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Schiff base oligomer of 2-[(phenylimino) methyl] phenol (2-PIMP) was synthe-
sized via oxidative polycondensation reaction in an alkaline medium by using
air (O2) as oxidant. Oligomer-metal complex compounds were synthesized

from the reactions of oligo-2-[(phenylimino) methyl] phenol (O-2-PIMP) with Co+2,
Ni+2, Cu+2, Cr+3, Pb+2, and Zn+2 ions. While synthesized Schiff base oligomer was
soluble in most common organic solvents, its metal complexes were only soluble in
dimethylsulphoxide. The highest occupied molecular orbital (HOMO), the lowest
unoccupied molecular orbital (LUMO), and electrochemical energy gaps (E´g) of
monomer, oligomer, and oligomer-metal complexes were calculated from oxidation
and reduction onset values. Also, optical band gaps (Eg) of monomer, oligomer, and
oligomer-metal complexes were calculated from their absorption edges. Conductivity
measurements of doped and undoped Schiff base oligomer and oligomer-metal com-
plexes were carried out by electrometer at the room temperature and atmospheric
pressure and were calculated by four-point probe technique. When iodine was used
as doping agent, conductivity of oligomer and oligomer-metal complexes were
observed to be increased. The weight losses of 2-PIMP, O-2-PIMP, O-2-PIMP-Co,  O-
2-PIMP-Ni, O-2-PIMP-Cu, O-2-PIMP-Cr, O-2-PIMP-Pb, and O-2-PIMP-Zn were found
to be 100.00%, 79.09%, 68.28%, 65.97%, 51.33%, 70.14%, 54.13% and 66.77%,
respectively, at 1000°C by using TG analyses. 

INTRODUCTION
Conjugated Schiff base polymers
and oligomers have been widely
studied for the last two decades due
to their excellent thermal, mechan-
ical, electronic, optical, optoelec-
tronic, and fibre-forming properties
[1-5]. CH=N group is isoelectronic
with the CH=CH group in these
oligomers and the incorporation of
nitrogen atom into the conjugated

system is another approach to form
classes of materials with equally
interesting electronic and optical
properties [6]. Because of these
properties of Schiff base oligomers
they have become an increasingly
interesting subject in the field of
semiconductor and optical materi-
als because these materials possess
great potential for device applica-
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tions such as light emitting diodes, thin film transis-
tors, and photovoltaic cells [7,8]. Optical and electri-
cal properties of the metal complexes have also
become increasingly another interesting matter in the
field of semiconductor and optical materials. Since,
these materials possess great potential for device
applications such as Schottky diode, solid state
devices, and optical sensor [9]. 

Optical and electrochemical band gaps of low band
gap polymers were calculated by Vanderzande et al.
[10].  Conductivity and band gap of some Schiff base
polymers including halogen atoms such as fluorine
and chlorine were investigated by Kaya et al. [11,12].
The thermal and conductivity properties of Zn (II), Ni
(II), Th (II), Cd (II), Mg (II) complex compounds of
poly(8-acryloxyquinoline) were studied by
Kaliyappan et al. [13]. The thermal and anti-microbial
properties of oligophenols with a Schiff base substi-
tute and their oligomer metal complex compounds
were investigated by Kaya et al. [14]. The thermal sta-
bility of poly(acryloyl benzoic hydrazide) and its
complexes with some transition metals was examined
by Gad et al. [15]. The thermal decomposition behav-
iour of poly(acrylic acid) and its metal complexes
were studied by Sebastian et al. [16]. Kaya et al. have
studied thermal degradation of oligo-2-[(4-fluo-
rophenyl) imino methylene] phenol and some of its
oligomer-metal complexes [17]. The conducting
properties of poly(2-hydroxy-4-acryloxyacetophe-
none-phenylimine), poly(2-hydroxy-4-acryloyloxy-
acetophenone-N-phenylimine-co-methacrylate) and
their metal complexes were studied by Thamizharasi
et al. [18].  

In this work, we have synthesized Schiff base
oligomer oligo-2-[(phenylimino) methyl] phenol (O-
2-PIMP) and its metal complexes and investigated
their thermal, electrochemical, optical, and electrical
properties. Thermal behaviours and electrochemical
properties of Schiff base oligomer and oligomer-metal
complexes were determined by TGA-DTA and cyclic
voltammetry techniques, respectively. Electrical prop-
erties of doped and undoped oligomer and oligomer-
metal complexes were determined by four-point probe
technique at a room temperature and atmospheric
pressure.  Also, O-2-PIMP-Co, O-2-PIMP-Ni, O-2-
PIMP-Cu, O-2-PIMP-Cr, O-2-PIMP-Pb and O-2-
PIMP-Zn were characterized by using FTIR, elemen-
tal analysis, and TG techniques.

EXPERIMENTAL

Materials
Aniline, salicylaldehyde, tetrabuthylammonium
hexflorophosphate (TBAPF6) and ferrocene were sup-
plied from Fluka. Acetonitrile, Co (AcO)2 4H2O, Ni
(AcO)2 4H2O, Cu (AcO)2 4H2O, Pb (AcO)2 3H2O, Zn
(AcO)2 2H2O, CrCl2 6H2O, and tetrahydrofuran
(THF), dimethylformamide (DMF), dimethylsulphox-
ide (DMSO), methanol, and CHCl3 which were used
as solvent were supplied from Merck (Germany) and
they were used as received. Hydrochloride acid (37%,
HCl) and KOH were supplied from Merck, also. 

Synthesis of 2-[(phenylimino) methyl] Phenol 
2-[(phenylimino) methyl] (2-PIMP) phenol was pre-
pared by the condensation of salicylaldehyde
(0.025 mol) and aniline (0.025 mol) in methanol
(15 mL) achieved by boiling the mixture under reflux
for 3 h (Scheme I). The precipitated 2-[(phenylimino)
methyl] phenol was filtered and recrystallized from
methanol and dried in vacuum desiccators.

Scheme I

Synthesis of Oligo-2-[(phenylimino) methyl] Phenol
(O-2-PIMP)
2-[(phenylimino) methyl] phenol (0.025 mol) was dis-
solved in an aqueous solution of KOH (10%)
(0.025 mol). The reaction mixture was stirred at 70ºC
for 10 h. The air oxygen was passed into the mixture
at rate 8.5 L h-1 during the course of the reaction. The
compound was obtained according to the published
procedure (Scheme II) [19]. It was cooled to room
temperature and then 0.025 mol of HCl (37%) was
added to the reaction mixture. The mixture was fil-
tered and washed with hot water (3 x 50 mL) for sep-
arating the mineral salts. Unreacted monomer was
separated by washing the product of methanol and the
product dried in the oven at 110ºC. 

Scheme II
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Synthesis of Oligo-2-[(phenylimino) methyl] Phenol-
metal Complexes 
A solution of M-(AcO)2 4H2O (0.250 mol) [(M: Ni,
Co, Cu), Pb (AcO)2 3H2O, Zn (AcO)2 2H2O, and/or
CrCl3 6H2O] in methanol (10 mL) was added to a sus-
pension of oligo-2-[(phenylimino) methyl] phenol (O-
2-PIMP)  (0.250 mol/unit) in THF (20 mL) (Scheme
III) [6]. The mixture was stirred and heated at 70ºC
for 5 h. The precipitated complexes were filtered and
washed with cold methanol/THF, then dried in the
oven. Metal sorption capacities and colours of
oligomer-metal complexes are as follows: O-2-PIMP-
Cr: 8.95%, dark green; O-2-PIMP-Co: 10.81%, dark
brown; O-2-PIMP-Ni: 13.12%, brown; O-2-PIMP-
Cu: 27.76%, brown; O-2-PIMP-Zn: 12.32%, dark
brown; O-2-PIMP-Pb: 24.96%, dark brown.

Scheme III

Electrical Properties
Conductivity was measured on a Keithley 2400
Electrometer. The pellets were pressed on hydraulic
press developing up to 1687.2  kg/cm2. Iodine doping
was carried out by exposure of the pellets to iodine
vapour at atmospheric pressure and room temperature
in a desiccator [3]. 

Electrochemical Properties
Electrochemical properties of oligomer and oligomer-
metal complexes were determined by CH instruments
660B cyclic voltammetry. The electrochemical cell
consists of an Ag wire pseudo-reference electrode
(RE), Pt  wire as counter electrode (CE) and glassy
carbon  as working electrode (WE) immersed in 0.1
M tetrabutylammonium hexafluorophosphate
(TBAPF6) as supporting electrolyte. The voltammet-
ric measurements of oligomer and its metal complex-
es were carried out in acetonitrile and DMSO, respec-
tively and scan rate was 250 mVs-1 [10]. The poten-
tials were calibrated to the ferrocene redox couple
E°(Fc/Fc+) = +0.41 V vs. Ag/Ag+. The HOMO and
LUMO energy levels and electrochemical energy
gaps (E´g) were calculated from oxidation and reduc-
tion onset values.

Optical Properties
The optical band gaps (Eg) of monomer, oligomer, and
oligomer-metal complex compounds were calculated
from their absorption edges and are given in Table 2.
Ultraviolet-visible (UV-vis) spectra were measured by
Perkin Elmer Lambda 25. The absorption spectra of
monomer, oligomer, and oligomer-metal complexes
were recorded by using methanol and DMSO at
25ºC [10]. 

Characterization Techniques
The infrared spectra were measured by a Perkin Elmer
FTIR spectrometer. The FTIR spectra were recorded
using universal ATR sampling accessory (4000-
550 cm-1). Elemental analysis was carried out with a
LECO CHNS 932. The UV-vis spectra of monomer,
oligomer, and oligomer-metal complex compounds
were recorded by using methanol and DMSO, respec-
tively. Thermal data were obtained by using Perkin
Elmer Diamond Thermal Analysis. The TG-DTA
measurements were made between 20-1000ºC (in N2,
rate 10ºC/min). SEC analyses were performed at 30ºC
by using DMF/MeOH:4/1 v/v as eluent at a flow rate
of 0.4 mL/min and a refractive index detector. The
instrument (Shimadzu 10AVp series HPLC-SEC sys-
tem) was calibrated with a mixture of polystyrene
standards (Polymer Laboratories; the peak molecular
weights, Mp, between 162 and 19880) using GPC
software for the determination of the number-average
molecular weight (Mn), weight-average molecular
weight (Mw) and polydispersity index (PDI) of the
oligomer sample. For SEC investigations, a
Macherey-Nagel GmbH was used (100 Å and 7.7 nm
diameter loading material) 3.3 mm i.d. × 300 mm
column.

RESULTS AND DISCUSION

The voltammetric measurements of 2-PIMP, O-2-
PIMP, O-2-PIMP-Co, O-2-PIMP-Ni, O-2-PIMP-Cu,
O-2-PIMP-Cr, O-2-PIMP-Pb, and O-2-PIMP-Zn were
carried out in acetonitrile and DMSO, respectively.
The HOMO and LUMO energy levels and electro-
chemical energy gaps (E´g) were calculated from oxi-
dation and reduction onset values and are given in
Table 1 and shown in Figures 1, 2a, and 2b.
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Electrochemical energy gaps (E´g) of 2-PIMP, O-2-
PIMP, O-2-PIMP-Co, O-2-PIMP-Ni, O-2-PIMP-Cu,
O-2-PIMP-Cr, O-2-PIMP-Pb, and O-2-PIMP-Zn were
found to be 3.79, 3.29, 2.02, 2.42 and 2.56 eV, respec-
tively. The absorption spectra of 2-PIMP, O-2-PIMP,
O-2-PIMP-Co, O-2-PIMP-Ni, O-2-PIMP-Cu, O-2-
PIMP-Cr, O-2-PIMP-Pb, and O-2-PIMP-Zn were
recorded by using methanol and DMSO at 25ºC ,
respectively and are given in Table 2 and shown in
Figures 3 and 4. 

While HOMO-LUMO energy level values of 2-
PIMP and O-2-PIMP were determined from the low
energy absorption edge of electronic absorption spec-
tra, (E´g) could also be determined from solution oxi-

  Products Ered (V) Eox (V) LUMO (eV) HOMO (eV) 
 

'
gE  (eV) 

  2-PIMP -2.02 +1.41 -2.46 -5.77 3.31 

 O-2-PIMP -1.81 +1.56 -2.65 -5.80 3.15 

O-2-PIMP-Cu -1.64 +1.51 -2.84 -5.76 2.92 

O-2-PIMP-Ni -1.73 +1.43 -2.79 -5.78 2.99 

O-2-PIMP-Co -1.81 +1.58 -2.68 -5.74 3.06 

O-2-PIMP-Cr -1.84 +1.51 -2.72 -5.76 3.04 

O-2-PIMP-Pb -1.65 +1.53 -2.82 -5.84 3.02 

O-2-PIMP-Zn -1.59 +1.64 -2.86 -5.98 3.12 

Table 1. HOMO-LUMO positions of 2-PIMP, O-2-PIMP, O-2-PIMP-Cu, O-2-PIMP-Ni, O-2-PIMP-Co, O-
2-PIMP-Cr, O-2-PIMP-Pb, and O-2-PIMP-Zn.

Figure 1. Cyclic voltammograms of 1 mM (1) 2-PIMP and
(2) O-2-PIMP in acetonitrile at a sweep rate of 250 mV s-1. 

Figure 2. Cyclic voltammograms of 1 mM oligomer metal
complexes of: (a) 1= Cu+2; 2= Ni+2; 3=Co+2 and (b) 1= Cr+3;
2= Pb+2; 3=Zn+2  in DMSO at a sweep rate of 250 mV s-1.

(b)

(a)



dation (Eox) and reduction (Ered) potentials. Due to
nonlinear poly-conjugation of O-2-PIMP, electro-
chemical band gap values (E´g) of 2-PIMP have high-
er values than oligomer as a result of an increase of
oxidation (Eox) and reduction potentials (Ered). As a
consequence of this change, band gap decreased
approximately 0.5 eV. Since, polydispersity index
value of O-2-PIMP was found to be 1.90; its CV curve
obtained was different from that of monomer. Band
gap values of oligomer metal complexes (O-2-PIMP-
Co, O-2-PIMP-Ni, O-2-PIMP-Cu, O-2-PIMP-Cr, O-
2-PIMP-Pb, and O-2-PIMP-Zn) can also be deter-
mined from electronic absorption spectra and cyclic
voltammetry measurements. Low energy absorption
edge of O-2-PIMP-Cu was observed higher than 2-

PIMP, O-2-PIMP, O-2-PIMP-Co, O-2-PIMP-Ni, O-2-
PIMP-Cr, O-2-PIMP-Pb and O-2-PIMP-Zn. While
oxidation potential of O-2-PIMP-Cu was observed to
be 0.84 eV, the reduction potential of O-2-PIMP-Cu
was observed to be -1.18 eV. Thus, electrochemical
band gap of O-2-PIMP-Cu was found to be 2.02 eV.
As a result, O-2-PIMP-Cu demonstrated higher con-
ductivity than the other oligomer-metal complexes.

O-2-PIMP and oligomer-metal complex com-
pounds have conductivities of 10-l0-10-9 S/cm. When
doped with iodine, their conductivities could be
increased by about two orders of magnitude (up to
10-8 - 10-7 S/cm). Figure 5 and Table 3 present the
doping results of I-O-2-PIMP, I-O-2-PIMP-Co,  I-O-
2-PIMP-Ni, I-O-2-PIMP-Cu, I-O-2-PIMP-Cr, I-O-2-
PIMP-Pb, and I-O-2-PIMP-Zn complexes with iodine
in the various time lengths at 25ºC. Although the
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Products  
 

λmax (nm) 

 

'
gE (eV) 

 

2-PIMP 
 

332 
 

3.17 

O-2-PIMP 341 3.05 

O-2-PIMP-Cu 384 2.81 

O-2-PIMP-Ni 354 2.95 

O-2-PIMP-Co 358 3.06 

O-2-PIMP-Cr 372 3.01 

O-2-PIMP-Pb 377 2.86 

O-2-PIMP-Zn 373 3.08 

Table 2. Optical band gaps and λmax (nm) values of
monomer, oligomer, and oligomer-metal complexes. 

Figure  3. Absorption spectra of: (1) 2-PIMP and (2) O-2-
PIMP. 

Figure 5. Electrical conductivity of I2-doped O-2-PIMP and
its metal complexes vs. doping time at 25°C.

Figure  4. Absorption spectra of oligomer-metal complexes
(1= Cu+2, 2= Ni+2, 3= Co+2, 4= Cr+3, 5= Pb+2 and 6=Zn+2).
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structures of O-2-PIMP, O-2-PIMP-Co, O-2-PIMP-
Ni, O-2-PIMP-Cu, O-2-PIMP-Cr, O-2-PIMP-Pb, and
O-2-PIMP-Zn differ from each other, there was not
observed any significant difference in their conductiv-
ities. This effect may possibly be due to this fact that
actually all of these oligomer and oligomer-metal
complexes belong to the same class. In the doping of
O-2-PIMP with iodine, it was found that the conduc-
tivity of I-O-2-PIMP at first increased greatly with
doping time, but then tended to level-off. The maxi-
mum (or saturated) conductivity was 5.8 x 10-8 S/cm
(as shown in Figure 5). The increase in conductivity
indicates that a charge-transfer complex is formed
between O-2-PIMP and the dopant iodine.
Consequently, Figure 5 not only shows the conductiv-
ity/doping time relationship but it also indicates how
quickly the doping reaction can take place. The exper-
iments showed that a longer doping time is needed to
obtain the maximal conductivity. As a result, the con-
ductivity/doping time curve varies with doping condi-
tions. In order to exclude the influence of doping con-
ditions, the conductivities of doped I-O-2-PIMP, I-O-
2-PIMP-Co,  I-O-2-PIMP-Ni, I-O-2-PIMP-Cu, I-O-2-
PIMP-Cr, I-O-2-PIMP-Pb, and I-O-2-PIMP-Zn have
been related to the doping level and their values are
corrected to 5.8 10-8, 8.7 10-8, 8.2 10-8, 1.3 10-8,
7.2 10-8, 6.8 10-8 and 5.6 10-8 S/cm (as shown in
Figure 5). Because of batochromic effect of O-2-

PIMP-Cu, this metal complex has the highest conduc-
tivity value among the oligomer-metal complexes.
Diaz et al. have suggested the conductivity mecha-
nisms of Schiff base polymers doped with iodine [3].
Nitrogen is a very electronegative element and capa-
ble of coordinating an iodine molecule. The nitrogen
atom coordination with iodine has been suggested in
the literature as depicted in Scheme IV [20-22].

Scheme IV. Coordination of iodine during O-2-PIMP doping.

The infrared spectra of monomer, oligomer, and
oligomer-metal complex compounds were measured
by Perkin-Elmer FTIR. The FTIR spectral data of 2-
PIMP, O-2-PIMP, and oligomer metal complexes are
given in Table 4 in  which, the bands of OH and
–CH=N groups are observed at 3220 and 1610 cm-1,
and 3295 and 1615 cm-1, respectively.

The number-average molecular weight (Mn),
weight-average molecular weight (Mw) and polydis-
persity index (PDI) values of O-2-PIMP were found
to be 1770, 2225 gmol-1 and 1.257, respectively. The

Table 3. Time changes of the conductivity values of O-2-PIMP, O-2-PIMP-Co, O-2-PIMP-Ni, O-2-PIMP-Cu,O-2-PIMP-Cr,
O-2-PIMP-Pb and O-2-PIMP-Zn compounds.
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45417

61124

64385
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34328

52517
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55428
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elemental analysis data of monomer, oligomer, and
oligomer-metal complexes are given in Table 5.

The oxyphenylenes are involved in the formation
of free radicals leading to polymer or oligomer forma-
tion and it is appeared that they are involved in bond
formation. Thus the phenyl rings in the polymer or
oligomer appear to be linked primarily at ortho posi-
tion and oxyphenylene. The 1HNMR and 13CNMR
results showed that the polymerization of 2-methoxy-
6-[(4-methylphenyl) imino] methylphenol is proceed-

ed by C-C and C-O-C coupling from ortho position
according to –OH group and oxyphenylene, respec-
tively [23]. 

Thermal Studies 
Thermal data of monomer, oligomer, and oligomer-
metal complexes were obtained by using a Perkin-
Elmer Diamond Thermal Analysis system. The TGA-
DTA measurements were made between 15-1000ºC
(in N2, rate 10ºC/min) and they are given in  Table 6
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Table 4. FTIR Spectral data of 2-PIMP, O-2-PIMP, and oligomer-metal complexes.

Table 5. Elemental analyses data and yields of 2-PIMP, O-2-PIMP, and oligomer-metal complexes.

Compounds
Wavenumber (cm-1)

-OH -CH=N -C=C- -C-O- Metal-O Metal-N

2-PIMP

O-2-PIMP

O-2-PIMP-Cu

O-2-PIMP-Ni

O-2-PIMP-Co

O-2-PIMP-Pb

O-2-PIMP-Zn

O-2-PIMP-Cr

3220

3295

3421

3400

3343

3354

3428

3406

1613

1615

1611

1615

1618

1610

1624

1606

1588, 1570, 1482

1570, 1483, 1455

1589, 1534, 1483

1589, 1545, 1415

1493, 1444, 1415

1498

1587, 1489

1572, 1530, 1484

1274

1275

1319

1272

1271

1260

1270

1277

-

-

615

615

570

520

582

537

-

-

695

694

614

658

693

690

Compounds
Calculated (Found) (%) Yield

(%)
C H N Metal

2-PIMP

O-2-PIMP

O-2-PIMP-Cu

O-2-PIMP-Ni

O-2-PIMP-Co

O-2-PIMP-Pb

O-2-PIMP-Cr

O-2-PIMP-Zn

79.19 (78.95)

80.00 (79.62)

60.34 (59.76)

61.49 (63.75)

61.43 (63.25)

38.79 (43.26)

63.16 (54.42)

59.91 (62.40)

5.58 (5.45)

4.62 (4.83)

3.48 (2.90)

3.55 (3.01)

3.54 (3.00)

2.24 (2.03)

3.64 (2.30)

3.46 (3.20)

7.11 (7.00)

7.18 (7.55)

5.42 (4.98)

5.52 (4.27)

5.51 (4.21)

3.48 (2.85)

5.67 (3.66)

5.38 (4.15)

-

-

24.58 (24.00)

23.14 (22.78)

23.21 (22.86)

51.52 (50.65)

21.05 (20.50)

25.11 (24.72)

95

90

78

54

38

67

32

69
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and Figure 6. 
A modification of the thermal stability by polycon-

densation which it depends on the metal cation elec-
tronegativity is foreseeable [24]. Oligomer and all of
oligomer-metal complexes show onset temperature
values in the range 165-308ºC. 

The water presence is also seen in TG curves of
oligomer-metal complexes (Figure 6) which appears
upto 4%-12% weight losses in the range 50-150ºC

and resembles both crystallization (50-150ºC) and
coordination water (150-200ºC) removal [24]. This
can also explain the differences, which appear
between the experimental and calculated elemental
analysis values. O-2-PIMP-Cr demonstrated lower
thermal stability than the other oligomer-metal com-
plexes. According to metal sorption capacities of
oligomer-metal complexes, Cu+2 ion was absorbed
more efficiently by the O-2-PIMP. 

Compounds Ton
a        Wmax.Tb 20% weight Losses 

% Carbine Residue  

(at 1000°C) 
 

2-PIMP 

O-2-PIMP 

O-2-PIMP-Cu 

O-2-PIMP-Ni 

O-2-PIMP-Co 

O-2-PIMP-Pb 

O-2-PIMP-Zn 

O-2-PIMP-Cr 

 

165 

180 

185 

308 

215 

187 

290 

165 

 

206 

216 

214, 298, 374 

382, 560 

338, 499 

271, 389 

362, 840 

205, 479, 582, 695 

 

175 

196 

291 

381 

247 

350 

403 

197 

 

0.00 

20.91 

48.67 

34.03 

31.72 

45.87 

33.23 

29.86 

Table 6. Thermal decomposition values of 2-PIMP, O-2-PIMP, and oligomer-metal complexes. 

(a) The onset temperature. (b) Maximum Weight Temperature

Figure 6. TGA Curves of 2-PIMP, O-2-PIMP, and O-2-PIMP-metal complexes. 
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CONCLUSION 

In this work, we determined the properties of
oligomer and oligomer-metal complex compounds
with potential low-band gap characteristics. The con-
ductivity values of O-2-PIMP-Cu complex compound
were higher than O-2-PIMP, O-2-PIMP-Co, O-2-
PIMP-Ni, O-2-PIMP-Cr, O-2-PIMP-Pb, and O-2-
PIMP-Zn complexes. The band gap values of
monomer and oligomer were higher than those of
oligomer-metal complexes due to the electron-donat-
ing property of the azomethane group. It increases the
HOMO more than the LUMO and therefore lowers
the band gap. The observed band gaps are sufficiently
low which make these oligomer and oligomer-metal
complexes highly promising for photovoltaic applica-
tions. According to our thermal analysis results, the
highest onset temperature was observed for O-2-
PIMP-Ni complex. 
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