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I N T R O D U C T I O N



The overall efficiency of energy transfer can be 
a function of electronic and orientational properties 
of sensitizer and acceptor, and of the efficiency of 
processes which compete with energy transfer in donor 
and acceptor. The mechanistic characteristics of the 
photocycloaddition of isophorone to 1,1-di-methoxyethyl- 
ene lend themselves to an analysis of the efficiency of 
energy transfer from substituted benzophenones and ace
tophenones to isophorone.



H I S T O R I C A L
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The efficiency of energy transfer from an excited

donor molecule to an acceptor molecule is known to
depend on a variety of parameters. A quantum mechanical
treatment of the energy transfer process by Forster1

shows that electronic energy of a donor can appear at a
later time in the acceptor through interaction of the
two molecules. In a theoretical treatment of energy

2transfer in ionic crystals, Dexter shows the various 
interactions which lead to energy transfer in order of 
decreasing probability at a given donor-acceptor sep
aration: overlap of electric dipole fields of donor and
acceptor (dd) ; overlap of electric dipole field of donor 
and electric quadrupole field of acceptor (dq); exchange 
effects (ex); and overlap of donor electric dipole and 
acceptor magnetic dipole (dm) .

Dipole-dipole (dd) or resonance interactions are 
important only when spin selection rules are obeyed; no 
change in donor or acceptor spin or multiplicity is 
allowed over the course of the energy transfer. These 
interactions are most energetic and can therefore facil
itate energy transfer over the largest separations (r^): 
50-200A.

Dipole quadrupole (dq) interactions become important 
when the energy transfer involves a spin (quadrupole) for
bidden transition in the acceptor and an allowed sensitizer
transition.
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When a transition is totally forbidden by spin se

lection rules, the coulombic terms * dd and dq vanish and 
exchange effects can become significant if Wigner's spin 
rule3 is obeyed:

If S1 and are the initial spin quantum numbers 
of the colliding species, the resultant spin quan
tum number of the two systems taken together must 
have one of the values: + S^, S + - 1,
S i  +  S g  - 2 ,  . . .  S-^ - S g .

Presuming adherance to Wigner's rule, exchange mechanism 
depends only on electrostatic interaction between the 
charge clouds of the donor and the acceptor: if the
donor and acceptor molecules are separated by a distance 
such that their orbitals can overlap, then energy can be 
efficiently transferred by exchange interactions.

No specific mention has been made in the literature 
of organic energy transfer proceeding via overlap of donor 
electric dipole and acceptor magnetic dipole (dm); however, 
it might be reasonable to expect its contribution, if exist- 
ant, to be very weak.

Exchange interactions require close molecular approach 
and so the rate of energy transfer mubt approximate the 
diffusion controlled rate. Dipole-dipole interactions lead 
to energy transfer over large distances and so the rate of 
energy transfer can exceed the diffusion controlled rate.
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Energy transfer in general depends on the overlap 

integral of the transition involved. That is, the era- 
mission spectrum of the donor must overlap the absorp
tion spectrum of the acceptor.

The most commonly involved intermediates in organic 
photochemical reactions are triplet and singlet excited 
states. Molecules in which intersystem crossing from 
the singlet to the triplet state is faster than other 
means of depopulating the singlet state, can be con
sidered to exist solely in the triplet state following 
excitation.^" Energy transfer between these types of 
molecules and acceptor molecules whose ground state is 
a singlet will be of the type shown below, in which D 
and A represent donor and acceptor molecules, and the 
symbol x represents the corresponding excited states, 
and numbers in parentheses represent singlet (l) and 
triplet (3) states of donor and acceptor:
I D(i) --excitation > Dx(3)
XI D*(3) + A(l) enersy transfer, Products
Wigner’s spin rules allow the following reactions:
III D*(3) + A(l)------ ^ D(l) + A*(l)
IV D*(3) + A (l)------ ► D(3) + A*(l)

Dk (3) + A(l) -------^D(l) + A*(3)V
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Of reactions III, IV, and V, the last is the only- 

type commonly observed in organic photochemistry and 
will be the only type discussed here.

Reaction V is doubly forbidden in the coulombic 
mechanism, but if spectral overlap conditions are sat
isfied, it is wholly allowed by the exchange mechanism. 
This class of reaction is known as triplet-triplet 
energy transfer.

Blackstrom^ found that the efficiency of triplet- 
triplet energy transfer depended upon the energy sep
aration, AEt, (AEt = - eas (3))-’ between triplet
levels of excited donor and excited acceptor. As AE^ 
becomes smaller, the rate of energy transfer, k^, is 
reduced. WhenAE <0, k^ remains finite, but decreases 
with increasing endothermicity.

It has been suggested^ in the case of apparent en
dothermic energy transfer to olefinic acceptors, excit
ation of the acceptor does not follow the Franck-Condon 
principle. Instead, during the course of excitation, it 
is thought that the olefinic acceptor stabilizes itself 
by assuming a nonplanar configuration having a triplet 
energy lower than that in the planar configuration.^ 
Effective triplet energies are then difficult to define.

When AEt is small, reversible energy transfer, be
tween acceptor and donor is possible, and the efficiency
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of net energy transfer to the acceptor is reduced.
In the mechanism of sensitization proposed by

g
Schenk for certain reactions,, energy transfer is ac
complished by bond formation to the acceptor by the 
sensitizer generating a diradical intermediate followed 
by dissociation to ground state donor and excited 
acceptor. Cases in which energy transfer is known to 
occur, but in which the data are not consistent with 
mechanisms of true energy transfer have been explained 
by the Schenk mechanism^ ̂ . Recently, Yang'1-'1' in a 
study of the Paterno-Buchi reaction^ has suggested that 
both energy transfer and product formation proceed 
via the same diradical intermediate. This suggestion 
is illustrated in Figure I in which Ks can be n7Ts 
triplet. Here, process S represents energy transfer.

Efficiency of energy transfer may depend on the rel
ative orientation of donor and acceptor molecules during 
energy transfer. Dexter's theoretical treatment^ shows 
that the probability of energy transfer depends upon the 
transition moment integral for coulombic and exchange 
terms, which suggests that the most efficient transfer 
of energy should occur when donor and acceptor transition 
moments are parallel. Experimental evidence1^J ^  
however, is contradictory and indicates that the effect 
of orientation on energy transfer efficiency is not 
well established.
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Oxetane Formation and 
Schenk Mechanism for Energy Transfer

FIGURE I

K
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Product distribution in photoreactions proceeding

from the triplet has been shown to depend on the nature
17of the reactive triplet . The importance of the car

bonyl nTT55 state as a reagent in the Paterno-Buchi re- 
action has been indicated in a review by Arnoldx . 
Carbonyl compounds in which the reactive triplet (not 
necessarily the lowest excited triplet) is other than 
nfls are either unreactive, react inefficiently,, or under
go photoprocesses other than photocycloaddition to give 
oxetanes.

Photocycloaddition of ketones to olefins to yield 
oxetanes and, in the case of <k, (S-unsaturated ketones, 
substituted cyclobutanes are well known.1® *^ Energy 
transfer competes with photocycloaddition and the former 
dominates if the carbonyl compound possesses a higher 
triplet state than the unsaturated compound.

Oxetane formation is thought to proceed via add
ition of the n7Ts triplet carbonyl component to the ole
fin. The major mode of cycloaddition may be predicted 
on the basis of the most stable biradical radical inter
mediate^^ .

Oxetane formation via a non-Schenk mechanism is 
illustrated in Figure I in which can be nns singlet 
or triplet state, or perhaps a7nts singlet or triplet 
state with less efficiency. In this case, process S
does not occur.
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Cyclobutane formation is thought20 to involve an 

oriented 7T-complex of excited ketone and ground state 
olefin leading to a diradical which cyclizes to give 
the product. Product orientation (not stero-chemistry) 
is determined in the 7T-complex and not in the diradical. 
The process is summarized in Figure II.

With these considerations in mind, we undertook a 
systematic investigation to determine the efficiency as 
sensitizers of substituted benzophenones and acetophen
ones in a photocycloaddition reaction. The reaction 
chosen to exhibit these energy properties was the photo
cycloaddition of isophorone to 1,1-di-methoxyethylene 
(DME) in benzene22.

O IThe photocycloaddition in benzene proceeds^ to 
give products from which cis (4) and trans (6) photo
cycloadducts have been characterized. In benzene, oxet- 
ane is found to comprise 13$ of the product mixture. 
Product formation proceeds via two (or more) triplet 
states which can be quenched at different rates. A 
possible mechanism is illustrated in Figure III.

This differential quenching was accompanied by a 
change in the cis-trans ratio.

The behavior of the cis-trans ratio in the pres
ence of different sensitizers could reflect different 
efficiencies of energy transfer to the two triplet
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FIGURE II

Cyclobutane Formation
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FIGURE III
Two Triplet Mechanism
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states. The cls-trans ratio then should he a measure of 
sensitizer efficiencies.

The relative quantum yields of cis and trans isomers 
could also he a measure of sensitizer efficiencies, hut 
in this system, the use of ketones as sensitizers presents 
certain problems. Principally the sensitizer may success
fully compete with isophorone for olefin, thereby removing 
olefin and sensitizer from the reaction mixture and de
creasing the relative quantum yield of isomers.

14
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The ratio of cis to trans isomers and relative 

quantum yield in the sensitized photocyclo
addition of isophorone to 1,1-dimethoxyethylene was 
shown to depend on the type of sensitizer used. This
is indicated by the data in Table IE, in which <Erelc
and 3>rel represent quantum yields of the cis and trans t
adducts relative to unsensitized reactions, E is the 
triplet energy of the sensitizer, and f is the fraction 
of light absorbed by the sensitizer.

para-Bromo and para-methoxybenzophenones, and para- 
methoxyacetophenone give cis-trans ratios significantly 
smaller than the unsensitized cis-trans ratio (c/t)0 . 
This could occur by selective destruction of cis isomer 
or by selective sensitization of trans isomer.

The possibility that these sensitizers cause the 
destruction of isomers after they are formed cannot be 
excluded by this study. Because isomer destruction is 
not effected by a photoreaction of the isomers them
selves22, it is not likely that this process occurs in 
this system.

The decrease in the cis-trans ratio might also re
flect selective sensitization of the trans triplet.

The cis-trans ratio is equivalent to the ratio of 
net rates of formation of cis and trans isomers if the
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ratio of these rates is constant with time 

According to the mechanism on page 13

r = k c cd [it] / d t  =  

d  /dt =

r / r t  -  kc W \  [£]

= r = k, t t

H 3.

3"

It is reasonable to assume a steady state 
in 2 and 5, so that

d
d

/dt = 0 

/dt - 0

Since k„ and k are independent of time, the cis-trans c t
ratio should be independent of time.

Therefore, at any given time, the cis-trans pro
duct ratio is equal to the ratio of the rates: the
behavior of the cis-trans ratio is a direct reflection 
of the relative rates of formation of the cis and trans 
products.

Selective sensitization will lead to an increase
in population of 5. so that the ratio 5 / 2"

relati
in the

ratio in the unsensitized reaction. This will
result in a decrease in the cis-trans rate and product
ratios .



It is possible that the efficiency of energy 
transfer could be influenced by one or more of the 
following causes: the nature of the sensitizer trip
let (mrs or ; relative triplet energies of sen
sitizer and acceptor; or the electronic nature of the 
substituent. Efficiency of energy transfer leading to 
population of 2 and 5. is directly related to the be
havior of the cis-trans ratio.

It has been suggested that the nature of the 
sensitizer triplet can influence energy transfer eff
iciency in the case of the Schenk mechanism. However, 
it is not known whether coulombic or exchange mechanisms 
are as dependent upon triplet nature as is the Schenk 
mechanism. Table I shows that there is no clear relation
ship between nature of the triplet and cis-trans ratio.

One might expect that if sensitizer triplet energy 
is to affect the cis-trans ratio, that this effect will 
depend on the relative energy difference between sens
itizer and cis triplet and sensitizer and trans triplet. 
Then it is reasonable to expect sensitizers with triplet 
energies closest to those of cis and trans triplets to 
cause the greatest change in the cis-trans ratio. FigureV 
shows that there might be a trend in which cis-trans ratio 
increases with increasing triplet energy.

18
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The observed cis-trans ratio changes might arise 

from some effect peculiar to the sensitizer substituent 
itself, other than its influence on the triplet energy.
The possibility that the low cis-trans ratio exhibited 
by para-bromobenzophenone is due to a heavy atom effect2^  
or a 'bromine' effect was examined. If this was the case, 
irradiation of DME and isophorone in bromobenzene should 
have a similar effect. Table I shows that the cis-trans 
ratio did not change as much as would be expected if the 
effect of bromine in both para-bromobenzophenone and bromo
benzene were the same.

Efficient energy transfer is thought to occur via the 
Schenk mechanism only with a highly polarizing donor and 
a polarizable acceptor. The greater the polarizability of 
the donor, the more efficient it is as a sensitizer. Since 
both energy transfer and oxetane formation are thought to 
proceed via the same intermediate, then there is a compe
tition between these two modes of deactivation. It is a 
reasonable assumption that an increased tendency for energy 
transfer will be accompanied by a decreased tendency to 
undergo oxetane formation.

Wherever the center of polarization is on the sen
sitizer, it will be affected by the para substituent when 
the sensitizer is in the excited state. It is likely then 
that efficiency of sensitization might be influenced by a 
substituent that is well removed from the 'site' of energy 
transfer. The sensitizers which exhibit the lowest cis-
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trans ratios, para-methoxyacetophenone, and para-methoxy 
and para-bromobenzophenones all have nonbonding electrons 
in conjugation with the ring. This property might in
fluence their efficiency as sensitizers.

The second observable property of sensitized photo
cycloaddition was a change in the relative quantum yield 
of production of isomers (Srel). Changes in 5rel can re
flect the efficiency of the various modes of deactivation 
available to the excited sensitizer as they are inter
related in competition. That is, the amount of deactiv
ation via a particular process with respect to all modes 
will reflect the efficiency of that particular process.

Relative quantum yields presented in Table JL were 
calculated assuming that products are formed only via 
sensitized reaction.

Photoproducts are derived from two sources: direct
excitation of isophorone, and sensitized excitation of 
isophorone. If f is the fraction of light absorbed by 
the sensitizer, then (l-f) of the light absorbed by the 
system is absorbed by isophorone. This means that direct 
excitation of isophorone can lead to products correspond
ing to a quantum yield of at most (l-f). This means that 
at least 5re  ̂ - (l-f) can be attributed to sensitized iso
phorone. |̂cbrel - (l-f)J represents a corrected value
/ P01 \corr' relative quantum yield.
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Values of (chrel) listed in Table III show thatcom

only in the case of para-methyl and para-chloroaceto- 
phenone, and acetophenone is true sensitization observed. 
para-Methylacetophenone is the only sensitizer studied 
in which the efficiency of isomer production is greater 
than the unsensitized reaction.

In oxetane formation, the n7Ts triplet is considered 
to be reactive, while the ktt?? triplet is unreactive, so the 
rate of oxetane formation by nrrK triplets should be greater 
than by triplets. The efficiency of energy transfer by 
nfls triplets should be reduced relative to that of this trip 
lets if the quantum yield of deactivation via these two 
processes is the same for both nfl̂  and triplets. How
ever, it was observed that among acetophenones, only those 
with nTT̂  triplets exhibited a positive value for (ft1,0-1-)O CJX X
Sensitizers with 7TKX triplets exhibited negative values of
U rel)v /corr

These data suggest that in spite of their increased 
tendency to form oxetanes, nns triplets appear to undergo 
energy transfer more efficiently than triplets. This 
is in agreement with the Schenk mechanism which says that 
energy transfer proceeds only via the nnx triplet.

If the triplet energy of DME were located between 
the highest benzophenone and lowest acetophenone an in
teresting situation arises. Energy transfer from aceto
phenones to DME could generate the or no-s. triplet DME
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which could photocycloadd to isophorone to give cis 
and trans adducts or transfer energy to isophorone. 
Excited isophorone might then cycloadd to DME in the 
usual manner. Excited benzophenones would presumably 
cycloadd to DME more efficiently than would excited 
acetophenones in this energy relationship. The obser
vation that acetophenones are more efficient sensitizers 
than benzophenones is in accord with this picture.



E X P E R I M E N T A L



GENERAL
Melting points were determined by using a Fisher- 

Johns melting point apparatus, and are uncorrected.
Refractive indices were determined on a Bausch 

and Lomb Abbe-3L Refractometer.
Ultraviolet spectra were taken on a Beckman DB 

Spectrophotometer.
Reagent grade benzene (Fisher) was stirred over 

concentrated HpSO^ for one day, washed twice with dis
tilled water, and stored over NaOH pellets. It was 
distilled from P20  ̂ immediately before use.

Reagent grade bromobenzene (Fisher) was dis
tilled immediately before use from Po0,-. ̂5

Except where otherwise indicated, sensitizers 
were obtained from Aldrich. All were used without 
further purification with the exception of para-nitro, 
para-bromo, and para-methylbenzophenones, which were 
recrystallized from ethanol. p-nitro mp 138.2-138.9° 
(lit.2^ mp 138 ); p-bromo, mp 8 1.8-8 2.1° (lit.2^ mp
8 2.5°) j p-methyl mp 5 5.5-5 6.0° (lit2ii mp 59-60°) .

Isophorone (Aldrich) was distilled under reduced 
pressure (l88° at 2mm) . The distillate (99$ pure by 
gas chromatography) was stored in a brown glass bottle 
in a refrigerator.

1,1-Dimethoxyethylene (DME) was prepared by de-
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hydrohalogenation of chloroacetaldehyde dimethyl acetal
(Aldrich, n2^.l - 1.4124; lit.^ n20= 1*^150) according
to the procedure of Corey20. The material hoiling between
85° and 90° was collected and redistilled through a 76 cm
Nester-Faust spinning band column. The fraction distilling
at 88-90° (n26-8- 1.4026; lit. n25= 1.404525, 1.405026,

27 D D
1.3962 ) was stored in polyethylene bottles in a freezer.

Analyses of reaction mixtures were carried out on a 
Varian Aerograph model A-90-P gas chromatograph (GC) 
equipped with a thermal conductivity detector. All an
alyses were carried out on an 8 feet x 0.25 inch stain
less steel column of 5^ Dow Corning FS-I265 and 1% poly- 
tergent J-200 (Mathieson) on 100/120 mesh Gas Chrom Q, at 
158 C. The column was treated frequently with Silyl-8 

(Pierce) . The following retention times (minutes) were 
observed: o<-bromonaphthalene (internal standard), 2 .6;
cis cycloadduct (4), 4.9; trans cycloadduct (6), 6 .3 .

APPARATUS
A rotating photochemical reactor ("wheel") shown 

in Figure IV was used for all irradiations. The wheel 
was rotated at 33 1/3 RPM by an electric motor (V-M Cor
poration, Benton Harbor, Michigan). The adjustable 
shutter sleeve was clamped such that an area of 5.70 cm2 

exposed the reaction tubes (cells) to the lamp. During
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irradiation on the wheel* the temperature of cell contents 
was 34° C .

A 450 watt Hanovia high pressure mercury vapor lamp 
was used and was housed in a water-jacketed pyrex well 
suspended in the center of the wheel.

The irradiation cells were constructed of 14 mm OD 
pyrex tubing fitted with a 2 mm glass stopcock and a T 
10/30 outer joint. The contents of the cell were pro
tected from contamination by a constriction 10 cm from 
the bottom of the tube.
SENSITIZED IRRADIATIONS

Sensitized irradiation mixtures were prepared by 
adding to the cell in succession 1.00 + 0.01 ml each of 
0.470 + 0.002 M solutions of isophorone* DME* and sen
sitizer in benzene. The cells were then degassed in 
three freeze-pump-thaw cycles* and irradiated on the 
wheel* except where otherwise indicated* for a total 
irradiation time (T.) of 453 minutes. The reaction mix
tures were concentrated by passing a stream of dry ni
trogen over the liquid until the volume was less than 
0.5 ml. o(-Bromonaphthalene (5.0 ul) was added as an 
internal GC standard. The reaction mixtures were then 
analyzed by GC.

Integration of peak areas was accomplished by tra
cing the peak onto aluminum foil and cutting and weigh-

28 2Qing the peak traces 3 y.



The results of these Irradiations are summarized In 
table II.

(All Irradiations In this study were degassed and 
analyzed as outlined for sensitized Irradiations.) 
UNSENSITIZED IRRADIATION

Preparation and analysis of unsensitized irrad
iation was identical to sensitized irradiation except 
that 1.00 + 0.01 ml benzene was added in place of sen
sitizer. Results are summarized in Table II.
PRODUCT ISOMERIZATION

Four cells (l, 2, 3, and 4) were charged with 
1.00 + 0.01 ml each of 0.472 + 0.002 M DME and 0.474 
+ 0.002 M isophorone and benzene. After 195 minutes 
irradiation,, cell #4 was removed; cells #1 and #2 were 
charged with 0.20 + 0.01 ml 2.600 + 0.002 M para-bromo- 
benzophenone (BBr) (degassed); and cell #3 was charged 
with 0.20 + 0.01 ml benzene. Cell #1 was irradiated for 
an additional 147 minutes; cells #2 and #3 were irrad
iated for an additional 255 minutes. Contents of all 
cells were analyzed as usual. The results are summar

27

ized in Table I.
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THERMAL REACTION

Two cells were charged with 1.00 + 0.01 ml each 
of 0.470 + 0.002 M DME and Isophorone and benzene, and 
prepared as usual. One cell was protected from all 
irradiation and held at 34°C in a constant temperature 
bath. The other cell was allowed to stand at room temp
erature and exposed to the room lights. After 453 min
utes, contents of both cells were concentrated and an
alyzed as usual. No photoproducts were detected in 
either cell.
HEAVY ATOM EFFECT

One cell was charged with 1.00 + 0.01 ml each of 
0.470 + 0.002 M DME and isophorone in bromobenzene, 
and bromobenzene, degassed and irradiated for 453 
minutes. Cell contents were concentrated and anal
yzed as usual. The results are summarized in Table
II.
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Product Isomerization
TABLE I

Cell # BBR added at 
# min. irradiation.

T.l

1 195 3^2 1.73
2 195 450 1.71
3 — 450 2.95
4 — 195 2.23
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TABLE II

Sensitizer3, f [i]/[e] jrel
c

^rel e hT

(none)
BH
BC1

0 .000 

0.798  

0.843

2 .384 
1 .988e 
• • •

1 .3 2 0

1.000 
1.000e 
0.037

0.033

1 .000
1 .000e __b
0.060

68.23°
70.9 (wx*)Ld 
68.330

BBr 0.852 0 .205c 
0 .288d 0.019 0.204c 

0 .l45d
68.930

boh3 0 .8 3 0 1.333 0.131 0.235 6 8.630
BOCH^ 0.929 0 .6 3 2 0.069 0.262 6 8.630
bno2 O .965 • • • 0.027 ___f
AH 0.627 1.983 0.974 1.171 73.630

7 5 .8  (mr*)12
AC1 0.764 1 .827CjS 0 .259CjS 0.337 7 2.130

ABr 0.667 2.578 0.168 0.155 71.230 
73.2

ACH3 0.666 1.938 1.387 1.701 73.030

aoch3 0.750 0.647 0.050 0.185 71.83072.3 (nn*)12
ano2 0.967 • • • ___f ___f

0.722 3.30 0.062 0.045 6 0.93° (7m36)
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cl Prefix B represents:

Prefix A represents:
Suffix listed in Table II represent R: BR, AR

b Retention time of sensitizer equals that of isomer 
so that estimation of isomer quantity is impossible. 

c Retention time of a sensitizer photoproduct is 
nearly equal to that of the isomer. 

d Corrected by subtracting the contribution of the 
sensitizer photoproduct to the isomer peak. 

e Solvent: bromobenzene.
f Not detected.
® Uncorrected.
^ In Kcal/mole

TABLE II (continued)
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Corrected Relative Quantum Yields
TABLE III

Sensitizer (corr)c ‘C 6'1' (corr)U E,p(type)

BH -0.165 • • • mrs
BC1 -0.124 -0.092 njr55
BBr -0.129 -0 ,003a nAs
bch3 -0.039 +0 .064 mt55
boch^ -0 .001 +0.191 nns
bno2 -0.008 • • •

AH +0.601 +0.798 n7rx
ACL +0 .022 +0.101 nns
ABr -0.165 -0.178 TCKX
ach3 +1.053 + 1.367 nns
AOCH^ -0.199 -0.065 TT7TX
ano2 • • • • • •

CO -0.217 -0.234 TTTT*

Uncorrected.
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FIGURE IV
Rotating Photochemical Reactor: "Wheel"

.



FIGURE V

Sensitizer Triplet Energy vs. 
cis-trans Ratio
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Formation of cis and trans cycloadducts by the 
photocycloaddition of isophorone to 1,1-dimethoxy- 
ethylene appears to be sensitized more efficiently 
by acetophenones than by benzophenones. It is pos
sible that only para-methyl and para-chloroacetophen- 
ones, and acetophenone are capable of true sensitiz
ation. The efficiency of energy transfer may be de
pendent on the electronic nature of the substituent.

The cis-trans ratio was seen to be dependent on 
the sensitizer used: it increases with increasing
sensitizer triplet energy, but is independent of the 
nature of the triplet.
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