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Table 1.1 Polymerization of MMA-dg with AIBN in toluene

‘and in THF at 60°C for 24hr

o , Yield  ﬁ ‘ Initiator fragment
SOlvent » . T A - n_3 r— A - -
' o s (g)  (mmol) 0 x0T (mmol). (mol/mol)C
Polymer - 0.504 0.0205 26.1 0.0236 1.22
Toluene? _ : ’ . : ‘
e Oligomer __0.082 0.0543 ___1.51 _ 0.0268 ____ 0:-42___
Polymerxr 0.413 0.0224 21.7 0.0208 ©1.09
THFP - | o
Oligomer  0.087 0.0503 1.73 0.0340 0.68

@ Monomer 5.74mmol, AIBN 0.0592mmol, toluene 5ml.
b Moﬁomer 5.10mmol, AIBN 0.0500mmol, THF 10ml.
c .Represents the number of l—cyano—l—methylethYl group per

molecule of polymer or oligomer.
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Figure 1.1 _lH NMR spectra of the polymer(A) and oligomer (B)
of MMA—d8 prepared in toluene with AIBN at 60°C

X: Signals due to residual protons in the monomer units.
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X and Y:.Signals due to the residual protons in the monomer

~units and in the nitrobenzene—ds; respectively.



Tabie‘i.Z Polymerization of MMA-dg

in THF'at 60°C for 24hr

with BPO in toluene and

Yield - Fragment
Solvent r A N Mo — N ' -
. -3 BPO - THF Cc
~(g) . (mmol) 'xlo""‘(mmol)"(mmol) (mol/mol)
Polymer 0.416 0.0139 30.0 0.0145  — 1.05
Toluene? v - : , .
e o e e e e Oligomer _0.033_ _0.062 __ 0.334 0.0576__  —— .. ... 0.23_ ..
Polymer 0.414 0.0160 25.9 ~n0  0.0154  0.96
THFP

Oligomer 0.053 0.0602 0.88  0.0438

0.0140 —_

2 Monomer 5.09mmol, BPO_0.0SOmﬁol, toluene 5ml.

Y Monomer 5.lmmol, BPO 0.050mmol, THF 10ml.

C Represents the number of BPO or THF fragments per - molecule of

polymer or oligomer.
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[M]/[I]=65, [M]=0.8mol/1l.
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Table 1.3 Polymerizlation of styrene and styrene—d8

with AIBN in toluene or in bulk at‘ 60°C

=

' . — -3 UH3
Monomer . Polym. Yield - Mjx10 Pl
[T1/1M] CH3
mmol  time- (g) (mmol)  GPC VPO mol/mol.
,4.0b 24hr 1/68. 0.187 0.0275 6.81 6.20 1.34
- 10 5hr . 1/68 0.209 0.0256 8.18 8.06 1.39
100 - 24hr 1/100 4.50 0.45_4 - 9.91 09.76 1.45
43.4€ 3hr 1/100 1.03  0.0254 40.41 _ 1.56

a. [M]=1.0 mol/l.
b. Polymerization of 'Sty'rene—dé.

' c. In bulk.
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k o/ (Kigtkp)=2(N-1)/N : (1.11)
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Table 1.4 Termination reaction in the polymerization

of MMA with AIBN at 60°C

Texrmination (%)
Solvent ./ktc ' lit.
Disproportination Combination ’

Toluene - 1.77 64 : 36 , This work
THF 5.06 84 16 This work
Bulk 5.75 85 - 15 ' 2)
Bulk 1.35 57 | 43 11)
Bulk 1.0 . 60 40 12)

a. ktd and kfc: Rate constants for disproportionation and

combination, respectively.
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Table 2.1 Cationic polymerization of styrene-d

8
in toluene for 24hrx

: - Polymerization Yield — b
Initiator ' < Mn
temp. (°C) (g) (mmo1l)
Ticl,® -78 0.148 0.0835 1770
EtAlCL,® -78 0.154 0.0772 2000
BF3OEt2d | 30 0.255 0.1029 2470
a. Represents the amount in mmole of polymer

molecules.
Determined by vapor pressure osmometry.

Styrene-d 4,02mmol, initiator 0.20mmol,

8

toluene 5ml.

'Styrene-dg 5.00mmol, initiator O0.20mmol,

tdluene 5ml.
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Figure 2.1 ~H NMR spectrum of the polymexr of styrene—dg

prepared in toluene with TiCl, at -78°C

X and Y: Signals due to the residual protons in the

monomexr units and nitrobenzene—ds, respectively.
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AENFER T 2oARTHECSERRINTCGET o & 5TF 48478

FRoTWH L2 123y IEsA T3 L0 THD,

> fv\/cnz-cr)@ + H'X (2.2)

Styrene-d ‘ : - o
‘ °8, WCDZ—CD@ + HCDZ—CD+X (2.3)

BRI C BT L= 1= UL PR FE (2. A) e R To ¢, B cHD,- B 2 #5-12 1Y

<-1278%5. Figure 2.1 o zA"ﬂ-wn 0.97 ppm » B YL p 2 @ié'u/%;kﬁzs: J’aﬁolzj_
2o Td 4,68 T, l—w:‘/owﬂﬂrbx—’ruﬂk?&') P DEWIEC BTz, Wil 2o
AE 2020 EAE T L YRIRUNSEHTHD.

| 2N5 35 0 BRAFITIEEEZE L. ;1’\‘") 2— Yo FLE K B0 cHD, B
o)iﬁtzv KTz, Table 4. Z‘LCI’J 308 b Es ')\)’cf) MR 3eHT 7’(\1,1:;
3. ERoIL TNV - 22T (Table 2.1) 25 KYR - 1@5—9;&9 DY 2 X 3

1

Table 2.2 H NMR analyses of the poly (styrene—ds)s
Toluene fragments
Initiator Methyl ‘ Phenyl _ CHD2—>
| mmol (mol/mol)? mmol (mol/mol) 2 mmol (mol/mol)a
'TiCl4 0.0533 0.64 = 0.0535 0.64 0.0594 0.71
EtAlCl, 0.0545 0.71 - 0.0545 0.71 0.0608 0.79
BF3OEt2 0.0866 0.84 0.0887 0.86 0.0908 0.88

a. Represents the number of fragments per polymer molecule.
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tT. U ST d90HhA 0. 2o5ER T 2okt .C,Hbz% AT EFRLTVWA 2 Y ERLTY
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AEASKR 1“_.121\ 50 1 BT TS5 K L Eaekicrd ), Ko (2.4) 9 4= LTk
R/ﬁ:n‘”ﬂléﬁo k’%’ifpd/ké;

+ : _ Styrene-dg + _
—>H [TiCl4(OH)] > CHDZ—CD [TiCl4(OH)]

@ (2.4)

3o, CHD B 13 oMl RICOEFE C Kiew 75 Hie 8>t 287
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5rrwrls, FLILETRIVEFIo CHD B o$0T Table 2. Z 0 48R &) KOF
0.l mg 1< 28Y% 5% <Hhoree B .
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Table 2.3 Polymerization of styrene—d8 with TiCl

4
in Several aromatic solvents at 30°Ca
Yield _
Solvent ’ Mn
Benzene 0.340 0.1444 2355
. Toluene 0.304 0.1412 2148
p-Cymene 0.276 0.0901 3063
a. Styrene-d8 4,0mmol, TiCl O.20mmol,

(B)

4
solvent 5ml. '

B | - chs
. SCH-
CHs CH(CH3), CHOpCHT

CD—J\/\/\/

I ' ]

meMDQZQ 11ﬁ
1

Figure 2.2 H NMR spectra of poly(styrene—d8)s prepared

with TiCl, in benzene(A) and in p-Cymene(B) at 30°C
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Table 2.4 'H NMR analyses of the polymers in Table 2.3

Temp. ' Solvent fragment
Solvent 3
(°c) (mmo1l) (mol/mol)
Benzene 30 0.0321 - 0.22
To luene - -178 0.0534 0.64
To luene 30 0.0909 0.64
p-Cymene ‘ 30 0.0204 ©0.23

a. Represents the number of fragments per polyme'r

molecule.

FLTLF, 30% o ES TERLEN)I-1TIT IRF = pb4iB o FILT Y
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YA Fodh IR R )R- T o Bk o ds 2 hEY F g, FLI gD

45




t 2 R DV e b,

2.3.3 #@n’. 5L F o EA )
Plescﬁ“z: ZiBiLF L 2 13U A4, Equ-/'fac"-z,%o NG ALT L
Tl o TiUsid B 25L L0 EAE Fv. Rien 00 % 5 WY 2 — ook &
ONE AN SiRY ct TE im«; ,\.\:zb"“/ft,%&}\.ﬂ\" Ti (e o % BREL Y LTi$n2 |
B Y-KE Lo TGN S T L. ol 15 5. RLKE A 1= 45 0T
2k i3 BERRR A ST WIS BRI HE T, el viA LB EIERe

7.0
7’51‘:&_?\\,'{: "

~CH-C1 + [CHZCH2C1]+X_

N
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[C’dZCHZCl]+X— + CH2=CH ———> C1-CH,CH.,-CH -CH X - (2.5)
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Figﬁre 2.3 lH NMR spectrum of poly(styrene d ) prepared in 1,2~ dlchloroethane with TiCl
X and Y: Slgnals due to the resldual protons in the styrene~ d

4'at 30°cC.
8-and nitrobenzene- d5’ r@spectlvely.
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Figure 2.4 13C NMR spectra of polystyrenes prepared with TiCl

_ 4
in toluene(A) and in ethylene dichloride(B), and.
l-methyl-3-phenylindane(C). (Chloroform—dl, 55°C)
Asterisked peaks in (C) are due to 1,3-diphenylbutane.
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Table 2.5 C chemical shifts(ppm) of terminal groups in the polymers and of model compounds

| SﬁB-CH— CH3FCH—"9§§<::>P i¢H§§Z:>» —CH<<:3>CH3 » ~CH=CH —cﬁ=CHﬁ<Z:>

o O

Polymer(n) %[ 21  [36.91  20.86  135.28  48.24 —
23.71 |37.51

Polymer(B)> 21 [f36.90 - — = 49.71 — j—
23.71 (37.50 — 50.65 |

Dimer® 19.31 [44.65 — — — 49.65 134.91 137.39
\20.52 (46. 49 50.63

oligomer® (20.9 [36.8  — = — — — — —
23.8 |37.5 |

a. Prepared in toluene with TiCl, at ~78°C.

4
b. Prepared in ethylene dichloride with TiCl4 at 30°C.

c. l-Methyl-3-phenylindane(containing 10% of 1,3-diphenylbutene).

d. Literature'data of L. Monnerie et‘al.lo).
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e BARTA, (2.6)A 59 (2.8)X 4 Bb A,

o ' : * .
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*
r=r='L M] = _([M]O—[M]f) / {1n [M]O-ln‘{M}f) (2.9)
(2.9)A = FAyLT (2. 100K =15 5.
1/P=kM/-kP'( 1+k 81/ kyIMl") . (2.10)
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Table 2.6 Estimation of rate constants for propagation, solvent transfer and monomer

transfer reactions in the polymerization of styrené-d8 in toluene

' L : , ' *a * .

No. Initiator [S] v [M]O [M]f‘ [M] kS[S]/kM[M] ks/kM kM/kP ks/kP
1 TiC‘l4 ‘ 8. 49 0.725 0.487 0.598 1.78 0.125 0.023 0.0029
2 EtAlCl2 8. 34 0.712 0.469 >.0.582 2.45 0.171 0.016 0.0027
3 BF3OEt2 8.26 0.880 0.477 0.658 5.25 0.418 0.0072 0.0030

a. [M]7=([M] - [M] )/ (In (M), -1n [M] )

Table 2.7 Estimation of rate constants for propagation; solvent transfer and monomer .

transfer reactions in the polymerization of styrene-dg in several aromatic solvents at 30°C

‘ ] ) ‘ *a ® ;
Solvent [S] N 178 kgIS1/kyMI™ kg/k,  ky/kp kg /Ky
Benzene 9,79 0.870 0.210 0.464 0.285 0.014 0.037 0.0005
Toluene 8.17 0.870 0.280 0.520 1.80 0.115 0.018 0.0023
p-Cymene ' 5.55 '0.870 ‘0.334 0.560 0.299 0.030 0.028 0.0009

a. 1= ([M]g=[M] )/ (1n[M] ~1n[M] )
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Table 3.1 Polymerization of MMA-dg with BuLi

in toluene at -78°C for 5hra

. Yield M,x1073
(9) (mmo1)®  vpo®  nmrd
Polymer 0.295  0.011 26.9 26.8
Oligomer 0.271 0.249 1.09  1.63
a. MMA—d8 5.2mmol, BuLi 0.50mmol, toluene 10ml.

b. Calculated from the yield and the M_(VPO).
Cc. Vapor pressure osmometry.
d. Estimated by assuming that each molecule has one

terminal methine proton.
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: Figure 3.1 lH NMR spectra of the polymer(A) and

oligomer(B) of MMA¥d8 prepared in toluene with BuLi
at -78°C. ' '
'X: Signals due to the residual protons in the
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C NMR spectrum of the oligomer of MMA--d8 prepared in toluene with BuLi at ~78°C



Table 3.2 Analysis of butyl group and terminal methine

proton in the polymer and oligomer of MMA—d8

prepared in toluene with BuLi at -78°C

CyHgo- (total) C4HgCO- Terminal methine

mmol mol/mol?® mmol -mol/mol?® mmol mol/mol®

Polymer 0.0203 1.9 0.0107. 1.0 ~0.0110 1.0

Oligomer 0.424 1.7 0.182 0.7 0.167 0.7

a. Represents the number of butyl group or terminal methine

proton per molecule of polymer or oligomer.
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Table 3.3 m spin-lattice relaxation times(sec) of the
protons in butyl group and the terminal methine

proton measured in nitrobenzene—d5 at 110°cC

CE3CH2CH2CH2— CH3CHZCH2CEZCO— Terminal methine
Polymer - 3.9 , 1.8 5.1
Oligomer 5.4 2.2 | 6.1
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31 BIPKBIL 0 GABIED Lo BLIG TRy 2 - BEv Y ae— kB
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Table 3. 413 R 9,

Table 3.4 Polymerization of MMA-d_, in toluene with BuLi

8
at -78°C for 10min?

Yield My N° C,H,(total) C,HyCO- Terminal methine

(g) ><10_3'(mmol)(mol/mol)c(mol/mol)c (mol/mol)c

Polymer 0.045 14.5 0.0031 2.0 1.0 1.0

Oligomer 0.204 0.84 0.243 1.7 0.7 0.6

8
b Number of molecule.

a. MMA-A4 5.2mmol, BuLi 0.52mmol, toluene 5ml.

c. Represents the number of butyl group or terminal methine

proton per molecule of polymer or oligomer.
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Figure 3.4 GPC chromatogram of the heptane-soluble

fraction of MMA oligomer prepared with

BuLi in toluene at -78°C
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Table 3.5 Amounts of lithium methoxide and butane formed

in the polymerization of MMA with BulLi in toluene at -78°c?
- Polymerization , CHéOLi Butane
No. ' b ‘ b

time (%) (%)

1 10 min 51.6 9.8
2 2 hr  53.0 9.4
3 12 hr ' 51.0 8.7
4® 10 min 7.0 —

a. MMA 10mmol, BulLi 1.0mmol, toluene 10ml.
b. Pércentbage based on the BuLi used.
c. l,l—Diphenylhexyllithium(O.Smol) was used as initiator.
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* BIPK=Butyl isopropenyl ketone



Hi=IL =. BIPK ez R 13 ,T\"f)7'145(#‘0:%310#‘"-—&7%’)1: vl L3,
UL 9 /08 R = I BV YR -0 v?b?’n\ TREEMITUIS 22, .71:°
V<2 - 7 =A< k;’—guf—,n i TE . AT - E¥ps B}PKv‘“A»frnu LT R
M~ 2 AT L e 0 U D B SND.

%2 -c“MMA—}dgem;m rit zﬁﬁ‘«@iﬁm Bt 45w, BB
)2 — Kifyi= BIPK 0S40 L Eent w3 e BN fe. 105 Bulia< &5 MMA-dg
D ELZ LTI, EOMIteIL 30400 85E < 4 E D BIPK%%&&UL 2508
ﬂﬁﬁﬂﬁma%ﬁ,rf o 20 ERL 0FER e, vl e » BT 2 BIPK £3k
‘Hubfg‘uﬁ@@ﬁ%?p et 1= Table 3.6 lé T LT=. 2o » &A% 1"’3’;#5} LTz
W) -FFvrAaya'g— >h3E ga;p*‘l)liz’rmt i&tf%bb{\ B)PK 3R I=

-7 E&k Rica” —BE % LT 2 e b5,

Table 3.6 Polymerization of MMA—d8 with Buli in toluene at -78°C
with addition of BIPKZ in the course of polymerizationb

BIPKZ Polymn. time Polymer ‘ " Oligomer
No : — =3 — =3
mmo 1 : hr vield(s) M X107~ Yield(s) M_x10
1 o . 0.5 ~15.8 22.3 56.8 1.60
2 0.25° 0.5+1.5° , 14.9 22.3 - 63.2 1.56

. a. Butyl isopropenyl ketone.

b.VMMA—d8 5.0mmol, BuLi 0.50mmol, toluene 5ml.

c. BIPK was added 30min after the initiation and the polymeriza-

tion was continued for additional 1.5hr.
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Figure 3.13 lH NMR spectra of poly (MMA—dS)s prepared with

BuLi in toluene at -78°C, with(A) and without(B) the

addition of butyl isopropenyl ketone.

X: Signals due to the residual protons in the monomer units.



Table 3.7 NMR analyses of the polymers of MMA—d8 in Table 3.6

Amount C4H9 (total) C H . CO- Terminal methine a-CH

4 3
No. . -
mmol mol/molal mol/mol‘_=l mol/mola mol/mola
1  0.00389 2.1 1.0 1.1 0
2 0.00350 2.7 1.6 1.0 0.5

a. Represents the number of butyl group, o-methyl group or

terminal methine protori per molecule of the polymers.

NMR ﬁJ\?fffn 6 ¢ Table 3.7Iem L T= H}3 5?3&17&4%07(\”')?— Ik
1618 BIPKEIWNEL 2, %Y 0>5 |83 TFvERkmo RYz— 122303
Ml ABRLIF = B2 3 0T 7Ry 06 18T 1R 05 IO U= BIPK 05 A<
— OAFERIGEREBE LE b o e F 25N, vf\?wppmo) AFLARE o Wb 2 R
e RAT 5. | | |

MIEnfsEEos, WYZ-T=4 yia: % k3 6%11 PR LT= BIPK & B
fL\/\ X033 ’i%éfﬁffﬁ: LTwvdl ke n‘“bv\ﬁfz, ) 4]0 /T\"_')?fT:Z“/
. BIPKEno v Mt TRk LT v T o 00, HHv 13 BIPKR 10 »TFIZ,

R EOSF IR A>T RBLESO I AL T EW.

P T3 : P s
~AA-CD,~CTLiT + CH,=C ——> ANACD,-C—H + CH,=C
| | | | I
Cc=0 c=0 c=0 ~ c=0
oo, iy  ocog a3
CH,,~CH,,~CH

Figure 3.144213 29 BIPKE a0 LT €& UL 0T= Y TR - o |
NMRZAN7FILETR LR, 20 AN2 L1213 WIT &V K T7Tppmis b‘{“
P il kERIE S HERR S 3T L6l ppmizid 2t AT VEER

THATA A5 LkR o PERSEHLNA, By ), 2 N5

— 89 —



— 06 —

CH2 CH
~ (Buty!
I
group) (ngéup)‘
- (I;H3
ANCHp-C-H

" d=0
| C4Hog

| ' | | 1
_‘10 | | 2.0 opm (HMDS) 1.0
lH NMR‘spectrum of the oligomer of MMA—dé

polymerization in toluene with BuLi at -78°C with the addition

Figure 3.14 obtained from the

of a small amount of butyl isopropenyl ketone.



DU T TG AY ToN= L=V (3.B) 9 4 7T /\°:‘u,g =&t
o z hsz ¢ 0" o > T | 3.3.2 1k BwT 2 DAY AY T — o AP0 TR i:
e EIFo AR 2L N ARSI T AT T-EA T =) Sl MHA-dg
TH»5005., /- 2z Bukiws E LT B DT 4 7"‘?/\’:_"\/%0 R % ,f‘mm‘
> 2, 2T 1mEAponk AILT)LT (R SR LTz BIPK o 7L = vt
F iz ﬁﬁ?% KRB Buli o4t a0 L T ERY uT:éf) X 2LS N, \:‘;:-nLik?:
PG FEE > T b, o R TEMRLREZLS/-LI3 BRI T AP,

Buli= 3T L2 /5% <55 = vavbnol.

3.3.7 %ﬁa@%ﬂ—%/zrmo%/ﬁ

ShIT o BB Buli z MMA o tle 1 /10 (Bv/En)e Lz 471
>C I, 22 E towedic MMA-dp o B TITIIW. 2o BB T
BNz, Table 3. 87 1213 Buli k MMA—dga;m t 0,2 HEV 005 £ LTerh
o BB R 13 b v A A 0 NMR AR ORI E A L 1<

Buli/MMA-ds tL o K313 Y RYI—0ERE BEV WYL PN

Fov. ANVITT - WL E v HL 1T > mov. ERN YR-HEVTYIR—3 “wi
Ny Buli/ MMA-dp tT o o] o5 v BT R VRS 77 LE & &V 750
v T=nE e B/ By, EXNELPo mEAFIRE 24T, WU-

Y A1) T2~ o B AXLL 7 2‘4(.? 52 % o b > T,

—_— 91 —



Table 3.8 Polymerization of MMA—d8 with BuLi in toluene at ~78°C

———Effect of the feed ratio of initiator to monomer

[BuLi] : - Yield ‘ Mh C4H§(total) C4HqCO— Terminal methine
[MMA—dS] ' _ (g) (mmo1l) ><10"3 mol/molc ‘ m.ol/molc ,mol/molc
a Polymer 0.119 0.0099 12.0 2.0 , 0.9 0.9
0.2 , , . , |
Oligomer 0.421 0.421 1.00 1.9 - 0.7 0.7
p Polymer 0.344 0.0134 25.8 2.0 1.0 1.1
0.05 ‘ _
Oligomer 0.166 0.1092 1.52 1.7 ; 0.8 0.7
a. MMA-dg 4.83mmol, BuLi 0.97mmol, toluene 5ml.

b. MMA—dé 4.65mmol, BuLi 0.24mmol, toluene 5ml.

c. Represents the number of butyl group or terminal methine proton per

molecule of polymer or oligomer.
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Table 3.9  Lithium methoxide formed in the polymerization

of MMA with BuLi in toluene'at —78°Ca

Amount formed(%)b‘

LiOCH, | | 51.6
BIPK® units in the polymer and oligomer , 38.5d
- Oligomer cyclized at the chain end 15.09

a. MMA 5.2mmol, BuLi 0.50mmol, toluene 5ml.
b. Percentage based on the BuLi used.
c. Butyl isopropenyl ketone.

d. The data refer to the polymerization of MMA—dS.
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Table 3.10 Frequencies of attacks of BuLi on the carbonyl

and vinyl double bonds of MMA

[BuLi]l C=0 attack C=C attack
: — = C=0/C=C

[MMA-G ] (mmol) (%) (mmol) (%)~
0.2 0.30 31  0.43 44  0.71
0.1 0.19 38 0.26 52 0.74
0.05 0.10 41 0.12 50 0.82

a. Percentage based on the BuLi used.
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Table 3.11 Fate of the initiator in the polymerization

of MMA with BuLi in toluene at -78°C

Amount(%)a

Butane and butene ' o 9.8
{l‘:H3 ' Oligomer , 48.4
Bu—CHz—(;l-’\/\/\ Polymér ' 2.0
COOCH 3 | 2.
T3 .
WCHZ—C'I- Oligomer | 36.4
C=0 Polymer ' 2.1
Bu | |

Total 98.7

a. Percentage based on the BuLi used.
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Table 4.1 Polymerization of MMA-Ag with Buli in THF at -78°C for 24npd

Yield Mp ‘ C4H9(total) CyqHgCO Terminal CH

g mol®  x1073 ol mol/mol® mmol mol/mol®  mmol Mol /molC
Folymer  0.352 0.0099 35.5 0.043 4.4  0.033. 3.48  0.010 1.0d
Oligomer® 0.214 0.208  1.03 0.424° 2.0  0.184 0.9 0.194 0.9
oligomer® 0.210 0.187  1.14 0.381 2.0  0.184 1.0  0.1lo4 1.0

a

b

(o}

MMA-dg 5.05mmol, BulLi 0.5mmol, THF 5ml.

Calculated from the yield and Mh.

Reﬁresents thebnumber.of butyl grdu§ or.termihal methine proton per a polymer
or oligomer molecule." |

The amount of C4HgCO group was calculated as follows: [C4H9(total)]-(C4H9CO]==1
mol/mol.’ | ‘

The values for the methanol-soluble fraction,'which includes dibutyl isopropenyl

carbinol.

The corrected values for the coexistence of the dibutyl isopropenyl carbinol.
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Figure 4.1 H NMR spectra of the polYmer(A) and oligomer (B)
prepared with Buli in THF at -78°C

- X: Signals due to the residual protons in the monomer units.
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Figure 4.3 A partially relaxed Fourier transformed NMR spectrum'in nitrobenzene--d5
at 110°C of the polymer prepared in THF with BuLi at -78°C

Pulse sequence: (180°—0.lOsec-905—10sec), 4000‘accumulations.



Table 4.2 lH spin-lattice relaxation times (sec) of the protons

in butyl groups measured in nitrobenzene-d. at 110°C

5
| CH,CH,CH,CH~ ~CO-CH,CH,CH{H, -CO-CH,CH,CH,CH,
Polymer
(0. 85ppm) (2.55ppm) (2.40ppm) (1.52ppm)
Poly (MMA-dg) 2 1.6 0.21 1.1 0.57
poly (BIPKY)P 1.3 0 0.12 — 0.39
Poly (BIPK-co-MMa) 1.7 0.14 — —

' a. Prepared in THF with BuLi at -78°C.
b. Prepared in THF with BuLi at -78°C.
c. Prepared in toluene with AIBN at 60°C.

4. Butyl isopropenyl ketone.
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Figure 4.4 EI mass spectrum of the heptane~soluble fraction of the oligomer prepared

in THF with Buli at ~78°C
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Figure 4.5 Polymerization of MMA with BuLi in THF at -78°C

MMA 10mmol, BuLi ~1.0mmol, THF 10ml.
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Figure 4.6 ‘Polymerization of MMA with 1,l-diphenylhexyl-
lithium in THF at -78°C

MMA 10mmol, 1,l-diphenylhexyllithium 1.0mmol, THF 10ml.
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Figure 4.7 Gasfphase chromatograms of the polymerization
mixtures of MMA with.BuLi in toluene(A) and

in THF (B) -78°C for 10min.

— 120 —



Jramad
>

 BIPK(%, based on BuLi used)
- \n

0 .
1 5 3

Polymerization time(hr)

Figure 4.8 Amount of butyl isopropenyl ketone in the
polymerization of MMA with BuLi in THF at -78°C

 MMA 10mmol, BuLi 1.0mmol, THF 10ml.
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Figure 4.9 A gas-phase chromatogram of the low boiling

fraction obtained from the polymerization of

MMA with Buliin THF at -78°C for 10min.
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Figure 4.10 Mass spectra‘ of the butane fractions from

MMA-CH30D(AA) and MMA-dg-CH,OH(B) systems in THF for l0min.

4+ 3.4 ;° 2= FEUANITR-T=A v 123 KT 3)km> )ima)alﬁ%.’l"i
MMA—d;» 2 BuLi T EA 3T, 291t shaaLt EAaR e R AR LT
1= ,r:'-)q.— F4AYTI— 12 TR ERIG 12 ATy KEFE £ > TS (Table 4. 1), T\
V2 - BEVANTR— 1 B N5 BIPKEL o AL =L R a-ArL v AR 0 D0
@iﬂe BI5eB20NM 30T, 2R T=A v soXKET 5RO TEKEL. i@&ﬁc‘h;
TR AT KR £ 3T BTAIE B D,
Qo B LREDDT- 512, MM-A?dM)ﬁﬁ\E A9)-b-da TR L, ERRY 2 -

FEVWENIR- 'HNMR TAM LI, %04REt Table 4.3 1247,

— 122 —



— g2l —

Table 4.3 Polymerization Terminated with CD30D of MMA-dg with BulLi

‘in THF at ~-78°C for 24hr®

Yield _ - Carbonyl meth- _
S Mn CqHg (total) ylene protons Terminal CH
g mol®  x1073 ol mol/mol€  mmol mol/mol€ mmol mol/molC
Polymer 0.308 0.0086 35;7 0.037 4.3 0.058 6.8 — —_
Oligomerd'0.149 0.160 0;93 0.353 | 2.2 0.244 1.52 0.098 @ 0.61
a

Monomer 4.2mmol, BuLi 0.42mmol, THF 10ml. .

b calculated from the yield and M.

‘Represents the number of butYl'group or terminal methine proton per a polymer

or oligomer molecule.

The corrected values for the coexistence of the dibutyl isopropenyl carbinol.
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Figure 4.5 Fate of the Initiator in the Polymer1zatlon

of MMA in THF with BuLl at -78°C

Amount -(%)a
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COOCH3 Oligomer 39.3
?olymer . - 6.6
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GH3
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Bu
Total A - -988.1

a Percentage based on the BuLi used.
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513 % 3
MMA-ds (M) Yy ¥ E o EOAFTILEE L Z5IL (M2) ¥ & S LEES
AAREERT Table 5..»‘1 2T T. EF o REAEoAKIIT MzE/ Z—ﬁﬁﬁa)’%’ﬁ‘%‘
|3 :E%ﬂ;ﬁ%iim{ EE VIRHEET 35, MMA-dee MMA 5 2 E AT, EA
B 249l T Y —YRF 3 75X Uh> f:, Yo, v T hd SE%Fa‘Iééé\z“
,mW<—w%ﬁ#7wzfz>&,%ﬁé%»ﬁﬁ@van%@anz@qe;?"
LA e <. REAEFo Mz%ﬁzlﬁ F 3 4% ATF T A1) v —ARY <" My
9 Zowr 'DfJoV';z LEZ s I lfir:‘biﬁ/\“% SO 2%FER T, Mz-%i& 9
REIZT20BEBE MMA-deBAL I 1ITI I N TTHRELTW A,
2N b o % éé‘?’ii\é 3. Myi)2— 0 ERFLE W 203 &av § 0 0k,
2 o 'HNMRAN FL =)0 B0+ 27 fJn\ﬂ:éz“\ 5.2.3 08 Li’; ic

Lie 942 LT MMA-dpk MMA o REAGFIRIBB L= DA T 2 h%Tho

Table 5.1 Copolymerization of MMA-dg (Ml) with several

' méthacrylates (M2) in toluene with AIBN at 60°C for 5hr®

Methacrylate (‘M2) Polymer yield(%) ml/ (ml+m2) ¢
Methyl® 7501 0.968
Trityl : 43,0 0.965
Diphenylmethyl - _ - 42.9 0.966
a-methy lbenzyl 0.5 0.963
Benzyl ' _ 42.8 . 0.961
Furfuryl S 41.8 " 0.961

a. Ml 8.6v8.9mmol, ’[Mllo/[M2]0=97/3, AI‘BN 0.10mmol,

toluene 10ml.
b. M, 4.9mmol, [Mi]/[M2]=97/3, ATBN 0.07mmol,
toluene 5ml, polymerization time. 24hr.

c. Contents of My units in polymers.
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7 e HE {/rz AACTFRLEIEE 2 LB, 0P, A-FFokFo LIS I3 MMA |
~dp BAL ¥ 0 FE KR 'CHDZ— TS oY R&L}iﬂ\“?ﬁ.ﬁofv\ XN :-67714% 2T 2
SALES T MMA—déo)ﬁézé/a\% T3 25T HY, Figure 5.1 (B)ﬂ)

— 139 —



Z~N 7 kL, 315'5;’(2\4\:0"@42b?.95’f: Rni8En 0% 038K T390

-7 = r&;’zn 133" 170 . @EAR i8Ak o BRI Hc-TvT. THEMELE,

H
CH3—
. /C_
| a-CH3 |
' S
VG—CH3
L L1 L
1.0

Figﬁre.S.l 18 NMR spectra of.the copolymer of MMA—d8
and MMA derived from the copolymer of MMA-dg and
T trityl methacrylate,
- (A) Partially relaxed spectrum(pulse sequence: 180°- -
. 0.6sec-90°-10sec.).
(B) Normal spectrum.

(Witrobenzene-d., 110°C, 100scans, 100MHz)
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lH NMR spectra of the copolymer of MMA-d

Figure 5.2 MMA derived

8
from the copolymer ofﬁMMA—dsand diphenylmethyl methacrylate
(A) partially relaxed spectrum(pulse sequence:180°%0.6sec-90°~-10sec).

- (B) Normal spectrum.

(Nitrobenzene—d 110°C, 100scans, 100MHz)
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Observed peaks

——,-—\,—-\/-—— Peaks due to the resuiual

protons in the MMA—d8 units

: LPeaks due to the MMA units
Figure 5.3 Determination of the tacticity for

the MMA unit centered triad
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Table 5.2 Triad tacticities and coisotactic parameters for

the copolymers of MMA-d8 (Ml) with several methacrylates (M2)

“Methacrylate L Tacticity(%)a ~ Coisotactic parameter
M2 o I H S 012 021 02;3
Methy1l . 4.4 33.2 62.4 0.200 0.22 0.23
rrityl 6.3 62.0 31.7  0.10 0.67 0.75
Diphenylmethyl 5.2 36.0 58.8 0.19 0.27 0.24
a—methylbenzyl: 4.7 34.2 61.1 0.19 0.24- 0.24
Benzyl 3.9 34.3 61.7 0.14 0.28 0.20
Furfuryl | 4.2 31.8 64.0  0.20 0.20 0.23

a. Tacticities for Mz centered triad.

b. Calculated from the triad tacticities of homopolymers -of

M2monome rs.
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_x:;%'z o w1l 48703 & ié;kxw«u/ 190 md Z‘}fc/é\/\ :}_Vu: A BEAL
By 201848 BAAT/-L 190wl TR 2 BT LED X, 20% <
%% ] nzﬁ,;%ﬁursa L9119 KFeMEBE L. RICHRBE 4'<»><T4_=f%\575\
K3gmle #HT = -;u%ﬁu. = 5w B éz5m1 tRMT L. KERCNY
T IKIER 2. ¢ ;iﬁé—;ﬂo PHE 410 Lie, IR LTz 1Bl 01 76 2750 2 -

FoL <A vre, TR e MM e AT T e B e x- FILCFRER LT 7@/%'



| LT -FiLmRBRE AL zéeﬁtn%bm&< St L= b, BKEREE T AV LT
W v, T-FLtMERIE. REES LT EMM L] 34247 tthE, bpo 00
~II3‘2°¢'/7»mH3; 421- 78% . |
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e E,gz A ULEE., e TLFE F-dz 2 30% F Ak 200 md ¢ T L=, FOC
T Y085 Pl &fe:w_r:bz Wk PHEL. e ii&fiﬁl}% 0.4 € mAT = - FLFR &
Lk, WERR AR AT 5% rhAk /Zﬁ;’ruééz,kmuém“;‘i’/? L. BREE < 7R ITA
T Pk l/f:‘; 254 B 4R v ARES E Y E qm i ::.—%—Vn,e-feﬁ%\#i; AEE ML |
B é‘/‘j e 5=, bp. 4LD~A-'T\‘S Cf bmmHy . 2 e KFAE ALLYAT
%i*ﬁikﬁ\ﬁ%ﬁ@tﬁ,, bp. 1?.o~1ol'\5°c-, 'Hzf‘?g 7.049 (34%), ¥k 977,
miﬁ%&a 19.2%. |

L

MMA- a-CDy ( CH2=(CDs)COOOH3) 13 MMA dz e Ftko itz &

A AFiL-dy £ iE LT AR LT,

‘K27 290 ml 12 ?‘F'J'?L; u\f’Ij 2’1’%1).)\4«\ *J«\'?a/ma i
W Aéé.#Z}&' —;:%ﬁu. 35 1:%—4\:}%’!\/—0‘\3 z&omJZ/(o’c) t RIDALE, AT 4L
oxr (l]ﬁf\'&ﬁ«bﬂﬁ“’ AR LT A4l-dy- R 8E VA5 [T-d3] 56 59 g 151,
bp.- '7/'\5_"71.8'('_/[4’»‘;«?1}) ¥ 7%, ¥oAE 90 %

AN “zd) 33 BRI 4tP«??[H7071?%/‘\‘c ElA o /sm ff{i“m 3 2L Ahil-ds
-<a @5 es A4 (D-da) 394297 & 195, L?. S~ 1287¢/ T mmby 35
g5 %, UXFE 2%

(I-ds] 39009 E4RM L2 MMA-dz o &% e Flik o R FRIF ¢ MMA-
- CDy 14\053 t3r. bp. »85.0~??\o°o, HrE 1274, 2 e 3G LURA
19.9% o364 8359 tAT<. bp,.’ 7e\o_~%o°-c., wmE s0%, BN S W A AR
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MMA-0CDs ( CHy= C (CH3) €00CD3) +3 277 )L 8Eckitan e A9/ -1k~

de 8 x- 5w ¥ b)) ZFLTR T s g»c*d’_'z /‘\fv& Lt
§::]<J.—~7‘—wlwml, FUI4LTE L 35 24, A9)" L-de 9009 ®EE
Ve o2 2970 W EG AL 31849 MT L. 2otk 4B BT L. FIRL
= P VEFuT L sREih :?5*1‘ SRBL, SFMERMeBE T 2N t5EE 515?;1;
S 5%%@%1<7‘r.r|~')_)‘74\7l<—;§-ﬂ‘£, AKonB iz hAi4. Bk gRBE R TR YL U BERRL

e, -7l EMELRIL, NERBLTAER 11874 E15, bp. 40.0~470C

e

/B6wmHg | REFFEL T 2343 0 MMA-0CD BT R, 7a5~I18%C, f0)R

994 % , WHLiIPHE  99.8%.

Ay 44E o ERELMMA L KEILALIIA TEKR L. AR EB CEAR

R-HEE LT, v ‘
MMA 13 ERE s % Eis VR L. WE BRI KRaL AL TL 7%

Bro. AR AR BERIE VTR .

By 922 THL T3, BERTFV7n e TAaENVE L & T - S0 T

EEFRRTCRARICTER{L. LT5M :.——*m/-:}}ﬁzmmwrzﬁ

w N N D)
:/1—’;)1/77,2--‘/‘7A9 13, ?4LJ_7~.\,<’77(~-/'7AE-\—~TH/‘?1/\7?¥.L 2dus

TAX0Y & el ?;4t77“ﬁ~7%m T SAELIC. VIFULR TV X3 3_,5;&&1@:

(0.5T M),

2 CzHgMgBr—-—-% (‘CZHS‘)Z»M‘j + Mg Br) )

1o0)

TNy )R] %—/"7A 1 x AL L TRy e s BERERRT

2 %% o Yy (oM basyiBR) E B T &K:‘t‘.fz@iiﬁiﬂw

(Ca2Hg), Mg + 2 <:\/NH (OV—)2M3 + 2 CaHe

Filzy3, WRakt Bzt gk, B T FYILTEE LIt o= Bull

t ., ERABFR AR EM LAWK,
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Vi EE v o, RAEAME RE9AF)-LT = ETANR, TRALLE AT

¢ FR L. AF)-n < EE %S Lr: 2% 50 < FRERIVREE.

5.2.2.3 RE
| T ;& ﬁ?iEH_i-;_z\")z:&')\' INM-FX 100% FT-NMR% & (TEOL) TAXALT 110
7"c7 SRR L. §0°NLA © :\"7:1/7\1’%1‘3 1z )Asec <" ;\°:LZ%§;&ZbB%F€J 13 JO0sec kL=,
NMRINET. AV<- 9 o5 mol/l Frzy-deBRE sMHEEmm o R BT
i NMREE T AR, 2EZ(L x T HAK. EERAT e BELRbobtMwvic,
%%ﬁ%ﬁéaﬁ%%%d'h 15, 38 'ﬁ%;«:ﬁ'lif-_azz" 4F SN NMR Z AT FHiv 0 d=A4n &
L R e msRd 3Ee AR ey RELE., 3k ZERGoAAT ;ﬁéf(é‘}"‘iﬁfn

R

weotkEr A ) T-Hlo Bt R H u L,



5.2.3 # %

MMA-dg (M) & MMAD 5uid BPA EAEIL MMA (M) 28352 Y
P T e L2 f77');w§12f—’rw tAKRLE. &R AVI7FR
)2 — 19, FLIvP BAL T2 LT 7RIV A E B4R ¢ LT ‘o T ES T UEE.,
LU UAIIE A2 1T, FLIVF 78T PN YD) T A0 £ Bl R < ﬁl
AL, A o Re Table 5.3 1247, Bohr EELFT 0 Mo /Z-FILLY
e <; 3 FY 7R LRGSR T Y B CIE S e FYATT YILEE A FiL(PMMA)
o TNk K%I‘Jﬂé ?/ﬁ‘fibﬁﬁo‘]’l%‘%ﬁ_%‘! 1= 2'0;1779 BUEARIR R iR N5 h v,

Table 5.4 1213 > md ZHRESFE 0 H-T) oRELBE PMMAD AL A2

Table 5.3 Coplymerization of MMA—dg(Ml)'with MMA or

partially deuterated MMAs(Mz)a

,'Isotactic polymerb Syndiotactic polymerc
M, Yield . _Tacticity(%) Yield Tacticity (%)
~ [m, ] | [m,]

(2) I H S (%) I H S

A MMA 54 0.11 95 4 1 87 0.11 0 11 89
B MMA-d, 49 0.11 94 4 2 82 0.12 0 12 88
C MMA-OCD, 49 0.10 93 5 2 78 0.11 0 11 89
D MMA-0-CD, 24 0.11 — — — 67 0.12 — — —
SN 48 — 93 5 2 89 — 1 11 88

a. [Mz]/[Ml]=l/lO
rb. Obtained with phenylmagnesium bromide in toluené at 0°C.
c. Obtained with dipiperidinomagnesium in toluene at -78°C.
d. Polymerization of undeuterated MMA.

e. Content of M, unit in the polymer.

2



Table 5.4 In Spin-Lattice Relaxation Times

~ of Nondeuterated and Partially'Deuterated PMMAs@

T1 (msec)

Polymer Isotactic Polymer Syndiotactic Polymer
o—-CH3  OCH3 - CHp - - o-CH3 OCH3 CHp
PMMA | 324 766 221 180 510 103
Copolymer A 410 847 355 200 552 185
Copolymer B 475 891  — 221 567  —
Copolymer C 427  — - 357 D216 — 197
Copolymer b o— 904 418 =~ 570 214

a. Measured in toluene-d8 at 110°C.

Futc, EAEILECRZERESTIIZ PMMA S TSV R - T b a0 29
‘Emo}i@nz 7_]<%Ea>fr§i‘;ﬁmcraz b, 2 ERFALCLEATBE S -TE Bd> U5,
42T MMA-dsx MMA-d-CD3 ¥ o REEH (D) 13, F4L VKR o T3 PMMA
» %N zi%ﬂw@z“%ém:ﬁb’(; AbaxaxER v 21583 RTHB., S0
T E/C o BRn FEd T F B9 2kE o NMRE&AT 123373 203 bY 0 BAE > %5
S ANTN EIT w3tk b THA.
;k;{ & E 9 £h4n A O%—?E@\%ﬁt}fﬁ{bé Fmgeik s, 37 if;%z%
Ly AEofdu ot HLs. REEABF A YD Mzﬁmzf,%is FA7 R 3 R
| b 21E¥ o A7LUKER évtz,,b, (a)13d MMA-dg (M.)L MMA (M2) & $1i 05k |
(b)i3 MMA Bl o B82S 15 FUTE R LIWS, ¥ EEIRA) T o MMA B{LoF
A3 -413&77*?_/?— o Tt e 132_4/%,‘“2 5TJ»§ (T;Me 5‘_3)0)1"\ MMA-d g £ MMA

DB I)R-RAIEL N, 3 1 eF a1t K317 BB ECT e Rbns, 12

oy Gy Giy i
»(a) —Cll-—CHz—— C'T— » (b) —(‘l}-—-—CHZ— (i,‘—
-COOCD3 COOCH3 COOCH3 COOCH3
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71.ﬁﬁémﬁw?fMzﬁmmayfﬁnﬁﬁﬂﬂﬁﬁmﬂwbtot%15%6;

/314%*’]70le$412“)”2‘7‘§% z priok, .(a) A zf'cb)_@%s‘iﬁm 2

BB tRTH (- HEV prRs. 3. TH-Tomkr EaxkioBedy

WY 2—HB 0.5 mil/l e D veF ey AR GEAT f::rTJ—;Z Y. 2oRBIEERT £3A0

$rho Do FrLTnseE2TE N, 5. EkEr Jf;ﬁ#w%%sﬂa\ X SER X

L~ T +v/;;\/1~:<‘ 2B T3 kFokk4uze H2 L5 3. B — AW o 1N mk?r\‘o"‘:
CBEoreERTRE S, |

(QotBEF o 5L vkE T _(.( _)lm )l‘J Bl U AFL /%V‘”o:k*?fﬂﬁ:h VJK

% $h4a ( Ten, ), w-AFLKR 1z & 53042 ((Tenqon,) 380 22T 0E 0 2R AR

c; v (5.1 Ko d

= & 5 $gm ( Ten,- o) =T KR I, 22 %ﬁﬁu-‘iﬁ\

(a) -1 -1 -1 -1 ,
pT =T + T + T (5.11)
, ~ CH, CH,-CH, ' "CH,~OCH,

Bz, ZHSERR 0 v TR b LD, ﬁ]&%»:-’(b)oiﬁ:‘iﬁmo AL kERN Ty
(

-4 4
AT 5. BIUIRE D A3 b0 Uk ERBIEND AFLUREa T AT, ) 13 (500

b . : ' «
( Tcﬁl)lq (5.12) A vk ber, BmoZE 13 (5.11)Ric Bbhkio z AUE

4 v (5. IR (B E (b0 hERIL) LE5GB (A5 T3 BRAF, (U-p) &

$ vp e %M’a‘ka‘i}—nn Az A Ebo e 5 (5.13), REGIHECHIV DI

(b) | ol -1 ;1
= + 2(T + T o ) (5.12)
2 2 Chz CP3 . CH2 OCH3 : "

, EIHZ CH2 |
= ,T;:f]iz'“L (14p) ( Tcxjiz CH3 * EéZ—OCHEB) ~ (5'13).
C’I‘Eé = TE& + (l+p)TCé cH (5.14)
" :
DTEéZ— TEI]{"2 + (1+p)TCH ~ocH, (5.15)
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wW b ﬁ]%ﬁu: LT (5. 14) & (5.15’)5'{5\%%9«1«’9..

d-2F B4 2 FxskEo T WFH 3bhY o&Fk b0k G HLs R
13, F_')?F'i?’(@ét’?}%ﬁi b EHhBb., Table5.510 13 SR ELAE 0 M BiLzwg
£E3% F)7R@AR o thER AL, W M=M= M, MMy Mg BEUM—M,
~Mz o %EEh o %3 (1- 29 2;)(‘1—}:)':;; VPt s,

2 ELEBA) 2N, M MM FART 9 otm A AR m‘T| (ATC_;(MleMi) -
%z é&,.t ) 4k %%%%ﬂﬁ&&a\w T HbT e (5. 14)R =3B, 22T Tows, Tens-cn,

Ap-1. (M.M_M, )= pod ,+ T -1
CH, 121 CHy CH3—CH2 CH,-OCH,,

(5.16)

53 Tw5_0m1l1 ZEREN R - A5 LBERokE, THYo 14 1L0KE, HIUARYL
KE1ZES a- 25 XKEo iAo §F eRblLinid, MMMz &V MMz My

B p a-29nKko T(1d (5. 1T FEr (5.12) N vRbesr, 2 oA ) oMy

Aol (o omom)= Tk 4+ 277t ol (5.17)
CH, 1 2 2° “CHy CH,~CH,, CH ,-OCH
-1 -1 -1 -1 :

Ap (M, M. M,))= T + 2T _ + T (5.18)
CH, 2 2 2 CH, CH ,-CH,, CH ,~OCH,,

B odd il FEE VAL RErS0ESTEM LITs to Ly S ojREAR

FRIRE FBEAEE < § 5 Fhd R R A @ﬁﬁﬁﬁ%&n Gﬁxvtziﬁ_\ft@’]?bzt\ ;aw':q«‘

5290 )T ERo BRAE N NI v 2enbBLTEFLTboy BbRAY, |
MBI WS d-ATLKE AR BT (ATc;i) 13 (514~ (5U)A BT

R ﬁﬁ’;')\yﬁ;\: octﬁx:%b?;:w*z"ﬁfa, El#kiz Lt % EANB)
A -1

. 2.A-1 | A -1
(1-p) ATCH3(MlM2Ml) + 2p(1-p) -Brl (um

Tapy = M.,)
CH a2
2 A -1 -
TP ATCH3(M2M2M2) |
-1 -1 -1
= Ten, ¥ Teu—ocu, ¥ (M*P)Tcy _cn (5.19)

3 3 3 3 2
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Table 5.5 Monomeric Triads of Copolymers
Copolymer MMMy M1MaMp (MjMpM1) MyMoMy
D3 GH3  CHj
. —CDy—C—CH2—C—CH2—C— | ,
CD3 CH3 CD3 ¢oOCD3 COOCH3 COOCHA GH3 CH3 CHj
A —CDy—C—CH2—C—CDp—C— | | 7 —CHp—C—CHy—C—CHp~—C—
¢0oCD3 COOCH3 COOCD3 CH3  .CHj CDy - COOCH3 COOCH3 COOCH3
" —CHp—C—CH—C—CD2—C—
e e e e e e o et e e e e e e e e e e Q0CHz_COOCH3 _COOCD3 e
| CDy  CH3  CD3 CD3  CH3  GH3 CHy  CH3  CHj
B —CDy—C—CDp —C—CDy—C— —CD~—C—CDy~—(—CD2—C— ~CD2—C—CD—G—CDy—C—
e C 00CD3 COOCH3 COOCD3 _~ COOCD3 COOCH3 COOCH3 COOCH3 COOCH3 COOCHj
| .. Gb3  GH3  CHj
» —CDg-—C—CH—C—CH—C— ‘ '
Dy  CHj3 CD3 COOCD3 COOCD3 €OOCD3y . GH3 CHj CHj
C —CDy—C~—CHy—C—-CDy—(— CH3 oy D3 —CH p—C—CH 5 —C—CH—C—
¢00CD3 COOCD3 COOCD3 —CHy o CH €D~ ¢00CD3 COOCD3 COOCD3
e e 800CD3_COOCD3_COOCDS e
CD3 CD3 CD3
‘ —CDp~—C—CHp~~C—CH2—(— v
CD3 CD3 CD3 COOCD3 COOCH3 COOCH3 CD3 CD3 CD3
D : - —CHy—C—CHy —C—CHoy—C-—

—CDy—C—CH2—C—CDo—C—

COOCD3 COOCH3 COOCD3

. CD3 CD3 CD3
—CHg—C—CHy—C—CDy—C—
COOCH3 COOCH3 COOCDA

COOCH3 COOCH3 COOCHS3




f’)‘cf’U'“(C) @d‘f—é‘ll/ﬂ{%‘:@ T1 I=2wWT (5-20)39‘\-[70"(5'-2/)2\: 0‘“%%\\9“%’

Bp-1l -1 -1 | .

Tew,” Ter, ¥ Ten,- (5.20)
CH, ~CH; = "CH,-OCH, - |

g - Tah, * ()T, ' (5.21
CH, ~CH ‘TP ten _—ocH | - 5.21)

3 3 3 3

RELSIER ABBEUD 2ATX U KEIZODVTIE ZHTN JRD 3 ;\ A 15 S s,

-1 _ -1 -1 | -1 ]
'ATOCH3_ Toca, * Tocn -cay * (l+p)TocH3-—CH2 (5.22)
B,,-1 -1 -1 ' '

Tocu,” T *+ Tocu. - (5.23)
ocH,” TocH; T oCH,-CHy

D.-1 _ '—l 3 -1

Tocu = Tocu, * (l+p)TOCH3—CH2 (5.24)

(5.13) };\5(5‘ 24)  BROHEENT wAnE HLEAR S IHT, 0 RIE B TS Y.
Show %%\]\:{fi)\fié Ted VBl TCHZI, Tery- vy uzé%b:mvz“
x5, HRAo e @y T3E T 4B A V/T £ Table 5.6 123y
TALE. B R0 /Tobto 197 Vo HiGWT, @B 0 PMMA o Hofh5n
HE=xd L, B%A ofi’&x‘rﬂl‘i&ﬂ“&bb?‘j"’?&é'ﬁa\%—‘fﬁ\\ﬂcﬁ@1'&)6, =
Bo BRI VERLIZL E&X5255¢8 PMMAO 184 T3 1/Ta>i@n‘67*iélw 3% |
Ve Tothw_t"%aﬁ\tha O @ Tother 13 (54385 (5,24) 0 BN EB 1= NWripol=.

Brvoz)-81 5503 Y& Lo TILvab0 §F v AT LTI
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Table 5.6 Contributions to the Observed Relaxation Times and Rates

of Protons in PMMA

Isotactic PMMA Oyndiotactic PMMA

Type of Component

1/T /T
Protons £T : : A
Tt 5e0) Tee-h tma 5% erth e
Tegg 0.50 2.0 65  0.24 4.2 74
TCHy-CHy 3.3 0.31 20 2.3 0.44 16
o~CH3 e C
| TCH3-OCH3 10 0.10 3 2.7 0.37 7
Tother(cuy)P 2.7 0.37 12 6.3 0.16 3
TocH; 0.95 1.05 80  0.59 1.7 87
. TOCH3~CHy 19 0.053 8 23 0.044 4
OCH3 | . D | |
TocH3-CH3 14 0.074 6 18 0.057 3
Tother(ocﬁ3)c 13 0.077 6 9.1  0.1] 6
TCHo ©0.42 2.4 . 53 0.23 4.3 45
Tcry-cHj 2.6 0.39 17 1.5 0.67 14
T CH2~OCH3 71 0.014 1 3.3 0.30 6
Tother(CHy)d ~ 0.75 1.3 .. .29 . .0.29 3.4 35
& The percentage to the total relaxation rate of the protohs in PMMA.
b -l _ PMMA,_~1 -1 -1 -1
Tother(crg) = Terg = (TCH3+2TCH3--CH2+TCH3-OCH3)

¢rd pefined similarly to Tother(CH3)
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v B o 49 . S’NA'%{(A\ rhwisko E Yo KE 2®$Eﬁit:ctxx"( 1'/;7\'1\3\\‘;"&’::’?,‘;“\
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) ;k?g&ﬂr § éﬁiﬁa v % sk ozk‘% = dd o3 L. §iH oS B, 18R
ﬁﬂ*@ﬁ&««r)f sﬂm‘i £ PO T LT B b,

AR I MMA Joéul? %}m\%d«?wMMA T KM PlomMMA-ds ¥ £ E
ABICUE=FE RSP E KEAL A1) 2— o TH-T) & Buvic w#FH 352 eind>1,
Table 5.8 1c LT E212. d-A5iL, Abka FSU0°AF l/;/’}(:If:’v)%/?!C7v‘
. 4’)0,‘;%%5&/;7\:4 /;}%55. LUk, 2 Noo>5, Ten,, Too, &0 Ten, 13
2873 71<v% ' B4 4 e — %mmm‘f = &3 iﬁ'ioza%zb? tnTHY), KEMlozesk
Vion 3 iREEEe 21T WIRY —2< X0 AaR 08K eI T ¢ ih4osd

. » L. it b)
PAT 3 RASPRCEFIE VT2 TIS

v2 & o
%-: 1\7"1%. H6 ( T2 2,+ 4t 3 ) (5.25)
1 T 1+ w. T l+40.)HT '

33T YuHoWmABRL, Wyt 'Hos-eT Mk, R e (h o
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o7 RED, N:#Aeis3mto Ho¥ (CHy g N=1, CHzwd N=2) t&bT,

B2 2R ALV E o APl & Ten, »tB2S Rbde. 497 PMMAT

9.9x10"sec, LA ITFPMMA TG 14210 seck Y. 4797 prMA o E4E A

)
#bvﬁ»éz A AP PEPE 0V RELK | L aF NV EYVR M D Vb 3, d—f%:bﬁi SaehY ¢ 5
(5.25)R 05 BB AME R . Shbofsls BeoT a5 §a 7= 1478 55 m oig
tx bz Table 5. 7 1= % 4. | v}t\i?f"_:m&w:%ti z 'HoT. 0o K= P95 PRIS.
3¢ oﬁ’, o5 :—1’4#97:4@.13)'& F< -3t vy, ERFICIKEL oG Y HE0T s

ATeAEAT T LNk,

. Table 5.7 Correlation Times

. of the Protons and Carbons in PMMA

"t ox 1011 (sec)
Group Isotactic PMMA ~ Syndiotactic PMMA
-Proton Carbon = Proton ~Carbon

0-CH3 3.7 3.1 7.7 7.1

CH, . 8.8 8.4 .16 . 22

Table 5.6 z:fx\u:%pﬂé%ot . d-A5 LR rotk4n 099, Tcﬁa,m%—?tzwl‘w’/']»
PMMAT 65%, S UA97F PMMAT 14% £ b p, KEFA -4 51dmo KE1<ds
;F‘%ni" HH 2K hrs, Yoo FE 025 BB Yo ATLLRKF 255 2 Teng-on,
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