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Abstract . The chemical modifications of chlorinated isotactic polypropylene(IPP) were performed by
using two nucleophiles such as thiophenol and sodium cyanide in the presence of phase transfer cata-
lysts. The modifications were influenced by the kinds of reaction solvents, nucleophiles and catalysts.
That is, the modifications by using chlorinated aromatic solvents such as chlorobenzene and o-dichlo-
robenzene were more effective than those by using chlorinated aliphatic solvents such as chloroform
and carbon tetrachloride. Phenylthiolate ion as nucleophile was useful to get the modified polymers
at temperatures below 60T, whereas the polymers modified by using cyanide ion could be gained
only at high temperatures above 90C. The activity of phase transfer catalysts in the modifications inc-
reased in the order TBPB(tetrabutyl phosphonium bromide) >TBAB(tetrabutyl ammonium bromide)
>Adogen 464(methyltrialkyl ammonium chloride). In DSC and TGA, all the modified polymers had
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one glass transition temperature(T,) near T, of chlorinated IPP, and began weight loss from decom-
position above 185C. The thermal stabilities of the polymers containing phenylthio groups compared
to both the chlorinated IPP and the polymers containing cyano groups were relatively good. The poly-
mers containing a lot of phenylthio groups newly showed to be soluble in polar solvents such as MEK,

cyclohexanone and 14-dioxane, but were insoluble in a nonpolar solvent like cyclohexane.
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Table 1. Phase Transfer Reaction of Chlorinated IPP with Thiophenol using Various Solvents in the Prese-

nce of TBAB(4.08mmol) at 20C for 48 hrs

Starting resin

Product anal.?

; . Functional
Exp. no m efé‘;“’-/g Solvent mchulv.s/g yield/g, wt%
El 8.17 Carbon tetrachloride(2.24)® 759 0.56 11.0¢
E2 8.17 Chloroform(4.81) 702 1.06 20.8
E3 8.17 Toluene(2.39) 649 149 29.2
E4 8.17 Chlorobenzene(5.71) 581 201 394
E5 8.17 o-Dichlorobenzene(9.93) 533 235 46.0

“Calculated by chlorine analysis.
"Dielectric constant obtained from reference®.

‘Functional group vield/g based on 100% conversion/g.

Table 2. Phase Transfer Reaction of Chlorinated IPP with Thiophenol using Various Solvents and Catalysts

for 20 hrs
Starting resin Reaction Product anal’ Functional
Exp. no m equiv./g Solvent® Catalyst temp.(C) m equlv./g vield/g, wi%
Cl 1 S
F1 8.17 1(2.39)° TBPB(0.1)4 60 429 3.02 59.2¢
F2 8.17 1(2.39) TBAB(0.1) 60 474 2774 53.7
F3 8.17 1(2.39) Adogen 464(0.1) 60 502 2.36 50.2
F4 8.17 I(5.71) TBPB(0.05) 60 455 2.86 56.0
F5 8.17 (5.71) TBPB(0.1) 25 508 252 49.3
Fé 8.17 m(5.71) TBPB(0.1) 60 398 3.20 62.7
F7 8.17 I(5.71) TBPB(0.1) 90 345 3.50 68.6
F8 8.17 I(5.71) TBPB(0.2) 60 293 3.78 74.1
F9 8.17 I(5.71) TBAB(0.1) 60 437 297 58.2
F10 8.17 I(5.71) Adogen 464(0.1) 60 535 236 46.2
F11 8.17 m(9.93) TBPB(0.1) 60 392 324 63.5
F12 8.17 m(9.93) TBAB(0.1) 60 435 298 58.4
F13 8.17 M(9.93) Adogen 464(0.1) 60 521 243 476

# 1 Toluene, II : Chlorobenzene, III :
* Calculated by chlorine analysis.
¢ Dielectric contant obtained from reference.’!

o-Dichlorobenzene.

4 Mole ratio of catalyst to the chlorine contained in chlorinated IPP.

¢ Functional group yield/g based on 100% conversion/g.
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Fig. 1. Effect of catalyst(4.08mmol) upon functional
yield in phase transfer reaction of chlorinated IPP
with thiophenol using chlorobenzene at 60T ; ([])
TBPB, () TBAB and (A) Adogen 464.
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Fig. 2. Effect of temperature upon functional yield in
phase transfer reaction of chlorinated IPP with thio-
phenol using chlorobenzene and TBPB(0.408mmol)
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Fig. 3. Effect of catalyst concentration upon functional
yield in phase transfer reaction of chlorinated IPP
with thiophenol using chlorobenzene and TBPB as the
solvent and catalyst at 60C : mole ratio of TBPB/ch-

lorinated IPP : (X) 0, (A) 0.05, ({J) 0.1 and (Q)
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Fig. 4. IR spectra of the chlorinated IPPs modified by

phenylthio groups ; (A) : chlorinated IPP. (B) . (A)

modified by phenylthio groups(Tab. 1, E1)(C) : (A)

modified by phenylthio groups(Tab. 2, F11)
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Table 3. Phase Transfer Reaction of Chlorinated IPP with Sodium Cyanide using Various Solvents and Cata-

lysts(4.08mmol) for 20hrs

Starting resin

Product anal.”

Exp. no M equiv./g  Solvent* Catalyst tl:;a;t(l oCn) m equlv./g yi‘llé‘/c;ovr;?}%
Cl Cl N

G1 8.17 1(2.39)¢ Adogen 464 90 568 2.55 28.7¢
G2 8.17 1(5.71) Adogen 464 90 6.15 206 232
G3 8.17 M(9.93) Adogen 464 90 646 173 19.6
G4 8.17 m(9.93) TBPB 90 561 2.62 295
G5 8.17 1(9.93) TBAB 90 598 2.24 25.2
F6 8.17 m(9.93) TBAB 60 trace — —

4 1 Toluene, I : Chlorobenzene, Il : o-Dichlorobenzene.

® Calculated by chlorine analysis.
< Dielectric contant obtained from reference.”!

4 Functional group yield/g based on 100% conversion/g.
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Fig. 6. IR spectra of the chlorinated IPP modified by
cyano groups ; (A) : chlorinated IPP, (B) : (A) mo-
dified by cyano groups(Tab. 3, G3), (C) : (A) modi-
fied by cyano groups(Tab. 3, G4).
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Fig. 7. DSC thermograms of the chlorinated IPP mo-
dified by phenylthio- and cyano groups under nitro-
gen : heating rate 10TC/min ; (A) ! chlorinated IPP,
(B) : (A) modified by phenylthio groups(Tab. 2, F
11), (C) : (A) modified by cyano groups(Tab. 3, G5).
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Table 4. Solubility of the Chlorinated IPPs Modified by Phenylthio- and Cyano Groups

Solubility*
Solvent
CIPP® MCIPP, MCIPP; MCIPP;

(F10) (F8) (G4)
Cyclohexane(8.2)¢ —+ — — __
Carbon tetrachloride(8.6) + + ++ + 5
Toluene(8.9) S+ 4 T+ + 4
THF(9.1) + 4 ++ ++ ++
Benzene(9.2) ++ + + + + ++
Chloroform(9.3) ++ ++ T+ 44
MEK(9.3) —-— - -+ -
Chlorobenzene(9.5) ++ ++ ++ ++
Cyclohexanone(9.9) -+ ++ ++ + 4+
o-Dichlorobenzene(10.0) + + ++ + 4+ ++
1,4-Dioxane(10.0) —-— -+ 4+ S
Nitrobenzene(10.0) —— —— - —_
DMS0(12.0) - = - - —_
DMF(12.1) ~— - = - —
4 + + ! soluble at room temp., — + : partially soluble at room temp. or soluble by heating, — — . insoluble.

® CIPP : chlorinated IPP, MCIPP; & MCIPP, : chlorinated IPP modified by phenylthio groups, MCIPP; : ch-
lorinated IPP modified by cyano groups.

¢ Solubility parameter obtained from reference?,

Table 5. Critical Surface Tensions and Water Contact Angles of the Chlorinated IPPs Modified by Phenyl-

thio- and Cyano Groups

Sample Modified Functional el Water contact
groups yleld/ngt /’ (dyne cm »1) angle ( °)
E3 P 29.2° 32 96.7
F10 P 46.2 32 96.9
F3 P 50.2 32 97.2
F8 p 74.1 32 978
G3 C 19.6 32 95.6
G4 C 29.5 32 95.2
CIPP - - 32 96.4
IPP - - 29.4¢ 94.8

2P : phenylthio, C : cyano

® Functional group yield/g based on 100% conversion/g.

© Obtained from reference®,
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