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Abstract
Kinetics of Photoraduction of
Acetopiienone and w,x,a-TriTluoroacetophenone

by

Richard Alan Leavitt

The kinetics of photorecuction of acetophenone and a,a,a-trifluoro-
acetophcnone by p-xylene in benzene have been examined in this wvork.
Products of tre photoreductions are the expected coupling products derived
from p-xylyl and semipinacol radicals. The effects of p-xylenc concen-
tration on quantum yields and of triplet state quencher on relative
quantum yields of 1,2-di-p-tolylcthane formation vicre examinad. The
various rate constants were determined by the steady state analysis of
these data.

Emission spectra indicate that trifluoroacetophenone possesses a
m,n* (unreactive) lowest triplet and yet, with p-xylene trifluoroaceto-
phenone triplets react (kp = 9.7x107 sec) two orders of magnitude faster
than the n,m* (reactive) acetophenone triplets (kp = 7.0x10° sec) while
undergoing radiationless decay (kq) only one order of magnitude faster
(8.8x106 vs, 7.1x10° sec). Of the two ketones, trifluoroacetophenone
has the Tower quantum yield of 1,2-di-p-tolylethane formation with less
dependence on p-xylene concentration. The quantum yields with 4.0 M
p-xylene .are 0.08 and 0.04 for acetophenone and trifluoroacetophenone
respectively.

If the commonly accepted machanism for photoreduction is assumed,

then the radicals generated disproportionate more than ten times faster



Richard Alan Leavitt
than they couple. The unlikelyness of this occurrence and the hign
reactivity of trifluoroacetophenone triplets suggests that the major source
of inefficiency in product formation arises from an intermediate charge-
transfer state.

Experiments for further elucidation of the unusual reactivity of

trifluoroacetophcnone are presented.
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I. Introduction



Photoreauction is an old reaction in chemistry dating from the early
1905's when Ciamician and Silber (1) first discovered that action of
sunlight on a solution of benzophcnone in alcohol gave a good yield of
benropinacol.

OH
; —~9)
O

+ (Cilg),CHoil _Sunlight o

O
©)-
OH
Until the 50's most photoreductive work was directed toward synthetic
applications, since the vields are generally gocd and the products more
easily prepared than by non-photochemical metho's. Schonberg and Mustafa (2)
have written a comprehensive review on this early pioneering work in
synthetic photochemistry.

It has only been in the past decade, however, that large numbers of
groups have become interested in the mechanisms of such reactions and
admittedly their successes have been due in part to the vast improvement in
modern instrumentation which enables us to routinely measure exceedingly
small concentrations of photoproducts.

In this work we have examined the kinetics of photoreduction of aceto-
phenone and a,a,a-trifluoroacetopiienone by p-xylene with the intent of
determining what effect the strongly electron withdrawing tr%f]uoromethy1

group,a to the carbonyl, has on the photoreduction.



The photorecduction of ketones, whether intra- or intermolecular, is
simnle the transfer of a hydrogen atom to the carbonyl oxygan, although
the compating pnysical processes involved have not been easy to elucidate.
Intramolecular photoreduction, often referrcd to as the Norrish type II
process, involves tne abstraction of a Y-hydrogen by an excited state of

the ketona and subsequent reactions of the 1,4-biradicals produced (3).

HO R

OH

0 hv (2)
— R O

A=A

However, the work described in this thesis is concerned exclusively -
with intermolecular phcotoreduction. Ketones can be photoreduced intermolec-
ularly by abstraction of a hydrogen atom from a suitahble substrate yielding
semipinacol radicals and hydrdgen donor radicals. These radicals may then
proceed on to their characteristic reactions depending on the conditions

employed, as shown for example, in eguations (3-6).

=0 + DH ——> oK + D- (3)
SOH + J60H ——> ~(.':._?'— (4)
OH OH
D+ + D+ —> DD (5)

D- +XOH ——> D(OH (6)



The hydrogen source is usually an alcohol, but other sources with abstractable
hydrocen have been employed; for example: alkanes (4), amines (5), toluene
(6), and tributylstannane (7).

Most of the work in this area of photoreduction has been with aryl
ketones. Aliphatic ketones tend to undergo type I cleavages more readily
than aryl ketones (for example, dicthyl ketone is not photoreduced in
isopropylbenzene but produces only products initiated by ethyl radicals (8))
and those kelones possessing y-hydrogen atoms preferentially undergo type II
photoé]imination (9), although in some cases with reactive hydrogen donors
photoreduction competes favorably with photoelimination (10,11). However,
simple aliphatic ketones can be photoreduced as exemplified by acetone in
hexane (12), cyclohexane, (13) and with tributylstannane (14).

Much of the recent interest in intermolecular photoreduction as well as
type II photoclimination concerns the controversy over n,n* versus m,n*
triplet state reactivity. Of the two "pure" triplet states, the n,z* triplet
is considered the most similar to tert-butoxy radicals. Walling and Gibian
(15) and Cohen and Baumgarten (16) have shown this in the case of benzo-
phenone triplets by measuring the relative reactivities of various hydrogen
donors in competitive experiments. Although benzophencne triplets are
slightly more selective and electrophilic, both selectivity and absolute
rates of reaction closely parallel those of tert-butoxy radicals, which is
in agreement with the notion that a nonbonding, n, electron is promoted to
an antibonding n* orbital, thus creating an electron deficiency at the
carbonyl oxygen relative to the ground state ketone. n,n* triplets, on the
other hand, involve the promotion of an electron from a bonding orbital

to an antibonding n* orbital forining a species rore polar than the n,n*



triplet state, and thus, should not have any close resemblance to tert-
butoxy radicals.

While aliphatic ketones have essentially pure n,s* Towest triplet states
the situation is much more couiplex for aryl ketones since their n,n* and
nsan* triplet levels are energetically close together., The wide variance
in triplet state reactivities associated with aromatic ketones has been
attributed to the relatively unreactive nature of n,n* triplet states (7,17).
Unsubstituted benzophenone has an energy spacing of about 2400 cm1 between
the lower n,n* triplet and the n,z* triplet states while the spacing for
acetophenone is only about 440 ! (18,19). Methyl substitution on the
aromatic nucleus lowers tne n,n* relative to the n,i* triplet state and in
the case of methyl substituted acetophenone the levels are inverted with
the 5 ,n* state becoming the lower triplet state. The electron withdrawing
trifluorometuyl group, however, has the opposite effect in that it increases
the energy of the q,;* relative to the n,;* triplet state (19,20).

Aliphatic ketones undergo the type Il photoelimination several times
faster than the corresponding phenyl ketones. For example 2-pentanone and
2-hexanone have rate constants of 6.4x107 and 9.8x108 sec'1, respectively,
assuming kq = 2.45x1010 1 mole-! sec-! in heptane (21), while those of
butyrophenonz (22) and valerophenone (23) are 6.6x10% and 1.4x108 sec™1, in
benzene. These results, together with the fact that certain ketones, such
as o- valeronaphthone (24) and p-phenylbutyrophenone (9), possessing m,n*
lowest triplet states do not undergo photoelimination has led to the general
conclusion that reactive ketones possess nearly pure n,n* Towest triplets
while unreactive ketones possess n,n* lowest triplets. Those with inter-
mediate reactivities are ones whose n,n*.and n,n* levels, lying close in

energy, are vibronicly coupled.



The effect of mathyl substitution on photoreactivity in the benzophenone
series is considerably smaller than in the acetophenone series. Yang (19)
argucs that methyl substitution lowers the n,n* triplet relative to the n,»*
triplet in both cases. However, since the encrgy gap is much larger in
the benzophenone series, the methyl substituted benzophenones still have
reactive low-lying n,n* triplets although somewhat more coupled to the
n,m* triplets. Acetophenone, on the other hand, having a smaller energy
separation between n,n* and n,n* triplets and thus more m,n* character in
the lowest triplet state, is less reactive than benzophenone. Methyl
substituted acetophenones have n,n* Towest triplets coupled to n,n* upper
triplets and it is this large enhancement of wn,n* character in the lowest
triplet state which gives rise to the considerable reduction in their
photoreactivities. Trifluoromethyl substitution in either case increases
the energy of the w,n* relative to the n,n* triplet, thereby increasing the
n,n* character of the lowest triplet state and therefore, the photoreactivity
of both ketones.

Porter prefers to attribute a lack of triplet state reactivity to charge
transfer (CT) triplets (25) and puts =,n* triplet state reactivity at about
10% that of n,n* triplet states (26). The question of whether CT states
are discrete entities or merely manifestations of substituent effects on
the m,n* state is one of degree since in essence a CT triplet is a m,n*
triplet in which electron density is strongly directed by heteroatoms.

A related current area of interest concerns the actual fate of the
excited ketone triplet state in solution. It has been apparent for some

time that those processes depicted in equations (3-6) must be an over

simplification of the situation. Pitts (27) first reported that a colored,



oxygen sensitive intermediate, charactlerized by a strong long wave length
absorption band (*max ca. 325 mu), was produced in the photoreduction of
benzophenone by isopropanol. Backstrom (28) ascribed this intermediate to a
charge transfer complex between an isopropanol radical and a semipinacol radical.

Schenck (29) and Filipescu (30) proposed I and 11, respectively, as non-

radical intermediates in dilute benzophenone solutions.

P Me
o et OH d-me
| ~0H | N
Ph— 0=®< Ph—C :CX’ Ot
H
I 11

The question seems to be not whether intermediates exist but how much
they effect the kinetics of the reaction. Filpescu has proposed that all
products proceed through intermediate II while Vagner (31) has estimated that
for the photoreduction of benzophenone by benzhydrol, no more than 10% of the
radicals produced form intermediates such as I. These intermediates once
formed, however, may be responsible for inefficiencies of product formation
as well as quenching of excited states.

The literature abounds with reports of substituent effects on the quantum
yields of both photoreduction and photoelimination. Unfortunately, it is
difficult to glean any significant information about triplet state reactivities
from quantum yields alone. Quantum yields do not give accurate measures of
relative rates at which two excited species undergo a particular reaction if
the competing reactions of the two species occur at different rates of if
the particular reactions occurs so much faster than the competing reactions
that ¢= 1. For example, a comparison of butyrophenone with y-methyl valero-

phenone shows that the quantum yield for type Il photoelimination decreases



a factor of two in gcing frem a primarvy v-hydrogen to a tertiary y-hydrogen
(0.40 to 0.23). However, the rate constant for intramolecular hydrogen
abstraction is two crders of magnitude greatar in the case of v-methyl valaro-
phenone (6.6 versus 500x10° sec-1) (22).

Solvent effects have also beesn studied. Porter (32) found that although
p-hydroxy- and p-aminobenzophctione were very unreactive in alcshol solvents,
they readily undorvient photoreduction in cyclohexare. Monpolar solvents
would be expected to dastabilize n,n* or CT relative to n,n* triplet states.
Thus, by putting the aferementioned compourds in nonpcolar mcdia the resultant
increase in n,n* character of tha triplet facilitates photoreduction. On
the other hand, VWagner (10) has shown that polar solveats enhance the quantum
yield of butyrophenone and valerophenone disappearance. Polar solvents
apparently stabilize the 1,4-biradical formed and decrease the reverse Y-hydro-
gen transfer pathway for radiationless decay.

A comparison of the photochemistry of acetone to that of hexafluoro-
acetone is relevant to the discussion of acetophenone and trifluoroaceto-
phenone. Both acetone and hexafluoroacetone have been extensively studied
in the gas phase at various temperatures, pressures, and wavelengths and
intensities of irradiation. Botii undergo photodecomposition via complex
processes to carbon monoxide and ethane (hexafluoroethane) as indicated in

the simplified manner below for acetone.
CHACCH, — :
3ty ————= (CH3- + -CCHj3
1]
CH3C. ——= CHy- + (O

2 CHy» ———> CH3CH,



These are essentially the only products under high energy conditions (1‘>100°C.,
2 <3130 A.) (33,34) but at lower temperatures many other radical reactions
occur such as methane and biacetyl formation (33,35).

However, acetone and hexafluoroacetone differ in several respects as
evidenced by the following observations. The photolysis of hexafluoro-
acetone in the presence of hexafluoropropene lowers the yield of carbon
monoxide and forms an oxetane while acetone under the same conditions produces
no oxetane with a lowering of the carbon monoxide yield. Addition of
piperylene quenches all but a small amount (4-14% depending on the pressure
of hexafluoroacetone) of the oxetane formation suggesting the triplet state's
involvement (36). |

The n,n* singlet of acetone is not quenched by olefins, benzene, or dienes
in the gas phase. Although the hexafluoroacetone singlet is quenched by
these quenchers, it is not quenched by hexafluoropropene (37) suggesting that
the electron deficient oxygen, in the case of hexafluoroacetone, is interacting
with the n-system of the quencher except for hexafluoropropene, where the
electron density of the double bond is reduced by the inductive effects of
the fluorine. Charge transfer could account for the quenching by benzene.

Finally, there are differences in the absorptions and emissions of these
compounds. The absorption spectra for:acetone, trifluoroacetone, and
hexafluoroacetone are very similar, absorbing over the region 2500-3300 A but
..with maxima shifted toward higher wavelengths ca. 125 A per trifluoro-
methyl group (38). The fluorescence efficiency is an order of magnitude
higher for hexafluoroacetone and the fluorescence lifetime is 7.8x10-8 sec,
depending somewhat on temperature (39). The phosphorescence Tifetime (3.3

x10-3 sec) (40) is about ten times longer.than that of acetone (41).
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The photolysis of trifluoroacetophenone in the gas phase produces
trifluoromethyl radicals via type I processes (42,43). Although there have
been no reports of trifluoroacetophenone photoreduction in solution, the
literature contains numerous reports on the photoreduction of acetophenone;
most dealing with the products derived thereof. Tuo studies (20,44) have
determined the rates of hydrogen abstraction (kh) and radiationless decay
(kq). These results together with the results of our investigation of the
photoreduction of acetophenone and trifluoroacetophenone will be presented

and discussed in the next section of this thesis.



II. Results and Discussion
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In terms of mechanism, we can visualize the photoreduction of a ketone
.in solution as follows. Light is absorbed by the ketone, A, which is excited
vertically according to the Frank-Condon principal to one of the excited
singlet electronic states. In solution the first excited singlet state,
]A*, is rapidly (< 10-12 sec) attained through internal conversions. The
excited singlet can decay with rate kj back to the ground state or inter-
system cross with rate kjgc to the excited triplet state, 3p*. The excited
triplet can undergo three processes: Decay to the ground state with rate
kg, transfer its energy to a quencher molecule, Q, with rate kq, or reagt
with the hydrogen donor, DH, with rate k,. The radicals so produced may
couple to form products with rate ke or disproportionate back to the ground

state with rate kdisg.

Scheme 1
Ia N
A + hv —=> 1p
Ky
gy ——= 5
15* k'iscE 3p*
kd
W* ——>
k
I+ Qg ——= A+ P
3 Kh__
A + DH —> Radicals (AH- + D-)
ke
Radicals —= Products (DD + AHD + AHAH)
kdis

Radicals —> A + DH
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These processes may also be represented schematically by the following

encrgy level diagram.

1 %
A
|
kisc
3A*
+DH
Ky
+Q A Radicals
I K; Ky Kq e
Products
kdis
Y v \ A

In order to evaluate the rate constants involved we must first define
what is meant by the term quantum yield and derive expressions relating
quantum yields to rate constants. The primary quantum yield, ¢y, is a
measure of the efficiency or probability of the one step process giving

reaction products immediately from the excited state and may be defined as (45):
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number of molecules, radicals,
_d[xJ/dt or ions of x formed/cm3 sec
by T —— = -
Ia nuiber of quanta absorbed by
reactant/cn3 sec

Products arising from subsequont excited states (eg., the triplet state)
must be considered in terms of their probability of formation from that state.
Thus, we define P, as the probability that those molecules in a subsequent
excited state will form products by process x.

Finally, we define the total quantum yield, ¢y, a measure of the

efficiency or probability of a multiple step process, as (46).

o = number of molecules finally formed (8)
X number of quanta absorbed

Thus, from the energy diagram (vide supra) the total quantum yield

for product formation would be given as:

®prod = %isc PhPc (9)

If we make use of the steady state approximation theory, which asserts
that highly reactive species which do not appear as final products, rapidly
build up in concentration to some constant, low value at which time the
reaction of these species equals the rate of their formation, then from
Scheme I, the rate of formation of ]A* is given by:

d[1A*] 1 % -

—r = 1 - ks['A] - kjgc['A 1 =0 (10)
Therefore,

A" = 1a/(k + kisc) (1)
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but,
3p* L [1AF
bisc = 90N s o Kiscl M) (12)
Ia
combining (11) and (12),
disc = kisc/(kjsc + kj) (13)
Similarly,
kp[Dit]
®prod = ¢isc Pc )
kg + knLOH] + kql0] (14)

when no quencher molecules are present [Q] = 0 and,

kn[DH]
¢0 = ¢. P h
Prod isc ¢ (kd + knlDU] ) (15)

Taking the ratio of (15) to (14) we obtain the useful Stern-Volmer expression.

3°
Prod kq[Q]
- = 1 + (16)
¢Prod kd + kh[DHJ

The lifetime of the triplet state, T is given by the following expression:
t = 1/(kq + kp[DH]) (17)

thus,

¢0Prog~
®prod

1+ k[0l (18)
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A plot of ¢0Prod/¢Pr0d versus [Q] will have a slop of k. and intercept at 1.

q
By taking the reciprocal of equation (14), another useful expression is

" obtained, the reciprocal quantum yield.

¢Pl"0d ¢'iscpc kh[DH] (]9)
A plot of 1/¢ppgq versus 1/[Di] gives an intercept of 1/¢

of (1/¢i5cPc)(kg/kn).

From equation (17), a plot of 1/t versus [DH] will have a slope of Ky

iscpc and a slope

with an intercept of k.

In summary, Stern-Volmer plots determine 1, reciprocal quantum yield
plots determine ¢5cPc and kq/k,, and reciprocal Tifetime plots determine ky
and k4.

Quenching Studies:

Degassed benzene solutions containing 0.1 or 0.2 M ketone, 0.1-2.5 M
p-xylene (a particular value for each run), and various concentrations of
naphthalene quencher were irradiated at 3660 A and analyzed for 1,2-di-p-
tolylethane (DTE) formation by vapor phase chromatography (VPC). The
Stern-Volmer plots were lincar out to large percentages of quenching
(Figures 1 and 2) although points obtained at low naphthalene concentrations
tended to lie below the line, particularily in the case of acetophenone,
perhaps indicating that some naphtnalene molecules react with the excited
triplet state of the ketone. Nevertheless, the Stern-Volmer plots are
sufficiently valid to indicate a striking difference between the qu values

of trifluoroacetophenone and those of acetophenone as set forth in Table 1.
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(o]
16|
14 [p-Xylene]
B 1 0.1 M
2 0.5 M
3 1.0 M
4 1.5M y
12|
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Figure 1. Stern-Volmer plots for varying concentrations of
p-xylene with trifluoroacetophenone.
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Table 1. Quenching of Acetophenone and Trifluoroacetophenone by MNaphthalene
in Benzene.

[p-xylene], M qu, M- 1/1X10'5, sec']

Acetophenone

0.25 7560 6.6
0.50 5050 9.9
1.00 4600 10.9
1.50 3570 14.0
2.00 2610 19.2
2.50 2158 23.2
Trifluoroacetophenone
0.10 298 168
0.50 94.4 530
1.00 48.3 1040

1.50 33.8 1480

The rate constant for energy transfer to naphthalene, kq, is dependent on
the viscosity of the solvent and has a value of 5.0x10° M" sec™! in benzene
(47). This value was uSed to calculate the 1/t values in Table 1.

Reciprocal lifetime plots from equation (17) shown in Figures 3 and 4
give good values for kj (s]obe) and approximate values for kq (intercept) as

indicated in Table 3.

anntum Yield Determinations.

Degassed Benzene go1utions containing 0.1 M ketone and various concentra-
tions of p-xylene were jrradiated at 3130 A and analyzed for DTE formation
by VPC. Actinometery was performed by parallel irradiation of 0.1 M
valerophenone in benzene, and then measuring the amount of acetophenone formed
by VPC. The quantum yield for this reaction was taken as 0.33 (48).

Reciprocal quantum yield plots (equation. (19)), shown in Figure 5 give values
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Figure 3. Reciprocal lifetime plot for trifluoroacetophenone.
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Table 2. Quantum Yields of 1,2-Di-p-tolylethane Formation with Various
Concentrations of p-Xylene and 0.1 M Ketone.

p-Xylene, M 0TE
Acetophenone Trifluoroacetophenone
4,00 0.082 0.042
2.00 0.068 0.040
1.00 0.051 0.037
0.75 0.044 0.036
0.50 0.034 0.034

for kgq/kp of 1.01 and 0.091 for acetophenone and trifluoroacetophenone respec-
tively*. Thus, while just over half the acetophenone triplets decay back
to the ground state, only one tenth of the trifluorocacetophenone triplets
are lost through radiationless decay. Using the values of kp obtained from
the reciprocal lifetime data, the kq values are easily calculated (shown in
Table 3) and are reasonably close to those obtained from intercepts of reciprocal
lifetime plots.

The reciprocal quantum yield plots shown in Figure 5 have intercepts of
9.8 and 24.8 for acetophenone and trifluoroacetophenone respectively.
Equation (19) predicts an intercept of (1/¢i5c)(1/Pc). However, ¢jgc for
acetophenone has been shovin to equal 1 (49). Thus, the intercepts give values
for P. as shown in Table 3.

It is of interest to note that these intercepts are much greater than 1

and would indicate that the p-xylyl radicals couple to produce DTE only 10 and

* In the case of trifluoroacetophenone, the two values at high p-xylene
concentrations were not included in the determination of slope and intercept

since relative quantum yields were not determined at these concentrations.
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Table 3. Kinetic Data for Photoreduction of Acetophenone and Trifluoro-
acetophienone.@

Quantity Acetophenone Trifluoroacetophenone
kpP 7.0x10° sec-] 9.7x107 sec-!
kq© 4.9 0.7
kyd 7.1 0.9
Pe 10.2x10~2 4.0x1072

2 A11 slopes and intercepts analyzed by least squares. b Slope of reciprocal
lifetime plot. € Intercept of reciprocal lifetime plot. d Calculated

from the slope of the reciprocal quantum yield plot and the value of kp from
the reciprocal lifetime plot.

4% of the time for acetophenone and trifluoroacetophenone respectively.

Since the photoproduct distribution, as displayed in Tables 4 and 5, for

both ketones is similar and the p-xylyl radicals produced by either system
should behave the same, then either the intercents must contain some probability
factor in addition to Pc or (kgis)acp <<(kdis)TFa- It seems quite unlikely
that radical disproportionation could account for all the observed inefficiency
of product formation especially in view of the fact that similar systems,
benzophenone-benzhydrol (31) and benzophenona-isopropanol (50), have intercepts
which indicate > 90% coupling of radicals. Thus the inefficiency could 1lie

in the formation of an intermediate charge-transfer state which can proceed

on to radicals or decay back to the ground state. If this is indeed the case,
then the results demand that from the charge-transfer state the rate of .

decay divided by the rate of radical formation for trifluoroacetophenone be

much greater than for acetophenone.
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Mass Balance Experiments.

As shovwn by equations (3-6), every mole of ketone which disappears
should produce one mole of p-xylyl radicals which in turn should be manifest
in either DTE of the alcohol. If DTE were the only photoproduct, then the
maximum quantum yield for the formation of DTE would be 0.5 since two
p-xylyl radicals are necessary for the formation of DTE. However, as shown

in Table 4, three photoproducts are observed for each ketone.

Table 4. VPC Area Percentages of Photoproducts.?

Ketone DTE Alcohol Pinacol
Acetophenone 35.9 45.7 18.4
Trifluoroacetophenone 30.6 56.1 13.4

a Averages of two separate determinations for each ketone.

Table 5 attempts to correlate disapnearance of ketone (K-) with
appearance of p-xylyl radicals in DTE and the respective alcohols. The
percent of total p-xylyl radicals present in DTE is calculated directly by
the following formula.

% of total p-xylyl - [DTE] 2 moles p-xylyl radicals
radicals in DIE (k-] X mole DTE x 100%  (20)

The percent of total p-xylyl radicals present in the alcohols is calculated

by using the area percentages from Table 4 and the following formula.

% of total p-xylyl . area % alcohol [DTE] « 1009
radicals in alconol area % DTE [k-] © (21)
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Table 5. Distribution of p-Xylyl Radicals in Photoproducts Dased on Ketone
Disappearance.

% p—i;ﬁy] Radicals

Ketone [X-] [DTE] - [DTE] glgoho]b Accounted for by
“TK=T DTE DTE Alcohol®

ACP 0.0191 0.00613 0.322 1.27 64.4 41.0

TFA 0.0331 0.00741 0.224 1.84 44.8 41.4

@ A11 concentrations in moles/liter. ©° VPC peak area ratio. © Assuming VPC
sensitivities the same for all photopnroducts.

Thus, from Table 5 the maximum quantum yields of DTE formation may be
ca]cu]aied and are 0.32 and 0.22 for acetophenone and trifluoroacetophenone
respectively. The observed quantum yields, however, were much Tower (see
Table 2) which indicates significant inefficiencies along the path to product
formation.

Absorbance and Emission Snectra.

The UV spectra for acetophenone and trifluoroacetophenone displayed

in Figures 6 sho# the 1

Bou < Mg (Lp « 'A) ca. 2850 A and '8y, « Tap
(]La « ]A) ca. 2500 bands shifted to longer wavelengths for trifluoro-
acetophenone, while the n,n* absorptions above 3200 A are very similar.
The shift of the m,n* band is ca. 10 kcal/mole.

Trifluoroacetophenone emission spectra (51) closely resemble those
obtained by Griffin (52), although exponential decay was linear and life-
times somewhat lower. The triplet emissions were quite long (0.057 sec in
methylcyclohexane and jsopentane, and 0.20 sec in ethanol) suggesting a n,n*

lowest triplet with possibly some n,n* character, in contrast to the known

n,n* lowest triplet state in acetophenone (20). The vibrational spacing of
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of the emission spectra was ca. 1700 cm-] for trifluoroacetophenone in
methylcyclohexane wiicn compares well with the 1730 el absorption observed
in the IR spectra.

In conclusion, the evidance we have examined in this work has clearly
shown trifluoroacetopinenone to have unusual reactivity in photochemical
reduction with p-xylena when compared to acetophenone. The results presented
show that hydrogen abstraction from p-xylene by the triplet state of aceto-

' > 1 in

phenone is about 7x10° secl. Yang (20) found a value of 9x10° sec”

-1 yith

2.0 M 2-propanol and Conen (44) observed a rate of 2.5x106 sec
u—methy}benzy] alcohol assuming that kq for naphthalene in benzene equals

5x10° sec!. alling and Gibian (15) reported that p-xylene has a relative
reactivity of about half that of 2-propanol towards hydrogen abstraction by

the triplet state of benzophenone. Thus, our value for hydrogen abstraction

by the triplet state of acetopherione from p-xylene is reasonable.

The results further present a paradoxical situation in that emission
spectra indicate that trifluoroacetophenone possesses a n,r* (unreactive)
lowest triplet and yet, with p-xylene trifluoroacetophenone triplets react
two orders of magnitude faster than the n,n* (reactive) acetophenone triplets
while undergoing radiationless decay only one order of magnitude faster.v
Furtheriiore, tnhe low quantum yield of product formation and the high intercepts
of the reciprocal quantum yield plots indicate that a major source of
inefficiency occurs after the triplet state reaction.

A priori, several explanations exist for these observations. The rate
enhancement for trifluoroacetophenone triplets may be solely due to increased

electron affinity of the oxygen arising from the electron withdrawing nature

of the trifluoromethyl groupn, thus increasing the propensity for hydrogen
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abstraction, with inefficiency of product formation occurring by'radical
disproportionation. On the other hand, it may be that the rate observed is
that of the trifluoroacetophenone triplets rapidly forming a strong charge-
transfer complex with p-xylene with a large probability of subsequent decay
from this state to the ground state accounting for the inefficiency of
product formation. It is also possible that whatever species is produced
from the triplet state is also responsible for quenching of excited trfp]ets;

As pointed out in the introduction, indications of.intermediates have
been previously noted (27-31). In this work it was originally planned to
follow ketone disappearance by UV analysis. However, irradiated samples
absorbed more strongly in the 325-350 mu region than unphotolyzed samples
although the spurious absorption decayed slowly when samples were not
‘analyzed immediately or rapidly when exposed to air. This intermediate,
whether similar to I or II or a charge-transfer species, would surely be
an efficient quencher.

The following is a delineation of experiments that should help
clarify the questions posed by this research.

1. If the rate measured is that of triplet ketone reacting with
p-xylene to form a charge-transfer species, then changing to a nonaromatic
hydrogen donor should eliminate any charge-transfer contribution to the
rate of triplet reaction. Thus the photoreduction of <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>