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ABSTRACT

In this research, reversible chain transfer catalyzed polymerization (RTCP) is firstly
implemented in precipitation polymerization (precipitation RTCP) to prepare molecularly imprinted
polymers (MIPs) particles to be compared with conventional free radical in precipitation
polymerization (precipitation CRP).

Vitamin E or Ol-tocopherol was used as a template model, while methacrylic acid, divinyl
benzene, iodoform, germanium (IV) iodide and acetonitrile were used as functional monomer,
cross-linker, control agent, catalyst and continuous phase, respectively. The polymerization was
carried out in the vacuum condition at 70°C for 24 h using benzoyl peroxide as an initiator. The
obtained MIP particles demonstrated spherical shape with narrow particle size distribution. The
binding analysis with high performance liquid chromatography confirmed that the binding
efficiency decreased with the increase of target molecular weight of MIP particle. However, it was
found that the lowest target molecular weight (54,000 g/mol) in which the MIP particles could be
formed in the precipitation polymerization represented the highest binding efficiency (9.59 mg-
vitamin E/g-MIP) with the maximum binding capacities of 21.53 umol/g and a dissociation constant
(K,) of 138.89 pmol/l. In addition, the MIP particles of precipitation RTCP showed higher binding

efficiency than that of MIP particles prepared by precipitation CRP (4.56 mg-vitamin E/g-MIP).

)



The MIP particles of precipitation RTCP also represented high selectivity to vitamin E even in the
sample containing the chemicals with the similar structure as vitamin A.

Therefore, it could be concluded that MIP particles of vitamin E were successfully prepared
by precipitation RTCP in the first time. The obtained MIP particles showed high selectivity and
binding efficiency than those of the precipitation CRP. This technique is simple without any need

for post particle preparation and it could, therefore, be easily used to prepare other MIP particles.

Keywords: vitamin E, molecularly imprinted polymers, precipitation polymerization
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UNA 3

aA o a\ Qv
IBAUUUNIFIVE
¢
3.1 gunsamazansnil
3.1.1 @15iall
= ay
a1y N3N 8110

1. NFAUMATAN Analytical Reagent Merck
(Methacrylic acid; MAA)
2. 2, 2-10 T e (ulﬂiclfﬁﬂﬁii Porum Demomedical
Tu'lnsd) @, 2-
Azobis(butylronitrile); AIBN)
3. loToTalosy Analytical Reagent Sigma-aldrich
(Iodoform; CHIL,)

J ~ J 3 . .
4. woswilenloTolaq Analytical Reagent Sigma-aldrich
(Germanium (IV) iodide; Gel,)
5. lahiawudu Analytical Reagent Aldrich
(Divinylbenzene; DVB)

a 4 4 . .

6. wulsdalesoon lua Analytical Reagent Aldrich
(Benzoyl peroxide; BPO)
7. INAUD (Vitamin E; OL- Analytical Reagent Aldrich

tocopherol)




a ay
a1y N3N 8110
8. 203U (Vitamin A; Analytical Reagent Sigma
Retinol)
9. TnlaWsoa ozdmne Analytical Reagent Sigma
(Tocopherol acetate)
10. NMUDA (Methanol; Analytical Reagent Sigma
MeOH)
11. NIABLHAN (Acetic acid) Analytical Reagent RCI Labscan
~ i Merck chemicals

12 In 99U (Toluene) Analytical Reagent

- RCI Lab
13. oz 1 T Insd Analytical Reagent abscatl
(Acetonitrile; ACN)
14. 1®M1U0A (Ethanol; EtOH) Analytical Reagent RCI Labscan
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3.1.2 in3eiouazgUnssl

A A E Ay
miammmzqﬂnsm U 8110

1. n3osniuudmanuuy ey C-MAG HS7 IKA

ANuiou (hot plate stirrer)

2. 17304 Optical Microscope SK-100EB & SK-100ET Seek
(OM)
3. 18509 High-Performance 2 Dionex

Liquid Chromatograph (HPLC)

4. 17304 Gel Permeation Water 2414 water
Chromatograph (GPC)
5. 1A309 Scanning Electron JSM 6510 JEOL

Microscope (SEM)

6. 1A1394 Vacuum drying oven DZF-6051 DZF
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molecularly imprinted polymer; NIP) o ld¥lumsnfSeumen Tagymsdaunsiziruneiny

oun1A MIP ua lilddaniiudasly

d' [ U A Y = a P a 4 @ a a A
139N 3.1 amwmuﬂﬂumimiﬂuaumﬂwaamaimjﬁaﬂwuwﬂﬁwﬂmaQamaqaﬂwuua

- IETE
a151ad Lo
(MSu(Haalua))

MAA 0.67 (7.8)

DVB 3.69 (28.3)

BPO 0.55(2.3)

Vitamin E 0.31 (0.7)
Continuous phase (EtOH) 100

gjj g Y o = [ A 1 @ d =\ A
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4 . A = 7 < a I
1108 conversion Ao MIasuNUBUDWES iTlunednes

ao’ Y a J
(% conversion = IR UNNDANDT x100) 3.1
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HINUNUBDUBIUBDTLIIUAY

42



r{\aa%égomplexaﬁonz
X = -
-P‘\\O\:?‘S ’)\.—,/ 124 hrs.

MAA+OL-TP+DVB MAA+QL-TP+DVB in solvent polymerization
1 2 3 i

70c ¥

d' ~ a P a o @
HMNN 3.2 ﬂi%‘iﬁluﬂh‘miEJZJWfJﬁLﬁJ@ﬁﬂNi@ﬂWNWﬂi%ﬂUINmf}a

32.1.1 suluaveswu ledanlesoon lag

Any191uIuTuaved BPO 11223 3.4 uaz 6.0 Naalua awaidy lu
A A 9 ' Y 1 a o ~ A vy ¥ P-4 =
vazNaouIzaIeaIdIu I imuauas 13190 3.1 e 19 ldnleSiFudnslasuanueus-

o 3 a s A o 7 a ~ 3 &
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> 3ns
CREITLEY )
(NSuHaalua))

MAA 0.67 (7.8)

DVB 3.69 (28.3)

BPO 0.55 (2.3)

Vitamin E 0.31(0.7)
Continuous phase (EtOH) 100

Mmsany1Suaued BPO 71 1.2 2.3 3.4 11ag 6.0 Uaa 1ua
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- 3nns
GRETLEY Lo
(MSuHaalua))

MAA 0.67 (7.8)

DVB 3.69 (28.3)

BPO 1.48 (6.0)

Vitamin E 0.31(0.7)
Continuous phase (EtOH) 100

MMIanE1Suaues MAA 917.8 15.8 1A 18.0 Liaa lua

a A
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ﬁﬂywummtﬂﬁmmuaﬂﬂmﬂaﬂufﬂm PNIUDA Lﬂuiﬂgammz f’JgGIfI@-
s Yo : A o A A v Ay Y a
llu"l‘ma (100%)1@]ﬂi%@ﬁﬁ']ﬁ')ﬂlﬂllﬂﬂ@ﬂi?ﬁ‘ﬂ 33 LW@iﬁ'ﬂL}ﬂ1ﬂ MIP V]hlﬂll‘ﬂ'ﬂlllﬁﬂfﬁvnﬂ
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d' Y] [ = a P a o 19
139N 3.4 amwmu“lumﬁmsﬂuwaammwmaﬂwuwﬂiwﬂmaqa

- f31ns

a15adl L
(MSu(Haalua))

MAA 1.36 (15.8)

DVB 3.69 (28.3)

BPO 1.48 (6.0)

Vitamin E 0.31(0.7)
Continuous phase 100

o = a 1 4' =~ a 4
mmsfAntiaveuaderiios emuea Tngdu naz 0z 1alulnsa (100%)

o 14
3.2.14 WaNUoaNOUDINOS
= L4 s A d A W A
AN INAVOININUDANOUDINDSF LW@Lﬂuﬂ’liﬂuﬂuNaﬂlﬂﬂﬂHﬂ’lﬂ MIP Ny
a o [ = o v A A Ao & o= ~ A =
iaﬂwuwﬂizwuhtaqailz:mmmuwwmmzﬂummua PNUU UATINDYNIA MIP V]Vlllll

s 4 4 E) % o ' a [ {
Wanuoaueuewes ageyma NIP o ldufFoumay Taeldlagonsiaiuauainisei 3.5

d' o ' ~ a I a 4 @
f1319N 3.5 6@]51?(’3141‘”ﬂﬁm5EliJW’E]m3JEJ‘i‘1/]‘JJ5®EJW3JW1J‘§$WUTN!ﬁQﬁ

Msadl anmyild
(Mu(Wadlua))  NIP(DVB-MAA)  MIP (DVB/V.E) MIP (DVB-MAA/V.E)
MAA 15.8 - 15.8
DVB 28.3 38.0 28.3
BPO 6.0 6.0 6.0
Vitamin E - 0.7 0.7
Acetonitrile 100 100 100
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70°C, 24 hrs.
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%I v a 4 [ § =Y 1Y
iin Tuanavesweawed) Iimungay den1319 3.7 tagAnyimavestlsuia MAA (A9

A15197 3.8)

d' o ' ~ a S A A a o @
M139N 3.6 @G]ﬁﬁ’.l‘lﬂl!ﬂﬁlﬁSEJ?J‘W@EMJ@TV]?J?@EJ‘W?J‘W‘]J?%‘VI']JT?JLaQa

3mns
=S [ a A
REIGEY (ﬂﬁJ(ﬂJﬁﬁINa))
ITP RTCP

MAA 1.36 (15.8) 1.36 (15.8)
DVB 3.69 (28.3) 3.69 (28.3)
BPO 1.48 (6.0) 1.48 (6.0)
CHI, 0.017 (0.04) 0.017 (0.04)
Gel, - 0.0091 (0.0156)
Vitamin E 0.31(0.7) 0.31 (0.7)
Acetonitrile 100 100
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H 1 - { 90‘ v
Mm99 3.7 sasramlumsdiunlasuimin lwanadhvane (RTCP)

ARG ﬁmﬁnimaqa (nSunalua)
(Su(Haalua)) 32,000 63,000 126,000 252,000
MAA 1.36 (15.8) 1.36 (15.8) 1.36 (15.8) 1.36 (15.8)
DVB 3.69 (28.3) 3.69 (28.3) 3.69 (28.3) 3.69 (28.3)
BPO 1.48 (6.0) 1.48 (6.0) 1.48 (6.0) 1.48 (6.0)
CHI, 0.0660 (0.16)  0.0330 (0.08) 0.0167 (0.04) 0.0088 (0.02)
Gel, 0.0182 (0.032)  0.0091 (0.016)  0.0047 (0.008) 0.0024 (0.004 )
Vitamin E 0.31(0.7) 0.31(0.7) 0.31(0.7) 0.31 (0.7)
Acetonitrile 100 100 100 100

Y d‘ %
ﬁmﬁﬁﬂmﬁwmuﬁmuﬂimaQaeuaqwmﬂ MIP 1 32,000 63,000 126,000 tta% 252,000 AT

Ao TuaTaeAaNons1dIUv03 (CHI, : Gel,; 5 : 1)

d' o ' [ = o
5197 3.8 oas1aaulumsdsunlasusiuiuluaves MAA

- P3mnas
GAEIGEY
(nSu(iaalua))

MAA 0.67 (7.8) 1.36 (15.8) 2.63 (30.6)

DVB 3.69 (28.3) 3.69 (28.3) 1.85(14.2)

BPO 1.48 (6.0) 1.48 (6.0) 1.48 (6.0)

CHI, 0.0330 (0.08) 0.0330 (0.08) 0.0330 (0.08)

Gel, 0.0091 (0.016) 0.0091 (0.016) 0.0091 (0.016)
Vitamin E 0.15(0.3) 0.31(0.7) 0.15(0.3)
Acetonitrile 100 100 100

o =2 o A a A A %’ o Y
‘mmiﬂﬂmmu’miuamm MAA " 7.8 15.8 1lag 30.6 uaaTm VIHTﬂuﬂINLﬁQﬂL‘]JTI’TﬂJTEJ

54,000 NFu¢0 Iua TAsAINBAIIAIUYDY (CHI, : Gel,; 5 : 1)
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Abstract

In this research, the molecularly imprinted polymer (MIP) particles of vitamin E was prepared by
precipitation polymerization using divinylbenzene (DVB) as a crosslinking monomer, methacrylic acid (MAA) as
a functional monomer, vitamin E as a template and benzoyl peroxide (BPO) as an initiator, DVB, MAA, vitamin
E and BPO were firstly mixed with the mole ratio of DVB : MAA : vitamin E at 0.0283 : 0.0079 : 0.0007,
respectively. It was, then, added into the continuous phase as acetonitrile and subsequently polymerized at 70
°C for 24 h. The initiator concentration was optimized. It was found that the increasing of BPO concentration
increase % conversion of monomers. Using BPO at 1 % wt of monomer, 100 % conversion was obtained. The
prepared MIP was spherical shape with smooth outer surface. The scanning electron micrographs clearly
showed the comparatively monodispersed MIP particle with approximately 5 pm in diameter. The obtained MIP
particles are able to bind the vitamin E for 4.56 g-vitamin E/ g-MIP.

Keywords : Vitamin E, Molecularly imprinted polymer, Precipitation polymerization
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ﬁwuﬁﬁqﬁa:ﬁwmﬁn‘“@lmﬂﬁﬁmmﬁﬁLm:n“mﬂ‘smn
i

nsuideitdunldinsdnsiveid
arudnwziumsillunszuiuniaiada yigaie
mamﬁaagﬂmmﬁﬂ wdinfoauasldus: Angaw q9 fla
waﬁma{ﬁﬁmﬂﬁuﬁﬂi:ﬁuimﬂqm (Molecularly
imprinted polymer; MIP) Ia U’S’N@ﬂjﬁﬂﬁﬂ:ﬁﬂﬂmﬁmﬂ:
091z gs Bomunrfziwnduipaevasudlu
nzyauMIEiaLuDigaauasuds RanmMINsTuRs
mam‘”ﬂqmﬁ@lﬁ fia a:ai"umm:mﬁﬁ'ﬁmmﬂLm:gﬂi"m
Tmﬂqmmﬁauﬁmaﬂﬁuﬁﬁay‘luuﬁwaﬁﬁq [5, 6] 3
m%‘wfwyﬁﬁﬂﬁﬁﬂmﬂuﬂmﬁmmﬁm'ﬁ'@i’mmﬁ
Siensinianta naunusanawafifaltidnwluuy
wiFansfidunaiiwey nisenin siaewituy
aandaniTfimanza fezld MIP fifanadunizda
ST, 8] nm‘lnﬁagﬂﬁ 2 MIP snansmassaldnans
mafiaduadiyingyszasdnsldonm minusan
FnEmemMssUnuTTwI T Tuneananawafiums
waiuuy eansoudeldaasit fa uouuiia O] wazlifia
[10] ¥iuszla ey (Covalent bond) Taensdiusn n1s
FUABITAIWELILLYAY  MIP azdianuudiuss
wnniuunliifens: wdduaaulunsidass
LLﬂLLuuaanmnwaﬁmafﬁﬁ’am’mﬂﬁ@iamhaajamn[s]
Tnrmefifinsason MIP wuulsiianusslaiand
anduifoasnniuwmzeansafdamsusivuyle
fenussltianawefldnainnaenin usailtsu
'isw.i'wm‘n,l,sjl,muﬁuuauaLua‘fﬂnﬁmmﬁagmzmw
Taana 1fu useameId uasuslalasian ud
WINRITI I ILUNNITLETN MIP @13N52UIBNIINTT
FuaT1ed anvudiaanidurangy da nszLIunT
FLAT 1z WU UURITIRO LI M UD LA N A RS

(Homogeneous polymerization) L7% nsfaeTzAnLLy

86



a6 [11] waznmssoaTzduuuaaitonsnmuuiizs

o N
Wit (Heterogeneous  polymerization) 1D WUy

anaznaw [11-17] WUUNT=18 18] MUUSIRTI[19]
wazsUUIRaNaTI[20] nyiMTANa Nz ALUUTRS U
uaad eTiLuy mw’ﬁ"au‘.{'wLl,ml.ﬂw”hﬁuﬂﬁﬁ?m
axnmduiiodion i Wadsensiiasanadiwafale
udunin vndasnmshldldng Sududasrinsue
wolilensvaswaiiwas lwldvuine aaa‘t&mﬂﬁ:ﬁ'
msnszasdalugefindie ﬁ;ﬁﬂ'hﬁmﬁ']mma 508
AudUszivluanadiwauannanagninasluszwing
mMsuA [21] vResatuaaumsuanades maasow
aumanafiwailasasdnihazminegauni “anani
ag:.mn‘ﬁm%muiﬁazﬂ-v‘w’vuﬁﬁumn“ﬁvu Faaziiy
Uszininmwlunszuiunisiwizduazaniwlaluns
Siamed datunsznumaessawafua fuuuiisRus
Seflaianldlumuaisuauae MIP winRa15anas
lugdaznszuaumswudndssininwees MIP #i
winwleianuuaneanu Tapeziilse@ngniwenlu
nsdinszuannssaasdRltasaussiofaluns
FOATIZA V% NTRUIUNTTLULNGZA1Y WUUSIRTIuaT
TG IREE T Lﬁaamnﬁ’rm@l,mﬁaﬁuﬁl,ﬂﬁauaguu
fhaavaymenaiued sl uatismssuriuasash
daanmsTiesinudunisasRaiseiolaanald
tin nruanmsFLeTedn ldmsanusiieia 1o
A Tiuana: naw Jadunafiaimianle
'luu'm"i'»ﬁ'mfﬁuﬂﬂ‘nmNu‘lﬁ]lunﬁﬁ'@um’i’ﬁ@lﬁﬁ
mutaRmIneaILa: danad e iUiaiing Tagasvh
mMsfaATzfaun1e  MIP lagnszuaunisuyy
anaznau lagazyinnsfinenriiauasdrinasans was

gaTEuTasiNITURO N akaLaTa T ToNT LA
av & = o o A as
2. fangunyntnasitawnmsidy

2.1 @l

NIALUNIATEN (Methacrylic acid; MAA; Merck,
Munich, Germany; purity, 99%) ﬁwlﬁ’u%qﬂ%rﬁau‘lﬂw
mwnmnauﬁ'qmﬂgﬁ 0 asrrarfos talfiawudu
(Divinylbenzene; DVB; Aldrich: purity, 80%) Firled
u%qﬂ%imm‘m”w@i”m 1 uafuan mrsazans lodas-
leasanled  wazinduliamiamsgudsy jisen
riauftarihanld ﬁnmfmﬁu‘l'i'legﬁu wwlodalas-

aan'lod (Benzoyl peroxide; BPO; Aldrich: purity, 75%)
ﬁﬂﬁu%qﬂﬁ@ﬂnﬁﬂnmﬂau Fandiud (Vitamin E; O-
Aldrich:  purity,  95.5%)
(Methanol; RCI Labscan: purity, 99.9%) Wazninazd-
@n (Acetic acid; Merck chemicals: purity, 96%) 1ilae

tocopherol; LUNIU%AR

- o s o n‘
laidtaarilivans

2.2 msm%ﬂwmﬁmﬂwa“ama'{ﬁﬂsaﬂﬁwﬁﬂszﬁ‘u
laana

msasoy  MIP azaSoalagnmssaamziiuy
anaznau dadigneAlilunisedsuaruanmed 1
TapiiTmiesoanin 9eii aza1s DVB MAA BPO
MAA
Vitamin E; 0.0283 : 0.0079 : 0.0007 laglua) Iiidu

wazdanfing ludandufiaunzsy (DVB

dladpniluivhasasfiainzay (sacaonae
muaa-Ingdu nisardlalulnad) ildagluszuy
synnma laanisldeandawiuing 5 uidi vims
ﬂ*uﬂﬂ:ﬁﬁqnmqﬁ 70 avrnTarion  Dulaan 24
falag laazunsunsiaiunawna MIP me@ﬁjﬂﬁ' 2
wasani i diatwlUnsasuondavazasaanas|é

aume MIP va139diud uananit laynmsdaased
annawadiuaii bifivesAuwdszvivlawna (Non-
malecularly imprinted polymer; NIP) vialtluns

whisuiiipulasvnssiansdiitwdeaiuewne MIP
wettailadendndaalal

23 m‘smé“numuamwaam&mnwaﬁma{ﬁﬂ
saufanidserivlanana
Anwianuneglievasannn  MIP daendas
iﬁlﬂﬂ‘.\"a‘ﬁﬁtmmmﬂ (Optical Microscope; OM; SK-
100EB & SK-100ET, Seek, Thailand) Tasnasiin
auna NIP - uaz MIP Pleinszaadaluamiuas
weh 2 alas douneasluwinglad luynfansus
ﬁuﬁunwuanﬂumm&ﬂ’m NIP  w@az MIP  &13130
mmﬂau‘lﬁﬁ-‘mﬁnmﬁaa@ammmmuﬁamﬁw
SEM; JSM-6510;
JEOL, Japan) T@m'ﬁna'@mﬂ NIP waz MIP finszanpen

(Scanning electron microscope;

adlwigmedaiilasminisnsasdasnszeunsasiiils
Wi 0.45 luasan tRausnianawizaynne uazdns

1Y '

drtaniuan dauirldevludauayinaad
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annnivias WA IN T Twww‘@mﬂ MIP  &4U%
nickel SEM stub LLS‘I”JVLEiﬂ’J’IQJ%‘uﬁa‘M‘Hﬂﬁﬁad@f’mﬁaﬂ
gy ne (Vacuum drying oven; DZF-G051; DZF)
nauARaudaunas

2.4 :h:%n%mw‘lum‘sﬁ'ﬁmﬁuﬁmaaaqmﬁ MIP
lumsAnsdszdnsaiwlunsivianiug az
innsfingadsasdin fa nsaniadanind e
LL;J'me’mﬁ'wﬁi"@uauaLa\laﬁ‘ﬁmﬁaa@m::‘[aﬁ‘[mma‘?ﬁ
‘himm'mmﬁuﬂmﬂuwaﬁma’%‘lﬁaana’mmfmﬂ MIP
uazmsfinsdsz@nEniwuesaunia MIP Tumsiy
Faniiud laglunsdinsadaianfiudaanainaunia
MIP Lém@fuﬁ’]mm}ﬂﬁﬂ MIP 0.5 n3al ﬁmm'mﬁ“llﬁ 5]
adlu 5% nsnazdanluamuan 10 fdadaay Uwidu
s 24 Falus 31Nt ihaznauyasannia MIP luusg
Twamuan 10 dsdaes w4 59 lus wdainly

=

nsasnawintuvaswmuaslamaniandud tialw
wilainldddandumdaagluawna mip daaay
® Polar
Advantage 2 7@ C18 3 pm 120 A° 2.1 x 150 mm ‘ﬁ
ﬁﬂ‘nmﬁ‘lmmaa'i’gmmﬂﬁ'auﬁ (HINWAR) WA 0.2

HPLC fildaaanili®na Dionex Acclaim

fiaansdoni  laoiouRnildwnuasianfiudnu
A manasguaasIandiudnenutuTudg g (25 50
100 150 200 WRLEY) Tunsdimsfinendsz@niainvas
auma MIP - lumsduianiiud azfnmlasudannia
MIP ﬁ‘l@i’ﬂﬁ'@r’?mﬁuﬁummuuﬁam‘lum'm;:mﬂ
iaswsariafinienudutu 100 ARGy twiu
1 4 2l 9105 NID4UENARNALT NN TR
asgwiandudliiemnsdndfinudanaiia
HPLC iutdgafun1safaianindfidusuuuaan
ANAUME U%mmmaﬁmﬁuﬁﬁaqmﬂ MIP 9u'ld fa

USinnwasianiindfime’ly

4 4 - o, Ak =A . a aoa
@17191 1 ﬁmu:ﬂ"ﬁlum‘:mmum&mﬂwamma 1l ﬁaﬂwuwﬂ*&mﬂmmqamaa’mwua

MsNAND MAA (L) DVB (lug) BPO (lua) Aendind 'J“gmﬂcv'imﬂm*
(lug) LaNUDE- azdlaly
Inadu Tnsd
1 0.0079 0.0283 0.0011 - 75:25
2 0.0079 0.0283 0.0011 0.0007 75:25 -
3 0.0079 0.0283 0.0022 0.0007 75:25 -
4 0.0079 0.0283 0.0033 0.0007 75:25 -
5 0.0079 0.0283 0.0045 0.0007 75:25 :
6 0.0151 0.0283 0.0045 0.0007 75:25 -
7 0.0174 0.0283 0.0045 0.0007 75:20
8 0.0151 0.0283 0.0045 0.0007 0:100 -
9 0.0151 0.0283 0.0045 0.0007 25:75 -
10 0.0151 0.0283 0.0045 0.0007 50 : 50
11 0.0151 0.0283 0.0045 0.0007 100 : 0 .
12 0.0151 0.0283 0.0045 0.0007 100

WINEIAG: * 100 N33 vaviganadaiiles
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WSJW]J?:YIUINLGQQ‘]JEN’JQ']&I“Q
3. wanmIdsuazanlnuua

lwuddnd léhnsweioveune MIP Tag
nsrauMIRsRTALUanaznan Sadunszuauns
fisnsnuessueumealalanass ludasimefiwasin
UaAnaIINNIIRLAT1Y inlwazaanlunisinly
Uszandlfnu wananil MIssaTeidENsTUIUMS
i lifinslgasanusediofia Geanvazluanysz@ngamw
'lumsa‘fumsﬁﬁaon'\ﬁl.ﬂﬂ:ﬁmaamg,n'm MIP Tasalu

mitazld MAA DVB uaz BPO iusidunannana-
waf mafauioun uazd ﬁ'u'ﬂﬁﬁ%m e lag
imsnsmusia sunsianfiudazaisluigaie
daiitas (amuaa-Inadu wiaazdlalulnd) ns
L‘ﬁLﬂﬁ:ﬁﬁ)uéuifutﬁﬂlﬁqmﬂnﬁﬁ 70 avAnLTaLTuN
lan BPO azuandauayysdase udrdemaldiy
MAA usz DVB iamalgwefiwafondu (anelifd
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e Auflen e inna (Jee) i BiEININRZANY
luigamadadiaslaan saldwaiiwadazlsznaudias
(Self-assemble) \uauma uaziilasanioniiudazans

afluszuudsmnsmianuszlalasiauiy MAA
garis Tuszndranstsznavdiiasvasanaldwadwed
Fendiudsmasadllagluaumea MIP 16 uazidla

2 o

Wnisanaaidandudaan a:ﬁﬂmgmﬂwamua{ﬁ
sapRaitszviulaanavasioniug ﬁﬁﬂ'nm‘i"n;m:ﬁa
ﬁﬂmmmm:gﬂ‘m

Tuduaaussn laviinisdnsinavassisy
yjfserdanisiianafnalsiadu lasvianis
PsuulasuilSinmaes BPO 970 0.0011 Tua (M3
naaasfi 2) 1w 0.0022 Tua (Mananasdi 3) 0.0033
Tus (mInasasii 4) uaz 0.0045 Tug (MInasasi 5)
Gaananad 1 Twvoefiosdsznaudng asf lasen
Fandudidumsduanyadase @aniu lunsdifils BPO
Fwan 0.0011 Tna msfawafwalsotudrannawll
§aNTaW % Conversion 1o lua e mdlaldlunSinm
ﬁgﬂwﬁulunirﬁm‘sm%’wm&mﬂ NP #ilsiifandud
(nmeaasit 1) mafaneawelnotuialdndn ua:
16 %Conversion g3fia 82.13% adalsfiany lunsi
nﬁ‘iwf‘:i'ﬂui]‘l;aﬂﬁﬂ MIP % Conversion ﬁl:fiaﬂ‘]l.‘ﬁ:am‘m
YSinmwas BPO 7 Tawazlé 30.60% 61.68% uax
86.28% fwFU 0.0022 lus 0.0033 lua uaz 0.0045
lua 229 BPO  anuddiy 1u1avasauna NIP Uz
MIP Jendszanm 1-5 lalasiwas lasdansadunsa
NARVANTHIUURZINITINIZEINBUIGRIYU 69 SEM

micrograph lu3ufl 4 WaRasandsseAnzamlunis

ﬂﬁLﬂ‘ﬂ:ﬁﬁﬁﬂﬂﬁﬂ%mmmauwaﬁl,:uafmnﬁﬁg@] Bale
1Fanld BPO 71 0.0045 s lunsdinwilusuaandalyl

fauazfinwimsiaSosauna MIP luwiiima¥
do'ld ldvinnsdnsdszintniwuas MIP assnmanae-
591 5 lumsdviendud  Taoluduwsnvinsaria
Fefiudaananauna MIP Taold 5% nsa a:8dnlu
Wauan 10 Haaans wdaaudswnuasnsoa: 10
fingaas W 4 1alas fewhasaarsfidslum
PEnmdeniing lapmedia HPLC udiflasanasss-
aunsaazdana1asiaieigninasnvasnasud
sl darin Sobuamzmiuaadiviandis 9l
Fuamzd anlasnInunsumasamuas s wIna e
mMEsd a]ﬁkrjﬂ‘ﬁ' 5 wudnlaifidnaasiandiud (e
aaagszanm 7.5 wiii) mﬁaagmmﬂﬂl.l,@inwﬁwﬁmtaj
nuaansan 1 @”qjﬂ'ﬁ' 5a stinazlimsazany 5% vas
ninazBdnlamuaa 10 daffasanudin 10 daffas
PaunuaalumIanaianiuiaananawnie MIP
u.ﬂ:l,ﬁ'aﬁnmémﬂ MP  firwnssiausa llutlu
FIRzaEINAT A i iuERam Uz intnwln
nsdvdeniing lapshansazaisuiaspiuianfiudnon
uszREIIINUIAIBA%AIA MIP luaaiadan HPLC
wuiSanmwesiandindluasazasnaintansd 69
wwadnfiaassdadfisuiufntanstlulassninunss
:a;ﬂﬁ 6 wazamidSinwasiandudfiniely sanso
ﬁﬂmmmﬂ%mm"ﬁ@nﬁuﬁﬁm&mm MiP §u'ld Tap
wuhawme MIP ANMMAasasi 5 Mansnauinin

a'le 3.67 fiafinfudaniuvasaunia MIP
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gﬂﬁ 4 SEM micrographs 184 (a) 8 NIP me3aulasls BPO 0.0011 Tua (mmasasi 1) uszaunn MIP #
15155nm BPO lut5anm (b) 0.0022 Tua (Mm3masasit 3) (¢) 0.0033 Tus (MInanasii 4) ua (d) 0.0045 Lua

(MInanas 5)
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a1Tef 2 ﬂﬁ:ﬁﬂﬁ"mw‘luﬂﬁﬁu%mﬁuﬁmaaa‘t&mﬂwaﬁma‘?ﬁ

BUUANANAUARNTIZE 9

P

fsapiudiszviulanafieioulasnisdunsed

mneas | dsrandamlnnnssuianiing

# (Haansudanii-MIP)
1 0.110

] 3.670

6 4.200

7 3.260

8 0.009

9 0.360
10 0.260
11 1.720
12 4.560

Tumsisanullunshemedsududasia
Usziniamlunsiviandindzesannia mp 1
"Lﬂ"mnﬁ'gﬂ WRZAMNISAN B9 WA 1N auna MIP
snsasuianfingld 3.67 fsdnsudonsy MIP Gnin
luduaauiiozimsfinsnavassSano MAA lums
wipuauna MIP TaazadSinman 0.0079 mol
(Mnasash 5) iw 0.0151 mol (Manasasi 6) waz
0.0174 mol (m‘iwwaaqﬁ' 7) MUEIAL ByenariBainm
was MAA TiRadn  astaosuiandiudldmninlu
spwimsdnanziuasdsnaldawnin MIP 3
UszinEnwlumsiviamindsnnds 1nuamsnasas
wuihiadiudazdurivaynia MIP anduddiald MAA
Iuﬂ“immﬁmn'fummwﬁgm FyaTaii 2 u
agnslsfiona lald MAA # 0.0174 Tua (Mmasash
7) Uszinsnwlumssuianininduaasailamanniu
msneaasi 6 anatilassnanmalsznoudiiasaas
mldwadiwailumsazans 75:25 wasanuan:ing-
Fw ialdtuaz o nduanaSinmuas MAA wazana
fanafanisdudviandudluszwitsninfaawnin
Gt 3oldiFan]d MAA 1 0.0151 Tus (Mameaasdi 6)
Tumsnaaasiudalil

lumsiassnaunianafailannszuaunis
FabATIzALUUANAZ NN ’T{]mﬂ@imﬁauﬂuﬂwfﬁﬂﬁ
fetyaniadamia Lﬁaamnﬂmwm”va"um'a”gn'm@ial,ﬁa.1
dinadadinsazaipvasmaliwafiuad duarsens

danimdsznavdvasasldwafwafifisiduannie
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wananit lunsdimsiaSoveume MIP va37aniiug
MAA SaluWsifunaauanawwefaeduiviandudae
wurlalasan dniu anwinsasigmedaiiiossd
HRAaNTFIUTUITN MAA fuTaniud luduaoniias
lg@nsnniwdavasigniasaias lasazyinng
ﬂ‘i"uLﬂﬁlﬂua”@lﬂﬁum:wiw‘[wg5uﬁmamuaaﬁ
damduing g mamudiouanltardlalulned dams
nanged 8 Gy 12 luarsedi 1 '-iJ']ﬂEjJ‘ﬁl 5 PU1AT
a“LJ:mﬂwaﬁmafmwmmmmﬂﬁwfumaaa”m’mhu
gaslngdu usadldvinhanamansnlumsszansvas
deltwefwalwipmedaifiasazansaiiasning
mam"gmﬂ@imﬁamﬂm mlvenuemingeuasmals
waﬁma%ﬁﬁmLfiaﬂ‘i:-namﬁuaq,mﬂ daraliauavas
auma MIP aaas uaﬂmnﬁm‘:ﬁﬂ%‘mm‘[ﬂgﬁmﬁm’fu
Inaduazmunsndudlyluauaa Mp MmAadulu
sewihansFaemedldnndu ﬁw‘lﬁm&mﬂﬁmmdau
dsuszrgannzazinzdI i ueaseazil 5a uar 5boud
Lﬁamﬂ%mm%gﬁum ayna MIP ATz ianie
ﬁasmu‘nmﬁagmﬂﬁuﬁwm‘lmﬁu 3l 5c (25:75;
avuaa:ingdu) uaz 54 (100:0; taniuan:ingdu)
Wasunanaunnaingaresssldwafwefiile
ilyzn am‘hmLﬂum&mﬂﬁaﬁmmmlmﬁu udaehylsh
aw anmandyiinmanzdiiunnedau Fadiarialyly
NuaSsezvilddszdniawlunisiviandiuianas
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wuiauma MIP °7i'1@1’ﬁﬂ’numﬁmmaﬂanaaﬂﬁgﬂﬂﬂ
lifimsaiuzasaumeauszdswiaaunmayszinm 5
Tulasias nuisfimsnszanadan BITUINDUNALAL
Famaandasivnuisoiaumiil 22] Avmseies
aunialanadaivaslabiawnduuazalaiuly
nIrwIumIFILATITRRLLAnaznawusrwuiialy
Lumuamﬁm‘”gmmﬁiaLﬁaamqsmﬂwaﬁl,ua{ﬁm%ﬂu‘lﬁ
azifiamsimzaaniu luaneidialdordlalulnsd
aunawadwadiianuaismnassasdgs wiinms
vanasTiavziidinisdinasnisazaisvasiaiaa-

WUTHA (Hildebrand solubility parameter) Inaifaaniun

@ (umuea uazazdlaluwlnsdivinny 29.62 uaz
24.43 MPa ?
gylifimanawidaiioinumsldesdlalulnsdinld

auay) lagnuidsainansenuin

aunawafwadliinmsimzdaiu wWaimsfinm
Uszininmlunmsiviandudvaseumea MIP fia3oy
Anignmadaiiiasriiadisg  wudn msldazdlale
Insdadeumedisansndvianiiudldanniga (4.56
a o a4 ar o o 4 a

faansudansyu-MIP)  @9@13197 2 Taiflesanain
aunia MP lddinmsmudadudildinuifaann
uanaNik NMINTTNLAIVIVIAAUMANUALIIZ

FrgiRuanymiRsalunIeTzRae

317 5 SEM micrographs 2avaumawaiimaiiisasfuwisvivluanavasiniiudfieioalasliignmedaiiias
1amuan:Ingdu (%vAiv): (a) 0:100 (b) 25:75 (c) 50:50 (d) 100:0 waz (e) azdlalulnsd 100% aaddy
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4. d@yduaziavanuy

TuswuTani mmﬁm@f‘?ﬂum}mﬂ MIP &13Ud1
FenfiudeanszuawmIssiaTzdsuuanaznay lagld
MAA diuWardunaauasawad 19 VB Wuasidas
$10um uaz BPO iludnsulfAse snazfimanzaw
lumaaiaanannie MIP sz ansamlunisin
Fondiudldgeiign (4.56 fadniuniu-MIP) fa 15 MAA
0.0283 lua DVB 0.0079 lua uaz BPO 0.0007 laa
Taoltasdlalulnsdiduigaadaiiias sume MP i
Tz ianuasidunsinanfindoy Sawialszanm 5
Tulaswas uaziinmsnszanediaasua agamﬂﬁl.mu
adhylsfiany rauihaynin MIP faFosldldlduan
Fenfiudandrate9ds ududasiinsfinunaas
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~ PREPARATION OF MOLECULARLY IMPRINTED P
- (DIVINYLBENZENE-CO-METHACRYLIC ACID) PAJ

! ~ BY PRECIPITATION POLYMERIZATION ‘
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Schematic diagram of the preparati process of P(DVB-co-MAA) particles by precipit
polymerization
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Photographs of PLLA/Ag film with various emulgen concentrations (% wt): a) 1; b) 2; ¢)4 and
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Abstract \ (5

The molecularly mprinted polymer (MIP) particles of divinylbenzene (DVB)-co-
methacrylic acid (MAA) were prepared by precipitation polymerization (ratios of DVB :
MAA : template; 4 : 12 -1 ) for vitamin E separation. The homogeneous solution of DVE,
MAA. vitamin E as template and benzoyl peroxide (BPO) as imitiator was added in
toluene/ethanol mixed solvent The polymenzation was camed out at 70 °C for 24 h,
resulting in the formation of spherical P(IDVB-MAA) particles containing vitamin E. The
initiator concentration was optimized [t was found that the increasing of BPO
cam;eutrahun increase % conversion of monomers. Using BPO at 23 % wt of monomer, 85
% was ob d. MIP was spherical with smooth outer surface.
The scanning e]eclrorn mlcmgraphs clea.ﬂy showed the compmhvel‘y monodispersed MIP

particle with ap 5 pm in di The efﬁ.c:encymdcap:ﬂkyofﬂle |
mwmwﬁdeswma]wshﬂwdbyhighp fi liqmd ch it by )
synthetic sample. Y
Introduction '

Molecularly imprinted polymers (MIPs) is known as a facile and versatile technique for '
creation of tailor-made binding sites which memornized the template molecules as shape, |
size and functional groups [1]. To produce the robust MIPs, the crosslinked MIPs were |
synthesized by copolymerization of function and cross-linkers [2]. In contrast. non-covalent |
imprinting having various binding interactions such as hydrogen bonding and van der waals |
forces, is more flexible. Therefore, non-covalent imprinting has cumrently tumed into the I
most famous and useful synthesis for MIPs preparation In this work, precipitation |
polymerization was employed to prepare the MIPs for vitamin E using methacrylic acid |
(MAA) as functional monomer, divinylbenzene (DVB) as crosslinker and benzoyl peroxide

Results and discussion

Preparation of MIP particles

Fig. 3 SEM micrographs of a) NIP molecularly imprinted F(DVB-MAA) particles prepared by
precipitation polymerization with various BPO concentrations (Yawt): b) 4; ¢) 9; d) 13 and ) 23

Rebinding of vitamin E

(BPQ) as imtiator. The influence of initiator amounts on the conversion is studied. Particle { 108 n n —
morphology of the obtained MIP particles and Iebmd.ulg capacity are also studied. { |
; "“b‘%‘cwwlnlm i ’ | |
f ‘JOI {4 [ L -
SarA = é - -
Masc Ty MAA+GLTP-DVEin sehvent polymerization |
| - -
Fig. 1 Schematic of molecularly imprinted P(DVB-MAA) particles preparation in this work. ] - ~
/ Experiment =
Syuthesis of molecularly imprinted PIDVB-MAA) plmcles 1 -
Tahle 1 Reagent amounts of the prep of molecularly imprinted P(DVB-MAA) { 5_,\]
particles by the precipitation pﬂlymen.zanon == -
=] s as
Conditi 1
Chemical e | “
NIP APl MIP2 AMIP 3 MIP 4
MAA(D 0.68 057 0.66 0.58 =
DVE (2 16 3465 EX2 368
BPO (2 028 [%:5] 110 | S —C_—D—_
Vitamin E (g) - 031 031 & BE 131 25 am SR A3 06 D maE
Salvent (sthanol : toluene) (o) 750 75:25 75:35
Fig. 4 Ch ams of thanol used for the extraction of vitamin E from MIP particles b)
plate extraction and rebinding study Standard vitamin E 100 ppm (before soaked with MIP), c) Standard vitamin E 100 ppm (after

\\_Flg. 1

ic of vitamin E

ing process.

Qukedwihl‘ﬂ')mdd)vihminEeInied&m]vﬂPpuﬁdﬁ_ )

[ Conclusions

\ In this work, non-covalently melecularly imprinted PIOVB-MAA) particles using vitamin E
as a template were gyntheslzed by precipitation polymenmtlun The increase of BPO content
| d % of Using 23% wt BPO, 85% conversion was obtained.

| The prepared molecularly imprinted P(DVB-MAA) particles were used for vitamin E
i sepa.rahcn_ Tktbmdmg capacity was 4.2 mg-vitamin E/g-MIP.
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