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ABSTRACT

Poly pyrrol, poly acrylic acid, their composite veeprepared and identified by FTIR and UV spectrpgcdhe
thermal stability of the compounds were studied 8ythermal analysis. The study shows that the comg®were stable
till about 300 0 C. The x-ray diffraction shows stal structures and the d-spacing of the cry#tdl were calculated.
The morphology of the compounds were studied byngtg electron microscope. The dc electrical cotigitg of the

doped and un-doped compounds were measured andaoenp
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INTRODUCTION

Most of the polymers have low electrical condudtivor insulators so they either used for their naattal
properties, while due to their good electrical iating properties they usually as electrical ingaig (1-4). This picture
was changed since 1977 after the discovery of lietrecal conduction of some polymers by Alen HeaedéacDiamid
and Shirakawa (5). These kinds of polymers broaglut of attention, due to their applications ie #lectrical industris
because those materials have many important prepestich as cheap prices, ease of manufacturgasmbility of
change of their properties with the change of tbk&mical and crystalline structure, the wide galesarea in addition to
the possibility of making integrated circuits witicro dimensions. All that make the applicationgpofymers easier than
the application of inorganic semiconducting techeis) (5). The applications of the polymers in theegical applications
opened a new field called the molecular electro(8e8). The basic properties of the bonds). Thetegtal n-conducting
polymers is the presence of conjugated double b¢oatgluctivity increases with doping of the polyméoy the addition
of negative and negative charge carriers). Therdpisi usually done by the addition of weight petagrthe solid dopants
or volume percentage of solutions or expose tontla¢erial to a vapor of the dopant. The doping igallg done by
chemical or electrochemical processes (10-13). & hez many applications industrial mechanical aedical and optical
fields in addition to the applications in the reajeable batteries and vital sensitivity (14, 19)e¥ are used as diodes and
transistors and light emitter diodes (16-23 ) atlteoapplications (24-26). In this work, Poly pyeopoly acrylic acid,
their composite and blends were synthesized ardlestitheir thermal stability, morphology, crystaity and electrical

properties without doping with iodine and withowipihg.

www.iaset.us edi@iaset.us



42 Nadia A. Hussein Al-Assady, Baryham Saaldiil Samad & Nazar A. Hussein

Synthesis of Poly Pyrrole (PPY)

In a 250 ml conical flask, a solution of 1.48 mitbé monomer, pyrrole, in 50 ml ethanol was addeti stirred
for 15 minutes. In a 250 ml beaker, another sofuti@s prepared by dissolving 1.623 gm of anhydifeersic chloride
(FeCl 3 ) in a mixture of 75 ml ethanol and 25 rhldistilled water. The second solution two was atjdey using a

separating funnel, to the first solution with comidus stirring by using. The stirring was continfi@d?24 hours.
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Figure 1: Synthesis of PPY

A black precipitate was formed 27). The black preéate was filtered and washed with distilled waten with
acetone to remove the unreacted pyrrole and fehlieride. The black precipitate, PPY, was drie®at0 C. Figure 1

shows the synthesis reaction.
Synthesis of Poly Acrylic Acid (PAA)

In a 250 ml conical flask, 5 gm of acrylic acid wdissolved in 10 ml of distilled water. This sobani was
neutralized, by adding gradually with shaking, aib&olution prepared by dissolving 5 gm of sodiwdroxide in 25 ml
of distilled water (28). During the addition thereerature was kept within 50 0 C by checking witbrinometer. To the
neutralized solution 0.025 gm of methen bisacrgiid, then 2 ml of hydrogen peroxide, then 0.4 ghascorbic
acid(10%). The mixture was stirred for 2 hours witagnetic stirrer. The solid precipitate was dueder vacuum at 55 0
C.

CO,H

i
PH,C=CH—CO,H —> AISCHZ—(ID—:I—
H n

Figure 2: Synthesis of Poly Acrylic Acid
Preparation a Composite of PPY with PAA

To a 250 ml conical flask 1 ml of PPY was addea tmixture of 4.8 gm of anhydrous ferric chloridéusde in
50 ml ethyl acetate. A solution of 0.6 gm of pobndic acid soluble in 50 ml of distilled water thadded to the above
mixture (29, 30). The overall mixture then stirfed five hours. A black precipitate was formedtdied and washed with

distilled water, left to dry at room temperature.
Doping of the Polymers

lodine doping of the studied compounds (PPY, PAdmposite and blend) where 0.1 gm of the polymether
composite or the blend was mixed well with 0.01 gfmodine and less amount of dimethyl formaldeh¢d®F) (31) For

conductivity measurement, the mixture was castethemlass substrate and the solvent was dried.
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Identification of the Compounds

a- IR Spectroscopy

Figures 3-5 show the IR spectra for the PPY and RAé a composite of PPY with poly acrylic acid exgjpvely
(27-30). Figure 3 shows bands at 3419 cm -1 widddttributed to the stretching vibration for the lkbup. The band at
1550 cm-1 might be attributed to the C-N stretchi@g, 33). Figure 3 shows bands at 1714 CM -1 drgBa7 cm -1

which are attributed to the C=0 and OH stretchespectively. Figure 5 appears as it is shows featof the constituent’s
spectrums.
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Figure 3: The IR of PPY
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Figure 4: The IR Spectrum of PAA
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Figure 5: The IR Spectrum of the Composite PPY an®AA

Uv Spectroscopy

Figures 6 shows the uv spectrum for PPY. The figmaws main band with max at 502 nm in addition to a
band withh max at 343 nm. Figure 7 shows the Uv spectrunafoomposite of PPY and poly acrylic acid (30, 33jese
bands are attributed to the->n* and n—z* transitions.
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Figure 6: The UV Spectrum of PPY

Figure 7: the UV Spectrum of PAA

Figure 8: the UV Spectrum of (PPY/PA)

Thermal Analysis

Figures (9-11) show the TGA thermogram for PPY, Pa#ohylic acid and a composite. Table 1 shows anbér
functions (Ti, gy and T) of the studied compounds. The Tg diagrams anélathows the stability of the polymers and
their composite. From the table thei§the highest for the Composite while thdsTfor the PPY which might be because

the composite increases the temperature of decatigpds”
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Figure 9: The TG Thermogram of the PAA
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Figure 10: The TG Thermogram of the Composite of PP with PAA
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Figure 11: The TG Thermogram of the Composite of PP

Table 1: the Thermal Function of the Polymers and fieir Composite

Compounds | T,°C | Ts,°C | T:°C

PPY 240 340 560
PAA 350 440 540
Composite 380 370 460

X-Ray Diffraction (XRD)

Figures (12-14) shows the X-ray diffraction patseoi PPY, PAA and PPY-PAA composites. The XRD resul
shows that PPY is more amorphous while PAA compcdheml more crystalline reigns. Table 2 shows thegwalue of
the diffraction angle and the crystallites of th@ymers calculated according to Bragg's 19W?°. The poly acrylic acid

shows more crystalline sites as it is shown inriglP.
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Figure 12: The X-Ray Diffraction of PPY
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Figure 13: The X-Ray Diffraction of PAA
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Figure 14: The X-Ray Diffraction of the Composite
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Table 2: The X- Ray Diffraction Data Taken from thex-Diffraction Figures

The Compounds| [.Th29] Spacing A-d
26.03 3.66
PPY 35.31 2.95
64.85 1.76
12.65 11.39 9.02
14.24 8.13
15.37 7.21
PAA 21.25 6.39
33.05 4.85
3.14
Composite 18.57 5.46
3.35.13 2.97

Scanning Electron Microscopy (SEM)

Figures (15-17) shows the scanning electron mioq@isdmages of the prepared compounds, PPY, PAA and

PPY-PAA composite. The SEM image of PPY polymeapeared that the prepared sample is formed adariquarticles

aggregated together. However, the particles of R&¥ diameter less than that for PAA and alsoapjseared more

aggregated. The SEM images (Fig. 13C) shows tlkeatdmposite sample has various surface morphoRigY-PAA is

formed as a bulk and some of sample appearedlaea sverlapping each other. The composite figi@ws a
morphology with large bodies with scale s ?”>?" Patiel et al. noted that the PPY that preparesitiin chemical bath

is structured as spherical granufdt

Figure 16: SEM for PAA
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Figure 17: The SEM for the Composite

The Electrical Properties

The DC electrical properties of the prepared compounds (lodine doped and un dopt were carried out using a
circle containing voltmeter and ammeter. The samplere casted as thin films on glass cells mad#f €iporine tin oxide
(FTO) as sandwich cells(Figure 18). The FTO is emtide from one side which is connected to theuiirelectrodes. The
sample thickness (L) was 0.5 mm (measured by miemmier). The area of the electrode (A) is 1 cmBe Tell constar
(L/A) is 0.05 cm2The cells were placed in variable temperature ¢agd27, 35). The DC conductivity was measured

temperature range 30800 K (see Fic
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Figure 18: TheElectrical Circuits Used for the Dc Electrical Conductivity

Using Arrhenius question 4=In0-AEKT Were and are the 0 dc conductivity and f-exponential factor. The
relations between ¢ and the reciprocal temperature were drawn and ttiwatior energy for each relation we
calculated from the slope of the gra Figures 19 shows the dc electrical conductivitytiae. reciprocal temperature 1
undoped PPY, PAA and the composite. lineral, the compounds show semiconducting propettiesto the increase

conductivity with temperature. The picture showes fiblllowing sequenc
Composite >PAA> PPY

It seems that composite and blend act as alloyshods better conductivity in compd the polymers
themselves.

Figure 20 shows the dc electrical conductivity tree reciprocal temperature for doped PPY, PAA, drair
composite. They show, also, semiconducting propetiecause the increase of conductivity with teatpes. The pictui

shows the following sequence:
Composite> PAA> PPY

lodine increase the conductivity for all compoumndsich may be due to the oxidation of the compoun-
doped)
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Figure 19: The Dc Electrical Conductivity for Undoped Compound: The Composite, 2. PAA, ¢ PPY
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Figure 20: The Dc Electrical Conductivity for the Doped Compound: The Composite, 2. PAA, 3. PP

CONCLUSIONS

From the experimental results we can conclude ttf@icomposite is more electrical ngconductive tthenPPy

and PAA before and after dopin
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