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Electronic absorption and emission spectral characteristics of a ketocyanine dye have been studied in solution
in the presence of lithium perchlorate. Absorption spectral studies indicate complex formation between lithium
ion and the dye in the ground state. The value of the equilibrium constant along with the molar absorbance
of the absorbing species has been determined for the-acht@n interaction. The energy of maximum
fluorescence shifts toward the red with the addition of Li¢ISteady-state emission studies point to the
existence of two emitting species, viz., the solvated and the complexed dye in equilibrium. The values of the
equilibrium constant for the process have been determined in acetone and acetonitrile. Time-resolved studies
in the picosecond domain in pure solvents reveal that the lifetiinea(ue increases as the solvation interaction
increases. Time-resolved studies also indicate the presence of two emitting species in equilibrium.

Introduction resolved fluorescence of the ketocyanine dye (as shown in
Figure 1) in solutions containing different concentrations of

Ir(;'gﬁra(t:.tlon ]?f eleftr(l)lytes W':h a ?'&Olar lsciluf[e lefwtl.'ng ;0 lithium perchlorate. Solvents used are acetonitrile (ACN),
modification of spectral parameters of the solute in solution has , 0o (AC) and ethanol (ETOH).

long been studied . The effect is particularly prominent when
the solute possesses charge separation in the ground or in th
excited state. In analogy to the introduction of solvent polarity
as provided by solvent effect on charge transfer (CT) Materials. The ketocyanine dye has been prepared by the
transitions?—4 the polarity parameters involving the maximum method described in the literatutePurity of the prepared
energy of absorption have been proposed for electrolyte compound was checked by IR, absorption and fluorescence
solutions?~® Attempts have been made to explain the spectral spectral data and also by thin-layer chromatography. Ethanol
changes as due to the electric field effect of the ‘idnt in [Bengal Chemicals], acetone [E. Merck] and acetonitrile [E.
many instances it has been found that the observed spectraMerck] were dried by standard procedufé42All the solvents
changes are due to a change in speciation, rather than due tavere refluxed for several hours with calcium hydride and then
the nonspecific electric field effeéin most of the investigations  distilled immediately prior to the experiment. Lithium perchlo-
the absorption spectral parameters of solutes have been utilizedrate [Lancaster] was dried in an oven before use. Samples were
Studies involving emission properties of solutes are rather prepared in a drybox so as to avoid contamination by air or
scanty?10 Besides providing information regarding the maxi- moisture. the concentration of the dye was taken in the range
mum energy of transition, the emission studies in the steady- 10-5—107¢ M in all the spectral measurements. The concentra-
state and time-resolved domain provide parameters that dependion of lithium ion was on the order 01072 M.

on the microenvironment of the solute molecule. Ketocyanine  Steady-State Spectral MeasurementsAbsorption (UV—

dyes form a class of compounds that are characterized by solvenvis) spectral measurements were performed on a Shimadzu UV
dependent absorption and fluorescence propettigbe elec- 1601 PC spectrophotometer fitted with an electronic temperature
tronic spectral transition in these compounds depends signifi- controller unit (TCC-240 A). The steady-state fluorescence
cantly on the interaction of the dye molecule with the molecules emission and excitation spectra were recorded on a Hitachi
in its micro-environment. As a result, they act as good probes F-4500 spectrofluorometer equipped with a temperature con-
for studying environmental effects. In our laboratory we have trolled cell holder. The temperature was controlled wittid. 1
studied solvation interaction of these dyes in ptrenixed K by circulating water from a constant-temperature bath (Heto
binary!® and ternar¥* solvents and also in various microhet- Holten, Denmerk).

erogeneous mediaby using the fluorescence parameters. Ina  Time-Resolved Fluorescence Measuremerfluorescence
recent communication we have reported a preliminary study on decay was studied by time correlated single photon counting
the effect of electrolytes on ground- and excited-state properties(TCSPC) using the Fluorocube lifetime system (IBH, s/n 04412).
of a ketocyanine dyé& It has been observed that the'lion in The detailed experimental setup is as follows. A nanoLED of
aprotic solvents brings about a significant change in spectral 463 nm (IBH, UK, NanoLED-07 B, s/n 04224) was used as
properties. Further, a complex is formed between the cation andthe excitation source with fwhm on the order of 1 ns and the
the dye molecule in the groundd)Sand the excited ($ states. pulse is passed through a 5000 M emission monochromator.
The objective of the present work is to investigate in detail the The fluorescence signal was detected in magic angle polarization
interaction of Li" with these dyes in solution. To this end we using cooled red-sensitive photocathode (TBX-04-A) detector
have studied the electronic absorption, steady-state and time-with a response time of 180 ps. The decays were analyzed using
IBH DAS-6 decay analysis software. Intensity decay curves
* Corresponding author. E-mail: bsanjibb@yahoo.com. were then fitted with single/biexponential decay equations. The
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participation of the Lt ion, n, can be calculated by plotting
N )@ log(Cwm/Cs) versus logCii+ and using eq 6.
An alternative method can also be used to calcutater n

CH & = 1. Using (3a) and (4), we can write

3 3

Figure 1. Dye used in the present work. AR)/ICy= [e5() + ey(A)KC,.J/[1 + KC,;.] (7

fluorescence decay was measured as a function of the conceny
tration of LiCIO,, For a particular concentration the decay was
studied at different emission wavelengths. In the present work,
the fluorescence intensity for the dye in pure solvents as a
function of timet, F(t) could be fitted with a single exponential

neq 7Cp = Cs + Cy is the total concentration of the dye in
solution. Values oK, es(1) andep(4) that give the best fit to
eq 7 in the least-squares sense were determined, by a linear
regression analysis. The equilibrium constant for the interaction
between the dye in the excited state and the lithium ion was
— - determined by a method described eadfeiThe observed
F(O) = aexp(-t7) (1) maximum fluorescence enerdy(F), can be considered as mole
For dye in salt solutions, however, a biexponential fit, as given fraction average oEs and Ev, the maximum fluorescence
by the following equation was required energy of the two species, viz., the solvated and complexed
forms of the dy€?-22 Thus, one gets
F(t) = a, exp(—t/z)) + a, exp(-t/t 2
O=aeetinTaeetin @ E(F)= CEs+ CuENICs+C)  (8)

wherea’s are the relative contributions to the lifetime compo-
nents; and,. Equation 8 can be rearranged to give

Analysis of Spectral Data.Equilibrium constant correspond-
ing to dye-Li * interaction was determined as follows. A
measured volume of the dye solution in a given solvent was ) L )
taken in a stoppered quartz cuvette and 0.2 mL solution of whereK; is the equilibrium constant for the following process.
LiClO4 in that solvent was added to it. The absorption and
fluorescence spectra were then determined. Addition of LiCIO
solution was repeated several times and spectra were measured . .
after each addition. The ineteraction of the dye (D) in the ground ¥lues ofEs, Eu andK; that fit eq 10 can thus be obtained by
(So) state with Li* ion can be expressed by the following & linéar regression analysis.

E(F) = Es + EyK,C; — K{EC;; ()]

S...D (S state}+ Li* = Li....D (S, state}+ S (10)

equilibrium. Results and Discussion
nLi" +D..S=D...Li,"+S () Absorption Studies. Absorption band maximum of the dye
in acetone or acetonitrile shifts to the red as Ligi®added to
K = Cu/C4(C; )" (3a) the system. Only the cation of the electrolyte has been found

to be effective in band shifts. The band maximum in aprotic
wheren is the minimum order of participation of lithiumion in  dipolar solvents (AC and ACN) shows a moderate red shift for
the equilibrium andCs, Cy and C.; represent the molar @ lower concentration of the lithium ion. For a higher salt
concentrations of the solvated dye, the metal-complexed dyeconcentration a dramatic red shift is observed and a second band
and the lithium ion, respectively. emerges that shows no substantial shift on further addition of
For a given solution where both the solvated dye (D...S) and the salt. Such a spectral variation agrees well with the observa-
the complexed dye (D...kT) are present, the absorbance for tion made by Pocker et &.and Rezende et &.where a dye-

unit path length for a particular wavelengthA(1), is given by cation complex formation takes place. For a fixed dye concen-
the Beer's law as follows tration an isosbestic point appears in the absorption spectrum
in the solvents containing varying amount of the salt. Figure 2
A(L) = eg(A)Cq + €y (A)Cy, 4) shows representative absorption curves in solvents containing

lithium perchlorate. This points clearly to the existence of an
In eq 4,¢ (1) represents the molar absorptivity at the wavelength equilibrium between two forms, viz., the solvated and the Li
A and suffixes S and M denote the solvated and the metal- ion complexed dye. At a very high concentration of LiGl@e
complexed dye, respectively. The ratf@\fCs) can be obtained = complexed form of the dye exists almost exclusively in the

by measuring absorbance values at two wavelengtlasd 1, solution and the absorption band is due to this species only.
and usin§ Thus the complexed dye absorbs at 525 nm in AC and at 515
nm in ACN. This may be compared with the absorption
(CW/Co = [A(1y) es(Ap) — A(Ly) es(ADIIA(,) en(Ay) — maximum at 470 and 475 nm for the dye in pure AC and ACN,
A()) €y(A)] (5) respectively. The position of the absorption maximum, however,

does not change when salts containing bulky organic ions, e.g.,
Values of A; and A, were chosen as the wavelengths of tetramethylammonium (TMA) ions or tetrabutylammonium
maximum absorption of the solvated and the complexed dye, (TBA) ions, are added to AC/ACN solution of the dye.
respectively. Values afs andey were determined from spectra Significant spectral changes also do not take place when lithium
of the dye in the given solvent and that saturated with LiCIO  percholorate is added to ethanolic solution of the dye.

respectively. Equation 3a can be rearranged as In aprotic dipolar solvents such as AC or ACN a weak
intermolecular interaction takes place between the solute and
log(C,/Cg =logK + nlogC;. (6) the surrounding solvent dipoles. With the addition of an

electrolyte the positively charged cation competes with the
The equilibrium constantK, and the minimum order of solvent dipoles for the negative center in the dye molecule,
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0.8 - (A) TABLE 1: Best Fit Values of K, €y, and es Calculated at
Different 4 along with the Fitting Statistics for the Two
Solvents at 298 K

solvent A/nm  1075y2 10 %g? Kb avk R? o

AC 495 1.7£0.1 244+0.2 5.2+0.2 0.998 0.0001
500 1.7+0.1 2.44+0.2 5.8+0.2 0.988 0.0001
505 1.8+0.2 2.3+0.2 6.2+ 0.2 0.999 0.0001
510 1.8+£0.2 2.2+0.2 6.6+ 0.2 6.3+ 0.2 0.999 0.0001
515 1.6+0.2 2.0+0.2 6.8+0.2 0.999 0.0001
520 1.5+0.1 1.7+0.2 6.7£0.2 0.999 0.0001
525 1.2+0.1 144+0.1 6.6+0.2 0.999 0.0001
530 1.0+£0.1 1.0+0.1 6.4£0.2 0.999 0.0001
ACN 500 1.4+0.2 1.5+0.1 52+0.1 0.978 0.0002
505 1.4+0.2 1.3+0.1 7.1+£0.1 0.988 0.0002
510 1.3+0.2 1.0+0.1 8.6+ 0.2 7.0+ 0.2 0.998 0.0002
515 1.1+0.2 0.6+0.1 7.0£0.2 0.999 0.0002

Absorbance

aIn L mol~t cm™1 unit. ® The chosen concentration unit is mot'L

400 ' 450 ' 500 ' 550 ' 600 place. A protic solvent, ethanol, forms a hydrogen bond with
Alnm the carbonyl oxygen of the dye molecule in the ground state
and a metal ion cannot dislodge the bond between the solvent
and dye. Thus no dy€lithium ion complex is formed and the
109 (B) Lo PRy
band shift is insignificant.
The equilibrium for dye-lithium ion interaction, as given
by eq 3, has been studied from spectral data. The value of
the number of LT ion participating in equilibrium (3), has been
determined by plotting lo@ku/Cs) versus logCyj, as discussed
in the previous section. Linear plots with slope %10.1 were
obtained for both solvents, indicating 1:1 complex formation.
Values of K as estimated from the plots were 10 and 12,
respectively, for acetone and acetonitrile. ValueKpés and
em have also been determined at different wavelengths assuming
n =1 by the alternative method described in the previous section
(eq 7). Results have been summarized in Table 1. The agree-
ment ofK values obtained by the two methods differs slightly.
Although the relative order df values for the two solvents is
00 . . . : . the same. This is rationalizable in view of the weak nature of
400 450 500 550 600 the complex formed in the ground state. Moreover, valuds of
A/ nm for a particular solvent are almost independent of the wavelength
Figure 2. Absorption spectra of the dye in (A) ACN and (B) AC  Of measurement. As expected, the valuesegfand es are
containing different concentrations of LiCJOThe concentration dependent on the wavelength. Figure 3 shewsandes as a
increases in the order+ h. Dotted lines represent pure solvents. function of wavelength.

Steady-State Emission StudiesThe maximum wavelength
namely, the carbonyl oxygen. At a low concentration of the of fluorescence of the dye shifts to the red as the concentration
electrolyte the cation cannot replace the solvent molecule in of Li* ion in the solution increases, as can be seen from Figure
the vicinity of the carbonyl group. As a result, at low salt 4. However, the wavelength of maximum fluorescence reaches
concentration the solvated dye molecule experiences relativelya limiting value (565 nm for ACN and 555 nm for AC) for
weak perturbation due to metal ion and the shift is less higher Li" ion concentrations. Apart from a band shift, the shape
pronounced. At higher salt concentration, however, the cation of the band also changes. The band for a particular salt
replaces a solvent molecule and a weak bond between the metatoncentration can be represented of as a sum of two Gaussian
ion and the carbonyl oxygen of the dye molecule is formed. functions. Table 2 shows some representative figures for acetone
Beyond this point there is no substantial perturbation on the solution. The experimental results indicate that two emitting
dye—lithium ion complex and no significant change in spectral species with maximum fluorescence wavelength~&20 nm
property is observed. Formation of a dyeation complex is and~555 nm exist in acetone solution. Although the first value
rationalizable in view of the small size and stronger Lewis is very near to the wavelength of maximum fluorescence of
acidity of the Li* ion. The absorption band is supposed to the dye in pure acetone, the second value compares well with
originate due to a — s* transition with a significant transfer ~ the value of maximum fluorescence wavelength for acetone
of charge from the N-atom to the carbonyl oxygen in the solution of the dye saturated with LiC}OThus the values of
molecule!? The dipole moment of the dye in the excited)S  maximum wavelength correspond to the solvated and the
state has been found to be greater than that in the groundtate. complex form of the dye in the;State. For ACN solvent the
Thus, the greater the interaction of the dye with the surrounding corresponding values are 540 and 570 nm, respectively. The
molecules, the greater is the red shift of the absorption band.emission spectra of solutions at various salt concentrations for
Our experimental results indicate that the dy& * ion a fixed total dye concentration indicate an isosbestic point, as
interaction is greater than the dysolvent interaction. In the  can be seen from Figure 4. This also points to the existence of
case of TMA or TBA ions, the positive charge on the N atom two emitting species in equilibrium in the solution. Note that
is shielded by the bulky alkyl groups and as such they do not TMA and TBA ions do not affect the fluorescence band
interact with the dye molecule and thus no spectral change takesmaximum in ACN or AC solvent. No significant shift of
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Figure 5. Plot of E(F) as a function of the concentration of LiCJO
for acetone (top curve) and acetonitrile (bottom curve).

TABLE 2: Parameters Showing the Decomposition of
Emission Band into Two Gaussian Curves

centers
concn of LiICIQ;in AC/M Adnm  Ax/nm AdA: R?
0.013 518 552 0.1286 0.983
0.024 515 553 0.0127 0.978

TABLE 3: Best Fit Values of Es, Ey, and K; as a Function
of Solvent at 298 K

solvent Eg? En? Kb
acetone 53.&0.1 51.3+ 0.1 91+ 9
acetonitrile 52.9+ 0.1 50.0+ 0.1 31+ 3

an kcal mol™. P The chosen concentration unit is motiL

Figure 5 shows plots d£(F) values, the energy of maximum
fluorescence, calculated by using the relati&(F)/kcal mol?
= 28590/¢/nm), as a function of lithium ion concentration,
C.i. For a particular solvent the slope BfF) versusCy; plot is
large for small values o€, and the slope decreases with salt
concentration and finallfg(F) tends toward a limiting value.
The equilibrium constank,, representing the dye {State)-
Li* ion interaction (eq 10), along with the valuesEfandEy
have been calculated from the obsenk#) values using eq
9. The calculated values for AC and ACN have been listed in
Table 3. Note that value ds is greater than that dEy for
both solvents. Moreover, these values agree well with the values
of wavelength of maximum fluorescence of the corresponding
species as obtained by a Gaussian analysis of spectral band.
The value ofK; depends on the nature of the solvent and in the
present case it follows the order ACACN. The relative order
of K; values in two solvents reverses to that obtained from
absorption study. This indicates a stronger complexation in the
excited state as compared to the ground state of the dye. It is
interesting to compare the effect of addition of LiGI@
solutions of the dye in acetonitrile and acetone. It has also been
shown thak® the dye-solvent interaction is determined by the
dipolarity—dipolarizability, hydrogen bond donation and ac-
ceptor ability of a solvent as represented respectively by the

fluorescence band could be detected when lithium per- solvatochromic parameterg, o andf.2® Values ofa, $ and

chlorate is added to ETOH solution of the dye. As stated

7* for acetonitrile are 0.19, 0.40 and 0.75, whereas those for

earlier, in ethanol the dye molecule exists as H-bonded acetone are 0.08, 0.48 and 0.71, respecti¥&Rhus the dye-
species and the metal ion cannot break the H-bond in thegroundsolvent interaction would be higher in acetonitrile than in
state. In the Sstate the dye molecule has greater charge density acetone. This is also reflected in the values of the fluorescence
on the carbonyl oxygen and as such the H-bond becomes tightermaximum of the dye in acetone (55.0 kcal m¥l and
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TABLE 4: Values of 7 and ky, for Different Pure Solvents 170 (A)
solvent /ps 10ky/s? a P 165
methanol 1560 3.2 0.93 0.6 1
ethanol 1210 5.1 0.83 0.6 1607
2-butanol 850 8.5 1.55
acetonitrile 620 12.9 0.19 0.75 |
butyronitrile 400 21.8 0.00 0.7 . 150
acetone 400 21.8 0.08 0.7 < 1
triacetin 690 11.3 o 148
ethyl acetate 300 30.2 0.00 0.55 1404
acetonitrile (52.9 kcal mol). Thus, on addition of LiCIQ a 1.35
pronounced change will be observed for acetone than for 130
acetonitrile. Note that thE(F) values change more sharply when :
LiClO4 is added to acetone (Figure 5). Thes$ate of the dye, BT T T T
. . . . 530 540 550 560 570 580 590
being more polar, is expected to interact with the solvent to a
greater extent. The value &f which indicates the differential A/nm
interaction between dyesolvent and dyemetal ion, also points )
to this. 17 B)
Time-Resolved StudiesThe decay of the excited singlet state ] i A
of the dye has been measured in some representative solvents 164
and also in electrolyte solutions. For pure solvents the decay ]
has been found to be represented by a single exponential (eq 154
1). Values of lifetime ) for a various solvents have been listed ]
in Table 4. It appears that thevalue increases with the polarity & 144 4
of solvents. A solvent characterized by greater solvation o ] 4
interaction with the dye shows highewalue. Values ok, and 134
kar, the decay constant via radiative and nonradiative pathways, ] A
have been determined from a knowledge of quantum yield of 12
the dye in pure solven&.It has been reported earlier that the ]
value ofk; for the ketocyanine dyes is independent of the nature 1.1 4
of the solventg? Values ofk, can be calculated using the

fO”OWing equation 5%0 l 5&0 ' 5:10 ' 5..‘!30 ' SéO ' 5;0 ' SéO ' SEIJO
1 A/nm
T =kt Kk (11) Figure 6. Plot of ai/&; as a function of wavelength for fixed salt
concentration: 0.041 M in ACN (A) and 0.045 M in AC (B).
We have calculatell,, usingk = 3.2 x 10° s71.2” Values of _ _
k. in different pure solvents have been listed in Table 4. Note TABLE 5: Analysis of Decay Curve for a Fixed

that the k,, values depend significantly on the polarity of Concentration of LiCIO 4 as a Function of4 at 298 K

solvents. To investigate the dependenck,abn different modes solvent Alnm  T/ps Tps & a a/ay

of solvation interaction, a multiple linear regression analysis of acetone 523 260 840 0.625 0.375 1.667
log knr with the Kamelet-Taft paramete o, 5 andz* has C,+=0.045M 533 260 840 0.625 0.375 1.667
been sought. It appears that the correlation is best represented 543 260 840 0.625 0375 1.667

553 260 840 0.588 0.412 1.427
563 260 860 0.579 0421 1.375
573 250 850 0.526 0.474 1.109
583 270 850 0.555 0.445 1.247

by the following equation.

log k, = 9.97— 0.9626x — 0.8697*

n=6,~R =0.989,0 =0.54 (12) acetonitrile 522 200 760 0.769 0.231 1.667

Ci+=0.014M 532 300 910 0.588 0.412 1.427

Thus apart from the polaritypolarizability parameter*, log 542 260 820 0.625 0375 1.667
kor depends on the hydrogen bond donation (HBD) ability of 552 310 880 0.625 0375 1.667
the solvent ted by th ateFhis is rational- 562 300 910 0588 0412 1.427
the solvents represented by the parameteThis is rationa 572 330 950 0562 0438 1283
izable in view of electron pair donation by the carbonyl oxygen 582 320 960 0562 0438 1.283

in the excited state to HBD solvents.

In solutions containing lithium perchlorate, however, a
biexponential decay, as given by eq 2, has been observed. Arate 1) corresponds to the form of the dye with smaller
single-exponential decay, characterized by walue of 1100 interaction and vice versa. Again results in the steady-state
ps, has been observed only in a solution saturated with thefluorescence indicate that the dylithium ion interaction is
electrolyte, and the value is practically independent of the aprotic greater than the dyesolvent interaction and hence the species
solvent (AC and ACN) used. The biexponential decay charac- with greaterr value can be identified as the cation-complexed
teristics have been studied at different concentrations of salt. qye. This is also consistent with the observedalue of 1100
For a fixed salt concentration the decay characteristics have beerfys in saturated electrolyte solutions. For a fixed salt concentra-
studied by collecting emission at various wavelengisirg Jion the ratio ofa; anday, the relative contributions of lifetime

the emission band of the dye. Results have been summarize L aluesr: andz,. respectively. have been found to be dependent
in Table 5. For all the solutions the decay is characterized by a 1andzz, resp Y P
on the choice ofi, as can be seen from Table 5. The

shorter ¢1) and a longer ;) lifetime. Our studies with pure A ' T
solvent indicate that the species characterized by a faster decajuorescence intensity for a givehis given by
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[ (3) Dimroth, K.; Reichardt, CZ. Anal. Chem1966 215, 344.
F= j<; Fa (D) dt (3) (4) Reichardt, CChem. Re. 1994 94, 2319.
Using eq 2, one can write (5) Rezende, M. C.; Zanette, D.; Cesar, Tetrahedron Lett1984
25, 3423.
F,=ar,+ a5, (14) (6) Rezende, M. CTetrahedron Lett1988 44, 3513.

Thus a;7; and ayt, represent the contribution of steady-state 143(7) Reichardt, C.; Asharin-Fard, S.; Schafer @hem. Ber1993 126

fluorescence intensity due to t_he two spec_ies decaying with (8) Binder, D. A.; Kreevoy, M. M.J. Phys. Cheml1994 98, 10008.

decay constantgandrz, respectively. The ratio of the amount (9) Zanotto, S.; Scremin, C. M.; Machado, C.; Rezende, M. @hys.

of two species in solution is given byyf:1/®1)/(azt2/ P2), where Org. Chem 1993 6, 637.

@, and®; are the quantum yields of the two emitting species.  (10) Thompson, P. A.; Simon, J. D. Chem. Phys1992 97, 4792.

In the event that quantum yield is proportionaktaalues (i.e., (11) Kessler, M. A.; Wolfbeis, O. SSpectrochim. ActaPart A 1991,

constantly ofk,), ai/a, gives the ratio of the concentration of 47 187. _ _

the two decaying species. Our experimental findings show that ~ (12) Banerjee, D.; Laha, A. K.; Bagchi, Bd. J. Chem1995,34A 94.

a sigmoid curve is obtained whem/ay is pIotted againsﬂ. §13) Banerjee, D.; Bagchi., 9. Photochem. PhotobiglA 1995, 85,

_Figure 6 sh_ows a represgntative plot. T_he r(_esult ir)dic_ates that (i4) Ray, N. Bagchi, SJ. Mol. Lig 2004 111, 19.

in the solution two decaying species exists in equilibrium. (15) Shannigrahi, M.; Bagchi, 8. Photochem. Photobiol., 2004 168

. 133.

Conclusions (16) Ray, N.; Basu, J. K.; Shannigrahi, M.; BagchiChem. Phys. Lett.
(1) The energy of maximum absorption and the steady-state 2005 404, 63.

fluorescence of the ketocyanine dye depend significantly on the  (17) Weissberger, ATechnique of Organic Chemistrynterscience:
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: : : : (18) Coetzee, J. F.; Ritchie, C. Bolute Salent InteractionsMarcell
(2) Absorption spectral studies point to the formation of a 2. "New York, 1969.

cation—dye complex in the ground 6Sstate_. . . (19) Fuguet, E.; Rafols, C.; Bosch, E.; Roses,lngmuir2003 55,
(3) Steady-state and time-resolved studies in the picosecondsegs.
domain indicate that the ketocyanine dye forms a complex with  (20) Dawber, J. G.; Ward, J.; Williams, R. A. Chem. Soc., Faraday
Lit the S state. Trans 11988 84, 713.
(4) The lifetime of the excited state of the dye complexed by (Zé) Chatterjee, P.; Banerjee, D.; Laha, A. K.; Bagchi).&hem. Soc.,
Li* ion is greater than that of an uncomplexed dye. Faraday Trans1 1995 91, 631,

. . . (22) Skwierczynski, R. D.; Connors, K. A. Chem. Soc., Perkin Trans
(5) Value of log ky, shows a linear correlation with the 1994 2, 467

dipc_)larity—polarizability (r*) and hydrogen bond donation (23) Pocker, Y.; Ciula, J. CJ. Am. Chem. Sod 989 111, 4728.
ability (o) of solvents. (24) Gageiro, V.; Aillon, M.; Rezende, M. J. Chem. Soc., Faraday
. ’ . Trans 1 1992 88, 201.
A_cknowledgment. We thank UGC (India) for financial (25) Kamlet, M. J.: Abboud, J. L. M.; Abraham, M. H.: Taft, R. .
assistance (DSA program phase ). Org. Chem 1983 48, 2877.
f d (26) Banerjee, D.; Mondal, S.; Ghosh. S.; Bagchi.JSPhotochem.
References and Notes Photobiol A 1995 90, 171.
(1) Baeyer, A,; Villiger, V.Ber. Dtsch. Chem. Ge4902 35, 1189. (27) Banerjee, D.; Bagchi, S.. Photochem. PhotobioA 1996 101,
(2) Kosower, E. MJ. Am. Chem. Soc1958 80, 3261. 57.



