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made for all of the products. If C;Hs, CH,, and
CO were all known certain conclusions would be
possible.

The pressures are high enough in the present ex-
periments to ensure that the majority of the bi-
molecular reactions will occur homogeneously.
Consequently the derived expression for the quan-
tum yield becomes so complex that it cannot be
applied to the data without making assumptions.
It seems best to defer a detailed theoretical treat-
ment until a later date. It may be stated, how-
ever, that if the energy of activation for (3) is low,’
the energy of activation of (2) must also be low.

(9) Cf. E. W. R. Steacie, "Atomic and Free Radical Reactions,”
The Reinhold Publishing Corporation, New York, N. Y., 1946, p. 520.
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Summary

1. The quantum yield of methane formation
during the photochemical decomposition of ace-
tone in the temperature range 120 to 138° has
been determined.

2. In a general way the yield of methane in-
creases with increase in acetone pressure and with
decrease in intensity, but a detailed discussion of
theory is postponed until a later date.

3. The energy of activation of the reaction
CH; + CH;COCH; = CH; + CH;COCH. must
be low.
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The Photochemical Decomposition of Diethyl Ketone at 3130 Al

By WaALLACE Davis, Jr.?

Previous work?® has indicated some ethylene and
ethane to be produced along with carbon monoxide
and butane during the photochemical decomposi-
tion of diethyl ketone at wave lengths below 2000

These same products in different proportions
have been reported at longer wave lengths.?*
Bamford and Norrish* suggested that the Type
IIT decomposition directly into ethylene and pro-
pionaldehyde proposed by Norrish and Apple-
yard® would account for the ethylene formed, al-
though these authors did not identify propion-
aldehyde positively. Disproportionation of ethyl
radicals to ethylene and ethane has also been sug-
gested.?

This paper presents determinations of the quan-
tum yield of various products during the photo-
chemical decomposition of diethyl ketone.

Experimental

The diethyl ketone used in this work was purified by Dr.
A. B. F. Duncan for spectroscopic experiments. C. p. di-
ethyl ketone, b. p. range 5°, was washed with potassium
carbonate and sodium bisulfite to remove acids and per-
oxides. After drying over anhydrous calcium chloride
the ketone was fractionally distilled in a column, a portion
with a boiling range of 0.1° being kept. This product
was further fractionated several times at low pressure.

The determination of carbon monoxide was accom-
plished by removing that portion of the products not con-
densed by liquid nitrogen. For short runs combustion
of this fraction over CuO at 200-240° indicated pure
carbon monoxide within experimental error. For longer
runs leading to a larger amount of product, duplicate

(1) This work was supported by Contract N6-onr-241, Task I
with the Office of Naval Research, United States Navy.

(2) Present address: Carbide and Carbon Chemicals Corporation,
Oak Ridge, Tennessee.

(3) V. R. Ells and W. A. Noyes, Jr., Turs Journar, 61, 2492
(1939).

(4) C. H. Bamford and R. G. W. Norrish, J. Chem. Soc., 1931
(1938).

(5) R. G. W, Norrish and M. E. S. Appleyard, ibid., 874 (1934).

oxygen combustion analyses indicated that as much as
59, of this fraction was a C,; hydrocarbon,

The C, hydrocarbons (CoHy and C,H;) were separated
from other products, after removal of carbon monoxide by
being removed at —165° using a Ward apparatus® with a
Toepler pump. Insome experiments only the quantity of
C; hydrocarbons was determined; in others this fraction
was burned with oxygen on a platinum filament at about
600°. The combustions were all carried out with a trap
immersed in dry ice between the filament and any source
of mercury vapor to minimize oxidation of the latter.

After removal of the C; hydrocarbons, another fraction
was removed at about —120°, This fraction was shown
to be butane either by vapor pressure measurements or by
combustion.

Other experimental details have already been pub-
lished.” —?

Results and Discussion

The quantum yields of carbon monoxide and of
C; hydrocarbons from diethyl ketone at several
temperatures and intensities are presented in
Table I. It will be noted that the variation in
pressure is small. Experiments 1D-12D were
made with a A-H6 General Electric Company
high pressure mercury arc, while runs 13D-16D
were made with the Hanovia UA30 A2 Uviare.

It is seen that ®co = 1.0 within a 139 experi-
mental error in runs 1D-7D and 11D. For the
uviarc runs ®co = 1.03 = 0.05, assuming a cali-
bration error of not to exceed 1.69%. Therefore
the quantum yield of the primary process

CszCOCgHs + hy = 2C2H5 + CoO (1)

must be close to unity unless some secondary re-
action gives rise to carbon momnoxide formation.
The absence of any real increase of carbon mon-

(6) E. C. Ward, Ind. Eng. Chem., Anal. Ed., 10, 189 (1938).

(7) R.E. Hunt and W. Davis, Jr., THIS JOURNAL, 69, 1415 (1947).

(8) R. E. Hunt and T. L. Hil, J. Chem. Phys., 18, 111 (1947).

(9) W, Davis, Jr.. and W. A, Noyes, Jr., THIS JOURNAL, 69, 2153
(1947).
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oxide yield with temperature indicates that prob-
ably the latter is not the case.

Values of ®co for experiments 8D-10D should
not be considered as valid since recalibration of the
photo-cell galvanometer system showed a changed
sensitivity.

TABLE I

QuantuM YIELDS oF CO AND oF C; HYDROCARBONS DUR-
ING PHOTOCHEMICAL DECOMPOSITION OF DIETHYL KETONE

Ia
Ketone X 10713

pres- quanta/ Analysis
Temp., sure, sec./ of Co
Run °C. mm, cem, ®co $C,  fraction
1D 28 41 0.22 1.03 =0.14
2D 28 40 .19 0.99 = .13
4D 27 37 .17 1.05 = .14
4D 27 38 .16 0.93 = .13
5D 27 38 .17 0.93 = .13
6D 25 34.5 .14 0.99 = .13
7D 26 22.0 084 1.05 = .14
8D 86 38.2 .20 0.74 = .10
9D 86.4 38.0 .21 0.83 = ,10 0.44 V. P
10D 86.2 37.9 .24 0.83 = .10 0.41 V. P
11D 26 38.0 .15 0.97 = .13 0.28 V. P
12D 26 38 ¢ .11y (1.00) 0.68
13D 136 36.8 .017 1.0 = .05 1.48 C:04Hs.0:
14D 137.5 41.0 019 1,02 = 05 1.38 Co09He.1s
15D 136 38 .017  (1.035° 1.47  C:.00Hqg.02
Ca.01Hs,02
16D 26.8 39.6 .014 1.03 = .05 0.86 Cq.0:Hs.00

8 g for Run 15D taken as the average of ®co from
Runs 13D and 14D.

In view of the fact that ethane exceeds ethylene
considerably under the conditions of these experi-
ments, these two gases cannot be formed mainly
by a disproportionation reaction and the ethane
can arise from a reaction of the type

CgHa + CgHsCOCzHE, = CQHG + CzH4COCzH5 (2)

This reaction would be analogous to that of meth-
ane formation in acetone.’® One of the main com-
peting reactions for ethyl radicals will certainly be
that of butane formation

CQH:, + C2H5 = C4H10

Some ethyl radicals may disappear in forming the
compound C.H;COC,H,, but a complete analysis
of all products would be necessary before a de-
tailed mechanism could be developed.

From equations (2) and (3) the quantum yields
of ethane and of butane formation are found to be

(10) W. Davis, Jr., ibid., 70, 1868 (1948).
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given by the following expressions
¢CZH5 = kg(C-gHs) (CszCOCsz)/I, (4)
®omy = k(CHs)?/ I (5)

where the subscripts of the %’s correspond to the
equation numbers. Hence one may write

q%zﬂe/q)mﬂw = k22(C2H5COC2H5)2/ksIg (6)

If it is assumed that butane is formed by all
ethyl radicals which do not form ethane, one can
apply equation (6) to the data in Table I. Un-
fortunately the data are not extensive enough to
warrant many conclusions, particularly since the
fates of all ethyl radicals are undoubtedly not
given by equations (2) and (3) alone. However,
equation (6) is at least approximately obeyed.

If one writes b, = @, exp (— Ey/RT) and & =
ay exp (— E3/RT) the data at about 136° and at
about 26° may be used to calculate 2E; — E; =
3000 cal. with an uncertainty of about 1500 cal.
While an exact value of E; is not known, the figure
is considered to be small.’! Thus E; may be as
little as 2500 cal. and probably is less than 3000
cal.

It is evident that the amount of ethane de-
pends markedly on light intensity, as well as on
temperature, and that at high intensities butane
should be formed relatively more than at low in-
tensities. If ethylene is formed solely by a dis-
proportionation reaction its yield also would be
expected to increase at high intensities. More
work is necessary before details of the mechanism
can be stated, but complete analysis for all pos-
sible products will be difficult.

Summary

1. The quantum yields of CO and of C, hydro-
carbons during the photochemical decomposition
of diethyl ketone have been determined at several
temperatures ranging from 26 to 138°.

2. The C; hydrocarbons produced during the
reaction consist almost solely of C,Hs.

3. The energy of activation of the reaction
CzHa + C2H5C0C2H5 = Csz + C2H4COC2H5
may be as low as 2500 cal. and is almost certainly
below 5000 cal.

RocHESTER, NEw YORK RECEIVED!? FEBRUARY 13, 1948
(11} Cf. E. W. R. Steacie, “Atomic and Free Radical Reactions,’’

The Reinhold Publishing Corporation, New York. N. Y., 1946, p. 520.
(12) Original manuscript received September 18 1947
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