26 % 53 W M5 2 &~ Vol. 26, No. 3
2011 4 6 J Chinese Journal of Liquid Crystals and Displays Jun. ,2011

Article ID:1007-2780(2011)03-0285-11

Mechanism of Preparing White Electrophoretic
Composite Spherical Particles by
Precipitation Polymerization
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Institute of Optoelectronic Technology, Beijing Jiaotong University, Beijing 100044, China)

Abstract: Under specific property of titanium dioxide and 4-vinylpyridine, titanium dioxide
multi-core and poly(divinyl-benzene-styrene-4-vinyl pyridine) shell hybrid composite spheri-
cal and smooth particles were prepared in methanol by precipitation polymerization. DSC and
TG had detected polymerizing effect, structure unit of polymer was confirmed by FT-IR, and
SEM took photographs of composite microsphere. As a result, the stable spherical and
smooth particles were obtained. The corresponding mechanism was confirmed by SEM pho-
tographs and changing some parameters of core/shell microspheres prepared in a series of
methods. The dispersing order and amount of 4-vinylpyridine dominated the mechanism of
forming composite spherical particle. Then, the electrophoretic property of the composite
particle was verified with a quaternary ammonium salt combined with hydrocarbon bromide
and pyridyl covered on the surface of microsphere prepared in methanol by precipitation poly-
merization.
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1 Introduction

As the best white pigment, titanium dioxide
was used in many fields of scientific research
such as electrophoresis displays, coating tech-
el the

specific gravity of titanium dioxide is so high

nology, and biotechnology However,

that a great deal of work was carried out to dis-

[3-7] 1

perse or embed titanium dioxide particles n

radical polymerizing methods, mainly, there
were two means: dispersion polymerization and
precipitation polymerization.

Dispersion polymerization involved the utili-
zation of a particle stabilizer or stabilizing
groups, such as PVP[ poly (N-vinyl pyrroli -
done) ] or poly (vinyl alcohol)™ ', Neverthe-
less, precipitation polymerization was a method
in the absence of any added stabilizer, and the
relevant particle could be washed easily. It had
been proposed that precipitation polymerization
could be carried out through two means: the
efficacious precipitation of nucleated oligomers
or particle’s effective heap up onto the surface of

primary particles™? 14,

Based on existing theory about titanium
dioxide multi-core and polymer shell hybrid com-
posite particle, it was intensive to synthesize
titanium dioxide multi-core and functional poly-
hybrid Ulrike
Diebold discovered and studied the surface of

titanium dioxide™™ ,

mer shell composite particle.

and satisfied elucidation
was announced. Pyridine was a Lewis base (the
nitrogen atom in the aromatic ring acted as an
electron donor). The molecule was absorbed on

electron acceptors. Hence, the molecule was
expected to bind with the nitrogen-end down to
the titanium atoms on the titanium dioxide sur-

a combined XPS/TPD/STM

study showed that pyridine is generally only

face. However,

physisorbed on titanium dioxide (110).

4-vinylpyridine was a dual functional mono-
mer containing both vinyl and pyridyl, and used
[16-22]

to prepare polymers or copolymers Simi-

larly, pyridyl physically absorbed on the surface
of titanium dioxide particle. Then 4-vinylpyri-
dine was regarded as a medium connecting titanium
dioxide particle with covering polymer.
Meanwhile, divinylbenzene and styrene were
used with 4-vinylbenzene to prepare cross-linked

el?2)  Then all solicitude was shown by

particl
controlling parameters of precipitation polymeri-
zation due to chemical activity of divinylbenzene.
Then the mechanism of preparing titanium
dioxide multi-core and poly (divinylbenzene-
styrene-4-vinyl ben-zene) shell hybrid composite
particle designed in this paper would be released. In a
part, the released mechanism of precipitation poly-
merization was different from existing theories.

After precipitation polymerization, the sur-
face of obtained primary core/shell particle was
ionized to generate the final product. The chara-
cterization of the final product even confirmed
the mechanism of precipitation polymerization

extensively.

2 Experiments

2.1 Materials

Titanium dioxide (Particle size:25 nm) was
purchased from Degussa Corporation, Germany.
All monomers of divinylbenzene (20% mass
fraction mixture of isomers) , styrene and 4-vinyl
pyridine were purchased from Alfa Aesar Chemi-
cal Co. » USA. and purified using cuprous chlo-
ride (Beijing Chemical Co., China) as a poly-
merization inhibitor and stored at —5 Cprior to
Analytical grade of 2, 2-azobisiso-butyroni-
trile (AIBN, Beijing Chemical Co. , China) was
used as an initiator without purification. Metha-
nol (Alfa Aesar Chemical Co. , USA) in analyti-

cal grade was used as the polymerization medium.

use.

Ethyl bromide, n-propyl bromide and n-butyl bro-
mide (Beijing Chemical Co., China) were sepa-
rately used as a shell-ionizing reagent.

2.2 Synthesis

2.2.1

The polymerization ingredients consisted of

Copolymerization
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methanol, various compositions of divinylben-
zene, styrene and 4-vinylpyridine co-monomer
mixture, titanium dioxide and AIBN. Above all,
titanium dioxide powder was dispersed into the
mixture of all monomers by ball grind for 3 h,
and AIBN was dissolved into methanol in a four-
neck flask with stirrer, condenser, and ther-
mometer and gas pipe. Then the obtained turbid
liquid was charged into the flask with agitation
at 300 r/min and dry argon purged. After 0.5 h,
polymerization was carried out in a water bath at
65 C. It lasted 12 h.

The particles were filtered or centrifuged
and washed repeatedly with ethanol, which
washed residual monomers except cross-linking
polymer. The products (powder type) were
dried in vacuum at 40 C for 3 d.

2.2.2

5 g of dried white powder synthesized by

lonization on the surface of core/shell particle

the basis of recipe was dispersed into 50 g of
methanol by ball grind for 3 h, and another tur-
bid liquid was obtained. After the turbid liquid
was transferred into a flask with stirring, 8 g of
hydrocarbon bromide was added into the flask
and mixed completely. Then the ionizing reac-
tion was carried out at 65 C for 6 h. The final
particles were filtered and washed with ethanol,

repeatedly; and dried in vacuum at 40 C for 3 d.

3 Characterizations

Scanning electron microscopy (SEM, S-
4800, HITACHI, Japan), which was equipped
with an energy dispersive spectrometry (EDS)
(Horiba EMAX Energy, EX-350), was used to
study the morphology of poly (DVB-St-4-VP)
microsphere and test the content of titanium in
the polymer. Number-average diameter was
achieved using Image J, image analyzer software
from Wayne Rasband, National Institutes of
Health, USA; and diameters of more than 150
particles from SEM microphotographs were

counted individual.

The mean square deviation of particle size

was calculated using a formula as follows:
o= L >X =X
i=1

here, ¢ is mean square deviation;n is the number
of microspheres; X is value of number-average
diameter of microspheres; X; is value of diameter
of the i-th particle.

Differential scanning calorimeter ( DSC,
NETZSCH, 200PC, Germany) was used to ob-
serve glass transition temperature (T,) of poly
(DVB-St-4-VP). The samples were heated up to
80 C at a rate of 10 C/min under a nitrogen
atmosphere, and were kept warm at 80 C for 10
min., Then, the samples were quench-cooled at a
maximum rate with liquid nitrogen before rehea-
The data of T, was

collected in the second heating.

ted in a second time.

Thermal degradation temperature of the
crosslinked and shell-ionized microsphere was
studied using a thermo gravimetric analyzer
(TG, NETZSCH, 209C, Germany). The sam-
ples were heated up from 40 C to 600 C at a
rate of 10 'C/min under a nitrogen atmosphere;
the residual mass percent and stability of sam-
ples were recorded.

FT-IR (Nicolet 50XC spectrometer, Nico-
let, USA) was performed on a spectrometer.
The sample was mixed with spectroscopic grade
potassium bromide before they were placed in

the sample cell.

4  Results

4.1 Confirmation of Polymerization and Struc-
ture Unit

DSC and TG confirmed polymerizing effect
separately as shown in Fig. 1 and Fig. 2.

In Fig. 1, as amounts of divinylbenzene
increasing, no glass transition temperature
appeared. As known, polydivinylbenzene, as a
homopolymer, had no glass transition tempera-
ture due to double C=C bonds in divinylbenzene
molecule. The glass transition temperature of

polystyrene was in the range of 95~100 C0,
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and the glass transition temperature of poly (4-
vinyl pyridine) was about at 148 C Y. Then,
the inspected glass transition temperature of poly
(DVB-St-4-VP) would have been in the range of
95~148 C if the transition temperature had exi-
ted. Practically, no absorption peak existed
from 95 C to 148 C in the curve group even

though the content of divinylbenzene was very

low. Therefore, it showed that highly cross-

Fig. 1 DSC thermogram of poly (DVB-St-4VP) shell linked polymer shell had been obtained.
ared with various mass fracti f DVB { . . . . .
prepared with various mass fraction o rom And the proportion of ingredients with varying
1.14% t0 6.86% . .
amounts of divinylbenzene was characterized roughly
2SS ; 80
(a) mass percent 114 () .
100 mass percen (b) V 701
e ool 6.86 229 ¥ 60
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8 2 I W £
= —_
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Fig. 2 TG thermogram of poly (DVB-St-4-VP) prepared with various mass fraction of DVB from 1. 14 % to 6. 86 %

by TG thermogram as shown in Fig. 2.

Fig. 2 (b) showed the first-order differen-
tial curves of TG thermogram of poly (DVB -
St-4-VP). In Fig. 2, with increasing amounts of
DVB from 1. 14% to 6. 86% mass fraction, the
initial weight-losing temperature was changed
highly, the range of weight-losing temperature
got narrowly, and the height of peaks became
lowly.

It appeared that the residual mass ratio got
increasingly due to more crosslinked structure.
Then, the content of divinylbenzene structure
unit in the polymer shell was raised with increa-
sing amounts of divinylbenzene monomer. Fig. 2
(c) exhibited the relationship between dosage of
divinylbenzene and residual mass percent. It
appeared that the residual mass percentage went
down with decreasing amounts of divinylbenzene, and
dosage of divinylbenzene influenced the residual

mass percentage greatly.

Meanwhile, structure unit of polymer was
detected by FT-IR, and the FT-IR spectra were
shown in Fig. 3~Fig. 6. Fig. 3~Fig. 5 showed a
series of changes of aromatic structures and their
substitute groups in FT-IR spectrum.

In Fig. 3, the absorption peak at 2 230 ecm™*
assigned to C = C unsaturated bond became a
little stronger with increasing amounts of divi-

nylbenzene from 1.14% to 6. 86%.
In Fig. 4, both absorption peaks of 1 630 cm™

1

1.14
2.29

——3.43
4.58

3T

_——%.86

Transmittance

L L 1 | L
2700 2500 2300 2100 1900 1700

o/em™

Fig. 3 Different FT-IR spectra in unsaturated bond zone
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and 1 510 ecm ' assigned to C—C stretching
vibration in 1, 4-divinylbenzene were found
obviously, and their intension were changed
strongly with increasing mass fraction of divinyl-
benzene from 1.14% to 6. 86%. Meanwhile, the
peaks at 1 450 cm ' and 1 600 cm ' assigned to
C—C stretching vibration were changed widely,
and it confirmed the content of structure unit of
bisubstituted benzene, including 1, 2-, 1, 3- and

1, 4-divinylbenzene, had increased.

1.14
W2'29
\\/\/_W\/&;B
Wsjz

Transmittance

6.86

1 | L L 1
1700 1650 1600 1550 1500 1400 1400

o/cm™

Fig. 4 Different FT-IR spectra in aromatic structure zone

In Fig. 5, the absorption peak at 800 cm ™!
belonged to C—H wagging vibration in 1, 3- or
1, 4-divinylbenzene, another peak at 900 cm ™!
belonged to C—H (isolated hydrogen) wagging
vibration in 1, 3-divinylbenzene, and the peak at
715 em™ ' belonged to ring deformation vibra-
tion. They were changed strongly or widely with
increasing mass fraction of divinyl benzene from
peak of C—H (4 adjacent hydrogens) wagging
vibration in 1,2-divinyl-benzene were in the 1. 14 %

to 6. 86 % ; like this, if the absorption range of

DVB

wl percentage

Transmittance

| | 1 |

1100 1000 900 800 700
o/cm™

Fig. 5 Different FTIR spectra in aromatic substitute

group zone

770~ 730 ecm ™', it would become strongly. In
practice, that peak got weaker. Then, the main
ingredient of divinyl benzene used in this paper
mainly contained 1,3- and 1,4-divinylbenzene.
In Fig. 6, characteristic absorption peaks of
structure units of 4-vinylpyridine in shell poly-
mer appeared clearly at 1 500 cm ' and 800

'; the former was assigned to C =N stre-

cm
tching vibration in 4-vinylpyridine due to a dou-
blet in FT-IR spectrum, the last one belonged to
C—H deformation vibration of adjacent ring of

4-monosubstituted pyridine.

“
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Fig. 6 Different FT-IR spectra among pyridyl groups

Additively, the content of titanium dioxide was
tested by EDS, and the relationship between titanium
dioxide’s dosage and percentage content in core/shell

particle was shown in Fig. 7.
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Fig. 7 Relationship between titanium dioxide’s dosage

and percentage content in particle

It showed that the percentage content of
titanium dioxide in core/shell particle was not
only changed increasingly with various mass

fraction of titanium dioxide from 0. 23% to 1.58%,
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but a linear relationship between percentage con-
tent of titanium dioxide in core/shell particle and
dosage of titanium dioxide in the original ingre-
dient was also displayed on the whole.

On the basis of above physical characteriza-
tions, the photograph of composite microsphere
was obtained by means of SEM, and it was

shown in Fig. 8.

BCPCAS4800 15.0kV 10.3mm x20.0k SE(M)

Fig. 8 SEM photography of titanium dioxide core and

poly ( DVB-St-4-VP ) shell hybrid

composite

spherical particle

4.2 Discovery of mechanism of forming compo-
site spherical particle

The relevant mechanism of forming spheri-
cal was analyzed by virtue of changing parame-
ters. Therefore, discussion about the mecha-
nism was carried out under control of constant
stirring velocity.
4.2.1

Titanium dioxide was dispersed separately

by means of four kinds of method. The SEM

Titanium dioxide core-embeded mechanism

photographs of corresponding composite micro-
spheres were displayed in Fig. 9.
In Fig. 9(a), titanium dioxide powder was

the

obtained turbid liquid was poured into the mix-

dispersed into methanol by a ball-grind;

ture of all monomers. Fig. 9 (b), titanium dioxide

powder was dispersed into the mixture of

divinylbenzene and styrene by a ball-grind, the
obtained turbid liquid was poured into 4-vi-
nylpyridine/methanol solution. Fig. 9(c), titani-
powder dispersed into 4-

um dioxide was

vinylpyridine by a ball-grind, the obtained turbid

Fig. 9  Different appearances upon four TiQ, core-dis-

persed methods

liquid was poured into divinylbenzene-styrene/
methanol solution. Fig. 9(d), titanium dioxide
powder was dispersed into the mixture of all
monomers by a ball-grind. The obtained turbid
liquid was poured into the mixture of AIBN and
methanol. At last, precipitation polymerization
occurred on the surface of titanium dioxide parti-
cle dispersed separately by above four methods.
As a result, it was obvious that the shape of mi-
crosphere prepared with titanium dioxide powder
dispersed by method(d)

smooth.

was spherical and

By method (a), experiments agree with the
theory, and molecular and dissociative absorp-
tion between methanol and titanium dioxide
occurred™™, Dissociation happened via breaking
of the O—H bond of methanol, and absorbing
methoxy species on Ti atom. Several absorption
configurations were separated by a small or neg-
ligible barrier at room temperature. Interestingly,
only molecular absorption was observed on TiO,
(110), even when point defects were present. In
contrast, a variety of products formed on TiO;
(100). Then, TiO, particle absorbing CH;OH
was transferred into a novel particle whose sur-
face was covered with —CH,;. Therefore, the
appearance of corresponding shell polymer pre-
pared on the surface of TiO, was not spherical

and smooth as shown in Fig. 9(a).

In Fig. 9(b), core/shell microspheres were
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heaped up due to Van de Waals force between
TiO, particle and mixture of DVB and St. Just
because of the weak interaction, TiO, particles
were not dispersed sufficiently.

Besides the above mentioned, judging by
Fig. 9(¢), pyridyl group binded more strongly to
steps with certain orientations to Ti atoms, and
strong pyridyl group absorption was activated at
room temperature®* . It was proposed that sta-
ble species had been formed via dehydrogena-
tion, which would act as nucleation sites for the
growth of larger pyridyl group condensates.
Then the surface of TiO, core modified with 4-
vinylpyridine was scattered with only ethenyl
groups after dispersing. These ethenyl groups
probably homopolymerized, and the interaction
among modified core and both of divinylbenzene
and styrene was abated. Therefore, the final mi-
crospheres were heaped up as shown in Fig. 9(c).

Fig. 9 (d) exhibited TiO, core and poly
(DVB-St-4-VP) shell hybrid composite spherical
and smooth particles. By method(d), on the ba-
sis of absorption of pyridyl group upon the sur-
face of titanium dioxide particles, ethenyl group
of 4-vinylpyridine was stretched into an unsatu-
rated phase composed of divinylbenzene and sty-
rene, and it was ensured that titanium dioxide
particles was dispersed and mounted into shell
polymer when all monomers were initiated into
copolymerization. Consequently, titanium dio-
xide core-contained mechanism was shown in

Fig. 10.

Fig. 10 Process of TiO, particles dispersed into all

monomers

4.2.2 Active monomer and spheration

As known, divinylbenzene was the most ac-
tive monomer among all monomers used in this
paper. It was seen forever that a clear divinyl-
benzene/methanol solution was changed into
turbid liquid before heated methanol refluxed.
By virtue of the polymerizing phenomena and
TiO, dispersing methods, it was proposed that,
in the initial stage, the ethenyl groups on the
compounded core with 4-vinylpyridine and TiO,
particle was copolymerized with divinylbenzene
and styrene. Then, the primary core/shell com-
posite particle was formed and its stability was
improved in methanol. Shortly, free 4-vinylpyri-
dine in methanol was anticipated into copolymeri-
zation to form an interface between pyridyl
group on the surface of core/shell particle and
methanol. Consequently, spheration occurred
inside. If strongly active monomer had not exis-
ted, a keen competition between methanol and 4-
vinylpyridine would have occurred due to power-
ful absorption of them on the surface of titanium
dioxide; the same reaction had ever been done
only with 4-vinylpyridine and styrene, finally,
latex-similar liquid was obtained.

In brief, titanium dioxide core and poly
(DVB-St-4-VP) shell hybrid composite spherical
and smooth particle were prepared in methanol
by precipitation polymerization. The relevant

processes of reaction mechanism and spheration

(su00)outprikdq Kura—y ouaikls

Fig. 11 Reaction process of core/shell microsphere pre-

pared in methanol
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methanol. Then, one kind of interface stretching
force between methanol and copolymerized 4-vinyl
pyridine was generated, and only spherical shape
of target microsphere released the interface
stretching force until stable microsphere was
obtained.

1600 3 120000

1400+ =100000 g

£ * k:

< 1200+ 180000 &

g 0 . 3

" 1000 {60000

e . 440000 %

3 800 * i

Fig. 12 Spheration process of core/shell microsphere . ° * 720000%“3

. 600 o
prepared in methanol © ©°o o o 1o

L | | -

4000 0.5 1.0 1.5 2.0

mechanism were proposed separately in Fig. 11
and Fig. 12.
4.3 Controlling particle size under the above

mechanism

This section was imperative to reveal the
application of the mechanism of forming composite
spherical particle. In this paper, diameter of
composite spherical particle was influenced by
some controlled parameters such as amounts of
every material, stirring velocity, reaction tem-
perature, and volume of reacting vessel, etc.
4.3.1 Particle size and varying amounts of 4-
vinyl -pyridine

Fig. 13 exhibited the changes of particle size
and its mean square deviation of microspheres
prepared with increasing mass fraction of 4-vi-
nylpyridine from 0. 23% to 1. 59% (to total).
Overall, both of particle size and its mean square
deviation of target microsphere went down with
increasing mass fraction of 4-vinylpyridine from
0.23% to 1.59% (to total). It was implied that
TiO, particles had been dispersed more suffi-
ciently with increasing mass fraction of 4-vi-
nylpyridine, and 4-vinylpyridine dissolved in
methanol prevented primary seeds from growth
while it was being involved in copolymerization.
In addition, the spherical appearance of micro-

sphere was shaped by hydrogen bond formed
with nitrogen atom of pyridyl group and hydroxyl of

Mass fraction of 4-vinylpyridine/%

Fig. 13 Relationship between various mass fraction of 4-
vinylpyridine and both particle size and its mean
square deviation of corresponding microsphere

4.3.2 Particle size and various mass fraction of

titanium dioxide

Fig. 14 showed the relationship between va-
rious mass fraction of titanium dioxide and parti-
cle size and its mean square deviation of corre-
sponding microspheres. It appeared that particle
size and its mean square deviation descended with
increasing mass fraction of titanium dioxide. It was
obvious that shell polymer was divided into more
segments with increasing number of dispersed

titanium dioxide core.

25000
14000

. =
120000 .2
= 12001 =
s 'z
\S 10001 415000 -8
w . £
g 8008 410000 Z.
T 600 ’
: =
=~ ° 45000 g
* 400 . . . &
o] o O

2007 | | | ° | 1 | 8\ 1 70

|
0 02040608 1.01.214 1618 2.0
Mass fraction of 4-vinylpyridine/%
Fig. 14 Relationship between various mass fraction of ti-

tanium dioxide and both particle size and its
mean square deviation of corresponding micro-

sphere
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4.3.3 Particle size and various mass fraction
of methanol

Fig. 15 demonstrated that titanium dioxide
core and all monomers had been dispersed more
completely with increasing mass fraction of

methanol as reaction medium, then the corre-

sponding particle size of microsphere became

smaller.

1200

1100l © - 14000

1000 ™ . 212000 £
E 900/ 3
£ 900 . -10000 ‘%
3 800¢ 3
‘T 700, o -+ 80000 &

<

< 600 -60000 E
£ 500 o | 7
::: 1001 .- 40000 g

300+ o ", 120000 =

200 o0 |,

100

| | | | 1 | | 1 | 1 1 |
86 87 88 89 90 91 92 93 94 95 96 97

Mass fraction of methanol/%
Fig. 15 Relationship between varying amounts of metha-
nol and both particle size and its mean square de-

viation of corresponding microsphere

4.3.4 Particle size and various mass fraction
of divinylbenzene

Fig. 16 showed that both particle size and its
mean square deviation of microspheres changed
increasingly with increasing mass fraction of di-
vinylbenzene from 1. 14% to 5. 72% (to total),
and the particle size and its mean square devia-
tion of microspheres prepared only with divinyl-

benzene (6. 86%) fell down rapidly.

proposed that particle size and its mean square

It was

deviation was dominated with change of space
structure of microsphere. As known, polysty-
rene was a linear homopolymer, and the relevant
structure units marshaled well; polydivinylbenzene
was a three-dimension homopolymer, and the struc-
ture units compacted very well. Then the difference
between particle sizes and their mean square devia-
tions of microspheres at both ends of X-axis was
very small. Only when the dosage of divinylbenzene
increased and the dosage of styrene decreased, the
structure units of poly (DVB-St-4-VP) misarrange
and particle size of corresponding microsphere swell

until the maximum value existed. Then particle size

changed smaller due to the enhancement of degree of

space order with increasing amounts of divinyl-

benzene.,
o 80000
1400 o 170000 _
s
160000 £
E 1200¢ g
3 450000 £
: 1000- . 440000 %
= [] 130000 F
£ 800
& . o 20000 £
L]
600~ ] ° 410000 =
[+] o o o
10
400 | | | 1 | | |

Mass fraction of divinglbenzene/%

Fig. 16 Relationship between various mass fraction of di-
vinylbenzene and both particle size and its mean

square deviation of corresponding microsphere

4.4 Additional remarks

Pyridyl group on the surface of TiO, core
and poly (DVB-St-4-VP) shell hybrid composite
spherical particles were characterized by TG and
zeta potential after combination reaction between
pyridyl and hydrocarbon bromide.

Fig. 17 enumerated three curves of the first-
order differential of TG thermogram of three
kind of quaternary ammonium salts independently
on the surface of core/shell particles; they were
ethyl pyridinium bromide, n-propyl pyridinium
bromide and n-butyl pyridinium bromide. As
seen in Fig. 17, in the range from 40 ~ 300 C,
all slope-temperature curves had undulation, and
thermogravity took place with different intensity. It
was manifested that thermogravity broke out
more strongly in order of n-butyl pyridinium
bromide, n-propyl pyridinium bromide and ethyl
pyridinium bromide. And equally, in the same
order, losing mass were 8. 87%, 7.13%, 5.44%.
It conformed to the destabilizing ruler of quaternary
ammonium salts.

In addition, three kinds of surface modified
core/shell particles were dispersed separately in-
to tetrachloroethylene, and three kinds of turbid
liquid were obtained. After measuring, zeta

potential of these turbid liquid were 31.0, 39. 4,
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5 Conclusion

Under the absorption of pyridyl upon the

2 —butyl bromide omi _ . . S
g AUy bromide bromide surface of titanium dioxide particle, titanium
ethyl bromide o o . .
i dioxide core was contained and shell copolymeri-
:'.é.l‘f zation was carried out on the surface of the core.
| ! L ‘ Another, activity of divinylbenzene and interac-
100 200 300 400 500 600 . .
1/ tion between pyridyl and methanol became a pre-

Fig. 17 The first-order differential curves of TG thermo

gram of pyridiniums

9.4 mV in the above order. It was proved that
zeta potential was so high in that pyridinium salt
had been generated with hydrocarbon bromide

and pyridyl group on the surface of core/shell

requisite for synthesizing spherical and smooth
core/shell particle. And the mechanism of for-
ming TiO, multi-core and poly (DVB-St-4-VP)
shell hybrid composite spherical and smooth par-
ticle was proposed. Under this mechanism,

spherical and smooth particles with varying

particle. diameters were prepared by controlling relevant

Then, pyridyl group on the surface of parti- parameters influencing upon the above mecha-

cles was characterized and final TiO, core and nism. Moreover, utilizing the specific property

ionic poly (DVB-St-4-VP) shell hybrid composite

spherical and smooth particle were obtained.

of tertiary amine of pyridyl, the surface of core/

shell particles was ionized for electrophoresis.
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