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£ °f: BASke] 200 EE 400%) poly(ethylene glycol) (PEG 200, PEG 400)& 2zte] &
sfolA  thEt  linking agent (CH,Cl,, CH,Br,, CH,l,, Br(CH,);Br)e} wgA]#
oxyalkylene-linked poly(oxyethylene) ZZFHE AUt o)A 22FH o] Ex=e
alkali/CH,Cl,/PEG¢] 230§ Heisle] 2Esigon PEG 2008 AM4319& 3% <F 500~
8500, 18] PEG 400& A1£3l& A9 o 1000~2000F 2o|2th wete] -OHY] H&= HA
o 9% Exl2 GPCol & dojxl EAEe Az A dxlsiact. PEG 4000 252E dojR
FTERA = feldo| 25t ¢ -75 CHERL, §82x57 10 CHER e FHIEs} 0~25%
Azolrh. Ed PEG 200& o]g3le] FAE FEEN e A9 ExZo] 25000]5d M &
Ag Ay 2L & 5 AT

ABSTRACT: Poly(ethylene glycol) with number-average molecular weight (M) of 200 (PEG
200) or 400 (PEG 400) was reacted with varfous 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 ratjo of alkali/CH,Cl,/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 tempernatures 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(ethyiene glycol), amorphous, copdymer, PEO, crystallinity.
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EE 7R3 oy #aA, AL AT HEY
7t e FA o) X WA FAA ofF FoF
AXE AL glod o] 2AE WA ZA Ee 4
ggto 2 g A Utk Zel A LAt
= (PEO)E ¢]218 Add As2A ®o] d4=1
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o] tAgoel 7bssly) wEelth. @4, PEOE &%
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Zhe R O A7t 8455 Yok S48
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3 Yokt =3, F43 PEO ©d FA o 7
L Bxiake] e AL ARgstE Zo| dwbHdld],

£+ PEO ©d 37} EAe] 371845
A3E7} Frhsle] AF oA LA oz Wl
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245127t oF 80% < AAA AL "ot wet
A Bajgko] & PEO 9 FIAE AME31H of
F e ATEE BAFu, oy ol g HlA
¥ PEO £3A7} Az Hr) oled= PEO: |3
9] complexationdl| &]sle] TEA} Al&e] AF-&-50)
g2 wly] 2o PEO Al&o| ¢35} complexation
slo] AAR#r} AAHAY the2la) o] PEO wh&
993 0] 29| H|go] EOPAFE T, Aol op]
gkl wEtd Ealgge)] ofF v ¥v I dFEe
PEO7} Al2oll A o] ARgAld A efg whom, Rajako]
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1/T,=1/Ty— 0.267C

(C: molar salt concentration, Ty : Ty of poly-
mer)
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A Felo] EAE Tl AL EFE A
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B AF7E BAge] vad e HAZY PEOE
P olAG ol gt ALFAo] &3 o]
ATRA TRAE de A BEE 3= dde] A7
% sz, #x8e] of 1000~100008 =1 B ¥
PEO7} #4HW o8 Fureg Fdlod Zled
g 10 AgjAlo| g, Eeldaa? 5 d8/A {&
3 FEe] o] AEA nEzIZe] wite] yiddr).
B Ao Ae Exlgol 242zt 2007 40091 PEGE
methylene B9 2 dAsle EgHz T+2E 2=
u]43 PEO ZEPA S Ao, 942 I8
AMg-3HE methylene 3 3H5HE<] FfFdl e
22x0] W3, ¥9 PEGe BAs wE AAE
9] geldoler W3, whgxd we BxE 24
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Ao o MR, 2HEdE AN EAE 2003
4002) poly(ethylene glycol) (Ztz}, PEG 200,
PEG 400, Junsei Chemical Co.)& 60 ‘ColA 7
23 e el ARos FRE AAT F A
gl )2 A}1£F benzene (Aldrich Chemical
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Co.)& 327 Z2F42 A|F31 sodium carbon-
ate (Na,COs, Junsei Chemical Co.})E +8& AA
gl & calcium hydride (CaH,, Aldrich Chemical
Co.) 3l A 2F3te] A8t 1, tetrahydrofuran
(THF, Kanto Chemical Co.)& peroxide& A|#A 3}
7] 98 4 Fulvel FFHAIT F CaHy3lA F
Fale  ARRETE 9712 ARE3E  potassium
hydroxide (KOH, TEDIA), sodium hydroxide
(NaOH, Yakuri Pure Chemicals Co.)2} lithium
hydroxide (LiOH, Aldrich Chemical Co.)& H|E
el AL, 2Elal cesium  hydroxide (CsOH,
50wt% solution in water, Aldrich Chemical
Cone 7448 o= ARg-3tdth.

Linking agent® A}4-3t dichloromethane (CH,-
Cl,, Junsei Chemical Co.)& 34 @ =842 A
A3}3 sodium carbonate 2 28 A AT & calei-
um hydride sl A Z 53] A3t 2, dibromo-
methane (CH,Br,), diiodomethane (CH,I,), 281
1,3-dibromopropane (Br(CH,);Br)& %% Aldrich
Chemical Co.olA 7418t ez Algsignt. o]
Zu] (PTC, phase-transfer catalyst)2 A3}
tetrabutylammonium bromide ([CH3(CH,)4],NBr,
Aldrich Chemical Co.)& FYdAE] 2dlz A}2-3)
Art.

Polyether ZZEAIS g4. 37 Fetx3d
KOH 1957 g& & 15g9 §38j42] 5 PEG 200
& 30g ¥ A 71F8E ALdlA 3080 M2 4
o] t}&, benzene 40 g& @I azeotropic distil-
lation& ©]4-3}e] B8 A A3t} Dihalides 23}
a FoR FHEEAA  weAHTE wkgslTE
Scheme 19} “ehJRich ZF FE EA A%
FHhgo] "ty gz PTCY 2% whew 33
ARG ol e8¢ BT FWd| THFY %
YAF1ar PTCZ  tetrabutylammonium bromide
([CHy(CH,);1NBr) & ¥& % AR sgex
ANA wrEAIAT ¥ F EREL HCl2 £33
3 ohg ol Bo mol ARAR ARAAT. B
AHEY EL oME o2y AQ=EEd o
E oF3ta BujE FEUAIIE A Eo] dolx
ok oA Aol HAHEL By AAE Y]
Ve Fol MFHIE shed ol& AAs] 95t

HolM  A243A A1z 200048 1€

oleAEA A 4 dF L ¥AFY PEO 35 ¥4 € By

PEG + KOH

Azeotropic distillation
in Benzene

K* '0—€—CH2CH205—CH2CH20'K+
n

X—(CHp)-X

m=13
X=Cl,Br,1

H%ocnzcnz—)n—o—-(—cnﬁl—n—}on
I

Scheme 1. Synthesis of amorphous polyether copoly-
mers.

o gulo) gaf, A5, L 2w VZ HY& 2~33)
NEET L

S| 4. ¥l polyether FZ2FA ] £
Ae Lokl Aol Buel Yx FaIke 3
Fadich. 24 skl (CHLCO),0/pyridine}e]
W8S NaOH HEg9 o2 Hgake 54 Wy
& ATkt 2EAe 24 B T2 2AHE 9
8] Varian Gemini 200 MHz 3#z}7] 2%
(NMR) & o83l on, g2 CDCLE AM-3l%
t}. GPCel 23 #3# Ex}8& Shimadzu LC-
6A GPCE ol gl THFE &u)2 Algalo] 27
Sk Aol T dde] PEGE Abg-siel
GPC Z4& 2AsAT 947 AL differential
scanning calorimetry (DSC)el] 9J3le] 2R go
™ intercooler7} $&¥ Perkin-ElmerA}le] DSC-7
& AHg3ld He 71A E947184 A5
ABRE gFuEdd Y3 70 CAM &A1 =
-500 C/minZz -85 CT74x] FWYAZ  thg, -85~
70 T7AX) 10 C/min®} $E2 $LAFHA F2)2
oe%, 4, ARHLE, 22T ARHE (X)E
SRR FFEA 2Hs=E &5 PEG 23
o] 43 wmslel Astact
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Dihalide®| SfziH| =&. KOH¢} PEG 4009 @
olg 2/12 Qe = CHCLS $I%¢ 371
7194 FEE TEHA ] ExEe IR
9, 71 231E Table 19 YeRiT o|&HozE:
CHCL, ¥& 19% WeAd 234 F&°] 100% 2
HE A EAEE Fihsl Holok )i,
CHLCLe 7430 27185 Fd=e 35
BRAFE il & Aoz dg"nh 2y v
B g 2/1/19] A$d dEE FE5RA &
g7 BExjge 12100z Jelgten, CH,ClLY &
Y F7MIA D g 20, 3ule} ¥l B
A B o FEE FFERA ] FHT Ex T
ztz+ 1710, 16903 1790e.2 == it whaba
CH,Cl,o] 93] Z71ETE s 358
2ajzo] Z7bHE Aoz vehget 1 ofE link-
ing agent¢! CH,Cl,o] W]Ho] 39 CAHEE o
3Ade] A g £F AFTo] ANE] HES
2 Alrdd Asxor FANE FEFEY £A
2ko] W= 1200~18008%E Uehlis AL ¢
F Qgich e CHCLe) SR1%0) A% F7hs
tale 2213 18003 54M o ol F718kA &
e ¢ & AT E# Table 164 2 = Yo
-OH7|9] 7] B &3 =37 Ex%74 GPC
o s 2RY FBF FAFYol Ael YAstE Ao
2 Ho} 2H3A 9 4 U -OH7|7t EAEE
A 5 A FolA FEEA Y BAZ EXE
1.5~1.8 Alo]9] k& zte Zo] WAHUT

op|e| Feat =H. QA 4P AT vk
2 KOH/PEG400/CH,Cl,9] wam|7t 2/1/12 #
L% 2go] 100%¥ A% A= FFTEAY 9
2 2xjare] Raol o|2A ¥, KOHe| £13
o] ZagAU FHEFE A= A £

gte uold Aoz o AESIT) Table 294 B
o] N8 gg|e] Aed WEHT FERAY 3
7 Bxjgro] 12003 == vepton), KOHe %4
T BaAA FPHE 15/1/12 319E Addle
Brlege] of 730452 &R0 Bagke] AaHE
AL & 5 ARen, IS F/MA 2.25/1/1
3} 25/1/1 (4Z FFA 24478, 482D =2 3}
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Table 1. M, of Copolymers versus CH2Cl; 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,Cl, 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:48h.
¢ Reaction time: 24 h.

Hqe uf HF BAjgo] 7zt 5529} 9782 A
2tk KOH7l 33 Eozg Aol /Ao
Z7Va) wiet Exbgo] tha F71EE ¥ F e
H, 2 27 94 712 FRHE F3US FFE
th= Bxjgko] tia ZAadhs e ¢ F Ui #
24 97191 KOH7F AA A-EHAY Bl AHH=
A B E LU wd| H)std FEHE
A o) Ao AATE HAF F AU B
, 28d) ¢34’ KOH¢} CH,Br,& PEGA vl3}
ol ko z AMgEd mEA] FEFHAE
& 4 Qoe rBart glon o] sesid KOH
%7} dihalided] 38 9A F83 At 2
Aee & F Utk BE oW dojxe nEA
%7l -OH7} ofd ©2 Aol € ¢ Ut}
Dihalide &%&2°| #5}, KOH¢ PEG 4003 link-
ing agent?) dihalideZ T4 Jv) 2/1/12 313
&t} w31, linking agent®] R/ W3] W&
Zzte] FAHE FEFA EAF FF Z2HAE
Table 3¢ Yehiitl. ZAIor BRe] CHLLE
ALHAL AT FHEE TEFFAY EAF)
12004 =2 Jehton, dibromide A%< CH,Br,,

2
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Table 3. M, of Copolymers Obtained with Various
Dihalides

dihalide M, by end-group analysis
CH,Cl; 1205
CH,Br, 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& A1g-34& 7%¢} diodide AF2
CH;,E 218319 € doe gd=le 32T &
X430 242} 900, 8505 T80REE Lehuieh

oJ7)o|A] ALL-F linking agent$} PEGe] vle&
YA A ghakgo] o3 Aoz UukHel whgofr el
whe-A-& diiodide, dibromide, dichloride®] <=2

2%th T2y F4E 35 EAse d
A & 4 o] ztzte] linking agentd] Z&Fof

£ 22y wee AswE CHCl,, CH,Br,,
Br(CH,)3Br, CH,l,9] co.2 Z+Asle] Haf whe-A
o dis] Awdel ZAzz vehgth Dibromides)
diiodide®] 79 ¥le Z7|d AHF ulLo] doju}
& Zlo] #AEHQoH, o) o]0 weAo] wW$
7AM PEG &oleate] whgo] maA Ayss AL
EE, ol9jd = KOH$} uhg-35ls Hukgo]

=

7 M

H7l W&ol BEalge] ZtasHE Aoz Alsddh

Dichloride #%¢| 3}3&¢2l CH, 14 ASE wg

& tha dolx|\} PEGS dez oz vhg-ste )

€ linking agentd]| 3| FAH= ové}%ﬂq B2}
ol Eoh M + qUrh

0| Faolfolf o5t gES. Adoe] Enf oA

@719 FF 2L 93l i s Fof Fan)
d e FFFAe EA=o] Table 4o FEHo]
Ut G119 Axe F71E&FY ol Fo R JlHA
F7V8Al Hle Aol dutyoly] wj i) &Ze)e) o
£ o] XA whgo] w27 PP Aol of
4 don @rle SHx T3 wgo AFd
Fa3 A8 5 Adg Aol P& & Q)

LiOHE o]4§ Z o= &uj¢l THF ol &4
=7} ]9 ybol 24 249 PEGS) alkoxideE &
g3 xRtz whee FRIAE ALHAM g1t

S F A B3 vPgo R Holgly Aol BAE

F2lol A24W A1E: 20003 1Y

FTEEAN &8 % 24

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

feed (mole ratio) reéctlon M, by
MOH  \ t0H/diol/CH,Cl (tﬁ:‘:) 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.
9 PEG 400 was used.

o} o] g &4 FAHE FEHA S EAjo] 3344
zolleH, CsOH} 7Z¢x HA]l Al whg-& 1A
Z3qch. ¥#e /PEG/CH Lol 330 & 2.4/1.0/
2022 39L& A9, KOHE )43 F ¢ &
AHE ZEA e Exjgko] 1233024 NaOHE
o] &3PS W FAHE TEHA BAE 24103
=R WA JElgTh Addo] Fufjsl e wkg-2
55 A wg3 vludtd te e By
Table 42] A3Z ¥™ Table 1~3dJA]¢9] A&}
Hasle & 2A& 2 4 vk CHLLY Fd3e
7 B9 QolAe FFEA ] ExlFe] 7’“\6“}
T A ¥ T Urh Bolxe FEEAe] ExlF
vhe-z2A S 2 sl 1000~8300712 €& 3,{
t}. Figure 18 PEG 200 @ PEG 400¢c =z X¥ 3}
A BAto] of 1000H e FFFA] F4 dx
Y 2"9EyEo|tt. TEFEA Fd e
oxyethylene”}2] FH¥ =3 3.60~3.70 ppm A}o}
diA TEAEoH, oxymethylener|e] FHIIE
oF 4.72 ppmoll A #EE AL, W] e OH7|9
FTHFas #Eo] oAk By ulo)] osm’
AR 28 2= e AS o 2 ppmA R
A obF wlefg OH %= =zr #dHvnz 3
=4, H(OCH,CH,),-OHe| ©ig Aldrich ®¥ZF
NMR ~#EdME" 2ago] Z71slwA OH F
gulae AV dRA @3 271= U3 e

UA getia gaA o o8 @ Akl2RE PEG
ZFUA Y 73S OH 3H9=aE A7 ofHa
= A& ¢ 7 Aok =3 279A oxymethylene s}
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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 ZWu =9 FEZE T EE oxyme-
thylenes} PEG 200 ¥+ PEG 400¢] A9 1/19
HEE A J8S ¢ F uden, o &
HE#7 Table 19 221% AREZREH FFTIA
7} vimA ARSA FAHUThE A ¢ F U

oy MEo| £X. PEG 4007 ©]& o]&sf] F
A9 polyether FZ 3¢ 2nd heating DSC 4
& Figure 2¢] Yehfilen], 339 fldolLE,
yARseE, ¢4, 2R3es, 28 2F3EE
Z4zpe) 3 de] JERAATE M BXo] &8
Ed2 PEG 400& |43l 38 TF5EA 2
<., DSCz 4% T3 feldolexs -78
T ¥2eg &A=, ¢F PEGY fejdeo]exel
-80.4 CRY g A FF=EA2U, 22 HeF
& wf$ e Holu) T3 FEFAY §HL 8~
11 colstz Jelgon, A4ses A 25%P=
2 A4S Ui €F PEGY A, &
Aol 4009 M e AR swt 45% F olH, A
o] 1000~2000g=e] o]=2®& §7do] 50 Ceol/do]
o] 2R3 =7} o 60~70%0] o]2= Ad| HEE
FAE FZ2HIA = oxymethylene unit7} EQFo
24 89 AA3=Y HEE RO AUth

Figure 32 PEG 2007} o]& &UEZZ 3l &
A8 FZ A 2nd heating DSC 54& HAF
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1.0 PEG 400

-66.6 X.=445%

o
°
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2

= 91  M,=1791
F;
I

-57.2 X.=257%
T v L M L L T

o p——
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Temperature (C)

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

PEG 200
/ -815

M,=1075
=T

My =2407

R

Ku.o 9.67

Xc=197%

Heat flow endo

Temperature (C)
Figure 3. DSC thermograms of polyether copolymers
prepared from PEG 200.
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