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Abstract
An electroactive series of polyamides was synthesized from 4,4′-diamino-4′′-phenoxy triphenylamine (1), 4,4′-diamino-4′′-
benzyloxy triphenylamine (2) and terephthaloyl or isophthaloyl chloride. The FTIR (Fourier Transform Infrared) spectral
characterization and solubility test of the subsequent polyamides (PA I-IV), UV-vis, photoluminescence spectral analysis (PL)
and cyclic voltammetry were utilized to assess photophysical and electrochemical properties of the materials. The oxidative-
thermal stability of the polyamides as judged by thermogravimetric analysis was found to be in the range 438-532 °C with the
char yield more than 53% at 800 °C. Introduction of aryloxy triphenylamine units along with polymer backbone flexibility
improved the organosolubility of the synthesized polyamides (PA I-IV). The appreciable organosolubility of the (PA I-IV) is
enough to be used in coating applications such as inkjet printing. Bluish green light emission from our synthesizedmaterials upon
excitation at 375 nm is credited to the triphenylamine linked amide-based polymer chain. Both pendent phenoxy and benzyloxy
groups at para position in (PA I-IV) have also elevated the HOMO energy levels and hence lowered the onset oxidation potential.
Additionally, the computational analysis was also conducted to get optimized ground-state geometry by DFT method (B3LYP)
with 6-31G basis set. The 3-dimensional distributions of both HOMO (Highest Occupied Molecular Orbital) and LUMO
(Lowest UnoccupiedMolecular Orbital) of the polymers were obtained. The computational data of the polymers also augmented
the experimental data suggesting their future use as redox-active materials.
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Introduction

Triarylamine-based luminogens and aromatic polyamides
(PA) have attracted considerable interest as thermally stable
fluorescent materials for variety of organic light emitting ap-
plications [1]. The triphenylamine (TPA) consist of π electron
rich character with propeller like spatial arrangement, is fre-
quently reported as luminogens [2]. However, the dimeriza-
tion of electrogenerated TPA cation radical via anodic

oxidation to generate tetraphenyl benzidine is responsible for
the loss of aromaticity in the system [3]. Afterwards, it has
been reported that the dimerization of radical cation can be
avoided by the use of p-blocked TPA, which is capable of
forming stable radical cation, unable to react further, but is
appropriate for various optoelectronic applications [4].
Furthermore, it has been observed that the electronic nature
and bulkiness of the p-substituent affect its electrochemical
properties [5, 6]. The electron donating groups (methoxy,
naphthoxy) were previously reported to affect the oxidation
potential of the materials and responsible for the elevation of
the HOMO (highest occupied molecular orbital) energy levels
[7, 8]. Therefore, feasibility of chemical modifications for
improvement in emission efficiencies as well as adjustment
of the energy levels makes TPA based PA attractive for the
optoelectronic applications. However, the difficulty in pro-
cessing of the wholly aromatic PA in common organic sol-
vents, restricted its application as film forming and coating
materials. The chemical modification was employed to im-
prove organosolubility of light emitting polyamides [9–11].
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Recently, aggregation-induced emission enhancement
(AIEE) and aggregation-induced emission (AIE) based
active molecules have attracted much attention of the
researchers [12]. As AIE-active materials are widely ap-
plied in biomedical imaging, mechanochromic lumines-
cence (MCL) and organic light emitting diiodes
(OLEDs), their mechanisms have been proposed in vari-
ous studies, showing that the restriction of intramolecular
rotations by bulkiness of the group is one of the most
important mechanism. The π-π interaction is responsible
for the aggregation caused quenching (ACQ), which
could be avoided by the use of bulky pendant on para
position of TPA based polyamide chain [13].

Thus, in this contribution, we synthesized a series of p-
aryloxy substituted polyamides from two TPA based di-
amines: 4,4′-diamino-4′′-phenoxy triphenylamine (1),
4,4′-diamino-4′′-benzyloxy triphenylamine (2). These
TPA based diamines could not only preserve the favorable
thermal stability due to high aromatic content in the sys-
tem but also impart AIEE. The computational analysis of
the dimers of TPA-PAs was carried out to correlate/aug-
ment/validate various parametres with experimental ob-
servations. Appreciable organosolubility, render these ma-
terials better processability which could be beneficial for
spin coating and inkjet printing. Fluorescent, stable
electroactive nature of TPA-PAs as evaluated from their
PL spectral and cyclic voltammetry analysis render these
materials useful for hole transport in multiple applications
in future.

Experimental

Chemicals and reagents

Terephthaloyl chloride, isophthaloyl chloride, 4-
fluoronitrobenzene, cesium fluoride, acetonitrile, 4-
benzyloxy aniline and DMSO were purchased from Merck,
Germany. The diamine monomer 4,4′-diamino-4′′-phenoxy
triphenylamine (1) was prepared as reported in literature [14].

Methods and measurements

The elemental analyses were accomplished on the CHNS
analyzer, Flash 2000 series and FTIR spectra were collect-
ed on Bruker α-Alpha-P model by ATR method. The
Bruker spectrometer, working at 300 MHZ in DMSO-d6
was used to record NMR spectra. The computation and
optimization of geometry ground-state and energy levels
of HOMO and LUMO were obtained by DFT (density
functional theory) using B3LYP method with 6-31G basis
set using Guassian 03 software. The thermal stability of
the polymers was evaluated on NETZSCH TGA analyzer,

model TG209 F3 in an oxidative environment at rate of
10 °C/min. The Cary, 100 Conc UV-vis and PC1 photon
counter spectrophotometers were used to collect UV-vis
and PL spectra respectively. The BAS-100 B electrochem-
ical analyzer comprising of carbon, platinum wire and Ag/
AgCl as electrodes was used for CV experiments.

Synthesis of 4,4′-diamino-4′′-benzyloxy
triphenylamine (3)

The synthesis of 4,4′-diamino-4′′-benzyloxy triphenylamine
(3) was accomplished in two steps via cesium fluoride facili-
tated nucleophilic arylation to (2) and reduction to diamine (3)
via palladium-charcoal catalysis. [8, 14]

Synthesis of 4,4′-dinitro-4′′-benzyloxy triphenylamine (2)

4,4′-Dinitro-4′′-benzyloxy triphenylamine (2) was prepared
by cesium fluoride (1 mmole) mediated nucleophilic arylation
of 4-benzyloxyaniline (0.5 mmole) by 4-fluoro-nitrobenzene
(1 mmole) in 20 mL DMSO. The reaction mixture was heated
at the 120 °C for 24 h, monitored by thin layer chromatogra-
phy. The product was isolated by stirring a cold reaction mix-
ture in methanol, filtered washed with plenty of water, dried,
recrystallized from ethanol as an orange solid.

Yield: 69%. Rf = 0.68 (n-Hexane: EtOAc, 6:1),m.p. 217–
219 °C; Anal. Calcd for C25H19N3O5 C, 68.02; H, 4.34; N,
9.52; observed C, 68.01; H, 4.32; N, 9.51 FTIR ῡ/cm−1: 1329
(C-N of TPA), 1229 (C-O-C) and 1489, 1569 (NO2).

1H-
NMR (DMSO-d6) δ/ppm Benzyloxy Protons: 7.4 (5H, m,
4,6,7,8), 5.14 (2H, s, 4), Aromatic Protons: 8.18 (1, dt, J =
9, 3.3 Hz, 4H), 7.21 (2, dd, J = 5.1, 2.1, 4H),7.15 (3, d,
J = 8.4, 2H) and 7.24 (4, dd, J = 6.6, 2.5, 2H).

Reduction of 2a into diamine 4,4′-diamino-4′′-benzyloxy
triphenylamine (3)

The diamine 3 was prepared by reduction of 4.54 mmol
2 (2.0 g) using hydrazine monohydrate (7 mL) and cat-
alyst 10% Pd/C (0.2 g) in 50 mL ethanol, following a
well-known procedure and purified by recrystallization
as slightly grey solid. Yield: 74%. Rf = 0.41 (n-
Hexane: EtOAc,1:1) m.p. 196 °C. Anal. Calcd for
C25H23N3O C, 78.71; H, 6.08; N, 11.02; observed C,
78.68; H, 6.05; N, 11.00. FTIR ῡ/cm−1: 3459, 3339 (N-
H), 1335 (C-N of TPA) and 1219 (ether). 1H-NMR
( DM SO - d 6 ) δ / p p m 5 . 2 NH 2 ( 4 , s , 4 H ) ,
Benzyloxy(BZ): 5.2 (2H, s, 5), 7.5 (5H, m, 6,7,8),
Aromatic protons: 6.49 (4H, d, J = 8 Hz, 1), 6.78 (2,
d J = 8 Hz, 4H), 6.68 (3, dd, J = 7.2 Hz, 2H), 6.88 (4, d
J = 7.5 Hz, 2H) 13CNMR (DMSO-d6) δ/ppm 115.28 (1),
117.48 (2), 118 (3), 115.18 (4), 70.6 (5), 119 (6), 122.7
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(7), 120.62 (8), 136.8 (9), 127.3 (10), 130.2 (11), 145.7
(12) and 130.2 (13).

Synthesis of polyamides PA (I-IV)

Low temperature polycondensation (0 °C to room tempera-
ture) of diacid chlorides and diamines (1,3) was used for the
preparation of polyamides (PA I-IV). A 100 mL round bottom
flask, furnished with condenser, dropping funnel and ice bath,
was charged with 1.88 mmol of diamine monomer, 15 mL
THF and 10 mL triethylamine under N2 atmosphere.
Corresponding diacid chloride solution in THF (1.92 mmol/
10 mL) was added very slowly via dropping funnel for
30 min. It was heated gradually to room temperature, stirred
well for 1 h and refluxed for an additional hour. The viscous
solution turned gradually into sticky product. The synthesized
polyamide was filtered, washed with plenty of THF and meth-
anol and kept under vacuum for 24 h.

Polyamide (PA-I) The synthesis of PA-I was carried out by the
polycondensation of 1.88 mmol (0.69 g) diamine monomer
(1) and 1.92 mmol (0.39 g) terephthaloyl chloride in THF.
FTIR (ῡ/ cm−1) 3285 (N-H, amide), 1645 (carbonyl of amide),
1225 (ether).

Polyamide (PA-II) The polycondensation of 1.88 mmol
(0.69 g) diamine monomer (1) with 1.92 mmol isophthaloyl
chloride (0.39 g) in THF was conducted following aforemen-
tioned procedure. The polymer PA-II was obtained as grey
solid. FTIR (ῡ/ cm−1) 3282 (N-H, amide), 1650 (carbonyl of
amide), 1224 (ether).

Polyamide (PA-III) The polymer PA-III was prepared as dark
green solid by the reaction of 0.74 g, 1.88 mmol diamine
monomer (3) and 1.92 mmol, 0.39 g terephthaloyl chloride
using the aforementioned method. FTIR (ῡ/ cm−1) 3272 (N-H,
amide), 1645 (carbonyl of amide), 1235 (ether) (Fig. 1).

Polyamide (PA-IV) The reaction of 0.74 g, 1.88 mmol diamine
monomer (3) with 0.39 g, 1.92 mmol of isophthaloyl chloride
yielded PA-IV as dark brown solid. FTIR (ῡ/ cm−1) 3261 (N-
H, amide), 1651 (carbonyl of amide), 1247 (ether) (Fig. 2).

Results and discussion

Synthesis of monomer diamine (3)

The newly synthesized diamine (3) and dinitro compounds
were analyzed by FTIR, and NMR spectral methods. The
FTIR spectra of both 2 and 3 are depicted in Fig. 3. It
displayed distinguishing peak at 1569 cm−1 assigned to N-O
stretching vibrations of nitro group in 2. Furthermore,
triphenylamine (TPA) formation was evidenced from the ab-
sorption band at 1491 cm−1, assigned to C-N stretching vibra-
tions. The palladium-charcoal catalyzed reduction of 2 into
diamine 3 is revealed from new spike shaped absorption band
in FTIR spectrum at 3459 and 3339 cm−1. This may be
credited to the N-H stretching vibrations of NH2 group [15].

Further confirmation of structures of both 2 and 3 was
carried out by NMR spectroscopy. The 1H-NMR spectral
analysis of 2 revealed a downfield resonance signal at
8.18 ppm, consistent with the electron withdrawing nature of
the adjacent nitro groups at para position. (Annex) This indi-
cated the formation of TPA containing nitro groups. The 1H
and 13C NMR spectra of diamine (3) are displayed in Fig. 4a

Fig. 1 Synthesis of diamine monomers (2)

Fig. 2 Scheme for the synthesis of polyamide (PA; I-IV)

Fig. 3 FTIR spectral analysis of TPA based dinitro compound (2) and
4,4’diamino-4″-benzyloxy triphenylamine (3)
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Fig. 4 a 1H-NMR and b 13C-NMR spectra of 4,4’diamino-4″-benzyloxy triphenylamine (3)

Table 1 Solubility data of PA I-IV

PAMs NMP DMAc DMF DMSO THF

I ++ ++ ++ +− –

II ++ ++ ++ +− –

III ++ ++ ++ +− –

IV ++ ++ ++ +− –

++ Completely so]luble at room temperature, + −moderately soluble on
heating and - insoluble on prolong heating Fig. 5 FTIR spectrum of representative polyamide PA-I
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and b respectively. From Fig. 4a, the complete conversion of 2
into 3 was confirmed by distinguishing a broad resonance
singlet at 4.87 ppm. This may be credited to the primary amine
proton. Additionally, an upfield shift of the aromatic protons
(H1, H2, H3 and H4) provided considerable indication for the
successful synthesis of diamine. The benzyl (Bz) group is
verified by the resonance signals at 4.99 and 7.4 ppm, this
corresponded to methylene and phenyl protons respectively.
The 13C-NMR spectral analysis further confirmed our afore-
mentioned discussion. (Fig. 4b) [15].

Synthesis of polyamides (I-IV)

All the polyamides (PA I-IV) were synthesized in THF solu-
tion from diamine monomers 1 and 3 by triethylamine cata-
lyzed polycondensation with terephthaloyl and isophthaloyl
chloride. The method is outlined in Fig. 2. As shown in
organosolubility data in Table 1., the synthesized polyamides
(PA I-IV) can be solution-cast into films, indicating the for-
mation of high molecular weight polymers. The structures of
the PA I-IV were evaluated by FTIR spectroscopy and CHN
elemental analysis. Figure 5 shows the FTIR spectra of PA I-
IV. All the prepared polyamides (PA I-IV) exhibited distinc-
tive absorption bands of the -CONH group at 3315 cm−1 (N −
H stretching) and 1664 cm−1 (carbonyl group). The elemental
analyses also indicated the complete polymerization of the
corresponding diamine with diacid chloride into correspond-
ing polyamide [16].

Organosolubility of PA I-IV

All the synthesized polyamides were evaluated for their pro-
cessability in common organic solvents. Approximately
10 mg polymer sample was placed in 1 mL organic solvent
and checked for its organosolubility at room temperature and
on heating for 2–3 h. The solubility behavior of the PA I-IV is
summarized in Table 1. It is obvious that the synthesized
polymers are appreciably soluble in common organic sol-
vents. This is the manifestation of the triphenylamine unit as
well as linked aroyl substituent on one hand and amide unit on
the other hand.

Thermal stability of PA I-IV

The thermal strength of these polyamides (PA I-IV) was stud-
ied by thermogravimetric analysis (TGA). The TGA curve of
a representative polyamide (PA-I) in an oxidative atmosphere
is displayed in Fig. 6. The thermal stability was assessed in
terms of Td, char yield and limiting oxygen index (LOI). The
thermal behavior data obtained from TGA curves is tabulated
in Table 2. In general, the PA (I-IV) exhibited excellent ther-
mal stability with negligible weight loss up to 438 °C in oxi-
dative atmosphere. The maximum weight-loss temperatures
of the polymers in air were observed in the range of 501–
573 °C. The char yield (amount of carbonized residue) at
800 °C of these materials was observed in the range 53–
60%. High char yields of these PA (I-IV) can be attributed to
their high aromatic contents. The LOI values ranging from
37.5 to 41.5, were greater than normal amount of oxygen
in air (21%) indicating the fire retardancy and flame-
retardant feature of the synthesized materials. The fire-
retardant properties play an important role in the reduc-
tion of combustibility of the polymers and toxic fume
production. Furthermore, appreciable thermo-oxidative
ability renders these materials, low flammability and re-
tention of molecular strength at elevated temperature.
Therefore, synthesized materials are capable of working
at elevated temperature if fabricated in devices [17, 18].

Fig. 6 Representative TGA Curve of PA-I

Table 2 Thermal
stability of PA I-IV PA Td

°C

Tmax

°C

Char Yield

%

LOI

I 532 573 60 41.5

II 480 532 55 37.5

III 447 501 57 40.3

IV 438 513 53 38.7

Temperature at which a negligible; b

10max
c Maximum weight loss take place

Fig. 7 UV-vis spectra of PA I-IV
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Photophysics of PA I-IV

All the synthesized polymers (PA I-IV) were evaluated for
UV-vis absorption and photoluminescence (PL) emission in
NMP. The absorption and emission profiles of the PA I-IVare
depicted in Figs. 7 and 8 respectively. The relevant absorption
and emission data are summed up in Table 3. In the UV-vis
absorption spectra all the polyamides exhibited prominent ab-
sorption bands in the range 290–294 nm. The high energy
absorption bands in the range 336–358 nm are assigned to
be arising from triphenylamine (TPA) to amide n–п* transi-
tions.Whereas, the absorption peaks in the range 290–294 nm
are the manifestation of the п–п* transitions of the aroyl pen-
dant groups.

The HOMO-LUMO energy gaps (Eg) were calculated from
the onset wavelength λonset using the following Eq. (1).

Eg ¼ 1240=λonset ð1Þ

The values of Eg are in the range 2.76–3.02 eV such low
band gap values are the manifestation of the highly conjugated
polyamide backbone. A significant portion of the solar radia-
tions can be absorbed by the materials with such low band
gap. The lowest Eg value of PA-III (2.76 eV) is attributed to its
symmetrical extended conjugated polymeric chain.

The synthesized polyamides PA I-IV exhibited similar
emission profiles in NMP solutions with emission maxima
in the range 532–570 nm. This range indicates green light
emission, except for the polymer PA-IV, which emit bluish
green light in the range 449–550 nm. The emission profile
clearly indicates that the emission initiates from a similar ex-
cited state in all the polyamides. From which it is obvious that
the emission mainly comes from the TPA-aroyl core because
it has a lower energy gap [19].

Fig. 8 PL spectra of PA I-IV

Table 3 UV-vis and PL spectral data of PA I-IV

PAMs λabs (nm) λonset(nm)
aEg (eV) λemis(nm) S.S

I 294,348 430 2.88 570 222

II 336 410 3.02 532 196

III 358 450 2.76 565 207

IV 290,342 440 2.81 449 107

a Eg was calculated from Eq. 1 Fig. 9 Cyclic voltammograms of PA I-IV
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The electrochemical properties of polyamides PA
(I-IV)

The electrochemical properties of synthesized polymers (PA I-
IV) were explored by cyclic voltammetry (CV) for the cast
film on an ITO-coated glass substrate as working and plati-
num wire as supporting electrode in dry acetonitrile contain-
ing 0.1 M of LiClO4 as electrolyte salt under inert atmosphere
of nitrogen. Awell-defined reversible redox wave was detect-
ed in the first CV scan of these polymers. Figure 9 indicates
the cyclic voltammograms of the synthesized polyamides (PA
I-IV) recorded at a scan rate of 50 mV/s. All the CV curves for
PAI-IV; indicated a distinct redox wave, with onset oxidation
potentials (Eonset) of 0.35 V, 0.40 V, 0.25 Vand 0.3 V respec-
tively. The single oxidation peak, in each CV plot can be
attributed to oxidation of the electron-rich nitrogen atom in
the TPA core. After numerous oxidative cyclic scans between
0 and 2.0 V at scan rate of 50 MV/s, the polymer films still
well-maintained superior redox reversibility. Figure 9 com-
pares the CV curves of structurally similar polyamides I-IV.
As expected, the onset oxidation potential of PA-III is the
lowest value because of benzyloxy substitution at para posi-
tion of the TPA unit on one hand and symmetrical terephthalic
acid amide unit on the other hand. This result indicated that the

presence of the benzyloxy substituent in combination with
terephthalic acid amide unit stabilizes the oxidation state.
However, in PA-IV the isophthalic acid amide unit being un-
symmetrical unit may be responsible for the disruption of
planarity and hence the elevation of onset oxidation potential.
However, the onset oxidation potentials for the structurally
similar TPA linked polyamide with -OCH3 at ortho, meta
and para positions were reported to be 0.61 V, 0.66 V and
0.55 V respectively by Lee et al. [7]. These values are higher
than the onset oxidation of our synthesized redox-active poly-
amides This lower onset oxidation potential (0.25–0.4 V) of
synthesized PA as compared to the previously reported poly-
amide, is beneficial for their multiple applications in optoelec-
tronics [7, 19].

The energy levels of HOMO and LUMO (lowest unoccu-
pied molecular orbital) of our synthesized polyamides can be
calculated from the Eonset or half-wave potentials (E1/2) and
the results are summed up in Table 4. The ferrocene/
ferrocenium (Fc/Fcþ) was used as an external standard with
a redox potential at 0.44 V vs Ag/AgCl in dry acetonitrile. We
can assess the HOMO energy levels of synthesized polyam-
ides (I-IV) by assuming HOMO of ferrocene at 4.40 eV with
respect to zero vacuum level. The values of HOMO energy
levels as calculated from CV experiments are −4.75, −4.80,

Table 4 Electrochemical data of
polyamides (PA I-IV) PA Eonset

(eV)
Eg
(eV)

E HOMO

(eV)
E LUMO

(eV)
E HOMO

(eV)*
E LUMO

(eV)*
Eg
(eV)

I 0.35 2.88 −4.75 −2.87 −4.65 −2.31 2.34

II 0.40 2.95 −4.80 −1.85 −2.58 −0.76 1.82

III 0.25 2.76 −4.65 −1.89 −4.54 −2.28 2.26

IV 0.3 2.81 −4.70 −1.89 −2.39 −0.79 1.60

V [15] 0.56 2.71 −4.99 −2.28 – – –

VI
[15]

0.56 2.90 −4.99 −2.09 – – –

*Calculated by molecular simulation

Fig. 10 HOMO-LUMO orbital
diagram of PA I and III
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−4.65 and − 4.70 eV for PA (I-IV) respectively. The highest
HOMO energy level for the PA-III authenticated the previous
discussion about the benzyloxy substituent. The reported
polyamides with analogous structure PA-V (-OCH3 substitu-
ent, terephthalic acid amide) and PA-VI (-OCH3 substituent,
isophthalic acid amide) exhibited HOMO energy level at
−4.99 eV [19]. The elevation of HOMO energy levels and
redox stability of synthesized polyamides is quite beneficial
for their future use in optoelectronic applications [20].

Computational analysis of PA I-IV

In order to get more comprehension into different energy
levels of the present TPA-based polyamides, molecular simu-
lation on the basic unit was conducted by DFT/B3LYP/6-31G
with the Gaussian 03 program as shown in Fig. 10. The opti-
mization of the dimers of the polyamide’s ground state was
carried out to calculate HOMO and LUMO energy levels. The
calculated values as summarized in Table 4, are in the range
2.39–4.65 eV and 0.76–2.31 eV for HOMO and LUMO re-
spectively.. The simulation results are not valid for the poly-
mers PA-II and PA-IV, the reason may be the steric factor
Fig. 10 represents the HOMO-LUMO orbital diagram of di-
mers of PA-I and PA-III. From this figure, it is obvious that the
HOMO-LUMO electron densities of the polyamides are
mainly located on triphenylamine moiety and amide linkage.
The HOMO-LUMO band gap was found in the range 1.60–
2.34 eV. From computational analyses it is obvious that prac-
tically measured values are higher than the calculated one. It
may be attributed to the fact that the values were calculated for
dimers rather than polymer (software was unable to deal long
polymer chain), containing large number of TPA units elevat-
ing HOMO and LUMO levels. These results may also suggest
that the synthesized polyamides could be used as an organic
layer in OLEDs as hole transport materials in future [20].

Conclusion

A series of light emitting, electroactive polyamides have been
readily prepared from the polycondensation of newly synthe-
sized diamine monomer, 4,4 ′-diamino-4 ′ ′-phenoxy
t r iphenylamine and 4,4 ′ -d iamino-4 ′ ′ -benzy loxy
triphenylamine with the terephthaloyl/isophthaloyl chloride.
Introduction of the bulky electron-donating phenoxy and
benzyloxy group to the polymer main chain not only affords
good thermal stability but also enhanced organosolubility of
the polyamides. The new series of polyamides are emitting
light in the blue to green region. All the synthesized polyam-
ides reveal valuable electrochemical characteristics such as
low oxidation potential, shallow HOMO energy level. Thus,
these features indicate the incorporation of para substituents
benzyloxy and phenoxy groups on TPA is a good approach for

easy oxidation and the prepared polyamides have great poten-
tial for applications in optoelectronic applications.
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the Higher education Commission of Pakistan under the National
Research Program for Universities research project 20–3821/NRPU/
R&D/HEC/14.
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