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ABSTRACT

Terpolymeric ligand (m-CMF-I and m-CMF-I1) synthesized by acid catalyzed polycondensation of m-cresol and
melamine with formaldehyde by varied molar proportion of the reacting monomers. The polycondensation was
carried out at 120-125°C in an oil bath in presence of IM HCI . Structural study was carried out with the help of
elemental analysis, IR and NMR. Molecular weight of ligand was determined by non aqueous conductometric
titration. In present paper electrical properties of terpolymers were studied. Electrical conductivity was studied as a
function of temperature using voltage divider method. Terpolymeric ligands were found to show semiconducting
behaviour in different temperature ranges. The activation energy found to be in order m-CMF-1 > m-CMF-II.

Keywords: Polycondensation, Terpolymeric Ligands, Activat@rergy, Electrical conductivity.

INTRODUCTION

Semiconductors have played an extremely vital imlthe development of modern electronics; paréidylin the
communication and computer fields. Plastic semicotats are easier, safer and less expensive to fawores
than conventional semiconductors. Because of theerdocost of manufacturing 8-HQ5-SAOF semiconducting
terpolymer may be used as transistors, integrdtedits (IC) for low cost as well as chemical senssio electronic
devices [1]. Recently it has been reported thatcthelate polymers have been used as semiconduétorgmer
metal complexes shows interesting and importantradheristics, especially in areas such as semiaioky
molecular recognition, heat resistance and eledthitsulation properties [2-4]. In fact conductyvtdepends upon
the external condition such as temperature, hupigitessure, thickness of sample as well as itsnaa structure
[5-6]. In this connection, studies were made talgsgh a correlation with their physical propertasd chemical
structure. Ingleet al recently reported semiconducting behaviour of terpolymesineg derived from sulphanilic
acid, melamine and formaldehyde.[7]. Masrainal reported the synthesis and electrical propertiesome resins
[8]. Gurnuleet al studied the electrical conductivity of melamimerhaldehyde copolymer [9]. An industrially
useful semiconducting material was reported by Desteal [10]. Patel and Manavalan reported the electrical
properties of p-hydroxyacetophenone oxime-thiodrexane terpolymer [11].

In this connection many co-worker have made attetoptmprove the conducting property by changing the
composition of monomers of conducting polymers sufgal on the surface of terpolymer matrix to imgrdte
electrical properties [12-20].
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MATERIALSAND METHODS
All chemicals used as of A.R. grade. Doubly distiliater was used in the present investigation.

Preparation of m-CMF-I and m-CM F-I|

A mixture of m-cresol (0.05 M), melamine (0.05 Mjdaformaldehyde (0.15 M) with 1M HCI was refluxedeo oil
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 vegpeatedly
washed with hot water to remove unreacted mononféms.air dried product was extracted with etheretmove
copolymer which might be present along with thgpddrmer. It was dissolved in 1M NaOH and repreaittl
using 1:1 HCI solution. The product, finally, calted by filtration, washed with hot water, drieddakept in
vacuum. The yield was found to be 70%.

Similarly other terpolymer Ligand such as m-CMPRalas synthesized by increasing the molar proportibm-
cresol and formaldehyde by keeping that of met@mionstant. The proportion of m-cresol, melamind a
formaldehyde in m-CMF-Il is 0.1:0.05:0.2 respedijvél he yield was found to be 74%. The synthetitaid® are
summarized in Table 1

Table 1: Synthetic details of terpolymeric ligands

Parameter s/conditions Specifications
Terpolymeric ligand m-CMF-I|  m-CMF-II
m-Cresol 0.05M 0.1M
Melamine 0.05 M 0.05M
Formaldehyde 0.15M 0.2M
Catalyst, 1 M HCI 100 mL 100mL
Temperature’C 120-125 120-125
Time, hrs 6 6
Yield 70% 74%

M easurement of electrical conductivity: The purified powdered sample was crushed with aeettm order to get
fine powder, it was sieved with the help of 300 mseive. The resin sample was paletalized by applgressure
of 20 tones incf without using binder. The pallets so obtained wetgbed on sand paper to remove the impurity
on the surface. The surface was cleaned with aeefbme surface of pallet was coated with thin fafngraphite
paste in order to make it conducting. The palletsenthen kept in oven at %D for 5 hrs. The continuity between
surface was checked by multimeter. The electricaldactance of the material was measured by usitigges
divider method. In this method, the DC electricreat of known voltage (50V) was supplied by SMPSveo
supply. A known resistance was joined in seriehwimple holder of pallet. A voltage {Vacross this known
resistance (B was recorded as a function of temperature. Whth lelp of total voltage supplied ¥ known
resistance (B and voltage across this resistance)(\the resistance offered by pallet of sample walsutated.
With the help of resistance, thickness and radiymbet, the specific conductivity was determined.

RESULTSAND DISCUSSION
Elemental analysis. The terpolymeric ligands were analyzed for carbfoydrogen, nitrogen and oxygen content
[21]. The elemental analysis was carried out ath&igated Analytical Instrumental Facility (SAIFjunjab

University, Chandigarh. The details of elementallgsis are incorporated in Table (2).

Table 2: Elemental Analysisof terpolymericligands

%C YeH %N %0 Empirical formula| Molecular weight
Terpolymeric Ligands Found Found Found Found - . .
(Calc.) (Calc.) (Calc.) (Calc.) of repeat unit of repeating unit
57.28 5.92
m-CMF-| (57.35) (5.88) 30.87 (30.89)| 5.93 (5.88 1816NsO 272
m-CMF-II 63.41 (63.49) (g'gg) 22.26 (22.23)| 8.51 (8.46 26H22N6O2 378
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Figure 1: IR spectra of m-CMF-l and m-CMF-II ligands

(@)NMR spectra of m-CM F-|
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(b)NMR spectra of m-CMF-I|

Figure 2: NMR spectra of m-CMF-I and m-CMF-11 ligands

FTIR and NMR data of terpolymeric ligands: The IR spectra (figure 1) of m-CMF-I and m-CMR¢frpolymeric
ligands were carried out at Pharmacy Departmentdtfaa Jyotiba Phule Campus, R. T. M. Nagpur Usitser
and NMR spectra (figure 2 a and b) of m-CMF-1 andCMF-II ligands were carried out at Sophisticatetbitical

Instrumental Facility(SAIF) Punjab University, Cligarh. The IR and NMR data of m-CMF-I and m-CMFatke

shown in Table 3 and 4 respectively.

Table 3: IR and NMR spectra of m-CMF-I ligands

IR (Frequency in cm™) Natur e of fragment assigned 6’\(“\;';11) Natur e of fragment assigned
3360-3500 Phenolic (Ar —OH) 2.5 Ar—G proton
2900(m) to 2800(m) —NH— 4.0 Phenolic group (Ar--®).
1600-1610 Aromatic skeletal ring 4.3- 4.7 —NH—Dbridges
1495t0 1480 —NH— bending 4.5 Ar—H\ proton
1300-1320 C—N str. (Aromatic Amine) 6.35to 6.45 HN-bridges
1450-1460, 1290-1300and 750-780  Methylene ¢Jiidges 6.0 to 7.2 | Aromatic proton (ArH)

Table4: IR and NMR spectra of m-CMF-11 ligand [22-28

IR (Frequency in cm™) Natur e of fragment assigned 6’\(“\;;11) Nature of fragment assigned
3300-3500 Phenolic —OH group 2.3t0 2.5 | Ar—CHj; proton
3200 to 3300 Ar—NH 2.6 Ar—CH; proton
1400-1610 Aromatic skeletal ring 4.3- 4.5 | —NH—Dbridges
1455-1460 Methylene (-CH bridges 4.8 Phenolic group (-H).
1280-1295and 760-79 Ar-GHAr moiety 6.5 to 7.2| Aromatic proton (Ar)
1190-1210 -C—O Str.(phenol) 6.8 ArHG-Ar moiety
830-840 Tetrasubstituted benzene ripg

According to data obtain in physicochemical methdakis tentative structures of terpolymeric ligama@se assigned
as shown in figure 3(a and b).

NH;
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NH ) \
L, Q'E/’\H\“/’\Y oy /HN<</ N
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OH OH vy
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(8) M-CMF-I (b) M-CMF-II

Figure 3: Tentative Structure of m-CMF-I and m-CMF-I11
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Electrical Conductivity:

The resistance of terpolymeric ligands as a functb temperature was calculated by indirect metkoown as
voltage divider method. In this method, a constmirce of 50 V DC was supplied into circuit whemesample
holder and known resistance were connected inssefige digital voltmeter was connected to recoriiage (\y)
across known resistance JRThe resistance of the pallet at a given tempeegas given by

BV =T1)
B, — 1k .T 1}
2 —I"‘l

Where, R= Resistance offered by sampiy= known resistangé/;=Total voltage supplied in circuit, ¥ voltage
across known resistance.

Resistivityp was calculated using relation
R2 A

== .2
P77

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 Wilson’s equation,

og=0Y @xp_Ea/kT ...... 3

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

The above equation (3) has been modified as.[29]
E
0 + (_ a )
2.302KT

logo =logo

The electrical conductivity of terpolymeric liganidsshown in figure 4.
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Figure4: Electrical conductivity of terpolymeric ligands

Plots of logs versus 1/T found to be linear with negative sIfg#. It will be seen from the plots (figure 4 adaln)
of terpolymeric ligands that there is a consisiantease in electrical conductivity as the tempematises. These
trend is a characteristics of semiconducting [21, 3

The activation energy evaluated by above methcogistzwwn in Table 5.
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Table5: Activation energy of terpolymeric Ligands

Terpolymeric Ligands | Temperature Range(K) | Activation energy
(kJ mole?)
m-CMF-I 323-453 11.31
m-CMF-II 423-578 10.37

CONCLUSION

From all above observation it is concluded thatabtvation energy values of terpolymeric ligandsréase in the
order m-CMF-I > m-CMF-II. The mentioned order otigation energy is attributed due to increase imhar of
aromatic nuclei in repeating unit support the fastthe number ofr electrons increases the activation energy of
conduction decreases thereby supporting the stagctaf terpolymeric ligands. The electrical conduitgt of
ligands increases with increase in temperatureurgigda and b). Hence the terpolymeric ligand shows
semiconducting behaviour. The plots of ¥s 1/T is found to be linear which indicate thaiidn’s exponential
law 6= o, “*F¥is obeyed.
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