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In this study, we perform linear perturbation analysis using an extended Flory-Rehner (F-R) model

for polymeric gels, which was developed by introducing two scaling exponents into the original

F-R free energy function. Closed-form expressions for Young’s modulus and Poisson’s ratio are

successfully derived by considering that polymeric gels are at equilibrium swelling under an

arbitrary prestretch. Young’s modulus and Poisson’s ratio decrease depending on the combination

of two scaling exponents, leading to predicting a negative Poisson’s ratio. It is shown that using the

closed-form expressions, the onset condition of swelling-induced strain softening is described and

verified in the case of equilibrium swelling under uniaxial tension.
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Fig.1 Relation of base states with E40/(3k7)=0.05; (a)
volume swelling ratio, J, as a function of interaction parameter,
7. at equilibrium free swelling and (b) stress-stretch response at
equilibrium swelling under uniaxial tension for y=0.6.
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Fig.2 Dependence of Young’s modulus, £, and Poisson’s
ratio, v, on interaction parameter, y, at equilibrium free
swelling for E40/(3k7)=0.05; (a) Young’s modulus and (b)
Poisson’s ratio.
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Fig.3 Dependence of Young’s modulus, E;, and Poisson’s
ratio, V,;=v3;, on stretch, A;, at equilibrium swelling under
uniaxial tension for Equ/(3k7)=0.05 and »=0.6; (a) Young’s
modulus and (b) Poisson’s ratio.

RERIZONWTEIIREOMINGE LSRR B TR Y, ARE
FIE~OFEEZONTH L TRFBITOR TS, 20
TR LTIEIN D OHAEAMT 5.
4.2, EREKBIKEFMN

L0y X2 (—izixX3) £X19) ZHWT, HHEH
%OV FRERT Y A MAERRE OB L L
T7uvy hL7zbO% Fig2@a),bIlZ IR, Fig2(b)
1%, AJ=0DHA1TIE, F-R EF/L0EE F-R 7 /LI D
59, BT UHIF05 L7252 LERLTEY, BO15
NVOFEERENBN TS, —F, Au=0 DA, 31E
E%uﬁof@ﬁwﬂﬂ$éh@ (RFERAE A BN 5 =
LIZEoT, AT Y UHOBDIZES. ZOBRT, RS
MTHEETHY, Thbb, MAEERREN NS 2D L,
RREEELE b K& <20 (Figl()), BT Y HOBDH K
&< B, YRR F-RET/VTIE, HMREEELEOBMA K E W
72% (Fig.1l(a)), N7 VOB b RENEHMETE 5.
£, ADEEIRV S Z L LM TH 1D O R
WALBLG & OBEE L R ST AW BRI LT, Y
7Y, MAEERREORD, b b EREE oM
o TR T 5 (Fig2@). 72720, AJ=0DFAICE, K
Q@ﬁ%bﬁéi?u,?/74i¢&ﬂﬂ%@ml@%%
WZHE>CTEIEL, m=0 O L X2 -1/3 FANHE> TR



2 3
m70l3',-" n=—0.2
E]_
3 Au=0 & eFR
,g (m=0, n=—0.4, a=-2)
<]
g
‘_(/1
0
3
=
-1
1 2 3 4 5 6
Stretch A4,
(a)
1
e
= n=—0.2
= -
||ﬁ ‘N\
S0 R
Ke) \ Ap=0 & eFR
8
")
=
21t
R n=—0.6
9)
~
2 -
1 2 3 4 5 6
Stretch 4,
(b)

Fig.4 Effects of two scaling exponents, m and n, on Young’s
modulus, E,, and Poisson’s ratio, ,;=13;, under uniaxial
tension for E40/(3k7)=0.05 and »=0.6; (a) Young’s modulus
and (b) Poisson’s ratio.
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Fig.5 Estimation of the onset point of swelling-induced strain
softening in Fig.1(b) using Eqs.(13) and (19).
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