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1 SPT2b1 approximation

βASPT2b1
HS

V
= β

∑
m

ρ(m)µSPT2b1
HS (m)− βP SPT2b1

HS , (S1)
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βP SPT2b1
HS = Lm
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and φ = exp(−βµ(ex)
1 ), where the coefficients a and b define the porous media structure and

for HS fluid in HS matrix
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3η0τ(τ + 4)
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9η20τ
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, (S4)
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, τ =
σ
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, (S5)
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9η20
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and

Z0 =
(1 + η0 + η20)

(1− η0)3
. (S7)

2 Percus-Yevick radial distribution function of hard-sphere

fluid in a matrix

Here we are using the hard-sphere radial distribution function obtained by Wertheim from

Percus-Yevick approximation.1 In the first shell 1 < r ≤ 2 we have

gHS(r, ηeff [L1]) =
1

3r

1

(1− ηeff )2

2∑
l=0

2∑
k=0

Hkj
kl exp [tl(r − 1)] , (S8)
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where

H0 = 1 +
1

2
ηeff , (S9)

H1 = − 1

4ηeff
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tl =
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−l
]
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πi

)
, (S12)
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8
, q =

3 + 3ηeff − η2eff
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. (S13)

3 Monomer contribution to thermodynamic properties

After integration, the expressions for Helmholtz free energy (14) and (15) are reduced to

βA1

V
= −2πL2

1βεGHS(ηeff [L1]) , (S14)

βA2

V
= −πL2

1β
2ε2KHSGHS(ηeff [L1]) , (S15)

where

GHS(ηeff [L1]) =
1

3

1

(1− ηeff )2

2∑
l=0

2∑
k=0

Hkj
kl∆S̃l(ηeff [L1]) , (S16)

∆S̃l(ηeff [L1]) = S̃l(λσ, ηeff [L1])− S̃l(σ, ηeff [L1]) , (S17)

S̃l(r, ηeff [L1]) =
etl(r−1)

t2l
(tlr − 1) . (S18)
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Differentiating the expressions for Helmholtz free energy (S14) and (S15) with respect to the

density we get the expressions for the chemical potentials

βµ1(m) = −2πβεmL1

[
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∂ηeff
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∂ηeff

]
, (S19)
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where
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, (S22)

∂GHS(ηeff [L1])
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, (S27)

∂q

∂ηeff
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4

ηeff + 2

η3eff
, (S28)

∂S̃l(r, ηeff [L1])

∂ηeff
=
etl(r−1)

t3l

[
t2l (r

2 − r)− tl(2r − 1) + 2
] ∂tl
∂ηeff

, (S29)

∂tl
∂ηeff

=
2
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]
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+

2ηeff
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]
, (S30)

and

∂KHS

∂η
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Using above mentioned general relation (6) we calculate expressions for the pressure

βP1 = −2πβεL2
1

[
GHS(ηeff [L1]) + η

∂ηeff
∂η

∂GHS(ηeff [L1])

∂ηeff

]
, (S32)
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βP2 = −πβ2ε2L2
1

{
GHS(ηeff [L1])η

∂KHS

∂η

+KHS

[
GHS(ηeff [L1]) + η

∂ηeff
∂η

∂GHS(ηeff [L1])

∂ηeff

]}
. (S33)

Consequently, total chemical potential and pressure of the monomer contribution of SW

segments in matrix are given by

βµM(m) ≡ βµSW (m) = βµSPT2b1
HS (m) + βµ1(m) + βµ2(m) , (S34)

βPM ≡ βP SW = βP SPT2b1
HS + βP1 + βP2 . (S35)

4 Chain contribution to thermodynamic properties

Similarly, as for thermodynamic properties of monomer contribution, differentiating the ex-

pression for Helmholtz free energy (17) with respect to the density and using general relation

(6) we calculate expressions for chemical potential and pressure of chain contribution:

βµchain(m) = −(m− 1) ln(ySW (σ, ηeff [L1]))

−(L1 − L0)
mπσ3

6gSW (σ, ηeff [L1])

∂gSW (σ, ηeff [L1])

∂η
, (S36)

βP chain = −(L1 − L0)
η

gSW (σ, ηeff [L1])

∂gSW (σ, ηeff [L1])

∂η
. (S37)

The contact value of the monomer radial distribution function gSW (σ, ηeff [L1]) is obtained

using expression (20):

gSW (σ, ηeff [L1]) = gHS(σ, ηeff [L1]) + βε

[
λ3gHS(λσ, ηeff [L1])
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{
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}]
, (S38)

and for ∂gSW (σ, ηeff [L1])/∂η we have:
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∂gSW (σ, ηeff [L1])
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(S39)

Here in the expressions (S38) and (S39) we substitute the relations obtained in the previous

subsections. Also we have:
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∂2g
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, (S42)

∂2GHS(ηeff [L1])
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∂2H0

∂η2eff
= 0 , (S44)
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∂2x±
∂η2eff

= −2
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(
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8
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√
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∂2q

∂η2eff
=
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, (S48)
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∂2S̃l(r, ηeff [L1])

∂η2eff
=
etl(r−1)

t3l

[
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, (S49)
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∂η2eff

=
4
[
−1 + x+j

l + x−j
−l
]

(1− ηeff )3
+

4

(1− ηeff )2

[
∂x+
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]
. (S50)

References

(1) M. S. Wertheim, Phys. Rev. Lett., 1963, 10, 321-323.

S9


