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Abstract

The binding interaction of the ruthenium polypyridyl
complex with para - quinones have been studied by
absorption spectral technique. The metal complex
shows an absorption maximum of 451 nm and and the
emission maximum of the complex is 595 nm in Triton
X-100 medium. The binding constant (K,) of the
complex is determined from the Benesi-Hildebrand
equation using the absorption intensity data. Structural
effect plays an important role in the binding of the
quinones with the complexes.
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Introduction

The photochemistry of organic and inorganic metal
complexes has been an active area of research for
many years. The monographs of Balzani and Carassitti
on the photochemistry of coordination compounds [1]
show that transition metal complexes are capable of
utilizing visible light to engage organic molecules in
redox chemistry. Of these, ruthenium polypyridyl
complexes have been thoroughly studied for the past
30 years, due to their remarkable stability and
photophysical properties [2]. Extensive work have
been done after the discovery of the luminescence of
[Ru(bpy)s]**(bpy- bipyridyl) in 1959 by Paris and
Brandt [3]. These complexes have potential application
in the development of electron and energy transfer,
luminescence and solar energy conversion [4-6]. These
luminescent complexes have applications such as
photocatalyst [7-9], sensors for biomolecules [10-12],
phototherapeutic agents [13, 14]

Quinones are important molecules in biological
electron transport. They have very high toxicological
and pharmacological effects. In order to understand the
electron transfer properties of quinones, several
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photosensitizers have been designed. Quinones possess
favorable redox potentials and can be converted to
stable reduction products in a stepwise manner. Many
attempts have been made in recent years to design and
synthesize molecules to mimic important light driven
process, photosystem Il [15-19]. A wide range of
functions are performed by the biological membranes
and membrane proteins. These have motivated
researchers to look for simple model systems [20]. The
typical examples of such membranes biometric models
are micelles. Micelles are organized assemblies of
surfactants in aqueous solvents. The structures of
micelles depend on the structure of the surfactant
molecule, the concentration of the surfactant, additives
and the temperature of the solution. The organized
media like micelles are well documented as a novel
environment for photochemical conversion as these
miccllar systems can promote ET from electron donor
to acceptor by concentrating them In this work a
comprehensive study was carried out to understand the
binding interaction of [Ru(bpy)s]*‘complex with p-
quinones in neutral micellar medium by using
absorption spectral techniques.

Material and Methods

The ligand 2,2'- bipyridine, and RuCl;.3H,0 were
purchased from Sigma Aldrich. All the quenchers used
in the present study were procured from Sigma Aldrich
and were used as such without purification. The
surfactant namely Triton X-100 was procured from
Merck. The solvents namely acetonitrile was
purchased from Merck. The quenching studies were
carried out using double distilled deionized water.
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Absorption and Emission spectral measurements

The absorption spectra of the metal complex in
aqueous and Triton X-100 media were recorded using
SYSTRONICS 2203 double beam spectrometer.
Emission spectral measurements were carried out
using JASCO-FP 8900 spectrofluorometer. Freshly
prepared sample solutions of the metal complexes and
quenchers were used for each measurement. All the
sample solutions used for the emission measurements
were deaerated for 30 min with dry nitrogen gas
purging keeping the solution in cold water to ensure
that there was no change in the volume of the solution.

Transient absorption measurements and excited
state lifetime

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. The time dependence of
the luminescence decay was observed using a Czerny-
Turner monochromator with a stepper motor control
and a Hamamatsu R-928 photomultiplier tube. The
production of the excited state on exposure to 355 nm
was measured by monitoring (pulse Xenon lamp of
250W) the absorbance change.

Synthesis of Tris (2,2'- bipyridine) Ruthenium (I1)
Chloride, [Ru(bpy)s]Cl,

RuCl; 3H,0 (0.5g) and 2, 2'- bipyridine (0.6g) were
dissolved in 25 ml of ethanol and the solution was
refluxed for 20 hours. The resultant orange red
complex formed remained in the ethanol solution. The
crude product was purified on a silica gel column
using n-propanol as eluent. The pure complex was
recovered after subsequent evaporation. The
absorption maximum (Agps ) and emission maximum
(Rem™™) of the complex in acetonitrile are 448 nm and
596 nm respectively. These values were in agreement
with the reported values [21].

The binding of [Ru(bpy)s]** with various
concentrations (4 x10° — 2.8 x107 M) of quinones
have been studied by absorption spectral techniques.
The binding constant (Ky) of the [Ru(bpy)s]** complex
with quinones were determined from Benesi-
Hildebrand equation [22] using absorption intensity
data .

1/AA = 1/K,, A [H] +1/A¢ [Q]

Where AA is the change in the absorption of the
complex with various concentrations of (AG) of the
quinones. The plot of 1/AA versus 1/[Q] gives a
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straight line and the binding constant K, is calculated
from the ratio of y intercept to the slope of the straight
line.

Results and Discussion
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Figure 1. Structure of the Quenchers

(a)1,4-benzoquinone  (b) 2-chloro-1,4-benzoquinone (¢) 2,6-
dimethyl-1,4-benzoquinone (d) 2-methyl-1,4-benzoquinone
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Figure 2.Absorption spectrum of [Ru(bpy)s]** in Triton X-100
medium

Table 1. Photophysical properties of [Ru(bpy)s]* complex

Absorption Emission
maxima (nm) . Lifetime (ns)
maxima (nm)
Complex . _ _
AQUEOUS Triton AQUEOUS Triton AQUEOUS Triton
g x-100|"d x-100[" X-100
[RUOPY):ll 448 | 451 | 596 | 595 | 650 | 600

The structure of the ligand and the quenchers used for
the present study are shown in figure 1. The electronic
absorption spectrum of [Ru(bpy)s]** in Triton X-100
medium is shown in  Figure 2. The bands at 285 nm
is due to the m—m* transition. The two intense bands
at 240 nm and 450 nm have been assigned to MLCT
d—r* transition. The two shoulders at 322 nm and
344 nm might to due to MC d —d transition. The
photophysical properties of [Ru(bpy)s]** arise from the
population of MLCT state. Triton X-100 is a neutral
micelle with CMC = 0.32 mM. The addition of neutral
surfactant to the complex resulted in red shift to the
tune of 3 nm at the absorption maximum.
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Figure 3. Emission spectrum of complex in aqueous and Triton X-
100 medium.

The complex [Ru(bpy)s]** has the emission maximum
at 596 nm in aqueous medium. Figure 3 shows the
emission spectrum of the complex in aqueous and
Triton X — 100 medium. This long lived excited state
of [Ru(bpy)s]** can transfer its energy to another
molecule (a quencher), either by electron transfer or
energy transfer. The absorption spectral studies of the
[Ru(bpy)s]** complex with the incremental addition of
1,4-benzoquinone, in Triton X-100 medium are shown
in figure 4. There is no shift in the MLCT absorption
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maximum of [Ru(bpy)s]*>* complex with the addition
of 1,4-benzoquinone. This shows the dynamic nature
of quenching of the complex in the present
experimental condition.
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Figure 4. Electronic absorption spectra of [Ru(bpy)s]** with

incremental concentration of 2-methyl-1,4-benzoquinone in Triton
X-100 medium
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Figure 5. Benesi-Hildebrand plot on MLCT absorption of
*[Ru(bpy)s]*complex with incremental addition of 1,4-
benzoquinone in Triton X-100

The binding constant of [Ru(bpy)s]** complex with the
quinones in Triton X-100 medium calculated form
Benesi-Hildebrand) plot (figure. 5) are shown in Table
2. The K, obtained for the quenchers with
[Ru(bpy)s]** complex are in the order 10° — 10* M™ ™.
The first order rate constant (k.g) Vvalues for the
quinones in Triton X — 100 are in the order 10°-10s™.

Table 2. Binding constant, K, (M™) from absorption spectral data for
the quinones with [Ru(bpy)s]** in Triton X — 100 medium
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Quinones

Binding
constant, K,
(MY
2.264 x10*
5.59 x10*

6.738 x 10°
9.13x 10*

2- chloro-1,4-benzoquinone
1,4- benzoquinone

2-methyl -1,4 - benzoquinone
2,6 - dimethyl -1,4-
benzoquinone

The results clearly indicate the hydrophobic interaction
of Ru(ll) polypyridyl complex. Photoluminescence
studies have shown that the binding between
[Ru(bpy)s]** and Triton X-100 micelles is probably
Vander Waals or hydrophobic in nature. Therefore,
binding is by competition between water and the
micelles for solvation of the complexes [22]. In Triton
X-100, the central micelle core is relatively dry and
consists of the phenyl groups and the aliphatic chain.
The remainder of the micelle is relatively wet outer
sheath of partially hydrated polar ethoxy units.
Binding of the sensitizers occurs predominantly at the
interface of the dry core and the wet ethoxy region of
the micelle.

The ground state interaction between the quinones and
the bipyridine ring of [Ru(bpy)s]** complexes are
hydrophobic and m —stacking in nature. m-m stacking
interactions exist between the ligands of the Ru(ll)
complex and the quinones, so the binding also
becomes stronger. Binding occurs in the LC and in the
MLCT absorption maximum of the complex in the
ground state. The K, calculated for the quinones shows
that, the [Ru(bpy)s]®* complex bind strongly to 2,6-
dimethyl-1,4-benzoquinone than the other quinones.
This shows that binding increases with the size of the
quinones.

Conclusion

In this work, an attempt was made was carried out to
the binding interaction of [Ru(bpy)s]**complex with p-
quinones in Triton X-100 medium by using
absorption spectral techniques. The binding constants
were calculated using Benesi — Hildebrand plot. The
experimental results show that the binding of the
[Ru(bpy)s]**complex with p-quinones ~depend on the
size of the ligand as well as the quinones. The binding
of [Ru(bpy)s]*‘complex  with 2,6-dimethyl -1,4-
benzoquinone shows a high value of binding constant
9.13 x10* M™which shows that this interaction is
stronger than the other quinones. This may be
attributed due to the bulkiness of the quinones.
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