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n-Pentane, isopentane, and mixtures of the two have 
been extensively used as high hydrostatic pressure 
media since they were thought to have among the 
highest solidification pressures at room temperature. 
Bridgman has claimed that n-pentane or a mixture of n
and i-pentanel •2 do not solidify even at 30 000 kgj cm2

• 

Reeves, Scott, and Babbs in tracing the melting 
points of n-pentane to 10 kbar, found them to range 
between '"'-'-130°C at atmospheric pressure and - 30°C 
at 10 kbar. Using a Simon representation for their 
data, they have computed the extrapolated melting 
pressure of n-pentane at 25°C as 15 kbar. There has 
been no experimental confirmation of the solidification 
pressure at room temperature. In fact evidence has 
recently been presented4 that high shear stresses are 
absent in n-pentane subjected to 60 kbar pressure 
indicating that solidification did not occur even at this 
high pressure. 

In some current studies5 observations led to the 
suspicion that either n-pentane was freezing or that the 
previously reported transformation in 18-8 stainless 
steels was being encountered at 18 kbar. A series of 
experiments was therefore carried out to determine 
whether the transformation was occurring in the 
n-pentane or in the stainless steel. 

The experiments were conducted at room tempera
ture in a Bridgman-Birch 30-kbar apparatus7 using the 
piston discontinuity method for detecting the phase 
transition and measuring 11 V, the volume discontinuity 
at transformation. Pressure was measured with a 
calibrated manganin gage and is accurate to ±500 bar. 

Three different fluids were investigated: (1) East
man n-pentane, practical grade; 97.2 vol % pure. (2) A 
SO-SO vol % mixture of the Eastman n-pentane and 
Eastman isopentane (practical grade). (3) Phillips 
Petroleum Company Research Grade n-pentane, 99.87 
mole % pure. Two solids were used in these experi
ments: 18-8 stainless steel and Ferrovac E iron. (Iron 
does not transform in the pressure range under 
investigation.S

) 

The volume of liquid V was calculated as a function 
of pressure from the dimensions of the pressure vessel 
and the piston displacement. The number of moles of 
n-pentane was calculated from the density-temperature 
relationship.9 

Six experiments have been conducted embracing the 
combinations of the three pressure media and two 
solids. Transformations were seen only in the runs in 
which n-pentane (either Eastman or Phillips) was used 
as the pressure medium. The mixture of pentanes with 
either the stainless steel or iron sample showed no 
evidence of transformation up to the highest pressure 
reached (25-27 kbar). 

From these experiments it is concluded that a solid
liquid transformation is taking place in 12-pentane at a 
pressure of 17.55±0.67 kbar at 23.3°±0.3°C. The 
thermodynamic melting parameters listed in Table I 
were computed by use of the Clapeyron equation. 

The results presented are in direct conflict with 
statements made by Bridgmanl that pentane does not 
solidify at room temperature and 30000 kgjcm2• The 
results however are in reasonable agreement with those 
of Reeves et al.3 (Fig. 1) although they differ with the 
extrapolated 25°C solidification .pressure by '"'-'17%. 
This must be attributed to the uncertainty in extrapo
lating the Simon relationship. The higher-pressure 
data of Reeves et al.3 and the melting point determined 
in the present study when graphed on a log-log plot 
appear to fall on a straight line (Fig. 1) in agreement 

TABLE 1. Values of thermodynamic melting parameters. 

AVm AH ... AS ... 
Pressure Temp (cm8/ (kcaI/ (eu/ 

(bar) (OK) mole) mole) mole) AV/V% 

143.5" 7.72 2.01b 0.0140 

17550 296.3 2.67 7.04 0.0238 4.1 

• See Ref. 3. 
b M. G.:Broadhurst. J. Res. NaU. Bur. Std. AM, 241 (1962). 
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FIG. 1. T-P and 10~T -logP representations of the melting 
curve of n-pentane (solid curves) . Dashed curve represents Simon 
relation proposed by Reeves et al.2 

with other representations of the melting relationship.lo.ll 
The failure of Norris· to observe excessive shear 

stresses in n-pentane at 30 and 60 kbar and Bridgman's 
failure to observe solidification in this fluid lead to the 
probability that they were working with a superpres
surized (supercooled) fluid. This is further confirmed 
by the experience of Reeves et al.s that sub cooling in 
n-pentane was an experimental problem and Bridg
man's observation12 that it is possible to bypass solidi-

fication completely in some organic liquids with a 
sufficiently high pressurization rate. 

The following is a summary of the results : 

(1) n-Pentane undergoes a liquid-solid transforma
tion at a pressure of 17.55±0.67 kbar at 23.3°±0.3°C 
in general agreement with the results of Reeves et oJ.,· 
but in apparent conflict with the results of Bridgmanl 

and Norris,· who were probably working with a super
pressurized fluid. 

(2) No evidence of transformations was detected in 
a 50-50 vol % mixture of n-pentane and isopentane 
nor in 18-8 stainless steel up to pressures of 25 kbar at 
22.5±0.Soc. 
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