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THE DESORTION OF THE ADSORBED GASES BY THE
IMPACT OF SLOW ELECTRONS. (I

The Desorption of the Hydrogen Molecules Adsorbed on Platinum by
Slow Electron Impact. (lI).

By Yoswgl Isikawa,

(Abstract)

In the previous paper (This Jowrnal, 16, 86 (1942)), it was reporned that the -adsorbed
hydrogen miolecule which is in the 'Se slate is excited into 3T, state by a slow electron
impact, and then dissociated into the atoms with high spzed, which causes them to leave the
surface to give the desorption pressure. :

Generally, it is probable that the H. molecule, whether in a guseous or adsorbed phase,

should be excited 1o higher clectronic states than the *, state, even to the ionized states,
when bombarded by an electron of higher speeds. It is not known vet how the elecuonic
states of the inydrogén molecale in the adsorbed state are eformed as compared
with those of the mwolecule in the gaseous phase. Therefore, the direct comparison of the
excitation potentials for the hydrogen molecule in the gaseous phase with those in the ad-
sorbed state will make clear the perturbation of the electronic state. caused by the adsomption.
The purpose of the present work is Lo study the nature of the adsorbed molecule from this
direction,
" Ezperimental Resulls. The apparatus and the procedure used are the same as given in
the preceding report. The results obtained are graphically shown in Fig. 2, where the or-
dinate is the desorption pressure, 4p, per the current, i, of the impinging ‘electrons, and the
abscissa, the accelermating potential, V, for the latter. Experiments were -carried out in the
range from 7 to 60V with the diode imniersed in liquid air after heating to about 200°C.
In the desorpiion curve six maxima appear as shown in t-he figure. The potential with which
the maxima begin to occur in the desorption curve should be regarded, as in usual cases, as
the excitation potentinl of the adsorbed hydrozen by the clectron impact, In Table 1, the
excitation potentials in the adsorbed phase obtained by the author are compared with those of
the molecule in the gaseous phase. ' '

In the table, the first column gives the excitation potentials of the paseous molecule,
the second, the states excited by the corresponding excitation potentials, the third, the result-
ing transitions from the excited states, the fourth, the effecl accompanied by the transition,
and the fifth, the excitation potentials obtained by the author. Why the excitation potentials
obtained by the author should be matched with the potentials for the paseous molecule in the
way as in the fith column will be discussed in the next section.

Diiscussions. On the platinum surface, there may be hydrogen molecules and atoms
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which would be expected from the van der Waals force amd the activated adsorption, respec-
tively. To get away free [rom the surface, iii any way. they must obtain enough kinetic
energy Lo overcome the adsorption potentials.  For this purpose, the elastic collisions hetween
these adsorbates and the impinging clectrons have no importance, since the impulses in the
collisions are so small that they may be neglecterd as compared with the adsorption potentials
or adsorption heats. So the desorption is produced by the inelastic collisions only. Among
these, 'the collisions hetween the adsorbed atoms and the impinging electrons should be ruled
out, since the electronic ‘excitation eneraies of the adsorbed hydrogen atoms do not nterconvert
to the translational energy of the atoms. So it is necessary 1o consider the inelastic collisions
with the hydrogen molecules only. Among the excited states in Table 1, however, the triplet
and the unstable ionic states only give rise to the desorption, since they can produce the high
speed atoms and ions. Therefore, the excitation polentlals oltained by the aulhor are put in
the table as shown in the last column. The comparisan of the excitation pmentmla in the
adsorbed phase with those in the gaseous phase shows that there is no perturl*atlon in the
‘\dsorhed molecule. T'he present work, however, does not exclude the activated or gllSS()Cla.-
live_-adsorption. since it can not trace the adsorbed atoms because of the reason stated above.

The individual excitation potentials of the adsorbed molecule will be now discussed. In
the figure, the maxima present the probability that the corresponding states will be produced
by the eléctron impact, ~The first, second aml third maxima all correspond to the singlet-
triplet transiton.  Generally. this transition s causedl by an electron exchange on the impact.
Accordingly, the probability of the excitation toncemmed will appear as an. extremely sharp
maximum as compared with the singlet—singlet-transition or with the ionization process. This
can be seen in the ligure,

The first maximum corresponds to the wansition, 'Ly 3%, a4 reported in the previous
paper. The other maxima, except the foarth, correspond to the transiion from the ground
state, 'Yg. 1o the correspomding state exciled as shown in the tahlc. Thas in the second case,
the excited state, 33%, is produced which, chenging into *.5, momentarily, gives the atoms
of high speed as in the first case. In the third, there is no definite excited state, since many
triplet states of higher order are crowded in this part. These give “ Fulcher spectrum ™ when
they undergo the transition 1o the *X state, which undergoes a further transition as in the
former case. So therc appears only one maximum. In these cases also the fact that the
product is atomic hydrogen was similarly ascertained by the " clean up effect ™ as in the fist
case (Fig. 3).

The fifth and the sixth maxima are brought forth by He* (unstable) and 1{,** {unstable).
As seen in the table. the critical potential where the fifth maximum takes place deviates
towards higher voliage due probably 1o the difference between the sensitivities of the measur-
ing apparatus, i. e.. a massspectrograph and Pirani gauge. The author's experiment is free
from (he secondary effect as in the case of the mass-spectrograph (the reaction belween the

preducts in the gascous phase), so the prohability of the excitation can be dJetermined.  In
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fact, the mass-spectrograph does not show such a maximum. [‘hat the product is an ion, can
be readily recognized from the gradual increase of the electron current during the measure
ment (Fig. 5)

The above (ive maxima are due to the interaction between the hydrogen moleeule aml
the impinging electron as stated.above. The fourth maximum, however, is explainable as due
to the interaction between a hydrogen molecule ion on the surface and the electron. It is in
the neighbourhood of 22 volts where the fourth maximum occurs. ‘T'he collision of the

hydrogen molecule ion with the electron brings forth the following phenomenon :
1.#(*1) > H+H* +kinetic energy.

The excitation potential for this tramsition in the maximum probability can be determined from
the analysis of the present exlpe-rimcnlilf results, using the term value of H,*(*X) of 153V
as the standard.  As the fifth maximum exists inﬁhe neighbourhood of 38V, its excitation
potential should be 38—15.3=22.7 V. which agrees approximately with the observed value,
22 volt, suggesting the presence of the hydragen molecule ion on the surface. In spite of
setting in of a strong ionization of hydrogen molecule at 15.9 V, its desorption does not take
place by electron impact. This is due to the adsorptivity of the molecule ion produced on
the surface. Accordingly, it requires a further study to <letermine whether the hydrogen
molecule ion has heen produced previously by the surface action, or is produced secondarily

Ly the electron impact.

The Laboratory of Physieal Chemistry,
Kyo'o Duperinl University.
(Alg’. m, 1945.)



