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Table II.
Molecular. Radii of Water Molecnle in- A Units.
Radii Experimental Methoeds
1 .28 From data on: Viscosily, heat conductivity and «iffusion.
I 1.36 Viscosity.
s | 1.44 Voleme correction in van-der Wanl's equation,
,F 1.17 Volume correction in Wohl's equation.
Y 0.67 Quenching of mercury fluorescence,
W 1.38 X-ray analysis of the structure of ice.
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THFREREDS NIRBEHEALTH DT & LRTbOC, WIAICRATBH G) Ko+
RAFORLENELWT LY FHLTLS

Wi~ BERT T b 2 < RRR R Lok 91 % 8D #4270 S5 Rl TR (R hs
S FRORBMCEDTHET 250 b2 L RIBIHA 2.

BLEX O LTS FIESS FRCRFLTERREROIRwER Licisl i KB 2T
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i) #9RERORENE -

TEFCROARYBA LHBICR TRETHRER L VRO 4p/i 2 260 LLEE
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ITRE RS (HER L THOES LWp L BRI D ER BRI R N5 TR — 2 B TR —
kU oA ICEEICAHELTH 5. IEIT RS IR T E7cin £, RS Fa ok

16)  Landolt-Bdrastein, Physikalisch-chemische Tubellen, Erg. Ba, 1, (1""’7) 9.
A Zemansky and M. W. Mitchell, Resondnce Radiation'and Excited Aboms ( {Cambridge, 1914)
W. H. Barnes, Proc. Rey. Soc., A 125, 670 (1029).
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17) F. London, 2. Physik, 63, 245 (1930).
18) W. H. Keesom, Physik. Zeits., 22, 139 (1931).
P. Debye, ibid., 21, 178 (1920).
19 . E. Lenpard-Jones, Zrens. Fiorad. Sec,, 28, 843 (1932)..
J. Bardeen, Phys. Kew., 88, 727 (1940).
H. Margenau and W. G. Pollard, &/d.,, 60}, 128-(1041). -
20) H. Margenan, Rez. Afod. Phys, 11, 1 (1939).
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THE DESORPTION OF THE ADSORBED GASES BY
THE IMPACT OF SLOW ELECTRONS. (iV)

The Determination of the Elementary Space and the
Thickness of an.Adsorbed Molecular [
Layer of Water.

By Yosiok: Isikawa,

(Abstract)

By measuring the desorption of the adsorbed water molecules by slow electron impact,
the present author has succeeded in deducing both the elemenlary space and the thickness of
the layer of the adsorbed water molecules without measuring 1he area. He establishes that the
adsorption of the water molecules upon a platinum plate is in the form of a mono-molecular
—tri-molecular at the highest—layer under very low pressures, except in the case of the pres-
sure of the adsorbate approximating to the satmated vapour pressure, when the formation of

thicker layers and even condensation in bulk may occur.
.

Experimental Results and Discussion.

The apparatus and procedure used are the same as given in the preceding papers. (7%
Journal, 16, 86, 119 (1942), 17, 176 (1943).)

In the report, the author makes clear that the desorption phenomenon is due to the dis-
sociation or predissociation of the molecules by electron impact. |

The number of the collisions between the adsoibed molecules and electrons, which cause
such dissociation and predissociation is progortional to the fraction of the surface covered with
the adsorbed molecules ¢ and the electron cument & Accordingly the desorbed amount 4p
can be expressed thus: -

dp=e-esi .
where £ is the probability of dissociation by an electron - impact. dp/i: the height of the
desorption curve is equal to the product of the dissociation probability 'and the adsorbed
fraction e. In Fig, 1, however, the three desorption curves are found to differ in height, and
in Fig. 2 the height, dp/:, is seen in such a multiple relation as 3, 6 and 9.

Such discontinuity of the value of dp/i is due to that of the fraction of the covered
surface ¢ proportional 10 4pfi. On a metl surface where the same atoms are arranged uni-
formly and two-dimensionally. though with some irregularity, it is not admiued that a mono-
molecular layer is discontinuously built up by the successively adsorbed molécules. The cause

of such discontinuity is to be sought in the multiplicity of the structure of the adsorption
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layer.
The curves, (1}, (2) and (3) in Fig. 1 are considered to correspond to the mono-molecular
" layer, di-molecular layer, and tri-molecular ‘]ay'er réspectively.

As for such muli-molecular layers, let the fractions of the adsorbed surfaces of the first,
the second and the third layers be represented by e,. ¢, and ¢, respectively. Suppose that the
electron current ¢, after bombarding the layers and passing through them, reaches the interior
of the metal. The ratio of the desorption efficiency dp/i of electrons conceming the mono-,
di- and tri-molecular layers are as follows:

(ifl-)m o:m (—‘—?—7—)": (—Afi)l:e.e, (i teses) 1 (510t escatese)=8:6: 9,

On calculation, we obtain ¢,=¢,=¢;. This shows that the adsorbed surface fractions of
the muli-molecular layers formed are quite the same. Such arrangement of molecules requires
a fully packed adsorption layer : namely such an adsorption film has scarcely any attachment
and hole.

As seen in Fig. 4 when the adsorbed molecules on the diode wall are frozen out to prevent
vaporization, 4p/¢ values decrease after each experiment on slow electron impact. It is pre-
sumed that when d4pfi value reaches 8, the platinum plate is covered with a mono-molecular

1 ) ; .
layer of water moleculs, so that -3 %L corresponds to the thickness of the adsorpticn layer.
The measurements of the decrease of the thickness of the adsorption layer by a series of

1 n—1
electron impacls -—é— {(_f[}’_) —(3‘2-) } of the desorption amount I 4p and of the effective
t 1 t /n

anade area S determine the radius of the elementary space of the adsorbed water layer by the
relations, (6, 8) and its radius calculated 1.2 A long is in fairly agreement with that of a water
molecule 1.3 A long from X-ray analysis of ice.

When a mono-molecuiar layer bas been formed, a further heating and pumping produces
an uncovered part on the platinum surface.  As seen in Fig. 5, the introduction of hydrogen
changes one into an adsorption layer where the molecules both of hydrogen and water

exist simulaneously. This formation is possible only in the case when Jdp/i is smaller

than 3. -

In spite of the desorption quantity caused by more than 2 hours' electron impact which
corresponds to several square centimeters mono-molecular film by calculation, the value of dpfi
remains unchanged as seen in Fig. 3 and the film on the metal is not decreased in thickness.
Nevertheless, the healing and pumping treatment of the wall of the diode above 200°C instantly
decreases the value of -dp/fi below 2, that is, it decreases the thickness of the layer. It is
considered that as soon as the adsorbed -molecules on the metal are desorbed in consequence
of elcctron impact, these are probably made up by the molecules adsorbed on the diode
wall.  When the adsorption layer of water on the wall is frozen with liquid air, the value

of dpfi, as seen in F:g 4 becomes smaller by a series of electron impacts, and the con-

stancy of the value of 4p/i as in Fig. 3 is not maintained so long. This fact indicates that -

e T
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there exists an adsorption equilibrium established between the adsorbed films on the metal
and the wall.

The suggestion is made that the cause of the occurrence of n]ﬁlli-molecular adsorption
is that between the adsorbates there are exerted strong forces of intermolecular attraction which
reside in the formation of the hydrogen bond.

The Laboratory of Physicel Chemisiry,
Kyoto Imperial University. (Aug. 15, 1943)



