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SUMMARY

Dilatometric measurements of the rate of polymifization of N,N-
dimethx}iminoethyl methacrylate (DMAEMA) gave k_/k =7.67x10 ~(mole.
sec/1) at [DMAEMA] =2.000 M in cyclohexane Be EOOC. The rate was
proportional to the first order and 0.5 order of DMAEME and AIBN con-
centrations,respectively,in cyclohexane. The initial rate of polymer-
ization varied little in organic solvents.

INTRODUCTION

Poly(N,N-dimethylaminoethyl methacrylate) (poly (DMAEMA)) is a use-
ful polymer with the tertiary amine substituent but only a few obser-
vations of the rate of polymerization have been reported. Egoyan and
co-workers measured the rate constants of propagation,k ,and bimole-
cular termination,k, ,in acetone and acetone/water mixedpsolvent at
40°C. The rate was proportional to 0.8 order and 0.5 order of the
monomer and initiator concentrations,respectively(EGOYAN et al,b1979a,
1979b) . The rate was found to be proportional to 0.48 order of 2,2'=~
azobisisobutylonitrile (AIBN) concentration in bulk (GERDVILITE, 1979)
and to 1.0 order of the monomer concentration in agqueous solution
(RUZIEV,1979).

A dilatometric study of the polymerization of DMAEMA is carried
out in a non-polar solvent, cyclohexane, at 60 C.

EXPERIMENTAL

Reagent grade DMAEME (Fluka) was distilled and chromatographed
through alumina(Woelm N,Akt.1l) before use. AIBN was recrystallized
from methanol and reagent grade solvents were dried and distilled or
chromatographed through the alumina.

The solution of the monomer and AIBN was degassed under vacuum
by the freeze-thaw method before being glaced in a glass dilatometer
whose capacity,v ,was 17.1638 cm~ at 60°C. The density of DMAEMA and
poly (DMAEMA) at 0°C wa measured by pycnometry to be 0.8982 g/cm
in neat and 1.2471 g/cm” in acetone solution,respectively. The con-
version was assumed to be proportional to the relative volume decrea-
se,(vo—v }x100/ (v -vm) in %,where v_ and v_ were the volume of the
system aE time t and infinity,resgectively. The dilatometer was
placed in an oil bath of 60.0+0.1°C and the volume contraction at the
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capillary part was followed. The polymer was not soluble in nonpolar
solvents but no fine precipitate was formed in the course of the poly-
merization presumably because of the strong solvation by the monomer
molecules. Highly swallen, homogenously dispersed colloidal solution
was formed slowly in cyclohexane and CCl4 when the conversion was less
than 20 %.

Fine powder of poly(DMAEMA) sample was obtained by freeze-drying
the benzene solution; A polymerization mixture was dropped in petro-
leum ether. Only solvated viscous precipitate was formed, which was
placed in a pouch of a semi-permeable membrane and the unreacted
monomer and initiator were extracted with acetone in a Soxhlet appar-
atus for a few days. Then the solvent was replaced with benzene in the
same apparatus by refluxing it. This benzene solution of the polymer
was freeze-dried under a high vacuum.

RESULTS AND DISCUSSION

Fig.l. Dependency of the rate of

Smoothly curving time- polymerization of DMAEMA,R ,on
conversion curve based on AIBN concentration. [DMAEMA]=
the volume contraction was 2.000 M,incyclohexane,at 60°C.
observed in all runs. The The slope of the best-fit straig-
initial part of the time- ht-line is 0.501.
conversion curves was al-
most straight~line up to
6 % conversion. As shown in
Fig.l and Fig.2, the init-
ial rate of polymerization
was proportional to 0.5
order of AIBN concentration
and the first order of the
monomer concentration in
cyclohexane. The rate in
CCl , was very closely sim-
ilar to that in cyclohexane
indicating little differen- : . .
ce in solvent effect betw- -2.5 -2.0 -1.% 1.0
een the two nonpolar solv-
ents(Fig.2). log[AIBN] in M

It is regarded that
the polymerization of DMAEMA follows the classical radical polymeriz-
ation scheme of bimolecular propagation between a growing radical and
a monomer molecule, and the bimolecular termination reactions between
the radicals:

_ . 1/2
Rp—kp(2f kd[AIBN]/kt) [DMAEMA] (1)

-2.07

-2.24

-2.4

in mole/lemin

R
P

-2.6

log

where, R is the rate of polymerization, k_, is the rate constant of
decomposgtion of the initiator and f is thé efficiency of initiation.
Good first-order plot with respect to the monomer concentration was
obtained from every rate observation in this exper%ment.

The rate of initiation,R,,in cyclohexane at 60 C at [DMAEMA]=
2.000 M was determined by thd inhibitor method with p-benzoquinone
(BQ) in Table 1 from R,=2[BQJ]/(induction period). The efficiency of
initiation, f,was calcuiated by f=Ri/(2kd[AIBN]). Average of two
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] reported values of k
measured in benzene at
60°C was employgg. Thgie
were k _=8.48x10 sec
(BROWN and VERQEN,19§9)
1 and k_=9.15x10 sec
(VAN ﬁOOK and TOBOLSKY,
1958) . The large value
of f indicates very
efficient initiation at
this DMAEMA concentrat-
ion by AIBN radical in
J cyclohexi?s. The ratio

of k _/k was calcul-
-3.0 atedPfrém Eqn.(1). The
value had been reported
to be 0.162 and 0.346
in acetone and in

Fig.2. Dependency of the rate of polymeri- acetone/water m}xed
zation of DMAEMA,R ,on the monomer concent- so%vent,respectlvely,at
ration. [AIBNI=1.580x107° M, at 60°c. 40°C at [DMAEMA]=4.25 M
(®) in cyclohexane; (O) in CCl,. (EGOYAN et at,1979%).

The slope of best-fit straight-line is Although it was suggest-
1.02. ed that the rate of

termination decreased in
agueous solvents due to
microheterogeneity of the growing radical (EGOYAN et al,1982) ,the effect
of solvent polarity and solubility on the rate of polymerization of
DMAEMA was only slight among organic solvents and no apparent effect
of microheterogeneity was observed in cyclohexane and CCl, possibly
due to the strong solvation by the monomer molecules{Table 2).

-2.04

in mole/l+min

P

log R

-0.4 o 0.4 0.8
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TABLE 1. Rate of initiation19§ p- TABLE 2. Initial rate of polymer-
benzoguinone (BQ), and k /k . ization of DMAEMA in various sol-

[DMaEMA]=2.000 M,[AIBNjgl.Esgx vents at 60°C. [[MAEMA]=2.000 M,
10 M, in cyclohexane, at 60°C [(a1BN]=1.580x10 “ M
4 . .
[Bolx10 Induction period Solvent Dielectric* R xlO3
(mole/1) (sec) const./Temp.(mgle/l-min)
1.092 786 Cyclohexane 2.02/20,C 4.760
3.276 2360 CCl4 2.24/200C 4.858
= Butan-~2-one 18.5/200C 4.079
Ri = 2.78x10 {mole/lesec) Propan-1-o0l 20.1/250C 5.245
£ o= 97396 - 1/2 Ethanol 24.3/25°C 5.277
k /kt =7.76x10 " (mole*sec/1) / DMF 4.662
P DMSO 45 5.694
*RIDDICK,J.A. and TOOPS,E.E. 1955
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