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Abstract 

The absorption and fluorescence characteristics of A( I H-pyrrole I -yl ) benzoic acid ( PB.4) in solvents of different polarities, acidities. 

molars matrices and also in P-cyclodextrin cavity were studied with regard to the influence of Rexibllity of the molecule in both the ground and z 
excited sates. The study of dynamics of excited state reveals the presence of two competitive fluorescence emission from a common excited 

state of PBA. Of these tw’o fluorescence bands one originates from delocalized excited (DE) atate [ i.e.. Franck-Condon (F-C) excited state] 

and the other from twisted intramolecular charge transfer (TICT) state. The excitation of ground state ofPB.4 leads to the immediate formation 

of F-C excited state and the TICT state is formed within 120 ps from the parent F&C excited state. The 220 ps time has also been interpreted 

as the time required for the molecule to relax by rotational motion alon g the C-N bond of PBA to achieve the TICT state. The steady state 

photophysical measurements show that the molecule is very weakly fluorescent and nonradiative rate parameters pet prominence cornpal-ed 

to radiative rate parameters. The Ruorescence and phosphorescence studies at 77 K have also been reported. Quantum chemical calculations 

of the energies and dipole moments were performed for planar and difi’erent twisted conformations IO contirm experimental findings 

qualitatively. G I998 Elsevier Science S..4. 

1. Introduction 

Photophysical studies of organic aromatic electron donor/ 
acceptor compounds have led to new information on several 
issues of contemporary interests. including the role of sol- 
vation dynamics in electron transfer reaction and the mech- 
anism of charge transfer process. Intramolecular charge 
separation is a basic process in chemistry of excited state and 

the luminescence behavior and it is a powerful mechanism to 
understand charge separated system. The idea of twisted 
intramolecular charge transfer state (TICT) by Grabowski 
ct al. [ I-31 and Rotkiewicz et al. [ 41 to explain the anoma- 
lous luminescence of 4 N.N-dimethyl aminobenzonitrile 
( DMABN) [S] has given a boost to the quest of new tailor 
made molecules to be used as fluorescent dyes I6,7 I. sensing 
of free volume in polymers [8,9]. lluorescence pH or ion 
indicators [ IO, 1 I], fluorescent solar collectors [ 6 1 and elec- 
tron transfer photochemistry [ 12. I3 1. In polar environment 
the dual fluorescence of these molecules are caused by delo- 
calized excited state (DE) and TICT states. Quite often these 
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TICT states are non emissive in character and acts as intra- 
molecular fluorescence quencher. In DMABN the TICT state 
is caused by the transfer of electron I I, I4 1 from lone pair n- 
orbitals of amino nitrogen to the lowest antibonding rorbital 
of benzonitrile, both orbitals being symmetric in nature. It 
was found that the introduction of hetero-aromatic system as 
pyrrole in place of dimethylamino group opens up a new 
horizon. The most easily ionizable donor orbital possesses 
anti symmetric nuturc and calculation shows TICT states 
involving symmetric orbit& lie 0.5 eV higher in energy than 
the anti symmetric one [ IS I. This might be one of the reasons 
that make pyrrole I 16.17 1 have a strong tendency for TICT 
formation. The essential evidence on which the concept of 
TICT state rests are the measurement of dipole moment of 
the excited state. solvent effect on absorption and emission 
spectra. temperature effect and measurement of fluorescence 
lifetime and these are suitably corroborated by quantum 
chemical calculations [ 1 S-20]. 

Cyclodextrins are cy lit oligosaccharides consisting ofmul- 
tiple glucose units to form a cavity in aqueous solution, The 
ability to form inclusion complexes with smaller molecules 
which tit into their (5-S) A cavities have advantageously 
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been used to control the photophysics and photochemistry of 
guest molecules. TICT emission was found to be enhanced 
in some cases [21] and also quenched 1221 in other cases 
inside the cavity. People have attributed the change of emis- 
sion behavior to nonpolarity of the cavrty or to restrictive 
environment [ 23-26 1. 

In a preliminary communication [ 271 TICT state of PBA 
has been reported. The present paper aims at somewhat exten- 
sive photophysical studies of a donor-acceptor system 4( 1 H- 
pyrrole I-yl) benzoic acid (PBA) along with quantum 
chemical calculation with a view to understand the nature of 
charge transfer due to the pyrrole unit of PBA. 

2. Experimental details 

The sample 4( I H-pyrrole I-yl) benzoic acid was pur- 
chased from Aldrich Chemical. USA and was further purified 
by recrystallization. The spectral grade solvents, were 
obtained from Aldrich Chemical, USA (h4ethylcyclohexane, 
MCH), or from E. Merck (Cyclohexane. CH: Acetonitrile, 
ACN; Methanol, MeOH; Ethanol, EtOH; NJ-dimethyl for- 
mamide, N.N-DMF and chloroform, CHCl,) and were used 
after vacuum distillation. All the solvents were checked for 

absence of any fluorescence emission in the wavelength 
region of interest prior to preparing the solution. Absorption 
spectra were recorded with a Shimadzu absorption spectro- 
photometer, model UV-2101 PC with the solution con- 
centration less than IO-’ M using I nm band width. The 
fluorescence emission spectra were recorded with a Perkin 
Elmer spctrophotometer model MPF-44A. A sample cell with 
I cm optical path length was used in normal 90” configuration 
at room temperature. Phosphorescence emission spectra were 
recorded with specially made low temperature attachment of 
Perkin Elmer spectrophotometer. The phosphorescence life- 
time was measured from the decay of the intensity of phos- 
phorescence band on a recorder after the intensity had been 
achieved [ 161. Quantum yields were determined by using 
the secondary standard method. with recrystalized P-napthol 
in cyclohexane ( & = 0.3) as Ref. 1281. Concentrations were 
adjusted to be below IO-‘M in specified solvents with similar 
absorbance below 0.1 at A,,. The following equation was 
applied for calculating the quantum yields. 

4,AJA)n; F,(h)dA 
I 

+2= 

A,(/+)$ F?(A)dA 
I 

A ( A) is the absorption of the solution at A,, (300 nm). n 
is the refractive index of the solvent, and the integral jF( A) dh 
is the area under the fluorescence spectrum and suffix I refers 
to P-napthol in cyclohexane (standard) and 2 refers to the 
PBA in different solvents. 

The time resolved fluorescence decay of PBA in ACN was 
observed by employing a CW mode-locked frequency dou- 

bled Nd-YAG laser-driven dye (Rhodamine 6G) laser oper- 
ating at a repetition rate of 800 kHz with pulse width of the 
order of 4-10 ps [ 291. Fluorescence lifetime in ACN was 
obtained by using a time-con-elated single-photon-counting 
coupled to a micro channel plate photomultiplier (Model 
28090; Hamamatsu). The instrument response function 
(IRF) was obtained at 295 nm using a dilute colloidal sus- 
pension of dried nondairy coffee whitener. The cut-off filter 
was used to prevent scattering of excitation beam and the 
emission was monitored at the magic angle (54.7”) to elim- 
inate the contribution from the decay of anisotropy. The 
fluorescence lifetime in MCH was measured by using single- 
photon-counting fluorimeter (Edinburgh Instrument, UK) 
with excitation source N,-filled nanosecond flash lamp. 

For the luminescence study in P-CD cavity. P-CD was 
used as received from Aldrich Chemical. The sample con- 
centration of the solution in Millipore water was maintained 
to keep constant (I IO- ’ M) for all different P-CD concentra- 
tions. Isosbestic points were used to excite the molecule. All 
fluorescence spectra in P-CD solutions have been recorded 
with Hitachi Spectrophotometer model F-4500. 

3. Results and discussion 

3.1. Absorption sprctm 

The absorption spectra of PBA recorded in different polar 
and nonpolar solvents at room temperature show strong struc- 
tureless broad band (Fig. I ) having A,,,, in the range of (28 l- 
290) nm ( v,,,, in the range of 34.56-35.7 1 X IO” cm- ’ ), 
Table 1. Due to greater stabilization in the ground state energy 
in more polar and hydrogen bonding solvents the hypso- 
chromic effect of absorption band is observed (Table 1) and 
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Fig. 1. (a) Electronic ahsorption spectra of PBA in the cc>ncentration range 
of IO ’ M at 30 K in il I-cm cell in different solvents. I 1) MCH, (2) CH, 
(3) ACN, (3) ChCl I, (5 ) NJ’+DMF. ( 6 ) MeOH, ( 7 ) EtOH. (h ) Electronic 
absorption spectra of PBA in ( I ) water and (2) wilier and /!-CD 
(c = 1.36 X IO ’ M) solution at 300 K. Sample concentration - IO ’ M. 



the transition is expected to be nr* one [ 301. But the absorp 
tivity of this band ( G,,,~~ - 10J) resembles the band of nr* 
character. A cursory look at the structure of the molecule 
gives an impression of possibility of its showing a charge 
transfer band. So there might be a weak hidden band under 
strong C-T band and this probably makes the absorption band 
broad and structureless. 

The absorption spectra of PBA in water at room tempera- 
ture shows a similar type of structureless broad band with 
A ,,,rl* at 283 nm ( v,,,,=35.33 X IO’ cm- ‘) like in other 
organic solvents. In acidic medium this band showed a large 
shift to 288 nm but in basic medium no change in A,,,,, was 
noticed. This red shift of absorption band is due to protonation 
of pyrrole N atom, and which in turn decreases the necessary 
conjugation producing spectral shift. Fig. lb shows the 
absorption spectra of PBA in pure water and highly concen- 
trated P-CD solution. For all other lower concentrated P-CD 
solution, the absorption spectra lie between those two spectra 
with slight increased absorbance. An isosbestic point detected 
at 286 nm confirms the formation of single equilibrium 
involving one-to-one complex. In basic solution P-CD makes 
no change in absorption band but in acidic P-CD solution. 
PBA shows a bathochromic shift. In thic case also an isos- 
bestic point could be observed at 292 nm. For both the cases 
the slight increase in absorbance may be attributed to the less 
surface tension of P-CD (detergent effect) solution [ 3 I 1. 

PBA in different polar solvents exhibits prominent dual 
fluorescence, consisting of two distinct bands, the anomalous 
long wavelength A band at about (410480) nm and short 
wavelength B at (335-340) nm wavelength region (Table 
1). On the other hand, in nonpolar solvent, i.e., in hydrocar- 
bon media PBA shows only one fluorescence band with 
increased quantum yield ( - IO times more) nearly at the 
same position of the above mentioned (Table I ) B band in 
polar solvents. This B band corresponds to the normal fluo- 
rescence band of benzene ‘Blu + ‘A,, transition. which may 

Table I 

Room wmperature absorption and emission data of PBA 

be ascribed to the delocalized excited state (DE) in phenyl 
ring and it did not show discernible solvent dependent shift. 
The both bands of dual fluorescence of PBA in polar aprotic 
solvent are independent of concentration and excitation 
wavelength over a large range. The fluorescence intensity is 
nearly independent in the concentration range of ( 10 5- 
IO mh) M. The intensity of both bands decrease with increas- 
ing concentration and at concentration 2.5 X 1 Op3 M the dual 
fluorescence hardly exists. These findings points that at higher 
concentration PBA forms dimer by hydrogen bonding 
between acid parts of two molecules. Now to avoid the for- 
mation of dimeric form, all fluorescence studies have been 
confined to the sample concentration less than 10 -‘M. Fig. 
2a shows that the broad structureless anomalous fluorescence 
A band of PBA having large red shift in solvents of increasing 
polarity. This polarity effect of A band and the quantitative 
analysis of this red shift evinces that the corresponding emit- 
ting state possesses a large dipole moment [ 321. The change 
of dipole moment from ground state to excited state of the 
molecule has been worked out in terms of Onsager theory of 
dielectrics. According to this. the energy shift between O-O 
band in absorption and emission is related to the dielectric 
constant D and refractive index n of the solvent and the 
difference in dipole moments ( p, - Pi) or &L in two com- 
bining energy states has been used to calculate by the follow- 
ing relation [ 331 

17:-l 
A;= ~(/-L-/.L~)’ D-l 

hca 1 ( 20+1 2nZ+1 1 

where u is the radius of the Onsagar’s cavity and p, and pg 
are the dipole moment in excited and ground state of the 
molecule respectively. The value of LI was estimated from 
geometrical dimension of the molecule to be 4.2 A as found 
from optimized geometry determined by nonlinear least 
square sub-routine of MOPAC. Using this relation, the cal- 
culated h/.~ was found to be 12.3 Debye and this large value 
indicates that band A might have a polar character and this is 
the intramolecular charge transfer state I34 1. The quantum 
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Fig. 2. (a) Fluorewcncr emlh\ion yxctra of PBA :lt room temperature 
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chemical calculations by MOPAC/s AM1 hamiltonian indi- 
cate the value of & to be 5 Debye. Though there is a large 
difference between calculated and measured L$ value. yet it 
confirms qualitatively that, a sufficient amount of dipole 
moment change occur in excited state as well as in twisted 
conformer, which is associated with large redistribution of 
charges in above said situations. 

In pure water solution PBA shows a little trace of B band 
emission and practically no A band emission, but in the pres- 
ence of /3-CD in water solution PBA shows strong dual flu- 
orescence when excited by 286 nm wavelength. the isosbestic 
point of absorption spectra Fig. I b. Fig. 2b shows the fluo- 
rescence spectra of PBA as a function of P-CD concentration. 
With increase of P-CD concentration the DE band ( B band) 
and A band are enhanced, and both the bands are shifted to 
the blue while the DE band is found to be resolved a bit 
showing vibronic structures. In basic medium the character- 
istics of the spectral behavior in presence of P-CD are the 
same, but those dramatically change in acidic medium with 
P-CD. In this medium. water solution of PBA produce neither 
B band nor A band. But. addition of@-CD in the acidic water 
solution of PBA produces only B band fluorescence. With 
gradual increment of @-CD concentration, B band is well 
resolved into two peaks at 32 I nm and 335 nm (Fig. 2b). All 

these fluorescence characteristics in both acidic and basic 
medium evince the formation of PBA. /+CD inclusion com- 

plex, as it was found in absorption spectra (vide supra). Now 
as the guest (PBA) molecule is engulfed into the host, the 
chromophores are protected from collision. which could be 
the reason of the resolution of B band in presence of P-CD 
concentration. 

The above mentioned results may be rationalized by the 
existing knowledge of TICT [ 7,3.5,36] process. On electronic 
excitation, a bichromophoric molecule containing an electron 
donor and an electron withdrawing group, an ICT” state with 
partial electron transfer is formed initially. With an increase 
in solvent polarity. the ICT” states are sufficiently solvated. 
which decreases the energy gap between the ground and 
excited state resulting in the red shift of ICT” emission. In 
polar media, the pyrrole ring of PBA takes up a twisting 
position which makes donor orbital perpendicular to the 
acceptor making minimum overlap of r-orbital and which 
leads to TICT state. With the increase in polarity of the 
medium. the transition state for TICT process is stabilized to 
a greater extent than ICT” state. Also, the inclusion of a 
carboxyl group rn acceptor moiety increases the electron 
withdrawing capacity of the phenyl ring, which enhances 
charge transfer character from the donating moiety of PBA, 
thereby markedly accelerating the TICT process. Since TICT 
is the main nonradiative process in ICT* states, PBA shows 
lower quantum yield in polar media than nonpolar media. 
Hence we can assxgn the second anomalous fluorescence band 
of dual fluorescence, i.e.. A band to TICT band. As the exci- 
tation spectra of both the bands A and B of PBA are identical 
(Fig. 3) in their structure and also the excitation spectrum of 
B band is identical to the absorption spectra of PBA it may 
be concluded clearly that A and B bands arise from the same 
Franc-Condon excited state. This is an added proof for the 
assignment of A band as TICT band. 

Water, being a highly polar solvent has the ability to sta- 
bilize the TICT state a lot and lowering its energy level. This 
will in turn increase the nonradiative decay of the TICT state 
L21.22 ] and thereupon cessation of TICT band emission. 
When P-CD is added to neutral and basic solution, the encap- 
sulated sequestered guest molecule PBA faces less polar 
environment ] 37 ] As a result the TICT state does not get 
sufficiently stabilized by solvation and the energy gap 
between TICT state and the low lying triplet or ground state 

loorr- -__ 

Fig. 3. Fluorwxnce excitation spectra of PBA in aqueous P-CD solution at 

300 K. ( I ) A,,,, = 330 nm and ( Z ) A,,,, = 460 nm. pH = 7. 



is increased showing the blue shift and intense dual Huores- 
cence. Again, the P-CD cavity may have some geometrical 
constraint, which decreases the rotational freedom of the flex- 
ible part of the host molecule in the excited state. The TICT 
excited state is probably achieved through the orthogonal 
position between two different 7~ systems of the molecule 
which is transition forbidden [ 381. Owing to reduced rota- 
tional freedom inside the cavity, two different r-systems 01 
the molecule might not be in a perpendicular position in the 
excited state. This reduction of perpendicularity condition in 
the excited state thereupon increases the transition probability 
and enhancement of the A band. Another interesting feature 
was observed that in the excitation spectrum, the intensity of 
A,,;,, corresponding to the TICT band is higher than that of 
the DE band (Fig. 3). The intensity ratio IAI“/JRPX of the 
excitation spectra was the same as the ratio I,/l,, emission 
spectra keeping the excitation wavelength the same for both 
the A and B bands. This result not only confirms the 1: I 
complex formation between host and guest but also confirms 
a relationship between DE and TICT state. From the aforesaid 
results of PBA in acidic solution in the presence of P-CD, it 
is established that, the electron rich pyrrole ring looses its 
donating strength due to protonation and no ‘TICT emission 
could be observed even with increased P-CD concentration 
in solution, whereas the DE emission remains the same. In 
this case. the sequestered guest molecule in the cavity behaves 
like a benzene derivative. Generally. the excited states of 
benzene derivatives having the NH group are efticiently 
quenched by water molecule [ 391. So the enhancement of 
the B band emission may be due to the elimination of water 
molecules surrounding the fluorescent molecule due to inser- 
tion of the molecule in the cavity. 

3.3. Temperature cffcct OII duNl,fluot-escetlce 

In acetonitrile solvent the intensity of A band fluorescence 
increases with increasing temperature in the range of 283 K- 
338 K while the intensity of B band fluorescence decreases 
(Fig. 4). The intensity ratio I,~/I, increases in this tempera- 
ture range. So it is clear that, the enhancement of A band is 
performed at the cost of B band intensity. Now as we go down 
to 77 K in both polar and nonpolar glass matrices. PBA 
exhibits only the B band fluorescence with moderately high 
quantum efficiency (Table 2). Interestingly. the A band flu- 
orescence starts to appear in the temperature range of IS2 K 
to I54 K while the B band starts to loose its intensity. Hence 
it may be concluded that the B band is responsible for the 
birth of A band fluorescence. At the temperature range IS2 
K- I54 K probably the super-cooled matrix offers less resis- 
tance to the rotation of the flexible part of PBA. All these 
foregoing discussions point to the fact that essentially, the A 
band arises due to TICT. the necessary twist might be possible 
around the single bond connecting the donor (pyrrole) and 
the acceptor moieties for the TICT state. 

r i I , 

Fig. 4. Temperature dependence of fluorewence cmwion spectra of PBA in 

acetonitrile wlvcnt. t 1 ) 338 K. t21 V3 K. (3) iI3 K. (1) 3113 K. (5) 793 

K i A,, = 300 nm 1. 

Table 2 

Emia\ion data at 77 K 

MCH 340 29.1 I 105 23.69 0.2 II. I7 2 4 

43s 72.99 

EtOH 310 29.3 I 300 ~5.00 0.3 0.2 2.1 

130 23.25 

3.4. Lutnitwscrrlc~r of PRA rrt 77 K 

At 77 K. PBA shows only the normal fluorescence band B 
with very significant quantum yield (Table 2) in both polar 
and nonpolar glass matrices and in addition to this it shows 
strong phosphorescence band in the wavelength region of 
TICT (A) band. So this system with singlet/triplet nearly 
degenerate pair in excited state may be called biradicaloid. 
At 77 K the possibility of relaxation and twist of pyrrole ring 
to 90” is very unlikely to happen, so the phosphorescence 
from unrelaxed tripled should be observed. The analysis of 
phosphorescence spectra apparently lead some contradiction 
regarding the character of triplet from the following ohser- 
vations. Firstly, the tendency of the phocphorescence quan- 
tum yield to be higher while going from MCH to EtOH 
(Table 2). Secondly, the phosphorescence (0.0) band shows 
large hypsochromic shift (3 10 cm-‘) as we go from MCH 
to ethanolic glass (Fig. 5. Table 2). In view of the above 
characteristics of phosphorescence band. the nature of the 
triplet state may he assigned to be tIn-*. on the other hand the 
lifetime of the triplet states ( 3 s) is too large to qualify for 
an ITT* state. Again the phosphorescence in ethanol glass is 
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Fig 5. Fluorescence and phosphorescence emission hpectra of PBA at 77 K 

in dit’ferent glass matrices. ( I ) EtOH. ( 2) MCH. (A,, = 300 nm). 

governed by hydrogen bonding interactions which alter the 
band width and the vibrational fine structure of n-r* transi- 
tions. In this context it may be mentioned that the pure rtn-* 
or rti triplet state is unexpected and rnixing of two states 
through the vibronic coupling [ 40,4 I 1 may not be ruled out. 

4. Origin of dual fluorescence 

The fluorescence decay data for the DE state (A,,,;,, = 340 
nm) i.e., B* state and TICT state (A,,,=480 nm) i.e., A” 
state is measured in acetonitrile solvent. The B band fluores- 
cence decay is resolved into two exponential components 
(Fig. 6). The first component decay with lifetime and ampli- 
tude of 220 psk IO ps and 0.6. respectively and the second 
is the slowercomponent composed of lifetime of I .37 ns + 0.2 
ns. The A band fluorescence has monoexponential decay with 
a lifetime of I .28 ns + 0.2 ns (Fig. 7) which follows the decay 
time of the slower component of B band fluorescence Hence 
it is clear that the fast component with decay time 220 ps f IO 
ps is the rise time of the A band (TICT) fluorescence. The 
fluorescence decay data for the DE state. i.e., B” state is also 
measured in MCH solvent, where the very slower monoex- 
ponential decay is observed with lifetime 3.2 ns. The fluores- 
cence lifetime ratio of DE state in MCH to ACN is 2.5, 
whereas the quantum yield ratio of DE state fluorescence in 
these same solvents is nearly IO. This discrepancy suggests 
that the population of TICT state (A* state) in ACN origi- 
nates from DE state (B* state) at the cost of population of 
the B” state and hence low quantum yield result of B band 
emission in ACN. These findings confirm that an equilibrium 
is rapidly established between the states responsible for B 
band fluorescence and A band fluorescence. 

This equilibrium may be expressed as 

k, 

B* -- -- TIC1 

/ \ 

k, 
/ 

kz kr,c, 
\ 

so so 

where B” represents the state responsible for normal B band 
(DE state) fluorescence and TICT represents the state 
responsible for A band fluorescence, and k,, and km..r, are 
the radiative and nonradiative decay rate for B” and TICT 
respectively. and k, and k, are the forward and backward rate 
constants. After pulse excitation, the decay of two states can 
be described as 

4B*1 
-=-(k,+k,)[B*]+k,[TICT] 

dt 
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Fig, 6. Fluorescence decay protile It r) of PBA in ACN excited at 300 nm 

and monitored at 340 nm. I, (11 is the lamp function. L, =0.22 ns (hOC ). 
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Table 3 

Excited state depletion rate parameters at room temperature 

Solvent 

MCH 3.2 0.7 2.4 

ACN 1.37 1.28 0.16 7.4 
ACN 1.21 I .49 0.149 8.13 
MeOH 1.26 0.786 0.15 7.8 
EtOH 1.12 0.866 0.16 x.7 
CHCI; 1.05 I .oo 0.17 9.4 
N.N-DMF I.315 1.1 I 0.19 7.4 

Bold and italic fonts indicate the data from measured fluorescence lifetime and quantum yield. 

- 

0.15 7.7 
0.14 6.57 
0. I-l 12.16 
0. IS 11.4 
0. 16 9.8 
0.18 X.8 

d[TICT] 

dt 
=-(k2+kTtCT)[TICT]+k,[B*] 

The standard solution of these equations are 

IB(t)= & [(h~-k,-k,)e-A~‘+(kB+k,--A,)e~““] 
1 I 

and 

I (I) 
I 

- LL-[,-AIL,b’] 
T’cT- A,--*, 

where 

1 

T((kT,,-+k2-kB-k,)‘+Jk k )‘/“I 1 2 

43 and lTlC7 are the fluorescence intensities for B* and TICT 
respectively. So B* will now show exponential decay with 
lifetimes 1 /A, and 1 /h, and the fluorescence of TICT state 
will have an exponential rise with lifetime 1 /A, exponential 
decay with life time I/h,. The experimental observations 
produce 1 /A, = 220 ps k IO ps and I /A, = 1.37 ns + 0.3 ns. 
For fast equilibration rate the expression for h’s reduces as 

A ,=k,+k? and h,=kB+kTICT 

So the measured fast lifetime 220 ps represents the sum of 
forward and backward equilibration rate while the long life- 
time 1.37 ns represents the sum of other radiative and non- 
radiative decay channels. 

The radiative and nonradiative rate constants of PBA have 
been calculated for MCH and ACN solvent from fluorescence 
decay time and fluorescence quantum yield using the follow- 
ing equations 

k,= &! and k,,.= ~ 
( 1 -&,I 

71 I 71-l 

Again these radiative rate constant also has been calculated 
by using simplified form of Strickler and Berg equation [ 421. 

k,=1.713x105~~, 

Fortunately the value of radiative rate constant from fluores- 

cence and that from absorption through Strickler and Berg 
equation are in same order although this equation is not suit- 
able for this case where the molecular geometry is changed 
in excited state. Similarly. the radiative and nonradiative rate 
constant of different states have been calculated for other 
solvents (Table 3). 

5. Quantum-chemical calculation 

In order to have a better qualitative understanding of dif- 
ferent excited state properties, the energies of electronic tran- 
sitions and dipole moments were calculated by using AM I 
hamiltonian embeded in MOPAC/s CI( 4 X 4) method [ 18- 
201 for PBA in ground and excited states considering the 
planar conformer as well as different twisted conformers. A 
CI calculation involves the interaction of microstates repre- 
senting specific interaction of electrons in a set of molecular 
orbitals including the highest occupied and lowest unoccu- 
pied molecular orbitals, starting with a set of electronic 
configuration. The molecular coordinates were generally 
obtained from minimum energy geometries determined by a 
PC model molecular modeling software (DTMM). 

In order to observe the anomalous fluorescence (TICT 
emission), a sufficient energy lowering of the ‘A excited state 
should take place. Solvent relaxation may be responsible for 
bringing the ‘A state close to or below ‘B. which is the lowest 
excited state for the nonrelaxed system ( ‘Lb). The proximity 
of the ‘B and ‘A states can play an important role in the 
possible energetic reversal of these two states due to polar 
solvent effect. 

From Cl( 4 X 4) calculations we find the energy difference 
(hE) between the ‘,4 and ‘B is very low in flat geometry, 
i.e., for planar conformation. Fig. 8 shows the variation of 
ground state, ‘A and ‘B state with twist angle around the 
C-N bond. The twist of pyrrole ring around the C-N bond is 
energetically favourable for excited ‘A state while the energy 
of the ‘B state rises with twisting of pyrrole ring. In flat 
geometry two states are very close and in 20-30” twisting 
position of pyrrole ring there is a surface crossing ( Fig. 8). 
These findings confirm that in polar solvent the state reversal 
is achieved by intramolecular/solvent relaxation. Theenergy 
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minimum for first excited state ( ‘A) appears around 6O”-70” 

twisted position and the twist around the C-N bond causes a 

strong charge separation in ‘A state. The charge difference 

on N--atom (& = 0.5 e) between planar and twisted con- 

former in excited state ‘A is larger than that of in ground state 

(Fig. 8 ) between the two said conformers (AL/ = 0.04 e). A 

small rotational barrier could be found as the ground state 

energy changes with angle of twist around C-N bond. This 

confinns that, in the ground state a planar slructure is favoured 

which is also evident from the optimized geometry of PBA 

by MOPAC. The triplet state energy calculations by config- 

uration interaction show an energy minimum like singlet state 

on twisting the two chromophore\ around the C-N bond ( Fig. 

8). The interesting feature here is that the lowest triplet state 

323 3.73 332 6.79 

323 3.71 33.1 6.X3 

326 3.71 333 6.94 

330 3.h6 339 7.09 

336 3.60 31.5 7.3 I 

334 3.5 I 3s-l 731 

35s 3.2 3X8 7.71 

376 3.2 3X8 7.x I 

339 3.5 I 35‘4 x.s I 

34-i 356 3.59 x.31 

corresponding to the planar geometry is very close to the first 

excited singlet ‘A state in twisted geometry. So the singlet 

and triplet are degenerate in nature and the charge transfer 

may be termed as ‘biradicaloid charge transfer’ [ 43 ] 

Fig. 8 depicts the variation of excited state dipole moment 

with the angle of twist around the C-N bond. The ground 

state dipole moment of PBA is calculated to be 3.54 Debye 

and it is invariant for all possible angle of twist around the 

C-N bond. The maximum change of dipole moment from 

ground to excited state was found to be 5 Debye in twisted 

(60”-70”) conformation (Table 4) which itself indicates the 

major charge redistribution in the twisted form. 

The expected mechanism of dual fluorescence of PBA may 

be through energetically advantageous intramolecular relax- 

ation involving the twistin g of phenyl and pyrrole rings 

around the CT-N bond. On excitation. the planar molecule 

achieves a delocalized excited state and then relaxes to 

twisted geometry ( singlet or triplet). the charge transfer here 

is hiradical in nature and highly polar. Obviously. the emis- 

sion from the twisted conformer will have a large stokes shift 

(5000 cm-- ’ ) and also he sensitive to environment effect 

(Table 1 ) due to large dipole moment change ( APL). The 

different calculated values of energies, dipole moments along 

with the corresponding experimental values have been sum- 

marized in Table 3. 

6. Conclusion 

Solvent polarity dependent absorption and emission prop- 

erties of PBA evinces that, the molecule contains two parallel 

states in the excited state and one of them has a charge transfer 

character. Observations recorded in aqueous P-CD solution 

lead to the conclusion that the anomalous fluorescence is due 

to twisted intramolecular charge transfer state. Time resolved 

experiment provides compelling evidence that anomalous 

(TICT) fluorescence originates from B* state within 200 ps 

and then decay uith nearly the same lifetime as that of the 

B* state. Finally, quantum chemical calculationenergetically 



confirms that the twisted configuration of the pyrrole ring of 
PBA has a lower singlet as well as triplet state. 

Hence. from all above observations we can conclude that 
when the PBA molecule is excited it achieves F-C excited 
state ( BzK state) immediately and within 200 ps it also 
achieves TICT state. which is the major route of depletion 
through nonradiative transition in polar environment. 
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