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ABSTRACT :

In this research we study the electrical properties of polyaniline (PANI) nano films pure and doped with
multi-walled carbon nanotubes (MWCNTSs) and which included direct electrical conductivity (04.),activation
energy and the hall effect with ratio (1%, 3% and 5%) prepared by spin coating deposited on glass substrate
at room temperature.

The results showed that (PANI) has conductivity about of (7.136x107 (Q.cm)™) at room temperature; and
this conductivity increased with increasing of doping ratio, also with increasing of temperature as well as the
results showed throughout the study that (PANI) has one activation energy and this energy decreased with
increasing of doping ratio. the hall effect showed that the (PANI) its p-type.

Key words: Electrical properties; Polyanilin; nano films; Carbon nanotubes
* The Research in Apart of an Ph.D. Thesisin The Third Researcher.

Subject Classification: QC 170-197



AL-Qadisiyah Journal of pure Science

Vol.22 No. 2 Year 2017

cell industry and in printed electrical panels for
panels electrical appliances Maps[8,9] .
2- MATERIALS AND METHODS

2.1-Preparation of samples
The thin films of (Polyaniline) were

synthesize by using spin coating technique that
the polymer is dissolved in (DMF) and deposited
on substrate off glass .

2.1.1-D.C Electrical Conductivity :

There are two ways to calculate the D.C
Electrical Conductivity :
a- Interdigitated finger Electrode

b- Deposition polar
a- Interdigitated finger Electrode

Consisting of poles individualy-like comb
teeth and be very sensitive to the thin films in
solid-state physics which are small and distinctive
size and dimensions are measured in nano-meter ,
as in Figure (1) [3,20]. Which shows that the
electrodes consist of auminum in the form of
lines on the base of the glass, and can perform
calculations using the following relationship
0Ss=[I/VI[L/WtR] ......eevvnean, Q)
Where( t) represents the thickness of polymer, W
the distance fingers (10mm), €
number of fingers is to be (10), and L the space
between electrodes (100pm).

1- Introduction :

Polymers of unique composition have the
properties of semiconductors, while mainly
commercial polymers are insulator. known that
polymers are smply shaped , chemists and
physicists happening median the twentieth
irregular double century to conduct studies
designed to expand conductor polymers
characterized by the bonds[1] .

Polymeric materials can be synthesized and
processed into different shapes according to the
required application such as thin films , polymer
have many advantages to the electrical application
due to their simple synthesis technology |,
relatively low cost materials and can be deposited
on different substrates , moreover, they have
speciad characteristic that mode them very
important , such that ,they have a wide range of
electrical conductivity [10*-10° S/em][2,3].

The electrica conductivity of polymers
related with free ions which are not chemically
linked to the large molecules, Conductive polymer
is broadly used in microelectronics engineering,
the magnitude, these microelectronics application
is that it has physical properties modified to a
particular request and recognize the mechanisms
controlling these properties.[4 ,5].

Polyaniline is one of conductive polymers, a
kind of p-type and his behavior resembles the
behavior of semiconductors[ 6]. Also it features
properties photoelectric task could be used in
industrial applicationg 7]. It is used in the solar
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Fig.(1)A schematic diagram of interdigitated finger electrode

b - Deposition polar

Masks have been designed for this
technology using thin aluminum material and
forms suitable and as in shape (2) and purpose
is to determine the geometry of the electric

pole and raise these masks dfter the
completion of the deposition process.

Electrical conductivity in the
semiconductor In this technique given the
following relationship[11].
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R: resistant membrane practically measured -E
@ P y S — (2)

B

A: polewidth (cm).
L: the distance between the opposite poles
(cm).

It resistivity account that has been The
continuous conductivity Account (og;) of
caculating the value of inverted resistivity,
namely that[13].

S =1/r

Based on the equation (2) painted a graphic
relationship between (Lnoc and (1000 / T))
and so could account activation energy which
isegual to the slope of the line extracted from
the graph multiplied of Boltzman's constant

As
Ea activation energy(eV). T: the absolute
temperature.

KB: Boltzmann’s constant. G-:constant.
The continuous connectivity membranes
prepared account after measuring the
resistivity of membranes (p) for each
temperature starting from room temperature
down to the point (60c°) using the following
relationship [12]

_RAT 3)

L

AS:

Filim

P]__ AL-Electrode

Figure (2) shows anillustrative scheme of poles precipitated on the sample to be measured

The electrical properties of polianylyne are
measured by digital electrometer type
Keithley (616) and electrical oven was used,

to measure a current as a function of the
applied voltage as show in Figure(3).

Al electrodes

Substrate

Film

T

= Oven

Electrometer

Fig.(3) circuit used to measure the continuous electrical conductivity
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2.2-Hall effect :

Hall effect known as the difference in the
distribution of the current in the conductive or
semi-conductive segment due to the magnetic
field [12,13] which shed a magnetic field on a
conductor carrying an electric current direction
perpendicular to the direction of current flow

generates a delinquency charge carriers aside and
cause the generation of electric driving force over
the connector direction perpendicular to the
direction of both the current and the magnetic
field, Figure (4 ) shows an €electrica circuit for
measuring the Hall effect

Thin Film

D.C Power Sinnlv

Figure(4): Illustrative scheme of the Department of measurement Hall Effect

And the hall effect has been measured
according to the circuit in Figure (5) which
consists of D.C. power supply with (0 — 40)

volt and two digital electrometers (HMS
3000) to measure the current and voltage.

Fig. (5): Set-up and photograph illustrate the Hall effect.

The Hal effect in semiconductors
measurements are given the following

relationship [ 14].

V, t
B

RH = _(i) =
ne I

X"z
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It represents

RH: Hall coefficient. n: the concentration of

electrons.

e: electron charge. t: the thickness of the

membrane.

Ix: current flowing in the membrane. Bz: the

intensity of the magnetic field.

and from this relationship has also been the

Concentration of

the maority carriers

account, using the following relationship was

Hall mobility of these carriers account [13].

m, =|Ryls oo

As it represents:
Hu Mobility Hall

o electrical conductivity

3 -Results and Discussion:
3.1-The D.C Conductivity and Activation

Energy
M easurement

results

showed

that

polyaniline has electrical conductivity up to

(7.13646E-07( Q.cm)™) at room temperature
and that this conductivity increases with
increasing temperature, As for the membranes
vestiges we note there is also an increase in
the conductivity values with the increase in
the proportion of doped, This can be
explained by the increase that led to the
formation of impurity donor levels Near the
conduction band, When the activation energy
calculation we found that there was a single
activation energy and this shows the transition
in a way therma stimulation at the border
granular mechanical occurrence, As for the
membranes vestiges, the value of the
activation energy decreases with increasing
the proportion of doped As shown in Table
(1) , This can be explained that increasing the
proportion of impurities led to the approach of
the Fermi level more towards the conduction

band, asisevident in Figures (6,7).

Tablel:D.C.conductivity parametersfor (PANI: MWCNTSs)films for variousratios

Activation energy Electrical conductivity
Sample 1
Ea(eV) Od.c (Q-Cm)
pani 0.014221 7.136x10”
pani : cnt(1%) 0.014002 1.25x10°
pani : cnt (3%) 0.0138 1.312x10°
pani : cnt (5%) 0.0136 1.352x10°
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Figure 6 : Variation of op ¢ versus temperature for (PANI: MWCNTS)
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Figure7: Lns versus 1000/T for (PANI: MWCNTYS)
3.2- Hall Effect increasing doping ratio as in the table (2),

The results of the measurements of the
Hall effect that all membranes prepared is the
p-type through the positive sign of the Hall
coefficient , The results aso showed that
(PANI) has a value of mobility (1.22x10?
cm?/V.s) at room temperature. in membranes
vestiges there was a clear increase in the
concentration of carriers and a decrease in the

values of mobility at room temperature with

This was due largely to an increase in the
concentration of carriers formed near the
conductive band, which in turn lead to an
increase the number of donor atoms of
electrons capable of ionization within the
thermal energy does not exceed the value of
topical levels (KgT), As for the decrease in
mobility shall be due to the increased

concentration of carriers.



AL-Qadisiyah Journal of pure Science

Vol.22 No. 2 Year 2017

Table 2: Hall parameters for (PANI/ MWCNTS) films at different ratios

RH nH p uH ORT
Sample ) L
(cm3/C) (1/cm3) (Q.cm) (cm“/V.9) (Q.cm)’
Pani pure 5.3x10’ 1.1x10M" 4.3x10° 1.22x10 2.2x10°
pani:cnt(1%) | 1.69x10’ 3.6x10" 3.38x10° 5.09x10" 3.01x10°
pani:cnt (3%) |  6.07x10° 5.2x10" 2.8x10° 1.5x10" 45%x10°
pani:cnt (5%) 4.5x10° 7.7x10" 1.8x10° 0.98x10" 5.44x10°

7. Conclusions:

The summarized results from thiswork
are the following:

1. It isfound through the study that these
polymers appear a continuous changein the
Electrical propertiesasaresult of adding
(carbon nanotube) to the polymer

2. The addition of carbon nanotube to (PANI)
led to the improvement Electrical properties.
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