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Compressibilities of Long-Chain Normal Hydrocarbons 
c. E. Weir and J. D. Hoffman 

Measurements were made of the compressions of n-CJSH 3S, n-C2oH 42, n-C24TIso, n-C26IIs4, 
n-C2sH s8, and n-C30H62 in the crystalline state at 21 0 C. The pre sure range used was from 
1,000 to 10,000 atmospheres. Within the experimental error, which was fairly large because 
of the small size of sample, no significant variation of the compression with chain length 
was observed. The average compression of all the hydrocarbons studied may be represented 
by the equation 

- e.V/ Vo = 0.1 717loglO (2,5 00 + P )-O.6272. 

The a\'erage compressibi li ty of the hydrocarbons extrapolated to 1 atmosphere was calculated 
to be 29.S X 10- 6 atm- I at 21° C. 

1. Introduction 

Considerable interest has been exhibited in the 
pr~peI:ties of the normal long-chain hydrocarbons, 
as ll1dICated by numerous )'eports on studies of these 
materials. As pointed out earlier [1],1 there is need 
for data on the compressibilities of these materials, 
the only data available on the crystalline materials 
appearing to be those of Milller [2] obtained from 
X-ray measurements on n-C23H 48 and n-C29H 60 • 

Data on the liquids conLaining between 5 and 10 
carbon aLoms were reported by Bridgman [3], and 
Cutler, Schiessler, and 'Vebb [4] have recenLly 
reported measuremenLs on n-CI2H z6 , n-CI5H 32 , and 
11-C18H38 in the liquid state. 

In the present report, data are given fo1' com
pressions at 21 0 C for some of the crystalline normal 
hydrocarbons containing between 18 and 30 carbon 
atoms. 

B.ecause of the small amount of each hydrocarbon 
available, the errors of measurement were necessarily 
rather large. Accordingly, the present results are 
of a somewhat exploratory nature, and will probably 
be subject to slight revision whell data on much 
larger samples are obtained. 

2. Experimental Method 

It was considered desirable to measure the com
pressibilities at low pressures, i. e., 1 t.o 1,000 atm, 
but efforts to do tllis with the present samples in 
this pressure range, using piezometric techniques, 
were unsuccessful. The errors in such measure
ments were so large as to render the data of dubious 
value. These errors were probably the result of 
interfacial eiIects arising from the fact that the only 
confining liquids considered inert toward the speci
mens were water and mercury- both nonwetting 
liquids. After vacuum impregnation of the speci
mens with either liquid, unlillecl capillary spaces 
were visible. Presumably these were filled at ele
vated pressures, thus giving rise to the ermtic 
compressions observed. Attempts Lo fill the voids 
permanently at 10,000 atm were unsuccessful be
cause the visible capillaries emptied partially in an 
irreproducible manner onJeduction of the pressure. 

I Figures in bmcko(.s-indicate the litcr~ture references at the end of this paper. 

It was decided, therefore, to measure the com
pressions at high pressures, where errors arising 
from void spaces are negligible. The ba.sic tech
niques and equipment used in such studies have 
been described earlier [5]. 

Certain modifications of the procedures were 
devised to permit study of the small specimens. 
Each hydrocarbon was fused and recrystallized in a 
small Pyrex tube, open at one end. The filled tubes 
were placed, open end down , in a stainless-steel 
container, open at one end. A steel spring under 
compression served to hold the open end of the glas 
tube in contaet with the boLLom of the sLeel con
tainer. This assembly was evacuated for }f hI', 
using a mechanical pump, and the stailliess-steel 
container fLlled with clean mercury while undor 
vacuum. To minimize danger of contamination of 
the pressure vessel wiLh mercury, the mercury-filled 
assembly was placed in a somewhat larger telescoping 
steel container designed Lo catch any mercury 
inadvertently spilled from the inner container. This 
unit, consisting of telescoping tubes, glas , mercur.,', 
spring, and hydrocarbon, represented the compre -
sion specimen and was immersed in a light petroleum 
distillate (Varsol) in the pressure vessel. For a 
comparison standard the same a.ssembly was used, 
except that the glass tube contained no hydrocarbon. 
The comparison material for the hydrocarbon, there
fore, consisted of a similar volume of mercury. 

Compression data were calculated by means of a 
generalization of the equation of Adams [6], as 
follows: 

k-kl=~O {~L(l +aP)+~l' a(P-P')+ 

[ Vll (l +aPo)+ n~-l V~ - V:rJ k-ki} + 
n=l S 1-kl 

n=m-2 (V -V) ::8 (kn-k~) 1170 no. 
n=l Vo 

(1) 

P denotes pressure in atmospheres and V, volume; 
subscript zero denotes 1 atm, and subscripts rand l 
refer to measurements made with reference ma
terial and pressure-transmitting liquid, respectively. 
Primes denote the experimental reference pressure 
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of 2.000 atm. The compression k= - -(V - Vo) /Vo = 
- Ll V IVo at pressure P ; k' is the corresponding co m
pression at 2,000 atm, i. e., - (V'- Vo) /Vo. 8 is the 
arca of the bore of the vesscl at 1 atm; a is the pres-
ure coefficient of this area (1/8) (d8/dP); LlL is the 

difference in travel of the piston at pressure P in the 
measurements on the reference specimen and the 
unknown sp ecimen calculated from 2,000 atm; Lll' is 
the difference of the positions of the piston at 2,000 
atm in the two measurements. The generalization is 
con tained in the two summations, the first being 
carried out over all m components in the vessel 
except the pressure-transmitting liquid, and the 
econd for all except the specimen and the liquid. 

All components of the compression specimen were 
weighed and the required volumes calculated from 
the weights. Known densities of steel and mercury 
were used, whereas that of the glass was determined 
by hydrostatic weighing. Volumes of the hydro
carbons were obtained from the weights by use of 
pecific volume-temperature data of T emplin [7] . All 

these data were extrapolated to 21 0 C , and som e 
uncertainty (probably no t exceeding 1 %) exists in 
t he specific volumes used . The values used wer e, in 
cubic centimeters per gram, 1.070 for CI8H~8 ; 1.060 for 
C20H 42 ; and 1.050 for all other specimens. The latter 
value agrees with a flotation density of n-C29H 60 

obtained by Muller [8]. The error introduced through 
inaccuracies in these values is believed to be less than 
the precision of the compression measurements. 

All glass tubes used were prepared from a single 
length of tubing, and all were annealed simultane
ously. The compression of glass used was that re
ported by Adams and Gibson [9). The compression 
of mercury was also taken from the data of Adams 
[10] and r epresen ts only a sligl1 t modification of his 
published data [6]. The compression of steel did not 
enter the calculations because the volume of steel 
was the same in all measurements. 

About 1 cm 3 of each of the following hydrocarbons 
was available for study : n-CI 8H 38, n-C2'oH 42 , n
C24H 50, n-C2sH 54 , n-C28H 58 , and n-C30H c2 ' The melting 
points, which were sharp, are given in table 1. 

3. Results and Discussions 

The results of the compression measuremcn ts on 
the hydrocarbons are given in table 1. Values of 
compression, - Ll V IVo , r eferred to 2,000 atm are 
tabulated for each 1,000-atm interval ; measurements 
at 1,000 atm appear as n egative values because the 
data are based on the reference point at 2,000 atm. 
The da ta at 1,000 atm are less reliable than those at 
the higher pressures and are not consid ered in the 
following discussion. Two independ en t measure
ments, obtained at different times, were made on each 
specimen, and these data are tabulated as runs 1 
and 2. The averages of the two measuremen ts on 
each specimen are also tabulated. 

By inspection of the duplicate measurements it is 
apparent that the errors are large. The increased 
error [11] is to be expected as the specimen bas a 
volume of only about 1 cm3 out of a total of 25 cm3 of 
material in the pressure vessel. Ordinarily a 10- to 
12-cm3 specimen is used . In view of the decreased 
precision a statistical analysis of t he data was car
ried out. This analysis corroborated a standard 
deviation of ± O.0040 in - LlV/Vo and showed that, 
for a given pressure, 110 really significan t difference 
exists between the compressions of the different 
hydrocarbons within experimental error. On this 
basis the data of table 1 (excludin g those taken at 
1,000 atm) have been averaged, with the rcsults given 
in the last column of t he table. These average data 
are considered to be representative of all specimens 
studied . To obtain compressibility data, the aver
age compressions of table 1 were fi tted to the T ai t 
equation [12] by m eans of least squares. The result
ing equation , 

- Ll V /Vo = 0.1717 10giD (2,500 + P ) - 0.6272, (2) 

with P in atmospheres, reproduces the average com
pression data within ± 0.0005 , which is well within 
the experimental error. The fit of eq 2 with the 
exp erimental data as averaged at each pressure is 
shown in figure 1. The corresponding values of the 

TABLE L Compressions of normal hydrccarbons 

Comp ression , - L'; VI Vo 

n-C lsH 38 n-C2oH4 2 n-C :!4Hso n-C26H 54 n-C " H ss n-C aoH 62 
(mp=28.1° C) (mp=36.5° C) (mp=50.6° C) (mp=56.1° C) (mp=61.l° C ) (mp = 65.4° C) 

Pressure Average 
of all 

1 2 Aver- 1 2 Aver- 1 2 Aver- 1 2 Aver- J 2 Aver- 1 2 A ver-
age age age age age age 

---------------------------- -------
ai m 

1O,OO(L ____ 0.0764 0.0748 0.0756 0. 0761 0. 0736 0.0748 0. 0757 0. 0816 0. 0786 0. 0682 0.0773 0.0728 0. 0822 0. 0712 0. 0767 0.0750 0.0791 0. 0770 0.0759 
9,000 ______ _ . 0695 . 0701 . 0698 . 0702 . 0667 . 0684 . 0701 . 0780 . 0740 . 0602 .0708 .0655 . 0769 .0672 . 0720 .0695 . 0745 . 0720 . 0703 
8,000 ____ ___ . 0643 . 0617 . 0630 . 0619 . 0600 . 0610 . 0632 . 0695 . 0664 . 0566 .0647 . 0606 . 0680 . 0600 . 0640 . 0635 . 0659 . 0647 . 0633 
7,000 _______ . 0552 . 0531 .0.>12 . 0554 . 0549 . 0552 . 0534 . 0619 .0576 . 0494 . 0567 .0536 . 0604 . 0516 .0560 .0562 . 0570 . 0566 . 0554 
6,000 _______ . 0431 . 0468 . 0450 . 0467 .0472 . 0470 . 0463 . 0553 . 0508 . 0368 . 0490 . 0429 .0512 . 0444 . 0478 . 0500 . 0490 . 0495 . 0472 

5,000 _____ _ . 0342 . 0378 . 0360 . 0384 . 0390 . 0387 . 0343 .0447 . 0395 . 0307 . 0389 .0348 . 0410 . 0351 .0380 . 0390 . 0394 .0392 . 0377 
4,000 ____ ___ . 0263 . 0277 . 0270 .0294 .0262 . 0278 . 0253 .0345 . 0299 . 0227 . 0284 . 0256 . 0298 . 0261 . 0280 . 0307 .0284 .0296 . 0280 
3,000 _______ . 0145 . 0149 . 0147 . 0156 . 0147 . 0152 . 0150 . 0190 . 0170 . 0081 .0159 . 0120 . 0161 . 0143 . 0152 . OU3 .0159 . 0136 . 0146 
2,000 ______ _ . 0000 . 0000 . ()()()(l . 0000 . 0000 . 0000 . 0000 . 0000 . 0000 . 0000 .. 0000 . 0000 . 0000 0000 . 0000 .\1000 . 0000 . 0000 . 0000 
1,000 _______ -. 02[8 -.014[ - . 0180 -. 0069 -_.---- -. 0069 ------ - -_ . -.-- -- -. -.- -.0121 -. 0124 -. 0122 _______ - . 0153 -. 0153 -.0108 -.0164 -. [H 36 -.0137 

I 
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FIGUHE 1. Plot of 'Tait eq1wtion f or normal hyd,·oc(,,·bon. 

compressibility at the various preSSUl'es are given in 
figure 2. 

It has been no ted by Gibson [12] that t he Tait 
e9~ation r eproduces both volume and compressi
bllity data on many materials with great aeCUl'acy 
over a WIde pressure range (see also [4]). Of im
m ediate inter.e~t is the fact that this equation, 
~l though emp1l'lcal, h as been used very successfull y 
III extmpolatmg from low to high pressures. The 
reverse process is used here, as elata are desired at 
low pressures. From the derivative of eq 2 i t is 
found that tli e compressibility is given by the 
equation 

dV 0.1717 
- V odP= 2.303 (2,500+ P )' (3) 

If P «: 2,500 atm, the volume compressibili t.y is 
found to be 29:8 X IO- 6 atm- I • Statistical analysis 
of the clata mdlGates that the standard deviation in 
t he valu e is O.4.X 10- 6 atn~- l. The true value may, of 
course, h e outsIde th cse hm1ts. 

I t is interesting to co mpar e th e present r esul ts 
1V1th those of Mi.illel' [2], who m easured the change in 
X-ray spa.cings with pressure for the odd-carbon com
pou.nels ~-C23H48 and n-C~9H60. In making this com
panson , It should be r em embered that the even- and 
odd-carbon hydrocarbons have different crystal 
sLructures at ]'oom temperature, so that close agree-
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FI GU RE 2. i1vemoe compl'essibilily-pI'Pssul'e l'elationship in 
normal hydrocarbon. 

men t of the co mpressibili ty valu es is no t necessal'il y 
to b e exp ected . At room temperatu]'c Lhe odcl
carbon compounds h om n-C21H 44 to n-C29H60 are 
orthorhombic, whrreas t he cven-earbon compounds 
from n-CI8H 3S thro ugh n-C2J-I5o ar e lricl illic ; 
n-C2sH 58 a nd n-C30H 62 are monoclinic [13]. B oth t he 
monoclinie and triclini c forms appea l' s imulLaneously 
in n-C26H 54 [1, 13] . Using :'Ii.il1el" s findin g [2] t illit 
th e co mprcssibili ty is essell lially a Lwo-cl im en ional 
efIect,2 t he lin eal' comp rrssibili ty valu es quoted in 
Muller 's paper are equ ivalent to volume compressi
bilJtJCs of 21 X 10- 6 a lm- 1 for n-CnH 48 , and 5.5 X lO- 6 

atm- 1 for n-C29H60. These valu e l'epJ'('spnL Lh c 
avcrage compressibiliLy aL 500 a Im ; oll r value aL Lhe 
same pressure for th e even-carbo n compo llnds is 
25.5 X lO- 6 atm- I • 

~h e efl'ects arising at cha in ends lead to Lhe expec
tation that th e compressibili ty should decrease 
slightly with increasing chain length ill Lhe normal 
hy drocarbons. Bridgm an ' data 011 the li q uie! hydro
carbons [3] up to n -C loH 22 SIIOW this ('fl'('ct. Tl lC 
data of C utler, Schiessler , and vVebb [4] on n-C I 2H26 , 
n-CI5H 32 , and n-CJSH 38 in the liquid s tate also show 
a sl,ig ht decrease of compressibility wiLh length of 
cham. However , in the latter slud y it is clear that 
the eff ec t decrcases with increas ing chain lengtJ l and 
pressure, as would be expected. Bridgman [14] has 
r eported data O il polyethylene of three different 
average molecular weights in th e rangc 14,000 to 
38,000 that show no significan t efl'ect of moleeular 
weigh t on compressibility, a nel verify t he belief t hat 
the :~ec t of chain ends on compressibility becomes 
n.egllglble as the chain length increases i It this par
tI~l1y amorphous and partially crystallin e (mono
clmLC) polym er. TIle fact tb at no effecL of ch ain 
len gth on co mpressibility is shown by th e presen t 

2 Tho chan ges w ith pressure of the X ·ray spacin gs found by MOlicr weI''' stated 
to be almost enttrely a result. of the hydrocarbon chains mo vin g closer together 
la terally. 
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data on the crystalline hydrocarbons implies that 
such an effect is smaller than the experimental error 
of the measurements. Similarly, there does not ap
pear to be any large difference in the compressibili
ties of the triclinic and monoclinic forms of the 
even-carbon hydrocarbons because the results for 
materials with 18 to 24 carbon atoms do not differ 
greatly from those for materials with 28 and 30 
carbon atoms per molecule. 

The authors are indebted to J . Mandel for advice 
in connection with the statistical analyses of the 
experimental data. 

WASHINGTON, eptelnber 7, 1955. 
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