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"C R ETRL R AR AR
BT T

(HEMERAERAR, L)

. i E
Rt k7 & (PC-NMR) HRL T - R AL ARA KO EH £ 0—
52.84% (wt) MRREELEAN, XA L RBK, & BRKERY. 8.4, &K=
A 8 A ALERH R(CH) > R(CH,) > R(CH;), #ELARARIL & Bt
BANRZELEAARTHE > TRE, ¥ RBHANLARHEHAEIEH
C—HEMNBERR, X TAOEABRIRF XS TEAALE,
X@BE THRAE Kb Bk

EAMRAEFARBEARSHEY, 2 RILBHE, T8 2 E ZHRA.

RABE=H,, BT HEE—CCl, —CCL FAH R THEHR, BfiH 'H-NMR &
EHRSEHRREE, DAERCERSN TZmk. AN, BT “C-NMR j%ik ‘H-NMR
A EEREABER, b DB RR TS ¥R,

Keller"™ 71 Park™ R "C-NMR 538 il A MR, HEH LR
RTEESHT. EEMATEREMRLE, RV "C-NMR HRRET BRI LEEEN
HALHERRTE (APP) NEHK, RET EMEHNEREMTARKTEFME. F. 8=
SR FROMEX KR ESE, e TEMR A EERIEER.

RehHE
ERRARBERYIRABAT RAEEI>Y, T 40°C FAEI/LBERME 24

ML RBRRRENARLS, BBREL 2%2(W/V), EE 40CEBRSRUBRT
LR, B R FSHEAE. RE~MEFRITE. TRE, EXRITHEER
1LEE.

Bt
“C-NMR 3£H7E JEOL FT-100MHz Zgdtiri{l L5EmR. LRIRE 80°C, &EHH

FARBZRE, FIENR (Cuue = 132.070ppm, FRT TMS), KE 25—45%(W/V)
(REBBREEAER). 0nm BEE, RTREER, KFEENFE 258, EE
6000Hz, J 3000—6000 1%, :

* 1987 4£6 A 16 BIREL ATHFREREARNFELRDTR,
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L EARRRD CLEas o o
TEMEEE (APP) RESFE /=Y (CAPP) i “C-NMR ¥ 1 fisk. APP
WEh, CH,, CH, M CH ZMBHLENE
FIT% 1. SREEHESRS TFENAREE
R, .

FREFD °C PABHAEREHME.
TH, o B 7 ERFABRLEN °C L2 B
FRE— AR, Hilt, %E4 APP th °C
AR BREABENERERE, EOH
IR Yot el 3 Lo e divm s 2

§ =08+ >, N; - A8+ S (1)

Cl(wt%)
52.84

35.69

i=a, 8.7

e 6 Rk APP thXtRIBKEY “C fL2E4Ar B
. = AENENERE i LB LSRR
H. A5 NAEMNBENERE i irE LERH °C
A EE. S ABWANBREIRE FRINBEA R
TR R EIE T,

Keller MR RRETEMNRAR K
RERPH O HEE(E2). HFEXRHA, He
ArFn 8 Az FR BN, THIRER K. 4HTIA

O(APP) j %, XIBEZEFRBANEE T HNEA K
TR T s w0 ™. g, B THRIE SCER L1 TR ML R B RUBL
5 (pprm) REER,KETEER, &E85TE3. LEE
B 1 EHREERE=RENT Y REBETRS A E.
C-NMR

NEE e, R r ZRBRABNEN, &
23 HBEN BT (DR, RERMVEEDEIE APP h MR LFUBEE (X
1), Bl T RAETHARFE T X ZERELREFIAE 4.

ZREREIR, S RIEN, REREHEHNENR (6= 67.1ppm), H EHEER/L
EREE, HAREEANEE. —ERRED, BEISEALEIE 46.74% (wo) i CEEER
1A H), ABERBH—CCL #£3R (6 = 103ppm), H HAERE X 52.84% B, {7
RIBLE), XEXHERVHENSEERETFHE— S BELEEBEM.

2. e R

“C-NMR EErh, T RTFEEERBFLER Overhauser 35 (NOE), &FEE
B - SR NSETE () REL,ESLREEAESBENBEREL, N4 R
STk T B, :



3 8 FEES: OC BEARMREATRAERBNER
1 EHAXERBDRBOLERLS (ppm)
B ® TELREB D EGRE R
—CH, - 20.0 19.394 1.65
19.570 2.10
20.090 » 1.98
20.272 1.90
20.798 1.51
21.091 1.64
—CH— 27.5 27.467 8.71
27 .877 1.67
—CH,— 45.6 45.603 2.92
46.247 1.78
46.481 1.27
46.656 1.00
#2 FAREROLZABREES
ERREBNERE (ppm)
LB
« a X 2* B8 r
—CHj,4 28.4 56.0 9.5 —4.5
—CH,— 29.0 56.5 7.0 —4.4
—CH— >40.0 — 6.8%* —2.8
10, 0%**
* ¢ RHER, * —CHCl—, ** _CHCl
%3 BEHZ%HE (ppm)
% % B 8 B X 2% 8 X 3¢
—CH,Cl —7.0 — _
—-CHC‘I,_ -7.0 - p—
—CHCIl— —7.0 —12.0 —
—ccl,— —7.0 —14.0 —
—CCl— —-7.0 —12.0 —15.0

* HA BRI, * EABRAANARNK

Keller S"2 T —MuEMGE, SIABERERTRERX—EAE, Pk &

HA R RATX—HE,EERAT:

3K

LEEPRRRERRY 4(- ), SIARERT NG -+), HEELREREIC--)
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I(---)=A(---)/.N(--‘*-_) | .(2)
T4 EBRNEIBEAZABNBRERERT

B B ‘ f2EhHB (ppm) BERERT
——(‘}H— » 25.3/27.5/34.6 N(CH) = 1.04
—c'cl-— 67.1/70.7 N(CCI) = 1.0
—CH,— 40.3/45.6/52.7 N(CH,) = 1.0
—CHCl— 74.0 N(CHCI) = 1.0
—ccl,— '103.0 N(CC1) = 1.0

—CH, 14.1/20.0/30.0 N(CH,) = 0.93
—CH,C1 48.4 N(CH,Cl) = 0.93
—cHCl, 76.0 ' N(CHCL) = 0.93

RRATSHBOREER LR, RNE: |

‘ I(CH,):I(CH,):I(CH) = 1:1:1 (3)
4 N(CH,) = 1.0, Il N(CH;) f1 N(CH) [iw[gy APP HEbRE.

B Keller 2% PVC RMZHB-HTHWERMENH R, N(CHCI) = N(CH,);
—CH, EEDPEE—AEEFH, BERERTFALE, B N(CHCL) = N(CH,Cl)=
N(CH,).

#WF N(CCl), HUFIF=CCl fi=CH KEMEHXRE (=CCl% + =CH%—
33.33) R18. A{plH, N(CCL) BT tfE BERY RS,

B ERFERBHEREBERERTFBEFIT % 4.

BEXREEHETNEEER 4 ), NAX S FRREETF NG --), SIEH
RIFERIBRE 1(---). 1(--+) SREBE I1(e) WHME, BXBNBERESH «(--). JL
ME RS R ET £ 5. | |

%5 AESILEHEFRERYE

C1(% mol) a(-++) (mol%)
Chem. | NMR cH CH, CH, ccCl cHCl | ccl, | cH,Cl | CHCI,
0 0 33.33 33.33 33.33 0 0 0 0 0
3.01 3.76 30.62 31.45 30.70 2.69 1.86 0 2.70 0
5.95 5.78 29.60 29.81 29.60 3.68 3.68 0 3.62 0
10.81 11.22 26.14 26.54 27.37 7.39 6.38 0 6.50 0
16.95 15.82 23.02 26.30 23.99 10.80 6.81 0.47 8.59 =0

EXBMRBEE RCG--) HEHENMERETHEBABOILE. HTMHEH. 8=5
SERWFBPEUB B 3:2:1, N MR BB S5ERREEXI, B 5HE ST
SHNEETHEEX RATENREXN T UMEX R HEE:

R(CH):R(CH,):R(CH,) = a(CCI):—;— [«(CHCI) + 2a(CCl,) 1:
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% [«(CH,CI) + 2¢(CHCI,)] ’ 4y

% 6 P TR E B & TSR T B A AL R R TR
M 6 BETU BN, REEHERSNELEE. MUK NEERY HKHG
BEH. WRESAEFDHEHERY R(CH;):R(CH,): R(CH) = 1.0:1.34:3.30,

%6 APP R BIESE

Cl (%mol) R(cH) R(CH,) R(CH,)

3.01 2.99 1.03 1.0
5.95 3.04 1.52 1.0
10.81 3.41 1.47 1.0
16.93 3.77 1.35 1.0

BRI DI T AR AE AL TR o
RHRERk, FRERMERETRAK |
%, B Ho B B, X SR
ERERE B

SHE 1 &k APP By PC-NMR
W, R ISR, CH,. CH,
A1 CH &MEERI R APP thighiRL It
Ry E TEMTROTEAR, BBIERIRE
RS, CAPP R BARBEMANRA
.

DUEB A, HHHESTRS PP T : ‘
HBRE R, HHE—-RREFhE ’ SO A °
K CH, RAKBENBATLAT PP %
B CHs MIREEL,4THE 2. B
I, B E AL R, R A BB AR, TEREARARR, THAT PP 4
BEARFE. XEFEMRNELSRS SRES TELRE.

3. £ FRASFEFRFRAF MR

R Riah F B (B IA ), S T T HIH H EACHLIRAD 5 58 R B %

Py

P2
(=3

CHj3(mol%)
8

H2 FLESCH, REEM

A,
Cl* + RH—>R* + HCl (5)
k
R* + C,—>RCl + CI* (6)

HEA Cl—Cl gtk R—H BESTWH,ERBEE", HfiRMG)BREH T, AR
RS E. BR, R—HBOBEE/N GIXTHR, RNEEFELES.

BEHW C—H R (& 85keal/mol), HERIRZ (4 89kcal/mol), AEHE
& (£ 95kcal/mo)®, HMELKRLEREERE—TN.
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B, B REE R ()R ETS
ﬂ‘;—fﬂ]— — &[CL] - [R*] (7

Wik, Ko FEHE R FREMS, REEESR. BHENKE—TH S EEN IR
BEAX, F—HEBKBEREE. REtkir, FENARK, KEES. .

RPN Y, YRRAETAAEREREFH LN, BRERE BT,
2, Bk E h E BB ER S, RBE - T EBRNRE R E". -

B4 T BUL RAS R EER ZERERK, MER/N. X SRITOERE
REE—B.

B, XEh X T ERRNROTMEEARM LRI, Tt EARH R ERH T
HERER": R(CH) > R(CH) > R(CH;). XEXARRBRAMFEESKI T

l
HAOBREER. SN, X RESARN AR T —CH, FAEHSIMEISE T —CH—
hERN R EYE, 5 T —CH,—H SR iEHE.

B BRRU, BT AR R R B, BRL.
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CARBON-13 NMR STUDY OF CHLORINATED
ATACTIC POLYPROPYLENE

L1 Weisheng SHI Lianghe and SHEN Deyan

(Institute of Chemisiry, Academia Sinica, Beijing)

ABSTRACT

Carbon-13 Nuclear Magnetic Resonance (NMR) technique is used to study the microst-
ructure of a series of chlorinated atactic polypropylene. Results show that the chlorination

occure mainly in the way of mono-substitution up to a chlorine content-of 52.84% by weight.

The mean relative reactivity of three kinds of protons towards chlorination is R(CH)>R

(CH:) >R(CHs), and the chlorine atoms are distributed homogeneously in the molecular

chain. It is shown that the chlorination of polypropylene could be influenced by three struc-

ture factors: C-H bond energy, stability of the macromolecular free radical and configuration

of the molecular chain.

Key words  Atactic polypropylene, Chlorination, Carbon-13 NMR





