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2 9f: Bxjeko] 200 T+ 4009 poly(ethylene glycol) (PEG 200, PEG 400)& ¥¢Za &4
3lolAl o}t linking  agent (CH,Cl,, CH,Br,, CH,l,, Br(CH,);Br)s} uF$-AlA
oxyalkylene-linked poly(oxyethylene) ZZ¥x& #Asidd. oz TF5EAe EAHS
alkali/CH,Cl,/PEGe] 3#ul& 2ealsle zdslgoen] PEG 2008 AM4-3l9& 3¢ < 500~
8500, 128l31 PEG 400& AMR-3132 < oF 1000~2000F =0l c). wete] -OHY| = HA
o ol xlty} GPCol olsf Fod #xlke Az A9l dA syt PEG 4002 %€ Qojzl
TEFAE feldojemrt & -75 CHERL, §82571 10 CEEReT ZAsIE7E 0~25%
BEoltt. = PEG 2008 ol&3le ¥AHE FFAA B9 Exgo] 250005t A= <&
A ugY 2HYe ¢ 4 U

ABSTRACT: Poly(ethylene glycol) with number-average molecular weight (M,) of 200 (PEG
200) or 400 (PEG 400) was reacted with various linking agents (CH,Cl,, CH,Br,, CH,l,,
Br{CH,);Br) in the presence of alkali to form oxyalkylene linked chains. Molecular weights of
copolymers were controlled using feed mole ratio of alkali/CH,ClL,/PEG. The M, of the poly-
mers measured by end group analysis and that measured by GPC agreed well. Molecuglar
weights of polyether copolymers obtained from PEG 200 and PEG 400 were about 500~ 8500
and 1000~2000, respectively. Polyether copolymers prepared from PEG 400 showed melting
points of around 10 C. Glass transition temperatures of the copolymers were around -75 C
and the crystallinity was about 0~25%. The polyether copolymers prepared from PEG 200
had no crystallinity below the M, of 2500.

Keywords: poly(ethylene glycol), amorphous, copolymer, PEO, crystallinity.
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(C: molar salt concentration, Tg: Tg of -poly-
mer)
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4009} poly(ethylene glycol) (Zz}, PEG 200,
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Co)e A3 ZF42 M AHslL sodium carbon-
ate (Na,CO3, Junsei Chemical Co.)E 48-& HA
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Fald  AgEigd. 9712 AR potassium
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Cl,, Junsei Chemical Co.)& 24 2 ZF42 A
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um hydride &toll A ZHF3td A}8-31 22, dibromo-
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Chemical Co.9lA F43H Aei= AR Aol
Zu)l (PTC, phase-transfer catalyst)2 Al&-3}
tetrabutylammonium bromide ([CH3(CH,);]NBr,
Aldrich Chemical Co.)&= FU4e]l I1djz Al&3
At
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KOH 19.57g& & 15g°l &840 A PEG 200
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PEG + KOH

Azeotropic distillation
in Benzene
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n

X—(CHp)i X

m=13
X=Cl,Br,1

H—ROCH;CH;-};O—%CH;%OH
!

Scheme 1. Synthesis of amorphous polyether copoly-
mers.
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Table 1. M, of Copolymers versus CH;Cl, Concen-
tration

feed (mole ratio) M, by M,
KOH/PEG 400/CH,Cl, end-group‘analysis by GPC
2/1/1 1205 1210
2/1/2 1677 ¢ 1710
2/1/3 1572 1690
2/1/4 1762 1790

KOH: 0.2 mole. PEG 400: 0.1 mole. Reaction temp.: 30 C. Re-
action time : 48 h.

Table 2. M, of Copolymers Versus KOH Concen-
tration

feed (mole ratio) M, by end-group

KOH/PEG 400/CH,CI, analysis
1.5/1/1 731
2/1/1 1677
2.25/1/1° 552
25/1/1 978

KOH: 0.2 mole. PEG 400 : 0.1 mole. Reaction temp.: 30 C. Re-
action time: 48 h.
4 Reaction time: 24 h.
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Table 3. M, of Copolymers Obtained with Various
Dihalides

dihalide M, by end-group analysis
CHCl, 1205
CHzBf 2 905
Br(CH,)3Br 847
CH,l, 783

KOH/PEG 400/Dihalide (mole ratio) : 2/1/1. Reaction temp.:
30 C. Reaction time: 48 h.

Br(CH,);Br& A}£3l9e 72%9} diodide AlE9]
CH,[,& A1&-314 ¢ dol= e T3 &
Aol ztz} 900, 8503 780F =2 JEBGT.

7)ol A AFR-E linking agent9} PEG2] wtg-2
Y3 X 8gkgol] o Aoz A yhgoAl g
uke- Ao diiodide, dibromide, dichlorideg] #A=Z
o, a2y §A4E FTEAY 2Ae 23
dA & F olke] Ztzte] linking agento] ZFoll

g 33 wge HisErE CHLl,, CHBr,
Br(CH,)3Br, CHjl,9] #2027 748l ) vhg-A
o wisl] Fwde] ZA=z el Dibromides}
diiodide®] 7§ ¥1g Z7]o AEFH wgo] dojy
£ Zo] BRI oY, ol olEo] wgAo] u&
71X PEG &ol&7e] ghgo] maA P e
EE, ol9olx= KOHS} whg-3lz Futgo] FrlshA
H7] g8 ERpPe] ZAiaHE Aoz AlgHth
Dichloride #lg9] 3lg&< CHLCLe ZE9e= e
4& thah "ojAu} PEGS} deyoz weslod o
€ linking agentdl] H3| == FFEA] £4
o] Eoix SAE 4 Qlrh

AT0| Zojol| 23t gtE. Fdo] Fof 3ldA
B719) FF 2L ol Ui 22EHS Fo G
of W& FEIAe Exjeto] Table 4o AHal=lo]
Aot 4719 BEE FII1EHY oliFoz 7pAA

Fo8 AL £ A& Holzla 42 & Yok
LIOHE o] &3 Z%dl= £ouj9l THF i@ g3
Tt o9 ol 2% EZQ PEGS} alkoxideE &
B3A Rtz whgg FERIE ASIHA Fr17t
S A g algoz dolgls Ao BIFHY

Falol A2438 A 13 20004 19

A4 18 ¥4 7L vid¥ PEO T38AH 4 2 #4

Table 4. M, of Copolymers Obtained with Diff-
erent Alkalies

feed (mole ratio) reafctlon M, by
MOH MOH/diol/CH,Cl; (tl;nm(; end-group analysis
LiOH 2 /1/ 1 40 334
NaOH 2 / 1/ 1 40 8314
NaOH 2 / 1/ 15 40 117
NaOH 2 / 1/ 1 40 1075
NaOH 24/ 1/ 2 48 2407
KOH 24/ 1/ 1 48 1233
COH 2 /1/ 1 40 -
Reaction temp. : 40 °C. Diol : PEG 200.
“ PEG 400 was used.
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Figure 1. '"H NMR spectra of amorphous polyether
copolymers obtained A) from PEG 200, and B) from
PEG 400. Spectrum A is shifted 0.4 ppm upfield to
avoid overlap of oxyethylene resonance peak.

oxyethylene FEM 39 HE S T EH oxyme-
thylene® PEG 200 == PEG 4000] A< 1/19]
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¥ Mme| &Y. PEG 4003} o|§ olgalel &

A9 polyether FZA]2] 2nd heating DSC =4
< Figure 29 Yepligder, A feldolex,
BEARsR R, §3, 2RALE, a8 BYEE
Zzte] F4ddel vehlidth afolM BRo] 2
232 PEG 400 o]g3l] gAd 358N 4
%, DSC2 £4% A9 faldolexs -78
T #2228 X5, &4 PEGY #gdolexql
-80.4 CHT tia =4 A=Y, L5 AEE
& vl ¢ =2 HolQloh =3 TFUN o §HL 8~
11 col3tz Yeiytod, 2335 E X 25% 3%
2 Z2HUES Ak &5 PEGe] AL, 2
Aeko] 4009 = 2R 357} 45% R xo|w, Bajat
o] 1000~20003 =0 ol2m §xdo] 50 ‘Col4to]
= Z2A3E7t o 60~70% 9 o]2= FHd) uv)sia
A" TZFAE oxymethylene unit7} £ o
24 33 235z AFE Ho|x Yrt.

Figure 32 PEG 2003} o]& 292A 2 3o 3
€ 5 EA 2nd heating DSC F4 & B F
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-1.0 PEG 400

-66.6 X.=445%

/\ 79, M,=1212
-
\' -61.0 X.=275%
a1 M,=1791
-57.2 X.=257%

L v ' M 1 1 1

T v T
-80 -60 -40 -20 0 20 40 60

Heat flow endo

Temperature (C)

Figure 2. DSC thermograms of polyether copolymers
prepared from PEG 400.

PEG 200
/ 815
M,=1075
720
M, =2407

%/4.0 9.67

Heat flow endo

-74.2 -57.5 6.1 X.=197%

T T M T ¥ v ) L} T

1
-80 -60 -40 -20 0 20 40 60

Temperature (TC)
Figure 3. DSC thermograms of polyether copolymers
prepared from PEG 200.
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Bedie fFeldolexs) -74.2 C, §7480] 10CH
Tojx, A=t o 20% 452 AS ¢ 5 U
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