Nghién ciru khoa hoc cong nghé
NGHIEN CUU SU DUNG CHAM LUQNG TU CdS CHE TAO
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Tém tit: Cham lwong tir (ODs) la cdc hat nano hupnh quang bdn dan, cé thé
duoc s dung cho an toan thyc phcfm hodc giam sat moi truong voi do nhay cao.
Bai bdo nay cho thdy tinh kha thi ciia viéc phat hién dwr lwong Clenbuterol bang
nanosensor huynh quang sir dung cham lwong tir CdS la chat cho, diea trén hiéu irmg
truyén ndng lwong cong hieong huynh quang (FRET). Cam bién ndy cho phép xdc
dinh clenbuterol trong pham vi hoat déng tuyén tinh la 1,0 pg/ml - 0,1 mg/ml.
phuwong phdp nay cho phép xac dinh clenbuterol mot cach don gian, nhanh chong
vai do nhay cao.

Tir khéa: Cham luong tir; Clenbuterol; Cam bién; Huynh quang.
1. MO DAU

Vit lidu tinh thé ban din nhu chdm luong tir (QDs) 1a nhitng tinh thé nano ban din keo
v6i dudng kinh trong khoang tir 1-10 nm [1], thu hat duoc nhiéu sy quan tim chu ¥ trong
nhitng nim gan day do nhiing tinh chét dién tir va quang ddc biét. Tinh chét quang cua
chim lugng tir phu thudc vao kich c¢& va thanh phan 16i ciia ching va c6 thé duge didu
chinh bang sy thay ddi thoi gian, nhiét do va cac phan tir trén bé mat trong sudt qua trinh
téng hop [1,2]. So sanh véi cac phén tir huynh quang hiru co truyén thong thi chim lugng
tir ¢6 nhiéu wu diém hon nhu pho phat xa co thé thay doi, d¢ rong pho hep, cuong d phat
xa manh va kha nang chéng dap tit “huynh quang cao. Hon nira, cham lugng tir co ty 1&
dién tich bé mat va thé tich cao nén rat phu hop dé tdng hop cac phan tir nano phtc tap [3].
Cac nghién ctru gan day con chi ra rang cac chim lugng tir nhu CdS, CdSe, CdTe,... ¢6 thé
lién két v4i cac phén tir sinh hoc nhu peptit, protein, khang thé, axit nucleic va cac phan tr
nho dé str dung nhu mot cam bién huynh quang [5]. Cac phan tir sinh hoc ¢6 thé duoc gan
huynh quang do lién két v6i cac chdm lugng tir bang cach chtrc ning héa véi mot nhom
chirc héa hoc trén bé mat cuia QDs hodc lién két cong hoa tri voi cac nhom hoat dong nhu
—COOH, -NH,, hodc —SH ¢ bén ngoai 16p vé cia QDs. Cho dén nay, rat nhiéu sy bién tinh
hoa hoc bé mit QDs duoc nghién ctru, bao gém nhu boc cac 16p hitu co nhu polyethylene
glycol (PEG) [7], axit mercaptoacetic [8, 9], axit mercaptopropionic [10], axit
mercaptobezoic [11], boc 16p v6 vo co nhu silica hodc ZnS. Tat ca cic phuong phap nay
chu yéu dam bao kha ning tan trong nudc va ning cao tinh canh tranh sinh hoc ctia QDs.

Clenbuterol (CLB) 1a mot chat thugc nhom B-agonistduoc sir dung lam thudc tac dung
dan phé quan, din co tron & cudng phdi, diéu khién cac chét dinh dudng hudng t6i mé co.
Tir nhitng nam 1980, clenbuterol da dugc b6 sung vao thirc dn chin nudi lgn, bo thit, ga
thit,... nham kich thich sinh truong, tang ti 1& thit nac, giam chi phi thirc an [11]. Tuy
nhién, luong CLB ton du trong thyc pham 1am rdi loan nhip tim, run co, co thit phé quan,
phu né, liét co, ting huyet ap gy nguy hiém 601 v6i strc khoé con nguoi. Chinh vi thé,
viéc sir dung CLB d bi cAm ¢ hau hét cac qudc gia [15]. Hién nay, & Viét Nam, vi ham
loi, ngudi chin nudi va cic gian thuong van dung chit cdm nay trong chin nudi dé ting
trong cho lon gdy hoang mang cho nguoi ti€u dung.

Béng mit thudng kho nhan biét dugc cac san pham thit c6 chira chit ting trong clenbuterol.
Cac phuong phéap phan tich nhu sic ky 1ong HPLC, sic ky khi khdi phd GC/MS, phuong phap
hat thy mién dich ELISA [13, 14] c6 thé x4c dinh CLB & nong do ppb, ppt. Tuy nhién, cac
phuong phap nay doi hoi sy chuan bj mau cong phu, ton thoi gian [12].
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Trong nghién ctru ndy, sensor huynh quang xac dinh clenbuterol trén co s¢ hiéu ung
truyén nang luong cong hudng huynh quang (FRET) dugc nghién ctru ché tao va khao sat.
Trong cau trac cua sensor, cham lugng tir CdS c6 vai trd 14 chit cho huynh quang (donor)
con to hop Naphthyletylene diamine-diazo clenbuterol 1a chat nhan hay 1a chat dap tat
huynh quang (acceptor). Cudng d6 phat huynh quang cia sensor duoc sir dung dé xac dinh
ndng do clenbuterol trong dung dich.

2. THUC NGHIEM

2.1. Héa chat

) Clenbuterol (C12H13C12N20), N- (1-Naphthyl) ety@lenediamine d}fhicloride dugc cung
cap boi Sigma Aldrich ¢ cap d6 phan tich khong can phai tinh ché truée khi sir dung.
Cham Iugng tir CdS do vién Khoa hoc V;‘lt liéu cung cap. Cac hoa chat va dung moéi thong
dung khac: HCI, NaNO2, axeton, nudc cat.
2.2. Phin wng diazo CLB va phan wng cdng hop diazo clenbuterol véi NED

Phan img diazo CLB: Lay 3 mg Clenbuterol cho vao binh ciu dung trong bat da. Hoa

tan clenbuterol bang dung dich HCl 0.1M sao cho pH=1.5. Nho tur tir 2 ml dung dich
NaNO,0.1M vao binh cau. Khqu nhe hon hop 30 phut trong b(’)ng t6i, nhiét do 0-4°C.
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Hinh 1. So do phan img diazo va phan vmg céng hop.

Phan img cong hop: 7.4 mg NED hoa tan trong 3 ml H,O thém tir tir vao dung dich
diazo CLB ¢ trén, ngay 1ap tirc dung dich chuyén tir khong mau sang mau do. Tiép tuc
khudy nhe hdn hop 30 phut trong bong t6i, nhiét d6 0-4°C (hinh 1).

2.3. Ché tao nanosensor sir dungchim lwong tir

Twong tac tinh dién

Hinh 2. So d6 hinh thanh lién két giita chat donor (QODs) va chdt acceptor.
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Dung dich sensor duoc ché tao nhu sau: CdS (107 M) duoc bién tinh boi dung dich N-
(1-Naphthyl) etyelenediamine dyhicloride (NED) ¢ nong d6 10°M. Khudy nhe dung dich
& 25°C trong 1h. Bao quan & nhiét do phong tranh anh sang truc tiép trude khi st dung.
Nhém COO' ciia axit mercaptopropionic trén bé mit cham lugng tir s& lién két vi nhom —
NH;" cta phan tir NED thong qua twong tac tinh dién (hinh 2).

M3di lan do méu 14y 3.6 ml dung dich sensor hoa vé6i 0.4 ml dung dich diazo CLB & cac
ndng d6 khac nhau tir 104 g/ml dén 10712 g/ml. Diazo CLB tao phan tng coulping v&i
NED trong dung dich sensor hinh thanh phan tir acceptor. Sau do, tién hanh do phd huynh
quang ctia 4 ml dung dich mau nay, QDs v6i vai tro 1a donor s& truyén huynh quang sang
phan tir acceptor theo hiéu ung truyén ning luong cong huong huynh quang. Tin hiéu
huynh quang thu dugc s& thay d6i phu thudc vao su thay doi nong do clenbuterol.

2.4. Cac phwong phap nghién ciru

St dung may SP 3000 nano dé do phd hip thu UV-vis tai Vién héa hoc. Phd phat xa
huynh quang dugc do trén may HR550 instrument (HORIBA JOBIN YVON) cta vién
Khoa hoc Vit liéu. Kinh hién vi dién tir truyén qua (TEM) dugc thuc hién trén thiét bi
JEM 2100 (JEOL) tai vién Khoa hoc Vat li¢u. Hé do thoi gian séng huynh quang tai Vién
Vit Iy dugc sit dung dé do thoi gian sdng huynh quang.

3. KET QUA

3.1. Nghién ciru hiéu ing FRET ciia sensor

iy Print Mag: 208000x @ 51 mm

Hinh 3. Anh TEM ciia cham heong tir CdS (A); Cham lwong tir va chdt nhén (B).

Anh TEM ctia mau CdS duoc thé hién trong hinh 3. Ttr hinh nhan thay, chdm luong tir
c6 duong kinh hat khoang 10 nm (hinh 3A). Hinh 3B 14 anh TEM clia mau cham luong tir
CdS sau khi dugc bién tinh bai phan tir NED. So sanh vé6i hinh A, c¢6 thé nhan thiy kich
thudc hat ctia chim luong tir sau khi lién két voi chat nhan huynh quang 16n hon 20nm
(hinh 3B). Ching to sy hinh thanh lién két giita phan tir NED va chdm lugng tir.
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Hinh 4. Sy triing chdp gitta phé hdp thy cia chdt acceptor
va phé phat xa chat donor.
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Hinh 4 thé hién su tring chap ctia phd hap thu chét acceptor va phd phat xa chat donor.
So v6i két qua nghién ciru trude day sir dung chdm luong tir c6 bude séng phat xa 520 nm
[12] thi khi sir dung chim luwong tir CdS c6 bude song phat xa 490 nm tai bude song kich
thich 380 nm, dién tich tring chép ting 1én cang thoa man diéu kién hiéu ung FRET xay
ra. Diéu nay dugc thé hién rd qua su giam cuong do phat quang cua cham luong tir CdS
khi c6 mit t6 hop diazo CLB nhu hinh 5.

Cuong do (da chuén hoa)
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Hinh 5. Cuong d6 huynh quang ciia cham heong tir khi khong c6 mat diazo CLB
(dwong mau do) va khi cé6 mat diazo CLB (dwong mau xanh).
Nhan thy co su giam cudng d§ huynh quang cua chat cho (chdm lugng tir CdS) mot
cach 10 rang khi xuat hién chat nhéan (diazo CLB).
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Hinh 6. Phé thoi gian song huynh quang ciia cham leong tie véi CLB
& cdc nong dé (1) 0 mg.ml”: (2) 10% g.ml”; (3) 10°g.ml”".

Ngoai ra, ching t61 con nghién ciru thoi gian song huynh quang cua mau chém luong
tir va chdm lugng tir khi c6 thém chat dap tat huynh quang v&i néng d¢6 CLB 10°° va 10 s
g/ml. Két qua thu dugce cho thdy chat dap tit huynh quang lam giam thoi gian song cua
chim lugng tu, mau chdm luong tir ban dau c6 thoi gian song huynh quang la 118.0ns
giam xudng con 3. 56 va 0 8 ns khi ndong do CLB trong chét dap tit huynh quang twong
tmg 1an luot 1a 10® va 10 g/ml (hinh 5). Chung to6 da xay ra hiéu ing truyen nang lugng
cong hudng huynh quang va thoi gian song giam tuong Gng voi sy tang nong do cia CLB.

3.2. Xac dinh ndng d9 clenbuterol bang phd huynh quang ciia sensor

Mobi mau do huynh quang gém ¢6 3.6 ml dung dich sensor va 0.4 ml dung dich diazo
clenbuterol. Hinh 7A thé hién pho huynh quang ctia cac mau do. Cuong do phat xa cuc dai
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giam dan twong mg VOi sy tang dan nong do clenbuterol trong cac mau tr (a) - (j), tin hiéu
huynh quang b dap tat hoan toan tai mau c6 ndng do clenbuterol 1a 0.1 mg/ml va gan nhu
khong thay ddi so véi mau sensor khong chira clenbuterol tai mau c6 ndng do clenbuterol
1a 1.0 pg/ml. Dung duong chuan giita cuong do phat xa va —log (ndng do clenbuterol)
(hinh 7B). Tir hinh B nhan thay sensor huynh quang c6 thé xac dinh clenbuterol trong
khoang rong tir 10%-10"% g/ml. Két qua nay tSt hon so voi két qua bao cdo trudc co
khoang tuyén tinh tir 107-10" g/ml [12].
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Hinh 7. Phé phdt xa ciia mau sensor véi clenbuterol o cac nong do khdc nhau (A); Puong
tuyén tinh giita cuong do phat xa mau sensor va —log(nong do CLB) (B).
Trong dé, cdc mau (a)-(j) twong ving véi nong dé CLB 1a 0, 107,107 ;... ; 107 g/ml.

4. KET LUAN

St dung chdm lugng tir CdS phat xa manh & budc séng 490 nm dong vai tro chit cho
huynh quang, Naphthyletylene diamin 14 chat vira lién két voi bé mit ctia chim lugng tir
va vira lién két v6i diazo clenbuterol dé tao thanh hop chat co phé hép thu tring chap voi
phd phat xa cua cham luong tir dé ché tao nanosensor nhan biét clenbuterol dua vao hiéu
{ing truyén nang luong cong hudng huynh quang. Két qua cta nghién cltu nay ching rnmh
nanosensor ché tao dugc c6 thé xac dinh clenbuterol & ndng d¢ thap dén 1,0 pg.ml”,
thao tac thuc hién don gian, nhanh gon.
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ABSTRACT

RESEARCH USING CdS QUANTUM DOTS TO CREAT FLUORESCENT SENSOR

TO IDENTIFY CLENBUTEROL

Quantum dots (QDs) are semiconductor fluorescent nanoparticles, which can be

used for food safety or environmental monitoring with high sensitivity. This work
demonstrates the feasibility of detecting clenbuterol residue by nanobiosensor using
CdS quantum dots as donors based on the fluorescence resonance energy transfer
(FRET) effect. This sensor allows for clenbuterol determination in a linear working
range of 0.1 mg/ml -1.0 pg/ml. It would provide a simple, rapid and ultra-sensitive

detection method for clenbuterol analysis.

Keywords: Quantum dots; Clenbuterol; Sensor; Fluorescence.
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