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1p4vP Fig.2-1-1 Fig.2-1-2

T * AIBN:2,2-azobis-isobutyronitrile
AIBN DD * DD:diphenyl disulfide
EtOH (chain transfer agent)

* EtOH:ethanol
4VPmonomer

Fig.2-1-1 Polymerization of Ip4VP.

Br Br
H
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€y -
25 , NaOHag/EtOH s N+ N
:
OH
Br
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crosslinking crosslinking
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Fig.2-1-2 Crosslinking reaction between Ip4VP and DBP.
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Fig.2-1-2 IpAVP  DBP

a
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[ 1]
HZC—Br | | |
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HZC—Br -~ Br ¢H2
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Fig.2-1-3 Difference of reaction rate occurred between Ip4VP and DBP.
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2-3-1
Br
Volhard Volhard
Br Br
Table 2-3-1

Table 2-3-1 Result of Br ion quantitation.

Weight Volhard titration lon meter
(9) (mol/L) (mol/L)
Ip4VP-EtBr®  0.106
0.278 0.279
EtOH 0.918
a) Ip4VP modified by EtBr
Volhard 0.278mol/L
0.279mol/L
Ip4VvP Br
Ip4VvP Ker
Koty Kirger IpAVP  EtBr DBP

Table 2-3-2 Fig.2-3-1

Table 2-3-2 Measurement of crosslinking reaction rate constant.

Ip4vP®  NaOHag/EtOH® 1p4VP concn. f%]
() (@) atrvoty  LBrI/LC 1 To

EtBr®(0.069)
0.72 39.80 1.78 0.109

DBP™(0.069)

a) EtBr:ethyl bromide
b) DBP:1,3-dibromo-2-propanol
c) Ip4vP:linear poly(4-vinyl pyridine)
d) NaOHag/EtOH (v/v) = 50/50
12



C-Br groups (mol)

0.0008%
0.0007

0.0006

0.0005

0.0004

0.0003

0.0002

i e
® o
B .
38
O
B O ©
| | | |
0 2000 4000 6000 8000 10000

Reaction time (min)

Fig.2-3-1 Variation of C-Br groups for reaction time.
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2-3-2 (V)

Ip4vP DBP(1,3- -2- )
Table 2-3-3  Mn Fig.2-3-2
1p4VvP No.1
Mn  6000g/mol
Ip4vP No.2
Mn (6130g/mol) 300 (11270g/mol)
460

(4230g/mol) 300 Mn (

)

Mn 300 Mn

5000g/mol

Table 2-3-3 Condition of gelling experiment and result of gelling time.

) ) ) - . .
IpavP®  DBP”  NaOHag/EtoH? [Ip4VP concn. [Br]ol[ii;]]o Gelling time

g @ (¢)) (wt/vol%) (min)
No.1 1.53 0.129 40.22 3.7 0.111 x D
No.2 3.87 0.365 10.03 27.2 0.124 460

a) IpdVP:linear poly(4-vinyl pyridine)
b) DBP:1,3-dibromo-2-propanol
¢) NaOHag/EtOH (v/v) = 50/50
d) gelation was not observed

14



12000
® No.l O
1 No.2 |
10000 ™
a
— 8000 r - H
[}
= ® ®
= 6000 ®
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2000 | | | | ¢
0 100 200 300 400 500

Reaction time (min)

Fig.2-3-2 Variation of Mn during crosslinking reaction.

2-3-3 o
Fig.2-3-2  No.2
a
1p4VP-DBP
1,1.56 0=0.87
1p4VP-DBP
DBP
Ip4vp
[ 1]

300
300 (to) 2-7)
Fukutomi , TV T, O
T, a Fig.2-3-3
DBP

[ 1(Fig.2-3-4)
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Fig.2-3-3 o of Ip4VP-DBP determined by result of
simulation.
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Fig.2-3-4 Crosslinking reaction of 1p4VP-DBP defined by a.
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- ) 1,3- -2-
3.7wt/vol%(No.1)
27.2wt/vol%(No.2) 300 T,
a 0.87

2-5

1) T.Fukutomi, Crosslinking reaction regarded as a coagulation process, Current
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2) Leyvraz,F. and Tschudi,H.R., Singularities in the kinetics of coagulation process.
J.Phys.A:Math.Gen., 14, (1981), p3389
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€y
4- (4P) 1,3- -2-
(AIBN)
(EtBr)
(MeOH)

(KSCNag) 0.1mol/L (AgNO,aq)

() (FeNH,(S0,).)

5 AIBN DD DBP EtBr

(2 4w

AVP(51.31g) EtOH(30.24g) AIBN(1.10g) DD(1.00g)

(Ca10™ torr) 70
0.5wth
(60 )

2 1p4vP 2L

46.18g 90. 0%
(Mw)

070
Table 2-6-1

18

0.1mol/L

(DBP) 2,2-
(DD)
(NaOH) (EtOH)
4VP
1p4vP

( 50mm 500mmy)

24

p4VP

VPO-070(
(Mn)



Table 2-6-1 Preparation and molecular weight of Ip4VP.

Weight Mw® Mn®
Substance
@ (g/mol) (g/mol)
4vp? 51.31
AIBN® 1.10
26700 6130
DD 1.00
EtOH 30.24

a) 4VP:4-vinyl pyridine

b) AIBN:2,2-azobis-isobutyronitrile
c) DD:diphenyl disulfide

d) measured by Rorland viscometer
e) measured by VPO-070

€))
Volhard (Br )
300ml Ip4VP-EtBr(0.106g) EtOH(0.92g) AgNO,aq(10.00g)
FeNH,(S0,),(1.009) (50.009) 25 KSCNag
Br
100ml (1.009) (4.39)
(39.09) Br (TOA ION METER, IM-40S ) Br
©)
Table 2-3-3 30
25

(Ip4VP-DBP)  0.1IN HCI
(MeOH) VPO-070

19
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Ip4vP (Mn)
Mn (Mw)
GPC( Mw  Mn
1p4vP 4VpP
Mw 1p4vP
GPC
GPC
GPC
GPC
( - ) (p(St-co-CMS)) (1)
( -4- ) (p(St-co-4VP))(2)
Fig.3-1-1 Fig.3-1-2
N AIBN, DD _ N
+ /\/ Benzene, 60 , 12h | /\/ * St: styrene
CH,CI 10n CH,CI'M * CMS:chloromethyl
St cus styrene
10 B 1 -
* 4VP:4-vinyl
— - /T N/ 71T 7 pyridine
* AIBN:2,2-azobis-
I N AIBN, DD _ oS i I_ .
P Benzene, 60 ., 12h P isobutyronitrile
N ton > N /n * DD:diphenyl
St 4vp disulfide
10 B 1
Fig.3-1-1 Preparation of primary p(St-co-CMS) and p(St-co-4VP) polymers for

crosslinking reaction.




p(St-co-CMS) |

/E:qu ClH,C/
+ +‘C\H2
Inter particles cf >
N — L -
p(St-co-4VP) | crosslinking
N" <N
2-butanone
25
N
| B% Intra particle
S'?\]@CHZ crosslinking
%JL
Fig.3-1-2 Crosslinking reaction between p(St-co-CMS) and p(St-co-4VP).
a p(St-co-CMS)  p(St-co-4VP)
(
NaOHaq) ( )
NaOHag p(St-co-4VP) 4VP
p(St-co-4VP)(0.90g) 2-propanol/chloroform(1/1 w/w) NaOHaq
Fig.3-1-3 0.04N HCI(1 ) pH8.5 5.4
0.92ml 0.04N NaOHaq(1
) 9.29ml HC1(1
) 10 0.04N HCI(2 ) 5.73ml
4- (4vpP)
(St) HCI,NaOH  4VP
HCI NaOH
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12

10
e 0.04N HCI
8 - ] one times)
- m (0.04N NaOH
= (one times)
6 reverse
0.04N HCI
(two times)
4
2

0 10 20 30 40 50 60 70 80
Titration volume (ml)
Fig.3-1-3 Titration curve of p(St-co-4VP).

p(St-co-4VP)

p(St-co-CMS) (CMS)
NaOH
NaOHag  p(St-co-CMS) NaOHaq
HClaq
(Fig.3-1-4)
X A
| + NaOHag——>» | + | NaOHaq | + NacCl
N N A
CHCI CH,0H

titrated by HCI

Fig.3-1-4 Determination of residual chloromethyl groups in CMS units.
p(St-co-CMS)  p(St-co-4VP)

p(St-co-CMS)  p(St-co-4VP)
GPC( )
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3-2-1 p(St-co-CMS)

p(St-co-CMS) (Mn:5280, Mw/Mn:2.05)

0.1IN NaOHaq 25

NaOHag 0.INHClaq NaOH

10.0g (

3-2-2

kintr a

p(St-co-CMS)  p(St-co-4VP)(Mn:5420, Mw/Mn:-2.84)
25

0.1IN NaOHaq

3-2-3

p(St-co-CMS)  p(St-co-4VP) /2-
25

GPC

24

NaOHaq

kinter
/2-
22 _.5wt/vol%

NaOH 0.1IN HClag



3-2-4 «

p(St-co-CMS)  p(St-co-4VP)
v = [ wfrg,@F {rz ,0F a

K f£ 4 (t)

CMS f£,() p(St-co-4VP)
1
1
t Q) t+ 9
N(it+ t) N()
t (t+ 1)
m(No) m(Ng)
Mn(t) Mn(t+ t)
N
(FM)
1 1
™vn®  Mna+ o o
T =] :)F(t)dt
Mn Mw T
dr _Mlm
dM
In( ) = 2InM g
M, = ZjXCJ
j=1
T M, (M)  (3-5)
1 1/2<a <1 a
M2
n( ™ )

25

p(St-co-CMS) (
4VpP

N(t+ t)

2InM 144

)

-1

In(

Mn

dMm,
dt

)

G-

G2

(Cad))

(3-4)

(3-5)

(3-6)



3-3

3-3-1 p(St-co-CMS)

p(St-co-CMS)  NaOHaq 0.1IN HClaq
Table 3-3-1 Fig.3-3-1 4600
0.00046mol
0.00049mol 90%

0.1N NaOHaq 3

Table 3-3-1 Measurement of chloromethyl groups.

Weirght
Substance
(9)

p(St-co-CMS) 1.87

benzene 5.06
0.1IN NaOHaq 100.00

0.0005 | ®

®

= 0.0004 -
= 0.0003 |-
=
=
% 0.0002
[

0.0001 |- d

0. | | | | |

0 1000 2000 3000 4000 5000 6000
Reaction time (min)
Fig.3-3-1  Variation of reacted chloromethyl

groups in CMS units.
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3-3-2
p(St-co-CMS)  p(St-co-4VP) /2-
25 Table 3-3-2 p(St-co-4VP)
4VP « ) ( ) Fig.3-3-2

In( 4P/  4P)

0.0484/mol  min
Mn

Table 3-3-2 Determination of crosslinking reaction rate

constant.
Substance Weight
(@D
p(St-co-CMS)® 16.85
p(St-co-4Vp)™ 1.91
MEK® 60.00
EtOH® 1.50

a) poly(styrene-co-chloromethyl styrene)
b) poly(styrene-co-4-vinyl pyridine)

C) 2-butanone

d) ethanol

* [@]o/[@ 1o = 0.234

CH,Cl

27



7 10° ‘

)

6 10°
=
= °
o 5 10° |+
=
=
S 410° ®e
E

®
- 310° | ¢
®
)
2 10-5 | | | | |

In(Rezidual 4YP/Initial 4YP )

1.0 | | | | | L,

0 1000 2000 3000 4000 5000 6000
Reaction time (min)
Fig.3-3-2 First order plot of residual 4VP for reaction
time.
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3-3-3

p(St-co-CMS)  p(St-co-4VP) /2- 25
Table
3-3-3 Fig.3-3-3 Fig.3-3-4 GPC
Table 3-3-3 Measurement and result of gelling time.
No.1l No.2 No.3 No.4 No.5
p(St-co-CliS) 2.10 4.40 4.66 6.57 6.48
@
p(St-co-4vP) 0.30 0.06 0.61 0.99 0.72
@
MEK
46.65 2.87 2.98 3.56 2.39
@
EtOH
0.22 0.24 0.12 0.21 0.06
(9)
Polymer conc.
(wt/volt) 4.9 59.0 63.0 66.7 74.6
S X
[[ii]]ol[[:ij]o 0.297 0.028 0.270 0.308 0.228
N /\CHQCI
Gelling time a)
(min) x 16010 9220 7415 6480

a) Gelation was not observed
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4000 |- ©
:E.
"z 3000 +
s
=
0
2000 | —&—No0.1(4.9%)
—l—No.2(59.0%)
——No0.3(63.0%)
—>X—N0.4(66.7%)
1000 - —0O—No.5(74.6%)
1 1 1
0 5000 10000 15000 20000
Reaction time (min)
Fig.3-3-3 Variation of Mn for reaction time.
14000 |
12000 »& ||
: [ ] u O @
10000
& 8000 [
= 6000 [~

—@—No.1(4.9%)
4000 ——No.2(59.0%)
—e—No.3(63.0%)
—>—No.4(66.7%)
—0—No.5(74.6%)
| | |

0 5000 10000 15000 20000

Reaction time (min)
Fig.3-3-4 Variation of Mw for reaction time.

2000 [~
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Mw

No
74

(F

Fig.3-3-3 Fig.3-3-4 No.1( 4.9wt/vol%)

Mn Mw 10000
No.2( 59.0wt/vol%)
16010 Mn
No.1
CMS 4\VP
23( 63.0wt/vol%) No.4( 66.7wt/vol%) No.5(
.6wt/vol%) 9220 7415 6480
Mw  Mn
ig.3-3-5) GPC
Appendix No.1 No.5
GPC No.3 No.5

E Increase of molecular weight
Y Shrinkage

/U (—) : inter crosslinking
(—) : intra crosslinking
Fig.3-3-5 Shrinkage due to intra particle crosslinking.

( )
No.5(74.6wt/vol%)

(2.0wt/vol%) 3
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Omin( ) 4320min GPC

Mn( ) Mw( ) Fig.3-3-6
5000;! h !‘
| |
| | | |
£ 2l v
4000
=
q_E
J@ 3000
2000 Omin
1440min
2880min

12000

10000

8000

6000

Muw (g/mol)

4000 -

2000

| | |

0 2000 4000 6000 8000
Reaction time (min)

Fig.3-3-6 Variation of Mn and Mw of No.5 sample (74.6wth)
in low polymer concentration. Time duration after sampling,
dilution and GPC measurement. (e ) Omin, (= ) 1440min,

( ) 2880min, (x ) 4320min.
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Mn  Mw GPC (Omin) 4320min

Fig.3-3-2
3000 p(St-co-CNS)
d[cms]
—a = Kinra [cms], [avP], [cms] = [avP]
(conversion) = lLavel
avP],
Kipera [cnsl, [4vA, p(St-co-CNS)
p(St-co-4VP) NS 4VP (mol) Fig.3-3-2
3000 Kinera  0.0242/mol min Fig.3-3-7  p(St-co-CMS)
GPC
No.1
No.2
CMS 4VP
No.3 No.5
[MW] o 1 sample/IMW] opher No.1
(No.1 0.24 0.30)
Fig.3-3-7
4_5wt/vol%(added temp) 4._5wt/vol%
{p(St-co-CMS):3.78g, p(St-co-4VP) 0.43g, MEK 77.92g, EtOH 0.37g} 60
GPC
4_5wt/vol%(added temp)
1.0 (y= 2290.4x +10155)
No.3 No.5 Mn
Mw Fig.3-3-8 Fig.3-3-9
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Mw (g/mol)

Mn (g/mol)

12000

10000

2 g \B
8000 |- %}%@ —

y = -2290.4x + 10155
R? = 0.97969

6000 |-

® No.1 (4.9%)

W No.2 (59.0%)
4000 |- & No.3 (63.0%)

X No.4 (66.7%)

© No.5 (74.6%)
2000 —H=—4_5% (added temp)

| I ' |
0 0.2 0.4 0.6 0.8 1

Conversion
Fig.3-3-7 Conversion of Mw derived from top peak position in GPC data.

10000

8000
6000
4.

4000
—@—No.1(4.9%)
——No.2(59.0%)

2000 | ——No.3(63.0%)
—<—No.4(66.7%)
—0—No.5(74.6%)

0 ] ] ]
0 5000 10000 15000 20000

Reaction time (min)
Fig.3-3-8 Variation of Mn corrected by degree of shrinkage.
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30000

25000

20000

15000

Mw (gfmol)

—@—No.1(4.9%)

——No.2(59.0%)
—e—No0.3(63.0%)

10000 %

5000 |-
—<—No.4(66.7%)
—@—No.5(74.6%)
0 | | I
0 5000 10000 15000 20000
Reaction time (min)
Fig.3-3-9 Variation of Mw corrected by degree of shrinkage.
No.1
Mn  Mw No.2 CMS
4VP Mn Mw Mn(9200g/mol)
Mw(20200g/mol) No.3 No.4 No.5

[Mn(9800g/mol) Mw(24000g/mol)] [Mn(9800g/mol) Mw(28000g/mol)] [Mn(8700g/mol)
Mw(24000g/mol)]

3-3-4 a
Mn M (-4  (3-5) In(dM , /dt )
GPC 1/2<a <1 M 14 (3-5)
a (3-5) a
T M,
2-7) T, a
a Table 3-3-4 a
050 a 055
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p(St-co-CMS)-p(St-co-4VP)
p(St-co-CMS)  p(St-co-4VP)

[ ]
[ ]
[ ]
[ 1(Fig.3-3-10)
Table 3-3-4 o determined by T .
No.2 No.3 No.4 No.5
(59.0wt/vol%)  (63.0wt/vol%)  (66.7wt/vol%)  (74.6wt/vol%h)
T, 83.49 45.74 42.28 26.60
a 0.52 0.53 0.53 0.55
J—— . Intra particle
HoC “#.., crosslinking
/_\N'./CI_ O :.. (3 1
CHCH, )| — Shrinkage
a3 [ 1% Pr
CH, % §
3 0: ‘—

»

AN

-
»
I T 2, 3
r‘ ‘— o 03
.

G e atl o :’ ." -.‘:" .'. a ‘-“

» 3 -

. e -

. e r

(S Q

. o
Canasn®

AT TN

Fig.3-3-10 Crosslinking reaction of p(St-co-CMS)-p(St-co-4VP) defined by a.
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( ) (p(St-co-CMS)) ( 4-
) (p(St-co-4VP))

4._9wt/vol%(No.1)
59.0wt/vol%(No.2) 63.0wt/vol%(No.3) 66.7wt/vol%(No.4)

74_.6wt/vol%(No.5) 16010 9220 7415 6480 GPC
Mn Mw
T, 0=0.52(No.2) a=0.53(No.3) a=0.53(No.4)
a=0.55(No.5)
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Appendix
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200

150

=100

x50
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= 3000min
- 18620min

8 10 12 14 16
Retention time (min)

Appendix -1 GPC profiles of No.1.

@ O0min
= 2880min
- 16010min

Retention time (min)

Appendix -2 GPC profiles of No.2.
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Appendix -3 GPC profiles of No.3.
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Appendix -4 GPC profiles of No.4.
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Appendix -5 GPC profiles of No.5 .
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3-5

@
2- (MEK) (Sv) 4-
( (CMS)) 0.IN (0.INHClaq)
0.1N (0.1N NaOHaq) 4-
(4vp) 2,2- (AIBN)
(DD) St 4P CMS
5 MEK AIBN DD
@ ( - ) (p(St-co-CMS)) (
-4~ ) (p(St-co-4VP)
300ml (49.9g) St(50.00g) CMS(5.04g) AIBN(1.19g) DD(1.08g)
60 12 p(St-co-CMS)
p(St-co-CMS) 3
50 ( :42.60g 277.4%
(Mn):5280g/mol  Mw/Mn:2.05)
300ml (50.76g) EtOH(10.00g) St(50.74g) 4VP(5.06g)
AIBN(1.10g) DD(1.12g) 60 12 p(St-co-4VP)
p(St-co-4VP)
2 50 ( 240.29g
172.0% (Mn) :5420g/mol  Mw/Mn:2.84)

(3) p(St-co-CMS)

p(St-co-CMS)(1.87g) (5.06g) 100ml 0.1IN
NaOHaq(100.0g) 25 (NaOHaq)
(10.00g) 100ml 90.00g 0.INHClaq
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( :
) pH (DIGITAL pH METER V SERIES, HM-35V, TOA electronics LTD.)

(DATA CONVERTER AP-500type, ANRITSU METER CO.,LTD.)
(Fig.3-5-1)

(2):0.1N HClaq
(b):metering pump
(c):titrated solution

///\\\ — (d):pH electrode
\:8{// _— (e):pH meter
A (f):date converter

e ®
@ (9) :computer
S | B
5
- i O ==I.-
@) -
@ (b) ©

Fig.3-5-1 Automatic instrument of neutralizing titration to measure
chloromethyl groups.

“)
p(St-co-CMS) (16.859) p(St-co-4VP)(1.91g) MEK(60.00g) EtOH(1.509)
25 (5-400)
0.IN NaOHaq(10.00g) 3 300ml
(90.00g) 0.IN HClaqg
®)
Table 3-3-3 30

25
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GPC(

TSK-GEL Super-H 5000,3000 ) GPC
HPLC  MEK (2.0% w/w) MEK(HPLC)  0.3% w/v
VPO 2. 0%(w/w)
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VPO

)
(p(St-co-4VP))

4 _9wt/vol%(No.

(o)

(@)
(4-
Y(p4P)  1,3- -2- (DBP)
a 3. 7wt/vol%(No.1)
27.2wt/vol%(No.2) 0=0.87
(
(p(St-co-CMS)) ( 4- )
GPC a

D
59.0wt/vol%(No.2) 63.0wt/vol%(No.3) 66.7wt/vol%(No.4)

74 _6wt/vol%(No.5) 0=0.52(No.2) a=0.53(No.3) a=0.53(No.4)

a=0.55(No.5)
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