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ABSTRACT: The N, N'-bis-pyridine-4-ylmethylene-1,2-diamine (Pyen) was prepared by a reaction
of ethylene diamine and 4- pyridine carbaldehyde. The DA was synthesized by a reaction
of 4- chloromethyl salicylaldehyde and Pyen. The new ionic Schiff base polymer ligand (L) was synthesized
by a reaction of DA and ethylene diamine in methanol at refluxed conditions. The ionic Zn?*mettallo
Schiff base polymer was synthesized by reaction of L and ZnCl, in methanol at refluxed conditions.
The synthesized compounds were characterized by various analytical and spectral methods.
The chemical composition and functional group identification of the synthesized compounds
were confirmed by CHN analysis, FT-IR, TH-NMR spectroscopy, and mass spectrometry. The molecular
weight of the L and ZnL was determined by size exclusion chromatography with the results
of the My= 6441.4 and 14212 for L and ZnL, respectively. The XRD pattern of the L and ZnL exhibited
an amorphous character with low crystallinity. The SEM images showed shapeless plates with narrow
valleys in the case of L and deep pores in the case of ZnL. The TEM images revealed a cluster of
scaffold structures or agglomerated structures of the polymers. The solid-state conductivity of the L
and ZnL was studied and the results showed that the conductivity increased by increasing the
temperature from 300K to 400K. This behavior confirms the semiconducting properties of L and ZnL.
The calculated solid-state conductivity of L in this temperature range (4.18x1071°-1.04x 10°Q 'm™/)
is higher than the calculated solid-state conductivity of ZnL(1.45x101%-3.12x10° Q' m™/) whereas
the calculated activation energy (of conductivity) for ZnL (0.19 ev) is lower than the calculated
activation energy of conductivity (0.29ev) for L.
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INTRODUCTION

In recent decades, growing interest has been generated
in the field of metallopolymers by many researchers
because of their potential application in different areas
with special characteristics such as semiconducting and

conducting properties, optical, photo-electrical and, redox
activity [1-8]. On the other hand, the Schiff base polymers
have an important role in the development of this area and
have attracted attention due to their properties as well as
their biological activities [9- 19]. Therefore, syntheses
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Scheme 1: The synthetic procedures of the polymeric Schiff
base ligand and its metallo-Schiff base copolymer

of novel-derived metallopolymers are very important
in developing technological applications. The Metallo
Schiff base polymers can be prepared by polycondensation
of a dialdehyde and a diamine and subsequent metalation
of polymeric Schiff base ligand. Thus, the design of new
monomeric and/or polymeric Schiff base ligands with
special and different characteristics and metalation opens
new horizons in materials architecture [20-41]. Recently
we introduced to design of new monomeric and polymeric
Schiff base ligands containing ionic moieties and the
preparation of new metallopolymers. It can be changed
each part of these kinds of ligands (aldehyde, diamine, and
counter ion) and some new metallopolymers with new
different properties can be produced by incorporating metal
ions. In this research, it is described the synthesis and
characterization of a new ionic Schiff base polymer and its
Zn?*-metallopolymer  containing pyridinium  moiety
as an ionic segment (Scheme 1) as well as its solid-state
conductivity behavior.

EXPERIMENTAL SECTION
Materials
5-Chloromethyl salicylaldehyde [14] and Pyen were
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prepared by a method described in the literature [42].
All other reagents and solvents for synthesis and analysis
were commercially available purchased from Merck and
used without further purifications.

The InfraRed (IR) spectra were recorded on
a Perkin Elmer infrared spectrometer model 621 by using
KBr pellets. The 'H-NMR spectra were recorded on
a JOEL-FX-100 FT NMR instrument in DMSO-Dg
solution and TMS as an internal standard. The elemental
analysis of carbon, hydrogen, and nitrogen was carried out
on a Perkin-Elmer model-2400 elemental analyzer
(CDRI, Lucknow, India). FESEM was analyzed from
TESCAN mira3. GPC measurements were performed
on a water 150-c GPC system equipped with u storage,
102-105 A. The mass spectra of the compounds have been
recorded with the Agilent Technology (HP) spectrometer
with Pseudo Multiple Reaction Monitoring Mode (PMRM).

Preparation of N, N'-bis-pyridine-4-ylmethylene-1,2-
diamine (Pyen)

The Pyen was prepared as described in ref [38].
4-Pyridine carbaldehyde (4.82 g, 45.02 mmol) was added
to a solution of ethylenediamine in methanol (1.35 g,
22.5 mmol in 60 mL methanol) in a 100 mL round bottom
flask and the solution was refluxed for 6 h. After
evaporation of solvent under vacuum, the yellow
precipitates were recrystallized and dried in air. *H-NMR
(300 MHz, DMSO-Dg)(ppm): o 8.75(4H), 8.43(4H),
7.60(2H) and 3.91(4H).

Preparation of DA

In a 100 mL round bottom flask containing 60 mL
acetonitrile, it was added Pyen (4.00 g, 16.80 mmol) and
5- chloromethyl salicylaldehyde (5.73 g, 33.60 mmol) and
stirred for 16 h. After evaporation of the solvent under
vacuum, the blood-red color precipitates were collected
and washed three times with tetrahydrofuran and dried in
air. *H-NMR (300 MHz, DMSO-Dg)(ppm): & 3.5-
4.5(4H), 5.2-6.2(4), 6.5-9.8(14), 10-10.5(2H), 11.4(2H),
13-14.5(2H). Mass: m/z= 579.

Synthesis of L

In a 100 mL round bottom flask containing 60 mL
methanol, it was added DA (3.60 g, 6,28 mmol), and
ethylenediamine (0.373 g, 6.28 mmol) the content was
refluxed for 4h with stirring. The solvent was evaporated
under a vacuum and the precipitates were washed three
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Table 1: The results of the CHN analyses of prepared Pyen and synthesized compounds

" Compound %)C (%)H (%N N
Pyen 70.32 (70.59)" 5.86 (5.88) 22.49 (23.53)
DA 62.04 (62.17) 4.76 (4.83) 9.86 (9.67)
L 63.58 (63.68) 5.28 (5.31) 13.98 (13.93)
\_ ZnP 47.97 (48.06) 3.69 (3.75) 10.58 (10.51) )
*Experimental(Theoretical)
Table 2: FT-IR data of Schiff base ligand and polymeric metal complex (ZnL) (cm—1)
/ Compound Vc=0 Vc=N VM—N VM—0 \
Pyen 1643
DA 1683 1643
L 1642(for cationic moie_ty), 1632
( for salycilate moiety)
\_ ZnL 1626,1630 416-620 798-874 )

times by n-hexane and chloroform and dried in air. *H-
NMR (300 MHz, DMSO-Dg)(ppm): 6 2.9- 3.2(4H), 3.3-
4.5(4H), 5.2-6(4H), 6.5-8.0(6H), 8.2-9.2(8H), 8.7(2H), 10-
10.5(2H), 12-15-(2H). Mass: m/z = 604.

Synthesis of ZnL

In a 100 mL round bottom flask containing 60 mL
methanol, it was added L (1 g, 1.6 mmol), and ZnCl,
(0.451 g, 3.2 mmaol), and the content was refluxed for 4 h
with stirring. The solvent was evaporated by a rotary evaporator
and the solid was washed three times by n-hexane and
chloroform and dried in air. *H-NMR (300 MHz, DMSO-
De)(ppm): o 3-3.2(4H), 4-4.5(4H), 5.5-6.0(4H), 6.5-
8.0(6H), 8.9.5(8H), 9.4-10.5(4H). Mass: m/z = 809.

RESULTS AND DISCUSSION
Elemental analysis and FT-IR spectra

The proposed chemical composition of the regents and
polymeric Schiff base ligand and metallo Schiff base
polymer was confirmed by elemental (CHN) analysis
(Table 1).

FT-IR spectroscopy was also used for the characterization
of functional groups in the synthesized polymers.
The main variation in the FT-IR spectra in the synthesis
of Schiff base compounds is the appearance and
disappearance of vc-o of the aldehydic band in the
formation of DA and L, respectively, and the production
of new bands of vc-y for the formation of iminic groups.
Thus, in the reaction of 5-Chloromethyl salicylaldehyde
and Pyen, the new band appeared at 1683 cm™ in the FT-
IR spectrum of the DA related to the carbonyl of salicylate
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moiety. In the synthesis of L, from the reaction of DA and
ethylene diamine, inthe FT-IR spectrum of L, the original
carbonyl band at 1683 cm™ disappeared and a new band
at 1632 cm* appeared, approving the formation of new
iminic bands and producing of the polymeric Schiff base
ligand of L. The two kinds of iminic bands (for the ethylene
diimine of cationic and salicylate moieties) are shifted
To the lower wave numbers and appeared at 1626 cm™ and
1630 cm™ by reaction of L and ZnCl,, due to linking
of the nitrogen of imines to the Zn?* ions (Table 2).

!H-NMR spectra

The Pyen, DA, L, and ZnL were characterized by H-
NMR spectroscopy. The 'H-NMR spectra of them
are shown in Fig 1, Fig 2, Fig 3, and Fig 4, and all of them
were assigned in each spectrum. For the Pyen, there are
four kinds of protons that resonated at 3.9, 8.4, 8.7, and
7.6 ppm for the a, b, ¢, and d proton resonances (Fig. 1).
In the case of the DA, it seems that each proton in this
compound resonates separately because of torsion of the
two imine-pyridinium methylsalycylate moieties about
the C—C bond of ethyl group and the spectrum is crowded.
The resonances of the ethyl protons (a, a') appeared at the
region of 3.5- 4.5 ppm. The methylene protons (f, f)
resonate at the region of 5.2- 6.2 ppm. All the aromatic
protons (b, b', ¢, ¢\, i, 1", g, g, h, h") exhibit broad-range
resonances and appear at regions of 6.5- 9.8 ppm. The
broad resonance at the region of 11.4 ppm is attributed to
the aldehyde protons (j, j') and the very broad signal at
13.-14.5 ppm is attributed to the phenolic protons (k, k).
The resonances at 10-10.5 ppm are ascribed to the iminic
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Fig 1: *H- NMR spectrum (300 MHz) of Pyen in DMSO-0s at 298K Fig 5: PMRM-- Mass spectrum of DA
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Fig 3: *H- NMR spectrum (300 MHz) of L in DMSO-ds at 298K Fig 6: PMRM--Mass spectrum of L

protons of d, d' (Fig 2). In the spectrum of the L, the

resonances of aldehydic protons disappeared and some

new resonances appeared at the region of 8.78-9 ppm

related to the new imine bond formation. The broad bands

at the region of 12.2-15.0 ppm are related to the

P resonances of phenolic protons of salicylate moiety (k, k).

i | | o This broadening is attributed to the interaction of nitrogen

| E Ami { of iminic bond and OH of salicylate (Fig 3). The spectrum

i YR L VL of the ZnL is similar to the spectrum of L alongside to

S A B S B small changes in chemical shifts. In addition, the resonances

Fig 2: 'H- NMR spectrum (300 MHz) of DA in DMSO-ds at 298K of the OH protons disappear during the metalation
of the L and the formation of ZnL (Fig 4).

Mass spectrometry
The mass spectrometry was used for further
characterization of the synthesized compounds. The mass
spectral data of synthesized compounds can easily
describe the corresponding molecular weights of theme
and their fragmentation patterns consistent withe their
L |“!l“ o .,J‘ structures. In many cases, the ionic molecule shows a very
ol WO R low-intensity band and rarely observable. The mass
TR mommom oo spectrometry analysis of DA, L, and ZnL shows an
Fig 4:H- NMR spectrum (300 MHz) of ZnL. in DMSO-ds at 298K isotope pattern at m/z = 579, 604, and 809 respectively,

pyridine pratons

salicylate pratons H
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Table 3: The data of size exclusion chromatography of polymers
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( M, M, )
Polymer PDI Appearance
(g/mol) (g/mol)
L 2609 6141.4 1.56 Yellow
\__ ZnL 3925 14212 1.70 Dark Yellow )
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Fig 7: PMRM-Mass spectrum of ZnL
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Fig 8: The results of size exclusion chromatography of L and ZnL

corresponding to the molecular weight of DA and the
repetitive unit molecular weights of L and ZnL polymers,
which is consistent with their predicted molecular weights
(Figs. 5, 6, 7). For compounds containing one element with
more than one stable and abundant isotope, more than one
peak will be observed for every fragment containing that
element [42] as it is observed for the bands around the m/z of
47, 69, 83, 123, 135, 149 for the DA and 50.4, 78, 107, 135
for the L and 51.4, 78.4, 107, 123.4, 135 for the ZnL.

Size exclusion Chromatography

The results of molecular weight determination are
given in Table 3 and Fig. 8. The molar mass of a polymer
was usually expressed as M, and M,,. From Table 3, these
amounts were obtained 2609 g/mol, 6141.4 g/mol for L
and 3925 g/mol, 14212 g/mol for ZnL. The polydispersity
of these two polymers was given as 1.56 and 1.70,
respectively.
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Fig 9: XRD patterns of L and ZnL

Morphological study (XRD, SEM, and TEM)

The XRD patterns of L and ZnL are given in Fig. 9.
The two synthesized compounds L and ZnL exhibit broad
signals. Thus, these compounds show low crystallinity
and it can be stated that they show amorphous property
in which the amorphous character of the L is higher than
the amorphous character of the ZnL due to exhibiting
broad XRD signals of L with respect to ZnL [43].

In order to perform further investigation of the
morphological changes of the L and ZnL, SEM technique
was used. The SEM images of L and ZnL are presented in
Fig. 10. The SEM of the two compounds of L and ZnL
shows porous, semi-flat surfaces with shapeless plates.
The plates form hollows that in the case of L, they form
narrow valleys with high walls whereas in the case of ZnL
the shapeless plates adhere together irregularly and
produce deep pores. The XRD results of L and ZnL, with
some crystallinity for ZnL, consist of the SEM results as
it is observed from SEM images of L and ZnL[44-46]. In
comparison to other researchers [47-49], the difference in
the morphology of the L and ZnL can be related to the
coordination of metal ion (Zn?*) to the polymeric ligand
of L. This makes the polymer chains that are close to each
other easier to fit together and cause pores to surface.

TEM was used for further investigation of the nature
and structure of synthesized compounds of L and ZnL
(Fig. 11). In two cases, a cluster of scaffold structures is
observed, which confirms the polymer generation.
The extent of clustering in the case of the ZnL is extremely
high due to the formation of coordination bonds and binding
of Zn? to L. The cluster formation or agglomeration, which
causes a network with layered morphology, might result
from strong electrostatic forces between the polymeric
particles because of the ionic character of polymeric
chains [50]. Thus, the XRD, SEM, and TEM results are
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Table 4: Conductivities and activation energies of conduction
for L and ZnL

New Schiff Base and its Zn2+ Metallopolymer: Synthesis ...

4 Conductivity (@' m™) )
Material
300 K 350 K 400 K Ea (eV)
L 4181070 | 2.11x107 | 1.04x10° 0.29
2L 1.45x10" | 6.08x10%° | 3.12x10° 019 )

ST FESEM Daich

Fig 10: SEM images of (a, b) L and (c, d) ZnL

(b)

Fig 11: TEM micrographs of (a) L and (b) ZnL.

in agreement together and confirm the amorphous
character of L and ZnL with some crystallinity, porosity,
and clustering of ZnL.

Solid state conductivity

Recently, great effort is geared toward the
investigation of new materials for organic or metal—
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organic polymers exhibiting solid-state electrical
conductivity. In this research, it is elucidated the electrical
conductivity of the polymeric ligand of L and its Zn?*-
metallopolymer in three temperatures in the range of
300K-400K. The obtained data are given in Table 4.

The general behavior of electrical conductivity is given
by the Arrhenius equation (Eq (1)), where E, is the
activation energy for the conduction, oq is a constant for the
conductivity independent of temperature, T is the absolute
temperature, and k is the Boltzmann constant [51]:

& = o0 exp(-E/KT) @)

The plots of log o vs. 1/T can be informative
in the elucidation of electrical conductivity. These plots
are given in Fig. 12 for the polymeric ligand(L) and its
Zn?* metallopolymer. As observed from this Figure, the
solid-state conductivity of the two compounds of L and
ZnL increased by increasing the temperature in which the
conductivity varied from 4.18 x 10%°- 1.04 x 10°Q ' m™!
and 1.45 x 101t - 3.12 x 10° @/ m™ at the temperature
range of 300- 400 K for the L and ZnL, respectively. Thus,
these data exhibit that the polymeric ligand (L) and its
ionic  metallopolymer  (ZnL) display = moderate
semiconducting behavior [52-54]. The electrical
conductivity of the ZnL is lower than the L at the
investigated temperature range due to the incorporation of
Zn % in polymer chains of L. The calculated activation
energy is 0.29 ev for L and 0.19 ev for ZnL. It is observed
from the XRD pattern that the amorphous and crystallinity
properties were decreased and increased, respectively,
by the incorporation of the Zn?* in polymeric chains of L.
The binding of Zn?* to the L leads to lowering the flexibility
of the chains in the ZnL, reducing the dislocation of chloride
ions, which are responsible for the electrical conductivity
of these compounds as consistent with the amorphous
character of L and ZnL with some crystallinity for ZnL,
resulting in the low flexibility of ZnL. This is confirmed
by the TEM images in which the clustering and
agglomerating were increased by the incorporation of Zn?*
into L chains. Because of the presence of two coordination
sites in the L, the incorporation of Zn?* increases the folding
of chains and this causes the chloride ions to be placed closer
together in the chain and reduces the activation energy
for the dislocation of chloride ions in ZnL with respect to
L. The calculated electrical conductivity of L and ZnL
in this research locates about the ranges reported
for synthesized Schiff base polymer by Sacak et al[57],
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Fig 12: Arrhenius plot of electrical conductivity of L and ZnL

and Muthusamy et al[56] and lower than those amounts
calculated by El-Sonbati et al. [57] and Higuchi et al.[58].
Thus, the synthesized compound in this research shows
moderate semiconducting properties.

CONCLUSIONS

In conclusion, it was synthesized a new ionic Schiff
polymer and its zn?* metallopolymer in simple routes.
They were characterized by different methods. CHN
analyses confirm the chemical composition of the
synthesized polymers. The FT-IR and ‘HNMR
spectroscopies confirm the functionalities of the polymers
and the structures of synthesized polymers. The molecular
weights of polymers were determined by size exclusion
chromatography. The XRD profiles show the amorphous
character of them. The SEM images exhibited the porous
and semi-flat surfaces of synthesized polymers. From
TEM images it is observed a cluster of scaffold structures
confirming the polymer formation of L and ZnL. The
conductivity study of the two polymers in the solid-state
shows that they have semiconducting behavior in which
the conductivity of L is higher than the ZnL but
the activation energy of conductivity for ZnL is lower than
the activation energy of L.
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