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1. 8o R
1.1. o] A8 (ideal solution)

4H,,,=0
A48, = ASC™ (ideal combinatorial entropy @ 2& Z7]9] 2714 52| solid sphere® 4< wl<] entropy)
1.2. Athermal solution
4H ;=0 4S,> ASgi’
1.3. B89 (regular solution)
AH 70 A4S i = AS
14. ¥ A8 (irregular solution or real solution)
A4H,,,:7#0 A4S, = A4S (ideal) + ASE( excess)

1.5. Theta solution : theta temp.ol Al o] & A A%

2. Thermodynamics of Mixing

2.1. Partial molar quantity (&%)

EEe £Ao] WsleldA EAEe] $Hdo] Wit ofd wet Ak HAE, S, V.)ol WsketA Hr

_ (oY
Yi_( 8”‘1'>P,T,

Y: A9 &4 €493 3
n; - I A%2] molar quantity

W1 R ol9e gre A%

Wi § el glrhu

dY=Yidn;+ Yidn; (dY=2Ydn;)
Y=YntnY, (Y=[dv+Z¥m)

% Gibbs-Duhem equation
G=np;+ nu,
dG= pdn;+ pidn;+ nidp,+ nidp; and dG= pidn;+ pidn;

= nidpit ndp;=0

==

Dndyp; =0 (chemical potential & N2 E=fPH oz wWa 3 Q& 24 %A v 3hjrp 273}

W othe gRe gash



2.2. o] A& M (ideal solution)

2.21. 3 AHE d&A

Algh + Bigl

A1)+ BII)

@ solution liquid A < gas A9 2%
P

P
Py &9 HolMe] Al ST

1 (D= 1i(e) = ﬁwm(

DO@=+5+H

palD =430 =5+ R

pa(h)=p5(D=pS+RTInx,

2.2.2. Mixture of A and B

Ao 27l= 2

=

. = =
e

= B

F B2719] interaction energy + %t

before mixing : G;= napa(d) + npuyp(l)

| KA

KA

2 0] &)} vaporZ} 33 E] )

pure liquid A < pure gas A 9| 3%

(Zgriek &viel vapor7t BEdEC e 45

e =ph(e)=pS+ RTln( 1133@ )

* I pure

© : standard

) (from Paoult’s Law Ps=x4P%)

after mixing : G;= na{pxa()+ RTInx,} + np{ () + RTnx g

— AGpie= nr{xaslnx 4+ xpInxg}

V.= |

0AG s
oP

oT

-

0AG s

5T )P,n, =—nR(xslnxs+ x5lnxp)



stA A ( lattice model )

‘ X O S= kinQ
Xl 10 X (2 : number of distinguishable microscopic state )
O
O
X _ _ [ feaa
o 0 AS i = kN 45— k(R 44+ Lpp) = kin Qa2
X
x| X na,mp AR A B BAo JiF
O np + np Zﬂv X}'Q] ’;o"'}l:
O O X QAA == QBB = 1
O 0 (nat+np)!
AB nalng!
+ !
A4S, = k[n[W] (using Sterling’s approximation InY!= YY)
B

k(nalnx s+ nglnxpg)

=—nR(xsInxs+x5lnxp)

* Excess function

Y (real system) -Y(ideal system)
AG® = 4G, actual) — 4G, ideal)
ASE = 48, actual) — A4S, (ideal)
AH® = 4H,,(actual)

AVE= 4V, (actual)

2.3. Flory—Huggins Theory

modified lattice theory
D gulRAst A 277l b g

@ &9 BEx¢9 B #1719 interaction energy’} £ #.

2.3.1. Entropy of Mixing 4S,,;

EIRC

LA guje} IEAS] mixingol 93  entropyi= combinatorial
disorientation entropy ( Scoms o)l ZFelol o3 3zt
Asz'x = Scomb_ Scomb, 0
combinatorial entropys 974 AAF o] Exe} &S wjded F+ A FEREAA=

ArE]o] e}, o] # om oA ‘configurational entropy’ &#til%E 3hch,

o] ¢t combinatorial entropylol& ZEAT = &uvt &4 F9-o nd WHE
o] Wt} o] entropy FH-S disorientation entropy RO EA ILEA R W] A <

entropy S AlAF8l7] €8l A+ combinatorial entropyoll A wjFo]oF 3k},

entropy (S coms) <+

7R el ol &f A

EE o] ARtE

mixing©ll 2|3k



e ny - B0 BExpel £
2 gt 1EAS] 4 (DP = x)
X n=mns+ ng, : lattice®] F 715 (total number of lattice site)
X O10
5 0
8 A4S = kinQ 45— H(In Q44+ InQpp) = kln( QAB )
5 BB

A AFES latticed] ¥

1HA TR A 1st segment’t E012 HA 99 4+ n
2nd segment’} E01Z2 99 4 2z (coordination number)
3rd segment’} 514 A9 & z-1

A}

xth segment”’} EA4 459 & z-1

— number of different arrangement v; = nz(z—1)*"?

o el aEATE AR A i+ 1A A AgE 4

i+ 1A R A : 1st segment’t ElE A9+ n—ai

(n—xi=1) ., (n—xi)
n

2nd segment7} A4 H 99 & 2z "

3rd segment’} Eo14 99 $ (Z—l)l%i_zlz(z—l)l%xil

A}

\

x th segment’} £914 7%

9] _}r_ (Z_].) (W_XZ;(X_].)) 2(2_1) (n;.?(,'l}

- Vi+1=(7’l—Xi)Z

(n;xi} [(z—l) (n;xi} ]x—Z — 2= - (u)x

n

R S n( n—x{i—l})x

n

1

7’!3!

Q= Ily; (F3& 753 wigdwkS countdl ok g)

S=kln9=kln( 1 Hui)=kln[ L gy 2 nn"(l_x)ﬂ(n—x(i—l))x]

%B! nB!

(n/x—np)!

I(n—x(i—1))"=x""II 77; +1-— z')x=xxn”(4ML)



Stirling’s approximationg AF-&3}H4H,
S=k—ngnng+ng+nglnz+ng(x—2)In(z—1)
+uglnn+nalnn—n—nslnns+ n4l
Sa (np_gn=mnz )
Sp (nag—gn=2xng)
A4S pix = S comb = S comb, o= S — (Sat+Sp)
=—klnsn @ + ngln @z]
na=0sn , ng= Opn/x
A4S v, m (entropy of mixing per mole of lattice site)

A4S i Pp
= TN, —R(@Aln@A-i— lnd)3>

2.3.2. Enthalpy of mixing 4H,,,
A At B3Ee] nEdyvAl de I A-B B2 & nypRHEH ALGE
AH ;.= n apde= n® 4, O gzde

% polymer-solution interaction parameter x (g} 22| F2 thermal energy kTZ Ui Zb) :
Flory-Huggins interaction parameter

Y=2kT = 0@, 04kT

AH ;.
webA AH,.;. , (mixing enthalpy per mole lattice site) = N =RT O, Dpx
A

2.3.3. Gibbs energy of mixing
AGmix, m— AHmix, m TASmix, m

)
= RT| 0 0py+ OsIn @4+ TB n®y

2.4. Polymer—solvent interaction parameter x
D solvent?] &AL 3t dH9st4Ql 3 E YE = parameter (by Flory-Huggins)
@ apolar( or weakly polar) polymer”7} apolar( or weakly polar) solvento] S Wl Fxo] o}F <ks}A
ol &3k},
29 T oEAL ¥ o] xdEH
x=x+KOp+ K 0% (K K : 94 2%oA] o7 8a-8u) systemol gt 444)
Kot K'o] F&5o] wet yo FxolEdo] A%
@ & 2L o&3l+= dimensionless quantity o]},

&3},

Aoz y v %o Yl x= xo+



x & entropic part® ¥-&3slojof st} wpEbA v Zo] xdHE 4 Q)

sz% = xpy (enthalpy part) + xs (entropy part)

combinatorial nature non-combinatorial nature
(LA segment®] #]Foll o]&E37] Wi )

2.5. Solubility parameters
g e Bxpekel &uf Yo A amorphous polymer?] solubilityE

244 wRANE & HgHA vk

Aol dold ZF AEdn. 2=y

i=

2.5.1. cohesion energy density 7

S 2p= Ex7ke] 3] (dispersion force, dipole-dipole interaction, hydrogen bond)ol 2] 3} 7 o

°f

=

EE
i, o] ol <old] HFAEE NYAE cohesion energy( €44)8F 3tk €449 AA oMo &
)3 %S cohesion energy density2} 3t}

2(e4a/2) _ Naze ,
7/A= Vj’Amo/ == 21%/AjnA == 8?4 ( VA’mzNAVA,mol )

solubility parameter 84=V 74

2.5.2. Interchange energy
Ae= e 5— %('SAA'i_ €pp)

1/2
EAB= (SAAeBB) /

2V A m
€aA= ( Naz

epp=Ko% (f Vam= Vg m , same number of neighbors)

>&=K&

de _ (04— 0p)*

K 2

AH i~ — Ae=()
fujzte] A Aedy aRAzre] s gl o7t 42 mixing enthalpy:E F7F8HAl =W,
Gibbs energy® F7H& ZdstA €t

for identical interaction de=0 — 4H,,;,, =0 (athemal mixing)

4G <0

solubility parameter®} x 9 #7

_ V(84— 8p)*
RT

2.5.3. Solubility parameter( 84, 65 )2 &4

@ 64 : molar vaporization energy ZHE A4t 7153k



W gk e Baiekol model compound®HE O FA.
soluble polymer?] intrinsic viscosity =% F4.
unsoluable polymer(cross-linked polymer)2] degree of swelling Q ZF & F4

polymer-solvent interaction ©] Z7}&4 =
— AFA AbEe B A ST

- [7]1

8z : soluble polymere] A$- [7]7F H <l point ( [9]=AS4))NH A4

cross-linked polymer?] 4 @y 7} HA7} ¥+ point ( @p= A5, )X ZAE (swellingo]

2 d5E 1829 volume fractione 74 3kt})

250 i
| ‘)
% L
o |
|
- e 02

—— & /lcal cmi IR

Intrinsic viscosities [n] of a natural rubber and volume fractions ¢ of swollen gels of

the same but cross-linked polymer as a function of the solubility parameters 8 of aliphatic hydro-
carbons (0), esters (@) and ketones (@), Data of [1].

2.6. Flory—Huggins Theory 2]
Flory-Huggins Theory2Z4-¥ 3 €984 HAFE2 oS3 2

485, )
4S,,= N R( O,ln P4+ 73 In @B)
AHmz'x
AH, == 57" = RT 0051

AG i = AH i o — TAS i, s = RT[@A@B)(—I—@Aln@A-i— O In®p

V(84— 8p)°
B RT

B AL o o] ASTFE Fr &
of AANER &7t WAAA BE A=
Flory-Huggins Theory+ Polymer solution?| &
Hu g 22 FAEE 7HA Q)



- 8|yl gl wx] =t} : Fulgado i EFddEZT S FEFAHAAN FLEERW A A
WS 7HgE o+ qlv] i
- AE2 g Ao A polymer-solvent 7+9] specific interactione FA] 3.
AEA-L R A7) associationS FA] &
- AV,=0

- polymer-solvent interaction parameter x : &x°l| 2|3} parameterd

2.6.1. Flory-Huggins Theory2] <& 3} 7| F
@D entropy ¢} enthalpy e +=3A& ] & o] HE 7FX 3 9t} enthalpy < el
v FHSHA Al Fsta = wAE Fe] g Ed A5 A}, A &
A5 7] "LE"—}*O&@O] EAEtA 72 AR EAE FAR sdoE o] S FHrel SiAET
o] o] Azt W s A
oFsl i T}, enthalpy party |a% 59 BAA R FAEE gholW, entropy partys B 750
Aol dAd 034 L] @S ztevil gEA o, 00258 25 5 11 o] @k Jheslith

@ BEAEJAAT} v Z& EAH] &S AAteAl Xk h
o] R3] $18te] Tompa®t Orofino= AAANZRE y=x+ KOs+ K 039 2 2S A<ls
At
T &N 2x oEAS XS] 93] KoningsveldE g-parametert ©]-83F WHS A|QHsHS
t}.

= k : —
g ;ogk@ k=0,1,2.34......

gr=8r+ T+gk3T+gk4lnT
x= ;O(k‘f’ D(gr—gr-1)

® entropy #°] Ay @A FIEL] Fgolmz 0o 7 A e
9A Hu a8 EE UCST a4 B 4 9x|vk LCST A4S d=2 5 gt} o2 Fadow
Bal7] fla mohE o] 2o] FastA Hr

Sid
Lo
mN
n +
s
%
o
£
o
lo,
e Hx

.

3. Equation of state
- Ao 4uE A9¥on AT & Y= AAE gty wre] A UHd & b Sy
z28s omsh
- Flory, Eichinger, Parrerson, Robard, Sanchez, Lacombe &
- gole BYS Sl TPHAYE +F YRE FHPPNH BYoE B AR L.
- A ?Z—%L% el Aol z}zke] FAEES] 724 540

=
@A ¢ Flory-Huggins o] &ol W&l 2lo] H3¢etal 2} WaEo] &84 on|7t F2lakA 33

g stz W4 E partition function Z2 ZE&.

EAo] th3t partition function Z¥ Helmholz free energy(Gibbs free energy)9 thS3 e A=

A(G)=—kTinZ
Z=RQexp(— E,/kT)



Q . Fojx Ry Vehd Egf= HLt
7} AY = partition function

* Qe i
© Aol 12he 48

oo -

FAo] Lolghe & ztel

A
rlr
i

7F

ol

2 NS Bod%e ¥Wes 448 o
FiEAow A4 14 &8 Ik L/IN=1 ¥, [—I't 44 1hg 5184
length) 231 2 4= gith. o] 9} e gl A

Q=[(I—1e]l" (e communal entropy)st o] X%
@ iAol 3249 A3

12491e] o] &S Ry &gow
Q=[5

[-l {
i)
o

A .
V*1/3)e]3N
Iyl sigehs dxrel deg
vy 1 FoR A QA @ A 88
VA @ g ged fu
® nEAe] 3749 33
o

ox

A= geometrical factor
g 3

] (VA 5-3))/N(3#ke] 784) )

(hard-core volume)

o

A2 1707F x 7Re] segment® o] Fo1A 9
v — V/xN

3N — 3Nxc (c<1)
A= glofof
Q=[P =

Jthn Az

Al ETE Nx7/H9 segmentEo] A3 ZHHo)x kil
=L

=

SRR cehe &NbE A ke Fofok sk wii

N
V*1/3)e] 3Nxc

* Flory @ Hildebrand®} Franke] A|<tel we} EoE F3o wkald sttt dAE %

Ey=— (constant)| V
Fe e kg o] 3 AsEwS A vsd 2ol £
.= DNxsy
0 2v

s : segment 8k 7ol T EAE A
: O]%fﬂ'% CQZ]—Z}P/] 7@% 3k 7 1:"!0—01 ;](j oﬂLﬂ
vy © segment 3+ 7fFeo] F3

Nxs/2 : Aol &A3ls HAF9 4

=

w2} A partition function Z+=

7=l B — 3] SNxceXp( —Ey)/RT) Q.= &’ : combinatorial factor
* 3N;
= QLM = N exp ()

20kT

AojZ  partition functiono.ZH¥ ZtFe] dddt WHFES ALe]
variable) & A 2| &l o ofgh

V?’ ]/* ’ T* ’ pr p*
ok Szz — S * ok
ok P o7 P ckT

_10_

7 27+ ol A (mean intermolecular energy)& zte

= 2t N7Re| A

A= 4 (reduced



Q.Y NP —1)¥M exp( ;dg?) o] ®Hu},

AF}A © 7 partition functione Z

pfyf
T

o W=

at p=0 ,

4/3

aTl
3(1+aD)

13 _ 14

vy

e

32. 7 714 1

Ton

ol

il
™

3|
had

1o},

sho o}

0

g

Z=0."°
N(A W €]

BAF)NIJ 1] B245) +N2(#29] 245

53

i segment 4= )

2 3

(

X

(xlNl +.9C2N2)
N

xlNlcl + szzcz

SRR

Z

: obel

._Of

T A A EO

3

2

9]

A

I

of

1
=

Ton

ol

= 27 %

153

/v, AA AlA AE 1

= —
=

ol | ]

By=(= 595 )(0in+ Oy — 0,6,4n) (R4 A=)

X
1

]

31477
2

§-21 2 (contact interaction parameter X,

— 0,0,X 5

D101+ Oopy

p'=

N Vi+N,V;

N,
xN

X

O, (AE 19 segment & ) =

_11_



2D o2 vEAT & Qi o]ZRE dYe AdFES 7 & YA "ok
O &3 enthalpy
AHszél,Z)_ (EO<1)+E(§2))
* * . 0,0
= xNy [@1P1< 1 71)"’@21)2(71— 1 >+( - Z)XIZ

Vn Vy

R Re 00 thete] MR HW PRE-FFADIAGS AL 5 Yk

e ] (k)42

Vn Vy Vy

@ &% Gibbs free energy
4G,,= 4G+ G*

\:IL

4G, Flory-Hugginsol &l ol&] +& = A+ JAME AfFolvA Wst (£33 configurational
free energy W 3})

G" (Residual free energy) : AG 2 A3 U= 25y X

VI{B_]. * V%B_l
GR= 3xN)/*{ @11)1:7‘,/111] VI/B—]. ] + O9p7 T »1n 1/1/3_1]] + 4H,,

@ &3t entropy
4S,,= A4S+ S*

A4S, 1 Flory-Huggins ¢ &9 +& 4 A+ &3 configurational entropy

S® 1 U™ =A entropy

SR=_3( NpiViTy )m[ v’ =1 ]_3( Nops V3 Ty, )1

u%g—l
T y},/g—l T ]

ul/?’—l

V?,z @1)/,,1+ @2?/72 E]’ & tﬂ]

1%
4V, = 7?[;/7—(@1 v+ 0w )]

33. ZHdAg A 44

_12_



4. phase separation

4.1. Solution of amorphous polymer
4.1.1. Aszx Vs @2

ﬂGI"“

Qo

L

O &= Ti°lA

274 AdlA 24 a'sh a"= e 7F dojur] 9

A=

AG,(a —a'’)> 4G, (A)

7F Eojof gtk whEkAd BEE S Q.00 tiEiA
ol FA Htt
Y Aolgl FHEts BE FAAA wAlF
Brownian motione]y}  €#&<l 2 % (thermal
fluctuation)oll & wA|H Q1 ZAAe] 250 &
A sk},
@ =% TydlA
— 04@C Dy, Dy DK TRE : HD A
— Dy DDy, T 0 2] 2%o] WASE e oz e sdetE mgdow AR}
dojtu},
ol#]d ¥ %4 0, , @y = binodal compositiono]E} Tl AjstH o Golo] 7} LR
o] & thE FAolA z'E chemical potentiale] U x|l Mol o] A a3}

, e
=y Cpy—py=p — 1

. . . 0 . 0
po= g Cpro— po= py — 13

— O DL Dy, Doy DL Doy 77+ © DA 02 ARE7L Aoy, 2oy, ARer 517 $)8)jA
v YA A7 energy barriers Wolof sttt o] S FAAHAAH DY (meta-stable region)ole}
th o] g2l 2] mechanism Y 4 -F(nucleation and growth) .= Uojwtr},

@ésp, @é;p %45 spinodal composition °©]2}slH, o] FAS YA FAHe HMIH I3t
= Gibbs free energys /gl thslte] Fi mE grol 00] ¥ FHolvh
024G, \ [ 224G, \
( o035 )Z( o035 ) =0
Dy DL Dyy T3F 2 ObFE] 2wt 23] eFolgte Aoz AFste] JRuS 2y
o] JAo Mo Ay 299 ] (spinodal phase separation)® o]t}

_13_



meta—stable region

*
7 4 &9 1 Cy composition )4 ¥+ compositional fluctuationoll 2|8 &7} dojdrhd,

- 24 CelN 24 C.,, Co ® 3R Qo] 4
= AN ofF 2 2] fEol Qojok > ulg o)
g & A
5
g 49@ 1B
- 4G, T7+%
- 24 ClM 24 Gy, Cyp 2 3R o] 9
—t AL Ao 2L FELS BNE o A5
a L

CONCENTRATION

4.1.2. Phase diagram

el B

L = i i lymer
Top: Types of phase diagrams T = f{¢;} of fluid systems {palymer solutions or polym
melrs) with one-phase (1) or two-phase (2) regions and upper {LJ) and lower (L] critical solution
temperatuses. I1I: Closed miscibility loop; ¥ = hour-glass diageam. Bottom: Temperature depen-
dence of interaction paramelers.
Curves are drawn for idealized systems with X, = X; and x # f{#,). Real systems usuzlly have
asymmetric phase diagrams because X, # Xz and x = figz). Examples:

Solutions Blends

I Poly(styrenc)-cyclohexans Polybutedicns) {dculgta:ad vs. nondeuterated)
I Pnlh;étt};;mc}-h:xm {5 Dar) Poly(styrenci-poly(vinylmedhyl cther)
I:  Poly(oxyethylenci-water Poly(meihyl methacrylats}-polycarbonate A

1¥: Poly(styrene)-aecionc {low molar mass)
V. Paly(styrene)-acetone (high molar mass)

polymer-solvent interaction parameter y &] 2% 2]&A]d] whe} t}¥3k e 2] phase diagramo] #33.

_ K
APHOZ y=got 7 © oA,

i

SK0 94 W 2 REE SEFE x T FASHAEI binodal point ©]&Fell A= e 7 Loy
maximum bidnodal pointE X2 ¢ (UCST)

K00 Y i RS UYESE v = F718HA ¥ a2 minimum binodal pointE B, (LCST)

_14_



% LCST* entropycally induced phase separation : 4H,,<0< 73 $-9 3] 33t.

LCST AL a2A9 {719 specific interaction (hydrogen bond)o] 9+ A% o]9}

Holw mixingo] Fi W F Fo #AE FHH

= 7

orfl
o

UCST+ enthalpically induced phase separation : 4H,>(0 <1 7% a3

e

AR s 44

1
o
binodal line : #At#e] 37 y& 18
A M= Arto] Brle. A on zHA
. o
.
L
SPIMODATL spinodal line : Spinodal DOintQ] 21 o]
BINODAL &3t AL 7he.
L

AEEwe 24 g gy e, 4 sl ZAE £9AEE
djd | wid S W 39 " S e A AFeie g e
Aoz ARE 1T F A b o' vleliad A d ARG
elgigt #Ae os] pxsd A Fele] o] F alAsiy 9 A PReE
o} =34 [&3: L. A, Utracki, "Polymer Alloys and Blends”, Oxford Uni-
versity Press, (1990},

4.1.3. Critical solution Temp.

LEE Zo)lAY YEAEH binodal point®t spinodal pointZ} 7} A Al E AL,
critical temp. TcollA wHUA Ho}

o) Be thew ge QAN 2O VI
0°4G,,\ ([ 9°4G,, —0
203 20}

@D UCST (Upper Critical Solution Temp. )
4dH ;>0 — &% Z7Fsha Al mixing

]_

ol
rr

ol

maximum Tc

@ LCST (Lower Critical Solution Temp.)
AH,,;, <0 — &% 743 A mixing

minimum Tc

_15_



4.2. Solution of Crystalline Polymer

%

AEwk 273} pure phasets EA3HA] &

A

amorphous polymer solution : 8] 5o FA = Aol &=
=},

Crstalline polymer solution : ZA/2%°l we} pure crystalline polymertt @502 EA|3l= o] E4

% Ak

10

TinoC

120

901

0 02 0 06 o8 1
= W —
Temperature T of phase separation as a function of the mass fraction wpg of a poly-
{ethylene) in the thermodynamically bad solvent amyl acetate AA (iop) and the moderately good

solvent xylene (bottom). © Binodal, @ crystallization curve, TP = triple point, Ty = melting tzm-
perature of the polymer, Typ = temperature at the triple point. See text. After data of [2].

@D in Good Solvent : homogeneous phase S 34
heterogeneous phaset™ ZAJol| o|FEdh= gl x4 wef

crystalline polymer S’ : polymer solution )

o

a4 (C

i

@ in bad solvent : 2% % &0 uw}lgl heterogeneous system®] A1,
TP: triple point (37}%] %4 S, S',C7} Ao &A%t &%)

il

_16_



4.3. Phase separation® mechanism
At el A

2ol 9o A7 : spinodal phase separation
T g FHe] i

o =

. nucleation and growth

230 T T T T T T g T T

220k .

2P

TCC)
2

190 =

T S YT 0§ 10
V0L, FRACT. COPOLYMER
PS/PYME #4i=2] ARus, A47 HA3 242 A4 vie)
reds} A9 iegho|w tholoHEEls AlY Aelct, AR A st A ikAle) ghdt
22 7lelElr] elglch (4 G. R, Strobl, T. T. Bendler, R, P.
Kambour and A, R, Shultz, Macromolecules, 19, 2683 (1986)].
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