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Summary 

To design the structure of the block copolymers by radical 
polymerization, benzyl N,N-diethyldithiocarbamate(BDC) and p- 
xylylene N,N-diethyldithiocarbamate(XDC) were used as mono- and 
bifunctional photo-iniferters, respectively, for the polymeriza- 
tions of styrene(St) and methyl methacrYlate(MMA ). These poly- 
merizations proceeded via a living radical mechanism. When the 
ratio of the concentration of the diethyldithiocarbamate group 
to that of a photo-iniferter molecule was kept constant, the 
yields of the polymers obtained by both BDC and XDC were identi- 
cal, and their molecular weights(M) by XDC were two times as 
high as those by BDC. This observation strongly suggested 
that the polymerizations by BDC and XDC were performed by living 
mono- and biradical mechanisms, respectively. By using the 
polymers obtained by BDC and XDC as polymeric photo-iniferters 
of the polymerization of second monomers, the AB and ABA type 
block copolymers were obtained, respectively. 

Introduction 

In previous papers[OTSU et al., 1982a,1982b,1982c], when 
some organic sulfur compounds such as tetraethylthiurum di- 
sulfide(TD) were used as a photo-iniferter, the polymerizations 
of vinyl monomers such as St and MMA were found to proceed via a 
living radical mechanism in homogeneous system. Moreover, the 
polymers thus obtained were observed to serve as a polymeric 
photo-iniferter in order to give efficiently block copolymers 
[OTSU et al., 1957,1960,1982d,1983]. 

However, this technique was not so effective to control 
the AB and ABA type structures of the resulting block copolymers. 
For this reason, it was suggested in a previous paper[OTSU et 
al., 1982c] that the presence of two diethyldithiocarbamate 
groups linked by a different bonding to both poly(St) chain ends, 

and ~, in eq. (i), was important. Namely, BDC which was used 
as a model compound of the bond ~ acts as an effective photo- 

C2H~Nc!S--CH2-CH ( CH~-CH~-~H~--CH!S-CN "%H5 
02H5 ~ @ z@-n-z z @  ~ \C2H5 (1) 
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iniferter rather than phenylethyl N,N-diethyldithiocarbamate, a 
model compound of the bond ~, because the photochemical dis- 
sociation of these compounds occurs at different C-S bonds 
[OKAWARA et al., 1964], and hence the radicals produced show 
different reactivities toward the monomer. 

To design the AB and ABA type structures of block copoly- 
mers by this technique, therefore, we must choose mono- and bi- 
functional photo-iniferters, respectively, which consisted of 
identical bonds. In the present paper, BDC and XDC were syn- 
thesized and used for the polymerization of St and MMA. 
According to the living radical mechanism reported in previous 
papers[OTSU et al., 1982b,1983c] [see eq. (8)], the polymerization 
of St, for an example, seems to be expressed by the following 
equations[eqs. (2) and (3)]. 

~ ) - C H  -SCN/C2H5 + n S t  
2 ~ \C2H5 ~p 

BDC 

CH -SCN/C2H5 
~2 ~ \C2H 5 + (m+n) St 

CH_SCN / z 0 
z ~ \C2H5 

XDC 

~ C H  ~CH~CH _~ CH~CH-SCN/C2H5 

~___/ z ~ n-- ~ ~ \C2H5 (2) 

BDC-PSt 

CH ~---~CH~CH ~_ i CHiC H- SCNf 2H5 

XDC-PSt 

Both monomeric photo-iniferters(BDC and XDC) and polymeric 
photo-iniferters(BDC-PSt and XDC-PSt) consist of identical 
benzyl N,N-diethyldithiocarbamate structure. Therefore, if 
these BDC-PSt and XDC-PSt are used as polymeric mono- and bi- 
functional photo-iniferters, respectively~ in the polymerization 
of second monomers, AB and ABA type block copolymers, respective- 
ly, seem to be produced[eqs.(4) and (5)]. The results are 
described in this paper. 

BDC-PSt + m MMA 

+ 2m MMA XDC-PSt 

CH3 C-H- 
CHr__~CHr_CH~_4CH~_C)__SCN / 2 5 

z ~ n  z +om ~ \C2H5 

OCH3 
AB type 

H3 .C ̂H. 
CH ___~ CH ~_CH ~__(CH =_C )___ SCN I z 
--z z t n z I ra i. \ 

CH 3 I C H 
CH2___(CH~_CH ) (CH~_Cg_c_SCN / 2 5 

n z I m II \C^H_ 
CO S z b 
OCH 3 

ABA type 

(4) 

(5) 
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Experimental 

BDC was prepared by the reaction of benzyl chloride with 
sodium N,N-diethyldithiocarbamate in ethanol at room tempera- 
ture, and distilled in a reduced pressure; bp 154-155~ 
XDC was prepared similarly from p-xylylene dichloride, and re- 
crystallized from methanol; mp 84-84.5oC. These compounds were 
identified by elementary analysis, and TLC to be pure. 

Monomers, solvents and other reagents were used after or- 
dinary purifications. 

Polymerizations of St and MMA were carried out in a seald 
tube at 30~ under irradiation of Toshiba SHL-100 UV lamp from 
a distance of i0 cm. After polymerization for a given time, 
the content of the tube was poured into a large amount of metha- 
nol to isolate the polymer. The yield of the polymers was 
determined from the weight of the dried polymers obtained. 

Similar procedure was used for block copolymerizations. 
The separation of the resulting whole polymers into two homo- 
polymers, PSt, PMMA, and block copoll~er was carried out by ex- 
tracting them with cyclohexane-benzene (9:1-7:3 vol%), aceto- 
nitrile and benzene, respectively. The polymer fractions thus 
extracted were examined by IR spectra. 

The intrinsic viscosities, [~], were determined viscometri- 
cally in benzene at 30~ and the average-molecular weights(M) 
were calculated by the following equations[eqs. (6) and (7)]. 

For PSt [ALTARES et ai.,1964]: [?]= 8.5.10-5 ~0.75 (6) 

For PMMA [FOX et al., 1962] : [~]= 6.27.10-5 ~0.76 (7) 

The number of the N,N-diethyldithiocarbamate[(C2H5)2NCSS-] 
group bonded at PSt chain ends was determined by UV spectrum in 
comparison with that of BDC[Xmax=282nm, E=10500 in cyclohexane]. 

Results and Discussion 

Figs. 1 and 2 show the time-conversion and time-M relations 
in the photo-polymerization of St and MMA, respectively, by BDC 
and XDC as photo-iniferters. From Fig. l, the polymer yield and 

of the resulting PSt are observed to increase from an original 
point as a function of the reaction time. Similar results were 
also shown in the previous papers[OTSU et al., 1982b,1983c]. 

Although the yield and M of the PMMA also increase with the 
time, a remarkable increase of M is observed in the early stage 
of polymerization. This result seems to come from the differ- 
ence in C-S bond structures between BDC or XDC and BDC-PMMA or 
XDC-PMMA[see eqs. (4) and ~5)], contrary to the case of the St 
polymerization[see eqs. (2) and (3)], i.e. the C-S bond in BDC 
or XDC seems to dissociate photochemically more easily than 
that in BDC- or XDC-PMMA end. Moreover, the increas of M 
against the time observed in the later stage of polymerization 
is not so large, as compared with that of St polymerization. 
This point will be described later. In any event, it is evi- 
dent that these polymerizations proceed via a living radical 
mechanism in homogeneous system as well as that reported by TD 
as photo-iniferter[OTSU et al., 1982b,1982c]. 

In Figs. 1 and 2, since the same concentration of the 
(C2H5)2NCSS- group in BDC and XDC was used, i.e. [BDC]=[XDC]/2, 
the observed time-conversion relations by both BDC and XDC are 
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Fig. 1 Time-conversion and time-M relations in 
photo-polymerization of St with BDC and XDC as 
photo-iniferters at 30~ [BDC]=7.8.10-3mol/I 
(O,m), [XDC]=3.8-10-3mol/I(O,D ), [St]=6.9 
mol/l in benzene. 
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Fig. 2 Time-conversion and time-M relations in 
photo-polymerization of MMA with BDC and XDC as 
photo-iniferters; [BDC]=7.9-10-3mol/I(O , �9 ) , 
[XDC]=3.9-10-3mol/I(O , [] ) , [MMA]=2.Smol/I at 
30~ in benzene. 
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quite identical, indicating that two C-SCSN(C2H5) 2 bonds in XDC 
and XDC-Polymers may dissociate photochemically with a probabil- 
ity similar to those in BDC and BDC-Polymers into radicals which 
have identical reactivities. 

However, the M of the polymers obtained by XDC are always 
two times as high as those by BDC. This result seems to also 
suggest that the polymerizations by BDC and XDC proceed via 
living mono- and biradical mechanisms, respectively, to give the 
BDC- and XDC-Polymers [see eqs. (2) and (3)]. 

To confirm further these points, the numbers of the (C2H5) 2- 
NCSS- group bonded at polymer chain ends were determined. The 
results obtained are shown in Table i. 

Table 1 Photo-polymerization of St by BDC and XDC a) 

Time M Number ofb) 
Iniferter (h) x 10 -4 end group 

BDC 

3 2.1 0.9 
6 3.2 0.9 
9 4.3 1.0 

12 5.5 I.i 
15 6.3 1.0 

3 3.8 1.8 
6 6.3 1.7 

XDC 9 9.5 I. 9 
12 12.2 2.0 
15 15.4 2.0 

a) Polymerization conditions: [BDC]=7.8.10-3mol/I, 
[XDC]=3.8.10-3mol/I, [St]=6.9 mol/1 in benzene 
at 30~ Hig.l) 

b) The numbers of the (C2Hs)2NCSS- end group per 
polymer molecule were determined from data of 
both UV and M. 

From this table, the numbers of the (C2H5)2NCSS- end groups 
per one PSt chain are found to be almost constant (1.0 for BDC 
and 2.0 for XDC) independent of the polymerization time. These 
results also support the living mono- and biradical polymeriza- 
tion mechanisms according to eq. (8)[OTSU et al., 1982b, 1982c]. 

+ -B + n c H 2 = c H x  

X X 
1 2 

--v"-4CH~-CH)-TCH~-CH-B~ - - - - -~  1 + 2 _+ m CH2=CHX. 

X x 

~z~-~CH ~-CH~-~C H ~--CH~CH ~-C H-B -- 
I ~ ": I LLL ~ ! 
X X X 

(8) 
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Where ~ and ~ are reactive propagating and unreactive N,N-di- 
ethyldithiocrabamate radicals, respectively. 

Therefore, if the BDC-Polymers and XDC-Polymers were used 
as polymeric photo-iniferter of the polymerization of second 
monomers, the AB and ABA type block copolymers, respectively, 
seems to be produced. The results obtained are summarized in 
Table 2. 

As is seen from this table, the block copolymers are pro- 
duced in high yield of above 70% from block copolymerization of 
MMA by using BDC- and XDC-PSt. In the case of St by BDC- and 
XDC-PMMA, however, the yields of the block copolymers are lower 
about 20% than those of the above systems. These results seem 
to be originated from the photo-dissociation at different C-S 
bonds, ~ and d, in the PMMA end, ~, as is shown in eqs. (9) and 
( lO). 

scission ?H 3 
at 

I 
i oc~ 3 

C=O 
I 
OCH 3 

[ ,  ?"3 
scission ;~'~CH2-?-S" + 
at ~ C=O 

I 
.55 OCH 3 

/C2H5 living 
+ - S-C-N ---~ 

\C2H5 polymn. 

.C_N/C2H5 homo- 

\C2H5 * polymn. 

(9) 

(lO) 

Although living radical polymerization is performed by 
successive dissociation of the C-S bond, ~, in l[see eqs.(8) 
and (9)], a part of the PMMA end may be dissociated at the C-S 
bond, ~, to give unreactive polymeric thiyl radical, ~, and 
reactive carbon radical, ~, which undergoes homopolymerization 
[eq. (i0)]. Such photo-dissociation may be also related to 
somewhat low increasing tendency in the observed time-M rela- 
tions in the polymerization of MMA by BDC and XDC(Fig.2). 

From Table 2, however, it is evident that AB and ABA type 
block copolymers are produced when BDC- and XDC-Polymers were 
used as polymeric mono- and bifunctional photo-iniferters, re- 
spectively. Recently, we have prepared AB and ABA block co- 
polymers consisting of random and alternating copolymer se- 
quences by this technique, and the results will be reported in 
a future publication. 
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