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Abstract. It is well known that 4,4- hexafluoro isopropylidene-phthalic anhydride(FDA) has higher permeability and selectivity. It is
contributed to —~CF group contained in polyimide structure material. In this study, the diffusion properties of a,w-bis(3-aminopropyldi methyl)
oligodimethylsloxane (ODMS) fragment impact on 6FDA were studied. Molecular smulation techniques and Grand canonical Monte
Carlo(GCMC)calculations were adopted for predicting the permeability of C;HsOH and H,O in the three new polymers membranes. The
membranes consdered in this work were synthesized from 6FDA and ODMS. The sorption and diffusion properties of CoHsOH and H20O were
calculated. The results show that the 6FD A/60DMS presents higher permeability than 6FDA/20DMS and 6FDA/4O0DMS. With the longer of
ODMS segments in the repeat units, the permeability and sdectivity of C;HsOH/H,O increase in the order of 6FDA/20DMS<
6FDA/AODMS< 6FDA/60ODMS. The length of molecular chains becomes longer with the ODMSS fragments increased, which leads to the gap
between the mol ecular chains becoming larger. Due to the free volume in the system increases, it is more conducive to the larger molecular
volume through the membrane. Hence, it can be predicted that the 6FD A/60DMSis the best for the separation of C;HsOH/H:0.

1 Introduction

Computer modeling of molecular systems at atomistic
level has become a high-efficiency tool which is applied
to study the membrane separation process*. Molecular
dynamics (MD) simulation is an effective investigation
approach for caculating the properties of polymeric
microstructures % after dynamic and equilibrium.
Meanwhile, MD simulation has previously been used to
study the membranes’ permeability of gaseous mixture
and organic liquid mixture. Liu et a."® investigated the
CO,/CH,4 permeabilities in polyamide-imide isomers by
molecular simulation. They found the 6FDA/12p
exhibited higher diffusivity and permselectivity which
were close to the reported experimental data. They aso
discussed the transport behavior of oxygen and nitrogen
through  organasilicon-containing  polystyrenes by
molecular simulation™. Zhou et a.™ studied the
separation of water/ethanol azeotropic mixture in poly
(vinyl alcohol) membrane by molecular simulation. For
PVA membrane, they found that the conditions of room
temperature and high pressure were favorable for
separation. Findly, they concluded that the separation
factor of PVA membrane with polymerization degree of
1000 can ensure the concentration of ethanol reaching
99.96 wt % under 298 K and 101.325 Kpa. Kuhn et a.™™
investigated the adsorption and diffusion of water,
methanol and ethanol in al-silica DD3R membrane. The
simulated results were well agreement with the
experimental data, too.

In order to make sure that using the molecular
simulaion method to calculate the diffusion coefficient is
reliable, we repeated the work of Liu et a.’*' at first.
The diffusivity of O,through the PDMS membrane was

calculated by using Molecular dynamics (MD) simulation.

Fortunately, the cal culaed val uewas well agreement with
the experiment data™>*®. In addition, the calculated value
of solubility of CO, in 6FDA/8m membrane was wel
agreement with the experiment data*”. Therefore, it can
be concluded that the MD simulation method was
reasonable to predict the penetration behavior of
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molecules in membranes. The Molecular dynamics (MD)
simulations are performed in this work to predict the
permselectivity of C,HsOH/H,O in three new polymer
membranes which are based on 6FDA/mODMS (m=2, 4,
6). The Solubility and Diffusivity of the membranes were
caculated and compared. Finally, the membrane
composition will be found which is the most suitable for
the separation of ethanol and water.

2 Methodology

The sol ution-diffusion mechanism™ is used to describe
the permeation of small penetrant through nonporous
polymeric membranes. It is worth to note that the
permeability is the product of the diffusion coefficient (D)
and solubility coefficient (S) which can be described as

Qg = g X a, = (Dy/Dy) * (54/55) &N

2.1 Solubility

The solubility coefficients of the penetrant molecules can
be determined from the Grand Canonica Monte Carlo
(GCMC) method. In addition, the concentration
probability of penetrant in the membrane is determined
by the energy change between the new configuration and
the previous configuration. In this procedure, a
Metropolis agorithm was used to decide on sorbate
insertion and deletion as well as the acceptance or
rgection of configurationa moves (rotation and
translation of the sorbate molecules)™.

The dual-mode sorption model was illustrated to study
the penetrant sorption behaviors from lower to higher
pressure in this work, as the following equations***
described:

C=kyP+E2 (2)
_c_ Cu b
S=p= kot s ©)



Where C is the total penetrant concentration in a glassy

polymer; Kp isthe Henry’s law coefficient; Cy and b are
the capacity parameter and the Langmuir hole affinity
parameter, respectively; Sisthe solubility of penetrant.

2.2 Diffusion

Diffusion coefficient is calculated by the Einstein’s
relationshipH*?: )
D = lim {lr(ed—r0d] =)
6t @
Where D is the self-diffusion coefficient, and r (0) is an
initial position vector of the penetrant molecules at time O,

r (t) is the position vectors of the penetrant molecule at

time t {r(t) —r(0)|%) represents the ensemble
average of the mean-square displacement (MSD) of the
inserted penetrant mol ecul es.

E—*oo

3 Models And Simulation Details
3.1 Models building

The simulations were performed using Material Studio
(MS) software 6.0 (Accelrys Inc., San Diego). The
chemical structures of 6FDA and ODMS were
constructed by the Amorphous Cell module showed in
Fig.1. One polymer chain was folded in the amorphous
cell under periodic boundary conditions at 318K to get 10
independent configurations. Then, the configuration with
lowest energy was selected for energy minimization. This
task employed both steepest descent and conjugate
gradient algorithms with the convergence level setting to
0.001kcal-mol ™A™ In order to reach the equilibration,
these structures were subjected to anneal simulation with
the NPT ensemble at 1 atm. The cells were heated from
200 K to 800 K and then cooled down from 800 K to 200
K with the gradient of 50 K. At each step, 120 ps NPT
MD simulation were carried out. After that, 150 ps NPT
MD simulation were performed to further optimize the
gtructures. Findly, 1.5 ns NVT MD simulation were
performed for analyzing the properties of the membranes.
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Figure 1. Repreeents the repeat units of the polymers
used in this study, (8):6FDA, (b): OMDS, (c) the repeat
unit of product, m=2,4,6.

o

In this study the COMPASS force field®*?? was used
which shows efficient in reproducing density-related
properties in polymers®. The non-bonded interactions
were calculated by using the Van der Waas and
Coulombic interactions. The “atom based” method'*” was
used with a cutoff distance of 9.5A. The spine width and
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buffer width were 1.00 A and 0.5 A, respectively. All the
procedures were given the same step of 1 fs. The
Andersen thermostat was used for temperature and the
Bendersen was used for pressure control. In order to
avoid packing algorithm related catenations and spearing
of aromatic units it was necessary to start with a low
initial packing density (typically 0.1 g/cc®).

3.2 Simulation of solubility and diffusivity

The solubility of H,O and C,HsOH were calculated by
using the GCMC (Grand Canonica Monte Carlo)
method®?”. The sorption isotherm was obtained by
using Sorption modules over a pressure range 10-500
KPa. At each pressure, 1000000 steps of GCMC
caculations were performed by using an initia
equilibration period of 100000 steps.

Diffusivities were obtained by the addition of 20 water
and 1 ethano molecules into each independently
equilibrated configuration to form a new simulation cell
at 318K. Then, the same procedure that described in
Section 3.1 was used after each configuration equilibrated.
The diffuson simulations were performed for 3.5 ns
under the NVT ensemble. Finally, an average value of D
was obtained from the independent states.

4 Results And Discussion

There are two empirical standards can prove the fina
equilibrium structures are obtained, that is the variation
magnitude of temperature with time within 10%, the
same as the energy. As can be seen from the Fig.2, both
the ranges of change of the temperature and the energy
are within 5%. Therefore, the fina structures obtained
after MD simulation were effective when they were used
to anayze the data.
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Figure 2. Energy vs. simulation time(a)N onbond energy;
(b)Potential energy,and Temperature vs. simulation time.

4.1 Solubility

The sorption isotherms of the 6FDA/20DMS,
6FDA/AODMS and 6FDA/60ODMS are shown in Fig.3.
With the help of Eqg. (2) and Eqg. (3), the water solubility
and ethanol solubility of the polymers can calculate. All
the results are liged in Table 1. By the Eq. (1), the
solubility selectivity can be obtained. According to Table
1, it isfound that there is no significant difference among
the water solubility in each polymer. The vaues of
ethanol solubility in 6FDA/20DMS and 6FDA/40DMS
are amost same but the ethanol solubility in
6FDA/60ODMS is higher than these two.
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Figure 3. Represents the sorption i sotherm of C,HsOH
and H,O in 6FDA/mODM §(m=2,4,6).

4.2 Diffusivity

All theresults of diffusion coefficients are listed in Table
1. The log (MSD) dependence of log (time) of C,HsOH
and H,O molecules in 6FDA/20DMS, 6FDA/4ODMS
and 6FDA/60ODMS are presented in Fig.4. The criterion
for a model system reaching the normal diffusion regime
is that the slope of log (MSD) vs. log (t) approaches
unity?®*® . Note that the slope of the log (MSD) vs. log (t)
curve increases approximately after1500 ps for H,O and
C;HsOH in 6FDA/20DMS, after 800 ps for H,O and
C;HsOH in 6FDA/4ODMS, after 1000 ps for H,O and
C,HsOH in 6FDA/60ODMS, respectively. In Fig.5, the
Mean-square displacements of H,O and C,HsOH in
6FDA/20DMS, 6FDA/4ODMS, 6FDA/6ODMS are
listedin Table 1.
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Figure 4. Log (MSD) Vs. log (t) plots for the diffusion of
C;HsOH and H,0 in the 6FDA/mODM S(m=2,4,6).
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Figure 5. Represents the MSD of C;HsOH and H,O in
the 6FDA/mODM S(m=2,4,6).

According to Table 1, viewed that there is no significant
difference  between the water diffusivity in
6FDA/20DMS and 6FDA/4AODMS, however, the water
diffusivity in 6FDA/60ODMS is smaller than these two. It
is found that the diffusivity of C,HsOH in the polymers
increases in the order of 6FDA/20DMS<
6FDA/4AODM S<6FDA/60DMS. Absolutely, the
diffusion selectivity of 6FDA/60DMS is the largest.

The permselectivity can be calculaed with Eq. (1), as
listed in Table 1. It is found that the higher
permselectivity of 6FDA/60ODMS is mainly due to its
higher diffusivity selectivity. Also it can be found that
with the increasing of ODM S segmentsin the repeat units,

the Y. H. OH /H, 0 for the polymers increase in the order
of 6FDA/20DM S<6FDA/AODM S<6FDA/60ODMS. The
permeability in the polymers has relationship with the
molecular dimension of penetrant and the free volume of
the polymers. As we known, C,HsOH has larger
dimension and smaller free volume than H,O. With the
increasing of ODMS segment in the repeat units, the free
volume of the polymers increase, which lead to the
permeability of C,HsOH in the polymer becoming larger.
As the results shown in Table 1, the polymer
6FDA/60ODMS has the best permsel ectivity.



Table 1. solubility, diffusivity and selectivity values for C,HsOH and H,O in 6FDA/20DM S, 6FDA/40DMS and
6FDA/6ODMS at 318K. (A and B respectively represent C;HsOH and H,0).

6FDA/20DMS 6FDA/AODMS 6FDA/60ODMS

Sa*10%(cm(STP)-cm™-atm’™) 2.6470 2.6040 6.1180
Se*10%(cm*(STP)-cm>-atm'™) 0.8586 0.9310 0.7596
0=V 3.08 2.80 8.05
Da*10%(cm*s™) 2.937 8.983 14.756
Dg*10%(cm?-s™) 5.218 5.74 2.295
0g=Da/Ds 0.563 1.57 6.43

OpB= s Og 1.73 4.40 51.7

5 Conclusions

Molecular dynamics simulations based on the COMPASS
forcefield have been performed to study the permeability
of C,HsOH/ H,O in 6FDA/20DMS, 6FDA/AODMS and
6FDA/6ODMS. The sorption and diffusion properties of
C,HsOH/ H,O in the polymers are investigated. It is
found that the solubility and diffusivity of H,O in
6FDA/60ODMS have smaller values than the other two,
and the solubility and diffusivity C,HsOH in
6FDA/6ODMS have greater values than the other two.
Therefore, it can be obtaned that the polymer
6FDA/6ODMS has the greater permselectivity of
C,HsOH/ H,O which is good for the separation of
C,HsOH and H,0.
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