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ABSTRACT

Terpolymer resin p-COF-IV was synthesized by thedeonsation polymerization of reacting
monomers. The electrical property of p-COF-IV tdypter was measured over a wide range of
temperature (313-423K), activation energy of elealrconduction has been evaluated and plot
of log ovs 13T is found to be linear over a wide range of terapee, therefore can be ranked
as semiconductorThe adsorption chromatography chelating ion-excleapgoperties of this
terpolymer was studied for Fe (lll), Cu (II), NixlI Co (1), Zn (ll), Cd (Il) and Pb (II) ions. A
batch equilibrium method was employed in the sufdye selectivity of metal ion uptake. The
study was carried out over a wide pH range, shalinge and in media of various ionic
strengths. The terpolymer showed a higher selégtior Fe (lI), Cu (ll), and Ni (ll) ions than
for Co (Il), Zn (ll), Cd (II) and Pb (ll) ions. Thmal study of the resin was carried out to
determine its mode of decomposition and thermdlilha The Freeman-Carroll and Sharp-
Wentworth methods have been used in the presesdtigation to calculate thermal activation
energy. And different kinetic parameter like fregme factor (Z), entropy changed$), free
energy changedF) and apparent entropy (S*) have been determingdguFreeman-Carroll
method.

Keywords: Semiconductor, ion-exchanger, adsorption, thermagpetric analysis, synthesis.

INTRODUCTION

The synthesized terpolymer resins, showing veesafiplications and properties, attracted the
attention of scientist and introduce the recentowations in the polymer chemistry. These
terpolymers can be used as high energy matdjalion-exchanger [2], semiconductors [3],

antioxidants, fire proofing agent, optical storagea, binders, molding materials etc.

The semiconducting properties of terpolymer regiase gained sufficient ground in recent
years. Work on organic conducting polymers is earrout extensively due to their wide
applications[4, 5] in areas such as chemically modified electrodass@s etc. An industrially
useful semiconducting material has been reporteDdwar, et al[6]. The conductivity of an 8-
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hydroxyquinoline—oxamide-formaldehyde terpolymesime have been reported over a wide
range of temperature [7]. Pal et @] have reported electrical conductivity of salicyacid-
biuret / dithiooxamide / dithibiuret-trioxane tetpmer resins.

lon-exchange technique can remove traces of ionpurities from water/process liquors and
gives out a product of ultra pure quality in a sienpfficient and techno-economically viable
manner. lon exchangers are widely used in watatrtrent and pollution control [9, 10]. Various
hydroxybenzoic acid-formaldehyde and 4-hydroxygoetmone- biuret - formaldehyde
copolymers have been reported and found use asxicmangerfll, 12].

The study of the thermal degradation of terpolymesins have recently become a subject of
interest. Zhao Hong et al. studied the thermal ogmmsition behaviour of phosphorous
containing copolystar [13]. The present paper engaldhe newly synthesized terpolymer resin p-
cresol and Oxamide with Formaldehyde (p-COF-IVha light of its semiconducting, chelating
adsorption chromatography and thermogravimetridysand its applications.

MATERIALS AND METHODS
Starting Materials:
The chemicals (starting materials) were of AnalarGhemically pure grade, and wherever
necessary the purity was tested and confirmed ky. TL

OH
O O
o
4n| + nHN—-C—-C—-NH, + 5nHCHO
Oxamide Formaldehyde
CH,
p-Cresol
5h,130°C
2MHCI1
OH OH OH OH
CHy CH~NH—C — C—NH—CH; CH; CH,
0 0
CH, CH, CH, CH, °HO|[p
p-COF-1V

Fig.1: Reaction and expected structure of p-COF-I\terpolymer resin

Synthesis of p-COF-1V terpolymer resin

The new terpolymer resin p-COF-IV was synthesizgcdctndensing p-cresol ( 0.4 mol) and
oxamide (0.1 mol) with 37 % formaldehyde ( 0.5 mala mol ratio of 4:1:5 in the presence of
2M 200 ml HCI as a catalyst at 8+ 2C for 5h in an oil bath with occasional shaking to
ensure thorough mixing. The separated terpolymer weshed with hot water and methanol to
remove unreacted starting materials and acid morsriée properly washed resin was dried,
powdered and then extracted with diethyl ether #neh with petroleum ether to remove p-
cresol-formaldehyde copolymer which might be présdong with p-COF-IV terpolymer. The
terpolymer was purified further by dissolving in &gueous sodium hydroxide solution, filtered
and reprecipitated by gradual drop wise additidrice cold 1:1 (v/v) concentrated hydrochloric
acid / distilled water with constant and rapidrsig to avoid lump formation. The process of
reprecipitation was repeated twice. The copolynaene p-COF-1V thus obtained was filtered,
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washed several times with hot water, dried in @aydered and kept in vacuum desicator over
silica gel. The yield of the copolymer resin wasirfd to be 80%. The reaction and suggested
structure has been given in Fig. 1.

Conductivity Measurement

The DC electrical conductivity measurements indsetate were carried out in a suitable sample
holder designed for the purpose, for finding o tbsistance of the sample, in the temperature
range of 313K to 423K at constant voltage of 5A@svatross the pellet prepared from terpolymer
resin. The measurements were made by Auto Com@&etQ tester model 4910.

To prepare the pellets, the purified terpolymemregas thoroughly ground with an agate pestle
and mortar. The well powdered terpolymer was plitaa in a steel die at 5 t/érpressure with
the help of a hydraulic press. Pellet of 1.2 crdiameter and mearly 0.2 to 0.3 cm thickness was
prepared. The pellet of the test sample was pw tgpical sample holder fabricated in this
laboratory and resistance was measured using cowitjucbridge over wide range of
temperature.

For this purpose, the sample pellet was heatedtimb@aar furnace in which the temperature of
the furnace being increased by steps from room éeatyre to about 423 K

lon-exchange properties:

The terpolymer sample (25mg) was suspended in actrelyte solution (25ml) of known
concentration. The pH of the suspension was adjustéhe required value by using either 0.1M
HNO;3 or 0.1M NaOH. The suspension was stirred for 24ih30°C. To this suspension 2 ml of
0.1M solution of the metal ion was added and thew#$ adjusted to the required value. The
mixture was again stirred at 30°C for 24 hrs. Tolymper was then filtered off and washed with
distilled water. The filtrate and the washing weodlected and then the amount of metal ion was
estimated by titrating against standard EDTA (ethgl diamine tetra-acetic acid) at the same pH
(experimental reading). The same titration has leaened out without polymer (blank reading).
The amount of metal ion uptake of the polymer walswdated from the difference between a
blank experiment without polymer and the readinghe actual experiments. The experiment
was repeated in the presence of several electsobttevarious pH and different time intervals
[14].

Thermogravimetric analysis
From the data of thermogravimetric analysis, we @etermine order of the reaction, energy of
activation and different thermodynamic parametgrasing following steps.

1. Initially find out dw/dt with the help of weight &3 in gm (w) and time (t) from
thermoanalytical data.

2. Find out Wr from equation Wr=Wc-Wt, where, Wc i®tiveight loss at the completion of
reaction and Wt is the total weight loss up to time

3. Plot a graph between log dw/dt /logWr on Y axissuar 1/T/logWr on X axis where T is the
absolute temperature at weight loss, from this lyrdqe value of n (order of reaction) is
obtained. It is the value of intercept on Y axis.

4. Find out the value ofi by equation Wt/Wc, the value ofaj)(by equation gf) = 1-(1-a)*
"/(1-n) and the value of log}/T>

5. Plot a graph between logYT® on Y axis versus 1/T x T0on X axis we get energy of
activation from the value of slope. The energy cfvation can be determined by equation
Ea=slope x 2.303xR, where R is the gas constant.

200
Scholar Research Library



Rajesh N. Singru Der Pharmacia Lettre, 2011, 3 (6):198-209

6. From the value of activation energy, the differgr@rmodynamic parameters can be derived.

lon-Exchange Capacity

The term ion exchange capacity is intended to desthe total available exchanged capacity of
an exchange resin, as described by the numbemofidmal group on it. lon exchange capacity
was determined by following experimental procedure.

25 mg of resin sample was suspended in 50 ml| obldadistilled water; to this add 25 ml of 0.5
M sodium acetate solution. The mixture has beemestifor 2 to 5 min. when Hfrom resin
liberated in the solution to from acetic acid an$dabed sodium ion (Na Then the solution
was filtered and the filtered is titrated with Q&BNaOH solution.

The ion-exchange capacity for '¢an be calculated by using following equation, iiflimols
per gram (mmol.g)

lon-exchange capacity of terpolymer resin = XY / Z

Where,

X = molarity of NaOH

Y = volume of NaOH required during titration
Z = Weight of the exchanger

The ion-exchange capacity of terpolymer resin hasnbdetermined and compared it with
commercial ion-exchangers.

RESULTS AND DISCUSSION
Electrical conductivity
The thermal activation energy and the values aftetal conductivity at different temperatures
are given in Table 1. The resistance values op#ikets of the terpolymers ranging from 313 K
to 423 K were converted into conductivity value$ By taking into account the thickness of the
pellet and its diameter and evaluating thicknessa grarameters of the pellet of a particular
terpolymer. The temperature dependence of thereaictonductivity of the terpolymers are
shown in Fig. 5. In the electrical conduction domaihe temperature dependence of the
electrical conductivity obeys the well known eqaat[4].

o =0, exp(A—E/kT)

Where,

k = Boltzmann constant

0, = electrical conductivity at temperature-T o

o = electrical conductivity at temperature T

AE = electrical conductivity energy of electricahcluction.

This relation has been modified as
-AE

logo =log o+
g 99 2.303kT
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According to this relation, a plot of lag Vs. 1000/T would be linear with a negative slopee T
result of the D.C. conductivities are presentec herthe form of plots of log Vs. 1000/T, as
the range of conductivities was found to be 1.54 %0%o0 5.01 x 10f ohmi* cm™.

It will be seen from the plots (Fig. 5) of terpolgnthat there is a consistent increase in elettrica
conductivity as the temperature rises roughly f&if8 K to 423 K. This trend is a characteristic
of semiconduction [5]. The activation energy watetwined from the curves lag Vs. (13/T).
The plot of logo Vs. 1G/T is found to be linear (Fig. 5) over wide randeemperature which
indicates the semiconducting nature of terpolyrbe#].

Table 1 Electrical conductivity data of p-COF-IV terpolymer resin

Electrical Conductivity

Terpolymer ohm cm* K
313K 423 K (K)

p-COF-IV 154x10 5.01x10° 313-423 0.73x 10

AT AE
(ev)

logo

2l.1 273 275 277 279 3I.1 373 375
1000/T (K™)
Fig. 5 Electrical conductivity plot of p-COF{V terpolymer resin

lon-exchange properties

Batch equilibrium technique developed by Gregaaletnd De Geiso et alas used to study ion
exchange properties of p-COF-1V terpolymer resihe Tesults of the batch equilibrium study
carried out are presented in Table 2, 3 and 4.18meal ions F&, CU/*, Ni**, Co*, zn?*, Cf*

and PB" in the form of aqueous metal nitrate solution wesed. The ion exchange study was
carried out using three experimental variables Elartrolyte and its ionic strength b) uptake
time and c) pH of the agueous medium. Amdmegé¢ three variables, two were kept constant
and only one was varied at a time to evaluatefiexeon metal uptake capacity of the polymer
similar to the earlier co-workers [18,19]. The dstaf experimental procedure are given below.
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Effect of electrolyte and its ionic strengths on mal uptake
We examined the influence dElO, ,NO;, Cl'and SQ* at various concentrations on the

equilibrium of metal-resin interaction. Table 2 sisathat the amount of metal ions taken up by a
given amount of terpolymer depends on the natudecancentration of the electrolyte present in
the solution. Generally as concentration increa$else electrolyte, the ionization decreases, the
number of ligands decreases in the solution whiscinfthe complex with less metal ions and
more ions are available for adsorption. Hence aremsing concentration there should be
increase in uptake of metal ion. But trend distdridee to formation of more stable complex
with more number of ligands which decrease the rermolb metal ions available for adsorption,
hence uptake decreasés the presence of perchlorate, chloride and mitrans, the uptake of
Fe(ll1), Cu(ll) and Ni(ll) ions increase with in@seing concentration of the electrolytes, whereas
in the presence of sulphate ions the amount ofatb@ve mentioned ions taken up by the
terpolymer decreases with increasing concentraifathe electrolyte[19]. Moreover, the uptake
of Co (1), Zn (ll), Cd (1) and Pb (1) ions incase with decreasing concentration of the chloride,
nitrate, perchlorate and sulphate ions. This mayekglained on the basis of the stability
constants of the complexes with those metal iof§ [Phe ratio of physical core structure of the
resin is significant in the uptake of different mdeions by the resin polymer. The amount of
metal ion uptake by the p-COF-IV terpolymer resifiadund to be higher when comparing to the
other polymeric resins [20].

Estimation of the rate of metal ion uptake as a fuetion of time

The rate of metal adsorption was determined to éintithe shortest period of time for which
equilibrium could be carried to while operatingchsse to equilibrium conditions as possible. As
shaking time increases the polymer gets more tonadsorption, hence uptake increa3esle

3 shows the dependence of the rate of metal icekepin the nature of the metal. The rate refers
to the change in the concentration of the metas ionthe aqueous solution which is in contact
with the given polymer. The result shows that timeettaken for the uptake of the different
mental ions at a given stage depends on the natuhe metal ion under given conditions. It is
found that Fe (lIl) ions require about 3hrs for #stablishment of the equilibrium, whereas Cu
(1, Ni (1), Co (I1) and Zn (Il) ions required at 5 or 6 hrs [21]. Thus the rate of metal ions
uptake follows the order Cu (lI) > Ni (Il) > Co Yll= Zn (ll) > Cd (ll) > Pb (ll) for the
terpolymer [21]. The rate of metal uptake may depepon hydrated radii of metal ions. The
rate of uptake for the post transition metal ioxisilagt other trend for Cd(ll), the rate of uptalee i
in the comparable that of Pb(ll) because of diffieeein ‘d’ orbital.

Distribution ratios of metal ions at different pH

The distributions of metal ion depend upon pH df #olution. As pH, increases thé kbn
concentration in the solution decrease and onlyahiet in the solution available for adsorption
which increase uptake.

The effect of pH on the amount of metal ions dmtted between two phases can be explained
by the data given in Tabke The data on the distribution ratio as a functwémpH indicate that
the relative amount of metal ion taken up by theé@F-IV terpolymer increases with increasing
pH of the medium [18].The magnitude of increasewdwer, is different for different metal
cations. The study was carried from 2.5 upto pHt6.prevent hydrolysis of metal ions at higher
pH. For F&" ion the highest working pH is 3, has lower disitibn ratio since Fé forms
octahedral complex with ligand of electrolyte, whishows crowding effect. This sterric
hindrance may be lower the distribution ratio of'Hen. Cif* and Nf* have higher distribution
ratio over pH range of 2.5 to 6.5 which may be ttuthe less sterric hindrance. Thus the value
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of distribution ratio for given pH depends upon tiaure and stability of chelates formation for
particular metal ion.

The data of distribution ratio shows a random trendertain cases [19]. This may be due to the
amphoteric nature of the p-COF-IV resin. Table #4veh that reported resin provides better
selectivity for one metal ion in presence of othmtal ions. From the result it reveals that with
decrease in atomic number the ion uptake capaitycreasing at that particular pH. In case of
Cd (1) and Pb (Il) purely electrostatic factorg aesponsible. The ion uptake capacity of Cd (lI)
is lower owing to the large size of its hydrated tban that of Cu (Il). The sterric influence of
the methyl group and hydroxyl group in p-COF-1V iress probably responsible for their
observed low binding capacities for various metaki Thus the interaction of this resin material
with various metal ions in an aqueous environmeay targely limit the binding sites, which are
suitably, disposed in a conformational favorablenng on the surface layer.

Table 2 Evaluation of the effect of different elesblytes on the uptake of several metal iofiby p-COF-IV
terpolymer resin

Weight of the metal uptake (mmof)y
Metal ion | Electrolyte (mol/l)) pH in the presence of
NaNQ; | NaCl | NaCIQ | NaSO,
0.01 1.29 | 0.73 1.20 3.22
0.05 141 | 0.95 1.72 2.45
Fe(lll) 0.10 25 1.63 1.29 1.85 1.89
0.50 1.84 1.56 2.52 1.13
1.00 245 | 2.29 3.22 0.72
0.01 1.86 1.21 1.81 3.45
0.05 2.20 1.96 2.32 2.81
Cu(ll) 0.10 4.5 2.52 2.54 3.01 2.18
0.50 2.82 | 3.10 3.69 1.35
1.00 2.89 | 3.71 4.27 0.65
0.01 0.87 | 0.74 1.33 2.92
0.05 1.46 1.22 1.92 2.33
Ni(Il) 0.10 4.5 2.02 1.69 251 1.74
0.50 250 | 2.21 3.09 1.16
1.00 3.22 2.98 3.68 0.57
0.01 1.40 1.33 1.16 1.87
0.05 1.16 1.14 1.04 1.23
Co(ll) 0.10 5.00| 0.92 | 0.97 0.86 0.92
0.50 0.69 | 0.79 0.69 0.75
1.00 0.45 | 0.57 0.41 0.51
0.01 241 1.74 1.79 2.08
0.05 2.02 1.47 1.66 1.42
Zn(Il) 0.10 5.00| 1.56 1.10 1.40 1.28
0.50 117 | 0.84 1.16 0.89
1.00 0.64 | 051 0.71 0.57
0.01 243 | 2.30 1.95 1.66
0.05 1.98 1.82 1.55 1.28
Cd(ln 0.10 5.00| 1.49 1.42 1.11 1.02
0.50 0.98 | 0.97 0.92 0.79
1.00 0.77 | 0.66 0.68 0.57
0.01 2.41 2.24 1.87 3.47
0.05 1.77 1.67 1.52 2.84
Pb(ll) 0.10 6.00| 1.12 1.40 1.21 2.18
0.50 0.45 1.21 0.93 1.56
1.00 0.17 | 0.92 0.59 0.91

#[M(NO3),] = 0.1 mol/l; Volume = 2 ml; Volume of electrolyselution : 25 ml
Weight of resin = 25 mg; time : 24 h ; Room tempa
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The higher value of distribution ratio for Cu (Hhd Ni (Il) at pH 2.6 to 6.0 may be due to the
formation of most stable complex with chelatingahigls. Therefore the polymer under study has
more selectivity of Cti and Nf* ions at pH 4.0 to 6.0 then other ions which frather weak
complex. While at pH 3 the terpolymer has more ctlity of Fe’* ions. The p-COF-IV
terpolymer resin take up Fe (lll) ion more selegiyvthan any other metal ions under study. The
order of distribution ratio of metal ions measuiregH range 2.5 to 6.5 is found to be Fe (lll) >
Cu (I) > Ni (I) > Zn (1) > Co (I) > Pb (1) > @ (Il). Thus the results of such type of study are
helpful in selecting the optimum pH for a selectiyatake of a particular metal cation from a
mixture of different metal ions [18- 22].

Table 3 Comparison of the rates of metal (M) ion ugake® by p-COF-IV terpolymer resin

. Percentage of metal ion uptaie different times (h
Metal ion | pH 1 > 3 7 5 6 7
Fe(lll) 25| 53.3| 78.6] 964 - - -
Cu(ll) 45| 495| 61.3| 68.64 79.9 93.f - -
Ni(Il) 45| 50.7| 60.6| 70.1] 86.1 94.6 - -
Co(ll) 5 | 45.2| 59.7| 69.1] 84.2 94.1 - -
Zn(ll) 5 | 49.1| 59.6| 69.5 844 96.1 - -
Cd(In 5| 30.1| 50.6| 602 70.1 852 94j1 |-
Pb(Il) 6 | 285| 493| 572 692 841 957 |-

#[M(NO3);] = 0.1 mol/l; volume : 2ml; NaN©= 1.0 mol/L; volume: 25ml, Room temperature.
®Metal ion uptake = (Amount of metal ion absorbetDR) / amount of metal ion absorbed at equilibriu

Table 4 Distribution ratio D? of various metal ion$ as function of the pH by p-COF-IV terpolymer resh

Metal ion Distribution ratio of the metal ion at different pH

15 2 2.5 3 3.5 4 5 6
Fe(lll) 20.2| 125.6) 237.1 3682 - - - -
Cu(ll) - - - 68.3 | 93.4 212.1 6814 1209.4
Ni(Il) - - - 52.1 | 74.8| 230.4 462.1 914.1
Co(ll) - - - 415 | 65.4 155.8 2482 4454
Zn(ll) - - - 43.7 | 73.1) 99.3] 133.p 2258
cd(n - - - 31.2| 65.7 107.1 1742 2343
Pb(ll) - - - 39.6| 63.5 126.2 197)2 273)6

2D = weight (in mg) of metal ions taken up by lgagaymer/weight (in mg) of metal ions present in @frdolution.
PIM(NO,),] = 0.1 mol/l; volume : 2ml; NaN©= 1.0 mol/l; volume: 25ml, time 24h (equilibriurate) at Room temperature.

lon exchange properties of various resins can hdiedd by comparing their ion exchange
capacity. The ion exchange capacity (IEC) is a &mental and important quantity for the
characterization of any ion exchange materials lefined as the amount of ion that undergoes
ion exchange in a definite amount of material, wundpecified experimental conditions.
However, there may be complication in the detertionaof the capacity. The ion exchange
capacity of p-COF-IV terpolymer has been calculatedich was found to be 4.12 mmot.g
which indicates that p-COF-II terpolymer resin ettbr ion exchanger than phenolic and some
polystyrene commercial ion exchangers.

For the strongly acidic cation exchange resin saglcross linked polystyrene sulphonic acid
resins, the ion exchange capacity is virtually petedent of the pH of the solutions. For weak
acid cation exchangers, such as those containirfgpxyate group, ionizations, occurs only in
alkaline solution. Similarly weakly basic cationceanger does not work above pH-9.

205
Scholar Research Library



Rajesh N. Singru Der Pharmacia Lettre, 2011, 3 (6):198-209

Thermogravimetry of p-COF-1V terpolymer resin

Thermogram of p-COF-1V terpolymer resin is showrfig. 6, in the temperature range of 40°C
to 800°C, showing three stages in the decomposi@iaation with initial loss of water molecule
corresponding the mass loss of 2.75% found and9%8.@@lculated. The first stage of
decomposition starts from 160°C to 410°C, whiclkeagresponding to the mass loss (26.26%
found and 26.71% calculated) of four hydroxyl andrfCH; groups attached to four aromatic
benzene nucleus, may be due to increasing crdgsdinstrain and unstability in the molecule
by increasing thermal vibration due to increasiagperature in the molecule. The second step
of decomposition starts from 410°C to 600°C, whigairs increases high, leading to the mass
loss equal to 86.35% found and 86.91% calculatéd;iwmay be due to the degradation of four
aromatic benzene rings. The third and last steprdposition may be due to the loss of side
chain of oxamide moiety, when the strained molesuliéer unzipping of cross linking, leading
to the mass loss equal to 90.12% found and 90.3deétilated and consequently the residue left
behind is oxamide moiety (9.83% found and 9.69%!dated) [23].

QCH—NH - c—NH—cn4~©— @
H, ®H,O |
0 - 3 Fou.
----- CH—NH—C C—NH—CH
3 00% Ca

war -O—CH—NH—C—C—NH—CH-O- -O— j“
26.26% Fou.

26.71% Calc.

20

40—

Mass Loss %

60 —

CHE NH—C — G—NH=CH;
o o
n

oo.8835% Fou. o\ NH=g =g ﬂ”
90.12% Fou. 86.91% Calc.

90.31% Calc.

0 T T T g T T T T
100 300 500 700 800
Temperature °C

Fig. 6 Decomposition pattern of p-COF-1V terpolymerresin

In the present investigation Sharp-Wentworth aneefran-Carroll methods have been used to
determine the kinetic parameters of p-CORdYpolymer sample.
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Sharp-Wentworth method: In this method following expression is used.

{ dc/dt
lo

J All-c)

wheref3 is the linear heating rate. The graphlmg{

}: log (A/B) - Ea/2.303R-1/T

dc/dt
1

All-c)
graph is a straight line with Ea as slope and Atecept. The linear relationship confirms that
the assumed order (n) = 1 is correct.

}versusl/T has been plotted. The

Freeman-Carroll method: In this method following expression is used.

Alog(dw/d) _ (Ea/2.308)- A@/T)
AlogW, AlogW,

+n

where dw/dt = rate of change of weight of terpolys@mple with respect to time Wr = Wc-W,
where Wc is the weight loss at the completion ef tdrpolymer reaction or at definite time and
W is the total weight loss upto time t. T is thenperature, R is the gas constant and n is the
order of reaction. Hence the graph of

Alog(dw/d) versu A@/T)
AlogW, AlogW,

Should give on Y axis (x=0) an intercept for théuesof n, the order of reaction and the slope m
=-Ea/2.303R.

Using thermal decomposition data and then applyireg Sharp-Wentworth method (Fig. 7)
activation energy is calculated which is in agreetmeith the activation energy calculated by
Freeman-Carroll method [23] (Fig. 8). Thermodynapacameters such as entropy chardyf#)(
free energy chang@F), frequency factor (Z) and Apparent entropy (&i)culated on the basis
of thermal activation energy are given in TableThe thermogravimetric data and various
decomposition temperatures of p-COF-II terpolynesi are given in Table 9.

Table 5 Results of thermogravimetric analysis of {LOF-1V terpolymer rein

Activation Free Frequency
Terpolymer Half decomposition energy E ntropys energy factor A;pparegt* Ordt(_ar
resins Temp. (°C) Ea (KJ) changen AF (2) en roKp Jy (S%)  reaction
FC__ sw V) (K)  (Sec) (KJ) ()
p-COF-IV 810 30.252 29.256 -165.662 104.721 812 .049 0.96

SW — Sharp-Wentworth Method, FC — Freeman—Carreltiidd

The degradation with increasing temperature magugeto increasing strain in the molecule due
to the thermal vibrations, which in increased thess linking among the chain and increase
unstability. To maintain stability and to decreadmin, the molecule undergoes degradation
slowly.

By using the data of the Freeman-Carroll methodpua thermodynamics parameters have been

calculated (Table 5). From the abnormally low valoé frequency factor, it may be concluded
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that the decomposition reaction of p-COF-1V terpodys can be classed as a ‘slow’ reaction.
There is no other obvious reason [24].

Fairly good straight line plots are obtained usihg two methods. This is expected since the
decomposition of terpolymer is known not to obesgtforder kinetics perfectly [25, 26].

1000/T(°C)
0 02 04 06 08 1 12 14 16 18 2 22 24 26 28 3 3.2

-4

Intercept = -4.78
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CONCLUSION

1. Electrical conductivity of this terpolymer resircheases with increase in temperature. Hence,
this terpolymer may be ranked as semiconductor.

2. The uptake of some metal ions by the resin wasiecarout by the batch equilibrium
technique. The uptake capacities of metal ionshigytérpolymer resin were pH dependent.
From the results of distribution coefficients, @ncbe observed that Cu (II) has higher value of
distribution ratio. Due to considerable differennehe uptake capacities at different pH and
media of electrolyte, the rate of metal ion uptakel distribution ratios at equilibrium, it is
possible to use for separation of particular mietas from their admixture.

3. Low values of frequency factor may be concluded tha decomposition reaction of p-COF-
IV terpolymer resin can be classified as ‘slow teac
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