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The work reported in this paper Wc!18 performed at the Pennsylvania state 

University and vas jointly supported bY'the University and the American Petroleum 

Institute. Vohmte-preSBUre data to 10 Jdlobara were det&:nn1ned tor a series ot 

atructura~ related, high molecular weight hydrocarbons synthet.ically produced 

by API Reaearch Project h2 at Penn State. Tha volume changu due to pressure were 

Measured at aix ternperatures about equally spaced in the range 37. eo c - 13So 0 0 

The structures ot the compounds used for this studY' were as tollows: (Slide #1) 
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The PSU number is assigned tor identification purposes and Cn refers to an un ... 

branched, saturated chain of n carbon atoms with the substituent hydrogens. De­

tails ot experimental technique tor measuranent ot the volume changes of these 

liquids haTe been prtlViously reported. 

* Presented at American Pbyalcal Society meeting, Washington, D. C., May 3. 19S8 D 



The pressure-volume isotherms can be described mathematically bY'two equatiolls. 

Of chief interest is the 'fait equation (Slide #2): 

Vo - v • 0 log (1 + P /B) 

where 'Yo is the specific volume at atmospheric pressure. y is the specllic volume 

at pressure P, and C and B are constants. O/Vo Is a constant independent ot 

temperature. The average value ot C/"o b'om this study and others conducted by 

API #42 (covering 103 isothemB for 20 compounds) is 00 20,8.. The standard deviation 

18 o.OO4S. The B is temperature dependent and can be expressed as a quadratic about 

79040 C. For example, for PSU 87: (Sl1de 113) 

Vo - y • C log (1 + pIB) 

C • 0020$8 Yo 

B • B?904 + aCt - 7904) + b (t - 7904)2 

B • 1048 - '0916 (t - 7904) + 0.0121 (t - 7904)2 

.A comparison between observed values of the specific volume change and the specific 

volume change computed trom the Tait equation vas made. The average per cent of 

d1:f'f'erence, without regard to sign,. vas Oo4S~, whIch 18 lS88 than the experimental 

uncertainty in the data. The largest differences are at low pressure8, this being 

partiC!lllar~ tne tor the normal pa.raf'fins 0 

An intermoleeular force lAw proposed by Hudleston can be put in the following 

torm: (Slide Hh) 

where "'0 is the spec:tfic volume at atmospheric pressure, v is the specllic volUJll8 

at pressure P, and A and B are constants. To check the Hudlsston equation with 

the d&ta obtained in this s~uclY', log [v2/ 3 p/(Yo 1/3 - y1/3)] wu plotted against 

(Yo1/3 - ,,1/3). It the Hudleston equatioll is valid the locus ot the points plotted 
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should be a s'traight Une haTing slope B and intercept A. For the compounds 

checked straight lines did result except tor some deviations at pressures ot 

700 bars or lower. These deviations are to be expected because the mathematical 

form ot the Hudleston equation is such that it would not be Entpected to hold as 

atmospheric pressure is approached. 

For a given compound the plots of the Hud1eston equation at a series ot 

temperatures proved to be a famil,. ot appronmately parallel lines, indicating 

that B is constant tor a given compound. The intercept, A, approximates a 

linearl,. decreasing f'anction or the temperature. Using the relations discovered 

tor A and B it was possible to write a general Hudleston equation tor each com-

pound 0 For example: (SUde 115) 

log 

log 

PSU 87 

[v2/ 3P/(Tol/3 _ yl/3)] ~ A + B (Yol/3 _ ..;./3) 

[v2/3P/('Yo 1/3 _ ,.1/3>1 .. 4.615 ~ 00002$.0 (t - 60) 
+ 60 209 ('Yo 1/3 _ y1/3) 0 

An examination of the compressibil1ties ot the hydrocarbons studied led to a 

DWli>er of general conclusions. For a given conpound and temperature the compr9s:!­

ibilit,. decreases with 1ilcreaaing pressure, the rate ot decrease becoming smaller 

at higher pressures, as the following example shows. (Slide 116) 
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Pronounced structural dep8ndence is apparent in the valuos of the compreu­

ibi1ity. The ettect of struc:ture~ hcnrever. tends to disappear as the pressure 

increases a8 shown in the to1101d.ng example: (SUde 117) 
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The yalue in parentheses was computed from the Tai t equation tor the 13SO C ieotham 

tor PSU 88, as 6700 bars was above the max:1nmm pressure to which FSU 174 could be 

taken 0 

The isobare, with specific volume 8S a 1bnction ot t&mperature, were plotted 

tor each COlIlpound at 33; bar intenals 0 The isobars tor each hydrocarbon had the 

same general torm and were almost Unoaro RepT8sentati .... e isobars are shown in 

the next sl1deo (Slide 68) 

Slopes ot the isobars were determined from large scale graphical plots by the 

use ot a tangentometer. These slopes revealed a ehange in sign ot (J2v1 dr2)p at 

elevated pressures. This effect is observed by noting that at lower pressures the 

magnitude ot the slope of the isobar, (~v/;) 1')p, increases with increasing temp­

erature but abave a certain pressure, the value ot (.} v/() T)p decreases with in­

creasing temperature. 

Representative values of the pressure range in which the sign reversal ot 

(d 2v/ d T2)p has been observed in the present stud,. are as fo1l.owtn (Slide #9) 
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Isoehorea (curyaa ot constant specific voluma) wore drawn over the ent1r8 

range ot temperature and pressure at intervals ot 0.01 cc/gram. Repl"'88entative 
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isochol'eO are shown in the next slida (Slide 110).. Slopes of the isochores were 

alao read with a tangentometer. It was especial1r noted that the isochorea are 

not straight lines. The slope of a given isochore, (J P!dT)y, decreases with 

increasing pressure and temperature. Since the iaochores are not straight lines, 

one can state that (~pl;;) T)., 18 not a function ot volume alone. The qWmtiti 

T(dP/dT).,. + B, where B is the Tait equation parameter B, 1fas examined tor a 

number of the hydrocarbons in this study' and the results support" the idea that 

T(d p/dT) ... + B 1s solely a :fbnction ot vo11Dlla .. 

It can be shown from the1'l1l0dynamics that: (Slide #11) 

(d E/a v)1' • T( Jp{dT)y - p 

and 

(aE/elp)!. - '1'(~v/dT)p - P(:JY/d P)cr 

From these equations one can show that: 

The pressure for which P • T( ~ P/d T)y baa been determined experimentally for eome 

ot the h)'drocarbona in this study.. For example, for PSU 87 this pressure is 8900 

bars at l3SO C.. Since at this pressure () E/d .)T and (J E/dP), • 0 it represents 

a minimum energy for the liquido It has been proposed (byBr"ldgman and Hildebrand) 

that the volume of the liquid at this pressure should correspond to the volume ot 

the liquid at OOKo For PSU 87t (Slide 112) 

Specific volume at 
P tor which P D T(d pia T)y 

Specific volume at oPK 
(extrapolated from· 
density data) 

0 0 99 cc/gra 
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