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THE DESORPTION OF THE ADSORBED GASES BY THE
IMPACT OF SLOW ELECTRONS. (I)

The Desorption of the Hydrogen Molecule adsorbed on Platinum
by Slow Electron Impact. (I)

By Yosioki Istkawa.

(Abstract)

Hydrogen merits special consideration with its state on the surface of a metal. The
present author investigated the adsorbed state of the gas by measuring the amount of the
desorption by slow electron impact as the function of electron velocity.

Apparatus and Procedure: The apparatus uvsed was a diode A, (e Fig. 1) whose anode
and cathode were a platinum plate P and an oxide coated filament respectively. Being fully
outgassed, it was protected with liquid air. Pure hydrogen was passed over the platinum plate
and adsorbed on it. After evacuation, slow electrons were emitted by the application of voltage
on the hoth electrodes and allowed to collide with the hydrogen adsorbed on the platinum
plate. The gas desorbed by this impact was gathered in a Pirani gauge B of 107" mm. Hg.
sensibility by means of a small mercury pump C and then its amount was measured. At the
same time, the clectronic current of impacting electrons was also measured by mcans of a
microammeter. The voltage was variable in the range from 6 to 50V ; the electronic current
was 100 #t—500 /.

From the pressure increase 4p for 3 minutes and the electronic current ¢ for varying
voltage the relation was obtained between dp/i and V which is shown in the figure. 4p and
i are the deflection of the galvanometer represented by centimeters and milliamperes respectively.

FErperimental Resulls: ‘The outgassing heat treatment previous to the reaction produces
varying results.

1. FExperiments with the diode at room temperature.

Pretreatment : A. The case when the diode was heated for several houss at 250% and

outgassed.
B. The case when the wall of the diode was heated above 3350° and out-
gassed.

Without such treatments the experiments can not be carried out, because otherwise other
gases are lesorbed from the wall.

II.  Experiments with the diode immersed in liquid air.

Pretreatment : A. “T’he case of the diode heated to about 200°.

B. 'The case of the diode heated above 350°.

In each experiment, the platinum plate being heated to redness by the bhombardment with
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clectrons of several milliamperes at 300 V the absorbed or adsorbed gases were outgassed.

The relations dpfi in the experiments IA, IB, ITA and IIB are shown in Fig. 4, 5, 6,
and 7 respectively.

In the figures curve « is the case of the electron iinpact upon the adsorbed hydrogen on
the platinum plate in the diode, which was prepared by evacualing after several hours’ contact
of the platinum plate with hydrogen. Curve & is the state of outgassing by the electron impact
on the surface free from hydrogen bLefore introducing hydrogen into the diode.

In the B case of the both experiments, ¢.e., when the wall of the diode is heated above
350° and outgassed, the desorption of hydrogen is not observed.  On the contrary, in the A
case, i.¢., when the wall of the diode is heated below 250° and outgassed, a considerably
sharp maximum is shown in the desorption curve in the neighbourhood of 10V.

Diseassion: ‘I'he experimental results present two cases, namely the case when a maximum
is observed in the neighbourhood of 10V in the desorption curve and the case when no
maximum is observed, Z.e., no desorption of the gas takes place. As the outgassing treatment
of the platinum plate is the same in cach experiment, it is presumed that the adsorptive force
ol the plate is not changed by its treatment.

‘I'he fact that the desorption of the gas is not observed when the wall of the diode is
preheated above 350° should be ascribed to the property of the wall itself.  Langmuir found
the “clean up effect ', the phenomenon that atomic hydrogen is completely adsorbed on the
glass wall properly heated. In the present experiment, the presumption that the hydrogen
desorbed by electron impact is atomic is not in contradiction to the above fact.

The desorption of the adsorbed gas requires some kinetic energy to overpower the adsorp-
tive force. It is experimentally clear that impulse that a slow electron gives to a molecule or
an atom by its elastic collision with the partner is too small to bring forth desorption. It is a
characteristic of an electron that it is able to excite the internal energy state of its collision, partner,
especially an electronic state. If hydrogen is adsorbed in a molecular state, the collision first
brings forth the 'S';— 332, transition which results in the dissociation of the adsorbed molecule.

In the case of Fig. 6, the clean up effect and any hindrance by the evaporation of other
gases can not be observed. and so the experimental condition is adequate. The atom produced
by the dissociation due to a collision is to have large kinetic energy. Accordingly, it easily,
overpowvers the adsorptive force. Idence the desorbed amount may suggest the tendency of the
dissociation probability curve. The experimental results show that the desorption begins 10 take
place in the neighbourhood of 8 V, and that it reaches a maximum at about 10 V and then
rapidly fades away until it approaches zero at 12 V.

The desorption probability curve obtained by Massey-Mohr is nearly similar to that of the
present experiment ¢ such a sharp maximum is seen only in the collision phenomenon due to
the clectron exchange on impact.

It is concluded that the stable molecular hydrogen exists on the surface of platinum in the
'Sk ground state.

The Laboratory of Physical Chemistry,

Kyoto Imperial University. (
June, 1, 1942)
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Fig. 1. Apparatus.
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dp: pressure increase by clectron impact.
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Fig. 4

O desorption of the hydrogen adsorbed on the platinum plate
by slow electron impact.
a desorption of the unknown gas remained on the ountgassed

platinnm plate by slow electron impact.
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