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Abstract : The closed-loop coexistance curves of polyethyleneglycol(PEG)-water mixtures of liquid-li-
quid equilibria were calculated by decorated-UNIQUAC model. The phase diagrams of the PEG-water
systems, known to have closed-loop diagrams, were calculated with the temperature-independent in-
teraction energies, the interaction sites and their relative arrangement. For the interactional units,
the blob model was incorporated on the basis of the blob rescaling concept by correcting the over-
estimated size factor in decorated-UNIQUAC. The blob size depends on not only the solution states
but also the chain properties of the polymer along with rigidity of polymer chain. For various molecu-
lar weights of PEG, the calculated results showed good agreements in the size and shape of phase
diagrams.
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Fig. 1. Molecular interactions and decorated lattice
representations. (a) Various type of molecular intera-

ctions in the system consisting of the molecules of di-
fferent sizes and shapes, (b) Two-dimensional lattice
representation of interaction in (a). The dots (@)
represents for the interaction sites, (c) Two-dimen-
sional representation of decorated lattice containing
the real (O) and the ghost (&) molecules. The
ghost molecules introduced to consider the strong
third body effect or the hydrogen bonding.
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Fig, 2. Flow chart for the calculations of activity coef-
ficients and excess molar free energies.
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Fig. 4. The melting points versus the number of re-

peating units for PEG, ( * ) Experimental Deta”, (—)

Calculated curve from the eqgn. 17.

Table 1. The Decorated Structure Parameters of the
PEG Blobs at the Weight Fraction W, of 0.25
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Table 2. The Energy Parameters of Decorated-UNI-
QUAC Model for PEG-Water Systems
(unit : kcal/mole)
on ) &12 €
—5.60 -6.75 1.31 0.80
* component 1 : water
* component 2 ! PEG

500 T T
| \\
550 ] \
! \
% 500}/ \
Sas0lt
kS \ /'/
400 [-
350 -

o 02 04 06 08 1
Weight fraction of PEG

Fig. 7. Calculated phase diagrams of PEG-water sys-

tems. All interaction parameters are identical as in

Table 2. (----) M. 2180; r,=3.688 q,=qy’=8.399,

——) M, 2290 ; r,=3.697 q,=qy’=8551, (---+) M,

8000 5 r,=3.832 q,=q,'=9.363.

Adell A AbE-E 2o FEg whek AsEg
oAX| 24 W 011, O T2 Y oA HeY
o Eo7ke && etk oW Table 19 72+ £x}
ZFofl gk 72 g ofuiz]) 2 AL gEZ B
A% L) P58 7o) UNIQUAC =9] o
A M 1y, 1,9 ANAFE AXA Hn 250
e Wake =AY Fig, 87 2th (u—up/RE
2ol FHet A2 AAksle Y UNIQUAC )
A MeE 229 G2V G ga oAt
Bz AAe] Lujdez e dojzxl UNIQUAC vf
s 29 dx g4t ojdeles Ae ¥ &
Atk

BF MEde oj88 BzAR &9 (decorated-
UNIQUAC)2- ¢l9l& 3hue] PEG Exlako] ojgh
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Fig. 8. The temperature dependence of ti.(—),
(--), for the decorated-UNIQUAC in PEG(2290)-wa-
ter systems.

24 WF g5l 24EE b Ex%F PEG #
&4 28 HFRES ME H3A ot Aol
7Vgslth. A ¥ Flory-Huggins Rd&2 7t x4
ol W} A7) & 24 g Aok AT
B 2de dFF Ay ge 27 HEeldh

4 &

B2 A £ (decorated-UNIQUAC) EHo] 1
A BRI Lol BPT BA Aol Qe A
12Y YU Ws}w of Belol A 8THE
= zw g o

Ao ?'5‘}3}]*1 T3} o] “'“é—J = & S EF
G 9@ 5 ge A A g g Ag
AAE a8 Al fdAde] a2 #3438t F
str). oln AAtE g2RE FX W5ES] §E van
der Waals.4 A gEHRS BF9 BES

o AFH} o] mde] M} Z FHE 53
ok o2 53 uEz S4 5] FEeE A
A o, 3 2A=F SHo] dia) 24 Wy
AAEHH Yojx] o2 FapaFe] g thairis of
A HEE w2 AFY dagle] e A4S A

Za| A174 A% 1993 1€

oy GEE At

Hak = ddgs Holth. PEG Exlgko] 2180, 22
90, 800021 &R E o] AxARNE HA HEAETD
Hlug 43 A dXES & + U

AL & 71 &
Ay . van der Waals area of species i
A, . van der Waals area of standard species,
25X 10%cm?/mol
. effective length
at : excess molar Helmholz free energy,
Kcal/mole
3 : activity of species i

E(ok) : energy of configuration o of molecule k

f; . fugacity of species i

£ . fugacity at reference state

g : number of monomer per blob

o . excess molar Gibbs free energy, Kcal/
mole

g(ok) : degeneracy of the configuration o of mo-

lecule k

M, . molecular weight

N . degree of polymerization

n; : number of moles of species i

Q . renormalization constant

Q; . primary bond partition function

Qi : partion funtion for decorated ghost mo-
lecule

qp . surface area parameter of blob

q . surface area parameter of species i

q, . surface area parameter of polymer

R : universal gas constant

Rg . end-to-end distance

r; : size parameter of species i

Iy . size parameter of blob

r, ! size parameter of polymer

S5 . surface area of species i

T . temperature
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30

SR

. asymmetric contribution from nondirec-
tional energies

. symmetric contribution from nondirec-
tional energies

. interaction energies between lattice si-
tes

. van der Waals volume of species i

: van der Waals volume of standard spe-
cies, 15.17 cm®/mol

: mole fraction of species i

. coordination number

agelx Ezb

: activity coefficient of species 1

: nondirectional energy

. fugaciy ratio

. correlation length

> volum fraction of species i

. directional interactions

. directionality of species i

. directionality of 2nd directional contact
point on species i

. configurational variable of ghost molecu-
les

: UNIQUAC parameter involving interac-
tion energy

: angle between two directional contact
point at a molecule of species i
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Appendix A. Degenercies and Interaction Energies for
the Construction of the Decorated Cell Partition Fun-
ction Qy; Depending on the Configuration (o) of a k-
Ghost Molecule in the Decorated Cell.

k o gk, o) E(k, o)
i 1 Ot O+ &kt &y
1 i w*—1 Ot et ek
il o*—1 Owi &t &
v ore*2-2-(o*—1D-1 £+ &y
i 1 Ot eatey
2 i 1 Ot et ey
il w;—1 €kt &

o

Appendix B. The Decorated Cell Partition Function,

Qi

Qi Zg(k, o) - exp(—E(k, 0)/RT)

Qu Mi+2-(o*— 1) m+oro*/2—2 (0,*—1)
—D-ni

Quz (mrmet+ (0r*—1) - (m+n2) + o1 0*/2—2- (o
*—1)_1)'T11‘T]2

Qizz (M2t (@w2— 1)+ M) a5

Qe (M+2-(o*— 1) mtoror/2-2-(o*-1)
—1)nd

Qin (2‘ﬂ2+ (02—1)—1) -0

Qz (2:ms+ (@2—1)—1)-ni

Za|of A178 A13 19933 1€

*m=exp(—0/RT) *n=exp(—o¢1/RT)
*ns=exp(—&/RT) *n,=exp(—ex/RT)
*ns=exp(—en/RT) *ng=exp(—0,/RT)
* wF=w,singy/ (wm) /2
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