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The gas phase photolysis of CgH;COCF; is studied at various temperatures, concentrations, and intensities of 3660 A,

3130 A., and full mercury arc light.
fied in the condensable products.
the photolysis.

The major gaseous products are CO, CF;H and CoFs.
A chemically unreactive, clear polymer film formed on the reaction cell window duriug
In experiments at high absorbed light intensities, CF;H and C,Fg are formed primarily in the homogeneous
reactions: CFs + CGHQCOCF;; — CF;;H + C5H4COCF3 (a), aﬂd 2CF3 —_ Cng (b)
E,— En/2=17.2 % 0.5 kcal./mole; the ratio of collision theory P-factors P./Py'/2isin therange 10=+10"%,
of the CF; radicals formed photochemically do not appear in the gaseous reaction products.
add to the aromatic nucleus of the parent ketone and initiate polymer formation.

(CeHsCO)z and CeHe are identi-

The activation energv difference
A large fraction
It is proposed that these
In the photolyses of mixtures of CgH,-

COCF; and CH;COCFs;, the high temperature chain reaction of CH;COCF; involving CO and CHj-containing species is con-

firmed. The expected product CF;COCF; could not be detected in the reaction products of CH;COCF; photolyses.

Thus,

the previously proposed reaction sequence: CF; + CH;COCF; = CH;CO(CF;), CH;CO(CF;)y — CH; + CF;COCF;,

appears to be unimportant.
geneous path.

This work was initiated to study the photolysis of
pure CsHsCOCF; and to determine its efficiency as
a CF; radical source in the near ultraviolet. In
view of the high extinction coefficient for CgHj;-
COCF; at 3660 A., it was supposed that selective
photodecomposition of CsH;COCF; in CH;COCF;
mixtures could be effected at this wave length. If
CF; radicals could be produced in this manner,
their interaction with CH3;COCF; molecules could
be determined to test the suggested mechanism of
CH.,COCF, chain decomposition?®

CF; + CH,;COCF; = CH;CO(CF;)y (1)
CH;CO(CFy), —> CH; + CF;COCF; (2)
CH; + CH;COCF;; —_ CgHe + CF‘;CO (3)
CH; + CH,;COCF; —> CH, + CH,COCF; (4)
CF; + CH;COCF; —> CF3H + CH,COCF; (5)
CF:CO — CTFy + CO (6)
CH.,COCF; —» CH.CO + CFy (7

The identification of CH,, C;H;, CFsCH; and/or
CF;COCEF: products from these photolyses would
provide evidence for the suggested scheme.

(1) Taken from the Thesis of R. M. Smith submitted in partial ful-
fillment of the requirements for the Ph.D. degree, The Ohio State
University, 1955. Presented before the Division of Physical and In-
organic Chemistry, 129th National Meeting of the American Cliemical
Society, Dallas, Texas, April, 1956.

(2) Author to whom communijcations should be addressed.

(3) R. A. Sieger and J. (5. Calvert. Tuis JournaL, 76, 5197 11054),

The generation of CH; from CF; radicals probably occurs by some other undefined hetero-

Experimental

Apparatus.—The all-glass photolysis system consisted of
a quartz photolysis cell (15.0 cm. long, 3.0 cm. diam), a
glass circulating pump, trap, two high vacuum stopcocks
lubricated with high temperature silicone grease, and a
sickle gage. These parts were suspended in a large air ther-
mostat which was maintained at 100 = 1° by a system of
heaters, Fenwall regulator and circulating fan. Radiation
from a Hanovia type A (S-500) burner (run on a regulated
3.00 amp. d.c. cq’rrent) was filtered to isolate wave lengths
3660% and 3130 A.,}? and was also used unfiltered in some
experiments. The light beam was always well collimated
by a series of leuses and stops so that a fairly homogeneous
beam of radiation filled the cell volume (106 cc.) almost
completely. A photomultiplier-amplifier was used to
measure fractions of light absorbed at wave lengths 3660
and 3130 A Absorptions of full arc radiation were esti-
mated from these values together with Fig. 1 and the manu-
facturer's data for the relative intensities of the wave
lengths i the arc spectrum. Relative absorption by
CyH;COCF; and CH;COCF; at similar concentrations can
be compared from the CH;COCF; and CgH:COCF; (B)
curves. Curve A was determined at a much lower concen-
tration to show best the nature of the absorption band.
Absolute intensities were estimated by K;Fe(C,04); actin-
ometry® at intervals during the course of the photochemical
runs. The total quanta entering the cell/cc.-sec. X 1012
were: 3660 4., 20.4; 3130 4., 4.39 (av. 6 detns.); full arc,
66.1. The full arc value was calculated using a weighed

(4) W. A. Noyes, Jr., and P. A. Leigliton, ¥ The Photochemistry of

Gases,’”” Reinhold Publ. Corp., New York, N. Y., 1941, p. 69,
(3) R. E. Hunt and W. Davis, Jr., THIs JoUrRNAL, 68, 1415 (1947).
{6) C. A. Parker, Proc. Rov. Soc. (London), A220, 104 (1953).
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average quantum yield of 1.15 for the ferrioxalate decom-
position. (Approximately half of the absorbed radiation
was below 3000 A.) The results of photolyses of mixtures
of C¢H;COCF; and CH;COCF; with 3130 A. were compared
with results of separate photolyses of the individual compo-
nents at the same conditions of concentration, temperature
and absorbed light intensity. Uniform density filters re-
duced the incident intensity used for the pure CH;COCF;
photolyses so that the intensity of light absorbed by CH;CO-
CFs was approximately the same as in mixture photolyses
with which comparison was made.

or
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Fig. 1.—The ultraviolet absorption spectra of CgH,-

COCF; and CH;3;COCF;: CegH;COCF;3(A), vapor at 3 mm.
(1.5 X 10™¢ M), 25°, 10 cm. path length; CsH;COCF; (B),
1.0 X 10~% M in CCl solution, 25°, 5 cm. path length;
CH;COCF;, vapor at 206 mm. (1.1 X 10~2 M), 30°, 5 cm.
path length.

Materials..—CsH;COCF; and CH3;COCF; were purchased
from the Caribou Chemical Co. and purified by fractionation
at reduced pressures in a high vacuum system. High purity
samples of CF;H, C,Fs and CF;CH; were provided by
the Organic Chemicals Department of E. I. du Pont de
Nemours and Co. CyH; and CH; reference gases were
Phillips Research Grade. A sample of CF;COCF; was
furnished by Dr. Robert R. Brown of The Ohio State Uni-
versity.

Product Analysis.—CO and CH; were removed following
photolysis using a Toepler pump with the other products
condensed at N;(1) temperature. CF;H and C,F; (together
with a small amount of CO, and CsHs) were removed at Dry
Ice temperature after photolyses of CgHsCQCF;. Follow-
ing photolyses of pure CH;COCF; and mixtures of the two
ketones, the second fraction containing CF:H, C,Fs, CH;-
CF; and some CH;COCF; was removed at —110 to —100°
using a modified Ward still.” There was essentially com-
plete recovery of all products except CF;CH; which was
about 109 low.®? CO was analyzed by reaction with Ag,O
using a Blacet-Leighton gas analysis system.® In several
experiments portions of the low temperature fraction were
examined mass spectrometrically for SiF4 before the Ag,0O
treatment. CF;H, C.F;, CF;CH;, CH; and C,Hg were
determined using a General Electric analytical mass spec-
trometer. Very minor amounts of CO, and Ce¢H; were de-
tected mass spectrometrically. (C¢H;CO), was identified
in the condensable fraction from its absorption spectrum in
CClyssolution (max. at 370 mu).? A small deposit of a clear,
solid film of a very insoluble and unreactive material (sug-
gestive of a fluorinated polymer) built up on the photolysis
cell front window during the photochemical runs. The
solid absorbed strongly in tlie ultraviolet and was removed
regularly to avoid serious lowering of the incident intensity.
Of the common solvents employed only hot fuming HNO;
was successful in removing the polymer. Even in this case
no apparent chemical reaction with the polymer was in-
volved, but a prolonged treatment promoted the detach-
ment of the solid film from the quartz wall. The amounts
of material formed were too small to enable analysis. No
indications of SiFy and CF; were found mass spectrometric-

(7) E. C. Ward, Ind. Eng. Chem., Anal. Ed., 10, 169 (1938).

(8) F. E. Blacet, G. D. MacDonald and P. A. Leighton, $b:4d., 5, 272
(1933).

(9) N. J. Leonard, R. T. Rapala, H. J. Herzog and E. R. Blout,
TH1s JourNAL, 71, 2097 (1949).
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ally in any of the experiments. The infrared spectrum of
the condensable fraction, containing a great excess of ke-
tone, was determined on a Perkin~Elmer double beam in-
strument with pure C¢HsCOCF; in the reference beam.
The spectrum was complex and showed absorption peaks
not characteristic of C¢gH;COCF; at the following wave
lengths in microns: 2.85, 3.30, 6.02, 6.75, 7.09, 7.70, 8.0?,
9.1?, 9.32, 9.75, 9.93, 11.1?, 11.7, 13.5, 14.4. (The ques-
tioned numbers are of doubtful significance.) No satisfac-
tory correlation with possible simple products such as CgH;-
CF;, (CgHs)s or CeH,COC¢H;, and observed products
(CeHsCO); and C¢Hg was evident.

Results

Molar Absorbancy Indices.—At a given temn-
perature C¢H;COCF; and CH;COCF; vapor fol-
lowed Beer’s law within the experimental error over
forty-fold and tenfold pressure ranges, respectively.
Representative values of aym are: CsH;COCF; at
3130 A., 73.8 (245.1°); at 3660 A., 6.17 (214.6°),
11.4(279.9°). CH;COCF;at 3130A.,5.91 (245.1°),
6.08 (348.2°). Loguw (Io/I) = ambec; b is the path
lengthincm.; ¢isthe molar concn.

Effect of Variables in the Photolysis of C:H;-
COCF;—Quantum yields of products in 3660 and
3130 A. experiments are given in Table I. The
results of runs 6-42 are shown in graphical form
only. In order to obtain reasonable quantities of
C,Fg the high intensity of the full arc was utilized in
these experiments. The variation of product rates
of formation with absorbed light intensity, concen-
tration of ketone and temperature are summarized
in Figs. 2, 3 and 5, respectively. A slow but meas-
urable thermal reaction necessitated a small cor-
rection to the rates in the highest temperature run
(338.9°). The correction amounted to the follow-
ing per cent. of the total rate of each product:
CO, 02; CF3H, 04, CQFG, 2.6.

TaBLE I
QUANTUM YIELDS OF PRODUCTS IN THE PHOTOLYSIS OF
CsH;COCF;
Ia {CeHs~
X 10712, COCF:),
Wave q./ molec.
Run length, ce.- Temp., ce. —~————Quantum yields;
no. . sec. °C. X 108 CO CF;H CaFs
1 3660 8.16 214.6 1.45 0.0004% 0.0034 0.00049
2 3660 11.3 279.9 1.24 .0001¢ L0072 .00014
4 3130 8.07 304.3 1.09 177 .059 .00051
5 3130 8.01 157.6 1.28 .0022 .00094 .00001¢

¢ Correspouds to the limit of detection.

Photolysis of Mixtures of CH;COCF; and
CH;COCF;—The rates of product formation in
the mixture photolyses are given in Table II.
The intensity of light absorbed by component (a)
in the mixture was calculated using Io(1 — I/1)
(@aca)/(aaca + avcw). The rate and quantum yield
sums shown in the last columns were calculated
from the equations

ZRcu; = Remy + 2Rcns + Rovic
2Rer, = Rorm + 2Rery + Reomchs

or the similar equations involving quantum yields.
Two confirmatory experiments were made on the
photolysis of pure CH3;COCF; under conditions
favoring the chain decomposition. The results of
these experiments are given in Table III. CF;-
COCEF; could not be detected mass spectrometri-
cally in the products of runs 46 and 54 although
known mixture analysis proved the high sensitivity
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TaBLE I1

RATES OF PRODUCT FORMATION IN THE PHOTOLYSIS OF PURE CH;COCF; AND CsH;COCF; AND THEIR MIXTURES AT 3130 A.
(Iy = 4.39 X 102 q./cc.-sec.; TEMP., 245°)

Pressure, mm,)

(a, () Ia X 10712, Measured rates, molec./cc.-sec. X 10~ 0oy
Run CH;COCF; CeHs;COCF:  q./cc.-sec. co CH¢ CiHs CFH CsFs CFsCH: ZRCH: ZRCFs Z2%CH; Z4CF;
43° 38.2 0.0 (a) 0.351 48.6 36.2 16.5 25.1 0.223 0.250 69.5 25.8 1.98 0.73
45 0.0 33.2 (b) 4.07 158 0.0 0.0 21,0 .410 0.0 0.0 21.8 0.0 .054
44 38.2 33.2 (a) 0.349
(b) 3.79 324 26.1 20.5 76.2 .598 1.82 68.9 79.2
Rate sums runs 43 and 45: 207 36.2 16.5 46.1 .633 0.250 69.5 47.6 .. ..
46° 82.0 0.0 (a) 0.865 117 35.7 43.3 56.7 .176 .410 123 57.5 1.85 .86
47 82.0 29.8 (a) 0.748
(b) 3.39 420 39.5 50.7 116 317 ,433 141 117
Rate sums runs 45 and 46: 275 35.7 43.3 77.7 .586 .410 123 79.3 .. ..
49° 60.0 0.0 (a) 0.520 85.6 36.5 28.6 43.6 1.10 2.02 95.7 47.8 1.84 .92
51 60.0 31.6 (a) 0.549
(b) 3.59 319 30.9 33.4 96.0 1.36 0.856 98.6 99.6
Rate sums runs 45 and 49: 244 36.5 28.6 64.6 1.51 2.02 95.7 69.6

a J; was lowered in these runs by using uniform density filters so that the intensity of light absorbed by CH3;COCF;
was essentially the same in the CH;COCF;~C¢H;COCF; mixture runs which followed.

TagLE II1
QuanTUuM YIELDS OF PRODUCTS IN THE PHoTOLYSIS OF CH3;COCF; AT 3130 A

Ia

Pressure X 10-12,
CHsCOCF:s, Temp., q./cc.- Quantum yields of product:
Run mm, °C. sec. CcO CHy C:Hs CF:H CaFe CF;CHa ZCH; ZCFy
53 228.4 245 3.34 1.11 0.811 0.159 0.560 0.0013 0.0035 1.13 0.57
54 534.6 346 4.15 7.42 8.82 11.3 1.37 .000 .22p 31.6 1.59
of the analytical method. Thermal corrections were 280-

necessary for run 54; the correction was the fol-
lowing 9, of the total rate: CO, 3.5; CH,, 3.0;
Csz, 304; CF3H, 67; Cst, 100; CF3CH3, 6.6.

Discussion

The Mechanism of Trifluoroacetophenone Pho-
tolysis; CF;H and C,F; Formation.—The data
suggest that CF;H and C.F¢ are formed in the re-
actions

CFa + CsHaCOCFs —> CFH + C5H4COCF3 (8)
2CFs —> C,Fs (9)
CFs (+ wall) —> 1/,CoFs (+ wall) (10)

In Fig. 2 it is seen that the rate of C,Fs formation is
directly proportional to the absorbed light inten-
sity, Reyry = kIa. If 9 is the dominant mode of
CoFg formation R¢,r, will be given by

Reyrs = ko[CF3]? = kI, 1D
If 10 alone leads to C;F; then
Royrs = R1o{CFs] = kI, (12)
The rate of CF;H formation
Rera = [CF;s][CeHsCOCF;] ks 13

is approximately proportional to I,'* at the high
light intensities and tends toward a direct propor-
tionality to 7, at the lowest intensities. These re-
sults point to the dominance of C,F; formation by 9
at the high intensities (combine 11 and 13) and by
10 at the low intensities (combine 12 and 13). In
the experiments with varied temperature and con-
centration the intensities were maintained in the
high range where 9 predominates.

In Fig. 4 the rate function Reru/Rc,r,/tis  seen
to have a linear dependence on the concentration of
CeHzCOCF3;, a result consistent with CF3H and
C,Fs formation in reactions 8 and 9, From these
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Fig. 2.—The effect of absorbed light intensity on the rates
of formation of gaseous products in the photolysis of CgH;-
COCF;s vapor using the full mercury arc: temperature, 289°:
[CeHsCOCF;], 1.46 X 10™ molec./cc.

data the ratio of the rate constants ks/ke'/? is esti-
mated to be 5.6 X 10—!2 (cc./molec.-sec.)/> at the
temperature 289°. Comparable values from other
systems at this temperature are ks/ko'?, 6.4 X
1071 ka/k1s, 2 8.7 X 10712, 2CH; — CoHg (14)3;
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tion of gaseous products in the photolysis of CsH,COCT,
using the full mercury arc: temperature, 289°; I., 41.6 X
102 to 59.5 X 102 q./cc.-sec, from the lowest to the highest
concentration, respectively.
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Fig. 4—The effect of [CeH;COCF;] on the rate furction
Rorsn/Roprs!/?: photolysis of CgH;COCF; with full mercury
arc; temperature, 289°.

klé//kul/", 1.4 X 10_12, CH; + C¢Hs — CH, -+
CeH; (15).1° The function Reru/Rer,”r [CeHs-
COCF;], equal to ks/ky'/* in terms of the suggested
mechanism, is plotted versus 1/T in Fig. 5. The
rather large scatter is primarily the result of the

(10) A.F. Trotman-Dickenson and E. W, R, Steacie, J. Chem. Phys..
19, 329 (1951).
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13 + log (Rowsu/Rears'/2| CF,COCH;]).

_ 1 ! IS
1.5 1.7 1.9 2.1 2.3
1/T X 108,
Fig. 5.—The Arrhenius plot of the rate function, Rcrsn/
Rcml/Z[CeHﬁOCFs]: photolyses of CsH;COCF; with full
mercury arc.

inaccuracy in the analysis of small quantities of
CsFe, but it may reflect as well a small variable con-
TaBLE IV

COMPARISON OF THE ACTIVATION ENERGY FOR H-ABSTRAC-
TioN BY CH; aAxp CF;

AF,
Ey ~ E/2, keal./
Reaction kcal./mole mole
CF; + CH;COCF; — CF:H +
CeH,COCF, 7.2 2.0
CH3 + CeHs —_ CH; + CeHsm ,()._)
CH,COCF,? 6.6 2.3
CH; + CH3;COCF; — CH, +
CH,COCF;? 8.4
CF; + CH, — CF;H + CH;en1 9.5~-10.3 2.6-4.54
CH; + CH; — CH, 4 CH,712 12 9-14.0
CF3 + C?Hg —_ CFaH + C?_H,:,u (.0 2.4
CH3 + CQHE —_ CH4 + C:H‘,YIS 104
CF; + n-CyHy — CF;H 4 C,H,® 5.5 2.8
CH; + #-CyHyp —~ CHy 4 C.H,3 8.3

CF; + CF;,CHO — CF:H + CF,CO¥  6.2-6.5 0.3-1.3
CH; 4 CH;CHO — CH, + CH,CO®» 5

(11) P. B. Ayscough, J. C. Polanyi and . W. R. Steacie, Can. J.
Chewm., 38, 743 (1955).

(12) J. R. MeNesby and A. S. Gordon, THis JOURNaL, 76, 4106
(1954).

(13) A.F. Trotman-Dickenson, J. R. Birchard and E. W. R. Steacie,
J. Chem. Phys., 19, 163 (1951).

f14) R. E. Dodd, University of Durham, private communication.

(13) (a) D. H. Volman and R. K. Brinton, J. Chem. Phys., 20, 1764
(1952); (b) P. Ausloos and E. W. R. Steacie, Can. J. Chem.. 83, 31
(1955).

(16) G. O. Pritchard, H. O. Pritchard and A. I". Trotman-Dickenson,
Chemistry and Industry, 564 (1955).

(17) F. S. Dainton and D. E. McElcheran. Trans. Faraday Soc., 51,
657 (1955)
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tribution from some heterogeneous reaction such as
10. The least squares line through all the points
gives Eg — Eq¢/2 = 7.2 = 0.5 kcal./mole. The ratio
of collision theory P-factors Ps/P,'/*is in the range
10—4 to 1079, assuming the collision diameters for
CF; and CsHs;COCF; to be 4.0 and 6.3 A., respec-
tively. The range of values is a consequence of the
uncertainty in the effective reaction volume (about
909, of the incident light was absorbed in these
runs). Summarized in Table IV are the activation
energy differences E. — E./2, activation energy for
H-abstraction minus one-half that for the combina-
tion reaction of CH; or CF;, and AE, equal to the
difference between the activation energies for H-
abstraction by CH; and CF; minus E./2 plus Ey/2,
for a series of related reactions of CHj; and CFs.
It is unlikely that the possible configurational rear-
rangement? or dipole-dipole interaction!! of com-
bining CF; radicals would lead to an energy barrier
as great as 4.0 kcal./mole for reaction 9, and it is
probable that Ey, is near zero. Therefore the pres-
ent results and all available data show that the ac-
tivation energy for similar H-abstraction reaction is
lower for CF; than for CHj radicals. The exact
magnitude of the activation energy differences must
await further study of the CF; combination reac-
tion. The difference in activation energy is prob-
ably not a consequence of a difference in the C-H
bond dissociation energies of CH; and CF3H;
Dcr,~u appears to be approximately equal to
Dcy,—p 18 It may reflect the higher electron af-
finity of the CFj radical.!?

Addition of CF; to C¢HsCOCF;—One of the
most striking features of CgH;COCF; photolysis is
the large unbalance between CO and CF;-contain-
ing compounds found in the gaseous products.
See Figs.2and 3. At 197° the ratio Rco/(Rcru +
2Rc,r,) = 26.1. This ratio decreases regularly with
increase in temperature; at 339° itis 2.8. Itisap-
parent that the major reaction of CF; radicals in
this system is not 9 or 10 but some reaction of low
activation energy forming condensable products.
Ayscough, Polanyi and Steacie!! proposed that CF;
radicals react with a quartz cell to form CO, and
SiF, under certain conditions. This reaction is not
important in this system since no SiF; could be de-
tected in the present work. (A trace of CO; of
unknown origin was found in some of the runs.) A
chemically inert, clear film of polymeric material
formed on the cell walls during photolysis. The
small quantity of the solid precluded the possibility
of chemical analysis, but the extremely inert char-
acter of the deposit is suggestive of a fluorinated
polymer. It may be suggested that the polymer
formation and the large unbalance in CF;-contain-
ing gaseous compounds are related, and that poly-
mer formation may be initiated by the addition of
CF; radicals to the aromatic nucleus of CsH;COCF;

CF; + C5H5COCF3 —_— CFsCsHsCOCFs —_—

polymer (16)

It has been demonstrated by Szwarc and co-work-

(18) G. O. Pritchard, H. O. Pritchard, H. 1. Schiff and A. F. Trot-
man-Dickenson, Chemisiry and Indusiry, 896 (1955).

(19) H. O. Pritchard, J. B. Pyke and A. F. Trotman-Dickenson,
Tuis JourRNaL, T7, 2629 (1955).
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ers?® that CH; radical addition to various aromatic
systems occurs in isodctane solutions. The expected
higher electron affinity of the CF; radical would
favor a more pronounced interaction of CF; with
aromatic systems than that found for CH;s. Pre-
sumably 16 results in the transformation of the
the benzene nucleus to a substituted cyclohexadi-
ene free radical which leads to polymer in further
undefined reactions. Reasonable speculation con-
cerning the mechanism of polymerization is impos-
sible at present.

Other Secondary Reactions.—Indirect evidence
for the presence of CF3;CO radicals is obtained in
consideration of the effect of ketone concentration
on the rates of product formation from runs at
289°, Fig. 3. Rcr,u and Rco increase markedly as
the concentration of ketone increases. However, the
ratio Rco/(Rcru + 2Rc,r,) remains essentially
constant: 5.95, 5.88, 6.00 and 5.60 for [C¢Hs-
COCF;] of 0.212, 0.564, 1.00 and 1.45 X 10%
molec./cc., respectively. This ratio is also rela-
tively insensitive to changes in 7, (data from Fig. 2):
5.60, 6.06, 5.62 and 5.13 at I, values of 59.5, 33.3,
23.2.and 10.1 X 102 g./cc.-sec., respectively. These
facts are consistent with the proposed reaction se-
quence and the additional reactions 17 and 18.

CF;CO — CF; + CO

CFiCO (4 wall) —>
non-volatile product (+ wall) (18)

7

In terms of this mechanism the increase in Rcr,u
and Rco with increase in the concentration of C¢Hj;-
COCF; reflects the increasing importance of 17.
High concentrations would favor 17 since diffusion
to the wall during the lifetime of the radical is less
likely under these conditions. Presumably the
CF; radical formed in 17 would react primarily by 8
and 16 (to a minor extent by 9). Since the rates of
both 8 and 16 are proportional to [CF;][CsHs-
COCF;], the ratio of the rates of these reactions
would remain constant with change in [CeHs-
COCF;], and the ratio of Rco/(Rermu + 2Rc,r,)
would be unchanged as observed. (Essential to
these arguments is the assumption that the extent of
reaction 20 is not a function of ketone concentra-
tion, or that 20 is a negligible source of CO at 289°.)

The observed products (CsHsCO): and Ce¢Hj can
be accounted for by conventional reactions

2CH:CO — (C¢H;CO). (19)
CeH;CO —> C¢H; + CO (20)

CsHs + CeH5COCF3 —_—
CsHs + CeH,COCF: (21)

The steady-state concentration of C¢Hj in this sys-
tem is apparently very low since no (CeHs)s, CeHs-
COCsH; or CF3;C¢H;s would be found in the condensa-
ble products, (CsHyCO), was present in the prod-
ucts in easily detectable quantities following pho-
tolysis at 275°. The high thermal stability of the
benzoyl radical, to which this points, is in marked
contrast to the demonstrated thermal instability of
the acetyl radical in pure acetone vapor at tempera-
tures above 100° 2!; this difference is consistent

(20) M. Levy and M. Szware, J. Chem. Phys., 22, 1621 (1954);
M. Levy, M. Steinberg and M. Szware, THIS JournNaL, 76, 3439
(1954); M. Szwarc, J. Chem, Phys., 28, 204 (1955); M. Levy and
M. Szwarce, THIS JoURNAL, 77, 1949 (1955).

(21) D. S. Herr and W. A. Noves, Jr., ibid., 62, 2052 (19401.
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with the expected resonance stabilization of the
benzoyl radical.

The Primary Process in CsH;COCF; Photolysis.
-—The results are consistent with the occurrence of
two primary processes

CeH;COCF; + hv —
L——) CsHs + COCF, (In

The identification of bibenzoyl in the reaction prod-
ucts gives strong evidence for I. This process is
analogous to that suggested for acetophenone pho-
todecomposition.?? Process II is indicated by the
evidence cited for the presence of CF;CO radicals
in this system. The relative importance of these
cannot be estimated from the present data. Tri-
fluorotoluene could not be detected in the condensa-
ble products. Thus a third possible primary proc-
ess leading to CF3;C¢H;and CO in a concerted mecha-
nism must be unimportant.

No single mechanism seems completely satisfy-
ing in the explanation of the low quantum yields.
CsH¢COCF; vapor absorbs strongly at 3660 A.
(curve B of Fig. 1), but the efficiency of gaseous
product formation is extremely low. The data of
Table I shows that little CO and other gaseous
products are formed even at 280° ($co < 0.0001).
Low quantum yields are also found at 3130 A
even in photolyses at 304°, less than 209, of the ab-
sorbing molecules decompose to give gaseous mole-
cules. It would be rather surprising if reaction 16,
its analog involving CF;CO, and recombination
reactions are fast enough to exclude essentially all
of reactions 8, 9and 17. An alternative proposal of
an excited molecule mechanism has certain in-
consistencies. One might expect that fluorescence
would play some part in the deactivation process.
In qualitative experiments there was no visible
fluorescence when pure CgH;COCF; vapor at 3 mm.
and 25° was irradiated with 3660—3000 A. light.
Furthermore there is no indication of collisional
deactivation in the observed effect of increased ke-
tone pressure on the rate of product formation.
The choice of detailed mechanism of the primary
process must await further study.

The Photolysis of Mixtures of CsH;COCF; and
CH;COCF;.—The or1g1r1a1 plan of selective pho-
tolysis of CsH3;COCF; in mixtures with CH;COCF;
by irradiation with 3660 A. light was discarded
because of the apparent low efficiency of CFsradical
formation at this wave length. Both ketones
absorb 3130 A. light, but the absorbancy indices
are greatly different. (Compare the spectra of CH;-
COCF; and C¢H;COCF;, curve B, in Fig. 1.) In
view of this, mixture photolyses were made at 3130
A, in an attempt to test the suggested CH;COCF;
photolysis mechanism (reactions 1-7). Runs were
made with the pure components alone and then in
combination. The incident light intensity was
lowered with filters in the pure CH;COCF; runs so
that approximately equal numbers of quanta were
absorbed by the CH3COCF; when alone or in the
mixture photolyses (see Table I1T). Thus the rate of
CH; radical formation as a result of light absorp-
tion should be about the same in both runs. The
ratio of the rate constants ks/ks at 245° is esti-

(22) H. H. Glazebrook and T. G. Pearson, J. Chem. Soc., 589 (1939).
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mated to be 126.% If this is used as an estimate of
the relative rates of the corresponding CH; reac-
tions no significant increase in Rcgy, should be
found in mixture photolyses as a consequence of
reaction 22

CHS + CeHsCOCFa e CH4 + C5H4COCF3 (22)

An increase in rates of formation of CHs—containing
species in the mixture photolyses would provide
evidence for CH; generation from CF;. In Table II
the product rates for each pure component are
summed and can be compared with the rates in the
mixture photolyses for three sets of data at three
different CH3;COCF; concentrations. The inter-
pretation of the results is not simple, but several
general features are clear. The rates of CO and
CF;H formation are much higher in the mixture
photolysis than in the rate sums of individual runs,
The effect of increased concentration on the decom-
position of the CF;CO radical is consistent with
this finding. The rates of formation of CH,, CoHs
and CH;CF; in mixture photolyses are slightly
larger in some runs, slightly smaller in others, but
no consistent trend is apparent. Conflicting conclu-
sions are possible concerning the CHj steady-state
concentration in these systems. It is evident that
the simple reaction schemes which appear to explain
pure component photolyses are not entirely ade-
quate for mixture photolyses. The most reliable
criterion of change in rate of CH; formation in these
systems available from the present data is the sum
of the rates of the total CHj-containing species
which appear as gaseous products, ZRcm, This
function is very nearly the same in the mixture
and sums of individual pure component runs when
account is taken of the slightly different intensities
of light absorbed by the CH3;COCF; component.
However there are two effects which have not been
considered in this simple interpretation which would
tend to mask the regeneration of CH; radicals from
CF; in this system. A reaction similar to 16 is ex-
pected to occur to lower the CHj concentration in
the mixture photolyses. In addition, the photoly-
sis of CH;COCF; appears to involve an excited
state which would undergo more extensive colli-
sional deactivation at the higher pressures involved
in the mixture photolyses.® The fact that gaseous
CH;- containing species were formed at essentially
the same rate in pure CH;COCF; and in the mix-
tures provides very indirect evidence that CF; radi-
cals regenerate CH; by interaction with CHj-
COCF;. Obviously, a more definitive test of this
point is necessary.

The Mechanism of CH;COCF; Photolysis.—The
chain mechanism involving CHjz-containing mole-
cules and CO is confirmed by the quantum yields of
products and quantum yield summations shown in
runs 43, 46 and 49 of Table II and runs 53 and 54
of Table III. The results of run 54 at 348° are
most striking; 31.6 CHz-groups appear in the gase-
ous products for every quantum of light absorbed by
CH;COCF;. A previously undetected short chain
involving CFs—containing gaseous products is indi-
cated also. The relatively large quantum yield of
CF;CHj; suggests that the reaction

CT; + CH3COCF; — CF:CH; + COCF; (23)
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may become important at the very high tempera-
tures. Although the general chain photodecom-
position scheme suggested by Sieger and Calvert?
is in accord with this work, the specific reactions 1
and 2 appear unlikely; a careful analysis of the
products of run 46 and 54 failed to reveal detectable
quantities of CFsCOCF;, although the method of
analysis was sufficiently sensitive to find even 5%, of
the total quantity expected from the reaction
scheme. There is no obvious alternative mecha-
nism to replace 1and 2. The undefined reaction se-
quence

CFa + CHsCOCFs —_— X —

CH; + non-volatile products (24)
must be subjected to further experimentation. The
absolute magnitude of the quantum yields of prod-
ucts of run 54 differ from those found by Sieger
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and Calvert?® using a different photolysis system but
under similar conditions of temperature, pressure,
wave length and at a slightly higher light intensity;
for example, ®co was 1.95 compared to 7.42 found
in this work. The variability of the length of the
chain process with change in reaction system coupled
with the fact that homogeneous reactions similar
to 1,2, 3, 23 and 24 have not been observed in analo-
gous systems, suggest strongly that these chain
steps are at least in part heterogeneous reactions.
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I.T.
Comparison of the Organic Products from the Br®¥= (4.4 hr.) —— Br® (18 min.)
Process in the Propyl Bromides with Those from the Br”(n,y)Br*® Process

By GERRIT LEVEY! AND JOBN E. WILLARD
RECEIVED NOVEMBER 11, 1955

It has been shown previously that activation of Br; by the (n,v) and by the isomeric transition processes in solutions of

Br; in CClq yields the same distribution of organic products.

The present paper shows a similar result for five products

(CH;3Bry, CoHBr, #-C3H:Br, ¢-C;H;Br and 1,2-C;HgBry) from the (n,v) and 1. T. activation of bromine in #-C;H;Br and
1-CsH7Br, thus lending support to the conclusion that the product determining steps are the same for the two methods of

activation,

Introduction

The Br™¥(n,v)Br®(4.4 hr. and 18 min.) and Brél-
(n,y)Br®2(36 hr.) processes yield product atoms
with a recoil energy sufficient to break chemical
bonds? (some 4000 keal. per mole if all of the nu-
clear energy is lost as one photon) and, in at least
an appreciable fraction of the events, a positive
charge.? The isomeric transition of Br¥=(Br)®=(4.4

I.T.

hr.) —> Br®(18 min.)) gives daughter atoms with
an average charge! of 410. This charge may
spread over the parent molecule and as a result of
coulombic repulsion cause the bromine atom to split
out with considerable kinetic energy (about &0 e.v.
in the case of Br, with +10 charge). In liquid or
solid organic media bromine atoms which have rup-
tured their parent bonds as a result of either the
(n,y) process or the isomeric transition process are
able to enter organic combination, apparently by
producing a random fragmentation? of bonds in the
surrounding molecules and combining with radicals
so formed. From the available facts about such
processes it is impossible to say whether the kinetic
energy or the energy from charge neutralization, or
both, are primarily responsible for the chemical
fate of the tagged atom, although it has been cus-
tomary to assume that recoil energy is the impor-

(1) Department of Chemistry, Berea College, Berea, Kentucky.

(2) For reviews of the literature on chemical effects of nuclear
transformations see: J. E. Willard, Ann. Rev. Nucl. Sci., 8, 193 (1953);
J. E. Willard, Ann. Rev. Phys. Chem., 6, 141 (1955).

(3) S. Wexler and T. H. Davies, J. Chem. Phys., 20, 1688 (1952),

(4) S. Wexler and T. H. Davies, Phys. Rev., 88, 1203 (1953).

tant factor in (n,%) activation and charge in activa-
tion by isomeric transition.

If the determining factor in chemical activation
by the two processes is the same, the distribution of
chemical products would be expected to be the
same in the same chemical system; if the activating
step is different, the product distribution might be
different. It has been shown® that the ratios of
CCl;Br to CCl,Br; and to higher boiling compo-
nents in the organic products from the (n,vy) and
isomeric transition processes of Br, in CCly are
identical within the accuracy of the determina-
tions. This is not, however, conclusive evidence
that the mechanism of chemical activation is the
same for the two processes. It may be that the pos-
sible types of bond rupture in a simple molecule like
CCly are so few that fragmentation occurs in an
identical fashion whether it results from charge
neutralization processes or from the dissipation of
recoil energy. It was therefore important to test
more complex molecules than the Br,—CCl; system.
In the work reported below normal and isopropyl
bromide have been chosen for this purpose because
the yields of a variety of products from the (n,%)
process on these compounds have been studied
carefully.57

Experimental

Liquid Br: irradiated in the CP5 pile of the Argonne Na-

tional Laboratory at a flux of 2 X 102 neutrons cm. ~2 sec. !

(5) J. F. Hornig and J. E. Willard, TH1s Journar, 78, 461 (1953),
(6) M. S. Fox and W. F. Libby, J. Chem. Phys., 20, 487 (1952).
(7) J.C. W. Chien, Ph.D. Thesis, University of Wisconsin. 1954.



