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ABSTRACT

The steady state fluorescence quenching of 5-methyl-2-phenylindole by
carbon tetrachloride in different solvents viz. dioxane, benzene, toluene,
butanol, methanol and acetonitrile, and time dependent study in butanol
solvent has been carried out at room temperature with a view to under-
stand the quenching mechanisms. The experimental results show positive
deviation in the Stern-Volmer plot in all the solvents. The quencher con-
centration dependence data were analyzed using ground state complex
formation and sphere of action static quenching modelsin order to inter-
pret the results. The various rate parameters have been determined and
the magnitudes of these rate parameters suggest that the ground state
complex formation model is not applicable in this case but the sphere of
action static quenching model agrees well with the experimental results.
Hence, both the static and dynamic quenching processes are responsible
for the observed positive deviationin the Stern-Volmer plots. Further, with
the use of finite sink approximation model, it isconcluded that these bimo-
lecular quenching reactions are diffusion limited, and al so the dependence
of Stern-Volmer constant on dielectric constant of the solvents suggest
the chargetransfer character of the excited complex.
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Thephenomenaof quenchingistheonewhich com-
petes with the spontaneous emission and causesre-
ductioninthefluorescenceintensity andlifetimeof the
moleculeby avariety of molecular interactionssuch as
exited-state reactions, molecular re-arrangements, en-
ergy transfer, ground-state complex formation, colli-
sional quenching etc. Fluorescence guenching of or-
ganic moleculesin solution by variousquencherslike
carbon tetrachloride (CCl,), aniline, bromobenzene,

halideionsetc., have been studied by severd investiga:
torg™ 4, Thisstudy has not only been of importancein
physical sciencesbut asoinchemical, biological and
medicd sciences®>9. Theroleof fluorescencequench-
ing can be studied experimentally by determining the
quenching rate parametersusing Stern-Volmer (S-V)
plotsthat arein accordancewiththe S-V equation:
| /1=1+K _[Q]I /! 1)
tolt=1+K’_[Q] 2
wherel_and t arethefluorescenceintensity and
fluorescencelifetime, | and t arethefluorescencein-
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tendty and fluorescencelifetimeintheabsenceand pres-
ence of quencher concentration[Q], respectively, and
Ky, (K'y,) isthe S-V constant. In some cases®® of
guenching, the S-V plotswerefound to belinear, in
which, the quenching mechanismismainly dueto dy-
namic process, where diffusion processisadominant
oneandinafew cases??, theexperimenta resultsshow
positivedeviationfromlinear S-V relation. Thisposi-
tive deviation was attributed to various processeslike
singlet-to-triplet excitation, formation of chargetrans-
fer complexesboth at ground and excited states. Also,
the polarity of the solvent medium and the range of
guencher concentration are expected to play arolein
thismechanism.

In the present work, we have studied the steady
state fluorescence quenching of 5-methyle-2-
phenylindole by carbontetrachloride at room tempera-
tureindifferent organic solventsviz. dioxane, benzene,
toluene, butanol, methanol and acetonitrile. Thetime
dependent fluorescence quenching has aso been stud-
ied inbutanol solvent at roomtemperature. Thevarious
rate constantsresponsiblefor fluorescence quenching
mechanisms have been determined using modified SV
equationandinthelight of theserate constantsthe pos-
s blequenching mechanismsarediscussed.

EXPERIMENTAL

Theindolederivative5-methyle-2-phenylindolehas
been synthesized in our |aboratory and characterized by
using IR, NMR, and Massbaur techniquesfor itspurity,
anditsmolecular sructureisshowninfigurel. Thespec-
troscopic grade solventsviz., dioxane, benzene, toluene,
butanol, methanol and acetonitrile(s.d. FineChemicds
Ltd.) were used without further purification. However,
the purity of the solventswas checked by the background
fluorescence. Spectroscopic grade CCl, solvent hasbeen
used as aquencher and it was double distilled before
use. Thesolutionswere prepared keeping the concen-
tration of solutefixed at 1x10°M/L andvaryingthecon-
centration of quencher from0.00t0 0.10M/L. Theab-
sorption spectra of the solute at the concentration of
1x10°M/L indifferent solventswererecorded usng UV-
visi ble absorption spectrophotometer (Hitachi Model
150-20). For the same concentration, the steady-state
fluorescenceintensitieswererecorded by excitingthe
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Figurel: Molecular structureof 5-methyl-2-phenylindole.

Intensity(a.u.)

300 350 400 4501
Wavelenght(nm)

Figure2: Fluorescencespectraof 5-methyl-2-phenylindole
in butanol at concentration of 1x10°M/L with quencher
concentration of CCl, from0.00t0 0.10M/L

solutea 320nm corresponding tolonger wavd ength ab-
sorption band by varying the quencher concentrationfrom
0.00t0 0.10 M/L using fluorescence spectrophotometer
(Hitachi Modd F-2000) in different solvents. Thefluo-
rescence decayswererecorded corresponding to fluo-
rescence maximai.e. 370nm a roomtemperatureinthe
absence and presenceof quencher CCl, inbutanol sol-
vent using Nano-second Spectrometer Model SP-70 of
Applied Photophysics, England. Thefluorescencelife-
timedatawere andysed by cons dering thereduced chi-
square (y?) values.

RESULTSAND DISCUSSION

Thedteady statefluorescenceintensities]_and| were
measured in the absence and presence of quencher, re-
spectivey, indioxane, benzene, toluene, butanol, metha-
nol and acetonitrile solventsaat fixed solute concentra-
tion. Thetypica fluorescence spectrain butanol solvent
with different quencher concentration are shown in
figure2. Further, thefluorescencelifetimest_andtrep-
resenting without and with CCl, weremeasured inbu-
tanol solvent. Thetypical fluorescencedecay profilein
butanol sol vent without quencher isshowninfigure3. It
isobserved that the fluorescence decay wasfitted to
besingleexponentia. Thelifetimevaueof 5-methyle-
2-phenylindole. Agreesclosdy with thelifetimeva ues
of other indolederivatives?9. Theexperimentd values
arereproduci blewithin 5% of theexperimentd error.

The SV plotsof | /I versug[Q] in different sol-
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ventsand 1/ versus[Q] inbutanol solvent, with CCl,
as quencher are respectively showninfigure4. Itis
observed that in both the cases, the S-V plotsare non-
linear, showing positivedeviation. Similar experimenta
results for other indole derivatives were aso ob-
served?511, Fromthe SV plot, it may be concluded
that thequenchingisnot purely collisional but also due
to theformation of either the ground state complex or
static quenching process.

In order to see whether the ground state compl ex
formationis partly playing arole, we have used ex-
tended S-V equation®* given by

| /1=1+K [Q)(1+K , [Q])
ie[(1/D)-1/[QI=(K, +k )+HK Kk )IQ] (3
whereK, and kg areSV and ground state associ ation
constants, respectively and [ Q] isthe quencher con-
centration. The plots[(1/1)-1]/[Q] versus [Q] were
drawn and found to belinear. Thei ntercept(KSV+kg)
and slope st-kgwere obtained using least squarefit
method. However, indl the cases, st+kg vaueswere
found to beimaginary. Further, theappreciableshiftin
the absorption and emission peakswithout and with
the quencher is not observed. These facts show that
eguation (3) isnot applicablefor theanalysisof data
corresponding to the observed positivedeviationinthe
SV plots. Thus, theanaysis of thedatafor positive
deviationin SV plotswas made using “sphere of ac-
tion gtatic quenching mode”. Theingtantaneousor static
guenching occursif the quencher moleculeisvery near
to, or in contact with thefluorescent molecule at the
exact moment of excitation. And thiswasexpla ned by
thefact that only acertainfraction W (in case of steady
state) and W' (for transient case) of theexcited stateis
actudly quenched by the collisiona mechanism. Some
moleculesintheexcited state, thefractionof whichis
1-W or (1-W'), arede-activated dmost instantaneoudy
after being formed, because, aquencher moleculehap-
pensto berandomly positioned in the proximity at the
timethemoleculesareexcited andinteractsvery strongly
with them. Thisstatic quenching can be explained by
introducing an additional factor W(W') inlinear S-V
equationil,
/1= (1+K _[QlyW 4
T Jr=(1+K’_[Q])/W’ (5)
Thefactor W inthemodified S-V equation (4) is
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Figure 3: Fluorescence decay profile of 5-methyl-2-
phenylindolein butanal at the concentration of 1x10°M/L
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Figure4: SV plotsof | /I versus[Q] in different solvents
andt/tversus[Q] in butanal solvent with CCl,

approximately equal to exp (-V [Q]) whereV isthe
static quenching constant and it represents an active
volumedement surrounding theexcited solutemolecule.

Frank and Wawilow!™¥ have suggested that thein-
stantaneous quenching resultsat theinstancesinaran-
domly distributed system, when aquencher happensto
reside within a“sphere of action” with avolume of
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Figure5: Plotsof [1-(1/1 )]/[Q] versusl/I jin different sol-

ventsand[1—(t/x)]/[Q] ver sus/z,in butanol with CClI,
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Figure6: Plot of K- versus[Q]**determined from (a)
fluorescence intensities in different solvents with CClI,
and (b) fluorescencelifetimesin butanol with CCI,

V/N" andradiusr (kinetic distance), i.e. V/IN'=4nr3/3
surrounding asol ute molecul e at thetime of excitation.
On excitation of the solute molecule, aquencher mol-
ecule, whichisdready withinthisvolume, will beable
to quench thefluorescencewithout the need for adiffu-
sion controlled collisona interaction. Theprobability
of quencher beingwithinthisvolumeat thetimeof exci-
tation depends on the volumeV and on the quencher

concentration[Q]. Hence, it ismeaningful to rewrite
equation (4) and (5) as
[1-(11 Q1=K (1N )+HL-W)[Q] (6)
[1-(z /7 )/=[QI K (T /7)) +(1-W")/[Q] (7)
Themodified S-V plot [1-(I/1 )]/[Q] versusl/I_for
steady statein different solventsand [1-(t/z )]/[Q] ver-
sust/t_inbutanol arefound to belinear and areshown
infigure5. The SV quenching congtant K, isobtained
using least squarefit method by determining the sl ope.
Thequenching rate parameter kq(=K oI, iscdculated
using experimentaly determined K andt_vaues. The
intercepts of least-squarefit of figure 5 are equal to
(1-W)/[Q]. From theseintercepts, thevauesof W were
calculated for each quencher concentration. Usingthe
values of W, the static quenching constant VV was ob-
tained by theleast-squarefit method using the equation
W=exp(-V[Q]) andinturnthekineticdistancer, i.e.
“radius of sphere of action” was determined by the
equation V/N'= 4xnr3/3. All these dataare collated in
TABLE 1. Thevaueof t isgiven at the bottom of the
TABLE 1. Itisobservedfrom TABLE 1 that thevaues
of K, arerather largein comparisonwithV inall the
solvents, which explainsthelack of appreciablechange
in absorption or fluorescence on addition of the
quencher®. Theradii of the solute, R and that of the
quencher, R, were determined by adding the atomic
volumesof al theatoms constituting the molecule by
the method suggested by Edward® and are given at
the bottom of the TABLE 1. The sum of themolecular
radii R of the soluteand quencher isdetermined andis
called asencounter distance or contact distanceor re-
active distance which is also given at the bottom of
TABLE 1. Thisvalue of R isthen compared with the
vaueof kinetic distance(r) to verify whether thereac-
tion is due to sphere of action or not. According to
Zeng and Durocher™ and Andre et a .24, if thedis-
tance between the quencher moleculeand the excited
moleculeliesbetween theencounter distance R and the
Kinetic distancer, the static effect takes place espe-
ciadly in caseof steady-state experimentsirrespective
of ground state complex formations, provided there-
actionsarediffusonlimited. From TABLE 1itisob-
served that thevalues of kinetic distancer are higher
than theencounter distance R indl the solventsindi cat-
ing the sphere of action static quenching model agrees
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TABLE 1. Thevaluesof dynamic quenching constant K,
guenching rate parameter k , static quenching constant V
and radiusof thesphereof actionr (kinetic distance)

Didectric ~ Kg, kox10 V. r

Solvent constante M7T MTs' M A
Dioxane 221 13.71 0.89 12.04 16.82
Benzene 2.27 17.86 1.16 10.64 16.23
Toluene 2.38 2084 1.35 9.74 16.21
27.74 1.80 8.12 14.80
Butanol 171 918 “189 '9.35 1547
Methanol 32.6 43.64 2.83 9.20 15.40
Acetonitrile 36.0 60.35 3.92 8.57 15.03

"Data from lifetime measurements: R; = 3.64 A R, = 279 A R = Ry
+ R,=6.43 A 7,=1.54 ns

TABLE 2: The values of mutual diffusion co-efficient D,
distanceparameter R" and 4t N'DR’

Solvent Dxél(f R 4n N D5>;10 ’

cm s A M s

Dioxane 0.98 11.05 0.82
Benzene 1.19 11.40 1.02
Toluene 1.42 10.88 1.17
Butanol 181 10.47 1.43
1.99 10.22 1.54

Methanol 2.54 10.91 2.10
Acetonitrile 3.79 10.02 2.81

well inthiscase. Further, it may aso be noted that a
pogitivedeviationinthe SV plot isexpected when both
static and dynamic quenching occurss multaneoud yt*.

Further, itisinvestigated whether thereactionsare
diffusion limited or not, for that we haveinvoked the
finite sink approximation model for steady-state, and
from thismodel the val ues of mutual diffusion coeffi-
cient D, distance parameter R’ are estimated indepen-
dently. Themodified S-V equationi*®.,

_ _ 2nN')v3
v =(Kg) 4nN Dr. Dr, Q]
where
4nN' DRtk
KO _ 0"a
(Ks) 47N'DR +k ©)

of finitesink approximation modd isused to determine
thevaluesof D, R" and k . For an efficient quenching
process, thevalue of K, often observed to increase
with[Q]*#. Hence, thevaluesof K, weredetermined
at each quencher concentrationin al the solvents. Ac-
cordingto equation (8) thegraphk™_, versug Q] were
plotted asshowninfigure6 and foundto belinear inal
the cases. Using least squarefit method, the val ues of
mutual diffusion coefficient D, andk°_,(S-V constant
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a [Q] =0) weredetermined by measuring the dopes
and intercepts. Thedistance parameter R’ was cal cu-
lated by using these values according to the equation
k° ,=4nN'Dr't andthesevaluesaregivenin TABLE
2. The activation energy controlled rate constant k
[=4nN'Dr/(R/R'-1)] can be determined only when
R'<R.Butinthiscase, itisfoundthat R’ isgreater than
Rinal thesolventsand hencek  cannot be determined.
But according to Joshi et d ., thebimolecular quench-
ing reactions are said to be diffusion limited if
k >47N'DR’, and itisfound to betruein the present
casefor dl the solvents, which confirmsthat thereac-
tionsarediffusonlimited.

Further, it can be observed from TABLE 1 that,
K, increaseswithincreasein dielectric constantse of
the solvents. Thiseffect of dielectric constant suggest
the chargetransfer character in the excited complex.
Thehighvaueof K, inpolar solvents(butanol, methanol
and acetonitrile) and low valuein non-polar solvents
(dioxane, benzene and toluene) can be explained by
thegreater chargetransfer character of theexciplex in
the polar solventg*,

CONCLUSIONS

The specific conclus onsemerged from the present
work are: 1) The Stern-Volmer plotsshow positivede-
viationsleading to high values of kq, 2) Bothgtaticand
dynamic quenching processesarepartly playingarolein
thequenching mechanism, and fromfinites nk approxi-
mation mode itisconcluded that thereactionsarediffu-
sionlimited and 3) Thechargetransfer natureof theex-
cited complexisobserved by theincreaseinK withe.
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