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Therznodynamic Functions for Tritfum Deu teri~....—-

The IMssoclation of Tritium Deuteride..—

EquilIbrfa AmcmR the Iso n Molecules.—-.

Accurate calculatfon8 of the thermod~~nrnic propertie~

1of hydrogen have been carried out by Glauque and siml15r Cal=

eulati ong have been made for deuteriujn and deuterium hydrids by

Johns ton and Long.
2

Recently similar calculatims hav~ been

made for tritium and trftium hydride. 3 In the present report

simtlar data are given for tritium deutoride. values ret%r to

one m~le of’the fdeal gas ak one atmosphere.

The energy of the trltium deutoride molecule is roprl3-

sentable in the form

,
The constants are listed in Table 1. They welw

puted from the data for ordinary hydrogen, as given by .~oppesm4,

who expresses the energy in a fore’sli~:htlydifferent frcm U:i,(1)~

5through the t}~eo~yof isotopic diatomic molecules . The

%iau.quo, J.A.C.S. 52, 4826 (1930); sos also C. 0. Davis nnd H. L.
Johnston$ J.A.C.S. f%, 1045 (1934).

2
Johnston aridLong, J. Chem. Phys. ~, 3(19,‘~10~1934} .

3
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partition f’unctionand ~ts derivatives were evaluated by

direct summation over rotational and vibrational states~

It 1s felt that in general the calculations are

correct to the number of significant figures given, exoept

perhaps at the highest temperatures where the large values of

V and, particularly, of J needed for the convergence of the

summations Me outside the range employ~d by Jeppeson in fitting

the constants of Eq. (1).

Table I

Molecular Constants for DT

2853.8 cm -1
‘e

Be

7’e

- de

- De

Fe

54.786

25.380

Oo82641

OeC1l’;08

0.00073

0,008093

0.1142 x 10-3

0.37637 x 10-~

,

The constants of Table I were calculated takfng the

atomio weights of deuterfum amd tritium to be 2.014722 and

63.C17050 (physical scale). The physical constants are otherwise

6
hlattauch, Phys. Rev., 57 115!5 (1940); Livingston and Bethe,

Rev.Mod. phys . Q, 373 (193V.

.uNL\a~~~~ ~ b
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Table II

HEAT CAi’ACITY AND ENTRO~ (I~CL~lNG NUC~~R SPIN)

OF TRITIUM DEUTERIDE IN CAL* DD3 .“1 Mom-l
*,

0
T, ‘K CP

so T, %
o

c
P

so

o
10

15

40
50

ifi!$’...j 76
100
125
150
175

X

0.000
5.203
6,065
6.806
7.106
7 ● 147
7.109
7.064
“7,010
6.975
6.969
6.968
6.968
6.969
6.970
6.972

o*000
17.551
19:812
21.669,
23.227
24.529
25;628
26*574
28.144
30.977
32..983
34b53e
35.$300
36.883
37.813
38.634’

250 “
275
298.1
300
400
500
600
700
800
900

1000
1250
1500
2000
2500

6.973
6.97’5
6.977
6.9?7
6.994
7.039
7.124
7.243
7.383
7.533
7.682
8.021
9.296
fJ*685
8.943

39.369
40.033
40 ● !597
40.640
42.649
44.215
45.504
46.611
47*587
48.465
49.268
510019
!52● 507
54.950
56e’317
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*334
3.54

11.06
21.16
~~ ● Q2
42 ● C?4
53.43
74.09
124.59
174.”/0
224.72
:?74.’7’3
3~4e7~;
374.%2
4f)4e:,~

12.5!50
14.6(XJ
16.149
17.414
1$3.494
19.437
20.2”71
21.695
24.349
26.269
27.’77s
29.009
30.05s?
30.9’71
31.’77R

250
275
2’st3’l
300
400
500
600
700
fjoo
90Q

‘ 1000
1250
1500

, 2000
:?500

475.03
525.20
5“?1● 61
57s .42
?7”?.1(2
9[11.,72

1192.8
1414●:?
164S.’l
lR97.7
216z.f?
28E4 ●

36CZ.
5452.
7379.

.
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THu DIsSOCIATION OF TIUTIUM DWTERIPE

Values of - F@-E$

(T)
for PT, D, and T may be employed

in the calculation of the dissociation constant K for the process

DT = D +T through the relatfonsnip

S@-% A%

()
(2)-RlnKaA.~ + V

(F?-)The values of - - 0 for D and T were taken
I

from,references 2 and 3, respectively. The quantity Ax is

grea~er than DO(H2) by the difference is the sero point energies

Of Hz and DT$ and has the value 104$970 * 20 cal. l?hi.sfigura

is based on the value 36,116 * 6 cm.:l for ~o(H2)9 and the I.C*T.
*

phys!cal const~ants. The,equilibrium ”constants are presented in
..

1$2$3 for the d2ssociatf0n Of .

.

Table’IV along with the constants

tha other’isotopic hydrogens.

The percentage disaoclation at a total pressure of

ono attiosphora may be calculated from the equilibrium constant

and is given in Table V along with similar data for the other

hydrogens 1,2,3 e

*

.

.

.
,

9
Beutler, X. Hlyslkal Chem. ~ 315 (1935); Beuthr & Jhger,
“P@m Q, 304 (1936). ~“1-

Z.
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Table IV

DISSOCIATION CONSTANTS FOR DISSOCIATION OF

MOLB2VLWS 111ATMOS PHEHES

ISOTOPIC HYDROGFN

2. OK 1000 “ 1500 2000 2500

H2 6045 x 10-18 3.60 X 10-10 2.96 X 10-6 6.92 X 10-4

HD 2.48 1.57 1.36 3.28

‘2 3*71 2;.70 2.49 6.17

HT 2.26 1Q49 1.32 3.21

DT 1.67 1,28 1.21 3.03

‘2
3.01 2.44 2.35 5*94

.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



-11-

Table V

PW2EK’1’AGEDXS30CIA’IION OF ISOTOPIC

A TOTAL PR&WURE OF ONE

T,~K 1000 1500

HYDROGEN MOLXUL133 AT

ATMOSP~JERE

2000 2500

12.7 X 10
-8

2.5 x 10-4
-2

H 8.6 X 10
2

HD 7.9 6.3 !_I.8

xl~ 9.6 8.2 ‘?.!3

HT 7.5 6.1 5.7

DT 6.5 5.7 5.5

‘2 8.7 7.8 7.7 .

1.31

0.91

1*Z4

0.90

0.87

1.22

*

.
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From the tabulations of -
F=)

and the zero point

energies of the molecules involved, equilibrium constants may

be evaluated from a relationship of the form of Eq. 2 for the

followinC equilibria: .

H2+T2= 2HT (1}

D2+T2=2DT (2}

T2 + HD = hT + DT (3)

H2 + DT = HD+ HI! (41

D2 + ET = i-iD+ DT (5)

H2 + D2 = 2HD (fj)

The free energy functions foy T-containing molecules

are from LA-656 and this

2, while those for Hz at

reference 10 For values

low room temperature the

report$ those of D2 and RD from reference

and above room temperature are from -

of the free-energy fUnctlOn for H2 be-

data used is that of Urey and RfttenberglO,

corrected to I.S.T. constants. Trleconstants for (1) are from

LA-556. It will be noted that these constants are not all in-

dependent and that ~ = K3 Kq,,K6 = ‘4K5t ‘d % = ‘3K5 “ ‘able

VT gives the

The approach

at high T.

equtlibrlum constants as a funotlon of temperature.

to the classical values of 4 or of 2 may be noted

UIKIASSIFIE
lo-

Urey and Rittenberx,J. Chem. ~ys & 137 (1933}s
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T, ‘K K~ % % ‘4 ‘5 ‘6

2500
2000
1500
1250
1000
900
F?loo
700
600
500
400
300
298.1
~50
200
150
100
50
Q5

3.99
3.98
3.94
3.90
3.81
3.76
3.68
3.59
3.45
3.26
2.99
2.58
2.57
----
1.948
0“.,
0.94’7
0.242
----

4.00
4.00
4.00
4.00
3.99
3.98
3*98
3.97
3.96
3.93
3.88
3.82
3.82
3.77
3.69
3.57
3.32
2.60
1.95

2.00
2.00
2.00
1*W
1.98
1.97
1.95
1.94
1.91
1.88
1.82
1.74
1.74
1.67
1.58
1.33
1.18
()● 687
0.282

1.99
1.99
1.98
1.96
1.93
1.91
1.W3
1.55
1.00
1.73
1.64
1.48
1.48
----
1.24
----
0.802
0.353
--”-

?.00
2.00
2.00
2.01

. 2.02
2*O3
2’04
2.05
2*CM
2.09
2.13
2.19
2.20
2.26
2.34
2.68
2.82
3.78
6.94
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Appendix

In the computation of’thermodynamic ftmctions from

the spectroscopic energy Iovels, the latter are giVen in crn-~

and a conversion to calories is achieved by a factor, sayp .

Thus ~ = ~pie-fi~i/R~ ~ ~pie-%’T, where ~fisin

c-m-l. The factora may be subject to small changes as more

reliable values of tl~ephysical constants become available.

It may be desired to put calculations, made originally for

some value of a , on the basis of a new value. There

below simple,expressions giving the corrocti.ons A Q,

A S09 and A{- (~$)} tc be ad’~edalgebraically

W-ES, SO, FO-Eg , corresponding to a change
and -(T)

to U+ Acz$

or
.

A-
+ --*)”e

Sfnlllarly

are given

A (@-@o) ,

toQ,

from a

A

(1)
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The portions of.the thermodynamic functions and

their corrections referred to ar~ those which correspond to

the partition function in question. The functions correaponcl=

ing to the original set of’physical constants may be ut~lized

in calculating tinecorrections, which are quite small. ‘rhea

correction to Co may be found by grap&hW@numorical differw
.+*

mtiation of A (h~-~) with respect to T.

,:

.
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