


TABLE 3.-Summary of the results of the correlation of the experimental data with the Antoine equation for vapor pressures-Continued ~ 

Constants of the Antoine equation 
log" P=A-Bj(C+t), or Normal t=Bj(A-Iog" P)-O. boiling Compound . Formula (PinmmHg;tin ° C). point at 

760mmHg 
A I B I 0 

- -

NAPHTHENES 

°0 
Cyclopentane ............................... .. ...... .. ... ... C,Hlo 6.87798 1119.208 230.738 49.262 
Methylcyclopentane .......... ............................. _ CoHn 6. 86283 1186.059 226.042 71. 812 
n·Propylcyclopentane .......... ...... ........... .... ........ CsHI' 6.89887 1380.391 212.610 130.937 
Isopropylcyclopentane . ................. . ... ... ... ........... CsHI' 6.8808.1 1375.564 217.475 126.41.1 
C yclohexane _ .... .. ..............•.......................... CoHn 6.84498 1203.526 222.863 80.738 
Methylcyclohexane ................... ... .. . .. ...... ....... . C7Hu 6.82689 1272. 864 221. 630 100.934 
Ethylcyclohexane .... .. . . ................... ............... . C,Hu 6.87041 1384.036 215.128 131. 783 
cis·l, 2·Dimethylcyclohexane .... ........ ... . . .............. . C,H16 6.84164 1369. 525 216.040 129.728 
trans· 1, 2·Dimethylcyclobexane. __ ... ..... ....... ... .. . ..... . CsH" 6.83722 1356.1CO 219.342 123.419 
cis·l, 3·Dimethylcyclohexane ............. __ .... . .. __ ........ C,H" 6.83866 1345.859 215.598 124.450 
trans· 1, 3· Dimethylcyclobexane . ..... . . .. . . ...... .. __ ......• . C,H16 6.84293 1340.658 218.281 120. 088 
cis-I. 4-Dimethylcyclohexane ___ _____ _____ _________ ___ _____ __ CSH16 6.83699 1347.794 216.300 124.321 
trans·l, 4·Dimethylcyclohexane ____ .......................... CsHI• 6.82180 1332.613 218.791 119.351 
n· Propylcyclohexane .... __ ......... __ ... . ... __ .. __ .......... C,HI' 6.88288 1457.640 207.511 156.711 

AROMATICS 

Benzene ..... __ . ____ .. __ .. __ • ..... ____ . . ... . ____ ...... ____ .. C,H, 6.89324 1203.835 219.924 80.103 
Toluene. __ ..... __ . ____ ____ ..... . .... ____ ........ ____ .. __ . .. . C,Hs 6.95337 1343. 943 219.377 110.62-3 
Ethylbenzene .. ......... ____ .. __ .................... __ .. __ .. CsHlo 6.94998 1419.315 212.611 136. 187 
Q·Xylene ............................... __ . .... __ ............ C,HIO 6.99937 1474.969 213.714 144.414 
m·Xylene ... .. .........•....... . .... .......... . ........... .. C,B" 7.00343 1458.214 214.609 139.102 
ll·X ylene ....................... -- ..... ..... -- . ... -- ......•. C,Hlo 6.98648 1450.688 214.990 138. 348 
n· Propylbenzene .. ____ .. ...... .......... ............... ... . . C,HI' 6.95178 1491. 548 207.171 159.216 
Isopropylbenzene ......•... ... ____ ...... .................... C,Hu 6.92929 1455.811 207.202 152.393 

• See text, section VI. 

Pressure Range of measurement 
coefficient 
dtjdP, at 

760mmHg 

I Temperature Pressure 

deg Ojmm mm Hg °0 
0.04003 217 to 780 15. 7 to 50.0 

.04274 88 to 780 15.0 to 72.6 

.04886 48 to 780 51. 7 to 131. 9 

. 04913 48 to 780 46. 9 to 127. 4 

.04376 77 to 780 19.9 to 81. 6 

.04671 48 to 780 25.6 to 101. 8 
; 04969 48 to 780 51. 4 to 132.7 
.04988 48 to 780 49. 2 to 130. 7 
.04951 48 to 780 43. 5 to 124. 4 
.04910 48 to 780 45. 2 to 125. 4 
.04880 48 to 780 41. 3 to 121. 0 
.04921 48 to 780 44.9 to 125. 3 
.04903 48 to 780 40. 3 to 120.3 
.05201 48 to 780 72.5 to 157.7 

0.04273 57 to 780 14.5 to 80.9 
.04630 48 to 780 35. 4 to Ill. 5 
.04898 48 to 780 56. 6 to 137. 1 
.04969 48 to 780 63. 5 to 145. 4 
.04903 48 to 780 59. 2 to 140. 0 
.04918 48 to 780 58.3 to 139.3 
.05143 48 to 780 75.6 to 160.2 
.05076 48 to 780 70. 0 to 153. 4 

Measure 
of 

precision .. 
p 

-

0.26 
.27 
.52 
.24 
.42 
.29 
.29 
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.36 

0.24 
.40 
.29 
.31 
.32 
.24 
.27 
.29 

o 

<:...., 

t 
~ 
~ 
~ 
Co 

~ 
~ 

~ .,... 
~ 
~ 

~ .,... 
"". ~ 

~ 
ttl 

~ 
~ 
~ 
V:l .,... 
§ 
~ 

~ 
~ 



Vapor Pressures and Boiling Points 241 

VII. DISCUSSION 

The data obtained in this investigation show clearly several simple 
correlations between the values of the "B" and "C" constants of the 
Antoine equation and molecular structure for the compounds of the 
several classes. 

Figures 8 and 9 give plots of the values of the "B" and "C" con­
stants, respectively, of the Antoine equation as a function of the 
number of carbon atoms in the molecule for several members of the 
series of normal paraffins, alkylcyclopentanes, alkylcyclohexanes, and 
alkylbenzenes. From correlations such as these, values of the "B" 
and "0" constants may be estimated with reasonable certainty for 
neighboring higher members of these series. With two constants so 
determined, the normal boiling point would fix the third constant, A, 
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FIGURE 8.-Values of the "E" constant of the ' Antoine eq~ation as a function of 
the number of carbon atoms in the molecule, for the several different classes of 
compounds investigated. 

The scale of ordinates gives tbe value of tbe "E" constant and the scale of abscissas gives tbe number of 
carbon atoms in tbe molecule. 

and thus permit setting up the complete vapor-pressure equation 
from a knowledge only of the boiling point at one pressure. 

Figure 10 gives, from the data on the hexanes, heptanes, and 
octanes, a plot of the values of the difference, between a normal 
paraffin and a given isomer, of the "B" constant of the Antoine 
equation as a function of the difference in the normal boiling point 
of the two isomers. Figure 11 gives, from the data on the hexanes, 
heptanes, and octanes, a plot of the values of the difference, between 
a normal paraffin and a given isomer, of the" 0" constant of the 
Antoine equation as a function of the number of tertiary and qua­
ternary carbon. atoms in the molecule. Correlations of this kind 
make possible the prediction of vapor pressure equations on the 
basis of one value of the boiling point, which itself may be estimated 
by a method already described [13]. 

The usefulness of the data of the present investigation in formu­
lating simple rules in connection with the separation of close-boiling 
hydrocarbons by distillation at different pressures will be discussed 
in another report [12]. 
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FIGURE g.-Values of the "e" constant of the Antoine equation as a function of 
the number of carbon atoms in the molecule, for the several different classes of 
compounds investigated. 

The scale of ordinates gives the value of the" C" constant and the scale of abscissas gives the number of 
carbou atoms in the molecule. 
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FIGURE 10.-Values of the difference, between a normal paraffin and a given isomer, 
in the "B" constant of the Antoine equation, as a function of the difference in the 
normal boilin,g point of the two isomers. 

The scale of ordinates gives the value of the" E" constant for the normal paraffin less that of the isoparaffin. 
The scale of abscissas gives the value of the normal boiling point of the normal paraffin less that of the 
isoparaffin. This plot represents the data on the hexanes, heptanes, and octanes. 
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'FIGURE 11.- Values of the difference, between a normal paraffin and a given isomer, 
in the "e" constant of the Antoine equation, as a function of the number of tertiary 
and quaternary carbon atoms in the molecule. 

The scale of ordinates gives the value of the "e" constant for the isoparalIin less that of the normal paraffin. 
The scale of abscissas gives the number of tertiary carbon atoms in the molecule, with the upper curve 
applying to those molecules having one quaternary carbon atom and the lower curve to those having 
no quaternary carbon atoms. This plot represents the data on the hexanes, heptanes, and octanes. 

The data of the present investigation are being correlated with 
existing other vapor pressure data on the same and additional com­
pounds in connection with the work of the American Petroleum 
Institute Research Project 44 at this Bureau, and a comparison of 
the present data with data of previous investigations will appear in 
a report of that work [11]. This latter report will also contain an 
extension, with detailed discussion, of the various correlations, to­
gether with the prediction of vapor-pressure equations for a number 
of hydrocarbons for which no data are available. The correlations 
in this latter report are being made according to the method de­
scribed in another report from this laboratory [13], which involves a 
consideration of the interaction among various groups in the molecule. 

Grateful acknowledgement is made to C. E. Boord of the American 
Petroleum Institute Hydrocarbon Research Project at the Ohio 
State University, M. R. Fenske of the Pennsylvania State College, 
George Calingaert of the Ethyl Corporation, the Barrett Division of 
the Allied Chemical & Dye Corporation, the Humble Oil & Refining 
Company, and the Dow Chemical Company for supplying materials 
from which, except for cycIopentane [10] and n-dodecane [9], were 
produced [8] the purified samples measured in this investigation. 



244 Journal of Research of the National Bureau of Standards 

VIII. R EFERENCES 

[1] A. R. Glasgow,Jr.,andF.D.Rossini, J. Research NBS 23, 509 (1939) RP1249. 
[2] C. H . Meyers, J. Am. Chern. Soc. !is, 2135 (1923). 
[3] N . S. Osborne and C. H. Meyers, J. Research NBS 13, 1 (1934) RP691. 
[4] C. H. Meyers and C. S. Cragoe, Private communication of revisions to refer-

ence [3J on the basis of new measurements of the vapor pressure of water 
made at the National Bureau of Standards by H. F. Stimson and C. S. 
Cragoe (1943). 

[5] C. Antoine, Compt. rend. 107,681 (1888). 
[6] G. W. Thomson, The Antoine equation for vapor pressure data (Ethyl 

Corporation, July 12, 1943). Unpublished. Report made available by 
G. Calingaert. 

[7] E. R. Smith, J. Research NBS 2!i, 229 (1940) RP1280i 26, 129 (1941) 
RP1365. 

[8] A. F. Forziati, A. R. Glasgow, J r ., C. B. Willingham, and F. D. Rossini, 
API Research Project 6, National Bureau of · Standards. Unpublished 
data. 

[9] B. J. Mair and A. J . Streiff. J. Research NBS 24, 395 (1940) RP1289. 
[10] M. R. Fenske, Pennsylvania State College. Unpublished data. 
[11] W. J. Taylor, J. M. Pignocco, and F. D . Rossini, API Research Project 44, 

National Bureau of Standards. Unpublished data. 
[12] C. B. Willingham and F. D. Rossini. API Research Project 6, National 

Bureau of Standards. Unpublished data. 
[13] W. J. Taylor, J. M. Pignocco and F. D. Rossini, J. Research NBS 3!i, 413 

(1945) RP1651. 
[14] A. F. Forziati and F . D. Rossini, API Research Project 6, National Bureau , 

of Standards. Unpublished data. 
[15] C. B. Willingham and F. D. Rossini. J. Research NBS 33, 85 (1944) 

RP1615. 
[16] C. B. Willingham and F. D. Rossini, API Research Project 6, National 

Bureau of Standards. Unpublished data. 
[17] B. J. Mair and A. F. Forziati. J. Research NBS 32 151 (1944) RP1582. 
[18] W. Edwards Deming, Statistical adjustment of data, chapters 4 and 8. 

(John Wiley & Sons, Inc., New York, N. Y. 1943.) 

WASHINGTON, July 6,1945. 

o 

I 


