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t gp | e k : 4p —A(dp) K
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Light off 0 0.161 Q (274) 15 0.0a1 0.130 2.32
1 1534 0316 (271 16 Al 119 2.29
= 1.5 34 (2.57) 17 4% 109 H o]
a 1353 St 2.03) 18 45 95 2.18
4 123 303 2.450) 19 48 9l 217
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Table 2.
Change of the reaction velocity afier shulling off of light and velocity constanlt.
t v T . C C
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((.0252 sec)
0 6.93 264 0.38 —
E)‘:;,)g;';nﬁg 1 1.93 2.0 071 3.9 FRPIUL
) 2 0.87 0.93 1.17 5.1
3 0.45 .87 1.49 - 5.1
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Fig. 4. Change of the reaction velocity after shutling oft of light.
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Tatle 3.
Comparison with previous works¥)
Preparation Total i - ]
Author of 1;{:1:;{‘,‘80 pressure [H] Method Cir Cri,
I. Present Ig-sensitized 650 mm : 3% 10~ mim | Thermal analysis 4.5 X 1016
author. decomp. of EH, ’ of Buddé-effect
11. Farkas and " 200 mm | 2x 10~3 mm | Delermination of 34 1046
Sachsse | [T} by p-o
(1934). I conversion of 1T,
IIT. Senftlelen " 10-80 mm | 8x 10~3 mm | Determination of 2X 1018
and Hein {({H) from thermal
(1935) 1 conductivity
IV. Steiner Flectric 0.4 mm ‘ 15~8022 Spectroscopic CidCry | Lx 00
and Wicke| discharge in determination
(1931). hydrogen ! of (L) .
V. Smaliwond " 05~ mm | 20-3025 AManometric 1.7 x 10'¢ (3 x 10M)
(1934).
VI. Amdur and " 0.1-0.8 mm 10-M2z Calorimetric | 2x1018
Robinson ‘
(1923). ‘
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A STUDY OF THE RECOMBINATION REACTIONS OF
FREE ATOMS BY THE THERMAL ANALYSIS
OF BUDDE-EFFECT.

I. The Recombination of Hydrogen Atoms.

By Suoji Suipa.

(Abstract)

When 11, saturated with Hg vapour is irradiated with the Hg resonance mdiation 2537 A,
H atoms are produced according to H.+ Hg¥=2H+Hg, and an expansion due to the heat
of recombination (Budie-effect or photo-expamsion) occurs. This slight increase in pressure
was recorded on bromide paper by means of a sensitive clectric-capacity-ditferential-
monometer {sensilivity 4x10-*mm) and an electromagnetic oscillograph,  The gencral
form of the pressure-time curve thus obtained is shown in Fig. 3. On the moment
of exposure to light the pressure begins to rise (heating curve) and in a few seconds
reaches a constant value (thermally stationary state).  On the moment of shulling off of light
it beging to fall (cooling curve) and in a*few seconds returns to its original state.  The
magnitude of the increase in- presswre at thermally stationary state was 0.1—0.2 mm under the
present experimemal conditions.  In a very short time (0.1—0.2sec)) immediately afier the
moment of exposure to light the concentration of H atoms does not reach a stationary state,
and afer shutting off ol light some H atoms survive so long : the heating antd cooling curves
deviate from simple form (exponential or approximate to it) in these regions. ‘Thus, applying
Horiba's method of thermal analysis of reaction velocity to this expansion, we can mcasure
the reaction velocity of 2H41.=211, not only in the photo-stationary state but immediately
after the moment of exposure or shutting off of light. For simplicity, only the reaction velocity
after shutting off of light is treated in this paper.

Applying the method, the recombination velocity \=(—";}II—1 after shutting off of light
are expressed by eq. (2), where %:— corresponds to ‘]_E(Li] Ap is the increase in pressure due

to the temperture rise by the heat of reaction, K is a constant and k is the cooling constant.
{The change of pressure due to the dissodiation of Il 10 211 is negligible in comparison with
that due ta the heat of recombination).

An example of the records obtained are shown in Table 1, and the v's after shutiing off
of light in the case ol different light intensities are shown in Table 2 and Fig. 4 (curves). To
oltain the recombination-reaction-velocity-consiant from these dat, we need the following
derivation, ‘

As the M, pressure used was relatively high, 650 mm, it may be inferred that the H

atoms recombined entirely in the gascous plase. ‘Fhen the recombination velocity may be
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expressed by eq. (4) where C is the velocity constant. Integrating eq. (4), we have (5) where
(H,) denotes the concentration of I atoms on the moment of shutting off of light (i.e in
photo-stationary state). From eq. (5), we get eq. (/). Now, in photo-siationary state, we obtain
eq. {7) and (3), where v, denotes the recthinatfon velocity in this state. Substituting eq. (8) for
CHY i the r b s, of eq. (6 and 2% for LHed o the 1. b s, of eq. (6), we got fnally
eq. (9). Asvory/ v atany insm:\t t after shutting off of light can be obtained experi-
mentally, we can calculate C from egp. (8). C's thus obtained are shown in columns 6 and 7 in
Table 2. In Fig. 4 ;_}T which is proportional to t—%ﬁ is plotted against time. The fact
that the poinis plotted are almost on a straight line, shows that eq. (D) and therefore eq. (4)
holds true.

The velocity constant obtained here is compared with that of other investigators in Table
3, where Cyy and Cyy, denote the constants of the recombination of H atoms taking H and H,
as a third body respectively. The present author's datum is somewhat higher than those of
the others. But it agrees well with the constant obtained by Farkas and Sachsse under the
conditions relatively similar to those in this experiment, and in the order of magnitude also
with the constant IV in spite of quite different conditions. The comparison between V and VI
are impossible, for as seen from 1V and V nothing can be said, at present, of the relative
eficiency of H and H, as a third body. [n. conclusion, the author believes that the value of

the constant obtained here is fairly correct.

The Laboratory of Physical Chemstry,
Tokyo University of Engincering.



