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ABSTRACT: A series of polynaphthyl amine (PNA) were prepared in acetone/water
mixture (v/v) using different concentrations of potassium persulfate as an initiator in
presence and in absence of polyvinyl alcohol (PVA) as a surface active agent. Polymers
of various physical properties were prepared. The physical properties of PNA using
different concentrations of potassium persulfate in presence and in absence of PVA
were given. The specific conductance of the prepared polymers was found to be 0.055
ohm cm, 0.145 ohm21 cm21 and 0.083 ohm21 cm21, at 3, 1.5, and 0.75% of potassium
persulfate, respectively. X-ray diffraction analysis was carried out to the sample having
the highest specific conductance. The confirmation of the prepared PNA was carried out
using UV and IR spectrophotometry. Finally PNA showed good air stability and
excellent solubility in organic solvents differing from that of polyaniline. © 2000 John
Wiley & Sons, Inc. J Appl Polym Sci 77: 988–992, 2000
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INTRODUCTION

Polyaniline is the oldest1 and one of the most
studied conjugated polymers2 due to its unusual
electrical and optical properties.3 Polyaniline is
still one of the most commonly used electroactive
polymers; it is easily prepared and moreover the
substituents in polyaniline derivatives give in-
crease in the functionality. The applications of
polyanilines in batteries,4,5 microelectronic devic-
es,6 ion exchangers,7 electronic displays,8 and as
analytical sensors9 have been demonstrated by
the workers in this field. In 1983 polyaniline was
“rediscovered” as a conducting polymer by Mac-
Diarmid and coworkers,10–12 after nonoxidative
proton doping process results in a highly environ-
mentally stable material with specific conduc-
tance in the range of 1–10 ohm21 cm21. Although
its air stability is attractive, polyaniline suffers of

poor processibility in being only slightly soluble in
polar solvents such as dimethyl formamide
(DMF) or dimethyl sulphoxide (DMSO).13 The
preparation of polyaniline14–19 offers a rout to
improve polymer processibility. In this study
polynaphthyl amine (PNA) is carried out to solve
this problem because it has an excellent solubility
in common organic solvents and its processibility
is a quite easy process.

EXPERIMENTAL

Materials

The potassium persulfate, aniline, and a-naph-
thyl amine were delivered from Aldrich company
(USA). Polyvinyl alcohol of low molecular weight
(water soluble) was delivered from Hoechest com-
pany.

Method and Preparation

The samples of PNA were prepared in presence
and in absence of PVA at 0°C in an ice bath while
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stirring for 3 h by adding different amounts of
potassium persulfate as an initiator.

The samples were washed with distilled water
and dried in an electric oven and used for mea-
suring the conductivity, X-ray diffraction, UV
analysis and IR spectrophotometry.

The conductivity was measured using Nuve
conductometer model 2100, the measurements
were carried out at room temperature, and the
conductivity was calculated by the following rela-
tionship:

r 5 resistivity5
RA
L V

A 5 area 5 pr2 (r 5 0.5 cm)
L 5 thickness

s 5 specific Conductivity 5
1
r

5
L

RA V21 cm21

X-ray Analysis

The PNA sample prepared using 1.5% potassium
persulfate was measured using Philips PW 1373
difractometer.

UV-Visible Spectrophotometry

The UV-visible absorption spectra of PNA was
performed using Beckman model DB spectropho-
tometer.

Fourier Transform IR Analysis

IR analysis for PNA was carried out using Shi-
madzu Fourier transform infrared (FTIR) spec-
trophotometer at Cairo University.

RESULTS AND DISCUSSION

PNA was prepared by the use of potassium per-
sulfate initiator as an oxidizing agent. Various

concentrations of potassium persulfate (0.75,1.5,
and 3% ) were used. The reaction was carried out
in an ice bath with continuous stirring for 3 h.

Table I demonstrates the relationship between
the method of preparation of PNA and the corre-
sponding physical properties of the samples pro-
duced. The values of conductivity for PNA pre-
pared at different concentrations of potassium
persulfate are also given in Table I.

The sample prepared at 1.5% potassium per-
sulfate seemed to be crystalline, although the
other samples were not. X-ray analysis is shown
in Figure 1 and Table II, which shows the d-
values and the relative intensities of X-ray dif-
fraction (XRD) pattern for PNA. From Figure 1
and Table II it is clear that the sample is crystal-
line. Also, by correlating the value of conductivity
of PNA at 1.5% potassium persulfate to the crys-
tallinity of that sample, which is clearly obvious
from Figure 1 and Table II, it can be deduced that

Table I Physical Properties of Polynaphthylamine

Weight of
K2S2O8/100 g

water

In Absence of PVA In Presence of PVA

3 g 1.5 g 0.75 g 3 g

I Color Light purple Bright violet Dark brown Brilliant violet
II State at room

temperature
Solid Solid Viscous liquid Solid

III Crystallinity Amorphous Crystalline — Amorphous
IV Solubility Fractionally soluble

in acetone
Highly soluble in acetone Highly soluble in

acetone
V Specific

conductance
0.055 V21 cm 0.145 V21 cm 0.083 W21 cm —

Figure 1 X-ray analysis for PNA prepared at 1.5%
pot. Perssulfate.
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the crystallinity of that sample produces the
greatest value of conductivity.

The physical properties of the produced PNA is
related to the concentration of potassium persul-
fate; the color of the produced PNA was changed
from dark brown when using 0.75% potassium
persulfate up to light purple when 3% potassium
persulfate was used. This could be attributed to
the difference in the molecular weight and conse-
quently to the amount of conjugation in each poly-
mer produced. In addition, Table I shows change
in the physical state of PNA from viscous liquid
up to solid at 3% potassium persulfate. This is
also due to the difference in the molecular weight
of the produced polymers when using different
concentrations of potassium per sulfate.

Characterization and Structure Confirmation of the
Prepared PNA

The UV visible data of the prepared polymer is
illustrated in Table III. From the data given, it is
clear that the (l max) for the prepared polymers
appears in the range of 229–395 nm in the UV
region and in the range of 470–939 nm in the
visible region.

Proposed Mechanism for Polymerization of
Naphthyl Amine

Mechanism of Polymerization of Anilin20

IR Measurements

Analysis of the FTIR spectra of the synthesized
PNA gives good information about the structure
of this polymer. Table IV shows the vibration
assignments of the prepared polymers. The most
important features are:

1. A characteristic NH stretching of second-
ary amines at 3381cm21

2. A stretching vibration of C-N of secondary
amines at the range of 1269–1303 cm21

3. Bending of N-H in secondary amines in the
range of 1550–1600cm21

Mechanism of Conductivity of Electroactive
Polymers

An initial reading of the literature concerning
electroactive polymers gives indication to differ-
ent mechanisms responsible for conductivity for
each material studied. One way to begin to un-
derstand the abundance of data reported on con-
duction in polymeric systems is to classify mate-
rials according to the carriers responsible for con-

Table II X-ray Diffraction Data for PNA

2 u d A I/Io

9.2 11.16 66
13.6 7.56 9.6
15.2 6.76 43.5
18 5.72 100

Table III Data of UV Visible Spectra of PNA

Polymer Max (ABS)

Polynaphthyl amine 229(0.268), 254(0.206), 316(1.657), 395(0.843),
470(1.33), 869(20.285), 916(20.276), 939(20.281)
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duction. The first species are ionic carriers. These
are distinct ionically charged chemical entities:
hydrogen or hydronium ions, acids, bases, salts,
metallic impurities due to residual catalyst, or
species intended to be electronic dopants but end
up as mobile ionic species. Ionic conduction occurs
throughout the entire structural ranges, from
polycrystalline to amorphous, and requires actual
mass transport.

The second species is localized electronic ex-
cited states21; the electrons are localized in a sin-
gle molecular residue and hence can’t participate
in conduction.

The third most energetic species is the in-
tramolecular exciton.22 An exciton is a neutral
excitation consisting of an electron and the posi-
tive species it leaves behind. Transport of this
particle (coupled positive and negative charges) in
itself does not lead to conduction. The transport
occurs with the concerted cooperative polariza-
tion of the lattice found in organic single crystals.

Both inter- and intramolecular excitons are
possible in molecular lattices, requiring increas-
ingly cooperative lattice polarization. This neu-
tral particle contributes to bulk conduction when
the species is separated or ionized by an applied
electric field.

The fourth species are migratory localized ionic
states,23 particularly anion. Anions may be
formed through electron transfer that is either
photoinitiated, chemically derived as a donor/ac-
ceptor complex, or perhaps caused by an electro-
chemical/redox reaction. The transport occurs
through random hopping mechanisms.

A fifth and relatively new carrier is the solu-
tion. The name is taken from a hypothetical par-
ticle associated with the solution of complex sets
of differential equations.24In polymers that can be
molded as one dimensional, the solution is a de-
fect or kind in the phase of the alternating car-

bon-carbon double bonds along the chain back-
bone.25

The sixth and final carrier species is the elec-
tron or hole carrier associated with the band the-
ory.

These mechanisms, their dependence on exter-
nal variables, and the relation to the mechanism
responsible for charge transport are summarized
in terms of structural order as follows:

d 5 Simiqini

Where d is the conductivity and equals the sum-
mation of the product of carrier mobility, m, its
charge q, and the number of carriers, n and i,
represents more than one type of charge.26

From the previous discussion it could be con-
cluded that the fifth type of conduction in the
previous scheme is the type that coincides with
our case in this research (PNA) due to the pres-
ence of alternating carbon-carbon double bonds
along the chain backbone of the PNA.

CONCLUSION

In this work PNA has been prepared as a novel
conducting polymer. PNA is readily soluble in
acetone and common organic solvents, which fa-
cilitates the processibility of this conducting poly-
mer in different applications. This property is not
present in polyaniline, which has poor processi-
bility. In addition, the structure of the prepared
PNA has been confirmed, and it seems that the
crystalline PNA produce greater conductivity
than amorphous PNA. Physical properties of the
produced PNA are quite dependent on the initia-
tor concentration. Finally, the mechanism of po-

Table IV Data of IR Spectra of the Prepared PNA

PNA Vibration Assignment

619 Out of plane (COH) deformation in benzene ring
707–794 (COH) out of plane deformation in benzene ring
1498–1514 (CAC) stretching vibration in aromatic rings
1076–1122 (COH) in plane deformation in aromatic rings
2609–3053 (COH) stretching in benzene ring
1269–1303 (CON) stretching in secondary amines
1550–1600 (NOH) bending vibration in secondary amines
3381 (NOH) stretching in secondary amines
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lymerization of PNA and its conductivity have
already been discussed.
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