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ABSTRACT

Terpolymeric resin, abbreviated as m-CHF-Il waspaeed by polycondensation of m-cresol (0.1M), hémam
(0.05M) and formaldehyde (0.15M) in the presenc&MfHCI as catalyst. The polychelates of Ni(ll) a@d(ll)
were prepared. The electrical conductivity of reaid its polychelates was determined by voltageleiivmethod.
The activation energy of conduction was found tor@se in order m-CHF-11 > [Ni(I)m-CHF-II]n> [Cdll)m-
CHF-Il]n. The chelation was found to decrease amé gap due to incorporation of metal electronse Titesin and
its polychelates were found to obey Wilson’s lavd drence show semiconducting behaviour. The aativati
energies of these samples were in range 0.0090880 eV in temperature range 303 to 593K.
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INTRODUCTION

In recent years, considerable interest has beewrslio the synthesis and study of chelating resioistaining

ligands with nitrogen, sulphur and oxygen donorrmetoon a polymer matrix. Terpolymer chelates coigin
nitrogen, sulphur and oxygen donor atoms on polymairix have ability to donate electron pairs te transition

metal ions forming chelates under suitable condgiknown as polymer chelates. Chelations with pelymatrix

have received considerable interest in the fieldcafiducting polymer, organometalic chemistry, gaial and

synthetic organic chemistry. Recently it has besgorted that the chelate polymers can be usednaiseaductors.
Polymer metal complexes shows interesting and itapbr characteristics, especially in areas such as
semiconductors, high energy material, moleculangaition and heat resistance [1-3]. In fact conidity depends

upon the external condition such as temperaturmidity, pressure, thickness of sample as well alitemical

structure[4,5]. Pakt al [6] have reported electrical conductivity of salicyacid-biuret /dithioxamide/dithibiuret-
trioxane terpolymer resin. Masraghal[7] reported the synthesis and electrical propgmiesome resins.

The electrical resistivities of 2-hydroxyaceto-pbeeoxime-thioureatrioxane resin were reported ttede polymer
ranked as semiconductors [8]. Revanasiddagip [9] reported electrical conductivity studies on @9, Cu (ll),

Ni (II) and Cd (Il) complexes of azines which shagisemiconducting behaviour of polymers. Tempeeatur
dependence of the electrical conductivity of sdditdazinate metal chelates was reported by El-Sayed! [10].
Recently Kushwaha et al reported semi conductirrgabieur of terpolymer derived from p-Nitrophenasorcinol
and formaldehyde [11]. Kapse et al reported, vepently, semi conducting behaviour of terpolymeeisin derived
from p-Hydroxyacetophenone, melamine and quinhyerf®2]. In this connection many co-worker have mad
attempt to improve the conducting property by cliegghe composition of monomers by deposition afducting
polymers on the surface terpolymer to satisfy eieaitproperties [13-15].
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In present paper, electrical conducting behaviduneCHF-II and its polychelates of Ni(ll) and Co(kre reported
with rise in temperature.

EXPERIMENTAL SECTION

Preparation of m-CHF-I1

A mixture of m-cresol (0.1 M), hexamine (0.05 M)daformaldehyde (0.15M) with 1M HCI was refluxed ol
bath at 120-12%& for 6 hrs with stirring. The solid product so aibed was immediately removed from the flask as
soon as the reaction period was over. It was waslitdhot water, dried and powdered. The product regpeatedly
washed with hot water to remove unreacted mononfdws.air dried product was extracted with ethereimove
copolymer which might be present along with thgpddrmer. It was dissolved in 1M NaOH and repreaitgtl
using 1:1 HCI solution. The product, finally, calted by filtration, washed with hot water , drieddakept in
vacuum. The yield was found to be 78%

Preparation of polychelates: Metal nitrate and resin was dissolved in minimumnamtity of DMF solvent
separately in the molar ratio of 1:1 by heatingttBsplutions were poured simultaneously in a roboidom flask in
cold condition. Then pH range was adjusted betv#eel 1 by using 0.01M NaOH. The mixture was theftuxed
for 6.00 hrs to obtain chelate polymers. The camadé for preparing chelate polymers of Ni (1) a@d(ll) were
almost the same but to increase the yield, sligmigdified methods were employed for the syrithek chelate
polymers. Synthetic details of samples are givefable 1.

The chelate polymers of Ni (Il) and Co (Il) obtaineere first washed with several quantity of hotexdo remove
the insoluble impurity of nitrates. They were drindracuum desiccators over calcium chloride

The chelate polymers were found to be insolublecémmon organic solvents like benzene, DMF, dioxane,
chloroform, carbon tetrachloride and acetone.

Table1: Synthetic details of Chelate Polymer of m-CHF-11

Proposed composition of polymer[Ni-m-CHF-Il], | [Co-m-CHF-II},
Solvents DMF DMF
Suitable condition 0.01M NaOH| 0.01M NaOH
M:L ratio 11 1:1

Time of Reflux (hrs.) 6.00 6.00
Temp. fC) 130-140 130-140
Colour Light yellow Reddish brown

M easurement of electrical conductivity: The purified powder sample is crushed with acettmerder to get fine
powder, it was sieved with the help of 300 meshesi@he polychelate material was then palletizédgua dye
(EN24) and hydraulic pressure of 5 tones ihdHowever the resin sample was palletized by apglpressure of 15
tones inck without using binder. The pallets so obtained wetibed on sand paper to remove the impurity on the
surface. The surface was cleaned with acetone siiface of pallet was coated with thin film of gnitp paste in
order to make it conducting. The pallets were tkept in oven at 61 for 5 hrs. The continuity of surfaces was
checked by multimeter. The electrical conductarfcéh® material was measured by using voltage-dividethod.

In this method, the DC electric current of knowrtage (50V) was supplied by SMPS power supply. Awn
resistance was joined in circuit in series with glrholder of pallet. A voltage (¥ across this known resistance
(R,) was recorded as a function of temperature. Wighhelp of total voltage supplied {V, known resistance (R
and voltage across this resistance)(‘¥he resistance offered by pallet of sample walsutated. With the help of
resistance, thickness and radius of pallet, theipeonductivity was determined.

Table 2: Elemental Analysisof m-CHF-I1

%C %6H %N %0 empirical formula| Molecular weight
Found | Found | Found | Found o?re eat unit of repeatin ugnit
(Calc.) | (Calc.) | (calc.) | (calc) P peating
77.69 7.25 4.71 10.35

(77.93) | (7.14) | (455) | (10.38)| C2o2NO: 308

Elemental Analysis. The terpolymeric resin was analyzed for carbonrbgen, nitrogen and oxygen content. The
elemental analysis was carried out at Sophisticatedlytical Instrumental Facility (SAIF) Punjab Weirsity,

RESULTSAND DISCUSSION

Chandigarh. The elemental analysis of resin isripaated in Table 2.

2469




K. M. Khedkar et al

J. Chem. Pharm. Res,, 2012, 4(5):2468-2474

UV-VIS spectrum: The UV-VIS spectrum of m-CHF-II resin was recordsdinstrument Shimadzu UV-VIS-NIR
spectrophotometer Model No.1601. The spectrum sairedd is shown in fig. 1. The peak at 284.5 nm assgned

to nat* transition due to phenolic group. Absorption &82& nm was assigned #o-r* due to aromatic ring. The
absorption at 230.86 nm was assigned &3 mhich support to ether linkage in structure oire[16-18] in fig. 4.

Fig. 1: UV-VIS spectra of m-CHF-I1
FTIR and NMR data of m-CHF-I1: The IR spectra (fig. 2) of

m-CHF-II terpolynieeresin was carried out at
Pharmacy Department, Mahatma Jyotiba Phule CampBug,. M. Nagpur University and NMR spectra (fig. &
m-CHF-II resin was carried out at Sophisticated Ifeal Instrumental Facility(SAIF) Punjab Univengi
Chandigarh which is presented in Table 3.

49,8

Fig. 2: IR spectra of m-CHF-I1 resin
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Fig. 3: NMR spectra of m-CHF-II resin
Table 3: IR and NMR spectra of m-CHF-I| resin [19-25].
. 1 . NMR .
IR (wave number in cm™) Natur e of fragment assigned “in ppm Natur e of fragment assigned
3600-3700I broad phenolic —-OH 7.0 to 8/0 Aromatioton. (Ar--H)
2800-2950 C—H stretching in —GHand —CH groups. 2.3 Ar—GEizmoiety
1480(m), 1430(m) and 588(m) aromatic ring 2.7 Ar—CH, proton
1280and 1282 —CH-NH—CH; moiety 4.1-4.7 Ar—® phenolic
1190-1195 Tetra-substituted aromatic ring 2.0t 3.—NH— bridges
1020, 1018 and 825-850 C—N—C deformation.
1143 C—0O—C (cyclic ether)

According to data obtained in physicochemical méghdhe tentative structure of terpolymeric resasvassigned

as shown in fig. 4.

— CH2

Fig. 4: Tentative structure of m-CHF-I1

Electrical Conductivity: The resistance of terpolymeric resin as a functbrtemperature was calculated by
indirect method known as voltage divider method.this method, a constant source of 50 V DC waplgeghinto
circuit where in sample holder and known resistameee connected in series. The digital voltmetes sannected
to record voltage (M across known resistance{RThe resistance of the pallet at a given tempegas given by

o _Ri0r-m)
=T 1
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Where, BR= Resistance offered by sampi= known resistange/;=Total voltage supplied in circuit, ¥ voltage
across known resistance.

Resistivityp was calculated using relation

Where,p = Resistivityin Q cm, A= Surface area of pallet affd= Thickness of pallet in cm.

The conductivity measurements were made over vadge of temperature. The electrical conductivity aries
exponentially with absolute temperature accordinglwell known equation,

o=00 @xp_Ea/kT ...... 3

Where,o=electrical conductivity at temperature °= Electrical conductivity at T, E;= Activation energy of
electrical conductance and k = Boltzmann constant

The above equation (3) has been modified as [26]

E

_ 0 a
logo =logo” + (——&—))..... 4
g g ( 2.303kT)

The electrical conductivity plots of terpolymeriesin and its polychelates of Ni (Il) and Co @ shown in
figure 5.
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Fig. 5: Wilson plots of m-CHF-I1 terpolymeric resin and its polychelates
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Plots of logo versus 1/T were found to be linear with negatiogpe. It can be seen from the plots (fig.5 a,bfc) o
terpolymer and its polychelates that there is asisbt@nt increase in electrical conductivity witheriin temperature
.These trend is a characteristics of semiconductiatgrialg27-29].

The activation energy evaluated by above methogistzwwn in Table 4.

Table4: Activation energy of m-CHF-I1 terpolymeric resin and its polychelates:

- Temperature| Activation energy| Activation energy
Terpolymeric ligand/Polychelates Range(K) (kJ molé?) eVv)
m-CHF-II 303-573 2.80 0.0280
[Ni(I)m-CHE-Il]n 303-573 1.35 0.0136
[Co(Ihm-CHF-Il]n 303-573 0.96 0.0097
CONCLUSION

From all above observation it is concluded that #totivation energy values of m-CHF-II terpolymerdaits
polychelates found in the range 0.0097eV to 0.0280khe activation energy of conduction is decreasith
incorporation of metal to which tend to fascilatnduction in polymeric matrix. The values of activa energy
suggest that the resin and its Ni (Il) and Co §b)ychelates may be ranked as semiconductors ipagature range
303-573 K.
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