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BN TORBEERMNICHIERE DS 2154, OSSN THOREE L To IR T
T— 2 Vb (m? IEBHHO _F VAR 5 &[Ek 4 T8O conforma-
tion IHkET AR EN S, BT E— 4 ¥ b OEEERIICIIRY v —BROFBERLEE
BdHAHWIEBIHRORAEL SRDZ I ENTEEH, —F, EHipliIEoFEREICEEL
TS, NHEEERA, avhA—Ya v e IRLF-FZDNF5 2 -y RN “Elin
BEHKEE" ®FVICESSCHERETRICK D n® OZENTA I EMARETH S, L
DT, WTE— 4 v FOERBEFREMELE 2T 5 &L, HFHOEEDL
RIS DEELIREEF I T 2HR AR S N TE B,

RYRXFNUAT ) LA+ (PMMA) OBEBFE— X ¥ MZOWTRE L 2 SHAHTT
bh, £ OEBRERSRESN TV S, SLERAMR ) < - SRR I TLBRE, L
(AARANEDS n? DEICED L D ITHET EhEWD T EbRIcSh TR, B0 TH
@ conformation (2% DR EFRHHRITIKGE T XX THAI 05, 41V 527 F Y7 (iso)
PMMA v v o527 F w7 (syn) PMMA & Tl (m? OEBLEBRELETHAH &
THEh3, AEBAME: PMMA OXMBFE€— 4 ¥ MIBT 2 ERMFARTEL LT
1960 FRicfTbNTH D, Pohl 5,4 Salovey,® Roig S50 X D ERBBME S N1,
(Table Il BRR), # D%, “MEZEMIRAE" & FLicED <, &9 F D conformation ®
HEtRIETE D Flory I8k -» TIREES N, D BALRRY 2 —Z>WTHEMTOLN S &
HI1E -tz iso-PMMA & syn-PMMA @ conformation 2B % #:tHET 8 1Z Flory B
FUZD T V—-TDNEICE - TITbA, ¢ xtd BEHERERY 1980 ERICHE S h
TW5,810 742 PMMA OMMFE— X ¥ MIZDOWTIE Birshtein 543, Flory &1T
Lo TRDONIBAHI NI A —%, aVFA—Ya v e TRXNVF-FEHOTHEET
12\, iso-PMMA B & U syn-PMMA 129 % (m?) OFBEEABRE L TWAWY Lich-
T, BER m? ORIEMAEFESERE B L TR & conformation & OBIfR%
WA EMAFRICI o f2As, FE LT 1960 ERIciTh i PMMA OMRTE€— £ v

b DOERREICIZ T OEFEEICOVLWTEAMENHD S LD iIcBbh s, £, ABOKR
A RRBELEL BT &, 1, tacticity MU L AT WI EFEDEBH T o N
5, F1z, OB TE— £ ¥ P OREBOREESTE REBEWT L GETH 5,
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Table I. Characteristics of PMMA samples

' Tacticity (%) _
Polymer Initiator M,* M,/M,*

mm mr rr
1so-PMMA? t-C4HsMgBr 97 2 1 33,000 1.25
syn-PMMAP t-C4HqLi-(C;Hs)sAl 1 12 87 34,100 1.22

2 Prepared in toluene at —60°C.
b Prepared in toluene at —78°C, [Li/Al]=1/3 mol/mol.
¢ Determined by GPC.

AFNAY Y LA DT =4 VAR ESOWRILEE, o 10 EMicEL
CHEREL, F72 NMR &I & 5 tacticity ORIEREE DM E & ICBIE RS ARRIEO &
W, o tacticity OBRMETS iso-PMMA 8 X U syn-PMMA R AVERK G % & & A5affEic
1851212719, —7, FBROPEEE GSEIN, 7 21X PMMA OMBTFE — 4 ¥ b
LIZOWVWTWARLATIE D 1 FhEWRE, §8bb dJu=12%X107%D (debye) DEEH]
BN THIREMZRDZENTEE LI ITE -1,

AWFFEIZ tacticity 255 <, D OBHIER iso-PMMA B & U syn-PMMA 0¥z >0,
EEHOSVAE € — £ v F ORIEMERYD, FTEAERELE, RT3 &ickD,
Zh 5® conformation IXXt4 2HRAE/S L 2HWE L TITbhicbDTH 5,

II. % &

1. RUz—EHEOMER

iso-PMMA & t-C,HsMgBr %#Ba&IcH, bz vih, —60°C TOESICLYD, £
tz, syn-PMMA 3 b v x v, —78°C T t-C4HoLi-(CoHs)sAl 2BAtEHIE ¢ 2 EAIC L
TR L 72,

'H NMR & THIZE L /o tacticity 13 iso-PMMA Tld mm=97% (isotactic triad), syn-
PMMA T3 rr=87% (syndiotactic triad) T& » 7z, HEED4FEIT Shodex Column
A-80 (50 cm X 2) W72 JASCO Flc-A10 7 o= + 75 71z & % GPC JISED 53R b 12,
BN TR M, B LOEREHSTE M, & M, L0 iso-PMMA T3 M,=3.30 X
104, M,/M,=1.25, syn-PMMA i2%f L Tld M,=3.41%X10% M,/M,=1.22 T& - to
Table I ic&RRIOBEBALM, M, M.,/M, DfE%ERL 1,

2. BBESLUREDRE

R < —IZKDFEER T General Radio #1%! 1620A #ID Capacitance Bridge % B\,
&L 10 KHz TRIEZITIE » 2o B VIZ _EBED pyrex HWIC 8T « EOH
fElcofpeEmE 2y P LIcdDTH %, BRARIIESICDOWT 38.32 pF, HIEICHE
RIAKERIZF 50 ml Th 3, EEDOFFMICH W TSR 17 a icih <7z, HlED, iy
) oo v iR, £0.01°C OBREEHFAN TEERBEZITE - 1o, QIEE#EE LTia~Ny
¥ v EHW, N¥ ¥ i Molecular Sieve 4A TH# 481, &% L, FIZHE Molecular
Sieve 2@ L THEET A LICLDFERL 7o, FEROMEICHOV IR ) v —BKDERE
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Table Ila. Dipole moments of iso-PMMA measured in benzene at various temperatures.

Temp. B P2 P u?
a D,°

°C gcm 3 cmig™! cm®mol ™! debye

25 2.377 0.2759 0.6802 68.10 1.457 0.710
30 2.328 0.2787 0.6742 67.50 1.459 0.712
35 2.280 0.2815 0.6680 66.88 1.461 0714
40 2.231 0.2842 0.6617 66.25 1.461 0.714
45 2.182 0.2870 0.6552 65.60 1461 0.714
50 2.134 - 0.2898 0.6486 64.94 1.461 0.714
55 2.085 0.2925 0.6418 64.26 1.460 0.714

Table IIb. Dipole moments of syn-PMMA measured in benzene at various temperatures.

Temp. B P2 P, u?
a D}

C gcm 3 cmig ™! cm®mol ™! debye

25 2.009 0.2938 0.6041 60.49 1.323 0.568
30 1.981 0.2865 0.6051 60.59 1.336 0.597
35 1.953 0.2791 0.6061 60.69 1.349 0.609
40 1.924 0.2718 0.6071 60.78 1.362 0.620
45 1.896 0.2645 0.6080 60.88 1.374 0.631
50 1.867 0.2572 0.6089 60.97 1.387 0.643
55 1.839 0.2498 0.6098 61.05 1.399 0.655

2 Dipole moment per repeating unit in PMMA, calculated by eq 2,
12={9kT/(4zNa)} (Pz— R, p), in which 24.72 cm® was used as the value of Rp,p.

b D,={m2 /nue’= {u?/ue? is the dipole moment ratio in which (o is the dipole moment of
repeating unit and », the number of units; the dipole moment of methyl propionate, 1.73
D, was used as uo.

HFIIEESE w T 0.006~0.025 T, 25° » 5 55C ¥ TIREAE(Ls Y, TRETHE
%ﬁ’. - f’:o

FY) 2 —RBOBERARE H10ml 04 275 2 aREMEEEHEZHVTHIEL
o ’

I1I. ﬁ%ts&rf#ﬁ

1. iso-PMMA 8 LU syn-PMMA ORBFE—X* v B LU ZDEEKEY

FER e LEE o ORIERKFE%E Table I1 IR L7, PMMA OREHALY © ONHTHR
FEa—A Vb p BREREFEONTMEH S Debye Him'®IcEo BERRAHEICLD
Ko

BE w— 0BT 58 Y = — DR p. 13 Halverstadt-Kumler !z L vk 5,

pe=p(1t g (1)

ei—1)ei+2) o1

1212 L, a=d(ez—e)/dw, B=d(o12—p1)/dw, BF1,2,12 FZThZTNEE, K <—,
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Fig. 1. Plots of (e12—€;) versus w and Plots of (0;2—01) versus w for iso-PMMA (O) and
syn-PMMA (@) in benzene at 25°C.
(g, dielectric constant; p, density; w, weight fraction of polymer;)
BRERDT, £ ) 7 - OBEHN DD T P, (=p.-Mo; Mo, EHNONFE) &9
L, ZOVBTE—A Y by BIRREBOTENT 2 EMTE B,

w2={9RT/(A4nNA)} (P;— R, p) (2)

7272L, k3 Boltzmann %4, Na l& Avogadro SE¥, T I3EETH %, Rup 3 D
T B FIETITHD, 2) A TREFAMBEFETHBONMM R, p ICE LWV ET 55
BHOOLNTWS, Ry p DHEIIFEFEITOME LTEH L2,

Table II i iso-PMMA 8 X U syn-PMMA OO Fta P, 8L U a, B DL (2) Ko &
DEHLZBBTE—2 v b e OE%ER LT,

c=>0iZBF % a=dEez—¢€)/dw B LUV B=d012—01)/dw DIEIL, FHEN (e12—&)) vs.
w BE (012—01) vs. w D plots M SEH SN EEBAFR L ORD7-A, Fig. licchdn
Plots ® 1 Bl &/R L 12 WHRFE— 2 v + ORIERERH 5 iso-PMMA & syn-PMMA Tl
e DIENRISE T EDBHS IS - fohs, Thid tacticity 235> F84D conformation 2%
ET5THAIEDOTFHRENIEREVZ B, is0-PMMA @y iF 25°C 75 55C I
E20TFHOEECBOTHHEIT syn-PMMA O p O KEWEEREZ 1, Hl2iE, v
¥ VB, 25C BT oo DEIR iso-PMMA Tl 1.457D, syn-PMMA Tl
1.323D TH Y, Z2DERFMERELRE2PICLETDLEHDTH 3,

Table Il iC REED 72, hF TIRBESNL TV S PMMA OXURFE— A ¥ b O
%R LT, AFETHE SNz PMMA O ¢ O ELIFTcBE s - EEa e LTt
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Table III. Dipole moments of PMMA reported in literature
t u
Polymer Solvent Reference
C debye
atac-PMMA benzene 10 1.36 } o
benzene 40 1.41 M. Shima™ (1962)
benzene 25 1.38 J. Marchal et al.? (1958)
iso-PMMA benzene 30 1.43 9
syn-PMMA benzene 30 1.27 } H. A. Pohl etal.® (1960)
iso-PMMA benzene 25 1.51 } 5
syn-PMMA benzene 25 1.45 R. Salovey™ (1961)
iso-PMMA toluene 25 1.34
toluene 40 1.35 . 6
syn-PMMA toluene 25 1.30 A.Roig etal™ (1968)
toluene 40 1.32
iso-PMMA benzene 25 1.457
benzene 40 1.461 Present stud
syn-PMMA benzene 25 1.323 y
benzene 40 1.362
KK, —BLTWBEIEMNBONG, K
L7 b DEHED 1A (B) ik - TLIFH, 1960 4
e o WCHIE & 17 atactic PMMA @ pV (3 iso-
o LT i 50-PUMA PMMA & syn-PMMA @ u o t1 ] o i i
E 1.43 k- f&’)‘(h\éo
5 T Fig. 2 30T € — » v + ORERE%
N KL bDTH M, isoPMMA & syn-
§ 1.38 PMMA & Ti3EFLWIHED S 5 T &0EH
Q
i 136 b INB, 26C 5 65C ETHRERZEFTH
] ) syn-PMMA 1s0-PMMA DOy DfEIRIZEAEE STV,
a 1.34 | syn-PMMA O p 3EE LB RLTL
132 L o BIAIE 25°C & 55°C I2BF 5 u DIl
iso-PMMA TidZzh £ h 1.457D, 1.460D T
H | 1 L 1
25 35 45 H B, syn-PMMA Tt 1.323D »» 5 1.399
Temperature in °C D NEHKT B, syn-PMMA O 1 OEFERF
Fig. 2. Temperature dependence of #E d Inu®/dT=3xX10"3K™! &7 3,

dipole moments ¢ for iso-PMMA and

syn-PMMA in benzene.

1s0-PMMA & syn-PMMA OWHBFE— A ~
b u OIEOEE I PMMA 53 F ORISR B

DOEMOHBICERT 3 60 TH A5 EBbh 3, EIRTOD iso-PMMA & syn-PMMA (3
My, BRUEGHELARTIEVBHONTVWEY, ZO—2R3H 5 AEBE T, DELL
EZTH 5, B—TFED iso-PMMA BXU syn-PMMA oW THIES N T, B ZENE
N51CHBLV120°C EVHHEND 5,2 £1z, RV €V ITkHd 2 S iso-PMMA
& syn-PMMA & TiIHE DRI D iso-PMMA OEBIEITEV, ThsDED» S5 PMMA
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L L 1 1
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Fig. 3. Dipole moment ratios D, as a function of temperature, for iso-PMMA and syn-
PMMA in benzene.

\ /( ﬁx / \ / \
C,'Ha \_30 CH-; CHa
/ T |

CHs CHa CHa
Fig. 4. A part of iso-PMMA chain. £CC*C=110°, £C°CC*=122°, ZC'C*C*=109.5°.

DD 7 2 v b EE — BRSSO NS 2 28 — 13 iso-PMMA X0 syn-
PMMA DOEDHBEDEL OFIRAEZITVWETHAS T EHEIEN %, Fig. 2 i<
Ao 5 &L DT syn-PMMA OXHTE— 2 v F OF L VRGN SRAISE/BER DN
EEZOPHECEENRE LHRICEL I LERTOOE L THRTE2IENTELTHAD
EEbN B,

3. WEFE—»V POREBLHERERLEOLE

AR PMMA O43F85D conformation O#EHHETEIC > W T3 TIcE { OBF
HHBHEIN TV S5 Birshtein &3 ‘[z RHAREE" HLUCE D < Flory ©AH"
ZFVT iso- B LU syn-PMMA O PEWRET € — £ ¥ b (m2 OFHEEITI - 1o
WEDOHEEBEAEBEE OHEKEITH 120, £9, F0OHELHE, Al s x— 4%
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DORIE %39 %, Fig. 4 i3 iso-PMMA 53 F{O—8ZR LIt bDTH 5, ¢ 13T C-
CHADRE Y oaExf, x (RSB ((COOCHs) DMIREHEDHETH 5, FHEICHE
HEEIH NS X —%, avkA—Ya e 2XVFEF—FIZHICFlory Sick > TRH SN
tEEHVWTED,Y #EAAII Fig 4 IR LIZEY Th 5, FHBEKRDO CCHRADELD
[\ 2\ T trans (t) & gauche (g) D "> DAl BMHIREENEL T 2 EIREL TV S,
glRavirA—va v e LRVF-MELRBLLDPBR LI, Lizdi-T, ZONHIOEE
DOREME L 2X 2 RO ERDITHITERDENE LT B, CLEEATE DRV P
OffE D[RRIt 4 % U5k

tg
v i o) ®

13D, BT 5 C*ORIOR v FOlERIcE T 21T UL T LS5 2 505,

I g

Ui :fg‘ (a aﬁb) (4a)
I 8

vt] )

7220, a=w/nw’”, b=w?/ww’ THb, nBLV 1 ZEFNFhtBLV g BMHIR
BIotd AHETER, w w'BE P w I IRMHEERAF b Tt ER T w 12 CH,- - -
CH2% % I3 CHy-CHs, wid R--*CHy &% % W IZR--:CHs, w” 2 R---R, (R
-COOCH; B) MOMEMERICE S $DTH 5, Flory SicdhiFaBLUT b LT
RAHG A Shte?

a=1.6 exp(—E,/RT)
b=14exp(—E,/RT) ®)

ZZ T, 300K icBWT E,=1.1 kcal/mol, E,=—0.6 kcal/mol &3 #LL a=0.26, b=
38 &155,

Birshtein 53 INS6D T RXIVF— « N5 4 =5 AH, PMMA 4f8® conforma-
tion DFEEIT - 7203, iso-PMMA T tt BN T w,=75%, D D 25% I3 tg (=
8t) T8O D Wig(=en=25%, syn-PMMA T3 wu=909, Wi (=en=10% & W HEEREE 1,
gg A vk A—avidiso- BLU syn-PMMA o hicB\WTdEEINE - 1,

C—C*K v FOF D OElExA x 13 -COOCH; ED C¥=0 K v FA$ C~C'Hs & ~ Ficxd
L Tcis DNMBIZH BB x=0° L EET 5, PMMA S F8HORB&EHAL D -COOCH;s D
BT E— 2 v+ (ue=1.80D) i3 C*=0 X ¥ F &L [E—HRANCE[ L TV 3 ERET 5,
PEDE S BEHD T TRO=2DFHICO>VWTHETFE— £ ¥ M, D= {u/uf DFt
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D,
3 L
Q
J syn-PMMA
D
9 4 w, =10, x=180°
w,=0, x=0
1r , 2
1s0-PMMA
wy=14
C)\0\__(;) Wy ==
1 1 | | 1 1 1 1
0o 1/2 1 w, 0 1/2 1 wiso
Fig. 5. Dipole moment ratios D, as a func- Fig. 6. Dipole moment ratios D, as a
tion of the probability w, of alternat- function of isotacticity wis,.
ing rotational angles x=0° and y=
180°.
BAITHE -1,

(1) —-COOCH;3 £#®D C~C*£ v FDE » olaliz 3 HHEEETH 5 EKET 5,

(2) —-COOCH; D[RR EIFHIBEINTEBD, x=0"H5Vid x=180°KEEIN TV
EIRET 5,

(3) —COOCH:; #D[El#zfh x 13 x=0"& x=180° L DA MR w, TREICHEVES &
RET 5,

(1) DIEE, HEHRIZ iso-PMMA BX U syn-PMMA WIS LTS D, DfFiZ 1 &
DAREL o7, D, DHIEMIE Table IR SN 3 LD, £, URjiclREINER
KBTS D,=057~071 T, HiZ 1 XD/NSWEBEOSNTVS, LId-T, (1) D
KERBZLLIBEWERDbLN S,

Fig. 5 X U 6 13 Birshtein 5 OFTEFERD 1 PEFIA L TRLILBDTH A, Th
SHOLIFD I EMHHS T 512 syn-PMMA 2%t LT D, <1 &7 5 dDI3 -COOCH;
BEoRELA x=180° IEESINT VS h, $50idx=0"& x=180° DR EZHER wy(1/2<
w,<3/4) TRXHEICKEETZ L LIGAIBONS, iso-PMMA 3 W wi, (isotactic
diad DEIE) >0.75 DEHKHZ SV TIE x=0° & x=180° & DRI DR EBEN SR w,(w, >
1/2) TERBBH/ICDA D, <1 £13%, 1, LOVWTNDEES syn-PMMA @ D, I3 iso-
PMMA @ D, X D EI/NSWVENE SN S,

Fig. 3 /R&EN D, DRIEER A5 &, KEBREHANTIE syn-PMMA O D, i1 iso-
PMMA @ D, & EI/NES L, FEFEREEFERSEREZ R L TW5, £, syn-PMMA &
isoPMMA & CRIBETE— A ¥ M D, OEEKREECE L VHELA OB b 1
DI ERERICESOTHERT 2 EMTEBZTH S ), iso-PMMA I LT, HBRET
-COOCH; EDONEEEZICBIL Tx=0°& x=180° E DX HBEOHR w, BT Ticd 5
BEAXVWETIE, BEOLFRICXI>Tw, DEEFZEFNEBENLLEVTH S, 25°~
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55°C ] Tiso-PMMA DD, DEDIZEAEZLL TVEWEWS T LIRS TDLS
BHERcE b bDEEDLN S, —F, syn-PMMA 43F8 D —-COOCH; BEDEE[EICiZ > D
AN EZEZ SN b, x=180° ICEESNTWVWAE L XD D, DfEIZ D,~0.6 TH Y, [EcH
D x=0°% x=180° & ORI TARHICZEDNH 2 & L THEIHER w(l/2<w,<3/4) 2FA L
1BEAICE D,~07~08 5Eo5h 3, EED ERF L4 -COOCH; EDE A x=180°
KEIESNIREEDL S x=0"¢ x=180° L D TOREBEMI L LS5 I BEEZLN
i, syn-PMMA O D, g FR LIRS EE2HHATEENTE S,
uhsmPMMAﬁ;UMWMMAwﬂ@%%—xyr@mﬁm%ﬁﬁ#%&&ﬁL
TEEEARAA I, BRIV 2P ORELAZERL TBE 2V, ERMEETEIIBLT
m&mmﬂax—y,:y¢x—vay-lzw¥—wﬁx—&@§mu;@%%umm
DEIZ-TLBDT, FARELAEBENSERMNIC—HT 2LV T EdET, BETHA
SEEbLNB, £7, HIEITHW PMMA REHT iso- B LU syn-PMMA Weh &i7&
HAMOBD TEWSDTH 555, tacticity 100% TREBEVOTRIZY, SHFENIIA
BHAWEDELN AEABEAET B2 TH A D, OB FEHLAED conformation I2E/DDE
rb Ol LI BEL, TDHE, (n*) DORIEBICOHLEST 5, HIZ, ERPTRD
1€ — 2 v b OMEITIZHWICERONENA - T 20/t bH 5, Lich->T,
AHETEOSNIFER LT LORENB ODOTEL, DbV Tidlus, B
ORI A I ME-RDON S,
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Dipole Moments of Stereoregular Poly(Methyl Methacrylate)s

Mikiko SHiMA, Mari SATd, Miharu Atsumi and Koéichi Hatapa

Synopsis

Iso-PMMA was prepared by using t-C4H¢MgBr as the initiator in toluene at —60°C and
syn-PMMA, by ¢-C4HoLi-(C2Hs)3Al in toluene at —78°C. Their tacticities determined by NMR
measurements are mm=97% (isotactic triad) and rr=87% (syndiotactic triad), respectively.
Dipole moments of the PMMA samples were determined from measurements of the dielectric
constants and densities in dilute benzene solution at seven different temperatures ranging from
25 to 55°C.

The dipole moments of the PMMASs and their temperature dependence showed a marked
difference depending on the tacticity of the samples; the iso-PMMA gives greater values of the
dipole moment (z) than those for the syn-PMMA, and with increasing temperature, the u value
of the iso-PMMA showed little change, but that of the syn-PMMA continuously increased; e.g.
1.457D (25°C) and 1.460D (55°C) were obtained for the iso-PMMA, and 1.323D (25°C) and 1.399
D (55°C) for the syn-PMMA. The comparison of the experimental results with the calculated
ones leads to a conclusion that the difference in the ¢ values between the iso- and syn-PMMA
could be interpreted as due to different conditions for the internal rotations of polar side groups
in the iso- and syn-PMMA chains.



