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End-Capping Modification of Low Molecular Weight
Polyisoprene with Alkoxy Silicon

MA Enwang', MA Ji', GAO Wenxi', LI Wei?, DING Naixiu?, HE Lixia?
(1. College of Polymer Science and Engineering; 2. Engineering Research Center for High Performance Polymers and
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Abstract: The low molecular weight polyisoprene (LPI) obtained by anionic polymerization was end-capped with 3-
chloropropyl alkoxysilane. The conditions for this end-capping modification were investigated. The structure of LPI
terminated with alkoxysilane was characterized by Fourier transform infrared spectroscopy (FT-IR), nuclear magnetic
resonance spectroscopy (‘H-NMR), gel permeation chromatography (GPC), differential scanning calorimetry (DSC), and
thermogravimetric analysis (TGA). Additionally, the end-capping ratios of the modified products were determined from 'H-
NMR hydrogen spectra. Results indicated that the reaction occurred at the end of the molecule, and had little effect on the
microstructure, glass transition temperature, or heat resistance of the product. However, it led to a slight decrease in the

number average molecular weight and an increase in the molecular weight distribution index. The end-capping ratio increased
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with the increase of termination temperature, and decreased significantly with the increase of the amount of 3-chloropropyl
alkoxysilane. When the termination was conducted at 50 °C with an equivalent amount of terminator to initiator, the end-
capping ratio reached 91.35%.
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Fig. 1 (a) FT-IR spectra and (b) 'H-NMR spectra of LPI and end-capped LPI samples
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SRR AR | BT AW i . LPI-CMDS 1 LPI-CTMS H3% FI7E 3.5 kb ity W e i 0 J& T F 48 5 — OCH; iy
A, LPI-CTES 3% (& fh Ak 24 7 8% 3.80 4k g 48 3 — OCH, — R & A W 06, XoF B o 3 i R Bt it I 7 400 i L H-
NMR 5% [ R T, 2 A0 UG8 ) 4 06 2 SR ARG, R ) v i 8 O A 06 A7 R AR — 380, 3o i B o o5 A o 7 o .
T SOV, ¥4 TG B 35 52 ) o 308 o A TR) O 5 ) v A e T A, 42 BB X (1~ 4) T 845 R i 9 oL 25 44
R B R, SR 1 R .

F 1 LPI A itk LPTAE & A RO 4540 5 3t 3
Table I Microstructure and end-capping ratio of LPI and end-capped LPI samples

Sample w(LPI, ))/% w(LPI, ,)/% w(LPL 4)/% El%
LPI 27.35 9.09 63.56 0
LPI-CTMS 28.12 9.10 62.78 48.32
LPI-CMDS 29.51 7.67 62.82 38.52
LPI-CTES 30.82 8.47 60.71 51.88

% 1 AR, B koM S, P W IOWL 2 R Y S5 B 43 BTS2 Ak, 1 B 3 s B X LPT 43 B SO 45 1)
SR AR B A R[], B R R CTES>CTMS>CMDS, Bl = 2 48 3> = I & B> B 4 3k, AT RERY
Jir DAL 2 i ik A ot i AT v e SR 5P 0 , b i 0] S PR R ke AUt - A G ot i R AR R R R, AR BR3¢
Ui 70 SR LR B e 20 T B SR A S SR A, B 5 LPL 3R S Y B S 1 I O S5, A R T B
KA .
LPI 5 o it LPLAE S Y GPC i W] 2 s o AN [) df sty 750 o e 4 5 B o 16 GPC il 2k 3R #HE,
22 W 3 vy eV S X8 7 ) ) G i B A AT S AN K o AR A AUEE £ B BT[] 7~ 8.5 miin B BTN B VR E
S, A AR DI P T H G B, U IR O AR S S A 2B T A I A X R o M
A3 AT A — B, MAE 41 X N 2l MR )5 ) LPI-CTMS 1 LPI-CMDS 43 1 & 88 i #2308, 1% T LPI-CTES
FE&, BART LPT AL

— 1Pl 2 LPLSEIGSCH: LPLRE S 437 R LA A
— LPI-CTMS
— LPI-CMDS Table 2 Molecular weight and distribution of LPI and end-capped

— LPI-CTES

LPI samples

Sample My/(gmol™) M /(gmol™)  M/(gmol™) MM,

LPI 8520 11 040 11630 1.30
: , , , , LPI-CTMS 6 850 11430 11480 1.67
7 8 9 10 11
Retention time/min LPI-CMDS 6950 12 090 11750 1.74
&2 LPI A5 Emkcrt LPI AR5 A9 GPC ik LPI-CTES 7610 11610 11 400 1.53

Fig. 2 GPC curves of LPI and end-capped LPI samples
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H1 GPC I35 2 A 2 B i A9 2371 S M Gk 2 iz, 5 LPTAH LE, B3 5 7 ) i 5t 2316 (M)
Weli/N, EE O3 d (M) WA SE TN, 4315 A0 A R B0 (M/M) SR o WA 43 1 1 (M) B AR, 3 108 W 3 9 S
MR 5 R 2 1> T8 . BmACES LPTAE 7R =20 TR 3020 o0 T HER BN 22 5 AR o 1 R i
G, AT RS T A PR AR ot 7 i B ROE e At P S 2085 20 R 0 TR AE IR A A R 2R T A e A
LPI 5 5t AoV LPLAE B9 TGA 4018 3 Bz o AN [R] 7 4 B4 i 2 I PR A 3 AT, 3 i3 I i 6 AT X
Bt = Y AR E PERETC B R . 6 3 B T Y TGA 2R AR5 09 B B 5 A6 S I RRAE TR o &M RR S Y
I AR AR (Tonse) + fe K AL AR (VEAEHRIE , Toea) 2R BEUEE T UL IEE ( Thean wian) J49 WML, 3 b W 2
A X 7 ) 0 B ) AR 0 i R LT A RN

LBl s %3 LPI S5 &Pkt LPTRES B TGA $5AE IR
:%E%S%EDSS Table 3 TGA characteristic temperatures of LPI and end-capped LPI

samples
Sample Tonse/ C Thear!/ C Theak wiat/ C
LPI 368 452 73
. . . . : : LPI-CTMS 370 452 74
100 200 307(3/0C 400 500 600 LPLCMDS 377 455 7
B3 LPI 5t LPLRES Y TGA 4 LPI-CTES 367 453 76

Fig.3 TGA curves of LPI and end-capped LPI samples

Xof A o 4O PE TS AR B EAT DSC 40T, 25 SR ANIET 4 FT/R o 45 B 0 B 35 Ak 5 A B ( T,) L2230, LPI-
CMDS Fl LPI-CTES (1) T, B {I% T LPI-CTMS F1 LPI [ Tyo 3X 0] B8 H1 T 8008 s3SI 17 23— A i 1 22 I
P, Hoh = 2SR A b B R i AR B R T = AU, LA B R T, R 0 304 38 A e 700 T B A A1y — P 4 R o
[ LPI-CMDS 43 A dify Y 4803 52 3] 1 25 6] (52 LR /)N, PRT ok HG 39 s 0 e 7 kB IR 1 = HY 4 iy ) LPI-
CTMS. LA I TGA Fl DSC 45 F 343 B 5 3ify 52 N7 5 8k A A8 43— 2R i, i 700 ol X 77 40 14 R P R 4
T 1) TR R W AN K o
2.2 FHiEF AEX YRR

s CTES BN R BEAT LPL B3 52 B, 350 i %] 3,4-LPI-CTES H3 5 A i i e 5 ffron . B
Ui 750 FH 8 A 3G 0, 7249 3,4-LPI-CTES FY 35 it 5 W AR5 224 ity 70 15 2R 6 5 6 500 A 400 Jo 1) AR A (ners/mi=1)
H

pmmg

N, BRI o 2 neres/nu>1 I, 743 S 25 A S ARG 0K 0 P dod ) e i 30 AN A T e SR B BEAT o T
REE T s 0 P 35 A ol i Ky, 250 B A0 B S R AR, RS BRI, — 7 T K 2 5 R SR A AR e A
LA, 53— T3 AL G AE AR AR, 2 fe £ om0 b — C1 K iE SONE, MATTTG BUH A R AR

Ty —9.81 C 100
n
80t
Ty —12.11C
N
Ty —13.53 C q o
—LPI u
—LPI-CTMS
—LPI-CMDS
—LPI-CTES 401 -\
-100 75 -50 -25 0 25 —
T/°C -
‘ ) ) 20 L— . . . . ,
4  LPI Skt LPI KRS AY DSC ik 1.0 12 1.4 1.6 1.8 2.0
n /ng;
Fig.4 DSC curves of LPI and end-capped LPI samples CTESTLI
&5 Fuis FA N 3,4-LPI-CTES 333 2 (14 5% 1 ()2 g 5% 28
50 °C, 1h)

Fig. 5 Effect of the amount of end-capping agent on the end-capping
ratio of 3,4-LPI-CTES (reaction condition: 50 °C, 1 h)
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2.3 HIHREXNYEHEZNT

TEEH ) CTES 5751 75 04 0 (4 1 A 45 00 2% 1R 1 647 o S 07, 244 i S 7 il B2 A [R] ), LPI-CTES £
THOWESF M S AN 4 Jr7s o AN Bht B2 TR 7 400 B8 SO 28 A A b R T, o 158 B s B AN 2 52 )7 ) 1
Tk B A5 BOC R RO AE K o 7 30~ 50 °C YR A, BB B I RS T e, B R 0 i SR AE 50 °C
R I8 91.35%, Ul W 3 i S5 70 50 e B S Sy EA T, o0 o T e B b v S I AL AR

F 4 RIEIEBEEET LPI-CTES MMOSE 14 K Ft 3k %

Table 4 Microstructure and end-capping ratio of LPI-CTES at different terminate temperatures

Terminate temperature/ C. w(LPIL, 4)/% w(LPI,,)/% w(LPl;4)/% El%
30 17.09 14.99 67.92 13.03
40 17.68 15.25 67.07 33.56
50 17.29 13.90 68.81 91.35
L
3 % it

(1) T 3- 58 PN S g S ek o B 8 1 3R 6 S LI ARG 2 R S 130 0 R A i, ) 17 AS [ ot A S )
o Ao i i e P AV 20 0 SR S TN R, 7 ) e i 3 i A e i ) S PN ot S A P e SRR B RS0 1 g
B8R B v A PR JS 207 BE R ROV EE # . B AL AR TR | T AR BB AR AN TR, TR I 7 0 4 B
UREAR, 7T R A 1R R0 K.

(2)7E 30~ 50 °C {1t} sy S5z 07 il B2 90 R P, i 3 B8 ) g, 7 ) o i 9 09 OG22 b i O 7t 2 50 °C
b ) 55 2R T R B 0 o ) A S I, i R GA F 91.35%

(3) it 3 b o 750 A4 T Py 800, 7 00 b o 3 i/ s 25 ) 45 2R 4 5 AR B 0 B 4 e A SR I, B A Y
ESRLES T/ NS

5% k-
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