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Vapor Pressures of Hydrogen, Deuterium, and Hydrogen 
Deuteride and Dew-Point Pressures of Their Mixtures 1 

Harold J. Roge 2 and Robert D. Arnold 

The vapor pressures of H 2 , ED, and D2 have been measured from near their t riple poin t s 
to their critical points. The H 2 and D2 sampl es were catalyzed to or tho-para equilibrium 
at 20.4 0 K. Tables suitable for in terpo lation have been p repared to r epr esen t the r es ul ts 
both in centimeter-gram-second and in engin eering units. 

MeasUl"ements of dew-point pressures of severa l binary mix tu res have been made at 
several pressu res below atmospheric. Observed pressures were about 3 percent above 
those predicted by the law of ideal solutions. 

1. Introduction 

:Many papers dealiJlg with the vapor pressures of 
various isotopic varieLies of hydrogen have appeared 
since Dennison [1] 3 co rrectly explained the behavior 
of ortho and para forms in 1\:)27, and since Urey, 
Brickwedcle , ancl .Murphy [2] announced the con
centration of deuterium in 1932 . So far as we are 
aware, hO\-'lever, no meaSlll'ements extending above 
the range of ordinary mercury manometry had 
been reported until quite r ecently, when White, 
Friedman, and Jolmston [3] published data for nor
mal hydrogen extending up to the critical point, 
and a preliminary report of the present work 
appeared [4]. Grilly [5] has measured the vapor 
pressures of the normal varieties of hydrogen, deu
terium, and tritium up to approximately 3 atm. 
Vapor pressures of mixtures had bern neglected, 
there being no information on deviations from the 
laws of ideal solutions other than that pu blished by 
Woolley, Scott, and B rickwedde [6, p. 454] for mix
tures of ortho and para hydrogen. 

The present pape r, and one on eritical constants 
[7], being published simultaneollsly, comprise a full 
report of a program of determination of Lhe proper
ties of the hydrogens undertaken at Lhe Bureau 
early in 1950. The work reported in this paper con
sisted of two parts: the measurement of vapor pres
sures of H 2, HD, and D2 from low pressures to their 
critical points; and the meas urement of the dew 
points of a number of binary mixtures of the same 
substances at pressures below 1 atm. The vapor
pressure meaSLU"ements and the dew-point meaS LU"e
ments were performed with difre rent apparatuses, 
and are discussed separately, the vapor-pressure 
measurements being presented in section 2 and the 
dew-point measurements in section 3. Except for a 
few preliminary measurements, all the vapor pres
sures reported for H2 and D2 are for samples catalyzed 
to ortho-para equilibrium at the boiling point of 
normal hydrogen (20.4° K ) . Hydrogen so catalyzed 
(0.979 para-H2, 0.021 ortho-H z) has been designated 

1 This research was supported in part by the Atomic Energy Commission. 
, Present address, Leeds & Northrnp Co., Philadelphia, Pa. 
J Figures in brackets indicate the Iitcrature references at the end of this paper. 
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e-H2 [6]. Likewisc, deuterium catalyzed to eq uilib
rium at 20.4° Ie (0.022 para-Dz, 0.978 ortho-D2) is 
designaLed e-D 2• It is worth while Lo emphasize 
that e-H2 and e-D2 were in ortho-para equilibrium 
only at 20.4 0 Ie, and that the composition did not 
change as the temperaLure was raised or lowered 
during the course of lhe rneasurements. It had 
been hopedlo measure the vapo r pressure of llormal, 
or high-temperatme-equili brium hydrogen (0.25 para
H 2, 0.75 ortho-H2) and deuterium (0.3333 para-D2' 
0.6667 ortho-Dz), bu t time did not permit. There 
are no separale ortho and para varieties of HD. 

2. Vapor-Pressure Measurements 

2.1. Apparatus and Methods 

The apparatus and methods werc substantially the 
same as those recently used to measure the vapor 
pressure of oxygen and are describcd in reference [8]. 
The diaphragm cell used for pa,rt of the work on 
oxygen was not employed. 

After part of the present work was completed, it 
was noted that the floating nickel sleeves and mag
netic detectors were not indi.cating eorrectly the 
difference in height of the two mcrcury meniscuses 
inside the stainless steel U-tube. This was verified 
by taking X -ray pictures of the meniseuses. The 
ni ckel sleeve at the Hg-H 20 interface (height h2 ) was 
found to be functioning properly, supported entirely 
above the mercury by the surface tension of the 
latter. The sleeve at the Hg-H2 interface (height h\), 
however , had been wetted by the mercury and had 
sunk into it . Measurements afrected by this dif
fieul ty were calcul ated from the value of h2 only, by 
using a curve of h d h2 versus ~ plotted from data 
taken before the Lrouble developed. There was a 
considerable range of overlap of the piston-gage 
measurements with the mercury manometer and the 
mercury manometer-barometer measurements, in 
which the various methods were cross-checked from 
time to time. 

The resistance thermometer (L14) that developed a 
leak during the O2 measurements was removed and 
replaced by Lll and L28. With the exception of a 
few check measurements, all the temperatures in the 
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FIGURE 1. A comparison 
of the vapor pressures of 
ordinaTY hydrogen, hydro
gen de1lteride, deuterium, 
and tritium. 
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present work were measured with platinum resistance 
thermometer Lll. This thermometer is one of the 
original group used to define the Bureau's tempera
ture scale below 90 0 K . Its calibration is discussed 
in [9]. 

One improvement was made over the methods 
used in the oxygen measurements. Rather than 
make alternate measurements of pressure and of 
thermometer resistance, it was found more accurate 
and more convenient to observe the resistance ther
mometer continuously, keeping the piston gage 
balanced until conditions had been steady for several 
minutes.' A valve in the pressure-transmitting line 
was then closed after which all the readings asso
ciated with the l;ressure measurement could be made 
at leisure . 

The method of computing pressures was the same 
as that used for O2 except that no correction was 
made for the hydrostatic pressure of hydrogen vapor. 
The maximum correction (at the critical point) in 
the case of O2 was 6.5 mm Hg. It was estimated 
that the corresponding figure for D2 would be about 
1 mm Hg, with the values for HD and H 2 propor
tionately less. 

Preparation and purity of th e samples. The H2 
was taken from the supply generated by electrolysis 
of H 20 for use in this laboratory's hydrogen liquefier. 
The HD was prepared for us by Abraham Fookson, 
Philip Pomerantz, and Edwin H . Rich, who used 
the reaction 

The D2 was obtained from the Stuart Oxygen Co. 
Both the HD and the D2 were purified by distillation 
by Fookson, et al. A more complete report of their 
work is published elsewhere [10]. 

A number of samples taken at various stages of the 
vapor-pressure measurements were submitted to the 
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Mass Spectrometry Section of the Bureau for 
analysis. The results are presented in connection 
with the discussion of the measurements on each 
particular substance. 

2.2 . Ortho-para Catalysis 

The catalyst was N d20 3 furnished by the Bureau's 
Inorganic Chemistry Section. It was a pale blue 
powder prepared by firing neodymium oxalate at 
800 0 C. To avoid con taminating the Hz with D 2, 
the catalyst used for D2 was removed and replaced 
by a fresh sample before measurements on H 2 were 
begun. Each sample was contained in a cylindrical 
glass chamber of about 1.6-cm inside diameter and 
15-cm3 volume. Connections were made by two 
glass t ubes, one ending at the top and the other near 
the bottom of the chamber. About 10 cm3 of 
catalyst was placed in each chamber and confined 
with plugs of glass wool. The catalyst was prepared 
for use by evacuating for several hours near 440 0 

C, and flushing with small portions of the H 2 (o~' D.2) 

to be measured. It was surrounded by hqUld 
hydrogen before use, after which the entire sample 
of H 2 or D 2 to be measured was condensed on it. 
A toepler pump was used to circulate the gas so that 
all the material would come in contact with the 
catalyst. When gas was transferre.d from the cat
alyzing chamber to the cryostat, It was removed 
tlu·ouo·h the tube extending to the bottom of the 
chamber, so that only material that had be~n in 
close contact with the catalyst would be obtall1ed. 
During the catalytic conversi~n , sam:rles were co~
densed in the cryostat from tIme to tIme and theIr 
vapor pressures were observed; they were then re
circulated until no further change in vapor pressure 
was observed. The time required to reach ortho
para equilibrium in the presence of the catalys~ at 
20.4 0 K appeared to be shor t compared to the tIme 
required to introduce and remove the sample. 
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2.3 . The Data 

Figure 1 gives a general pi cture of the temperature 
dependence of the vapor pressures of e-Hz, HD, 
e-D~ , and n-T2' The curve for tritium is plotted 
from the data of Grilly [5]; the rest are our own data. 
On the scale of this graph, curves for differen t ortho
para compositions of the same isotope would scarcely 
be distinguishable. 

The experimental data are given in tables 1, 2, 
3, and 4. The first three contain the measurements 
on e-H2, HD, and e-D2 , respectively. Table 4 con
tains the results of the first run, which was made on 
an uncatalyzed sample of Dz taken directly from the 
supply cylinder. Presumably this sample was nor
mal D 2, and since no other measurements were made 
on n-D2 these preliminary data are being reported. 
The supply was analyzed by mass spectrometer , the 
mole fraction of D 2 being 0.992 ; and that of HD, 
0.008. The data of Lable 4 are plotted in figure 3. 

Column 1 of each table con Lain the run number 
(preceding the decimal point) and the observation 
number (following the decimal point) of each datum. 
Runs are numbered chronologically, a are the ob
servations of a given run. Column 2 of each table 
shows the type of pressUl'e-measUl'ing equipment 
used . This was either a mercury manom eter (H g) , 
mercury manometer plus barometer (HgB) , or piston 
gage (PG). Columns 3 and 4 of each Lable contain 
the observed temperature and the cOJ'responding 
observed pressure. From the original data in tables 
1, 2, and 3, three new tables (5, 6, and 7) were de
rived giving values of JogloP at uniform valu es of 
200f T, for e-H 2 HD, and e-Dz, respecLively. These 
tables are suitabl e for interpolation, and represent 
the results in essen tially the same way that an equa
tion might represen t them. D eviations of Lhe ex
perimental data from these tables are given in the 
final columns of tables 1, 2, and 3. These deviations 
are plotted in figure 2 . Consecutive points of each 
run have been joined by straight lines where this 
could be done without clutLering the graphs too 
much. A few of the devia tions were too large to 
fall wi thin the range of the graphs. Each of these 
is indicated by a line extending in the direction of 
the missing point, and the corresponding deviation 
can be found in table 1, 2, or 3. Neal' the critical 
point, where isotherms were also measured, all 
points inside the liquid-vapor dome are included. 
vVhere there was more than one point of a run on 
the horizontal portion of an isotherm, the temper
ature and pressure given in tables 1, 2, or 3 were 
obtained by averaging. 

After the single run on uncatalyzed (normal) D 2, 

the measurements on HD were begun. Having no 
ortho and para forms, this substance r equires no 
catalyst, but the measurements were complicated by 
slow conversion of HD inLo H2 and D z. This is 
shown best in figure 2 by the rise in pressure in the 
neighborhood of 31 0 Ie beLween successive runs. 
When liquid hydrogen was not available to keep the 
cryostat cold, it was our practice no t to return the 
sample to the supply bulb, but to lower the mercury 

TABLE 1. Observations of the vapor preSSl!I'e of c -1I2 

Tile col umn bead ed t:.P contains deviations of t he observed values from table 5. 
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Observa· Pressure-
tion num- ln pasuring 

ber system 

14. 1 JJg 
14.2 JJg 
14. 3 JJg 
14. 4 JJg 
14. 5 JJg 
14. 6 Hg 
14.7 JJg 
14 . 8 JJg 
14.9 HgB 
14. 10 JJgB 
14. 11 JJgB 

15. 1 JJgB 
15. 2 HgB 
15.3 PO 
15. 4 PO 
15.5 PO 
15. 6 PO 
15. 7 PO 
15.8 PO 
15. 9 PO 
15. 10 PO 
15. II PO 
15. 12 PO 
15. 13 PO 

16.3 ITg 
16. 4 l1g 
10. 5 '1'0 
16. 6 PO 
16.7 PO 
16. 8 PO 
16. 9 PO 
16.10 PO 
16. 11 PO 

17. I PO 
17. 2 PO 
17.3 PO 
17.4. PO 

18. 1 PO 
18. 2 PO 
18. 3 PO 

• 18.6 PO 

19.1 PO 
b J9. 4 PO 

19. 5 PO 
19. 6 PO 
19. 7 PO 

a A veragc of four observations. 
b A vcrage of three observat ions. 

T 

o f( 
17. 8294 
18. 58 12 
19. 1245 
20.0401 
20. 4069 
20.5118 
16. 9549 
20. 2648 
20. 5167 
20.8655 
21. 2046 

20. 95 13 
21. 3.379 
23. 6441 
24 . 4501 
24 . 9003 
25. 5711 
26. 1980 
26. 7811 
27. 4083 
28.3858 
29.3956 
30.3776 
31. 4021 

16.9752 
15.8414 
22. 2604 
22. 9058 
25. 0473 
27. 8744 
29. 9173 
30. 9020 
31. 8910 

22. 2800 
22. 5792 
28. 8797 
31. 0820 

20. 9534 
21. 6873 
25.8955 
32.8933 

32.8936 
32.8926 
32. 64 57 
32.3853 
32. 1392 

p t:. P 
(observed ) (ohscrved -

calculated) 

mm JJg mm llg 
338. 4 - 0. 1 
442. I -.3 
530.7 -. 1 
707. 7 -. 1 
789. 6 . 2 
8 13. 7 -. 2 
241. 4 -. 2 
757. 1 . 1 
8 15. 2 . 1 
900. 7 . 0 
989. 8 - . 1 

922. 1 - . f) 
1026.8 . 2 
1827. I -.5 
2189. 4 -. 1 
24 14 . I 1.7 
2773.5 0. 2 
3142. 6 - . 7 
3517.5 .'1 
3952. 7 .0 
4705. 7 .8 
5583. 9 . 2 
65<14 . 6 .5 
7660. 2 - 4. 9 

243. 1 - 0. 5 
149. 7 -. 3 

1308. 4 .2 
1534. 9 -. 2 
2488.5 . 0 
4290. 6 - . 2 
6080.2 - .3 
7102.8 . 8 
8255. 1 7. 7 

1313.8 - 0. 9 
141 6. I - 1. 0 
5121. 5 0. 2 
7302.5 1. 5 

922.5 -0. 7 
11 27. 2 -. 4 
2960.3 -. 4 
9566.2 3. 1 

9564.4 0. 6 
9,,59.3 - 2. 9 
9219. 5 - 2.2 
8875. I 0. 3 
8557. 7 -. 5 

meniscus, 11,1 , so that the sample occupied most of 
one arm of the stainless steel U-tube. R eturning 
the maLerial to the supply bulb would have made it 
necessary to remeaSUl'e the mass in use for each suc
cessive run, and wouldliave lowered the reproduci
bility of daLa obtained in the critical region. The 
pressure of the confined sample rose to about 30 atm 
when the cryostat rose to liquid-air temperatures. 
It is thought that the breakdown of HD to form 
H2 and D2 occurred principally during periods when 
most of the sample was inside th e stainless steel tube 
and all of it was at relatively high pressure. In 
addition to stainless steel , the HD was in contact 
with nickel, copper, brass, and silver-solder. On 
completion of the measurements on HD, two samples 
were taken for mass-spectrometer analysis , one from 
the 5-liter glass bulb containing the unused portion 
of the original supply, and another from the sample 
on which measurements had been made. The 
analysis of the first sample was 0 .998 HD, 0.001 H z, 
and 0.001 D2, in substantial agreement with an 
earlier analysis made at the time of distillation. 
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FIG lJ llE 3. Publ ished vapor- p/'eSSll1'e data compared with 
tables 5 and 7, 

Above: Publ ished d ata for n-8, compa red \\' ith table 5. Lllog P=log P (oh
served) minus log P (table 5). P I P,= P (ohscn 'ed ) I P (tab le 5) . Below: Pub· 
Iished data for 0 - 1), compared wit h table i . Lllog P = log P (observed ) minu s 
log P (table 7). P /P7 = P (observed ) / P (t able 7). Note that agreement is not to 
be expected, si nce in each case the tab!r refers to the equiliiJri u7n variety, whcn?as 
the plotted points arc the normal variety. 'rhe lower graph contains one set of 
data obtfl ined in this researeh- tbose of t.able 4. C & O. Cath and Onnes; G, 
Grilly; WFJ, White,li'l'iedman, and Johnston. C, Crit ical point. 
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T A Bl~E 2. Observations of the vap01· pressu re of If D TABLE 3. Obsel·vati ons of the vapor pressw·e of C-D2 

T Il(' column hea ded 6.P contai ns dc \"iaLions of t he observed val ues from tabl(' 6. rr hc co lum n headed /1P contairls deviations of t he observed \'nl u('s froll1 tante 7. 

observa- I Pressure-
ti on num· tT'.casu ring 

bel' I system 

2. 1 H g 
2. 2 R g 
2.3 R~ 
2.1 H g 
2.5a H g 
2.51l PG 
2.6>1 R g 
2. 6b PG 
2.7 l'G 
2.8 PG 
2. 9 PG 
2.10 PG 
2. II PG 
2. ]2 PG 
2.1 3 PO 
2.14 PO 
2. 15 PG 
2. Iii PG 
2.17 PG 

3. I PO 
3.2 PG 
:1.:1 1I ~ 
3.4 JI g 
3.5 JI g 
3. 6 H g 
3.7 Ji g 
3.8a PG 
3.8il Il g 
3.8e PO 
3.9 PO 
3. 10 P G 
3. II PC: 
3. 12 P G 
3. 13 PG 
3. 14 PO 
3. 15 PG 

"3.1 6 PG 

4.2a Jl g 
4.2b JI g 
4.2c ri g 
4.4a ri g 
4.4b JTg 
4.5 JIg 
4.6 PO 
4.7 PO 
4. 8 PG 
4. 9 PG 

5. 1 PG 
f' 5.2 P G 
d 5.3 PG 

II. A \'erage of fi vo obscn'ClLio ns . 
h 'rr iplc point. 
e .A \'erage of six obscn ·ations. 
d A verago of two obscr\'aLion ~. 

T 

o ]( 

17. 041; 
]8. 935 
19.895 
21. 388 
22. 121 
22. 121 
22. :)64 
22. 364 
23. lOS 
23. 86 1 
21.920 
26. 024 
27.288 
?8. 492 
29.652 
30.889 
32.098 
33.285 
34. 489 

3 1. 049 
29.8 14 
18.007 
19. 5~0 
20.638 
2 1. 554 
21. 933 
22.394 
22.394 
22.395 
23. 090 
2:3.50r; 
24.390 
25.9 19 
28. 096 
30.565 
32.8 14 
35.03:)4 

b 16. 595g 
h 16. 596r. 
h 16.5982 
h 16.5990 
h 16.5982 

lfi.67 18 
29.035 
3 1. 763 
33.948 
35.276 

30.374 
3.1.7493 
35.8797 

p IlP 
(obserl'cel) (obsc rvccl-

calcula tcd) 

m7n H e; mID H ~ 
114.5 - 0. <I 
257.6 -. 1 
368. " .4 
004.5 -.3 
755.3 .3 
755.6 .6 
810. 2 -. 1 
810. 3 . 0 
997.9 -. 1 

J218.2 . 1 
1584.0 -. 1 
2042.4 . 1 
2fing -. 2 
3393. I · :l 
4202. g - .. ) 
5208.5 .0 
6344.7 . 0 
7623.9 .0 
9105.5 . 7 

535 1. 5 1.7 
4328.3 1. 9 

17(j.6 - 0. 1 
329.2 ,f-i 
475.7 .f-i 
1i37. 4 .n 
714.6 .4 
817.8 · .) 

818.0 . 7 
817. 6 . 0 
993.9 .8 

11 10.4 . 0 
1393. I 8 
1994 . 4 - .7 
3 144 .8 1. 7 
493 1. 8 I. :1 
7096. fi 0.7 
9842. I - .3 

93.2 . 7 
93.0 ,;1 

93.0 · ,~ 
92.9 .3 
92.5 -. 1 
96.5 .5 

3759.6 2. ,I) 

6017. !\ :1 . 8 
841 8.3 :l. 2 

10188 2 

477.1.8 4.2 
10887 I 
1I 090 4 

The analysis of the material removed from the 
cryostat, however , was 0.971 HD, 0.015 H2 , and 
0.014 D2. A calculation showed that this amount 
of decomposition of HD would raise the vapor 
pressure about twice as much as was aCL ually ob
served. This is not surprising, for one would expect 
a fractionation of the isotopic impuri t ies as the 
measurements proceeded. Run 2 was mad e im
mediately after introduction of HD into the appara
tus, and hence presumably before any appreciable 
decomposition had occulTed. Therefore it has been 
given a much greater weigh t than any of the other 
runs in determining the table to represent the vapor 
pressure of HD . 

The measurements on e-D2 were made following 
removal of HD from the apparatus. It was found 
desirable to recatalyze both e-D2 and e-H2 to ortho
para equilibrium at 20.4° K whenever any substan tial 
part of the sample had been at room temperature 

Observa· Press u~'e· I 
tion num· measurin g 

ber appara tu s 

6.1c1 Hg 
6.1e H g 
6. If Hg 
G.2 H g 
6.3 FIg 
6. 4 H g 
6.5 Hg 
6. fi::t PG 
6. fib H g 
6. i PO 
6.8 PO 
6.0 PO 
r •. 10 PG 
6. 11 PG 
6. 12 PG 
6.13 PO 
0. 14 P G 
6. 15 P O 
IU6 PO 
(j.17 PG 
6. 18 P G 
6. 19 PO 
0.20 PG 

"6.21 PO 
G.22c ra 
7. I J ig 
7.2 PO 
7.3 PG 

S. l H g 
8.2 PG 
8. 3 PG 

hR(i PG 

9.1 lI g 
9.15 lI g 
9. 16 Jl g 
9.17 T1 g 
9.1 8 11 gB 
9. 19 JlgB 
9.20 llgn 

10. 1 lI g 
10.2 JI g 
10. 3 li p: 
]0.4 Jlg 
10.5 Tl g 
10.7 JIg 

11.1n JJg 
11.1 b JIg 

12. 1 lI g 
]2.2 H g 
]2.3 H g 
12.4 H g 
12. 5 H g 
12.6 JIg 
1? 7 H g 
12.8 Hg 

13. I H g 
]3.2 Hg 
13. 3 H g 
13. 4 Hg 
13.5 R g 
13. ~ FIg 
13. 20 H g 
13.21 Hg 

a A veragp- of thrcf' observations. 
b A verage of t wo 0 bscrvations. 

l' 

o J( 

20.9914 
20.9909 
2O.990G 
21. 6127 
22. 1477 
22. (\S05 
23.3317 
23.8950 
23.89.,3 
24.4938 
25.1942 
25.9961 
26. ; 061 
27.5954 
28.3966 
29. 3002 
30. 1943 
31. 199 1 
32. lG80 
33. 19R4 
34. 1968 
35. 1947 
3r.. ]982 
37. 1987 
38.20.J7 

20.9935 
26.0 180 
32.2375 

20.987.1 
26.0569 
32.2532 
38.2034 

20.9927 
20.2347 
22. 112~ 
23.8370 
24 . flO:,5 
2.1. 1752 
25.597:3 

20.9991 
20. fi.177 
20. 21 7~ 
19.7467 
19.3]]6 
21.187R 

20.9n5 
20.994'1 

21. 0 145 
20.7220 
19.7457 
19.3730 
19. 1332 
18.8m8 
18.9821 
18.7098 

19.3963 
19. 2038 
19.0467 
18. 9056 
18.7Ii84 
18.7063 
19. 14.19 
18. g37n 

P t:.P 
(ohserved) (observed-

calcu lated) 

mm Hg 
""" lT g 323.1 0.0 

323.1 . 1 
322.9 -. 1 
402. 0 .1 
480.5 - . 1 
570. 1 .3 
694.7 -. 1 
819.2 . ~ 
818. 9 .. 1 
964.4 -2. 2 

1165.6 L r. 
1424. [) 0.3 
1723.6 .:1 
2064.5 .. \ 
2450.9 .0 
2940.8 -. 1 
3501. 4 .1 
4209.2 -.6 
5008. 4 .0 
5910.1 - .1 
6020.7 .3 
8048. 2 -.4 
93 11.3 .j 

1070 0 
12274 1 

323.1 - 0.2 
1433.4 1.4 
5036.8 - ,).3 

322.0 -O.G 
1444.5 -1.0 
5051. 4 -·1.1 

12274 -2 

323.3 0.1 
243.3 - .3 
474.4 -.7 
804. G -.:1 
995.7 -. 7 

11.17. 5 - .9 
1289.5 -.11 

324.3 .3 
283.8 .0 
241.8 -.2 
200.7 - .2 
167.7 -.:1 
346.8 .2 

323. 0 -.3 
32~. 7 .3 

326. 2 .4 
293.1 .3 
200.9 .1 
172.4 .0 
] !)5. 4 -. 4 
138.7 -. 2 
145.6 -.4 
129.1 - .. 1 

174.2 . 1 
160.8 .3 
149.8 -.3 
141. 2 .0 
132.9 .1 
129. 2 -. 2 
156.9 .0 
137.5 .4 

for periods longer than an hour or two. On some 
occasions th e change of vapor pressure resulting 
from catalysis of previously uncatalyzed samples 
was observed, and found to be in substantial agree
ment with the differences in vapor pressure of normal 
and equilibrium varieties found by Brickwedde and 
Scott [6 , p. 452]. On removal from the apparatus 
the mass-spectrometer analysis of the sample was 
0.995 D 2 and 0.005 HD. We were somewhat dis
appointed in this purity, but have 110 reason to 
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TABLE 4. Observations of the vapor pressure of n -D2 

Assumed to be n-D, because no catalyst was used 

Observu- Pressure- p 
tion nllm- measuring T (observed) ber systcln 

------
oK mmHg 

1.1 Hg 21. 124 335.6 
1.2 Hg 22.612 552.5 
1. 3a H~ 23.563 738.2 
I. 3b PG 23.560 737.3 
1. 3e PG 23.510 729.0 
1. 3d Hg 23.511 725.5 

1. 4a HgB 24.545 974.1 
1.4b PG 24.546 976.9 
1. 4c HgB 24.560 975.6 
1.5 PG 25.596 1283. 0 
1.6 PG 26.787 1710.6 

1.7 PG 28.454 2466.1 
1.8 PG 29.639 3131. 4 
1.9 PG 31. 216 4201. 0 
1.10 PG 32.604 5337.2 
1.11 PG 34.110 6800.6 

doubt the accuracy of this analysis. Some m emory 
effect was present in the mass spectrometer, but 
this was eliminated by use of a reference sample, 
which , by repeated runnings, was found to have a 
purity of 0.998 D 2. Analysis of our sample was 
then made by comparing it with the reference 
sample. 'Ve feel that the sample was at least as 
pure as the analysis indicated . No correction has 
been made for impurity . 

A large number of m easurements wer e made on 
e-D2 near the triple point, both on the solid and on 
the liquid . Unfortunately, the apparatus was found 
to be poorly suited to rapid work in this r egion . Un
less the apparatus was cooled very slowly, a section 
of the pressure-transmi tting tube would become 
colder than the equilibrium chamber and the tube 
would becom e plugged with solid . As a resul t, the 
fraction of the observations below the triple point 
that were obviously bad was so large th at all h ave 
been rejected. Just above the triple point the situa
tion was better, but a considerable number of obser
vations have been rejected. The deviations of the 
rejected points were almost all very large compared 
to those of th e points plotted in figure 2 . They 
wer e almost always negative, indicating that the 
plug of solid in the tube remained for some time 
below the temperature of the equilibrium chamber. 

B efor e introducing H 2, the final substance, into 
th e apparatus, the catalyzing chamber used for 
e-D2 was removed and a similar one containing fresh 
catalyst substituted. No attempt was made to carry 
the measurem ents on e-H2 very n ear to th e triple 
poin t. When removed from the apparatus, the 
sample on which measurements had b een made was 
analysed by mass sp ectrom eter. The analysis ,vas 
0.999 H 2 and 0.001 HD . The only known source of 
deuterium con taminat ion was desorp t ion of th e 
previous sample from th e interior of the apparatus, 
which would h ardly be expected to yield 1 per mill 
of HD . However, 1 per mill is the estimated un
certainty of th e mass-spectrometer analyses, so this 
amount of HD is hardly a cause for concern . 

~------ -----------

2.4. Deriving the Smoothed Tables 

Tables 5, 6, and 7, used in lieu of equations to 
represent the vapor-pressure-versus-temperature r e
lation for each substance, were derived from th e 
original data by the use of deviation plots. Various 
forms of equation were used . For e-H2, for example, 
the equation of ' Voolley, Scott, and Brickwedde 
[6, p. 454] was used b elow abou t 28° K , in which 
range t he observed values of 10gioP do not deviate 
from the equation by more than about 0 .00300 . 
Between 28° and the critical point a differ en t form 
of equation was used that h ad a smaller curvature 
near th e critical point. D eviations of th e observa
tions from the equations were plotted versus · the 
temperature, with a considerable range of overlap 
of the two equations. Smooth curves were drawn 
through the points. On these the temperatures 
corresponding to the values of 200 fT appearing in 
table 5 were mark:ed . At each of these temperatures 
the ordinate (loglQP obs- loglOPcalc) was read and 
recorded. The equation was evaluated at the sam e 
temperatures and the ordinates of the smooth devi
ation curve added to the corresponding values of th e 
equation. 

The r esulting table was differenced to third differ
ences on an Underwood-Sundstrand automatic ac
counting m achine. The table was smoothed by 
inspection of the differences, and redifferenced. The 
final result was table 5. Similar procedures, with 
minor variations, led to tables 6 and 7. For HD , 
the equation 

was used throughout the en tire liquid range. Above 
24° K it represents the data almost within th e ex
perimental error , and th e deviations at lower 
temperatures are sm all enough for satisfactory 
plotting. The value of D used was 2.5, or approxi
mately 90/T e, and th e exponent , (x, was 0.71 . 

68 

Tables 5, 6, and 7 are given in pressure units of 
millimeters of m er cury, atmospheres, and pounds 
per square in ch absolute; and in temperature units 
of degrees Kelvin and Rankine having been prepared 
in this form for inclusion in the NBS-N.~CA series 
of Tables of Thcrmal Properties of Gases [11]. For 
purposes where accurate interpolation is not n eces
sary, it is more convenient to have tables with T as 
argument rather than 200/ T . Hence table 8, giving 
vapor pressures of all three varie ties at temperature 
intervals of 1 deg K h as been calculated from tables 
5, 6, and 7. Table 9 contains the triple points and 
boiling points. Critical points are given in refer-
en ce [7] . . 

2.5. Comparison With Previous Work 

The survey paper of Woolley, Scott, and Brick
wedde [6], which appeared in 1948, contains an 
adequate summary of vapor-pressure data for the 
hydrogen s published up so that time. Their paper 



~. 

TABLE 5. Vapor )JTeSS1lre oj liquid e - H 2 (for interpolation) 

Inter po1ation with 20D/ Tas argument is moroaccuratc and a lso more co nve nient 
tha n interpolation with T as argumen t. Linear interpolat ion introd uces no 
signi fl cantCl'rors below a bout 23° K. :Between 23° and 300 K Ji ncar inLcrpolaLion 
is slightly i nferior to h igher-ordor interpolatio n, a nd a bove 30°1":: h igher-order 
illLerpolaLioll should be used i[ accurate values arc required 

200 
T Log"P 

_A I_~ :160 
T T 

------
o 1(- 1 o I ( mm U (J atm psia I OR O R-I 

14.5 13.793 (1. 7176) a(8.8368) (0.0040) 242 24.828 14 .5 
14.4 13.889 1. 7418 8.8610 . 0282 242 25.000 14 .4 
14.3 13.986 L7660 8.8852 . 0524 242 25.175 14 .3 
14.2 14. 085 1. 7902 8. 9094 . 0766 242 25.352 14.2 
14.1 14. 184 1. 8144 8.9336 . 1008 243 25.532 14.1 

14.0 14.286 L 8387 8.9579 . 125 1 243 25.714 14.0 
13.9 14.388 1. 8630 8.9822 . 1494 244 25.899 13.9 
13.8 14.493 1. 8874 9.0066 . 1738 244 26.087 13.8 
13.7 14.599 1.9118 9.0310 . 1982 244 26.277 ]:3.7 
13.6 14.706 1. 9362 9.0554 .2226 244 26.471 13.6 

13.5 14.815 1. 9606 9.0798 . 2470 245 26.667 13.5 
13.4 14 .925 1. 985 1 9.10·13 .2715 245 26.866 ]:\.4 
13.3 15.038 2.0096 9. 1288 .2960 245 27.068 n.:3 
13.2 15. 152 2.03 11 9. 15:33 .3205 246 27.273 13.2 
13. 1 15.267 2.0587 9. 1779 .345 1 2'17 27.48 1 13. 1 

13.0 15.385 2.0834 9.2026 .3698 246 27.692 13.0 
12.9 15.50 1 2. 1080 9. 2272 .3944 247 27.907 12.9 
12.8 15.625 2. 1327 9.2519 .4191 247 28. 125 12.8 
12.7 15.748 2. 1574 9.2766 .4438 248 28.346 12.7 
12.6 15.873 2. 1822 9.3014 .4686 248 28.571 12.6 

12.5 16.000 2.2070 9.3262 .4934 249 28.800 12.5 
12.4 16.129 2.2319 9. :351 1 .5183 249 29.0:32 12.4 
12.3 16.260 2. 25(;S 9. :3760 .5432 250 29.268 12. :! 
12.2 16.393 2.2818 9. '1010 .5682 250 29.507 12.2 
12.1 16.529 2.3068 9.4260 .5932 250 29.752 12. 1 

12.0 16.667 2.3318 9.4510 .6182 251 30.000 12.0 
11.9 16.807 2.35(;9 9.476 1 .6433 25 1 30.253 11. 9 
11 .8 16.949 2.3820 9.5012 .6684 252 30.508 11. 8 
11. 7 17.094 2.4072 9.5264 .6936 252 30.769 11. 7 
11.6 17.241 2.4324 9.55W .7188 25~ 3 1. 0~4 11. 6 

11.5 17.39 1 2.4577 9.5769 .744 1 254 31.:10 1 1\. 5 
11.4 17.544 2.4831 9.6023 .7695 25j :j l. 579 11. 4 
11.3 17.699 2.5085 9.6277 .7949 255 3 1. 858 11. :3 
11.2 17.857 2.53·10 9.65:32 .820·1 255 32. 143 11. 2 
11.1 18018 2.5595 9.6787 459 256 32.4:12 11. 1 
11.0 18. 182 2.5851 9. 7043 .8715 32.728 11. 0 

11. 0 18. 182 2.5850() 9.70·125 . 87l<14 2564 32. 728 11.0 
10.9 18.349 2.61070 9.72989 .89708 2571 33.028 10.9 
10.8 18.5 19 2. 636·11 9. 75560 .92279 2578 3:1.33<1 ]0.8 
10.7 18.692 2.66219 9.78 1:38 . 94857 2585 33.646 10.7 
10.6 18.868 2.68801 9.80723 .97442 2591 33.962 10.6 

10.5 19.048 2.71395 9.833 14 1. 00033 2598 34.286 10.5 
10.4 19.231 2.73993 9.85912 1. 02631 2606 34.616 10. '1 
10.3 19.417 2.76599 9. 885 18 1. 05237 26 13 3·1. 951 10. :1 
10.2 19.608 2.79212 9.91131 1. 07850 2621 35.29-1 10.2 
10.1 19.802 2.81833 9.9:1752 1.10471 2628 35.6·14 10. 1 

10.0 20.000 2.8WH 9.9():380 1. 13099 2637 36.000 10.0 
9.9 20.292 2.87098 9.99017 1. 15736 2646 36.364 9.9 
9.8 20.408 2.89744 0.01663 1. 18382 2654 36.73'1 9.8 
9.7 20.619 2.92398 .On17 1. 21036 2663 37. 11'1 9.7 
9.6 20.833 2.95061 .06980 1. 23699 2672 37.499 9.6 

9.5 21. 053 2.97733 .09652 1. 26371 2682 37. 895 9.5 
9.4 21. 277 3.00415 . 12334 1. 29053 2692 38.299 9.4 
9.3 21.505 3.03107 . 15026 1. 31745 2702 38.709 9.3 
9.2 21. 739 3.05809 . 17728 1. 34447 2712 39. 130 9.2 
9. 1 21. 978 3.08521 . 20440 1. 37159 2723 39.560 9.1 

9.0 22.222 3. 11244 .23163 1. 39882 2735 40.000 9.0 
8.9 22.472 3. 13979 .25898 1. 42617 2746 40. 450 8.9 
8.8 22.727 3. 16725 .28644 1. 45363 2758 40.909 8.8 
8. 7 22.989 3. 19483 .31402 1.48121 2770 '11. 380 8.7 
8.6 23.256 3.22253 .34172 1. 50891 2783 4 1. 861 8.6 

8.5 23.529 3.25036 .36955 1. 53674 2797 42.352 8.5 
8.4 23.810 3.27833 .39752 1. 56471 2810 42.858 8. 4 
8.3 24.096 3.30643 .42562 1. 59281 2825 43.373 8.3 
8.2 24.390 3.3,468 .45387 1. 62106 2839 43.902 8.2 
8. 1 24.691 3.36307 .48226 1. 64945 2854 44.444 8.1 

8.0 25. 000 3.39161 .51080 1. 67799 2869 45.000 8. 0 
7.9 25.316 3.42030 .53949 1. 70668 2886 45.569 7.9 
7.8 25.641 3. 44916 .56835 1. 73554 2903 46.154 7.8 
7.7 25.974 3. 47819 .59738 1. 76457 2919 46.753 7.7 
7.6 26.316 3.50738 .62657 1. 79376 2936 47. 369 7.6 

7.5 26.667 3.53674 .65593 1. 82312 2954 48.001 7.5 
7.4 27.027 3.56628 .68547 1.85266 2973 48.649 7.4 
7.3 27.397 3.5960 1 .7 1520 1. 88239 2993 49.3 15 7.3 
7.2 27.778 3.6259,1 .74513 L 91232 3016 50.000 7.2 
7. 1 28.169 3.65610 .77529 1. 94248 3040 50. 704 7. I 
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TABL!:} 5. Vapor )JreSS1Ire oj liquid c-1I2 (for inte1'polation)-
Continu ed 

~ 

200 
T LO~l o J-' I T I 360 T A l' 

------ --------
o J{ - , o J( mm J(q atm '[Jsin 

I ° R o R-l 
7.0 28. 57 1 3.68650 0.80569 1. 97288 3066 5 1. '128 7.0 
6.9 28. 986 3.71716 .836:35 2.0035,1 52. 175 6.9 
6.8 29.412 3.74808 .86727 2.03446 :1092 52. 942 6. 8 
6.7 29.851 3.77927 .89846 2.06565 3119 5:3.7:32 6.7 
6.6 30.303 3 81073 .92992 2.09711 3146 54.545 (j.6 

3173 

6.5 30.769 3.84246 .96165 2. 1288'1 3205 55.384 6 .. 1 
6.4 31. 250 3.87451 .99370 2. 16089 5(;.250 (j 4 
6.3 31. 746 3.90698 1. 02617 2.19336 3247 

57. 1'J:l 6.:3 
6.2 32.258 3.94001 L 05920 2.22639 3303 58. 06 1 62 
6.1 32.787 3.97382 1. 09301 2.26020 3381 59.017 6. 1 3'187 
6.0 33.333 (4.00869) (1.12788) (2. 29507) 

~629 
60.060 6.0 

5.9 33.898 (4.0-1<198) (1. 164 17) (2.33136) (i1. 016 5.9 

Ii Figures in parentheses arc extrapolat.ed val ues, to facilitate in tcrpol'ttion. 

contains equations and tables giving wIla t the 
au thors judged Lo be the besL values of the vapor 
pressures of e-H 2, n-H2' HD, e-D2 , and n -D2 up to 
abo ut 1 atm. Tables 5, 5, and 7 are con istent with 
the triple-po in t temperatures and pressures accepted 
by Woolley, Scott, and Brickwedcle (WSB) [6, p. 453]. 
On th e bas is of the present data alone, slightly differ
ent triple points are obta ined for HD and e-D 2 (the 
tripl e point of e-H 2 was no t measured), but t he 
differences arc so small that the \VSB triple points 
have been reta ined. It has not, however, been 
possible to reLain th e same boiling points. Above 
the triple points, the vVSB vapor pressures are higher 
Lhan the presen t ones. Thi s is shown by the three 
dotted curves in figure 2 labeled WSB equn,tion . If 
expressed in terms of temperaLure, the deviations of 
Lhe WSB equ a tions 1'01' e-H2 and IID from tables 5 
and 6 arc nearly the same, both equations bein g 
n,bout 4 mdeg low at 19° K and 9 md eg low n,L 22° K . 
Such a discrepancy is probably du e to a di O'e1'enee in 
tempera Lure cales. In this connection it should be 
pointed out that most of the data on whi ch the WSB 
equations arc based were Laken beloTe this Bureau 's 
temperature scale [9] below 90° K was es tablished. 
They were for the most part expressed as differences 
of vapor-pressures of different modifications, as a 
function of the vapor pressure of a particular modifi
cation. Part of the WSB data, however, related th e 
resistance of thermometer 1.,6 0[' 1.,3 to the vapor 
pressure of hydrogen (generally e-H2) , and these 
were used to establish the temperatures of all the 
measurements . A discrepancy of up to 9 md eg 
between the present temperature scale and that of 
the WSB equations seems large, but it unqu estion
ably exists. 

The deviation of the WSB equation for e-D2 from 
the presen t results increases much more rapidly than 
the deviations for e-H 2 and HD. Ho\-vever, th e WSB 
data for e-D2 covered a range of less than 2 degrees K 
(18.691 ° to 20.4° K ), whereas their measurements 
on liquid HD covered a range of nearly 4 degrees 
K, and on liquid e-H 2 of more than 6 degrees K . It 
is not surprising that the equation based on the 



TABLE 6. Vap01' pressure of hqtlid HD (.for interpolation) 

Interpolation with 200f T as argument is morc accurate a nd also morc conven
ient tban interpolation with rp as argument. Linear interpolation introduces no 
significant errors below about 25° K. Between 25° and 32° K linear interpolation 
is slightly inferior to higher-order interpolation, and above 32° Ie higher-order 
interpolation should be used if accurate values arc required. 

-
200 360 - T Lo~JOP f> T T 

-

T 
------------------ ---- - - -

0 ](-1 o J< mm 1[0 aim lJsia. o R o R - I 

12. 1 16. 529 (1. 9516) , (9.0708) (0. 2:380) 295 29.572 12. 1 

12.0 lG.667 1.9811 9.1003 .2G75 296 30.001 12 0 
11. 9 15.807 2.0107 9.1299 . 2971 297 30. 253 119 
11.8 16.949 2.0404 9. 159G .3268 297 30.508 11.8 
11.7 17.094 2.0701 9. 1893 .3565 297 30.769 11. 7 
11. 6 17.241 2.0998 9.2190 .3862 298 31. 034 11. 6 

11. 5 17.391 2. 1296 9.2488 . 4160 299 31.304 11.5 
11.4 17.544 2. 1595 9.2787 .4459 298 31. 579 114 
11.3 17.699 2.1893 9.30R5 .4757 299 31. 858 ll. :l 
11. 2 17.857 2.2192 9.3384 .5056 300 

32. 143 11. 2 
11.1 18.018 2. 2492 9.3684 .5356 300 

32.432 11. 1 

I I. 0 18.182 2. 2792 9.3984 .5656 301 32.728 11 . 0 
10 9 18.349 2.3093 9.4285 .59,17 33.028 109 
10 8 18.519 2.3394 9.4887 .6258 301 33.33'1 10 8 
10.7 18.692 2.3695 9. ,1589 . 6559 301 33.646 10. 7 
10.6 18.868 2. 3997 9.4887 . 6861 :302 33.962 10. G 303 
10. 5 19.048 2.4300 9.5492 .7 164 

303 
34. 286 105 

10.4 19.231 2. 4603 9.5795 .7467 34.616 10. 4 
10.3 19.417 2.4907 9.6099 . 7771 304 34.951 10. 3 
10.2 19.608 2.52 11 9.6403 .8075 304 35.294 10. 2 
10.1 19.802 2.55 16 9.6708 . 8380 305 35.644 10 1 
10.0 20.000 2.5821 9. 7013 .8685 305 36.000 10. 0 

10.0 20.000 2.58207 9.70126 .86845 3057 36. 000 10. 0 
9.9 20.202 2.61264 9. 7:3 183 .89902 36.364 99 
9.8 20.408 2.64327 9.76246 . 92965 30(;.1 36.734 9.8 
9.7 20.619 2.67397 9.79316 .96035 3070 37. 11 '1 g,7 
9.6 20.833 2.70474 9.82393 .99112 3077 37.499 9.6 3084 
9.5 21. 0.13 2. 73558 9. 85477 1. 02195 309 1 37.895 9 . . 5 
9.4 21. 277 2. 76649 9.88568 1.05298 38.299 9.4 
9.3 21. 505 2.79746 9.91665 1. 08384 :3097 38. 709 9.3 
9.2 21. 739 2.82850 9.94769 1. 11488 :1 104 39. 130 9.2 
9.1 21. 978 2.85961 9.97880 1. 14599 3111 39.560 9.1 3119 
9.0 22.222 2.89080 0.00999 1. 17718 3128 40.000 9.0 
8.9 22.472 2.92208 . 04127 1. 20846 40. 450 8.9 
8.8 22.727 2. 95:345 .07264 1. 23983 3137 40.909 8.8 
S.7 22.989 2.98493 . 10412 1. 27131 3148 41. :180 8. 7 
8. 6 23.256 3. 01649 . 1:3568 1. :;0287 3156 41. 861 8.6 3165 
8.5 23. 529 3.04814 . 16733 1. 33452 3176 42.352 8.5 
8. 4 23.810 3. 07990 . 19909 I. 36628 42.858 8. 4 
8.3 24. 096 3. 11178 .23097 1. 39816 3188 43.373 8.3 
8. 2 24.390 3. 14377 .26296 1. 43015 3199 43.902 8.2 
8. 1 24.691 3. 17585 .29504 I. 46223 3208 44.444 8. 1 3218 
8.0 25.000 3. 20803 .32722 I. 49441 

3229 45.000 8. 0 
7.9 25.316 3. 24032 .:35951 I. 52670 45.569 7.9 
7.8 25.641 3.27275 .39194 1. 55913 3243 46.154 7.8 
7.7 25.974 3.30530 .42449 I. 59168 3255 46.753 7.7 
7.6 26.316 3.33797 .4571 6 I. 62435 3267 47.369 7.6 3281 
7.5 26.667 3.37078 . 48997 1. 65716 

3297 48.001 7.5 
7.4 27.027 3.40375 .52994 1. 69013 48.649 7.4 
7.3 27.397 3.43686 .55605 1. 72324 3311 49.315 7.3 
7. 2 27.778 3.47012 .58931 1. 75650 3326 50.000 i.2 
7. I 28. 169 3.50354 ,62273 1. 78992 3342 50. 704 7. 1 3358 
7.0 28.571 3.53712 .65631 1. 82350 51. 428 7.0 
6.9 28.986 3.57087 .69006 1. 85725 3375 52.175 6.9 
6.8 29.412 3.60481 .72400 1. 89119 3394 52.942 6.8 
6.7 29.851 3.63896 . 758 15 1. 92534 3415 53.7:32 6.7 
6.6 30.303 3.67334 . 79253 1. 95972 3438 M.545 6.6 3461 
6.5 30.7fj9 3.70795 .82714 1. 99433 55.384 6. 5 
6.4 31. 250 3.74281 .86200 2.02919 3486 56.250 6.4 
6.3 31. 746 3.77795 .89714 2.06433 3514 57. 143 6.3 
6. 2 32.258 3.81341 .93260 2.09979 3546 58.064 6.2 
6. I 32. 787 3, 84920 . 96839 2.13558 3579 59,017 6.1 3614 
6.0 33.333 3.88534 1. 00453 2. 17172 60.000 6.0 
5. 9 33.898 3,92188 1. 04107 2. 20826 3654 61. 016 5.9 
5.8 34.483 3.95888 1. 07807 2.24526 3700 62.069 5.8 5,7 35.088 3.99645 1. 11 564 2.28283 3757 63. 158 5.7 
5. 6 35.714 4.03474 1. 15393 2.32112 3829 64.285 5.6 3919 
5.5 36.364 (4.07393) (1.19312) (2.36031 ) 65_ 455 5.5 
5.4 37. 037 (4. 11424) ( I. 23343) (2. 40062) 4031 66.667 5.4 

a Figures in parenth eses are extrapolated values, to facilitate interpolation. 
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TABLE 7. Vapor pressure of liquid e-Dz (for interpolation ) 

Interpolation with 200/ 1' as argument is more accurate and also more convenien t 
than interpolation with 'T as argument. Linea.r interpolation introduces no 
Significant errors below about 2io K. Between 27° and 33 .5° K linear interp ola
tion is slightly inferior to higher-order interpolat ion, and above 33 ,5° K higher· 
order interpolation should be used if accurate values are required . 

200 
l' LoglO P 

I f> I T 
360 I T -
T 

--- ----- - - -

° /(- 1 o J( mm Il g atm psia. OR o R -I 

10.8 18.519 (2. 0753) (9.194 5) (0. 3617) 337 33.334 10.8 
10.7 18.692 2 1090 9.2282 .3954 338 33. 646 10.7 
10.6 18. 868 2. 1428 9.2620 .4292 33S 33. 962 10.6 

10.5 19. 048 2. 1766 9.2958 . 4630 339 34. 286 10. 5 
10.4 19.231 2.2105 9.3297 . 4969 340 34.616 10. 4 
10.3 19.417 2.2445 9.3637 .5309 341 34.951 10.3 
10.2 19.608 2.2786 9.3978 .56.10 341 35.294 10. 2 
10.1 19. 802 2.3127 9.4319 .5991 342 35.644 10. 1 

10.0 20.000 2.3469 9.4661 . 6.3:33 342 36.000 10.0 
9.9 20.202 2.3811 9.5003 .6675 344 3n.364 9.9 
9.8 20.408 2.4155 9.5347 . 7019 344 36.734 9. 8 
9.7 20.619 2. 4499 9.5691 . 7363 344 37.114 9. i 
9.6 20. 8-33 2.4843 9.6035 . 7707 37.499 9.6 
9.5 21. 053 2.5189 9.6381 .8053 346 I 37.895 9.5 

9.5 21. 053 2.51889 9.63808 . 80527 3461 37.895 9.5 
9. 4 21. 277 2.55350 9.67269 .83988 38.299 9.4 
9.3 21. 505 2.58814 9. 70733 .874.\2 3464 38. 709 9. :1 
9.2 21. 739 2.62282 9.74201 .90920 3468 39.1:30 9.2 
9.1 21. 978 2 G5754 9. 77673 . 94392 3472 39.560 9. 1 3476 

9. 0 22.222 2.69230 9. 8JJ49 .97868 3483 40.000 9.0 
8.9 22.472 2.727 13 9.8'16.32 1. 01351 40.450 8.9 
8.8 22.727 2.76203 9. 88122 1. 04841 3490 40.909 8. 8 
8. 7 22. 989 2. 79700 9.91619 1. 08338 3497 41. 380 8. 7 
8.6 23.256 2.83204 9.95123 1. 118'12 3504 41. 861 8. 6 3512 
8.5 23.529 2.86716 9.98635 1.15354 3519 42.352 8.5 
8. 4 23.8 10 2.90235 0.02154 1. 18873 42.857 8.4 
8.3 24.096 2.93762 . 05681 1. 22400 3527 43.373 8.3 
8.2 24.390 2.97298 .09217 1. 25936 3536 43.902 8.2 
8. 1 24.691 3.00844 . 12763 1. 29482 3546 44.444 8.1 3555 
8. 0 25.000 3.04399 , 16318 1. 33037 3564 45.000 8.0 
7.9 25.3 16 3.07963 . 19882 1. 36601 45.569 7.9 
7. 8 25.641 3. 11537 ,23456 1. 40175 3574 46.154 7. 8 
7.7 25.974 3.15122 , 27041 1. 43760 3585 46.753 7.7 
7. 6 26.316 3.18718 .30637 1. 47356 3596 47.369 7.6 3607 
7.5 26.667 3.22325 .34244 1. 50963 3616 48.001 7.5 
7.4 27.027 3.25941 .37860 1. 54579 48.649 7.4 
7.3 27.397 3.29567 .4 1486 1. 58205 3626 49.315 i.0 
7. 2 27.778 3.33203 . 45122 1. 61841 3636 50.000 7.2 
7. 1 28. 169 3.36851 . 48770 1. 65489 3648 50. 704 7.1 3662 
7.0 28.571 3.40513 .52432 1. 69151 3676 51. 428 7.0 
6.9 28.986 3.44 189 . 56108 1. 72827 52.175 6.9 
6.8 29.412 3.47879 .59798 1. 76517 3690 52.942 6. 8 
6.7 29.851 3. 51585 .63504 1. 80223 3706 53.732 6.7 
6.6 30.303 3.55310 .67229 I. 83948 3725 54.545 6.6 3745 
6.5 30.769 3.59055 .70974 1. 87693 3765 55.384 6.5 
6.4 31. 250 3.62820 .74739 1. 91458 56.250 6.4 
6.3 3 1. 746 3.66605 . 78524 1. 95243 3785 57.143 6.3 
Il.2 32.258 3. 70412 .82331 1.99050 3807 58.064 6.2 
6. 1 32.787 3. 74243 .86162 2.02881 3831 59.017 6.1 3861 
6. 0 33.333 3.78104 . 90023 2.06742 3892 60.000 6.0 
5.9 33.898 3.81996 . 93915 2. 10634 61. 016 5.9 
5.8 34.483 3.85921 . 97840 2. 14559 3925 62.069 5.8 
5.7 35.088 3.89882 1. 01801 2. 18520 3961 63. 158 5.7 
5.6 ;15.714 3 93880 1. 05799 2.22518 3998 64.285 5.6 4038 

5.5 36.364 3.97918 1. 09837 2 26556 4085 65.455 5.5 
5.4 37.037 4.02003 1. 13922 2.30641 66.667 5.4 
5.3 37.736 4.06154 1. 18073 2.34792 4151 67.925 5.3 
5.2 38.462 (4.10422) (1. 22341 ) (2 39060) 4268 69.232 5.2 
5. 1 39. 216 (4.14859) ( 1. 26778) (2 43497) 4437 70.589 5. 1 

I 

shortest range of cxpcrimental daLa is the least satis
factory for extrapolation. 

There appear to be no other data at higher pres
sures for e-H2 , HD, or e-Dz. There are, however, 
data for n-Hz and n-D2 with which a comparison can 
be made. Figure 3 sho~ s such a comparison. The 
upper diagram refers Lo H 2 , the base line being table 
5, which represents our results for e-H2• It will be 
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I 
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T AB L E 8. Vapor pressures of liquid c·-H2. lTD, and e- Dz at 'inter-vals of 1 degree J,: 

T I 

OK m7n H g 
10 I. 93 
II 5. 62 
12 13.9 
13 30.2 
14 

15 
16 
17 
18 

14 58.8 

15 100.3 
16 161. 1 
17 246.0 
18 360.3 
19 509.5 

20 699. 2 
21 935.3 
22 1223. 7 
23 1570.5 
24 1981. 8 

25 2463.8 
26 3022.9 
27 3665. 1 
28 4396. 
29 5227 

30 6162 
3 1 7210 
32 8383 
3:3 
34 

35 
36 
37 
38 

20.4 0 ] ( c-ll :! 
(0.21 % 0-I J, ) 

P 

atm 
0.00254 

.00739 

.0183 

.0397 

0.0774 

. 1320 

.2120 

.3237 

.4741 

.6701 

.9200 
I. 2307 
I. 6101 
2.066'1 
2. 6076 

3.2'11 8 
3.9775 
4.8225 
5. 785 
6.877 

8. 108 
9.486 

II. 03 1 

118io 
0.0373 

.109 

. 269 

.584 

1. 137 

1. 939 
3. 11 5 
4. i5i 
6.967 
9.852 

13.520 
18. 086 
23.663 
30.369 
38.322 

47.64 2 
58. 45 
70.87 
85. 02 

101. 07 

119.16 
] 39.4 1 
162. 10 

I 

H ydrogen d eu Le ridc, 
liD 

p 

Solid 

77!77! Tfg atm l1sia 
0.28 0.00037 O. 005~. 
.99 .00130 . 01 91 

2.94 . 00387 . 0569 
7.46 . 00982 .144 

16.8 . 0221 .325 

34.4 .0453 .665 
65.2 . 0858 I. 261 

Liqui d 

112. 'I O. 1479 2. 173 
176.2 .23 18 3.407 
261.2 . 3'176 5.109 

382.0 .5026 7.387 
534.9 .7038 10. 3'13 
728.5 .9586 14. 087 
969. 0 I. 2750 18. 737 

1262.3 1.6609 24.409 

1614.5 2.1243 31. 219 
20:11.5 2.6730 39.2S3 
2519. 'I 3.3150 48.717 
3084.6 4.0587 59.65 
3732.8 '1. 9U6 72.18 

4470.8 5.883 86.45 
5306 6.982 102.61 
62'10 8. 219 120. 79 
7301 9.607 141. 18 
8480 11.157 I G3.97 

9796 12. 889 189. 42 

rmn rIg 
0.05 
. 21 
. is 

2.20 
5.57 

12.6 
26.0 
49.6 
88.7 

147. 1 

222.3 
324.1 
457.8 
628.8 
8'13. 1 

1106. 6 
1425.6 
1806. 1 
2253.5 
277<1. 3 

3374.7 
4062. 0 
4842. '1 
5723 
671 2 

7819 
905 1 

104 18 
11 943 

20.40 K e- D, 
(97.8% 0- 1),) 

P 

atm 
0. 00007 

.00028 

. 00099 

. 00289 

. 00733 

.0166 

.0342 

.0653 

.1167 

0.1936 

. 2925 

. '1264 

. 6024 

.8274 
U093 

1. 4561 
1. 8758 
2.3764 
2.9651 
3.650·1 

4. 440~ 
5.345 
6.372 
7.530 
8.832 

10.2R8 
11. 909 
13. 708 
15.714 

' I' 

1Jsia o H 
0.0010 18. 0 
. OOH 19.8 
. 01 '15 21. G 
. 0~25 23.4 
. 108 25.2 

.241 27. 0 

.. \ 03 28.8 

.959 30.6 
I. 71 5 32.4 

25.2 

27.0 
28.8 
30.6 
32.4 

2.844 3·1. 2 

4. 299 36. 0 
6.267 37.8 
8.852 39.6 

12.1 59 41. <] 

16.303 43.2 

21. 398 45.0 
27.567 46.8 
34.924 48.6 
43.576 50. 4 
53.65 52. 2 

65.26 54.0 
78.55 55.8 
93.61 57.6 

lIO.66 .\9.4 
129.79 61. 2 

151. 19 63.0 
175.02 6 1. 8 
201. 45 66.6 
230.91 6~. I 

'L\B !'!,; 9. Triple 7)oin ts and boil in g 7)0£nt8 of c-H" HD , and 
c-D, 

plotted in this graph are those of Crilly [5], anclth ose 
of the present research give n in table 4. In both 
researches the materi al was u nC'a lalyzcci and II-as 
assumcd therefore to bc n-D? In confirmation of 
this assumption it may be ;loted tha t flt 21 0 K 
[P (e-D2 ) - P (n-D2 ) ] compu tC' cl from figure 3 is rou gllly 
equal Lo the sam e quantity compu ted from the 
appropriate vVSB vapor-pressure equ a tions. The 
lack of complete agrcement could bc du e to partial 
conversion of the n-D2' but is just as likely to be du e 
to incipi ent failure of the equations at the enel s of 
th eir r anges. Above the boiling point, the vapor 
pressure of n-D2 is abou t 0.5 percent lower than that 
of e-D2 • At lower temperatures the percen tage 
cl i fference increases. 

The triple pOints a rc the sa l1Je as tho,e of "'oolle)' , Ecot[. and Brick",edd e [6] 

Triple point 

~;,~?~~- -.----------------
T T 

I\'"ol' IllHI 
ho il ing point , 

T 

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

e-rr, 
no" 
coD, 

° f( I mm lJg 
13.8131 52. 8 
16. 60. 92.8 
18.69, 128.5 

alm 
0.0695 

. 1221 

. !G91 

psia 
1. 02 
1. 79 
2. 48 

OR 
24 .863 
29.887 
33.64. 

o J( 
20.27. 
22.143 
2-3.63; 

OR 
36. 500 
39.857 
42. '15; 

seen from the a,uxiliary ordinate scale at Lll e right
hand side of the graph that from the criti cal poin t 
down to the boiling point the vapor pressure of n-H2 
is about 3.5 percent lower than that of e-H2, but 
that at lower temperatures the percentage difference 
increases. This is shown by the dottcd line that 
represents the WSB equation for n-H 2' The data 
plotted include those of Cath and Onnes [12]. These 
are chiefly of historical in terC'sl , since the measure
ments were r eported in 1917 before the existence of 
the ortho and para form s was recognized. The other 
data are all very recent, being those of Grilly [5], and 
of ViThi te, Friedman, and Johnston [3 , 13]. The 
lower diagram refers to D 2, the base line being table 
7, which represents our results for e-D2 • The data 
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It is possible to LI se table 5 for calculations in
volving n-H2 by drawing a smooth curve to represent 
the values of P (n-H2)/P (table 5). In a similar way 
table 7 may of course be used for calculations 
involv ing n-D2. 

2.6. Accuracy 

The discussion of the accuracy of pressure meas
urements given in reference [8] is applicable to the 
present results. The uncertainties in the tempera
ture scale are somewhat greater here than in the 



m easurem ents on oxygen , but since the same 
temperature scale was used for all th e m easurements, 
th e relative accuracy of the temperatures is quite 
high . The e-H 2 and e-D z tables ar e more accurate 
than th e HD table because of th e decomposition of 
th e latter during th e measuremen ts. The pressures 
given for e-H2 and e-D2 ar e b elieved to be accura te 
to 0.2 or 0.3 mm H g up to abou t 1 atm. Above 1 
atm the uncer tainty gradually increases, r eaching 
perhaps ± 8 mm H g n ear th e cri tical points. For 
HD th e pressures up to 1 atm are probably equally 
accurate, bu t above 1 a tm the uncer tain ty is larger , 
gradually increasing to perhaps ± 15 mm H g near 
the critical poin t. Un cer tainty in th e temperature 
scale is perhaps ± 20 m deg. 

3. Dew-Point Pressures of Mixtures 

Since no information on th e vapor pressures of 
mixtures of H 2, HD, and D 2 appears in th e li tera ture, 
i t was th ough t worth while to determine approxi
mately h ow far such mixtures depar t from ideal 
solu tion beh avior, even to th e limi ted precision and 
wi thin th e limi ted range of temperature and composi
t ion allowed by th e time available for this work . 
Experimen tal dew-poin t pressures of mixtures were 
compared with those predi cted by th e law of ideal 
solutions and discr epancies gr eater than the ex
perimental error were found. Significan t devia tions 
from ideali ty in mixtures of or tho- and para-H 2 

h ave been previously observed by "Woolley, Scott 
and Brickwedde [6, p . 454]. 

3.1. The Law of Ideal Solutions 

The appli cabili ty of th e law of ideal solu tions to a 
liquid mix ture a t a given temperature can be tested 
by m easuring the dew-poin t pressure, at th e given 
temperature, of a gaseous mixture of th e sam e 
componen ts in a known composition. In th e 
deriva tion of th e appropria te equa tion, the following 
symbols will be used : Xi , mole fraction of th e ith 
componen t in th e liquid phase; Vi, mole fraction 
of th e ith component in th e vapor phase; Po; , vapor 
pressure of the ith componen t in pure form ; Pv, 
total pressure of th e vapor in equilibrium wi th th e 
liquid mixture; Z i (P ), value of PVjRT for th e i th 
componen t in pure fOfm at th e pressure P , all at th e 
sam e tempera ture. The law of ideal solu tions 
states that in th e vapor that is in equilibrium with an 
ideal liquid solu tion th e par tial pressure of the ith 
componen t is equ al t o XiP Oi . Assuming th a t this 
par tial pressure is also equal to ViP v, we have 

(1) 

Equating th e sum of tb e V's to uni ty yields th e 
expression for the vapor pressure of an ideal solu tion ; 

(2 ) 

In th e dew-point experimen t the V's rather than th e 
x's are known, and th erefore the proper form of th e 
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expression is that obtained by equating th e sum of 
the x's to uni ty; 

(3) 

A more rigorous expression of th e law would result 
from using fugaci ties in place of pressures in eq 1, 
but this refinemen t seems to h ave a negligible effect 
on P v in th e presen t instances. In an approximation 
sufficien tly good to show th e order of magni tude of 
th e effect of using fu gacities [see 14, p . 197 to 199, 
221 to 227], eq 1 b ecom es 

(4) 

By this substi tution , eq 3 is ch anged to 

(5) 

In order to evaluate eq 5 we t ake valu es of Z (P ) for 
H 2 and D z from reference [6] and, in th e absence of 
exp eriemen tal values for HD, assume Z (P ) for HD 
equal to the m ean of th e values for H 2 and D z. 
Values of P t. calculated from eq 5 d iffer from those 
calculated from eq 3 by only ' abou t 0.2 mm H g, 
which is small compared to the experimen tal de
viations from ideali ty. 

3 .2. Apparatus and Method 

The equipmen t consisted of a 3-li ter gas reservoir 
(which also served as a mix ing bulb), a 140-cm3 

temperature-con trolled chamber, and a combination 
m ercury pump and m ercury manometer . There 
were three functions for th e la t ter , first to measure 
the pressure in th e reservoir during mixing, second 
to transfer m easured quan tities of gas from the 
r eservoir to the constan t-temperature chamber , and 
third t o measure th e pressure in the ch amber. A 
vacuum- type adiabatic calorimeter that h ad b een 
previously cons tructed at this laboratory by R . B . 
Scot t [15] was used as th e isoth ermal chamber. 
The connection of th ese compon en ts is shown III 

fi gure 4. 
A r un proceeded as follows. One compon ent of 

th e mixture to be tes ted was admitted to th e res
ervoir (a t room temperature), and th e reservoir 
pressure was measured. Then th e second componen t 
was admi t ted and th e pressure again m easured , the 
mercury level in th e manom eter being adjusted to 
keep the reservoir volume constan t . The composi
tion of th e mix ture was dedu ced from th ese pressures 
taking into consideration th e sligh t isotopic impuri
ties in th e individual components as d etermin ed by 
mass-spectrometer an alysis. (There were traces of 
HD in th e D 2 samples and of H 2 and D 2 in th e HD 
samples.) The gaseous mixture was allowed to flow 
into the chamber un til the ch amber pressure was 
about 30 mm H g less than th e expected clew-point 
pressure. A selected volume of the pump-m anom
eter was th en fill ed with gas from th e reservoir, 
the quantity being determined by th e pressure 
differ ence in th e pump before and after filling. This 
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T EMPERA TURE 
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FIGURE: 4. Schematic dmwing of the appar'atus used i n the 
dew-point pressure measurements. 

quant ity was th en p umped inLo lh e ch am ber, and 
the ch amber press urc was rem easurcd. Before 
each reading of the ch amber pressure tb e ch amber 
was brought to th e lemperalure of the run and th e 
mercury wa s brought to a selected leveL Each 
reading was repeated after several minu tes to make 
s ure th at equilibr ium h ad been atLain ecl. By re
p eating this pumping operation a ser ies of points of 
chamber pressure versus added q uanLi Ly of mixture 
was obtained. Temperatures for all poin Ls in a n m 
were equ al within abo ut 0.00 3 deg K to Lh e average 
for th e run. Th e th ermometer lI sed was L18, 
which h as been calibrated agn,insL the Bureau's 
temperature scale [9], and which afLer lhese experi 
ments checked sa lisfacLorily at Lbe icc point. 

3.3. Results 

Figure 5 is an example of a curve obtained in the 
manner described above. The d ew-point pressure 
is taken to be th e pressure at th e in tersection of the 
extrapola tions of th e two straigh t-line por t ions of 
the curve. Al th ough the values of th e abscissas 
are in elTor by that quantity of add ed m aterial th at 
wen t into th e un cooled dead space of the apparatus 
(abou t 2% of th e total quantity), th e error is linear 
in terms of th e pressure and h ence has no effect upon 
th e ordinate of the poin t of intersection. Manom
eter readings must be mul t iplied by 0 .995 to con
ver t to s tandard millimeters of m ercury. 

The results of seven runs are presented in table 10. 
Calculated pressures are taken from eq 3, using 
vapor pressures from reference [6, p. 454]. The 
ortho-para composi tions are assumed to correspond 
to equilibrium at high temp erature since no catalyst 
was used . This assump t ion is suppor ted by the 
single-componen t dew-point pressures (run s E and 
H ) observed with this apparatus. If th ese two 
pressures wer e plotted on th e graphs of figure 3 
th ey would fall within 0 .0015 (in units of LlloglOP ) 
of the vYSB curves for n-D2 and n-H2' respectively. 
The tabular en try x2(H2) is calculated from eq l. 

Principal sources of error are (1) in P ObS ' the un
certain ty in extrapolating th e two straigh t lin es to 
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FIG URE 5. Data oj a run for the determination of the dew-point 
pressure of a mixtw·e. 

Rlm L, 0.7.12 Ir" 0.248 HD, T~ J 8.000 K. 

the ir inle]'s('ction and (2) in P eale' the uneerLainty in 
Lh c composition . E s limated elTors in P obs ' are 
shown in l he Lable. They ar c greater for Lhe 
H 2-D2 mixtlll'es than for th e H 2-I-ID mixtures because 
of th e greater s lope of th e two-phase part of the 
isotherms of the former. Compositions of m ixLures 
determin ed in th e mass spectrometer differed from 
those determin ed by mixing pressures by an amount 
sufficien t to cause th e eITors sh own in the tabulated 
values of P ea le' Mass-spectrometer composi Lion s 
were though t to be sligh tly l es reliable clue to 
memory effect and to isotopi c exchange in the 
spectrometer. Th e over-all estimated error is the 
sum of th e e]'rors in P obs ' and P eale' 

TABLE 10. Dew-point pressures of mixtures of H2, HD, and 
D2 in standm·a 111m Hg 

Rull_ ....... E F G ][ J K L 

1'CO K ) ..... 20.04 19.00 20.00 J8. 01 18.005 J7.03 18.00 
y,CH ,) ....... 0 0.499 0.440 1.00 0.503 0.503 0.752 
y,CHD) .. .. . 0.008 .004 . 004 0 . 496 .496 .248 
Y3(D,) .•.•... . 992 .497 .556 0 . 001 .001 0 
.t,(H,) ....... ---- .23 .20 ---- .34 .33 0.61 
P OI(H ,) ..... ---- 490.8 675.7 347.2 :346.5 238. 1 345.9 
P,,(H D) .... 388.2 264.7 382. 8 ---- 176.8 114.1 176.4 
P 03( D ,) ...•• 223.5 145.1 2J9.9 

347.'2 
87.5 50 -----

P ",calc ______ 224.3 224 ±2 3n ±2 234 ±2 154 ±2 279 ±2 
P ",obs ______ 223.5 234 ±2 322 ±2 348.2 240 ± I 158 ±1 286 ± I 
t!.P ....•.••.. - 0.8 JO ±4 9 ±4 1.0 6 ±3 4 ±3 7 ±3 
lOOt!.P/P .. _. -.35 4.4 2.8 0.3 2.5 2.6 2.5 

Observed pressures ar e seen Lo be abou t 3 percent 
above those calculated from eq 3, with an estimated 
rITor in the deviations of about ± 50 percent. 

3.4. Discussion 

The reason for the rounding of the experimental 
curves in th e region of saturation is not clear, but 
several possibilities may be considered. These will 
be discussed with reference to the curve for pure 
H 2 (fig. 6) in which the rounding also occurs. 

First consider the effect of nonideality of the 
gaseous h ydrogen . This will cause the data to 
depar t from a straigh t line in the same direction as 
that observed, but is much too small to account for 
the actual depar ture. A plot of the isotherm based on 
a thl'ee- term virial equation with th e coefficients 
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pressure apparatus. 
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taken from [6, p . 396] is superimposed on the experi
mental curve. The scale of the abscissa has been 
adjusted to force the two curves to match in position 
and slope at one point (330 mm Hg). The signifi
cant comparison is that while the virial-based iso
therm falls wi thin 0.1 mm Hg of a straight line, the 
experimental curve deviates more than 3 mm H g 
from its extrapolated linear portion. It is of course 
possible that the three-term virial equation is inade
quate to cover peculiar effects, such as molecular 
aggregation, at pressures very close to saturation. 

A more likely cause of the rounding is adsorption 
of the gas on the walls of the container. (For a 
discussion of this phenomenon see [16, p . 317 to 329]). 
Assuming that the horizontal departure of the experi
mental curve from the straight line corresponds to 
the quantity of material adsorbed, that the effective 
adsorbing surface is eq ual to the macroscopic surface 
area in the chamber, and that the density of adsorbed 
material is the same as that of the liquid, the thick
ness of the adsorbed layer is, as shown in figure 6, 
up to about 2000 A near saturation. This appears 
to be excessive; however, the effective surface area 
is probably many Limes the macroscopic area, due 
to surface roughness, and there is in addition the 
possibility of capillary adsorption. The surface 
material was tinned copper sheet and tinned copper 
tubing. The chamber volume contains many baf
fles and also a close-wound helix of copper tubing, 
so the existence of many crevices at contact points 
of parts of the structure is quite probable. It seems 
reasonable that these conditions could aCCOUl1 t for 
the large apparent adsorption thickness. If we can 
accept the adsorption explanation, then the inter
section of the extrapolated straigh t lines is the cor
rect dew point for the mixtures. 

The making of the measurement3 was greatly 
assisted by George T. Furukawa, Raymond A. 
N elson, and Dino Zei. 

4 . References 

[1] D . M. Denniso n, A note on t he specific heat of the 
hydrogen molecule. Proc. Roy . Soc. (London) 115, 
483 (1927) . 

[2] Harold C. Urey, F. G. Brickwedde, and C. M . Murphy, 
A hydrogen isotope of mass 2. Phys . Rev. 39, 164 
(1932) . 

[3] David White, Abraham Solomon Friedman, and Herrick 
L. Johnston, The vapor pressure of normal hydrogen 
from t he boiling point to the critical point. J. Am. 
Chern. Soc. 72,3927 (19.50) . 

[4] Robert D . Arnold and Harold J. Hoge, A test of ideal 
solution laws for H 2, HD, and D 2• Vapor pressures 
and critical constants of t he individual components. 
~Chem. Phys. 18, 1295 (1950) . 

[5) E . R . Grilly, The vapor pressures of hydrogen , deu
terium, and t riti um up to three atmospheres. Los 
Alamos Report LADC- 773 (July 11, 19.50) . Dr. 
Grilly has informed us by letter that he now has data 
on more hi ghly purified t ritium and obtains vapor 
pressures somewhat lower than those given in report 
LADC- 773. The tritium curv e of figure 1 is sh ifted 
slightly to agree with Grilly's later results. 

[6] Harold ' ;V. Woolley, Russell B. Scott, and F. G. Brick
wed de, Compilation of therma.l properties of hydrogen 
in its various isotopic and ortho-para modifications. 
J . Research N BS 41, 379 (1948) RP1932. 

[7] Harold J . Hoge and Jame8 W. Lassiter, Critical tempera
tures, press ures, and v01umes of hydrogen, deuterium. 
and hydrogen deutel'ide. J . Research NBS 47, 75 
(1951 ) RP2229. 

(8) Harold J. Hoge, Vapor pressure and fixed points of oxygen 
and h eat capacity in the critical region. J . Research 
~BS 44, 321 (1950) RP2081. 

(9) Harold .r. Hoge and Ferdinand C. Brickwedde, Estab
lishment of a t emperature scal e for t he calibration of 
thermometers bet ween 14° and 83°l{. J. Research 
NBS 22, 351 (1939) RP1l88. 

[lOl A. Fookson , P. Pomeran tz, and E. H . Rich. The prepa 
ration of high-puri ty hydrogen deuteride. Science 
112,748 (1950). 

[11J The NBS-N ACA tables of thermal properties of gases. 
Table 7.50, Vapor pressure of t hree hydrogen s. Com
piled by Harold J . I-Ioge and Robert L. Powell. Pre
liminary iss ue (Sept. 1950). 

[12J P. G. Cath and I-I. Kamerlingh Ollnes, Vapor p ressures 
of hydrogen in the neighborhood of the boiling point 
and between the boiling point and the critical t em
perature. Co mmun. Phys. Lab . Univ. Leiden 152a 
(1917) . 

[13] David White, Abraham Solomon Friedman, and H errick 
L. J ohnston, The direct determination of the criti cal 
t emperature and critical pressure of normal hydrogen. 
J . Am. Chem. Soc . 72, 3565 (1950). 

[14] G. N. Lewis and M. Randall , Thermodynamics and t he 
free energy of chemical substances (M cGraw-Hill 
Book Co., Inc. , New York, N. 'Y., 1923). 

74 

[15) R. B. Scott, C. H . Meyers, R. D . Rands, Jr., F . G. 
Brickwedde, and N. Bekkedahl , Thermod vnamic 
properties of 1,3-butadiene in t he solid, liq lIid , and 
vapor states, J. Research NBS 35, 39 (1945) RP1661. 

(16) S. Brunauer, The adsorption of gases and vapors, I 
(Princeton University Press, 1(43). 

WASHINGTON, January 22 , 1951. 


	jresv47n2p_63
	jresv47n2p_64
	jresv47n2p_65
	jresv47n2p_66
	jresv47n2p_67
	jresv47n2p_68
	jresv47n2p_69
	jresv47n2p_70
	jresv47n2p_71
	jresv47n2p_72
	jresv47n2p_73
	jresv47n2p_74

