/
liquid can be expected near 460 °C, 27 kbar. The volume of activation
for self-diffusion in adamantane is estimated at 75 cm?/mole by using
Nachtrieb’s T'/T,, law.

Introduction

Adamantane (tricyclo-(3:38:1:3) 3: 6-decane) is a key example
of a plastic molecular crystal. It crystallizes with a disordered
f.c.c. structure at room temperature,:> but undergoes a solid-
solid phase transition at 208.6°K to a brittle phase which is
tetragonal,® space group P42,c. Reorientational disorder is
removed. in this phase.

A knowledge of the compressibility and of the P-T' phase
diagram of adamantane is necessary in order to estimate the
effect of pressure on diffusion in adamantane.t The compressi-
bility has not been determined before. The phase diagram of
adamantane was studied by Pistorius and Snyman,’ using a
piston-cylinder press. While there is no reason to doubt the
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accuracy of their piston-displacement values of the transition
pressures at various temperatures, the technique of properly
correcting for friction when using internal heating was somewhat
primitive at that time, and the accuracy of their melting curve is
doubtful. The procedure actually used® consistently yielded bad
agreement with hydrostatic work’-® as well as with internally-
calibrated high-pressure X-ray studies.’ More sophisticated
ways of evaluating the symmetrical frictional component are
now in use,.3? and in addition it has proved to be usually neces-
sary to make further corrections for the non-symmetrical com-
ponent of friction.!* A redetermination of the melting curve of
adamantane is therefore necessary.

Experimental

Adamantane was prepared by Dr.J. P. de Villiers of the National
Chemical Research Laboratory, Pretoria, using a method described
elsewhere.’* The zero-pressure melting point was 267.5°C in
good agreement with the highest literature value,® viz. 269 °C.

Pressures up to 30 kbar were generated in a piston-cylinder
device.!® The compressibility was determined at 20°C by com-
paring the compression of a precompressed slug of adamantane
to that of a similar slug of NaBr of exactly the same volume.
The compressibility of NaBr had been measured to 49 kbar by
Bridgman,'” and proper manipulation of the results enables one
therefore to correct for the distortion of the pressure vessel.
The compression values obtained for adamantane must be con-
sidered upper limits, since bulk compressions are almost in-
variably higher than true compressions determined by means of
high-pressure X-ray diffraction techniques. However, the error
is usually less than 5-109%,. The melting curve was determined by
means of differential thermal analysis (DTA) using Chromel-
Alumel thermocouples, corrected for the effect of pressure.!®
The furnace assembly was similar to that used by Cohen ef al.'?
The samples were contained in stainless-steel capsules which
incorporated thermocouple wells.!* The axial thermal gradient
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along the sample capsule was reduced by sandwiching the capsule
between two insulated metal plugs.2® A typical DTA signal
obtained on melting is shown in Fig. 1. No reaction of the
adamantane with the stainless steel was observed. The heating
rate was in the range 0.5-1.5°C/sec. Sliding friction was deter-
mined by comparing results obtained on increasing and on
decreasing pressure. The pressures obtained in this way were
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Figure 1. Typical DTA signal obtained upon melting ademantane at 13.1
kbar, 398.5 °C.
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further corrected for the effect of non-symmetrical pressure
losses.!® The corrected pressures are believed accurate to + 0.5
kbar. The points plotted represent the melting signals.

Results

COMPRESSIBILITY

The compression of adamantane at 20°C is shown in Fig. 2.
The I/IT phase transition is clearly visible at 4.1 + 0.5 kbar, in
excellent agreement with the earlier results.® The volume change
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Figure 2. Compression of adamantane at 20 °C.
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at the transition at 20°C is 1.4%, i.e. 1.8 ecm®/mole. The volume
change at — 64.6°C is 2.8 cm3/mole by extrapolation of the low-
temperature lattice constants.® It is clear that the volume change
decreases considerably with increasing pressure and temperature.
The transition temperature can be expressed® as

$(°C) = — 64.6 + 21.LP-0.0734P?

where P is the pressure in kbar. The slope d¢/dP therefore only
decreases from 21.1 °C/kbar at — 64.6 °C to 19.3 °C/kbar at 183°C.
Application of the Clapeyron equation now shows that the entropy
of transition decreases considerably with temperature. Using the
observed?! latent heat of transition at zero pressure, viz. 807
cal/mole, the volume change at - 64.6°C predicted by the
Clapeyron equation using the observed initial slope of the transi-
tion line is 3.41 cm?mole. The present value is probably pre-
ferable to the X-ray value® in view of the considerable extra-
polation required in that case, and suggests that the previously
observed average thermal expansion coefficient of the high-
temperature phase, viz. 4.4 x 10~ cm?®/cm?-deg, may be slightly
too high.

The compression of adamantane I at 20°C can be expressed as

- A4AV|V, = 2.057 x 10-2P-1.163 x 10-3P2

with a standard deviation of 0.00075. The compression of
adamantane II at 20 °C can similarly be expressed as

—AV|V, = 7.846 x 10-2 + 1.144 x 10-%(P-4.1)
~ 6.15 x 10-4(P—4.1)? + 1.58 x 10-5(P-4.1)
with a standard deviation of 0.00011.

MeLTING CORVE

The high-temperature portion of the phase diagram of adaman-
tane is shown in Fig. 3. The observed melting points were fitted
to the Simon equation2?

P = A[(T|To) - 1]

where 7° and 7',°K are the melting points at P kbar and zero
pressure, respectively, and 4 and ¢ are adjustable constants.
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A and ¢ were determined by means of Babb’s method.2® The best
fit was obtained for -

P = 2.392[(T[541)8-49% — 1]

with a standard deviation of 4.7 °C. The initial slope of the melting
curve is given by

(@TdP)p_, = TofAc = 26.6 = 4.0°C[kbar

by differentiation of the Simon equation. The newly determined
value?* of the heat of fusion is 3062 = 9 cal/mole, which gives a
volume change upon melting of 6.2 cm?®/mole.
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Figure 3. High-temperature region of the phase diagram of adamantane
to 22 kbar.
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The present melting curve is in fair agreement with the earlier
work® at high pressures, but deviates considerably at lower
pressures due to inadequate friction corrections in the earlier
work. :

Adamantane graphitizes at ~ 480°C at 10-45 kbar,® and it
was not possible to follow the melting curve much beyond 20
kbar. However, the triple point II/I/liquid can be expected near
460°C, 27 kbar.

Discussion

Resing* has attempted to estimate the volume of activaticn
Vact for self-diffusion in adamantane I. If V¢ were an appreciable
fraction of the molar volume of 128 c¢m3, the effect of pressure on
diffusion’ and hence on relaxation would be large. He found a
considerable discrepancy between values of Vie; estimated by
means of various semi-empirical relationships and by means of
Nachtrieb’s T/T,, law,?® and suggested that the effect of pressure
on adamantane diffusion may be a crucial test of the 7/7,, law.
However, Resing* had to use an estimated value for the com-
pressibility B, and it is now clear that the earlier initial slope® of
the melting curve of adamantane was incorrect.

The enthalpy of activation Hact equals 36.7 kcal/mole.t A
correlation found by Keyes?¢ suggests that

Vaet = 4 B Haey = 126 em?/mole,

using the present initial compressibility of adamantane I, viz.
2.06 x 10~ em3/em3-kbar.  According to Lawson’s thermo-
dynamical analysis®

Vaet = (B/a)Sact = 80 em?/mole.
Nachtrieb’s T[T, law?s yields

14T,

Vact = Hactﬁgﬁ = 75 cm3/mole

if one uses the present initial slope of the melting curve. This
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result is in excellent agreement with Lawson’s estimate, but in
bad agreement with the estimate of Keyes or with Burton and
Jura,?® who suggested that Vaet = 1.2 ¥V, for argon. However,
the glaring discrepancy previously reported?. is removed.
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