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Abstract

Chemical copolymerization of aniline with o-anthranilic acid in aqueous 1 M HCl was carried out at
different molar ratios of aniline and o-anthranilic acid, and was characterized by FTIR and UV-
Visible spectroscopy, elemental analysis and electrical conductivity. From FTIR and UV-Visible spec-
troscopy, we observed that o-anthranilic acid had been introduced into the polymer chain suc-
cessfully. The percent yield of o-anthanilic acid copolymer with aniline decreases as the percent of
aniline increases. An increase in the % C can be observed as the amount of o-anthranilc acid in the
copolymer decrease or the amounts of aniline increase. Copolymerization of aniline with o-anth-
ranilic acid would improve the resulting polymer via increasing the molecular weight and the con-
ductivity as well.
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1. Introduction

Poly anilines which are soluble in aqueous solutions are particularly attractive because they can be processed in
water, thus avoiding the environmental concerns associated with the use of organic solvents. It has been shown
that polyanilnes with sulfonic acid groups on the benzene rings [1] or on the nitrogen atoms [2]-[6] are soluble
in water.

Polyaniline (PANI) and its derivatives are one of the most promising classes of organic conducting polymers
because of its moderately high conductivity upon doping by protonation, good environmental stability and ease
of synthesis [7]-[10]. However, its insolubility in common solvents, which results in difficult process abilities,
has restricted its applications. To improve the polymer solubility, copolymerization of aniline with aniline de-
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rivatives was proposed [11] [12].

On copolymerization of aniline with o-anthranilic acid there is a formation of material having properties in-
termediate to their homopolymer and more process able copolymers. In this study, at different molar ratios of
aniline and o-anthranilic acid, a copolymer of o-anthranilic acid with aniline is prepared and characterized using
FTIR, UV-Visible, elemental analysis and electrical conductivity.

2. Experimental

Reagents

O-anthranilic acid (AA) (Merck, Stuttgart, Germany), Aniline (ANI) (ADWIC, Egypt), Ammonium persul-
phate (APS ) (WINLAB, UK), N,N-Dimethylformamide (DMF) were used without purification.

Characterization

The FTIR spectra were recorded using FTIR-8201 PC (SHIMADZU) instrument by KBr pellets, and UV-Vis
absorption spectra were recorded in spectrophotometer (UV-1601 SHIMADZU). The electrical conductivity
was measured at room temperature by using conductivity meter (CM-30V) and The C, H, N analysis was carried
out using EA 1110 elemental analyzer.

Synthesis of copolymers

0.178 g of (AA) was dissolved in 3 ml DMF and completed to 50 ml by 0.1 M HCI. 0.08 M solution of (ANI)
was prepared and then added to the solution containing (AA) and DMF. A solution of 0.1 M (APS) in 50 ml of
0.1 M HCI solution was prepared and then added to the solution containing the ANI and AA; therefore, the con-
centration of AA is 0.013 mol/L. At that case the molar ratio (f;) of AA/ANI would be 5. Different solutions
were prepared in which the concentration of AA was varied from 0.0067 mol/L to 0.08 mol/L at constant con-
centration of ANI and APS of 0.08 and 0.1 mol/L, respectively, to give solution of different (f;) of AA/ANL

3. Results and Discussion

Poly(o-anthranilic acid) and copolymers of aniline were synthesized according to the following reactions:

COOH COOH
2
N

Poly anthranilic acid

COOH

R

COOH
NH N
M N

Poly(aniline-Co-anthranilic acid)

3.1. FTIR Spectra Measurement

Figure 1 shows FTIR spectra of polyaniline (PANI). The high frequency bands at 1562 and 1477® cm™" are
assigned to the C=C ring stretching vibrations of the benzenoid ring and the C-N stretching of the quinoid ring,
respectively. The bands 1290’ and 1239 cm™ correspond to the N-H bending and symmetric component of

O,
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Figure 1. FTIR spectra of PANI.

the C=C (or C-N of the benzenoid ring) stretching modes. The remaining bands at 1110® and 798 cm™
could be attributed to the in-plane and out-of-plane C-H bending modes.

Figure 2 and Figure 3 show the FTIR spectra of poly(o-anthranlic acid-co-aniline) at f; = 3:1 and f; = 1:3
respectively. We observed that the FTIR spectra of copolymers show similar bands as those reported for PANI
with exception of C=0 absorption band 1684® cm ™' (Figure 2) and 1686 cm™' (Figure 3), therefore, we can
distinguish the copolymer with homo polymer by this characterization band. It means that AA had been intro-
duced into the polymer chain successfully.

3.2. UV-Vis Spectra Measurement

The UV-Vis spectra of poly(o-anthranilic acid-aniline) copolymer at different mole fractions of aniline and o-
anthranilic acid are shown in Figure 4 and tabulated in Table 1.

Two absorption bands at 348 and 512 nm. That are attributed to benzenoid (z-* transition) and quinoid rings,
respectively. The n-n* transitions are related to the extension of the conjugation along the polymer backbone.
These bands show shift from 348 nm for o-anthranilic acid to lower values for the different mole fractions of the
copolymers. Indicating a decrease in the extension of conjugation with respect to polyaniline, this decrease may
be attributed to the carboxylic acid group’s effect with the increase of the torsion angle between close phenyl
rings with respect to polyaniline causing a different copolymer conformation.

3.3.Yield and Conductivity Measurements

Table 2 Shows the yield and the conductivity of o-anthranilic acid and its copolymers with aniline at different
molar ratios (f) using DMSO.

We observed the percent yield of o-anthranilic acid copolymer with aniline decreases as the percent of aniline
increases as shown in Figure 5. Also, we observed a slightly increase in the conductivity as the amount of o-
anthranlic acid decreases.

3.4. Elemental Analysis

The elemental analysis was carried out in order to know about the composition of the polymer with various ele-
ments such as C, H, N, and S present in the polymer matrix. Table 3 shows the calculated and observed percent
values of C, H, N and S for PAA in acidic medium and copolymers of AA with ANI at several mole ratio of
AA/ANIL. A relatively increase in the % C can be observed as the amounts of o-anthranilic acid in the copolymer

decrease or the amounts of aniline increase.
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Figure 2. FTIR spectra of poly(o-anthranilic acid-co-aniline) at f; = 3:1.
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Figure 3. FTIR spectra of poly(o-anthranilic acid-co-aniline) at f; = 1:3.
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Figure 4. Uv-Vis absorption spectra of copolymer of o-anthranilic acid with ani-
line at different molar ratios using DMSO as a solvent (f;) a=3:1,b=2:1,c=1:1,

d=4:1,and e =1:3.
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Figure 5. Percent yield of o-anthranilic acid copolymer with aniline.

Table 1. UV-Vis of o-anthranilic acid in acidic medium and its copolymer with aniline at different molar ratios (f;) using
Dimethyl sulfoxide solvent (DMSO).

Polymer (f1) of AA/ANI Benzenoid Amax (nm) Quinoid
O-anthranilic acid in acidic medium — 348 512
O-anthranilic acid-co-aniline 4:1 298 413
O-anthranilic acid-co-aniline 3:1 306 535
O-anthranilic acid-co-aniline 2:1 308 520
O-anthranilic acid-co-aniline 1:1 298 419
O-anthranilic acid-co-aniline 1:3 300 410

Table 2. Yield and conductivity of o-anthranilic acid and its copolymers with aniline at different molar ratios (f) using
DMSO.

Polymer Yield (%) Conductivity (S-cm ™)
O-anthranilic acid in acidic medium 75.2% 1.89 * 107
Copolymer of o-anthranilic/aniline at f; = 4:1 54.1% 341*10°
Copolymer of o-anthranilic/aniline at f; = 3:1 50.21% 3.62*%10°°
Copolymer of o-anthranilic/aniline at f; = 2:1 47.4% 3.78*10°°
Copolymer of o-anthranilic/aniline at f; = 1:1 44.6% 428 %1072
Copolymer of o-anthranilic/aniline at f; = 1:3 39.32% 523 %1077

Table 3. Elemental analysis of PAA and their copolymer with ANI at different molar ratios (f;).

Sample C% H % N % S % Total %
Found Cal. Found Cal. Found Cal. Found
O-anthranilic acid in acidic medium 48.99 62.34 5.52 3.55 9.47 10.39 0.26 64.24
AA/ANI at f, = 4:1 50.80 63.92 5.45 3.34 9.24 14.03 0.40 65.89
AA/ANI at f, = 3:1 52.77 63.84 4.53 3.47 8.21 13.79 0.67 66.18
AA/ANI at f, =2:1 53.92 65.48 5.68 5.68 8.73 13.36 223 67.56
AA/ANI at f, = 1:1 53.52 69.17 69.17 4.02 7.82 12.41 0.48 65.84

AA/ANI at f,=1:3 54.08 76.03 76.03 5 9.76 10.64 1.20 67.04
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4. Conclusion

O-anthranilic acid copolymer with aniline can be synthesized by chemical oxidation using ammonium persulfate
as the oxidizing reagent at different molar ratios of aniline and o-anthranilic acid. The FTIR spectra of copoly-
mers shows similar bands as those reported for PANI with the exception of C=0 absorption band 1684 and 1686

cm

!. The shift for o-antharnilc acid to lower values for the different mole fractions in UV-Vis spectroscopic

may be attributed to decrease in the extension of conjugation with respect to PANI due to the carboxylic acid
effect because an increase of the torsion angle among close phenyl rings with respect to PANI causes a different
copolymer conformation. An increase in the conductivity as the amount of o-anthranilic acid decreases as well
as increase in the % C in the copolymer.
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