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ABSTRACT

A substituted polyaniline, Poly (N-ethyl aniline) (PNEA), doped with different organic acids like acetic acid, oxalic
acid and propionic acid has been synthesized by chemical polymerization method, using ammonium persul phate as
an oxidizing agent. Characterization has been carried out by UV-Vis spectroscopy, FTIR spectroscopy, and
conductivity measurements. The polymer, poly (N-ethyl aniline) doped with oxalic acid has been found to be highly
soluble in common organic solvents. FTIR studies have revealed that oxalic acid doped poly (N-ethyl aniline)
shows a broad and intense band at 3732.38cm™ and 1000-1087 cm™ accounting for a higher degree of doping.
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INTRODUCTION

Among the available synthetic macromolecules, cotidg polymers have been extensively studied olerlast
few decades and have become polymers of greatti§icieand industrial importance [1-3]. One such docting
polymer Polyaniline (PANI) and its derivatives aae emerging subject of interest due to their widege of
conductivity and their use in insulating to meta#ingines, unique redox properties, good envirotahstability[3],
ability to dope with protonic acids [4], ease ofh#esis and practical applications in various Seldcluding,
photovoltaic cells, light weight batteries, flexdbLED, electromagnetic interference (EMI) shieldirgectronic
display boards, anticorrosion coatings and sens@ws ammonia, alcohols, ethers etc [4—6]. The conrak
applications however are based on the ease ofiktl@nd processability.

Like most conjugated polymers PNEA (Poly N-ethylliar), a subject of interest in this researchinsoluble in
common solvents, difficult to process and infusiples], because of strong interchain interactiofiserefore this
has lead to intensive researches in order to eehthwecproperties like solubility, processabilitydazonductivity.

Organic acids are known to improve the solubilitgl adhe processability of PANI [7-9] and its conjtegpolymers
like PNEA. Soluble and conductive organic acid dabpdNEA has been synthesized in laboratory usingsadie
acetic acid, oxalic acid and propionic acid whichyide an increased conductivity and solubilitytieé polymer in
common organic solvents [10].
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PNEA synthesized by Kulkarni et.al in 2007 using campswaphonic acid and p-TSA has been investigated as
humidity sensor [11]. In addition to this PANI hatso been synthesized in 2010 by the chemical tx&la
polymerization method using organic acids like @geitric, oxalic and tartaric acid as dopantsgevehthe effect of
dopant ions on the polymer properties were discufk?.

The aim of the present research was to carry oenaal oxidative synthesis of organic acid dopedcERNIsing
acetic acid, oxalic acid and propionic acid , thgreimproving the conductivity and solubility dig polymer in
common organic solvents, such as m-cresol, benmybhal and NMP(N-methyl pyrrolidinone) etc. The
physicochemical properties of doped PNEA prepaigactbeen compared using various analytical teclesiguch
as UV-Vis, FTIR spectroscopy and conductivity meaments.

EXPERIMENTAL SECTION

Polymerization of N-ethyl anilinemonomer (Qualigen, A.R. grade) (Fig.1) was carrimat by oxidative
polymerization method [12-14] using ammonium pdpkate (Loba) as an oxidant and aqueous conduntiegja
containing organic acids (acetic acid, oxalic ad propionic acid (Qualigen)). All the chemicated were A.R.
grade and purified by distillation before use.

The synthesis was carried out taking 1.2ml the mmrosolution and 2M acetic acid and stirred cortiraly at low
temperature (02€) for 30 minutes in a three necked flask. The iakigy agent, ammonium persulphate was then
added drop wise after complete addition of whidah risaction mixture was kept under constant stirffamg24 hr. A
dark green precipitate of the polymer formed watated by filtration followed by drying in an over 60-78C for
24hr. Similar procedure was adopted with the chasfghe organic acid for oxalic acid and propiocaddd.
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Figure 1. Chemical polymerization of Polyaniline
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Figure 2. Polymerization mechanism of Poly N-ethyl aniline

The UV-Vis spectra of the polymers prepared wereomded in NMP, by using UV-Visible double beam
spectrophotometer (Model Hitachi 2000) in the ran§e200-1000nm. Similarly the IR spectrum of PNEAsv
taken on Perkin Elmer spectrum 2000 FTIR spectrapheter in the range of 400-4000&nfor conductivity
measurements polymer pellets of about 0.2cm thiekaed 1cm diameter were prepared in a stainleskdie and
conductivity was measured with the help of a twabertechniqugl4].

RESULTSAND DISCUSSION
3.1. UV-Visspectra

The UV-VIS spectra of PNEA (Fig.3) doped with acedtid, oxalic acid and propionic acid was recoristieNMP
solvent, which showed different absorption at défe wavelength. Thepectra revealed the enhanced solubility of
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PNEA synthesized in the presence of oxalic acicc@®pared to acetic acid and propionic acihis can be
attributed to the presence of a greater chargéhermpolymer chain in the organic acid oxalic acighelb polyme!
leading to a higher degree ofhsation of the polymer due to hydrogen bonding hestav the solvent and polym
chains [15].
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Figure 3. UV Spectra of PNEA taken in NMP a) doped with acetic acid, b) doped with oxalic acidic, d) doped with propionic acid

Optical properties of conducting polymers are int@iotr for the development and understanding of t&tsicture o
the material [17]Conjugation existing in the polymers is characttiby their electronic spectra. PNEA show
maximum absorption of 3.0679 at a wavelength ofn®75vhen oxalic acid was used. High absorption
relatively sharp peaks in oxalic acid doped PNn UV spectra indicated the higher degree of salyt{il7, 18]

3.2. FTIR Spectra

IR (Infra Red) spectroscopy is a very powerful ttmbetect the structure of synthesized molecuteistie change
taking place after a treatment [19]. The IR spectrof the pure polymer showed absorption frequencyosition
of the peak different from that of the doped prddite prepared polymer samples were tested far theponse
for ammonia. PNEA showed sensitivity when exposedammonia [19]. When the poher was exposed to
ammonia vapor it depicted differences in specifiads, which were more significant in oxalic acidl @tetic acic
doped polymers as compared to propionic acid dpogdner. When the polymer was exposed to ammosiaht
increase intsetching frequency was observed. The IR spectradetic acid, oxalic acid and propionic acid do
polymer have been shown in Fig. 4. Characterist@kdocations were related to the correspondingnated bonds
(Table 1).

A remarkable difference vgaobserved in the IR spectra in terms of spec#icds and shifts in three polymers. 1
peaks obtained in oxalic acid doped polymer wemathrand intense, especially the ones obtained73#.38cn™
and 1000-1087 cih) which accounted for a higher dee of protonation of amine and imine. However teaks
observed in the case of acetic acid and propiocid were comparatively sharp and narrow, indicatnfpwer
degree of protonation and doping -19]. The bands observed in acetic acid ,oxalic and propionic acid doped
PNEA at 3034.13, 3732.38, 2972 * respectively were due to N-stretching whereas the bands at 233
2357.09, 2337 cthweredue to CH stretching. The -N stretching of aromatic amines was evident frompkaks
obtained at 255.70, 1259.56, and 1251 ™ in acetic acid, oxalic acid and propionic acid dbp&NEA. The intens
peak observed at 1500-1 510 tin acetic acid and oxalic acid doped polymer ingidaquinoid ring stretchin
frequency. While the peaks observed at3.36, 1375.29 cihindicated benzenoid ring units [2(

3.3. Conductivity

During in situsynthesis of PNEA, the organic acids get addeti@gblymer chains as dopants. The conductivi
PNEA doped with oxalic acid showed highest condiitgti This occurs because the oxidation and dopiegree o
the PNEA doped with oxalic acid is greathan that of that doped with acetic and propiomid.aThe conductivity
of the samples increased upon exposure to ammapaws, which was attributed to the presence ofgh
concentration of COOions serving as dopant along with a few oxalic agafed sites and trapped COC
molecules present in polymer matr
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During exposure to ammonia, some molecules of anenarre adsorbed while other interacted with thioren
present in the polymer form NHanions salt. This lead to loss of anions togetbithr the charge imbalance caused
over the polymer chain. These effects are neutdlizy the trapped COOH molecules, which may ocehpyfree
dopant sites thereby increasing the carrier conatmih and hence the conductivity. The polymer stwba change
in resistance under exposure to ammonia vapor,esting the applicability of these polymeric matisrias
ammonia sensors [21].

g
%T 1 3 '@»\ i =g
4 ~ | &8

i

0 ' '
4000 3500 3200 2800 2400 2000 1800 1800 1400 1200 1000 BOO GO0 400
€4 Ammonl

B o e jriemsp sy sty SR g g yree
100&380032002800210020001800180014@12001“)0800800400

Friec T b tiem
(a) (b)
70—
P U o
60 [ o N =T f W
%7 L2 g " 60 Al & \
525 /“ LI | / || ) ; i
' | ] I| L “I,",.'. ' s o8 A
/ i \ 1! CRBAATN Iy Bl Mo |
S o 7 ef \ P& S T#gll | /B | /5 |
V]| - | [2 Py ez | /1 \ (8 pn
28 45t e 3 fl / | 185 MM 40 B T A [ bV
ars § 285 s |8 2 1 || / \l[..R VW Ao oMol 2\ | &) vy ﬂ‘
1% o 2k I O L O T 3 B¢ £xaz et i TS P
éagzﬁ Al | lu Ex¥s gﬁ;ﬁgﬁ' i & f |72 88 5
Wl | EERR | , | V g8y s
. : YR TUAT S & I i IYATAT S L
f1 ] it E E 11 . -1 E =
Al BEss sa® i el E,,* 333 H 4
28 || “2g 8 P L a3 33b
Bl FRE gay =B c
15 ; 0 ;
4000 3600 IO 2800 200 2000 180 KO 1400 1200 1000 w0 w0 4o 4000 300 000 2800 2400 2000 1800 1500 1400 1200 1000 800 600 400
1hem F Ammonia d 1iem
(c) (d)
s AT e b Y ™\
w AT\ o f43 ] )
T fag g %T ig s
ELE I i)
525 g \ i\ & |
f\\ Ff/ 2 l\ ‘.'l - ;\\ }'. \'.‘ 7% AN
45 Sy 1 | LI L e | V]
/; Bg l\f"\ / : | : [ Y e W i\ LIE sl
& i N T o E b E | || F 3¢
S8 FH 8\“5 | T \ g T S T i EE]
3 W fi \ N\
oy V1 Safl/ : :
30 ® Ul AL : v \ H
vl LY L y 2
§0 @3 i, 3¢
25 # ; d . T3 "
5
“won P e e S R R S R SR e i Pl 40:10Maml_ 3200 2800 2400 2000 1800 1800 1400 1200 1000 800 600 400
: g menia Wem

(e) (f)

Figure4. FTIR absor ption spectra of acetic acid, oxalic acid and propionic acid doped PNEA: acetic acid doped PNEA (a); acetic acid
doped PNEA expose to ammonia (b); oxalic acid doped PNEA (c) oxalic acid doped PNEA expose to ammonia (d) propionic acid doped
PNEA (e) propionic acid doped PNEA expose to ammonia (f)
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Table 1. FT-IR bands (cm™) for acetic acid, oxalic acid and propionic acid doped PNEA

Acetic acid doped | Oxalic acid doped | Prop-ionic acid doped .
PNEA PNEA P NEA Peak assgnment
(cm?) (cm™ (cm-1)
610-729.12 610-742 610-721 Out of plane C—H bendiingtion

821.7 819.77 819.77 Para di-substituted benzene ring
968 1000-1087 956 Vibration band of dopant anion

1126.47 1124.54 1161 Secondary (C—N) stretching barn

1255.7 1259.56 1251 Aromatic C—N stretching band

1373.36 1375.29 1325 Benzenoid ring stretching band

1502.6 1508.38 1496 Quinoid ring stretching band

1572.04 1597.11 1589 Carbonyl (C=0) stretching band

1670.41 167234 | 0 - (NBH saturated amine

1869.08 1737 1884 Aliphatic C-H stretching freq.

2332.02 2357.09 2337 C-H aromatic stretching band

3034.13 3732.38 2972 N-H stretching band

The conductivity order of acid doped PNEA were foto be Oxalic acid doped PNEA> Propionic acid dbpe
PNEA > Acetic acid doped PNEA (Table 2).

Table 2. Conductivity of organic acid doped polyaniline

Sample Conductivi_ty before exposure Conductiv_ity after exposureto
to ammonia vapors ( Scm™) ammonia vapors (Scm™)
Acetic acid doped PNEA 0.5010* 0.7710°
Oxalic acid doped PNEA 1.6010° 3.2710"
Propionic acid doped PNEA 0.4010° 4.211107
CONCLUSION

PNEA salts were synthesized by chemical oxidative methatifferent protonation media. During PNEA syraise
different organic acids were added to the polynietirts as dopants. In comparison to the aceticamwidpropionic
acid doped polymer, oxalic acid doped polymer wamfl to have a greater solubility in organic sotsei he
conductivity of samples exposed to ammonia was drighan those without exposure, which suggestedethe
samples to be superior materials as sensors foroammapors.
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