5948 J. Phys. Chem. R007,111,5948-5953

ARTICLES

Effects of the Exciting Wavelength and Viscosity on the Photobehavior of 9- and
9,10-Bromoanthracenes

Gianna Favaro,*' Maria R. di Nunzio, T Pier Luigi Gentili, * Aldo Romani," and
Ralph S. Becker**

Dipartimento di Chimica, Uniersitadi Perugia, 06123 Perugia, Italy, and Urersity of Houston, 4800
Calhoun Road, Houston, Texas 77004

Receied: February 19, 2007; In Final Form: May 11, 2007

The widely investigated photobehaviors of 9-bromo and 9,10-di-bromoanthracenes have been revisited here
to clarify the competition among different relaxation paths of their lowest two electronic excited states. The
results obtained show that these two molecules exhibit a parallel photobehavior, which depends on the excited
electronic and vibronic transition, the medium viscosity, and the temperature. The first electronic state of
either of these does not exhibit photochemistry in fluid solution or rigid matrices (80 K). The fluorescence

emission occurs with a very low quantum yield{02) at room temperature but with a very high quantum

yield (0.9 to~ 1) at 80 K. When exciting in the second electronic transition, the fluorescence intensity is
lower than when exciting in ;Sat both room temperature and low temperature due to competition with the
observed photocleavage of the-8r bond. The reaction yield decreases as the temperature decreases and
depends on the viscosity of the solvent; the higher the viscosity, the lower the observed yield of photochemistry.
Temperature and viscosity effects are a consequence of the fact that the radicals produceBr tyocd

breakage cannot escape from the solvent cage and, moreover, quickly recombine within the cage giving the

appearance that no photochemistry occurred. The presence of photochemistgnih i absence in;Ss
principally due to the fact that,$has arr,0* character in the €Br bond, whereas the;State has its origin
from azr,t* delocalized configuration.

Introduction excitation. For the purpose of comparison, we have also

i examined the photobehavior of anthracene (A) under the same
We have demonstrated that the quantum yields of photo- -gnditions.

chemistry and fluorescence of some organic molecules can
drastically change depending upon the vibrational mode,
vibrational level, and electronic state that is excited. This has
been shown to be true for seven different benzo- and naphtho
pyrans. The term “vibronic effect in photochemistry” has been
given by us to describe this phenomendrh Some other type
molecules have been shown to have a similar beh&vioAll

of the above results are a direct consequence of competition . . . .
q P Later, other¥ studied the triplettriplet absorption of both

between vibrational relaxation and photochemistry. S . R
. . p. . y DBA and MBA in rigid matrices at 80 K. Excitation into;S
Despite the observation of the excitation wavelength depen- .

d £ oh hemi d/or f dincl Hndicatedverylittle intersystem crossin@{ ~ 0.001) for either
ence of photochemistry an or fluorescence and in classes Ocompound. Moreover, the fluorescence quantum yield was
molecules other than those with a core pyran moiety, no

tative data h b forth . heref broad reported to be 1.08- 0.05 for each compound. With excitation
quantitative data have been forthcoming. Therefore, to broaden;, s, at 261 nm for DBA, no triplet formation was observed,

the basis set for such information and to further verify the ,+ there was a decrease in the quantum yield of fluorescence
generality of the “vibronic effect in photochemistry”, we have by ~35%. It was suggested that the excitation wavelength
examined fluorescence and photochemical aspects of both 9"dependence of the fluorescence of DBA irves likely caused
10-dibromoanthracene (DBA) and 9-bromoanthracene (MBA) y (undefined) photodecomposition. However, for MBA at 80

because they exhibit wavelength-dependent fluorescence anqc he flyorescence yield was 1.G8 0.05 whether excitation
well-resolved absorption spectra suitable for selective vibronic .. rred in $or S (as seen by the authdfsfor other

9-substituted anthracenes).
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It has been noted that the quantum yield of fluorescence of
DBA in fluid media at room temperature-93 K) was not
changed as a function of the wavelength of the exciting light
“when exciting into §° However, exciting in § the quantum
yield of fluorescence decreased to about one-half of the value
of S;. It was believed that this decrease was the result of
intersystem crossing to a triplet stéte.
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reported to have &1 of ~0.9 in 3-methylpentane (3MP)as
well as in acetonitril& when exciting into § while in toluene'?
a value of 0.7 is reportedbr in 3MP at 80 K decreases but it
is still detectable;~0.111 The fluorescence yield of DBA has
been reported to be0.1 in heptan¥ and petroleum eth&rat
room temperature (all presumably excited if). S or MBA,
with excitation into $, the triplet yield is reported to be
~0.991.1216in 3MP at room temperature aned.001 at 80 K.
The fluorescence yield of MBA is reported as 0.01 in heptane
and ~0.02 in petroleum ethé&r at room temperature with
excitation into $. Photochemical debromination with excitation ) )
into S, of both MBA and DBA has been observed in acetonitrile F19ure 1. Absorption spectra of A, MBA, and DBA in 3MP at room
. . temperature. Inset: zoom on the lowest energy electronic transition

only in the presence of aminé.

The existence and cause of the wavelength dependence 01{
the fluorescence of DBA and MBA is the focal issue of this TABLE 1: Spectral Characteristics of DBA and MBA in
paper. However, our concern is much broader than consider-3MP and A in Hexane at Room Temperature
ations of just the electronic state dependence of the yields of DBA MBA A2
fluorescence. We will not only reveal the crucial importance of A e A e Ao o
the excitation of particular electronic states, vibrational modes, transiton nm M-tem? nm M-tcm?® nm M-tcm?
and vibrational levels on fluorescepce yields, but on the S-S, 4005 12600 3875 3150 3745 8500
complementary process, photochemistry, that occurs in both g5, 2585 121700 2545 75100 252 220000
DBA and MBA. Moreover, the unique role solvent viscosity
plays in observing photochemistry will be elucidated.

We will show that the fluorescence yield at 80 K of DBA  TABLE 2: Spectral Characteristics of DBA and MBA in
and MBA when exciting anywhere within;Ss constant and 3MP at 80 K
large,~1, and, thereby, is independent of the vibrational mode DBA MBA
or excited level. However, when exciting into, Svhere

0.10 .
A —— DBA

0.05

0.00F ""”"c//
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21n hexane, from ref 18.

photochemistry exists, the fluorescence yield is a function of ... ﬁmr;x Mfl’"grxn,l ﬁm;: Mflmgrxn,l
the wavelength of excitation (vibrational mode/level excited)
at 80 K. At room temperature, lower yields but parallel trends S5 405.5 (441)  18308(0.21) 392 4900

are observed to those at 80 K. We will also show and discuss S 263 (264) 191000(2:38) 2585 109000
the behavior of anthracene at 80 K that shows a similar &Wavelengths obtaingd from AM1 calculatiof<Calculated oscil-
wavelength dependence for fluorescence despite the absencktor strength values using AM1 method.

of photoreaction. In conclusion, comparison with other works The emission spectra were taken using a Spex Fluorolog-2
of any nature Is difficult beca_luse of the lack of data from 4g0/1 spectrofluorimeter; the fluorescence quantum yields were
excitation into the second excited state. determined using 9,10-diphenylanthracene in cylohexane and

trans-stilbene in trimethylpentane as standards. The uncertainty

Experimental Section in the quantum yield determinations was estimated to be about
Materials. DBA and MBA (from Aldrich) and anthracene 10%. ) ) )
(A J. T. Baker Chemical Co.) were purified through HPLC. ~ Forlaser flash photolysis measurements in nanosecond time-

The solvents used were 3MP (Acros Organics, 99%), which resolution, the third { = 355 nm) and fourth((= 267 nm)
was distilled before use, whereas heptane (Aldrich, 99%), decand@monic from a Continuum Surelite Nd:YAG laser were used
(Aldrich, 99%), dodecane (Aldrich, 99%), hexadecane (Sigma  With fluence less than £0J cnr? s™* per pulse and time
Aldrich, 99%), and methylcyclohexane (J. T. Baker Chemical resolution (_)f abon_Jt 30 ns. Q-switch delays were _used to re_duce
Co.) were used as received. Other compounds used as fluoresth® laser intensity. For the spectrophotometric analysis, a
cence standards were 9,10-diphenylanthracene (Baker) andt50 W xenon source, a Baird-Tatlock monochromator blazed
transstilbene (Fluka), which were used as received. The-2,3 at 500 nm, a Hamamatsu R928 photomultiplier, and a Tektronix
dithienylketone, used as triplet sensitizer, was synthesized and®SA 602 digitized analyzer were used. The data were processed
purified for a previous work? by a Tektronix PEP 301 computer. . .
Apparatus and Methods. The absorption spectra were _ 1h€ quantum yields of the photoreaction were determined
recorded on a Perkin-Elmer Lambda 800 spectrophotometer orPY SPECtrophotometry, using potassium ferrioxalate actinometry
a Perkin-Elmer Lambda 5 spectrophotometer or using a HP 845310 measure7 the radiation intensity, t_{p'ca”y on the_ord(_ar of
diode-array spectrophotometer. Irradiation of the samples was2 3 x 107 mples of phqtong dm? s71, _The uncertainty in
carried outh a 1 cmeell path in the spectrophotometer holder, e duantum yield determination was within 10%.
at a right angle to the monitoring beam, using a fiber-optic
system. A Hg medium-pressure lamp (Applied Photophysics)
with interferential filters and a 125 W Xe lamp, coupled with Absorption and Fluorescence Spectra.The absorption
a Jobin-Yvon H10 UV monochromator, were used for irradia- spectra of A, MBA, and DBA at room temperatureZ93 K)
tion. The band pass was 4 nm. An Oxford Instruments cryostat are given in Figure 1.
was used for the temperature control. A gray filter (10%  Note the progressive blue shift of the bands from DBA to
transmittance) was inserted between the sample cell and theMBA to A. Spectral data concerning the two lowest spectrally
diode-array spectrophotometer source to avoid a fraction of the detectable electronic transitions of MBA and DBA are collected
UV light intensity that might reach the sample, thus inducing and compared with those of A in Table 1 at room temperature
photochemistry. and in Table 2 at 80 K.

Results and Discussion



5950 J. Phys. Chem. A, Vol. 111, No. 27, 2007 Favaro et al.

0.64 before irradiation

:i 65 min irradiation

E T A ] ' a
n h !

‘g 0.44 10U

= |

"y

2 I

= 0.2 b L ol

= ~ /

w / 1

N J \
El 0.0 : 5

z 300 350 40 o
: L

32I{l 4(I]f} 4;{(] after 65 min irradiation

A/nm before irradiation b
Figure 2. Normalized excitation (§ and emission spectra of MBA
in 3MP at 80 K. 0.6
: A
=
&8 1.2 — T T T 044 h
g —— Absorption spectrum i
= Excitation spectrum [
2 02 ||
=
2 08t .
=]
< 0.0 - T y T T
2 250 300 350 400 450
é Mnm
L o4} g Figure 4. Effect of exciting § (a) and $ (b) on the existence of
i ! photochemistry for MBA in 3MP at room temperature, as seen by
g comparison of the relative intensity of the absorption bands before and
@ /\/\_//\ after irradiation.
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il A e il was observed for all three compounds, Table 3. Values reported

Figure 3. Absorption (black) and fluorescence excitation (gray) spectra in Table 3 are in reasonable agreement with those reported by

of DBA in 3MP at 80 K, normalized in S Melhuish in petroleum ether at room temperature by exciting
in S; (0.088 for DBA, 0.024 for MBA, and 0.22 for AR
Figure 2 demonstrates the excitation; (8ansition) and Photochemistry.Photochemical reactions of DBA and MBA

fluorescence spectra of MBA at 80 K, whereas in Figure 3 led to cleavage of the €Br bond, forming monobromoan-
absorption and fluorescence excitation spectra of DBA at 80 K thracene and anthracene, respectively. By steady excitation of
show the dependence of the fluorescence yield on electronicboth compounds abom temperaturén 3MP solution into the
excitation and (for § on vibronic excitation. first electronic state, $ no photochemistry was detected,
Table 3 gives the fluorescence quantum yields)(in 3MP whereas by exciting in the second electronic state, photoreaction
at room temperature~293 K) and 80 K for DBA, MBA, and was observed. As an example, a qualitative comparison of the
A. For the foregoing molecules at 293 K, tidg- is constant presence or absence of photochemistry for MBA when irradiat-
(within 10%) when exciting at any wavelength in, &nd the ing in the § and $ states at 293 K is shown in Figure 4. Note
same is true at 80 K. Note the dramatic increase in the that photochemistry existed when excitation was intob8t
fluorescence yield when the temperature is lowered from 293 not when exciting into § which is parallel to the same response
to 80 K. The®r values when exciting into Seither at 293 K that was seen for DBA (not shown) at 293 K. This is consistent
or 80 K, show a significant decrease compared to exciting into with  AM1 calculations, revealing that;Sis a pure w,7*
S;; furthermore, there is a marked dependence of the fluores-transition, whereas,Ss ,77* with notablec* character located

cence yield on the vibrational level excited in. 81 general, in the C-Br bond. The photochemical quantum yields of
the fluorescence yield decreased as the excitation energydisappearance of the irradiated compounds were independent
increased to higher and higher vibrational levels. of the vibrational level excited in, SFor example, determina-

The fluorescence yield for DBA is greater than or equal to tions of ®pc carried out for MBA exciting at two dif-
that for MBA at either 293 K or 80 K. For anthracene, ferent wavelengths of ;S(246 and 256 nm) gave values
fluorescence is higher than MBA and DBA at room temperature (®pc = 0.13 £ 0.02 at 246 nm andPpc = 0.14 + 0.02 at
and increases to a lesser extent than for the brominated256 nm) averaged over three independent experiments that were
derivatives at 80 K. The wavelength effect when excitingin S coincident within the experimental uncertainty.

TABLE 3: Fluorescence Quantum Yields of DBA, MBA, and A in 3MP at Room Temperature and 80 K

room temperature~293K) 80 K
excited state DBA MBA A DBA MBA A
S 0.07 0.006 0.18 0.9 ~1 0.53
S 0.012 0.0009 0.035 0.45 0.32 0.12
(258.5 nm) (254.5 nm) (250.5 nm) (263) (258.5 nm) (254 nm)
0.008 0.0005 0.017 0.28 0.17 0.062
(250.5 nm) (247.5 nm) (243.5 nm) (253.5 nm) (249.5 nm) (246 nm)
0.075 0.036
(244.5 nm) (241 nm)

a Excitation wavelengths are given in parenthe%Malues constant over all excitation wavelengths used.
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TABLE 4: Temperature —Viscosity Effect on the Observed

Quantum Yield of the Photochemistry @pc) of DBA and 0041 @
MBA (Aexc = 254 nm, S) in 3MP2 @ °
PC O
T (K) viscosity (cp) Dpcof DBA Dpcof MBA 00sd o
319 0.255 0.040 '
312 0.270 0.039 0.17 O e
305 0.287 0.037
298 0.306 0.034 0.15 0.024 o®
283 0.354 0.030 0.14 o
268 0.417 0.028 0.11 ° o
253 0.500 0.093 0.014
238 0.615 0.024 0.081 T T y T T T T
223 0.776 0.073 0.5 1.0 1.5 2.0 2.5 3.0 35
208 1.01 0.019 0.053 n/cp
195 1.32 0.014 0.048 . . . . . .
185 166 0.012 Figure 6. Quantum yield of photochemistry as a function of viscosity

generated by solvent change at the same temperareefsus that
2 Viscosities at the different temperatures were calculated using the generated by a temperature change for 3@ (
relationship: 7t = 70e ¥R,
) . different hydrocarbons. Table 6 provides data on the yield of
;\r/ﬁ‘g‘ﬁ g.MlF;arameters Obtained from Eq 1 for DBA and photochemistry Aexc = 254 nm, §) as a function of viscosity
for a group of aliphatic hydrocarbon solvents at the same

DBA MBA temperature. Photochemical yields decreased as the viscosity
Eo/kJ mof 4.25 6.20 increased. In the last three columns of Table 6, sdrpevalues
Dpd™ 0.17 0.68 in 3BMP are given at temperatures at which the 3MP viscosity
TABLE 6: Viscosity Effect on the Reaction Quantum Yield was close to that of the couple_d h_ydroc_:arbon. Th(_a_ cor-
of DBA (Jexc = 254 nm, S) respondence abpc values at essentially iso-viscous conditions

but at different temperatures indicates that the process is

other solvents 3MP S . .
intrinsically barrierless. The dependence on temperature is
solvent  n/cp (298 K) ®pcof DBA plcp T/K  ®pcof DBA essentially a consequence of viscosity changes of the solvent
3MP 0.31 0.034 and not because of changes in any intramolecular dynamics.
heptane 0.39 0.025 0.35 283 0.030 Perhaps the clearest way to see the correlation of the yield of
gega”e (i-i% %-%1185 2-6312 21:;% %-%211 photochemistry and viscosity is in Figure 6, where the viscosity
odecane ; ; ' ' is modified by changing the solvent at a given temperature
hexadecane 3.34 0.012 . . . .
versus being modified by varying the temperature for a given
F293 K. solvent (3MP).

The reaction quantum yields determined in 3MP were found Based on the foregoing, the actiyatipn energies determined
to decrease with decreasing temperature for both the bromod-(d 1) arenotdue to an energy barrier in the solute, but to the
erivatives. No photochemistry was observed for both compoundstempl‘f/g?"rture dependence of the viscosity of the solvent:
when exciting at 80 K even thoughactually did occur see 70 €571, The dependence of _PC on the temperature in 3MP,
later in the Discussion section. Table 4 shows the effect of some T@Ples 4 and 5, can be explained by the fact that even at low
selected temperatures on the observed photochemical yield in/iSCOSity, escape of the unbound" Eom the solvent cage is
3MP as well as the viscosities of 3MP at those temperatures.Strongly hindered and the limit yields, determined from the

The reaction yields as a function of temperature were treatedAT'henius type treatment, correspond to the photoreaction
according to the Arrhenius type eq 1. occurring in a nonviscous medium and represent the “true

guantum yield of the photoprocess. The escape of radicals with
In (L/®,.—1)=E/RT+C 1) rate constantk(), produced from the reaction cage (for example
A* and Br from MBA), should be the viscosity-dependent
“Apparent” activation energies and “limit” yields, Table 5, were process, whereas the back recombination of radicals that occurs
determined from the slope and intercept, respectively, of linear within the cage can be largely considered as a temperature- and
plots of In (1/Ppc — 1) versusT 1. A graphical example is  viscosity-independent process.
shown in Figure 5. Laser Flash Photolysis Laser flash photolysis experiments
Basic information to understand the meaning of these on DBA carried out at room temperature also confirmed that
parameters came from measurements of quantum yields inonly the second electronic state was photoreactive. Excitation
in the § produced the triplet state that totally decayed to the

4.5 ground state, a lifetime of 3.8s, and no photochemistry was
B observed, Figure 7. Excitation in the second transition also led
- to triplet population, but there was not complete decay to the
g 391 ° ground state when monitoring at 320 nm, Figure 8. The residual
T sl absorption was assigned to the photochemical formation of
i anthracene based on the spectrum recorded after flashing at the

3.34 267 nm (see the spectrum of A in Figure 1).

Parallel results were obtained for MBA at room temperature;
0.0032  0.0040 0.0048  0.0056 the triplet showed a spectrum with the maximum at 430 nm
i ey and a lifetime of 7us.

Figure 5. Quantum yield data of DBA in 3MP treated according to ~ We have also observed that at 293 K the phosphorescence
eq 1. of a triplet donor was efficiently quenched by MBA (2,3
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et - for DBA and 0.32 for MBA at 80 K, by using the relationship
o M DE(S,) = PE(Sy) x Dic{S(0) — S1(0)}, the yield of internal

AA conversion®c of the process £0) ~>S;(0), is 0.49 for DBA

- and 0.32 for MBA. With®t ~ 0 when exciting into $at

80 K, the photochemical yield from,®) would be~0.51 for
DBA and 0.68 for MBA even though no photochemistry was

:::% 2 gmm il actually observed at 80 K. Further discussion of these seeming
0.001 el 4990300099029 paradoxes is given below.
300 i 400 500 600 Our inability to observe photochemistry {@r bond break-

Anm

Figure 7. Room temperature ¥T spectra of DBA exciting at 355
nm in 3MP at different delays (black, Qu%; gray, 4.3us; light gray,

15 us) and decay kinetics (inset).

age) at 80 K for both DBA and MBA does not infer that
photochemistry did not, in fact, actually occur. Recall that earlier
we showed the photochemical yield was highly sensitive to the
viscosity of the solvent, see Tables 4 and 5 as well as Figure 6.
Thus, as viscosity is increased, the true photochemical yield is

0.04 "1 e masked. At the extremely high viscosity of 3MP at 80 K
' by oo e (9.4 x 10° cp) 19 the radicals produced by-€Br bond breakage
AA ., i R cannot escape from the solvent cage and, moreover, quickly
0.021 °¢: ] it e S - recombine within the cage, giving thappearancethat no
L | likna photochemistry occurred. It is worthwhile noting that thec
% [ %m_“a gl = 0.68 for MBA estimated above has just the same value as
0.007 9300 sl found for the limit yield extrapolated from the graph of eq 1.
nd Such a correspondence was not found for DBA, probably

400 500 600

A/nm
Figure 8. Room temperature T spectra of DBA exciting at 267
nm in 3MP at different delays (black, Qu&; gray, 1.us; light gray,
15 us) and decay kinetics (inset).

300 because the photoreaction, giving MBA and then A, is not as

clean as for MBA.

An important question is what is the source of the excitation
wavelength dependence of the fluorescence vyields in the S
excited state at 80 K. Based on our previous experience with
dithienylketoneEr = 262 kJ mot?, was used as the sensitizer other photochemically active molecute3under similar condi-
because it does not extract hydrogen from the solVént). tions of solvent and temperature, we suspected that, for DBA
However, no photochemistry was observed from the triplet state and MBA, the “vibronic effect” was operative. That is,
of MBA. This result allows us to conclude that photochemistry photochemistry and vibrational relaxation were in competition
only occurs in an excited singlet state. at any vibrational level of any mode. However, there is a

] ) potential problem with considering photochemistry alone as the
Discussion explanation of the excitation wavelength dependence of the

There are several salient observations that are of particularfluorescence for DBA and MBA when exciting into, because
significance regarding the presence of fluorescence and pho-in that case, photochemistry should also be excitation wave-
tochemistry in DBA and MBA. length dependent. This was not found. Note that anthracene also

First, no photochemistry wasbseved for either DBA or appears to show an excitation wavelength dependence for its
MBA when exciting into $ either at room temperature or at fluorescence at 80 K when exciting intg, Sable 3. However,

80 K, whereas when exciting intoz’Sphotochemistry was we do not believe that A would show phOtOChemiStry under
present’ with the quantum y|e|d decreasing as the Viscosity of the conditions of our experiments. Therefore, our observation
the solvent increased. In a rigid matrix at 80 K, photochemistry for A, as well as for MBA and DBA, would seemingly have to
was unobservable, however, see later discussion. include competition between photophysical processes as vibra-

Second, for both DBA and MBA, the yield of fluorescence tional relaxation within the singlet manifold and intersystem
when exciting into $at either room temperature or 80 K was crossing $ — Ty Interestingly, it has been found that the
independent of the wavelength of excitation and also, therefore, fluorescence yield of A seeded in a supersonic jet showed
the vibrational level or mode that was excited. On the other basically smooth regional excitation wavelength dependences
hand, when exciting into SSthe fluorescence yield decreased in the first excited state ¢pat energies above the 0 level. These
and varied with the wavelength of excitation, Table 3. A similar were believed to be related to intrastate intramolecular vibra-
behavior was observed for A. In fact, at 80 K, the yield of tional energy redistributio® There wasno data obtained in
fluorescence is reduced by50, 68, and 77%, for DBA, MBA, the S where wedo see a vibronic level dependence of the yield
and A, respectively, by just exciting into the zero level of S of fluorescence. On the other hand, for both MBA and DBA,
and decreased rapidly with excitation into higher vibrational they”® saw significant dependence of the fluorescence yield upon
levels. Our result for MBA regarding the fluorescence yield at the vibronic level excited within S This was more marked in
80 K agrees with othetdwhen exciting into $(®r ~ 1) but DBA than MBA. These findings were believed to be the result
is in sharp disagreement when exciting intp i®cause they  of direct coupling [$ — T1] and a mediated coupling {S> Ty
give the fluorescence yield value as 1. — T4]. The mediated coupling was believed to be dominant in

The intersystem crossing to the triplet state should be MBA, while the direct mechanism was believed to be dominant
negligible given thai®g ~ 1 when exciting into $at 80 K. in DBA. Recall we donot see any excitation wavelength
Although we did not measure thkt at 80 K for either DBA dependence of fluorescence, nor do we see photochemistry, in
or MBA, otherd®have given the value as0.001 for both. Also, the first excited-state of these two molecules in a solvent at
they have noted that, for DBA, noT absorption was observed 80 K. However, othef8 have noted that Ar complexed DBA
when exciting into $ (261 nm) at 77 K, therefore, we can suppressed the oscillatory change(s) in the fluorescence of DBA
assumebt ~ 0. From the fluorescence yields in Table 3, 0.45 because of modification of the near resonant interaction of a
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particular level of $with one of Tx. Again,nodata was obtained  anthracene shows a parallel dependence of fluorescence upon

in S;, where wedo see notable dependence of the fluorescence excitation into $, yet we believe no photochemistry occurs.

yield on the wavelength/level excited. Despite all of the Thus, there is contribution of a “vibronic effect” involving

foregoing considerations, based on the parallel behavior of the photophysical competition (vibrational relaxation within the

fluorescence yield of A compared with DBA and MBA, we singlet manifold and intersystem crossing).

can ascribe the presence of some degree of competitive The presence of photochemistry in &d its absence in;S

photophysical process(es) for the dependence of the fluorescencés principally due to the fact that the State has ar,0* character

yield of DBA and MBA upon exciting wavelength within,S in the C-Br bond. On the other hand, the Sate has its origin
Regarding the question of why photochemistry occurs;n S from az,z* delocalized configuration. Furthermore, no pho-

but not §, recall that the Sstate is ar —xa* state with some tochemistry occurs in the lowest triplet state of either DBA or

m—o* character for the €Br bond, while the $is a pure MBA.

m —m* state. This should result in €Br bond breakage

photochemistry, as is observed in the experimental results. Acknowledgment. This research was funded by the Italian
Furthermore, from ZINDO/S calculations, a third electronic “Ministero per I'Universitae la Ricerca Scientifica e Tecno-

nonoptically active state witha—o* character is predicted at  logica” and the University of Perugia in the framework of a
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