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Abstract 

The production of intermediates (light absorbing transients, LAT) has been examined in the photoreduction of benzophenone by different 
hydrogen donors in inert solvents ( acetonitrile and benzene). For 2opropanol in ~cemnitrile, a branching ratio of 0.3 for the coupling reaction 
between dimethyl- and diphenylketyl radicals was extracted by computer model simulations considering inner filter effects and the quenching 
of triplet benzophenone by LAT. Experimental evidence is presented that indicates that LAT could be an efficient H-donor. Steady-state 
quantum yields for LAT production, q~^'r, and benzophenone conversion, - ¢i,,,co, were determined for the donors 2-propanol, n- and c- 
bexane, benzhydrol and tetrahydrofuran. The relative quantum yield, -¢~t.A.r/qbp,=c o, which indicates the differential partitioning of the 
products, shows that 2-propanol and tetrahydrofuran are nearly ten times more efficient than alkanes. From the analysis of the mechanism we 
derived an upper limit for the rate constant for the coupling reaction of two diphenylketyl radicals to yield LAT: k~ < 5 x l0 s M- i s- =. 
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1. Introduction 

The photoreduction of benzophenone by H-donors repre- 
sents a classic example of organic solution photochemistry 
and it has been widely explored for many years. The mech- 
anistic characterization of this reaction has been the subject 
of various articles [ 1-10] including studies carried out not 
only in solution but also in other media such as micelles [ 11 ] 
and in solid state [ 12]. 

Examining the effect of oxygen on the mechanism, Pitts et 
al. [ 1 ] were the first to observe that the irradiation ofdegassed 
solutions of benzophenone in 2.propanol produced oxygen- 
sensitive intermediates which strongly absorb in the 350 nm 
region, besides the expected benzopinacol and acetone. Since 
then, various evidence has been presented for the formation 
of these relatively stable intermediates, which are usually 
referred to as light absorbing transients (LAT) [ 1-10]. 

Biickstr0m [3], Coiman [7] and Demeter [9,10] studied 
the nature of the LAT produced in the photoreduction of 
benzophenone by alcohols, discussing their structure, pro. 
duction and decay-kinetics. Besides, the formation of an 
adduct between ground state benzophenone and diphenylk- 
etyl radical [ 1 ], or of the charge-transfer complexes of free 
radicals [ 3 ] have been proposed to explain the origin of these 
intermediates. Unfortunately, attempts to elucidate their 
structure by NMR have failed [6]. Though somewhat indi- 

1010-6030/96/515.00 © 1996 Elsevier Science S.A. All rights reserved 
Pll S I 010-6030  ( 96 ) 04327-4 

¢\_,,,0. 

. x 

I: x=¢ 
I1: X=CH~ 

Scheme 1. 

rect, all the experimental evidence indicates that LAT are 
ortho- and para-coupling products of diphenylketyi radicals, 
or of one diphenylketyl radical and the radical derived from 
the H-donor molecule (see Scheme I ) [4,5,7-9]. However, 
no build-up of products which absorb in the n-~r* region 
(300-400 nm) could be detected when the donor is benzhy- 
drol[ 10,13 ]. On the basis of this fact, Demeter et al. favored 
type II structures, shown in Scheme 1, for the absorbing 
intermediates in the photoreduction of benzophenone by 2- 
propanol, being p-LAT the major component of the isomer 
mixture. 

From the analysis of their experiments in terms of the 
mechanism shown in Scheme 2, they also reported quantum 
yields for LAT formation [9]. 



52 C. Viltres Costa et al. / Journal of Photochemistry and Photobiology A: Chemistry 99 (1996) 51-56 

ue~co~ 

uelcott. 
t,~cott. 

R~co Oh) 
• ~ - - ) , F ~ C O H .  * Ue.,COH. (2) 

• ~ ~ (IUe-F--.OH~ ¢Ja) 

Scheme 2. 

Since LAT absorption overlaps the n-~* and the 1~-~* 
band regions of benzophenone, the inner filter effects can not 
be avoided. Also, the probable quenching of triplet benzo- 
phenone by LAT might alter the course of the photoreaction. 
As a consequence, most of the experiments do not provide 
confident quantitative i,formation, due to insufficient treat- 
ment of these subjects [ 1,2,6,8-10]. Besides, there is a cum- 
plete lack of reports on the quantum yields for LAT formation 
by donors other than 2-propanol. It is also not clear whether 
the enhancement of the LAT yield is a result of the properties 
of the solvent, or whether it depends on the nature of the H- 
donor. 

In the present work we explored the kinetics of the pho- 
toreaction in order to assess the influence of the H-donor and 
the solvent media on the production of LAT. The understand- 
ing of this subject cannot be disregarded when quantitative 
and mechanistic aspects of the reaction ate to be analyzed. 

2. Exper imenta l  details 

2, i, Materials 

Benzophenone (Fiuka) was recrystallized f rom ethanol. 
2 ~ l ~ p ~ o l  (Mallinckr(xlt, ACS), acetonitrile, tetrahydro- 
furan, n-hexane, c~hexane ~ d  benzene (Carlo Erba, RS) 
were used as received. Phenylglyoxilic acid (Sigma) was 
recrystallized from benzene. 

Z2, ~e~dy-s~e p~toly~is 

Samples (4 ml) of benzophenone solution were previously 
degassed by bubbling N2 for 10 rain. The stirred solutions 
were inadiated at 366 nm in a rectangular I cm path length 
cell at room temperature. The light emerging from a high 
lxe.~ure Xe~Hg arc was filtered with a Kratos monochro- 
n~t~r within ~ 5 am. Fine mesh screens were placed between 
the rnonochromator and the sample to attenuate the light. 
Incident light intensities (photon density per unit time), io, 
were measured using phenylglyoxilic acid as an actinometer 
[ 14]. The absorption spectra were determined at different 

time intervals using an UVPC-2101 Shimadzu spectre- 
photometer. 

3. Results and discussion 

3.1. Photoreduction of benzophenone by 2-propa,~o! in 
inert solvents 

We reinvestigated the photoreduction of benzophenone in 
acetonitrile and benzene, using 2-propanoi as the H-donor, 
In both solvents, it can confidently be assumed that more than 
99.99% of the quenching events of triplet benzophenone lead 
to a dimethylketyl radical, This conclusion is based on the 
experimental and estimated lifetimes of the triplet benzophe- 
none: 1.8 × 10 ~4 s in aeetonitrile [ 15], 5 × l0 -s s in 2-pro- 
panel [ 16], and i.9 X l0 -n s in benzene [ 15]. The last figure 
was obtained from the correlation between the ionization 
potentials of the radical R, and the rate constant of the H- 
abstraction reaction between 3Ph2CO and a species RH [ 15 ], 

In addition, control experiments were carried out in each 
solvent which verified that, under our experimental condi- 
tions, no photoreaction takes place when 2-propanol is absent. 

3. I. 1, Experiments in acetonitrile 
Solutions of 5 × 10-4-1.5 × 10 -2 M benzophenone and 

0,4 M of 2-propanoi in acetonitrile were irradiated for various 
time intervals ranging between !-!20 rain, under continuous 
stirring, Fig, I shows the absorption spectra for a typical run, 
The sudden rise of the absorbanee around 320 nm clearly 
shows that inner fiher effects and possible spatial inhomo- 
geneties during the reaction might be considerable. After ! 2 
rain of irradiation, air was admitted into the cell and the 
solution was kept in the dark until a constant value of absorb- 
ance was reached (curve f), A period of about 24 h under 

~,o ~ a) t = 0 rain. . 
~ b ) t - 3 m i n .  

2 , s ~  c) t = 6 m i n . .  
[ll~k d) t=  9 r a i n . .  

=0 RI\\ \ \  • e) t = 12 min. , 

15 
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0,0 
300 32o 34o 3(10 3oo 4oo 

wavelengih (nm) 
Fig, !, A~oq~tion spectra of a solution 2 X 10- ~ M and 0.4 M 2-propanol 
in acctoni~l© at various in'adiation limes, a) Initial spectrum; b). ¢). d). e) 
after 3, 6, 9, and 12 rain of in~diation at 366 am. Spectrum f) was taken 
after 24 h in the dark under air-saturated conditions. 
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air-saturated conditions proved to be enough to ensure 
complete LAT depletion. As previously shown in a similar 
experiment, the recovery of the characteristic benzophenone 
emission indicates that benzophenone does regenerate in this 
process [ 5 ]. Thus, the difference between spectra a and f ir~ 
Fig. 1 accounts for the amount of benzophenone converted 
in products other than LAT. 

Figs. 2 and 3 show the results at single wavelengths for the 
two extreme benzophenone concentrations. The different 
behavior seen when the benzophenone concentration is 
changed from 5×  10 -4 to 1 × 10 -2 M, is related to the 
decrease in the yield of light absorbing photoproducts and it 
reflects the competition of reaction (4d) with the H-atom 
transfer from Me2COH. to benzopheno, e (reaction (5)) .  

For the dilute solution (Fig. 2), the absorbance at 320 nm 
(LAT's maximum-absorbance wavelength, 19,10] ) 
increases sharply up to ca. 2, reaching a plateau in nearly 30 
rain. Considering the initial value (0. I ), it is obvious that the 
absorbanee is mainly due to LAT. However, for larger ben+ 
zophenone concentrations (Fig. 3), the cmnpetition between 
LAT production and benzophenone consumption is reltected 
by the occurrence of the maximum in the absorbance at 366 
rim. 

In order to further elaborate these data we needed a model 
mechanism Thus, we made use of the set of reactions in 
Scheme 2 [9], adding reaction (7) to take into account the 
physical quenching of benzophenone triplets by LAT 
[10,11,151. 

"~Ph2CO .4- LAT - - ~  Ph2CO + 3LAT (7) 

Rate constants for steps ( 1 ) to (6), were taken from Ref. 
[9 ], and k7 was set at the diffusion limit 5 x 109 M-  ~ s -  t. 
The group of differential equations for the full mechanism 
was solved by using the numerical integration program FAC- 
StM,+E [ 17 l. The inclusion of the algebraic restriction 1. =fl,,, 
accounted for the time 0ependenee of the inner filter effects 
i 18 I. Here,/, and !o stand for the absorbed and incident light 

20 

'•" 1.5 

i 1.0 

0.5 

O0 

I " l • I " l " I " ! 

m ¢1 In ]z. / ..................................................... 

I . I~ + I i i . I ~ t 

o 20 40 60 80 100 

time train) 
Fig. 2. Absorption profile at 320 nm of a solution 6.5 x 10+ + M and 0.4 M 
2-propanol in aeetonitrile irradiated at 366 nm. (B)  Experimental data. 
Broken and solid lines are the simulated profiles, with parameters from Ref. 
[9 ] and Table 2 respectively (see text). 
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Fig. 3, Absorption profile ,t 366 mn of a solution 1.2 × 10 "+ 2 M and 0.4 M 
2-pmpanol in acetonitrile irradiated at 366 nm. ( l l )  Experimental data. 
Broken and solid lines are the simulated profiles, with parameters from Ref, 
19 ! and Table 2 mspectlvely (see text), 

intensities (photon density per unit time) respectively. The 
fraction of light absorbed by benzophenone, as shown in Eq. 
(8), is obviously a function of time through the cm~centration 
of the absorbing species ( [Ph2CO] and [LATI ). 

66 ~h2co ] Ph2CO ] 
+'+ ~L~'r[ LATI (8) f =  ~h2co[ Ph2CO] + 

~,~co and ~ r  being the extinction coefficients at the irra- 
diation wavelength (366 nm) for benzophenone and LAT 
respectively. Since there is considerable uncertainty in the 
reported values of ¢LAT [5,9,10], we decided to consider it 
as an adjustable parameter. However, it was impossible 
within this framework to simulate the experiments for the full 
range of benzophenone concentrations. Dotted liees in Figs. 
2 and 3 show the best fit that could be obtained in these 
conditions. It is clear that from these figures, that the model 
is not able to simulate the dependence of LAT formation with 
benzophenone concentration. 

As incorrect treatment of previous data may have intro- 
duced errors in the derived values of k4 [9,10], and admitting 
that the values of k~ in the literature are somewhat disperse 
[ 19,20], we made an attempt to fit the experimental results 
by relaxing these consu'aints. Still, this proved not to be 
enough: it seems likely the postulated mechanism is inade- 
quate or at least incomplete. 

LAT photolysis, as well as its depletion by a dark process 
involving benzophenone or assisted by triplet benzophenone, 
were analyzed as possible sources of the discrepancies, In 
degassed solvents, L~T is a ra:her stable species, i.e., we 
measured a mean lifetime of 2.6 × 104 s under dark and oxy° 
gen-free conditions at the higher concentrations of benzo- 
phenone [ 21 ]. Thus, the participation of LAT in an obscure 
reaction can be neglected under our experimental condition,,, 
In comparison, by supposing that a fraction, q, of the ligh~ 
absorbed by LAT induces its decomposition, the result~ can 
be improved. However, the values of q required to simulate 
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the experiments increase from 10-~-10  -4, on going from 
benzophenone 5 x  1 0 - % l . 5 X  10 -2 M suggesting that the 
analyzed option is not adequate. Besides, the quenching of  
triplet benzophenone by LAT [ 10,11 ], may be due not only 
to an energy transfer process, but may be as a consequence 
of  the fact that LAT can act as an efficient H-donor (reaction 
( 9 ) )  [ 2 1 ] .  

3phzCO + LAT : • LAT + Ph2COH • (9)  

H e r e .  LAT refers to a radicm with the resonant structures 
shown in Scheme 3. 

Finally, rate parameter optimization of the mechanism 
comprised by reactions ( l ) - ( 7 )  plus (9) ,  leads to the results 
listed in Table I. Minimum X 2 was used as a fitting criterion. 
Estimated uncertainties in the reported values are also given. 
This tit was able to reproduce our experiments for 5 x 10 -4 -  
1.5 x 10 ~": M benzophenone and also changing the incident 
light intensity from 1 x 10 =~- 1.35 x 10 ~ M min ° ~ (see 
solid lines in Figs. 2 and 3). It should be noticed that the 
calculated benzopbenone concentration at the end of the pho- 
tolysis is in accordance with the value arising from the final 
absorbance on the assumption that one mole of LAT converts 
into one mole of benzophenone after the dark reaction with 
oxygen [ 5 ] .  

Most rate constants agree, within a factor of  2.5, with 
previous reports. The high value of ks derived in this work, 
implies that near 30% of the quenching events of triplet ben- 
zophenone with LAT lead to H-abstraction. Even when not 
previously considered, this result is not unexpected since a 
high efficiency to H-donation was previously found for !,4. 
cyclohexadiene, where similar stability resonance effects in 
the radical may be invoked (see Scheme 3) [ 11,21,221, 

Once the complete set of pararaeters was derived, we were 
able to obtain the reaction quantum yields, For each experi- 
ment, quantum yields for Ph~CO consumption, - ( / ~ c o  (and 

LAT formation, ~[~T) were evaluated at short time intervals 
(conversion < 2 % )  from the ratio between the moles of  
Ph~CO consumed (LAT formed) ,  and the number o f  photons 
~bso~oed by benzophenone. The results are summarized in 
Table 2, As expected, the yields are very sensitive to light 
intensity, 

I 

Scheme 3. 

Table 1 
List of parameters used in this work for the mechanism given in Scheme 2 

Parameter" Value Reference 

kla la 
klb 7500S- I [9] 
k2 2.3 X l0 ~ M- i s - i [9] 
k3, 1.2 X l0 s M- m s- I [9] 
ksb !.0× I 0  9 M- i s- I [9] 
(/~ + k4c) a i.8× 10~M -I s -I [9] 
k4h (3.1:1:0.7) X l0 s M -~ s- ~ this work b 
k~ (3.6_+0.4) X IO s M- ~ s-~ this work b 
ks ( !..t: 0.3) × IO ~ M - ~ s - ~ this work b 
k~ (5.1 :l: 0.7) ~" 10 ~ M -* s - ~ this work b 
k~ 5.0 x 10 ~ M" ~ s " ~ this work 
k~ (1.8:1:0.4)  × I 0  ~ M-* s- * this work 
¢[~x (2.6 ~:0.1 ) X 10 ~ M -~ cm- ~ this work 
¢~'r ( 2.7:1: 0.2) × 10 ~ M - * cm- ~ this work 

a Our data do not provide independent values for k~. and k~,. 
t, The corresponding rate constants derived in refe~nc~ 9 are k4h - 4.9 × 108 
M-~s~ t,k~l ~ 1 .4×  10~M°* s-~;k~- 7.3 X 104M-* s° I andk~ 5,9× 10 ~ 

Table 2 
Calculated quantum yields for benzophenone photoreduction, - ~,~uco, and 
LAT formation, ~.^¢. in 0.4 M 2-propanol in acetonitdle, at Io ~ I x 10 -~ 
M rain" 

11%C01/M - O,,~co q~T - ~^T/CVh.,co 

5,0X 10 -~ !.18 0.20 0.17 
1,0X 10 °~ 1,22 0,16 0,13 
2.5 X I0  = ~ 1,33 0.12 0.09 
$,0 × 10 ° ~ 1,47 0. I0 0.07 
7,5 × 10 ° ~ 1,53 0.08 0.05 
1,0 × I 0" ~ 1.58 0.07 0.04 

Table 3 
Calculated quantum yields for benzophenone photorcduction, - ~2co, and 
LAT formation, ~.AT, for 5 × 10- ~ M benzophenone in 0.4 M 2-propanol 
in acetonitril¢, at various flux intensities 

1.0× 10-: 1,14 0.15 0.13 
1,0X 10" ~ IA7 0,10 0.07 
!.0 x 10 -'~ !.78 0.05 0.03 

3,1.2, f2cperimems in benzene 
Solutions of  10- 2--10- s M benzophenone in benzene were 

irradiated in the presence of 0.4 M 2-propanol. Strikingly, no 
oxygen-sensitive light-absorbing photoproducts could be 
detected under the same experimental  conditions used for 
acetonitrile solution. Neglecting any variation of  ~L^T with 
the solvent, we estimate [LAT] < 2 . 6  × 10 -6 M by consid- 
ering that a minimal  absorbance reduction of  0.05 units could 
be detected upon the admission of  air into the cell. 

3,2, Influence o f  the donor in the yields o f  LATs 

LAT formation might  be expected to be common for any 
H-donor. By modifying Scheme 2, the case of  a generic donor 
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RH can be treated. The main difference in the mechanism 
would arise from the distinctive fate of radicals R. formed 
upon H-abstraction by triplet benzophenone. Thermochemi- 
cal data, which are available in most eases, can be used to 
predict whether the thermal reaction between R. and ground 
state benzophenone can be neglected or not [23]. It should 
be noticed that the exclusion of reaction (5), in Scheme 2, 
makes the mechanism amenable to analytical solution and 
leads, under the steady state hypothesis for the reactive mol- 
ecules, to: 

k4% k°[LAT] ] 

i I 

(~0) 

Table 4 

Experimental ratios - -q~L^r/q~,co,  in 5 ×  10 -3 M benzophenone at 
Io = I × 10- ~ M rain-  t for different solvents and H-donors 

Donor - t / L m / q ~ ( ,  

Acetonitrile Benzene 

benzhydrol (0.25 M) < 1 X 10 -3 < I X 10 -a  
hexane (0.25 M) 0.02 < 1 x 10 -3 
c-hexane (0.25 M )  0.04 < ! X 10 -~ 
2-propanol (0.4 M) 0.06 < i x 10- a 
THF (0.16 M) 0.25 0.05 

4. Summary  and conclusions 

[ ko + ko + k o, + ' ' :  

-~'/~"P-co ~- x"z.o + 2(k,~k~i)I/~ I ( l l) 
t I 

which, at variance with donor 2-propanol, are independent of 
benzophenone concentration and/,,. Here, q~,sc and q)R are 
the quantum yields for intersystem crossing, and triplet 
quenching by RH (reaction (2)),  respectively. The super- 
scripts in LS', the rate constants of reaction i for a donor RH, 
distinguish them from the analogous for 2-propanol in 
Scheme 2. 

3.2. !. Experiments hi acetonitrile 
We investigated the photoreduction of 5 × 10- ~ M ben- 

zophenone in acetonitrile with different H-donors (between 
0.16-0.25 M): benzhydrol, linear and cyclic hexane, and 
tetrahydrofuran (THF). For all these donors, reaction (5) is 
too endothermic to contribute to benzophenone consumption, 
thus Eqs. ( I 0) and ( i 1 ) can be applied. It follows from these 
equations that, since --tl)t.^T/t/~'l,2CO becomes independent of 
the associated variations in t/JR with the donor, this ratio can 
be taken as a convenient measure of the relative efficiencies 
of the different systems to produce LAT. 

Besides, experimental ratios of quantum yields -CI~Lm/ 
OPh2CO can be easily obtained as the rate between the observed 
variation in LAT and benzophenone concentrations. By 
assuming that ~ r  is independent of the solvent and that the 
dark decomposition of one mole LAT yields one mole ben- 
zophenone, we obtained -Ot.m/t~h2co=0.02, 0.04, and 
0.25 for n-hexane, c-hexane, and THF, respectively (see 
Table 4). However, in agreement with previous results 
[ 10,131, we could not find any evidence of an oxygen-sen- 
sitive photoproduet in the benzhydrol-benzophenone-aceton- 
itrile system for the full range of photon-fluxes used in this 
work. 

3.2.2. Experiments in benzene 
When similar experiments were performed in benzene, no 

oxygen-sensitive species could be detected for the donors 
benzhydrol, n-hexane, and c-hexane. In addition, the quan- 
tum yield for LAT formation in THF was considerably 
depressed and the ratio -@L^T/qJph2cO dropped to 0.05. 

The production of LAT in the photoreduction of benzo- 
phenone in aeetonitrile was found to be common Ibr all the 
tested donors, benzhydrol being the only exception. In an 
attempt to explain the absence of absorbing intermediates in 
the benzophenone-benzhydroi=benzene system, Biickstr0m 
put forward the possibility that LAT could actually be a 
charge transfer complex. Should this be the case, they will 
not be formed unless both radicals do differ considerably in 
their electron affinities and ionization potentials. But this idea 
was soon disregarded as no ESR signal could be detected in 
the presence of LAT [ 5 ]. 

However, the absence of LAT arising from the coupling 
of two diphenylketyl radicals may be analyzed on a kinetic 
basis. Notice that for benzhydrol, RH = Ph2CH2OH, there is 
only one radical species and thus Eqs. (10) and (11) are 
reduceu to (12) and (13), respectively. 

qOLm = qb~Sc~RF k6d k°[LAT] ] 
- LEk , 

! 

(12) 

At low benzophenone conversions ( < 3%), the ratio of 
Eqs. (12) and (13) yields the expression ( 14)' 

4)LAT ,~ k6~ (14) 

I 

thus, from our detection limit--(~LAT/(~)Ph2CO and the well- 
established value of ~k~ = 5.9 × 107 M-  t s -  i [9,10],  we 
were able to set k6,j < 5 × 10 s M- ~ s- t, i.e., nearly 700 times 
lower than the value of k4,j. 

By taking -@t.^T/@rh2Co as a quantitative measure of the 
relative ability of the donors to produce LATs, we found that 
THF is much more efficient that n- or c-hexane. It should be 
noticed that since Eqs. (10) and ( 11 ) do not apply for 2- 
propanol, the comparison with the other donors deserves spe- 
cial attention. As previously stated, the thermal reaction 
between the ground state benzophenone and the dimethylk- 
etyl radicals sets the dependence of the quantum yields on 
the benzophenone concentration. Hence, in order to ade- 
quately compare the relative quantum yields, one should use 

-~. .~ro = q',sr q'. (13) 
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the values obtained fi)r dilute solutions, where the contribu- 
lion of v,:action (5)  is negligible. From 'fable 2 we obtained 
-cl)L^.r/q:~m,.<.o'-0.2 in the limit of-q)rh.~'(, = I, thus 2-pro- 
panol is nearly as efficient as THF. 

Finally, the increase in ~hc yie|ds of I,AT on going from 
I'~nzene 1o a¢ctonitrile, observ,,.d fi)r the dil'l'crent donors, is 
in agreement with the previous iindings regarding the inllu- 
e n c c  o1" the media on the distribution of Ihe producls I I ! 1. 
Neverlheless, this fact does not necessarily reflect a mere 
increase of  k4d in the polar solvent, i.e. the contribution of  a 
structure with a high charge separation in the tnmsit ion state 
for I .AT fommlion.  Solvent  effects  in product par t i t ioning 
Ivlay also operate by modi l 'y ing olher rates o1" radical recovn- 
him, ion ,  incident:li ly,  the higher  vahie ol ' k ,  in I~n/.ene coin° 
pared will1 thai in acelonilr i le ,  suggests Ihat tile sell" 
re¢,mhinat ion o1' (lild~enylkelyl radicals Io give pinacol 
would ¢ontpete more el ' l iciently, in this media, with the buihlo 
up o1' lhe crossedo.couplillg pn~lucl  (reaction ( 4 d ) )  124 I. 
When 2opropanol is the donor, the addit ional ol~servation that 
reaction (5)  is mLl¢ll t'asler in benzene than it) hydrold l i l ic  
solvents I 2.~ I also contl ' ihutes to explain  our observations.  

Summing  up. we have shown thai. hy approi)riale Ireatmenl  
o1' inner liller cl'lizcls and quench ing  ol' Ilte |rq)lcls hy I .AT, it 
is possihle to derive branching ratios I'or I .AT fonuation in 
the photoreducl i(m ol" henzophenone  in inert solvents  with 
different t l-donors. In order to a c c o u n l  for the ~esulls at long 
irradiation t imes, it was necessary to consider  the ! l-abstraco 
tion front I .AT by excited benzophenone .  We can conc lude  
that tile quantunl yiehls fi~r I .AT  l~wlliation ;ire enhanced in 
I~dar media. Apparenl ly,  also Ihe pohir i ly o f  the radicals 
derived from the I lo{hmor may delermin¢ Ih~: exlenl o f  this 
i%'adhql since the most eff icient dono~ are T l t F  and 2two~ 
panol, in comparison with n- and cohexane, 
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