This article was downloaded by:

On: 24 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Macromolecular Science, Part A
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597274

Polymerization of Methyl Methacrylate by Charge-Transfer Mechanism

with Amines and Carbon Tetrachloride
N. N. Dass* A. K. Gogoi®
* Department of Chemistry, Dibrugarh University, Dibrugarh, Assam, India

To cite this Article Dass, N. N. and Gogoi, A. K.(1983) Polymerization of Methyl Methacrylate by Charge-Transfer
Mechanism with Amines and Carbon Tetrachloride', Journal of Macromolecular Science, Part A, 20: 8, 807 — 821

To link to this Article: DOI: 10.1080/00222338308061400
URL: http://dx.doi.org/10.1080/00222338308061400

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww.informworld.confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi |l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713597274
http://dx.doi.org/10.1080/00222338308061400
http://www.informaworld.com/terms-and-conditions-of-access.pdf

19:51 24 January 2011

Downl oaded At:

J. MACROMOL. SCL-CHEM., A20(8), pp. 807-821 (1983)

Polymerization of Methyl Methacrylate by
Charge-Transfer Mechanism with Amines
and Carbon Tetrachloride
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ABSTRACT

The charge-transfer complex formed between an amine and carbon

tetrachloride can initiate the polymerization of vinyl monomers in

a nonaqueous solvent such as dimethylsulfoxide, Here we use cyclo-

pentylamine (CPA) and heptylamine (HA) as the donor compounds

for charge-transfer initiation of the polymerization of methxvl meth-

acrylate (MMA). The rate of polymerization Rp = k[MMA)] amme]
0,5 . .

[CCl,] " when [CCl,]/[amine] = 1; when [cCl,]/[amine] > 1, Rp

becomes independent of {CCl,] and R = k[MMA] '+® [amine] °*®. The

average constant at 60°C for the polymerxzatlon of MMA in terms of

monomer were (1.66 + 0.03) X 10~% and (1.46 + 0.04) X 10”5 g~! with
CPA and HA, respectively, when [CCl,] /amine] = 1, and (1. 16 + 0,04)

X 107° and (1.39 + 0.08) X 10™° L/mol s when [CCl,] /[amine] > 1.
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INTRODUCTION

It is well known that the charge-transfer complex formed between a
compound containing a donor atom and an acceptor like 802 can initiate

the polymerization of vinyl monomers [1-3]. Maleic anhydride can
initiate the charge-transfer polymerization of styrene in the presence

of such solvent as ethylbenzene, cymene, and p-cymene [4]. It has been
reported that vinyl monomers can be initiated by n-butylamine [5], iso-
propylamine [6], 2,4-dinitrophenyl hydrazine [7], sodium cyanide [8],
urea [9], melamine [10] etc. in the presence of carbon tetrachloride by
a charge-transfer mechanism. Such a charge-transfer polymerization
can be accelerated by Lewis acids. Here we report the polymerization
of MMA initiated by cyclopentylamine (CPA) and heptylamine (HA) with
carbon tetrachloride in DMSO at 60°C. It was suggested by Latenber-
ger et al. [11] that the polymerization was due to a charge-transfer com-
plex formed between the electron donor compound and CCl 4 Vofsi et al.

[12] suggested that the polymerization was due to the charge-transfer

complex formed between the electron donor compound and the monomer.
Evidently both mechanisms could operate [5, 6]. So the polymerization
was done with CPA and HA in the presence of CCl 4 to check the validity

of the rate laws and mechanism already proposed.

EXPERIMENTAL
Materials
MMA [13], DMSO [14}, and CCl4 [1] were purified by published
methods. Cyclopentylamine (Fluka) and heptylamine (Fluka AG) were

distilled under reduced pressure before use.

Polymerization

The experiments were done in a three-limbed vessel, The first limb
was filled with MMA in DMSO and the second with amine and CCl 4 in

DMSO. The vessel was completely evacuated [15], and then the con-
tents of the two limbs were thoroughly mixed and transferred to the third
limb, the dilatometer. The gealed dilatometer was then immediately in-
troduced into a thermostat at 60 + 0.01°C. The reaction was followed
dilatometrically. The molecular weights were determined viscometric-
ally using the relationship [16]

_ Y -5 7= 0.8
[1]= K XM~ =4.35 X 10 M
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RESULTS AND DISCUSSION

MMA can be polymerized even below 30°C by CPA and HA in the
presence of CCl4 in DMSO, DMF, or CHCls. No polymerization takes

place if amine or CC14 is missing from the system. The rate of
polymerization, Rp, of MMA increased with an increase of [CCI 4] and
becomes independent of [CCl,] when [CCI ] /[amine] > 1. The plot of
Rp vs [CCl,] is shown in Fig. 1. When [CCl,) /[amine] = 1, the rate of

polymerization of MMA was first order with respect to [MMA]. A
typical plot for CPA and HA with a fixed amount of CCl4 is shown in

N A N a
L L~ L2
o- Q b
4
°
E
I
=
X
a
@
2,0 3.0
[CCI4] {mol/L)

FIG. 1. Plot of Rp vs [carbon tetrachloride] at 60°C. (a) MMA;
cyclopentylamine and CCl 4 System, (b)MMA; heptylamine and CCl 4
system. [MMA] = 1.80 mol/L, [CPA] = 0.99 mol/L, [HA] = 0.59 mol/L.
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FIG. 2. Plot of log a/(a - x) vs time in minutes at 60°C, where "a"
is the initial concentration of MMA and "X" is the concentration of MMA
that disappeared with time, {a) MMA, CPA, and CCl4 system. (b) MMA,

HA, and CCl, system. [CPA] = 0.99 mol/L, [CCl,] = 0.98 mol/L, [HA]} =
1.13 mol/L.

al

Fig. 2. The data for these plots are given in Tables 1 and 2. When
[CC1,] /[amine] < 1, the rate was proportional to [amine] °*® (Fig. 3)

and [CCI4] °% (Fig. 4).

The order of reaction with respect to monomer was 1,40 when CPA
was used as the donor and 1.46 when HA was used as the donor for
[CC1 4) /[amine] > 1. The order of reaction with respect to amine was

0.5 for both systems. The relationship of Rp with MMA for a fixed com-
position of amine and CCl 4 is depicted in Fig. 5. Under these conditions
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FIG. 3. Plot of Rp vs [amine]'/? at 60°C. (a) MMA, CPA, and CCl 4

system. (b) MMA, HA, and CCl, system. [MMA] = 1.80 mol/L, [CCl4]
= 0.98 mol/L.

the mean rate constant is (1.16 + 0.04) X 10~° L/mol- s for the CPA
and (1.39 £ 0.08) X 10™° L/mol"* s for the HA systems, respectively.
The linear plot of Rp vs [amine] °"® intercepted the axis of [amine] °**®

at 0.36 mol/L for the CPA gystem and at 0.12 mol/L for the HA system,
which were the limiting values for the concentration of amines, CPA,
and HA for the formation of the associated complex with DMSO [17].
Thus the amines up to these limits were not free to initiate the polym-
erization of MMA, Above this concentration the free amine was avail-
able for the formation of a charge-transfer complex with MMA and

CC1 4 and so the initiation of polymerization was possible above 0.36

mol/L of CPA and 0.12 mol/L of HA (Tables 3 and 4).

Ag the reactions are inhibited by oxygen and hydroquinone, a radical
mechanism is suggested. The radicals must be generated by decomposi-
tion of the charge-transfer complexes.

The mechanism for the initiation of MMA by the charge-transfer com-
plex formed by the interaction of amine and CC1 4 28 well as of amine

and vinyl monomer, is not very certain [18]. According to Vofsi et al.
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FIG. 4. Plotof R vs [carbon tetrachloride] ¥’* at 60°C. (a) MMA,
CPA, and CCl, system. (b) MMA, HA, and CCl, system. [MMA] = 1.80
mol/L, [CPA] = 0.99 mol/L, [HA] = 0.59 mol/L.

[12], the charge-transfer complex I formed between amine as the donor
and vinyl monomer as the acceptor in the presence of CCl 4 initiates the
polymerization:

k1
RNH2 + M 1
k-1
k2 .+ _
I+ CCl4—— R1 + RNH2C1 (1)

where M = MMA
R = C5H.11 and C,7H15
R1 = MCCl3

I = charge-transfer complex
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FIG. 5. Relationship between log Rp and log [MMA] at 60°C. (a)
MMA, CPA, and CCl4 system, (b) MMA, HA, and CCl4 gsystem. (a)
[CPA] = 0.59 mol/L, [CCl,] = 0.98 mol/L. (b) [HA] = 0.56 mol/L,
[cCl,] = 1.25 mol/L.

According to Latenberger et al. [11], charge-transfer complex (II),
formed between amine and CCl,, produces the radical CC13.

kg

k_3

RNH,_ + CCl4

9 II

o+M

.+
R, + RNH,CI (2)

where M = MMA
R = C5H11 and C,7H1

Rl' = MCCl3

II = charge-transfer complex

5
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It is presumed that both mechanisms are possible [5, 6]. If [A]0 is

the concentration of added amine and [A], is the concentration of unre-

t
acted free amine, at equilibrium the concentration of the amine reacted
would be [A0 - A{]. For Mechanism (1):

de'
? = k2[I] [CC14] = kz[A0 - At] [CC14]
Again
d[A0 - At]
" = kl[Ao] M] = k-l[Ao - At] - kZ[Ao - At] [CC14] =0
k. [A
a - A - [[A,1M]
k_1 + kz[CC14]
ke, [A ] [M]

k_1 + kz[CC14]

For Mechanism (2):

de'
— =k, [ [M] =k

A, - A M]
dt

4[0

The charge-transfer Complex II can be detected by UV spectroscopy
[11]. The charge-transfer Complexes I and II could not be detected in
the polymerization system. Apparently the complex became too reactive
to be detected in the presence of monomer, and this justified the applica-
tion of the steady-state principle.

Again,
d[A_ - A
‘;t = koA 1[CCL,] - k_[A - A] - k(A - A][M] =0
k,[A ][CCLy]
4 -At]:k Ok[M]
-3+ %q
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k. [A _][CCl
(1) :M (4)

k_g+ k,y[M]

If a fraction a of the reacted amine is used for the formation of I and
the fraction (1 - @) for II, then the rate of initiation Ri will be

. dR;' ok k,[A ][M][CCL,)  (1- a)kgk,[A ][M][CCL,] 5
.= = +
Yoat k_; +ky[CCl,] k_g + ky[M]

Assuming bimolecular termination

172

1 [akky[A 1[M][CCl]  (1- a)kgk,[A ][M][CCL,} ] "
= +
ook k_y + k,[CCL,] k_g+ k,[M] (6)

The overall rate of polymerization, Rp’ can be expressed by

R =k, [M][R,]
ok k,[A ][M][CCL,] (1 - a)kgk,[A ][M][CCl,]T] **

[M] (M

- p M

Y
kt k_1 + 2[CC14] k_3 + k4

When the concentration of CCl 4 is less than that of the amine, i.e.,
[CC14]/[AO] = 1, Mechanism (2) predominates. Under that condition,
a=0, and Rp may be written as

k Mij[ccr] | V®

S N

P = 1/2
kt k_3+ k

(8)

4M]

If ky[M]>> k_,, then

k k172
_.p3 1.0 0.5 0.6
Rp = 2 [M] [AO] [CC14] (9)
t

The relation between Rp and [CC1 4] as shown by Eq. (9) is in good

agreement with the experimental results (Figs. 2, 3, and 4). When
[ccl 4] /[amine] exceeds unity, Mechanism (1) predominates. Under

this condition, @ = 1 and the rate may be expressed as [6]
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k k. k.[A_[[M][CC1 /2
L LU R LGN o

P 1/2
k, k_; + k,[CCl,]

If k,[CCL,] > k_j,

kk1
R =L [M]*7?[A

172
p ktuz 0] (11)

Experimentally, Rp varies as [M] '**° for the CPA system and as [M] *"*®

0.5

for the HA system as shown in Fig. 5 (a,b) and Rp varies as [Ao] for

both the systems as shown in Fig. 3(a,b).

As some of the monomer ig used up in the initiation and termination
steps, the order is slightly less than the theoretical value. For other
conditions, Eq. (7) is applicable where kt is the termination rate con-
stant.

Since the polymerization is initiated by free radicals produced from
the charge transfer complex, Eq. (12) should be valid (data in Tables 5
and 6):

[d[M]J [kp” J :
-DP |— | =| £ |[M] (12)
dt k,

where kp and kt represent the rate constants of propagation and termin-
¢ *) are 0.134 (L/mol- s)'"* for
the CPA system and 0,109 (L/mol-s8)*’* for the HA system. Some of the

ation, respectively. The values of (kp/k

TABLE 5. Value of kp/kt” 2 Obtained for Various Polymerization
Conditions at 60°C. [CCL,] = 0.98 mol/L, [CPA] = 0.59 mol/L

10° [d[M]
MMA]_ (mol/L) DP dt k_/k,*"* (L/mol-s)'"?
[ ]0 p t

1.80 2196 2.39
2.69 3258 3.99
3.59 4042 5.69 0.134

4.48 4505 7.99
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TABLE 6. Value of kp/k 172 Obtained for Various Polymerization

t

Conditions at 60°C. [CCl,] = 1.25 mol/L, [HA] = 0.56 mol/L
d[M]

-10% | ——
[MMA] | (mol/L) DP dt kp/kt“2 (L/mol- 8)*?
1.80 1272 2.83
2.69 2015  4.46
3.59 2273  6.78 0.109
4.48 2464 9,74

typical constant values for such systems are reported to be 0.160 [1]
and 0.125 (L/mol- 8)"/? [19]. Therefore, the initiation must be by the free
radical produced by the decomposition of the charge-transfer complex.
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