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In succession to the previous paper on the primary steps of direct photolysis of dimethyl
carbonate vapor by flash method (1849 A) at room temperature, in which the details of the
hydrogen producing processes could not be elucidated, further investigation has been made
with the intention to discriminate hydrogen formation processes.

From the isotopic compositions of hydrogen from the mixtures of (CH3;0):CO—(CD;0).CO,
measured mass-spectrometricaly, it has been shown that about 32% of the produced hydro-
gen is formed intramolecularly. The following hydrogen producing primary processes explain
the isotopic distribution of hydrogen reasonably :

(CH;30):CO+hy — 3CO+3Hz, I

=Ty
—— 3CO+2H,+2H, | 25~50%
> 3CO+Hz +4H. 75~50%

INTRODUCTION

In the previous paper,” we proposed the following primary steps in the
flash photolysis of dimethyl carbonate (DMC) vapor at 1849 A on the basis of
the product analyses :

(CH30>2CO+hV —> CH30+CH3+C02, 51%
—> CH,+CH0+CO;, 9%

—> 3CO+3H; (over-alD). 40%

However, it has not been clear whether the hydrogen is produced as an
atom or through intramolecular elimination in the primary steps. The photoly-
sis of (CH;0),CO—(CD;0).CO mixtures must reveal this matter, 7.e., the existence
of only H, and D, will be a proof that hydrogen is formed by intramolecular
elimination, and on the other hand the presence of an appreciable amount of
HD will reflect the atom formation in the system. Thus the isotopic composition
measurement of hydrogen has been conducted on the flash photolysis of (CH;0),
CO—(CD;0);CO mixtures, the results of which is presented in this paper.

EXPERIMENTALS

The apparatus, reaction system and optical arrangement were essentially

* ik fo5S, M 5B : Laboratory of High Pressure Chemistry, Institute for Chemistry,
Institute for Chemical Research, Kyoto University, Uji, Kyoto.

(239)



T. IBUKI and Y. TAKEZAKI

identical with those described previously.? Three hydrogen isotopes, H,, HD
and D, were analysed quantitatively by means of CEC Model 21-401 mass-spec-
trometer, where the average value of the sensitivities of H, and D, was adopted
as the sensitivity of HD.

Dimethyl carbonate was purified by repeated bulb-to-bulb distillation. Gas
chromatogram showed no impurity.

Dimethyl carbonate-ds was prepared®® by passing 0.3 mole of carbonyl
chioride into 0.25 mole of boiling methanol-d, (E. Merk A. G. Darmstadt, Ger-
many. 99 atomic %). After addition of 0.1 mole of methanol-d, and reflux for 10
hours in order to convert methyl chloroformate-d; produced as a by-product into
dimethyl carbonate-ds, the products were fractionally distilled. Distillate in the
boiling range of 89.0~90.0°C was futher purified by repeated bulb-to-bulb distil-
lation under vacuum. No impurity was detected by gas chromatography with a
flame ionization detector.

Since the amounts of H, and/or HD formed from partially deuterated dime-
thyl carbonate in the prepared dimethyl carbonate can be obtained as the ratio
to the amount of D, in the flash photolysis of that sample alone, mass-spectro-
metric purity test of the prepared dimethyl carbonate-ds was not performed.

RESULTS AND DISCUSSION

The results are summarized in Table 1 and Fig. 1. As may be seen from
the isotopic analyses, the hydrogen formed in the flash photolysis is rich in the
unmixed ones, though some HD were detected. And as shown in the last column,
there is a large deviation of the value of (HDJ?/{H.1(D:) from the equilibrium
constant for H,-D. system, i.e., 3.25 at 25°C%.

Table 1. Hydrogen Isotope Analyses in the Flash photolysis of
(CH30):,CO0—(CD30),CO Mixtures.

H. HD Do (HDJ?

(DMC] | Total Press.
"(DMC-ds3 [ (mm Hg) r (mole %) { S (HLJ(DeY
( 22.7 r 0 8.25 91.75 }
0.228 | 24.5 16.4 27.9% 55.7 1 0.92
0.580 ‘ 24.0 l 33.3 34.7% 32.0 1.06
1.00 [ 21.0 45.4 33.7* 20.9 1.09
2.08 ! 23.0 64.6 25.5% 9.9 : 1.00
3.04 | 24.1 73.0 20.6% 6.4 ( 0.95
3.94 \ 24.8 76.6 18.0% 5.4 0.89

* As the HD was produced 0.09 relative to Dz—l 00 in the pxoducts of the photolysis of
the prepared DMC-ds alone, the HD from the partialy deuterated dimethyl carbonate was
corrected by subtracting 9% of D: from the observed amounts of the HD in other runs.

This can be interpreted most simply in terms of the formation of both hy-
drogen atom and molecule in our system. Since HD should be formed inter-
molecularly in the succeeding steps and H,; and D. can result from both inter-
and intramolecular reactions, it may be natural to assume that hydrogen is
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Fig. 1. Variation of the yields of hydrogen isotopes with [DMC)/(DMC-ds].

formed partly by molecular detachment and partly as an atom in the primary
process, i.e.,

(CHaO)zCO‘l‘hV —> 3CO+ClH2+bH,

where 2a+b=6, from a stoichiometric relation.

There can be two sources of HD: (1) D or H atom abstraction by H or D
atom from dimethly carbonate-ds or dimethyl carbonate, respectively, and (2)
recombination reaction of H and D atoms.

The hydrogen isotope production may be represented by the following reac-
tion mechanism :

(CH;0),CO+hy — 3CO+aH:+0H, &x(DMC) €))
(CD;0),CO+hy » 3CO+aDy+0D, e,[DMC-ds) an
H+ (CH;0).,CO —> H,+CH;0C0.CH;, & 1
H+(CD;0),CO ——> HD+CD,0CO:CD,, 4 (2
D+ (CD;0):CO —— D, +CD;0COCD,, £ (3)
D+ (CH;0).CO —> HD+CH;0CO,CH,, 4, C))
H4+H+M —> H,+M, ks )
H+D+M —> HD+M, kg (6)
D+D+M —> D:;+M, Ry 7

where er or ep is the absorption coefficient of ordinary dimethyl carbonate or
deutrated dimethyl carbonate, respectively, and parentheses represent the concen-
tration of the compound. M is DMC and/or DMC-ds, and %’s are rate constants.

Reaction (5)~(7) may be excluded from the following conciderations.

The values of rate constants in the above scheme are not available, but A
may be roughly estimated as follows.

The rate constants of next reactions (8)~(10) are known :

H+CH; —> Hy+CoHs ®
CD;+C:Hy —> CD;H+C,.Hs, ©))
CD;+CH,OH —» CD;H+CH.OH, o
H+CH;OH — H,+ CH.OH. an

logie (ks/1 mole~! sec™!) =9.53—6800/2.303RT,
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logie (ks/1 mole~! sec™!) =7.628 +1/2 log T —11300/2.303RT,”
logio (R10/1 mole~! sec™!) =7.38—8140,/2.303RT.»

If we assume that the ratio of the rates of abstraction of H from ethane
and from methanol is the same for hydrogen atom and methyl-d; radical, we
get Ry =Fkakio/hy=2.16 X10° 1 mole~! sec™' at 300°K. Further if the rate of hydrogen
abstraction from methoxy group of dimethyl carbonate is equal to that of metha-
nol, we obtain & =£k.

Now, the rate constant of reaction (5) for M=DMC, though not available,
must be of the order of 310! 12mole~?sec™! by analogy to the value obtained
for water as the third body.?” Then the relative rate of reaction (5) to (1),
Ry/Ry, is k() /ky.

The concentration of hydrogen atom should be much less than 7x10-7 atom
/1/Aash because the decomposition is lower than 5%, then we have R;/R,<0.1.
This means that the extent of recombination reactions, (5)~(7), must be, if
not at all, much less than 10% in the hydrogen producing steps.

Moreover, if reaction (I), (II) and (5)~(7) are predominant sources of hy-
drogen isotopes, the following relation can be deduced under steady-state con-
dition :

R<H2>R(D2) a K §H2> +R(D2)

R(HD)Z b R(HD)’ +C0nstant,

2
where constant is equal to [1( < 2 4 > <Z> and K, is a equilibrium con-
e

stant for Hy-D. system.
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Fig. 2. Plot of R(H:)R(D:)/R(HD)? against (R(H:)+R(D:))/R(HD).

When our experimental ‘data are plotted in the form given by this equation,
we obtain that «/b is equal to 0.13 from the gradient, and the ‘“‘constant’ is
0.646 (see Fig. 2), accordingly K, becomes 2.42. This value deviates largely
from the equilibrium constant, 3.25 at 25°C and 3.18 even at 0°C,” suggesting
that the atom recombination is not the major process. Therefore, reactions (5)
~(7) may be omitted in the above reaction scheme, and the hydrogen isotopes
must result from reaction (I), dI) and (1)~(4).

Now, assuming steady-state behavior we get the following rate relation:
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n baX
RMHY) _en v T14aX )
R(Dz)‘ &Ep a+,7fb, ~ ’
l+aX

where X represents the ratio of [DMC]/(DMC-ds], and only primary isotope ef-
fect is assumed i.e., that & /ky="F/ks=a 510712

The values of a« and ew/ep are not available, but since « is a constant,
mathematically there must exist the unique value of X which satisfies aX=1.
For the value of X=1/a, eq. (A) is rewritten in the following form:

e _ RH)

Eb o R(D2> : (B>

Thus, assuming any certain value «,, we can fix the corresponding single
value, Xo=1/ay from Fig. 1, and the ratio of absorption coefficients, ex/cp, is
obtained by inserting the assumed «, and the observed value of (R(H:)/R(D:)),

into eq. (B).
On the other hand, we have
REH)+RMy) _ (4, a)\(_aX L1y, a
7R(HD) _<1+ b ><1‘|‘€])/51—I+1+51{/5D X >+ b ©

Using assumed «o and the value of e¢x/ep obtained from eq. (B), we can get
the value of a/b from both gradient and intercept in eq. (C). Then a, can be
estimated by trial and error method until the values derived by both procedures
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Fig. 3. Plot of (R(Hy)+R(D))/R(HD) against [%ﬁﬁ; /ez,'";('}
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coinside. Such value of a, is found to be 1.02, and ex/¢p and a/b are 2.14 and
0.48, respectively. This means that the fraction of the total hydrogen formed
molecularly is about 0.48/(1+0.48)=0.32, because one hydrogen atom forms one
hydrogen molecule in the above scheme.

From 2a+b6=6 and a/6=0.48 we have (CH;0).CO+hy ——> 3C0+3/2H,+3H,
as an apparent stoichiometric relation, but actually the following primary pro-
cesses must be involved :

(CH3;0),CO+hy —> 3CO+3Hs, b (12)
—> 3CO+2H:+2H, q (13)
—> 3CO+H,+4H, ¥ (14)

where p, ¢ and » are the respective probabilities with which reactions (12), (13)
and (14) occur, and other hydrogen atom producing steps can be ruled out from
the energetic considerations.

Since p+g+r=1 and a/b=Cp+2¢+7)/(29+4r)=1/2, we get p=r—1/2 and
g=3/2—7. Since p and ¢ can not be negative, we obtain 3/4>r>1/2.

We have estimated that the hydrogen producing primary processes amount
to 40% of all primary steps,!’ then the extent of the reaction (14) becomes to
be from 20 to 30%.

Since dimethyl carbonate vapor absorbs the light shorter than 2,000 A,'™
the 1849 A line lies near the threshold of absorption of dimethyl cabonate. Then
it may not be unreasonable that ex/ep has the value 2.14 at 1849 A, as is sup-
posed from the instances that the absorption coefficients of the deutrated hy-
drocarbons are about one half of that of the ordinary ones near the threshold
of its absorption.!*~17

CONCLUSION

From the results in the previous paper! and the hydrogen isotopic composi-
tion of the hydrogen from the mixtures of (CH;0).CO—(CD,0),CO, the fraction
of the hydrogen formed molecularly is about 0.32 of the total hydrogen, and in
the flash photolysis of dimethyl carbonate vapor the following primary processes
can explain the observed reaction products and the isotopic distribution in the
hydrogen :

(CH;30),CO+hy —> CH;+CH,0+COQOs, 51%
—> CH,+CH,0+COs, 9%
— 3CO+3H,, }
20~104
—> 3CO+2H.+2H, . %
—> 3CO+H,+4H. 20~30%
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