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Selective Separations Using Molecularly Imprinted Membranes
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This review presents the preparation, transport mechanism and application of molecularly imprinted membranes (MIM).
Molecular imprinting has now been established as a technique which allows the creation of tailor-made binding sites for
many classes of compounds. MIM have some advantages; a high capacity due to a large surface area, faster transport of
substrate molecules and faster equilibrium of binding cavities compared to molecularly imprinted particles. MIM were prepared
by covalent and non-covalent chemical bonding systems, by interactions between functional monomer and template. MIM can
be prepared by in-situ polymerization, wet phase inversion, dry phase inversion, and surface imprinting method. MIM can
continuously separate mixtures based on facilitated or retarded diffusion of the template. MiM can change their permeability
in the presence of templates. MIM have a potential 1o be used to separate chiral compounds and materials with similar
structures. However the application of MIM by the chemical industries is still in its infancy stages.
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cross-linken)8] EHES FFoEH A" 4 gt o
s} Zo] Azd LEAUAM FIEAE AASE 3353
A58 FYPEAY 339Hd 727} FE naHow ¢
Ad A7t A4 olg MIPEtL gt AF7HA
o] 7]&& ofniik(1i-14), HE=(15), DB H(16), T
RE|E (Nucleotide)®} &l A= (Nucleoside), ©-3}=
(9-10), 183 AT ol=, FAA, 273 WAHA T GE
(17, 18), ~HZEo|E, FZE|AHZo|E T ABH B
A(29-34), AzA, HE=A40), 5% o235, 36) T o 20
7 oA FEd I BA4 2B} AHE BL
Helod, dA7A MIP7L Azd 229 sE s
o] Table 14 €A3c}

Table 1. Template classes used for MIPs

Class of Compound Reference
Sugars and derivatives 9-10
Amino acids and derivatives 11-14
Peptides and proteins 15-16
Therapeutic drugs 17-28
Steroids 29-34
Metal ions 35-36
Aromatic hydrocarbons and derivatives 37
Dyes 38-39
Pesticides 40
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St ©e AFAEC] MIPE o83 ALY oX4&EA
(racemic) 33HE] Eo AFsta Yok ALL #A
o de & B9 FF o)PAAE FIF EF - 3
44E 7MAx JYeEE HEY FTHES FEEE ¥
< Hgsirlde BUbssi 22X 71¥ B4 (chiral
environment) kol X gt 7153 HQ2). 71 &4 M= F
Mo g olgdAA 71E $HF ALt & - 3
A g4dol M2 & F Y FE JA o|ZAA
(diastereomen)®] Ao A H7| @Fe] b5 Aotk
HAe 2AHog YAz 7F FHox &3
ugb 3 el FE oldZA = AA WA HE gE
e - g3ty AdE JeEdiz 43 g2 yegds 4
EHT3). €& EY, SN FHE FEHE JUAFd F
33 o\ JAA F FF skt #8 oldAATo £t
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#2121l 714 (Molecularly Imprinted Technology)< A & &
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th(7, 17, 38, 42-46).
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Molecularly Imprinted Membranes (MIM) &4 & 2]
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Figure 1. Schematic diagram of molecularly imprinted polymer preparation(25).
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Fehedl 8% dgL v 53 F4 e 4 B4
g g5ty Mo FIH 715 dEA Aol dojve
d%e AANZ = itk MIME 3498 o FHeete &
=, ¢4, 2%AE, 2349 A (FAA-EHA, FER-T
A, FERA-8, &ul- D}%ﬂl) o 22 =y 232 @
AE a8 A 3 2R diF A, A% A %
ggol FFE mFITH49).

715y cteiAel BB SEA

A Q1A nEAE 7154 aHAe HE5Y 4% ¥
o w2} ZA F AR vFEo E 4 duh WA HE
g 7led S9Ar THEAES g4%Y £8E 1B
1}0“ 7+ alge] nAEEH= Aolth ol g WE3

o] o= estersE ARE3F sugar FEA 9 ZkQlolth & WA
"E FAaAY, ARVE JE, A4 T Ay v
SHAY dEFAgoEA HER FH 7l d dHAMN
2502 wld PAE = Ao|Th29).

FHATA 9JE MIMES Azde= AL, 18R FF F
A T dEHT Ve w9A Aol dAIA FAH
old] & ML A EAAY TEAE D7 4
Aol Qo a8y dAE IHARE s 2F
T4 Wi AxH BA A4 nEAE BEFIH Ee
(chroamtograghic separation)o] 283 72, w2 A3}
A 48 4 JoH, U HERA diEe FA B
2 AAFEE A3 covalent systemS 277} o) o F
g 28ng 289 Ao mE= @Fol UT50). FH
Aoz Azxd MIMS FHEEXTL EAste G4
AFREE A9 URE MIMo] &5 & gate effectE 1}E}
Wi gich ol w3l wlFHFAF FAL A WA

g 3o nE v destn g4 & BEA 34
HAo] @3 HEHG 7j5A dHAY EFoz oF
oAz 4 9oy, milddt A A HEZZE FA AA
g & ok 2 HEHETE Ao AeA £y

e FAHse Axe A4Y dEHT s @A

3 ff}% By g7 F2AAqNA AFE F

HEALS} GHAY AFAE A
t7] Hsie = aokg,] 7154 @Az dasitde ©A
o] /\}\‘:}(50) o]b HY L golXe Hge 7154 d94
{1 ZoJsAl Hol QAR cavity 9=

P

%

54 ligand7} randoms}A| #& A3} 301 g_;z}/}jgl
T2 dojmae AR {38 Foi8). BlFadEe

Table 2. The characteristics of covalent and non-covalent bonding systems
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AZY MIME F8EA7 ZANE daoln Bl
= gate effects YERN T )
FHAYET HFFATe ddE BResty] 98 F 7t
A Ao AEE MIP Aol BaHJTH30). F
Aoz F4 -“%1}9} 9 AE dgstd T s,
z 299 BT 154 afAE
g /M2 F e MIPE Az
Aoz H85E MP
olgdA Azx¥ MPE ¥ T An
s e Solgs TYY AR AYE AAE FHol

B M2

MIME Azxd o FS33 3 F5A8L e 7%
4 EHAE Adsis Aol ui¢ Fasith. MIM Az
BERHA0Z AgHE 7)5AH 99AlE methacrylic acid,
acrylic acid, itaconic acid, vinylpyridine, vinylimidazole, N-[(4
vinyl benzyl) imido] diacetate, N,N,N-trimethyl aminoethyl
methacrylate7} Utk @A e} §HL 7taA @A} 2
48 5 UEE 23 A% 2R 2PN, 447
3, AR89 58 ATE F Je ligandE A1
ot 21 Fo] MAA (Methacrylic acid)7} RHZA o2 AlE
Hr}l 0] A& MAAV} hydrogen-donating ¥+ accepting 24
71E 713 o JERFAE F5Eo] 7Hsd Folx A
# @719 715 AT 7] W&ot £3 F 7HA
functionalitiesE 7}2 EBEAE HZg oz AlL3= AL
SAlA olFe F4aATE JEE F U HHH S
FAZ F 7] @&Zolth33).

MM A ZA] 715743 @A 283 &3S 32 7
Z9] matrixel] 243tel7] s 71w dHASG} Stad
A= thFe] sharA (crosslinkenE H7FebAl Aok diEAQ
7} A 2+ 4-vinylbenzene, N,N-methylene-bisacrylamide, N,N-
phenylene-bisacrylamide,  2,6-bisacrylamidopyridine,  ethylene
glycol dimethacrylate, trimethylolpropane trimethacrylate 5-©]™
2% Z2%e 24 o AYx = Aol SAolrh

MM X = 7Y
A Eayg o] o)g 33 (optical resolution)©)

X powderﬁu MIPo] wlw&te] QA&zo)n g =
A3 fE oduA ZAge FEE AT YU 'l

Systems Covalent Non-covalent
H bondi
Ester ydrog(.enA o m.g
Bonding T Ketal Electrostatic interactions
& e ) Hydrophobic interactions
Schiff-base L
metal coordination
Merits High selectivity Simpler and easier procedure
Stable template-monomer complex Separation under mild conditions
. Unfavorable use in Chromatographic separation. Unstable template-monomer complex
Demerits . e . o .
Limited application Formation of unfavorable binding site
Gate effect shrinking swollen

lower permeability

higher permeability
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ol #at Be A7yt AL vk 199039 Piletskyl
o Az¥ L-phe 2+¢1 2h& o] 23 L-phedt D-phed] ¥
27t Azx2 HaE o]F oy 7R J)FA dHAE 9

48 oy vt Azdel Bugm Tk, 17, 38,
42-46). MIMS MIPZ o]Zo]d AY MIPE {3 u
o2 FA= 9t MIME MIPY EAL 71AH FAld
oto] Hel2 SR stdol 37 wWEel MIMe #ZuHe
MIPE = 44 ¥t
MIP 2 Az Byl m2t 34 7= FEsd &
ok AF7HA bead B Az PP FIA A=
FRAE 4T AR Bl coatingdt] =& Az
E insie FEYHY FEE 1EAE 2 HEE OE
22 usAA & AR wet phase (phase
inversion) ¥ 2 He)2 A2E nEE AFRAA T&
Az3He dry phase st 712 AzHol Qe ol 7%
e 7R 75718 Bo BA 4 nga g Az
= surface o2 B & 4 Qo

L ob pn

MIP 2J%} 0| 2%

particle®] 50%ES AME-3lA| E3HA He o] UAW 2
UAE Fulety]) 8 24, sieving¥ sizingHF-& ARG
(51). MIP A2 539 ulMo3} (microfiltration) 2t A}o] ]|
FANA A £ god ole 2o u{HH ¥ J|TR

the FAAZAY 7158 o838k HokG2, 53). &3

= “membrane-SPE discs”o] FASHA MIP 94A15 23
T4 IEA marixo] 4ol ¥E WS UE 42 &

4 Q
30 30

£

MAA
+ AIBN
Template | —— > +
+ DMF Solution
DMF
Complexation Polymerization

Membrane

Figure 2. MIP membrane preparation by in situ polymerization.

Hxal (in-situ) 2tol 9

Insitu 2% ¥He 7)E9 MIPE A zste T FY
A HER, 7154 DA, &k AANAE E£Fetd
glass filtler2 o34 & 9|9 coatingd thg F&3t
Azt 42, 43) Fig. 29 Az AL =43 A o2
olulo] = (acrylamide)t o}AHH OJE (acrylates)E B53
st} Az MIMES 71413 FH4 (mechanical stability)-
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oj$ won(54) MAAS EDMAE F3E3ld Az
MIML 50-100 nm&] &S 2780 (nodule)Z o]FolA ¢
I & BAHAE @io]l Ath55). oligourethan} acrylate
2 Az¥ 60-120 im FA MIM2 2o FAA4F 714
A 9tgAde] W& wElths6). o]g wlEo] polyesterS
FZ8AA (porogen, pore formen)E A}-g3le] uho] Ein
(permeability) & = 2= TH5ED).

Insitu  imprinting  Whol] &3l diethylaminoethyl
methacrylate S 7)%54 @YAZ 3= Lphe 79 9& A=
o] AANFANA racemic EFEZ FAER o]ttt
AdH Eies FAEE HE3 £AZ2 AHEE Lphert
#Hsto] 44 ¢1 D-pheit} 28 AE fluxz} ZA YerH, &
AHE-A 9l tyrosine¥} tryptophan® T flux7} 1008 o £ flux

Vel Stk 19961 Mathew-Krotz9} Shea(d2)= MAAS
>4 g9)H 2 &3 9-ethyladenine S H1Z-8 o2 31E MIP
S A)zsle] @Y compound9} EFE] et FHAH A
233 A3 HE dEAFEA BAY o5 &
FARE 2y A wustd © wiiow fluxe 05
nmol/crt holl @3tgth w3t 9-ethylenadenine z}¢l whojl A
adenined] U]} guanosine®] X EHQIA} (selectivity factor)gto]
342 /M &8 & /G

o mo 12 N, iu

Ax o H# Aol

Dry phasee 7154 ©$}A ¢l DIDE-resin (L-H-Asp(OcHex)-
Tle-Asp(OcHex)-Glu(OBzl)-CH,)S THFd] £3]A]171 o} flat
disho] ¥-o] THFE SEAA & 2T &4 TN
#A 133} = Ho] in-situ imprinting PR Mg &
Zpo)golth. Dry phased] oH& Alxshe =4L Fig 39 4
ehiglen guje Fug nEAE uyPse A Bol
A7)5 o] ATK6, 7, 58-61). Dry phase imprinting ¥ 22 A
28 MIM®] F3}% (permeability) = L%t membraneo]] ¥t
3t w)$ =t} Yoshikawa et al(7, 17, 44)& A4 side
group2. 2 TAH tetrapeptideE 7} polystyrene®} HE S
o 4] &§ste] complexationA]7) The RS FzE T
Sl E Zwale MIMS Azske WS AA A

Template

+
DIDE Resin

Complexation THF cast solution

evaporation Pouring

washing

Figure 3. MIP membrane prepération by dry phase inversion.

DIDEtesing 7|54 ©@9AZ AZH BocD-Trp 249l =
& D L-Tip9] ¥3 ML 7H-A %3 wid, Boc-L-Trp
2491 =& L-TpRth D-TipE o 2 FH3}HLH, oA
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%5758 (PD/PLCem’/)7} 140192% BocL-Trpgte]
Zgoz AR A9 MPdl AR AE WU
A B BEE FAHse v dSde 19974
Yoshikawa et al(62)¢] ¥.31o) ¢} L-amino acid2 AR
tetrapeptideZ 7}2 polystyrenex} L-amino acid (Boc-L-Trp)E
Alg3te] A 2% MIPS} D-amino acid® FAE tetrapeptide S
7}A polystyrene®} D-amino acid (Boc-D-Trp)E AL8-3ld )
z8 MMl 494 FR5e sHith Z 598 39
isomer2 AZ® MM Tho] Ztzhel ®Zslo] tig e
F45E AUes Az Eamiith =3 FHvid 4EH9
Fo) AHEE resingFe] 05904 SHjE FTFE oA MIM 9
& ddAo] 1304 59704 F7HstAth A€ MIM o
A7) BEA (electrodialysis)of) A &5+ A$ Yol Ry #
o] gk NaA Eae st gel UEROR Mg
wa} Be o 2 Eds o] Wl 1 BAe £ du
= 5990t

&4 & Ba 20l g

Wet phase HHH& MIP mEANE F2 (casting)dt T3
Hj 4w (non-solvent)dl] HEAZI0ZH MIP BN S 113}
(precipitation)3te] MIMS Azt WHOZA Fig 4o =
Ad uls} 2t} Kobayashi et al.(38, 45, 46)& 7154 &9
AZ acrylic acide} Z72 BAQ acrylonimiled HERAL 2
o) DMSOA) &3i3te] TRANL F28 b BN 18
AA MIME A z3ch A (phase inversion)o]] ©]3h
BEAzoIHE sl&e] we u AZEFN, JESZA olxHE
olE (cellulose acetate) 5(14, 39, 63-65)9)= HEH Ut}
polyethylenglycol & o] ZA$-d= FFHAHAZE AMHE-E & 3l
o mto] Enwyl Fobd £ UTh20). wet phase YO 2 A
Z¢ MIME tjiE A4 (aqueous phase)ol] A ARG-E o} AR
9 7187 (organic environment)ol]l =ZHW vho AR
(swelling)¥} TlE-o] EAIAIES] Afgo] Yojuf FHEZ
o g 719e Aaste wiol Yot m ARlAe
AT AdAe e FANAHN B o2 s)AFojok
& A o)}

Copolymerization

DMSO cast solution

Casting

l

Membrane

Washing

Coagulation

Figure 4. MIP membrane preparation by wet phase inversion.

Kobayashi et al.(38, 45, 46)°] A=3% =4 uj§ &
macrovoids®} EelZo] ¢k 20-50 nme] HyF A 535
Ad Wty T2E X3 YUtk Wang et al(38, 45)&
theophyllineS HZ8 02 3l AASH ANo| F5E MIP
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g AZES FAEE B caffeine o] A FF
2o B BT Yo e exo] FFLA (casting
solution)® X #Z (precipitation bath)o) 4 AZE MIP &
EL 2 AZFE ART complex ¥4 A&t B
g9 ddEr} 958dch & 10Te 40T 24 A
z8 nERE zZb4 1259 026 (umole of THO/g of
membrane)®] F2FE YEh AT

Phase inversion®] % o]z FHPEA} |54 o
ApZke} complex FAAAE MM §FF F3 544
339 1 ATh Park et al.(66, 67)& D-PheS ZFEA}, A
g 7154 B8R, AAE J¥7tuAZ AF§8e] wet phase
WMoz MIMS AZ3gch MIP mix de] AzA |
A EgE7V ALY FHEAS] complexE FAATT AA
9} ANS %32 A% (in-situ implanting) 9 AAS} AN
Z8dd FHEAL 4o FHEASY} TEAAEY 74
827t B AAY complexE AT 7§ (post implanting)
Ztzte] MIMS T2 HE3d 4% nom dvkd 34
98 YeER AT

My He

>

BH Ztol 9

¥ ZFQY (surface imprinting method)= 71E2) FAL
glass filtert} microfiltration membrane2] F WOl =
MIP 34 EFEE A L 9 B
MIME &A4she AL rFth AxE MIME ZE %
9] pore/l mip2 AU FAL wolth. wel FRA
(permeability)-S F7HA1717) Sl 2] FAE £U BR
2ol itk ol@d AEEAM 20 nm T2 dFohy o 9
o) x4 MAA/EDMA®] gF2 MIP #h& A28 71(68) dAER
= g 9o gk MIP & FASATHE9). Surface
imprinting ¥FH o2 Az MIM®] base membrane MIMS
F3oh} AFEF (binding capacity)d E2Fe JTL 3
gtk 7189 d4Ee, Y=o, pervaporationof At
2+-S- base membrane Q. 2§t 715AS FriEgoE =Y
AT
Surface Imprintingo] 2l AzH E Y& MM
theophylline &A4 3}o] acrylic acid®} NN-methylene bis-
acrylamide®] graft ST EN FH2E AZHUAT =
S A3y 98] 593 uE base TEAE ARGk
3lm, MIM functionalizationg Z}*]7] 93 AN 72l ¥k&A]
Zvo]l PR3}, affinity membrane® 2 ZHFsIA £ v S-
e Edge Bde vein A macovoidE 7HA
Ang ¥gAY 3T FFRE /HRAE AHHE YT
0.

U
¥

Do x

mime| 22| §4

£X (facilitated) X X[ (retarded) St

71&¢] MIP systemo]| X SZR3 <A AT
FEol folgh EHA oo mg AT cavityd
aznz 239 JZEG Hxdy An, 4EAR Q42
o FEAgo] MIP Qate) 9% FHd EAstes AR
2] cavitiesdl) A A FT 22iv MIMO] A$E nREA 9
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£ 53¢ Ado| na oo} 3t} Non-porous polymers] uj
Fol e AR cavittes= HERH A HE2F £

glem, porous polymer o AtiH o o] Folstuh
MIME MIPYAS) Mg B b FHE AUR Qo
MIME ERAo] Y oRelA st o] ool
FA7L el WRE FHsEE wed F4As was)
W 52 2ol 224 el Aty ARYYA =
Yo £w7h warh oI MIP Qe s AW w
g vide) 28 AUA HE MMy 93 £3 WA
dEe o uing 52 23 48 53, % Y 943
2 cavitiess} FYEAS H2-E FI LAY] maly
olof @t o Frjol £AAN nEAe) HeH EAAD
AAUSE 24 F A Fe2 e ¢ Aok
FRADE BRI A2 AUzt o)
A4 R FFE AT YT caviyh FolF
FREANAT deHoz gelal FYRAE of

e
T

[2

HANANA G Fge dyZoltt ojAe 4]
AN RAHo T Jeive dyEeE thEH
g2 A Faothr).

MM ol &9} Q2ReE] cavities?] AEFL TS
T o] A%E 4 itk &, FHRAS} Q4R cavities]
HZolgk MIM W9 QA AE cavities7} Eo)HoE ZP5
AAAR ddHog HEste Aor nEAS} FIEA
Atojo] s agol e Aotk FEF A F 53], 49
H4 T FEEAG FRAoz YHHE A4 cavities
9] Z7ks} @A chamnelo] THEolA|T, 2}l H chamnele 2
poreE AtojolMe]l Sl AE(Fig. 5& A "ok F
microporous¥t Brofl o] Bz} zbolo]@ cavitiestoll $43)
7168 189 9 HAd FLEe AFREE £ ]
Aok AdlA 284 & § e cavidesE AAFE A
o|tH72). Ztel® cavitiesol 2]3] TEO]Z channele © Z
pore Abojollx] Q7 Agn} A FHEA AT HejHo
2 AEsA "ok 2 JiRe Helo] wel AuEd, 8o
2 A AYEA o3 B2 Ao Auj=Ee vigkyA v
AAZ o8 A e 7} dojve thEA o) o
k. MIPE} Y RoA] 3Rt thd HeAe Jdehd &
Qe cavitiese HITFATET AN FHEX e
HFo) Bolgtnz, oFADgAM HAREH fEo
cavitiesol| M 8] Mel 7] Edxeo] meojof s} wielA,
cavities®} FHEx}S] L&A zhgo] 71907 MIPete] M=
A 24 HY WAYELS B 443 3 F2E B3 F
FEA dig A 2 (sorpion)ol] 71T £ F3
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Figure 5. Possible role of the template-specific channels in
molecular recognition: only template molecules and molecules with
smaller size than template can pass through the imprinted
channels(71).
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Table 3. Batch profiles of the amounts of adsorbed (desorbed) D,L-Phe, fractional difference and volume flux measured by UF process using
the DIM10 membrane(67). 5 pieces of membrane were used at each batch operation (Initial D,L-Phe Conc.: 50 mg Phe/L, pH 6, working
volume: 50 ml).

Batch Phe Retain [mg/l] Fractional difference Vol Phe Uptake [mg], (%) Phe Desorb [mg], (%) Mean flux [mf(m’s)]x10°
D L D and L (%) [mL] D L D L Adsorp. Desorp.
Initial 25 25 50
0.103 0.128 0.0948 0.0395
Lst 16.377 14.245 7 119 345) 43.0) @) 31) 0.207 0.215
0.036 0.039 0.0341 0.0179
2nd 10.992 8.610 122 6.85 329) 40.0) 4) 46) 0218 0.197
0.010 0.011 0.0089 0.0010
3rd 7.881 5211 20.4 32 283) (39.5) (89) (10) 0.204 0.192
0.005 0.005 0.0042 0.0006
X X , . 212 ,
4th 4.805 2.616 29.5 1.65 (39.0) (50.0) 85) 12) 021 0.230
0.001 0.001 0.0006 0.0000
. . X X ,206 1191
5th 2.850 1.226 39.8 0.75 0.7) (53.0) (60) 3) 0.2 0.19

MIM 7o} Ao A]7E ATHTT).

D-Phe 2t9l DEAAS F2[&H

oF AHdAMe g8 HZ dxEE D-Pheo] wet phase
imprinting® MIM vl $- 5oj3 T3} 54L& Bolx Ut}
(67). AAS} Acryl amide (AAm)e] EH|E2 1 : 1 2 &3
%54 ©EAS D-Phedt DMSOZ Estel HFA
(complex)E A AT EFA ] AIBNI ANS H7}a}o]
TEENIIn A= 2 FFFl LFAA D-Phe 7<)
MIMS # insitu implanting method2 A Z3tgGct. 3o
3} 28e Stirred Ultrafiltration Cell (8050, Amicon Co.,
LTD, USA)2 AF£3}4e] 43 mme] D-Phe 7441 @& UF
celld] #2311, DL-Phe 50 mgL 2tAY €9 50 mLE
cellef] 2o} 25T, 171} ol A FHAIFch §ejodFhe] A
2% 28 UF celld] ZAE31, 5% AcOH F-8 8L cellof
¥oy 25T, 171 stelA FA7le AEAHe vy 43
& 53 AAF AH7E Table 33 2o vt AH. 73
gute] Ao ostH ZFHFFEAY T EoF £
B30 93 FYEAY o]Fo R HATh

Transmittance

—— DiM12
— NT*
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Figure 6. FT-IR spectra of D-Phe imprinted P(AN-AA-AAm)
membrane prepared by the wet phase inversion method (NT":
P(AN-AA-AAm) prepared without template, DIM12: prepared by the
in-situ implanting procedure, DP12: prepared by the post implanting
procedure. NT', DIM12, DP12: The ratio of AAm to AA was 025.
Membrane was washed with 5% AcOH and washed with water(49)).
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