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geneous quaternization of crosslinked thiazole co-
polymer (Scheme I). Therefore, all active sites of
them may participate to this reaction.
Furthermore, the crosslinked polymer catal t
was'easily recovered from reaction mixture b Eslj
_tratmn,- a.nd the recycled polymer catalyst hadJ;' :
ilar activity (run 6) to that of the original pol nor
catalyst (run 5). pomer
sa]in conclusnop, polymer-supported thiazolium
ts Wfre sufficient catalysts for “the formose
actllon. DHA was selectively produced in this :2:
;‘c}fmn catalyzed by the thiazolium salt polymers
reuzegol‘%mer cataly:sts wgre easily recovered anci
o ] € are now investigating an application of
polymer catalysts for the selective syntheses of

more long chain carboh
iy ohydrates, such as glucose or
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SYNOPSIS

Well-defined AB (BA), ABA, and BAB block copolymers of tert-butyl methacrylate (tB
(EO) (B) have been prepared by sequential living anionic poly-

(A) and ethylene oxide

merization of the two comonomers, irrespective of their addi

tassium and naphthalene potassium have been successfully use
ecular weight and composition of the block copol-

the monomer over initiator molar ratio, and the

po
initiators, respectively. In all cases, mol

ymers can be predicted on the basis of

molecular weight distribution is relatively narrow,
BC.NMR spectroscopy support that block co-

extractions of homopolymers, and "H- and

polymerization proceeds without homopolymer formation nor sid
The PtBMA blocks have been quantitatively hydrolyzed into polyacid

terification reactions.

atory of Macromolecular Chemistry and Organic Catalysis, University of Liege,

MA)
tion order. Diphenyl methyl
d as mono- and difunctional
Size exclusion chromatography, selective
e reactions, e.g., transes-

rted by titration,

ones with formation of polyacid-b-polyether block copolymers as suppo
IH-NMR, and IR analysis. © 1992 John Wiley & Sons, Inc.
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poly (ethylene oxide) ¢ sequential living anionic block copolymerization

poly (tert-butyl methacrylate)

INTRODUCTION

It is well known that poly(methacrylic acid)
(PMAA) forms complexes with poly (ethylene ox-
ide) (PEO) as well in the bulk state as in solution.
The complexation reaction is driven by hydrogen
bonding and has proved to be effective in enhancing
miscibility of incompatible polymers, stability of
colloidal suspensions and micellar systems, perfor-
mances of associative thickeners, etc."”

Most of the studies have been devoted to the as-
sociation of homopolymers. Little attention has been
paid to block copolymers of MAA and EO most likely
due to the problem of associating polyacid and poly-
ether blocks in a controlled way. For instance,
methacrylic acid cannot be polymerized anionically,
in contrast to EO, the anionic polymerization of
which is a living process. The sequential anionic po-
lymerization of tBMA and ethylene oxide might

* To whom all correspondence should be addressed.
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however be a convenient way to cope with the prob-
lem of the direct block copolymerization of MAA
and EO. Indeed poly(tert-butyl methacrylate)
blocks can be easily hydrolyzed with formation of
the expected poly (methacrylic acid) component.
Although tBMA and EO are reactive towards an-
ionic species, the successful block polymerization of
two monomers is known to depend very critically
on the relative reactivity of the comonomers, ie.,
on the relative stability of the conjugated anions.
By reference to the scale of monomer reactivity,®
poly (alkyl methacrylate ) anions should initiate po-
lymerization of ethylene oxide. However, noxious
secondary reactions are expected to perturb the
course of the sequential polymerization. Indeed, the
rather low reactivity of ethylene oxide requires a
polymerization temperature of a least 0°C, at which
most alkyl methacrylate anions are essentially un-
stable. Moreover, the low solubility of PEO in the
commonly used solvents (e.g., THF) might request
a still higher polymerization temperature (above
20°C) to keep the reaction medium homogeneous.
Under such experimental conditions, living
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poly (ethylene oxide) anions can react with the ester
groups of poly(alkyl methacrylate) blocks and be
responsible for a loss of propagating species together
with an ill-defined structure of the final product.*
Interestingly enough, it has been recently reported
that the tBMA anionic polymerization still displays
a living character even at a temperature as high as
37°C for lithium counterions and 17°C for sodium
in THF.®? Since Li containing active species are un-
able to propagate the anionic polymerization of EQ,
whereas a too high temperature (more than +50°C)
is required when Na is used as a counterion, a K
containing initiator has been selected assuming that
K can provide PtBMA macroanions with a stability
comparable to that promoted by Li and Na.

The reverse sequential addition of the comono-
mers might be considered since Suzuki et al have
shown that the anionic polymerization of both
MMA and tBMA can be initiated with alkali metal
salts of PEO prepared by metalation of PEO oligo-
mers bearing OH, NH, or methyl isobutyrate
[(CH3),— CH— COOCH;] end-groups. In addi-
tion to a nonstraightforward copolymerization
scheme, only block copolymers comprising BA and
ABA types and a relatively short PEO (B) segment
have been made available. Since metallation of hy-
droxyl-terminated PEO leads to the formation of
oxoanions which do not differ from the growing
species of living PEO, the latter polyanions must
be able to initiate successfully the polymerization
f MMA and tBMA. Actually, Ulbricht et a] © have
‘eported the synthesis of poly (EO-b-MMA ) based
n the polymerization of MMA initiated with living
’EO macroanions.5®

Very recently, Ulbricht et al. also reported that
liblock copolymers could be synthesized by anionic
olymerization in the order tert-butyl methacrylate—
thylene oxide and ethylene oxide—tert-butyl meth-
crylate using a monofunctional initiator in THF
lowever the initiation of the tert-butyl methacrylate
olymerization by cumyl potassium at +25°C re-
ilted in a tailing in the low molecular region in-
icative of some side reactions. Consequently, an-
nic polymerization of EO by PtBMA macroanions
es not seem to be perfectly controlled. Actually,
1 uncomplete conversion of EQ (80% as an aver-
e) and a relatively broad molecular weight distri-
ition (from 1.43 to 1.72) are observed. Further-
ore, the reverse sequential addition of the co-
onomers, i.e., the anionic polymerization of tBMA
itiated by PEO macroanions leads to diblock co-
lymers contaminated with a certain amount of
mo-PEO (ca. 2.5-10%)

This article considers the synthesis of a ge,
well-defined block copolymers based on the se;-ﬁs o4
tial living anionic polymerization of tBMA ar«.il :}n-
under suitable conditions. The sequential ad?zt- 9
of the two comonomers will be reversed and it; o
sible effect on the efficiency of the block C04
merization will be considered. Both mone. an
functional initiators will be used in order to maj
available AB, ABA, and BAB types of block copgy
ymers. Finally, the PtBMA blocks will be hydy, lyal
with formation of copolymers consisting of PEO ang
polymethacrylic acid sequences. 7

Pos-
poly.
d di-

EXPERIMENTAL

Reagents and Solvents

tBMA from Norsolor (France) was first dried by
refluxing over CaH,, distilled under reduced pressure
and stored under inert atmosphere at —20°C. Jygt
before polymerization, tBMA was treated with 2 109
Al(Et); solution in toluene at 0°C until a persistent
yellow-green color was obtained,® and then distilled
under reduced pressure. Ethylene oxide was first
purified with KOH and CaH; and then twice distilled
over n-Buli just before use.

THF was purified by refluxing over a freshly pre-
pared sodium benzophenone complex. A deep-puple
colour indicated that THF is oxygen and moisture
free. It was further distilled over styryllith.um

oligomers under reduced pressure for final purifi-
cation.

Initiator

Diphenyl methyl potassium (®,CHK ) was prepared
at room temperature by reacting diphenyl methane
with naphthalene potassium in THF for 24 h.
Naphthalene potassium resulted from the reaction

of potassium with naphthalene in THF at room
temperature.

Block Copolymerization

Anionic block copolymerization of tBMA and EO
was usually carried out in a lamed glass reactor un-
der nitrogen atmosphere. THF and initiator were
transferred into the reactor using rubber septums
and stainless-steel capillaries and/or syringes.
Depending on the sequence of monomer addition

di- and tri-block copolymers were prepared as fol-
lows.

Iy (
’fmo;/ (BAB) Copolymers

(BMA-b-EO) (AB) and Poly( EO-b-tBMA-b-

fter the addition of the desired amount of initiator
A

. THF, the solution was cooled .to —78°C and
k- (}: with the required quantity of tBMA. Upon
adde Iddition of the monomer a sudden change of
- from deep red to light yellow occurred as a
e of an instantaneous initiation. tBMA poly-
ization lasted 2 h at —78°C. Then an aliqugt of
M ction medium was withdrawn for analysis by
1:he(rjeian order to determine the molecular weight of
311: first block. Ethylene oxide was cooled down t(i
_78°C and added into the glass re:zﬁnctor, the 1f:em
rature of which was then slowly mcr.ease‘d rom
,878 ap to +35°C (ca. 0.5 h). Copolymerization was
d to occur for 20 h at that temperature.

result

allowe

poly (EO-b-tBMA ) (BA) and Poly (tBMA-b-EO-
(BMA) (ABA) Copolymers

EO was added to the initiator SOl}J‘tiOIl in TD‘I(-}IF ag
_78°C. Temperature was then raised to 35 y ar; X
ethylene oxide was polymerized t?or 24 h. A? a 131;) .
of the reaction medium was withdrawn for e
analysis in order to determine the molecular welgl '
of the PEO block. The glass reactor'was €00 eJC
down to +20°C and added with the des1re.d an:ioufn
of tBMA. Copolymerization was continued for
i 11131 I:;illllncalses, polymerization was stopped by ad-
dition of acidified methanol. Copolymers were re-
covered by precipitation into a large excess ofO ge-
troleum ether at a low temperature (ca. —20°C),
filtered, washed, and dried under vacuum at room

constant weight. Copolymers of a

temperature to oinkle

hizh PtBMA content (> 50 mol %) wer
in benzene and freeze-dried.

Hydrolysis
The representative procedure for the hydrolysis of
PtBMA containing block copolymers was as follows.
A stirred mixture of the copolymer (10 g, 4.5 mmol
based on tBMA units) and sodium iodide (4._0 g, 28
mmol) in acetonitrile (60 mL) was a(.ided w1t16 ;LCO
mL (30 mmol) of trimethylsilyl chloride at +507C.
The reaction mixture immediately tu}‘ned yellov;,
and a white precipitate of sodium chloride appeared.
After 10 h, the mixture was concentrated by solvent

issolved in THF, and precipii.;ai.:ed
lution containing

final polymer

evaporation, red
into 0.1 N HCl aqueous soO
NayS,0s, i.e., a discoloring ager?t..Th.e
was purified by repeated precipitatio

n from THF
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into H,O and from THEF into hexane, respectively.
Tt was finally dried in a vacuum ov

collected : .
was determined by titration of t

group
(TMAH) ina90/10 (v/v) HF /
using phenolphthalein as an indicator.

en (SOOC ) 5 and
as a white powder. The degree of hydrolyS}s
he carboxylic acid

s with tetramethyl ammonium hydl:oxide
THF /methanol mixture

Characterization

Size exclusion chromatography (SEC) was car o
out in THF at 45°C using a Hewl?tt-Packard 1C :
liquid chromatograph equipped with four Gel ot-
umns (10°%, 102, 500, and 100 A) and a Hewlett-
Packard 1037 A Refractive Index Detector. Poly-

dards were used for calibration, and the
r weights were

ried

styrene stan :
number- and weight-average molecula

dingly calculated.
accl(;-II'-I:EdyBC-NMR spectra were recorded at 400

and 100 MHz, respectively, in the FT mode on a
Briiker AN 400 Super conducting magnet systenrlé.l
20% solutions in CDCl; or CD,0D were prepare
for *C-NMR measurements. Inverse-_gatfgcpgaﬁg
decoupling was used \:{hen high resolution ~C-

corded. .
Spelcf?sapj(ii\ r(i(Br disk) were obtained on a Perkin-
Elmer 197 infrared gpectrophotometer.

RESULTS AND DISCUSSION

As mentioned in the Introduction, two different di-
rect pathways can be envisioned in order to prepare
PtBMA (A) and PEO (B) block copolymers of var-

ious architectures.

Synthesis of Poly (tBMA-b-EO) (AB) and
Poly(EO-b-tBMA-b-EO) (BAB)

When tBMA is first polymerized wit}} a c.oun‘te.rlor;
(K) compatible with the EO polymerlzamo?l, 11:, is 3_
critical importance to know whether the amonlllc pe_
lymerization of tBMA is living and Wl_leltl?er the r :
lated macroanion is stable enough to 1n1t1'zitelq11115'mh
titatively the EO polymerization at a relatively hig
0°C). Tables I and II report the
£ di- and triblock copolymers
prepared from polyanions of _the t_BMA typi.—\i\;gfg
these precursors are synthesmed. in THF a s
by using diphenyl methyl potassium as an 1nitia h£
Table I shows that the expected mol.ecular we{i o
is actually observed, in agreement with a possl1
mechanism. Furthermore, the molecular

temperature (ca.
characteristic features o

living
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(BMA polymerization was initiated with cumylpo- o,
I geium in THF at 25°C. The authors agreed that
*E g :_Tg z :;e securrence of some side reactions could not be
2 2 s S der these experimental
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chromatograms typical of di- and tri-block copoly-

mers are shown in Figure 3 and compared to the
elution curve of the PtBMA; practically no homo-
PtBMA contaminates the di- and tri-block copoly-
mers within the limits of sensitivity of the method.
In order to confirm that pure block copolymers have
actually been synthesized, several samples reported
in Tables I and II (e.g., samples reported on Fig. 3
have been extracted with hexane, a selective solvent
of Pt BMA and found to be free of homopolymer of
that type.

As a conclusion of this first series of syntheses,
essentially pure di- and tri-block copolymers result
from the anionic polymerization of EQ initiated with
mono- and di-functional polyanions of tBMA in
THF and in the presence of a potassium counterion.

Synthesis of Poly (EO-b-tBMA) (BA) and
Poly(tBMA-b—EO-b-tBMA) (ABA)

In order to demonstrate the feasibility of the reverse
sequence of monomer addition, living PEO anions
have been first prepared in THF at 35°C and used
to initiate the subsequent tBMA polymerization.
Experimental data of Tables III and IV highlight a
very well-controlled block copolymerization process:

high conversion of comonomers, relatively narrow
and symmetric molecular weight distribution, ab-

|
20 25

30 VelmL]

I

Figure4. SEC chromatograms of di- and triblock
living PEO precursors. [1] PEO-b-PtBMA dibloc

PEO block, M,: 2100, M,/ M,, 1.13; (B) di-

[1I] PtBMA-b-PEO-b-PtBMA triblock copol
M,: 6900; Jng /M,

k copolymer (sample 1, Table III): (A)
block copolymer, M,: 13500; M, /M,, 1.45.

vmer (sample 3, Table IV): (A) PEO block,
» 1.09; (B) tri-block copolymer, M,: 10300; M, /M, 1.40.

sence of homo-PEO in the raw final
SEC traces in Fig. 4), and close m
theoretical and experimental composition and mo-
lecular weight. These results are in contrast to thoge
reported by Ulbricht et al.,* who observed contam,.
ination of block copolymers by small amounts of
homo-PEO (6% as an average).

Side transesterification reactions have been re.
ported to occur when methyl methacrylate ig poly-
merized by living PEO in THF at ambient temper.
ature.*®" In order to assess the absence of such side
reactions in the course of the herein reported block
copolymerization, high resolution *C-NMR specira
of several samples have been recorded using the in-
verse-gated proton decoupling method. 'H-NMR
spectroscopy has to be disregarded due to the over-
lapping of '"H resonances of the a-methyl and
—OC(CH;); groups of PtBMA. The relative in-

tensities of the '’C resonances of C=0 and O-ze; e
butyl are essentially the same, and the intensity ratiop
of the carbonyl and the three methyl groups of tle
tert-butyl moiety is 1 : 3, strongly suggesting the
absence of transesterification reactions under the

polymerization conditions reported in the experi-
mental part.

products (geq
atching of

Up to this point, one can safely state that di- an/
tri-block copolymers of tBMA ( A)and EO (B) can
be made available in a highly predictable and con-

S | I
20 25

1
30 VelmL)

11
copolymers synthesized in THF using

Initiator®

1T

i in THF Using ®,CHK as
Characterization of PEO-b-PtBMA Diblock Copolymers Synthesized in THEF Using $,CH
a

Table III.

Theoretical

M, X 107
Block Copolymers

g
<
N

<3}

=

+

Q

=
o
=
=}
L
=
>

=
=
[e=)
S
R
zE
Q
b

the
Copolymer®

Conversion

Experimental

M,

Experimental®

Theoretical®

(SEC) (PEO) (wt %)

Theoretical®

tBMA

Sample

1.45
1.40
1.35
1.30

13.5

13.0

84.5

100

1.15
1.15
1.05
1.05
1.20

2]

2.0
2.3
6.0

12.0

15.0

85.0

7:8
15.9

7.7

70.5

99.5
100

2.3

30.0

70.0

15.0

59.0

w0

40.0

60.0

20.5

20.0

37.0

97

99

12.9

60.0

40.0

1.55

13.5

13.1

10.5

12.0

11.0

90.0

10.0

4 By '"H-NMR analysis.

& o
2 Polymerization of EO : 24 h at +35°C; copolymerization of tBMA : 15 min at +20 C.

* wt % conversion.

mole of initiator
M,,, first block (SEC value)

wt % first block (‘H-NMR value) -

_ weight of comonomers (g)

e M, copolymers

weight of reacted monomer (g)
mole of initiator

b M, cal. =

! M, , copolymers

¢ SEC value.

i itiator®
b-PEO-b-PtBMA Triblock Copolymers Synthesized in THF Using K-Naphthalene as Initiator

Table IV. Characterization of PtBMA-

Theoretical

M, x 107"
Block Copolymers

tBMA
Content in

M, % 107 PEO

Composition

Total
Conversion

(wt %)

the
Copolymer?

MW/M_FLC

Experimental

Experimental’

Theoretical®

(SEC) (PEO) (wt %)

Theoretical®

tBMA EO

Sample

BLOCK COPOLYMERS

1.40
1.45
1.40
1.55

T4
18.1

7.0
171

69.0

97.0

1.35
1.25
1.09
1.10

2.4

2.2
10.0

30.0

70.0

38.0

95.0

11.2

60.0

40.0

10.3

10.3

33.0

93.0

6.9

11.1

6.7

10.0

65.5

35.5

13.7

12.5

19.0

96.0

80.0

20.0

4 By 'H-NMR analysis.
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trolled way whatever the sequence of the comono-
mers addition and the functionality of the organo-
K initiator. These data provide a clear indication
that PtBMA K™ can efficiently initiate the copo-
lymerization of EO monomer and vice-versa. It is
quite easy to understand the former situation since
PtBMA anions possess a higher reactivity than
those conjugated to PEO. According to the classical
scale of reactivity, the PEO anions should not be
reactive enough to initiate the block copolymeriza-
tion of alkyl methacrylates. However, as it was
pointed out by Suzuki et al.,* complexation of the
counterion by the polyether chain should be re-
sponsible for that unexpected phenomenon. That
hypothesis has in fact been confirmed by UV spec-
troscopy since upon the addition of PEO to a THF
solution of fluorenyl potassium, the band charac-
teristic of contact ion pairs (362 pm) completely
disappears in favor of a new band at 373 um, which
is characteristic of ion pairs separated by a solvating
agent, i.e., ethylene oxide subunits.® That important
shift is exactly the same as that one promoted by
the addition of dimethyl dibenzo-18-crown-6 to flu-
orenyl sodium in THF.* It has also been reported
that a metal alkoxide which is unable to polymerize
MMA becomes an effective initiator when the metal
cation is complexed with cryptand [222] 5 Similarly
the anionic polymerization is endowed with a living
character when the tBuOK initiator is used in the
presence of PEO oligomers.® All these experimental
observations give credit to an enhancement in the
nucleophilicity of the alkoxide anions by intra- and
intercomplexation of K* by PEO chain segments.*

Finally, the effect of the PEO subunits on the
propagating ion pairs might also be supported by a
significant modification in the microstructure of the
PtBMA blocks of PEO-PtBMA diblock copolymers.
Usually a decrease in temperature is in favor of the
syndiotacticity of PtBMA. Table V shows a com-
pletely different behavior, since the PtBMA blocks
which have been initiated by PEO"K* at +20°C

(nos. 2 and 3) are more syndiotactic that PtBMA
chains initiated by $,CHK at —78°C (no. 1), Thig
effect might be accounted for by the inter- op intrg.
molecular solvation of the countercation by PRQ
units. Interactions between the growing chain °nds
and the potassium countercations are thus eXpecteq
to be weakened and to favor the formation of Syn-
diotactic-rich PtBMA chains.*

Hydrolysis of the PtBMA Block

'H-NMR and IR analysis have shown that the acidie
hydrolysis (p-toluene sulfonic acid /THF or 1,4-
dioxane) of a block copolymer comprising PtBMA
and PEO blocks is uncomplete even at high tem-
peratures. This might be due to the insolubility of
the partially hydrolyzed copolymer in an acidic me.
dium, i.e., complexation of PEO segments with car.
boxylic acid groups.

Recently, trimethylsilyl iodide (TMSI) has been
proposed as an effective reagent for the dealkylation
of ester under mild neutral conditions.? Bugner hag
shown that when the hydrolysis of PMMA -b-
PtBMA is promoted by TMSI, the tert-butyl estor
is completely cleaved at room temperature, whereag
the methyl ester remains unchanged.’® Instead f
using preformed TMSI, Nakahama et al.!! have used
trimethylsilyl chloride (TMSCI) in conjunction with
Nal. The in situ formed TMSI has proved to pro-
mote the complete hydrolysis of poly (tert-butyl 4-
vinylbenzoate ) with formation of poly (4-vinylbern-
zonic acid).

According to the method reported by Nakahama
et al,, ' block copolymers of PtBMA and PEQ have
been treated with TMSCI, and Nal at 50°C for 4
few hours in acetonitrile. Conversion of the tert-bu-
tyl ester groups into carboxylic acids was ascertained
by 'H-NMR. Figure 5 shows the complete disap-
pearance of the resonance of the tert-butyl protons
at 1.33 ppm. Similarly, it could be seen from Fig. €
that the IR absorption of the ester carbonyl (1722

Table V. Triad Tacticity of the PtBMA Block in the Copolymers?

Temperature
(for Synthesis
of PtBMA)
No. Monomer Sequence in the Copolymer (°C) I(%) H (%) S (%)
1 PtBMA-b-PEO (sample 3, Table I) —78 14 56 30
PEO-b-PtBMA (sample 1, Table III) +20 5 47 48
3 PtBMA-b-PEO-b-PtBMA (sample 2, Table TV) +20 7 50 43

a lﬁc_NMR'

a
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3.0 2.0
ter hy-
1H-NMR of PtBMA-b-PEO block copolymer (A) before and (B) after hy

drolysis by a TMSCl1/Nal mixture in acetonitrile.

cm™!) has disappeared in favor of two f:arg.f)nyi
bands associated with the carboxylic acid dime

(1701 cm™")* and with the carboxylic acid-ether ox-

=L, ively, at the
ygen interaction (1727 cm ),! respectively

Tab
Acid-base Titration of PEO-b-PtBMA Hydrolyzed (sample 2, Ta

-1 )
expense of that of the ester group '(1?22 cng ).rf‘::s
thermore a broad band, characte‘r:stlc of tgtative
is observed from 3730 to 3100 cm™ . The qualil I wive
conversion of the polymethacrylate block in

le 1I1) by TMAH in a 90/10 THF/

Table VI.
Mixture . ¢
= COOH CODT szfrlci;)sis
Polymer Titrated Theoretical (%)
Weight (mol) ’
iment (mg) )
Experimen ot % 10 1.48 X 10~ gig
1 2 1.87 X 107 1.97 X 107 99.5
9 40 2.46 % 1074 2.47 X 107* :
50 :
3
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Figure 6. IR spectra of "

rie g sample 2 (Table III): (----) PEO-b-PtBMA, ( ) after hy-

golz_( meth'acry.lic acid) block is further confirmed

i g Tlrsft {:;11;rat10n of the polyacid. As it is reported
able VI, acid-base titrations indi i

cally complete hydrolysis. oate @ pract

Solubility of the PMAA-b-PEO

g‘_:ilj];% VII summarizes the solubility of a PtBMA-
Lol ;Qp(ilymerl and its hydrolyzed counterpart
inal copolymer is soluble in m :

ost solvent

except for hexane and water. In contrast, the }Ill;"

Table VII.
and Resulting PMAA-b-PEO*

Solubility of PtBMA-b-PEQ

Solvent PtBMA-b-PEO PtBMA-b-PEO

Hexane
Toluene vo -
Chloroform vee o
1,4-Dioxane Yer vo
Tetrahydrofuran ves Yeu
N,N-dimethylformamide - ves
Methanol vee
Water® pH: e 7

>9

+a no solution

o no cloudy suspension

no precipitate

Block copolymer contains ca. 41 mol % PtBMA.

0
As observed with naked eye.

d.rolyzed material is soluble in methanol, THF, 1
dioxane, N, N-dimethylformamide, and i}nsqub,l ’4
nonpolar solvents such as hexane, toluene e
chloroform. Very interestingly, the h;zdrolyzed ,blanld
f:opoly.mfar is soluble in water at higher pH, wh oas
¥1: prempltat(?s under acidic conditions. Th;at b:}I;ZaS
;(}rti}lloulc} arise from the intra- or intercomplexati(;;
o p(; 1po vacid ar‘id tbe polyether blocks as pH ot
ymer _solutxon is decreased.’® It has been re-
ported that bishydrophilic block copolymer are verfy

instrumental in promoting water-in-water emul-
siﬂns-m Diblock copolymers of PMAA and PEO are
typ:écal bishydrophilic copolymers, the solution be-
pavior of which will be investigated in the near fu-
ture.

Block copolymers of PtBMA and PEO can be
Synthesized in a well-controlled way by sequential
anionic polymerization of the parent monomers, ir-
respective of the addition order. The block copoly-
mers can be completely hydrolyzed under neutral
conditions with formation of a hydrophilic
poly ( methacrylic acid-b-ethylene oxide) copolymer
of well defined molecular weight and composition
and of a narrow molecular weight distribution.
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