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CHAPTER 11
RESULTS AND DISCUSSION
To study kinetics of polymerization, fodometry of the
reaction mixture was carried out, as the monomers contained
carton carbon double bond._ It is a customary technique for
cetermination of monomer concentration, during polymerisation
reaction, {n which the monomer concentration decreases with time,
consgquently less bromine is consumed by the monomer and hence
burette reading corresponding to liberated iodine increases with
time. Preliminary experiments were carried out in a syster
comprising of e{ectrodes dipped in & beaker. The reaction mixture
was analysed periodically for change in concentration cf monomer
during polymerisation.
The present work was aimed at finding out whether
polymerization process 1involved, ring opening and/or addition

chain polymerization without ring opening. The possibilities

were as following.
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In any of the possibilities, concentration of monomer was
expected to deplete and hence burette reading would increase.
However it was found that the burette reading decreased

instead of increasing, when the reaction mixture was brominated

and titrated against sodium thiosuiphate solution. In this case
the experimental set wup consisted of a beaker in which two
electrodes were immersed i{in the solution of monomer and

supporting electrolyte. One of the possibilities for the

decrease in the burette reading was that, the chlioride anion
could have been oxidised by the brominating mixture, Hence
more consumption of brominating solution could hzave occured. In

order to confirm this possibility, an electrochemical setup was
fabricated in which there were two compartments separated by a
partition ( yepresumted intsl ). The further experiments were

performed wusing the modified setup, samples from anolyte and

ca‘holyte were removed periodically and were subjected Lo
iodometry, when the anolyte showed a decrease i{in the burette
reading while the catholyte showed an increase. Trne decrease in

the burette reading with time can be explained on two counts.

1) As polymerization progressed temperature ot the solution
increased due to exothermicity of polymerization.

2) Passage of current increased with time.
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2.1 ELECTROPOLYMERIZATIUGN OF DM

a> Choice of Electrodes : The observations

electrolysis of DMD

using different

electrodes in

polymerization setup, are indicated in Table |
POLYMERIZATION OF DMD

Choice of Electrodes :-

of

the

TABLE - 1
2.1.1 ELECTRCLYS!S OF DMD WITH DI!FFEREKRT ELECTRODES
OBSERVATION
ANODE CATHODE POLYMERIZATION ELECTRODE
STABILITY
i. COPFER COPPER Not cbserved Anode dissolves
2. STEEL STEEL Not observed Anocde dissolves
3. STEEL COPPER Not observed Anode dissolves
4. SILVER S1LVER Observed Anode dissolves
5. GOLD GOLD Not observed Anode dissolves
6. CARBOCM CARBON Observed Anode swells
7. PLATINUM PLATINUM Observed Highly stablse
Concentration of DMD = (0.42 H

Supporting Electroliyte =

Current =

100 mA

Ammonium

chioride




Platinum electrodes showed not only an excellent stability but
also of fered, higher conductance of current during
polymerization. Carbon electrodes (both as cathode and anode)
were tried. These showed good results. However the anode was
found to undergo swelling. When the carbon anode was replaced by
platinum, the results obtained were gquite satisfactory.

Copper and steel electrodes were entirely unsatisfactory as
errosion in them was very severe and rzpid.

Silver and gold electrodes used {n electropoiymerization the
electrodes remained shiny and bright. However, it was found that
col formation cccured. This was further confirmed by determining
refractive indices of the anolytes. The anolyte formed by ¢gold
electrolyte could be wvisually noticed as the colour of the

anolyte turned golden yellow, while silvrr electrodes caused &

shiny anoiyte.

At _the cethode : The monomer was not electroactive therefore
supporting electrolyte ammonium chioride was used in
electrochemical polymerization. At the cathode ammoniux ions get

discharged as given below
+ -
NH, + ¢ ——> NHg + H' ........ (1)
Ammonia gas generated was dissolved in water and only
hydrogen gas was collected in the eudicmeter. Hydrogen gas

formed,during electrolysis fs due to combinztion of hydrogen

atoms tradicals). The hydrogen radicals formed can also be



consumed in initiating polymerization process as shown below

2 H* --Eﬂ-% H2 Combination process
Ry = kut H 12 oo, (2)
Ky
H' + M ————> HM" initiation process
Ry = kyUH 1T T HMI..... 3)
where Ry and Ry are the rates and ky and k; are the rate

constants for combination and {nitiation preocesses respectively,.
The mechanism of initiation and propogation by addition

polymerization is given below
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According to the scheme given above, the partitioning of hydrogen
radicals {nto combination and initiation, shculd depend on the
csncentration of the monomer, Approach of steady state

conditions to hydrogen radicals yields the reiation,

N
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= f = v e (4)
(Ryly=o kUHT )+ Kk TM)

where (RyIM=0 Rate of hydrogen evoiutfon in the
absence of the monomer.{(rate of evol-
ution of hydrogen due to electroiyte
only).
[RgIM=M = Rate of hydrogen evolution at monomer
coﬁcentration of M moles/Litre.

kg in this treatment is the observed rate constant for
finitiation and is not corrected for inefficiencles arising due to
other' competing process that would iInvoive H°, excepting the
reaction.

2 H' ———> H,
The partition ratio, i.e. efficiency 'f' is the fraction of
hydrogen radicals used up for initiation, (M] refers to monomer
concentration and ([(H"] is the steady state concentration -of
hydrogen radicsls. As expected, the volume of hydrcgen gas
generated decreases with increase in the concentration of the

monomer as illustrated in fig.%. The 'f' of the process at

different magnitudes ,current are given in Table 2.

Equation (4)can be rearranged as
1 kiylH" ) i
—_— = 4 — X — B D)
f k. (M3

3

A plot of 1/f versus 1/({M) is shown in fig &
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TABLE 2

2.2 CORRELATION OF *f' WITH MONOMER CONCENTRATION
AND CURRENT STRENGTHS
Current Conc. 1/70M1 f Hean f 1/¢f
(mA) (Mole/Ll) (L/Mole)

100 0.42 0.17

200 0.42 2.3 0.15 0.156 5.41
300 0.42 0.14

100 .63 0.34

200 0.63 1.58 0. 31 0.310 3.2z
3C0 0.63 0.28

100 0. 8B4 0.47

200 0. 84 .19 0.43 O.44 2.27
300 0.84 0.¢2
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The steady state concentration of hydrogen radicals can be

computed from equation (2) which can also be written as

1/2
(1-f11 10°
(H*) = e G s ey (B)
96500 ky x V
where | is current in Amperes and V is volume of catholyte in mL.

Since the energy of activation for combination of hydrogen
atoms to form molecular hydrogen, is almost zero, the rate of
combination of hydrcgen radicals depends only on the number of
collisions between hydrogen atoms. In other words the process |is
controlled by diffusion only. The rate constant for diffusion
process can be g{ven as

8 RT

kdiff."" T .-...-.-...(7)
3000 U

Viscosity (in terms of Poise) can be determined wusing

following formula.

where,
n - Viscrsity of the sclution of the monomer (Poise).
= Viscosity of DMF (Poise).
d & dy= Densities of the monomer solution and DMF.

t & t1= Time of flow in seconds for the monomer solution

and DMF.
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Tabie 3 gives the value of diffusion controiled rate
constants (kgygg,? for electrolytic solution of different monomer
concentrations containing ammonium chloride 1 computed from

viscosity measurements,

TABLE 3

2.3 DIFFUSION CONTROLLED RATE CONSTAKRTS FOR THE POLYMERIZATION

MIXTURE PRIOR TO ELECTROLYSIS

7.96 x 10°° Poise

"1 N
tl = 170 seconds
dy = 0.8483 gr/cc.
Diffusion
rate const,
Conc. of Flow time Density Viscosity
DME sec. d kdiff
(s) (g/cc.) (Poise)
(vt st
0.42 184.0 1.043 0.9475 X 1073 7.06688 X 10 °
0.63 ©192.0 1.055 1.0016 X 1073 6.6851 X 10 °
0.64 199.2 1.061 1.0450 X 1073 6.4072 X 10
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The steady state concentration of hydrogen radicals can be

calculated by replacing ky by kyy¢¢ In equation(6 )

The equation becomes

-

1/2
(1-1)1 103

(H*1 = e G e cee e (D)
86500 Kgieg x V

The steady state concentration of hydrogen radicals thus
calculated are given in [able 4. It may be observed .that with
increase in monomer concentration. the steady state concentration
of hydrogen radicals decreases only slightly. This may be
attributed to very high value of ky compared to that of ky-

It may be also seen that the steady state concentration of

hydrogen radicals varies linearly with the square roct of

current. Using these values of steady-state hydrogen radical

concentrations (H" ] and the rate <constant for hydrogen
combination ky ., the values of initiation constant ki are
computed from the relation
f ok lH"] f kgyeelH ]
. ky = — T e L RS e))
(1~-£f) (M) (1-f) (M)

and are given in Table 5 . The k; values show good constancy

for each range of concentration value and are proportional to the
square root of current, consistent with the equation.
It can be easily shown that ki is independent of {M]

eventhough [(M] appears in the expression due to the dependence of

efficiency (f) on monomer concentration.



TABLE A

2.4 STEADY STATE CONCENTRATION OF HYDROGEN RADICALS

Current Conc. {H )

(mA) (Mole/L)

100 0.42 4.9 x 1078
200 0.42 7.0 X 1078
300 0.42 g.6 x 1078
100 0.63 4.5 X 1078
200 0.63 6.5 X 1078
300 0.63 8.1 X 1078
100 0.84 4.1 X 1078
200 0.84 6.0 X 10°8
300 0.84 7.5 x 1078



Curr

(mA

100

200

300

100

200

300

100

200

300

TABLE 5

2.5 INITIATION CONSTANT VALUES

(IN M”71 571
ent Conc.

) ~ (Hole/L)

kg

168.

207.

235.

334.

414,

[

ro

W

Mean

230.0

287.0

327.9
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t the Anode

The anodic reaction that occurs in the electrolysis of
ammonium chloride involves the oxidation of chlioride fons to
chloride radical. These radicals can initiate the polymerization

process by addition to the double bond.

+ e
~>CICH, c
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The chliorine racdicals can also undergo combination forming

molecular chliorine.

. 2C1r ——=> Cl,

chlorine gac was collected from the anode compartment and
identified, but guantitative correlation of this gas collection
data was not tried as was done for hydrogen colilection from the

cathode compartment.

The initiated monomer radical undergoes

propagation reactions leading to the formation of the polymer.




Polymerization f MPMD ¢+ The polyrerization was carried out in

presence of ammonium nitrate as supporting electroliyte,. It was

cbserved that no polymerization occured in the cathode

compartment.

Polymerization at Anocde :- Polymerization at anode using ammonium

nitrate involves oxidation of nitrate anion to nitrate radical.
The initisting abillty of nitrate radicals in the electrochemical

polymerization has been reported (46), The mechanism of

polymerization is given as ..

Nd; ey NOS + e { oxidation at anode 1}

CHL O

!
éwC“C”z ‘
A.3 ph -

polymerization studies indicated that higher current streng:n
could be achieved with ammonium nitrate as supporting
electrolyte, compared to that when ammonium chloride was used as
supporting electrolyte. The reason for this was higher

solubility of ammonium nitrate in ['MF than ammonium chloride.

“jfi CA\i’jk:

e ©
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2.6 CHARACTERISATION :

Important aborption bands of the IR spectrum of 2-methyl-2-

phenyl-4-chloromethyl-1,3-dioxolane are QAr-H at 3063-3030 cm !

Y C-0-C at 1076 cm™ !, Y C-H st 2940 cm” !,

Absorption bands of IR spectrum of MPMD and DMD are 9Ar~H
at 3063-3040 cm™ i, Q—CHz at 2960 cm™!, ?C==C at 1685 em™ !,

~ -
YC-0-C at 1085 cm .

The polymer of MPMD and DMD showed aborption band of IR

spectrum are 9 C==0 at 1700-1720 cm~ ). There was no absorrtion

band at 3002 to 3100 cm 1. This . confirmed the fact that

PMPMD and PDMD did not have presence of aromatic

moiety, 3t the same time, absorption of <carbonyl groups were

evidernt.

Based on the interpretati-n, the mechanism of polymerization

of the two monomers can be depicted as follows,

Mechanism of Polymerization

-
! , - C——CH
o a
o 0 //D ,
7N\ 7~ Ngq R, R,
R, R, n Ry 2 1 2



Yi{scosity : Since the Mark Houwinhk constants for the

polymers
were not known. Molecular weight could not be determined by
intrinsic viscosity measurements, The wvalue of inherent

viscosity (lnq/c) for PMPMD and PDMD was 0.14 dt/g and 0,19dlLsg

respectively.
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