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Multi-block copolymers with well-controlled numbers of
blocks and block chain length are synthesized for the first
time using a ‘polyinitiator’.

It has very long been a dream in polymer science to synthesize
long multi-block copolymers with an ordered chain sequence
and controllable block length due to the expected special
properties..2 Although living polymerizations have been devel-
oped,3itisstill achallenge to find a method to prepare n-block
copolymers.t In theory, n-block copolymers can be prepared by
alternatively adding different types of monomer into a living
polymerization system. However, in the experiment, each
addition of new monomer will introduce impurities, resulting in
the terminations of some living sites. So until now, the greatest
number of blocksin copolymers prepared by living polymeriza-
tion method is 7.2.2 In principle, n-block copolymers can aso be
prepared by joining the narrowly distributed copolymer blocks
together. However, such areaction will practically stop as soon
as a few copolymer blocks are coupled together because the
concentration of end groupsistoo low. As aresult, the number
of blocks in the copolymers obtained is low.24 Therefore, it is
of value to find an easy and new polymerization method to
prepare n-block copolymers.

One of the earliest attempts to control molecular weight and
end functional groups of the resulting polymers is to use
disulfide compounds as photochemical iniferters as introduced
by Otsu et al.5a.b Although it can be used successfully to prepare
block polymers, their structure and molecular weight distribu-
tion cannot be controlled due to fact that the sulfur-centered
radical caninitiate polymerization.5c In our previouswork,5d we
investigated living radical polymerization using dibenzyl tri-
thiocarbonate as a photoinitiator and found that the trithiocarbo-
nate radical is stable towards monomers. Based on these results,
if we connect n photo-initiating groups by akyl groupstogether
to form a ‘polyinitiator’, n-triblock copolymers could be
prepared by using this polyinitiator to initiate the polymeriza-
tions of different kinds of monomers as shown in Scheme 1.
Under 310 nm UV irradiation, the wesk S-C bond is cleaved
into an active radical and a resonance-stabilized inactive
radical. The former can initiate polymerization of monomer,
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whereas the latter could scavenge the growing chain radical to
form a dormant chain (3), which has n trithiocarbonate groups
embedded in the long polymer chain. If we then use 3 as
polyinitiator in the copolymerization, n-triblock copolymer (4)
would be formed, which has n-triblock copolymer segments. In
this communication, we report the preparation of n-triblock
copolymers using a polyinitiator.

To test this idea, the polymerization of styrene (St) was
performed under 310 nm UV irradiation for 48 h at 18°C in the
presence of 1 (DP = 8 My/M, = 2.0 or DP = 27 M/M,, =
1.9), PSt with 8 or 27 trithiocarbonate groups embedded in the
long chain was obtained, and the results are listed in Table 1.
The GPC curve (for DP = 8) isshown in Fig. 1B and Fig. 2B
shows its 1H NMR spectrum. Comparison with the *H NMR
spectrum of 1in Fig. 2A, shows that besides the characteristic
peaks of PSt, anew peak at 6 4.7 corresponding to the methine
proton in the St unit next to trithiocarbonate function appearsin
Fig. 2B, while the peak at § 4.8 in Fig. 2A belonging to the
methine proton adjacent to trithiocarbonate group is absent,
indicating the cleavage of the C-Sbond in 1, and the formation
of anew C-Sbond between the methine group of the St unit and
a trithiocarbonate group, which indicates the successful inser-
tion of St at these trithiocarbonate sites. No cage effect was
observed since initiation efficiency is close to unity (obtained
by comparing the moles of trithiocarbonate group in the
polymer obtained with that of 1 added).
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Table 1 The results of n-triblock copolymers prepared using a ‘polyinitiator’ under UV irradiationa

After cleavage at

Long polymer chain trithiocarbonate sites
Sample M Conv. (%) Mp (X10-4)d  My/Mpd M (X10-4)d My /Myd n
3 (-SC(=S)-S-PS)° — 154 1.82 0.196 1.37 8
4a MA 131 231 171 0.326 141 71
- 4b MA 28.6 3.26 1.66 0.44 1.29 7.3
§ 3 (-SC(=5)-SPS).c — 3.69 1.86 27
® &a MA 110 5.08 171 0.153 135 32
N &b MA 232 7.30 1.76 0.292 121 25
g a Polymerization conditions: [MA]/(-S-C(=S)-S-PSt—),, = 0.509/0.10g; THF: 1.0 mL; Temp: 18 °C. ? (-S-C(=S)-S-PSt-),, prepared by the polymerization
= of St (1.0 g) under 310 nm UV irradiation in the presence of polytrithiocarbonate (50.0 mg) with DP = 8 for 48 h at 18 °C. ¢ Asfor footnote b but with DP
? = 27. d Measured on a Waters 150C gel permeation chromatograph (GPC) equipped with 103, 104 and 105 A columns, narrow polydispersity polystyrene
o samples as standards, THF as eluent at a flow rate of 1.0 mL min—1,
a
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For preparing the n-triblock copolymer ([PMA-b-PSt-b-
PMA],), 3 was used in the polymerization of MA under UV
irradiation at 18 °C, and theresultsarelisted in Table 1. The *H
NMR spectrum and GPC curve of the n-triblock copolymer,
[PMA-b-PSt-b-PMA],, are shown in Fig. 2C and Fig. 1C,
respectively. Besidesthe characteristics of PSt and PMA, anew
peak at 0 = 4.8 representative of the methine proton in the MA
unit next to trithiocarbonate group appearsin Fig. 2C, whilethe
peak at 6 = 4.7 in Fig. 2B is absent in Fig. 2C, demonstrating
that C-S bondsin 3 are completely cleaved, and that the block
copolymerization of MA occurred at these trithiocarbonate
sites, forming (PMA-b-PSt-b-PMA),.. A way to further confirm
this is to cleave the copolymer chains at the trithiocarbonate

{ \B =
/ \ . [ cPMA-PSI-PMA
C:(-8-C(=8)-8-PMA-PSt-PMA-), |/ W/ M 24400, M /M =1.29 I

M =32600, M /M =166 / AN

B:(-8-C(=S)-S-PSt-),
M,=15400, M /M =182

A:{(-S-C(=8)-S-R),

DP=8, M_/M =2.0

22 24 26

Retention Time (min)
Fig. 1 GPC traces of (A) poly[thio(thiocarbonyl)thio-1,4-bis(methoxy-
carbonyl)-1,4-tetramethylene] (1); (B) (-S-C(=S)-S-PSt-),; (C) (-S-
C(=S)-S-PMA-b-PSt-b-PMA-),, and (C") PMA-b-PSt-b-PMA.
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Fig. 2 1H NMR spectra of (A) poly[thio(thiocarbonyl)thio-1,4-bis(meth-
oxycarbonyl)-1,4-tetramethylene] (1), (B) sample 3 in Table 1 and (C)
sample 4b.

sites. This can be achieved readily by aminolysis of the
copolymers in THF solution of ethylenediamine, and PMA-b-
PSt-b-PMA with two thiol end groups was obtained,® whose
structure was confirmed by *H NMR spectroscopy. GPC curves
of 4 and its aminolysis product are shown in Fig. 1C and 1C/,
respectively. In Table 1, it can be seen that M,(GPC) of 4 is
much larger than that of its aminolysis product. The narrow
polydispersity for the aminolysis product demonstrates that
each triblock, PMA-b-PSt-b-PMA, has a similar chain length.

From the molecular weights of 4 and its aminolysis product,
we estimated the average number (n) of triblocks in the
copolymers obtained according to egn. (1).

n = (Mg — (44 X DPg))/Myc D
where M, and My are the molecular weights of 4 and its
aminolysis product, respectively. DPg, is the average degree of
polymerization of the polytrithiocarbonate 1 used and 44 is the
‘molecular weight' of —C(=S)—. The n values calculated are
listed in Table 1, and are close to the DP of 1 used, indicating
that the n-triblock copolymer can be prepared in two steps by
using the polyinitiator, and the number of triblocks in the
copolymers obtained can be controlled by the sample of 1
used.

In summary, a novel method for preparing n-triblock
copolymers consisting of n triblock copolymer chains is
successfully designed by using a polyinitiator and its average
number of triblocks is controlled by the degree of polymeriza-
tion of 1 used. *H NMR and GPC results show that the n-
triblock copolymer has an ordered chain sequence and con-
trollable block lengths.
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