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Summary

Polyisoprene (Pl) was pre-polynsed by using benzyl diethyldithiocarbamate
(BDC) as an iniferter. The obtained Pl was subsequently used to react with methyl
methacrylate NIMA) in order to investigte whether the relevant blockopolymers
can be achieved. Results frott-NMR and GPC reveal that the PMMA block
copolymers were formed. This suggests that polyzagon of i®prene through the
use of BDC proceeded via a (pdog "living" mechanism.

Introduction

The living polymerization is basically a polymerization mechanism in which
propagiting chains are free from termaitions and/or chain transfer reactions. As a
result, block copolymers and/or a homopolymer with a very low polydispersity (~1)
can be obtained.Conventiomlly, this living mechanism was achieved by using
anionic polymerizatin, cationic polymerization andgroup transfer polymeration.
However, these techniques tend to be limitted in thedustial applications due to
vigorous and dmanding reaction anditions. Therefore, newer (and also easier to
perform) syntletic routes to prepare block copolymers have been interested. These
include a living radical polymerizatiorhfough the use of iniferters. Otsu et al. (1-3)
claimed that polymerizations of styrene and (meth)acrylate, using tetraethyl
thiuramdisulfide (TD) and/or benzyl diethyldithiocarbamate (BDC) as iniferters,
proceeded via the living mechanism. This waspp®rted by otaining PSPMMA
block copolymers. However, polydispgiss of synthesized polymers were
considerably high (~ 1.7-4). This is due to thectf that a bimolecular termination is
not totally prevented. Thel@e, this technique is considered to be a non-truly living
mechanism. Nevertheles$or some aplcations where the level of polydispersity is
not crucial, it is ggoodtechnique that can be used to prepare block copolymers (4).

This research concerns the controlled polymerization opréne through the
use of an iniferter. Our early work (5) had shown that isoprene can be palgcday
using BDC as an iniferter. The synthesized polyiene (Pl) wasmainly in the 1,4-
isomeric structure with the glass transition temperature very close to that of the trans-
1, 4 polyisoprene (-50 °C).

In this paper, polymerization of methyl methacrylatdMA) through the use
of the synthesized polygrene is reported. Thaim of this work is to investigate
whether the polyisoprene can serve asnacro-iniferter,leading to theformation of
PI-PMMA block mpolymers.
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Experimental

Isoprene (purum grade from Fluka) anehethyl methacrylate (commercial
grade from &m Fine ChemicalCo. Ltd.) were purified by an ordinarynethod (6)
prior to utilizaton. Toluene (anatical grade from JT-Baker) and methanol
(commercial gradefrom Sam Beta ®Goup Company Ltd) were used a®ceived.
Benzyl N,N-diethyldithiocarbamate (BDC) iniferter was synthesizemin the eaction
between benzyl chloride and sodium diethyl dithiocarbamate in absolute ethanol at
room temperature, in aocdance with Otsu'smethod (1). After the eaction had
completed, mixture was extracteilom a mixture of dichlormethane and distilled
water (1:1) three times. Aorganic phase was bected and then dried withnaydrous
sodium carboate overnight. Finally, solvent was removed.

The first step for preparing MMMA block opolymer is a
homopolymeization of ioprene. Benzyl igthyldithiocarbamate(10.56 X 10 mol/L)
was reacted with aprene (2.8 miéL) under UV radhation for 44 hrs. The polymezed
polyisoprene was then clzaterized by the Gel PermeatioBhromatography (GPC)
technique. Measured values of number average molecular weight), (Meight
average molecular weight (Mw), and the polydispersity of the syntheized quuigrse
were found to be 7545, 19500, and 2.6, eespely. The polyisprene was then
further used as anacro-iniferter for the block copolymeation. The macro-iniferter
was used at two levels, i.e., 5.0 x°18nd 9.94 x 10 mole (number of moles were
calculated based on Mn of thd).PThe macro-iniferter was added tceaction flasks.
Each of which contains 20 n{4.7 md/L) solution of MMA in toluene. Later, oxygen
was removed from the mixture by nitrogen purging. Thaction tube was then sealed
and exposed to ultravigt radiaton, using a BRhps HPA-400 UV lamp, from a
distance of 30 cm, at an ambient temperatyBd °C). After performing the
polymerizationfor 5 hours, the product was lated by precipitation in a large amout
of methanol. Finally, theroduct was dried.

The percentage yield of blockopolymer was dtermined by weighing the dried
polymer. The molecular weight and polydispersity of both the pmpyene and the
block copolymers was edermined by Gel Permeatio@hramatography (GPC) using a
Waters 150 CV apparatus equipped with the Styragel Mixed B columns and two
detectors, i.e., a refractive index detector and a viscometer. The molecular weight
resolving range of the columns ranges from 5 %X tt01 X 10. Polystyrene standards
were used in order to geme a universal calibrationuose. Tetrehydrofuran (THF)
was used as an eluent at an 1 ml/min flow rate, at 30 °C. Prior to the GPC analysis,
poly(methyl methacrylate) and polgisrene residues were removed from the block
copolymer by dissolving the product mcetonitrile and cyclohexane, respectively. This
was to ensure that the averaged molecular weight and polydispersity obtainedhe
GPC analysis was accurate. 'A-NMR spectrum were recorded by a Bruker (Advance
DPX 400) sgctrometer operating a400 MHz. The polymer solution was prepared by
dissolving ca. 50 mg polymer in about 3 ml. of deatied chbroform (CDCI).

Results and discussion

Figure 1 shows dH-NMR spectrum of the synthesizegroduct. A snall peak
at 5.13 ppm corresponding to the proton at C=C in 1,4-polyisoprene can be observed.
In addition, a peak at 3.59 corresponding to the proton at Qi€HPMMA is also
clearly seen. Howevemroton peaks range between 1.5 and 2.5 ppm cannot be used to



329

differentiate PMMA from PI due to an overlap between the proton peaks of &tdl
CH, in the polyisoprene and the proton peak of ®HPMMA.

CIIHs CH,
—{H.C—He=C—CH)}—{ H,c— c::+
W COOCH,

2

(2)

(1)

Fig. 1. '"H-NMR spectrum of PI-PMMA block copolymer

The 'H-NMR spectrum can also be used to determine the composition
between Pl and PMMA in theroduct. This was done by comparing the proton peak
in Pl (HRC=CRH) to the proton peak iPMMA (OCH,. The composition of the
product was evahted hrough the integtions of the two peaks. Percentages of PI
and PMMA werecalculated as follows:

% Pl =[(A)/ (A + B/3)] x 100
%PMMA = [ (B/3) /(A+ B/3)] x 100
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Where A is the area under the peak at 5.13 ppm and B is the area under the
peak at 3.6 ppm. From thealculaton, it was found that that percentage of isoprene in
the product is 18.6%. The ethil of the 'H-NMR spectrum indicates that the
synthesizedproduct is some kind of a mixture between Pl &MdMA. It is, however,
still ambiguous whether the mixture amctually block opolymers or PI blended with
PMMA. In order to clarify this, a control experiment in which th&MA was
irradiated in the absence of the Pl mmamiferter has to be considered. It can be seen
from the Table 1 thaMMA can undergo a self-polymeration. This is evidenced by
a considerably high yield7.5 %) of PMMA. However, the ield is lower than that of
PMMA polymeiized in the presence of Pl mradniferter, i.e., ~ 32.6 and 58.3 %.
This result indicates that blockopolymerzation of MMA with Pl macro-iniferter is
possible. Nevertheless, the producttabtied was notpure but cotains some (self-
polymerized) PMMA.

Table 1 . Synthesis of PI (macro-iniferter) and PI-PMMA block copolymers.

Polymerizations Yield Mn Mw PDI
() | (g/mol) | (g/mol)
Isoprene (0.1 mol) + BDC (3.2 x10%mol) | 247 | 7545 | 19500 | 2.6
MMA (0.1 mol) + PI (5.0 x10™ mol) 326 | 55897 | 96810 | 1.7
MMA (0.1 mol) + PI (9.9 x10™ mol) 583 | 51392 | 95217 | 1.8
Control experiment (MMA (0.1 mol) 7.5 180199 | 434032 | 2.4
without macro iniferter)

The crude products were purified, prior to the GPC analysis, by dissolving in
the suitable selective solvents (acetonitrile and cyclohexanerdar to remove some
contaminants (homopolymers). Table 1 shows haoular weights and polydispersity
of products otained from the eactions of MMA with pre-polymeized polyi®prene.
Two levels of Pl were used for a comparison. It was found that the more the Pl used
the more the productigld obtained at the expense of the molecular weight of the
products. This trend is not uneeqied since the iniferter can aldoinction as an
initiator. Therefore, change in the polynzation rate and/or molecular weight with
respect to the initiator concentration could be similar to thah a nomal free radical
polymerization (7). However, a considation of GPC traces of the two synthesized
copolymers and that of the polyisopremeacro-iniferter (Figure 2) suggests that the
psuedo "living" mechanism hagroceeded as shown by obtaining GPC traces of the
copolymers at aelatively low retention time.
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Fig.2. Overlaid GPC traces of polyisoprene macro-iniferter (a) and the two
corresponding PI-PMMA block copolymers (b) and (c) .

Molecular weight of the polyagprene increased after an &dth of MMA.
This indicats that thepropagting chains of Pl remain active. In additj the GPC
traces werefound to be monomodal (singleate) and not bimodal as might be
expectedfor a mixture of two polymers. It should be noted from the Table 1 that the
molecular weight (Mw) ofPMMA block is dout 5 times larger than that of the PI
block (95217/19500 and/or 96810/19500). Therefore, a single GRBCe tmay be
unlikely if the product was a blend of Pl aRMMA. Furthermore, the distribution
curves of the two block copolymers are narrower than that of the PI. This can be
interpreted that the polydispersity of tipeoducts are lowered (see also Table 1). This
phenomenon is unlikely iPMMA obtaining from a self-polymearation of MMA was
a majority of the product.

Finally, it worth mentioning that the possibility in obtaining HFNHVA
random copolymer from theeaction between Pl macroiniferter atndMA is unlikely.
This is due to the fact that theomene andMMA were appied to the reaction
sequentially and not conoently. In addion, the olained Pl waspurified prior to the
block copolymeration in the semnd step. Therefore, isoprene residue was removed.
Nevertheless, a Differential Scanning Calorimetry (DSC) and/or Transmission
Electon Microscopy (TEM) may be used to diffeterte between block- and mdom
copolymer. Atempt in examining mio-phase sepation in the block copolymers has
yet to be determined. Furtherudy is strongly exgcted for clarifying this in the
future.
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Conclusion

On a basis of the results frothi-NMR, GPC and a control experiment, it can
be concluded that PI-PMMA block opolymers were prepared. This suggested that
polyisoprene, pre-polymeed with BDC, can serve as a macroiniferter.
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