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species and the meaning of temperature are in doubt,
this definition can be put in ordinary thermodynamic
terms. Inthermal analysis change is so slow that tempera-
ture has its usual thermodynamic significance, so that
(02/0T); is effectively zero in the experiments considered
by MacCallum and Tanner.
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Rate of Hydrogen Dissociation
at a Hot Tungsten Surface

THEE atomization of molecular hydrogen at a hot tungsten
surface has been studied extensively, some of the discussion
being concerned with the correctness or otherwise of
Langmuir’s! ealy work. Moore and Unterwald? have
summarized the various investigations up to 1964. In
particular, it has often been stated that Langmuir’s rates
were “‘too low by factors which were all greater than 2007,
the quoted assertion being first made by Bryce? but often
repeated since then (see for example refs. 3-6).

Langmuir used two techniques to measure the atomiza-
tion rate. The first relates the rate of heat loss from a
tungsten filament in a hydrogen atmosphere to the
atomization rate, and is the more reliable?. In the second,
the rate of removal of hydrogen by an ‘“‘atom trap’ is
assumed to be equal to the rate of production of atoms
by the hot filament. Until mass spectrometric methods
were introduced, only the latter of these two techniques
was used by other workers, and it is their results which
are said to confliet with Langmuir’s work. Recently,
Roberts and Young’, in studies of the kinetics of the
interaction of hydrogen atoms with lead films, concluded
that the incorporation of hydrogen into the lead lattice
is activated, and is the slow step. At 78 K the rate of
incorporation is a factor of nearly 100 slower than that
observed with the film at 300 K. This result, like the
earlier one of Anderson and Ritchie® with sodium films,
implies that atom traps can vary in their trapping effici-
ency and in general are not expected to be perfect, still
less to give rates much in excess® of those derived from
heat loss measurements. We have accordingly examined
the evidence for the alleged discrepancy (the factor of
> 200 by which Langmuir’s rates were alleged to be too
low) and conclude that it is without justification.

The most careful of the atom trap studies is that of
Brennan and Fletchert, who obtained the following
expression for the atomization rate n (atoms s-* (cm? of
W)

n=18 x 10244/p exp (— 52,600/RT)

where p is the hydrogen pressure in torr.

" Strictly speaking, this result holds only up to 1,400 K,
and extrapolation to higher temperatures, necessary for
comparison with Langmuir’s heat loss data, would not
be justified if the hydrogen pressure were less than 10-3
torr (ref. 4). Consider first Langmuir’s heat loss data
(over and above that caused by radiation and convection)
for a hydrogen pressure of 1-5x 10-% torr and in the
temperature range 1,800-2,900 K (ref. 1, page 435). The
atomization rate can be computed from these data by
equation 17 of ref. 1, page 427. For example, at 1,800 and
2,100 K, the rate is found to be. 8-4 x 107 and 5-7 x 108
atoms s-1 (em? of W)-! respectively, the requisite heats
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of dissociation being taken from Stull and Sinke®. The
corresponding values from Brennan and Fletcher's equa-
tion (4) are 9-1 x 107 and 7-4 x 108 atoms s~ (cm? of W)-1,
which are in good agreement with Langmuir’s values.
Even Bryce’s data, which are considered to be in error
from poor vacuum techniques, yield rates at 1.800 K
and 2,100 K of 1-0x 10*® and 6-4 x 10'® atoms s! (cm?
of W)-1, again in close agreement with Langmuir. The
comparisons are almost as good if made at a hydrogen
pressure of 1-1 torr, for which Langmuir also provides
heat loss data.

Langmuir himself did not rate his second technique,
in which atoms were trapped on a cooled glass surface, as
highly as the first (ref. 1, page 452). Nevertheless. the
results obtained from it compare favourably with those
obtained by Bryce, who used the much more efficient
MoO, trap. According to Langmuir’s experiment 160
(ref. 1, page 541), the rate of hydrogen uptake «n the
cooled glass surface of the containing vessel was 1-4 mm?
min-! (cm? of W)-! at a hydrogen pressure of 1-5 x 10-2 torr
and a tungsten temperature of 1,200 K. This corresponds
to a rate of 1-3 x 10'® atoms s-1 (cm? of W)~! and compares
favourably with the data of Bryce which yield a rate of
1-9x 1015 atoms s (em? of W)-L
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NMR Relaxation in Heterogeneous
Systems

THERE has recently been some discussion®-2 of the difficul-
ties of interpreting nuclear magnetic resonance line broad-
ening in complex heterogeneous suspensions. The discus-
sion has been concerned with hindered rotation of solvent
species, and it has been confined to proton magnetic
relaxation. We report here a study of the relaxation pheno-
menon in a well defined physicochemical system and
contrast the results for proton and deuteron relaxation.

It is well known to NMR spectroscopists that particulate
matter in a sample tube causes line broadening. The
exchange of solvent species between the bulk phase
average local magnetic field and that which exists near
suspended metter is sufficient to cause broadening, and
no reference to ordering or disordering of solvent is
necessary to interpret it. The parameter necessary for
interpretation in terms of disordering is the intra-term?®
for the spin-lattice relaxation time (T';) which is obtamed.
only with great difficulty, from proton relaxation, not to
mention line-width (or free induction decay), measure-
ments.

A model system with quite well defined =urface to
volume ratios may be constructed by packing sphercs of
known radius in an NMR sample tube with the excess
volume filled with water. Glass spheres with quite
uniform diameters down to 15 pm are now conmunercially
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