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M
any attempts have been made in the last decade to improve the solubility and

processability of polyaniline (PANI) and various procedures have been devised

in this direction, such as copolymerization, "precursor", "composite" and emul-

sion methods. It seems that the presence of an electron withdrawing group or an elec-

tron donating group decreases orbital overlap of the π-electrons and the nitrogen lone

pair and leads to enhancement  of solubility and processability of PANI. N-

Phenylglycine (PG) has a similar structure to aniline, but it has a carboxyl group at the

site of nitrogen. Polymerization of PG in presence of template results in a water-solu-

ble, conducting polymer. A strong polyelectrolyte acid such as sulphonated polystyrene

(SPS) is the most favourable template. Poly (N-phenylglycine) (PPG) was prepared by

the chemical method using ammonium persulphate (APS) as an oxidant in the pres-

ence of SPS as a template. The product was characterized by Fourier transform

infrared (FTIR) and the ultraviolet-visible (UV-vis) spectroscopy. Cyclic voltammetry

studies showed only one set of redox peaks and redox reversibility demonstrated the

electroactivity of PPG as well. The electrical conductivity of polymer was measured by

four-point probe method. The results showed that polymer yield and conductivity

decrease as the ratio of template to monomer increases.

INTRODUCTION

Conducting polymers have attract-

ed multitude of scientific and tech-

nological interest in recent years

[1,2] because of their many possi-

ble applications in electronic

devices [3]. PANI is one of the

most widely studied conducting

polymers because of its easy syn-

thesis, desirable conductivity and

good environmental stability [4,5].

PANI is widely used in different

fields, such as microelectronics

[6,7], corrosion protection [8,9],

sensors [10,11], and electrodes for

batteries [12,13]. This polymer,

however, is mechanically weak,

low processable and also its appli-

cation is limited due to its poor
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solvent solubility [14]. 

In order to improve the solubility and processabil-

ity of PANI, various approaches were developed [15].

The first one is the ‘precursor’ method, in which a

processable precursor polymer is first prepared in the

appropriate form and then chemically converted into

the final conducting polymer [16]. The second

method is the ‘copolymerization’, in which process-

able graft, block or random conducting copolymers

are prepared. The copolymers are soluble in organic

solvents [17]. The third one is ‘composite’ method in

which a conducting polymer is incorporated in an

insulating polymer. The composites have better

mechanical, solubility and stability properties [18].

Emulsion polymerization processes for preparing

PANI salts have been reported [19,20] but the product

of this reaction is not isolable and remains with by-

products during reaction. In another method the

processability and solubility of PANI were improved

by using various groups at the ring or N-substituents 

[21-24]. Electron donating groups such as alkyl,

alkoxy and amino [25-28], or electron withdrawing

groups such as carboxyl, sulpho and cyano [29-35]

decrease orbital overlap of the π-electrons and the

nitrogen lone pair that may increase the solubility and

readiness for processability. 

The first report on polymerization of PG and

copolymerization of aniline with PG by chemical

method was published in 2007 [36]. In this attempt,

however, PPG was not produced in soluble form and

its properties were not studied in detail. Therefore, in

this work the chemical polymerization of PG which is

one of the amino acids with a carboxyl group at the

site of nitrogen was performed in the presence of SPS

as a template and a conductive and water-soluble

polymer was obtained.

The template provides a lower and local pH envi-

ronment and aligns the monomers to promote the

desired polymerization and it also maintains water

solubility of polymer through reaction. The SPS

decreased the conductivity of polymer insignificantly.

Because the processability and solubility of conduct-

ing polymers are the most important factors for indus-

trial uses, we tried to synthesize a modified polymer

with minimum decrease in its conductivity using opti-

mum quantity of SPS. The synthesized polymer

showed the convenient electroactivity.       

EXPERIMENTAL

Materials 

N-Phenylglycine (A.R, 97 %) and ammonium persul-

phate was provided by Merck company. Poly (sodium

4-styrene sulphonate) (SPS) (MW of 70,000) used in

this study was purchased from Aldrich Co.

(Milwaukee, WI) and it was used without any further

purification. 

Polymer Synthesis

PPG was prepared by the following procedure: the

mixture consisting of 0.182 g of PG (1.2 mmol) and

0.124 g of SPS (0.6 mmol) were dissolved in 15 mL

of 0.1 M H2SO4. Another solution of 0.274 g APS

(1.2 mmol), dissolved in 2 mL of 0.1 M H2SO4 was

added dropwise into this solution in 1 h. The temper-

ature of solution was maintained at 0-5°C and con-

stantly stirred for 5 h. Then the reaction continued for

further 24 h, and the soluble PPG was prepared. The

final solution was dark green and was dialyzed (cut

off molecular 3000) for 20 h to remove any unreacted

monomers, oligomers and phosphate salts. The unre-

acted PG concentration in the dialysis solution was

determined by measuring the absorbance at 237 nm 

(ε = 1739). The percentage yield of PPG was calculat-

ed on the basis of the concentration of unreacted

monomers [37]. Finally this solution was dried in vac-

uum oven at 60°C and a dry, green polymer was

obtained.

Characterization

The chemical structure of PPG was confirmed by

recording infrared spectra using Bruker IFS 66/S

FTIR spectrometer in the range of 400-4000 cm-1.

The KBr pellet technique was adopted to prepare the

sample for recording the IR spectra. Electronic

absorption spectra of the polymer were recorded in

the range of 300-900 nm by using a Shimadzu UV-

2100 UV-vis spectrometer at room temperature. The

cyclic voltammetry (CV) measurements were per-

formed with a Metrohm Polarograph model 746 VA

Trace Analyzer. The cyclic voltammograms were

recorded at room temperature using a three-electrode

cell: platinum as an auxiliary electrode, Ag/AgCl as

the reference electrode and Pt foil (0.2 cm2 surface

area) as the working electrode. The cyclic voltammo-
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grams were obtained in a 1.0 M HCl electrolyte by

using a platinum working electrode and scanned from

0 to 1.0 V at various scan rates in the range of 50-200

mV/s. Conductivity measurements were performed

on pellets by use of a standard home-made linear four-

point probe.

RESULTS AND DISCUSSION

Previous work on substituted PANI showed that gen-

erally these polymers have lower intrinsic oxidation

state [38]. These compounds have a lower molecular

mass and conductivity in comparison to PANI [39].

As a result of the polar carboxyl group participation in

hydrogen bonding, these substituted PANI have a bet-

ter solubility in the strong polar solvent especially

water, but electrical conductivity decreases while the

solubility increases. The present work is essentially

intended to study the chemical polymerization of PG.

The schematics of PPG synthesized in presence of the

SPS are shown in Scheme I. Wherein SPS acts as the
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Scheme I. Mechanism of the chemical polymerization of PG in the presence of SPS.
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Table 1. The polymer yields and conductivity of PPG/SPS

with different monomer to SPS ratios.

template and polymerization was performed by APS

as an oxidant. The percentage yield of PPG was cal-

culated on the basis of the concentration of unreacted

PG. The polymer yields and conductivity with differ-

ent ratios of monomer to SPS are presented in Table

1. Polymerization of PG in the presence of SPS

improves polymer solubility, yet the efficiency and

conductivity of polymer decrease. Also the obtained

polymer has demonstrated lower conductivity com-

pared to the PANI because of the existence of bulky

group on nitrogen which distorts molecule from its

planar structure and reduces the conjugation length

and conductivity of polymer. In addition, the effect of

electron withdrawing caused by carboxyl group led to

a decrease in electronic density of polymer backbone.

Therefore, the band gap increases which would lead

to a decrease in electrical conductivity.

FTIR Spectroscopy

Figure 1 shows the FTIR spectrum of PPG/SPS in the

region of 4000 to 400 cm-1. The OH of carboxylic

acid is observed as a broad band at 2400 to 

3400 cm-1. The stretching band of carbonyl group

was seen in 1660 cm-1. The main peaks at 1581 and

Figure 1. The FTIR spectrum of PPG/SPS complex.

Figure 2. The UV-vis spectrum of PPG/SPS complex.

1492 cm-1 correspond to the quinoid and benzenoid

stretching, respectively. The imine band is observed

at 1305 cm-1. The band at 1153 cm-1 is characteristic

vibrational mode of quinoid ring. The absorption

bands around 811 cm-1 were characteristic of 1, 4-

disubstituted phenyl rings [40]. Also the asymmetric

and symmetric S=O stretching bands at 1020 and 995

cm-1 confirm the presence of SPS in the complex.

UV-Vis Spectroscopy

The UV-vis absorption spectrum of PPG is shown in

Figure 2. It is observed that the spectrum consists of

three major absorption bands. The first one at 310 nm

may be assigned to π-π* electronic transition. The

second and third absorption bands at 410, and 850 nm

are assigned to polaron bands. The UV-vis spectrum

of the PPG/SPS shows some similarity to the spec-

trum reported earlier for the PANI/SPS complex [37].

This UV-vis spectrum confirms the formation of

PPG/SPS complex.

Redox Reversibility

The reversible redox behaviour of PPG was studied

by dedoping and doping employing NaOH and HCl.

The absorption spectrum of the polymer prepared at

pH=2 were studied in various pHs. Figure 3 offers the

change in the spectra of PPG in various pHs.

Hydrochloric acid (1M) and sodium hydroxide (1M)

solutions were added to make solution either acidic or

basic. At pH=2, as can be abserved in Figure 3a, the

polaron bands at 410, 850 nm as well as the π-π* tran-

sition of the benzenoid rings at 310 nm demonstrate 
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Figure 3. UV-Vis spectra of PPG during titration with base

and acid in the pH range of (a) 2-12 and (b) 12-2.

the presence of PPG in the doped state. As pH increas-

es from 2 to 12 the polaron bands disappear and

simultaneously a strong absorption due to exciton

transition of the quinoidal rings at 600-630 nm begins

to emerge. At pH=10, the colour of the solution is blue

and PPG is completely dedoped to give emeraldine

base (EB) form. Figure 3b shows that these

doping/dedoping processes are completely reversible

and dedoped PPG could be redoped by adding 1M

HCl, and a reversible colour change from blue to

green was observed. This pH induced redox

reversibility confirms the presence of the electroac-

tive form of PPG in the chemical synthesis.

Cyclic  Voltammetry

The electrochemical properties of the chemically syn-

thesized PPG are characterized by cyclic voltamme-

Figure 4. The cyclic voltammograms of the solution of

PPG/SPS complex at different scan rates from 50 to 200

mV/s in 1M HCl.

try. Figure 4 offers the cyclic voltammograms which

have been recorded in 1 M HCl solutions at a scan rate

of 50-200 mV/s. It may be seen that only one set of

redox peaks with E1/2= 0.60 V is observed. Similar

results also have been observed previously, and the

absence of two anodic peaks probably is due to the

resistance to oxidation of the PPG/SPS complex to

another state [37]. On the basis of these voltammo-

grams at different scan rates, we conclude that there is

an appreciable change in the anodic and cathodic peak

Figure 5. Plots of anodic peak current vs. scan rate for

PPG/SPS complex.
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currents. Figure 5 shows a linear relationship between

anodic and cathodic peak currents versus scan rate for

PPG and it indicates that the polymer has an appropri-

ate electroactivity. 

CONCLUSION

Using aniline derivatives as monomers result in an

increase in solubility and processability of the

obtained polymers, but it decreases the polymer con-

ductivity. The details of chemical synthesis of a con-

ducting water-soluble complex of poly (N-phenyl-

glycine)/SPS are reported. This PPG/SPS complex is

soluble in water and therefore it is readily process-

able. The chemical structure of PPG is demonstrated

by FTIR and UV-vis spectroscopy. Redox reversibili-

ty and cyclic voltammetry have confirmed that elec-

troactive form of the polymer has been synthesized.

The results have shown that the yield and the conduc-

tivity decrease with the increase in the ratio of SPS to

PG. As it is mentioned already, the obtained polymer

has better solubility and lower conductivity compared

to PANI, because of the existence of a bulky group on

aniline nitrogen. 
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