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SUMMARY

FABRICATION OF MOLECULAR IMPRINTED POLYMER
(MIP)-GRAPHENE MODIFIED ELECTRODES AND INITIAL EVALUATION FOR
BISPHENOL-A SENSITIVITY

A promising potential of a molecularly imprinted nanocomposite thin film based on
poly(1,5-diaminonaphthlene) toward selectively detecting bisphenol A (BPA) was
reported. This composite thin film was prepared by in-situ electrodeposition of 1,5-
diaminonaphthlene)-bisphenol A in an aqueous solution onto a glassy carbon electrode
modified by monolayer graphene. This electrode was easily prepared and highly stable.
The template BPA was removed BPA by immersing the prepared electrode in ethanol,
generating a GC/Gr/P(1,5DAN)-MIP sensor. The capacity of BPA sensing was tested at
BPA concentrations of 10 #4M and 20 ¢M in phosphate buffer (pH 7.2) using Cyclic
Voltammetry. The results indicated the potential of this MIP sensor in BPA detection.
The sensitivity of the sensors can be improved by using more highly sensitive
electrochemical techniques as Differential Pulse Voltammetry or Square Wave
Voltammetry.
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1. MO PAU

Cong nghé in khudén phan tu (Molecular Imprinting Technology, MIT) la cong
nghé nham tao ra cac thu thé co tinh dc hiéu vé hinh dang dong hoc ¢ kich thudc phan
tir, n6 duogc coi 1a k§ thuat mé phong tu nhién nhu phan tng giira khang thé va cac thu
thé sinh hoc [1]. MIT sir dung polyme lam vt liéu tao khudn va dugc goi 1 polyme in
khuon phén tir (Molecularly Imprinted Polymers, MIP). Nhin chung, MIP dugc ché tao
bang cach dong trung hop voi sy ¢6 mit cua mau 1am khuén; sau khi loai bo méu ra
khoi bé mit polyme s& cho phép bit giit v6i phan tir dich voi d6 dic hiéu rat cao, co thé
so sanh ngang véi cac qua trinh sinh hoc. Tham chi, mot s6 nghién ctru con chi ra cac
thu thé MIP nhén tao nay c6 do bén hoa hoc va vat 1y 16n hon so véi yéu t6 sinh hoc [2,
3]. Ung dung ctia MIP chu yéu duoc dé cap dén trong linh vuc chiét-tach va cam bién
dic biét 1a cac cam bién ap dung nguyén 1y quang hoc.

Trong bao cdo nay, chung t6i su dung vat liéu polyme dan dién poly(1,5-
diaminonaphthlen) [P(1,5DAN)] dé ché tao vat licu MIP ung dung trong phat hién
bisphenol A (BPA), mdt chit dugce su dung nhiéu trong cong nghiép ché bién chit déo.
Mot sb tac hai cia BPA khi bi phoi nhiém vao thyc phém da duoc cac nha khoa hoc chi
ra nhu la gy r6i loan hé ndi tiét, anh hudng dén chuc nang sinh san, hoac c6 kha ning
dan dén bénh tim mach...[4] Do vy, ngay nay trong nhiéu dung cu dung thyc pham
ngudi ta da ghi “khong dung BPA” trén nhin hang héa dé nguoi tiéu dung qua d6 nhan
biét san pham an toan. Cac nghién ctru xac dinh PBA theo ky thuat MIP chi yéu dung
nguyén 1y quang hoc nhu phd huynh quang hay phé Raman ting cudng bé mit [5, 6],
nguyén 1y dién hoa van con kha méi meé va rat c6 tiém niang dé phat trién dic biét 1a
céc kham pha gan day lién quan dén cac loai polyme din dién va cac vat liéu nano vo
co nhu graphen. Céac danh gia budc dau vé hanh vi dién héa cua dién cuc MIP trén co
s6 P(1,5DAN) va graphen véi BPA trong moi truong nudc sé dugc trinh bay trong
béo céo nay.

2. THUC NGHIEM
2.1. Héa chit va thiét bi

Bot Graphen don 16p (Gr) dugc mua tir ACS Material ¢6 dién tich bé mit do theo
BET tir 400 t6i 1000m?/g, trd khang nho hon 0,30Q-cm. Gr dugc can trén cin phén tich
va phan tan trong nudc véi sy hd tro cia siéu am. Ham luong Gr trong dung dich dugc
xac dinh thong qua do do hap thu quang tai budc song A=660nm duya trén hé s6 hap thu
mol phan tr e=6600ml/mg.m da dugc Mustafa Lotya va cong su dua ra tai [7]. Monome
1,5-diaminonaphthalen (1,5DAN), LiCIO4, HCIO,4, Bisphenol A (BPA), dém photphat
(PBS) ¢6 pH = 7,2; Ks[Fe(CN)s] va K4[Fe(CN)s] déu 1a san phim dugc mua tir hing
Sigma-Andrich.

Cac nghién cuu dién hoda trong bdo cao nay duoc thyc hién trén may do dién
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hoa da nang PalmSen3 (Palm Instruments BV, Houten, The Netherlands) st dung
phén mém PSTrace 4.7 v6i cAu hinh dién cuc 1a hé ba dién cuc truyén théng bao
gém dién cuc lam viéc 1a dién cuc than thuy tinh (GC) hay dién cyc GC bién tinh,
dién cuc ddi 1a dién cuc thanh bach kim (Pt) va dién cyc so sanh la dién cuc
calomen bao hoa KCI (SCE).
2.2. Téng hop mang polyme P(1,5DAN)-BPA trén dién cuc GC/Gr

Pién cuc GC (duong kinh 3mm) duoc mai sach dén sang guong trén tham nhung,
sau d6 dugc rira sach va thoi khi tro ti kho. Tiép theo, SuL dung dich Gr néng d6 0,01
mg/ml dugc nho 1én trén dién cuc rdi dé kho tu nhién tai nhiét d6 phong dé thu duoc
dién cyc GC/Gr. Céc dién cyc GC/Gr ndy duge dua vao binh dién phan dé tién hanh
triung hop dién hoa mang poly(1,5-diaminonaphthalen)-Bisphenol A [P(1,5DAN)-BPA]
theo k¥ thuat Von-Ampe vong (CV) tir —0,1 V t61 40,95 V, tbc do quét 50 mV/s trong
dung dich gém 1,5DAN 1,0mM, BPA 1mM, LiClO4 0,1M va HCIO,; 1M. Mot dung
dich monome khong c¢6 BPA ciing dugc chuan bi va tién hanh tring hop trong clng
diéu kién dé so sanh.
2.3. Ché tao dién cwec MIP va danh gia tinh nhay dién héa véi BPA

Pé ché tao dién cuc polyme in khuén phan tir (GC/Gr/P(1,5DAN)-MIP), cac dién
cuc GC/Gr/P(1,5DAN)-BPA dugc tién hanh loai bo BPA khéi bé mit mang bang cach
ngam trong dung moi la ethanol 90% trong 2 gi¢. Khdo sat hanh vi dién hoa cua dién
cuc GC/Gr/P(1,5DAN)-MIP va danh gia tinh nhay v6i BPA duoc thuc hién qua phd
Von-Ampe vong trong khoang dién thé tir -0.65 t&i +0.5V, toc do quét S50mV/s.

5 Tao khudén
HO O O OH |:>

P(1,5DAN)-BPA P(1,5DAN)-MIP
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H( )/‘>\‘\|’( OH

Hinh 1: So dé mé td qud trinh ché tao dién cuc MIP
3. KET QUA VA THAO LUAN
3.1. Bién tinh dién cuc bing Graphen
Hanh vi dién hoa ciia dién cyc GC trude va sau khi bién tinh bang Gr trong dung
dich K3[Fe(CN)s]/Ks[Fe(CN)s] 5 mM duoc dua ra tai hinh 2A va 2B thong qua duong
cong Von-Ampe vong (CV) va phd tong trg dién hoa (EIS) tuong tng.
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Hinh 2: (4) Ph6 CV va (B) Phé Nyquist cia dién cwe GC va GC/Gr trong dung dich
K3[F€(CN)6]/K4[FE(CN)6] 5mM

Tai hinh 2A, trong hé thuan nghich Ks[Fe(CN)g]/K4[Fe(CN)g], khoang cach dinh
thé oxy hoa va khu cua dién cuc GC 1a AEpcc=|Epa—Epc[=0,61V; khoang cach dinh thé
oxy hoéa va khur cua dién cuc GC/Gr 1a AEpce/ar =|Epa—Epc|=0,13 V. Nghia 1a khi dugc
bién tinh boi Gr, khoang cach dinh thé dugc thu hep lai, sy trao d6i dién tir nhanh hon
han so vé6i dién cuc tran. Két qua do pho tong trd dién hoa (EIS) tir tan sé 10.000 Hz t&i
0,01 Hz, tai thé mach hd va mo phong mach twong dwong theo mé hinh duoc chén trong
hinh 2B ciing cho két qua dién tro trao doi dién tich (Re) trén dién cuc GC/Gr 13 0,2kQ
giam manh so véi dién cuc GC tran 1a 1,5kQ. Nhu vay, dién cuc GC/Gr c6 kha nang
dan dién tot hon va sy trao d6i dién tir trén bé mat dién cuc xay ra nhanh hon.

3.2. Tong hop dién hoa mang P(1,5DAN)-BPA

Hinh 3 dudi day biéu dién phé CV qua trinh tring hop dién héa mang
P(1,5DAN)-BPA (hinh 3B); dong thoi, dién cuc P(1,5DAN) khong chira BPA ciing
dugc chuan bi dé so sanh (hinh 3A).

C6 thé thay rang pho CV trung hop mang P(1,5DAN)-BPA mang day du cac dic
trung ctia qua trinh phat trién mang P(1,5DAN) nhu viéc quan sat thdy cac cip pic
+0,24/0,0V va +0,47/+0.42V. Tuy nhién, khi c6 BPA trong dung dich trung hop, cé su
xuat hién dong oxy héa tang tai khoang thé +0,8V téi +0,95V.
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Hinh 3: Phé CV trimg hop dién héa mang P(1,5DAN) trong dung dich khéng c6 (4)
va co BPA (B) trén dién cuc GC/Gr
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Két qua nay phu hop voi cac bao cdo trude day vé khoang dién thé oxy hoa cia
BPA. Mot diém dang chi ¥ trong phd CV tring hop d6 1a tai cac vong quét, trong
khoang thé tir +0,8V t6i 0,95V van c6 su ting dong oxy hoa. Diéu nay rat khac biét
néu quét dién cuc trong dung dich chi c6 BPA, dong s& sut ngay sau vong quét dau tién
do hiéu tmg che pht gy ra boi nhom phenol trén bé mat dién cuc [8]. Piéu nay ching
t6 ¢ su két hop BPA cung su phat trién ctia mang P(1,5DAN) sau mdi vong tring hop.
Két qua nay khang dinh su tao thanh mang P(1,5DAN)-BPA trén dién cuc GC/Gr bang
phuong phép di¢n hoa.

3.3 Ché tao dién cwe MIP va danh gia tinh nhay dién héa véi BPA

Su khao sat hanh vi dién hoa cua dién cuc trudc va sau khi loai b6 BPA khoi
mang composit dé tao thanh dién cuc polyme in khuon phan tit GC/Gr/P(1,5DAN)-MIP
duoc thé hién trong hinh 4, va dién cuc GC/Gr/P(1,5DAN) ciing duoc quét CV trong
cung diéu kién dé so sanh. Cac dién cuc duge do trong dém PBS, tbc do quet thé
50mV/s.
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Hinh 4: Phé CV cua dién ciee GC/Gr/P(1,5DAN); GC/Gr/P(1,5DAN)-BPA trude va
sau khi tao khuén BPA bang EtOH
C6 thé thdy, trong phd CV cia dién cuc GC/Gr/P(1,5DAN)-BPA (duong —-—)
khong nhin 15 pic oxy hoéa va cuong d6 dong thip hon so voi dién cuc
GC/Gr/P(1,5DAN) (duong —). Sau khi dién cuc GC/Gr/P(1,5DAN)-BPA dugc ngam
trong ethanol 90%, phd CV (dudng ---) cho thay su ting cudng d6 dong va c6 xuét hién
hai pic & khoang —0,06V va +0,12V rd rang hon. Piéu nay 1a do, BPA khong c6 tinh
dan dién nén khi bi loai khoi bé mat dién cuc s& phuc hdi hoat tinh dién hoa cua mang
P(1,5DAN) vén c6 tinh dan kha t6t trong moi trudng trung tinh. Nhu vay c6 thé noi,
BPA da duogc loai mot phﬁn ra khéi mang P(1,5DAN)-BPA va tao thanh dién cuc
polyme in khuon phan tt GC/Gr/P(1,5DAN)-MIP.
Tu cac két qua trén, dién cuc GC/Gr/P(1,5DAN)-MIP dugc dem ngam 10 phut
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trong dung dich BPA & céac nf‘mg d6 10uM va 20uM, sau d6 dugc rira nhe bﬁng nudc,
roi dua trd lai binh dién phan dé quét phd CV vé6i nén dién ly 1a dém PBS. Cac két qua
chi ra tai hinh 5.
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Hinh 5: Phé CV cua dién cuc GC/Gr/P(1,5DAN)-MIP trong dém PBS tai nhitng néng
do BPA khac nhau (0; 10; 20uM)

Sy bat-nha BPA trong khudn phan tr nén Gr/P(1,5DAN) thé hién rd rét trén phd
CV khi cuong d6 dong giam ty 1& voi ndng do BPA va c6 hanh vi dién hoa giéng nhu
dién cuc GC/Gr/P(1,5DAN)-BPA (di trinh bay trén hinh 4). Diéu tha vi 1a ph CV cia
dién cuc GC/Gr/P(1,5DAN)-MIP 6n dinh va triung khit 1én nhau ngay ¢ vong quét thir
2, diéu nay 1a khac so véi cac cong bd trude day [8] cho thiy su suy giam nhanh cuong
dong do BPA phu lén 1én dién cuc lam mat dic tinh dan dién cua dién cuc. Nhu vay,
budc dau co thé két luan sy hinh thanh khudn BPA trén dién cuc di tao ra céac buéng
phan tmg dién hoa kich thudc phan tir ddn dén su 6n dinh hanh vi dién hoa ciia dién cuc
va c¢6 kha nang chon loc theo kich thudc dong hoc cua phan tir BPA.
4. KET LUAN

Nghién ciru cho thay sy tring hop dién héa in-situ mang polyme P(1,5DAN)-BPA
bang phuong phap CV va loai bo BPA ra khoi mang bang dung moéi ethanol tao thanh
dién cuc MIP thanh cong. Budc dau di danh gia tinh nhay dién hoa voi BPA cua dién
cuc MIP théng qua nghién ctru phd von-ampe vong tai cac nong dd6 BPA 10uM va
20uM. Trén day la cac khao sat budc dau, c6 tinh tham do cho thy tiém ning ché tao
vat liéu MIP trén co s& Gr/P(1,5DAN) dan dién. Cac nghién ctru tiép theo s& hudng t6i
t6i uu diéu kién ché tao va ting dung cac k¥ thuat phan tich c6 do nhay cao nhu Von-
Ampe xung vi phan, Von-Ampe song vudng... cho cam bién dién hoa xic dinh BPA
trong dung dich.
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