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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 

' 1 2 3 by a number of investigators. ' ' It is generally agreed. that the con-

version follows a second ord.er rate law with a temperature independent 

rate constant. Recently some theoretical interest developed in the 
I 

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

miyacalculated the rate constant for the ortho-para conversion in the 
4 . . 

solid. They obtained excellent agreement with the experimental value 

at zero pressure. Similar calculations have been performed for solid 

d.euterium. 5' 6 

HYdrogen because of its large compressibility offers the opportunity 

to study intermolecular interactions over a large volume range, and experi-

mental data on the ortho-para conversion at small molar volumes.would pro-

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

only one determination of the rate constant at a velume smaller than the 

zero pressure volume. 7 It is the purpose of this note to report detennina­

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

volume d.ependence of the ortho-para conversi~n. 

The rate constant for the ortho-para conversion was determined at 

22.6, 19.0 and 16.4 cc/M from th~ i~tial and final ortho hydrogen con­

centrations of sample,which had been keptat constant volume for a number 



of hours. It was assumed that the conversi.on followed a second. order}., · 
~' . ~. 

rate law. Details of the apparatus and procedures used are described., . 

elsewhere.8'9 The final concentrations .were always high enough to cause 

the formation of isolated ortho molecules to be negligibleo 1 The rat·e 

constants together with same of those determined by others are given in 

Table I. 

There appears to be same confusion in the literature about the value 
/ / 1 

of the rate COJlrftant in the solid at zero pressure. Cremer and earlier 

workers obtained a value of 17.5 x 10-5 (% hr)-1 • Motizuki and Nagamiya
4 

.. · 10 . 
· cla:iJ:ned that Hill and Ricketson found the conversion to be only about 

half as fast, but Hill and Ricketson quoted. a rate of heat generation 

which correspond.s to a rate constant of 17.4 x 10-5 ('f, hr)-1• It is 

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

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

ll by Smith and Housley is well in line with Cremer's value, and with 

the work reported here. 3 Only the results obtained by Sugawara, et. al. 

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

all the other determinations their value must be considered in error. 

There is also some question about the interpretation of McCormiclc's 

. value at 13.7 cc/M7. McCormick repprts 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 75 x l0-5 (% hr)-1 • If, however, 

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

constant lll8\Y be twice as large. 

The relative ratesof conversion in two samples.of molar volumes of 
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19 and. 16 cc were also determined from the heat eVolution in.the samples 
f 

between 1.6 and 2.7°K and between 1.6 and 3•6°K respectively. 

' ture dependence was observed. This confirlliB the results of Hill and 

Ricketson.at zero pressureo 
1\ . . ' 

Cremer 'first suggested on the basis of theoretical calculations by 
12 . . -8 

Wigner that the rate constant should depend on R • The calculations 
. 4 

by Motizuki and Nagamiya indicate a more complicated volume dependence. 

They assumed that the energy of the transition was converted into lattice 

vibrations, and the emission of phonons d.ue 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=O and J=l rotational 

levels, at least two phonons had to be emitted at the zero pressure volume. 

Two phonon emission was found to be about ten times as efficient as three 

phonon emission. In the case of deuterium one phonon emission was pos~ible, 6 

and was.found. to b~ about ten times as efficient as two phonon emission. 5 

Whereas the basic volume dependence of the interaction is proportional 

-8 to R , an add.i tiona.l dependence on the volume is introduced. through the 

Debye approximation in the form of the sound velocity. McCormick estimated 

that the overall dependence of Motizuki: and Nagamiya's rate constant 

on the intermolecular separation should follow an R-l2 relation.7 FiGUre 

1 shows that experimentally this is not realized. and that the rate con­

-8 stant depends on R • It must thus be considered fortuitous that· the 

theoretical rate constant agrees so well with experiment at zero pressure. 

A logical extension of the theory ?f Motizuki. and Nagamiya would have 

to permit one phonon emission.at molar volumes smaller than about 19cc 

because at smaller volumes the Debye theta becomes larger than the enerc;y 

difference between the JaQ and J=l rotational levels. 13 From the relative 

- .·- ·"";-.~------.-..--
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4 efficiencies of two and three phonon emission in hydrogen and one 

. 5 6 i 
and two phonon emission in deuterium, , it can be expected that the 

theoretical rate constant should increase by perhaps one order of ma.gni~~ 

tude at 19 cc/mole, although one phonon· emission has not yet been con- : 
I 
I 

sidered for hydrogen. No such increase is manifested by the experimen-

tal data. The possibility of such an increase at volumes smaller than 

16 cc/M cannot be ruled out because of the uncertainty in the interPre-

tation of McCormick's conversion rate& 

It is suspected that the differences bet~reen the experimental 
-· 
results and the theoretical predictions are primarily due to the use 

of the Debye theory. For this problem the Debye theory is particularly 

unsuitable because· the high frequency vibrations, which in this case are 

of prima.:cy importance,· can be expected to be extremely anharmonic because 

of the large zero point energy of solid bydrogen •. 
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TABLE I. The Second Order Rate Constant 

'£or the. _Ortho-para Conversion 

-Investigator 
.k X 10""51 Volume 
. (fhrsf ·cc/M 

a Cremer 17·5 23.0. 
a Cremer 11.2 28.39 

·(liquid) 

b Smith .& Housley . 18.1 22.64 

Sugawara, et.aJ.0 
iV 60 22.64 

d McCormick 75 13·7. 

This work 18.2 22.64 

This work 18.2 22.64 

This work 18.1 22.64 

This work 29·9 18.98 

This work 45.6 16.42 

Re'£erence 1 
Re'£erence 11 

Re'£erence 3 
Re'£erence 7 

I 
ll to 12 

20 

2 

2· 

2 to 4 

2 to 4 

2 to 4 

9 to 20 

3 to 20 

.• 



j 

·' 

-6-

* Based on part of a thesis submitted .in partial fulfillment of the 

requirements for the Ph.D. degree, University of California, Berkeley. 

+ This research was supported by the u.s. Atomic Energy Commissione 

* National,Science Foundation Predoctoral Fellow, 196o-61, and General 

Electric Company Predoctoral Fellow,1961-62. 

§ Present address: Bell Telephone Laboratories, Murray Hill, New Jersey. 

lo E. Cremer 1 z. physik. Chem. :B3~}, 445 (1938). 

"'2. G. w. Smith and R. M. Housley, Phys. Rev. 117, 732 (196o). 

3· T. Sugawara, Yo Masuda, T .. Kanda, and E. Kanda, Sci. Repts. Research 

Inst. Tohoku Uni v. !i].; 67 (1955) .. 

4. K. Motizuki and T. Nagamiya, J. Phys. Soc. Japan g, 93 (1956). 

5· Ko Motizuki,: J •. Phys. Soc. Japa.n g, 163 (1957) .. 

6. K. Motizuki 1 J o Phys. Soc. Japan!]_, 1192 (1962) 0 

7• w. D. McCormick, Nuclear Magnetic Resonance in Solid Hydrosen at 

High Pressure (Ph.D. Thesis), Dept. of Physics, Duke University, 

Durham, North Carolina. 

8. G. Ahl.ers and W. H. Orttung, to be published. 

9· G. Ahl.ers, Some Properties of Solid Hydrogen at Small Molar Volumes, 

Lawrence Radiation Laboratory Report UCRL 10757. 

10. R. w. Hill and :B. w. A. Ricketson, Phil. Mag. ~ 277 (1954). 

11. G. w. Smith and R. M. Housley, Phys. Rev. 117, 732 (1960). 

J2. E. Wigner, z. physik. Chem. 13231 28 (1933)• 

13. G. Ahlers, unpublished .. · 

/ 
/ 

--.----·-·--·--~--··---. : ., 



·Figure i · 

/. 

-1-

Figure Captions 

The rate constant' k for the homogeneous ortho-para 

conversion ~·hydrogen as a tunction of molar volume. . · 
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m1ss1on, nor any person acting on behalf of the Commission: 
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may not infringe privately owned rights; or 
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of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 
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