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Abstract. Synthesis of poly(o-anisidine) with and without
acrylic acid doping is carried out by chemical oxidative
polymerization method. Thisisanew polymerization method
for the direct synthesis of the emeraldine salt of poly(o-
anisidine), i.e. it isdirectly soluble in known organic solvent
such as m-cresol, N-methyl pyrrolidone (NMP), DM SO,
DMF, etc. without the need for a conversion of salt phase
to base form. The reaction is unique since it diminates the
post processing step which involves neutralization of
emeraldine salt to form emeraldine base and again
reprotonating the base with a secondary protonic acid.

The acrylic acid doped polymer prepared using tartaric
acid is comparatively more soluble in m-cresol and NMP
than the poly(o-anisidine) prepared without acrylic acid.
UV-visible spectrafor acrylic acid doped pol y(o-anisidine)
reveals the coil conformation at higher wavel ength ~800—
1000 nm along with sharp peak ~440 nm, which may be
attributed to secondary doping due to extended coil
conformation. Whereas in the presence of NMP as a
solvent, the extended tail at higher wavelength disappears
while a sharp peak (~630 nm) is observed representing
the polymer insulting emeraldine base form. This fact
confirms the effect of the solvent on the polymer
properties. Thisisfurther manifested by the FT-IR spectral
studies. Broad and intense band at ~3300-3200cnT™ and
1100-1200 cnT* in acrylic acid doped polymer accounts
for higher degree of doping. The conductivity of acrylic
acid doped poly(o-anisidine) is greater than poly(o-
anisidine) without acrylic acid. The change in resistance
of tartaric acid doped poly(o-anisidine) preparedinacrylic
acid media upon its exposure to ammonia vapor suggests
the applicability of these polymeric materialsfor ammonia.

Key words: poly(o-ansidine), solubility, conductivity,
acrylic acid dopant.
1. Introduction

Poly(o-anisidine) is an important conjugated
conducting polymer[1-3]. It is relatively easy to be

prepared. The mgjor problem of its successful utilization
is poor mechanical properties like lower conductivity and
poor sol ubility in common organic solvents. Recently much
progress has been made to improve these poor mechanical
properties by using different organic acids as dopant or
stabilizer [4-6]. This dopant, like organic acid and acrylic
acids, is introduced by simple secondary doping or by
blending the polymer with doping species such as acrylic
acid. This chemical oxidative polymerization method
provides polymers better solubility in common organic
solventssuch asm-cresol, NMP, DMF, etc. Thesepolymers
also have better conductivity, which isvery important from
application point of view, because conductivity of polymer
changes on exposing the polymer materials to ammonia
vapors or other gases like H,S [6-9].

In the present work we report the chemical
oxidative synthesis of electrically conducting and
organically soluble acrylic acid doped poly(o-anisidine).
This reaction is unique since the polymer obtained has
maximum solubility in common organic solvent directly
without the need for a post doping process step, which
involves conversion of salt phase to base form of the
polymer. The results are discussed with reference to
tartaric acid doped poly(o-anisidine) synthesized with and
without acrylic acid.

2. Experimental

The poly(o-anisidine) salt was prepared by chemical
oxidative polymerization method as described in [10], all
chemicals used are of analytical reagent grade. Reaction
mixture of o-anisidine monomer (0.1M, Qualigens) in
tartaric acid (0.2M, Qualigens) was diluted with water.
Then it was chilled to 273-278 K with constant stirring
for 24 h. Then 0.02M acrylic acid was added to this
mixture. The oxidizing agent ammonium per sulphate
(Qualigens) was being added dropwisein acidified solution
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Fig. 1. UV-vis absorption spectra of acrylic acid and tartaric acid doped polymer: tartaric acid doped poly(o-anisidine) in
NMP (a); acrylic acid doped poly(o-anisidine) in NMP (b); tartaric acid doped poly(o-anisidine) in m-cresol (c) and acrylic
acid doped poly(o-anisiding) in m-cresol (d)

of monomer under constant stirring for 1 h. The violet
greenish colored precipitate of polymer was obtained by
filtration and washed with water till the filtrate becomes
neutral to the litmus. The solid product was dried in a
vacuum oven for about 20 h at 323-333 K.

The UV-vis spectra of polymer dissolvein m-cresol
wererecorded using a Perkin-Elmer Lamda-20 UV-visible
spectrophotometer in the range of 300—1000 nm. Infrared
spectra of the polymers were recorded using a Perkin-
Elmer 1600A FT-IR spectrophotometer in the range of
4000-400 cnr?. For conductivity measurements the
polymer samples were prepared with 1 cm in diameter
and 2mm in thickness. These pallets are use to measure
the conductivity by two probe method. Sensing
measurement was carried out by exposing polymer sample
to saturated ammonia solution in a close container.

3. Results and Discussion

3.1. UV-VIS Spectra

The optical properties of conducting polymers are
important to the devel opment and understanding of the basic
structures of the material. The conjugation in the polymers
implies by their eectronic spectra, thus spectroscopy is a
powerful tool for characterization of the electronic
transitions that occurs in the conducting polymers.

UV-vis spectra of the polymer doped with acrylic
acidin the presence of tartaric acid and that doped without
tartaric acid was recorded by dissolving these polymers
(5% wi/v) in m-cresol and NMP. The spectral features
observed in Fig.1 reveal the enhanced solubility of poly(o-
anisidine) polymer synthesized in the presence of acrylic
acid. This can be attributed to the presence of greater
number of charges on the polymer chain in the acrylic
acid doped polymer leading to higher degree of salvation
of the polymer due to H-bonding between the solvent and
the polymer chains. Consequently, the compact coil
structure of the polymer would undergo the transition to
an expanded coil or linear structure [11-14].

Theoptical spectraof the polymers show appreciable
changes in m-cresol and NMP. In m-cresol the polymer
exhibits a shoulder peak at 892 nm with an extended free
carrier tail characteristic of an extended coil conformation
with increasing absorbance ~ 800-1100 nm. The sharp
intense peak ~597 nm can be assigned to the localized
polarons, which are characteristic of the protonated poly(o-
anisidine) together with the extended tail representing the
conducting forms of the polymer [12-16].

Theintensity of the peak ~597 nmis greater inacrylic
acid doped polymer. Thisimplies that the doping is restored
in the m-cresol medium apart from the solu-
te — solvent interaction due to its polar nature, which
contributes towards the expansion of the coil form of the
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Fig. 2. FT-IR spectra of acrylic acid and tartaric acid doped poly (o-anisidine) in cnr?: tartaric acid doped poly(o-anisidine)
(a); tartaric acid doped poly(o-anisidine) exposed to ammonia (b); acrylic acid doped poly(o-anisidine) (c) and acrylic acid
doped poly(o-anisidine) exposed to ammonia (d)

polymer and hencethe solubility; further extended tail at higher
wavelength depictsthat m-cresol not only serves asasolvernt
but also acts as an efficient secondary dopant [12-16].

In the presence of NMP as a solvent the extended
tail at higher wavel ength disappears while a sharp pesk is
observed at ~551 nm representing the resulting emeraldine
base form of the polymer. As the NMP is a highly polar
solvent, solute-solvent interaction would be stronger than
in m-cresol medium. The carbonyl group present in NMP
mol ecule would try to form H-bond of the -COOH group
of dopant or those present in the N atom of the polymer
chain. This, in turn, would bring about deprotonation of
conducting salt phase into insul ating emeral dine base form
of the polymer in addition to the coiling up of the polymer
chain [12-16].

3.2 FT-IR Spectra

Theinfrared spectra of thetartaricacid and acrylic
acid doped polymer are given in Fig. 2 and the
characteristic peak locations related to the corresponding
chemical bonds are listed in Table 1. However thereis a
remarkabl e difference observed in the |R-spectra in terms
of specific bands and shifts in the two polymers.

The broad and intense peak at ~3300—3100 cnT*
and 1157 cnr? in acrylic acid doped polymer accounts
for the higher degree of protonation of amine and imine
nitrogen but the peaks observed in tartaric acid doped
polymer, poly(o-toluiding) is comparatively sharp and
narrow, indicating | ower degree of protonation and doping.
Since both of the polymers exist in conducting polymer,
this can be attributed to breaking up of large number of
intrachain H-bonds that arise due to the addition of acrylic
acid since it acts as a pseudo protonic acid and can
coordinatewithimine N atom of the polymer chains, which
results in disaggregation of the polymer chains and hence
in the extended coil structure and crystallinity [12-18].

The presence of sharp peak at ~2883 cmrt
indicates C-H stretching vibration of acrylic acid and
C-H stretching frequency of CH, group of o-anisidine,
but the peaks obtained from tartaric acid doped polymer
is weak and broad. The strong and intense peak at 1580-
1590 cm? in acrylic acid doped polymer is observed
indicating quenoid ring stretching frequency. Along with
this peak one more peak is observed at 1492 cn?, which
indicates benzenoid ring stretching vibration.
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Table 1
FT-IR bands (cm™) for acrylic acid and tartaric acid doped poly(o-anisidine)
Poly(o- | o) (o-anisigiing) | PoW(©-anisiding) o isidine)
anisidine) L acrylic acid doped, S .
L acrylic acid tartaric acid doped, Peak assignment
tartaric acid doned. ot NH; exposed, NH- exposed. cmt
doped, cm™ ped, cm? 3 &Xposed,
707-763 603758 617-758 619 Out of plane C-H bending vibration
835 833 835 837 Para disubstituted benzene ring
1134 1128 1128 1128 Vibration band of dopant anion.
1213 1215 1211 1208 Secondary (C-N) stretching band
1296 1300 1290 1288 Aromatic C-N stretching band
1492 1435 1491 1487 Benzinoid ring stretching band
1573 1587 1593 1589 Quinoid ring stretching band
1668-1700 1790 1700 - Carbonyl (C=0) sretching band
2322 2314 2360 2350 (NHy)" saturated amine
2990 2821 2800 2883 Aliphatic C-H stretching freq.
3040 3050 3018 3040 C—H aromatic stretching band
3210 3280 3260 3220 N-H stretching band

The benzenoid and quinoide bands are observed at
~1498 cm* and 1587 cn* which are comparatively broad,
weak and shifted to the lower wave number. The spectral
intensity of these bands is comparatively typical of highly
doped emaraldine salt form of the polymer. The presence
of the weak peak at ~1700 cnr* indicates a non protonated
—COOH group. The broad peak at 1296 cm* of tartaric
acid and at 1300 cm* of acrylic acid doped polymer
indicates aromatic C—N stretching frequency [12-16].

When the polymer is exposed to ammonia vapor it
reveals differences in specific bands which are more
significant in acrylic acid doped polymer compared to
tartaric acid doped polymer. When the polymer is exposed
to ammonia the peak at 3280 cm? is shifted to lower
frequency at 3260 cm®, which indicates that the doping
level is maintained in the sample even after exposing to
ammonia vapors, whereas in tartaric acid doped polymer
exposed to ammonia vapor a slight increase in stretching
frequency is observed. The peak at ~3260-3220 cn? is
broadened indicating the oxidation of Nitrogen of the
polymer chain. The peak at ~1492 cn1? is shifted dightly
to lower field, i.e. 1434 cm* in acrylic acid doped polymer
exposed to ammonia vapor indicates the increase in the
quinoid form. The peak at 1128 cm*and 1134 cm!
observed indicates that doping is maintained by a free
acrylic acid molecule [14-18].

3.3 Conductivity

The conductivity of acrylic acid doped poly(o-
anisiding) seems to increase upon exposure to ammonia
vapors, which can be attributed to the presence of a high
concentration of COO-ions serving as dopant along with
a few tartaric acid doped sites and trapped COOH

mol ecules present in polymer matrix. During exposure to
ammonia, some molecules of ammonia are adsorbed while
othersinteract with the anions present in the polymer form
NH,anion salt. This leads to a loss of anions together
with the charge imbalance caused over the polymer chain.
These effectsare neutralized by thetrap COOH molecules,
which may occupy the free dopant sitesthereby increasing
the carrier concentration and, hence the conductivity. In
the contrast with this, in tartaric acid doped poly(o-
anisidine), the conductivity is seen to decrease upon
exposure to ammonia vapors. This happens because the
ammonia molecules interact with the polymer chains,
thereby converting the conducting salts phase of the
polymer to insulting emeraldine base form [14-18].

4. Conclusions

During in situ synthesis of poly(o-anisidine) in the
presence of acrylic acid, the acrylic acid adds to the
polymer chains as a dopant. This unique reaction yields a
truly soluble conducting emeraldine salt directly without
the need for a post-doping process step. This is an easy
and scalable one-step method to produce pol y(o-anisidine)
initsconductive state. In addition to the solubilizing effect,
this dopant provides better conductivity. The polymer
shows change in resistance under exposure to ammonia
vapor, which suggests the applicability of these polymeric
materials as ammonia sensors.
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XIMIYHUAM OKCUJANIAHAM CUHTE3
I XAPAKTEPUCTHKA POSUMHHOI'O
IPOBITHOTI'O MOJII(O-AHI3UJIUHY),
MOJAPIKOBAHOI'O OPTAHIYHOIO
KHACJIOTOIO

Anomauin. Memooom ximiunoi oxcudayitinoi noui-
mepusayii cunmezosano noai(o-anizudun) 3 000a6anHam ma 6e3
akpunosoi kuciomu. 3anpononosanuii Memoo po3pooaeHuil 0
6e3nocepednbo2o cunmesy emepaibOunoeoi coui noni(o-anizuouny),
PO3UUHEHOI'Y 302abHOBIOOMUX OPLAHIYHUX POZUUHHUKAX, 30KPEMA
6 M-kpezoni, N-memunniponiooui, oumemuncyibgoxcudi ma iu., bez
HeoOXiOHOCmi nepemeopenHs conesoi hpasu 6 0CHOBHY Gopmy.
Mooughikosanuii akpunogoio KUCIOmMoio noaimep npueomosieHuil
3 GUKOPUCIAHHAM GUHHOI KUCIOMU [ € OilbUd POZHUHHUM Y M-KP€30.li
i N-memuaniponiooni, nopienano 3 noni(o-aunizudunom),
cunmeszosanum y giocymuocmi akpunogoi xuciomu. Cmpykmypa
nonimepy niomeepooicena YP-cnekmpockonicio. Bniue po3uunnura
nonimepy  niomeepoaceni  Dyp’e-
CnexmpoCcKonivHUMU 00CAiONCeHHAMU. Bemanoeneno, uo

Ha  eracmusocmi

npogionicme noai(o-anizuduny), MoOupiko8ano2o aKpuioseoio
KUCTIOMO10, € 8UWOI0 NOPIGHAHO 3 NOJIMEPOM, WO He MICMUmo
¢dpaemenmu xucromu. Iloxkazamna 3anedxcuicms cmiukocmi
nouimepy, MoOUpIiKo8ano2o UHHOIO KUCIOMOIO i NPUSOTOBTEHO20
6 cepedosuwyi akpuio8oi kuciomu, 00 0ii napie aAMoHiio.

Kniouoei cnoea: noni(o-anizuoun), pozuunnicme,
npoGIOHICMb, AKPUNOBA KUCIOMA.





