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Abstract

Towards exploring charge transfer behavior in polyaniline based composites design and study are alarming. This
work is intended to study the charge mobilisation behavior by measuring the DC conductance of four different
compositions of PANI-a-amino acids together with DFT, synthesis and physic-chemical studies. The
composites are PANI-L-cysteine hydrochloride, PANI-L-serine and ES-L-tyrosine. Computational structural
and TDDFT measurements were performed through B3LYP/6-31G** and PBEO/TZV.It was observed that the
amino acids retard the charge mobilisation in the PANI and PANI-TYR has higher mechanical strength.
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1. Introduction

Charge transfer phenomenon in the
polymer interface is a most exciting physical
phenomenon, both as a source of information on
materials and also due to its huge scope in
nanoelectronics and device applications
[1]. Polyaniline (PANI),a conducting polymer has
attractive features due to its mechanical flexibility,
ease of processing, modifiable electricalproperties
and compositing nature [2]. Compositing results
with attractive materials through adjusting the
chemical and physical properties through the
additive [3]. PANI is an intrinsic conducting
polymer consisting of phenylenediamine and
quinonediimine structure stabilized by resonance
structures resembles the aromatic or quinoid forms
[4]. In its neutral state PANI is not a conductor and
becomes conductor only in the oxidized state
[5].The charge associated with the oxidized state is
typically delocalized over several units of this
polymer and can form a radical cation, polaron or a

dication, bipolaron [6]. Compositing of PANI alters
its electronic structure as well environment
resulting with the modification in the structure,
activity  besides  applications[7].Computational
study gives a lot of information about a system of
study, which leads to a better understanding and
helps to tailor a system. In this scenario DFT
method provides accurate information about the
electronic environment of the molecule [8]. A good
number of works are available for the composites
of PANI [9] and DFT [10].

The present investigation focuses on the
study mobilisation behavior of PANI through
compositing by measuring their electrical
conductance along with computational assisted
explanations. Here emeraldine salt of PANI and
thio base a-amino acids (AA)PANI-L-cysteine
hydrochloride (PANI-CYSHC), PANI-L-serine
(PANI-SER) and ES-L-tyrosine (PANI-TYR)
composites are synthesized, characterised and
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physic-chemical properties are studied along with
computation.
2. Experimental
2.1 Synthesis of PANI

All the chemicals used were of AR grade
obtained from Merk, India and used as such.
10 g of  anilineand 30.6 g of
ammoniumperdisulphate were dissolved in 1M
250ml HCI separately and cooled them at 18°C.
Ammoniumperdisulphate  solution was added
dropwise to the aniline solution with constant
stirring for about 50 minutes. The content was kept
aside for 12 hours and washed with water
containing a small amount of acetone. Then the
content was filtered, dried at 80°C for 8 hours and
stored in a polyethylenecontainer. Water was used
as a solvent.The yield is 58%. Basic unit weight is
92. The percentage doping of HCI in PANI was
measured by titrating a known amount of PANI
with standard alkali.
2.2Synthesis of Composites

Slurry was prepared by 400mg of ES and
100 mg of CYSHC4 ml in DMSO for using mortar
and pestle. The content was dried at 70 °C for 24
hrs. Weight loss method was employed to check
the complete removal of DMSO from the mixture.
The composite was powdered and stored in a
polyethylene container. The same procedure was
repeatedwith200, 300 and 400 mg of CYSHC and
amino acids.
2.3 Computation

DFT studies were pe rformedby B3LYP/6-
31G** basis set in the gas phase at 25 °C using
firefly software [11] in i7 computer. TDDFT
calculations were done using ORCA programme
[12] by PBEO/TZV. Due to higher computational
cost, the modeling studies were carried for each
one unit of phenyl and phenylene rings for PANI.
2.4 Equipment

DC conductance was studied in four
probes SES-Model DFP-RM. IR spectra were
recorded in JASCO FT/IR-4600, UV-VIS in
JASCO V-650 (DMSO Solvent) and Luminescence
in Perkin Elmer, LS 45, excitation at 380 nm
(DMSO Solvent).
2.5 Analysis

Regression analysis was carried out for
conductance studies. The equations used were; for
ideal-y = yo+ax; for real- y = ygy+ax+bhx? The ideal
behaviour means expected. Pearson’s correlation
coefficients for ideal and real behaviours were
calculated using software SPSS 16 [9].
3. Results and Discussion

The studiedPANI-CYSHC, PANI-SER
andPANI-TYR composites the a-amino acids have
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a hetero group as a side chain. The side chains are
thiol, alcohol and phenol respectively for CYSHC,
SER and TYR. CYSHC is in the salt form.
Computations were performed by attaching the ao-
amino acid to the Ny, (Fig. 1), where the steric
effect is less and it is not protonated in the PANI.
3.1 Stability and Structure

Fig. 1 has the stability and structure of
this group. The stability is directly related to the
binding force between the PANI and AA and
inversely related to the steric effect caused by the
AA on PANI. The stability order is PANI-
CYSHC >PANI-SER >PANI-TYR. The bulkier
AA causes distortion in the PANI backbone and
reduces the overall stability [13]. The relative
instability of PANI-SER and PANI-TYR are 26
and 28% with respect to PANI-CYSHC. Here the
higher stability PANI-CYSHC may be due to
lower steric effect caused by CYSHC, due to
higher intra-molecular aggregation [14]. The
relative instability of PANI-TYR can be
accounted for the higher steric effect caused by
the bulky phenyl ring over SH and OH groups.
The stability factor partially matches the measured
conductance (Table 1). The higher stability of
PANI-CYSHC over PANI-SER may be due to the
salt form of the former. It is worth to be mention
here PANI-TYR composite is harder and this
hardness may be due to the increase in the
covalent nature of the composite. Further, this
property can be justified by low dipole
moment(Table3) of PANI-TYR over PANI and
their corresponding additive.

The structural data are given in Table 1.
Based on the H.-Cl, and N;-H; bond lengths,
binding strength between H; and N is of the order
(w.r.t. PANI=100%) PANI-
TYR (81%) >PANI-SER(65%) > PANI-CYSHC
(59%). As the conductivity, a measure of electron
mobilization ability,of PANI is caused by the
movement of Hy [15], the weaker binding of Hy
with polymer reduces the drift effect and their by
retard the conductivity. The difference in the
binding order and the experimental conductancecan
be accounted for by steric effect as well as excess
protonation of PANI by additional HCI in CYSHC.

Except dihedral Cly-H;-N;-Cs,
otherangleshave no significant change compared to
PANI. Based on the above dihedral, the approach
angle of H;-Cl, in PANI-SER is comparable with
PANI. Thus, the higher conductance of PANI -SER
may be attributed to their lesser reorientation of the
electron cloud in the molecule and maintains the
approach angle of H;-Cly comparable with PANI
[16].
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ES-TYR
(ES-TYR- (ES+ TYR) = -51.2497 kJ/mole)
C-Black; H-White; O- Red; N-Blue; CI-Green; S-Yellow.

Figure 1 : Structure and Thermodynamic Stability
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3.2 Charge Density

Table 2 has the Mulliken atomic charge
density. Based on the charge density of N;, Hy and
Cl,, it is inferred that the Hy-Cl, binding in the
PANI-AA is less intense than PANI. The order of
binding is PANI-TYR >PANI-SER >PANI-
CYSHC with a ratio of 2:1:0.8. This order is
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comparable with the previous section and has
contradicted the experimental conductance. That is,
the expected conductance of PANI -TYR must be
greater than that of other PANI-AA, but it is not so.
This result can be accounted as the structural effect
of PANITYR dominates over the electronic effect
[17].

Table 2 : Mulliken's Atomic Charge Density

ES-CYSHC ES-SER ES-TYR
Atom Charge Atom Charge Atom Charge
Hy 0.1732 Hy 0.1752 Hy 0.1811
Cl, -0.2821 Cl, -0.2885 Cl, -0.3063
N; -0.5955 N; -0.5984 N, -0.6077
C, 0.2487 C, 0.2476 C, 0.2491
Cs -0.0974 Cs -0.0974 Cs -0.0978
C, -0.0956 C, -0.0959 C, -0.0959
Cs -0.0743 Cs -0.0755 Cs -0.0764
Cs -0.0912 Cs -0.0917 Cse -0.0920
C; -0.0906 C; -0.0905 C; -0.0918
Cs 0.3291 Cs 0.3308 Cs 0.3357
Cy -0.0944 Cy -0.0983 Cy -0.1024
Cio -0.0936 Cio -0.0936 Cuo -0.0661
Cy 0.3505 Cu 0.3354 Cy 0.3143
Cop -0.1114 Cp -0.1070 Cy, -0.1076
Ciz -0.0891 Ciz -0.0896 Cis -0.0944
N4 -0.6745 N4 -0.6283 N4 -0.6169
His 0.2725 His 0.2529 His 0.2765
3.3 Dipole moment PANI-SER and PANI-TYR. The negative sign

The dipole moment is a measure of charge
polarisation in the molecule and the values are
given in Table 3. The percentage variation in the
total dipole moment with respect to PANI is 28,
44.2 and -45.3 respectively for PANI-CYSHC,

indicates a lesser value than ES and vice versa.
Thus, the higher conductance of PANI and other
PANI-AA over PANI-TYR is due to the
predominance of the steric effect over the
electronic effect of PANI-TYR.

Table 3: Dipole moment (D)

Hx Hy H, Motal
CYSHC -3.1541 1.7576 3.8775 5.2983
ES-CYSHC -8.1109 1.3706 1.1481 8.3056
SER -0.2817 1.6316 1.3420 2.1313
ES-SER -4.2813 7.9823 2.3401 9.3553
TYR 0.4027 -2.2497 2.0433 3.0656
ES-TYR -2.3678 2.5599 -0.6669 3.5503

3.4 Molecular Orbital

In general, the MOs of PANI-AA are
closely spaced like bands than AA. The MOs of
PANI-AA are comparable with PANI over AA.
The band thickness is higher for PANI-TYR.
Normally the HOMO of PANI-AAIs situated on
the AA part while the LUMO is on PANI. In other
words, HOMO has AA character and LUMO has
PANI character. Thus, a charge transfer transition
is expected from the HOMO to LUMO through the
hoping mechanism. The percentage change in the
stability of HOMO with respect to PANI is of the
order PANI-SER (1.2) >PANI-CYSHC(-1.5)
>PANI-TYR(-13.1). All the LUMO are stabilised

and the order of stability with respect to PANI is
PANI-CYHC (41.6%) >PANI-SER (17.3%)
>PANI-TYR (9.3%).Hence, the above results
confirm that PANI-AA with highly stable HOMO
and moderately stable LUMO have higher
conductance.
3.5 TDDFT

Data related to TDDFT are given in Table
4. The PANI-AA has each one and two transitions
in the visible and UV regions respectively. All the
transitions of PANI-AA have redshift with respect
to PANLPANI-CYSHC, the peak at 447.8nm is
due to the charge transfer transition from the
chloride of CYSHC moiety to the nitrogen atom of
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the PANI. Another transition at 312.5 nm is the
combination of HOMO-10—LUMOand HOMO-
9—LUMO for transitions within PANI. For PANI-
SER, the peak in the visible region is due to the
charge transfer transition from the SER to the
nitrogen of PANI. Other two transitions are within
the polymer chain.

The same trend is followed for PANI-
TYR and the charge transfer is from the benzene
ring of TYR. The order of redshift in the visible
region and computed optical bandgap based
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conductance is PANI-CYSHC>PANI-SER>PANI-
TYR. The oscillatory strength also follows the
above order. As oscillatory strength is a measure of
molecular symmetry, the lower conductance of
PANI-TYR can be accounted for the loss of
symmetry due to the steric effect. Further, the
lesser conductance of PANI-CYSHC overPANI-
SER may be due to the hampering of the charge
carriers by the excess protonation of PANI by HCI
of CYSHC.

Table 4 : TDDFT

ES-CYSHC
Wave Length Oscillatory Orbital % Contribution
(nm) Strength
447.8 0.3105 95a—99a 78.66
88a— 99a 36.44
3125 0.1759 89a —99a 20.62
ES-SER
Wave Length Oscillatory Orbital % Contribution
(nm) Strength
442 0.2815 85a—86a 77.29
76a —86a 35.95
313.1 0.2175 78a—86a 22.67
74a—86a 34.40
291.6 0.3204 76a —86a 33.80
ES-TYR
Wave Length Oscillatory Orbital % Contribution
(nm) Strength
429.8 0.2809 102a —106a 77.02
306.4 0.2084 96a — 106a 31.54
93a — 106a 34.20
294.9 0.3495 96a — 106a 35.46

3.6 Frontier Molecular Orbital

Values of the above title are given in
Table 5. Based on the FMO studies the expected
order of conductance is PANI-CYSHC >PANI-
SER >PANI-TYR. As mentioned earlier the lower
conductance of PANI-TYR is due to the steric
effect. The experimental higher conductance of
PANI-SER over PANI-CYSHC is due to the
presence of HCI in the later. At the outset,
conductivity is the outcome of electronic, steric and
chemistry of the materials.
3.7 Polarizability
The values of polarizabilities are given in Table 6.
The a and y-values are higher along the z-direction,
while B alongxz-plane. Except for TYR other
PANI-AA are having a higher self-focusing effect
than AA. The order of polarizability is y > a > B,
which is different from PANI. The values of p, axz,
Bzzz and yz777 are higher for PANI-SER and may
account for its higher conductance. Hence, it may
be concluded that the charge mobilisation in PANI-
SER is along the xz-plane. The order of non-linear

focusing effect is PANI-SER >PANI-TYR
>PANI-CYSHC.

3.8 Spectra

Computed and  experimental  spectra are
comparable with basis set and gas phase
corrections. In general, the IR peaks of PANI-AA
had a redshift from PANI. This is attributed to the
change in the structural parameters due to the
formation of PANI-AA from PANI and AA. The
contrary the electronic spectra hasa blue shift for
PANI-AA from PANI. The experimental optical
bandgap based conductance order is PANI-SER
>PANI-CSYHC >PANI-TYR. This trend matches
the experimental conductance. There is a marginal
change in the optical band gap value between
PANI-CSYHC and PANI-TYR. For PANI-AA, the
intensity of the peak at~780 nm is very low when
compared to PANI. This accounts for the lower
conductance of PANI-AA over PANI. The spectral
studies confirmed the presence of interaction
between PANI and AA moiety. The polaron bands
are observed in both IR and UV-VIS regions. The
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absorption band near 1290 cm™ is for n-electron
delocalization induced in the polymer by
protonation [18] and C—N™ stretching vibration in
the polaron structure [19]. The peak in wavelength
band 250—400 nm is due to t—n* transition of the
benzenoid unit, peak at 685 nm is due to the
polaron—n* transition and peak in wavelength

Section A-Research paper

band 820 nm are attributed to the m*—polaron
transition [20,21]. Fluorescence spectra of PANI-
AA are comparable with PANI but, with lesser
intensity. Photoluminescence of PANI-CYSHC,
PANI-SER and PANI-TRY are in violet and red
regions.

Table 5 : Frontier Molecular Orbital

eV
Electroni | Chemica
Band lonisation Electron c | Global Ele<_:t_ro Absolute QMax
- C . philic Electro
Gap potential affinity chemical | hardnes | softness . -
potential s index negativity
CYSHC 6.0 6.7 0.7 -3.7 3.0 0.3 20.6 3.7 1.2
SER 7.2 7.0 -0.2 -3.4 3.6 0.3 20.7 3.4 0.9
TYR 5.9 5.7 -0.2 -2.7 3.0 0.3 11.1 2.7 0.9
ES-
CYSHC 2.3 6.4 4.0 -5.2 1.2 0.9 15.8 5.2 4.5
ES-SER 3.2 6.6 3.3 -4.9 1.6 0.6 19.7 4.9 3.1
ES-TYR 2.5 5.6 3.1 -4.4 1.3 0.8 12.0 4.4 3.5
Table 6 : Polarisability (Au)
AXis CYSHC SER TYR ES-CYSHC ES-SER ES-TYR
Hz 1.53 0.528 0.804 0.452 0.921 -0.262
Oxz -9.13 -0.518 -25.0 -3.14 31.7 -26.0
Oyz -8.57 -4.24 -29.8 1.73 21.0 -64.5
Ozz 67.0 40.6 105 127 125 168
Bxzz -15.8 -8.54 86.3 64.3 52.6 53.8
Byzz -5.89 12.9 -11.6 32.6 -1.59 9.38
Bzzz 10.1 -38.0 -72.6 -8.07 -28.4 -18.9
Yzzzz 2750 2610 5560 3570 5100 4160

3.9 Conductance

The conductance values and diagrams are
given in Table 7. The bold line in the graph
represents the real and dotted line represents the
ideal conductance. It was not possible to make
pellets for PANI-TYR at higher concentrations of
TYR. The conductance is studied using second
order algebraic equation. It has two coefficients ‘a’
and 'b'. Variable 'x' gives the maximum deviation
of real conductance from the ideal. Coefficients 'a'
and 'b' are to measure the deviating and restoring
effects of the ideal behaviour. The order of 'a' and
'b"is PANI-TYR>PANI-CYSHC >PANI-SER. The
order may be accounted for by the steric effect.

The mole fraction of PANI at which the
highest divergence from optimal behaviour occurs
is 0.7032, 0.5526, and 0.8134 for PANI-CYSHC,
PANI-SER, and PANI-TYR, respectively. The
order of conductance is PANI-SER >PANI-
CYSHC >PANI-TYR. The order can be explained
as; the higher conductance in PANI-SER is due to
less steric effect and higher electronic effect due to

the presence of bulky and diffusive sulphur [22,23].
PANI-CYSHC blocks the charge carriers through
excess protonation of the polymer chain. In the
case of PANI-TYR, the TYR retard the
conductance of PANI effectively by interrupting
the inter-chain and intra-chain diffusion of charge
carriers [24].

The 'y,' measures the electron delocalizing power
of AA and the order is TYR > SER >
CYHC. That is the electron delocalised power of
the AA are not significantly contribute to the
conductance of PANI-AA. Further, the delocalised
AA may retard the conductivity of PANI-AA
through their effective inter and intra-molecular
interactions by blocking the mobility of the charge
carriers. Thus, the conductance of PANI-AA
depends on the structural effect induced electronic
effect and the presence of additional ion. For all the
PANI-AA the conductance decreases with an
increase of the mole fraction of AA.
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Table 7: Conductance

Eur. Chem. Bull. 2023, 12 (Special Issue 6), 1448-1456

ES-CYSHC
Mole Fraction | Conductance
of ES Slcm g
1 0.491
0.8498 0.0201
0.7389 0.0051 ' e
0.6536 0.0041 S e
R Yo a b
0-5859 0.0048 Ideal 1.0 -0.68 1.17 -
Real 0.98 2.85 -8.24 5.86
ES-SER
Mole Fraction | Conductance s
of ES S/cm 2.
é 0.2
1 0.491
0.7905 0.1312 N
016536 010652 0.75 O‘SO 0‘85 0.‘90 0;5 1‘00 105
05571 00302 Mole Fraction of ES
R Yo a b
0.4854 0.0212
Ideal 1.0 -0.42 0.91 -
Real 0.99 0.73 -2.56 2.32
ES-TYR
Mole Fraction | Conductance ~
of ES Slem 2.,
2
1.0 0.4910
0.8668 0.0080 o0
0-7649 0-0004 0.75 0.80 0.85 0.90 0.95 1.00 1.05
R Yo a b
Ideal 1.0 -1.60 2.09 -
Real 1.0 9.96 -24.57 15.11
ES-EDTA
Mole Fraction | Conductance
of ES S/cm .
1 0.491 i
0.9304 0.0161
0.9176 0.0049 .
0.9052 0.00172 : : : : : :
0.8931 0.00142 Molefraction of ES
R Yo a b
Ideal 0.99 -4.088 4.579 -
Real 0.99 48.343 -106.496 58.643
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4. Conclusion

This work focuses on the charge
mobilisation in the PANI-AA composites of varied
proportions through the measurement of DC
conductance as well as DFT method. It was
observed that PANI-AA composites have lower
conductance than PANI due to the dominance of
the steric effect over the electronic effect of the
composites. Further, the AA disrupts the quantum
field of PANI in PANI-AA. The PANI-TYR
composite is harder.
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