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Vapor Pressures of the Methanes 1 

George T. Armstrong, F. G . Brickwedde, and R. B. Scott 

Experimental measurements, not previously reported in detail, of the vapor pressure of 
CH, and the differences in vapor pressures of CH. and the deuteromethanes below the normal 
boiling point are presented. A critical review of the literature relating to the vapor pressures 
of methane and the deuteromethanes is given. On the basis of the experimental measure
ments and t he previous literature t he following best values are assigned to fix ed points on the 
vapor pressure curves. The t riple points are: CH., 87.50 mm, 90.66° ; CH aD , 84.5 mm , 
90.41° ; CH 2D 2, 82.0 mm, 90.17° ; CHDa, 80 .2 mm. 89.96° ; CD., 79.1 mm, 89.79° K. The 
boiling point of CH. is 111.67° K; the critical poin t 45.6 atmospheres and 190.6° K. Equa
t ions and a table are given for t he vapor pressure of CH. in t he solid region , t he liquid region 
below t he normal boiling po int and th e li qu id region above t he no rmal boiling poin t. 

The ratios of the vapor press ures of the methanes are expressed by equat ions of th e 
form T log ,o PD/ PH = A - B/ T . The co ns tants A and B have t he follow ing va lues, r espec
t ively: in t he solid range CHaD , 1.260, 110.2; CH2D 2, 2.694, 222. 2; CHDa, 4.452, 351.7; 
CD., 5.529, 4 1.0.5 ; in t he liquid range, CHaD , 1.328, 129.5 ; CH2D 2, 2.671 , 245.4; CHDa, 
3.969, 343.8; C D., 5. 159, 42 1.1. The vapor-pressure ratios of the isoto pic m etha nes form a 
nearly geo metri c progressio n wi t h increas ing deute rium substitut ion. Dev iat ions of t heir 
mix t lll'eS from ideal solut ions arc very sm·a ll. 

1. A Review of the Vapor Pressure of Meth
ane and the Deuteromethanes 

1.1. Methane 

The vapor pressure of solid and liquid methan e 
has been determined in various tempera! ure ranges 
by many investigators, and , in addi tion , t here have 
been several summari es of t he pu blished da ta. S. F. 
Pickering [1] 2 l'eviewed t he liLCI'atul'e rclating to tbe 
cri tical constant ; Copson and Froli ch [2] summal'ized 
t he vapor-preSSUl'e data available in 1929; and Stull 
ummarized t he data in ] 950 [3]. A series of besL 

values appeared in the Intern ation al Critical Tables 
[4]; Egloff [5] and Timmcrmans [6] surveyed Lhe 
li terature in preparation fOT t heir reference books of 
physical constan Ls of hydrocarbon s; and a table of 
selected values for the vapor pressure below the 
normal boiling point was given by Rossini and co
workers in collaboration with t he American P eLro
leum Institute [7] . Other, Jess crit ical, surveys have 
also been made. An important deficiency remaining 
after t he above summaries is that t he excellen t 
API table of vapor pressures in the low-pressure 
range is based to a considerable extent on data not 
generally available. 

The vapor pressure of olid methan e has been 
measured by Hunter [8], Henning and Stock [9], 
K arwat [lOi, Freeth and V cl'schoyle [1lJ, Tichn er 
and Lossing [12] and by Bl'ickwedde and Scott of 
the National Bureau of tandards (section 2 of t his 
paper ). D cterminations of t.h e tripl e poi.nt as Ii tcd 
in table 1 provide a fixed point through whi ch an 
equation for the da ta should pass. Of Lh e reported 
determi ll ations, the exLensive da ta from Clusiu ' 
laboratory ap pear to be besL l'epresen ted by Lhe 
values 90.67 ± 0.03° K and 87.4 ± 0.1 mm, which 
were determin ed from a sLudy of the melLin g tem
peratul'e as a fun cLion of pressure. Th e value 
90.660 ± 0.005° K and 87.60 ± O.I O mm. were found 
by Brickwedde and Scott wi Lh a carefully purified 
sample. The besL values of t he triple poin L Lempera
ture and pressure appeal' 1,0 be 90.66 ± 0.01 ° K and 
87.50 ± 0.10 mm. 

In an attempt to remedy this deficiency t his re
view has been prepared in which the data from 
variou sources have been compared including those 
described in section 2, previously unpublished, and 
available to none of the previous reviewers except 
perhaps Rossini. An attemp t has been made to 
find equations which fit well t he best available data 
and at the same time pass t hrough selected best 
values for the triple point, normal boiling point, 
and critical point. 

1 This research was supported in part 'by the-Atom ic Energy Commission . 
2 Figures in brackets indicate t he li terat u re references a t) he end of t his paper. 
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T AB LE] l. Triple point of methane 

Observer Date I rr'CllIpera tlll'e 

o J": 
Olszewski [1 31 __________ __ ______ 1885 87.4 
Hun ter [81 _____ . ______________ __ 1906 90.5 t091.2 
Crommelin [141 __________ ______ 1912 90.01 
HenDing a nd Stock [91------- - -- 1921 89.9 
Eucken a nd K arwa! 11 51 ______ __ 1924 -90.6 
Clusius [161-------------------- - 1929 90.6 
Wiebe a nd Brevoort [17( ________ 1930 90. 3 
Freetb a nd Verschoyle 111----- 1931 90.70 
F ischer and K lemm [181 ________ 1935 90.7 
Kruis, P oPP. a nd C lusi ns [191 -- 1937 90.6 
C lusius, P opp, a nel Frank [201 __ 1937 90.62 
Frank and Clusius [211 _________ 1937 90.6 
Brickwedde and Scott (this re-

90. 660± 0. 005 port) ______ . ____________ ____ _ . 1937 
C lusins and Wiegand [221 _______ 1940 90. 67±0. 03 
Stavely a nd Gupta [231 ___ ___ . __ 1949 ------------

Selected values _____ __ __ ____ 90.66 

• Corrected by 0 .10 K (or change of temperatUJ'e scale. 
b Average of two values. 

Pressure 

7nmilg 
80 
92 
70 
78.3 
87.3 

------------
------------

b 87. 52±0. 15 
83.85 
87.5 
87.5 
87. 4±0. 05 

87. 60±0. JO 
87.4±0. 1 
87. 75±0. 07 
87.50 



Of the various equations that have been proposed 
the Antoine type equation given by Rossini et aI. , 
appears to give the most satisfactory fit to the data 
from various sources. 

This equation presents a compromise between the 
NBS data and those of Freeth and Verschoyle and of 
Karwat in the region from 80° K to the triple point, 
at which point it represents a good average of the 
pressures found by Brickwedde and Scott and by 
Clusius and ·Wiegand. The equation is in excellent 
agreement with the recent smoothed data of Tichner 
and Lossing down to 0.01 mm. Below this it devi
ates by as much as 10 percent from their data. 

When eq (la) given by Rossini 

loglOP (mm)=7.69540 - 532.20/ (T + 1.84) (la) 

is solved simultaneously with eq (2) for the liquid 
state vapor pressure, these two equations give valu es 
of 90.67 ° K and 87.7 mm for the triple point tem
perature and pressure. In the original equations by 
Rossini temperature is given in degrees C and for 
the conversion to absolute temperature (T) the ice 
point is taken as 273.16° K . As the value of the 
pressure is higher than the reported values in general , 
a very small adjustment was made in the equation 
for the solid state vapor pressure to bring the triple 
point pressure to 87.50 mm. The corresponding 
temperature is 90.66° in agreement with the value 
selected above. The revised equation for the vapor 
pressure of solid methane is 

10glOP(mm) = 7 .69540 - 532.20/( T + 1.842). (lb) 
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The adjustment is so slight that it changes the value 
of P at any given temperature by a maximum of 
0.02 mm, which is well within the limits of error of 
most of the data. Besides the achievement of con
sistency at the triple point of CH4 this adjustment 
appears also to be justified by a greater consistency 
in the vapor pressures of the deuteromethanes at 
their triple points, as is shown later. The individual 
vapor pressure measurements of various investigators 
have been compared with eq (lb) and the deviations 
are plotted in figure 1. 

The vapor pressure of liquid methane in the range 
below its normal boiling point has been represented 
in the published literature (for example: references 
[4, 24, 25]) most frequently by tables based on the 
relatively few reported measurements of Henning 
and Stock [9]. Data of Keyes, Taylor, and Smith 
[26] lying 1 or 2 percent higher, but of equally good 
internal consistency in this region, have generally 
been disregarded. Besides these two sources of data 
there are some early measurements of Hunter [81 
which appear to be of low accuracy. A few values 
were obtained by Cragoe [27] in this region but were 
never published. To these may be added the data 
described in section 2, which are of high internal 
precision and cover the range more thoroughly than 
previous studies. Equation (2) published by Rossini 
et aI., appears to be based largely on the latter data. 

10glOP(mm) = 6.61184 - 389.93 / (T - 7.16 ). (2) 
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'T'11(~ normal boiling poin t calculated from this 
equ ation is 111.67° K . Because this value is only 
0. 001 ° from the value found by Brickwedde and 

cott and within 0.01 ° of the mean of the values 
reported by H enning and Stock, by Cragoe, and by 
K eyes, T aylor, and Smith, it appear to be the best 
value, wi th an es timated uncertainty of ± 0.01 ° K. 
The uncertainties listed here and later are estimates 
of the limits within which the true value has a 50 
percen t probability of lying. Observed values are 
shown for comparison in table 2. The deviations of 
the measured data from eq (2) are shown in figure 1. 
It will be seen that the equa tion agrees closely wi th 
the data of Brickwedde and Scott and lies near that 
of H enning and Stock at the center of the range. It 
may be noted here that in addition to eq (1) and (2 ) 
other equations of differ en t functional form can be 
made to fit the data with nearly as great precision, 
as for instance those given in section 2. 

TABLE 2. Nonnal boiling point of methane 

Observer D ate 

Olszewski [131_ _________ ___ ____ __ _ ___ ______ ____ 1885 
Runter [81____ _ ______ _ ___ _____ __ __ __ _ ______ ____ 1906 
RenD ing and Stock [91 ---______________________ 1921 
Keyes, T aylor, and Smith [261_ __ ___________ __ _ 1922 
O. S. Oragoe [271 .. ________________________ 00__ 1919 
Brickweddeand Scott (section 2)______________ 1937 

Selected value ____________________________ _ 

Tem pera ture 

OJ( 
109.2 
1I0. 2 
1I1. 79 
1I1. 55 
Ill. 58 
Ill. 669± 0. OlD 
Il l. 67± 0. 01 

In the pressure region above one atmosphere there 
are extensive but widely divergent data. Certain very 
early data such as those of Wroblewski [28) and of 
Olszewski [13) may be disregarded as lacking suf
fi cien t precision when compared with later data. 
There remain the data of Cardoso [29), Cragoe [27), 
K eyes, T aylor, and Smith [26), Eucken and Berger 
[30), Volova [3 1), and Bloomer and Parent [32) . 
These also differ widely among themselves. The 
paper of Eucken and Berger , for example, does not 
include any descrip tion of apparatus or techniqu e 
and is reported in such a way as to leave the impres
sion that the data are of only moderate accuracy. 
The sca tter of the points is quite bad particularly 
a t the lower temperatures. The data of Cardoso 
covering a limited temperature range are of a precision 
comparable with that of K eyes and of Cragoe, but 
differ from theirs by about 2 percent. K eyes and 
coworkers sugges ted that an error of 0.56° in 
Cardoso's temperature scale would accoun t for the 
discrepancy, but as was pointed out by Pickering 
the line of argumen t leads to a temperature change, 
which if properly applied, widens the error ins tead 
of closing it . 

The correction suggested by K eye involved the 
usc by Cardoso of the melting poin t of toluene as a 
calibration poin t for his thermometers, and a change 
in the accepted value of the melting point which 
occurred after Cardoso's measurements were pub
lished . Cardoso used - 94 .5 ° C for this tempera ture. 
The thermometers used by K eyes were also used to 
measure the mel ting poin t of toluene [33), - 95.7° C 
being found . It migh t be pointed out that if this 
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argumen t were extended to the pre ent and the bes t 
value accepted for the mel ting point of tolu ene, 
- 94 .991 ° 0 as found by Rossini et al. [2 1), then it 
appears (if the purity of the toluene and the tech
nique of determining melting points are assumed to 
be sufficiently good in the early inves tigations) that 
the true temperature scale must be somewhere 
between that used by Cardoso and that used by 
K eyes . The assumption concerning the puri ty of 
the toluene is of doubtful validity . Assuming it 
to be true for the purpose of discussion, Cardoso's 
pressure measurements belong to lower true temper
atures than he recorded. This r esul ts in raising the 
vapor press ure values for a particular true tempera
ture. Similarly, Keyes' pressure measurements be
long to higher true temperatures than he recorded, 
or the vapor pressure for a particular true tem
perature should be lower . This would widen the 
gap existing between the data by an amount cor
responding to 1.2° at the cri tical point. Adding this 
to the existing difference of about 0.5° , the difference 
in the data come to about l.7 ° C near the critical 
point, or for a given temperature to about 5 percent 
in pressure. Examination of the several melting 
points recorded by K eyes and coworkers [33) sug
ges ts the possibility of a consistent error of 0.6° to 
0.8° in his temperature scale in the region from 
- 112° to _ 95° C. 

The observed critical point pressure should be 
independen t of temperature scales. H ere we find 
that Cardoso measured a value 0.46 a tm. lower than 
that of K eyes. The difference can be due either to 
a difference in the purity of the CH4 used, or to cali
bration errors in the pressure scale. In this respect 
the calibrated steel tape used by K eyes for measure
men t of mercury column heigh t seems definitely 
superior to the gas volume technique used by 
Cardoso. 

In addition to the published data for methan e, 
some vapor pressure measuremenLs were made by 
Cragoe [27) in 1919, which were never published. 
These show an undesirable amount of scat ter, bu t 
in general t end to fit the data of K eyes, Taylor, and 
Smith. Cragoe also tabulated valu e above 1 atm. 
for the International Cri tical Tables which are based 
primarily on his own data and that of K eyes. 

Volova [3 1) in a study of phase equilibria in 
methane-ethylene mixtures repor ted values for the 
vapor pressure of CH4 for which he claimed an 
accuracy of 0.2° in temperature. The values for 
pressure which he gives lie within this limit of eq (3) 
and much closer to the data of K eyes and of Cragoe 
than to any other data. 

T ABLE 3. Critical point of methane 

Observer Date Temperature Pressure 

Dewar [341 ____ ________________________ 1884 
Wroblewski [281 ___________ ___________ 1884 
Olszewski [131 ______ _______ ___________ 1885 
Oardoso [291 - ____ _____________________ 1915 
Keyes, Taylor, and Smith [261 ________ 1922 
Bennewitz an d And reev [351____ ____ __ 1929 
Bloomer and Paren t [321 ______________ 1952 

Selected valnes __________________________ _ 

OJ{ 
173. 7 
199.7 
191. 4 
190. 31 
191. 06 
190. 7 
190.55 
190.6 

aim 
47. 6 
56.8 
54. 9 
45. 60 
46. 06 
45. 7 
45. 47 
45.6 



_. _. -------
------------------------------------------~ 

TABLE 4. Vapor pressure of methane 

TOK I Jog1oP I P (mm)a TO K I Jog lO P I P (mm)a 

Solid Liquid 

51 "7.62387 0. 0042 121 3.18910 1545.6 
52 7.81093 .0065 122 3. 21914 1656.3 
53 7. 99116 .0098 123 3. 24865 1772.8 
54 8. 16494 . 0146 124 3. 27766 1895.2 
55 8. 33261 . 0215 125 3.30618 2023. 9 
56 8. 49448 . 0313 126 3.33422 2158.9 
57 8. 65084 . 0448 127 3.36179 2300.3 
58 8. 80199 . 0634 128 3. 38892 2448.6 
59 8.94816 . 0887 129 3.41561 2603.8 
60 9. 08960 . 1229 130 3.44187 2766. 1 

61 9.22655 . 1685 131 3.46771 2935. 7 
62 9.35920 . 2287 132 3.49316 3112.9 
63 9.48776 . 3074 133 3. 51821 3297. 6 
64 9.61242 . 410 134 3.54287 3490.3 
65 9.73335 . 541 135 3. 56717 3691. 3 
66 9.85071 . 709 136 3.59111 3900.4 
67 9.96466 .922 137 3.61469 4118. 0 
68 0. 07534 1. 189 138 3.63793 4344.4 
69 . 18290 1. 524 

I 
139 3.66083 4579.6 

70 . 28747 1. 933 140 3.68341 4824.0 

71 .38917 2.450 141 3.70567 5077. 8 
72 .48811 3.077 142 3.72762 5341. 0 
73 . 58441 3.841 143 3.74927 5614.0 
74 .67817 4. 766 144 3.77063 5897.0 
75 .76950 5.88 145 3.79170 6190. 1 
76 .85847 7.22 146 3.81248 6493.5 
77 .94519 8.81 147 3.83300 6807. 7 
78 1. 02973 10.71 148 3. 85325 7132.7 
79 1.11218 12.95 149 3.87325 7469.8 
80 1. 19262 15. 58 150 3.89298 7816.0 

81 1. 27112 18.67 151 3.91247 8174. 7 
82 1. 34774 22.27 152 3.93173 8545.3 
83 1. 42256 26.46 153 3.95074 8928.8 
84 1. 49563 31. 31 154 3.96953 9322.4 
85 1. 56702 36.90 155 3.98809 9729.5 
86 1. 63679 43. 33 156 4.00642 10149 
87 1. 70499 50. 70 157 4.02456 10582 
88 1. 77166 59.11 158 4.04248 11028 
89 1. 83687 68. 69 159 4. 06019 11487 
90 1. 90066 79.55 160 4.07771 11959 

161 4.09502 12446 
Liquid 162 4. 11215 12946 

163 4. 12909 13461 
164 4.14585 13991 

91 1. 96095 91. 40 165 4.16242 14535 
92 2.01578 103.70 166 4. 17882 15094 
93 2.06932 117.31 167 4.19·506 15670 
94 2. 12163 132. 32 168 4.21112 16260 
95 2. 17275 148.85 169 4.22702 16866 
96 2.22271 167. 00 170 4.24276 17489 
97 2.27157 186.88 
98 2. 31935 208. 62 171 4.25834 18128 
99 2.36609 232.32 172 4.27376 18782 

100 2.41182 258.12 173 4.28903 19455 
174 4. 3~415 20144 

101 2. 45658 286.14 175 4.31913 20851 
102 2.50039 316.51 176 4.33396 21575 
103 2. 54329 349.38 Iii 4.34866 22318 
104 2.58530 384.85 178 4.36321 23078 
105 2.62646 423. 12 179 4.37764 23859 
106 2.66678 464. 28 180 4.39192 24656 
107 2. 70629 508. 50 
108 2. 74502 555. 93 181 4. 40608 25473 
109 2.78299 606. 73 182 4.42011 26310 
llO 2.82022 661. 01 183 4.43402 2716l 

184 4.44780 28041 
III 2. 85674 719.02 185 4. 46145 28937 
112 2. 89261 780.92 186 4. 47499 29853 
113 2.92814 847. 50 187 4.48842 30791 
114 2.96294 918. 20 188 4.50172 31748 
115 2.99707 993. 28 189 4.51491 32727 
116 3.03057 1072.9 190 4.52799 33728 
117 3.06340 1157. 3 
118 3.09572 1246. 6 
119 3. 12741 1340. 9 
120 3.15853 1410.6 

>The final figures in the vaJues of P (rnm) iu general are not significant. 
b Logarithms have been increased by 10 where necessary to avoid negative 

characteristics. 

The very recent work of Bloomer and Parent [32) 
provides good confirmation of the data of Keyes in 
the region between the boiling point and about 180° 
K. Above that it tends to confirm the suggestion 
that the true temperatures lie somewh ere between 

those of Keyes and Cardoso . Because it was re
ceived after the selection of the values listed in table 
4, it did not receive any weight in the establishment 
of these values, though it appears to offer a distinct 
improvement in the high pressure region. As was 
noted by Timmermans the critical constants of 
methane have been extremely uncertain considering 
the importance of this substance. The values 190.6° 
K and 45.2 atm satisfy eq (3). However, a better 
value for the pressure on the basis of recent measure
ments would be 45 .6 atm. Table 3 lists measured 
values of the critical pressure and temperature for 
comparison. For purposes of interpolation the 
vapor pressure equation of Keyes' is unsatisfactory 
in that it does not join well with the recent low 
pressure data. Correction terms were added to the 
Keyes equation which bring the equation close to the 
values for pressure given in the International Critical 
Tables, and at the same time cause the equation to 
pass through the normal boiling point, 111.67°. 
Equation (3), derived in this way, was used as a 
basis for calculating deviations of experimental data 
plotted in figure 1 in the range above 111.67°. 

10gloP(mm) = 10.68631 - 595.546/ T - 0.0348066 T 
+ 0.000133387'2 - 1.7869 X 10- 7T ? (3) 

Errors larger than 1 percent are unlikely in view of 
th e values reported by Volova, by Cragoe, and by 
Bloomer and Parent . 

As a summary of the vapor pressure of CH4, 

values have been calculated at selected temperatures 
with the use of eq (lb), (2), or (3) as appropriate, 
and these values are shown in table 4. 

1.2. Deuteromethanes 

Aside from the studies made by Brickwedde and 
Scott at the Bureau, which have been briefly reported 
in a preliminary form [36) and which are described in 
detail in section 2, the vapor pressure data on the 
deuteromethanes are rather sparse. A boiling point 
determination by Stedman [37) on a mixture of CH4 

and CH3D indicated that the vapor pressure of 
CH3D is higher and that it might boil 0.5° lower than 
CH4 • A number of measuremen ts were made of the 
triple point temperature and pressure of CH3D and 
CD4 in Clusius' laboratory [19,20,22,38) and in his 
laboratory a series of determinations of the vapor 
pressure of CH3D was made over a very narrow 
range [21). In table 5 is shown a comparison of the 
reported triple point temperatures and pressures. 
There is very good agreement between the values 
found at the Bureau, as calcula ted on the basis of 
a recent analysis of the samples, and those reported 
by Clusius and Wiegand which appear to be the most 
reliable results from Clusius' laboratory. In figure 
2 are shown the vapor pressure data on the deutero
methanes, plotted as the function T log lOPD/PH 

where PD is the vapor pressure of the deuterium 
compound and PH the vapor pressure of CH4 at the 
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T AB LE 5. Tri ple point lempm'atures and pl'essures of the 
deuteromethanes 

C H3D CH,D, CHD, CD. 
Obser ver 

ilT- ilP , ilT ilP ilT ilP ilT ilP 
1----·-----1-------------

Kruis , POPP, and Clus ius 
[ l9] . ______________________________ _____ _ . ___________ 1.46 

ClusillS, Popp, and Frank 
[20] . _____________________ 0. OS 3. 1 _____ . _____ . ________ 1. 36 

Clusiusand Wiegand [22] __ .24 3. 1 ____________________ .S8 
Clusills and Popp [3S] _____ . 24 3. ° ____________________ .88 
Briekwedde and Scott 

(section 2) __ . ____________ .254 2.98 0. 492 5.471° . 701 7. 3 l .865 
Selected best valu es_._ .25 3. ° . 49 5.5 I . 70 7.3 .87 

8.6 

8.6 
8.6 
8.6 

8.38 
8. 4 

-The tr iple point temperature of Lhe deutcromet ha ne is 9O.66- il T oK , a nd 
tbe triple point pressure or the dClIteromethane is 87.ro-il P mm. 

T ABLE 6. Constants jar the equations T 10(JJO PD/Pn= A - B / T 

So lid range Liqu id range 
Pure sucs lanee E (mm) 

A 13 A B 

CH,D .. ___________ 1. 260 110.2 I. 328 129.5 ± O.01 5 
CH ,D, ___________ 2.694 222.2 2.67 1 245. 4 . 017 
CnD, ___ . ________ 4.452 351. i 3.969 3'13.8 . 01 8 
CD. __ . __ ._. ____ -- 5.529 '110.5 5. 159 ,121. 1 . 009 

same temperatu re. T he experime nLal NBS values 
are shown as circles; Lhe area covered by the data of 
Clusiu s and Wi egand on CHaD is shown by a dotted 
rectangle. The spread of their data overlaps t he 
JBS da ta, though t he ave rage is higher, T he large 
preacl represen ted by t heir data is probably a res ult 

of measurement or a bsolule vapor press ures only, 
with an aCCUl'acy of 0,1 mm. A considcrabl.v more 
accurate measuremell t of the differell ces beLween Lhe 
methanes was achiC\Ted at t he NB~ b v th e use of 
differential oil manomeLers, ' 

Best values 1'0 1' the Lriple point LemperaLures and 
pressures were selected b)T compariso n of the valms 
given in table 5. For values of the vapor pressure 
at other temperatures, in th e a bse nce of other da ta, 
constants for eq (4) have been derived as described 
in sec lion 2 on th e basis of Lhe NBS data alon e, 

(4) 

using analysis 5 for the compositions of Lbe samples. 
The constants for CD4 are derived on the bais of 
measurements Oll sample 1 only . 

The constants A and Ii derived in this manner are 
hown in table 6. These constan ts differ slightly 

from those previousl.v reporLed [36] which were 
based on Lbe use of the earlier less reliable analysis 4. 
The mean deviations of t he experimental po ints 
from these equations are also shown, E being the 
devia tion of !::"P (D - H ) in mm H g. On e so urce of 
uncer Lain ty whose effect is not indicated by t he 
deviaLions is t be uncer tainty of composition of the 
samples. The good agreemen t between the cal
culaLed values for the vapor pressure of CD4, based 
upon mea uremen ts made on two samples of widely 
differing composition, is an indication that t he uncer
tainty due to lack of knowledge of the composition 
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of the CD 4 s~mples is ve ry small. The greatest 
uncertain ty in the vapor pressure differen ce 
!::"P (CH3D - CH4) is due to t he lower ) imit of detectability 
of CH4 in t he presence of CH aD by mass spectrom
eter , which is approximately Lwo percent. The com
position induced uncertain ties in t he vapor press ure 
differences !::"P (CH2D 2- CH4) and !::"P (CHDr CH4l are some
what greater. While this un certain Ly is difficult to 
assess, an estimate of an upper limi t to it may be 
obtained by comparing the constants found as the 
results of several different attempts at analysis, and 
shown in table 10 of section 2. 

2 . Experimental Determination of the Vapor 
Pressures of Methane and the Deutero
methanes 

The experimental work on the measurement of the 
vapor pressures was carried out in the years 1935 to 
1938 by F . G. Brickwedde and R. B . Scott. After 
the experiments were completed the samples of the 
deuteromethanes were retained in storage. Because 
new information for the interpretation of the ob
servations became available, a new examination of 
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the samples was undertaken in 1952 and a reevalua- A =~;:=:==============~ 
tion of the data was carried out by G. T . Armstrong. 

2 .1. Preparation of the Methane 

Six 4-liter samples of methane were prepared as 
indicated by the following reactions 

(1) 2CO + 2D2= CD4 + C02 
(2) CC14+ 4C2HbD + 4Zn = CD4+ 4C2H bOZnCl 
(3) CHC13+ 3C2H bOD + 3Z;;-CHD3+3C2HbOZnCl 
(4) CH 2I 2+ 2C2HbOD + 2Zn= CH2D2+ 2C2HbOZnI 
(5) CH3MgI + D20 = CH3D + DOMgI 
(6) CC14+ 4C2HbOH + 4Zn = CH 4+ 4C2H bOZnCl. 

All of these samples except (1) were prepared by Dr. 
Kiyoshi Morikawa at Princeton University. Sample 
1 was prepared by Weber at Columbia University. 
The nonmethane impurities were removed from these 
samples by fractional distillation in a small low
temperature still. For this work the still was sur
rounded by a liquid oxygen bath boiling at about 81 
em Hg. Two distillations were made on each 
sample. From th e original 4-liter sample a middle 
fraction of 1.5 to 2 liters was collected in the first dis
tillation and 300 to 500 cm3 in the second distillation. 
Before and aft·er the collection of the middle or 
"pure" fraction of the second distillation, 200 cm3 

fractions were collected. The vapor pressures of 
these 200 cm3 fractions at their boiling points did not 
differ from that of the middle fraction by as much as 
0.1 mm Hg and the difference was usually much 
smaller. This was regarded as evidence that im
purities whose vapor pressures were very different 
from that of methane were not present in significant 
amounts in the "pure" fraction. 

Another sample of CH4 was obtained by the frac
tional distillation of some relatively pure methane 
purchased from the Linde Air Products Co. This 
sample, 1,900 cm3, was used in all the vapor pressure 
work. The vapor pressure of this sample differed by 
less than 0.1 mm Hg from the vapor pressures of the 
200 cm3 samples collected immediately before and 
after it during the distillation. The vapor pressure 
of this material differed from that of the synthetic 
CH4 sample listed above by less than 0.1 mm Hg. 

2 .2. Apparatus 

The vapor pressure of CH4 and the differences be
tween the vapor pressures of the h eavy methanes and 
CH4 were measured by means of the vapor pressure 
apparatus shown in figure 3. The copper block F, 
containing three cavities into which the methane 
samples were condensed, hangs in an evacuated 
vessel, D, which is surrounded by a bath of liquid air 
in the D ewar flask , 1. The insulating vacuum in 
vessel D is produced by a vacuum pump at A. The 
thin-walled copper-nickel tubes, C, connect the 
cavities to the differential oil-manometer, J . One of 
the tubes also connects to the absolute mercury 
manometer, K . The temperature of the block is 
given by the small platinum resistance thermometer, 

C -IIH--Illi 

o 

E 

F 

G --;tttt- -l..): 

B 

H 

FIG U RE 3. Differential vapor pressure apparatus. 

K 

A ,~V, Vacuum pump connections; B, fillin g tubes; 0 , t bin·wall connecting 
tubes; D , evacuated vessel; E, ther mal shield ; F, copper block; G, platinum 
resistance thermometer; H , constant temperature bath enclosure; I , D ewar 
flask; J, differential oil manometer; K, absolute mercury manom eter . 

G. This thermometer is one of the standards which 
has been compared with the gas thermometer [39] be
tween 10° and 90° K. Above 90° K the Interna
tional T emperature Scale calibration was used. The 
temperature of the block is maintained uniform and 
constant by controlling the temperature of the 
thermal shield , E, which is equipped with electrical 
h eaters and differential thermocouples. The tem
perature drift of the block was less than 0.0001 deg 
per minute. To guard against cold spots on the 
tubes, C, they were wound with an electrical heater 
from a point at the top of the shield to a point above 
the level of the bath. A differential thermocouple, 
placed just below the lower end of the heater, was 
kept slightly warmer than the block. 

The lowest temperatures, down to 54 ° K, were ob
tained by reducing the pressure in vessel H , contain
ing the liquid air bath, by means of a large vacuum 
pump connected at V. Hydrogen at a few milli
meters pressure was let into the insulating vacuum 
space while cooling the apparatus. It was found 
necessary, when working at the lower temperatures, 
to leave a little hydrogen in the insulating vacuum 
space to conduct away the heat flowing down the 
copper-nickel tubes. The variolls samples were 
introduced into the apparatus through the tubes B. 
Connections not shown in the diagram made pos
sible the thorough evacu ation of all the apparatus, 
so that the samples were not contaminated. A mer
cury displacement pump was employed in admitting 
and removing the samples. 
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The vapor pressure readings were taken on mirror 
scales supported against the backs of the ma
nometers. These scales could be read to 0.1 mm. 
The absolute mercury manometer , K , gave the vapor 
preSSUTe of CH4; the differential oil manom eter J 
measUTed the vapor pressure difference, heavy 
methane minus CH4. The oil in J is a diffusion 
pump oil having a very low vapor pressure and is 
chemically stable when heated to drive out dis
solved gases. As an extra precaution against con
tamination of the liquid methane, while in the vapor 
pre nre apparatus, by oil vapor, traps surrounded 
by soLid CO2 wer e placed in the lines leading from 
the block to the manometers. 

2 .3 . Vapor Pressure-Temperature Relations for CH4 

The vapor pressure of CH4 was measUTed in the 
temperature range 54° to 112° K . If was found 
that the observat ions could be represen ted by t he 
following equations 3 

CH,(solid): t emperature range 54° to 90.66° K 
10glOP (mm H g) = 6.7838-477.46/ T + (5) 
0.00469 T 

CH4(liquid): temperature range 90.66° to K 112° 
10glOP (mm H g) = 7.55073-
483. 22/T - 0.0030686 T . (6) 

The t emperatures recorded on the International 
T emperature Scale were converted to degrees K elvin 
using To= 273.16° K . The deviations of the obser
vations from the equation are shown in figure 4. 
These deviations may be considered as r epresenting 
the errors in the m easurement of vapor pressure since 
the precision of the resistance thermometer r eadings 
was such that the expected resultant scat t ering would 
be only 0.06 mm H g at t he boiling point of CH 4 and 
much less at lower t emperatures. Constant errors 
resulting from inaccuracy of the temperatm'e scale, 
should be considered separately. The temperatures 

3 T hese equations deviate no more than 0.1 mm from eq (I) and (2) in section 
1, although different in form . 

• Th is oxygen was prepared by tbe tbermal decomposition of thoroughly out
gassed potassium permanganate. Its vapor pressure was compared with that 
o[ a sample prepared by tbe electrolytic d issociation of a care[ully purified solu tion 
of barium bydroxide, Shepherd , Weaver, and P ickering, J. Research N BS 22, 
301 (1939) RP 1182. There was no significant difference in the vapor pressures 
of tbe two samples; less than 0.1 mm H g. 
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given should be very reliable in the region n ear 90° 
K since the re is tanee t hermometer , while in t he 
apparatus, was calibrated at t he boiling point of 
oxygen. Pure oxygen 4 was condensed into the vapor 
pressure appar atus and vapor pressure-resist ance 
readings wer e taken in the neighborhood of the oxy
gen boiling point. Later calibrations of thc r esist
ance thermometer in th e apparatus cusLomarily u ed 
for oxygen boiling point calibrations on th e Inter 
national Temperature Scale, gave r esults which 
agreed to 0.005 deg with the calibrat ion in th e 
methane apparatus. 

A r easonable value for the uncertainty a t t em
peratures near 90° K is ± 0.005°. At 11l.6° K th e 
es timated uncertainty is ± O.OlO° K which corre
sponds to an error in vapor pressure of ± 0.6 mm H g. 
At temperatures considerably below 90° K the un
certainty increases to ± 0.02°, but this is of no con
sequence since dP/dT is so small that the over-all 
accuracy is limited by errors in the measuremon t of 
vapor pressure. The uncertaint ies in t emperature 
given above do not t ak e into account any error in 
the accepted value of the oxygen boiling point, 
which is taken to be 90.19° K or - 182.97° C. Like
wise, above t he oxygen boiling point no consideration 
was given the possible deviat ions of the Internation al 
T emperature Scale from the thermodynamic scale. 

2.4. Vapor Pressure Difference (CH nD4_ n- CH4) 

The differences between the vapor pressures of the 
five samples of heavy m ethane and that of CH4 wer e 
investigated in the range of temperatures 54° to 112° 
K . The data are represented in the graphs, figure 5. 
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FIG URE 4. Deviations (obs-calc) of CR , vapor pressure measure- F I GUR E 5 . . ' V apor pressures of impure deuteromethane samples. 
ments f1'om eq (5) and (6). T he insert is an=enlargement of the low pressure range. 

45 



- -- - _ ... --------------------

The deviations of the observed points from the 
smooth curves average less than 0.01 mm Hg. It will 
be noted that there are large differences between the 
values obtained for the two samples of CD 4 • A 
logical explanation of this discrepancy is that none 
of the samples were pure, but consisted of mixtures 
of the several isotopic modifications of methane. 

2 .5 . Triple Point Pressures and Temperatures 

The triple point pressures of the m ethanes were 
m easured in the following manner : The sample was 
condensed into a spherical pyrex bulb of about 10 
cma volume at the end of a tube 30 cm long, 5 mm 
inside diameter. This tube communicated with a 
mercury manometer. The sample was frozen with 
liquid air, then the liquid air flask was lower ed until 
the v apor pressure started rising slowly. When the 
t riple point was r eached, the pressure would remain 
constant. The flat part of these pressure halts 
lasted from 2 to 5 min , during which t ime the pressure 
was constant to the accuracy with which the manom
eter could b e read. The first lin e of table 7 gives 
the observed t riple poin t pressures and temperatures. 

TARLE 7. TI'iple point temperatures and pressw'es of the 
deuter01nethanes on the basis of several analyses ' 

!l. Tis th 8 difference TCH4 m inus Trh u ~ e r o methn fl. and 6P is th e di fference P en. 
minu s P deuteromethllne. TC H4 is 90.660°; P CB, is 87.50 mrn . 

CE , D, 
D psignation ------ -------~-- --,--~I 

------~~ ~ ~~~ ~I ~..':'... -=~ _~~ 
Measured m i· 

ues ___________ 0. 254 2. 28 0.460 5. 14 0.606 6. 43 0. 849 
Ana lys is L ..... . 285 3. 36 .509 5. 65 . 656 687 
Analysis 3 _____ _ . 254 2.98 . 483 5. 36 . 687 i . 17 
Analys is 4 ______ .254 2.98 . 509 5. 70 . i ll 7. 38 
An alys is 5 ______ . 254 2. 98 . 492 5. 47 . 701 7. 31 

• Va lues of t.P(rnm ) a re s ign ificant to th e nearest 10th mm E g. 
b Calculated f),om measurements mad e on sample 1. 

2 .6. Analysis of the Sample 

.865 

. 867 

.834 

.865 

8. 27 
8.38 
8.39 
8. :J7 
8.38 

Analysis of the deuterometh an e samples in the 
mass spec trometer at Columbia Universi ty by Pro
fessor H. C. Urey and Dr. Marvin Fox revealed that 
the samples were indeed not pure. It was impossible 
to make a r eliable analysis at that time because no 
mass spectrometer patterns of pure deuteromethanes 
were available for comparison . However an analysis 
was made based on assumptions regarding the mode 
of formation of ions of various masses. In the inter
vening years patterns for the deuterometbanes have 
been made in several laboratories and use has been 
made of these studies in determining more accuratel? 
the compositions of t he samples. The various anal
yses that have been made are described below. The 
compositions found as the r esult of each analysis are 
listed in table 8. 

Analysis 1. This analysis, based on patterns made 
at Columbia University by Professor Urey and Dr. 
Marvin Fox, was made entirely by a study of the 
abundance ratios of the various masses observed, 
without calibration patterns. The key to this 

46 

TABLE 8. Compositionlf of the deuteromethane sam ples 

Compon ent 

Sample Analysis 
C E , C E , D CE, D , CED, CD. 
--------------

CE,D .... ... I 0. 1074 0.8926 
2 1.00 
3 1.00 
4(5) 1.00 

C E , D, .. _ ... . 0115 . 1917 0. 7968 
. 076 . 924 Trace 
. 102 895 0. 004 

. OGO . 108 . 785 .046 0.001 
. 135 . 860 . 005 

CED, . . ...... 1 . 0013 . 0309 . 2567 . 7111 
2 . 335 . 652 . 013 
3 .024 . 022 . 283 . 658 . 013 
4 . 005 . 107 . 27i . 587 . 024 
5 . Ol8 . 053 . 288 . 626 . 013 

C D,(2·3) ..... . 0001 . 0044 .0551 . 3055 . 6349 
.058 . 023 . 299 . 618 
. 040 . 055 . 29 1 . 614 

(2·2) ..... .037 .048 . 275 .638 
(2·3) •..... 4(5) .038 . 050 . 285 . 626 
(2·4) ..... . 039 . 053 . 295 . 613 

C D, (I ) .... . . 1 . 018 . 0696 .9284 
3 . 020 . 061 . 919 
4(5) . 008 .068 .924 

• Va lues for sampl0 2·3 arc interpola ted as the m ean of sa mples 2·2 and 2-4. 

analysis was the presence in the CD. patterns of mass 
19. Assuming equal sensitivi ties for the parent 
m asses of CHD;J and CD4, the CHD3 :CD. ratio was 
calculated from th e amplitude ratio of mass 19 to 
mass 20. The purity of the deuterium used in the 
synth esis was estimated from this ratio to be 89.26 
percen t, and from this purity, the proportions of the 
remaining mixed deutel'omethanes were estimated 
in th e CD.I sample as well as the proportions of all 
th e components in th e other samples. This m ethod 
was not thought to be very satisfactory b ecause 
slight variations in its application to the various 
samples gave different compositions. The compo
sitions of the CD. samples thus determined were the 
most reliable, because the ratio of the two principal 
components was obtained with only th e single 
assmnption of equal ionization sensitivities . 

Analysis 2. Tp e mass patterns obtained in 1937 
were reinterpreted, using calibration patterns de
termined by Mohler and Dibeler [40] for reference. 
This interpreta tion was subj ect to one error whose 
magn.itude could not accurately b e estimated : th e 
original pattern.s were obtained on a Nier type mass 
spec trometer, while the reference patterns were ob
tained on a Consolidated Engineering Corporation 
instrument. The principal new feature revea led by 
this analysis was a mu ch bigher purity for the CHaD 
than had b een previously supposed . In.stead of 
containing over 10 perceD.t CR. it was found to con
tain. little or no CH.. The CH2D 2 and CHD3 com
positions were also rather sharply affected; however, 
little confiden ce could b e placed in the results for 
th ese two compounds because of the complexity of 
th e patterns. The amounts of the major compo
nents of the CD4 sa mples were changed but iittle, 
though more CH3D was indicated to b e present in 
sample 2 than at fir~t estima ted . 



Analysis 3. The study of th e deuteromethanes 
made by Schissler, Thompson, and Turkevich (41] 
on a Nier type mass spectrometer became available; 
and th is was used also for interpretation of the origi
nal 1937 patterns. This analysis confirmed the high 
purity of the CH3D sample suggested by analysis 2, 
and gave compositions for the CD , samples in reason-
11 ble agreement with analyses 1 and 2. However, 
the composition of the CH2D 2 and CHD3 samples 
were not in good agreement with either analysis 1 
or 2, and this fact suggested th e desirability of mak
ing a new analysis of the original specimens of meth
ane. 

Analysis 4. The original samples were reanalyzed 
u ing the National Burellu of Standards Consolidated 
Engineering Company mass spectrometer. The 
material used in the previous analysis of the CD 4 

sample 2, fraction 3, from the final purification d.is
tillation, was no longer available. However, the 
neighboring fractions 2 and 4 were analyzed, and 
their compositions are shown in table 8 as samples 
2-2 and 2-4. The differences are apparel tly due to 
the slight separation that occurred in the distillation. 
The composition of fraction 3 was taken a the aver
age of fraction 2 and 4. Th e composition thus 
found does not differ by more than 1 percent, in any 
component from analysis 3. The CH2D 2 and CHD~ 
samples showed only a general correpondence to a ny 
of the preceding analyses, differences ranging as high 
as 11 percent. This analysis is ubj ect to two criti
cisms: t he analyses were not accompanied by cali
bration patterns, and the samples had been standing 
in glass bulbs closed by stopcocks for approximately 
] 5 years and might have changed in composition. 
In eaeh of the samples was found more or less nitrogen, 
which presumably entered by leakage of air. Oxygen 
wa absent, apparently having been absorbed by 
th e stopcock grease. Th e validity of the present 
analyses for the amples as studied in the vapor 
pressure work can be argued from the almost exact 
agreement of analysis 4 of th e CD4 amples 2-2 and 
2-4 with analysis :3 , and also from the fact th at th e 
CD 4 content of the CHD3 did not how any increase 
over the years. Th e analyses of the CH2D 2 a nd 
CHD3 samples W('l'e still considered to be unsatis
factory beeause the materials used in th e previous 
studies of the mass spectra were of rather low purity. 

Analysis 5. Samples of pure CH2D 2 and CHD3 

prepared by D. H. Rank of P ennsylvania State Col
lege became available for making mass spectrometer 

tudies in 1953. Because these were much better 
samples than had been. previo Ll sly lI sed for compari
son , and becausc it became possible to make a cali
bration pattern at the same time an analysis was 
made, the first objection. to analysis 4 could be 
removed . A fUlal analysis of th e CH2D 2 and CHD3 

was made using th e Rank samples for comparison. 
Th e new ana lyses a re closer to analysis 3 than to any 
other, and no component differs by more than 4 
p ercent from that given in analysis 3. Analysis 5 
must be considered to be the most reliable on account 
of th e way it wa made, though still subj ect to some 
possibility that the samples have altered in the long 
period sinee th e vapor pressure work was done. 

2.7. Treatment of the Vapor Pressure Data 

With t he information given by the analyses con
cerning the compositions of the various sample whose 
properties were measured, it is possible to calculate 
the properties of the pure materials. I n order to do 
this it is necessary, in the absence of contrary in
formation, to assume th e olutions to be ideal. In 
this circumsta:nce an observed property, linear in 
~he mole fractIOns of th e components, will be given 
ill. terms of th e corresponding properties of the pure 
components and th eir mole fractions by eq uatio ns of 
th e following type 

t1P (l) = n (l) CH3Dt1po CB3D + n(l) CB2 D2 t1po CH2D2 + 
n(l )CBD3t1po CHD3 + n (1 )CD4t1po CD4' 

The number in parenthesis refers to the sample 
under consideration and the subscrip t compound 
refers to the component, n is the mole fraction and 
i~ ,this instance t1P and t1po are respectively the 
dIfference of the vapor pressure of the sample and of 
the pure component from the vapor pre sure of CH4 • 

A total of six simul taneo u eq uations of this type 
were fOLlnd for the six samples on which analyses 
and vapor pressure studies were made. Usina- the 
mole fractions given by analysis 5 these equ:tions 
were solved foUl' at a time for the valu es of t1po for 
the vari ous component . The solutions are given 
below 
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(a) t1 IJOCH3D 

(b) t1po C H 2D 2 

= t1P(CH 3D ). 

= - 0.157 t1P(CH 3D ) + 1.16MP 
(CH2D2) - 0.009M)(CHD3) 

+ 0.001 t1P (CD 4). 

= - 0.0] 2t1P(CH3D ) + 0.538t1P 
(CH2D2) + 1.602t1P(CHD3) 
- 0.023LlP(CD 4 ) • 

= - 0.008t1P(CH3D ) + 0.040t1P 
(CH2D 2) - OJ] 8t1P(CHD3 ) 

+ 1.084LlP(CD 4). 

(e) t1po CD4(2-3) = - 0.043t1P(CI-I3D ) + 0.153t1P 
(CH2D 2) - 0.735LlP(CHD3) 
+ 1.613t1P(CD 4). 

(f ) M) OCD4(2- 4) = - 0.045t1P(CH3D ) + 0.160t1P 
(CH2D 2) - 0.77MP(CHD3) 

+ 1.648t1P(C D4). 

In applying eq (b) and (c) the CD 4 sample data 
required for the evaluation of t1po are those obtained 
from sample 1 which, on account of its greater 
purity, was used in deriving the equations. In eq 
(d, e, f) the CD 4 sample data to be used is indicated 
in parenthesis. 

It is necessary to know the values of th e vapor 
pressures of all the samples at the same temperatures 
111 order to use eq (a-f). Advantage was taken of the 



TABLE 9- A.· CR aD 

Pcnl I L'.P(obs) I L'.PO 

I 
log lOPolPn I TIOglOPDIPH I l i T 

Solid range 

39. 39 - 0.024 -0. 024 -0. 00027 - 0.023 0. 011706 
60.08 +.023 +.023 +.00017 +.015 .011348 
76.06 +.071 +.071 + . 00040 +.036 . 011149 
3.85 -.025 -.025 -. 00281 -. 205 . 013699 
8.20 -. 033 - . 033 -. 00175 -. 130 .013047 

15.71 -.060 - . 060 -. 00165 -. 132 .012490 
24.18 -. 057 - . 057 -. 00104 -. 086 .012121 
40.95 -. 044 - . 044 -. 00046 - . 039 . 011673 
70.26 +.048 +. 048 +. 00030 + .027 . 011216 
7. 88 - .057 - . 057 -. 00314 - . 237 . 013081 

12.41 - .051 -.051 -. 00179 -.142 .012691 
22.56 -. 060 -.060 -. 0011 5 - .094 . 012180 
22.96 - . 060 -.060 -. 00113 - .093 .012165 
40.62 - . 038 - . 038 -. 00041 - .035 .011680 
81. 11 + . 073 + . 073 +. 00038 +. 034 . 011095 
84.52 + .088 +. 088 +. 00045 +. 041 .011064 

Liq uid rauge 

147.12 - 0. 142 - 0.142 -0.000421 - 0. 0400 0. 010.137 
260.26 + . 192 +. 192 +.000321 +.0321 . 009991 
454.20 +1.002 +1. 002 + . 000958 +. 1013 . 009455 
117. 58 - . 185 - . 185 - . 000681 -. 0633 . 010751 
163. 91 -. 095 - . 095 - . 000252 - . 0242 . 010434 
372.03 +.682 + . 682 + . 000794 + . 0823 .009648 
493.18 +1. 231 +1. 231 + . 001084 +.1156 . 009375 
627. 92 + 1. 954 +1.954 + . 001349 +. 1476 . 009141 
774. 54 +2. 720 +2. 720 +.001522 + . 1703 . 008937 

90. 54 -. 221 - .221 -. 001058 -. 0962 .010999 
202. 02 ±. ooo ±.ooo +.000000 +. 0000 . 010234 
398. 15 + . 720 + . 720 + . 000785 + . 0819 .009582 
581.80 +1.606 +1.606 +.001197 + . 1299 . 009215 
770.34 +2. 683 +2. 683 +. 001509 +.1688 . 008942 

a In tables 9A-9F the values Cor PCB! are significant to the nearest tenth oca mm 
Hg. The valnes for L'.P(obs) and L'. p o are significant to tbe nearest hundredth 
mm H~. The derived quantities logloPol Pn and T 10glOPoIPH have generally 
the same number of siguificant figures as L'.p o. 

TABLE 9-B. CR zD z 

PCBI I L'.P(obs) I L'.p o I 10gloPoIPB I T lOglOPOfPHI l i T 

Solid range 

2. 29 -0. 022 - 0.022 - 0. 0042 - 0. 296 0. 014149 
4. 99 -. 03 1 - .031 - . 0027 - . 200 . 013475 

20. 01 -.026 -. 021 -. 00046 - . 038 . 012283 
31. 81 + . 026 +.038 +. 00052 +.044 . 011888 
53. 92 + . 189 + . 217 +. 00175 + . 153 . 011440 
79.25 + . 401 +. 451 +. 00247 + . 222 . 011114 
2.82 ------- ------- - - -- - - - - -- - - -- - - - --- -- ----- -
6. 55 -. 038 -. 038 - .0025 - . 189 . 013240 

10.04 -. 054 - . 053 -. 0023 - . 179 . 012873 
24. 39 - . 006 +.00 1 +.00002 +. 002 . 012113 
41. 6S + . 098 +. 116 +. 00121 +. 104 . 011666 
67. 75 + . 300 +. 340 +. 00218 + . 194 . 011247 

Liquid range 

784. 20 +7. 104 +7. 75 +0.00429 +0. 481 0. 008924 
86.78 -. 001 + . 01 +. 00004 +.004 . 011039 

129.90 + .142 +.18 +.00061 + . 057 . 010656 
189. 77 +. 578 + . 67 +.00152 +. 148 . 010294 
334.41 +1. 918 +2. 13 +.00277 + . 284 . 009750 
493. 13 + 3.615 +3. 98 +.00350 + . 374 . 009375 
692. 31 + 5. 979 +6.54 +. 00410 +. 453 . 009046 
88. 96 -. 095 - . 09 - .00043 - . 039 . 011016 

136. 85 + . 177 + . 23 +. 00073 +. 069 . 010605 
240. 79 +. 998 +1.13 + . 00203 +. 202 . 010066 
607. 75 + 4. 901 +5.38 + . 00384 +. 418 . 009172 
103.44 - . 035 -. 02 -. 00009 - .008 . 010872 
153. 49 + . 300 + . 36 + . 00100 +. 095 . 010497 
245. 53 + 1.034 + 1.17 +. 00207 +. 206 .010047 
408. 98 + 2. 693 +2. 98 +.00316 + . 331 . 009556 
560. 24 + 4.425 + 4. 86 +.00376 + . 407 . 009251 

T ABLE 9- C. CRD3 

PCB! I L'.P (obs) I L'.p o 
I 

10glOPoIPn I TIOglOPOI PHI l i T 

Solid range 

2. 29 -0. 032 - 0. 032 - 0. 0061 - 0. 43 0. 014149 
4. 99 -. 044 -. 058 -. 0050 -. 37 . 013475 

20. 01 + . 014 +. 040 +. 0009 +. 072 .012283 
31. 81 +. 150 +.214 +. 00242 +. 246 . 011888 
53.92 + . 451 + . 599 +.00482 +. 421 . 011440 
79. 25 +. 844 + 1. 091 +. 00598 +. 538 . 011114 

2. 82 --- - -- - - - ---.- ---- - --- -- ------ - -- - - --- - - --
6. 55 -. 044 -. 054 -. 0036 - . 27 . 013240 

10.04 -. 025 -. 026 -. 0011 -. 086 . 012873 
24.39 +. 090 +. 130 +. 00231 +. 191 . 012113 
41. 28 +. 288 +. 386 +. 00406 +.348 . 011666 
67. 75 +. 670 + . 8iO +. 00558 +. 496 . 011247 

Liquid range 

784. 20 11. 887 14. 66 +0. 00804 0. 901 0. 008924 
86.78 . 300 . 46 . 00230 . 208 . 011039 

129. 90 .678 . 99 . 00330 . 310 . 010656 
189. 77 1. 456 1. 95 . 00443 . 431 . 010294 
334. 41 3. 677 4. 67 .00602 . 617 . 009750 
493. 13 6. 405 8. 01 . 00699 . 747 . 009375 
692.31 10. 122 12. 52 . 00778 . 860 . 009046 
88. 96 . 221 . 39 . 00191 .173 . 011016 

136.85 . 745 1. 08 . 00341 . 322 . 010605 
240. 79 2. 191 2. 86 . 0051 3 .510 . 010066 
607. 75 8. 427 10. 50 . 00744 . 812 . 009172 
103. 44 .348 . 57 . 00239 . 220 . 010872 
153. 49 . 964 1. 34 . 00380 . 362 . 010497 
245.53 2. 244 2.92 . 00514 .512 . 010047 
408. 98 4. 944 6. 21 . 00654 . 685 . 0095.16 
560. 24 7. 672 9. 55 .00734 . 794 .009251 

TABLE 9- D . CD4 (sample 1) 

P cn. I L'. P (obs) I L'. p o / IOgIOPO/PH I T IOglopol Pn l l i T 

Solid range 

7. 07 + 0.003 +0. 011 + 0. 0007 + 0. 05 0. 013175 
10. 60 +. 095 +. 105 + . 0043 +. 34 . 012827 
20. 56 +. 294 +. 312 +.00654 + .534 . 012259 
27. 00 + .417 +. 442 +. 00705 +. 586 . 012027 
37. 95 + . 730 +.766 + . 00868 + .740 . 011737 
56. 6S + 1.228 + 1. 283 +.00973 +. 854 .011397 
67. 36 +1. 545 +1.611 +.01026 + . 912 . 01 1252 
2.06 -. 019 -.018 - . 0038 -. 267 . 014240 
2. 89 -. 016 -.014 - .0021 - . 151 .013947 
3. 36 - . 013 - . 011 -. 0014 -. 10 . 013816 
5. 04 +. 006 + . 012 +.0010 +. 07 . 013466 
9. 25 +. 0057 +. 066 +.0031 + . 24 . 012944 

18. 18 +. 234 + . 250 +.00593 +. 480 . 012364 
38. 05 +. 710 + . 746 +. 00843 +. 718 . 011735 
77. 33 + 1. 838 + 1.911 +.01060 +. 954 .011135 

Liq uid range 

737. 80 20. 636 21. 314 0. 01236 1. 376 0. 008984 
738. 02 20. 629 21. 307 . 01235 1. 375 .008984 
768. 25 21. 656 22.364 . 01246 1. 392 . 008945 
90. 65 - 1.150 1. 219 . 00580 .528 . 010998 

104. 54 + 1. 462 1. 544 . 00636 .585 . 010862 
135.63 2. 207 2. 321 . 00737 . 693 . 010615 
168. 33 3. 044 3. 181 . 00813 . 782 . 010408 
237. 88 4. 922 5. 120 . 00925 . 918 . 010078 
289. 08 6. 415 6. 660 . 00988 . 999 . 009890 
348. 56 8. 183 8. 482 . 01045 1. 076 . 009710 
413. 30 10. 162 10. 524 . 01092 1. 143 .009546 
485. 23 12. 411 12. 843 . 01135 1. 209 . 009391 
564.61 14. 991 15. 502 . 01177 1. 272 .009244 
652. 72 17.819 18. 416 . 01208 1. 326 . 009103 
124. 58 1. 926 2. 025 . 00699 . 654 . 010696 
190. 59 3. 630 3.787 . 00854 . 831 . 010290 
276. 97 6. 036 6. 269 .00973 . 978 . 009931 
393. 97 9.545 9. 888 . 01076 1.121 . 009592 
575.05 15. 309 15. 821 . 01178 1. 276 . 009226 
765.71 21. 590 22. 306 . 01247 1. 393 . 008948 
776. 90 21. 950 22. 676 . 01249 1. 396 . 008934 
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TAB LE 9- E . C D j (sample 2- 3) 

PCH. Il-.P (ObS) I l-.po IIOgIOPDIPH I TIOglOPolP HI l i T 

Solid range 

2.54 -0.016 -0.00 1 -0. 00017 -0. 012 0.014059 
4.97 -.015 + . 013 +.001l +.082 . 013478 

11.85 + . 066 +.129 +.0051 +.40 . 012731 
22.80 +.253 +.369 +.00096 +.573 . 0121 71 
39.00 +.599 + . 795 +.00875 + . 747 . 01l714 
52.33 +.862 +1. 127 +.00925 +.807 . 01l465 
52. 57 +.900 +1. 166 +.00951 + . 830 . 011461 
75.46 +1.497 +1.890 +.01075 + . 964 . 0111 56 
5.36 -. 013 +.019 + .00153 +. 114 . 013413 

11. 52 +.063 + . 123 +.00461 +.361 . 012755 
23.89 + . 278 +.399 +.00719 +.592 . 012131 
41. 41 +.646 + . 855 + .00887 +.760 .011664 
77. 69 +1.562 + 1.970 +. 01088 +. 976 . 011 131 

Liq uid rauge 
------

114.53 1.333 1. 798 0. 00676 0. 627 0.010775 
99.52 1.042 1. 437 . 00023 .571 . 010909 

148. 11 2.026 2. 661 .00773 . 734 . 010530 
212.25 3. 475 4. 425 .00 96 .881 . 0101 87 
300.87 5.653 7. 043 . 01005 1. 020 . 009852 
409. 34 8. 498 10.44 . 01093 1.143 . 009555 
554.25 12. 490 15.19 . 01175 1. 267 .009262 
768.66 18. 681 22.51 .01253 1.400 .OOS944 
765.31 18. 551 22. 37 . 01251 1. 39 .008948 
135. 81 1. 757 2. 33 .00738 .695 . 010613 
240.51 4.144 5.23 . 00934 . 927 .010067 
378.50 7. 603 9. 38 .01064 1.104 .009631 
642. 16 14. 993 18. 17 .01212 1. 329 . 009119 
88.73 . 836 1.19 .00577 .523 . 011018 

134.57 1. 743 2.30 .00736 .693 . 010622 
223. 83 3.754 4. 76 . 00914 . 902 .010136 
293.74 5.460 6. 81 . 00994 1.006 . 009875 

fact that in each of these equations the contribu
t ions of all but one of the samples to the final value 
are relatively small. The vapor pressure differences 
f"P were plotted for each sample as a function of 
l i T . Values were taken from these graphs at 12 
fixed points. The term (f"po_f"P) was then calcu
lated for each sample at the e 12 fixed points on the 
basis of the relations (a-f) and were plotted against 
l i T . From the resulting graphs interpolated values 
of f"po_f"p were selected corresponding to each 
experimental point and when added to the experi 
mental value of f"P gave a value of !::.'p 0 • The results 
of these calculations are shown in tables 9A- 9F. 

.By us~ of the coefficients found in eq (a-f) the 
tl'lple pomt temperatures and pressures of the pure 
components were calculated and are shown in terms 
of their differences from CH4• The line drawn in 
figure 6 passes through the values thus determined in 
table 7. In this calculation it was assumed tha t the 
triple point temperature and pressure of each sample 
are linear function s of the triple point temperatures 
and pre~sures of ~he pu~e components. By similar 
calculatIOns the trIple pomts of the pure components 
had been calcula~ed Ol~ t he J:>asis of the other analyses. 
The short vertIcal hnes m figure 6 indicate the 
spread resulting from the various analyses. 

Three different functional relations were tried in an 
attempt to fit t he data t o equations. A plot of 
l oglOPDIP H against l I T gives a definitely curved line 
in each case in the liquid range. A plot of 
T log1oPDIP H against l i T gave a very nearly straight 
line for each liquid. A calculation of constants for 
the equation logIOPDIPH= A - BI T+CT did not give 
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T ABLE 9- F. CD j (sample 2-4) 

PCH. I l-.P(ObS) I l-.po I IOglOPDI PH TJOglOPOIP HI l i T 

Solid range-Series I 

I 
, 

II. 70 +0.032 +0. 102 +0.00378 +0. 297 0.012742 
11. 93 + . 057 +.128 + . 00463 + . 364 . 012725 
27.06 + . 323 + . 478 + . 00760 + . 632 . 012025 
45. 74 + . 753 +1.003 + . 00941 +.813 .011579 
62. 64 +1.1 70 +1. 510 +. 01034 + . 914 . 011313 
76.41 +1.518 +1. 940 + . 01088 +. 976 . 011145 
4. 66 +.006 + . 036 +.00334 +. 247 . 013534 

10. 06 +.051 + . 112 +. 00481 + . 374 . 012872 
22. 45 + . 253 +.382 + . 00733 +.602 .012184 
40. 56 +.651 +.873 +.00923 + . 790 . 011681 
59. 76 +1.099 +1.425 +.01024 + . 902 . 011353 
13. 25 +.107 + . 186 +.00006 +. 480 .012635 
33.40 +. 487 +.674 +.00867 +.732 . 011846 
49. 99 +.861 +1.134 +.00973 +. 846 . 011504 
80.35 +1.394 +1.789 +.00957 + . 862 . 011104 

Solid range-Series II 

2.54 - 0.012 I - 0.002 - 0.0003 - 0.021 0. 014059 
4.97 -.006 +.026 +.0022 +. 163 . 013478 

11. 85 +. 075 +. 146 +.00531 +. 417 . 012731 
22. 80 +.262 +.393 +.00742 +.610 .012171 
39. 00 + . 603 +.816 +. 00899 +. 767 . 011714 
52.33 +.881 + 1.166 +. 00957 + . 835 . 01l465 
52.57 +.9\9 + 1. 204 +. 00983 +.858 . 011461 
75.46 +1. 497 +1.912 +.01086 +.973 .011156 
5.36 - . 010 +.024 +. 00 191 + . 142 . 0134 13 

II. 52 +.074 +. 143 I +.00.035 +. 41 9 . 012755 
23.89 +.295 +.433 +.00780 +.643 . 01213\ 
41. 41 +.657 +.883 

I 
+. 00915 +.784 . 011 664 

77. 69 + 1. 568 + 1. 998 +.01103 +. 991 . 011131 

Liq uid range- Series I 

114.53 + 1. 328 +1.81 +0.00681 +0.632 0. 010775 
99.52 1. 037 1. 45 . 00628 . 576 .010909 

148. 11 2. 021 2.68 . 00778 .739 . 010530 
212. 25 3. 459 4.58 .00926 . 909 . 010187 
300. 87 5.630 7.08 . 01009 1.024 . 009852 
409. 34 8. 466 10.52 . 011 02 1. 153 .009555 
554.25 12. 448 15.28 . 011 81 1. 275 . 009262 
768. 66 18.612 22. 65 . 01266 1. 41 5 . 008944 
765. 31 18. 479 22.50 . 01259 1. 407 . 00894R 
135.81 1. 763 2. 36 . 00748 . 705 . 010613 
240.51 4. 133 5.28 . 00943 . 937 . 010067 
378. 50 7. 639 9.51 . 01078 1. 119 . 009631 
642. 16 14.926 18. 31 . 01221 1. 339 .009119 
88. 73 .833 1.19 .00578 . 525 . 011018 

134.57 1. 735 2.33 . 00746 . 702 .010622 
223. 83 3. 735 4. 79 . 00921 . 909 . 0101a6 
293. 74 5. 447 6.87 . 01003 I. 016 . 009875 

Liq uid range-Series If 

J04.60 1.157 1. 59 0. 00655 0. 603 0. 0 1 08~2 
172.94 2. 573 3. 36 . 00835 .804 . 010383 
283. 76 5.202 6.58 . 00995 1. 004 . 009908 
462. 63 9. 888 12.23 . 011 34 1. 202 . 009437 
672.21 15. 761 19.27 . 01228 1. 353 .009075 
782. 22 18. 939 23.04 . 01260 1. 411 . 008927 
92. 60 . 923 1. 30 . 00605 .551 .010977 

159. 09 2.263 2.98 . 00806 . 770 .0 10462 
288.00 5.309 6.70 . 00999 1.010 .009893 
504. 27 11. 029 13. 58 . 01154 I. 234 . 009354 
741. 41 17. 748 21.66 .01250 1. 392 . 008979 
94. 19 . 941 1. 32 . 00604 . 551 . 010961 
81.63 1. 314 1.64 . 00864 .779 . 011097 
90. 02 . 935 1. 30 . 00622 .565 . 011004 

157. 68 2.223 2. 93 . 00799 . 763 . 010471 
90. 67 . 893 1. 26 . 00603 . 548 . 010998 

186. 04 2. 863 3. i2 . 00860 . 834 . 010313 
380.32 7.673 9.55 . 01077 1. 119 . 009626 
771. 21 18.562 22. 60 . 01254 1.403 . 008941 

a perceptibly better fit , and as it involves an addi
tional constant was abandoned in favor of the two 
constant eq (4) . 

T 10gLOPDiPH= A - BI T. (4) 

In the solid range the scatter of the points did not 
permit a satisfactory choice between the 10glOPDIP H 
plot or the T loglOPDiPH against l i T; but the latter 
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FIG U R E 6. Triple points oj the deuteromethanes. 

was chosen in harmony with the choice for the 
liquid range. 

One fixed point was used in establishing the equa
tion for t he solid state vapor pressure data. This 
point was determined in such a way as to make the 
discontinuity between the liquid and solid state 
equations for T 10glQPD/P H consistent with the vapor 
pressure equations for solid and liquid CH 4• This 
was done by extrapolating eq (2) for liquid CH4 to 
the triple point of the deuteromethane and calcu
lating at this point 10glOPH(liquid) from eq (2) and 
loglQPH (solid) from equation (1b). The term 
T[logloPH(liquid)-logIOPH(solid)] was used to repre
sent the discon tinuity at the triple point of the 
deuteromethane. It was added to the value of 
T logI0PD/PH(liquid) at that temperature to give the 
value of T 10glQPD/PH (solid) at the same tempera
ture, and this value was used to define the limit of 
the solid state equation. It may be noted at this 
point that the revision of the denominator constant 
of the Antoine equation for solid CH t has a significant 
effect in this calculation , as shown in the following 
tabulation 

T[log lO P H (liquid) - IOgIO P H (solid) 1 
Source of function -------------

CH3D CH2D2 CHD3 CD4 

----------------------
Equation (la) ______ O. 157 0. 291 0.407 O. 500 
Equation (lb) (re- . 145 . 280 .396 .489 

vised). 
Estimated from data_ . 147 . 276 .392 .487 

In every case the revised equation gives a value 
for the discontinuity that is more nearly consistent 
with the experimental points than does the unrevised 
equation. 

Table 10 gives a complete list of the constants for 
eq (4) fitting the data calculated on the basis of the 
various analyses. In the last column E represents 
the mean deviation .in millimeters of mercury of the 
data from the equations. The deviations were 
calculated for equations resulting from analysis 1. 
With the excep tion of the CDt , they should be 
approximately the same for the other analyses. 
The mean deviation, ± 0.027 mm, of the CD t data 
shown fOf analvsis 1 is the deviation of the data of all 
the CD 4 samples from the equation fi tted to the 
average of all. However, much of this represents 
systematic differences between the samples, as 
sample 1 data lie consistently below the sample 2 
data. In the final treatment of the data based on 
analysis 5 the equation was derived to fi t only the 
data from sample 1. For this sample the mean 
deviation was 0.009 mm. The constants listed in 
table 10 show clearly the differences resulting from 
the different comDositions attributed to the samples. 

so 

TA.;BLE 10. Constants for the equation Tlog IO PD/ PH = A - B / T 

Solid ra nge Liquid range 
Analys is Methane , (mm) 

As B s AL B L 
---_. ---------

L. ........ { 

C H ,D 
CH,D, 
CHD , 
CD4 (all) 

I. 424 124. 7 I. 481 144.5 ± 0. 015 
2.842 234.2 2. 78 1 254. 6 ± .0l7 
4. 152 329.3 3. 773 328.5 ±. 018 
5. 135 374.8 5. 136 419.1 ±. 027 

2 .•........ { 

CH,D 
C H ,D , 
CHD, 
CD, 

3 .. _ ....... { 
CH,D 
CH,D, 
CHD, 
CD, (all) 

I. 324 129.2 
2.632 242.6 
3. 942 343.4 
5.206 425. 1 

4.0 ········ 1 
CH,D 
C H ,D , 
CHD, 
CD, (all) 
CD, (I ) 

1. 259 110.2 1. 3275 129.5 
2. 390 195. 7 2.742 253.5 
4.576 361. 7 4. 101 355 
4. 915 355. 3 5.138 419 
5.357 396 

5 ••........ { 

CH,D 
C H ,D , 
CHD, 
CD, (1) 

1. 260 110.2 1.328 129. 5 
2.694 222.2 2. 671 245.4 
4. 452 351. 7 3. 969 343.8 
5.529 410.5 5. 159 421. I ±. OO9 

A further check on the internal consistency of the 
data was made in the following way. Using the triple 
point pressures and temperatures of the four deuter
omethanes shown in table 7, the function T 10g1OPD/ 
P H for the solid at this pressure was calculated and 
compared with the value taken as a fixed point in the 
derivation of the solid deuteromethane equations. 
The values found are compared below. 

Sample 

CD4 ____ _ • _______ _ 

CHD3 ___ -.- _____ --

CH2D2 __ -. ______ --
CH3D ___________ ._ 

From t riple 
point data 

0.95 
.54 
. 24 
.07 

From equation 
for solid 

deuteromethane 

O. 958 
.543 
.230 
. 041 



The agreement is good. Only in the case of CR3D 
is an appreciable error observable. If the triple 
point of CR3D were 84 .45 mm ins tead of 84.52 mm 
Lh e values for T 10gIOPD/P H would be in agreem ent. 
This difference in triple p oint pressure could be ac
counted for in either of two ways , (1 ) there may be a 
2 percent impurity of CH4 in th e CH3D sample, 
which is no t an unlikely p ossibility, or (2) an error 
o f 0.07 mm was m ade in read ing th e triple point 
pressure. 

2.8 . Discussion of the Vapor Pressure 

The vapor pressure raLios PD/P a show certain 
regLilarities of behavior whi ch are worthy of m ention . 
The substitution of each successive protium atom by 
a deuterium atom causes a J1 early cons tant change in 
the constants A and B. A sligh t but consisten t 
deviation from a linear in crease of A and B occurs 
as m ay be seen by referen ee to figure 7. I t has been 
postulated as a working approximation in es timating 
th e vapor pressure of the m iddle m ember of a series 
of increasingly deuterium su bsLi Lu ted compounds, 
such as th e waters, th at Lhe vapor press ure of th e 
middle member (RDO) is a geometric m ean of th e 
vapor pressures of th e extreme memb ers (H 20 and 
D 20 ). Within the limits of expertm enLal error the 
few determinations on RDO suppor t this hypoth esis, 
and a theoretical justification has been presented 
[42] . In th e case of th e methan es a simiJ ar hypothesis 
would require that the raLios PD/PH should form a 
geom etric progression. This would r equire A and B 
to form a lin ear series. The nonlin earity of th e 
constan t A indicates that deviations from a geo
metri c progress ion do exist though they are small. 
The deviations from a geometric progression are also 
eviden t in th e fact that Lh e ratios PD/PH are not 
unity at exactly th e same temperatures; bu t the 
temperatures at which thi s ratio is uni ty ar e suc
cessively lower the more highly deu terium su bstituted 
is the methan e. The melting poin ts also form a 
nearly linear series as may b e seen in figure 6. The 
deviation from lineari ty appears to be r eal , though 
slight. 

Because of the form of the equations r epresenting 
the vapor pressure ratios, i t appears that from the 
temperatures at which m easurements were carried 
out up to the critical point the vapor pressure of the 
deuterium compound will always b e greater. If t he 
same form of vapor pressure r elation is applicable 
throughout the liquid range then it appears that t he 
vapor pressure ratios will hav e maxima at or below 
the critical poin ts. The maximum vapor pressure 
ratios indicated by the equations range from 1.009 
in the case of CR 3D - CR . to 1.037 in the case of 
CD 4-CH 4• 

2.9 . Ideality of the Solutions of Isotopic Isomers of 
Methane 

In view of the complexity of the two mixtures which 
were u ed as CD 4 amples in the work of Brickwedde 
and cott, and the difficulty of obtaining an accurate 
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F I GURE 7. Constants of the equations T logJOPo/ Pg = A - B/T. 

analysis, it appears that only the roughest estimates 
can be made of the magnitude of deviations from 
ideality which they exhibit. Two estimates have 
been made. 

One estimate has been made of the deviations 
from ideality to b e expected if t he deuteromethanes 
form r egular solut ions, accord ing to Hildebrand's 
criterion, that is, have ideal entropy of mixing. For 
this type of solution the activity of a compon ent 1 
is given by eq (7). 

RTlog. al = RTlog. X 1+ VI<t>~[(LlHI / V1 )1 /2-
(M12/V2) 1/2] (7) 

where LlH/V is th e latent heat of vaporization per 
cubic centimeter , <t> is t he volume fraction and V 
the molar volume of a pure compon ent. Using the 
followin g experimental values the activity coeffi cient 
of CH 3D in its 10 percen t solution in CR 4 was calcu
lated to be 1.000058. This calculation places the 
possibility of finding deviat ions from ideality of this 
type beyond experimental precision . 

Sample 

CH4 ___ _ ______________ --
CH3D _________________ --

M-I[21] 

cal 
2, 036 
2, 050 

V[22l 

cm3 

33.63 
32. 4 

Another extremely rough estimate of t he deviations 
from ideality in the solutions rich in CD 4 has been 
made by comparison of th e vapor pressure of CD 4 



calculated from samples 1 and 2-4. It will be noted 
that sample 2-4 gives values always higher than 
sample 1. This suggests that sample 2, which con
tained more admixed CHD3 had a vapor pressure 
higher than it would have had if the solution were 
ideal. If we consider the vapor pressure of pure 
CD 4 to be that calculated from the purer sample 1, 
then "I, the activity coefficient of CD4 in sample 2, is 
given by PCD4 (sample 2-4 calculation)="IPcD4 (sam
ple 1 calculation). The value of "I thus calculated 
averages about 1.00028 in the liquid range, and does 
not vary much with temperature. In the solid range 
it increases from 1.0008 near the triple point to 
1.0035 at 77°. These values appear to represent the 
activity coefficient of CD4 in a solution of about 70 
percent CD4 as compared with its activity coefficient 
in a solution of about 92 percent CD4, the assumption 
being made that the vapor pressure measurements 
are not systematically wrong for either of these 
samples. 

The relative volatilities of the deuteromethanes 
with respect to CH4 have been calculated at the nor
mal boiling point of CH4 ; they are: CH3D, 1.0035; 
CH2D 2, 1.010; CHD3, 1.019; CD4, 1.029. 
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