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Abstract —1t is found for the first time that photolysis of gaseous acetone under UV irradiation produces
ethane not only via recombination of methyl radicals, but also by the mechanism of induced predissociation.

Photolysis of acetone is a well-understood photo- As follows from Eq. (7), the average time of the
chemical process [1]. Gaseous acetone is even callggcomposition of CH-O by scheme (6) at 333 K is
a classical actinometric system [2]. Actually, it iSgs short as 0.045 s.
firmly established [2] that al > 398 K in a wide
range of near-UV wavelengths (25820 nm) the
quantum yield of CO ¢.p) formed by photolysis of
gaseous acetone is exactly one [schemes (1) and (2

Clearly, if pathway (3) is realized, the quantum
yield ¢ proves to be slightly lower than one, but
e quantum yield of methyl radicalspggHB) is always

less than doublep-y [Eqg. (8)].

hv , .
CH,COCH; —> CO + ZXoHg, (1) ®cH, 2 29co (8)

) Since gaseous acetone in photolytic kinetic studies

serves as a source of free methyl radicals, relation (8)
is a corner stone of gas-phase kinetics [3], allowing
one to estimate the initial concentratioCHs],.

‘ k
2CH; — C,Hg.

At lower temperatures ak 313 nm, along with
photodissociation (1), a less profound decomposi
tion (3) becomes a significant pathway. Whereas the above pattern seems quite clear, the

he mechanism of photolysis of gaseous acetone cannot

CH,COCH; — CHy + (COCH,)" — CO + ZTH, (3)  be considered firmly established. The case in point is
that, according to our data, mild pyrolysis (500

l M 600 K) of gaseous methyl iodide gives no ethane. We

. also found that no ethane is also formed by photolysis

COCH, of methyl iodide. These findings led us to suggest that

Here M is the deactivating valence-saturated mothe ethane resulting from photolysis of acetone is
lecule, COCI—g)* is the excited radical with increased mostly formed by induced predissociation (9) rather
vibrational temperature, which decomposes into C@han by recombination (2).
and CH; if M has no time to deactivate it. Th€H;

radicals formed by reaction (3) recombine by hv
scheme (2), as well as by schemes (4) and (5). CH3COCH; > CoHg + CO. ©)
COCH, + CH3 —> CH,;COCH;, 4) Actually, some evidence for this mechanism could

: ‘ be found in experiments with hard irradiation Jat<
COCH,; + COCH; — (CH;CO), ® 500 nm [3]. Recently, Schelat al. [4] used the
According to [3], even a vibrationally deactivated molecular-beam technique to show that photodissoci-
radical CH,CO is quite unstable and decomposes bwtion of carbocyanide\(193 nm) gives dicyan by the
scheme (6) similar by scheme (3) with a rate constarnihtramolecular predissociation mechanism [scheme

defined by Eq. (7). (10)] with a probability of 6%.
CH,CO — > CHy + CO, ) 2428 COCN + CN,
CO(CN), v 5100 (10)
ke =1.25x 101%xp (_%)j st @) »CO +NCCN.

Thus, instead of photodissociation of gaseous
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1272 SKOROBOGATOVet al.

acetone [schemes (AB)], we can propose a more predissociative mechanism (9). It proved that fiég-
general scheme of photodissociation of any two-ligantion is independent of the pressure and temperature of

carbonyls: photolyzed acetone and ig* = 0.263+0.017.

% , RICOR? (stabilization), Strictly speaking, any difference in the rates of re-
9! Rl+R2+ CO combinations (2) and (12) should decrease the yield
Y ’ of C,H;D5 at the expence of increased yields gHg

R1COR2——)(,,3 R™+R*CO, (11) and GDg. In this case,¢* should decrease cor-
(P—4>R2 + R1CO, respondingly.

sy R1R2
¢ R'R"+ CO, Let us consider a formal-kinetical problem of re-
——>Isomerization combination of two components of the same kind
[Egs. (15)].

For example, thep* values for formaldehyde (R=

H, R? = H) range from 0.17 X 355 nm) to 0.65 X ke
280 nm) [5]. X+ X —=> X,

Thus, mechanism (9) as a possible way of ethane Ky
formation in in photolysis of gaseous acetone ethane X+ Y —— XY, (15)
seems quite reasonable. In the present work we ex-

. : k
perimentally measured quantum yielg&for acetone. v+ y Yy Y,

To reveal pathwayl in photodissociation (11) and
to measure quantum vyielg*, experiments with mo- Reactions (15) have kinetic equations (16)
lecular beams are unnecessary. The same result cand (17).
be obtained using a multilabeled compound [6],

i.e. with a compound containing isotopic molecules in —dxdt = 2kX2x2 + kyyXy
extremely nonequilibrium concentrations. Thus, the

- 2
fully deuterated analog (CJ,CO is similar to acetone —dy/dt = Zkyy® + keyXy. (16)
in photochemical properties [1]. The free radic@B; t t
recombine by scheme (12) with an almost the same [Xq] = kxzfxzdt, [XY] = kwfxydt
rate constant [7] as their protium analogs [Eq. (13)]. 5 . 5
17
_ _ . V2] = ky, f y2dt. (7
CD; + CD3 —— C,Dg, (12) 0
kyolk, = (15/18)/2 = 0.913. (13)

Herex is the co_ncentration [X] and is the concentra-
acetone, i.e. to a mixture of (GHCO and (CR),CO, parhc_ular, if the rate constants are relate_d by Eqg. (18),
predissociative channdlwill lead to exclusive forma- Substitution of the solution of Egs. (16) into Eq. (17)
tion of CHg and GDg By contrast, dissociative 9VeS Egs. (19) for the concentration of recombination
channelsl and 2 will three species: GHg, C,Dg, and ~ Products.
C,H3D3, whose fractions are quite accurately deter- kx, L/2kyy = ky, = K, (18)
mined [6] by combinatorial formulas (14).

[Xilt :_% 1_17 ,
[CoHgl = 1/2x3, [CoH3D3l = Xg¥o, [CoDgl = 1125, (14) 2 (7 1y
Here X, is the molar fraction of initial radical€H, [XY]¢ = myo(l—ﬁj, (19)
andy, = 1 - X, is the molar fraction of initial radicals
CDs. Thus, the entire excess of,id; and GDg mo- Vo = Y3 1 1
lecules in the photolytically formed ethane over those [¥ 2l T2 ( 1+ zaj'

expected by formula (14) will give arise by chandel
in scheme (11).
Here X, in the initial molar concentration [X]andy,
Table 1 represents the isotopic composition of thes the initial molar concentration [¥] and x, +
ethane formed by photolysis of deuteroacetone angl = 1. In particular, at — o, from Eqgs. (19) follow
the calculated fraction of the molecules formed byEgs. (20).
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Table 1. Calculation of the fraction of the ethane formed by induced predissociation of photolyzed acetone (9)

Measured Calculated _—
. . . " S Contribution Ethane formed
[Acetone}, Isotopic isotopic composition of recombination . - .
predissociation (9),| intramolecularly,
molecules/cr molecule of ethane, molar| of CH; and CD,, :
) . molar fraction %
fraction molar fractio®
9.7x1017 CHyCH, 0.477+0.001 0.3065 0.170+0.002
CH5CD4 0.337+£0.001 0.3373 0 } 26.3+0.4
) CD4CD4 0.186+£0.001 0.0928 0.093£0.002
3.9x10'8 CH5CH, 0.487+0.009 0.3265 0.161+0.015
CH5CD4 0.340+£0.008 0.3402 0 } 24.5+2.4
CD4CD4 0.173£0.008 0.0886 0.084+0.009
3.9x1018 © CH5CH, 0.360+£0.001 0.2088 0.151+0.002
CH5CD4 0.357+£0.001 0.3573 0 } 28.1+0.4
CD4CD4 0.283£0.001 0.1528 0.130+£0.002

@ Calculated by combinatorial formulas [6] without account for isotopic efféblﬁemperature of photolyzed gas 340 KPhotolysis
temperature 418138 K.

X, = U3, [XY], = XoYo [Yol, = 1/2y3. (20) With the denotationst = 2k, t and a = ky /ky ,
Egs. (16) can be rewritten to obtain Egs. (22).
As seen from Egs. (19) and (20), in recombina- o, 1
tion (15) of components X and Y, which have the - d¥fdr = X% + oy
same reactivity [see Eq. (18)], recombination products — dylde = ay? + oty (22)
are formed in quantities calculated by combinatorial

In force of conditions (21), we have << 1; as a
formulas [6].

result, the solution of Egs. (22) can be written, to a
high accuracy, in form (23).

Let us consider the other limiting case, when the -1
rate constants of reaction (15) are strongly different x = a3y, Hl +oc1/2%gj e ot _ 1} . (23)
[Eq. (21)].
Substitution of Eqg. (23) into integrals (17) gives
ky, >> Ky, key = 2(ky ky )2 (21) Eq. (24).
1/2y z=1
_ — 1/(1 +o"yo/Xo) z
X2l = oy [InZ + J 24
7 2= (L +aR0%0) |, - expiaii s 9
For t —, from Eq. (24) we obtain Eq. (25). Table 2 represents the final distributions of pro-
2 12y ducts of recombination (15), calculated by formulas
[Xﬂw-&+ o (1 xgIn o YolXo @5 (26) and (27) with varied values af = ky /kx, as

1+ oMy0/% well as the final distribution for = 0.913, corre$pond-
_ v = ing to the ratio of the rate constants of recombination

fO”IgWgalrEtlcul?zré)forxo = Yo = 0.5, from Eq. (25) ,'yhe radicalsCD; and CH;. As seen from Table 2,
9. ' the kinetic isotope effect in recombination of the

172 mixture CD; + CH, increases [compared with that
71/2} (26)  expected by combinatorial formulas (20)] the molar
l1+a fraction of the molecules £is and GDg by about
Therewith, Egs. (27) are valid. 0.2%. Allowance for thls isotope effect gives a more
accurate estimate fag* (0.26+0.02 instead of 0.268
Yoo = Xolow XY = 1 - 2[Xj..  (27) 0.017).

X2l = 1/4 (1 +atn
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Table 2. Composition of final products of recombina- trifluoromethyl ketone and trifluoroazomethane have
tion (15) at [X], = [Y] = 0.5 forkyy =2(kX2kY2)1’2 been reported in [9, 10].

Final concentrations of recombination v »CO + GHe
products, molar fractich > CO + GHaF3
kYzlkxz —>CO + GFg
[XZ]oo [XY] ) [YZ]oo —> Ny + CoHg
6 >Np + CoHgk3
107 0.496546 0.006909 0.496546 >Ny + CoFg
10 0.476925 0.046150 0.476925
2
101 0.3801 0.2398 0.3801 By comparing the actual distribution [10, 11] of
107 0.2745 0.4510 0.2745 final duct H. C.H.F. C.E ith that
0919 | 0.252¢F 0.495F 0.2521 inal products (GHs, CoHaF5 CoFe) with that pre-
1 0 25 0 5¢ 0. 25 dicted by comblnatonal equations (20) we could
' ' ' estimate quantum yieldg* for both cases (Table 3).

Here, too, theg® values proved to be appreciably
higher than zero. Data in Table 3 reveal a general re-
gularity: The quantum yleldp in process (11) de-
creases with increasing size of substituentard R.

@ Calculated by formulas (26) and (27*3 Corresponds to the
ratio ke p /kc 1, [see Eq. (13)] € Obtained by interpolation.
d Calculated by Eqs (20).

Table 3. Quantum yields ¢*) of the intramolecular route
of formation of product BR? on photolysis of oxo com-
pounds RCORZ or azomethanes WRI=NR?

EXPERIMENTAL

The isotopic mixtures with the molar compositions

Tempe- | Irradiation 64.4 mol% (CH),CO + 35.6 mol% (CR),CO and
Fotolized rature, | wavelength o Refe- 53.8 mol% (C!j)ZCQ + 46.2 mol% (CR),CO were
gas K ' am i rence prepared gravimetrically.
A mixture, 1 g, was placed into the ampule of a
HCOH 300 280 0.65 [5] vacuum device, purified by triple vacuum distillation,
297 0.50 and dried for 2 h over 4 + 5 A Zeolites preheated in
316 0.33 a vacuum. The purified mixture was transferred in a
340 0.20 vacuum into 4 quartz photolytic cells. Each of the
355 0.17 cells was irradiated for 30 min with a medium-pres-
DCOD 300 280 0.72 [5] sure mercury lamp (the first and second at@Qthe
297 0.57 third at 140C, and the fourth at 16%). After photo-
316 0.33 lysis, the cells were attached to the inlet probe of an
340 0.20 MKh-1321 mass spectrometer, and the isotopic com-
355 0.17 positions of ethane were measured at an ionizing
CH;COCH; |340 300-360 | 0.26+0.02| 2 voltage of 70 V. The mass spectra were assigned
CH;COCF;  |420-470 313 0.11+0.02| [9] using the databases [11, 12].
NCCOCN 300 193 0.06+£0.02| [4]
F3sCN=NCH; |300 350-380 | 0.12+0.01| [10] The mass spectral results for ampules 1 and 2 are

a present work.

listed in Table 4. The last column in the table repre-
sents the isotopic compositions of hydrogen, which
coincide, within error, with the more exact isotopic

The resulting ¢* value for the nondissociative composition obtained gravimetrically. These results
channel of ethane formation in photolysis of gaseoushow that the mass spectral analysis and the assign-
acetone proved to be rather high. But its comparlsoment of the mass spectra are correct. The same check-
with the ¢* values for HCOH and NGCO-CN
(Table 3) shows that acetone is a usual carbonyl conbata in Table 4 were used for constructing Table 1.

pound in terms of this property.

In connection with the aforesaid, a question arises

ing procedure was performed for ampules 3 and 4.
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Table 4. Isotopic compositions of the ethane formed by photolysis B00 nm,T 340 K) of a gaseous mixture containing
64.4 mol% (CH),CO and 35.6 mol% (CE,CC»

. . Isotopic composition of
Isotopic composition of ethang :
. hydrogen in ethane
. Relative
[Acetone}, Reaction Mass . ;
Intensity
molecules/cri product number 2 measured molar .
[11] , . . atomic
intensity concentration,| atom .
. fraction
rel. units %

9.7x 10 CH5CH, 27 33+1 190+5 47.7+2.8 H 0.645+0.041

CH5CD4 33 27+5 110+5 33.7£2.6

CD5CD4 36 20 45+5 18.6+1.2 D 0.335+0.025
3.9x10'8 CH4CH; 27 33+1 70+5 48.7+4.3 H 0.657+0.063

CH5CD4 33 27+1 40+3 34.0+4.0

CD5CD4 36 20 15+1 17.3+1.1 D 0.343+0.031

2 Measured at an ionizing energy of-5M eV [11].b The molecular ion peakr{/e30) was not used, since it is contributed by tri- and

hexadeuteroethanes.
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