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Two types of composite imprinted membranes, i.e., composite membrane comprised of D-Phe imprinted beads 
and D-Phe imprinted membrane or DCM and composite membrane comprised of L-Phe imprinted beads and 
L-Phe imprinted membranes or LCM, were synthesized by phase inversion technique after a uniform dispersion 
of beads within the polymeric solutions using simple physico-mechanical process. The assemblies of the prepared 
DCM, LCM and control membranes were employed in ultrafi ltration for chiral separation of D, L-Phenylalanine 
racemate solution. DCM and LCM showed an improved adsorption capacity (0.334 mg g–1 and 0.365 mg g–1 re-
spectively), and adsorption selectivity (2.72 and 2.98 respectively). However, the percent rejection of the template 
and counter enantiomer were lower than that of control membranes. Compared to control membrane, the DCM 
and LCM showed inverse permselectivity. These composite membranes having better adsorption and separation 
ability for Phenylalanine racemate solution will be suitable in the future for various other applications.

Keywords: molecularly imprinted composite membranes, Phe imprinted beads, Phe imprinted membranes; 
ultrafi ltration, adsorption selectivity.

INTRODUCTION

Molecular imprinting is one of the extensive research 
approaches for preparing a novel type of adsorbing 
material with recognition sites specifi c for desired sub-
stances1–3. The use of molecularly imprinted membranes 
(MIMs) in ultrafi ltration can be considered better than 
other separation processes in a sense that they have high 
adsorption capacity due to a large surface area, faster 
transport of substrate molecules and faster adsorption 
process due to faster occupation of the binding sites4–6. 
Superior stability, easily scale up and low preparation 
cost for most of the target analytes also make their im-
portance known in various fi elds e.g. food, pharmaceutics, 
and the environment, etc.7–11. 

Using the advantageous behavior of composite mate-
rials, MIMs may be made better in their functioning by 
incorporating some functional fi ller. That’s why different 
attempts have been made to prepare MIP composite 
membrane systems using MIP beads/fi bers as a reinfor-
cing or dispersing phase for advanced molecular sepa-
ration12–17. The incorporation of MIP beads/fi bers into 
the membranes has great infl uence on its performance 
if their binding sites remain intact after encapsulation. 
The incorporated MIP beads/fi bers with active sites may 
greatly enhance the extraction, adsorption and selective 
separation capability of the system17, 18. The surface 
area and aspect ratio of the reinforcing particle and its 
adhesion to the matrix are of great importance, because 
they control the fi nal properties of the composites. The 
best performance of polymeric composites is achieved 
only when there is no agglomeration of fi ller dispersed 
in the polymer matrix19. Similarly, the MIP micro/nano-
-particles prepared by either suspension or precipitation 
polymerization play a vital role in enhancing the binding 
effi ciency of the MIP system due to their regular shape 
and large surface area13. 

The two enantiomers of racemic mixture exhibit entirely 
different biological and pharmaceutical activities which 
make it necessary to separate the two. The cost and 
effi ciency of the separation technique for the resolution 
of racemic mixture is important from the economic point 
of view20–23. The use of MIP composite membranes is 
suitable in aqueous medium for achieving high selective 
adsorption and separation of structurally similar compo-
unds1, 24–26. Due to high adsorption capacity these also 
have their potential applications in various fi elds such as 
concentration, fractionation, purifi cation, sensors, drug 
delivery systems and in scaffolds etc.27–31

The aim of this work was to develop and study the 
role of novel and cost effective phenylalanine (Phe) 
imprinted adsorptive composite membranes with high 
adsorption capacity and selectivity along with maintaining 
the typical membrane characteristics. In the present 
study, development of molecularly imprinted composite 
membranes by incorporating the newly prepared D-Phe 
and L-Phe imprinted P (MMA-co-EGDMA) submicron/
nanoscale beads (DIBs and LIBs respectively)30; into 
the D-Phe and L-Phe imprinted membranes (DIMs 
and LIMs) matrix respectively, is reported. The prepa-
red Phe imprinted composite membranes based on the 
selective adsorption phenomenon were employed in an 
ultrafi ltration system to achieve high adsorption capacity 
and improved selectivity at a faster rate.

EXPERIMENTAL

Material
D-Phe, L-Phe, D, L-Phe racemic mixture (D, L-Phe), 

methacrylic acid (MAA), ethyleneglycoldimethacry-
late (EGDMA), and trifl uoroacetic acid (TFA) were 
purchased from Sigma-Aldrich (St Louis, MO, USA); 
2.2-azobisisobutyronitrile (AIBN) was obtained from 
Junsei Chemical Co., Ltd. (Japan); toluene and dime-
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thylsulfoxide (DMSO) were the products of Duksun 
Pure Chemical Co., (Korea); sodium dodycyl sulfate 
(SDS) was from Fluka (Switzerland), acrylic acid (AA), 
polyvinyl alcohol (PVA), copper sulfate (CuSO4 

. 5H2O) 
and acrylonitrile (AN) were obtained from Yakuri Pure 
Chemicals Co., (Osaka, Japan). Acetonitrile was from 
Honeywell Int’l Inc. (USA). All reagents used were of 
analytical grade.

Procedure for preparation of DCM and LCM
For synthesis of molecularly imprinted composite 

membranes the DIBs and LIBs were prepared by mo-
difi ed suspension polymerization method20, 32, 33 and the 
D-Phe and L-Phe incorporated polymeric solution were 
prepared by in situ polymerization method34. 

Preparation of DIBs and LIBs
DIBs and LIBs were prepared by mixing an organic 

solution of D-Phe or L-Phe (0.116 g, 1 mmol), MAA 
(0.34 ml, 4 mmol), acetic acid (0.6 ml), TFA (0.4 ml), 
EGDMA (3.77 ml, 20 mmol) and toluene (3 ml), AIBN 
(0.15 g) with an aqueous solution of PVA (3.45 g/130 mL) 
and SDS (1.0 g/20 mL) in the polymerization reactor. 
Then the solution was purged with N2 and polymerized 
at 60°C for 24 hours. DIBs with round shape and porous 
surface were obtained by this method. The average beads 
size was in the range of 100 nm~1.5 μm. 

Preparation of D-Phe and L-Phe incorporated poly 
(acrylonitrile-co-acrylic acid) solution (DI- or LI-P (AN-
-co-AA) solution

DI- and LI-P (AN-co-AA) solution were prepared by 
initially dissolving 0.5 g of D-Phe or L-Phe, 50.43 g of 
DMSO and 2 ml of TFA in 7.51 g of AA at 50°C for 
2 h in the polymerization reactor. 37.72 ml of AN was 
added to this solution and stirred for 5 min. This was 
followed by the addition of 0.22 g of AIBN dissolved 
in 50 g of DMSO and purging with N2 for 5 min. Then 
the copolymerization reaction was done for 6 h at 200 
rpm and 60°C under a nitrogen atmosphere. After 
completion of the copolymerization reaction 100.86 g 
of DMSO were added into the polymer solution and 
stirred for about 20 h at 200 rpm and 25°C in order to 
dilute the thick viscous solution. The prepared polymer 
solution was then kept in the vacuum oven for 24 h at 
25°C temperature and 0.8 atm pressure to evaporate air 
bubbles and any moisture present.

Preparation of composite membrane comprised of DIBs 
and DIM (DCM) and composite membrane comprised 
of LIBs and LIM (LCM)

For this purpose 3%, w/w, of already washed and freeze-
-dried DIBs or LIBs were dispersed into the prepared DI- 
or LI-P (AN-co-AA) solutions respectively by vortexing 
with VORTEX-GENIES 2 (USA) for 10 min followed 
by 20 min of sonication with a NEXUL ultrasonicator. 
Entrapped air in the thick, viscous composite polymeric 
solution was removed by using a vacuum pump (Tokyo 
Rikakikai Co., Ltd. Japan) along with ultra sonication for 
10–15 min. The composite solution was then cast onto 
the surface of glass plates with the help of an applicator 
(BYK Gardner 2021) and dipped into the distilled water 
for about 5 min at 25°C to obtain sheets of DCM and 

LCM. The control membranes (DIMs and LIMs) were 
also prepared by the same method, but without the ad-
dition of DIBs and LIBs. The average thickness of the 
resultant composite membranes was 70~80 μm while 
that of DIMs and LIMs was 40~50 μm. 

Washing of the prepared composite membranes, control 
membranes and beads

The main extraction of the template molecules was 
done during coagulation step of the membrane formation. 
However, further washing of the prepared composite 
membranes and control membrane was carried out with 
a continuous exchange of 5% acetic acid solution and 
distilled water for about 24 h on orbital shaker at 110 
rpm and 25°C to remove the remaining template mole-
cules. After completion of washing process both types of 
membranes were thoroughly washed with distilled water 
to remove the residual acetic acid. The prepared DIBs 
and LIBs were also washed excessively with 5% acetic 
solution followed by distilled water till the removal of 
template molecules. 

Physical characterization of the prepared composite and 
control membranes

Percent swelling ratio (SR%) and Water holding ca-
pacity (WHC) of the prepared composite and control 
membranes were determined by the following equations. 

  (i)

Where Ww is the wet weight (g) of the membrane and 
We is the dry weight (g) of the membrane at equilibrium. 

  (ii)
WHC (g/g) is measured as the amount (g) of water 

adsorbed per unit mass (g) of the membrane (composite 
or control), where Wm is the freeze-dried weight (g) of 
the membrane. 

FE-SEM analysis
A scanning electron microscopy (SEM) of the fre-

eze-dried composite membranes was performed using 
a Hitachi S-4800 & EDX-350 (Horiba) FE-SEM (Tokyo 
Japan). Samples were fi xed in the brass holder and co-
ated with OsO4 by VD HPC-ISW osmium coater (Tokyo, 
Japan) prior to FE-SEM observation. 

Ultrafi ltration (UF)
For conducting UF an assembly of 6 sheets of the 

prepared membranes was employed. The assembly was 
then fi xed in a Millipore UF kit. The chiral separation 
ability of the DCM and LCM as well as DIMs and LIMs 
was investigated. An aqueous solution of pH 6 containing 
100 mg L–1 of D, L-Phe (50 mg for each enantiomer) 
was passed through membranes in a UF kit driven by 
a pressure of 1 atm. 20 ml of the feed volume was used 
initially. Samples were collected from permeate and re-
tentate after each 2 ml of permeation. The permeation 
time for collection of each 2 ml permeate sample was 
2–3 min. For sampling, the fi ltration process was stopped 
each time. The time for taking each of the retentate 
samples was approximately 2 min.
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RESULTS AND DISCUSSION

Composite membrane morphology 
The structural and morphological study of the prepared 

DCM and LCM was done by SEM analyses. The SEM 
micrographs shown in Figure 1 (A-D) represent different 
aspects of the prepared composite membranes. Figure 1 
(A) and Figure 1 (C) represent the nanoporous structure 
of DCM and LCM, respectively. The cross sectional 
morphology and a uniform dispersion of beads in the 
DCM and LCM matrix is shown in Figure 1 (B) and 
Figure 1 (D). The uniform dispersion of beads within 
the composite membrane matrix was achieved due to 
the suitable dispersion methods, appropriate sizes and 
spherical shapes of beads. Furthermore, the uniform 
dispersion of beads within the DCM and LCM matrix 
was made possible in a short time without using any 
surfactant or other chemical for dispersion purpose.

The packing of submicron/nanoscale beads inside the 
DCM and LCM matrix caused an increase in its thick-
ness compared to non-composite membranes. Figure 1 
(B) and (D) also clarify that the beads were uniformly 
dispersed within the composite membrane and had 
faced no damage during their dispersion and casting 
processes. The DCM and LCM maintained the basic 
three layered structure of the P (AA-co-AN) membranes 
prepared by phase inversion technique6, 25, 26. Similarly, 
the surface topology and pore symmetry shown in Figure 
1 (A) and (C) clarify that the DCM and LCM not only 
provided a large surface area, but it also maintained 
the nano-porous structure for active permeation of the 
enantiomers during UF. 

High performance liquid chromatography (HPLC) 
analysis

The amounts of D-Phe and L-Phe were measured by 
analyzing the obtained permeate and retentate samples 
using high-performance liquid chromatograph equipped 
with an M930 solvent delivery pump and M720 UV 
absorbance detector (Young-Lin Instruments, Anyang, 
Korea). A TSK gel Enantio L2 column (Tosoh, Tokyo, 
Japan) with dimensions of 4.6 mm × 250 mm was used.

From HPLC results various parameters of the prepared 
DCM, LCM and their control membranes were calculated 
by different equations as reported previously34 which are 
mentioned as following:

Amount of Phe adsorbed:

  (iii)

Where Q is the amount of D- or L-Phe adsorbed on 
the membrane (mg g–1), while Mo, Mp and Mr are the 
amounts of the D- or L-Phe (mg) in the feed solution, 
permeate and retentate, respectively.

Adsorption selectivity:

  (iv)

Where α ads is the adsorption selectivity, Q1 and Q2 are 
the amounts (mg g–1) of the template and the counter 
enantiomer adsorbed on the membrane, respectively.

Selective rejection of the solute:

  (v)

Where R is the rejection of D- or L-Phe; Vr represents 
the volume (m-3) of retentate; Vp represents the volume 
(m–3) of permeate and Cr and Co are the concentrations 
(mg m–3) in the retentate and feed solution, respectively. 
The selective rejection (R) is calculated in percentage 
hence the data obtained is represented as percent rejec-
tion and is mentioned as Rejection (%).

Rejection selectivity of the membrane:

  (vi)

Where α rej is the rejection selectivity, R1 and R2 are 
the rejection of the template and counter enantiomer 
by the membrane, respectively. 

Permeability coeffi cient:

  (vii)

Where P is the permeability coeffi cient (m2 . s–1), f 
is the fl ux (mg . m–2 . s–1) calculated by dividing Mp by 
unit area A (m2) of the membrane and time T (s); ∂ is 
the membrane thickness (m); and Cp is the concentra-
tion (mg m–3) of D- or L-Phe in permeate respectively.

Permselectivity:

  (viii)

Where α perm is the permselectivity, P1 and P2 are the 
permeability coeffi cient (m2 s–1) of the template and 
counter enantiomer.

Figure 1. FE-SEM micrographs of the prepared DCM and 
LCM where (A) and (C) represent the nanoporous 
surface and (B) and (D) show the nanobeads dis-
tribution in the polymer matrix of DCM and LCM 
respectively

Extraction of template
The extraction of template molecules for getting specifi c 

binding sites in the polymer matrix is an important step 
in molecular imprinting35. In this study it was found that 
most of the template molecules (more than 73%) were 
dissolved in water during the coagulation step of DCM 
and LCM preparation. The remaining template molecules 
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LCM respectively, were also much higher compared to 
272.49% and 283.12% for DIM and LIM respectively. 

All of these changes in the physical properties of DCM 
and LCM may be considered due to a large surface 
area, high thickness and an increase in the number of 
available binding sites (ionic groups) in the prepared 
DCM and LCM owing to the incorporation of imprinted 
submicron/nanoscale beads12, 36, 37. The enhanced WHC, 
SR% and binding capacity, support the fact that even 
after incorporation the imprinted submicron/nanoscale 
beads had performed their role actively inside the DCM 
and LCM matrix.

Adsorption and adsorption selectivity 
The use of monodisperse MIP particles has great infl u-

ence in enhancing the binding capacities of the MIMs12. 
Several attempts for increasing the adsorption ability and 
selectivity of the MIP beads and MIP membranes were 
made as such or by incorporating the MIP particles into 
or on the non-MIP polymer membrane matrix1, 19, 24–36. 
Similarly, in case of MIP composite membranes prepared 
by coating thin MIP fi lm over the non-MIP support also 
showed good adsorptive behavior15. However, almost 
all of these composite systems used a non-MIP support 
and their operation time was much longer compared to 
the present composite system. Table 1 shows that after 
initial 2 ml of permeation the adsorption capacity and 
selectivity of DCM and LCM were more than 37 to 60 
times higher than that of control membranes (DIMs and 
LIMs respectively). Similarly, Table 1 also clarifi es that 
their adsorption selectivity was also higher than the Phe 
imprinted beads. Figure 3 (A) shows that the maximum 
cumulative adsorption capacity of DCM for D-Phe and 
L-Phe were 1.970 mg g–1 and 1.781 mg g–1 (after 12 ml 
of permeation). Similarly, Figure 4 (B) shows that the 
maximum adsorption capacity of LCM for D-Phe and 
L-Phe were 1.881 mg g–1 and 2.077 mg g–1 respectively. 
One evident cause for this much higher adsorption capa-
city was the applied pressure which made the access of 
template to the deeper sites of the incorporated beads 
within the composite membranes. UF was carried out at 
1 atm gauge pressure and thus the adsorption capacity 
of incorporated beads in a composite membrane incre-
ased during UF as explained by different adsorption 
studies36, 37. However, there were also several other 
factors which made possible the high adsorption capacity 
of the composite membranes compared to the control 
membrane. The increase in the surface area27, 37 and the 
availability of a large number of functional sites38 due 

Table 1. Comparative study of different parameters of DCM, LCM, DIMs and LIM after fi ltration of 12 ml of a 100 mg L–1 race-
mic mixture of phenylalanine through an assembly of 6 sheets of each at 1 atm applied pressure. The adsorption capacity 
and adsorption selectivity of DIBs and LIBs were calculated after shaking 0.1 g of DIBs and LIBs soaked in 2 ml of 
100 mg ml–1 of phenylalanine racemate solution

Figure 2. Percent swelling ratio with respect to time profi le of 
DCM and LCM and DIM. For determining the swell-
ing ratios, single sheets of DCM and LCM and DIMs 
were immersed in distilled water for 24 h at 25°C and 
its wet weight was determined followed by measuring 
the equilibrium dry weight at 25°C. The difference in 
weights was used to calculate the percent swelling ratios

were extracted with 5% acetic acid solution. Similarly, 
in case of DIMs and LIMs more than 69% of template 
molecules were removed during coagulation followed 
by washing with 5% acetic acid and distilled water for 
complete removal of template molecules. After complete 
washing a total of 88.68% and 89.25% of template mole-
cules were extracted from DCM and LCM respectively, 
compared to 83.75% and 84.29% in the case of DIMs 
and LIMs respectively. The relatively higher extraction 
of template from the composite membrane matrix was 
due to the use of physico-mechanical processes during 
composite membrane preparations. These processes lo-
osened the membrane structures and hence, the removal 
of the template was easier compared to non-composite 
membrane where no such process was applied.

Physical characterization
The WHC and SR% of the prepared DCM and LCM 

were studied and compared with DIM and LIM respec-
tively. DCM and LCM showed a high SR% compared 
to their control membranes as clarifi ed from Figure 2. 
The DCM and LCM had a greater WHC compared to 
their control. WHC of DCM and LCM were 0.161 g g–1 
and 0.166 g g–1 respectively, compared to 0.146 g g–1 and 
0.149 g g–1 for DIM and LIM respectively. The maxi-
mum SR% values 387.55% and 395.53% for DCM and 
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to incorporated imprinted beads and the formation of 
suitable environment within the composite membranes 
matrix were the various causes for achieving the higher 
adsorption capacity1, 26, 26. 

The adsorption selectivity of DCM and LCM has also 
been much improved compared to control membranes 
and beads. Table 1 shows that the maximum adsorption 
selectivity achieved after initial 2 ml of permeation were 
2.722 and 2.983 for DCM and LCM respectively, com-
pared to 1.848 and 1.977 for DIM and LIM respectively. 
Figure 3 (A) and (B) show that initially the adsorption 
selectivity was higher, but then decreased gradually with 
an increase in permeation volume. This may be due to 
the fact that with an increase in permeation volume 
most of the selective binding sites were occupied39 owing 
to which the specifi c adsorption of template molecules 
ceased. Besides this, the increase in concentration of 
the retentate solution due to the rejection phenomenon 
may also be considered as a major factor responsible for 
a decrease in adsorption selectivity34 with an increase in 
permeation volume.

This study shows that LCM has the highest value of 
adsorption capacity and adsorption selectivity which was 
due to the high adsorption capacity and selectivity of 
LIM and the incorporated LIBs. Hence, it is evident 
from this study that the combining MIP formats have 
great infl uence on the selective adsorption performance 
of the resultant composite system.

Rejection and rejection selectivity
The membranes performance cannot be analyzed per-

fectly by studying only its separation ability, but their re-

jection and fl ux properties should also be considered40, 41. 
Table 1 shows the rejection study of the DCM and LCM 
assembly which indicates that the percent rejection for 
both of the enantiomers is lower compared to DIMs and 
LIMs. This decrease in percent rejection for both of the 
enantiomers may be considered due to high adsorption 
on the surface as well as inside the composite membra-
nes system as the imprinted membranes have binding 
sites on the surface as well as inside the matrix15, 16. The 
comparatively less rejection may be considered suitable 
for enhanced adsorption and extraction purposes because 
this enhances the chances of binding sites accessibility 
and have a positive effect on permeation. Figure 4 (A) 
and (B) show that the percent rejection was decreased 
with increase in permeation volume. The cause for this 
decrease in rejection is the membranes stretch and pore 
deformation phenomena under the applied pressure34, 42 
with an increase in permeation volume. 

Rejection selectivity value is much lower than 1 which 
indicates the greater rejection of counter enantiomer 
compared to template molecules. The imprinted com-
posite membrane matrix having the specifi c gates for 
template molecules hindered the penetration of counter 
enantiomer, which resulted in their higher rejection 
compared to the template molecules34.

Permeability coeffi cient and permselectivity
The permeability coeffi cient and permselectivity values 

of a membrane system may give an idea about its separa-
tion ability12, 38. From Figure 5 (A) and (B) it is clear that 
the value of permselectivity is less than 1. This is because 

Figure 3. Specifi c adsorption and adsorption selectivity profi les 
of D- and L-Phe during fi ltration of 12 ml of 100 
mg L-1 racemic mixture of phenylalanine through an 
assembly of 6 sheets of (A) DCM and (B) LCM at 
1 atm applied pressure

Figure 4. Rejection and rejection selectivity profi les of D- and 
L-Phe during fi ltration of 12 ml of 100 mg L-1 race-
mic mixture of phenylalanine through an assembly of 
6 sheets of (A) DCM and (B) LCM at 1 atm applied 
pressure
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Conclusions
Composite MIP membranes (DCM and LCM) were 

prepared by the phase inversion method after dispersing 
DIBs and LIBs into the DI-P (AN-co-AA) and LI-P 
(AN-co-AA) solutions respectively by a simple physico-
-mechanical process. FE-SEM analysis showed the nano-
porous surface morphology and uniform distribution of 
Phe imprinted beads into the Phe imprinted composite 
membrane. The DCM and LCM showed a greater ad-
sorption capacity and adsorption selectivity compared to 
control membranes and beads. Similarly, the as-prepared 
imprinted composite membranes showed less percent 
rejection and inverse permselectivity compared to their 
respective control membrane. The adsorption capacity 
and adsorption selectivity of LCM were higher than that 
of DCM. In short, the composite membranes comprised 
of imprinted beads and membranes selective for same 
template molecule followed the selective adsorption 
which resulted in the retarded transport of template 
molecules. Due to having high adsorption capacity and 
selectivity, these composite systems will be useful in 
future for separation, purifi cation, drug delivery systems 
and in various biomedical applications.

Nomenclature
D-Phe D-Phenylalanine
L-Phe  L-Phenylalanine
DCM  Composite membrane comprised of DIBs and 

DIM 
LCM  Composite membrane comprised of LIBs and 

LIM 
DIBs D-Phe imprinted P (MMA-co-EGDMA) sub-

micron/nanoscale beads 
LIBs L-Phe imprinted P (MMA-co-EGDMA) sub-

micron/nanoscale beads
DI-P (AN-co-AA)    D-Phe incorporated poly (acrylo-

nitrile-co-acrylic acid) 
LI-P (AN-co-AA)     L-Phe incorporated poly (acrylo-

nitrile-co-acrylic acid) 
DIM  D-Phe imprinted P (AN-co-AA) membrane
LIM  L-Phe imprinted P (AN-co-AA) membrane
UF  ultrafi ltration
A effective area of the membrane [m2] 
Co  concentration of D- or L-Phe in the feed solu-

tion [mg m–3]
Cp concentration of D- or L-Phe in permeate [mg 

m–3]
Cr concentrations of D- or L-Phe in the retentate 

[mg m–3]
f  fl ux of D- or L-Phe [mg m–2 s–1]
Mo amount of D- or L-Phe in the feed solution 

[mg]
Mp amount of D- or L-Phe in the permeate [mg]
Mr amount of D- or L-Phe in the retentate [mg]
P permeability coeffi cient of the D- or L-Phe 

[m2 s–1]
P1 permeability coeffi cient of the template 

[m2 s–1]
P2 permeability coeffi cient of the counter enan-

tiomer [m2 s–1]
Q amount of the D- or L-Phe adsorbed on the 

membrane [mg g–1]

the DCM and LCM selectivity adsorbed higher amount 
of template compared to counter enantiomer owing to 
incorporated DIBs and LIBs respectively. This permselec-
tivity study clarifi es that the greater selective adsorption 
of template molecules caused by the incorporated DIBs 
and LIBs as well as the membrane matrix of DCM and 
LCM respectively. Figure 5 (A) and (B) clarify that the 
permeability coeffi cient values for both the enantiomers 
increased with an increase in permeation volume, which 
may be due to membrane structural distortion and pore 
enlargement34 with an increase in permeation volume. 
Ulbricht12 reported that the increase in permeability is 
due to membrane swelling as a consequence of template 
binding to imprinted sites which is also a considerable 
reason for this increase. 

The permselectivity value of DCM and LCM was 
lower than 1 which indicates the greater adsorption of 
template molecules compared to counter enantiomer30. 
The greater adsorption of template molecules by com-
posite membranes resulted in a higher permeation of 
counter enantiomers. It clarifi ed that the phenomenon 
of retarded transport caused by incorporated DIBs and 
LIBs in the DCM and LCM respectively was greater 
compared to the facilitated transport maintained by the 
composite membranes matrix. Hence, it is concluded 
that the higher selective adsorption and lower rejection 
had imposed a great infl uence on selective permeation 
properties of the composite membranes. 

Figure 5. Permeability coeffi cient and permselectivity profi les 
of D- and L-Phe during fi ltration of 12 ml of 100 
mg L-1 racemic mixture of phenylalanine through an 
assembly of 6 sheets of (A) DCM and (B) LCM at 
1 atm applied pressure
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Q1 amount of the template adsorbed on the 
membrane [mg g–1]

Q2 amount of the counter enantiomer adsorbed 
on the membrane [mg g–1]

R the percent rejection of the D- or L-Phe 
R1 rejection of the template by the membrane
 R2 rejection of the counter enantiomer by the 

membrane
SR% percent swelling ratio
t time required for a solution to pass through 

the membrane [s]
Vr volume of the retentate [m–3]
WHC water holding capacity
We  dry weight of the membrane at equilibrium [g]
Wm freeze dried weight of the membrane [g]
Ww wet weight of the membrane [g]
∂ the membrane thickness [m] 
α ads adsorption selectivity
α perm permselectivity
α rej rejection selectivity
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