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Abstract: The Toluene 2, 4-diisocyanate (TDI) (C9 H6 N, O,) and polyethylene glycol (PEG) [H(OCH,CH,)nOH] were used to
prepare the poly urethane (PU), and then it is doped by different weight ratios of poly (o-toluidine) as (20%, 30%, and 50% w/w).
The current-voltage (I-V) characterization of prepared thin films (deposited by spin coating method) showed ohmic behavior and the

electrical conductivity increased with respect to increasing the ratio of dopant and all samples reflect a semi-conductor material.
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1. Introduction

PU (Poly urethane) has different functional uses

like coatings , adhesives and thermoplastic
elastomers ,etc. due to their high strain restoration and
high degree of chemical control over the softening
temperatures in addition to have high strength and
[1, 2].

did not stop the development and

toughness Because of these qualities a
researchers
introduction of attributes suited to the need. These
through the

materials

enhancements were done doping

processes and fundamental used for
synthesis of PU, therefor, the dopants used to get
better properties are single-walled carbon nanotube
(SWNTs) [3, 4]and multi-walled carbon nanotube
(MWCNT) [3, 5]and other dopants are used as Lewis
acid treatment to improve lignin polyurethane and
organoclay([chromophore] -saponite) [6, 7]. One of
important approaches to modify the properties of PU
is the changing molecular structure by a modification
of the basic building blocks [3]. In general the PU has
linear structure of two segments : the first is low Tg
soft segment( diol or diamine) and the second is high

Tg hard segment (diisocyanate) [8, 9]. In present study,
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the aromatic TDI (Toluene 2, 4-diisocyanate) and
PEG (Polyethylene glycol) were used as basic
segments to prepare PU which was doped by
conductive polymer (Poly(o-toluidine)) because of its
properties such as optical and electrical characteristics,
inexpensiveness and environmental stability [10] to
get material with appropriated electrical properties
which were studied and characterized by (FT-IR and
XRD ) techniques.

2. Experimental

The 2, 4-diisocyanate (TDI) (C9 H6N,O,) was
purchased from Sigma Aldrich (UK) and used without
further purification. Poly (ethylene glycol) (PEG)
(H(OCH2CH2)nOH) with molecular weight (Mr
~16000-24000) was provided from Sigma Aldrich
(UK). The poly (O-Toluidine) was prepared according
to our previous work [11].

Depending on the previous study of PU which was
prepared it by reacting diisocyanate  with
polytetramethylene glycol as example [5]. In the
present study the polyurethane is prepared as a same
weight ratios of the TDI and PEG are mixed together
for 30 min. to be completely mixed, then brought out to
heat the mixture up to 90 'C for 15 min. By that process,

the reaction will be got and the PU polymer was done.
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The method used to doping the PU by POT is done
during the preparation of PU. Dissolving the amount
of TDI by formic acid and same amount of PEG is
dissolved in other tube, then, permitting it to be
completely dissolved by using magnetic stirrer and at
the same time the amount of POT is dissolved in
formic acid where the total weight of TDI and PEG is
calculated and different weight ratios of POT (20%,
30%, 50%) (With respect to the total weight of TDI
and PEG) are added. The continuous stirrer for lhr to
the final mixture (which is 10mg per ml of solvent) is
allowed.

The doped PU was deposited on the different
substrates by spin coating method which is glass
substrate for study the XRD analysis, interdigitated
finger for electrical properties. The thicknesses of the
prepared films were measured by Ellipsometry
instrument to be (50.74, 44.2, 44.56, and 43.24 nm)
for pure PU and doped PU respectively.

3. Results and Discussion

3.1 SEM Analysis

The SEM microphotographs reveal the morphology
of the neat PU/POT including composition of film in
which —OH groups of the PEG surface react with the
—-NOC groups of TDI (Fig. 1). Therefore, the
compositions of PU/POT films are well dispersed in
matrix of the PU by binding hydrogen which is
formed between the segmented chain of the POT and
segmented TDI. Moreover, surface of the prepared

samples produces hard and rough films without of

(a)
Fig.1 SEM image of PU-doped by (a) 20% POT, (b) 30%POT and (c) 50% POT.

“(b)
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porous and pin hole.
3.2 FT-IR Characterizations

Fig. 2 shows FTIR spectra of PU and doped PU
including a disappearance of NCO peak in FTIR
spectrum at 2,270 — 2,250 cm’' which shows that TDI
has a completely reaction to form PU [12-13]. The
appearance of C=0 peak at 1,700 cm’' indicates that
hydrogen bonding is formed between the segmented
chain of the POT and the segmented TDI. Formation
of the group the

disappearance of the characteristic absorption band of

imide is connected with
the isocyanate group. Moreover, FTIR absorption
maximum shows up at 1778cm” and 1718cm™
because of imide-carbonyl while at 1,373 cm™ and at
720 cm” due to C-N stretching, and imide ring

deformation, respectively.
3.3 XRD Characterizations

The XRD pattern of pure PU shows that, no sharp
peaks, confirming their non-crystalline nature of the
PU which is known as amorphous polymer [13]. The
XRD pattern shows peaks at 12.180, 14.930, 18.310,
18.37°,18.87°,20°,21.95", and 26.2 as shown in Fig. 3.
The small peaks appeared conformed that, the prepared
PU has semi crystalline nature.

The XRD patterns of the doped PU shows peaks at
13.21°, 19.24°, 23.72°, 26.1° with low intensity and
indicated that, POT is successfully incorporated in the
PU matrix which is caused to disappear some peaks in
addition to some simple displacement in location of

peaks as shown in Fig. 4.

()
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Fig.2 FT-IR absorption spectra of PU and doped PU: (A) pure PU, (B)PU-20% POT, (C)PU-30% POT, (

D) PU-50% POT.
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Fig.3 XRD scattering pattern of polyurethane (PU).
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Fig. 4 XRD scattering pattern of doped polyurethane (PU).



394 Synthesis and Characterization of Polyurethane/POT Dopant and Study Its Eleactrical Properties

3.4 Electrical Properties

The two probe method is used to study electrical
properties of prepared polymers and the circuit used in
this method including Keithley electrometer
instrument (Model 65174), Digital hot plate (IKA
RET basic), and computer for display and save the
data. Surface conductivity of the prepared samples is
measured by using interdigitated electrodes according
to the following relationship [14-17].

os = [I/V] [L/Wtl] (D
where, L is the space between electrodes (100 um), W
is the distance fingers (10 mm), [ is the number of the
fingers is to be (10) and t is the thickness of the film.

The conductivity of the PU (which is considered as
insulator polymer) around 9*10E-11(S/cm)[5]. The
conductivity of the dopant (poly (o-toluidine)) is
calculated at different temperature started from
1.70E-04 (S/cm) at 308K to 2.39E-04 (S/cm) at 387K
[11] which is reacted with the PU by forming
hydrogen bond between the POT segmented and TDI
segmented .The I-V characteristic of the prepared
samples with different thickness are shown in Fig. 5
which is displayed ohmic behavior [18, 19].

Surface conductivity of the samples are calculated
according to Eq. (1), which is tabulated in the Table 1

which is indicate that, the conductivity increased with
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Fig.5 The Current-Voltage characterization of doped PU by different weight of POT.
Table 1 The electrical conductivity for doped PU at different temperatures.
T (K) o, (S/cm) o, (S/cm) o, (S/cm)
20% doped 30% doped 50% doped
308 9.389E-07 1.962E-05 1.48E-4
318 1.016E-06 2.135E-05 1.59E-4
328 1.026E-06 2.357E-05 1.696E-4
338 1.116E-06 2.489E-05 1.792E-4
348 1.199E-06 2.723E-05 1.916E-4
358 1.254E-06 3.009E-05 2.076E-4
368 1.423E-06 3.261E-05 2.211E-4
378 1.561E-06 3.519E-05 2.336E-4
-16.00
-15.00
-14.00
- —
—_ -13.00
-';L -12.00 —_A
Z
= 11.00 B
= C
-
-10.00
-9.00
-8.00
2|5 26 2.7 2.8 2.9 3 3.1 3.2 33
-7.00
1/T(1/K)

Fig. 6 Plot of Ln o versus 1/T for doped PU: (A) PU-20%POT, (B) PU-30%POT, (C) PU-10%POT.

increasing amounts of the POT dopant and increased in the ratio of 20% doped started from 9.389E-07 at
with increasing temperatures due to an increase in the 308 K to be 1.561E-06 at 378 K and in the ratios of
efficiency of charge transfer, where the conductivity 30% and 50% doped started from 1.962E-05 and
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1.48E-04 at 308 K to be 3.519E-05 and 2.336E-04 at
378k respectively , in other way , the polymer behaves
semiconductor material [20-22]. The increase in the
conductivity due to increase in the charge carriers
(Polarons and Bipolarons) which are leads to increase
the current with increase the applied voltage in the
electric circuit [23].

The activation energy of doped PU with different
weight ratios of POT is calculated according to

Arrhenius model [24] in which the conductivity (o) is

given by the following:
o = g exp(— E./KgT) 2)
Inc = (-E/KgT) + Inoy 3)

This equation has same form of straight line and
then the plot of Ing Vs 1/T (as shown in Fig. 6). The
activation energy of doped PU by different weight
ratios (20%, 30%, 50% POT) was estimated to be
(0.069, 0.0827, 0.0649 eV) respectively. The decrease
in activation energy of PU with increasing the amount
of dopant (POT) is noted and attributed to the localize
state presented.

4. Conclusions

The PU is prepared from diisosyanate (DTI) and
polyethylene glycol (PEG) and then doped by different
weight ratios of POT. Thin films of prepared polymers
(PU, doped PU) have been prepared by spin coating
method on different substrates for study. The
I-V)
(AL/polymers/AL) samples at different dopants and

Current-voltage characteristic of

different temperatures showed ohmic behavior at all
applied voltage.
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