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ON THE ORTHO-PARA CONVERSION IN SOLID HYDROGEN +‘
Guenter Ahlers*

Inorganic Materials Research Division

"~ .of Lawrence Radiation Laboratory

: and .Department of Chemistry
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The homogeneous conversion of ortho hydrogen to para hydrogen in the
liquid and solid state at zero pressure has been studied experimentally

by a number of investigétors.l’2’3 It is generally agreed that the con-

version follows a second order rate law with a temperature independent
rate constant. Recently some theoretical interest developed in the

interactions which are responsible for the conversion, and Motizuki and Naga-

miyaJcalculated the rate constant for the ortho-para conversion in the
solid.h Théy obtained excellent agreemént with the experimental value
at zero pressure.’ Siﬁilar calculations have been performed for solid
5,6 - | |

'Hydrogen Bécause of its large compressibility offers the opportunity
to study intermolecular interagtions over & large volume range, and experi- .
mental data oh the 6rtho—para'éonversion at sﬁall_molar,volumes_would Pro- |

vide a further check on theoretical derivations. There is at this time

-

s

- only one determination of the rate constant at a volume smaller than the

Zero pressure volume{7 It 1s the purpose~df this note to report determina-

tigﬁs of the rate constant at three molar volumes, and to discuss fhe

The rate cbnstant for the ortho-para gonvéréion vas determined at

22.6, 19.0 and 16.4 c¢/M from the initial and final ortho hydrogen con-

centratibns of samplesﬁhich had been keptéi'constant volume for a number '




of hours. It was assumed that the conversion followed a second order%m'

ot

rate law. Details of the apparatus and procedures used are describedwg

: elsewhere.8’9 The final_concéntrations‘were always high enough to caﬁbe

the formation of isolated ortho moleculeg to be negligibleel The raté

~ constants fogether with some of those determined by others are given in

Table I.

There appears to be some confusion in the literature about the value
of the rate constant in the solid at zero pressure. Cremerl and earlier

workers obtained & value of 1T.5 x 1077 (% hr)'l. Motizuki and Nagamiya“

'claiméd that Hill and Ricketsonlo'found the conversion to be only about

-half as fast, but Hill and Ricketson quoted & rate of heat generation

which correspohds to a rate constant of 17.4 x 1072 (% hr)-l° It is

- .not clear whether Hill and Ricketson measured this rate or whether they

. the work reported here. Only the results obtained by Sugawara, et. al.

calculated it from Cremer's rate constant. The rate constant determined

by Smith and H’ousleyll is well in line with Cremer's value, and with
3

appear to be considerably higher. In view of the good agreement between

-all the other determinations thelr value must be considered in error.

There is also some question about the inﬁerpretation of McCormick's

“value at 13.7 cc/MZ. McCormick reports that "the measured rate of ortho-

para conversion was 7.5 % per hour." Since McCormick did not report his

concentration, it is assumed that his rate was quoted for 100 %_ortho

' hydrogen, and that the rate constant was T5 x 1072 (% hr)”l. If, however,

McCormick's rate was that in approximately normal hydrogen, then his rate

constant may be twice as large.

The relative ratesof conversion in two samples of molar volumes of
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AN 19 and 16 cc were also determined from the heat evolution in the sampl§5'

g0 ' ‘between 1.6 and 2.7°K and between 1.6 and 3.6°K respectively. No tempena—'
" ture dependence was observed. This confirms the results of Hill and -

Ricketson.at zero pressure. c i

Cremerlafirs% éuggested on the basis of theoretical caleulations b&
: Wignerl2 ﬁhat the rate constant should depend on R-B. The calculations
by Motizuki and Nagamiyé indicate a more complicated volume dependence.h
They assumed that the energy of the transition was converfe@ into lattice
vibrations, and the emission of phonons due to the conversion was con-
sidered in the Debye .-approximation. Because of the relative magnitudes
of the Debye theta.and the difference between the J=0 and J=1 rotational
levels, at least two phonons had to be emitted at the zero pressure.volume.
Two phonon emisslon was found tq-be about ten times as efficient as three
phohon emission. In the_case of deuterium one phonon emission was possible,
" and was found to be about ten times as efficient as two phonon emission.5
Whereas the basic volume dependence of the interaction is proportional
to R_8, an sdditional dependence en the volume is introduced through the’j
Debye approximation in the form of the sound velocity. McCormick estimated
that the overall debendence of Motizuki® - and Nagemiya's rate constant .
on the intermolecular separetion should follow an R'l2 relation.7 Figure B ;
1 shows that éexperimentelly this is not realized and that the rate con-
stant depends on R-8. It must thus be considered fortuitous that- the
_ theoretical rate constent sgrees sO0 well with experiment at zero pressure.
A logical extension of the theory ef Motizuki and Nagamiya would have
" to permit one phonon emiséion,at molar yolumes smaller than about 19cc

because at smaller volumes the Debye theta becomes laiger than the energy

difference between the J=Q and J=1 rotational levels.'3 From the relative
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‘efficiencies of two and threé phonon emissgion in ha,'d.rogenl+ and one .

'a.nd two phonon emission in deuterium, > ’6 it can be expected that the

tude at 19 -cg/mqle ; although one phbnon' emisgsion ha.g not &ét been con—{‘;-“f
sidered for hydrogen. No such increase is manifested by the experimen-/- -
tal data. The possibility of such a.n inc;rease at volumes smaller than
| 16 cc/M cannot be ruled out because of the uncertainty in fche interpre-
tation of McCormick's conversion rate.
It ié suspected that the differences between the experimental
}esults and the theoreft;,ica.l predictions are primarily due to the use
of the Debye theory. For this problem the Debye theoryl is particularly
' unsuiﬁable_ becé.use' the high frequency vibrations, which in this case are
‘ qf Primary importance, can be expected to biev extremely a.nha.rmonic because .

of the large zero point energy of solid hydrogen..
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theoretical rate constant should increase by perhaps one order of magni- _
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TABLE I. The Second Order Rate Constant

for the Ortho-para Conversion

v:Investigator , : f?%xhig;zl S | y:i?;f | TETieratd%e_
Cremer” s ‘ l 17.5 "_' © 23.0 11 to ;é
Cremer” 1.2 =  '.:.v'A 28.39 20 -
' - (1iquid) ‘
Smith & Housley® 181 2264 2
Sugawara, et.alcl. ~ 60 22.64 2
MeCormtex® 5 o137
his work . 182 - 22.64 2 to b
This work . 18.2 o 22.64  2tok
This work o 18.1 : | 22.64 2 to b
. This work | 29.9 - 18.98 9 to 20
This work k5.6 16.42 3 to 20
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Figure Cé.ptions

Figure 1 e The'. rate v_constant': k for the ho:_nbgen‘eous ofthg—para

o ‘conversion in hydrogen as a function of molar volume. :
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:
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