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Abstract

For the thermochemical study of negative hydride-ion desorption from powdery saline hydride (MH,,, n = 1 or 2) deposited
on a molybdenum ribbon heater, both negative-ionic and electronic desorption currents from MH, were measured
simultaneously as a function of sample temperature (ca. 700-800 K) by using a mass spectrometer, thereby yielding the new
data that the desorption energy (E~) of H™ and the work function (¢) of the desorbing surface of MH,, are, respectively, 536
and 318 kJ mol ' for LiH, 728 and 492 kJ mol ' for CaH,, and 937 and 702 kJ mol ™" for SrH,. Our energy cycle, consisting
of the four indirect processes equivalent in reaction energy to the direct desorption of H™ from MH,, indicates that the
theoretical values of E~ — ¢ are 227, 224 and 227 kJ mol ™' for LiH, CaH, and SrH,, respectively. They are in good agreement
with our respective experimental values of 218, 236 and 235 kJ mol™' within the experimental error of ca. +5%. This
agreement indicates that the desorption of H™ from MH,, is explained reasonably well by our simple model based on chemical

thermodynamics.
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1. Introduction

From the viewpoint of physical chemistry, saline
hydrides (MH,,, n = 1 or 2), such as LiH and SrH,, are
very interesting because they are thermally so unstable
that hydrogen gas is readily liberated at relatively low
temperatures [1]. Even at 700 K, for example, the
saturation pressure of H, in the equilibrium of
CaH, (solid)=Ca(solid) + H;{gas) in a closed system
is as high as ca. 10~" Pa [2]. This instability suggests
that the heated sample surface may have a relatively
low work function (¢) due to the ‘active sites’ of M
(solid) produced after the preferential liberation of H,
from MH,, and, hence, that H™ may be desorbed
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together with H, when the surface is kept at a tem-
perature high enough to emit thermal electrons (¢ 7). In
the field of surface science, it is very important to
determine both ¢ and the desorption energy (E~) of
H™ from heated solid samples and also to clarify the
main factors governing the desorption. In addition, it
is very advantageous to develop a new convenient
method to generate gaseous negative ions (e.g., H™)
from solid samples (e.g., CaH,). It should be noted
that hydrogen has a very small electron affinity
(< 100kImol™') in contrast to halogens
(> 300 kJ mol ') and, hence, H™ can hardly be pro-
duced by a negative surface ionization method, where
sample gas (or vapor) is directed onto a glowing metal
surface [3].

From the aforementioned points of view, we have
examined the desorption under various conditions and
found that H™ is readily desorbed by merely heating of
CaH; up to ca. 800 K [4]. In order to obtain further
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information on desorption, we have made an addi-
tional study with LiH and SrH,. This paper sum-
marizes the important results achieved by
thermochemical analysis of our experimental data,
thereby yielding the conclusive evidence that our
simple model invented to explain the desorption of
H™ from CaHj, [5] is generally applicable to MH,, and
also that our new data on E~ and ¢ are reliable, in spite
of a rather poor reproducibility in desorption currents
of both H ande™.

2. Experimental

The experimental apparatus and method employed
in this work are virtually the same as in the previous
works [4-6]. As shown in Fig. 1, a powdery sample
(S) of saline hydride (ca. 10 mg) deposited on the
central part (ca. 0.1 cm?) of a molybdenum ribbon (R)
with an Alumel-Chromel thermocouple (A) was
heated to a high temperature (7 = (700-900) K) in
a high vacuum (ca. 107> Pa). The total negativity
current (/~, almost entirely consisting of electron
current) extracted by the voltage of V, (usually
90 V) was collected with the first slit plate (Py).
The acceleration voltage (V,) necessary for focusing
H™ in our mass spectrometer (180° deflection with an
ion path radius of 2.5 cm in an analyzing magnetic

field of 1350 gauss) is theoretically evaluated to be ca.
550 V. The current (i) of H™ collected with a Faraday
cup (C) was measured simultaneously with /~.

A typical mass spectrum observed with SrH, is
shown in Fig. 2, where T is 710 K and 1™ is
~4 nA. Peak (1) appearing at V, = 540V corre-
sponds to H™ desorbed directly from SrH, on R.
On the other hand, peak (2) at ca. 620 V changes in
mass position according to Vj, and hence, it originates
from H™ desorbed by electron impact at the sample
(SrH;) gradually accumulated onto P, during repeated
runs (see insert in the figure). A similar mass spectrum
was observed also with LiD, showing two peaks
(V. = 270 and 350 V) of D™ produced by the different
mechanisms of thermal ion desorption [4-6] and
electron-simulated ion desorption [7-9].

3. Results and discussion

Prior to repeated runs, a preliminary heating of MH,,
up to ca. 850 K was carried out for several hours in
order to remove adsorbed gases and also to enhance
the stability in desorption currents (i~ and /=) of H™
and ¢~ from the powdery sample under study. Tem-
perature dependence of i~ and /= from SrH; is exem-
plified as lines (1) and (2) in Fig. 3, respectively,
where T was changed nearly every 0.5 h after the

Fig. 1. Schematic diagram of the instrument employed for this work.
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Fig. 2. Typical mass spectrum observed with StH, heated to 710 K.
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Fig. 3. Temperature dependence of: (1) — the collector current (i)
of H™; (2) - the total current (/™) mainly consisting of e, and (3)
- the current ratio (i”/I”) measured with SrH, heated at
5 x 1075 Pa.

preliminary heating mentioned above. From run to
run, however, each desorption current at any tempera-
ture varies largely, by up to +70%; very poor in
reproducibility compared with that from a thin film
(less than 10° molecular layers) of alkali halide (MX)
deposited on a metal heater [10,11], where the current
of M* or X is usually reproducible to less than +10%
on repeated runs. Such a large variation is generally
observed with CaH, and LiH, too. This is probably
because the effective surface area for each desorption
from the powder of MH,, cannot be kept constant
during repeated runs and also because the surface
composition (M : H = 1: n at first) of MH,, is gradu-
ally changed during runs owing to the difference in
thermally dissociative evaporation rate between M and
H. The latter may be supported by the fact that I~ from
LiH kept at 770 K in the course of the preliminary
heating mentioned above, for example, spontaneously
increased up to ca. nine times almost within 6 h,
corresponding to a decrease in ¢ of 14 kJmol™'
due to the formation of active sites (mainly composed
of M) with lower values of ¢. Lines (3) of Fig. 3
indicate that the ratio (i~ /I~) increased ca. five times
with an increase in T from ca. 690 to 730 K, thereby
suggesting that £~ is larger than ¢.

From the slopes of lines (1) and (2), as exemplified
in Fig. 4, E~ and ¢ for StH, are determined to be
937 + 38 and 702 + 32 kJ mol ', respectively, while
E~ — ¢ is determined to be 235 + 24 kJ mol ! from
line (3), as a typical example. In a similar way, the
values of E~, ¢ and E~ — ¢ are measured with CaH,
and LiH from the respective slopes of lines (1-3),
exemplified in Figs. 5 and 6. The experimental data
thus achieved are summarized in Table 1. To the best
of our knowledge, such data have not yet been
obtained by any other group of workers. With respect
to NaH, neither E~ nor ¢ could be determined suc-
cessfully, because it is thermally more unstable than
the above-mentioned hydrides [6].

On the basis of the foregoing results and discussion,
consideration of the surface processes of
MH,/n - M/n+Hand H+ e~ — H™ on the active
sites having the value of ¢ leads to the energy cycle
illustrated in Fig. 7, thereby yielding

E =Y Ei=-AH/n+D/2+¢-A (1)

Here, AH, D and A are the heat of formation of MH,,
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Fig. 4. Reciprocal of the sample temperature (T) vs. (1) - collector
current (i) of H™, (2) - the electron current (/™) divided by T2,
and (3) - the ratio (i~ T?/I") observed with SrH,.
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Fig. 5. Reciprocal temperature dependence of (1) — the current (i”)
of H™, (2) — the electron current (/) divided by 72, and (3) — the
ratio (i~ T2 /1) found with CaH,.
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Fig. 6. Reciprocal temperature (1/T) vs. (1) —i~, (2) = I~ /T?, and
3) - i‘Tz/l* measured with LiH.

Table 1

Summary of our experimental data and analytical results achieved
by our mode! using published thermochemical data. Here, E™ is the
desorption energy of H™ from heated saline hydride (MH,), ¢ the
work function effective for thermal electron emission from the
heated hydride, AH the heat of formation of MH,, D the
dissociation energy of Hy, and A the electron affinity of H

Sample Experimental value/(kJ mol™")

MH,, E” 9] E -9
LiH 536+ 24 318+ 17 218 +£28
CaH, 728 £15 492+ 8 236 +£ 17
StH, 937 + 38 702 + 32 235+ 24
Sample Theoretical value/(kJ mol ™)

MH, AH/n D/2 A E -¢
LiH —94 221 88 227
CaH, -91 221 88 224
SrH, —94 221 88 227

(solid), dissociation energy of H, (gas), and the elec-
tron affinity of hydrogen (gas), respectively. Their
values cited from thermochemical tables [12,13] are
listed in Table 1, where each value corresponds to the
temperature range (T = (700-800) K) covered in this
work. Both E~ and ¢, measured with each MH,,, are
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MH,(s)n + e(s) —— M(s)/n + H(g)
A
E,=-AH/m

M(s)n + e7(s) + Hy(g)2

E,=DP2

Ey= ¢
M(s)/n + e’(s) + H(g) — M(s)/n + e’(g) + H(g)

Fig. 7. Energy cycle for evaluating the desorption energy (E~) of
H ' from heated saline hydride (MH,,).

quite different among the three samples. The differ-
ence (E~ — ¢) determined experimentally with each
MH,,, however, is in good agreement with that derived
theoretically from our cycle. This fact indicates that
(1) our experimental method is free from systematic
errors, (2) our theoretical model on the desorption is
reasonable from the viewpoint of surface chemistry,
and (3) our new data on E~ and ¢ are reliable, al-
though good reproducibility has not yet been attained.
It is well known that ¢ is subject to change due to
residual gas adsorption [14,15]. Nevertheless, our
model holds, irrespective of such a change because
E~ also changes according as E~ — ¢ =constant in
the temperature range employed for repeated runs.

4. Conclusions

The experimental data and analytical results
described in this work lead to the following conclu-
sions:

l. In the order of LiH, CaH, and SrH,, E~ and ¢
increase from ca. 540 to 940 kJ mol~' and from
ca. 320 to 700 kJ mol ™", respectively.

2. The difference (E~ — ¢), on the other hand, is
virtually independent of sample species, nearly
constant at ca. 230 kJ mol™’, which is in good
agreement with that (ca. 226 kJ mol™!) derived
theoretically from our simple model based on
chemical thermodynamics.

3. The desorption of H™ from MH, is governed
mainly by the four factors of AH, D, A and ¢ in
addition to 7, and the desorption current of H™ is

generally expressed by
i~ = Cexp|[(AH/n—D/2 ~ ¢+ A)/RT]
2)

where C is a constant independent of T.

Further work, however, is necessary to clarify the
relation between ¢ and the chemical composition of
the sample surface (active sites) during runs and also
to theoretically derive the pre-exponential factor cor-
responding to C in Eq. (2).
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