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Abstract: Phase transition theory and phase diagrams are essential but challenging topics in polymer
physics courses. This paper provides supplementary and extended derivations of phase equilibrium for
polymer blends found in typical polymer physics textbooks and presents a novel method for analyzing
phase equilibrium in multi-component complex systems. This approach helps students to deepen their
understanding of the underlying logical relationships in phase transition theory, and to bridge the gap
between theoretical knowledge in textbooks and practical research.
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Figure 1 Free energy curve for a symmetrical polymer
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blend (yn=2.4, component A, B with chain length ratio a=1:1.1)
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Figure 2 Free energy curve for an asymmetric polymer

blend (yn=2.4, component A, B with chain length ratio ¢=1:1.4)
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Figure 4 Determination of the coexistence point in the grand
canonical ensemble (yn=2.4, component A, B with chain
length ratio a=1:1.4)

1.2 WERELHHHFERE
B b — /N, T LB R A B0 B A &



6 WA RS TYHRIE R « = T IR AT - 833 -

Ak 2, 2l 35 42 5 09 EL U A BIE O 1
MR . T EA T A IR R 25 B Hfg
AR A 22 3 ARYEEAGE I, AT AL
gy IR AL LI S ROR O

el el
on, n on, . on, n on, n
IR NI
on, ), os ), \ o )
. (18)
OF ) [ 9
[a¢2 jgﬁl[ anl jnzi
on_, (04 _¢ 9 | _

Lo IR AL 1 B

n

- oF oE) |
=F+¢|| —| - |=— 19
Iul +¢ [8¢l j¢2 (8¢2 l&_ ( )

[FIREh, 2093 2 AL A3

eal () Z(2F) ]
& -r +¢1 [5% l& [a¢1 l}z_ (20)

IRAELALZE S 1, 1R 5E 30 R (19) (20) P
FRUEG RILLIA

- oF oF
# ((Mllz [a@l& &y
AR T, SR B 2 35
TS RS R, L, BAR 4R
FA 24, (LR A 5 — TR — T 1
75 7 — U5y R A B B A AT SR AR
. T RIIEE 5 R T

%E(a—ﬁ] (1,J=12j=i) (22)
¢

of,

525 AL, FRATRAE T 5 48 T
Byt XhEEZH kR Rk, 4ifb=
P RS A

L=y-7 (23)

X (22) 45 T E Y I — OB, & BN R LR
HHRE F AR, simrbim i izRkEy
BIFEMTIE . TR DA 3 SR 2H B B P 2H 45 i 4y
TR R RN, AR fTES F Ry R @
R4 Flory-Huggins BHit, 4

F(4.4,) :%lnqﬁlJrz—2|n<;ﬁ2 +yNgg, (24)

Etlﬂa;%?'ﬂ%iéﬂ%ﬂ@%{%(ﬁ‘éﬁﬁ)‘ﬁ%ﬁ%%
K. iR Q2) R, 58

1 1
7/1:_+_|n¢1+7(N¢2 (25)
a o
1 1
72:_+_|n¢2+7{N¢1 (26)
a, a,

e L3R 7 A ¢, =1- ¢ AN (23) TFAL T Jm AT
/%L/:—ll:

.1 1 1 1

A== Ing——In(L- )+ 7N@L-26) +———

al aZ al aZ
(27)

ERSRAMA AR IERE T, 9F AT
H AR IR B 2 A ik AR, BT R AE T
T AERTEL, FRAT BB T ks v N2
TR SR R, — R A R AR B RE
HARA R

F@) =g+ Rina-4)+ /NAQ-4) @9

T EREgeE THS LA 240 %
KER, NTHF LR, ATK %A a5
B F o LB F X 4 — B S5

dF 1 1

==l g [ In- @) () +
d¢ o o a,

ANA=¢)+xNg-(-1)

=L 4 —iln(l— ¢)+xN(1-24) NN (29)
a a, o

1 a, 1 &

AT, AAE G T AT R 7, BB
L, RHAE=ZHr EREZH 0 &m0 TR &
2, Hr E SRR R KE BT, teAh, H T
W7 EAGE H T E H e E A B I g b 208 20
5L, 2 ok B X A 7 VAL 7% 3 HoAd 5 Dy
SRR Z b, BAnAE B i B R 4y 1 3
TRYIAH 3 B AR R b, P AR B REAS T B
Mris A, B R4k 7 R et 5y 177
EREA AT LR .

2 ZESEHTFHEYRNRETE

FEARTTRATRE R E— b & TP i R
PG e S R R B 2 4L R &R . (IR PTAL



. 834 - & Wk 2024 4
SRR, WIS R\ LA = o, TR B=7 =7 (36)

BT FAIROR .

21 AUNEBHHERE
WAV H £ H1e 5, R RES B H

AE T LA o A 2, — i BB R %o oy H A2

B RREF, 53— R LEERIAFR 7> B ¢ W B A

EREF B BB TSR

Fro n TR P LA A R IEN:

_[0F) g, o[ OF) (04
() =# e85 (2,

=+ 0-8)7 -2, (30)

Horpr, Mz L={n;|j=23,......, N AT ={g; | j=
12,......, N, j =i}, PR IRAE R A T KA A
TLRANE . MR RPHES AL, b
XWHEFhEH TN, KA T

(%] :ﬂ,(%] = Pi=23.....n), I

on, .n on, n

HEIN T X

_[oF
Vi :( o4 ],—I (31)

AW, ZASHEFL 7 BSR P R
A B RUT Y g, G (B0) R
A F BT

w=F +3 (174 (32)

FeAlts, AT TS 2] n ook RS iAo
[DEeAES 2R

h

 =F +i(% -7;)9; (33)
5 i—’u:nCH‘T:_
py, =F +Z;,(7 -7;)4 (34)
e %Tﬁﬁﬁﬁ];, 78 BLE =, F1A113%
TR TP SR AR Ry AR O B I 7 HE 1.1 718

15 XA ZE A I, FRATEBUE ne A4 4

I3RS, WA HANLE 5 LA 7350

= 1 — (35)

R L2, 2B nc AN A o I L4kt % #0080,

# (33) 2R (34) AN bR I 1b ] 5 LAk 2
HE riz R R

ER AR EE A RIL, B RN
S A ZE DA 7 By AR, XK
it 7 2 Aok R PR A 5 1 R o
o 44 (34). (35) A1(36) 2, FAITid ] Jy fH Hh A
Wi F A 7 AR A
22 PEREFFIE

FH T 294 A 2 38 R 20 3 (A 2 Bk 2 B —
SHAEBHIMHE, PARSEAERT, o ifE o, B
AR A AL 2 AR THAR G -

i :[‘iﬁ =0 @37)

SRR, FEAHTHTIT, ne 470
T IR ST A AE ne 4E 23 A i) ne=1 4588
E'ZEH]:

g

Fo—F7 =Y (e =nf) (38)

i=1

SN IL RIS B PAn, IFEAT W S AL faf -

Ny

Fo_ ,fﬁ:Z/li(qjla_ﬂﬂ) =

'

(714t (0 =)+ i (9 -0 =

N

zﬁﬁkﬁﬂﬂﬁZM“%ﬂZ

VAT DR [Zsfi - Z«ﬁ.ﬂJ :

Sa (- d) (39)

2t 550 (37) 2 A DR L 5 T
PRI AR

R 2 (39), 7 7 (ML 5 E R
G AR, T

Fy=F -2 (40)

A B UL B TSR R, BT
I R B e, SIS L Fr 3R
BALSM I 7 B DL B S AT AR, RN ATE A7
W, AL ELE R 1 B P, S5 0L 3
i CEBTHI 5 BRI

3 4B

FE 7 TR SRR A A A v, AT
D= HE R v oy 1 R ST T R RR AL (AR
BON S, I B EBA m 0 T2 Aok &



6 WA RS TYHRIE R « = T IR AT + 835

BB A, R AER 5 SRR 7 St 2 40w
O T SRR T A9 T ORI K, 22 TR A
REAR . AR T — M2 H 0w TR
Yok APl — T ik . R AR B A
P AHSEAF BT P, BEE X9 b SR A = 7 1 3L
PIOWAH 73 BT BRI Fe AR AR P EPIR S « BEAh,
ZITER BINR LA 7 WA — A AT 5
TR, L 5 A A SR W K
il SRR A I 2 M T Rl . VR RENE RS M
BT ) fa] B TR R AR P A HE) RS Dy
IR Z ok &, 153 NIRFE B IR 2 SRR AT 7T
Mgt DU B 22 20 22 ST R o B iR i 8

BN R, F5 B2 A AT AR B e T IR R R
KA ML Z N, BB 15 2 RER
SE 30k

1 f[8FE, KRAR, BRéEE, Et. &0 F9HE. 3.
g B RS R AL, 2007, 90-102.

2 Rubinstein M.; Colby, R. H. Polymer Physics. Oxford,

UK: Oxford University Press, 2003, 137-196.

3 Atkins, P. W.; de Paula, J. Atkins' Physical Chemistry.

10th ed. Oxford, UK: Oxford University Press, 2014.

4 Emelianenko, M.; Liu, Z. K.; Du, Q. A new algorithm

for the automation of phase diagram calculation.
Comput. Mater. Sci., 2006, 35(1), 61-74.



