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Abstract

The Camphor sulphonic acid doped polyaniline (CSA-PANi)is synthesized by
chemical polymerization method and then characterized by using UV-Visible and FTIR.
The surface morphology is studied by SEM and AFM techniques. The degree of
crystallinity of PANiis studied by XRD and redox behaviour by cyclic voltametry. Thermal
stability of the doped polymer is investigated by TGA and DSC. The fluorescence
emission spectra of CSA-PANiare investigated in different solvents such as dimethyl
formamide(DMF), dimethyl sulphoxide (DMSO) and N-methyl-2-pyrrolidone (NMP).
The fluorescence intensity decreases with increase of solvent polarity. A fluorescence
study reveals that the nature (blue or red shift) and amount of the shifts of PANi depends
on the solvents used. The significance of present study evolves a trend in solvatochromic
shifts of PANi in different solvents.

Keywords: Conducting Polymer; PANi; Dipole Moment; Fluorescence; Stokes Shift;
Solvatochromic Shift.

Introduction

Conducting polymers were considered as the futuristic new materials that would
lead to the next generation of electronics and optoelectronics devices. Among all
conducting polymers PANi and its derivatives have attracted much attention worldwide
because of chemical stability, simple preparation and high conductivity, low ionization
potential, high electron affinity and the ability to be oxidized or reduced more
reversibly than conventional polymer [1-3]. PANi has extended m-electron
delocalization, which is responsible forfluorescence emission and it is a fluorescent
conjugated polymer. The photoluminescence of PANiemeraldine salt was reported by
Gong etal [4]. The extended conjugation also leads to intermolecular hydrogen bonds
between the amine and imine group of the adjacent chain and pi stacking. Hence the
polymer chain becomes rigid which induces insolubility and infusibility to the polymer
chain. The processability of PANi can be improved by using functionalized dopants
like CSA or DBSA which was first reported by Cao. et al [5]. The bulky dopants will
reduce the mutual aggregation by increasing the solubility of PANisalt in non-polar
and weakly polar solvent.

In recent years considerable effort has been made to design and to synthesize
functional molecule that could serve as sensitive sensors for the analytical detection of
chemically and biologically important ionic species. Fluorescence sensors have received
a considerable attention for their potential applications to biochemical and medical
analysis. The effect of solvents on spectral properties of molecules generally referred as
solvatochromism has been investigated [6]. The study of solvent effects on fluorophore
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has been the intensive area of research in recent years. 700, A
Suming Chen et.al. Have studied the effect of local environment ]
the fluorescent probe tyrosine under denaturation conditions 507 DMF-EXCITATION
[7]. Photophysical properties like Stokes shift and quantum 500+
yield are the subject of intensive investigation which have 2 w0l
considerable importance in the photophysics and ‘E w00
photochemistry. Fluorescenceemission of a molecule is b ]
sensitive to environment and solvent polarity which are of 2001
significant interest due to their versatile applications in 100+
chemistry, biology and environmental science [8]. ol
PANi doped with CSA was synthesized by chemical %0 3o 30 % o a0 a0
oxidation method and characterized by different techniques Wavelength(nm)
which are reported earlier. In this paper we focus on the
investigation of Fluorescence studies of CSA-PANi in different 600
solvents which sheds some light on the effect of polarity on DMF-Emmision B
the fluorescence spectra. 500
Materials and methods T w0
Al chemicals and solvents used for synthesis and g
fluorescence measurements were of analytical grade and £ 3004
used as received.
Fluorescence measurements were done using Elico SL174 2001
Spectro photometer equipped with a Xenon arc lamp. The slit
width for excitation and emission were fixed at 5 nm. All 100+— L o o P o
measurements were made using 1 cm Quartz Cuvette at room Wavelengfh(nm)
temperature.
Polymer Solution Preparation - -
5.0 ppm Polymer solution was prepared by dissolving 5.0 DMISO-Bxcitation
mg CSA- PANi in1000 ml of solvents. 200
Fluorescence Measurement Ry
The effect of solvent polarity on the fluorescence of CSA- g
PANi solution was investigated using fixed concentration of £ %7
PANi in different solvents of different polarities (viz.DMF,
NMP and DMSO. The emission spectra of CSA-PANi are %1
measured in polar solvents of different polarity at room temp. .
Spectroscopic data such as absorption, and emission i
wavelength, fluorescence intensity and stokes shift are shown 280 300 320 340 360 380 400 420 440
in the Table.1 Wavelength (nm)
Dipole | Excitation . Emission .
Solvent | moment | wavelength Int(/e-\nsny wavelength Int(/e_\nsny ﬁ.tfct:kes . . D
(Debye) (nm) ( U) (nm) ( U) shi (nm) b DMSO-Emmision
120
DMF | 127 378 674.08 409 486 31 )
DMSO | 135 379 253 408 212 | 29 z ]
NMP | 136 374 390.42 418 112 37 %‘ 80
(<] E
Table 1: Dipole moment, Excitation wavelength, Emission E 60.
wavelength and Stokes shift of CSA- PANi in different solvents. ]
40
The emission spectra of the polymers solutions were ]
mirror images of the excitation spectra as shown in the 20 —
figure-1 400 420 440 460 480 500
Wavelength (nm)
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Figure 1. Fluoroscence excitation and emission of CSA-PAN; in different
solvents

A and B Excitation & Emission spectra of CSA-PANi in solvent DMF
respectively.
C and D Excitation & Emission spectra of CSA-PANi in solvent
DMSO respectively.
E and F Excitation & Emission spectra of CSA-PANi in solvent NMP
respectively

Results and Discussion

A variety of environmental factors affect fluorescence
emission, including solvent polarity, inorganic and organic
compounds, temperature, pH, and the localized concentration
of the fluorescent species. The high degree of sensitivity in
fluorescence is primarily due to interactions that occur in the
local environment during the excited state lifetime. A
fluorophore can be considered an entirely different molecule
in the excited state (than in the ground state), and thus will
display an alternate set of properties in regard to interactions
with the environment.Polar solvent molecules surrounding
fluorophore interact with the dipole moment of the
fluorophore to yield an ordered distribution of solvent
molecules around the fluorophore?.

The fluorescence emission CSA-PANi occurs in the range
from 409 nm to 411 nm with maximum emission at 418 nm in
DMSO [10]. The fluorescence emission spectra are shown in
the figure 1.The emission peak of the compound exhibit a
gradual shift from DMF to NMP.

From the table it is observed that as the polarity of the
solvent increases, there is a spectral shift which increases with
increase in the polarity of the solvent as shown in the figure-2.
The emission peak wavelength of CSA-PANi in DMF is 409 nm

but in DMSO it is 418 nm. This shift could be explained using
solvent relaxation as shown in the figure-2.

Internal conversion and Vibratona
el on

Figure 2. Schematics of solvent relaxation.
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Figure 3. Fluorophore —solute excited state interactions10

Fluoropore - Solvent Interactions

In a polymer solution, the fluorophore in the ground state
is surrounded by polar solvent molecules having dipole
moments that can interact with the dipole moment of the
fluorophore to yield an ordered distribution of solvent
molecules around the fluorophore [11]. By the absorption of
energy fluorophore is excited to higher energy level and there
will be change in the dipole moment which ultimately induces
a rearrangement or reorientation of surrounding solvent
molecules around the fluorophore which lowers the energy of
excited state of fluorophore. This is called solvent relaxation.
Solvent molecules will reduce the energy gap between the
ground state and excited state of the fluorophore which
results in red shift or Bathochromic shift of the fluorescence
emission. Increasing the solvent polarity produces a
correspondingly larger reduction in the energy level of the
excited state [12]. Fluorescent molecules have larger dipole
moment in excited state than in the ground state. Therefore
different solvents having different polarity may differently
affect the energies of ground state and excited state for a
molecule. In non-polar solvent like xylene the excited state of
the fluorophore is not stabilized and the energy gap between
the ground state and excited state of the molecule increases.
Thus the emission peaks are shifted to shorter wavelength or
blue shift is observed [13].

The Solubility of CSA-PANi is found to be dependent on
the polarity of the solvent. The solubility is high in the highly
polar solvents selected and decreases as the polarity of the
solvent decreases.
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