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F4 1EAE FAME 7P 2 R Jeuia gl
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Wl PEOZ 7HAE m4@ 5450 vl $2 o
W3 ol ABHEAE ThE A4 EAEY FS

o} vlushEA mEs) Bz g

2. £=8% oM PEOS| 43

2.1 83z ¥ EXPE
PEO:= AN m&azA, ExFo] 2 we(mol.
wt. 10,000 ©)3}) polyethylene glycol(PEG)o|ztix &

211 9o H-(OCH,CH,),-OHZ EasE 88 72
A& 7H o]2A4 & WA ¢ polyether24, g4 2

B FoAe 7P e F2E &l Utk B 12
Epgol wel PEOS) Zals A4do] webile RojRum
e ? X-ray B4l oj5td,® 23 dejol 9lE PEO &
2R UAE p2E da low, oY Haplel 4719
PEO &2 3h-3= monoclinic 7%& 31 Joia=
8.16A, b=12.99A, c=19,3A; p=126°5"). B 2= &
wrAlql st fz2lo] HO[-(CH,),-0-] HQ «d#He
polyether£9 729 Ee]d AFAES HAFH JUrh
IR, Raman’ = NMR® spectrao] £Alo] o|a}u,

228 722 7} polyetherS-& Uuta o 2 2204 Boj
3= A FerthE 3). 9 PEO— g oA 100% Eol
2ag=n H)8] e polyeterS2 o £35A @
7}9 1 o] 8 PEO 9] ether oxygenEo] 53 Wy
0.2 E3 hydrationg 3}7) WEQ Aoz & 4 drh
2o 779l Ex1=o] hydrogen bond2 A2 Ao

Q)= tetrahedral ZAA}(lattice) 72 Z 3}l Qow, Az}
9] 4] 2A2]E oxygen atomEE FAIHo] Qe HAe=

AT & BAER 0|70l te-
trahedral lattice W¥t 493 & F1Kinterstitial
space) & o]F1 glon], Az (lattice point) & 2HA3}
I & oxygen-oxygenite] A= 2.85A0.2 o] 9l
oh ! olotze v delE B4l o] dol AlYE o) B
#A53r9] hydrogen bond7F #oj#] ¥4 471 ok
PEO7} E50 Z& &35l 21& PEO ¥217} water lattice
Qtoll & wid(good structural fit between water and
PEO) & & 7] g2l Aoz 49" 571 Ut =

£ polyetherE3= €], PEOY ether oxygeng<

Oéﬁ}ﬂ [sR=1 nl—o}._oq x]

H 1. Properties of Polyethylene Oxides with Different Molecular
Weight?

el A PEO chaing] O-CH,, CH,-CH,, CH,-O #A% Properties | Number average molecular weight
o] thgt internal rotationo] z}z} trans, gauche, trans 200 | 400 | 600 | 1,000 | 4000 | 6000 |20,000
. - Specific gravil
conformationg 3}iL glon, F8A FoMx trans, (%/m“c) v 112511130 1130 | —~ | 1204 | — _
gauche, trans conformation® Yd¥ 72& 4FHF Melting point
- “ . T — |4~8|20~25|37~40|53~56| 60~63 {50~-55
gk Qe Aog WAL, Vit
PEO= 489 WolA inverse solubility-temperature (cks., 210°F) 43 | 73| 105 | 174 |75~85/700~900] —
: O HelT o 9.10 = o5t e Heat of fusion
relationship& He)x 31}, Z PEO+ 2zt v (callgm) SN [ 57 3 % A
=3 %oﬂ %31]7} 713-_} Q'E'E“’ )\E]'\%'O“)\']'C 'E_Z]'Eokoﬂ )2‘}“1’1'3101 Refractive index
100% Eof &3l=1 lom, o|9zk2 complete water (np, 25¢C) 1460 1467| 1469 | - | - - -
e o Surface tension
SOlubllltY‘r: %_‘57}' 7']94 100(:7} = E]V]]'X] Z]’i:%‘]_‘:]' (dyne/cm) M5 | 45| 45 _ _ _ _
PEO7} complete water solubilityE vJehl=d] vja), H] 4 Compiled from Ref. 4.
H 2. Structures and Properties of Polyethers with General Formula, [-(CHy)n-0-12
m 1 2 3 4 Y]
Polymer Polymethylene Polyethylene Polytrimethylene Polytetramethylene Polymethylene
oxide oxide oxide oxide (Polyethylene)
Structural formula (-CHx0-), (-CH,CH,0-), (-CHCH,CH,0-), | (-CHoCH,CH3CH;0-), | (-CHp-)p
Melting point(C) 180 60 H 36 137
Density(gm/cm®) 140~151 115~126 - 1.08~1.18 0.92~1.00
Hardness Hard Soft Soft Soft Medium
Molecular structure |95 helix 72 helix Planar zigzag Planar zigzag Planar zigzag
Crystal structureb Trigonal Monoclinic - Monoclinic Orthorhombic
a=4.46A a=8.16A a=548A a=740A
. b=12.99A b=873A b=4.93A
c=17.3A c=19.3A c=12.1A c=2.534A
B=126°5' p=134°12'
N=1 N=4 N=2 N=2

2 From Ref. 5

bC, fiber axis ; N, number of the molecular chains contained in a unit cell.
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H 3. Structures and Solubility of Polyethers

Solubility in
Polymer Structural unit water at room
temperature
Polymethylene oxide -CH,-0O- No
Polyethylene oxide ~CH,-CH;-0O- Yes
Polytrimethylene oxide | -CHz-CHy-CH,-O- No
Polyactaldehyde -CH-0- No
CHy
Polypropylene oxide -CH,-CH-0O~ Partially?
CH;

4 Only oligomers(mol. wt. <1,500) soluble.

== N

water lattice point53 F&s}H matchH (S5 F5ol|A
U8 725 sta Qle PEO #4 W9] ether oxygen®
o] 2.85A HAo g w"Wolx ¢Jt= water lattice pointE-&
483 AMe47E d), PEOY ethylene segmentS-&
water lattice W¥-9] ¥1 F7+-8 water latticeol] H& ¥
(distortion)-& F3} 1% A& 7} o], B9 725
s W3R 71A g A Bo 83E £ A "ok
PEOE A|2}3F t} polyether&-& water latticelol] W&
&ebgt structural fitE 8HA) £3t7] wjfof o|Eo] B4
S0]9 ¢ water latticeol] straing ¥4 so] gAla] £3)
=] #3ic}, Polypropylene oxide(PPO)E o &4,
E 3004 HXo] PEOS} 53 backbone 722 3111 Q)
o], PPO9] ether oxygenEo] 2.85A Ao E Holx
= water lattice pointE3 % &3}A matchg4 ¢lor},
PPO<] side methyl group© & <13 water latticeo] steric
hindranceZ ¥ o). welr] & FFo) straing WA
o] PEO9] 7$-1Ht} hydrogen bond energy”} A4 %
o] £3=8 74 A17Ith, Polymethylene oxide(PMO) ¢}
9+, side groupo] §lo] water latticeo] straing F%)
£ AT ether oxygenztel Ael7} #o} water lattice
pointEe] A matchA] ¢+t watx PMOY] 739,
oxygen/carbon ratio7} PEQS] Z$-Ro}t gR gz &
T3k Eoll &353R Y=l

2.2 75 (mobility)

VE2Y] {53 AL chain conformation®} Ho]
(transition) 7FsAle] 2eigltt. 22} chain® back-
bone} bulky side groupo] @2 {129 steric hindra-
nceE WA Hof chain 9 f-E5A4o] Asl€rh. NMR,?
ESR,™ dynamic moduli 248% S 47 Ans w9
PEOs= 89 FollX 433] f540] £ Ao et
=), 2 o)f&= PEQ7} side groupo] §lil o]&A&
w2 G A TE bl W& bulky side groupg 7t
71 1E-=}E(steric hindrance) o|v} polyelectrolytes(ele-
ctrostatic hindrance) o] ¥]&] 5542 A2 ol &
2lo] 7] Wil Aoz ekt ag 2).

560

A) Polyethylene oxide (PEQ) ~f£CH,CH, 03—
B) Polyacrylic acid (PAA) —CH, CH—F—-
I

CO,H

CHg
I

C) Polymethacrylic acid (PMAA) —cH,c——
|
COgH

D) Polyacryl amide (PAAm) —fcH,cH
|
CONH,

CHy
[

—en,e
!
CONH,
—cH,eH
|
OH

—Len,on
|
/NN S0
CHy €
| |
[ CH—CH,

E) Polymethacryl amide (PMAAmM)

F) Polyviny! alcohol (PVA)

G) Polyvinyl pyrrolidone (PVP)

32} 2. Chemical structures of common water-soluble synthetic pol-
ymers.

w3t PEO backbone W9} carbon-oxygen linkage”} ca-
rbon-carbon® 29+ A 313#2}9] linkage Rth= flexi-
blegt 2 PEO9] f-5/d0] #AHE ¥ aglo] Ha ¢l
128
PEO<2] 542 chain Zo] &7let &#A Z71s1A)q,
chain Zo]7} 2F 100~130 o]do] ¥ o] o] /54
F7he UER] fethe Alo] B BHause] )
ry, 16~18

23 CiE Zsd DEXNSHS HHYEH Wy Hin

08 2004 YeRE ulel o] dubdom o] sole
T84 B LRAEH B F5A Aodke €49
42 MFES B 494 8.9 e, Tl x&
“polymer-solvent” = “Flory-Huggins” interaction
parameterz}il Eelvt), FojF {uje} 1R} Alo9)
interaction %7} ). Flory-Huggins o] &of ojsmd!
x7F ()& 7 7MARE Fol Gufjo) A} 7he]
Edto] A tH R, (—)FE 7IXA AL E FoR £
9} FRA7LY] interactiono] Al Yo} BB R}7} ZFolA
|ufloll A &3Act. I oz TR} B Alole] y&
(H) & 7HXed, 71 0.58 1 &L g+ complete mi-
scibility &, x7} 0.5X8c} 2 = A3HE miscibilityE 1}
EbdTh. B 400X A, “second virial coefficient” & 1}
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¥ 4. Thermodynamic Parameters for Polymer-Water Interactions®

Water-soluble x AyX 104 °
polymers (Temp.(C), Ref.) (Unit, Temp.(C), Mol. Wt. X104, Ref.) (Temp.(T), Ref)
PEO 0.45(27, [19]) 30.8~117.5(atm-cm®/g?, 25, 1.018, [19]) 1.38% 0.06(20, [19])
0.44(23, [20]) 472 (atm-cm®/g?, 25, 4.35, [29]) 1.95(—, [30])
041~042(—, [21]) 30.5~36.4(cm3- mol/g?, 25, 0.37~0.89, [19])
PAA - - -
PMAA 1.36(40, [22]) - -
PAAm 0.49(30, [23]) 459 (em?/g, 25, 39, [191) 2.36(30, [30)
0.47(30, [241) 2.72+ 0.10(30, [19])
PMAAm — 0.29 (cm3/&, 25, 32, [197) -
PVA 0.49~0.50(—, [257) 39~52 (cm3/g? 30, 18~19.6, [19]) 1.87(—, [30]
0.49(30, [261) 082~45 (cm3-mol/g, —, —, [301) 2.04+ 0.1(30, [19])
PVP 0.58(25, [27]) 34 (cm3/g?, 25, 245~3.79, [19]) 2.55(—, [30])
0.49(30, [28]) 25~64.7 (cmd/g? 25, 1.95~933, [19])
16.05 (atm-cm®/g?, 25, 11.7, [29])
17.25 (atm-cmb/g?, 25, 27.9, [29])

2 For more detailed information, see References involved
b Values for sufficiently diluted solutions

eElflEd], TEale} &ujate] = Sulld] EXjge 1L
B2ZE Alo]9] interaction =7}t Hek Ay (1/2—) 9
SHrae Jehe] K=, (+)3ke] Aye atEAte) 8f
Z49] attractive interaction T+ £vf ol 2E2E 7H
9] repulsive interactiong 2|93}, ()%} Ay &
Wl B ALS 7He] attractive interaction2 €lv]dh
o gubdoz (—)zkel Ay © A3} o] highly cha-
rged macromolecularSollA Uehhe=dl v, ol2A&
o] gt DRSS “excluded volume” EHZ= <13
B (H)3E 7H2ch 2 ae] A UojA,
-z}l good solventdE Ay (+)3kol AX|3L poor
solventd=& A,9] (+)gko} ozt A,=02 ALl
B, aEA7E fedloia dHstA oz idealstAl As3t
=4, o] Aol nEAle} 8ozt interactiono] 23
A At B 490A o “steric factor” Ex “stiffness
parameter” 2 EZdl, FolW £ uolr nER}
chaing} flexibilityE Jehll= #xojg}, 18 A} chaing
flexibilitys= main chaint] bond&3te] o] drh} 4
A dold F Qli=t}ol| ua} debAl=t] side groupe] %
o] A Jepdrh ogte] W Z4°E main chainy
bondE7te] 3|Ho] A &S 3w 1#EA chaino]
stiffsfhe 2L ojmjgtc), ¥

B 404 ¥BE%o], PEOL IF4A IEAE FoM= 71
F e x3kg Jelled), ol PEO7L B ¢33 4i¢
F UL YvIHF 1<0.5). AyptS vlws] By, A
A o] we} M2 ThE D7t ARREo] JFH A v
< gAY, FY3 d4E AMES PEOs} PVA ==
PVPS] A,3k& vjas) £ w PEO7} PVAY PVPHEOR=
A =2 AEE Bola 3ok ol PEO7) B3 433
interaction® Agch= AL AusH(F Eo| PVAY
PVPHr}:= PEOY ¢ £& £ojoju)), E%olA PEO

DEXoEtn 7ig A5A 63 19943 129

chaing7)2] A& yhiao] ke A-g L3t Floryd]
“3]uk-g-ol(dilute solution)” o] 2o} 93k, 3! A= o]
3l = IEA} chainSgol &3] 43 wiAlEl+= volume,
Z “excluded volume” & A= Ao g {HFH), o
2tA E4olx] PEO= PVAY PVP = U8 J44 1
B8} ] 2 excluded volume & 74| ®t}, E 404
HZo], PEOY Y& ogt2 & IAFA 1ER ) Hl3)
E&oA] flexibility7} Eohe A& 9ugch

T8N Yol A 18R] FARA AL o} Fe ARt
(1072~107%ec) hol) Lolrh=dl, ol o] & AlZhy
of dolut= mEAY] €392 NMRS o] 83 “correla-
tion time” T “reorientation time”(T,)-& FA oz
A zA1E F7t lvh Te #2471 1 radiang} A2 g 3
Aol 875 E o Ao R Aojd $71 9lan,
Zke] ZZQlo] AL T .o ghol Ak o}2714
4 ARAES] EEAXY 229, F T.at 2400 &3
AMe B2 d7t A8de] A ¥ou, PEOS T gk,
A3} F2o) whet o]k gk ik 15~100% 10712
sec AolH, oli= YRS PMAAL Z9Ht} ¢k 30
o) Y= w=chs Ao g, 1338

242 9

78 A PEOS] Ao i3 AdE&yoz goks|
B, PEOT H&@ F2E 717 ©& polyethert} 2154
IEAE Hlal, excluded volumeo] Ai {EAo] 2
Ao 2 vepddrh, Polyethert} 244 1182159 51814
TZ2E vud & (X 39 3] 2 F%), PEO= 489
Well A o] &-A-g wlA] gkow bulky side groupg 7Fx%]
ooz vlg uEAE) v steric hindranceE W]
ot B33 fE5Aol £& HAoE A 4 Uk =§

& 244 EARERe) second virial coefficient(A,) 9}
polymer-solvent interaction parameter(y) Bjm Z#}ojjA]

o e
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UERtzo], PEOE E39] A4-8-40] 433 & Aoz
455 UK high A, and low x values). ¥E PEO &3}
E°] &3¢ interaction FE7} AF3 =X AL,
PEO9] ether oxygen atomE-& 9] lattice pointE3} A
831A match?} EiL, ethylene segmentE-2 water lat-
ticeo]l WL Fx YOoWME latticel] ¥l TLL AL
&7} 9lo] el T2E AF IR gax B 43
d 7 Aok ohE polyethert} 244 DEAE L o2
A% ether oxygen atomE3re] A7l water lattice
pointEd] match¥7]ol} 2& 351 AHL} bulky side group&
7HER, ojE0] E&d oW Eo] TXE WIA
At straing 57 Ho] &a|=7t PEOC] Bla] i3t v}
2840l @t

o]2{gh PEO2]| 484 efire] i3 545 (almost
unlimited solubility, good structural fit between PEO
and water, high mobility, large excluded volume and
hydrophilicity) & ths Ao =95+ PEO 4o ¢
WA Fa A4 anel g Al YA doh

3. PEO EHo| i &5 of ¥ sl BAH

2els

3.1 Interfacial Free Energy

PEO7} =€ A= THo| &9 oA of i
FAL AANA F= a7 F2A M g vt
AEo] AAEHL Jovt, #7HA) 7hedt 42 PEO7L 8
7] interfacial free energy”} 27| wj&<l Zoz &4
%3 giek %% Minimal interfacial free energy 7142
71 7132, interfacial free energy7} zero2 HI85 2
oy FaS A% F(driving force) o] FHAHTE
Aolrh, & 8- Yol A58 PEO surfaces} 2o
interfacial free energy”7} F& AW <o) UL ool
ole}zke AlHo| glo] SAUo tHEo g Qlguy ol
£ A9 77 %317] Wdel, PEOS 9% B4z A4S
2314 i wald @l ASo] PEO surfaced] 32
driving force7} 333 24l Htl= Zojtk. PEO-water
AlHo] of$- e interfacial free energy® 714 ¢ a
E&S 2% driving force7} e A& AMAolA|gt, PEO

o|9lo% interfacial free energy’} wj-9- & 44 1
250 &A%t 1eh) PEOE #4938 tha 44 1

EAEL v & ¢ 23& interfacial free energyE 7}A)
71 8kAI5t PEO9) 3] T do] o] & F3=n gl
o] & interfacial free energy ©o|9]o|x PEO<] vz
F2 JA Hdo) B g g9l EAdce AL
BLEES

3.2 Steric Stabilization Effect

562

ola] colloid FofellXe 2 &7 Apdo]A|Rt, o] 24
< uA g TEAZ colloid YAE =X Fo2A o]
£ YA aggregation=l= 2& 2hg 47} Sirh. oA e]
steric stabilization effect®] 3+ ofjeld], E-2} chaino]
Hiatg 5 qdo] MZ 7izte] FIt JRHAA EFE
chainE7]E] A2 Zx 3 o o]E chainE 7]2]9] interac-
tionoll 93 energy W3}t A7k, ¥ chaing7]2]Y
overlap interaction®l] ¢)& #AJH energy W3}, = Gibbs
free energy change(AG)+= ofefie} #o]

AG=AH-TAS

oj7]4] AHS AS+ 22} enthalpy$} entropy W32
oju|gith, gk chain overlap G QoAe] AG7} (+) e
kA9, F ®H bl whdE(repulsive force), AFgol
A7A(AFR=8AG/px>0, xv= F RHUE Aol Az
stabilization effect& EP3L, AG7} (—)gkolw E4Y
(attractive force), Fj(AF,<0)o] #A=o] aggrega-
tiono] viephdtt,

Steric stabilization effecty lg ¥ 2752 £5 7}
9=, 71 = volume restriction effect®®~3¥(z=
entropic stabilization, % elastic term, 40 configurational
entropy loss*!g}1% B9)<lul, & Hwol 339 ¥z}
chainol] t}2 #3do] P& w, chaine] &= confi-
gurational entropyE %A %o} chaine] 7134 A= &
conformation=7} 7+43to 2 A ftEc), o] 290l ent-
ropy 74 (AS<0) &= free energy Z7HAG>0)E {43
o] T FHEI repulsive force’t FAQEch FHAE
excluded volume effect®® 4145 &= osmotic pressure
repulsion,36'37'39 heat-mixing repulsion‘mola} 28
o 5 o] & o £2E uEA chainEl over-
lapo] o}, overlap GHo)A chainge w571 =7}
3to 2 A chainE7H9] configurational entropy7} 7+43}A|
HoHAS<0). wa}A overlap YL free energy7}
Z7)81A = (AG>0) 9A] repulsive force7} A€ Th
PEO9] 7% excluded volume effectol] B3t o8& w3z
o] E-gdel o] Bus): glu}, 324445

32| 32 383} chainEo] 2% F #9H7He] interac-

8L¢Dc2t

o T e

2% 3. Schematic diagram for interactions between two surfaces
with adsorbed polymer layers(L, thickness of adsorbed polymer la-
yer : D, distance between two surfaces ; IR, interpenetration re-
gion).
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tiong /g oz Jepd Zolch F XW te] Ae(se-
paration distance) ol Wz} M7HA] B2 A3 B 4 U
o}, 46.47

A) D>2L(large surface separation) : ¥ ®H 7+e]
interactiono] 9J§ E-2} chain®] conformation H3}7}
A .

B) L<D<2L(interpenetration domain) : Overlap 3
Qo)A KA} chaing9] FX F7o| e} chaino] 7}2
4 9J%= conformation 47} 7+43A @}k ©]9-7] chain
E9] % F7} w} solvent-polymer interaction®] ¥
27} polymer-polymer interaction©.2 th#|%7] wjEo)
Z} conformation®] free energy”l ¥3lHt}, o] A9 &
free energy WSHAG)= (+) = () @& 7Hd 47}
e, Szl Fdd F3AE uE A poor solvent®
4% o AG7} (—)gg 7Had,

C) D<L(interpenetration+compression domain) :
T 7kA 497 Jehddt, AR R, chaing ol 39
RE FIto] Eo157) wiite] A} chaine] 7H ¢ Q&
conformation47} 7+A38}ed(volume restriction effect),
332} chaingdl] vl@|8)X & free energy’} S7}3HA &
ot EA42, (B)9] 490N =alEd%e] 3184} chain®]
¥ Z71o) wtg} chaino] 7FE<4 & conformations=7}
o A Hol free energyE U2 Z7}A17It

o714 $ei7t wEEta Jojrtel & A, §e FEE
o] PEO<9] vtz &3 oA A3}-E steric stabilization ef-
fect2 A3} §)A|gk steric stabilization effect 4=
ol ol24 & mx| @ 5 nEAEe] 7HAe 4
WHAQ) wbik F4dolx], PEOS] Z-5olgt &5 Fidol
ohai= Mol 9 #8N uoA PEOR] f-= thE
A5 DEAE 2o il 37 dA4A 22 RS
A 2A B} F2AE PFANM =o€ PEOY 14
& #89 U 5457 F%aA A7 Bok & Folch,

3.3 £29Y | SMsTe| A7 B

QoA =l ARo], vid 38A F2E 71K poly-
etherE ol PEOTHo] B 948l g3islen), 2 ol
& PEO segmentEo] water lattice® W A|F|A] ¢k
A F 72 Uz AYE $71 el o]E7kel hydrophobic
interactiong F4A3A|Z F k= dl¢) 7]QIseh PEO
9] e a4 &8 S HES P3| i
4%4E 712 chaingL 7} liquid-likedt Atz 9
t}. 2412 w3l gecond virial coefficientt} polymer-sol-
vent interaction parameter59] IFANXE YFHUX
o], PEO= & oA 433 & excluded volume & 7}
At £89 deN A3 fFHol|L excluded vo-
lumeo} & PEO7} ®3d BHe iAo} o ¢S
o] AW gAle] o5 whiAlAss} gick, 32.4.45.48
3% 4= PEO ¥4y 9 7te] interactiond =24F

IEXIED 7|& A58 63 1994 129

A) Steric Stabilization Effect

Excluded
volume

asd
PEO CHAIN

>

Stable Unstable

B) Chsin Mobility

oS
// \ Fast

-4

Slow'{
7

N

Long PEO chain Short PEO chain

@ 4. Basic mechanisms involved in protein repulsion of PEO su-
rfaces.

o FHstw oh*® 38 4(A)E steric stabilization
(volume restriction or excluded volume) effectg e}l
ik, @wjde] PEO Huol Hd o ¥3#H PEO
chaino) 7}24 ¢J+& conformation®] 47} 7+484A] confi-
gurational entropyE Z7}A|A whilgo]l A, PEO
chaing& & oA the AeA] aRaFE) Hl3) exc-
luded volumeo] =7] w&-of, steric repulsiondl] #-¢- &
HHoie}, a3 4(B)= x| B3¢ PEO chaing #%
e veldla gich, @] vyt Eow A 9%
Edo) Fasl7] fsiMe 4R ARt oo AR #
A FEdol §u). PEO= 80 oA {540 21
£33} interactiong 75| sz, FWHoAM wEA &3
o) 4=3l" PEO(hydrated PEO) chainE-2 A7 FH
o] MER] K3 E 3kt olF & olt). Hyd-
rated PEQ chaing9] §%AL chain Zol7} AL 100

% 2uj7tA Z71317) g, 131618 go chainyche
71 chaino] @9 d Fa-g ARl Fo Aozt ¥
F Aok
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4. 24 £

B =RolAe 117} chaine] H3E #He oy §
Z oja] Ao BHEH QQEZA, interfacial free ene-
rgy, steric stabilization effect, solution properties 5-&
nEskach. A4A nEAE FolA PEOZE v E F3
g Z37) Y53 F& 9US PEO7E E&elA oFF
e interfacial free energy®} 393 & excluded vo-
lume-g 7™ hydrated® chain®) f-g4o] 433 27|
5ol Ao = sy, PEO ¥ did 719] inte-
ractiond] BAEE F& Q9Eo] k. Azl duld
F3 A2 slire, YoM =ed dld ubi @)
#ay 2gAQ 92089 9%l repulsive forceEo
Wi g = PEOS} whil A xlo] 9] van der waals fo-
rces, ¥H# Tz = PEO chain®) ethylene seg-
ment2} ¢l A A}o] o] hydrophobic forces, PEO chaing]
ether oxygen® th¥A Alo]e] hydrogen bonding for-
cesE3} 2-& attractive forceE5-S3 X F7lsiordt 7
sith, PEO Xwo] thld F& oA &/l utele o
FHEEE E4 FFola AR 3] HallMe
o @e APt Fdslojor vhgsh, ol TTHE s
MAY] B AT groupEo] AFE ATE AEsL A
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