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Fig. 1. Plots of &, versus w for poly(ethylene oxide) ((a) PEO-27 and (b) PEO-86) in
benzene at the temperature indicated. ¢,; dielectric constant of polymer solution,
w; weight fraction of polymer in the solution.
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Fig. 2. Plots of p;, versus w for poly(ethylene oxide) ((a) PEO-27 and (b) PEO-86) in
benzene solution at the temperature indicated. 0,,; density of polymer solution.

Table 2. Summary of experimental data and results of the dipole moments for
poly (ethylene oxide) samples in benzene.

PEO-5

Temp. (°C) a B D2 P, « (debye)
25 2.7599 0.22234 0.77308 34.056 1.060,
30 2.7136 0.22558 0.76830 33.846 1.064,
35 2.6673 0.22882 0.76338 33.629 1.068;
40 2.6210 0.23206 0.75833 33.407 1.0714
45 25753 0.23530 0.75324 33.183 1.074,
50 2.5288 0.23854 0.74788 32.946 1.0775

55 24821 0.24178 0.74231 32.701 1.079,
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Table 2. (Continued)
PEO-10
Temp. (°C) a B D2 P, « (debye)
25 27325 0.20464 0.77485 34.135 1.062,
30 2.6857 0.20995 0.76915 33.884 1.0654
35 2.6389 0.21526 0.76331 33.626 1.068,
40 25921 0.22056 0.75731 33.362 1.070,
45 2.5453 0.22587 0.75115 33.091 1.072,
50 2.4985 0.23118 0.74484 32.813 1.074,
55 24517 0.23649 0.73837 32527 1.075,
PEO-17
Temp. (°C) a B b P, ¢ (debye)
25 2.7071 0.24801 0.75314 33.178 1.0404
30 2.6652 0.24489 0.75151 33.106 1.047,
35 26233 0.24176 0.74981 33.031 1.054,
40 2.5814 0.23864 0.74801 32.952 1.060,
45 2.5394 0.23552 0.74612 32.869 1.067,
50 24975 0.23239 0.74415 32.782 1.073;
55 2.4556 0.22927 0.74208 32.691 1.0795
PEO-27
Temp. (°C) a B 2 p, « (debye)
25 26356 0.22034 0.75051 33.062 1.037,
30 26015 0.22379 0.74767 32.937 1.043,
35 2.5673 0.22724 0.74474 32.808 1.048,
40 2.5332 0.23068 0.74172 32.675 1.054,
45 2.4991 0.23413 0.73860 32.538 1.059,
50 2.4649 0.23757 0.73540 32.396 1.063,
55 2.4308 0.24102 0.73209 32.251 1.068,
PEO-57
Temp. (C) a B D2 P,  (debye)
25 2.6642 0.22658 0.75345 33.192 1.0404
30 2.6283 0.22743 0.75136 33.100 1.047,
35 2.5923 0.22829 0.74919 33.004 1.053,
40 2.5563 0.22914 0.74694 32.905 1.059,
45 2.5204 0.23000 0.74460 32.802 1.065¢
50 2.4844 2.23085 0.74217 32.695 1.071,
55 2.4485 0.23171 0.73966 32.584 1.0764
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Table 2. (Continued)

PEO-86

Temp. (°C) a B j 22 P, « (debye)
25 2.6566 0.21957 0.75476 33.249 1.042,
30 26210 0.22415 0.75123 33.094 1.047,
35 2.5853 0.22873 0.74760 32.943 1.051,
40 2.5497 0.23331 0.74387 32.770 1.056,
45 2.5140 0.23788 0.74003 32.601 1.060;
50 2.4784 0.24247 0.73609 32.427 1.0644
55 2.4427 0.24704 10.73203 32.248 1.068,

a=d (g,5—&)/dw, B=(012—p0,)/dW, D,; specific polarization of the polymer, P,; molecular
polarization for a structural unit in the polymer.

a BDIEL L VA py DFAMRP, BT E—2 v b pDfEER LI, BB, HFE
FEFEFTOME L TR, [MR],=11.065ml 2HW\ 7,

Fig. 3 RBFARHO LW TEHELNIBBTFE— 2 Y M p 2BETICHLTT oy F LT
bDTH 5, 25C IcBF 3 pidEHNTEMD PEO-17 »» 5 PEO-86 ® 4 KK Tid u=
1.038~1.042D (D; debye unit) & HWIGEWVESEB SN TWVWE D, HTFEHMEV PEO-5
& PEO-10 @ p 13 1.061D B LU 1.063D ERPKREVETH 5, Z OMRIIHIE L 7218
ERiH2EICR SN 50, SREMTEINTRICLS w0V S XI/hsv, pidvdh
DOFEFE SEED FR EHICBIBERCHEML TV S, Lrl, oA L
B3y, DTFRBICIZ—EOERIRZRSNEV, BEREK dinde®/dT $8/ME 08X
10"* K™ (PEO-5), & A3 25x 1072 K™! (PEO-17) TH 0, Ftgd 5 & 1.7X10 K ™! &
Esh B,

Poly(oxyethylene) glycol (POEG) HO~(C,H,0),—H OXmFE— 4 ~ bic>WTiE, &
< i& Marchal, Benoit'® &, I T3 Riande' 3 EOHENDH 21518 F 72, FKiEh
diether ® poly(oxyethylene) diether (POEE) RO~C;H,0),~R ic >\ Tid, Marchal 5
BELUO/PIESP(R=C,Hy), %7 Khanarian, Tonelli'® (R=CH,) Iz & 2 HIEEL S 5., HIE
KHVWON TV AR TRIZ, BOERLUBMOK x5 I~H+ L EHTFBD & DT,
ET, HTFEMBRKEVSDIE POEG HE D x=227", 3170 BEETH Y, HTEBICLT
I TEETH S, £/, WBTE—4 v rOBHICR @Y ohFEBHVShTED, —
23, FEREFEORAED O3KD 2501050 U IABHEN I HBES 9Th 505, £ BFEE
R LJEFrREZJE L T Guggenheim-Smith OX» SEH 3 4K 14180 S hTn
%,

CCTHWERY zF LA F Y FERHIR KRGS = — 70, g 3/kBETH - T,
Azl D POEG, POEE OWFhD ¥ A 7L b RIGOHEMNREBL >TWVWB, #-T, I T
R REREHE ST 2 1IC3B PR EET 205, Diil LD TFESKE T NIERED R
WhawetEZ S5h5, POEG ¥ 1 7OLEAEOKRZ LRI L TORIEMHH 558
w3 1.156D (EAE x=176, benzene, 25°C)'®, 1.07D (x=227, benzene, 20°C)**, 1.10D (x
=317, CCl,, 25C)"® 5 & TH %, W & Guggenheim-Smith D HETHRES LTV
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Fig. 3. Temperature dependence of the dipole moments for poly(ethylene oxide)
measured in benzene solution.

/CHZ /O\ /CH\/CH
CH, CH, 0)
Fig. 4. Poly(ethylene oxide) chain shown in its all-trans conformation.

3, COBLUO-HODEESE— 2V +%& meo=1.07D, moy=1.7D & L TR OH E D
BELHfEG 5L, EAE x=176 04, wEO/MNIEEHBOMICHEBESA 53R
12 B0, EAENIOBRETHNITL ENOKRFEEDOEERIKREL LV, ARIETHV
REOSTFRIEITFAAREL, KEOHEBIRTVWERLSELY, ERICHSXERIESLD
POPNSWVETH S, LrL, AEBLUVEHOFENREZ I EE2FZNE, DA
WEERBBONTWVWAEEZTABTHA D,

Y TF LA+ Y (Fig 4) o0 CEERREERELM (RIS €571) (& 50k
FE'—A Y M D /mm? (n; HEBALOR, m, BEBRAICHEYT 2B HLEYON
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Fig. 5. The dipole moment of poly(ethylene oxide) shown as a function of the number
of structural units n at the temperature indicated.

BfE—2 VM) BIUOBERE dInGA /dT OEIZ Abe, Mark, Flory 2 & % 2E4175
PEEED S 5, T OHEICHVTIE, FHONPEERE (gauche IREEIC B 1 3 MER]
M8 @), B XU conformational energy (trans JREEICXTd % gauche JREED = 3 L ¥ —
E) DEZEMZ I ENEFTEELLBH, Abe 513 PEO OREEHATICHY 4 2 K5 F1L
BYT >\ T semiempirical conformation energy 4 & 258, 'H & ¢ BCNMR 73
EORIEFER» & WEREEEA ¢, 3 & U conformational energy E; 2 EH TV 3, ZHhic
& % &, CH;-CH;-O OWNHEIERIRAEIZ, C—C bond TR=2 AN N7- O---O DMHEEE
D78 trans & U gauche KKENSLETH Y, C-O £7:13 O-C bond Tlt CH,---CH,
DI ESER D 723 gauche & O trans REBEETH 5, C-Obond D E, & ¢, DIEDOI
DHFpDEICKRESEEL, ¢,(C-0)==%110° E,(C-0)=0.90 kcal/mol (set A) Tit
WPy /mm?=049, din {A/dT=29%X10K™! Th 205, FEEHUEL SHORIERE
DEBOEEL T, ¢,(C-0)==2100, E,(C-0)=0.8 kcal/mol (set B) &9 2 & (22 /nm?=
0.35, dIn {¢?/dT=3.0x10*K! T& 3,

AREDOIBTE— 2 v bEidm 2EEE—A Y 1 OFIE LT m2=1.07X2 2H\ 3
&, () /mm*=047~049 (25°C) TH D, BiF (set A) OFEEERIC X 0EVA, BER
B dIn(?)/dT=08~25X103K™! Li85h, THIRHEHERL D PR/NE L, BRO
BEREUE POEE @ 2.0X107°*K™! (x=4, benzene, 25, 50°C)'?, POEG T3 2.7x1073
K™ (Mw=4260, benzene, 20~60°C)'7, 1.7 X 10"* K~! (M =4000, benzene, 20~60°C)!¥
BETHY, FHBEHERIAEME O PPARE VLS TH B, PEO 8D ¢ ix C-C bond DA
HEERERIC & & 0 HEAE T 120 A, C-0, O-C DIREEIC 133 < IKE L, RIS & 7 LETE
IC& B &, trans 25 gauche JREICED B &, pEIIAREX 5, BEEREOIE EAIES
Ntc &3, RED B LI trans 2> 5 gauche IREEA & BEFhic & 2 NP DR
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Fig. 6. The dipole moments of poly (ethylene oxide) shown as a function of log n at 25
and 50°C. O, ®; this study, <, ®; Kotera et al.'®

MET B ETHEIN S,

Fig. 51213 26~55°C ic B} % p 2 HBEHA O n icxt LT plot L7z, %72, Fig. 61
1225 BLUV50°C TD u % logn icxt LT plot L7228, b0, @34 HEOERETSH
D, O, ®13/NES D poly(oxyethylene) diethylether DX Y € VIR DRIEERTH %,
~Ny¥ VI PEO it L CTRIAHTH 555, PEO I (r~wo=0 OEHHIYTI3E 280
EEEOD S, EROHRICINEHREBSR T W EIE S, uhdbs5FEBULE
TIR—EEIC 2 T EDPERATEIRNS VT & DOERNEFIICIE B &£ B0, &YV
2 FNvaF+ v (PDMS) DY 7 a~FH VIEKTIE Liao, Mark® £ B T3, THIA,
W S#ic & v oSy FREFESBRG S h, AIERKREEDLEIS>LWTWT TR
OB VWEEREIN TV S,

ITELNIEERIZ, PDMS OfL h DR DIERI NI Ry — VTP TVWE T &
bd B, Figs. 4,6 BRd &80, ABOAFENBAULETS pEbnFEICH L T—
FEMETHBEEZTVNIV, 25C TR uBEIC 2% 12 EDEVED 5, GEETRZILY
NS WA B0C T I%TEEDEND B, COREO/NIVWEFBECHHNE, chET
BRI TV LEbnas, Ll 2EMCESTRARO 1iEd, ST 8N
o RELBOINLTVE, tDBEHICHWVW aid Table 2 IZ/RINTWVWA D, £ DffIES
FRAKXE B E-IT/PELIED, 25°C 2BV TR PEO-5 @ a=2.760, PEO-86 Ti3
2657 Th b, NFRICE-TadZEbbER, uPRFRCHLTETHEWI LD
FRFEREEDNE, —F, BD pENDHFS R aicNTRE BEVY, Z OEEK
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FEDS Table 2 ICRONB LI ICTNTORRT—E L BNV T & 13 1 DIRER
HoKzsicgEEsE2zTVwWE LBbN 5, :

PR ELT, FVzF L v 4AF Y FOLSFEMN S FT~86 F7D 6 HEHZ - VTR
FE— AV MERVY VAR, 25~55°C DREHATRE L R, WURTE— 2~k
M ) /nm®=0.47~0.49 (25°C), REFFRE d In{y?)/dT=0.8~25x107° K™ 0ffi%§
too tDERRESNLEDEETOLHAB 6 BT L T—EME IR ST, 1~2% D/h&
WETEH 2P, RFROBVERTREV @EXB LN, w ICHERERESIRERMS TV T
EARFERT 3103 BEDOHEKREL, ali~® PEO FHE D purity OB EgEtd 2 0EH
bHLEDLNE,

AWIFE, P 3, 4 FESTHRARFEIIERIKE #03650731 2% TITE b1,
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Dipole Moments of Poly(ethylene oxide)

Noriko YamacucHi and Mari Sato

Synopsis

The dipole moments of six samples of poly(ethylene oxide) with different molecular
weights were determined from dielectric constant and density measurements performed on
their dilute benzene solutions over the temperature range from 25 to 55°C.

The values of average dipole moment per repeat unit, g, at 25°C were 1.061D (M,,=4.6 X 10%),
1.063D (M, =9.5x10%, 1.041D (M,,=17 X 10%, 1.038D (M,,=27 X 10*, 1.041D (M,, =57 X 10*) and
1.042D (M, =86X%10% (D; debye unit, M,,; weight average molecular weight). Different values
for 1 were obtained, even if the differences remained within a few per cent. The reason for this
difference was discussed.

The dipole moment ratio was calculated as (¢ /nm?=0.47-0.49 (25°C) and temperature
coefficient averaged for six polymer samples was d In{¢>/dT=1.7x107°K .,



