- —I'%
2003 %2 H

5} ? % *ﬁ No.1

ACTA POLYMERICA SINICA Feb., 2003

FRAAEE TR S R AR AR AR

FXA

BB EHE

2FEE RAX

CEEMAETEFREFTFHESTHEE JLm 102600)
CHEMETRETRl £ 100083)
ClhEHTR¥EESFHRMRA Jbm  100029)

B E BRETEERAMBACQEREE)E(DCmCYTCL KRB FEARNMME, FELR
EMKNREETFHEBNENEE . RES THNL NARTAFEERTEITE T RREN TH F R
BTEALEE RE T AREHEMNS AT ORI FAS T HEFEITE T E8CKRIES FARRBIAR A
BEERAMSTHONEELE BEERBEENRE T EEEAANERES FTHROEHCE MRS T
F R RTS8 Ok FEBA TRER TRARESTHRER L ARERFHAFNRE G4
PR ERUTEERNEES FES R PAEAREFERANE.

XA HEHEES, HTEE, XEEA, EATES

EHEARS#ITASFRIFHMERNILZ
— HABHARSYEMEETITREREAR,
NESTREAY EMRSY . HE TREMK
ST BEH BBEERY EELRY ERRG
MR HREGEHSE XERAGURAITEHE
BRI, H, BFHEEFRS -HEANS
RS .

EBTEERNERAPMAB A0 (FE&
EA R TS T AXUTREFFEEIAA
Nu: 3275 ), ¥ B RO W BR & R PR E AT
BRSX RN, ERTEEETES BHN
b, X FEERMNEERFES RN PHERD
RESHWMM. A P ILE. Matyjaszewski
Sigwal ' (UM FHEER TR SRR A KB
B BT, A TR R R B X e AR
54 T 5 TR A SLAE o R A . Kennedy %7 A%
EEETEAPHFHLTFHRERE B LM
R R FHATFHRMTAET HKNRERT
e, AR LB RN, X
EEFES. Faust ¥ A 0iE D 2,6- 80T Bk
B (DTBPYEIFER  BRILH XY REERFEAT
R F PR 00 B R AR BT A T R B
BREMELE, CHEEERTES.

AREHE MR THTHATHRTERTE
SHERARN X L EBEFRGEREDR

THRSEMUS, LT A0 RABEE TS
TR, EMNBESHEIRBREFERESHNE
HREH ERGRRD ATREMETEIFES
BEE, ENZREEERRS BAKIEAF
.

EREFBEME R Z &N —HKEK
AL EELKRBRFHEER FESGRMFHE
AMTFHAITEEETRAFEFERNESN
X HFEETRAKRYSA5IEM H3IER
ok ERCEEERAN, ESRRBNERL R
£ R IR R R, X R A RN HL R BT 5T R
THK R B, 15 8 R R B R X A OB AE
LB AR ST A SGE A B A RO AL RSMDEE
R RS TR R BRI IE B T R U
BYE R FE YL,

1 TR

1.1 &
RTH(B, BAR, L MAEARAREK )X
HKEAZRTEB- CHEBER. 28 8- EC
BEEBAHBRELS BERABSME . —H8 5%
(CH,CL, A #r e, b w4k T )  EC&K. —FK
(DPA) .= Z W (Et,N)  N- B BIE B ( N-MPA) . N,
N_WHREFEM(N, N-DMPA fbF 4 db 4 T
Yy 1,3-TRAEEFEEFA, Fluka ilH), LA L7

* 2002-02-04 W H ,2002-00-20 B HGE R ARBEE S RBITH (EE 5 29704002)



14 BIHF - EEANEERTRORANFHERAEREANENHR 45

FRAILL 0.4 nm B 53 F RN, f FIRT A R ol
SRPTMEASBHER 24 h SEBEA LK
(TiCL,, A8 al, b P &4 L), A
PO, Em S WS F T & 1B . UK BE ( Piperidine
(PD), A trat) FE RS R 2 B, ER AL
e iEl 3 24 h AR .

BERABEMII_RARERE ~HFRks
50 mLECTE = O 48R ( 1) 8 VIR E T okok iR
Ut E=ZARR(ID P MASH R, &
MErE -HamER) AERRR, BEET
BAEOED, A BB EREBIE 50~ 60T, 334 i
mREBBASERT EER(DAMEDE -
FE BSUERAYBR AE o = A B F AL S R GE T ik
REDHTHHFEARMBK(L )P, AREHR
PR BATR N, HE 13- “ Q- AREE)E
{DiCumCl} .

HAERMPEYHRA=ZOEE(D) baif. 5
M EFARKSED, I8, ERE(IHSE
TRZEE -HARERHNAE, LREZ_ZAH
GERELE .
1.2 BAEE

e, HESITHERAR. BRTAES
Omin BARAL.FREHERHNFHERARABEA
FREIKUL ERAEFHTHESES 0
FRSENERBAHBTHT . ABERAEC K
-BERBEHERAE.
1.3 4 {88

SHTR UV-260 RS -TT LR R (L. 82
e 3% 038 (), Waters-150C, 30 #5 AL BB 41 820. WA-
1A BUAK 4 80 E A (i b TR 25T 57 B 4T 9K e 45
B s ).

2 itE&S

KA FREELBATF Cenus’3.5, At T R784
KEFMEE(GUDRRFMBERET, T#fT
BUSHE. s FTREAERA> FRRENEMEE
T, FEARKRYESREARNER, H
HEFERMBE A+B>C+D

AE . = Ec + E, - E, - E, (1)
HP AE . BB ERGE, EC E, K,
E, pBlERAFEYMCDRREY A BRER &
RELRESTEN 23 EREL . BHEREFE
wHREHERNBRER RAEHTeh g

P, AR EM B THNEEHE
REATHREER, FE(DRERMHBREL
8. 5r F F1 ¥ B ¥ A Force-Field Universal 1.02,
EHHESRAT Spline 7 &, HAER B R BIAM,
Bl cut on 11 nm ,cut off 14 nm.

L L5 FHIERERF (MOPAC) AT L M B 1
YREYHEHRRENERES SN ESE
B Ry TyM P RRARNY GBS
M LA B i MOPAC Jr g, 41 B3R B RF 37 #0
eI LT R MEER R, Py FH Seddle
FEBERMOASYIRIEESEH. KL
BEHER TERA (D RRNELRE. &
Cerius’3.5 *H % ¥ PM3, T =24.0 H, DUMP = 60.0
M.

A+B [A--B] C+D
R R, [HBEET.] 7Y P,
Epive = T — Rig (2)
3 ER5itie

3.1 FERANEBFRAREREESWNE
B

3.1.1 FHBAFF DiCumCUTICL, 3% IB F&F
BaRNMER LBERME LRSS #
FEREANEENEERERESY Y TFRASR
HE S KRR A MEERARNN , BSHE
FERESYR TERK A FESHAER ME
FEENKEZSGEN, BESYa FEZHREKE,
LEReARKELN -8 AERBRSY
KB BEE R LRI E L, R &Y
TEREHNER BEERAY» TESHATLE . 4%
BEEMREER 28N  BARNEAEH#HIT, X
ESVER S EERMRENE SR M KE
RX AR, % B A BB A /B HEF) M6 2%
PD= DPA > Et,N > N-MPA > N, N-DMPA. N, N-
DMPA BIEHI B /b . AN N B A K R 8 &
FEMADEADE, Y EEEAT BEETE
ARMBEVHFERTER.

3.1.2 FERMM HOMCL 5% BEE F¥
RN ER UEEDPETHHHREKER
TiCl, A5 K& R, F &AM ¥ TiCL/CH, L, : n-
CH,/IBEBFRSERMNERNE 2 FiR.E
BRI X Ak R AE R B 5 % DiCumCUTiCL, /1B/
CH,Cl, : n-CyH,, (40/60 = v/ V) K Z M6 . KA HTF



46 =1 4

2003 £F

0 20 4f0 6.0 8.0 100 12.0
Nu:J/[DiCumCl]

Fig. 1 The effects of nucleophiles on carbocationic polymerization
in DiCumCYTiCL /IB/CH, Cl,

Conditions: [ TiCl, 1/[ DiCumCl] = 16, [ DiCumCl] = 3.0 x 1072 emol
L' Vyuu = 22 mL; Temperature = — 80°C s & = 1 h; Sol: CH; Cly/
n-CyHyy = 40/60( VI V)
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Fig. 2 The effects of N-containing Nucleophiles on carbocationic
polymerization in TiCL, /IB/CH,Cl,

Conditions: [ TiCL J/[H; 0] = 165 Vo = 22 ml; Temperature =
~B80C ;¢ =1h;Sol:CH,Cly/n-CgH,q = 40:60( ¥: V)
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Fig. 3 UV spectra of TiClL/CH,Cl: (a),
DiCumCITiCl /CH, Cl; {b) and DiCumClTiCl,/
IB/CH,CL; ()
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Fig. 4 UV spectma of effect of nucleophiles on DiCumClL/
TiCL,/1B/CH, Cly

a} No nucleophile; b) &, ¥-DMPA; c) N-MPA; d)
EiN; e) DPA: f) PD
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Table 1 Activation energy of phenylamine and its derivatives react with H*

Ry Tur Py E rive
No Reactants
(kJ mol™") (kJ-mol~"') (kJ-mol ') (kJ-mol™")
1 Aniline 1013.6 1122.6 3.4 109.0
2 Diphenylamine 909.0 1072.5 841.9 163.5
3 Triphenylamine 1179.0 1383 .4 981.3 204 .4
4 N-Methyl aniline 994.3 1171 .1 735.3 218.6
5 N, N-Dimethyl aniline 980.3 1430.4 739.8 4501
6 2-Methyl phenylamine 742.1 1087.0 691.3 345.0
7 2- isoPropenyl phenylamine 7853 933.5 650.7 148.1
8 2- tert -Butyl-phenylamine 690.0 768.7 641.2 78.6
9 2.6-Dimethyl phenylamine 1020.4 1339.5 651.9 319.1
10 2.6-Diisopropenyl phenylamine 699.0 875.6 576.8 176.6
11 2,6-Ditert-butyl phenylamine 846.3 830.6 555.0 -17.2
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Table 2 Activation energy of pyridine and its derivatives react with H*

Ry

No Molecular

Ty Py E e

(kJ-mol ") (kJ-mal™") (K-mol™") (kJ mol ")

1 Pyridine 1106.0 1099 .4 T82.8 -6.6
2 2-Methyl pyridine 963.6 1010.3 730.5 49.0

3 2-iso Propenyl pyridine 946.2 923.4 664 .2 -22.8
4 2-tert-Butyl pyridine 937.0 867.3 664.1 -60.8
5 2.,6-Dimethyl pyridine 947 .8 950.5 679.1 2.7

6 2 ,6-Diisopropenyl pyridine 885.6 827.6 571.5 -78.0
7 2 ,6-Ditert-butyl pynidine 996.7 868.0 5485 -126.2

O B (49 16 2 ¥ B 55 — AR NS B B b R AR B, 4
FEMAEREXVUESRFRNEMELENAE
(W3 3), teokme e HATE K. BHAKRKES
H' 692 B HE AT BEAR , AT LA S 2,6- AUT Zelt oe
EHEHIE.

Table 3  Activation energy of PD reacting with H*

Rur Tue Pyr E e
Molecular
{(Jomol ") (kJomol™') (kmol™') (KJ-mol™")
PD 813.1 607.9 573.7 -167.5
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Table 4 Change value of net carbonic atoms of the growing species of isebutylene reacting with N-containing nucleophilic reagent
CH, CH,
P* —CH,C* :Nu P* —[CH,C]{ :Nu
Growing N net charge | |
. , CH; CH,4
species in Nu:
C* net N pet C* net N net
AC* C—N bond AC* C—N bend
charge charge charge charge
No Nu: 0.4239 0.4120
DPA 0.0569 -0.1063 0.5302 0.7726 1.583 -0.1098 0,528 0.7764 I.585
PD - 0.0605 - 0.0964 0.5203 0.5882 1.571 -0.0822 0.4942 0.5663 1.592
Py -0.0799 - 0.0402 0.4641 0.4622 1.546 -0.0329 0, 4449 0.4495 1.554
E;N -0.0533 0.4772 0.5088 1.616 -0.0526 0.4765 0.5456 1.608

* P indicated the chain of IB

334 REEASEZHREETHRE

FIRSF ek T RERARS . 58 QEq &
BB EBEANEA B EGTHENTER
T HEKNERZHAHRRMBK A TR REL
MESFHA. FHAFAMELNERXZBBRRT
M RREEE ARSI RRET RS RN
) EREZHBEBTFRESREP, ZHREANE
e MENEEZFEREFHBRTHRAAE
0.30 £4, FER MR, BFE T 8 i 7 5 %
KRS SRR EEFZRAEE
YER, BRAK 1 8K IE & M s 4 3, DA, 38 K R B

BFEDPTEHEATHTERZBHNEASR
M.OHMENRELRREE FTEFRBRENE D
BRTFFREANMFEEERD EHHENILEY
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BHPEMEE A MEEEERNRE. RICHES
BEEKOREFHORTE, AR EREE T
MWHN. E2FEPPYEEEHOKIERF5 DIBP
BEFT R BB R, MR X RS HEES TN
fEE/F 0.001 nm” , EEA B F DTBP %5 (8] i B £
R AESHRERF R #— T E&ARA
HEBFRANEH.

Table 5 Change value of net carbonie atoms of the growing species of styrene reacting with N-containing nucleophilic reagent

H

I

P*—CH,C* : Nu P’ —[CHZC]: :Nu
Growing i
H
species CeHs CoHy
C* net N net C* net N pet
ACt C—N bond AC* C—N bond
charge charge charge charge
No Nu: 0.3067 0.3267
DPA 0.0569 -0.1320 0.4387 0.8148 1.566 -0.1183 0.4450 0,7883 1.553
PD - 0.0605 -0.1255 0.4322 0.6169 1.552 -0.1141 0.4408 0.6055 1.561
Py -0.079% - 0.0307 0.3374 0.4859 1.525 - 0.0446 0.3713 0.4967 1.520

* P indicated the chain of PS
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1 Bl RRM
(1) H,0+ TiCl, H* [TiClLLOH]~
H'[TiCL,OH] ™ + CH,C(CH,),
(2} G H,C(CH, },{l + TiCl,
CH,C' (CH,),[TiCL, ]~ + CH,C(CH, ),
2 B BN
(1) H* [TiCl,OH] ™ + aCH,C(CH,), =——=

(2) CH,C* (CH,),{TiCL 1™ + nCH,C(CH,), ——

3 EERAMCN) SERRPETHEM

(1) H' + :Nu H:Nu
(2) H* [TiCLLOH}" + :Nu

MERGERM, CREXM MK NRESFER,E
ERIEBETHHE ENBEEREBSTFHREM, &
HRENEBETREARMME=4H%7.

AL E R 18 3] 3 B A 7E DiCumCl/
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CH;C (CH, ), [TiCL ]

C.H,C(CH, ),CH,C" (CH; ), [TiCk ]~

CH,C* (CH,),[TiCL,OH] "
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H* :Nu[TiCLOH]"

(3) CH,C’ {CH, ),[ TiCLOH]~ + :Nu =—==CH,C" (CH,), :Nu[ TiCLOH ]~

CH,C* (CH, ), + :Nu=——CH, C(CH, ), : Nu

(4) CH,C(CH;),CH,C" (CH;)Z[TiCl5]- + :Nu

C,H,C(CH;),CH,C" (CH,), + :Nu
CH,C* (CH,),[ TiCLOH]™ + :Nu

(5)

CH,C* (CH,), + :Nu
(6) CoH;C(CH, ),

G H,C(CH,),CH,C" (CH,), : Nu[ TiCl 1~

C,H,C(CH, ),CH,C(CH, ), : Nu

CH,C* (CH, ), Nu[ TiCLOH]"

CH,C(CH, ), : Nu

CH,C' (CH,),[TiCL, 1™ + :Nu

C,H,C(CH,), ~~ CH,C* (CH, ), : Nu[ TiCl; ]

C H,C(CH, ), CH,C(CH, ), : Nu

C¢H,C(CH, ), CH,C" (CH;), + :Nu
A XEAFERANERTHRER TREREFHEAILA
H* +:Nu — H:Nu
~C" 4+ :Nu —_— ~C: I:Ju

~ €* [TiCLOH] " + :Nu

~ C:Nu

~C* +:Nu

~C'[TiCL]™ + :Nu

~C* :Nu[TiCLOH]"

~C" :NulTicL 1
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EFFECT OF NUCLEOPHILES ON ISOBUTYLENE
CARBOCATIONIC POLYMERIZATION

GUO Wenli', ZHOU Han’, LI Shuxin', JIN Yushun', WU Guanying’
{! Beifing Institute of PetroChemical Tochnology . Beijing  102600)
(? Science Instisute of PetroChemical and Chemical Technology , Bejfing  100083)
(* Beijing University of Chemiral Technology, Beijing 100029)

Abstract Isobutylene{IB) cationic polymerization by DiCumCl/TiCl, was studied ,and the effects of nucleophiles
on PIB growing end were analyzed by UV spectroscopy . Using molecular simulation , the activation energy for reaction
of nucleophiles with H* was calculated by Molecular orbital package(MOPAC) method in semi-experiential quantum
dynamies, and the change value of carbonic atoms of the growing species of isobutylene reacting with N-containing
nucleophile reagent was obtained by QEq method after conformation optimization by using molecular dynamics . It was
found that nucleophiles can complex with protons and so prevent chain transfer and chain termination reactions
related with protons, and can also stabilize carbocations by reducing their charges. There are different reaction
ahilities between nucleophiles and protons or carbocations. Piperidine and 2, 6-diter-butyl pyridine are strong
nucleophiles which may complex with protons.2, 6-Diter-butyl pyridine can only trap protons and cannot complex
with carbocations because of its big molecular volume . Piperidine is a good proton trap agent that can complex with
carbocations to reduce their charge and increase their stabilization .
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