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Discussion on Mixing Free Energy-composition Curve and Phase

Diagram in Polymer Physics

LU Da-wei" » XU Bo-jun
(College of Materials Science and Engineering s Beijing University of Chemical Technology . Beijing 102299, China)

Abstract: In this paper, the free energy-composition curves and phase diagrams in polymer physics are discussed

and interpreted. The free energy-composition curve is presented in 3D illustration, and the phase diagram is dis-

played and discussed intuitively. The factors influencing the trend of the free energy-composition curve are dis-

cussed from the point of view of mathematics. It is further clarified that the common tangent point is different

from the binodal point. It is proven that the composition of separated states after phase separation is the abscissa

of the common tangent points of the free energy curve. The proof method is easy enlightening and acceptable for

students to understand, and it can be a useful supplement to the knowledge system and teaching ideas of phase

separation thermodynamics in polymer physics.
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Figure 1 Three-dimensional free energy-composition curve and phase diagram of small molecule-small molecule system
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Figure 2 Three-dimensional free energy-composition curve and phase diagram of macromolecule-small molecule system
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Figure 3 Three-dimensional free energy-composition curve and phase diagram of macromolecule-macromolecule system
(@) 0.0 (b) —0.04 (©) 0.18
—AG,, ~ —AG,, 0.16} —AG,,

0.1} 0.05¢ 014}

02+ —0.06 - 0.12 1

.02 0.10}

Q-03} oF 007} F0.08¢

>3

< 008} < 0.06

—04r 0.04

“0s) o 000

—0.10 + ed]

067 -0.02}
-0.11 —0.04

0.0 02 0i4¢0f6 08 1.0
1

00 02 0'.4¢0'.6 08 1.0

00 02 04 06 08 10
1 ¢

4 (AT MIE A b AE-ALRU Zeon Bl s (b)) W IE [ b BE-AL B Ze7n 61l 5 (o) 55 = b [ e BE-2H A i 2 191

Figure 4

Third type of {ree energy-composition curve
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(a) Concave-shaped free energy-composition curve; (b) W-shaped free energy-composition curve; (c)
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(xy = 1,2, =5,X = 3); (c) Curves of g(x) and t(x) functions (x; = 1,2, = 12,X = 3); (d) Curves of g(x) and

t(x) functions (x; = 1,2, = 50,X = 3)
2
@ 3r —g@ ®2 g © “ —g(x) D21 —e
2t —1(x) 1L —tX) Ir —z(x) 1L—t®
2, 20 z 0 50
oo_l %0y %0 —] so—1
) -2 -2 —2
-3 -3 -3 -3

&6

Figure 6
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(a) Curves of g(x) and ¢(x) functions (x; = 1,2, = 50,X = 3); (b) Curves of g(x) and ¢t(x) functions

(x; =1,2,=50,X=1.7); (¢) Curves of g(x) and t(x) functions (x; = 1,2, =50,X = 1); (d) Curves of g(x) and

t(x) functions (x; = 1,2, = 50,X = 0.5).




« 1360 oAy F @ 2023 4F
@ 6F —g(x) ® ] —2w © 6l —g) @6 —g
4l —1®) 4 —t(x) 4l —t®) 4l —1x)
E2 B2 =2 =2
* 0 *0 Y X
) -2 -2 -2
-4 - —4 -4

00 0.2 04 06 0.8 1.0
X

0.0 02 04 0.6 08 1.0
X

0.0 02 04 06 0.8 1.0
X

0.0 0.2 04 0.6 0.8 1.0
X

B7 (Dx, =12, =1.X=30 g(o)5 t()REMMZL; (D) 2, =5,2, = 1,4 = 3; i g(x) 5 t () REML; (o
=122, =1, X =30 g() 5 1 () ®WEH L ; (D 2, = 50,2, = 1. X = 30 g(x)5 1 () KRB

Figure 7

(a) Curves of g(x) and ¢ (x) functions (x; = 1,2, = 1,X = 3); (b) Curves of g(ax) and ¢ (x) functions

(x; = 5,2, = 1,X = 3); (¢) Curves of g(x) and ¢(x) functions (x;, = 12,2, = 1,X = 3); (d) Curves of g(x) and

t(x) functions (x; = 50,2, = 1,X = 3).
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