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Abstract:

Polyaniline doped with p-toluene Sulphonic acid PAni-PTSAwas synthesized by using a new
oxidative chemical polymerization method. The polymer solution deposited on, glass and
Aluminum substrate by spin coating technique.Fourier Transform Infrared (FTIR) spectra, and
ultraviolet visibility (uv- vis. absorption) spectra, were used to characterize the molecular structures
of PANi-PTSA and electronic translation of polymer . The optical analyses indicated that the
transition was direct transition with energy gape about 2.5eV. The electrical properties were
measured by two probe method. The conductivity values of this polymer is about(8*10* S/cm).
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Introduction

Poly aniline (PAni) , occupies the most important place among the conducting class of
polymers[1]. It has attracted great attention in the field of active materials for solar cell
applications such as in organic light emitting diodes (OLEDs) [2], field-effect transistors (OFETS)
[3] and solar cells [4-6], gas sensor [7,8] and Protection against corrosion[9]

Polyaniline is a typical phenyl based polymer having chemically flexible-NH-group in the
polymer chain flanked by phenyl ring an either side[10].It represents a class of macro molecules
whose electrical conductivity can by varied from insulator to conductor by the redox
process[11].The conducting state of polyaniline is easily obtained by simple protonation by reacting
with acids and the process is also reversible. The availability of wide rang of dopant such as.
Mineral, carboxylic and sulfonic acids make the polyaniline chemistry much more interesting for
controlling the various properties such as solubility,soild state ,ordering, micro and nano-sized
materials etc[12,13]. Recently, polyaniline PAni (prepared by chemical method) is dissolve in
water or organic solvent and then used as hole injection layer on fabrication organic solar
cells[14,15].

In the present work , (PANi) doped with-toluene Sulphonic acid PAni-PTSA.was synthesized
by chemical method .This polymer characterized by (FTIR) spectra and ultraviolet visibility(UV-
VIS) absorption spectra. The optical and electrical properties were studied.,
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Experimental
Syntheses of PANi-PTSA

polyaniline was synthesized by the oxidation polymerization of aniline in acidic media. Using a
method similar to the reported by (M.Jayakannan (2006)[16].

The polymerisation was initiated by the drop wise addition of the oxidizing agent (NH4)2SO4 in
an acidified solution (Para-Toluene sulphonic acid (PTSA)) under constant stirring at (0-5 °C) .
(PTSA) was prepared from dissolving 28.5gm of Para-Toluene Tosyl chloride in 15ml of distilled
water. The mixture was heated up to 90 °C for 3.5 hr, then condensed and dried by oven at
temperature 50 °C. The melting point of (PTSA) was measured and it was found to be (103-106) °
C. The monomer to oxidizing agent ratio was kept as (1:1). After complete addition of the oxidize
agent the reaction mixture was kept under constant stirring for 24hr’s . Precipitated polymer was
filtered and washed with distilled water until the filtrate was colorless. Finally, the polymer was
dried in oven at 70 °C for 12 hr .

Thin films preparation

After the syntheses(PAni) by chemical oxidation method . (PAni) powder was added to formic
acid solvent and mixed under constant stirring at room temperature. After completion the mixing
process, the polymer was filtered under vacuum, Then the mixture was deposited on another glass
for measured optical properties or Aluminum for electrical properties ,using spin coating method.
The spin speeds in the range (1000-5000) rpm and spin time of 60 sec. Thin films were then placed
on a hotplate with temperature of 90°C for a period of 15 min for drying substrates. The thickness
of the obtained (PANi-PTSA) films is found to be 15um for structure glass/polymer for optical
properties. The thickness for electrical properties about ( ~ 50um) and area (0.0314 m2) for
stracture AL/polymer/AL .

Results and Discussion

The preparation PAnNi-PTSA powder was characterized by (FTIR) spectroscopy kind
Unicam Spectrophotometer (Sp3-3005 ) .ThisFTIR spectrum is record of the absorption of
electromagnetic radiation by the sample in the range 4000 to 400 cm-1 .

The absorption of infrared radiation results in changes in the amplitude of vibration of
various parts of an organic molecule . Each band in the spectrum results from the absorption of
radiation of a specific frequency which excites a particular bond or group of bonds in the molecule
causing the atom, to vibrate with respect to each other . Most of the important peaks in infrared
spectra result from changes in the frequencies of the bond stretching or bonding . The amount of
energy required to excite the stretching and bonding modes depends upon the strength of the bond
and the masses of the atoms attached to the bond.

Figures (1&2) show the presence of the expected functional groups of PAni doped with PTSA and
undated PAni were tabulated at Table 1. For example the band at 3463cm-1 related to hydrogen
bonding (NH). The two bands appeared at 1569cm-1, and1475cm-1 corresponding to the stretching
vibration of the quinoid and benzenoid ring, respectively. The bands at (1310cm-1) can be assigned
to the (C-N) mode. The band appearing at(810 cm-1, was attributed to an out of plane (C-H)
vibration of quinoid rings.

The effect of PTSA doping with PTSA on the FT-IR spectrum ( Figure (1)) show the same
spectrum of undoped PAni ( figure (2)) except decrease the intensity of Hydrogen bonding (-NH
group) at (3300 cm-1) which converted to salt (-N+H2CH3phSO3) [17]. The group of PAnI
agreement with [ 17-19 ].
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Table (1): The location of the most important peaks of (FTIR) spectrum Of doped and
undoped PAnI

. 3 C=C C=C
e T on oo [ co | ot [ dis | acam
cm™ cm? cm?

ATLPTSA 810 ] 1132 1301 1569 1475
undoped 831 ) 1303 1587 1500

PAnNI

1583 1500

Ref.[18] ) ) 1250 o oo
Ref.[17] 805 ; 1299 1572 1485
Ref.[19] 783 1744 1308 1599 1503

The absorption coefficients (o) have been estimated after correction for the reflection
losses. The absorption coefficient is given by [20,21].

(2.303) A

where d is the thickness of the sample and A’ is the absorption after correction which can be
estimated as:

'=A-A0
where A is the absorbance ,Aq is the correction for the reflection.

The absorption coefficient was estimated after correcting for reflection losses[ 20 ]. Fig .(3)
show the absorption coefficient(a) as a function of photon energy ,hv, . The absorption data
were analyzed for evidence of inter band transition in fundamental absorption region. The
data was fitted to one-electron theory of Bardeen et al [22] in order to obtained information
about the direct and in direct band gap. For high absorption coefficient & > 10* that refer to
direct transition[22-23 ].

The optical band gap energy (EQg) is determined using the fundamental law[22] .

Where a is the absorption coefficient, (hv) is photon energy, A is a proportionality constant,
and (n=1/2) for direct transitions and n=2 for indirect allowed transition.

The optical band gap energy (Eg) can be determined by plotting (ozhv)2 versus (hv) as shown
in fig. (4) . The plot of( hv a)? agent hv yields a straight line ,for value of a>10* which
show good fit with eq(2) , extrapolation of the straight line to
(ahv)® =0 gives the direct energy gap The allowed direct transition optical gap is found about
2.5 eV for the (PANi-PTSA) films. That is argument with [17]

Fig(5) shows current —voltage characteristic of AL/Polymer /AL device at room
temperature.The figure. shows ohmic behavior dominant at voltage rang (2 — 10)V
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(2<V<10) . At a high voltage larger than 10V (V> 10 )V The current deviate than ohmic
law,(I=KV") Where K and n are constant ,one of that mechanism of charge transport, space
charge limited conduction SCLC[24] . The electrical conductivity at ohm law 2<V<10 about
8x10* S/cm .

Conclusions

1- PAnIi-PTSA, was characterize by FTIR spectrophotometer and the result agreement with
other research.

2- the energy gap of material about 2.5 eV

4- current -voltage characteristic of AL/PANi-PTSA/AL show ohmic behavior at voltage between
2 V and 10V ( 2<V<10) with electrical conductivity about 8x10™* S/cm?

References

[1] -Milind V.Kulkarni, Annamraju Kasi viswanath, U.P.Mulik. "Studies on chemically
synthesized organic acid doped poly(o-toluidine)”. India (2005)P 1-5.

[2] Burn, Paul L., Lo, Shih-Chun and Samuel, Ifor D.W. "The development of light-emitting
dendrimers for displays”. Advanced Materials; (2007);19: 1 p 675-688.

[3] S. Nam, J. Jang, K. Kim, W. M. Yun, D. S. Chung, J. Hwang, O. K. Kwon, T. Chang and
C. E. Park. "Solvent-free solution processed passivation layer for improved long-term
stability of organic field-effect transistors™; Journal of Materials Chemistry 2011; 21: p
775-780.

[4] Kareema M. Ziadan H.F.Hussain,R A, Talib and A.K. Hassan"Synthesis and
characterization of (Pani/n-si)solar cell " ; Energy procedia(2011)p(85-91)

[5] E.L. Williams, G.E. Jabbour, Q. Wang, S.E. Shaheen, D.S. Ginley, E.A. Schiff.
"Conducting polymer and hydrogenated amorphous silicon hybrid solar cell”; Appl. Phys.
Lett. 2005; 87:p 1-3.

[6] Vignesh Gowrishankar, Shawn R. Scully, Michael D. McGehee, QiWang, Howard M.
Branz. "Exciton splitting and carrier transport across the amorphous-silicon/ polymer
solar cell interface"; Appl. Phys. Lett.2006; 89: 252102.

[6] E.A. Schiff, A.R. Middya, J. Lyou, N. Kopidakis, S. Rane, P. Rao, Q. Yuan, and K. Zhu,
A.R. Middya, ; "Electroabsorption and Transport Measurements and Modeling Research
in Amorphous Silicon Solar Cells"; Final Technical Report 24 March 1998—15 August
2002 (National Technical Information Service, Document DE2003;p1500360.

[7] Pawarl S. G, M. A. Chougule, Shashwati Sen, V. B. Patil,"Development of
nanostructured  polyaniline-titanium dioxidegas  sensorsfor  ammonia

recognition™;,Journal of Applied Polymer Science 1022: (,2012)p 1418-1424
[8] Raong A. Talib. "preparation of conducing polymr (PAni) by chemical method, Study
some of physicalproprtis and its application as ammonia gas sensor".MSc Thesis,
(2009) Basrah  University, Basrah, Iraq
[9] Solange de Souz, "Smart coating based on polyaniline acrylic blend for corrosion
protection of different metals " Surface & Coatings Technology(2007)p 7574-7581

[10] -Yuvraj singh Negiand P.V.Adhyapak;"Development in polyaniline conducting polymer
" J.MACROMOL.SCL-POLYMER REVIEWS. (2002). C42(1).35-53 . India

[11] -V.Sreejith."Structure and properties of processible conductive polyaniline blend".
(2004). MS.c thesis. India

[12] Furui Tan, Shengchun Qu n, Ju Wu, Zhijie Wang, Lan Jin, Jie Cao, Kong Liu, Junmeng

70



The First Scientific Conference the Collage of Sciences 201 3

Zhang, Zhanguo Wang "Electrodepostied polyaniline films decorated with nano-islands:
Characterization and application as anode buffer layers in solar cells" Solar Energy
Materials & Solar Cells 95 (2011)p 440-445

[13] E. Lafuentea, M.A. Callejasb, R. Sainza, A.M. Benitoa, W.K. Masera, M.L. Sanjua” nb,
D. Saurelc,1, J.M. de Teresab, M.T. Marti'neza,"The influence of single-walled carbon
nanotube functionalization on the electronic properties of their polyaniline composites”
CARBON 46 (2008) p1909 — 1917

[14] Habiba Bejbouji a,b, , Laurence Vignau a, Jean Louis Miane a, Minh-Trung Dang a, El
Mostafa Oualim b, Mohammed Harmouchi b, Azeddine Mouhsen b "polyaniline as a
hole injection layer on organic photovoltaic cells" Solar Energy Materials & Solar Cells
94 (2010) p176-181

[15]H.S Patel,J.R.Rathad,K.D. Patel, V.M.Pathak and R. Srivastava
"MoSo2/Palyaniline sola cells"J.Nana Electron .phys."3(2011)No.1 P741-746

[16] M.Jayakannan,P.Anilkumar,A.Sanju)."Synthesis and characterization of new azobenzene
sulfonic acid doped conducting polyaniline” .European polymer journal (2006) P1-9.

[17] Milind V. Kulkarni,Annamraju kasi viswanath "Camparative studies of chemically
synthesized PAni and poly(o-toluidine) doped with p-toluene sulphonic acid".European
polymer Journal 40(2004)p379-384 India.

[18] Mehmet Sagak and Meral karakisla"Synthesis and properties of oxalic acid —~doped(PAni)
" polymer International 39(1995) P 153-159

[19] Isao sasaki,Jiri janata, Mira Josowicz "Stabilization of electronic properties of (IR)-(-)-
10- camphorsulfonic acid doped PAni by UV irradiation”. Polymer Degradation and
Stability 92. (2007) P1408-1416. USA

[20] Hanna and A.K. Abas. Act physics Hangarica 71(3-4) (1992),,p(149-156)

[21] Ali S.Alis and Karema M.Ziadanlrag.J. polymer Vol.11,No.1,( 2007). p(49-52).

[22] H.J.Bardeen,F.G Solud and L.J.Haf photoconductivity cofernce (wilely Network) ,1956.
pl46

[23] T.S.wosr"optical properties of semiconductor". Butter worth scientific, London, ,( 1959)
p37.

[24] Kareema. M. Ziadan, Krabit A.Haykaz and Ali Q.Abudalla " Some electrical properties of
soluble conducting polymer polyHexylthiophene (PHT) prepared by Electrochemical
polymerization" Energy procedia,18,(2012) 1059-1067.

71


../../../AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/REK9ERLN/dx.doi.org/10.1016/j.solmat.2010.08.028
../../../AppData/Local/Microsoft/Windows/Temporary%20Internet%20Files/Content.Outlook/REK9ERLN/dx.doi.org/10.1016/j.solmat.2010.08.028

The First Scientific Conference the Collage of Sciences 201 3

@ smanzu

975
T
S0 4 [}
&2 X
: 4 1
L A |
o0
I750 3500 3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500
PANT s
Fig .(1) FTIR spectrum for doping PAni —-PTSA
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Fig .(2) FTIR spectrum for undoped PAnNi
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Fig .(3): Absorption coefficient(a ) as a function of photon energy (hv) of PAni- PTSA
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Fig(5):1-V characteristic of PANI doped with PTSA at room
temperature.
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