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ABSTRACT 

Measurements of vapor pressures and boiling points, over the range 47 to 780 
millimeters of mercury and above ah>out 12° C, were made on 52 purified hydro
carbons. The apparatus consisted of an electricaUy heated boiler, a vapor space 
with a vertical reentrant tube containing a platinum thermometer having a 
resistance of 25 ohms, and a condenser. Measurements of the temperature of 
the liquid-vapor equilibrium were made at 20 fixed pressures maintained auto
matically. The values of the fixed pressures were determined by calibration of 
the apparatus with water by using the vapor pressure-temperature tables pre
pared at the National Bureau of Standards. 

The experimental data on the hydrocarbons were correlated, the method of 
least squares being used, with the three-constant Antoine equation for vapor 
pressures, log P=A-B/(C+t) or t=B/(A-Iog P)-C. Experimental data, 
together with the values of the three constants of the Antoine equation, appli
cable over the range of measurement, are reported for 30 paraffin, 4 alkylcyclo
pentane, 10 alkylcyclohexane, and 8 alkylbenzene hydrocarbons. 
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1. INTRODUCTION 

On 52 purified hydrocarbons, all but 1 of which were prepared in 
connection with the work of the American Petroleum Institute 

1 This investigation was performed at the National Bureau of Standards Jointly hy the American~Pe· 
troleum Institute Research Project 6 on the AnalYSiS, Purification, and Properties of Hydrocarhons and 
the American Petroleum Institute Research Project 44 on the Collection, Analysis, and Calculation of 
Data on the Properties of Hvdrocarbons. This paper contains material to be submitted in a thesis to the 
University of Maryland by Charles B. Wlllingham in partial fulfillm~nt of the requirements for the degree 
of Doctor of Philosophy. The interest and advice oJ Professor M. M. Haring are gratefully acknowledged. 

, Research Associate on the American Petroleum Institute Research Project 6 at the National Bureau 
of Standards. 

3 Research Associate on the American Petroleum Institute Research Projcct 44 at the National Bureau 
of Standards. 
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Research Project 6 at the National Bureau of Standards, measure
ments of vapor pressures and boiling points were made over the range 
47 to 780 mm Hg and above about 12° C. This paper describes the 
experimental procedure and apparatus, gives the method of calcula
tion used in correlating the data with the three-constant Antoine 
equation for vapor pressures, and presents the experimental data and 
results of the calculations for 30 paraffin, 4 alkylcyclopentane, 10 
alkylcyclohexane, and 8 alkylbenzene hydrocarbons, together with 

_ some discussion of the results. 

II. APPARATUS AND PROCEDURE 

For the measurements of temperature, a precision platinum resist
ance thermometer ·(25 ohms, Leeds & Northrup Serial No. 318514) 
and a Mueller-type resistance bridge with thermostated coils (Leeds 
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FIGmm I.-Diagram of the assembly of the boiling-point apparatus. 
The letters have the following significance: A, Boller, etc.; B, mercury manometer for regulating the pres

sure; C, sbnplemcrcury manometer for indicating the pressure in the system; D, valve outlet to the atmos
phere; E. gas reservoir for the pressure control system; F, pressure pump; G, vacuum pump; EI, I , valves. 

& Northrup Serial No. 373146) were used. The thermometric sensi
tivity was such that 1 mm on the scale was equivalent to 0.0007 
degree centigrade. 

A diagram and description of the parts of the assembly of the appa
ratus used in this investigation are given in figure 1. 

Details of the boiler and related parts of the apparatus 4 are shown 
in figure 2. 

The manometer for regulating the pressure at 20 fixed points is 
shown in figure 3. A detailed view of the top part of the manometer 
tube is shown in figure 4. The contacts were tungsten, sharply 
pointed, and shaped as shown in figures 3 and 4. For cleaning the 
tungsten-point contacts, the manometer tube was filled with a con
centrated solution of sodium hydroxide and an alternating current 
(at 110 volts) was intermittently passed between two contacts at 
intervals of about 2 seconds until each point contact had a clean 
metallic appearance. For this latter procedure, the contacts were 
taken as follows: First and eleventh; second and twelfth; third and 

• Since the completion of this investigation, a number of bnprovements have been made in the hoiler 
part of the apparatus for use in subsequent measurements [14J. One of the bnprovements consisted in 
replacing the condenser and reflux regulator with the new desigu rcoontly described [15]. 
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FIGURE:2.-Details of the boiler and related parts of the boiling-point apparatus. 
The letters have"the following significance: A, Tube through which tbe sample is introduced; B, platinum 

resistance thermometer; C, stopcock; D, D, condensers; E, ground glass valve lor withdrawing distillate 
(see reference:[I]); F, thermocouple, for measuring difference in temperature between the wall 01 the glass 
boiler and the jacket; G, metal control for the ground-glass valve (see reference [1]; H, receiver forrecovering 
sample at the conclusion of the measurements; I , receiver for collecting distillate removed lrom the head 
during the experiment; J , glass well for the platinum rcsistance thermometer; K, radiation shield of 
aluminum foil; L, electric heater for boiling the liquid in the pot; M, jacket, ~-in. wall, of aluminum; N, 
tube for withdrawing sample from the pot; 0, thermal insulating jacket, Pyrex glass cylinder with an 
asbestos.layer covered with aluminum foil; P, flat electric heater for the aluminum jacket; Q, transite 
support; R, thermal insulation, covered with aluminum foil; W, glass rod supports for the ~hermometer 
well; X, glass rod: 'spiders"; Y, connecting tube for equalizing pressure; Z, transite collar for centering 
boiler. 
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FIGURE 3.-Manometer for regulating the pressure at 20 fixed points. 

Tbe letters bave tbe following significance: A, Mercury reservoir; B, transite blocks; D, tbroat; E, approxi· 
mate distances, in millimeters from tbe top contact to tbe otber contacts; F, glass male to metal female 
joint (see reference [2]); G, connection to pressure system and boiler; a, boles for bolts to support frame to 
wall; b, bolts bolding transite board to 1 in. cbannel steel back of board; c, boles for electric wire leads. 
All dimensions sbown are in millimeters. 
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thirteenth; etc. After all the contacts were prepared in this manner, 
the manometer tube was washed thoroughly with water and dried. 
The Bureau's Glassblowing Shop evacuated the manometer, baked it 
at 1500 C for about 4 hours, and then distilled into it the appropriate 
amount of mercury. In the assembly of the manometer, the wiring 
was arranged so that in the 6-volt direct-current circuit the mercury 
was positive with respect to the tungsten. In operation, the mercury 
manometer was encased in an air thermostat. As shown in figure 5, 
the air thermostat was provided with an electric space heater, a rotary 
air circulator driven by a motor mounted outside the thermostat, a 
mercury thermoregulator, and appropriate relays. The temperature 

o 10 20 
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FIGURE 4.-View of the top portion of the manometer tube. 
The letters have the following significance: A, Oopper wire connections to the relay controls (l( in fig. 6); 

B, tungsten rod (No. 16 A WG), shaped and pointed as shown (see text); G, seal of tungsten rod through 
Pyrex Uranium and Pyrex Olear glass. 

inside the air thermostat was maintained constant to about ±0.02 
degree centigrade. 

The wiring diagram for the apparatus is shown in figure 6. 
For the purpose of making measurements 10 to 15 degrees centigrade 

below room temperature, in the case of the more volatile compounds, 
a vacuum-jacketed condenser, cooled to near -800 C with solid carbon 
dioxide in a 50:50 mixture of carbon tetrachloride and chloroform, was 
placed between the upper condenser (D, fig. 2) and the pressure control 
system: For such measurements below room temperature, the 
aluminum jacket (M, fig. 2) was cooled to about 10 degrees centigrade 
below the boiling temperature by means of a stream of air cooled by 
passing through a coil of metal tubing at -800 C (see above). The 
cooled air passed into the space between M and 0 in figure 2. 

The procedure for performing a series of measurements on a given 
hydrocarbon was as follows: 

With appropriate refrigerants having been placed in the condensers, 
the system for regulating the pressure was set at the lowest contact 
(pressure near 47 mm Hg),5 started, and permitted to adjust itself 
automatically at this pressure. The stopcock between the boiler and 
the pressure system was then closed and dry air was let into the boiler 
part of the apparatus through the stopcock on the receiver (1, fig, 2). 
About 30 to 50 ml of the substance under investigation was introduced 
into the boiler through the filling tube (A, fig. 2). The openings to 
the atmosphere were then closed, and the stopcock between the 
boiler and the pressure-control system was opened. The pot heater 

• For the more volatile compounds, the lowest :pressure of measurement was that corresponding to a 
temperature 01 about 12° O. 
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(L, fig. 2) was turned on and adjusted to give a reasonable boiling 
rate. After equilibrium was established 1 ml of liquid was removed 
from the condenser through the ground-glass valve (E. fig. 2) into the 
receiver (1, fig. 2) . This procedure served to remove traces of water 
that may have gotten into the boiler from the atmosphere during the 
introduction of the sample. The temperature of the aluminum 
jacket (M) fig. 2) was adjusted to a temperature about 10 degrees 
centigrade below the boiling temperature. 

E 

K 

H 

FIGURE 5.-Manometer assembly, showing the air thermostat. 
The letters have the [ollowing significance: A, Box enclosure with walls of transite (the cover is not shown); 

B, aluminum [oil, covering inside and outside surface of the transite box; C, partial partition wall of 
transite (both sides covered with aluminum foil) serving to guide the flow of air; D, rotary air circulator 
E, electric motor, mounted indepeudently of the thermostat housing; F, electric space beater, 100 watts; 
G, mercury manometer; H, connection to electric power through relay contacts (G in fig. 6); I, connection 
to relay coil (G in fig. 6); J, mercury thermoregnlator; I(, connection to pressure system; L, mercury-in
glass thermometer. 

At each of the 20 contacts in turn, conditioning of the controlling 
manometer to obtain high reproducibility was made as follows: 
The pressure was increased about 7 mm above the contact corre
sponding to the selected pressure by admitting dry air or inert gas 
through the appropriate valve. The pressure was then reduced to 
about 7 mm below the contact corresponding to the selected pressure. 
The pressure was then increased slowly to the selected value where 
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FIGURE 6_-Wiring diagram for boiling-point apparatus_ 
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L 

The letters have the following significance: A, Power from main line; B" B" double-pole, single-throw 
switches; G, variable transformer, 750 watts; D, jacket heater; E, variable transformer, 100 watts; F, pot 
heater; GI, 0" small relays, 6 volts, direct current; Fl, air heater, and I mercury thermoregulator, for 
controlling air thermostat for main mercury manometer (fig. 3); J, rectifying transformer, 100 volts alter· 
nating current to 6 volts, direct current; K, single-pole, double-throw switch; L, 21 contacts for main 
mercury manometer; M, main relay; N, double-pole, double-throw switch; 0 , pressure pump; P, vacuum 
pump. 
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it was thence controlled automatically. This procedure was empiri
cally found necessary in order to obtain a high degree of reproduci
bility at the respective contacts, in terms of the pressure produced 
in the system. During the automatic control of the pressure, the 
leak into the system was adjusted so that the vacuum pump (sharply 
throttled by a needle valve) operated for about 1 second every 3 
minutes. The range of pressure in this cycle, as determined from 
changes in the temperature of the liquid-vapor equilibrium during 
the cycle, was on the average about 0.07 to 0.10 mm Hg, with some 
contacts giving a better performance and others somewhat poorer. 
Observations of temperature (resistance) corresponding to the given 
pressure were made just at the moment the contact (mercury-tung
sten) was made to start the vacuum pump, which occurred at the 
highest pressure in the cycle. Several readings were made at the 
given pressure in this way. Then the apparatus was adjusted to the 
next higher pressure and similar observations were repeated at this 
higher pressure. This procedure was continued to the highest pres
sure measured (near 780 mm Hg). For the several pressures above 
the prevailing atmospheric pressure, the pressure pump was used 
in place of the vacuum pump, with the observations of temperature 
(resistance) being made at the moment contact (mercury-tungsten) 
was broken to start the pressure pump, which occurred at the lowest 
pressure in the cycle. With the observations made in the foregoing 
manner, the actual reproducibility of pressure at a given contact over 
a period of several weeks was normally in the range of 0.02 to 0.05 
mm Hg. (See sections III and VI.) 

The calibration experiments with water were performed in exactly 
the same manner as with a liquid hydrocarbon. 

The rate of boiling was adjusted so that condensation of the hydro
carbon or water was visible in the lower end of the condenser. It was 
found that doubling this rate of boiling had no significant effect upon 
the temperature of the liquid-vapor equilibrium. For example, with 
2,2,3-trimethylpentane, at contact R, with a normal power input of 
70 watts, the observed temperature was 40.6215° C, and when the 
power input was increased to 125 watts, the observed temperature 
was 40.6231 ° C. 

III. DETERMINATION OF PRESSURES 

The values of the pressures produced by the apparatus when 
controlled at the 20 fixed points were determined from measurements 
of the temperature of the liquid-vapor equilibrium made with water 
in the apparatus. The vapor pressure of water at I-degree intervals 
from 35° to 103° C was taken from table 2 of Osborne and Meyers 
[3], together with unpublished small revisions of these values by Meyers 
and Cragoe [4]. From these values, several values were interpolated 
(by Lagrangian five-point curvilinear interpolation) at O.I-degree 
intervals in the neighborhood of the temperature of the liquid-vapor 
equilibrium for water at each of the 20 fixed pressures. The final 
calculation of the pressure at each observed temperature was made 
by linear interpolation within the O.I-degree intervals. 

Figure 7 is a plot of the observations made with water in the 
apparatus over the period from November 1941 to May 1943, and 
shows on an enlarged scale the calculated pressure at each contact 
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for each observation over this period. The observed points were 
connected by straight lines, as shown in figure 7, and the pressures 
to be assigned to the measurements made on a given compound 
were interpolated from these lines. Calibration measurements were 
performed on the following dates: November 3, 12, and 13, and 
December 8 and 9, 1941; April 16, 17, and 20, May 12, October 13 
and 15, and December 15,1942; and February 23, March 16, April 15, 
and May 8 and 20, 1943. • 

In the experiments with the hydrocarbons, correction was made 
for the difference in pressure exerted by the column of hydrocarbon 
vapor over the pressure exerted by the column of water vapor, 
between the location at which the temperature of the liquid-vapor 
equilibrium was measured and the location at which condensation 
occurred in the condenser (a vertical distance of about 28 cm). 
The value of this correction to the pressure is, for a given compound, 
a. substantially constant percentage of the pressure, far within the 
precision of the measurements. At 760 mm, the value of this correc
tion varied from 0.04 to 0.08 rom, corresponding to a rp'lge rf 0.002 
to 0.004 degree centigrade. 

IV. SOURCE AND PURITY OF THE COMPOUNDS 

With the exception of cyclopentane, which was supplied by Fenske 
[10] and used as received, the hydrocarbons measured in the present 
investigation were purified in connection with the work of the Ameri
can Petroleum Institute Research Project 6 at this Bureau. A com
plete description of the purification and properties of the compounds 
appears in another report [8]. The purity of these compounds is 
summarized in table 1. All the compounds examined in the present 
investigation were produced as "heart cuts" from distillations, in
cluding both regular and azeotropic, performed at a reflux ratio of 
100 to 1 in columns of 100 or more theoretical plates [8, 16]. Non
hydrocarbon impurities were removed by adsorption with silica gel 
[17], which treatment also served to assure that the paraffin and 
cycloparaffin compounds were freed of any possible aromatic impuri
ties. From the method of preparation and purification of these 
compounds, it is concluded that (a) the remaining impurities were 
substantially isomeric and close-boiling and (b) their amount was 
such as to have no significant effect upon the measurements, within 
the limits of uncertainty (see section VI), with the possible exception 
of 2,3-dimethylhexane. • 
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TABLE I.-Purity of the compounds investigated 
IExcept [or cyclopentane, which was used as received [101, and n-dodec8ne, which was previously prepared 

191, all the compounds listed were purified in connection with the work o[ tb e API Research Project 6 
by means of azeotropic distillation in columns of high efficiency (approximately 100 theoretical plates) at 
a higb reflux ratio (100 to I) [rom starting material obtained [rom ,arious SOUTces ISl-l 

Compound 

PARAFFINS 

n-Pentane ____ __ ___ ___________ .. _________ __ __ __ _ 
2-Methylbutane (isopentane) ______________ __ _ _ 
n-Hexano_' ___________________________________ _ _ 
2-Methy)pentane ____ ___ ______ ___________ ______ _ 
3-Methylpentane _________ ____________________ _ _ 

2,2-Dimethylblltane ___ _______________________ _ 
2,3-Dimethylbutane __ ________________________ _ 
n-Heptane __ __ _____ _________________________ __ _ 
2,2-Dimethylpentane ______________________ ___ _ 
3,3-Dimetbylpentane _________________________ . 

n-Octane _____ ___ ____ __ _____ ____ __ _____________ _ 
2-Methylheptanc __ ___ __ _________ ______________ _ 
3-Methylheptane _____ __ ____ ___ ____ __ __ ________ _ 
4-Methylheptane ______________________________ _ 
3-Ethylhexane ______ ___ ____________ ___________ _ 

2,2-Dimethylhexane ___ __ _______ ______________ _ 
2,3-Dimetbylhex8ne ___ __ ____ ___ ______________ _ 
2,4-Dimethylhex8ne ___ __ _________________ __ __ _ 
2,5-Dimethylhex8nc ___ _______________________ _ 
3,3-Dimethylhexanc __________________________ _ 

I Amount of 
impuritya 

Mole 
fradion 
0.0014 
. 0054 
_0009 
.00)) 

b(.0015) 

.0006 

.0010 

.0012 

. 0002 

. 0017 

.0004 

.010 

.006 

. 0015 
b«.02) 

.0018 be. OS?) 
b(<' 02) 

. 010 
<. 005 

3,4-Dimethylbexane ________________ _ . ___ ______ b« . 02) 
2-Methy)-3-ethylpentane_ _ _ __ _ __ ____ __ _ __ _ __ _ __ .005 
3-Methy)-3-etbylpentane_ _ _____________ ___ _ _ _ __ .005 
2,2,3-Trimetbylpentane __ _______________ _____ __ . 007 
2,2,4-Trimethylpentane _____ ___ ________________ . 001 2 

2,3,3-Trirnethy)pentane __ _____________________ _ 
2,3,4-Trimethylpentane _____ __________________ _ _ 
n -Nonane ________________________ _____________ _ 
n-Decane _____________________________________ _ 
n-Dodecane ___________________________________ _ 

ALKYLOYOLOPENTANES 

Cyc)opentane ___________ ___ _______ __ _______ ___ _ 
M ethy)cyclopentane ______ _____ _______________ _ 
n-Propylcyclopentane _________________________ _ 
Isopropy)cyc)opentane ________________ ________ _ 

ALKYLCYOLOHEXANES 

Oyclobexane ____ : _______ _________________ ____ _ _ 
Methylcyclohexane __________ _________________ _ 
Ethylcyclohexane ______________ _________ ____ __ _ 
eis-l,2-Dimethylcyclohexane __________________ _ 
trans-I,2-Dimethy)cyclohexane ________________ _ 

cis-l,3-Dimethy)cyc)ohexane __________________ _ 
tran8-I,3-Dirnethylcyclohexane ________________ _ 
cis-I,4-Dimethy)cyclohexane ______________ __ __ _ 
trans-I,4-Dimethylcyclohexane _____ ___ ___ ___ __ _ 
n-Propylcyclohexane ___________________ _______ _ 

ALKYLBENZENES 

Benzene ____ ______ ______ . _____ _________________ _ 
Toluene ___ _____ _____ _________ ____ ___________ __ _ 
Ethylbenzene ___________________________ _____ _ _ 
o-Xylene _____ __ ______ ___________________ ______ _ 

m-Xylene ______ ___ ____ _____ __________ __ _____ __ _ 
p-Xylene ______ __ ___________________________ " __ _ 
n-Propylbenzene __ __ ____ ______ ___ _____________ _ 
Isopropylbenzene _______ __ ___ __ ______________ _ 

.0059 

.0016 
< .003 
<.004 
<. 0006 

0.0003 
.0013 

< .005 
. 0028 

0. 0001 
.0029 
. 0024 
.0011 
.009 

.023 

.015 

. 010 

.004 
<. 005 

0. 0004 
.0010 
. 004 5 
.0008 

. 0028 

. 0010 

. 0028 

. 0004 

• 'Determined from measurements o[ freezing points, UIlless otberwise indicated [81 _ 
b Estimated by analogy with isomers subjected to similar preparation and purification 181-
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V. EXPERIMENTAL DATA ON 52 HYDROCARBONS 

In table 2 are given the experimental data on the temperatures and 
pressures of the liquid-vapor equilibrium, obtained as described in 
the preceding sections, for the 52 compounds, comprising 30 paraffin, 
4 alkylcyclopentane, 10 alkylcyclohexane, and 8 aromatic hydrocar
bons. The date of measurement of each compound is also given. In 
those'cases in which two samples of the same compound are included, 
they are distinguished by the roman numerals I and II. 

TABLE 2.-Experimental data for 52 hydrocarbons on the temperatures and pressures 
of the liquid-vapor equilibrium 

n-Pentane 
March 30, 1943 

2-Methylbutane 
(1sopentane) 
April 21, 1943 

n-Hexane 
March 31, 1943 

2-Methylpen
tane 

March 25, 1943 

3-Methylpen
tane 

March 26, 1943 
----- [---,---[ ----- ------ [---..,--_.-

o C mm Hg 
36. 818 779. 40 
36. 379 768. 01 
35.800 755. 27 
35. 453 744. 07 
34. 981 732. 09 
30. 592 627.95 
24. 374 500. 71 
18. 647 402.46 
13. 282 324.94 

2,3-Dimethyl
butane 

M arch 24, 1943 

o C mm Hg 
28. 587 779. 48 
28. 160 768. 08 
27. 673 755.31 
27.240 744.11 
26. 773 732. 12 
22. 435 627. 97 
16.291 600. 74 

n-Heptane 
(I) 

March 27, 1942 

o C mm Hg 
69.541 779. 41 
69. 081 768. 02 
68. 540 755. 27 
68. 067 744. 09 
67. 554 732. 10 
62. 785 627. 95 
56. 030 500. 72 
49. 803 402. 45 
43. 967 324. 94 
38. 311 261. 74 
33.631 217. 19 
28.528 175.00 
24.717 149. 41 
20. 618 124. 66 

" 16. 576 "103. 65 
" 13. 033 " 87. 74 

n -Heptane 
(II) 

April 10, 1943 

o C mm Hg 
61. 066 779. 37 
60.602 767.99 
60.074 755.26 
59. 607 744. 07 
59. 099 732. 09 
54. 388 627. 94 
47.714 500.70 
41. 567 402. 44 
35. 810 324. 93 
30. 237 261. 75 
25.617 217.18 
20. 584 175.90 

"16.820 "149.42 
"12.758 "124.66 

2,2-Dimethyl
pentane 

January 21, 
1942 

o C mm Hg 
64. 083 779. 38 
63.617 768.00 
63.084 755.26 
62.610 744.07 
62.098 732. 10 
57.340 627.94 
60. 598 500. 70 
44. 389 402. 45 
38.574 324. 94 
32. 941 261. 75 
28.270 217. 18 
23. 189 175. 90 

"19.393 "149.42 
"15.290 "124. 66 

2,2-Dimethyl
pentane 

January 20, 
. 1943 

2,2-Dimethyl
butane 

March 24, 1943 

o C mm Hg 
50. 529 779. 38 
50. 074 768. 00 
49.544 755. 26 
49. 078 744.07 
48.575 732.09 
43. 893 627. 95 
37. 269 500. 71 
31.175 402.44 
25.472 324.93 
19.946 261. 75 

"15. 376 ·217.18 

3,3-Dimethyl
pentane 

January 6 to 8, 
1942 

----- ------ ------ ------ ----,---
• C mm Hg 
58. 789 779.37 
58. 320 767.99 
57.700 755.26 
57.317 744. 07 
56. 806 732. 09 
52. 060 627.94 

~~:~~~ ~~: ~ 
33. 357 324.93 
27.746 261. 75 
23. 099 217. 18 

&18. 044 "175.00 
• 14. 256 • 149. 42 

o C mm Hg 
99. 285 779. 37 
98. 773 768. 01 
98. 207 755. 23 
97.702 743.96 
97.154 731. 99 
92.053 627.85 
84. 823 500. 66 
78. 169 402. 39 
71. 930 324. 97 
65. 882 261. 75 
60.862 217.14 
55. 394 175. 84 
51. 320 149.41 
46. 929 124. 54 
42. 599 103. 67 
38.822 87.76 
36.017 77.34 
33. 024 67. 33 
29.699 57.49 
25.925 47.78 

o C mm Hg 
99. 289 779. 47 
98.781 768. 08 
98.217 755.31 
97.710 744.11 
97.160 732.12 
92. 060 627. 98 
84.832 500.75 
78.169 402.47 
71. 926 324.94 
65. 877 261. 74 
60. 859 217.22 
55. 400 175. 91 
51. 320 149. 40 
46.929 124. 65 
42. 597 103. 66 
38. 795 87. 72 
35. 993 77. 28 
32. 973 67. 22 
29. 648 57. 42 
25. 827 47. 66 

o C mm Hg 

72.945 627.70 
65. 868 500. 56 
59. 349 402.37 
53. 255 324.96 
47. 348 261. 72 
42.445 217.17 
37.120 175.81 
33.151 149. 40 
28. 870 124.60 
24. 676 103. 69 
20. 989 87.78 
18. 246 77. 37 

o C mm Hg 
80. 050 779. 35 
79. 550 768. 04 
78. 995 755. 28 
78. 496 744. 07 
77. 959 732. 11 
72. 958 627. 94 
65. 879 500. 72 
59.362 402. 46 
53. 261 324. 99 
47.359 261. 79 
42. 454 217. 21 
37.129 175.94 
33.160 149. 46 
28. 879 124. 68 
24.670 103.68 
20.979 87.74 
18. 253 77. 31 
15.325 67.27 

o C mm Hg 
86.928 779. 28 
86. 421 767.89 

85. 335 743. 84 
84. 780 731. 87 
79. 651 627.67 
72. 384 500. 54 
65. 697 402.37 
59. 440 324. 94 
53.370 261. 72 
48. 340 217.17 
42. 872 175.80 
38.700 149. 39 
34. 406 124. 61 
30. 086 103. 70 
26.318 87.71l 
23.521 77.88 
20. 533 67.39 
17.221 57.58 
13.443 47.88 

• This point was not used in the evaluation of the constants A, B, and C of the Antoine equation. 



Vapor Pressures and Boiling Points 231 

TABLE 2.-Experimental data for 52 hydrocarbons on the temperatures and pressures 
of the liquid-vapor equilibrium-Continued 

_~ __ I_p ___ t. __ c..I_p __ I __ t_c..I __ p __ II __ t_--'I'---_p_I __ t __ !...I_p __ II_._t __ :...I_p_ 
3,3-Di· 

metbyJpentane 
January 21, 

1943 

n·Octane (I) 
February 23, 

1942 

n·Octane (II) 
December 31, 

1942 

2-Metbylbep
tane (I) 

February 6, 
1942 

2-Metbylhep
tane (II) 

Decem ber 23, 
1942 

---_-- ------1---_--11--_-·-
o C mm HI( 

86. 429 768. 03 
85.854 755. 28 
85. 344 744. 07 
84. 792 732. 11 

59. 444 324. 98 
53. 385 261. 79 

38.804 149. 46 
34. 355 124. 68 

20. 484 67. 27 
17.163 57.44 

3-MethyJhep- I 
tane (II) 

December 30, 
1942 

o C mm Hg 

119. 299 768. 09 
118. 703 755. 29 
118.169 744.06 
117. 593 732. 11 

91. 060 325. 00 
84.707 261. 81 

69.400 149. 48 
64.783 124. 69 

60. 134 67. 28 
46.630 57.46 

2,4-Dimethyl
hexane 

December 1, 
1942 

o C mm Hg 
126. 570 779. 32 
126.035 767. 96 
125. 433 755. 03 
124.899 743.92 
124.319 731. 94 
118.924 627. 77 
111. 277 500. 61 
104. 233 402. 38 

97. 635 324. 97 
91. 230 261. 73 
85.916 217. 16 
80. 134 175. 82 
75.820 149.40 
71. 163 124.57 
68. 587 103. 68 
62. 592 87. 77 
59. 616 77. 36 
56. 456 67. 35 
52. 927 57.53 

4-Mctbylhep· 
tane (I) 

April 7, 1942 

o C mm Hg 

126. 040 768. 09 
125.442 755.29 
124.906 744.06 
124. 327 732. 11 

97. 633 325.00 
91. 235 261. 81 

75. 825 149. 48 
7I. 171 124. 69 

56. 407 67. 29 
52.874 57.40 

4-Methylhep
tane (II) 

Decem ber 22, 
1942 

o C mm Hg 
118. 544 779. 31 
118. 022 767. 94 
117.426 755.00 
116.888 743.74 
116. 318 731. 92 
110.971 627. 73 
103. 397 500. 58 
96. 422 402. 38 
89.892 324. 96 
83. 549 261. 73 
78.278 217.16 
72. 580 175. 81 
68. 308 149. 40 
63.711 124.59 
59. 192 103. 69 
55. 229 87. 78 
52. 301 77. 36 
49.165 67.17 
45. 687 57. 55 
41. 707 47.84 

3-Ethylbex8ne 

December 9, 
1942 

o C mm Hg 

ll8. 02O 768. II 
ll7. 427 755.29 
ll6. 895 744. 06 
116.319 732.11 

68.306 149.48 
63. 703 124. 70 

49.100 67.29 
45. 612 57.46 

2,2-Dimethyl· 
bexane 

November 19, 
1942 

------ -------1---,.---11------
o C mm Hg 

ll8. 605 779. 38 
118.079 768. 02 
117.483 755.09 
116. 949 743.98 
116.376 731. 961 
111.029 627.87 
103. 453 500.67 
96.475 402.40 
89. 943 324.98 
83.601 261. 7;' 
78.347 217.14 
72.620 175.84 
68.348 149.41 
63.746 124.53 
59.220 103.67 
55.261 87. 76 
52.314 77.33 
49. 183 67.32 
45.694 57.48 
41. 706 47.77 

2,5-Dimethyl
hexane 

December 2, 
1942 

o C mm Hg 

118.084 768. 11 
117.489 755.29 
116.958 744.06 
116.383 732. 11 

89. 943 325.00 
83. 610 261. 82 

68. 360 149. 48 
63. 760 124. 70 

49.152 67.29 
45.662 57.47 

3,a·Dimetbyl
bexane 

November 27, 
1942 

o C min Hg 
119. 439 779. 32 
118.911 768.12 
118.311 755.29 
117.777 744.05 
117.200 732. 12 
111. 829 627.93 
104. 217 500. 70 
97. 204 402. 46 
90. 634 325.01 
84.274 261. 83 
78.985 217.24 
73.247 175.97 
68.957 149. 49 
64.331 124. 70 
59.784 103. 69 
55.794 87. 76 
52. 846 77. 33 
49.673 67.29 
46.165 57.47 
42.144 47.71 

3,4-Dimetbyl
bexane 

December 8, 
1942 

o C 171m Hg 
107.731 779.31 
107.209 768.09 
106.619 755.28 
106.095 744.04 
105.526 732. 11 
100. 2.34 627. 92 
92.741 500.70 
85.839 402. 46 
79.379 325. 01 
73.128 261. 82 
67.935 217.22 
62.292 175.96 
58.082 149.47 
53. 546 124. 69 
49.087 103. 69 
45.173 87.75 
42. 278 77. 33 
39. 179 67. 29 
35.747 57.46 
31. SI4 47.71 

2-Methyl-3-
etbylpentane 
December 10, 

1942 

3-Metbylhep
tane (1) 

April 2, 1942 

o C mm Hg 
119. 8U 779. 37 
119.283 768.01 
118.693 755. 08 
ll8. 160 743. 98 
117.584 731.97 
112.217 627.85 
104.616 500.66 
97.615 402.39 
91. 057 324.98 
84.698 261. 75 
79. 418 217. 14 
73. 676 175. 84 
69.372 149. 41 
64. 775 124. 53 
60. 243 103. 67 
56.265 87.76 
53.317 77. 33 
50.171 67.33 
46. 672 57. 48 
42.672 47.78 

2,3-D imetbyJ
hexane 

November 25, 
1942 

o C mm Hg 
116.512 779.31 
115.985 768. 10 
115.384 755. 29 
114. 849 744. 05 
114.271 732.12 
108.895 627. 92 
101. 278 500. 70 
94. 262 402. 46 
87.690 325.01 
81. 327 261. 82 
76. 044 217. 23 
70.293 175.96 
66. 010 149. 48 
61. 389 124. 69 
56.842 103.69 
52.857 87.75 
49.911 77. 33 
46.750 67.29 
43. 245 57. 46 
39.239 47.71 

3-Methyl·a
ethyl pentane 
December 17, 

1942 
--~----II------ --------11------ ----;--- -----

o C mm Hg 
110. 323 779. 31 
109. 801 768. 11 
109. 209 755. 29 
108. 681 744. 05 
108. 109 732. 12 
102. 802 627. 93 
95. 284 500. 70 
88.358 402. 46 
81. 874 325.02 
75. 596 261. 82 
70.383 217.23 
64. 715 175. 97 
60. 489 149. 48 
55. 933 124. 70 
51. 452 103. 69 
47.523 87. 76 
44. 615 77. 33 
41. 502 67. 29 
38.048 57.47 
34.092 47.71 

o C mm' Hg 
110.000 779.31 
109.474 768.11 
lOS. 881 755. 29 
108. 356 744. 05 
107. 788 732. 12 
102.502 627. 93 
95. 011 500.70 
88. 109 402. 46 
81. 651 325.01 
75.398 261. 82 
70.200 217.23 
64.552 175.97 
60.341 149.48 
55. 802 124.70 
51. 331 103.69 
47.416 87.76 
44. 517 77. 33 
41. 411 67.29 
37.972 57.47 
34.028 47.71 

o C Inln Hg 
112.877 779.31 
112.349 768. 10 
111. 745 755.29 
111. 208 744.05 
110.628 732. 12 
105.232 627.92 
97. 590 500. 70 
90. 552 402. 46 
83.961 325. 01 
77. 579 261. 82 
72. 282 217. 23 
66.521 175.96 
62. 228 149.48 
57. 598 124. 69 
53. 041 103. 69 
49.049 87.76 
46. 093 77. 33 
42.930 67.29 
39. 407 57. 47 
35. 402 47. 71 

o C mm Hg 
118.638 779.31 
118. 108 768. 12 
117.500 755.29 
116.962 744.05 
116. 382 732. 12 
110.971 627. 93 
103. 305 500. 70 

96. 246 402. 46 
89. 633 325. 01 
83. 230 261. 83 
77.910 217.24 
72.126 175. 97 
67.810 149.49 
63. 158 124.70 
58.579 103. 69 
54. 571 87. 76 
51. 598 77. 33 
48. 413 67. 29 
44.882 57. 47 
40.832 47.71 

o C mm Hg 
116. 565 779. 31 
116.035 768.12 
115. 420 755. 29 
114. 888 744.05 
114. 306 732. 12 
108. 902 627. 93 
101. 245 500. 70 
94. 195 402. 46 
87. 590 325. 01 
81. 198 261. 83 
75.888 217.24 
70.114 175.97 
65. 810 149. 49 
61. 168 124. 70 
56. 588 103. 69 
52. 592 87. 76 
49.632 77. 33 
46.453 67. 29 
42.935 57. 47 
38.903 47. 71 

o C Inm Hg 
119. 189 779. 31 
118. 648 768. 12 
118. 031 755. 29 
117. 482 744. 06 
116. 889 732. 12 
111. 376 627.94 
103. 564 500. 71 
96. 369 402. 46 
89. 632 325.01 
83. 109 261. 83 
77. 693 217. 24 
71. 801 175. 97 
67.404 149. 49 
62. 665 124.70 
58. 002 103. 69 
53. 918 87.76 
50.896 77. 33 
47.655 67.29 
44. 064 57.47 
39. 950 47. 71 
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TABLE 2.-Experimental data for 52 hydrocarbons on the temperatures and pressures 
of the liquid-vapor equilibrium-Continued 

2,2,3-Tri
methylpentane 
May 12,1943 

2,2,4-Tri· 
methylpentane 

(I) 
March 25, 1942 

2,2,4-Tri
methylpentane 

(II) 
April 13, 1943 

2,3,3-Tri
methyl pentane 
November 18, 

1942 

2,3,4-Tri
methylpentane 

December 3, 
1942 

n-Nonane 
April 28, 1943 

---- - - ---1-----;---1---- ---- \----;----
o C mm Hg 

110.757 779.43 
110. 221 768.03 
109.618 755.29 
109.078 744.08 
108. 496 732. 11 
103.085 627. 93 
95. 422 500. 69 
88. 362 402. 39 
81. 752 324. 86 
75. 354 261. 69 
70. 050 217. 09 
64.282 175.88 
59. 972 149. 33 
55.339 124. 53 
50.767 103. 54 
46. 768 87. 60 
43. 800 77. 13 
40. 622 67. 12 
37.119 57.33 
33.094 47.59 

n-Decane 
April 30, 1943 

o C mm Hg 
100. 130 779. 37 
99. 607 768. 02 
99.014 755.22 
98. 487 743. 97 
97. 917 731. 99 
92. 624 627. 84 
85. 131 500. 65 
78. 232 402. 39 
71. 778 324. 98 
65. 523 261. 75 
60.342 217.15 
54.698 175.84 
50. 496 149. 41 
45.975 124. 54 
41.517 103.68 
37.628 87.76 
34.746 77.34 
31. 668 67.33 
28.249 57.49 
24.358 47.79 

n-Dodecane 
May 6, 1942 

o C mm Hg 
100.138 779.50 
99. 610 768. 10 
99.022 755. 32 
98.495 744.13 
97. 926 732. 14 
92. 634 627. 98 
85.141 500.76 
78. 240 402. 47 
71. 781 324.97 
65. 524 261. 73 
60. 346 217. 22 
54.711 175.91 
50. 505 149. 39 
45.977 124. 65 
41. 519 103.67 
37.609 87.72 
34. 722 77. 28 
31. 620 67.23 
28. 201 57. 42 
24.274 47.66 

Cyclopentane 
April 20, 1943 

--:;-mm H~ ---:-;lmm Hg ~-:m H~ 
175. 121 779. 47 217. 345 779. 39 50. 031 779. 47 
174.538 768.07 216.712 767.95 49.587 768.07 
173.882 755.32 216.006 755.10 49.073 755.30 
173.295 744.11 215.383 743.98 48.621 744.10 
172. 661 732. 13 214. 709 732. 02 48. 131 732. 12 
166.772 627.97 208.417 627.81 43.574 627.97 
158.419 500.72 199.488 500.67 37. 119 500.74 
150.718 402.44 191. 255 402.44 31.172 402. 45 
143.495 324. 91 183. 537 325. 01 25. 598 324. 94 
136. 499 261. 71 176. 039 261. 74 20. 196 261. 71 
130.690 217. 15 169. 814 217. 13 aI5. 707 • 217. 19 
124.372 175.90 163.030 175.84 
119.640 149.36 157.986 149.39 
114.540 124.58 152.529 124.59 
109. 526 103. 60 147. 152 103. 63 
105.118 87.65 142.444 87.73 
101. 859 77. 20 138. 962 77. 30 
98. 352 67. 16 135.223 67. 29 
94.481 57.37 131. 108 57.48 

Cyclohexane 
April 14, 1943 

126.381 47.74 

Methylcyclo
hexane 

April 7,1943 

----,---\ ------
o C mm Hg 

81. 582 779. 49 
81. 093 768. 09 
80. 534 755. 32 
80.037 744. 13 
79. 502 732. 13 
74.520 627.98 
67. 467 500.76 
60. 969 402. 48 
54. 884 324. 96 
48. 991 261. 73 
44. 108 217. 22 
38.798 175.91 
34. 821 149. 39 
30. 556 124. 65 
26. 347 103. 67 
22. 657 87. 72 
19.915 77. 28 

o C mm Hg 
101. 832 779. 46 
101. 312 768. 05 
100.715 755.29 
100.185 744.10 
99. 614 732. 12 
94. 299 627. 96 
86.771 500.74 
79. 840 402. 46 
73. 349 324. 95 
67.067 261. 74 
61. 857 217. 20 
56.194 175.91 
51. 964 149. 40 
47. 407 124. 65 
42. 929 103. 66 
38. 998 87. 73 
36. 089 77. 28 
32. 976 67. 22 
29. 533 57. 42 
25. 586 47. 66 

Etbylcyclo
hexane 

April 22, 1943 

o C mm Hg 
132.742 779.48 
132. 181 768. 09 
131. 551 755. 31 
130. 988 744.12 
130. 379 732. 13 
124.723 627.97 
116.709 500.74 
109. 327 402. 46 
102.412 324. 93 
95.716 261. 72 
90. 158 217. 19 
84.115 175.90 
79. 587 149. 38 
74.738 124.62 
69.948 103. 64 
65.755 87.69 
62. 655 77. 25 
59. 315 67. 20 
55. 636 57. 40 
51. 412 47.64 

o C mm Hg 
115. 688 779. 31 
115.144 768. 09 
114.532 755.28 
113.985 744.04 
113. 39,2 732. 11 
107. 895 627. 92 
100. 107 500. 70 
92. 931 402. 46 
86.215 325.01 
79.713 261. 82 
74.313 217.22 
68.447 175.96 
64.068 149.47 
59. 347 124. 69 
54. 711 103. 69 
50.645 87.75 
47.635 77. 33 
44.412 67.29 
40. 842 57. 47 
36.752 47.71 

Methylcyclo
pentane 

April 6, 1943 

o C mm Hg 
72. 634 779. 44 
72.150 768.05 
71. 612 755. 29 
71.128 744.10 
70. 604 732. 11 
65. 739 627.96 
58. 847 500. 13 
52. 499 402. 46 
46. 552 324. 95 
40.791 261. 74 
36. 013 217. 20 
30. 816 175. 91 
26.935 149.40 
22.757 124.65 

• 18. 642 • 103. 66 
• 15.035 • 87. 73 

cis-l,2-Di
methylcyclo

hexane 
February 16, 

1943 

o C mm Hg 
130. 684 779. 38 
130.125 767.98 
129.491 755.27 
128.926 744.08 
128.315 732.11 
122.639 627.94 
114. 600 500. 73 
107. 192 4.02. 45 
100. 258 324. 96 

93. 548 261. 76 
87.974 217.18 
81.921 175.90 
77.402 149.44 
72. 533 124.67 
67.742 103.66 
63. 543 87.73 
60, 429 77. 29 
57.094 67.25 
53.413 57.42 
49.185 47. 65 

o C mm Hg 
114.381 779. 31 
113.852 768. 11 
113. 241 755. 29 
112. 703 744.05 
112. 121 732. 12 
106. 702 627. 93 
99. 028 500. 70 
91. 960 402. 46 
85. 341 325. 01 
78.935 261. 82 
73.616 217.23 
67.835 175.97 
63. 517 149. 48 
58.865 124. 70 
54. 290 103. 69 
50.280 87.75 
47. 305 77. 33 
44. 127 67. 29 
40. 606 57. 47 
36.568 47.71 

n-Propylcyclo
pentane 

May 14, 1943 

o C mm Hg 
131. 878 779. 42 
131. 326 768. 03 
130. 706 755. 28 
130.152 744.07 
129. 554 732. 11 
123.991 627. 93 
116. 108 500. 67 
108. 840 402. 38 
102.028 324.85 
95. 437 261. 69 
89.964 217.09 
84.007 175.88 
79.559 149.32 
74.768 124.52 
70. 042 103. 54 
65. 896 87. 59 
62.837 77.13 
59.539 67.11 
55. 904 57. 33 
51. 737 47.59 

trans-I,2-Di
methylcyclo

hexane 
February 9, 

1943 

o C mm Hg 
124.372 779.31 
123. 810 768.00 
123.183 755.27 
122. 622 744. 08 
122.016 732.11 
116. 384 627. 94 
108. 407 500.72 
101. 057 402.45 
94. 178 324. 97 
87. 519 261. 77 
81. 991 217.19 
75.979 175.91 
71. 497 149.45 
66. 664 124. 68 
61. 910 103. 67 
57.748 87. 73 
54.668 77. 30 
51. 365 67.25 
47.710 57. 42 
43. 520 '17. 66 

o C mm Hg 
151. 754 779. 47 
151. 195 768.07 
150.565 755.31 
150.002 744.11 
149.394 732. 13 
143.738 627.96 
135. 721 500. 72 
128. 329 402. 43 
121. 399 324.92 
114.684 261. 71 
109. 115 217. 16 
103.047 175.90 
98.491 149.36 
93.610 124. 59 
88.801 103. 61 
84.582 87. 66 
81. 458 77.21 
78.097 67.17 
74. 388 57.38 
70. 127 47. 62 

Isopropyl
cyclopentane 
May 11, 1943 

o C mm Hg 
127. 359 779. 44 
126.810 768.04 
126. 182 755. 29 
125.625 744.08 
125. 024 732. 11 
119.431 627. 94 
111. 508 500. 68 
104.204 402. 39 
97. 363 324. 87 
90.734 261. 70 
85.237 217. 11 
79.265 175.89 
74.788 149.33 
69.971 124. 54 
65. 234 103. 56 
61. 071 87.61 
57.999 77.15 
54.694 67.12 
51. 065 57. 34 
46.880 47. 59 

cis-1,3-Di
methylcyclo

hexane 
February 17, 

1943 

o C mm Hg 
125.391 779.39 
124.841 767.97 
124.218 755.27 
123.661 744.08 
123.061 732. 11 
117.475 627.94 
109. 562 500. 73 
102.274 402.45 
95. 450 324. 97 
88.842 261. 76 
83.362 217. 18 
77. 402 175.90 
72.958 149. 44 
68. 168 124. 67 
63. 453 103. 67 
59. 316 87.73 
56. 261 77. 2'J 
52.983 67. 25 
49. 351 57. 42 
45.195 47.65 

• ThiS pomt was not used m the evaluatIOn of the constants A, B, and C of the Antome equatIOn. 
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TABLE 2.- Experimental data for 52 hydrocarbons on the temperatures and pressures 

of the liquid-vapor equilibrium-Continued 

trans-l,3-Di
methylcyclo

hexane 
February 11, 

1943 

cis-l,4-Di
methylcyclo

hexane 
February 18, 

1943 

trans-l,4-Di
methylcyclo

hexane 
February 12, 

1943 

n-Propylcyclo
hexane 

April 27, 1943 
Benzene 

March 10, 1943 
'roluene 

March 11, 1943 

--------- ---------- _·---------11---------
o C mmHg 

121. 026 779.38 
120.479 767.99 
119. 856 755. 27 
119.303 744.08 
118. 706 732. 11 
113.153 627.94 
105. 286 500. 73 
98. 044 402. 45 
91. 260 324. 97 
84. 694 261. 77 
79.241 217.19 
73.319 175.91 
68. 896 149. 45 
64. 135 124. 68 
59.444 103. 67 
55. 334 87. 73 
.52. 298 77. 30 
49.033 67.25 
45.425 57.42 
41. 284 47.66 

o C mmHg 
125.263 779.39 
124.712 767.97 
124.089 755.27 
123. 530 744. 08 
122. 929 732. 11 
117.330 627.94 
109. 397 500. 73 
102. 094 402. 45 

95. 255 324. 98 
88. 636 261. 76 
83.141 217.18 
77. 170 175. 90 
72. 708 149.44 
67.911 124.67 
63.186 103.67 
59.045 87. 73 
55. 984 77.30 
52.696 67. 25 
49.056 57.42 
44.894 47.65 

o C mmHg 
120. 293 779. 39 
119.739 767.99 
119.117 755.27 
118. 561 744. 08 
117.964 732.11 
112.385 627.94 
104.487 500. 73 
97. 212 402. 45 
90. 403 324.98 
83. 812 261. 77 
78.338 217.19 
72.392 175.91 
67. 957 149. 45 
63. 183 124. 67 
58.4SO 103.67 
54. 364 87. 73 
51. 316 77.30 
48. 045 67. 25 
44.424 57.42 
40.282 47.65 

Ethylbenzene o-Xylene m-Xylene 
March 9, 1943 March 2, 1943 March 4, 1943 

o C mmHg 
157.714 779.47 
157. 128 768.07 
156.468 755.31 
150. 879 744. 11 
155. 242 732. 13 
149.322 627.96 
140. 930 500. 72 
133. 201 402. 44 
125. 962 324. 92 
118.947 261. 71 
113.124 217.17 
106.796 175.90 
102.064 149. 36 

96. 973 124. 60 
91. 955 103. 62 
87.555 87.67 
84. 304 77. 22 
SO. S05 67. 18 
76. 949 57. 38 
72. 515 47.62 

p-Xy]ene 
February 3, 

1943 

o C mmHg 
SO. 922 779. 34 
SO. 442 767.94 
79.898 750.23 
79.413 744. 04 
78. 891 732. 07 
74.028 627. 93 
67. 135 500. 69 
60. 784 402. 42 
54. 832 324. 93 
49.066 261. 75 
44.284 217. 16 
39.078 175.89 
35. 191 149. 43 
31. 004 124.67 
26.886 103. 64 
23.270 87. 75 
20.694 77. 28 
17.720 67.22 
14. 548 57. 41 

n-Propy]
benzene 

F ebruary 24, 
]943 

o C mmHg 
111. 509 779.34 
110.991 767. 95 
110. 403 755. 24 
109. 879 744. 05 
109.312 732. 08 
104.037 627. 93 
96. 559 500. 68 
89. 667 402. 43 
83. 202 324. 93 
76.942 261. 75 
71. 738 217. 16 
66. 079 175. 89 
61. 851 149.43 
57.293 124.67 
52. S02 103. 64 
48. 867 87. 75 
45. 948 77.28 
42. 810 67. 22 
39. 343 57.41 
35. 366 47. 68 

Isopropyl
benzene 

February 25, 
1943 

--------- ----.----II----.----II~.---~----III----~---
o C mmBg 

137.124 779.34 
136. 574 767. 95 
135.954 755.24 
135. 399 744.05 
134.800 732. 08 
129.221 627.93 
121. 312 500.70 
114.020 402.44 
107.183 324.93 
100.561 261. 75 
95.056 217.17 
89.071 175.89 
84. 599 149.44 
79. 777 124.67 
75. 027 103. 65 
70.862 87.75 
67.775 77. 28 
64.463 67. 22 
60.796 57.41 
56. 589 47. 68 

o C mmHg 
145. 367 779. 16 
144. S09 767.95 
144. 176 755. 25 
143. 614 744.06 
143. 007 732. 09 
137.346 627.93 
129.318 500.71 
121. 909 402.44 
114. 965 324. 94 
108. 227 261. 75 
102. 632 217.17 
96.541 175.89 
91. 987 149. 44 
87.081 124. 67 
82. 242 103. 65 
77.993 87.75 
74.857 77. 28 
71. 481 67.23 
67.746 57.41 
63.460 47.66 

o C mmHg 
140.041 779. 36 
139.493 767. 95 
138.869 755.25 
138.314 744.06 
137. 713 732.09 
132.128 627.93 
124. 205 500. 70 
116.896 402.44 
110. 041 324. 94 
103. 396 261. 75 
97.870 217.17 
91.860 175.89 
87.367 149.44 
82. 522 124. 67 
77.747 103.65 
73.558 87.74 
70. 458 77.28 
67. 123 67.23 
63.436 57.41 
59.203 47.67 

o C mmHg 
139. 289 779. 36 
138. 742 768.00 
138.114 755.27 
137. 558 744.07 
136. 956 732. 10 
131. 355 627. 93 
123. 409 500. 71 
116.083 402. 45 
109. 211 324.97 
102. 546 261. 78 
97.013 217.19 
90. 990 175.92 
86.488 149. 45 
81. 636 124. 68 
76. 852 103. 67 
72. 657 87. 73 
69. 549 77. 30 
66. 216 67. 25 
62. 523 57.43 
58. 288 47. 66 

o C mmHg 
160. 202 779. 39 
159.625 767.96 
158.972 755.27 
158.389 744. 08 
157. 760 732.11 
151. 903 627.94 
143. 598 500. 72 
135. 942 402. 44 
128.764 324. 95 
121. 807 261. 76 
116.032 217. 18 
109. 744 175. 89 
105. 046 149. 44 
99.986 124. 67 
94.993 103. 66 
90.622 87. 73 
87. 383 77. 29 
83. 909 67. 24 
80.064 57. 41 
75.646 47.65 

o C mmHg 
153.367 779.39 
152.798 767.96 
152.152 755.27 
151. 576 744.08 
150. 956 732. 11 
145.176 627. 94 
136. 983 500. 72 
129. 433 402.44 
122. 353 324.95 
115.495 261. 76 
109.802 217.18 
103.604 175.89 
98.975 149.44 
93.991 124.67 
89.077 103.66 
84. 768 87. 73 
81. 579 77.29 
78. 155 67. 24 
74. 365 57.41 
70.020 47.65 

VI. CORRELATION OF THE DATA WITH THE ANTOINE 
EQUATION 

1. METHOD OF CORRELATION 

The simple vapor-pressure equation 

10glOP=A-- (BIT), (1) 

where T is the absolute temperature in degrees Kelvin, has not 
proved adequate for the representation of accurate vapor pressure 
data. A simple modification of eq 1, originally proposed by Antoine 
[5], is 

10gIOP=A-BI(C+t), (2) 
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where t is the temperature in degrees centigrade. The change is 
thus equivalent to the substitution of the constant 0 for the ice 
point, 273.16° K, in eq 1. The Antoine equation has been discussed 
in detail in a report by G. W. Thomson [6]. The equation has been 
used successfully by E. R. Smith to represent precise vapor-pressure 
data over the range 100 to 1,500 mm [7], and has been used by a 
number of other workers to represent data of moderate precision at 
higher pressures [6]. Advantages of the Antoine equation are the 
small number of constants and the fact that the equation may easily 
be inverted to yield explicitly the temperature corresponding to a 
given pressure. In addition, there is reason to believe that extra
polation, especially to higher pressures, by means of the Antoine 
equation is more reliable than for many other equations commonly 
used. 

All the data obtained in the present investigation have been cor
related by means of the Antoine equation, and the results show that 
the equation is entirely adequate to represent the vapor pressures of 
a wide variety of hydrocarbon liquids over the range 50 to 800 mm. 

The constants of the Antoine equation were adjusted by the method 
of least squares to fit the experimental data on each compound. Oer
tainadvantageous simplifications in th~ calculations were obtained 
by rewriting the Antoine equation, eq 2, in a different form. Although 
this modification simplifies the final calculations, the derivation of 
the necessary equations is complicated, and will therefore be given 
in some detail. 

Equation 2 may be written in the form 

(A-log P) (O+t)-B=O, (3) 

or, on multiplying out the left side, and making a transformation 
to new constants, 

eq 3 becomes 

a=A 

b=(AO-B) 

c=-O 

or 

A=a 

B=-(ac+b) 

C=-c 

(4) 

F(P,tja,b,c)=(at+b+c log P-t Jog P)=O. (5) 

Equation 5 is another form of the Antoine equation. It will be 
observed that eq 5 is linear in the constants a, b, and c, whereas 
neither eq 2 or eq 3 is linear in A, B, and O. Equation 5 may conse
quently be fitted to the data by least squares without the necessity 
of making initial estimates 6f the constants, as would be necessary 
for eq 2 or eq 3. However, it is convenient, in using eq 5, to make 
initial estimates of a, b, and c, in order to reduce the number of 
significant figures necessary in the subsequent least-squares calcu
lation. The initial approximations, say ao, bo, and Co, may be calcu
lated from three selected experimental points, at a low, an inter
mediate, and a high pressure. Three simultaneous linear equations 
of the form of eq 5 are obtained, the solution of which yields ao, bo, 
and Co. For eq 2 or eq 3, three simultaneous nonlinear equations are 
obtained, and the solution for A, B, and 0 is more difficult. 
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Substitution of ao, bo, and Co in eq 5 yields the function 

Fo(p,t; ao,bo,co) = (aot+bo+co log P-t log P). (6) 

By adding and subtracting Fo to eq 5 there is obtained 

f(P,f; Fo; a,~,'Y)=(at+~+'Y log P+Fo) =0, (7) 

where 
a= (a-ao) 
~= (b-bo) 
'Y= (c-co) 

(8) 

are the corrections to be added to the initial approximations, ao, bo, 
and Co, to obtain the final adjusted values a, b, and c. 

Equation 7 is the form of the Antoine equation used in setting up 
the normal equations of the method of least squares. The small 
quantities a, ~, and 'Yare to be adjusted to minimize the weighted sum 
of the squares of the residuals, 

(9) 

wherep is the value ofjwhen P and t are replaced by the experimental 
values pt and tt, and the sum is over all the experimental points. The 
weight of the ith point, wt, is defined below. The normal equations, 
which are three simultaneous linear equations to be solved for a, {J, 
and 'Y, are [18] 

(~wlJ~j~)a+ (~wlJ~jJ){J+ (~wlJ~j~h= ~wlJ~j~ 
I i 

where 

(11) 

and 

fa! j(Pt, tt; Foi; 0, 0, O)=Foi 

= (aott+bo+co log pt_t' log pl. 
(12) 

These quantities are to be evaluated for each experimental point 
(Pi, t'), and the sums in eq 10 are over all the points. 

It will be observed that the coefficients (sums) on the left side of 
the normal equations have a simple form, and do not contain the 
initial estimates of the constants, as would be the case if the normal 
equations were set up for eq 2 or eq 3. This is a consequence of the 
linearity of eq 7 with respect to a, {J, and 'Y, and is the principal 
advantage of the use of this equation. 

It can be seen from eq 5 and eq 12 that the quantities jo' which are 
computed in setting up the normal equations will be small and will 

663099-45-6 
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cle~rly re~ect any irregula!i.ties in the data. It is therefore possible, 
by mspe~t~on of the quantltlesiot , to make a preliminary evaluation of 
the preCiSIOn of the data before the least squares calculation is 
carried out. 

The weights w (the indices i will be omitted for simplicity) are 
given by the relation 

w=(I/ul), (13) 

where u, is the expected standard deviation of the function i of eq 7 
from the value zero. u, is calculated from the relation' , 

(14) 

where Ut and Ulog P are the expected standard deviations (of a single 
value) of t and log P, and 

i,= (ai/at) = a+ (oF%t) = (a+ao-Iog P) 

= (a-log P)=(A-Iog P) 

ilog p = (ai/a log P)='Y+ (oF% log P)= ('Y+Oo-t) 

=(c-t)=-(C+t). 

As the data approximately satisfy eq 3, 

ilOIL p~-B/(A-Iog P). 

(15) 

(16) 

The weight w can be evaluated only approximately because of the 
inherent uncertainty in U t and Ulog p. It is therefore permissible to use 
approximate values of A and B in calculating i, and ilogp. The 
average value of 6.8 for A and 1,250. for B were used in all the cal
culations of this report. 

UIOg p may be replaced by (up/P), where Up is the standard deviation 
of the pressure. In view of the experimental method, Up should be 
representable by an expression of the form 

(17) 

where uPo is the standard deviation of the pressure in the vapor pres
sure measurements, U '0 is the standard deviation of the temperature in 
the calibration measurements with water, and (dP/dt)w is the tem
perature coefficient of the vapor pressure of water at the given pressure. 
The measure of Up adopted was the root-mean-square value of the 
difference in the observed pressure for successive calibrations at a 
given contact. It was found that these values of Up were satisfactorily 
represented by eq 17 with uPo=±0.06 mm Hg and Uto=±0.003 
degree centigrade. The corresponding values of Up vary from ± 0.06 
mm Hg at the lowest pressure to ±0.11 mm Hg at the highest pres
sure. Ut in eq 12, the standard deviation of the temperature in the 
vapor pressure measurements, was also taken as ± 0.003 degree 
centigrade. Finally, the .weights, one weight for each contact (or 
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pressure), were calculated from eq 13 to 17 . The use of this single set 
of weights for all the calculations reduced considerably the labor of 
the calculations . 

The evaluation of a , (3, and l' by the solution of eq 19 completes the 
least squares calculation. The adjusted values of the constants A, 
H, and 0, to be used in the original form of the Antoine equation, . 
eq 2, are then calculated from eq 4 and eq 8. 

It is not difficult to show that the adjusted values of A, B, and 0 
should satisfy the relations 

~wi[(A-log P i) (O+ ti)-BJtI=O 
i 

~wi[(A-log Pi)(O+ti)-BJ=O 
i 

~wi[ (A-Iog Pi) CO+ti) -BJlog pi=O. 
i 

(18) 

In practice, these sums are found to be very nearly but not exactly 
zero, because of the accumulation of numerical errors in the least 
squares calculation. A readjustment of A, B, and 0 by using these 
three relations would be equivalent to a second least squares calcula
tion and equally laborious. However, it is easy to maIm a final small 
adjustment of B by using the second relation of eq 18, which is 
equivalent to a second least squares calculation (minimization of S) 
in which, however, A and 0 are held constant. The small correction 
to be added to B is 

~wi[(A- Iog Pi)(O+ti)-BJ /~Wi. (19) 
i i 

This correction was applied in the present calculations. The final 
values of A, B, and 0 are therefore very nearly those which minimize 
the quantity S. 

A simple measure of the precision with which the Antoine equation 
fits the data on a given compound may be obtained from the weighted 
sum of the squares of the residuals, S. The quantity S is obtained in 
the course of the solution of the normal equations, without the neces
sity of computin~ the individual residuals for each point. From eq 9 
and eq 13, S is gIven by 

(20) 

whereji is the actual deviation of the functionj of eq 7 from zero for 
the given point (Pi, ti) , and (1/ is the expected deviation calculated 
from eq 14, with the previously stated values for Ut and Up. (ji/u/) is 
thus the ratio of the actual to the expected error for the given point. 
Therefore, if the number of points in the given set of data is designated 
by n, 

(21) 
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is the rOQt-mean-square value of the ratios of the actual deviations to 
the expected deviations. The actual deviations, p, from the value 
zero may be a result of errors in the measurement of the temperature 
and pressure or caused by the failure of the Antoine equation to repre
sent exactly the true pressure-temperature relation. The ratio p is an 
averaged measure of these errors. 

2. RESULTS OF THE CORRELATION 

The values of the three constants of the Antoine equation for vapor 
pressures, obtained from the, data in table 2 as described in the preced
ing section, are given in table 3, together with the ranges of pressure 
and temperature over which the experimental data were obtained 
(and over which, therefore, the resulting equation for each compound 
is applicable without loss of accuracy). The values of the boiling 
point, and the pressure coefficient of the boiling point, at 760.00 mm 
Hg, calculated from the Antoine equation are also given. 

In those cases in which two series of measurements on a single 
compound are given in table 2, the constants in table 3 were derived 
from the series of more recent date. The earlier series agrees satis
factorily with the equation in every case. 

The last column of table 3 gives, for each compound, the root
mean-square value, p, of the ratios of the deviations of the observed 
points from the Antoine equation to the expected standard deviations. 
The expected deviations were calculated on the basis of standard 
deviations (of a single value) of ±0.003 degree centigrade in the 
temperature and ± 0.06 to ±0.11 mm Hg in the pressure, for the 
lowest and highest pressures, respectively. The values of p for the 
52 compounds vary from 0.09 to 0.52, while the over-all value of p, 
computed for the total of 913 points on 52 compounds, is 0.33. It 
seems reasonable to conclude that the over-all standard deviations in 
the measurements were about ±O.OOl to ±0.002 degree centigrade 
in the temperature, and ±O.02 to ±0.04 mm Hg in the pressure, 
although it is not possible to separate unambiguously the errors in 
temperature and pressure. The expected deviations were arrived at 
from a study of the deviations in the calibration curves of figure 7. 
As the actual deviations are considerably smaller, it may be con
cluded that a large part of the variation in the calibration curves 
represented true changes in pressure at the contacts, and that inter
polation on the calibration curves yielded the pressures with the 
smaller deviations observed. 



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

Compound 

n-Pentane ___________ __ _____________________________________ _ 
2-Metbylbutane (Iso pentane) _____ _________________________ _ 
n-Hexane __________________________________________________ _ 
2-Metbylpentane ____________________ __________ ____ _________ _ 
3-Methylpentane ________________________________ ___________ _ 
2. 2-Dimethylbutane _______________________________________ _ 
2. 3-Dimetbylbutane ______ ____ _________ __ _________ __ _______ _ 
n-Heptane __________________________ _______________________ _ 
2, 2-Dimetbylpentane ______________________________________ _ 
3, 3-Dimethylpentane ___________________ ___________________ _ 
n-Octane ________ ___ __________ __________ ____ ___________ ___ __ _ 
2-Metbylbeptane __________ _________________ __________ ______ _ 
3-Methylbeptane __ ___ ________________ ___ __________________ _ 
4-Methylheptane ___ ______ _________________________________ _ 
3-Ethylhexane ______ _____ _________________ ______ ___________ _ 
2, 2-Dimethylhexano ______ ____________ ___ __________________ _ 
2, 3-Dimetbylbexane ______________________ __ _______________ _ 
2, 4-Dimethylhexane ______________________ _______________ _ .. 
2, 5-Dimethylhexane ____ _________ _____ __________ ______ _____ _ 
3. 3-Dimethylhexane ______________________________ _________ _ 
3, 4-Dimethylhexane ________ _________ ______________________ _ 
2-Metbyl-3-etbylpentane ____ _______ __ ______ ___ _____ ________ _ 
3-Metbyl-3-ethylpentane ___________________________________ _ 
2,2, 3-Trimethylpentane __ __________ ______ ____________ ___ __ _ 
2.2. 4-Trimethylpentsne __ _________ ________ ________ ________ _ 
2,3, 3-Trimethylpentane __ _____________________ ____________ _ 
2, 3, 4-Trlmethylpentane ____ _____ _____ _______ __ ____________ _ 
n-Nonane _______________________ ___ _____ ____ _______________ _ 
n-Decane __ __ _________________ _______ _______________________ _ 
.-Dodecane _____________________ ___ ________ ________________ _ 

• See footnote at end of table. 

Formula 

C,H" 
C,H" 
CoH" 
CoH" 
CoH" 
CoH" 
CoH" 
C,H" 
C,H" 
C,H" 
CsH" 
CsH" 
CsHls 
CsH" 
CsH" 
CsH" 
CsH" 
CsH" 
CsH" 
CsH" 
CsH" 
CsH" 
CsH" 
CsH.s 
CsH" 
CsH" 
CsH .. 
C,H" 
CIOH" 
CuHlo 

Constants of tbe Antoine equation 
log" P=A-B/(C+tJ, or 
t=B/(A-logIO P)-C. 

(Pin mm Hg; t in ° C). 

A I B 

PARAFFINS 

6.87372 
6.78967 
6.87776 
6.83910 
6.84887 
6.75483 
6.80983 
6.90342 
6.81509 
6.81813 
6.92377 
6.91737 
6.89945 
6.90065 
6.89099 
6.83716 
6.87004 
6.85306 
6.85984 
6.85122 
6.87986 
6.86,158 
6.86731 
6.82546 
6.81189 
6.84353 
6.85396 
6.94495 
6.95367 
6.98059 

1075.816 
1020.012 
1171. 530 
1135.410 
1152.368 
1081. 176 
1127.187 
1268.636 
1190. 298 
1223.543 
1355. 126 
1337.468 
1331. 530 
1327.661 
1327.884 
1273.594 
1315.503 
1287.876 
1287.274 
1307.882 
1330.035 
1318.120 
1347.209 
1294.875 
1257.840 
1328.046 
1315.084 
1435.158 
1501. 268 
1625.928 

I 
--

C 

233.359 
233.097 
224.366 
226. 572 
227.129 
229.343 
228. 900 
216.951 
223. 343 
214.687 
2U9.517 
213.693 
212.414 
212.568 
212.595 
215.072 
214.157 
214. 790 
214.412 
217.439 
214.863 
215.306 
219.684 
218.420 
220.735 
220.375 
217. 526 
202.331 
194.480 
180.311 

Normal 
boiling 
point at 

760mmHg 

°c 
36.073 
27.852 
68.740 
60. 271 
63.282 
49.741 
57.988 
98.426 
79.203 
86.069 

125.665 
117.647 
118.925 
117.709 
118.534 
106.840 
115.607 
109.429 
109. 103 
111. 969 
117.725 
115.650 
118.259 
109.841 
99.238 

114.760 
113.467 
150.796 
174.123 
216.278 

Pressure 
coefficient 
dt/dP, at 

760mmHg 

dey C/mm 
Hg 
0.03856 
.03815 
.04191 
.04141 
.04182 
.04117 
.04173 
.04480 
.04394 
.04510 
.04738 
.04691 
.04712 
.04695 
.04719 
.04650 
.04724 
.04664 
.04646 
. 04741 
.04752 
.04749 
.04844 
.04755 
.04651 
.04833 
.04761 
.04965 
.05172 
.05528 

Range of measurement 

Pressure 

mmHg 
325 to 780 
501 to 780 
88 to 780 

125 to 780 
125 to 780 
217 to 780 
149 to 780 
48 to 780 
67 to 780 
48 to 780 
58 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
48 to 780 
57 to 780 
48 to 780 

I Temperature 

°c 
13.3 to 36. 8 
16.3 to 28. 6 
13.0 to 69. 5 
12.8 to 61. 1 
15.3 to 64.1 
15.4 to 50.5 
14.3 to 58.8 
25.9 to 99.3 
15.3 to 80.1 
13.4 to 80.9 

52. 9 to 126. 6 
41. 7 to 118. 5 
42.7 to 119. 8 
41. 7 to 118. 6 
42. 1 to 119. 4 
31. 8 to 107.7 
39.2 to 116.5 
34.1 to 110. 3 
34.0 to 110.0 
35. 4 to 112. 9 
40. 8 to 118. 6 
38. 9 to 116. 6 
40. 0 to 119. 2 
33.1 to 110.8 
24. 4 to 100. 1 
36.8 to 115.7 
36.6 to 114.4 
70. 1 to 151.8 
94.5 to 175. 1 

126. 4 to 217.3 

Measure 
of 

precision· 
p 

~23 
.11 
.il 
.10 
.09 
.il 
.12 
.43 
.~ 
.~ 
.G 
.G 
.88 
.43 
.n 
.n 
.W 
.n 
.e 

28 
.n 
.43 
.W 
.n 
.n 
.n 
.~ 
.n 
.~ •• 

~ .g 
~ 
'i 

~ 
~ 
Co 

~ 
~ 

~ 
~ 

~ 
~ "". 
~ 
~ 
~. 

&1" 

~ 
(.0 



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 
.24 
.28 
.18 
.23 
.23 
.17 
.36 

0.24 
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.24 
.27 
.29 
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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, 

• 

1600 

CD '·""7 n - Alkylcyclohcxone. \ 
C 
0 
1;; 1400 c 
0 

<> 7 - '/ 0 '/ .. 
/ :0 

/ 
~ 1200 / 

..... n-Poroffins 

t n -Alkylcyclopen!ones 

Number of Corbon Atoms 

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. 
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