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Studies of transition metal ion - 5- Sulphosalicylic acid doped
Polyanilines
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Abstract: Metal ion-5-sulphosalicylic acid (5-SSA) complexes were used as dopant for Emeraldine base to
prepare high spin polyaniline metal composites.The so prepared emeraldine salts were characterized by FT-IR,
magnetic susceptibility, conductivity, X-ray diffraction(XRD) and Surface electron microscopy (SEM) studies in
order to understand the influence of functionalized dopants on the physico-chemical properties of polyaniline.
The conductivity was increased on increasing the concentration of metal ion complexes . Magnetic
measurements showed a negative magnetic susceptibility (x4) value for 5-sulphosalicylic acid doped polyaniline
while positive magnetic susceptibility (yg) values were found for the transition metal ion doped polyanilines.
XRD study showed that the polymers are in amorphous state and it contained metal ions . Surface electron
microscope analysis showed that the morphological structure of the doped polyaniline had small grain particles
with particle sizes varied from 10 — 500pums.

Key words: polyaniline;metal ions; 5- Suphosalicylic acid; d.c-magnetic susceptibility; d.c-conductivity;FT-
IR; SEM studies.

I.  Introduction

Metal containing polymer composites have attracted the attention of scientific community over a last
few decades. Insertion of metal ions into polymer backbone may improve the mechanic, electronic and magnetic
properties of polymer [1]. Among the conducting polymers, Polyaniline is considered because of its easy
synthesis, low cost, good environmental stability, and easy solution processing etc., [2, 3, 4]. Polaniline exists in
different discrete oxidation states which are called as leuco-emeraldine, emeraldine base and pernigraniline
(Fig.1).All these forms are insulators. Only the protonated form of polymer system can show metallic
conductivity. Recently it is shown that conjugation length in conducting polyaniline is around 30 A° and it is
dependent on the disorder created [5, 6, 7]. Many reports on PAni containing metal ions are known from the
literature. Pain —TiO, composite annotates [7], Films of PAni —V,0s [8], PAni-Silica composites [9], Inclusions
MoO; into PAniI structure [10], PAni doped with gold nanoparticles [11], PAni prepared by molten salts [12],
PAni coated electrodes containing Fe (CN)s> * [13], FeCl; doped PAni [14], and electrochemical incorporations
of copper into Polyaniline layers [15]. Polyaniline- metal oxalate composites [16] are reported. PAni- Fe,0;
composites are reported by Meixiang Wan group [17].Tang etal used Mahemite to dope Polyaniline in the
presence of anionic surfactant [18]. The deformation in the molecules occurs with co-ordination of metal atom
to PAni chain and this leads to complex formation [19, 20, 21]. The doping of emeraldine base with PdCl,
yielded Pd — PAni and it exhibited the catalytic properties in the hydrogenation of 2-ethyl anthraquinone [22, 23,
24] and in the hydrogenation of Hexyne to hexane (24). Li* ion is next mostly studied inorganic metal ions [25].
In this experiment, Mn*?, Fe*?, Co™, Ni*?and Cu*are used as dopants in aqueous medium to polyaniline to
understand the effect of dopants on various physico-chemical properties of polyanilline. The results are
presented and discussed in the present study.

I1.  Experimental

The transition metal ion such as Mn*?, Fe*?, Co*™?, Ni*? or Cu*® will react with 5-sulphosalicylic acid to
give 5-suphosalicylato-tetra aqua complexes or bis-5-suphosalicylato diaqua complexes [26]. Equimolar
quantities of aqueous solutions of transition metal carbonate and 5-sulpho salicylic acid are mixed in the
stoichiometric ratio and heated at 50 °C on a heating mantle to prepare these complexes . The so prepared
complexes are used to dope Polyaniline in agueous medium. Emeraldine base form of polyaniline is synthesized
according to known procedure. Doping experiments are carried out using 1.82 g of emeraldine base (0.01mole)
with 100 ml of doping solution by stirring them nearly three hours to achieve maximum doping. The doped
polymer is filtered and dried under vacuum for 24 hours. The various concentrations of metal carbonate, the
various concentrations of metal carbonate with various concentration of 5- sulphosalicylic acid are used as
doping solutions. The exact concentrations of metal complex of 5 — sulphosalicylic acids are collected in Table
— 1. The structures of polyaniline — metal composites are characterized by FT-IR, magnetic susceptibility,
conductivity, X-ray diffraction and SEM studies. IR transmittance spectra are taken on Perkin Elmer Paragon —
500 FT-IR spectrometer in KBr pellets in the range 4000 to 400 cm™. X-ray diffraction (XRD) measurements
are made with a computer controlled XRD unit model JEOL-JDX 8030 using CuKa radiation (A=1.5418 A®).
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Magnetic susceptibility is measured by Guoy balance at room temperature. HJCo(SCN), is used us the
celibrant. The electrical conductivity of the pressed pellet of the compounds are measured by standard four probe
method at room temperature using a Keithley model 2400 series source meter and Keithley model 2182 Nano
voltmeter equipment. The Surface electron microscopy (SEM) photographs are taken by using Hitachi-S-3000H
SEM Machine. For this test, a small piece of film of about 3 cm x 1 cm size is fixed on the sample holder using
adhesive tape and is then covered with thin layer of sputtered gold to improve image resolution. (The films are
prepared from N-Methyl-2-pyrrolidinone (NMP) as a solvent to dissolve the polymer to give the polymer
solution. The polymer solution are then casted onto the glass plate and it is allowed to dryat 40  ° C for two
hours).

I11.  Results and discussions

Polyaniline is a phenylene-based polymer having ‘NH’ group flanked on the either side of the phenyl
rings and can exist in different oxidation states (2).The various physico-chemical properties of polyaniline can
be said to be due to the presence of ‘NH’ group. PAni-EB possess two type of sites, amine (-NH-) and imine (-
N=) with pKa value 0f1.05 and 2.55. Therefore, any dopants whose pKa value falls within that range would be a
suitable dopant and those dopants would bring a certain good properties to Polyaniline.InPAni synthesis, the
protons available from the dopant determine the conductivity of PAni. In case of the reaction with simple
mineral acids like HCI, the imine sites are preferred to coordinate with the H* ion over the amine groups. This
generates charge carriers and brings metal like conductivity to emeraldine base, which is otherwise, an insulator
(Fig.1). The protons are added to — N= sites while the number of electrons in the chain remain constant and so
polyaniline is known as a non-redox, protonic polymer. When metal carbonates are dissolved in water, complete
ionization of the salt and salvation of the metal cation occurs. It is known that salvation [27] of transition metal
by water molecules brings acidic character to the solution due to the equilibrium reaction M(H,0)s"* + H,0—
M (H,0) 5(0H)“"*+ H*. The strength of the acidity in terms of pKa is determined by the electro negativity of
the metal ion. The Ferrous —5- sulphosalicylate complex has pKal = 5.05 andpKa2 = 10.7; manganese —5-
sulphosalicylate complex has pKal = 5.24 and pKa2 =2.9;cobalt —5- sulphosalicylate complex has pKal = 6.13
and pKa2 = 3.69; nickel-5-sulphosalicylate complex has pKal = 5.9 and pKa2 = 4 and copper-5-
sulphosalicylate complex has pKal = 2.7 and pKa2 = 6.7 [28 (a) & (b)] and thus these complexes are mere
possessing the satisfactory pKa value of polyaniline for the protonation of two imine nitrogen atoms. The
structures of acid complexes are shown in Fig.-2. Hence, 5-Supho salicylic acid in the form of metal complexes
is used as doping agent by which incorporation of metal ion into polymer sites are achieved.

The various physico —chemical properties change of polyaniline are due to charge transport reaction.
Charge transport reaction are strongly influenced by the counter anions and its concenctration and nature and it
may takesplace by the interaction among the polymeric chains or between the dopants  and polymeric chains.
The conductivity and magnetic susceptibility studies are proved the existence of charge transport reactions in
polyaniline compounds.

3.1 Conductivity studies

First PAni is doped with different concentration of 5-sulphosalicylic acid and the conductivity is
measured by four probe method and the data is used for comparison. Similarly PAni is doped with the above
acid complexes. The doping is carried out in three different ways. 1) Doping of Polyaniline by metal carbonates.
I1) Doping of Polyaniline with metal carbonates in the presence of different concentrations of 5- sulphosalicylic
acid (5-SSA). 1) Doping of polyaniline with different concentration of 5- sulphosalicylic acid (5-SSA). The
doped polymers showed the high conductivity like metals and the data for the conductivity are shown in Table-
1.When aqueous metal carbonate (Metal= Mn, Fe, Co, Ni, and Cu) is used for doping by stirring for 4 hours, the
color of emeraldine base (EB) is remained and un-changed. The final products are blue in color and the
conductivity of the samples is increased marginally. The observations are recorded in Table-1. Doping of metal
carbonate in the presence of 5-sulpho salicylic acid is found to be effective in the presence of 5-Sulphosalicylic
acid. For the systematic study, the concentration of acid is increased and the conductivity is checked at fixed
metal concentration (0.1M) and the acid concentration is varied from 0.1 to 0.2M. In all the cases, the
conductivity of PAni is increased with increase of acid concentrations. In the case of 5-sulphosalicylic acid (5-
SSA) doped PAni, the conductivity is increased from 0.06 (S/cm) to 0.1(S/cm) for 0.1M and 0.2M 5- sulpho
salicylic acids respectively. The increase in conductivity is due to increase of the level of protonation of the
polymer. Aqueous solutions of 0.1M Manganese carbonate (no color) doped PAni showed the conductivity of
5.0x10°S/cm. 0.1M 5-Sulpho salicylic acid salt solution of Manganese carbonate doped PAni showed the
increase of conductivity of 7.3 x 10 S/cm. 0.1M manganese-bis-5-sulpho salicylato diaqua complex doped
PAni showed the conductivity of 2.488 x 10 " S/cm (doping level: 51.4%). The ferrous carbonate doped Pain
showed the conductivity of 2.02 x10 S/cm. The complex of 0.1M ferrous 5-sulphosalicylate tetra aqua complex
(reddish pink color solution) doped PAni showed the conductivity of 2.67 S/cm and it increased to 3.3 S/cm for
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0.1M Fe (5- SSA),2H,0 complex. It is due to increasing of the acid concentration of the doping solution. Thus
conductivity depends on the electronic structure of polyaniline and the stability of charge formation [29, 30, 31,
32]. Moreover, the doping is more effective when the viscosity of the metal complex ion increases. When
0.1Imole Cobalt carbonate is taken with 0.1mole 5-SSA, the complex (0.1M) doped polyaniline showed the
conductivity of 2.2 x 10 S/cm. The complex of 0.1M Cobalt carbonate- 0.2M 5-sulpho salicylic acid doped
polyaniline showed the increased conductivity of 0.03 S/cm (doping level: 62.2%). Thus the conductivity
depending upon the formation of possible ionic species. 0.1M Nickel carbonate - 0.1 M 5- SSA complex ion
doped PAni showed the conductivity of 9.4 x 10 ® S/cm. The mixture solution of 0.1M nickel carbonate and
0.2M 5-SSA showed the conductivity of 16 x 10 S/cm to the doped PAni. The aqueous solution consisting of
0.1M Cu(5- SSA)4H,0 doped PAni showed the conductivity of 0.05 S/cm. but the aqueous 0.1M Copper - bis-
5- Sulphosalicylato diaqua complex solution (green color) doped PAni showed the increased conductivity (0.28
S/cm).Thus the metal ion complexing with 5-sulpho salicylic acid doped PAni showed the improved
conductivity [17].Table -1 shows the conductivity data of PAni compounds.

3.2. Magnetic susceptibility studies

According to A.J.Epstein and A.G.MacDiarmid, the magnetic susceptibility of conjugated polymer is
of two components. 1). Temperature dependent magnetic susceptibility (Curie magnetic susceptibility). It is due
to localized spins; 2) Temperature independent magnetic susceptibility (Pauli magnetic susceptibility). It arises
from the delocalized spins within the conjugated polymer. In these experiments, transition metal ions doped
polyanilines exhibited a positive value of magnetic susceptibility (paramagnetic behaviour), but 5-sulpho
salicylic acid doped PAni showed a negative magnetic susceptibility value (diamagnetic behaviour) but they
exhibited high conductivity, due to the presence of bipolorons. When 5-sulpho salicylic acid is used as dopant
with metal ion and when it’s doping level increases, then dc- Magnetic susceptibility value decreased. This may
be due to instability of metal ion in acid solution. The magnetic data of the doped PAni is shown in Table — 1.
Many others reported the similar results. Tang etal doped PAni with mahemite concluded that magnetization
depend on dopants concentration. Elamin etal reported the magnetic susceptibility value of 10 for the
compounds of PAni- HCI, PAni-H,SO, and PAni-tartaric acid [33]. In this experiment, the dc -magnetic
susceptibility for pure PAni-EB is found to be - 0.2931 x10° emu/g. But the metal ions like manganese.
Ferrous, Cobalt, Nickel or Copper doped PAni showed positive magnetic susceptibility values. The diamagnetic
property of 5-sulphosalicylic acid doped PAni is due to dominant diamagnetic character of its constituent
elements rather than the formed polarons.The Ferrous and manganese ions doped PAni showed the high
magnetic susceptibility values due to more number of unpaired spins available in their electronic structure.
Nickel or copper ion doped PAni showed the poor magnetic susceptibility value which can be correlated with
their less number of unpaired spin in metal ion system. The dc -magnetic susceptibility value for 0.1M
manganese carbonate doped PANi is 2.3245 x 10 " (g/mole) at room temperature.It is observed that when 5-
sulphosalicylic acid is used as ligand for Mn 2" and when the complex is used as dopant,t  he dc -magnetic
susceptibility increases with an increase in dopant level. This is due to the increase of paramagnetic impurities
within that substances. At 51.4% doping level, the compound showed the decreased dc -magnetic susceptibility
value due to intake of dopant acid on the polymeric chain.  The dc -magnetic susceptibility value for 0.1M
Ferrous carbonate doped PANi is found to be 1.91 x 10°( g/mole) and for 0.1M Ferrous -5-sulphosalicylato tetra
aqua complex doped PAni, it is to be 4.37 x 10° emu/g (doping level:29.6%) respectively. For 0.1M Ferrous-
bis- 5-sulhosalicylato diaqua complexes ~ doped PAni , it is found tobe 3 .32 x 10° emu/g (doping level:
36.5%).This decrease in the magnetic susceptibility value is accounted for the diamagnetic character of the acid
(5-SSA).0.1M cobalt carbonate doped PAni showed the magnetic susceptibility value of 1.2838 x 10 g/mole,
but the magnetic susceptibility value for 0.1M Co(5SSA)4H,0 is found to be 1.79 x 10°g/mole. This indicates
that 5-SSA is acting as a binding agent for the metal ion to the polymer. 0.1M Co (5SSA), 2H,0 doped PAni
complex showed the high magnetic susceptibility value of 2.98 x 10® g/mole (doping level: 62.21%). 0.1M
Nickel carbonate doped PAni showed the y, value of 0.8452 x 10 g/mole. The d.c-magnetic susceptibility
value for 0.1M Ni (5SSA) 4H,0 doped PAni is found to be 1.123 x 10°g/mole (doping level: 26.6%). The yx,
value increased when 0.1M Ni(5SSA), 2 H,0 is used as dopant to PAni (3, = 2.24x 10° g/mole). It is due to
increase in doping level of magnetic impurities (doping level: 24.0 %). 0.1 M CuCO; doped PAni had the
magnetic susceptibility value of 0.2296 x 10 g/mole.The dc- magnetic susceptibility for 0.1M Copper — 5-
Sulpho salicylato tetra aqua complex ion doped PAni is found to be 1.187x 10° g/mole. This value decreased
for 0.1M Cu (5SSA); 2 H,0 complex ion doped PAni (y,= 0.656x 10°g/mole (doping level: 84.5%). This may
be due to the instability of metal ion in the acid solution. Thus increase or decrease of yyvalue is due to increase
or decrease in the magnetic impurities added to the polymer. The magnetic susceptibility values depend on the
preparation conditions of the polymer compound.
3.3.FT-IR studies
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IR spectra recorded in the range of 400 — 4000 cm™ (Fig.-3) for the metal ion -5-SSA complex doped
PAni. The secondary amine N—H stretching vibration observed at 3400 cm™. The bands at 1571 and 1483 cm -
are characteristic bands of nitrogen quinoid and benzenoid and are present due to the conducting state of the
polymer. These bands show the blue shift from 1571 to 1613 cm™ for the over oxidized PAni. These changes
are indicative of the conversion of the benzenoid (B) rings to quinoid (Q) rings in the PAni matrix. The band at
1309 cm™ is assigned to C —N stretching. The asymmetric N-H is stretching vibration at 1250 cm™. The strong
peak at 1152 cm™isattributed to aromatic delocalization (Polaronic peak of emeraldine salt) or C-H bending
vibration of benzenoid or Quinoid rings. The aromatic 1, 4 ring-substituted peaks is observed at 828 cm™(2).
The out of plane bending vibration is exhibited in between 600 — 700 cm™. The peak at 570 cm™ is attributed to
metal ion binds with the polymerThe IR — spectral data for the doped PAni is presented in the Table — 2.

1

3.4 XRD studies

Fig.-4 shows the XRD powder patterns of Polyanilines doped with metal complexes. The peaks at 26=
8, 12, 20, and 24° are attributed to the distance of adjacent polymer aromatic rings. It is said that the peak at 20=
20° is due to crystalline nature of pernigraniline polymer [36]. The peaks at 26 = 8, 12°are indicating the
closeness of aromatic rings of doped polyaniline [23, 34].The disappearance of peak at 20 = 12° indicating the
diffusion of dopant in the polymeric chain.The XRD peak at 26 =72.9° may be the formation of new phases
possibly formed due to the composite formation with cobalt-5-sulpho salicylate. The small peaks at 52,72 and
88° are new phases for the metal complex ion doped PAni.

3.5 SEM studies

SEM studies are carried out for PAni-EB and the doped PAni salt of metal complexes. In Fig.5 (k),
PAni -EB shows a uniform homogenous structure. Similar structure is reported by M.K. Ram etal [36].The
addition of dopant results the formation of large grains particles. It is reported that solid consists of large grain
boundaries are strongly influence the mechanical and electrical properties. The film of 0.1M manganese-5-
sulphosalicylate doped PAni is used to prepare a film from NMP solvent. It shows the small grains and the
larger aggregates with globular structure due to aggregation of particles. The aggregate size is varied from 50-
500 ums as can be seen from Fig. 5(b). The SEM picture of Ferrous -5- sulphosalicylate doped PAni film
showed the small elliptical shaped crystallites of larger than 100um [Fig.(5d)].The small grains are as a result of
the agglomeration of polymer molecules. The SEM picture of cobalt-5-sulphosalicylate doped PAni showed the
large agglomerated particles of various shapes around 50 — 400ums [Fig.5(f)]. SEM studies on the film cast of
nickel- 5-sulphoosalicylate doped PAni is found to be uniform with micocrystallinity. The larger aggregate may
be the result of polymer- dopant- solvent interactions. It has many pores as can be seen from Fig.5(h). The larger
aggregates give better crystallinity to films. The SEM picture of copper- 5- sulphosalicylate doped PAni showed
the granular structure with the grain size of 5um[Fig.5(j)]. It shows copper particles get embedded in the PAni
surface. The SEM pictures of metal carbonate doped Polyaniline are given for comparison with the SEM
pictures of metal carbonate of 5- sulphosalicylic acid complex doped Polyanilline. The manganese carbonate
doped PAni shows the uniform smooth surface [Fig.5 (a)]. Similarly the SEM pictures of other metal carbonates
doped Polyaniline showed the crystallites of various shapes. The sizes are varied from 10 — 50 ums.

Estimation of metal -5-sulphosalicylate doped PAni

The amount of metal ions (Mn, Fe, Co, Ni and Cu) in the doped polyaniline is estimated by boiling the
metal —5-Sulphosalicylatedoped PAni (where Metal=Mn, Fe, Co, Ni and Cu) in con. Nitric acid to destroy the
polymer. The completion of the reaction is indicated by the disappearance of color. The remaining colorless
sample is its metal oxides. Atomic absorption spectroscopic (AAS) method is used to find the amount of metal
ion incorporated in PANi matrix. It is estimated to be around 0.23-1.22%and the results are shown in Table-3.

IV.  Conclusions
The preparation of high spin organic compound is considered because of its scientific interest. High

spin organic compound which gets attraction towards a magnet at room temperature is recent research

development. In this study, transition metal ions such as Mn*?, Fe*?, Co™, Ni**and Cu*?> were used to dope
PAni. The so prepared PAni compounds were characterized by FT-IR spectra and X —ray diffraction studies.
The magnetic susceptibility and conductivity values of the transition metal ion doped polyanilines were
discussed.The following conclusions were drawn from our studies. In Conductivity studies, the protonation
makes PAnI as a highly stable conductive material. The DC-conductivity of the conducting polyaniline is found
to be in the range of 10° — 0.1 S|cm. The electron delocalization over the polymeric chain creates polarons
which are responsible for electronic conductivity. In FT-IR spectral studies, an almost identical spectrum is
observed to that of usual PAni. The absorption band at 1140 cm™ in the doped PAni system is the characteristic
band and is due to charge delocalization on the polymer. In the undoped polymer, the intensity of this band
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becomes very weak. The XRD study showed that polyaniline is amorphous in nature with a broad peak appears
in between 26 = 8 - 25. The more protonated PAni showed a broad peak around at 26 = 25. In SEM studies,
the SEM npicture of the polymer shows the inhomogeneous, non-uniform globular structure. The uniform
globular structure of doped PAni showed good conductivity for the compound. In Magnetic susceptibility
studies, 5-Sulpho salicylic acid (5-SSA) doped PAni and PAni- EB showed a negative magnetic susceptibility
indicating that the compounds are diamagnetic in nature. It is due to the dominant diamagnetic value of its
constitutient elements than the formed polaronic value. On the other hand, paramagnetism has been observed
for all the metal ions doped PAni. The metal ion such as Manganese, Ferrous, Cobalt, Nickel and Copper when
separately used as dopant to PAni, showed the positive magnetic susceptibility values. The Ferrous and
manganese ions doped PAni showed large positive magnetic susceptibility values due to more number of
unpaired electron in their metal ion system. The nickel and copper ion doped PAni showed poor magnetic
susceptibility values which can be correlated with their less number of unpaired electron in their metal ion spin
system.
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Table — 1: Conductivity (S/cm) and Magnetic susceptibility data of metal ions doped PAni and Polyaniline— EB

Complexes Conductivity (S/cm) Doping percentage dc - magnetic susceptibility (yg) g/mole
Polyaniline(PAN:I) in Emeraldine base form Insulator 0 0.2931x10°°
0.1M 5-SSA doped PANi 0.06 314 -0.256x10°°
0.2M 5-SSA doped PANi 0.08 37.64
0.3M 5-SSA doped PANi 0.3 39.2
0.1M MnCO3 doped PANi 5x10° 6 232 x10°°
0.1M Mn(5SSA) 4H,0 doped PANi 73x10° 26.3 2.39x10°°
0.1M Mn (5SSA), 2 H,0 doped PANi 2.488x10°° 514 1.595x10°°
0.1M FeCOj3 doped PANi 2.02 x10°* 6.5 1.91x10°°
0.1M Fe (5SSA) 4H,0 doped PANi 2.67 29.6 437x10°°
0.1IM Fe (55SA),2 H,0 doped PANi 33 365 3.32x10°
0.1M CoCOj; doped PANi 1.34x10° ~10 1.2838x10°°
0.1M Co(5-SSA) 4H,0 doped PANi 22x10" 314 1.79 x10°°
0.1M Co( 555A),2 H,0 doped PANi i 0.03 62.21 2.98x10°°
0..1M NiCO; doped PANi ~10° 5.4 0.8452 x 10~ °
0.1M Ni (5SSA) 4H,0 doped PANi 9.4x10° 26 1.123x10°°
0.1M Ni(5SSA);2 H,0 doped PANi 10x 107 51 2.24 x10°°
0.1M CuCOj; doped PANi 3.378x10° 10 0.2296 x 10°
0.IM Cu(5SSA) 4H,0 doped PANi 0.28 38 1.187x10°°
0.IM Cu(5SSA);2 H,0 doped PANi 0.05 845 0.656 x 10°

Table — 2: FT-IR data of metal ions doped PAni and % of metal ions in doped PANI

S.No. Polymer sample IR absorption Bands (cm™) % of metal
1 0.1M Mn(SSSA) 4H,0 doped PANiI 1600,1560,1490,1307,1150, 1030, 827 0.23
2 0.1M Fe (55SA) 4H,0 doped PANi 1655,1578,1499, 1400,1309, 1152,1030, 828 1.3
3 0.1M Co(5ssA) 4H,0 doped PANi | 1577,1491, 1303,1142,828 1.1175
4 0.1M Ni(SSSA) 4H,0 doped PANI 1583,1494,1377,1302, 1143,828 0.67
5 0.1M Cu(sssA) 4H,0 doped PANi 1744,1572,1502, 1298, 1109, 820 0.85
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Fig.3. FT-IR spectra of

a) 0.1M Mn(5SSA) 4H,0 doped PAni; b) 0.1M Fe (5SSA) 4H,0 doped PAni;
c) 0.1M Co(5-SSA) 4H,O doped PAni ;d) 0.1M Ni(5SSA) 4H,0 doped PAni
e) 0.1M Cu(5SSA) 4H,0 doped PAni;
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Fig.4.XRD powder patterns of

a) 0.1M Mn(5SSA) 4H,0 doped PAni; b) 0.1M Fe (5SSA) 4H,0 doped PAni;
) 0.1M Co(5-SSA) 4H,0O doped PAni ;d) 0.1M Ni(5SSA) 4H,0 doped PAniI
e) 0.1M Cu(5SSA) 4H,0 doped PAni;
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Fig.5- SEM micrographs for
a) 0.1M MnSO,- PAni; b)0.1M Mn(5SSA) 4H,0 doped PAnNi;

c) 0.1M (NH,)3 Fe (SOy)s - PAni; d) 0.1M Fe(5SSA) 4H,0 doped PANi;
e) 0.1M Co0SOy- PAnI; f) 0.1M Co(5SSA) 4H,0 doped PAni;
g) 0.1M NiSO4 PAni; h) 0.1M Ni(5SSA) 4H,0 doped PAni;

i) 0.IM CuSO, - PAni;j) 0.1M Cu(5SSA) 4H,0 doped PAni;
k) emeraldine base films; (I) 5-SSA —PAni
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