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Synthetic, Structural, Thermal and Electrical Studies of
Some Chelate Polymerst
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Chelate polymers of Mn(II), Fe(1l), Co(II), Ni(II) and Cu(Il) with
4,4’-dihydroxy-3-3’-diacetyl biphenyl-2,6-diaminopyridine (DDBDP)
have been prepared. These polychelates were characterised with the help
of magnetic, spectral (IR and electronic), thermal and “electrical studies.
Analytical data suggest 1:1 (M : L) stoichiometry. The thermal activa-
tion energies and order of reaction of all polychelates were calculated by
Freeman-Carroll and Sharp-Wentworth methods.

INTRODUCTION

The rapidly expanding field of coordination polymers and polychelates
of polymeric ligands are interestingly attracting attention by scientists
and undergone a spectacular growth during the last few years. This
inspired us to prepare a polymeric chelating ligand which would be able
to form complexes with a variety of transition metals. In the present
communication we describe the synthesis and characterization of new
Schiff base ligand derived by condensation of 4,4'-dihydroxy-3,3'-diacetyl
biphenyl with 2,6-diaminopyridine and their coordination polymers with
Mn(II), Fe(Il), Co(II), Ni(II) and Cu(I1l) metal ions.

EXPERIMENTAL

The ligand was prepared from hydroxy ketone 4,4'-dihydroxy-3,3'-
diacetyl biphenyl (DDABP) and 2,6-diaminopyridine as follows. DDABP
and 2,6-diaminopyridine were dissolved separately in ethanol in stoichio-
metric proportion and were mixed and refluxed for 10 hrs. It was cooled
and yellowish grey coloured product was separated out. It was filtered,
washed with ethanol and dried. It was insoluble in common organic
solvents and found soluble in DMF.

Preparation of Chelates

Equimolar quantities of metal acetate and ligand DDBDP were dissolv-
ed separately DMF and mixed in hot condition. The reaction mixture was
refluxed for 4-6 hrs. The coloured products obtained with different metals
were filtered, washed thoroughly first with DMF then with absolute
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alcohol and dried in vacuum desiccator over CaCl,. All the coordination
polymers are dark coloured solids insoluble in common organic solvents.
Therefore, it was not possible to characterize them by conventional
methods, like osmometry, viscometry etc.

RESULTS AND DISCUSSION

Elemental analysis showed that polychelates exhibit 1:1 metal to
ligand stoichiometry (Table 1). From the data, it is revealed that all the
polychelates have general formula [ML],.

The IR spectrum of DDBDP and its polychelates are similar, but are
found to be comparable with each other, which suggests a definite diffe-
rence from that of coordinating ligand. Strong bands of C=N in the
ligand at 1650 cm-! show shift toward lower wavenumber. The observable
shift obtained in C=N stretch after complexation confirms the formation
of a coordinated bond from imine nitrogen to the metal ion!. The
medium band observed at 1220 cm™! in the ligand is ascribed to —C—O
stretching vibration on chelation. This shows marked shift indicating metal-
oxygen bonding. The spectrum of the ligand shows a medium broad
band in the region 3000-3040 cm~! which is assigned to the intramole-
cular hydrogen bonded OH group?2. On complexation, this band disappears
indicating metal oxygen bond formation in the polychelates. All the
polychelates contain weak to medium intensity broad band in the region
3300-3400 cm~!. These bands are assigned to voy of water3. Nature of
water molecules (coordinated/lattice) is confirmed by TG analysis. The
absorption band due to pyridine ring appears more or less at same posi-
tion after complexation, indicating pyridine nitrogen is free from bonding.
In, all the polychelates the observed band around 500 cm—! and 520-
600 cm~! may be identified as M—N and M—O stretching frequencies3.

Thermal stabilities of the coordination polymers were suggested on
the basis of thermogravimetric analysis. From the TG curves it was
observed that the weight losses of Fe(II), Co(Il) and Ni(II) polychelates.
at 160-200°C are 7.9, 9.5 and 9.49, respectively. These weight losses
correspond to two coordinated water molecules per repeating unit of
polychelatet. The Cu(II) polychelates show weight loss at 140°C-150°C
equalto 9.2%; corresponding to two lattice water molecules*. The perusal of
thermogram of Mn(II) polychelate shows absence of water molecules in
polychelates. The procedural decomposition temperatures of the polyche-
lates decrease in the order Co > Ni > Mn > Cu > Fe. The analysis of
thermogram indicates that the polychelates decomposed in two stages
and the decomposition of first stage is fast as compared to the second stage.
The thermal activation energies have been calculated using Freeman-
Carroll® and Sharp-Wentworth methods® and various thermodynamic
parameters have been calculated and values are summarised in Table 2.
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The electronic spectra provide the most detailed information about
the electronic structure. The diffuse electronic spectrum of the Mn(1I)
polychelate shows two bands at 20,000 cm—! and 22,720 cm~!, which
may arise due to 6A; — 4Ty) and ¢A; — %A ), *E(G) for Mn(Il) ion in
tetrahedral environment’. The magnetic moment 5.13 B.M., lower than
generally observed for spin free d° system. The Fe(II) polychelate shows
a double band in 10,860-12,820 cm~! region. The band in 10,000-
10,980 cm~! region is characteristic of Fe(I) high spin octahedral complex
and could be assigned to 5T2,(D) — °E, transition. Crystal field parameters
Dgq, B, C and B have been determined®. The values of crystal field para-
meters and nephelauxetic ratio are Dq = 1086 cm~!, B = 584 cm-!,
B = 0.55 and C = 2337 cm~!. These values are in favour of octahedral
geometry. The reduction of B value upon chelation indicates the partial
covalent nature of M—L bond® 1%, The magnetic moment 5.61 B.M. is
in the expected range for Fe(Il) derivatives in high spin octahedral
geometry.

The Co(II) polychelates exhibit two main absorption maxima at 9430
and 21,730 cm~! which may be assigned to the Ti4(F) — 4To(F) and
4T4(F) = 4T15(P) and third transition *Tig(F)—> 4Ay(F) is not clear.
Using Ballhauson equation!?®, Dq = 1069 cm~!, B = 904 cm-!, B = 0.80,
B° = 19.28Y, vo/vi = 2.13 and v, = 20120 cm~! have been calculated. The
magnetic moment of the Co(II) polychelate is 5.19 B.M. which is in good
agreement with high spin octahedral geometry.

The Ni(Il) polychelate has a magnetic moment 3.11 B.M. which is in
- the range required for six coordinated spin-free octahedral complex. Its
diffuse reflectance shows bands at 9610, 15.620 and 23,250 cm~! which are
in the range required for octahedral structure!!, These bands can be
assigned to the transitions 3Ay(F) = 3T,(F), 3As — 3T 4(F) and 3A,(F) >
3T14(P) respectively. Values of 10 Dq = 9610 cm~!, B= 669 cm~!, § =0.62,
B° = 15.09% and v,/v; = 1.56 have been obtained by using diagonal sum
rule!!, The low values of B and B suggest the appreciable amount of the
covalent character in M—L bond®.

The Cu(I)-polychelate shows two bands at 13,330 and 17,850 cm~!
and third band around 22,720 cm~!. The first two bands may be due to
the d-d transition which suggests the tetragonally distorted octahedral
geometry!2, Intense band at 22720 cm-! may be assigned to charge
transfer or intra-ligand transition!®, The room temperature magnetic
moment 1.87 B.M. also supports the distorted octahedral geometry.

The coordination polymers are well known for their behaviour as
semiconductor. In fact, their conductivity and other properties such as
thermoconduction, photoconduction, luminescence, etc. are in close con-
nection with their physical and chemical structures. The electrical con-
ductivity (o) varies exponentially with the absolute temperature according
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to the relationship!4
o = g exp (—E,/RT)

where E, is the activation energy of the semiconduction and oy is a cons-
tant. At higher temperature the above equation seems to hold good, and
a linear relationship has been observed when the logarithm of the con-
ductivity is plotted against reciprocal of absolute temperature, The linear
relationship has not been observed at lower temperatures. The values of
o and E, are given in Table 1. The electrical conductivity at 100°C is in

TABLE 3

MAGNETIC AND ELECTRONIC SPECTRAL DATA OF
POLYCHELATES OF DDBDP

Compound B‘““ﬁ ]%gg_g:;:s Assignment %g)gxeftigd
Mn(1I)-DDBD 5.13 22720 A1 - *‘Ai(G), ‘E(G)
20000 SA; > ‘Ti(G)
15380 C.T.
Fe(II)-DDBDP 5.61 21050 C.T. Dq = 1086 cm-!
15620 B = 584 cm™!
12820} C.T. B =0.55
10860 Tag - *Eq C = 2337 em-!
Co(1I)-DDBDP 5.19 21730 4T1g(F) = 4T1¢(P) Dq = 1069.47 cm—!
17850 *Tig(F) > *Azg(F) B = 904 cm-!
9430  *Tyg(F) > *Tag(F) VaJvi = 2.13
vz = 20120 cm—*~
B = 0.80
B° = 19.20%
Ni(I)-DDBDP  3.11 23250  3Au(F) > *Trg(P) Dgq = 9610 cr—
15620  3As,(F) - *Tig(F) Bss = 669 cm=!
9610 3A24(F) > 3T2(F) B = 0.62
B° = 15.03%
vz = 15030 cm™!
vs = 23820 cm™!
vafv1 = 1.62
Cu(11)-DDBDP 1.87 22720 C.T.
17850 2By - ‘Eg
13330 2Byg > *Bag

the order Ni > Fe > Cu > Mn > Co and the activation energy increases
the order Cu > Co > Ni > Mn > Fe. The results indicate that electrical
conductivity and activation energy of conduction of these polychelates
varies with the metal ions, which may be explained on the basis of the
influence of the incorporation of different metal ions in the polymer which
increases the ionization tendency's.
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