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ABSTRACT

The effect of solvent polarity on fluorescence quenching of 5-methyl-2-
phenylindole by carbontetrachloridein different solvent mixtures of diox-
ane-acetonitrile has been studied at room temperature. The quenching is
found to be appreciable and a positive deviation from linearity was ob-
served in the Stern-Volmer plot in all the solvent mixtures. Analysis of the
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results indicates that the quenching is due to both static and dynamic
processes. Further, it isfound that the Stern-Volmer constant depends on
the dielectric constant of the solvent mixtures, which indicates the charge

transfer character in the excited complex.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Investigations on the photophysical properties of
indoleanditsderivativesareganingincreasnginterest
and the photophysicsof indoledtill remainsauseful sub-
ject to understand the different quenching mechanisms.
Theroleof fluorescence quenching can be studied ex-
perimentally by determining quenching parametersus-
ing Stern-Volmer plots. Inmost of thecases of quench-
ing by CCl, the SV plotswerefound to belinear, in
which, the quenching mechanismismainly dueto dy-
namic process, where diffusion processisadominant
one. Inafew cases, the experimenta resultsshow posi-
tivedeviationfromlinear S-V relation. Thispositive
deviation wasattributed to variousprocesses, likesin-
olet-triplet excitation, formation of chargetransfer com-

plex both at ground and excited states, static and dy-
namic quenching, etc. The quenching of fluorescence
of organic moleculesby carbontetrachloride(CCl,) has
been asubject of continued investigation for thelast
coupl e of decadesto understand the nature of bimo-
lecular reactionstaking place both under steady state
andtransent methods™. Carbontetrachl orideisknown
tobeagood quencher for severd fluorescent molecules.
Thefluorescence properties of indoleand itsderiva-
tives havebeen extensively studied 59, Thisisin part
dueto the occurrence of theindole moiety inthema-
jority of protein. The quenching studiesareableto pro-
vide valuableinformation concerning the exposure of
tryptophanyl residuesand dynamicsof proteinsmatrix
surrounding suchresidues.

Inthe present study, the effect of solvent polarity


mailto:kunabenchi@yahoo.co.in

60 Solvent effect study on fluorescence quenching

MMAIJ, 4(1) April 2008

Full Paper ==

on thefluorescence quenching of 5-methyl-2-phenyl
indole hasbeen studied a roomtemperatureusing CCl,
guencher indifferent mixturesof dioxane and acetoni-
trile. The change of composition of the present solvents
providesagood rangeof solvent polarity ranging from
2.11036.0. Also, it has been studied the dependence
of fluorescence quenching on solvent pol arity at vari-
ousquencher concentrations, which cover thenon-lin-
ear range of the quenching curve.

EXPERIMENTAL

Theindolederivative 5-methyle-2-phenylindolehas
been synthesized in our laboratory and characterized
by using IR, NMR, and Massbaur techniquesfor its
purity. The spectroscopic grade solventsviz., dioxane
and acetonitrile (s.d. Fine ChemicalsLtd.) wereused
without further purification. However, thepurity of the
solventswas checked by the background fluorescence.
Spectroscopic grade CCl, solvent has been used as
guencher and it was doubledistilled before use. The
solutionswere prepared keepi ng the concentration of
solutefixed at 1x10°M/L and varying the concentra-
tion of quencher from 0.00t0 0.10 M/L. Fluorescence
intengtieswererecorded by exciting thesoluteat 320nm
corresponding to longer wavel ength absorption band
by varying the quencher concentration from 0.00 to
0.10 M/L usingfluorescence spectrophotometer (Hitachi
Model F-2000).

RESULTSAND DISCUSSION

The Stern-Volmer plotsfor the quenching of fluo-
rescenceintensitiesof the solute by CCl, quencherin
different solvent mixtureswereplotted accordingto the
Sern-Volmer equation™
I /I=1+K,[Q] 1)
where, | and | arethefluorescenceintensities of the
solutein theabsence and presence of the quencher re-
spectively and K, isthe S-V quenching constant and
[Q] isthequencher concentration. The SV plot (1 /1
against [Q]) asshowninfigure 1 wasfound to benon-
linear, and showing positive deviation. It may be con-
cluded that the quenchingisnot purely collisiona and
may be dueto theformation of either the ground state
complex or static quenching process. But theformation
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of theground sate complex for thissystemisruled out!.
Thus, theandysisof datafor thepositivedeviationin
SV plotswere made using ‘sphere of action’ static
guenchingmode.

According to static quenching modd , theinstanta-
neous or static quenching occurs only when the
guencher moleculeisvery near to, or in contact with
thefluorescent molecul e, just at themoment of itsexci-
tation. Thismodel can be explained by the fact that
only acertainfraction W of theexcited stateisquenched
by the collisional mechanism. Somemoleculesinthe
excited state, thefraction of whichis(1-W), aredeac-
tivated amost instantaneoudy after being excited be-
cause aguencher molecul e happensto be randomly
positioned inthe proximity, at thetime, when themol-
eculesareexcited and interactsvery strongly with them.
Thus, thefraction W decreasesfrom unity in contrast
tothelinear S-V equation. Several modelswereem-
ployed to describethisstatic quenching process, dl lead-
ing to themodified form of the S-V equation*2.

1+K V\s/v [Q] @
k,=4nN'DR + 4R N’ (nD)¥2t V2 ©)

whereN' istheAvogadro’snumber per millimole, Ris
the encounter distance, i.e. the sum of theradii of the
solute (R,) and quencher (RQ) molecules, D isthesum
of thediffusion co-efficient of solute (D) and quencher
(DQ) moleculesandtisthetime. Theretention of the
second term in the equation (3) leadsto an additional
factor W inequation (3). Thisadditiond factor isgiven

by
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Figure 1. Stern-Volmer plotsof I /I against [Q] in differ-
ent solvent mixtur esof dioxaneand acetonitrile
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W =exp(-VIQD

i.elnW=-V[Q] (4)
where, V isthestatic quenching constant and it repre-
sentstheactivevolumedement surrounding theexcited
molecules.

According to Frank and Wawilow!*3 instantaneous
guenching occursin arandomly distributed system,
when aquencher happensto residewithin a“sphere of
action’ withvolumeof V/ N’ andisgiven by
VI N’ = (4/3)mr® (5)
whereristheradiusof sphereof actionand aso called
askineticdistance.

AsW depends on the quencher concentration [ Q]
theS-V plotsfor aquencher withahigh quenching ability
generaly deviatefrom linearity. Thus, equation (2) can
be rewritten ag*61%

[1-(1)]/[Q] =K, (11 )+(1-W)/[Q] (6)

Themodified SV plot of [1-(I/1 )]/[Q] against I/1
isshowninfigure2 and wasfound to belinear. From
thisgraph, itisevident that, theinterceptsare non-zero
and arelarge. The S-V quenching constant K, was
determined in al the cases by least squarefit method
and the quenching rate parameter kq was calculated
using theequation kq =K /1, Wheret isthefluores-
cencelifetimeintheabsenceof quencher. Thevauesof
Ky and kq arecollated in TABLE 1. Theinterceptsof
least squarefit linesof figure2 areequal to (1-W)/[Q).
From these intercepts, the values of W were deter-
mined for each concentration and therangeof W are
givenin TABLE 1. Usingthevauesof W, the static
quenching congtant V and thekinetic distance or radius
of sphereof action ‘r’ were determined accordingto
equations (4) and (5). All these data are collated in
TABLE 1. It is observed that the values of K, are
rather larger relativeto V vaueinamost al themix-
tures, which explainsthelack of the absorption change
on addition of thequencher™. Also, fromTABLE 1itis
seenthat the static quenching congtant V isdifferent for
different solvent mixtures, thisindicatesthat the static
guenching constant V isindependent of solvent polar-
ity, whichwasal so observed by otherg*4.

Inorder to comparetheradiusr of sphereof action
with encounter distanceor reactivedistanceR (i.e. the
sum of theradii of the solute (R,) and quencher mol-
ecules(R ), theradii of the soluteand quencher were
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Figure2: Modified Sern-Volmer plot of (1-1/1 )/[Q] againgt
I/1,indifferent solvent mixturesof dioxaneand acetonitrile

TABLE 1. The Sern-Volmer constant K , quenchingrate
parameter kq, rangeof W, static quenching constant V and
kineticdistance ‘r’

Solvent Dielectric o Range

mixture constant (|\K/|S-\1/ ) m"é?) of (I\)I/ 1) (;&)

(% viv) € W

Dioxane 2.10 5.62 3.64 0.33-0.86 11.95 16.80

20% AN 8.10 28.24 1834 0.66-093 4.3 11.95

40% AN 15.3 43.65 28.34 0.37-0.87 10.60 16.14

60% AN 22.0 70.49 4577 0.66-0.93 4.35 12.00

80% AN 28.6 86.59 56.23 0.81-0.96 2.10 941
Acetonitrile 36.0 10355 67.24 0.75-0.95 3.00 10.60

Rs=3.64 A, Rg=279 A,R=Rs+Ro=6.434,1,=1.54ns

TABLE 2: Thevaluesof K, (steady state quenching con-
stant at [Q] = 0), mutual diffusion co-efficient D, distance
parameter R’, 4rN'DR’.

Solvent Key Dx10° R’ 4rN'DR’x10°
mixture(% viv) (m?) (cm?’s?) (&) (M7sh
Dioxane 6.67 089 6.43 4.33
20% AN 2564 326 6.75 16.64
40% AN 31.25 262 10.24 20.30
60% AN 50.00 556 7.72 32.48
80% AN 66.66 7.86 7.28 43.29
Acetonitrile  76.92 9.03 7.31 49.94

determined and aregiven at the bottom of the TABLE
landfromTABLE 1, itisevident that, thevauesof r
aregreater than the encounter distanceR. Similar re-
sultswereal so obtained for other mol eculesg*49,
According to Andre et al.*, if the distance be-
tween the quencher moleculeand excited moleculelies
between theencounter distance R andthekineticdis-
tancer, the static effect takes place especially in the
case of steadly state experiments, irrespective of ground

—r—,  \lBCromolecules
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state complex formation provided thereactionsarelim-
ited by diffusion. To find out whether thereactionsare
diffusonlimited, wecons dered thefinitesink approxi-
mation model, which hel psto estimateindependently
themutual diffusion coefficient D, distance parameter
R’ andtheactivation energy controlled rate constant k.

Finitesink approximation mode

Themodified Smoluchowski model known asthe
SCK modée proposed by K e zer 2 hasbeen found to
be adequateto explain the experimenta datafor sev-
eral fluorescence quenching reactions. Inthismode,
timedependent rate co-efficient k(t) for diffusonlim-
ited reaction of initialy randomly distributed reactants

isgiven byt218l
k(t) =a+ b exp(c?t) erfc(ct?) @)
-1
where a-k, 1+t | ®
4N RD |
b—ka{1+ T } )

ka D1/2
=1 il
¢ [+4nN'RD] R (10)

Integration of equation (10) betweenthelimits[Q]
() a r—o0and[Q] (R) at r =R provideswell known

expresson

1 1 1

=t — (11)
kg kg ki

where k, = 4nN'DR and k_ is the activation energy
controlled rate constant describing the reaction of en-
countered pairs at areactivedistance R and D isthe
sum of thediffusion co-€fficient of solute and quencher
molecules. Intheequation (11), kq isindependent of
[Q]. But for efficient quenching processinliquids, kq IS
often observed toincreasewith [Q]. Thismight be at-
tributed as discussed aboveto static quenching of sol-
utemoleculeinthevicinity of [Q], transent effectsaris-
ingfromaninitia timedependenceof the concentration
gradient or combination of thesd*.

But, if oneassumesthat only thefirst encounter is
of interest inthe case of efficient fluorescence quench-
ing, aninitial average separation distancer, canbe de-
fined (sink radius), so that, the diffusiveregion of inter-
est for afirst encounter isintherange R<r<r, such that
al subsequent encountersarediminated. Integration of
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theflux equation betweenthelimits[Q](r,) at r,and
[QI(R) a Rleadsto modification of expression (11) as

1 =1_(%0)+i (12)
Kqg ka

kq
Thiseguation reducesto thereaction limited form
(kq =k), bothfor inefficient quenching (k <<k ) and
for quenchingin purequenching solventswhereR=r .
Inthediffusion controlledlimit (k >>k ), equation (12)
reducesto
LY
97 1-R/r,
and kq depends on the quenching concentration through
Iy

(13)

Sincethesink radius(r,) isidentified withthe most
probable nearest neighbor initia separation, theappro-
priatedistribution requiresthat, r =(2rN'[Q])*%. Re-
placingr,inequation (13) andk, by itsvaue (4nN'DR)
and dividing theequation by thefluorescencelifetime of
soluteintheabsence of quencher (t), oneobtainsthe
modified Stern-Volmer relationship ag2®

_ 2nN' )3

KL =(ko 1_(— 1/3 14

s=ks) -2 510 (14)
4xN' DRtk

where Kgy =—— 22 (15)

" 4nN'DR+k,

A plot of kgl against[Q]Y® becomeslinear with
negative sope. Mutual diffusion co-efficient D isac-
cessibledirectly from the sl ope of the graph exempli-
fiedin equation (14) and kg, isobtained at [Q] =0
regardless of the relative magnitudes of k, and k|,
(=4=N'DR), whether quenchingisdiffusionlimited or
not. From kg, , R’ isestimated using*!

K & =4nN'DR't, (16)
whereR’ hasthe samemeaning asinthelong-time SCK
modd 218 andisgiven as,

R’ = R[1+47RDN'/k ™ (17)

Then according to the theory discussed above, if
k >k, thenthereactionsare said to be diffusionlim-
ited49, i e. for R'<R. But, if R’>R, the bimolecular

quenching reactionsof fluorescence quenchingaresaid
to bediffusion limited, if the values of kq determined

Au Tudian Yourual
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Figure 3: Modified Stern-Volmer plot of Kg against
[Q]*?in differ ent solvent mixtur esof dioxaneand acetoni-
trile

Figure4: Plot of Sern-Volmer congtant (K ;) against sol-
vent polarity (g)

from the equation (6) are greater than 4nN’'DR'18,
For efficient quenching process, thevauesof K,
are often observed to increase with [Q]. Hence, the
valuesof K, were determined at each quencher con-
centrationsranging from 0.02t0 0.10 M/L in different
binary mixturesusing K, =[(I,/1)-1]/[Q]. Thegraph
Koy versus[Q]Y® was plotted using the equation (14)
asshowninfigure3andisfoundtobelinearinall the
mixtures. Usingleast squarefit method, thevauesof D
and k2, (SV constant a [ Q] =0) were determined by
measuring the slopes and intercepts. Then, distance
parameter R’ was determined according to equation
(17) usngthevauesof kg, andD. Itisfoundthat R"™>
R, whichindicatesthat activation energy controlledrate
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parameter k  cannot be determined. But, from
TABLES 1 and 2 we can observethat the values of kq
are greater than 4nN'D R’, which indicates that the
reactionsarediffuson limited?s.

The sphere of actionmode holdswell for thissys-
tem and thereactionsarediffusion limited. Thiscon-
firmsthat both static and dynamic processesare partly
playingaroleinquenching*®9. All thedetermined va-

ues,i.e.ky, ,D,R,4nN'DR’ arecollatedin TABLE 2.

Further, fromfigure4itisobservedthat thereisa
regular increasein quenching with solvent polarity i.e.
dielectric constant. Itisworthto notethat thedidectric
constant of themixed solvent isin principledetermined
asan average, but fluorescence quenchingisdetermined
locally. Thismay be attributed to the fact that the sol -
vent molecule composition around the soluteisdiffer-
ent fromthat of thebulk in different solvent mixtureg*®,
Thiseffect of dielectric constant suggeststhe charge
transfer intheexcited sate. Highvaueof K, in aceto-
nitrile compared to dioxane may a so be explained by
the greater chargetransfer of the excited complex in
thepolar solvent2,

CONCLUSIONS

From the above discussion we observe that, (1)
the S-V plotsshow positivedeviation leading to high
valuesof kq, indi cating efficient fluorescence quench-
ing, (2) Sphereof actionmode holdsgoodfor thissys-
temindi cating both Satic and dynamic componentspartly
play arolein quenching, (3) Theincreaseinthevaueof
K, withrespect to ¢ indicatesthe chargetransfer char-
acter intheexcited complex.
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