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Abstract: C!3-NMR spectroscopic method could be very successfully applied to study the
microstructure of the chlorinated IPP and to compare the relative reactivity of the three
kinds of protons toward chlorination. The change in thermal properties of the chlorinated
IPP’s as a function of degree of chlorination was also investigated by DSC. In the chlorina-
tion of IPP the relative reactivity of the three different kinds of protons contained in the
structure unit of IPP, namely methyl, methylene and methine protons, could be quan-
titatively determined, decreasing in the order, methylene > methine >methyl. The chlorine
atoms were found to be quite uniformly distributed along the polymer chain. The glass
transition temperature (Tg) of the chlorinated IPP’s increased gradually with increase of
chlorine content, but with increase of the chlorine content the melting point (Tm) was
lowered rapidly and crystallinity was no longer observed when the chlorine contents
reached 25%.

o

4% Fted gAY das)

Al LS
1. A = CH,, CH® £49¢ 231y

$4°] CH,,

Strokan 52

polypropylene (PP) 2 FZc}¢| (structure
unit) ol methyl, methylene ¥ methine?| 4j
7b2] groupd I U7l o Foll dA3F ub34|
dle odei7bx] A% T2 YAY F Ued
PPo 43} 4k Yol A AFE 4xud
BIH S!S g4 A48 qpgoe 42 o4
3} atactic polypropylene (APP)% infrared
(IR) spectroscopyell 2]§ C-CI band& &

52

< et A3 b2 g d43} jso-
tactic polypropylene (IPP)2] IR spectroscopy
ol o{gk C-Cl band sl 4{-& F3bed 4bcj A<l o
43} 9k-§4¢] CH,, CH, CH,&4d¢ Zx
dhdch. = Mitani§32 folalol 4 o 4315
o g d43} IPPdl o4& proton NMR spec-
troscopyE &3t TZE A Ay o
43} 4bE4ul& CH,, CH, CH, ¥4} w8
et 714 AlA Q) d43) wbS4ole} g

Polymer(Korea) Vol 10, No. 1, February 1986



443} Isotactic Polypropyleneoll a3t |7 ([) : 7&al4 % d444

-2 CHy+= protone] 374, CH,+= 274, CH=
17§e]l =2 o] proton5¢| }lolE T A k2
A ulE Hele Aol

o]4be| of T-oll 4] BTH ¥ Strokans & o7
€ IRo|v H'-NMR-& «}838F Holm A4t
PP 2| IR spectrumo|v} proton NMR spec-
trum 2| resolutiono] of-$~ v 7| o Fof] ek
Mol A3E =4 T 771 gk 3 ol Keller
54~65| o343} APPel thgt C®-NMR T24
AL Fold HAA3} ukZA4e Aol =7t
CH, CH,, CH,&A49% 233kt 23
obA 72 Q43 IPPoll gk kAl Abeiut
AL WAl 8 gH

detd £ AFoll A drTe) uygoz A
2% d43} IPP 9 olATX & C”-NMRspec-
troscopy 2 & o735t CH,, CH,;, CHpro-
tong 2| A Al wb3-4 wloll fF HzkHol
AEE 3toct. voprl d43) IPPo] Y&

ol4Tx2 YL HsH e 1 EA &

of A&7t o] YA L2l dErtE W
o}, %7l d435} PP FxoF YAg o@S
ZHA I e 9 Qo] dA3trd szl oy
Al @3lsl=718 DSCE F3ld HESIGc)

2. 4 #

2-1. XN B

2-1-1. HL%IPP

A 87e ubelol| =2} chlorobenzene (CB) &
242 27 ditertiary butyl-peroxide (DTBP)
T A3 ZE 3l Aol dAE AL
2 2441754 IPPE &oi4boll 4 o £35}3F
AE 422 shAct

2-2. MUy

2-2-1. C”-NMR spectroscopy

Varian FT-80A NMR spectrometer& <}-&
sl &t spectrum 100% CDCLE
internal locking3lted spin rate 25 rps, pulse
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Table 1. Number of Scans in C**-NMR Spec-
troscopy of Chiorinated IPP in CDCl,.

Polymer Number of scan Polymer Number of scan

B 12,653 E 45,248
C 27,278 F 69, 121
D 37,192

HMDS (1,1,1,3,3,3 - hexamethyldisiloxane)
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Fig. 1. C'"-NMR spectrum of chlorinated IPP.
(sample C)
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Fig. 2. C*-NMR spectrums of chlorinated [PP’s.
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Table 2. The Chemical Shifts of Observed Group
in C*-NMR Spectrum of IPP

Chemical shift in ppm

Observed relative to HMDS AOnglnal
group S0 om  4(°C) om increment
-CH, 18.92 19.0 So'*" (CHy)
| 19.02
-CH- 25.10 25.2 So'™" (CH )
25.31
-CH,- 42.94 43.0 So'** (CH,)
43.09
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Table 3 3} 722 chemical shifts & A} 4}3}4c}.

o] Table 39| A} 4%l chemical shift 2}& &
85w A43t IPPFEF 242 Azsl
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C"-NMR 2| chemical shift= dubdo g =35
Al ¢| inductive effectol} &5l A A% ppm =k
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Zol -CH,, -CHy- =& -CH- 44 U=t
d42 235w AALU=19) electronegative in-
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of -CH,Cl, -CH;~¢] chemical shift2] z+g =
A -CH; ¥-CH,-7F 442 Agsigdd o9
down-field 2 ¢] chemical shift increment& &
4+ Al sltk, = CClY chemical shift k&
vinyl chloride-1, 2 dichloroethylene copoly-
merl0ol| 4 A& -(::-CIQI chemical shiftgt 58
~60 =+ 66~70ppm 2] 33l 4 of copoly-
mer®] -CH- ¢| chemical shiftgt = = -CH-
o) 47t A4 2 232 72| chemical shi-
ft increment® & 4 YA sch ojebre 4
7F2} 8] chemical shift incrementZtsl = o4
2 3=z ¢& IPP %2 -CH,, -CH,- ¥
-CH- 2] chemical shift 2% %= 43} [PP

Table 3. C"*-NMR Chemical Shifts of Model
Compounds for 1, 2-Structures in Chl-
orinated Polyvinyl Chloride

Chemical shift, ppm

Compound CHCI _ CH,CI _ CH,
2, 3-dichlorobu- m* 616 22. 1
tane  60.5 20.8
1,2,3,4-tetrach- m 60.3 46.9
lorobutane 59.2 44.3
1) meso
2) racemic
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Foll Eof2l¥ -CHiCl, -CH-, -C-Cle| ek
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A ql chemical shiftE & 4 UdAIslct =Heby
443} [PP%2| -CH,Cl, -CHCl ¥ -C-Cl¢]
peakE assign¥ 4 UAIRlch o|¥A assign
s -CH,Cl, -CHCI % -C-Cl2] 32 chemi-
cal shiftE& d43} IPP¢ C"-NMR spectrum
Al 4 Yo o zhEold ¥z IPP2 C®-
NMR spectrumol] 4 oio}al -CHj, -CHy-, -CH
& = IPP %2 methyl, methylene % me-
thine7] 8] 4 Uxl7t 144l d4£2 245
o A48} IPP7t #2a) ¢ -CH,Cl, -CHCI ¥
-¢-Cl(single chlorine substitution) o] o g+
chemical shift increment& ¢ %7} gic}
E{ A43) [PPO FET R a B, ¥

$129) ebah d4E s 9om 4£Zo
et chemical shiftol] 238Fg FA =ich, 28
22 d43} IPP Abg T4 d4Ldats} 2
2 carbon FAYUZEE a, 8, YRGB
4ol d4&7F 178 23k (vicinal substitution) &
o} 4 7]+ chemical shift increment$} 54 =t

4ol d47F 270 %} (double chlorine sub-

Table 4. Substuition Increment for the Arran-
gement of Chlorine Substuition to a
Central C-Atom

Polymer Observed Increment in ppm
system group Sa" Sa* S8 Sy

CPP" -CH, 84 %60 95 —45
-CH,- 286 .5 7.0 —44"
-CH- a2 - 6.8" -2.8
10.0
CPE

- . -—
cPVe CH, 3.5 657 8.4 2.7

Sa' : single chlorine substuition
Sa'® : double chlorine substuition
1) solvent : CDCl, '
2) average value obtained from the effect of —CHCI
and -CH,CI ,
3) value obtained from - CHC!
4) value obtained from - CH,C!
5) average value
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Table 5. C'*-NMR Chemical Shifts of Partial Chain Structures of Chlorinated IPP

Ob. d P b d
served Fart 6("C) Inke 1" 8(C) exph | OPSeTVed  Part 8(C)Inkel? & (*C) exp”
group structure group structure
0 T
-CH, 1 8 1 10.0 -CCly 10 2 00 87.8
0 1 0
08 1 13.5 14.3 1(13280 92.2
131 19.5 18.4/19.0 15280 92.2
011 23.5 10 2 00 96.6
0 00
0 % 0 28.5 13 2 80 9.6
-CH,Cl 1 ? 1 38.5 08 2 80 101.0
111 40.9 11210 96.6
1 0 0
001 42.9 01200 101.0
1 0 0
0 { 1 45.4 o1 % 10 101.0
0 ? 0 47.4 47.4 -CH- 10 0 01 19.6
1 0
Oéo 49.9 50.0 10800 22.4 25.4/25.8
-CHC), 1g 1 66.0 11 Q01 26.6
2 1
1 % 1 68.5 10 % o1 30.4
Ogl 70.5 11 Q00 32.4
2 1
Oél 73.0 10?_)00 29.2
ogo 75.0 01Q 00 32.0 32.2
2 1
? 1 ({ 77.5 00 8 00 36. 4
-CHy 1(11901 27.0 11011 34.4
1 1
ul)ggo 31.4 108_ 11 37.6
18980 35.8 11% 10 37.2
ui Q 00 40.2 39.8/43.0 10 8 10 40. 4
1
I}QOO 38.4 01% 10 40.0
0
110 00 42.8 000 10 43.2
00 1
11000 47.2 110 10 47.2
0 0 ' 0
1} 1] 80 51.6 54.9 -CCl1- 10 é 01 60. 8
1(1) Q 30 49.8 11 % 01 60.6
11010 54.2 10101 63.8
0 0 0 ]
01010 58.6 wéoo 63.6
171
-CHCI- 10 1 00 62.0 11 } 00 63.4
1 0
1? 130 65.2 10éoo 66.6
13100 64.8 oogoo 66. 4 66. 4
0
101 00 67.8 01 %oo 66.2
0 0
13100 69.2 oogoo 69. 4 67.6
: 0
ogxoo 71.6 71.6 11%10 65. 6
0
1(1) 1 éo 71.2 10110 68.8
01100 77.6 74.5 o1 } 10 68.0
0 0
01110 75.6 00 } 10 71.2
01110 75.0

1) value calculated for the chlorinated APP and IPP by increment method
2) wvalue observed in chlorinated IPP.
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Table 7. Mol Fraction of Observed Group in Chlorination of IPP

Chlorine Observed group
Exp. no. content (wt %)
CH, CH, CH CHCI CH,Cl CCl
A 0 33.3 33.3 33.3 0 0 0
B 9.9 27.8 31.8 32.8 4.54(6.78)* 1.45(2.10) 0.67(1.0)
C 14.4 21.2 30.5 32.2 11. 32(10. 35) 3.02(2.76) 1.09(1.0)
D 20.7 16.6 29.2 315 16.00( 9.47) 3.40(2.01) 1.69(1.0)
E 28.1 13.0 27.5 30.0 22.01( 7.85) 5.00(1.79) 2.81(1.0)
F 34.8 1.3 24.5 29.3 22.24( 4.35) 7.41(1.45) 5.14(1.0)
% () : productive ratio of chlorine containing observed group in the chlorinated IPP molecule.

Table 8. The Relative Reactivity of C-H Bond
in Chlorination of IPP
Expro. MM piCH,) R(CH) R(CHy)
content {(wt %)
B 9.9 4.84 1.43 1.0
C 14.8 5.63 1.08 1.0
D 20.7 7.07 1.49 1.0
E 8.1 6.57 1.68 1.0
F KR 4.50 2.07 1.0
o 1747 23s]e] Uo=2 o]F2 Al

4L bS] Ay u g 242 3,2 %
12 ool 5] 2 zto] Table 8o o}
ek, 2 AsE 2 Awdel ws4ele
-CHy-, -CH-, -CH, 2| £4% ¥ 7}
o-lr,‘.

Table 8 288 d435o & A Hb5
4 9] & plotdl= Fig. 3 3F Z&kch. Fig. 3 o
Bt upopzhol CH, ol Aol dbE4E 1.0
A2+ Sof ~-CH,-v o 23%7t2 db5%
F7tsetsl 2 ol F v 4w AL
o -CH-£ 0%HEYe A4 $340]
3 g 2ok

oj#| AA43} vk2o] 23 3o e} CH,y,CH,,
CH group?| FE7t o494l €313t=7tE 45
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Table 7oll4 2 wpsizto] 18, 24, 3
F 542 d43t 549 A
CH,, CH,, CH group? 4 Q& d43E
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Fig. 3. The relative reactivity of each group
according to chlorination of IPP.
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L
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Table 10. Glass Transition and Melting Temper-
ature of Chlorinated IPP

Chlorinated [PP DSC data
Exp. no. chlon(r;et c‘;nr;tent T,C) T.(C)
A 0 —15 160
B 9.8 0 116
C 14.8 2 103
D 19.8 7 94
E 4.6 . 17 -
F 29.7 21 -
G .8 25 -
H 39.8 30 ~
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