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Abstract

Electrical conductivity and visible photo current (PC) measurements have been
performed on thick film (10 pm) of polyaniline modified with (1x10“mole) content of
fluorescein organic dye were all measurements have been made using Sandwich structure
of aluminum and semitransparent aluminum with area (0.03 cm?) circular electrode. The
D.C. conductivity was measured as a function of doping ratio with iodine using the
technique of two probes.All current measurements have been made at steady state
conditions were the obtained results showed that the domain conduction mechanisms was
identified as space charge limited current (SCLC) and the D.C. bulk conductivity of pure
films was 6.6x10° S.cm™,and this conductivity is increased by 5.4 times of films with
doping ratio equal to 2% . Photocurrent (PC) was measured with specified wave length
as a function of applied voltage were the intensity of the incident light was 295 lux/m? for
each case. The obtained results of PC showed that the observed photons form excites, and
the caste films have poor photoconductivity while maximum peak of D.C. conductivity
under illumination was obtained near Yellow region of visible light were the absorption of
incident light is high and free carriers are available.

Also the obtained results showed that the cut-off wave length is near red region, and the
recombination process is bulk finally Another noticeable remark, that the photocurrent is

increased by amount of 800 times & D.C conductivity is increased by 1300 comapred to

maannitiide at darkness
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Introduction:

At the end of the seventies organic conjugated polymers emerged as very
attractive materials after the discovery that their electrical conductivity could be increase
by several orders of magnitude upon chemical of electrochemical treatment Straditionally
referred to as doping in analogy to the physics of semiconductors) ®. Extensive
theoretical and experimental studies initially addressed the properties of trans-
polyacetyline® and than shifted towards more environmentally stable conjugated chains
such as poly(para-phenylene) (PPP), poly(para-phenylene vinylene) (PPV),
polythyophene (PT), and polyaniline, which incorporated aromatic rin%;s it to their
backbone® .In 1990, the first report of electroluminescence from PPV® renewed the
interest in conjugated polymers and opened the way to the fabrication of electro-optic
devices by exploiting their semiconducting properties and high luminescence yield.
Efficient organic light-emitting diodes (LEDs)®” are now available in the whole UV-
VIS range and they are almost into the commercialization sta?e ®-10) conjugated
polymers are also used as active element in light-electrochemical cell ™, photodiodes >
13) and solid-state lasers ¥
Polyaniline is one of the conducting polymers that has attracted considerable one of the
best conduits for the preparation of polymer-based conducting polymer composites *
%) because of that PANI high stability toward air and moisture, high electrical
conductivity™® and unique red ox  properties®”, recently, significant progress of PANI
have been achieved in the preparation of processable form  “®.
Another advantage is that it is both melt and solution processable. This means that the
compound can be easily mixed with convential polymers and that is easy to fabricate
polyaniline products in to required shapes. More even products consisting of polyaniline
compounds can be easily disposed of without environmental risks 9.

The most important domain in applications of conducting blends is in static materials
conductivities of antistatic applications needs to be high (10°-10°) S/cm ranges are
Fluorescein is a crystalline powder coloured red sufficient 79,

to reddish-brown, soluble in water. It belongs to the group of xanthene dyes. it belongs to
the group of acid dyes and constitutes fluorescein disodium salt soluble in sea water with
extremely intense green fluorescene @0 This organic dye has many uses so a fluorophore
is commonly used in microscopy , in type of of dye laser as the gain medium ,in
forensics and serology to detect latent blood stains , and in dye tracing . Fluorosceine has
an absorption maximum at 494 nm and emission maximum of 521 nm (in water) .Also
Fluoresciene has an isosbestic point ( equal absorption for all pH values ) at 460 nm .
Fluoresiene is also known as a color additive ( D & C Yellow no.7). The disodium salt
form of fluoresciene is known as D&C Yellow no. 8 @&

A large amount of the published data of photo conduction polymers refers to sensitized or

doped materials, in this article, molecular species such as dyes of Fluorisine is added to
host conducting polymer, polyaniline
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Experimental:

Films of polyaniline modified with fluorescein have been prepared by casting
method using aluminum substrate of (1.5x1.5) cm? area as a lower electrode were a
solution made of( 0.1 mole of polyaniline and 1x10™* mole of fluorescein organic dye
using Dmso as asolvent) used for this purpose .All prepared films dried at room
temperature for 24 hours, after that heated gradually up to 80°C for one hour to complete
curing. Semi transparent aluminum layer were evaporated on top of (polyaniline) as an
upper electrode through a circular mask (0.03 cm?) to complete the sample were the
deposition of Aluminum metal (99.99) was carried out using evaporation system model
(Varian 3117) under vacuum pressure more than (10°) torr .the sandwich configuration
(Aluminum /polymer / Aluminum) was used to study the electrical properties of the
films
The D.C. bulk conductivity measurements were carried in dark and electrical shield.
Stationary photo current measurements were taken by applying a voltage to the sample
and measuring both current in dark and under illumination using circuit shown in figure
(1)
A tenxtine lamp type Philips 120 watt was used to obtain photo current of illumination
intensity 295 lux/m?. The effect of increasing the incident light wave length on photo
current was measured using the circuit shown in figure (1) and figure (2) .All
measurements and electrical conductivity of the blend were made at different doping ratio
with iodine via two probes technique

Results and discussion:

D.C conductivity of the polymer blend were measured at steady state conditions as

shown in figure (3) which shows the variation of current as a function of time this
phenomenon may be explained due to the heat effect which activates the remaining
traces of the solvent in the film and also due to the movement of the polymers chains at
the moment of applying external field and the current was estimated as afunction of
doping ratio as shown in Figure (4) which shows the relation between current versus
voltage at different doping ration were at low voltage range a linear relation was obtained
indicating that the caste film obe;/s ohm’s law since thermally generated charge carriers
are effected by currents limits *®.The bulk conductivity have been calculated according
to value of resistance and sample dimensions ,having the bulk conductivity (6.6x107
)S.cm™ with pure case while maximum D.C conductivity was obtained at doping ratio
equal to 2 % equal to 3.6x10™° S.cm™ due to the increase of free charge carriers while at
doping ratio over 2% less free charge carriers are available due to the increase of the traps
in both kinds shallow and deep which reduce mobility of charge carriers as it obvious in
figure (5).
Figure(6) shows the relationship between current and voltage on a log-log scale were
this figure is telling that at higher voltage ohm’s law is no more valid which indicates that
the injected electrode carriers are greater than the thermally generated charges thus ohm’s
law is no more sufficient, more conduction mechanisms for the charge transfer is possible
to occurs so it is clear From the obvious figures, the most possible conduction
mechanisms were found to be Space charge limited current (SCLC) ,this conduction
mechanism is given by the following relation ®°:
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J = guogoge(vz /d>3)

Where:- & = the dielectric constant for polymer.

& = the permittivity of free space.

M. = the electron mobility in the conduction band.

v is the applied voltage
d = thickness of used film

O = the ratio of free holes (P.) in the valence band to the total holes density (P.
+Py).
. Thus in the first low region of such behavior of SCLC ,The current is related to voltage
according to the relation (I oo V") when(n>2 ) see figure(3) and figure(6) so when there
are not enough compensation charges available and it’s magnitude determined largely by
the presence of localized state that trap and store charges, the second square region Vg
(Trap fill level) are started .Figure (7) shows the relation between © and the doping ratio,
here o reflects. The extent to which traps reduce the effective mobility (perr) Of charges
and can be estimated from the following relation®® :
O =Po/(Po+P; )= /1,
Where P is free holes

Po +P; is total holes density

P; is density of the trapped holes
I, is the current at critical voltage at which the transition to SCLC behavior is occurring.
I, is the current at the end of the rise.
Using the circuit shown in figure (2) to study photocurrent measurements were all
current-voltage characteristics of the films were made under dark & illumination
conditions current as a function of the applied voltage and the obtained results are shown
in figure (8).In general the current variation and photo conductivity under illumination is
relativity small which means poor photoconduction and another result is observed were
increasing conductivity of caste film by creating electronic transition in the band gap
have been observed , this is obvious with short wave length near to green light of visible
light while moving toward yellow region of incident light leading to increase of
photoconductivity ,this increase can be explained in the form of the increase in the
number of free charge carriers (electrons & holes), and partially a decrease in the
potential barrier at the grain boundaries, more ever, With further increasing of wave
length of incident light (near to red region of visible light) photo conductivity is decrease
and this may explain according to less number of charge carriers velocity & mobility at
grain boundaries leading to high transit time and less drift, and less photo conductivity
since no more light reaching the active region in depth of the thick film and also more
light is reflect from the surface of polyaniline films (less absorption coefficient).
This behavior is obvious in figure(9) which shows the variation of D.C. conductivity
under illumination as a function of wave length,. Were this figure showing that the
absorption of incident light is greater at wave near to yellow region of the visible light
were free carrier density increases & thus might fill most the capture centers, leading to
increasing in photocurrent. While maximum peak in conductivity is made at wave length
near to yellow region of visible light, this is due to the high absorption coefficient at this
range of wave length.
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Conclusion:

Electrical properties of polyaniline modified with fluorescein have been
studied through measuring (current-voltage) characteristic. The conducting mechanism
was space charge limited current and highest conductivity was 35.64 x10° S.cm™at
doping ratio 2 % with iodine approaching semiconductor behavior, and traps states
changes according to doping ratio.

All the prepared polymeric films show semiconductor behavior. The photocurrent of
thick film using illumination through upper aluminum semi transparent, up on absorption
excisions are formed in the polymer (polarons) which gives rise to a photocurrent.

The photocurrent increases with increasing wave length from green region to yellow
region of visible light since we have peak conductivity and photocurrent meaning the
highest absorption coefficient, while in wave length near to red region we get the cut-off
wave length.
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Fig (1) the Circuit of measuring dc conductivity

Fig (2) the Circuit of measuring photocurrent
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Fig (4)-(1-V) characteristics of the films at different doping ratio with iodine
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Fig (6) (Logl-LogV ) characteristics of the films at different doping ratio with

iodine
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Fig (8)-(I-V ) characteristics of the films at different wave lengths of incident light
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Fig (9) the variation of conductivity as a function of incident wave length
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