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ABSTRACT: Well-defined amphiphilic block copolymers of poly(vinyl alcohol)-b-polystyrene (PVA-b-PS) were

successfully synthesized by atom transfer radical polymerization (ATRP) of styrene using trichloromethyl (–CCl3) end

grouped polyvinyl acetate as macroinitiators which were prepared via telomerization of vinyl acetate with carbon

tetrachloride (CCl4) as a telogen, followed by complete hydrolysis of polyvinyl acetate block. The block copolymers

were characterized by GPC, FT-IR and 1H NMR. PVA-b-PS has amphiphilic properties, which was confirmed with the

study on the surface activity in N,N0-dimethylformamide and toluene. And the Pearlescent pigment which was modified

by PVA-b-PS shows improved dispersing stability. [DOI 10.1295/polymj.37.841]
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Amphiphilic block copolymers, such as poly(ethyl-
ene oxide)-b-poly(butyl acrylate) and poly(ethylene
oxide)-b-polystyrene, which consist of at least two
parts different chemical natures have recently attracted
much attention due to the important applications in
coatings, adhesives, pharmaceutical and photograph
technologies, etc.1–4 Owing to their unique molecular
structure, parallels can be drawn between typical sur-
factant and amphiphilic copolymers having both
hydrophilic and hydrophobic blocks. Compared with
low molecular surfactant, amphiphilic block copoly-
mers have great advantage since through molecular
design their surface properties can be controlled by
the wide variability of the chemical structure, the
length, and the ratio of hydrophobic and hydrophilic
segments. So these polymers can substitute low molec-
ular weight surfactant or extend surfactant applications
in many heterophase stabilization problems, such as in
emulsion polymerization and stabilization of pig-
ments.5 Amphiphilic diblock or graft copolymer of
poly(vinyl alcohol)-polystyrene (PVA-PS), which is
combination of PVA and PS, two of the most commer-
cially common homo-polymers, will be valuable either
on academic research or commercial application.6a,6b,6c

Atom transfer radical polymerization (ATRP) is
one of the most effective tools for synthesis of block
copolymers.7 A variety of monomers such as styrene,
(meth)acrylate and acrylonitrile have been polymer-
ized by ATRP. Due to the strong carbon–halogen
bond at the chain-end of the PVAc formed, the equi-
librium constant (Keq ¼ kact=kdeact) is too small. So,
ATRP of vinyl acetate (VAc) is difficult, although
some systems have produced the controlled PVAc

via ATRP.8 To prepare polyvinyl acetate (PVAc)
block copolymers, an alternative method is mechanis-
tic transformation between ATRP and conventional
radical polymerization.9,10 In this paper, vinyl acetate
telomer having trichloromethyl end group (PVAc–
CCl3) was used as initiator to initiate the ATRP of sty-
rene to obtain the block copolymer PVAc-b-PS. Then,
the block copolymer was hydrolyzed to form amphi-
philic copolymer poly(vinyl alcohol)-b-polystyrene
(PVA-b-PS). Comparisons of the surface property
and possible shape of the amphiphilic block copoly-
mers arraying at the surface of polar and nonpolar sol-
vents were studied. And surface modification of NY
pearlescent pigment by PVA-b-PS was investigated.

EXPERIMENTAL

Materials
Styrene (AR, Shanghai Reagents Plant) was vacu-

um distilled above CaH2 before polymerization. Vinyl
acetate (VAc) (AR, Shanghai Reagents Plant) was
dried and distilled before use. CuCl (AR, Shanghai
Reagents Plant) were purified according to litera-
ture.11 2,20-bipyridine (bpy) (AR, Shanghai Reagents
Plant) was recrystallized from hexane and vacuum
dried. PVAc–CCl3 telomer (Mn ¼ 3766, Mw=Mn ¼
1:51) was synthesized by telomerization of VAc with
carbon tetrachloride as described in literature.9,12

Pearlescent pigment (Ling Bo Pigment Plant) was
used as received.

Preparation of Block Copolymers
To a dried flask with magnetic bar, the PVAc–CCl3
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(1:33� 10�3 mol), bpy (3:99� 10�3 mol) and CuCl
(1:33� 10�3 mol) were added respectively and de-
gassed, followed by the introduction of the oxygen-
less styrene (8:7� 10�1mol). The mixture in the flask
was degassed three times by ‘‘freeze-pump-thaw’’ cy-
cles. The flask was put into an oil bath (T ¼ 100 �C).
At timed intervals, samples were withdrawn using a
degassed syringe, first for the measurement of the
monomer conversion and then for the measurements
of the molecular weight and the molecular weight dis-
tribution after passing a short Al2O3 column.

Hydrolysis
To a three-necked flask fitted with a mechanical

stirrer, funnel and thermometer, the copolymer
PVAc-b-PS (0.51 g, Mn ¼ 1:9� 104 g/mol, PVAc/
PS = 1.18/0.72 (w/w)), menthol (2mL), benzene
(8mL) and water (0.2mL) were added. The block co-
polymer was dissolved at 60 �C. Then, sodium hy-
droxide (6.25mmol) was added. The reaction was
stopped with a small amount of acetic acid. The prod-
uct was precipitated in menthol, filtered and vacuum
dried at 60 �C.

Surface Modification of Pearlesent Pigment
Interaction of surface of pearlecent pigment with

PVA-b-PS was explored by immersing the pigment
in PVA-b-PS toluene solution (0:26� 10�3M) for
15min, filtering and drying in vacuum. After that,
the pearlecent pigment was mixed with PS (2%, w%).

Characterization
Monomer conversion was determined by gas chro-

matograph (GC). Molecular weight and molecular
weight distribution were determined by gel permea-
tion chromatography (GPC) using a waters 150C-

ALC/GPC with Waters Styragel�HT2, Styra-
gel�HT4columns, and THF as an eluent. Polystyrene
standards were used to calibrate the columns. FT-IR
measurements and 1H NMR characterization were
performed on Nicolet Magna-IR-550 spectrometer
and Gemini-300 1H NMR spectrometer, respectively.
The surface tension of polymer solution was measured
using the capillary rise method at 30 �C. SEM (S-250)
was operated at 20KV.

RESULTS AND DISCUSSION

Synthesis of Poly(vinyl acetate)-b-polystyrene
The –CCl3 end-grouped polyvinyl acetate, which

was synthesized via telomerization of vinyl acetate
with CCl4 as a telogen, was used as macroinitiator
for atom transfer radical polymerization of styrene.
GPC trace of the obtained polymers suggested the for-
mation of the block copolymers without homopoly-
merization (Figure 1).

Figure 1. The GPC elution curves of PVAc-b-PS [PVAc–CCl3]:[CuCl]:[bpy]:[St]0 = 1:1:3:660; 100 �C; bulk.

Figure 2. Plots of Mn and Mw=Mn vs. Monomer conversion

in ATRP of St [PVAc–CCl3]:[CuCl]:[bpy]:[St]0 = 1:1:3:660;

100 �C; bulk.
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Figure 2 shows that the theory molecular weight
matches well with the molecular weight determined
by GPC and the polydipersity is around 1.3 when
the conversion of monomer is less than 30%, which
suggests the good control of polymerization. Howev-
er, after that, the molecular weights deviated down-
ward from the linear plot presumably due to the chain
transfer reaction.13

The block copolymers were characterized by FT-IR
and 1H NMR. Figure 3a shows the FT-IR spectrum of
the block copolymer. The absorption band peaks at
700, 758, 1450, 1492, 1600 and 3025 cm�1 attribute
to the characteristic absorption of the phenyl ring.
The absorbance of C=O and C–O was observed at
1741 and 1242 cm�1, respectively. Figure 4a shows
the 1H NMR spectrum of PVAc-b-PS. The aromatic
protons resonances were observed at 6.6–7.4 ppm.
Resonances for hydrogen nuclei at � (ppm) of 1.9
(CH3CO–) and 5.1 (–CH–) for PVAc are shown in
Figure 4a.

Preparation of Amphiphilic Block Copolymer
The hydrolysis of PVAc-b-PS was carried out in

menthol and benzene with NaOH as catalyst. Com-
pared with the FT-IR spectrum of PVAc-b-PS before
hydrolysis (Figure 3a), the characteristic absorbance
of �O{H from 2800 to 3600 cm�1 was observed in the
spectrum of PVAc-b-PS after hydrolysis (Figure 3b)
and the characteristic absorbance of �C=O in PVAc
block at 1741 cm�1 was disappeared. As shown in
1H NMR spectrum (Figure 4b), after hydrolysis the
proton signal arising from the methyl of the acetyl
group at 1.9 ppm in the PVAc block had disappeared
completely, and new peaks at 4.6–4.7 ppm, which are
corresponding to hydroxyl groups, appeared. Thus,
the hydrolysis of PVAc-b-PS is successful.

Surface Property of the Amphiphilic Block Copolymer
in Nonpolar and Polar Solvent
PVA-b-PS molecule contains two different seg-

ments, the hydrophilic PVA segments and hydropho-

(b)

(a)

Figure 3. FT-IR spectra of PVAc-b-PS before (a) and after (b) hydrolysis.
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bic PS segments, which are the typical structure for
the surfactant. Figure 5 shows the surface tension of
PVA-b-PS (Mn ¼ 19832 g/mol, Mw=Mn ¼ 1:28) in
DMF solution with different concentrations at 30 �C.
As shown in Figure 5, compared with the solvent

(DMF), the surface tension of the solution decreases
with increasing the block copolymer concentration,
which may due to that nonpolar PS block chain mi-
grates to the surface of the N,N0-dimethylformamide
solution (Scheme 1a). Like low molecular surfactant,
there is an inflection point above which the surface
tension remains almost constant, which indicates the
critical micelle concentration and occurs at 6:2�
10�5mol�L�1. These phenomena may result from
the aggregation behavior of the amphiphilic block
copolymer PVA-b-PS in solution.
The data for r–C curves in Figure 5 can be em-

(a) (b)

Scheme 1.

Figure 5. Surface tension of PVA-b-PS in DMF solution with

different concentrations at 30 �C.

(a)

(b)

Figure 4. 1H NMR spectra of PVAc-b-PS before (a) and after (b) hydrolysis.
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ployed in fitting an equation, i.e.

r ¼ r0 þ a1 lnC þ a2ðlnCÞ2 þ a3ðlnCÞ3: ð1Þ

Then ðdr=d lnCÞT can be achieved from this equation
and the absorption amount of block copolymer on the
surface of solution (�) at different copolymer concen-
trations can be calculated from Gibbs absorption
equation:13

� ¼ �
1

RT

dr

d lnC

� �
T

ð2Þ

For dilute solution, eq 2 can be displaced with
Langmuir equation:

� ¼ �m

bC

1þ bC
ð3Þ

where, b is a constant, �m is the saturate absorption
amount of block copolymer on the surface of solution
and can be calculated from the plot of 1=C–1=�.
According to eq 3, the occupied area of one molecule
on the surface (Am) can be calculated:

Am ¼
1

NA�m

ð4Þ

Where NA is an Avogadro number. The values of �m

and Am are 8:47� 10�11mol�cm�1 and 1.96 nm2,
respectively. The sectional area of single PS chain
is 0.03 nm2,14 which is much less than 1.96 nm2. This
indicated that the PS block of the copolymer may
array folded at the surface of N,N0-dimethylformamide
solution (Scheme 1a). In DMF, the PS block, non-
polar segments, moved toward the surface caused by
the repulsion from the polar solvent and then arranged
at the surface of the solution.
PVA-b-PS consists of two different chain units (one

is hydrophilic, the other is hydrophobic). So its inter-
action behavior with polar and nonpolar solvents
would be different. Figure 6 shows the surface tension
of PVA-b-PS in toluene solution with different con-
centrations at 30 �C. The surface tension of the solu-
tion decreases a little with increase of the amount of

PVA-b-PS. According to the Figure 6, the cmc of
the solution is 2:2� 10�4 mol�L�1. The value Am is
0.035 nm2, almost the same with the sectional area
of single PS. This result indicated that the PS block
of the copolymer may array vertically at the surface
of toluene solution (Scheme 1b).

Surface Modification of Pearlescent Pigment by PVA-
b-PS
Cipolin pearlescent pigment, made by inorganic

oxide such as TiO2 encapsulation on the surface of
cipolin cores, is used in coating, plastic, rubber and
cosmetic, and has high stability and optical property.
However, due to dissociated hydroxyl groups on the
surface of the pigment, it is difficulty to be wetted
by nonpolar solvent and resin. And dispersing stability
in such media does not satisfy the requirements. To
improve the dispersing stability of pearlescent in poly-
styrene, PVA-b-PS was used as surface modifier.
Figure 7 shows SEM pictures of pearlescent pig-

ment in polystyrene before and after surface modifica-
tion. It is obvious that large aggregation in the system
of pearlescent pigment before surface modification.
By comparison of Figure 7a, Figure 7b shows that
the pigments aggregates are dispersed. When pearles-
cent pigments adsorbed the PVA-b-PS, PVA block
might anchor on the pigment, and PS block exposed
on the outmost surface of the pigments. Since the sur-
face energy of PS is much lower than that of TiO2, the
particles after surface modification are easy to dis-
perse. To further verify that dispersing stability of
the modified pearlescent pigments by PVA-b-PS in
PS was improved, SEM photo of the cross-section
of PS film with NY pearlescent pigments was taken
(Figure 8). From Figure 8a, the cross-section of PS
film with NY pearlescent pigments before surface
modification is rather rough, while that of the PS film
with NY pearlescent pigments after surface modifica-
tion by PVA-b-PS is smooth (Figure 8b). This indi-
cates that after absorbing PVA-b-PS, NY pearlescent
pigments have better consistency with PS resulting
in improved dispersing stability in PS.

Figure 6. Surface tension of PVA-b-PS in toluene solution

with different concentrations at 30 �C.

(a) (b)

Figure 7. SEM photos of NY pearlescent pigments before (a)

and after (b) surface modification by PVA-b-PS in PS.
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CONCLUSIONS

Well-defined amphiphilic block copolymers poly-
(vinyl alcohol)-b-polystyrene were synthesized by
ATRP and hydrolysis process. The surface properties
of poly(vinyl alcohol)-b-polystyrene in N,N0-di-
methylformamide and toluene were examined and
found to be quite different. The SEM measurement
shows that dispersing stability of the modified pearles-
cent pigments by poly(vinyl alcohol)-b-polystyrene in
polystyrene is increased.
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Figure 8. SEM photos of cross-section of PS film with NY

pearlescent pigments before (a) and after (b) surface modification

by PVA-b-PS.
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