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®1 EXT S UC-NMR EE(IRBIMNMLERL (ppm)

X RER S E M & &« R
% S B 1 2 3 4 5 6 7 g 9% 10 1]ee
Li Fe Fe Li Li Fe Li Fe Ni v
1 C, 24,87 | 25.00 | 24.94 | 25.01 | 25.05 | 24.94 | 24.98 | 24.84 | 24.99
2 C, 27.32 | 27,42 | 27.32 | 27.46 | 27.46 | 27.36 | 27.36 | 27.36 | 27.44 | 27.36
3 T, 29.93 | 30.14 | 30,13 | 30.22 { 30.26 | 30.13 30.13 ] 30.13
4 T, 32,55 32.75 } 32,66 | 32.75 | 32,79 | 32.66 ) 32.74 | 32.66 | 32,73 32.75
C, 32.551 32.75 | 32.66 | 32.75 | 32.79 | 32.66 | 32.74 | 32.66 | 32.73
5 Cq 33.44 | 33.61 | 33.48 33.61 33.48 33.24
6 v, 33,99 | 34.11 | 34,11 | 34.11 | 34.15 | 33.99 | 34.19 | 34.06 | 33.98
7 Va 35,67 | 35.82{ 35.74 35.79 35.74 35.73
8 T, 38.04 | 38,28 | 38.20 | 38.32 ] 38.35 | 38.24 38.10 | 38.18
9 Vs 38.59 38.90
10 Te 38.94 ; 39.05 | 38.86 39.09
11 V. 39.53 | 39.68 | 39.60 39.60 39.72
12 vV, 40.20 40,10 40,30 40.21
13 Vs 40,62 40.73 : 40,71
14 V,y 40.93 | 41,16 | 41.01 41.08 41,24 41,10
15 Vs 41.44 41.50 41.60 41.59 41.68
16. . . V, 43.31 | 43.57 | 43.58 | 43.61 | 43.61 | 43.54 | 43.65 | 43.51 | 43.44

* %X X% cDCly (76.9ppm); ‘
** B AHC,CL (120.4ppm); KEEMEN CCL (96.1ppm)

AL Grant 1 Paul™ UK Dorman™ %£MLZKBEOHER, ATIERXR HIE
HkE, AR/ RERE—HALSBENSRSE, AITH 3. MNFR3IhBERH, X
THORRESHASEFH T HERFSRE,RE 5. 7, 10 f1 15 AN EERT
KRE(E 15 BAEUBEASIE 1D, XHMEEFTRENBEERC,. TV, RV, £
DRI XA BRI T 1, 2-FAHME,. 5 1, +-FAZRBY. THEEITR
BYHNBAEEERSRABEAERE. Bi—FHET.MUBE,

3. 51, - RMAE X RMBEE (T,) HRARANUL

WRTETR . T K FHOM-1, 4-FRH UR B MM HBLZE “C-NMR
WA ESBIN 1,2, 4,5 AN, R-1, ¢-FRAIRERN-1, 4¢-FHZLBEMNNRNEH,
B384 281k, SR IUFIN T = Mk, AL A #2510 30.2, 32.8, 38.3ppm,

RNERTBENEARGELRANPESROHERT A0 “C-NMR BERK, &
HHBATRT ZME-1, 4-FRRE 4+ &, WKRT, &, ILE2 Dpyek 10, {LEAB
2% 39ppm, Dy Ht¥H &SR,
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WE TSSO ERBERE, NERAYERN “C-NMR #EN, BitEF—ME
SEARZER NOE BMAARBEEN. Hib, SILRBEMRNEE SHENBENRERE
., BRERTBRFFISHNL%ET, £4 THTEABRBERIEE “C-NMR #E S
4> IR & MR RO S8 BE TR AR ,
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W2 RT M UC-NMR IMEIRERIE S MR (L2 G B 1

X B i X & (vpm) ALEHER (ppm)
&5 | BB
Grant**1 | Furukawa'?| Contil®? Sumant!*? Zhut!'® HEM TR
1 C, 25.5 26.5 25.0 25.4 25.3 24.9 25.00
2 C, 27.6 28.6 27.4 27.6 27.4 27.4 27.42
3 T, 31.1 30.5 31.0 30.6 30.2 30.14
4 T, 33.2 33.3 33.2 32,7 32.7 32.75
C, 32.0 33.0 32.9 32.1 32.0 32.8 32.75
5 Cs 32.4 33.4 32.4 33.2 33.61
6 ' 34.6 35.6 35.3 34.6 35.1 34.4 34.11
7 \'A 35.0 36.2 35.8 35.3 35.5 35.3 35.82
8 T, 37.6 38.8 37.6 37.3 38.1 38.28
9 Vs 37.2 39.9 38.6 38.3 38.8 38.8 38.63
10 T, 38.0 37.7 38.5 39,05
11 Ve 39.0 41.4 39.7 39.8 39.68
12 V, 39.4 41.8 41.2 40.3 40.2
13 Ve 39.4 41.8 40.3 40.7 40.73
14 v, 39.8 42.2 41.7 39.8 40.7 41.1 41.16
15 Vs 39.3 42.0 {40.5 41.0 40.9 41.1
41,0
16 Vs 41.4 44,1 42.9 43.1 43.0 43.6 43.57

* BB Ciy R Teoy KA Dorman HUIAHAIM;
* BE2MLRMN.
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®3 RT M UC-NMR RBEMELELBHN—AZREW (ppm)

B A

—-2.7 a 9.1 2°(3) —-1.2
8 9.4 3°(2") -2.2
r —-2.8 c(e) ' —-2.1
5 0.3 T(a) 3.2
(4 0.1 D(7,2) -0.5
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E: THRAFATS 0, 1, 2 33IBTM-1, 4-RiT,R-1, 4-RxMl, 2 BT
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BT i WEAYBEE.
1=i1,+%1,+1,+v-;—1.+-;—1,+16+‘1,

2
+ Iyt lp+ 15+ 1
UEZITHERTTES.
®s WT IROMER
nE &S 1 2 3 4 5 8
& 25.0 27.7 40.6 44.1 26.1 44.4
LR LTy 36.1 23.3 12.2 51.1 33.5 48.7
(%) VD 38.9 49.0 47.1 4.8 40.4 6.9

(2) PPt

WT M 1, 4-FFFIZE “C-NMR BEDEBRBIAHNFFIGEHRE BED, W
L 2-FRRHTHESEHRER. Bl 1, 2-Bou Rl =TE 2R = TE EM R BER
D TALERIE

(~V~) = I‘/; Ix 4)
(WV~) =+ 1+ L) /3 I ()
VWY = U+ 10 /3 Ix (6)
iK:PNRiC& T, K=6,7,12,13 f114,
BOSERKE L i TR

I = {(~V~) +{VV~Y +(VVV)
* (~V~) +1/2{VV~)
= [{~V~) + 1/K{VV~)] ¢)]
26 FRFIHRL 1, 2-BTT AP LN =AY B RR B FFKE.

¥eé U1, 2-BnHONERAS GBS FARKE

HEAS 1 2 3 5 A B9
iR Li Fe Fe Li Fe Mo
{~V~) 0.345 0.332 0.350 0.382 0.280 0.165
=ExXESNH YV~ 0.315 0.341 0.345 0.280 0.411 0.463
AAA2Z 0.340 0.327 0.305 0.338 0.308 0.372
L, 1.99 1.99 1.91 1.92 2.06 2,52
'y 0.389 0.490 0.471 0.404 0.567 0.540

wiM: EFPed KESERENATERERE FEXAERCRTHS "C-NMR WE, %
AT £30.0 8



444 w®m 4 F #& 1983 £

£ X% X M

[1] Conti, F.,, Segre, A. L., Pini, D., Porri, L., Polymer, 1974, 15, 5.

[2] Elgert, K-F., Stutzel, B., Frenxel, P., Cantow, H-J., Streck, R.,, Makromol, Chem., 1973, 170,
257.

[8] Tanaks, Y. Sato, H., Tanaka, K., Terawaki, Y., Okuda, H., ¢bid., 1977, 178, 1823.

[4] Furukawa, J., Kobavashi, E., Katsuki, N., Kawagoe, T., ibid., 1974, 175, 237.

[5] Grant, D. M., Paul, E. G., J. Am. Chem. Soc., 1964, 86, 2984.

[6] Conti, F., Delfini, M., Segre, A. L., Pini, D., Porri, L., Polymer, 1974, 15, 816.

{7] Eigert, K-F., Quack, G., Stutzel, B., Makromol. Chem.,1975, 176, 757.

[8] RXY,Ms5Filiin,1981, (1), 77,

(9] RMEENTFW .SEERSTHER, 1982, (3), 195.

[10] Randall, J. C., ‘‘Polymer Sequence Determination-Carbon 13 Method’’, Academic Press, New
York, 1877.

[11] Araki, Y., Yashinoto, T., Lamanari, M., Polym. Chem. (Japan), 1972, 20, 1963.

[12] Clague, A. D. H, Van Broekhoven, J. A. M., Blaauw, L. P., Maoromolecules, 1974, 7, 384,

[13] Suman, P. T., Westler, D. D., J. Polym. Sci., Polym. Chem. Ed., 1975, 13, 1963.

(14] RTFRHBRXMER&S 928,80 FilR, 1982(4), 314,

[15] Dorman, D. E., Jautelat, M., Roberts, J. D., J. Org. Chem., 1971, 36, 2757.

[16] Mochel, V. D., J. Polym. Sci., Pt. A-1, 1972, 10, 1009.

[17] Clague, A. D. H,, Van Broekhoven, J. A, M. de Haan, J. W., J. Polym. 8ci., Polym, Lett. Ed.,
1978, 11, 299.

[18] Zhu Shanuong (%k¥K ), Zhao Fangru (RX¥M), ‘‘Proceeding of China- U. 8. Bilateral S8ympo-
sium on Polymer Chemistry and Physics, Science Press, Beijing, 1981, pp 150—154.

[19] 8cheafer, J.,, Macromoleoules, 1972, 5, 427.

[20] Randall, J. C., J. Polym. 8¢i., Polym, Phys. Ed., 1974, 12, 708.

BC-NMR STUDY OF SEQUENCE STRUCTURE OF PBD

Zhou Zinan, Xie Demin, Zhang Jiangguo, Wu Qinyi and Feng Zhiliu
(Changohun Institute of Applied Chemistry, Academia Sinica)

ABSTRACT

Several polybutadiene samples prepared with different catalysts Were studied by “C-
NMR. It is shown by analyzing the molecular chain of polybutadiene that there are three
sequences (cis 1,4-sequence, trans 1,4-sequence and 1,2-sequence) and seventeen aliphatic
carbon nuclei in it. These nuclei contribute to the sixteen peaks on the *C-NMR spectrum
of polybutadiene. A group of empirical parameters is obtained by analyzing the chemical shift
data of the peaks. When using them in our case, the calculated values of chemical shift of
the peaks agree quite well with the experimental ones. A T peak, the fourth peak of trans
1,4-sequence, was first discovered by the present work. Quantitative treatment of the se-
quence structure of polybutadiene was preliminaryly studied.





