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Abstract

Absorption, fluorescence, fluorescence excitation spectra and time dependence fluorimetric studies of 1-hydroxy-9-fluorenone (1-HFu) and
1-methoxy-9-fluorenone (1-MFu) have been studied in different solvents and binary solvent mixtures. Fluorescence quantygm) gields (
both the molecules increase in polar/aprotic solvents. In protic solgentsl-HFu decreases with increase in their polarity, whereas in case
of 1-MFu it increases up to ethanol and then decreases in methanol and water. Importance of inter- and intramolecular hydrogen bonding
(IHB) has been studied by using binary mixtures of solvents, like trifluoroethanol (TFE)-cyclohexane and acetonitrile—water mixtures.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction shown that (i) $and $ states in 9-Fu are of ae* andnm—w*,
respectively, in character. Due to this, 9-Fu exhibits weak
It is well established that photophysical and photochem- fluorescence. Fluorescence intensity increases with increase
ical characteristics of molecules, in which the excited states in polarity and decreases with increase in the proton donor
of different character are closely spaced, can be altered bycapacity of solvents and (ii) in non-polar solvents, intersys-
the substituents in aromatic ring and solvent polarity. This tem crossing is the major pathway from excited singlet state
change in properties could be either due to reversal of low- when electron-withdrawing group is attached to the fluorene
lying excited states or increase in the participation of one moiety, whereas an electron-donating group increases the
electronic state into other, caused by change in solvent prop-rate of internal conversion. Biczok et al[$3,18] results
erty or by electron-donating/withdrawing substituent. Results have established that: (i) internal conversion is the main path
of these studies help in understanding the microscopic mech-of deactivation between the excited singlet)(S&ate and the
anisms of relaxation processes, fluorescence behavior of theground-state (§ for 2-, 3- and 4-amino-9-fluorenone (2-
excited molecules and theories regarding radiationless pro-AFu, 3-AFu and 4-AFu). Rate constant of internal conversion
cesse$l,?]. can be nicely correlated to the energy gap law, and intersys-
9-Fluroenone (9-Fu) is one of these kinds of molecules, tem crossing (ISC) rate is very slow for these molecules. (ii)
whose photophysical properties are very sensitive to microen-In case of 1-amino-9-fluornonoe (1-AFu) ISC was found to
vironments[3—13]. Literature survey has shown that differ- be the dominant process foi 8 all the solvents. The short
ent derivatives of 9-Fu studied contains the substituent atfluorescence decay time of 1-AFu does not originate from
2-position, with few exceptions where amino group is present IHB induced interconversion but it is due to the fast triplet
at 1-, 3- and 4-positioj14—18] also. These results have formation.
Present work involves the spectroscopic study of 1-HFu
* Corresponding author. Tel.: +91 512 597 163; fax: +91 512 597 436. and 1-MFu. Former molecule involves IHB, whereas latter
E-mail addressskdogra@iitk.ax.in (S.K. Dogra). does not. Time-dependent fluorescence spectroscopy coupled
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with steady-state spectrofluorimetric studies have been car-Geometry optimization was performed on each species of
ried out to find out the nature of emitting state and to see 1-HFu and 1-MFu in & state using DFT[25,26] B3LYP
the importance of IHB and intermolecular hydrogen bonding with 6-31 G** basis sef24,27] Geometry of these stationary
of polar/protic nature of the solvent in the relaxation phe- points on $ state was calculated using configurations inter-
nomenon of 1-HFu and 1-MFu. action singles (CIS)24,28]. Time-dependent (TD])29,30]
DFT B3LYP with 6-31 G* basis set was also used to cal-
culate the excited-state energies at the calculated stationary
2. Materials and methods point geometry in $and § states. Relevant data are com-
piled in Table 2
1-HFu was procured from Aldrich Chemical Company,
UK, whereas 1-MFu was prepared from 1-HFu using methyl
iodide in basic mediunfil9]. Both these compounds were 4. Results
purified by repeated crystallization from ethanol. Obtain-
ing identical fluorescence and fluorescence excitation spectra4.1. Absorption and fluorescence spectra
with different excitation and emission wavelengths, respec-
tively, in any one particular solvent checked the purity of both  In order to understand the results of this paper, spec-
the compounds. All the solvents, except ethanol, were eithertral characteristics of 1-MFu and 1-HFu in different sol-
of spectroscopic grade or HPLC grade from E. Merck and vents discussed in the preceding paj3&] are summarized
were used as such. Commercial ethanol was purified as de-here. Absorption band maximad,)) of all the bands are
scribed in literatur¢20]. Triply distilled water was used for  red shifted andmax increases with increase in the solvents
the preparation of aqueous solutions. polarity and their protic nature of the solvents. Only one
Procedure used to prepare the solutions, adjustment ofsmall Stokes shifted fluorescence band, nearly at the same
pH and instruments used to record absorption, fluorescencevavelength, is observed in both the molecules. Fluorescence
excitation and fluorescence spectra, as well as, to measurdand maxima X',,) are large red-shifted under the same
excited-state lifetimes were the same as mentioned in ourenvironmentsif ., and @; are invariant to the excitation
recent paper@1,22] Fluorescence quantum yields [ have wavelength exc)- Fluorescence excitation spectra recorded
been measured from solutions having absorbance less thain each solvent and monitored at different emission wave-

0.1, using quinine sulphate in 1N;BOy as referenceg; = lengths resemble with each other, as well as, with absorption

0.55)[23]. Concentration of 1-HFu and 1-MFu was keptat 2 spectrum. It suggests that there is only one speciegin S

x 1075 M. state and emission is observed from the most relaxed excited
state.

3. Semi-empirical quantum mechanical calculations 4.2, Lifetimes of the excited state
Different species of 1-HFu and 1-MFu considered are

giveninScheme 1The electronic structure calculations were

carried out on each species ustgussian98 prograni24].

Excited-state lifetimes of 1-MFu and 1-HFu were
measured in different solvents by usingxc = 354 nm,
whereas thelgm were the fluorescence band maxima in
respective solvents. Fluorescence intensity in each case

followed a single exponential decay wijf = 1 + 0.1 and
good autocorrelation function&ig. 1 represents a typical
0O 0 0O O

fluorescence decay profile of 1-HFu in acetonitrile. Values of

e “CH; the radiative k) and non-radiativelq,) rate constants were
’ calculated from the lifetimesf and¢s using the following
relations.
1-MFu-a 1-MFu-b o 1
ky = —, kne=\|-=)—kt
T T

tonitrile, as in other polar/aprotic solvenig, is too small to
measure the lifetime&y, for 1-HFu decreases with increase
in polarity of the solvents and increases with increase in pro-
1-HFu-a 1-HFu-T 1-HFu-b ton donor capacity of the solvents. Valueskgf obtained in
polar/protic solvents for 1-HFu and 1-MFu are nearly simi-
Scheme 1. lar, whereas the value &f, for LMFu in acetonitrile is nearly

O'O O" O'O Values ofk;, knr, T and¢, are compiled inrable 1 In case
of 1-MFu, we could only determine the valuelgf in ace-
O\H/O O\H,O 0 0\H
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Fig. 1. Fluorescence decay profile of 1-HFu in acetonitiilge = 354 nm,em =496 nm, [1-HFu] = 1x 103 M.

five times greater than that for 1-HFu.

4.3. Solvatochromism

Large changes observed i, of both 1-HFu and 1-
MFu with increase in solvent polarity suggests an increase in a@bsorption band maximum is not well defined) or by tak-
dipole moment of both the molecules in thesate. Changes
in d|p0|e moments upon excitation can be estimated using simulation of the LW fluorescence excitation spectra. Results
Lippert—Matga[31,32] analysis of absorption and fluores-

cence spectra. Lippert—Matga plot was construcked. (2)

for 1-MFu and 1-HFu using following equation:

= —ab —
Uss = Umax —

Umax = CONSt+ [

2(e — N«g)z

ca

3

} f(D.n)

wheref(D, n) = (D — 1)/(2D + 1)—(n? — 1)/(2n? + 1) indicates
the orientation polarizability and depicts polarity parameter
of the solventn is the refractive index the bulk dielectric

Table 1

constant,ue and g are dipole moments of the species in
Sy and § states, respectivel the Planck’s constant, the
velocity of light anda the Onsager’s cavity radius. Stoke’s
shifts were calculated either by taking middle wavelength
(MW) absorption band maximum (as long wavelength, LW,

ing LW fluorescence excitation band maximum obtained by

obtained from both the plots are within the error limits. Al-
though in many fluorophores, a linear relation is observed
between the Stoke’s shift and polarity parameters in both po-
lar aprotic and polar protic solver[&3], butin case of 1-HFu
and 1-MFu, the steady-state Stoke’s shifts can be best approx-
imated by a linear function if the solvents are divided into two
groups, aprotic and protic ones. However, for both molecules
the slopes of the lines correlating the protic and aprotic sol-
vents are quite similar. These results suggest that specific
solute solvent interactions (hydrogen bonding) occur in pro-
tic solvents and influence the Stoke’s shift. This is supported
by the linear relation observed in the plot between Stoke’s

Excited-state lifetimest( ns), fluorescence quantum yields, rate constants for radiativi ( 10" s~1) and non-radiativekg,, 10° s~1) of 1-HFu and 1-MFu

in different solvents

Solvents 1-HFu 1-MFu

T ol ke Kar T o ke Knr
Cyclohexane 1.24 0.0129 1.04 7.96 - - - -
Ether 2.39 0.022 0.92 4.09 - - - -
Dioxane 3.38 0.0284 0.84 2.87 - - - -
Ethyl acetate 5.48 0.0383 0.7 1.76 - - - -
Acetonitrile 9.67 0.053 0.55 0.98 21 0.0073 0.35 4.73
n-Butanol 5.22 0.022 0.42 1.88 7.27 0.023 0.32 1.34
2-Propanol 5.50 0.024 0.44 1.78 8.52 0.029 0.34 1.14
n-Propanol 4.82 0.021 0.44 2.02 6.93 0.021 0.30 141
Ethanol 4.85 0.0197 0.41 2.02 5.98 0.020 0.34 1.64
Methanol 3.61 0.012 0.33 2.74 3.92 0.011 0.29 2.52
Cyclohexane (+0.139 M TFE) 4.49 0.020 0.47 2.18 4.17 0.0198 0.48 2.35
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Fig. 2. Plot of Stokes’ shifts vs. Lippert's parameter &1q30) parameters @@®) polar aprotic; OOQ) polar rotic; (x x x) Er(30) parameter.

shifts versusr(30) parameterKig. 2). ue was found to be
7.82 D for 1-MFu, obtained from the slope of Lippert’s plot
and takingug (calculated with the help of AM1 calculations)
anda as 0.4 nm. Increase in dipole moment of 1-MFu sug-
gests involvement of a charge transfer characten ist&te.
Similar results were also observed for 1-HFu and valyef
obtained is 7.92D.

4.4. Binary solvents

Absorption spectra of 1-MFu and 1-HFu have been stud-

ied in binary solvent mixtures like cyclohexane/TFE (up to
0.14 M) and acetonitrile/water mixture. Slight red-shift in all
the three absorption band maxima, increaggx and loss

of vibrational structure of MW and LW absorption bands
were observed with the addition of protic solvent. Although
no clear isosbestic point in the MW and LW absorption

band system is observed in case of cyclohexane/TFE system,
a nice clear isosbestic points (344 and 340nm for 1-MFu
. . . F —
and 1-HFu, respectively) are observed in case of acetoni-
trile/water system. This suggests the formation of hydrogen-

bonded complex of solute molecules with water {nstate.

and 1-MFu solutions, using the relationsfdd]:
EM

1
= 14—
— Ao {8m—8c” +KC0}

whereAg andA are the absorbance in the absence and pres-
ence of water in acetonitrile, respectivedy, andec respec-
tively denote the molar extinction coefficients of the free and
complex moleculeCy the concentration of water and is much
greater than that of respective fluorenone. A linear relation-
ship is observed betweek/(A — Ag) versus 1€y with re-
gression coefficient of 0.97 and 0.99, respectively, for 1-HFu
and 1-MFu. Values oK obtained for 1-HFu and 1-MFu are
0.28 and 0.18, respectively. Values fobtained are very
small.

We have also measured the association constants of water
with 1-HFu from the measured fluorescence intensity at a
selected wavelength using the expres$ii:

DPvem

Fo 1
F()_ ®dcec — Pyem) KCo+1

whereFg andF denote the measured fluorescence intensity
without and with the addition of wate®@y and @c are the

A large decrease in FWHM is observed in the absorption fluorescence quantumyields of 1-HFuin pure acetonitrile and

spectrum of 1-MFu (from 5540 to 4930 crf) when TFE is

water, respectively. Value #fobtained from the linear plot of

added to cyclohexane, where as in case of 1-HFu it is only Fo/(F — Fg) versus 1€ is 0.38. The agreement between the

from 5800 to 5490 cml. In case of acetonitrile/water sys-
tem, changes observed in FWHM for both 1-MFu and 1-HFu
are very small, i.e. 150 crd for 1-MFu and~80 cnm? for
1-HFu.

The association constants)(for the formation of 1:1 hy-

values ofK deduced from absorption data and fluorescence
data is not bad.

Decrease in the fluorescence intensity of 1-HFu with
addition of water in acetonitrile has been correlated with
Stern—Volmer plot. The plot (not shown) is linear up te ]

drogen bonded complex were calculated from the effects of < 20 M and Stern—\Volmer constant{) obtained from the
added water to acetonitrile on absorption spectrum of 1-HFu linear plotis found to be 0.35 M. We could not measure the
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Fig. 3. (a) Fluorescence spectrum of 1-MFu in cyclohexane as a function of
the amount of TFE added: 1, cyclohexane; 2,1.12 mM TFE; 3, 2.2 mM TFE;
4,3.1mMTFE; 5, 5.85 mM TFE; 6, 139 M TFE. (b) Fluorescence spectrum
of 1-MFu in acetonitrile as a function of the amount of water added: 1, 0%
H20; 2, 1% HO0; 3, 2% HO; 4, 5% HO; 5, 10% HO; 6, 20% HO; 7,

30% HO; 8, 40% HO, 9, 50% HO; 10, 60% HO; 11, 80% HO; 12,
H20. [1-MFu] = 2 x 1073 M.

lifetime of 1-HFu in water to ascertain the nature of fluores-
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Fig. 4. (a) Fluorescence spectrum of 1-HFu in cyclohexane as a function of
the amount of TFE added: 1, cyclohexane; 2,1.12 mM TFE; 3, 2.2 mM TFE;

4,3.1mMTFE; 5,5.85mM TFE; 6, 139 M TFE. (b) Fluorescence spectrum

of 1-HFu in acetonitrile as a function of the amount of water added. 1, 0%

H20; 2, 1% HO; 3, 2% HO0; 4, 5% HO; 5, 10% HO; 6, 20% HO; 7,

30% H,O; 8, 40% HO, 9, 50% HO; 10, 60% HO; 11, 80% HO; 12,

H20. [1-HFu] = 2x 10~5M.

1-MFu indicates thatf .. and FWHM keep on increasing

cence quenching (whether static or dynamic) because of verywith addition of water to acetonitrile, whereas first in-
poor fluorescence quantum yield. But the agreement betweercreases by a factor of3.6 with the addition of 2.8 M water

the values oKs—y and association constatd)(suggests that
the fluorescence quenching could be of static in nature.
Effect of TFE addition to cyclohexan&ig. 3a) is more

and then decreases in water by a factor-@f This behavior
is different from that observed in 9-Fu when ethanol is added
to acetonitrile or cyclohexang 1]. Similar studies in case

pronounced on the fluorescence spectrum than on the absorpef 1-HFu (Fig. 4) reveals that changes observedipax and

tion one. With the addition of TFE (up to 0.14 M) to cyclo-
hexane, ., of 1-MFu was red shifted, ang increases by a
factor of ~300-fold. FWHM of fluorescence spectrum does

FWHM are similar to those observed in 1-Mkg#.of 1-HFu
increases only by a factor of 1.5 in 0.14 M TFE in cyclohex-
ane, butps of 1-MFu and 1-HFu at the extreme concentration

not change much in this range of TFE used. This suggests theof TFE in cyclohexane are the same. On the other hgnof

formation of hydrogen-bonded complex between 1-MFu and
TFE. Similar study in acetonitrile/water mixturgi¢. 3b) of

1-HFu continuously decreases arlg,, was red-shifted with
the increase of water to acetonitrile. Unlike that of 1-MFu,
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FWHM of the fluorescence band of 1-HFu nearly remains 9.0 - . - T - T - T

invariant under the similar conditions. ] | -MFu A—A
8.8 1-HFu| @&—e Polar/aprotic .
. X X—x  Polar/protic
5. Discussion
8.6 .
5.1. Assignment of the emitting state ]
A‘E X
It has been concluded in the preceding paj3&i that g0 847 )
n-m* andm—* are the $ and $ states of 1-MFu-b and 1- 1 X
HFu-b, respectivelyr—r* and n-r* are the $and $ states 8.2 x i
for 1-MFu-a and 1-HFu-a. Based on the absorption and fluo-
rescence characteristics, it has also been shown that 1-HFu-
is the only species for 1-HFu, whereas both the rotamers 307 ]
of 1-MFu can be present inpSand g states $cheme ) . T " T " T T T
260 265 270 275 280

Lippert—Matga’s plot has shown that a large increase in dipole
moment Au = 5.77 D) is observed for 1-MFu when excited ———AE (kJ mol")
to § state. This indicates that the lowest excited state in these
rotamers involve charge transfer between the @@kbup Fig. 5. Plot of logkr as a function of energy gap la&E, between $and
and carbonyl moiety. These results combined with steady- f?;,t:f?az).pzfaﬁogfgt?f;%tl'\fesncilsv’eln_t,\s/l'lzll;?"FUX(X)pOIar protic solvents,
state Stokes shift results suggest that 1-MFu-b is either absent
or rm* is the § state.
tation spectra in each solvent. This relation is generally true
5.2. Non-radiative decay rate constant when the major deactivation path way involves internal con-
version through the highest vibrational frequency modeyof S
Photophysics of 1-MFu and 1-HFu is as complex as that state. Results dfig. 5andTable 1show thatk,, decreases
of 9-Fu or its derivative$7—13]. /\ﬁnax of 1-MFu and 1-HFu with decrease in the energy gap in polar aprotic solvents and
is regularly red-shifted, whereas of both the molecules in-  increases with decrease in the energy gap in polar protic sol-
creases with increase of solvent polarity and then decreasewvents. In other words, energy gap law is followed in protic
with increase in the protic nature of solvents. There are solvents and not in aprotic ones. A similar behavior is also
three competitive processes froms$ate: fluorescence, inter-  observed in 1-AFJ14]. This clearly suggests that internal
system crossing and internal conversion. Among these pro-conversion does not play as the major role in non-radiative
cesses, intersystem crossing depends up on thé and deactivation pathway in these molecules, especially in non-
w—m* character in both & and T, states, where m and n  polar and polar aprotic solvents. In order to explain the above
stands for the higher singlet and triplet states other than thedifferences, other mechanisms, which do affectiéhemay
first one. It has been shown that spin-orbit coupling between also be looked into. It is noticed that both bulk dielectric ef-
Yn-m*) — 3(m—m*) in molecules having non-bonding elec- fects and specific interactions between solvents and solutes
trons is a dominant factor for governing the competifi@si. (hydrogen binding) can affect the non-radiative coupling be-
Variation of¢s in different solvents can be correlated with  tween $ and S states and give rise to deviations from the
the effect of solvents ok,,. We have not been able to mea- energy gap law.
sure the lifetimes of 1-MFu in polar/aprotic solvents, except  To examine the effects of bulk solvent dielectric constant
acetonitrile, due to its very poap;. Even though the ge-  onky,, we have used the* scale, suggested by Taft and co-
ometries of both the molecules (i.e. 1-HFu involves IHB and workers[39]. Fig. 6 depicts the plot of lo$,r as a function
1-MFu does not) are different, the trends observedsiof of w* for 1-HFu and 1-MFu. Plot in case of polar/aprotic sol-
both the molecules in different solvents, suggest that effect vents for 1-HFu indicates that valuelgf decreases with in-
of solvents on the excited-state dynamics can be explained increase in the bulk dielectric constant of the solvents. Although
general by the similar mechanism. In the following section, similar data could not be obtained for 1-MFu (as mentioned
we have tried to focus on the dependendg,pbn the solvent  earlier) in polar/aprotic solvents, but the trend observef] in

properties and structure of the molecules. of 1-MFu in these solvents suggests tkatfor 1-MFu will
In many cases, relative rate constants are expressed iralso follow a similar behavior as noted for 1-HFu. On the
terms of energy gap lay87,38]: other hand, in polar/protic solvents, valuekgffor 1-MFu

and 1-HFuincrease with increasemfscale. Value ok, for
1-HFu in polar/aprotic solvents (e.g. acetonitrile) is smaller
whereAE is the energy gap between thg&hd S statesand  than that observed in polar/protic solvents having the same
B is a constant. Value oAE has been calculated by taking dielectric constant. This suggests that besides the bulk dielec-
the intersection point of fluorescence and fluorescence exci-tric constant of the solvents hydrogen bond capacity of the

knr o exp(=p AE)
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Fig. 6. Plot of logknr as a function of the polarity parametet: (@@®) polar
aprotic solvents, 1-HFu;xx) polar protic solvents, 1-HFu;A) polar
protic solvents, 1-MFu.

solvents also affect the radiationless decay constant. Furthe
relative increase in the value kgfy of 1-MFu with increase in
polarity of protic solvents is larger than that observed for 1-

HFu in the similar set of solvents. This suggests that besides

the polarity of the solvents, intermolecular hydrogen bonding
also influences the photophysics of the excited species.
Effect of specific hydrogen bonding interactions of the
solvents orkyr has been studied by plotting 1&g versus
bond donating strengtla) of the solventsKig. 7). Itis clear
from Fig. 7that 1-MFu and 1-HFu followed similar trend, i.e.
value ofky,, increases with increase infor protic solvents
and follows linear relation. We have only one polar/aprotic
solvent (acetonitrile). Deviation from linearity is noticed in
this case and this could be due to its poor hydrogen bond-

8.6 :
O—0O0—0 1 - MFu
oe——o |-HFu
8.4 1
o
o
o
8.24
8.0 T

1.0

Fig. 7. Plot of logk,r as a function of hydrogen-donating strengih ¢f the
solvents: @@) 1-HFu; (x x) 1-MFu.
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donating capacity. Further similar to other parameters, the
effect of hydrogen bond donating strengthl@gpis more for
1-MFu than that for 1-HFu.

1-MFu is an open structure molecule and has been estab-
lished earlier that it can be present as 1-MFu-a rotamer. S
and S states for 1-MFu-a are af—=* and n-* in nature,
respectively, and are separated by only 660 tifTable 2.

T, and T3 are of nr* andw—n™* states, respectively, possess-
ing separation gaps fromy &s 3100 and 2800 cn in case

of 1-MFu-a rotamer. With increase in solvent polarity gap
between $and $ will increase for 1IMFu-a. In other words,
participation of ns* () state tom—* (S1) state will de-
crease in 1-MFu-a. Further gap between(#—*) and §
state willdecrease for 1-MFu-a. Thus according to EI-Sayed’s
rule[37]intersystem crossing rate will decrease with increase
in polarity of solvents for 1-MFu-a. This is consistent with
experimental results. In polar protic solvents, both hydrogen
bonding and polarity of solvents are involved in stabilizing
the n-r* state. Decrease &, for 1-MFu-a up tan-propanol

as compared to acetonitrile could be due to smaller dielec-
tric constant and weak protic naturerepropanol. With in-
crease in hydrogen bonding strength of solvengs(iFn™)

may become higher in energy for 1-MFu-a as compared to
T3 (m—*) and thus reversal of states may be observed. So
again the El Sayed's rule will be followed. In other words, it
may be concluded that intersystem crossing may play a ma-
jor role in deactivating the excited rotamers of 1-MFu. This
may also be supported by the results of TFE/cyclohexane, i.e.
small amount of TFE will not be able to change the solvent
properties of cyclohexane but will form hydrogen bonded
complex with 1-MFu, because TFE is better proton donor
than methanol. Although we have neglected the presence of
1-MFu-b in the system, the values of the non-radiative rate
constants can also be explained on the basis of the spectral
states Table 2 present in this rotamer.

As established earlier, 1-HFu is present as1-HFu-a rather
than 1-HFu-b §cheme ) Effect of polar aprotic solvents
on kyr can be explained as follows. Increase of solvent po-
larity will decrease the ns* character of 5in S (m—n™*)
state of 1-HFu-a. On the other hand, under isolated condi-
tions, energy of ¥ (n—w*), which is nearly equal to that of
S; (w—m*) becomes larger than that of $m—=*). In other
words, endothermicity of intersystem crossing between S
(m—r*) and T3 (n—r*) will increase and thus decrease the
value of intersystem crossing rate with increase in solvent
polarity. Although & (m—n*) is present below S(w—m*),
according to El Sayed’s rulg6] intersystem crossing pro-
cess will not be as effective as between therhand w—m*
states. Comparing the values lgf of 1-MFu and 1-HFu,
knr is always larger for 1-MFu in any solvent, except for po-
lar/protic ones, where these are nearly similar or smaller than
of 1-HFu for each solvent. The smaller valuelgf for 1-

HFu in any solvent can only be attributed to the presence
of IHB in 1-HFu, which decreases the valuelgf. In other
words, in this set of solvents, the decrease in the value of
knr for both the molecules is influenced by the bulk dielec-
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Table 2

Calculated properties of 1-HFu and 1-MFu in ground and excited state

Characteristics 1-MFu-a 1-MFu-b 1-HFu-a 1-HFu-b 1HFu-T

B3LYP

E(Hartree) —689.9548 —689.9571 —650.6651 —650.6508 —650.6425

ug (Da), transition energies (nm) 2.05 3.44 3.49 3.85 4.2
(nature of transition)

T, 505 @, 7*) 486 (m, 7*) 510 (mw, 7*) 484 (m, m*) 866 (m, m*)

T2 450 (n,w*) 481 (n,w*) 458 (, 7*) 478 (n,7*) 585 (m, m*)

T3 444 @, w*) 425 (m, m*) 412 (n,m*) 417 (m, w*) 470 (n, =)

Ta 368 (@, 7*) 366 (w, 7) 373 (w, m*) 366 (m, 7*) 359 (m, m*)

S-S 395 @, *) 405 (n,7*) 397 (w, m*) 403 (n,7*) 451 (m, m*)

S-S 385 (n,m*) 375 (m, 7*) 367 (n,w*) 373 (m, m*) 434(m, )

S-S5 347 (@, w*) 339 (m, 7*) 355(w, m*) 330 (m, 7*) 431(n, *)

tric constant (polarity) of the solvents and thus intersystem 3- and 4-AFu. Thus based on their arguments the internal

crossing. conversion may play the increased role in deactivation of the
In polar/protic solvents, although we have established ear-S; state. Based on our results it is very difficult to mention

lier that rotamer ‘a’ is more stable than roamer ‘b’ even when the importance of one over the other. Comparing the results

dipolar solvation energy was taken in to account, the equilib- of 1-HFu and 1-MFu, we can only say that the intramolecular

rium can shift to rotamer 1-HF-b when specific interactions hydrogen bonding plays better role in deactivation than the

(hydrogen bonding) with the protic solvents are considered. intermolecular hydrogen bonding.

So both IHB and intermolecular hydrogen bonding can in-  Based on the above observations, it may be concluded that

fluence the radiationless processes, besides the dipolar interrate of non-radiative decay process in 1-MFu is influenced

actions. Considering acetonitrile as a reference solvent, theby intersystem crossing in polar aprotic and protic solvents.

value ofky, for 1-HFu keeps on increasing with the increase Same is true for 1-HFu in the former set of solvents, but IHB

in the polarity and proton-donating capacity of the solvents. plays the major role in the deactivation of excited singlet state

Increase in the value &f,; can be explained by proposing that than the intermolecular hydrogen bonding in protic solvents.

in protic solvents equilibrium will shift to the open structure

(1-HFu-b) having the similar set of singlet and triplet states

as presentin 1-MFu-b. Thus fluorescence quenching dynam-acknowledgment

ics of 1-HFu can be explained on the same lines as done for

1-MFu. The larger value dé, for 1-HFu as comparedtothat - The authors are thankful to the Department of Science
for 1-MFu could be due to fact that species containing IHBin anq Technology, New Delhi, for the financial support to the
1-HFu are still present in the system which has larger effect ygject number SP/S1/07/2000.
on theky, as compared to intermolecular hydrogen bonding.
This is supported by the results of TFE/cyclohexane on the
fluorescence dynamics of 1-HFTiable 1. This behavior is
similar to those observed for 1-AFL8] in polar aprotic sol-
vents. . . [1] P. Avouris, W.M. Gelbert, M.A. El-Sayed, Chem. Rev. 77 (1977)

We should not make the direct comparison of our results 793.
with those of Biczok et al[18]. The reason being that they  [2] T. Elsaesser, W. Kaiser, Annu. Rev. Phys. Chem. 42 (1991) 83, and
have calculated the rate constants for the individual processes,  references there in.
like internal conversion and intersystem crossing, whereas we [3] A- Kuboyama, Bull. Chem. Soc. Jpn. 37 (1964) 1540.
have the combined results of non-radiative decay processes.[4] K. Yoshihara, D.R. Kearns, J. Chem. Phys. 45 (1966) 1991.

. . [5] L.A. Singer, Tetrahedron Lett. (1969) 923.

In polar protic solvents, our results are different from those [¢] r.A. caldwell, R.P. Ganjewski, J. Am. Chem. Soc. 93 (1971) 533.
of 1-AFu. In case of 1-AFu, the rate constant for intersystem [7] T. Kobayashi, S. Nagakura, Chem. Phys. Lett. 43 (1976) 429.
crossing decreases from 40107 to 20 x 10” s~1 and that [8] L.J. Andrews, A. Deroulede, H. Linschitz, J. Phys. Chem. 82 (1978)
of internal conversion increases from 2310’ to 3.5 x 2304.

7 1 7 [9] L. Biczok, T. Berces, J. Phys. Chem. 92 (1988) 3842.
107s™%, whereasksc + kic decreases from 42.8 10" to [10] L. Biczok, T. Berces, F. Marta, J. Phys. Chem. 97 (1993) 8895.

23.5x 10" st in going from acetonitrile to ethanol. In our  [11] | giczok. T. Berces, H. Linschitz, J. Phys. Chem. 119 (1997) 11071.
case, the total rate for non-radiative decay increases from 9.812] T. Fuzii, M. Sano, S. Mishimas, H. Hiratsuka, Bull. Chem. Soc. Jpn.
x 107 to 20.2 x 107 s~1 under similar conditions. Further 69 (1996) 1883.

the increase in dipole moment up on excitation tosgate  [13] L. Biczok, T. Berces, H. Inoue, J. Phys. Chem. 103 (1999) 3837.
for 1-AFu is 3.5D, whereas in case of 1-HFu it is 4.43Da [14] E.'AS.' T,\:L%?;’)s':)l?,- JE.;JUIrgf;':)"n’Mi'v::',h[;gsaé’h\évﬁ'ggczigélc)'gagé{vers’
and for 1-MFu it is 5.77D. These values are much larger [15] T. vatsuhashi, Y. Nakajima, T. Shimada, H. Inoue, J. Phys. Chem.

than that observed for 1-AFu but match with those of 2-, 102 (1998) 3018.
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