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ABSTRACT
Acrylonitrile (AN) with a-methyl styrene (MS) and poly (ethylene
glycol)-dinonyl-phenoxy-poly (ethylene glycol)-phosphite acrylate (AP)
terpolymerization is studied in aqueous medium at 60°C with potassium
persulfate and sodium metabisulfite (K25205 + Na2 S 20 5) system as an
initiator as well as by the mass procedure at 65°C with AIBN as an initiator.
In all cases the terpoiymera are formed according to the Alfrey-Goldfinger
terminal model . The reactivity ratios of the MS + AP system are calculated
and checked, and the following values found : r2 =0.0052 and r3 =0.01102. At
low conversions, depending on the MS concentration in the substratum, this
is consumed and AN + AP copolymers are further formed according to the
Mayo-Lewis terminal model . At high conversions the resulting 'terpolymers"
consist of an homogeneous mbcture of AN + MS + AP terpolymers and AN
+ AP copolymers .
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INTRODUCTION

In order to improve the absorbing and electrical
properties of the MELANAcopolymers, terpoly-

merizations of acrylonitrile (AN) with a-methyl
styrene (MS) and poly (ethylene glycol)-dinonyl-

84



Copolymers XWV.Acrylic Copolymers

phenoxy-poly (ethylene glycol)-phosphite acrylate
(AP) have been carried out which required the
elucidation of the process mechanism . Previous
papers showed the AP to copolymerize with AN
and with vinyl acetate, and to terpolymerize with
these comonomers [1-3] . By taking these into
account the following reaction was studied :

found by calculation . These values for AP are
indicative of a monomer with a strongly positive
polarized double bond and a pronounced tendency
to stabilization by resonance.

With Q2 = 0.98 and e2 = - 1 .27 the values
r23 = 0 .0052 and r32 = 0 .0002 were calculated by
means of the following relationships:

CHx= H+ CHz= C+ CHa= C'H

	

/{o-CHrCH2316 -0-C4Ns(CHz)-CHs

CN

	

G,Hs C`OG4r H2-0)m-P
O

	

(0,CI-IrCH rO-C6H4(CH2)rCH3
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AP (3)

Products

	For this system of termonomers the reactivity

	

r23 = 03 exp [-e2 (e 2 - e 3 )]
ratios are known from the binary copoly-

	

merizations : r13 =15 ; r 31 =0 .3 [1] and r 12 =0 .06 ;

	

r32 = 123 exp [-e3(e3 - e 2)]
r21=0.1 [41.

An attempt was made to determine the
reactivity ratios of the MS-AP system but the
copolymer separation at low conversions failed, so
they were calculated theoretically as shown below.

The MS (2)-AP (3) system was assumed to
copolymerize according to the Mayo-Lewis
terminal model [4] and by means of the "Q-e"
parameters the reactivity ratios were calculated.
"Q" is a parameter characteristic of each monomer
or corresponding radical depending on the
electronic effects of resonance stabilization and "e"
depends on the polarity of the same chemical
species.

From the system AN-AP the Q 3 and e 3
parameters of AP were calculated by means of the
Alfrey-Price relations [4]:

e3 e1± In (r31 .r 13)

	

( 1 )

Q3 = Q3 exp [e l(e l - e3)]

	

(2)

where rl3 and r3l have the values mentioned in [1]
and Q = 0 .6 and el = 1 .2 [4].

The values Q3 = 1 .74 and e 3 = 2.42 were
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(3)

The terpolymerizations were carried out in
order to check the validity of the values of the
reactivity ratios.

EXPERIMENTAL

In order to obtain the information required,
terpolymerizations of substrata of various
compositions leading to acrylic copolymers were
performed . The compositions of the substrata
given in Table 1 were chosen.

The terpolymerizations were attempted in
aqueous medium by initiating with K2S 2O8 +

Na2S2O5 at 60°C but due to the emulsifying
properties of AP in runs 2-4, the products could
not be separated . For this reason runs 1-4 were
again performed by mass terpolymerization with
AIBN as an initiator at 65°C when the products
could be separated at low conversions . In the case
of experiment 1 the reaction products could also
he separated and purified at low conversions in
aqueous medium.

Experiment 5, with the same substratum as
experiment 1 was carried out in aqueous medium
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Table 1 . Compositions of substrata and of terpolymers

Experiment

	

1

	

2

	

3

	

4

	

5

Substratum composition, % weight

AN (1)

	

90
MS (2)

	

5
AP (3)

	

5

Conversion, % weight

	

3 .41

80

	

80

	

80

	

90
10

	

15

	

5

	

5
10

	

5

	

15

	

5

4.62

	

5.11

	

3 .21

	

82.50

composition of terpolymers determined experunentally

AN %mol

	

76.84
MS %mo]

	

22.76
AP %mol

	

0.39

	

65 .62

	

58.92

	

82.11

	

96.43

	

33 .27

	

40.51

	

1634

	

3 .40

	

1 .11

	

0.57

	

1 .54

	

0.17

Nitrogen, % weight

	

13.21

	

8 .12

	

8.21

	

11 .76

	

24.11

composition of terpolymers calculated by means of equation (4)

AN %mol

	

76.67
MS %mol

	

22.94
AP %mol

	

0 .37

	

65 .71

	

58.56

	

81 .40

	

97.04

	

33 .11

	

48.80

	

17.65

	

2.91

	

1 .17

	

0.73

	

1 .54

	

0.05

Nitrogen, % weight

	

13 .32

	

8.03

	

8.11

	

11 .85

	

24.03

at 60 °C, with the K25205 + Na 2S2O 5 system as an
initiator at pH = 2.5.

In all experiments the reaction products
were obtained as white, amorphous powders
showing the properties characteristic of acrylic
copolymers.

The reaction products were analyzed by IR
and NMR spectral measurements, using an IR
instrument type UR-20 and an NMR instrument
type JEHOL-60.

RESULTS AND DISCUSSION

The IR and NMR spectra (Figures 1, 2) show the
absorptions andsignals, respectively, characteristic
of the functional groups in the three monomers

which indicate the reaction products to be
terpolymers.

The NMR spectra also permitted the
determination of the quantitative composition of
the products by using the integrals of the protons
of the B, D, E type (Figure 2).

The results of the quantitative nitrogen

Flg .1 . 1R spectrum of terpolymiera 4.
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Flg.2, NMR spectrum of terpolymers 5

determinations are listed in Table 1.
The fact being known that the three

monomers copolymerize between one another
according to the mechanism of the terminal model,
their terpolymerixation was assumed to proceed
according to the equations of the Alfrey - Gold -
fmger ternary terminal model [4):

	

mr : m2: m3 = M1	
Mr • +

M2 + M3 M 1 +

	

rsl r2l

	

r21r32

	

r31 r32

M2 M3

	

r12

	

r13
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M, + M2

r31

	

r32

m l + m2 + m3 = 1,

where M 1 , M 2, M 3 denote the molar fractions of
the termonomers in substratum ; mr, m 2 , m 3 - the
molar fractions of the same termonomers in
terpolymers ; r ii - reactivity ratios of the values
previously mentioned.

By means of the equations (4) the
compositions of the terpolymers were calculated
for the conversions . As it can be noticed between
the calculated and experimentally found
compositions of the terpolymers, the reaction of
the three monomers leads to terpolymers according
to the Alfrey - Goldfinger terminal model . In order
to check this conclusion experiment 5 was carried
out.

(4)

M3 M3 +

M2 M1 + M2 + M3 M2 +

	

r 12r 31

	

r12r32

	

r32r13
Mr +M3 :

r21

	

r32

M3 Mt + M2 +

	

r 13r21

	

r32r12

	

r13r32
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Fig.3 . Influence of conversion of the reaction on nature

and composition of products in experiment 5.

In this case, the composition of "terpolymers" was
calculated in steps of 5% conversion (by weight) by
means of equations (4) and the Mayo - Lewis
equation . A fairly good agreement between the
experimental and calculated data was also found
which supports the above conclusion.

The influence of conversion on the
cumulative composition of the "terpolymers"

(Figure 3) can be appreciated from experiment 5
by the calculation of product composition by means
of the equation set (4) in steps of 5% conversion
(by weight). The fact can be noticed that from the
conversion of 18% the MS in substratum begins to
deplete due to its reactivity so that the process will
develop further by the copolymerization of AN
with AP. This finding led to the use of the Mayo -
Lewis equation for calculating the copolymer
composition:

I13 xz + x
r31 +x

where n = m' and x = M IIM3.m3

It can be observed that the so - called
"terpolymer" is in this case an homogeneous
mixture of terpolymers and copolymers . Under
these conditions, the material balance referring
only to the monomers for the copolymerization
reactor is of the form shown in Figure 4.

Hence, the "terpolymer" consists of about
22% terpolymer and 78% copolymer AN-AP (by
weight).

CONCLUSIONS

Thestudy on the terpolymerization of the AN +

ti = (5)

AN =10.82g AN =64 .24 g
MS= 5 .60g AP= 0.26g
AP. = 2 .17 9

Figurs .4. Balance of monomers in the copolymerization equipment.
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MS + AP system led to the following conclusions:
The reaction AN + MS + AP results in the

formation of terpolymers . The terpolymerization
proceeds according to the mechanism of the Alfrey
- Goldfinger terminal model

The reactivity ratios of the system MS + AP
were calculated and checked, being of the values:
r l = 0 .0052 and r 2 = 0 .0002 . At rather low
conversions, depending on the initial concentration
of MS, it reacts completely due to its reactivity.

A terpolymerization of high conversion
results in an homogeneous mixture of terpolymers
(AN + MS + AP) and copolymers (AN +
AP)whose content depends on the MS
concentration in the initial mixture of the
termonomers. The composition of the terpolymers
as well as that of the copolymers formed is little
affected by conversion while the cumulative
composition of the products depends on it-
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