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ABSTRACT

The polymer of aniline and its derivatives is ofidch® most widely researched electrically condwctpolymers.
Phenylenediamine doped with different concentratioh organic acids which act as dopant were pregabyg
chemical oxidation method. In this paper we haymried that as the concentration of dopant increaseande”
increases with temperature, may be attributablé&dée charge build up at the interface between #ra@e and the
electrode (space-charge polarization).
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INTRODUCTION

The polyaniline (PANI) family of polymers has bethe subject of increased investigation becausesafléctronic
properties which can be modified by protonatioryirgy rise to unusual chemical, optical, electrochim and
electrical properties in both insulating and conhgcforms [1-3]. The polymer of aniline and itsridatives is one
of the most widely researched electrically condigcipolymers because of their easy preparation, bighility,
good electrical conductivity, and high gas-separatability. It is believed that the investigations of polymers
synthesized from aromatic diamine are more attractince they exhibit more novel multifunctionalibhan PANI.
Phenylenediamines are a class of aniline derivativaving an extra —Nzl-group in theo-, m or p-position.

Although reports are available on polymerizatiomefandp- isomers [4],0-phenylenediamine (OPD) is the most
frequently studied member. Pabyphenylenediamine) (POPD) has apparently showrerdifit characteristics of
molecular structure and properties when compargd RANI [5]. It has been reported to be a highlpraatic
polymer containing 2,3-diaminophenazine or quinmelrepeat unit and exhibits unusually high theraloitity
[4,6,7] although a PANI like structure has alsorbpeoposed [8].

Little is known about the dielectric propertiescohducting polymers associated with the conduatieghanism [9-
11]. The charge transport mechanism of conductmignper has been investigated in recent years udiiglgctric
relaxation behavior and ac measurements; etc. 41214low frequency conductivity and dielectric reddon
measurement especially have proven to be valuabdving additional information on the conductiorchanism
as theac conductivity measurement alone does not provide felaxation of an electric field in a charge iearr
system is attributable to the charge hopping of ileotarriers, which can lead to both short-rangel¢oal) ac
conductivity and long-range dc conductivity. We daanalyzed the experimental data by means of tfferelint
formalism complex permittivitg’ and permittivity loss:”.

1.2 Synthesis
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Phenylenediamine (PDA), ammonium persulfate (AR&glic acid, picric acid, acetic acid, salicylicidh@and
benzoic acid were used as received. All chemicaeveof analytical grade. 0.2M phenylenediamine spekific
molar concentrations of oxalic acid (0.1M-0.4M) watissolved in 100 ml deionized water with stirrimigroom
temperature for 30 min. The stirring was then saappnd 50ml aqueous solution of 0.2M APS was adaeldthe
reaction was left for 12 hrs. The resulting PDAqipéate was washed with distilled water and methaeveral
times. Finally the product was dried in vacuum oseBOC temperature for 12 hrs

Similarly by keeping the monomer constant i.e. 0.RMenylenediamine and by varying the concentraifoabove
organic acids were prepared by the above procedure.

1.3 Experimental Techniques:

The capacitance of the thin pellet of the polymeese measured by using direct reading of LCR brigfgaab-
4910 D, Auto compute LCR-Q meter) of accuracy (P®L for the measurement of capacitance, at frequeleiz
as a function of temperature.

The permittivity or real dielectric constant)(of the polymers was determined by the equation.
g =Cd/gA

Where, C= capacitance of the polymer sample.
d = thickness of the pellet of polymer.
A = surface area of pellet.
g0 = permittivity in vacuum (8.854 x 16 F/m)

The dielectric losse() was calculated by the equation.

g = g'tand
Where tai = percentage dissipation factor

1.4 Observations and calculations

By the above procedure we have calculated for @d.®L.4M concentration of oxalic acid with temperatbut we
have showr' ande” values and tabulated as follows as shown ingabhnd we have shown the figureg'ofse”
of different concentrations of salicylic acid, dcetcid, benzoic acid and picric acid as shownignl(a) to 1-(j)

Table 1 shows dielectric constantg() and dielectric loss €”) of PDA doped with 0.1M to 0.4M concentration
of oxalic acid.

T 0.1M 0.2M 0.3M 0.4M

°C g g" g | g" g g" £ g"

100 | 1631.57| 580.01 1411.00 347.7 8 781|113 97.63 2567.89
95 | 1568.55| 521.28 1361.94 325.8 1267.45 583/80 7.682 2296.04
90 | 1502.03| 474.27 1337.47 306.4 P2 47164 43.867 1878.89
85 | 1435.50| 414.04 1302.4¢ 263.9 395/74 9.067| 1291.135
80 | 1358.48| 352.94 1277.95 248.3 353/19 0.046 925.23
75 | 1284.95| 296.55 1256.94 226.0 309,22 98771 602.80

D
3
v
P
3
b
70 1235.93| 254.20 1218.43 204.09 959.34 28791 9328 553.07
D
3
D
b
b
D
b

b
1
65 1218.43| 243.24 1211.43 195.3 3 263,08 4027 464.90
60 1179.91| 223.04 1176.41 189.1 p 237)09 .3627 378.93
55 115541 216.36 1172.91 181.0 882.31 22941 3994 353.10

)

)

)

i

50 1148.40| 214.21 1148.4( 174.2 210449 8220 282.46
45 1078.38| 196.78 1109.89 162.2
40 1018.86] 180.01 1078.38 153.3
35 997.854| 172.34 1045.82 143.6

19469 3882 267.28
177,61 0870 250.73
169,28 1858 242.41
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Fig. 1-a) shows permittivity constant of PDA dopedvith 0.1M to 0.4M concentration of oxalic acid
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Fig. 1-(c) shows permittivity constant of PDA dopedvith 0.1M to 0.4M concentration of salicylic acid
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Fig. 1-(e) shows permittivity constant of PDA dopedvith 0.1M to 0.4M concentration of acetic acid
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Fig. 1-(f) shows permittivity loss of PDA doped wh 0.1M to 0.4M concentration of acetic acid
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Fig. 1-(g) shows permittivity constant of PDA dopedvith 0.1M to 0.4M concentration of benzoic acid
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Fig. 1-(h) shows permittivity loss of PDA doped wh 0.1M to 0.4M concentration of benzoic acid
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Fig. 1-(i) shows permittivity constant of PDA dopedvith 0.1M to 0.4M concentration of picric acid
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Fig. 1-(j) shows permittivity loss of PDA doped wih 0.1M to 0.4M concentration of picric acid
RESULTS AND DISCUSSION

It has been observed that the variation' @nds” with temperature is nonlinear. These curves shwmexistence of
relaxation during the change of temperature. It eesn observed that as the concentration of ddpergasessg'
ande” increases with temperature, may be attributabl&d¢e charge build up at the interface betweerstdmple
and the electrode (space-charge polarizatiihas been observed that at higher temperatigieows higher value
for 0.1M concentration of organic acids as compae®.4M concentration ane’ shows lower value for 0.1M
concentration as compared to 0.4M concentratiorthAsemperature decreases it shows similar results

CONCLUSION

It has been observed that as the concentratioropért increases;, ande” increases with temperature, may be
attributable to free charge build up at the intezfaetween the sample and the electrode (spacgecpalarizatioh
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