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important phenols (p-coumaric acid, ferulic acid, thymol, quercetin and galli duced B

o _ ic acid) proceeds through photo induced
electron transfer reaction in aqueous medium at pH 11 and has been studie .

- @ d by luminescence quenching technique.
The complex shows absorption and emission maximum at 450 and 625 nm in aqueous medium. The reductive

| 2+ .
quenching of [Ru(bpy)s]”" by phenolate ions has been confirmed from the transient absorption spectrum. The
quenching rate constant, (ky) is highly sensitive to the active phenolate ions present in the quenchers. Structural

vood . effects seem 10 play an important role in the photo induced electron transfer reactions of the complex and the
quencher in aqueous medium.

of a | Keywords: Luminescence quenching; Stern-Volmer equation; photo induced electron transfer; structural eftects
NO.3, |
Introduction
mber '

Luminescence quenching is an 1mportant technique used | to obtain jac,lequ.ate.
- f information about structure and dynamics of luminescent molecules. It 1s a' proces:s, in wh;ch

I the luminescence intensity of the solute decreases by a variety of molecular interactions Suc 1a,s
molecular rearrangements, €Ncrgy transfer, ground-state compieX

11 The conversion of phenol to phenoxyl racziical is of
L gically important processes 2] The one

te to the resulting phenoxyl radical is a key step in the oxidation
. and thermodynamic aspects of electron transfer to generate
i the ortho- and para- positions may help to

S I S

excited state reactions,

formation and collision-quenching '

' 1S ] 1010
interest to chemists because of its involvement 1n b

electron oxidation of phenola

of phenols. The study of the kinet |
phenoxyl radicals bearing bulky group; 11116nolS
understand the different biological roles of pneno.

S 6
cs of transition metal complexes contazimng d
polypyridyl complexes ([RuNN)3]™), havg

- S1
The photochemistry and photophy D -
n water splitting photoanodes ™, moleculg L

on of light-drive
5] artificial pho

electronic configuration, part

attracted the chemists in the desl 3
probes [4], construction of solar c€
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. . i (p-coumaric acid, ek TR ,
~ RuCL.3H0, ligand (2, 2°- bipyridine) and the qugnchers coumariC acid; {CEs SR
*&éms hymol, gallic acid, quercetin) were purchased from Sigma- Aldrich. HPLC grade solv nts . B e
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~ were used throughout the study for the synthesis of complex as well as for quenching studies,
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______ The complex, [Ru(bpy);]Cl, was synthesized according to the procedure previously g

described”.

: - 1
Samples of the complex, [Ru(bpy)3]2+ as well as the quenchers in aqueous medium E
: a

were freshly prepared for each measurement. Absorption spectra were measured using
SYSTRONICS 2203 double beam spectrophotometer. Emission spectra were recorded using
JASCO FP-6300 spectrofluorometer. All the spectral measurements were carried out at 298 K.
Excited state lifetime and transient absorption measurements were made with laser flash
photolysis technique using an Applied Photophysics SP-Quanta Ray GCR-2(10) Nd:YAG laser
as the excitation source. Transient spectra were obtained by a point-to-point technique,

monitoring the absorbance changes (AA) after the flash at intervals of 10 nm over the spectral
range 300-700 nm, averaging at least 30 decays at each wavelength.

The structure of the ligand and the quenchers used in the present study are shown 3 Rest
in Fig. 1. Phenolate ions for the quenching studies were prepared by mixing the corresponding '
phenol with NaOH and the pH of the solution was maintained at 11 to confirm the existence of
quenchers as phenolate ion. The photochemical reduction of [Ru(bpy)s]*" complex with these
phenolate ions has been studied by the luminescence quenching technique. The sample -
solutions were purged carefully with dry nitrogen for 30 min. The luminescence measureménts e

COITES]

(Fig. 2) were performed at different quencher concentration and the quenching rate constants, el'e S
kq, Were determined from Stern-Volmer plots (Fig. 3) using the equation given below .. (ligan
mediu

Iy/ I=1+ kg7 [Q] 614 ns

Where.lo and / :'flre. the emission intensities in the absence and presence of quencher respectively
and 7, is the emission lifetime of [Ru(bpy);]*" in the absence of quencher.
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Fig. 1 Structure of the ligand and the quenchers

3 Results and Discussion

The absorption spectrum of [Ru(bpy);]”" shows a high energy absorption at 286 nm

! corresponding to the ligand centered © — 7* transition and a low energy absorption at'450 nm
metal to ligand charge transfer (MLCT) transition. The MLCT involves

electronic excitation from the metal orbital [dn (Ru)] to the ligand centred acceptor‘n* orbitals
5 (ligand). The [Ru(bpy);:,]2+ complex shows an emission maximum at 625 nm In aqueous

; | ] H11l1i
medium. The excited state life time of the [Em(bpy)ﬂ2 complex in aqueous medium at p S

614 ns.
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0.0012

0.0006 0.0008 0.0010

[Q], M
Fig. 3 Stern-Volmer plot for the reductive quenching of *[Ru(bpy)s

0.0002 0.0004

*" with p-coumaric acid in

aqueous medium at pH 11

The experimental bimolecular quenching rate constant (kq) of *[Ru(bpy)s;]*" complex in

aqueous medium at pH 11 are shown in Table 1. The &, values for gallic acid, quercetin and

thymol are 8.8 x 10°, 6.3 x 10” and 2.9 x 10° M s respectively, whereas ferulic acid and p-
coumaric acid records 1.7 x 10°, 5.7 x 10° M s”". For the sake of comparison of the substituent
effect of the polyphenols with [Ru(bpy);]°" complex, this luminescent study has done with
phenol also and the results are discussed here. Phenol shows least k, of 4.6 x 10° M s™'. The
availability of phenolate ions is more with respect to gallic acid due to the presence of three
phenolic —OH groups, acts as an efficient quencher compared to the other polyphenols taken in
t pharmacophores, the catechol group (ring B) and

the present study. Quercetin has two differen
the benzo-y-pyrone derivative (ring A and C), of which the catechol moiety is the most reactive
one where deprotonation occurs easily ', Steric hindrance exerted by the benzo-y-pyrone

den-vatlv.e at para- position of the ring B reduces its quenching efficiency when compared to
gallic acid. The quenching efficiency of thymol is somewhat lower than quercetin, due to the
presence of one phenolic ~OH and the isopropyl group at the ortho- position of phenol exerting

a slight steric hindrance there by reducing the quenching rate constant.

The hydroxyl derivatives of cinnamic acid (p-coumaric acid and ferulic acid) show the
smallest k, values. The -CH=CH-COOH chain at the para- position of phenol has electron
acceptor properties and the stabilization of the resulting phenolate ion might be increased by
electron delocalization. Hence the availability of phenolate ion is much less in p-coumaric acid
al:ld terulic acid thus reduces the quenching rate constant. The kq of ferulic acid is somewhat
higher than p-coumaric acid due to the presence of electron-releasing methoxy group in the

ortho- position of the phenol. Here the nature of the substituent in the ortho- and para-

positions of phenols affects the .
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complex by the phenolate ions k

The reductive quenching of *[Ru(bpy)s]**
confirmed from the transient absorption spectrum.
absorption spectra of [Ru(bpy);]*" complex with 0.0008 M gallic acid confirms Pl
gallate radical and [Ru(bpy);]” as transient species (Fig, 4). 'Thus, the present stu &8

the reductive quenching of *[Ru(bpy),]*' complex with phenolate ions.

0.012 =

450 500 550 600

Wavelength, nm
spectrum of [Ru(bpy)3]2+ complex at 100 ns after 355 nm laser fl

e oo 0.0008 M gallic acid in aqueous medium at pH 11

photolysis in the presence of
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n be discussed by a common mechanism
to form the encounter complex at the

occurs in this association complex

d pair of radicals or radical ions. The
the redox products or undergo back

The behavior of these redox systems ¢d
depicted 1n Scheme 1. The reactants diffuse together
closest distance of approach. The electron transfer
[*RU(NN)32+ .. ArO7] resulting in the formation of a C'age
radical ions either escape from the solvent cage to g1ve
electron transfer to the formation of the original reactants.

4., Conclusion ' |
The present study clearly establishes the luminescence quenching of *[Ru(bpy),]™

complex with the polyphenols in aqueous medium at pH 11. The kq depends on the availability
of phenolate 10ns and the nature of the substituent present in the ortho- and para- positions of
the polyphenols. Gallic acid behaves as an efficient quencher compared to that of the other
polyphenols due to the availability of more number of phenolate ions. The detection of gallate
radical and [Ru(bpy)s:]” as transient in the transient absorption spectra confirms the electron
transfer nature of the reaction. This study confirms the structural effect on the electron transfer

reactions of biologically important phenolate ions with the excited state *[Ru(bpy)3]2+ complex.
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