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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 a t  4.1 kbar 
with a 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- 
siderable curvature at  higher pressures. The triple point tetragonal/fcc/ 
liquid can be expected near 460 "C, 27 kber. The volume of activation 
for self-diffusion in adamantane is estimated a t  75 cm3/mole by using 
Nachtrieb's TIT, law. 

Introduction 

Adamantane (tricyclo-(3 : 3 : 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 but undergoes a solid- 
solid phase transition at  208.6'K to a brittle phase which is 
tetragona1,S 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.4 The compressi- 
bility has not been determined before. The phase diagram of 
adarnantane was studied by Pistorius and S n ~ m a n , ~  using a 
piston-cylinder press. While there is no reason to doubt the 
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354 MOLECULAR CRYSTALS AND LIQUID CBYSTALS 

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 used6 consistently yielded bad 
agreement with hydrostatic work'-9 as well as with internally- 
calibrated high-pressure X-ray studies.10 More sophisticated 
ways of evaluating the symmetrical frictional component are 
now in use,11J2 and in addition it has proved to be usually neces- 
sary to  make further corrections for the non-symmetrical com- 
ponent of friction.13 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 
e1~ewhere.l~ The zero-pressure melting point was 267.5 "C in 
good agreement with the highest literature value,16 viz. 269 "C. 

Pressures up to 30 kbar were generated in a piston-cylinder 
device.ls 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,17 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 &lo%. 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 et aZ.12 
The samples were contained in stainless-steel capsules which 
incorporated thermocouple wells.lS The axial thermal gradient 
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M E L T I N G  C U R V E  OB A D A M A N T A N E  355 

W 

along the sample capsule was reduced by sandwiching the capsule 
between two insulated metal plugs.20 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 

LL a 
z o  m z  < a  

-J a 
i= z w cc w 
LL 

\ 
\ 
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---- TEMPER ATUR E 
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\ 
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Figure 1. Typical DTA signal obtained upon melting adamantane at 13.1 
kbar, 398.5 "C. 
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356 MOLECULAR C R Y S T A L S  A N D  LIQUID CRYSTALS 

further corrected for the effect of non-symmetrical pressure 
10sses.l~ The corrected pressures are believed accurate to * 0.5 
kbar. The points plotted represent the melting signals. 

Results 

COMPRESSIBITJTY 
The compression of adamantane at 20°C is shown in Fig. 2. 

The 1/11 phase transition is clearly visible at 4.1 0.5 kbitr, in 
excellent agreement with the earlier results.6 The volume ohange 
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Figure 2. Compression of adamantane at 20 "C. 
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M E L T I N G  C U R V E  O F  A D A M A N T A N E  357 

at the transition at 20 "C is 1.4%, i.e. 1.8 cm3/mole. The volume 
change at - 64.6"C is 2.8 cm3/mole by extrapolation of the low- 
temperature lattice con~tants .~ It is clear that the volume change 
decreases considerably with increasing pressure and temperature. 
The transition temperature can be expressed5 as 

t ("C)  = - 64.6 + 21.1P-0.0734P2 
where P is the pressure in kbar. The slope dt/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 comiderably with temperature. Using the 
observed21 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 cm3/mole. The present value is probably pre- 
ferable to  the X-ray value3 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 cm3/cm3-deg, may be slightly 
too high. 

The compression of adamantane I at  20 "C can be expressed as 
- d V / V ,  = 2.057 x 10-2P-1.163 x 10-3P2 

with a standard deviation of 0.00075. The compression of 
adamantane I1 at 20 "C can similarly be expressed as 
- d V / V ,  = 7.846 x lo-' + 1.144 x 10-'(P-4.1) 

- 6.16 x 10-4(P-4.1)2 + 1.58 x 10-5(P-4.1)3 

with a standard deviation of 0.00011. 

MELTING CURVE 
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 equation22 

P = A[(T/To)C - 11 

where To and ToOK are the melting points at  P kbar and zero 
pressure, respectively, and A and c are adjustable constants. 
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358 MOLECULAR CRYSTALS A N D  LIQUID CRYSTALS 

A and c were determined by means of Babb'a method.a* The best 
fit waa obtained for 

P = 2.392[(T/541)8-4'3 - 11 

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

(dT/dP),,, = T,/Ac = 26.6 + 4.0°C/kbar 

by differentiation of the Simon equation. The newly determined 
value24 of the heat of fusion is 3062 * 9 callmole, which gives a 
volume change upon melting of 6.2 cm3/mole. 

450 

400 

0 
I 

w 
[r: 350 
3 

U 
W a 
5 300 
I- 

0 

5i 

250 + ~DAMANTANE z 
I I ,', P 4 2 , c  , 

/ TETRAGONAL 

0 5 10 15 20 

PRESSURE- KILOBARS 
Figure 3. High-temperature region of the phase diagram of adamantme 
t o  22 kbar. 
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MELTING C U R V E  O F  A D A M A N T A N E  359 

The present melting curve is in fair agreement with the earlier 
work5 a t  high pressures, but deviates considerably at  lower 
pressures due to inadequate friction corrections in the earlier 
work. 

Adamantane graphitizes at - 480°C a t  10-45 kbar,5 and i t  
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 
Resing4 has attempted to  estimate the volume of activation 

Vact for self-diffusion in adamantane I. If Vact were an appreciable 
fraction of the molar volume of 128 cm3, the effect of pressure on 
diffusionm and hence on relaxation would be large. He found a 
considerable discrepancy between values of Vact estimated by 
means of various semi-empirical relationships and by means of 
Nachtrieb’s TIT,. l a ~ , ~ 5  and suggested that the effect of pressure 
on adamantane diffusion may be a crucial test of the TIT, law. 
However, Resing* had to  use an estimated value for the com- 
pressibility f l ,  and it is now clear that the earlier initial slope5 of 
the melting curve of adamantane was incorrect. 

A 
correlation found by Keyesz6 suggests that 

The enthalpy of activation H a c t  equals 36.7 k~al /mole.~ 

Tact = 4 f l  H a c t  = 126 cm3/mole, 

using the present initial compressibility of adamantane I, viz. 
2.06 x cm3/cm3-kbar. According to Lawson’s thermo- 
dynamical analysis27 

?‘act = (fl/a)Xa,, = 80 cm3/mole. 

Nachtrieb’s TIT, lawz5 yields 

1 dT, 
T, dP Vact = Hact-- = 75 cm3/mole 

if one uses the present initial slope of the melting curve. This 
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360 MOLECULAR CRYSTALS A N D  L I Q U I D  C R Y S T A L S  

result is in excellent agreement with Lawson's estimate, but in 
bad agreement with the estimate of Keyes or with Burton and 
Jura,2* who suggested that Vaet = 1.2 Vmol for argon. However, 
the glaring discrepancy previously reported4p5 is removed. 

Acknowledgments 
The least-squares calculations were carried out on the IBM 

system 360/40 of the National Research Institute for Mathematical 
Sciences. The authors would like to thank Mrs Martha C. 
Pistorius for writing the computer programs and Mr J. B. Clark 
for assistance with some of the experimental work. Mr J. Erasmus 
and his staff and Mr G. O'Grady and his staff kept the equipment 
in good repair and were responsible for the manufacture of the 
furnace parts. 

REFERENCES 

1. Nowecki, W., Helv. Chim. Acta $8, 1233 (1945). 
2. Nordman, P., private communication quoted in ref. (3). 
3. Mirskaya, K. V., Soviet Phys. Cryst. 8, 167 (1963). 
4. Resing, H. A., in Organic Solid State Chemiatp.y, edited by Adler, G. 

Gordon & Breach, London, 1969, p. 101; Reaing, H. A., MoE. Cryst., in 
press. 

5. Pistorius, C. W. F. T. and Snyman, H. C., 2. Phy.9. Chem. (Frankfurt) 
43, 278 (1964). 

6. Kennedy, G. C., and Newton, R. C., insolids under Preasure, edited by 
Paul, W. and Warschauer, D. M., McGraw-Hill Book Co., Inc., New 
York, 1963, p. 163. 

7. Babb, S. E., J .  Chem. Phys. 37, 922 (1962). 
8. McDaniel, M. L., Babb, S. E. and Scott, G. J., J. Chem. Phys. 37,822 

9. Butuzov, V. and Conikberg, M., Dokl. Akad. NaukSSSR 91,1083 (1953). 
10. Barnett, J. D., Bennion, R. B. and Hall,H.T.,Scieme 141,1041 (1963). 
11. Jayaraman, A., Klement, W., Newton, R, C. and Kennedy, G. C., J. 

12. Cohen, L. H., Klement, W. and Kennedy, G. C., J. PhpChem. Solids 

13. Pistorius, C. W. F. T., Rapoport, E. and Clark, J. B., Rew.~Sci.Imtr, 38, 

(1962). 

Phys. Chem. Solids 24, 7 (1963). 

27, 179 (1966). 

1741 (1967). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
12

 1
7 

Fe
br

ua
ry

 2
01

3 



MELTING C U R V E  O F  A D A M A N T A N E  361 

14. Koch, H. and Franken, J., Brennstoff Chem. 42, 90 (1961). 
15. Fort R. C., and Schleyer, P., Chem. Rev. 64, 277 (1964). 
16. Kennedy, G. C. and LaMori, P. N., in Progress in Very High Pressure 

Research, edited by Bundy, F. P., Hibbard, W. R. Jr., and Strong, H. M., 
John Wiley & Sons, Inc., New York, 1961, p. 304. 

17. Bridgman, P. W., Proc. Am. Acad. ArtsSci. 74, 21 (1940). 
18. H m e m a n ,  R. E. and Strong, H. M., J .  Appl. Phys. 36,523 (1965) ; 37, 

19. Pistorius, C. W. F. T., J .  Phys. Chem. Solids 26, 1543 (1965). 
20. Rapoport, E., J. Chem. Phys. 45, 2721 (1966). 
21. Chang, S. S. and Westrum, E. F., J .  Phys. Ghem. 64, 1547 (1960); 

Westrum, E. F., J .  Phys. Chem. Solids 18, 83 (1961). 
22. Simon F. E., and Glatzel, G. Z., Anorg. A U g .  Chena. 78, 309 (1929). 
23. Babb, S. E. Jr., Rev. Mod. Phys. 35, 400 (1963). 
24. Girdhar, H. L., Westrum, E. F. Jr., and Morawetz, E., unpublished. 
25. N. H. Nachtrieb, J. A. Weil, and A. W. Lawson, J. Chern. Phys. 20, 

1189 (1952); Nachtrieb, N. H., Resing, H. A. and Rice, S. A., J .  Cltent. 
Phys. 31, 135 (1959); Nachtrieb, N. H. and Lawson, A. W., J .  Ghem. 
Phys. 23, 1193 (1955); Rapoport, E., J .  Chem. Phys. 44, 3581 (1966). 

612 (1966). 

26. Keyes, R. W., J. Chem. Phys. 29, 467 (1958). 
27. Lawson, A. W., J .  Phys. Chern. Solids 3, 250 (1957). 
28. Burton, J. J. and Jura, G., J .  Phys. Chem. Solids 27, 961 (1966); 28, 

705 (1967). 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 0

6:
12

 1
7 

Fe
br

ua
ry

 2
01

3 


