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SUMMARY

The polymerization of methyl methacrylate initiated

by a system consisting of invertase, ferric chloride
and water was inveatigated at room temperature. Se-
cond order, central, composite, rotatable experimental
design was used in order to perform the work.

INTRODUCTION

In some previously published papers, IMOTC et al. re-
ported the aqueous solution polymerization of methyl
methacrylate (MMA) using an initiation system consis-
ting of ®-amylase (or lysozyme) and copper(II) ion
(IMOTO et al., 1977; IMOTO et al., 1978 or of nylon
3 and copper(Il) ion (IMOTO et al., 19765. The authors
proposed a pogsible mechanism of polymerization invol-
ving the formation of chelate bondg between the
copper(II) ion, the monomer, water molecule and the e-
lectron-donating oxygen atoms in the protein (polyami-
de) chain. These unconventional polymerizatjions were
performed at elevated temperatures (60 - 807C) and
were proved to be of radical nature,.

The pregsent paper is concerned with the unconventional
polymerization of methyl methacrylate in aqueous solu-
tion, in presence of invertase and ferric chloride,
carried out at room temperature; the atudy was per-
formed by using second order, central, composite, ro-
tatable experimental design.

EXPERIMENTAL

Materials and polymerization procedure

Invertase (f-D-fructofuranoside:fructohydrolase; E.C.
3.2.1.26) was a commercial product prepared by Serva,
ca. 3U/mg (one unit cata%yzes the hydrolysis of 1 mole
sucrose per minute at 55°C, pH 4.5). MMA was purified
by usual methods. Highly pure commercial ferric chlo-
ride was used without further purification.

MMA and the reagents were placed in long reaction am-
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poules (6 ml monomer and 18 ml agueous solution of
invertase and ferric chloride), connected to a high
vacuugzline, frozen in liquid nitrogen, evacuated twice
at 10 Torr and sealed. The enzyme dissolved only in
water. The ampoules were ghaken at room temperature
(mild shaking, 6 shakings/7 sec. every 15 min.). After
reaction the contents of the ampoules were poured in
large amounts of methanol to precipitate the polymer.
After filtration the products were kept in hot water
for seven hourg, to remove the enzyme, dried in vacuo,
and weighed. No grafting of invertase with MMA was ob-
served,

Molecular weight determination

The number-average degree of polymerization was deter-
mige? by using the WELCH's (1962) equation (benzene,
0°C):

log Pn = 3.346 + 1.32 log(]
Experimental design

To carry out the work, the gsecond order, central, com-
posite, rotatable experimental design was used (COCH-

RAN and COX, 1968). The advantages of this method are

the following ones:

- the number of experiments is reduced, a fact which
results in the reduction of the amounts of materisals,
energy and time gpent, go that the experimental part
of the work is done in optimum conditions,

- the regression equation obtained by data processing
ig defined on the whole experimental field, and

- the complexity of calculation of regression coeffi-
cients is reduced due to the orthogonality of many in-
dependent variables vectors.

Actual independent variables were transformed according
to the following formula:

where
Xy - encoded variable, dimensionless
x,i - actual variable

X, c central value for "i“ variable
A§i - factorial interval for "i" variable.

Variable transformation is given in Table 1, and experi-
mental conditions are listed in Table 2.

Data processging

The experimental results were processed by using multi-
ple regregssion method in order to obtain response sur-
faces in the form

Y = a, + la;x; + Zaijxixj i<y (2)
where a. and aij are the regression coefficients for
the proberty Y.“To perform the calculus, standard sub-
routines, which compute regression coefficients from
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TABLE 1
Tranaformation of variables

Coded values
lactual values ~1.682 -1 . 0 1 1.682
Polymerization
period (h) 1.00 7.082 16 24.91 31.00
FeCl, content (g) 0.0001 0.002 0.005 0.0079 0.0}
Inveftase cont. (g) 0.01 0.41 1.00 1.59  2.00
TABLE 2
Experimental design and experimental results
Experimental design Experimental results
Xy x5, x4 Conversion (%) n
1 -1 -1 ~1 2.760 726,380
2 1 -1 -1 8.515 2,686,200
3|=1 1 -1 4.433 182,413
4 1 1 -1 4.950 3,680,545
5 |~-1 -1 1 0.254 649,603
6 1 -1 1 3.250 3,528,689
T1=1 1 1 16.660 476,550
8 1 1 1 63.045 1,714,800
9 1.682 0 0 27.610 3,352,848
10 | -1.682 O 0 0.353 1,140,210
11 0 1.682 © 17.550 1,812,300
12 0 -1.682 0 0.085 98,015
13 0 0 1.682 37.157 653,750
14 0 o] -1.682 0.014 389,011
15 o 0 0 29,183 431,223
16 0 0 0 34.600 895, 357
17 0] 0 0 26.740 561,162
18 0 0] 0 43.480 331,903
19 0 0 0 40.081 471,807
20 0 0 0 37.720 503,415
21 0 0 0 36.511 569,100 |

Xy = polymerization period (in coded values)
x5 - FeCl, content (in coded values)
x3 - Inve;tase content (in coded values)

equation (2), together with the gtatistics neceassary to
test their gignificance and the regression gignifi-
cance were used.

The obtained reaponse gurfaces were studied to give

the influence of reaction parameters (polymerization
duration, ferric chloride content and enzyme content)
on the room temperature aqueous solution polymeriza-
tion of MMA.



202

40 - e
N3
or \1 Figure 1.
L 2 Variation of con-
< vergion versusg
<20 1~ conv.= flx) polymerization
2 2-conv. = fix,) period, FeCl. con-
§ 3-conv = fx.) tent and invértase
5 3 content.
"
1 J
-15 0 . 15
{
40r
L 1
1- Mn=flx,) / Figure 2.
30F  2-Mn=fi) / Variation of mole~

cular weight ver-
sus polymerization
period, FeCl., con~
tent and invértase
content.

B—anﬂxﬁ ‘/

Min-1070

RESULTS AND DISCUSSION

To understand the influence of the studied parameters
on the progress of the polymerization process, Figures
1 and 2 present the variation of one characteristic
(conversion and molecular weight, respectively) versus
a parameter, all the others being taken at values cor-
responding to the center of the experimental field.
The shape of all these curves suggests the exigtence
of extreme values of conversion and molecular weight
in the experimental field studied. To clarify this ob-
servation, the curves of constant properties were plot-
ted in the experimental field of two parameters (xl,
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Figure 3.
Variation of conver-
gion in the field of
pol¥merization period
and ferric chlo-
rlae content (x2) for
a - X3- "l
b -~ 0

c -~ 1
bei&g invertaage
cgntent Extrema co-
ordinates:

a - xy= 0,102
Xa=-0.102
ebnv. 21.58%

b - x,= 0.627
cbnv. 41.28%

C - Xy= 1.151
xs= 1,164
cbnv. 57.15%

the third one

bging taken at three
different values (see
Table 1) (Figure 3 and
Pigure 4).
The ghape of the curves
showing the variation
of conversion, as well
ag of those ghowing the
variation of the mole-
cular weight in the
experimental field of

and x, confirm the
e}istencg of extreme
values of both conver-
sion and molecular
weight. Extreme coor-
dinates were found by
the derivation of the
responge surfaces and
golving the regulted
system of linear si-
multeneous equations;
the obtained values
of x , conversgion
or m%lecalar weight
are given for each dis-
tinct case,
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Figure 3 shows that
+ 2 the evolution of the
0 convergion is influen-
-15 15 ced by both x, and x,,
\/ while Figure % shows
that the main parame-
ter influencing the
molecular weight evo-
lution is x,.
The slight Aecrease of
-1
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5 molecular weight valueas,
) X3=1 as indicated by the
firat parts of the curves in Figure 2 (starting from
x,=-1.5), as well as the slight decrease of conversion
v&lues, as indicated by the last parts of the curves in
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FPigure 1 (starting from x.=0) could be due to & reg-
regsion error arising frof different experimental er-
rors in different points. This hypothesis is confirmed
by the extrema coordinates of the molecular weight
(Figure 4, a; B calculated has a negative value), at
least in one cale. However, the experimental field was
correctly chosen, as proved by the exiastence of extreme
values around the center of the field. The experimen-~
tal parameters (polymerization period, ferric chloride
content, invertase content) were also well chosen, as
confirmed by the important values obtained for both
conversion and molecular weight.

CONCLUSION

By using second order, central, composite, rotatable
experimental design, the influence of polymerization
period, ferric chloride and invertase contents on the
room temperature aqueous solution polymerization of
methyl methacrylate wag studied. The optimum experi-
mental conditions were egstablished; the mentioned poly-
merization process yields high molecular weight poly-
mers, the conversion reaching more than 50% in gsome
cages. Congidering that the monomer does not polymerize
in water, at room temperature, it clearly appears that
the polymerization procegs is initiated by the presence
of ferric chloride -~ invertase system.

Regearch in progress will be published in the future.
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