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ABSTRACT

A series of chelate polymer compounds having formulae [MnL(H,0),].(1), {[CoL(H,0),]2H,0},(2),
{INiL(H,0),]2H,0}.(3) and {[CuL(H,0),]H,0},(4) were synthesized based on chelating ligand i.e. terphthaoyl-bis
(paramethoxyphenylcarbamide) (L). The authenticity of four divalent transition metal chelate polymers were
characterized by elemental analysis, infrared, diffuse reflectance spectroscopy, magnetic measurements, X-ray
diffraction, thermal and SEM techniques. The infrared spectroscopy supports interaction through nitrogen and
oxygen atom of ligand with metal ion. Diffuse reflectance spectral studies suggest an octahedral geometry for Mn
(1), Co (1), Ni (1) and Cu (lI) chelate polymers, which was further supported by other instrumental technique in
present work. Furthermore, solid state electrical conductivity of all chelate polymers have been measured in
compressed pellet form over 311 K by two probe method. The morphology behaviour of all polymer compounds
was identified by SEM and XRD techniques. The crystalline and amorphous nature of chelate polymer compounds
were determined by X-RD technique, while SEM images reveals that, the particle sizes of chelate polymers were
found to be between 100-985nm.
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INTRODUCTION

The most interesting topics in current chemical science and crystal engineering are
organometallic chelate polymers commonly known as coordination polymer or chelate polymer
compounds. This organometallic chelate polymer is derived from collaboration of organic
moieties and metal ion sometimes called as metal-organic frameworks (MOFs). Chemistry of
MOFs is arising from coordination of organic ligand having electron donating property with
central metal ion. The coordination chemistry of nitrogen donor ligand is an active area of
research in solid state chemistry. The nitrogen donor ligand in organic moiety is conveniently
used in medicine. The valuable attention has been paid in area of a organometallic chelate
polymers formed by divalent transition metal ions with thioamide, which act as bidentate
ligand and interaction takes place through nitrogen and sulphur donor atoms [1-3]. The metal
complexation in polymer-supported ligand is also interested topic for analytical reagents,
pollution control, catalyst [4] antibiological properties [5], separation of toxic and carcinogenic
metal ions [6]. Nowadays also special consideration has been paid to designing organic-
inorganic magnetic molecular conductor characterized by different physicochemical properties
within the crystal lattice [7]. Research in field of divalent transition metal chelate polymer
compounds have been evoke attention due to the promise of generating material with specific
physical properties based on the chosen building blocks. Such metal-organic polymers provide
an opportunity for expansion of fundamental knowledge, development of new material
assisting in the advancement of technology and stimulating the thought of what might if
organic and inorganic chemistry are combined in polymer science [8]. Over the past few
decades, great efforts have been made for the synthesis and investigation of new thermally
stable organometallic chelate polymers. The synthesis and characterization of chelate polymers
have attracted much attention due to their high stability and intricate interweaving of multiple
networks [9]. The numerous chelate polymers can be used as sensor, catalyst and adsorbent
[10].

In the present paper, we have reported synthesis and structural elucidation of divalent
transition metal chelate polymers by various techniques. Beside, examinations of spectral
study, solid state conductivity and morphological behaviour of chelate polymers were carried
out by scanning electron microscopy (SEM) and XRD. SEM images significantly suggest that,
particle size of metal chelate polymers were found to be in the range 100-985 nm. SEM image
of chelate polymers shows the cauliflower, globule, rod type, beads, flat rod and needle shape
structure.

MATERIALS AND METHODS

Materials, method and measurements

The chemicals used for synthesis of a chelating ligand and its metal chelate polymer
compounds were of analytical grade. Solvents were double distilled before used.
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IR studies of chelate polymer compounds were recorded by using KBr pellets in the
range 4000 - 400 cm™ on a Shimandzu FT-IR-8101A spectrophotometer at Sophisticated
Instrumental Facility, Indian Institute of Science (lISc), Bangalore (India). Solid reflectance
spectral analyses were recorded in the range 200 — 600 nm at STIC Cochin University, Kerala,
India. The magnetic moment measurements of polymer complexes were carried out at room
temperature by Gouys method at Department of Chemistry, Rashtrasant Tukadoji Maharaj
Nagpur University Nagpur. X-ray diffraction analyses of polymer complexes were carried out in
solid powder form at Sophisticated Instrumental Facility, Department of Chemistry, Indian
Institute of Science (l1ISc), Bangalore (India). Electrical conductivity of chelate polymers was
carried out in pellet form of solid powder and found an average range of conductivity. This
study were carried out in compressed pellet form over 311 K by two probe method. SEM
studies of chelate polymer compounds were carried out on scanning electron microscope
machine at STIC Cochin University, Kerala, India. A remarkable good appearance with high
resolution was obtained. This study noteworthy suggests distinct morphology for chelating
ligand and chelate polymer compound.

General method for synthesis of chelate polymers compounds (1-4)

The bis (bidentate) chelating ligand terphthaoyl-bis (paramethoxyphenylcarbamide)
(TBPMPC) was synthesized by method reported earlier [11]. The condensation method [12-
13] was used for synthesis of metal chelate polymer compounds from TBPMPC (0.01 mol)
with metal acetate (0.01 mol) by using high temperature reaction technique (Scheme 1). The
coloured chelate polymers appeared after 20-24 h, were filtered, washed with hot DMF,
DMSO. Finally, resulting products were dried in an oven. The resulting products were
insoluble in almost all organic solvents. The yields of chelate polymers were found to be in
range of 50%-65%. The analytical and physiochemical data of chelate polymer compounds
have been reported in Table 1.

M(CH 3C00), + TBPMPC (L) —2MF *+ Alcohol, 150°C__  fm L (H20)n] xH20}n
] Reflux, 20-24h in an oil bath
Metal acetate Ligand Chelate polymer compounds

Where M= Mn(l1), Co(ll), Ni(ll) and Cu(ll)

Schemel. Synthesis of divalent transition metal chelate polymer compounds

2.1a. [MnL(H;0),].(1). Yield: 65.4 %. Colour: Off-white; mp 355 2C(DTG); Elemental Analysis:
Calcd for Cy4H2oN40gMn (FW 550.93): C, 52.2%; H, 4.4%; N, 10.2%; Mn, 9.9%. Found: C, 52.0%;
H, 4.1%; N, 10.1%; Mn, 9.8%. FT-IR (KBr, cml): 754(coordinated water), 3318(-NH), 1639(-C-O in
polymer), 1515 (C-N), 2953(-CH3), 1600(C=C), 1412(aromatic ring), 557(M-0), 649(M-N);
Conductivity (2 cm?): 4.6 x 10°; Diffuse reflectance (Amax / cm™):18668, 23992; Magnetic
moment, Ues: 5.41.

2.1b. {[CoL(H;0),] 2H,0}.(2). Yield: 62.1%; Colour: Purple; mp 812 2C (DTG); Elemental analysis:
calcd for Cy4H»3N4019Co (FW 590.93): C, 48.7%; H, 4.7%; N, 9.5%; Co, 9.9%. Found: C, 48.2%; H,
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4.5%; N, 9.3%; Co, 9.3%. FT-IR (KBr, cm™): 3415(lattice water), 732(coordinated water), 3258(-
NH), 1639(C-0 in polymer), 1514(C=N), 2943(-CHs), 1611(C=C), 1431(aromatic ring), 553(M-0),
615(M-N); Conductivity (Q cm® ): 5.3 x 10°; Diffuse reflectance (Amax/ cm™): 16431, 19120;
Magnetic moment, ef: 3.58.

2.1c. {[NiL(H20);]2H,0},(3). Yield: 63.4 %; Colour: Cement; mp 835 2C(DTG);. Elemental calcd
for Cy4H23N4O1oNi (FW 590.69): C, 48.8%; H, 4.7%; N, 9.5%; Ni, 9.9%. Found: C, 48.9%; H, 4.6%;
N, 9.4%; Ni, 9.7%. FT-IR (KBr, cm™): 3414(lattice water),732(coordinated water), 3318(-NH),
1638(-C-O in polymer), 1515(C=N), 3049(-CH3), 1600(C=C), 1412(aromatic ring), 525(M-0),
616(M-N); Conductivity (Q cm’ ): 4.8 x10”; Diffuse reflectance (Amax /cm™): 16528, 26315;
Magnetic moment, peg: 2.89.

2.1d. {[CuL(H;,0),]H,0}.(4) Yield: 64.1%; Colour: Black; mp 1000 eC (DTG); Elemental analysis:
calcd for Cy4H,6N409Cu (FW 577.54): C, 49.9%; H, 4.5%; N, 9.7%; Cu, 11.0%. Found: C, 49.9%; H,
4.7%; N, 9.6%; Cu, 10.6%. FT-IR (KBr, cm™): 3704(lattice water), 822(coordinated water), 3429(-
NH), 1638(-C-O in polymer), 1513(C=N ), 2980(-CHs), 1601(C=C), 1462, 1417(aromatic ring),
444(M-0), 589(M-N); Conductivity (Q cm®): 1.6 x 10°; reflectance (Amax/ cm™): 16260, 17421;
Magnetic moment, ues: 1.99.

RESULTS AND DISCUSSION

The chelate polymer compounds of divalent transition metal were synthesized from
chelating ligand and structurally characterized. The presence of hydration water whether inside
the sphere of attraction of central metal ion or outside the sphere was determined on the basis
of thermal analysis. Finally, the structure of chelate polymer compounds has been deduced by
spectral, elemental, diffuse reflectance, magnetic moment measurement, thermal, X-ray
diffraction and display in Figure 1. The thermal study of metal chelate polymer compounds still
have not discuss in this article because of previously published [13].

Synthesis and characterization

The infrared spectra of bis (bidentate) ligand exhibits strong sharp band [14-15] in
region of 3323 cm™ which may be due to the N-H group (Table 2). Infrared spectra of polymer
compounds 1 and 3 are shown in Figure 2. However in chelate polymer compounds, this band
shifted toward the lower frequencies [16] which may be due to the decreasing the electron
density of nitrogen atom, due to donation of the lone pair of electron of to the central metal
ions. A broad stretching frequency in chelate polymer 1 found at 3318cm™ and 3377cm™ may
be due to N-H group and lattice water [17-18] respectively, while in other chelate polymers also
show stretching frequency in the range of 3318-3282 cm™. The strong band appeared at 1668
cm™ which may be due to the C=0 bond [19] in ligand, whereas in metal chelate polymer
compounds 1-4.
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Fig. 1. Structure of divalent transition metal chelate polymer compounds of terephthaloyl bis
(paramethoxyphenylcarbamide); where M= Mn (ll), Co (l1), Ni (I1), and Cu (l1) ions

Table 1. Physical characteristics and analytical data of ligand and its chelate polymer compounds

Ligand/ Empirical Color MP/DT Found(Calc)%
polymers formula (°C) C H N M
L C24H22N406 Light yellow | 355 61.9 4.4 12.4 -
(62.2) (4.7) (12.1) (---)
Mn(II) C24H24N408M Off white 812 52.0 4.1 10.1 9.8
n (52.2) (4.4) (10.2) (9.9)
Co(ll) C24H28N4010C | Purple 900 48.2 4.5 9.3 9.3
o (48.7) (4.7) (9.5) (9.9)
Ni(Il) C24H28N4010N | Cement 835 48.9 4.6 9.4 9.7
i (48.8) (4.7) (9.5) (9.9)
Cu(ll) C24H26N409Cu | Black 1000 49.9 4.7 9.6 10.6
(49.9) (4.5) (9.7) (11.0)
MP= melting point, DT = decomposition temperature
Table 2. Infrared data of ligand and its chelate polymer compounds
Ligand/ v(NH) v(C=0) v(C-N) v(HOH) v(M-N) v(M-0)
polymers
L 3323 1668 1508 | - , —---
Mn(l1) 3318 1639 1515 | - ,754 649 557
Co(ll) 3258 1639 1514 3415,732 615 553
Ni(Il) 3318 1638 1515 3414,732 616 525
Cu(ll) 3429 1638 1513 3704,822 589 444
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Table 3. Conductivity, magnetic moments and reflectance data of chelate polymers

Chelate Conductivity Magnetic | Reflectance Assignments Geometry
polymers (Q cm1) peff (B.M.) | data (cm-1)
Mn(I1) 4.6 x 10-5 5.41 18668 6Alg ©>4T2g(G Octahedral
Co(ll) 5.3 x10-5 3.58 19120 4T1g >4T1g(P) Octahedral
Ni(Il) 4.8 x 10-5 2.89 26315 3A2g ->3T1g(P) Octahedral
Cu(ll) 1.6x 10-5 1.99 17421 2B1g >2Alg Octahedral
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Fig. 2. Infrared spectra of chelate polymer compounds (a) Mn (ll) and (b) Ni (Il)

Table 4. Solubility of ligand and chelate polymer compounds in various solvents

Ligand/polymers Solvents
DMF DMSO CHCl; CCl, CiHs DMAc DCE C,H;OH H,SO, HCI
L ++ ++ - - - + th + + +
Mn(ll) - - - - - - - - + th
Co(ll) - - - - - - - - + th
Ni(l1) - - - - - - - - th th
Cu(ll) - - - - - - - - +h +h

+, Soluble at room temperature,; +h, soluble on heating; -, insoluble; =+ h, partially soluble on heating

Band shift to lower frequency at range 1639-1637 cm™ because the bond strength is
reduced, while C-N bond is shifted from 1508 cm™ to 1511-1521 cm™ due the strengthened the
C=N bond as result of chelate formation (polymerization). It may be due to the disappearance
of C=0 bond and appearances of C=N bond in chelate polymers (chelation). It indicates ligand
undergoes keto-enol tautomerism during coordination in chelate polymers. The shift of these
bands in chelate polymers 1-4 suggests the coordination of nitrogen and oxygen from ligand to
central metal ion. Significantly similar strong band observed in ligand and metal chelate
polymers 1-4 at 1491-1510 cm™ which may be attributed to the C=C group frequency of
aromatic ring. The investigation of -OCHs group in ligand and chelate polymers were found at
same frequency [20] of range 1085-1022 cm™. New band appearance in chelate polymers 1-4 in
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the range 400-560 cm™ which may be due the formation of O-M bond [21] and second new
band [22] in the range 550-750 cm™ due to the metal—-nitrogen (M4N coordination bond). The
broad band of free H-OH stretching vibration is exhibited at 3445-3510 em™ and 732-792 cm™
due the lattice water and coordinated water [23] respectively.

Reflectance and magnetic moment studies depict the geometry of chelate polymers.
Herein we tabulated electronic transition data and diffuse reflectance spectra in Table 3 and
Figure 3-4 respectively. The reflectance spectra of chelate polymer 1 shows bands at 15,898
cm-1, 18668 cm-1 and 23,992 cm-1 may be assigned 6Alg ->4T1g(4G), 6Alg -4T2g(G), and
6Alg —>4E(G) transition [24] respectively and magnetic moment value obtained 5.41 B.M.
which suggesting octahedral geometry [25]. The polymer (2) exhibits two bands (Figure 2) at
16431 cm-1 and 19120 cm-1 which pertaining to 4T1g(F) -4T1g(P) and 4T1lg —>4T1g(P)
transitions [26, 21] respectively and magnetic moment 3.58 B.M. hence it suggested octahedral
geometry [27]. Chelate polymer 3 shows two bands at 16528 cm-1 and 26315 cm-1 due to
3A2g(P) =3T1g(F) and 3A2g —>3T1g(P) transition [28] respectively and obtained magnetic
susceptibility value 2.89 B.M. The diffuse reflectance spectra of polymer 4 display in Figure 3,
showed band around at 16260 cm-1 and 17421cm-1. 2Eg and T2g state of octahedral polymer 4
split under the influence of the tetrahedral distortion and peak seen at range 22471-26500 cm-
1 is due to ligand to metal charge transfer transition [29]. Polymer 4 exhibits magnetic moment
value 1.99 B.M. expected to be octahedral geometry [30].

Physicochemical properties

The physiochemical properties of chelating ligand and polymer compounds 1-4 were
discussed and interpreted in well definably manner. The crude product of
paramethoxyphenylcarbamide was dark brown in color, however after recrystallization in water
medium it gave pale brownish fine crystal with 86% yield. The chelating ligand was found light
orange in color. The ligand was recrystallized from dimethylformamide-alcohol medium and
obtained amorphous powder with yield 73 %, whereas the percent yield of crude ligand was
higher as compare to recrystalized ligand. The chelate polymer compounds 1-4 were obtained
at different time intervals (20 h and 24 h). Polymers compounds 1-4 were found distinct color.
Polymer 1 found off white with yield 65.4%, 2 purple with yield 62.1%, 3 cement with yield
63.4% and 4 was found black color with yield 64.1%. The polymers 1-2 were found amorphous
form, whereas 3-4 obtained crystalline form.
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Fig. 3. Reflectance spectra of chelate polymer Co (I1)
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Fig. 4. Reflectance spectra of chelate polymer Ni (lI)

The solubility of chelate polymers were investigated with 0.01 g in 2 ml of solvent and
tabulated in Table 4. The solubility of all the chelate polymers were found to be insoluble in
organic protic and aprotic solvents, however polymer 4 could be partially dissolved in organic
polar solvents in hot condition such as dimethyl sulphoxide (DMSO) and N, N dimethyl
acetamide (DMAc). However, the ligand showed high solubility in dimethyl formamide,
dimethylformamide-alcohol and dimethylsulphoxide at room temperature and found out its
antimicrobial activity and molar conductivity. The paramethoxyphenylcarbamide was soluble in
hot water and organic polar solvents. It was also noticed that the solubility of ligand increases
suddenly when increase the temperature and partially soluble at 25 °C, however it get
dissolved in higher temperature. The solubility of ligand was decreases as bulkiness of ligand
increases. The melting points of paramethoxyphenylcarbamide and ligand were carried out on
melting point apparatus at room temperature for powder form and observed 168 2C and 355 °C
respectively. The melting point of paramethoxyphenylcarbamide was found to be totally
different from ligand and 1-4. The high insolubility and high thermal stabilities showed by 1-4 as
compared to ligand. Hence, it was probably revealed that the chelate compounds 1-4 must
have high molecular weight, 6-member heterocyclic ring and polymerization. The melting point
of polymer compounds 1-4 could not be measured on melting point apparatus because of its
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highly thermally stable, hence its thermal degradation were measured by thermal analysis
(TG/DTG/DTA) techniques. Because of high thermal stability of polymer compounds 1-4, these
can be used as thermally resistance material.

Furthermore, the electrical conductivities measured over 311 K for chelate polymers by
two probe method. The electrical conductivity data are presented in table 3. The values
obtained an average range of 5.12 x 10™ - 1.6 x 10° Q cm™ which indicates moderate
semiconductor nature. The low conductivities were shown by polymers 1-2 however, high
order of conductivity shown by polymers 3-4.

X-ray diffraction studies

The X-ray analysis of chelate polymers 1-2 do not shows any sharp defined peaks, which
indicates the amorphous nature, whereas chelate polymer compounds 3-4 displayed some fine
peaks due to semi-crystalline nature. The XRD pattern of polymer compounds is display in
Figure 5. The XRD curves without crystalline peaks and dark micrograph indicate amorphous
characters of polymers have been investigated [31]. X-RD pattern for chelate polymers 3 and 4
exhibit some long broadening of peaks hence, it shows the hallow pattern [32] in the region 2¢
= 10-500 this indicate that polymers 3 and 4 are semi-crystalline in nature.
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Fig. 5. XRD pattern of chelate polymers compounds (a) Mn(ll), (b) Co(ll), (c) Ni(ll) and (d) Cu(ll)

Surface morphology
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Scanning electron microscopy studies determine the surface morphology of chelate
polymer compounds 1-4. SEM images of polymers 1-4 were recorded at energy of 20 kV with
magnification X 5000. SEM micrograph of ligand was totally different from chelate polymers 1-
4, hence it was the conspicuous of formation of new product. Also it was found that,
morphology of individual chelate polymers significantly different from other chelate polymers
at magnification X 5000. SEM images have shown in Figure 6-7.

The SEM images of chelate polymers 1-4 were found different morphology, yet it was
synthesized from a particular ligand. The SEM image (Figure 6) of chelate polymer 1 found
cauliflower structure which is formed due to the aggregation of small globule like droplet
particle, while polymer 2 (Figure 6) observed like sharp flat rod plane structure having diameter
size 756.04 nm and 985 nm with cracks at tip [33]. The diameter and length of each flat rod is
different.

SEM image (Figure 7) of polymer 3 seen droplet structure and small irregular shape
particle entrapped on bigger size particle that indicate the accumulation of number of polymers
[34]. The micrograph of polymer 4 (Figure 7) shows fine sharp needle shape structure which
appeared like the bundle of needles shape crystal generated from single point. The diameter of
single needle shape was found to be 100.0 nm. It is interesting to note that the needle does
vary in length from top to bottom. The tip of the needle does not develop very well. The lengths
that, the needle are varying from bunch of needles. SEM of polymers 1-4 was reveals particle
size at nanoparticles levels. The significant different of morphological were observed in chelate
polymers 1-4 and ligand, hence it indicate the formation of polymers.

20kV_ X5,000 Spm 0000 1148 SEI 20kV  X5,000 5um 0000 1248 SEI
Fig. 6. SEM image of polymer compounds (a) Mn (ll) and (b) Co (ll)
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20kV  X5,000 S5um 0000 1148 SEI 20kV  X5,000 S5um 0000 1148 SEl

Fig. 7. SEM image of chelate polymer compounds (a) Ni (1) and (b) Cu (11)
CONCLUSIONS

In summary, we have described the synthesis, structural characterization,

physicochemical properties and morphological behaviour of chelate polymer compounds. The
presences of lattice and coordinated water were identified by CHN, and infrared spectroscopy.
Finally, on the basis of elemental data, spectroscopic studies, diffuse reflectance, magnetic
susceptibility measurements and X-ray-diffraction studies have been suggested an octahedral
geometry for all chelate polymer compounds (Figure 1). Morphology behaviour of all
compounds reveals polymer formation with distinct shapes.
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