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RTEBAR. ERENERSEIITE 1. HBES TRIH, RRES FRBLSOE
W, ZRERIET S HLE, NMR B OGRERLE CDCL, B 8, IREE 2 200 mg/1 ml FH,
FREBRITRSLRE,

®1 BREKREN
WM E W (%)

[nl*
wme WA 1, 4- R-1, 4- 1, 2-

/g

IR NMR IR NMR IR NMR

L-3 41 45 52 51 2 4 3.06
v-38 28 33 51 50 21 17 3.22
v-61 24 22 27 37 49 41 3.39
V-7 19 13 24 31 57 56 3.77
v-33 13 - 13 - 74 — 3.51
s-1 8 - 10 — 82 — 3.47
* [7] ABERKEDT 30°C, BRDE.
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Yess#E 4 50.3MHz, ({245 $EHK 0.2Hz, *D N, WA EHE; 0 BKIIEE N 134,
(1) NOE Jifg NOE EHARYERTFEBAALESLBELEZR ELE S-
1* RRNRFEASAEMED "C-NMR BE, 8 & R 5K B3 1710w,
Q) T, MR T, RAREKERDRE. XL-200NMR PR BRNR/NES
BFTRET. WRREN £5%; X TREBL 102 8 T, BETRAEFERK

B2 180°—90° BkapIfN () FRIKM *C-NMR i#@E

2
~ 1 2 3 4 5 6
& (ppm) 142.5 131.6 130.0 129.4 127.9 114.8
X —e=(VWV) | —c=(vIV) | —c=(TTT) | —c=(cc) | —c=(v&v) | =cu,(r)
% 7 8 9 10 1
& (ppm) 114.2 113.6 43.6 41.2 38.9
A =CH,(mr) | —=CH,(mm) |—CH—(CVC) —CH,— —CH(VVV)
| (VVV) '
% 12 13 14 15 16
s (ppm) 34.1 32.8 30.1 277.3 24.9
I —CH,— —CH,— —cH,— —cH,— —cH,—(vEv)
cve) (TTT) vIv) (cto)
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T, = 1.443,
4 AESBREAHBRA 180°—90° pkrpHEfE. E2 RWE T, FrAN®E.

Z2 82 53 8
1.°C BB EihmpLE

;2 ZHMAH) NOE (g

5 = L-3 v-38 v-61 v-7 v-33 s-1
—c=t~1,—(v<§v)A 2.277 3.159 3.190 3.187 - -
—cH,—(cCc) 2.815 2.800 3.082 - - -

" —ca,—(va) 2.811 2.638 2.967 2.920 - 2.503

e —CH,—(T1T) 2.790 2.721 2.945 3.227 - -

iy — CH,—(CVC) 2.937 3.078 2.749 2.953 - -

- —CH,—~(V¥V) - - 2.636 3.050 3.187 2.645

" —cin—(vvv) - - 3.003 2.902 2.990 2.594
—C|-H(C‘\.7C) 3.282 2.631 2.649 - - -

, mm - — 2.789 3.046 2.718 2.728
—CH,(VVV)mr 2.435 2.923 2.970 2.927 2.516 2.608

" I - — 3.007 2.651 2.735 2.313

B —CH—(VVV) 2.917 2.878 2.680 2.937 2.520 2.688

L4 =CH--(VCV) - - 2.727 2.607 3.189 2.765

% =cH—(cCc) 2.904 2.791 2.820 2.715 - -
—CH—(TTT) 2.683 2.643 2.908 3.010 - -

A FBSAIAFRETEBFLFIER: CT.V SRTH 1, 4-, 1,2-89 R BRBBBTLAISEST. B
#: +£10%; |E: 30cC.

FIR YC BEMBESRSFD TEZ, EAERHBBIE. £SHERMP,50E
"C BHEMBOEENER “"C-'H BRIEM; YBROTHR/NONER, HiE-EH
HUEBHELRITR. |

“C BHERMBHE—R A NOE EHN, UERMBIELEE, B2 TE3hE
EH#R, NOE HEibR KME % 2.98879,

R NOE EFIT & 2, B V-33% f0 S-17 &S, HERBIIKES RN
NOE {E##iE 2.988, RIAXERAH "C-'H BREARREHREBBOEZENE, V-
33% f0 S-1% BEKEBSBRA NOE 5 2.988 MERK, TEEEMN 1,2-HTHE, &
BEZZEEX.

2. ¥ F BT

# "C-'H BRMEFARIENMBIE, BRBERMEHAEARYE, NEH
#RE T AREXNARRERT, T, IRRA

VT = (B[ 402)reya o7 [ fon — we) + 3f(woc) + 6f(wn + wc)] (1)
Ho f(o0) =7c/(1 + w'2d), & HBEHATHY, e, va 2512 UC M HOREELL, 7
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A UC BEE i MNETHEMEE, on B o £512% °C T 'H RNBIRERE, v, YiEHk
FXME. BF T, 5 7 8%, Rl JEeE R T A8 m o] DL A, & R st & 4 (BP
wer K 1) B, N

1/nT, == (B[4 )riricc ¢))
n AHEBENRTH, (DRRI, ERRBLREREN, T, 5 7c HX; »T, B
AKERESHEERKR. BETH »T, BEEBREBROZHEE. XTEZRRN oT,
BT R 3, TEMAXERESIT 1, 2-RT 8K 2 FiE3h.

() BAEXRAENERENRE FHREBRTSIIREHREXNERRER, 7T
FARE%TEN Tion/2Tcn, EHRHMN. EQ)Q)RBEHW Ticu/2Tcu, BiH1; BHH
:&EIFQ%E%EKJ%WELM Tieu/2Tcn, BN 0.9—1.0, BB Ticu/2T cn, AT & 4,
Hth CCC A Tien/2 Tien, ERTERME, XRM L, 4-RToMEENAR,

%3 EBHMENCHE T, H ()

-} =1 L-3 v-38 v-61 v-7 v-33 s-1
—CH,—(VEV) 1.22 1.22 1.03 0.870 | 0.800 -
—CH,—(cCC) 2.47 2.19 1.97 1.77 1.49 -
—CH,—(VIV) 1.14 1.14 0.988 0.952 0.840 0.632

ta —CH,—(TTT) 1.86 1.63 1.35 1.23 1.048 -
1 —CH,—(CVC) 1.48 1.35 0.926 0.806 0.7488 | 0.616
B mm — — 0.942 0.862 0.662 0.476
# —CH,—(VVV)mr - - 0.970 0.862 0.746 0.532
4 " - - 0.934 0.908 0.712 0.516
-—clH—(VVV) - - 0.415 0.404 0.365 0.309
(iH—(C\;c) 1.22 1.04 1.02 0.760 0.7065 | 0.662
.
—CH, (C:’C) mm - - 0.924 0.746 0.602 0.520
vvv
mr 1.57 1.46 0.960 0.808 0.654 0.508
- r - - 0.528 0.640 0.620 0.442
B =CH-(°‘:’C) 2.84 2.39 1.18 1.04 0.705 0.604
0w VvV
2 =CH—(VCV) 1.12 1.07 1.00 0.7818 | 0.754% | 0.673
—c—(cCc) 1.58 1.25 1.33 1.33 - -
=CH—(TTT) 2.00 1.75 1.23 1.15 0.725% -
—C—(VTV) ~ 1.16 1.05 0.904 0.710 | 0.704

A ¥ T, =1.4438, N{EX.
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Schaefer SG‘LH:EYETE%H%‘”. xE. g VVV FHIW TxCH/szcH, BHES5ERERS
YK, XEETETE. BREZHERERBKE Tcn/2Tcn, BERELHRE, K
BRAXN AR XBEARE AN,

x4 BFMETW Ticn/2Ticn, M

" B

»
vcv

"
ccC

*
vTIvV

*
TTT

*
(CVC)zm

(VVV)zu

*
(VWWzns

L-3
v-38
v-61
v-7
v-33
S-1

0.91
0.88
0.97
0.90
0.94

0.64
0.57
0.68
0.75

1.0
0.94
0.95
0.85
1.1

1.1
1.1
0.91
0.93
0.69

0.82
0.78
1.1
0.88
0.94
1.1

0.39
0.47
0.49
0.59

1.8
1.6
1.2
1.3
1.1
1.2

Q) FFBHESENHELEBORR L, 2-RTHEEM L, 4- K 1, 4-. 1, 2-
SRET, L, 2-ETHRALRE, BRITAUEH.IE L4¢-EHhEBRE T, Bk, 1,
2-FFRERN oT, BIERPW 1, - BT HB3IRR, W1, -BHNssHNRZH
ENFENSEZHE, .

B) FFBHEFFEBHORER L2-RT BN TEHARN ST LEEng
XK. BEFRFIG AR, W 1, 4- %3P ERmE, YixET WEHIR 1,4-Eh85% 1,
2-§TiN, o7, HILPRE—¥. HEERFARNOBSERIAHLEMAKR. EEEH
R, 1, 2-F T 2 HBOBBRIT AN FHEBURRER %, M1, 2-8%,3x
# Tion/2Tcn, REEBERE ;M KFER 1, 2-#F, Ticu/2T.cn, EETERE(LE
4), RERMAER.

M) FEFHE L 2-HVEROXA BHER3IBH.MEE 1, 2-BVHE,HFEABRY
T, ERABEE. IREAACHENHBEEFHAAHEBIERMBE 1, 2-#HHE, o
FHREEE, S31%8. 1, 2-BT ML, RRES> FEHDRHFENRD, B bR

BRI FIAO RIS, an 1, 2-8ETT 0 5% WINZE 74% K, CCC FEFhtafipkay
nT, EHEET 40%.

(5) ZmEWES) B®EIFLUEM, 41, - RN, ZHERB (=CH) i
nT, EATEHED 1, -BTHERN T, H, IRFALHERTHMNERNEREE
. B RMBATKBE, UL, -EVREN, CRERKSEHESHEN »T, EE]
WD, B M N BEFCRE 038 n, X U°C SR B ST /.

CmEBBARBRU R RAE, —EN A HRANEEE. BXREREH (X3),
BIZEM »T, EATEE, HR4BHZF o7, B2 1, 2-HWMSTR/D, HA
—F oT, EAEEENEXBIAER. TRECHENNEZSSIRE THILMHE 6
BBR: i Bl C—Cy BAVRRINER; i. ZEETEHMOPE LYES); ii. Pc—
Cy LR VIRBHIER:., NHRGE, LREMAERERKRRY o, 8 F0r WAKEE (L HE
D NTHEENERNER LMK, £ »T, GHC—HBERBUREHZNNXEH
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mMERRM
nTy/ngT g = 1/4(3cos’0 — 1) + 18/5 + e(sin’Bcos’d + 9/4 + 8p(sin'd) (3)
ngT g %E%Eﬁﬂgﬁﬁ-?ﬁﬁﬁﬁﬁlﬁhﬁﬁ

p=1x/7, 4)

e M o FHATHERAOMAEREXNE. 3o WAk, C—H f1 C—H &

B3 ZRENARESR
ERBART . v BARKETITE, WRIIAANSR. Hr BRERRTSIER
BB oT, EROENBNT 8 RIS, XRVTHEONTERD 8 BHE., v BR
FER AL 2R %, & A XM U BER A0 JLRIR /I,

REBSRERNORMN S8, C—H BRESKRE
BN 640, WEMEARS, BitE«BHARE
L8R #T, EARXEEKRS , MENLER M
BMERK, &Y o BINERRES R R T, &
AENEERR,E 6 A EED,H. WBC—
HRBRXESREBORAT BN 90° fM32°; &7
R bE, s X Msr 8105 89° R 58°, AT C—
HRRE 5H M2 F X AEBER, IR A G)
ANTRIBEEHN »T, H., X8 BHEZKITE
WERFTHRS. HREH, HRESIRNERS
BiF. Hib, 4ORE T 6 WK, SR T,

®S ZMEHB (—CH=) FFH (=CHy) »T, HHAEASLRE )
@ = L-3 v-38 v-61 v-7 v-33 s-1
20 Ty 1.58 1.85 1.02 0.884 0.306 -
i~ 1.92 1.55 1.01 0.826 0,542 -
Treu 2.33 2.13 0.808 0.925 — —
- 30°C ” 2.84 2.39 1.18 1.04 — -
0 Toeat 2.79 2.96 1.36 0.985 0.646 —
. 2,40 2.25 1.24 1.08 0.773 —
Treat 3.24 3.26 2.07 1.33 — -
50°c - 2.93 2.63 2.05 1.31 — -
T 1.31 1.18 0.770 0.671 0.527 —
20¢c ol 1.23 1.21 0.780 0.690 0.456 -
0 | Toem 1.70 1.45 1.06 0.800 0.677 0.621
o " 1.57 1.46 0.960 0.800 0.654 0.508
- 2
Trat 1.81 1.57 1.04 0.934 0.679 —
40%c o 1.94 1.87 1.09 0.914 0.646 —
T 2.00 1.63 1.35 1.18 - —
50C ol 2.24 2018 1.36 1.19 - -

* Ty § Toon SAIHHRATIL NN,
3. jakutm

TR B (LR AR R R BRI R R, KRR A 8 (2) R LmED
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®6 FHRNE (vc) MBRRFHMLE (E)

m = L-3 v-38 v-61 V-7 v-33
20°c 2.24 2.49 3.17 4.00 4.22
- 7o - 104 30°C 1.84 2.08 2.31 2.58 3.06
. ©) 40°c 1.58 1.78 2.03 2.24 -
(cco) 50°c 1.32 1.48 1.80 2.08 2.72
E, (keal/mol) 3.1 2.8 2.8 2.9 3.0
20 2.97 3.26 4.13 4.52 5.16
o ¢+ 101 30G 2.47 2.81 3.38 3.70 3.56
A O) 40°C 2.12 2.31 3.13 3.13 3.13
(TTT) 50° 1.83 1.96 2.44 2.69 2.67
E. (keal/mol) 3.2 3.4 3.5 3.5 -
20°C 3.96 4.81 6.15 6.98 7.80
g 101 300 3.37 3.82 4.70 5.83 7.15
1,- e ) 40 2.97 3.15 4.32 4.72 6.62
50°C 2.90 2.74 3.60 4,00 4.90
E, (kcal/mol) 2.70 3.2 3.4 3.7 3.7
200c 3.60 2.41 6.21 12.25 -
g - 104 30¢c 2.63 1.96 5.47 7.99 -
e ©) 40°C 1.74 1.19 4.60 — —
50°C 1.22 1.40 2.32 - —
E, (kcal/cal) 2.8 3.0 3.3 - -

THRARRKES, LEXNEABAGRITE. Y rc AT 7X 107" B, (0 + wndve
INT 0.05, At F(DRMGEHE o HRENT 5%, HFE6FH, BN 7c XA
F7x107" 8, HfiRkREAFGERBEN. THEF WDARKEFH0EXHE, BT
(DR P FHREAK (10—-20%) , BrLAELIERER, FT5 1o MRS %, HXRE

SRENXATAMRBLHAR

Ty == 7o E/RT

€))

7o HRELIR B ERKNE, E, HFRWEMLE. E THred /T BHEAHERS,

HRH E, EHIIT* 6.
# ¥ X M
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CARBON-13 NMR STUDY OF MOLECULAR MOTION
OF 1,2-POLYBUTADIENE IN SOLUTION

I. Microstructure Dependence of Molecular Motion

NI Shaoru, SHEN Lianfang, YU Fusheng and QIAN Baogong
(Changchun Institute of Applied Chemistry, Academmia Sinica, Changchun)

ABSTRACT

Proton-decoupled, partially relaxed, Fourier-transform NMR of “C (operating at
50.3 MHz) in natural abundance was used to determine spin-lattice relaxation times
(T:) and nuclear Overhauser effect (NOE) of individual carbon of a serier of 1,2-
polybutadienes with different 1,2-unit content in solution. The microstructure depen-
dence of molecular motion and the internal motion of vinyl group in 1,2-polybutadiens
have been studied by T: and NOE. The nT, values for carbons in cis-1,4-units were
about twice as large as those for earbons in main chain of 1,2-units with the same se-
quence structure, the n7, values for carbons in the same unit become larger when the
adjacent 1,2-units are replaced by 1.4-units and the aT, values decrease sharply with
increase of 1,2-unit content in the polymer. Form above it was seen that vinyl group
has a intense steric hindrance for molecular motion of 1,2-polybutadiene.

The fact that nT, values for CH is larger than those for CH, in vinyl group implies
that there are complex internal motion of vinyl group. It has been shown by calcula-
tion that the dominant factor causing the difference in #T;, of CH and CH,: in vinyl
group is its swinv in a plane perpendicular to the chain backbome.





