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by using the large-curvature approximation of Garrett et al.*! In
this formalism, the tunneling path for heavy-light—heavy mass
combinations is a direct straight-line path across the potential
energy surface from one end atom to the other. Bondi et al.®
have shown that improved canonical variational transition-state
theory with large-curvature ground-state transmission coefficients
(ICVT/LCG) provide rate constants that are accurate to within
a factor of 1.7 for the Cl + HC}, Cl + DC]}, and Cl + MuCl (Mu
= muonium) reactions. Their results indicated that the rate
coefficients and KIEs for heavy-light~heavy reactions should be
interpreted in terms of tunneling with large end-atom separation
instead of in the region of the saddle point.

After an examination of the experimental and theoretical results,
it appears that the mechanism of the F + H,O reaction is more
complicated than a simple abstraction and requires a careful
analysis on both the macroscopic and the microscopic levels. The
results of the ab initio and simple TST plus tunneling calculations
presented here indicate that tunneling may play an important role
in the mechanism of this reaction. However, the experimental
results for this simple hydrogen-transfer reaction cannot be in-
terpreted directly by using simple models. Clearly a more detailed
analysis of the potential energy surface and more accurate tran-
sition-state theory rate constants, including transmission coeffi-
cients, are needed to confirm the conclusions that have been drawn
from these simple models.

Summary

The enhanced experimental kinetic isotope effect and abnor-
mally low activation energies for the reactions F + H,0/D,0

indicate that quantum mechanical tunneling may be important
in these abstraction mechanisms. Both ab initio methods and a
semiempirical BEBO potential are unable to accurately reproduce
the experimental parameters using standard transition-state theory
and a one-dimensional tunneling model. The best ab initio cal-
culation overestimated the size of the classical barrier and as a
result overestimated the KIE and E, for the reaction when tun-
neling was included. The BEBO model quantitatively reproduced
the thermal activation energy but underestimated the experimental
KIE, suggesting that the method underestimated the size of the
classical barrier and the magnitude of tunneling.

The best fit of the experimental E, and KIE suggests that the
true classical barrier height for reaction is on the order of 4
kcal/mol and that the abnormally low activation energy and
enhanced KIE are consequences of tunneling through this barrier.
This mechanism is not unreasonable based on the correlation of
activation energy with exothermicity for hydrogen abstraction
reactions and the nature of reactive tunneling in heavy-light-heavy
mass systems.
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The rate constants for the reactions of NO;* with RCHO (R: H, CH;, C,Hs, CH(CHj;),, and C(CHj);) and XC,H,CHO
(X: NO,, CN, CI, H, CHj;, and OCH;) have been measured by following the decay of the transient absorption band of
NO;* generated by flash photolysis of K,[Ce(NO;)¢] in acetonitrile. Representative rate constants (in unit of M~ s71) at
20 °C in acetonitrile are 2.3 X 107 for CH;CHO and 2.4 X 107 for PhCHO. The hydrogen-atom abstraction reaction of
NO;* from the aldehydic C—H was confirmed by the similarity of the above two rate constants and by the higher reactivities
than those of acetone and benzene. The rate constants for HCHO and CH;CHO in aqueous solution are smaller-than the
corresponding values in acetonitrile, because of the hydration. For aliphatic aldehydes, the methyl substitutions on the vicinal
carbon to aldehydic carbon slightly increase the reactivity of aldehydic C—H with NO,*.” A large negative Hammett reaction
constant (p = -1.3) for aryl aldehydes indicates the high electrophilicity of NO;*. The polar substituents strongly affect
the orientation factors rather than the activation energies, which were obtained by the Arrhenius plots. The rate constants
in acetonitrile, however, are ca. 30 times larger than the corresponding ones reported in the gas phase: a polar medium affects

the distribution of an unpaired electron and the polar nature of the reaction.

Introduction

The nitrate radical (NO;*) has been recognized as a common
constituent of the trophosphere during nighttime hours.'* From
many kinetic studies, the importance of the reactions of NO;* with
aldehydes in the gas phase was revealed.>!0 The kinetic data
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and product analysis data indicate that the hydrogen-atom ab-
straction from aldehydic C-H (reaction 1) occurs first, followed

9]
[ ] [4» - *H -
O—N'—0" + RCHO — = HNOz + RC=0 (1)
I

by CO formation in the case of NO;*~-HCHO-O, reaction sys-
tem®® or by peroxyacetyl nitrate formation in the case of
NO;*-CH;CHO-0, in the presence of N,0s.5710

(8) Atkinson, R.; Carter, W. P. L.; Plum, C. N.; Winer, A. M.; Pitts, J.
N., Jr. Int. J. Chem. Kinet. 1984, 16, 887.

(9) Cantreli, C. A_; Stockwell, W. A.; Anderson, L. G.; Busarow, K. L.;
Perner, D.; Schmeltekppf, A.; Calvert, J. G.; Jonston, H. S. J. Phys. Chem.
1985, 89, 139.

(10) Cantrell, C. A,; Davidson, J. A.; Busarow, K. L. J. Geophys. Res.
1986, 91, 5347.

© 1989 American Chemical Society



4080 The Journal of Physical Chemistry, Vol. 93, No. 10, 1989

in (abs)

time, ys
/
~
e

7

Absorbance

300 400 500 500 700
Wavelength, nm
Figure 1. (a) Absorption spectrum of K,{Ce(INO,)¢] in acetonitrile; (b)
transient absorption spectrum 20 us after the flash photolysis of 107> M
of K,{Ce(NO,)4]. First-order plots of absorbances of NO;* at 635 nm;
(a) in acidic aqueous solution and (b) in acetonitrile at 20 °C.

Since NO," is presumed to be a polar and electrophilic radical
from the canonical structure [, it is interesting to investigate the
reactivities of NO;" in solution and to compare them with those
in gas phase. Especially, it is expected that the reaction medium
affects the distribution of the unpaired electron of NO;* and the
polar nature of the reaction. Martin et al. found that NO;* was
produced by the flash photolysis of (NH,),[Ce(INO;)¢] in acidic
aqueous solution;'""'? some rate constants for the reaction of NO,*
with alcohols were reported by Dogliotti and Hayon.!* To in-
vestigate the effect of the substituent effect on the rate constants
of aryl aldehydes, it is essential to find an appropriate nonaqueous
solvent to follow the decay kinetics of NO;*. Recently, the flash
photolysis method was applied to the generation of NO;* in
acetonitrile.!*!% in which both the radical source and most al-
dehydes are soluble. Thus, it became possible to investigate the
medium effect by comparing the reactivities in aqueous and
nonaqueous solutions and in the gas phase. Furthermore, the
substituent effect was examined on the basis of the Arrhenius
parameters, which can be obtained by the flash photolysis method.

Experimental Section

K,[CeV(NO,;)¢] was used as a radical source of NO;* in
acetonitrile; the potassium salt was prepared from the commer-
cially available ammonium salt by adding KOH. Commercially
available aqueous formaldehyde (37 wt %) and acetaldehyde (85
wt %) were used as received; other aliphatic aldehydes and liquid
aryl aldehydes were purified by distillation. Solid aryl aldehydes
were purified by recrystallization before use. Acetonitrile was
purified by refluxing over P,Ojs followed by distillation under N,
before use. Distilled water was also used as a solvent.

The flash photolysis apparatus was a standard design having
two xenon flash lamps (Xenon Corp. N-851C) with input energy
of 100 J and half-duration of 8 us.!® The reaction temperature
was controlled by immersing the flash cell (10-cm optical path)
in a bath filled with cooled methanol. For each flash exposure,
a fresh solution containing a known amount of aldehydes was used.
For aldehydes used in this study, no decrease of the absorbances
of the reactants was observed by mixing for a few hours, indicating
that no spontaneous reaction occurs at 20 °C, which was the
highest measurement temperature of our experiments.

Results and Discussion

Figure 1 shows the absorption spectra of the radical source
K,[Ce(NO;)4] in acetonitrile and the transient species produced
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Figure 2. First-order plots for decay of NO;* (at 635 nm) in the presence
of CH;CHO in acetonitrile at 20 °C: (a) 0, (b) 0.9, (c) 4.8, (d) 9.5, and
(e) 14.0 mM.
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Figure 3. Pseudo-first-order plots for some aldehydes in acetonitrile at
20 °C: (a) (CH3);CCHO, (b) CH;CHO, and (c) m-CIC4H,CHO.

by the flash photolysis with light between 310 and 430 nm (To-
shiba C-40C). Photodissociation reaction 2 can be confirmed even

K;[Ce(NOy)g] = K,[Ce(NOy)s] + NO;*  (2)

in acetonitrile, since these absorption bands with vibronic structure
were similar to those of observed in aqueous solution.'!?

The absorption bands in the gas phase were sharper than those
in solution, but the positions were similar.'®!® The strongest peak
in solution is 635 nm in the visible region, but in the gas phase
the peak at 665 nm is strongest; this suggests some differences
in the electron distributions in the two media.

In the insert in Figure 1, the first-order plots of the decay of
NO;"® in acetonitrile and in aqueous solution are shown; in ace-
tonitrile without additive, the decay of NO,* obeys first-order
kinetics, whereas in aqueous solution, the decay obeys second-order
kinetics. Slow reaction between NO;® and acetonitrile may occur.
Both decay rates are slow, indicating that these solvents are ap-
propriate to kinetic study by using flash photolysis with an 8-us
flash lamp.

For the reaction systems that contain aldehydes, the first-order
plots for the decay of NO;* in acetonitrile are shown in Figure
2. The linear decay curves were obtained; the slopes yield the
first-order rate constants (Kg.orer). From the reported extinction
coefficient of NO;* in the gas phase,!® the initial concentration
of NO;* generated by each flash exposure was calculated to be
ca. 3 X 107 M, thus, addition of aldehydes more than 5 X 107
M is enough to yield the pseudo-first-order kinetics. In Figure
2, addition of acetaldehyde more than ca. ] mM accelerated the
decay rates with increasing concentrations of additives. Fairly
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TABLE I: Rate Constants for Reactions of NO;* with Aldehydes and Related Compounds in Various Media (Bond-Dissociation Energy (BDE)“

and Ionization Energy (IE)?)

1078k, M1 5!
compd in acetonitrile® in water® gas phase? BDE, kJ/mol 1E, eV

HCHO 8.4 0.49 (2 N HNO3) 0.19¢ 364

1.1 (6 N HNO,) 0.3¢/
CH,;CHO 23 4.9 (2 N HNOy) 0.80° 360 (-C(O)-H)

6.2 (6 N HNO,) 0.78¢

397 (-CH,-H)

PhCHO 24 0.66" 364 9.52
(CH,),CO 0.24 <0.003 (6 N HNO,) 411 (-CH,-H)
PhH 1.0 <0.01¢ 461 9.24
PhCN <0.12 9.71
PhOCH, 2300 3200/ 0.03% 389 8.21

aReference 20. ®Reference 25. <The rate constants evaluated in this study contain an estimation error of £5%. ?The rate constants reported in
the gas phase are converted from cm® molecule™ s™' at 25 °C. ¢Reference 7. fReference 9. SReference 10. *Reference 8. Reference 15.

good linear lines in Figure 2 also indicate that contribution of
secondary reactions between NO;* and RCO from reaction 1 is
small; if there is such a contribution, downward curvature will
be observed. The presence of oxygen molecules in solution did
not affect the decay rates.

Figure 3 shows the pseudo-first-order relations; good linear lines
can be obtained between Kgq.orqer 20nd the concentrations of al-
dehydes. The intercept at [aldehyde] = O corresponds to the decay
rate in acetonitrile without aldehydes. From the slopes, the
second-order rate constants (ky) for reaction 1 were obtained.

The rate constants for some representative aldehydes and related
compounds in acetonitrile at 20 °C are summarized in Table I,
in which the rate constants in acidic aqueous solution and reported
rate constants in the gas phase are also given. In acetonitrile, the
rate constant for HCHO is slightly smaller than those for
CH,CHO and PhCHO. The rate constants in aqueous solution
are considerably smaller than the corresponding values in ace-
tonitrile; this is attributed to the hydrated form. Most of the
formaldehyde is present as H,C(OH), in aqueous solution; even
in acetonitrile, the hydrated form is predominant. In the case of
acetaldehyde, although the hydrated form is ca. 50% in aqueous
solution, in acetonitrile the aldehyde form is ca. 100% as found
from the UV spectra. Since the rate constants in aliphatic alcohols
are smaller than those of aldehydes,!>!7 the low reactivities in
aqueous solution can be attributed to the hydrated form. De-
pendence of the rate constants in aqueous solution on acid con-
centration may be due to the acid effect on the equilibrium be-
tween both forms. Low reactivities in the gas phase compared
with those in acetonitrile will be discussed in the later part of this
paper.

From the similarity of the rate constants for CH;CHO and
PhCHO in acetonitrile combined with the bond-dissociation en-
ergies (Table 1),20 it is confirmed that reaction 1 is a main path.
Since the rate constant for acetone in acetonitrile is about /g
of that for acetaldehyde, the attack of NO;* to >C=0 of al-
dehydes forming >C-0-0-NO, may not occur.

The rate constant for benzene (probably addition of NO;* to
the phenyl ring) is ca. !/, of ky of benzaldehyde. This indicates
that the addition of NO;* to phenyl rings of PhCHO is a minor
path. By the introduction of electron-withdrawing substituent
such as CN to benzene, a further decrease in the rate constant
was observed, suggesting that the reaction path does not change
from reaction 1 by introducing electron-withdrawing substituents
to phenyl aldehyde. On the other hand, an electron-donating
substituent on the benzene ring accelerated the rate constants for
the reaction with NO,* as found for anisole.!>!” For anisaldehyde,
change in reaction path may occur.

Figure 4 shows some examples for the Arrhenius plots; in the
range of temperature from —-35 to 20 °C, the rate constants
increase about twice, which is larger than the experimental errors
in this method. The rate constants and Arrhenius parameters are
summarized in Table II for aliphatic aldehydes and in Table 111
for aryl aldehydes. By the variation of E, of £1 kJ/mol, the 4
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Figure 4. Arrhenius plots for ky of some aldehydes in acetonitrile: (a)
(CH,;);CCHO, (b) CH;CHO, and (¢) p-NO,CsH,CHO.

TABLE II: Rate Constants at 20 °C and Arrhenius Parameters for
Reactions of NO;* with Aldehydes in Acetonitrile

108 ky, log A° E~° BDE}!

compd M1st M7ts! kJ/mol kJ/mol IESCeV
HCHO 8.4 7.93 5.6 363 10.88
CH,CHO? 23 8.15 4.5 360 10.20
CH;CH,CHO 38 8.32 4.2 366 9.98
(CH,),CHCHO 61 8.57 44 9.74
(CH,),CCHO 68 858 4.2 9.50

9Estimation error in E, is +1 kJ/mol; that in log A4 is +0.18.
bReference 20. ¢Reference 25. ¢E, for acetonitrile in the gas phase is
36.5 kJ/mol 3

TABLE III: Rate Constants at 20 °C and Arrhenius Parameters for
X-C¢H,~CHO in Acetonitrile

10y,  log A,

X M-1gl Mgt E,, kJ/mol IE, eV
»-NO, 32 7.92 8.0 (10.4)°
m-NO, 2.1 7.61 7.3 (10.4)°
p-CN 4.0 7.92 7.4
m-CN 7.9 8.04 6.5
m-Cl 7.6 8.18 7.0 (9.90)°
p-Cl 17 8.36 7.2 (9.60)
H 24 8.56 5.5 9.52
p-CH, 25 9.33
p-CH,0 1200 8.60

%Estimated from the figures in ref 26; others are from ref 25.

values vary by ca. 50%; thus, the log A values are shown in the
tables. The activation energies of 4-8 kJ/mol are smaller than
those for the hydrogen-atom abstraction by the carbon-centered
radicals.?! For the oxygen-centered radicals, however, similar

(21) Kerr, J. A. Comprehensive Chemical Kinetics; Bamford, C. H.,
Tipper, C. F. H., Eds.; Elsevier: Amsterdam, 1976; Vol. 18, p 39.
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Figure 5. Hammett plots for log ky (at 20 °C), log A, and E, for
X-C4H4CHO in acetonitrile against ¢ of X.

activation energies were frequently reported;?! i.e., the E, values
for t-BuO*-ArOH,?? having rate constants similar to those for
NO;"-aldehydes, are close to the E, values for NO;*—aldehydes.

In aliphatic aldehydes, the rate constants at 20 °C increase with
the methyl substituents; although there seems to be a tendency
of the activation energies decreasing with the methyl substituents,
the variations are small. The activation energy was generally
governed by the bond-dissociation energy of the C-H bond of the
hydrogen donor. For aldehydes, however, the variations of the
bond-dissociation energies of the aldehydic C~H’s are considerably
smaller when changing the number of the methy! substituents on
the vicinal carbon atom of CHO (Table I1).% For nucleophilic
methyl radical, an opposite tendency was reported with the methyl
substitutions.???* This suggests that the methyl substitution affects
the polar nature of aldehydic C~H, which was supported by the
jonization potentials of aldehydes.?>?6 In Table II, it seems that
the frequency factors mainly determine the rate constants at
ambient temperature, suggesting some relationships between the
orientation factors and the polar nature of the aldehydic C-H.
To estimate this type of polar effect, further investigation by using
the Hammett correlation for aryl aldehydes, in which the polar
effect is quantitatively evaluated, was performed.

The Hammett plots for the rate constants and Arrhenius pa-
rameters for aryl aldehydes against ¢ are shown in Figure §, in
which the data for p-CH;0 and p-CH; are excluded, since the
reaction path may change. In the case of anisaldehyde with a
low ionization energy (8.60 eV),?* electron transfer from anis-
aldehyde to NO;* may occur.”® For tolualdehyde, hydrogen-atom
abstraction from the CH; group by NO,* is also possible.

For log ky of seven derivatives, a linear correlation was obtained
yielding p(log ky) = —1.3. For the hydrogen-atom abstraction
reactions from aryl aldehyde by other radicals, the Hammett
correlations were reported: for t-BuO*, p = ~0.32,% for *SO,Cl,
p = —0.48% and for *CCl;, p =~0.75. The high electrophilicity
can be presumed from the oxygen-centered radical substituted
by the highly electron-withdrawing nitro group as can be shown
by the resonance between canonical structures I and I1, but not
by resonance structure like I11.

In Figure S, log 4 and E, also give linear correlations against
o yielding p(log A4) = ~1.0 and p(E,) = 1.5 kJ/mol, although the

(22) Das, P. K.; Encinas, M. V.; Steenken, S.; Scaiano, J. C. J. Am. Chem.
Soc. 1981, 103, 4162.
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(25) Kerr, J. A. Handbook of Chemistry and Physics; CRC Press: Boca
Raton, FL, 1984; p E-70.

(26) Rao, C. N. R. Tetrahedron 1976, 32, 1561.

(27) Kim, S. S.; Sohn, S. C. Tetrahedron Lert. 1982, 23, 3703,

(28) Arai, M. Bull. Chem. Soc. Jpn. 1965, 38, 252.

(29) Lee, K. H. Tetrahedron 1968, 24, 4793.

dots in the plot for E, seem to scatter. In general, the negative
slopes of the Hammett plots for the reactivities imply that charge
transfer occurs from hydrogen donor to the attacking radical; for
the reaction system between NO;* and ArCHO, this can be shown
by polar resonance structures [V-VI.*®

0] 0] T)

DN ) '+

(ArCIH®O—NO,) = (ArC*H*0—NOy == (ArCHO™—NO,)
Iv v VI

[t has been presumed that the contribution of these polar
resonance structures lowers the barrier of the transition state of
the reaction.3! In the case of the reaction system of NO,*-aryl
aldehydes, since the activation energies vary only slightly with
the substituents, the contribution of this effect to the variations
of the rate constants is small; i.e., assuming the frequency factor
to be constant, p(E,) = 1.5 kJ/mol corresponds to p(log ky) =
-0.3, which is in good agreement with the observed difference
{p(log ky) — p(log A)}. This small contribution of the E, values
to the rate constants may be a reflection of small variation in the
bond-dissociation energies of the aldehydic C—H’s with the change
of the substituents on the phenyl ring as can be presumed by the
IR band due to the aldehydic C—H;? for both p-nitrobenzaldehyde
and p-anisaldehyde, the position of the absorption peak of al-
dehydic C-H is the same (7 = 2730 cm™).** The rate constants
at 20 °C are mainly determined by the frequency factors.

In the case of halogen abstraction by the triethylsilyl radical,
it was recently pointed out that the frequency factors were in-
fluenced by the polar substituents more greatly than were the
activation energies.>* For this interpretation, the following hy-
pothesis was introduced: the charge separation occurs between
Et,Si* and RX before reaching the transition state of the reaction.
For relatively electron-rich R-X, the charge separation facilitates
the orientation between the attacking radical center and trans-
ferring halogen. If this idea can be applied to the reaction system
of NO;*-RCHO, the large substituent effect on the rate constants
at room temperature is determined by the polar effect on the
orientation factors as shown:

o 0
I [P~
(R—C—H--0—N"—0") —
VII
0 0
I .

(R—C—H?3*.. 0¥ —N"—0Q7) — transition state
VIIT

For aryl aldehydes, the electron-withdrawing substituents in-
terfere with the above charge trunsfer, resulting in a decrease in
the rate constants. In aliphatic aldehydes, methyl substitution
increases the above charge separation. In the gas phase, such polar
effects may be small; this is one of the reasons for the smaller
rate constants in the gas phase than those in acetonitrile as seen
in Table I. Since NO;* in the gas phase was reported to be a
planar triangle,® the minus charge and unpaired electron may

(30) Pryor, W. A.; Church, D. F,; Tang, R. H. Frontiers of Free Radical
Chemistry; Pryor, W. A, Ed.; Academic Press: New York; 1980.

(31) Russell, G. A. Free Radicals; Kochi, J. K., Ed., Wiley: New York,
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(32) McKean, D. C,; Duncan, J. L,; Batt, L. Spectrochim. Acta 1973, 29,
1037.

(33) Nakanishi, K. Infrared Absorption Spectroscopy; Holden-Day: San
Francisco, 1962.

(34) Chatgilialoglu, C.; Ingold, K. U.; Scaiano, J. C. J. Am. Chem. Soc.
1982, 104, 5119.

(35) Ishiwata, T.; Tanaka, 1.; Kawaguchi, K.; Hirota, E. J. Chem. Phys.
1988, 82, 2196.
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be delocalized in the three oxygen atoms of NO;* like the reso-
nance structure 111, which may be less electrophilic and less
reactive. In the condensed phase, NO;' is reported to be a Y-
shaped structure,® in which an unpaired electron is localized on
one oxygen atom like the canonical structures I and II. This
radical center is quite reactive and electrophilic. This change of
the electronic distribution may also be one of the causes for the
medium effect.

For the reaction of NO,* with phenol in the gas phase,? it is
assumed that the addition of NO;® to the benzene ring occurs first
followed by the elimination of phenolic hydrogen. In the case of

(36) Gundu Rao, T. K.; Lingam, K. V.; Bhattacharya, B. N. J. Magn.
Reson. 1974, 16, 589.

(37) Atkinson, R.; Aschmann, S. A.; Winer, A. M. Environ. Sci. Technol.
1987, 21, 1123.

aryl aldehydes in acetonitrile, although direct evidence for the
formation of a cyclohexadienyl radical was not observed by our
flash photolysis experiments, the smaller values in log 4 and E,
suggests the complex formation between NO;* and =-bonds in
the phenyl ring or/and the C=0 group in the transition state.
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The fluorescence decay characteristics of acetone-h¢ and acetone-dg upon excitation of the S; A, state were studied in a
supersonic molecular jet. It is shown that both internal conversion (S;~S,) and intersystem crossing (S,-T)) take place in
the isolated molecule. At the origin, the rate of internal conversion is 11.5 X 10° and 2.3 X 10° s™ for acetone-k¢ and acetone-ds,
respectively. The decay time of acetone increases gradually as the excitation frequency increases, due to better coupling
with T;. This trend reverses at an excess energy of about 2250 cm™, where a very rapid decrease in the decay time as a
function of energy is observed. The sudden change is ascribed to the onset of dissociation on the T, surface, and a barrier
of 93.5 kcal/mol (above the ground state) is found for this process. The results are consistent with a radiative lifetime of
about 10 us for S;, as deduced from absorption measurements. The low fluorescence yield is accounted for, in the isolated
molecule, by internal conversion or intersystem crossing. In bulk systems, these intramolecular processes alone do not account

for the observed decay times, and collisional quenching must be taken into account.

Introduction

According to Calvert and Pitts’ classic textbook,! “the photo-
chemistry of ketones is the most thoroughly studied of any class
of compounds”. This comment refers to the chemical events
initiated by light absorption at the nz* transition centered around
280 nm. Being the simplest ketone, acetone is probably the best
studied molecule of this group. Some aspects of its photochemistry
are well-established. The most important primary reaction is
believed to be the homolytic cleavage to form an acetyl and methyl
radical:

CH,COCH; — CH,CO + CH,  AH° = 81 keal/mol (1)

The quantum yield has been carefully measured and is reported
to rise with the temperature to a maximum of 100% at 130 °C
in the gas phase.? The confidence level in these results is reflected
by the fact that the system is often used as an actinometer in the
UV. The triplet state is considered an important participant in
this reaction, a feature common to all carbonyl compounds. The
fluorescence quantum yields and lifetimes have been reported for
both the gas®# and the liquid*® phases. The results have been
interpreted as indicating very efficient intersystem crossing to T).

Nevertheless, many aspects of acetone photochemistry remain
to be elucidated. Some important parameters need to be ex-
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perimentally measured, and discrepancies between different reports
need to be settled. Thus, some of the rates and energy barriers
relevant to the photochemistry of acetone, listed in a recent review;®
are admittedly estimates or guesses. A well-known anomaly is
recorded in the literature concerning the radiative lifetime of
acetone. Using integrated absorption measurements, one arrives
at a lifetime of about 10 us,>*’ while a determination based on
the ratio of the measured lifetime to the measured quantum yield
leads to 1-2 us.>*8

In recent years the photophysical properties of many isolated
molecules have been extensively studied with pulsed lasers as light
sources and molecular beams as a means to ensure collisionless
conditions. In particular, considerable efforts were dedicated to
the study of simple aldehydes,* ! leading to a much better un-
derstanding of the primary photochemical processes. The ab-
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