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TOM TAT

Trong nghién cttu nay, carbon chdm lugng tir da duoc tong hop tir rom ra (rice straw
carbon dots-RSCDs) bang phuong phap thtty nhiét va phan tich déc trung bang phd
hong ngoai FT-IR, quang pho hap thu phan tit UV-Vis va phé Raman. Bé mat RSCDs
¢6 cac nhom chirc hydroxyl (-OH) va carboxyl (-CO). RSCDs dugc dung dé bién tinh
bé mat dién cyc carbon thay tinh véi muc dich phat trién mét cam bién hda hoc méi
nhdm x4c dinh ractopamine bang phuong phép von-ampe xung vi phan
(Differential pulse voltammetry - DPV). Tin hiéu ceong d6 dong dinh DPV thu duoc
1ap lai tot va c6 quan hé tuyén tinh t6t v6i nong do ciia RTP trong khoang 0,1 uM —
5,6 UM. Gi6i han phét hién va gi6i han dinh lvong xac dinh dugc bang phuong phap
30 lan lwot 1a 0,029 uM va 0,087 uM. Két qua ghi Iy ciia dung dich RTP khong thay
ddi déng ké gitta cac [an bién tinh dién cuc GCE bang RSCDs khéc nhau.

Tw khéa: carbon cham luong tit, von-ampe xung vi phan, ractopamine.

1. MO PAU

Ractopamine (RTP) la mét phenethanolamine duoc stt dung lam thudc giam dau,
thuGc gian phé quan va thudc bo tim trong y hoc cho nguoi va dong vat [1]. Trong khi
dod, chat nay lai dugc st dung trai phép lam chat dinh dudng, tai tao md dé€ diéu hudng
chat dinh dudng tir tich tu m& dén tao co bap [2]. Tuy nhién, dw lwgng thudc tich trit
trong md ddng vat c6 thé gay nguy co tiém an cho stc khoe nguoi tiéu dung, chang han
nhu gay run co bap, ndn mtta, hoi hop lo lang va ting nhip tim [3]. Do d9, ractopamine
khong duoc cho phép st dung trong chan nudi ¢ nhiéu nudc, trong d6 ¢ Viét Nam.
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Hién nay, c6 nhiéu phuong phap phan tich khac nhau dugc phat trién dé€ phat
hién ractopamine trong thitc an chan nuo6i, mé dong vat va nudc tiéu. Nhitng phuong
phap nay bao gom sac ky 1ong — khdi phd [4], sac ky khi — khdi phd [5], phan tich mién
dich [6], s&c ky long hiéu nang cao [7] va dién di mao quan [8]. Vi ractopamine c6 chita
cac nhém phenolic hydroxyl nén né c6 hoat tinh dién hoa va cé thé bi oxy hoa 6 bé mat
dién cuc. Vi vay, co6 thé sit dung phuong phap dién hda dé xac dinh RTP voi chi phi thap
quy trinh phan tich don gian, d¢ nhay cao.

Két qua nghién ctru ctia Ni va cong su [9] cho thdy rang qua trinh oxi hoa
ractopamine trén dién cyec than thuy tinh (glassy carbon) lién quan dén phan tng trao
ddi 2 electron. Mot s6 phuong phép phan tich dién hoa khéac dya trén vat liéu carbon
ong da tuong (MWCNTs) va mang mong graphene oxide cling da duoc phat trién dé
phan tich ractopamine gan day [10], [11].

Carbon chdm luong ti (carbon dots — CDs) thwong duoc sit dung lam cac chat
bién tinh bé mat dién cuc do co cac tinh chat dac biét nhu tan trong nudc, tinh doc thap,
cuong do phat xa duoc danh gia tot va do bén hda hoc theo thoi gian [12]. Cdu trac cta
CDs bao gom 16i carbon va mot 16p bé mat hoat hda chira cac nhom chire chu yéu nhw
hydroxyl (-OH), carboxyl (-C=0) hay amine (-NHz). Cac nhém chitc nay gitup cho viéc
lién két véi cac phan tir khdc nhu protein dwoc dé dang hon [13].

Cho dén nay da c6 nhiéu nghién ctru stt dung CDs d€ bién tinh dién cuc than
nhao (carbon paste), than thuy tinh nham xac dinh mot s8 chat hitu co nhu adrenaline,

axit ascorbic, serotonin... va mot s6 ion kim loai nhw Fe*... nhung chua ¢ cong bd nao
st dung CDs d€ bién tinh dién cwc véi muc dich xac dinh RTP.

Bai bao nay trinh bay cac két qua nghién cttu budc dau vé tin hiéu von-ampe
xung vi phan ctia RTP trén dién cyc than thiy tinh bién tinh bang CDs tong hop tit rom
ra (ky hiéu la RSCDs). Céc thong tin thu dwgc tit nghién cttu nay cho phép danh gia kha
nang phat trién phuong phap dién hdéa dé xac dinh RTP trén co so dién cue than thuy
tinh bién tinh bang RSCDs.

2. THUC NGHIEM
2.1. Héa chat

Cac hoa chat duoc st dung trong thi nghiém (ractopamine hydrochloride,
Na:HPOs, NaH2POs, NaOH) la hoéa chét tinh khiét phan tich ctia hang Merck (D). Cac
dung dich déu duoc pha véi nudce cét hai lan (double-distilled water).

2.2. Thiét bi va dung cu

Hinh thai vat liéu duogc do bang kinh hién vi Raman (Raman microscopy) —
XploRA Plus Horiba — My, phd hong ngoai FTIR duoc do bang may Shimadzu IR
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Prestige-21 (Nhat Ban) tan so trong khoang 4000 — 500 cm™, phd hap thu phan ti UV-Vis
duoc do bang may DR6000 (HACH, Drkc).

Thi nghiém dién hdéa duwgc thuc hién trén thiét bi CPA-HH5 Computerized
Polarography Analyzer (Viét Nam). Hé dién cuc gom 3 dién cyc: dién cuc lam viéc (than
thuy tinh - GCE) duong kinh 2,8 + 0,1 mm; dién cuc so sanh (Ag/AgCl/KCl 3 M) va dién
cuc doi (thanh Pt).

2.3. Tong hgp carbon chim lwgng t tir rom ra

Carbon chdm lwong tir RSCDs duoc tong hop bang phuong phap thuy nhiét.
Rom ra duoc rita voi nude cat nhiéu lan, sau do sdy kho o nhiét d6 80 °C va citnho. Can
1,0 g rom ra da cit nho phan tén vao 50 mL nwde cat hai lan, khudy déu trong 15 phut
truede khi chuyén hdn hop nay vao binh phan htiy mau (sample digestion vessel) thé tich
100 mL (c6 v6 1am bang thép khong gi). Thuc hién phirong phap thuy nhiét bang ta sdy
& nhiét d6 180 °C trong 24 gid. Sau d6 hon hop phan tng dugc d€ ngudi tie nhién dén
nhiét d6 phong. Chuyén hon hop vao 6ng ly tam thé tich 15 mL, ly tam véi t8c do 4000
vong/phut trong thoi gian 15 phtit. Loai bo phan ran, dung dich thu dwgc c6 mau vang
nhat 1a dung dich carbon chdm lwgng tx (RSCDs) [14].

2.4. Chuan bi dién cuc bién tinh RSCDs/GCE

Bé mat dién cuc GCE duoc mai va danh béng b.%mg bot nhom oxit (Al20s) (kich
thiede hat 0,05 um), sau d6 dwegc lam sach bang cach ngam trong dung dich HNO:s (ti 18
1:2) trong 4-6 gio va rtra lai béng nudc cat hai [an trede khi st dung. Tiép tuc lam sach
bé mat dién cuc nho séng siéu am trong hon hop ethanol : nudce (1:1, v/v). Bé mat dién
cuc GCE duogc sdy kho duwdi ngudn nhiét tir bong den vonfram (40 °C).

Phan tan 10 mg RSCDs trong 10 mL nudc cat hai [an trong bé siéu am khoang 24
gio. Sau d6 thém 50 uL Nafion 1 % (trong ethanol) vao 1,0 mL RSCDs 1 mg/mL thu dwoc
dung dich dong nhat A. Nafion dwgc dung nhu chat két dinh vat liéu dé bién tinh bé
mat dién cec GCE [15]. Dién cuc GCE dwoc bién tinh béng cach nho giot 10 uL dung
dich A 1én bé mat dién cuc va lam kho 6 nhiét d6 phong. Dién cuc GCE duoc bién tinh
boi RSCDs dwoc ky hiéu la RSCDs/GCE.

2.5. Phwong phap von-ampe xung vi phan

Nghién ctru nay st dung phuong phap von-ampe xung vi phan voéi cac thong s6
do nhu sau: khoang quét thé tir +0,4 dén +1,2 V, bién d6 xung vi phan 0,06 V, tdc d6 quét
thé20 mV/s, thoi gian mdi bude thé 0,3 s, Bude nhay thé 0,006 V, thoi gian lam giau 0 s.

2.5. Phwong phap phan tich dac trung vat liéu

Vat liéu RSCDs tong hop duwgc duoc phan tich déc trung bang cac phwong phap
ph6 Ramam, ph6 hdp thu phan ti UV-Vis va pho FTIR.
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3. KET QUA THAO LUAN

3.1. Phan tich dac trung vat liéu
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Hinh 1. Ph6 Raman ctia RSCDs.

Vit liéu RSCDs tong hop duoc duge dac trung bdi phwong phap quang pho
Raman, pho thu dugc dugc trinh bay trong hinh 1. Trong ph6 Raman ¢6 thé thdy ro rang
hai dinh tai 1347 cm™ va 1590 cm, ching duoc goi lan luot 1a D-band (c6 cuwong do6 1a
Ip) va G-band (c6 cuong d0 la Ic). Ty 1é cuong d6 In/Ic biéu thi do mat trat tw [16]. Doi
v6i RSCDs tong hop duoc ty s6 In/lc xac dinh dwgc la 0,5, cho thdy RSCDs ¢6 16p
graphite khd t6t, du dé€ bao vé t6t vat liéu khoi s an mon va oxi héa [17]. Diéu nay cho
thdy da tong hop thanh cong duoc RSCDs .

Phuong phdp quang pho hap thu tr ngoai kha kién (UV-Vis) duoc sit dung dé
nghién cttu tinh chat quang ctia vat liéu RSCDs tong hop duoc. Hinh 2 trinh bay phd
hap thu phan ti cta vat liéu RSCDs 6 budc song tir 200 nm dén 800 nm. Sy hdp thu xay
ra 0 khoang 253 nm do su dich chuyén nang luong m-1" (ng véi cua lién két C=C [18],
[19].
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Hinh 2. Pho hédp thu phan ti UV Vis cua CDs tir rom ra.

Cac nhém chirc cia RSCDs duoc déc trung boi phuong phap quang pho hong
ngoai, Fourier-transform infrared spectroscopy-FTIR. Hinh 3 la két qua do pho FTIR cta
vat liéu RSCDs, cac peak hap thu ¢ 3442 cm™, 1166 cm™ va 621 cm™ gay ra boi dao dong
dai cia nhém OH, chi ra réng sw ton tai cua nwdc bi hdp thu 1én bé méat cia RSCDs [20].
Cac peak tuong tng 6 1629 cm™, 1382 cm™ gay ra boi dao dong dai ctia cac nhom doi
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xtng va bat do6i xing C=0 [21], [22]. Két qua FTIR cho thay sy cé mét ctia cac nhom chirc
hydroxyl (-OH) va carboxyl (-CO) trén bé mat ctia RSCDs. Diéu nay cho thay kha nang
phan tan tot cila RSCDs trong nudc T nhitng két qua ddc trung vat liéu cho thdy RSCDs
da dugc tong hop thanh cong.
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Hinh 3. Pho FTIR ctia RSCDs.
3.2. Xac dinh ractopamine biang phwong phap dién hoa
3.2.1. Khao sat anh hwong cta viéc bién tinh dién cye dén tin hiéu von-ampe cua RTP

Dé khéng dinh hoat tinh dién hoa cta vat liéu RSCDs d6i v6i chat phan tich RTP,
cac thi nghiém duoc thyee hién trén cac dién ciec GCE va RSCD/GCE st dung phuwong
phap DPV trong khoang quét thé tir +0,4 dén +1,2 V, véi bién d¢ xung vi phan 0,06 V, t6c
dd quét thé'la 20 mV/s, thoi gian mdi bude thé 0,3 s, bude nhay thé 0,006 V. Duong von-
ampe xung vi phan cua dung dich RTP 0,8 pM trén dién ceec RSCDs/GCE trinh bay ¢
hinh 4 cho th&y dinh oxi hdéa RTP (E;) xudt hién ¢ thé +0,84 V. Dinh oxi hba nay khong
xuat hién trén cac duwong DPV cua dung dich RTP 0,8 uM khi dung dién cuc GCE ciing
nhu duong DPV ctia dung dich khong ¢ RTP khi dung dién cuec RSCDs/GCE. Diéu nay
chiing to réing chi c6 thé ghi dugc dinh oxi héa ctia RTP trén dién cwe GCE da duoc bién
tinh bf?mg RSCDs. Do d¢, dién ceec GCE bién tinh boi RSCDs duoc dung dé ghi tin hiéu
DPV ctia RTP trong cac thi nghiém tiép theo.

2.01 —— RSCD/GCE khi c6 mat RTP
—— GCE khi c6 méit RTP
—— RSCD/GCE khi khong c6 mét RTP

1.5

- 104 RTP
0.5
0.4 0.6 0.8 1.0 1.2
E/V

Hinh 4. Duong DPV cua RTP d6i véi cac loai dién cuc khac nhau.
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Diéu ki¢n thi nghi¢m (DKTN): RTP 0,8 uM, dung dich dém PBS 0,2 M (pH =7,0), quét thé'tir +0,4 V
dén +1,2 V, bién do xung vi phan: 0,06 V, toc Ao quét thé: 20 mV/s, thoi gian mdi budce thé* 0,3 s, Buwde
nhdy thé* 0,006 V.

3.2.2. B¢ lap lai cua tin hiéu DPV

Do lap lai ctia tin hiéu DPV cta dung dich RTP trén RSCDs/GCE dwoc danh gia
bang cach ghi lap lai (1 = 6) cwong d6 dong dinh oxi hoa (I;) ctaa cac dung dich RTP &
cac mtec néng dd khac nhau 0,1 uM, 1,2 uM va 5,6 uM trong nén dung dich dém PBS 0,2
M c6 pH =7,0. Két qua duoc trinh bay ¢ hinh 5. Gia tri RSD(%) cua tin hiéu dong dinh
RTP & cac mirc nong d6 da néu trén lan luot 1a 0,7 %, 0,6 % va 1,5 %. Cac gia tri RSD thu
dwoc déu nho hon ¥4.RSDx (13,5 %, 9,3 %, 7,4 % lan luot tai nong d6 RTP 0,1; 1,2; 5,6 uM)
[23]. Diéu nay cho thdy tin hiéu dong dinh DPV ctia RTP ghi duoc trén dién ciec RSCDs
c6 do ldp lai tot.

(a) " RSD=07%, n=6 (b) 2o RSD = 0,6 %, 11 = 6
ad 1/2RSDy; = 13,5 % 07 1/2RSD;, =9,3 %
CRTP=0,1pM CrRTP=12 1M
0.9-
1.5
g 98 <
= ., =
1.0
0.6+
0.5 T T T 1 0.5 T T T 1
0.4 0.6 0.8 1.0 1.2 0.4 0.6 0.8 1.0 1.2
E/V E/V
(©) RSD=1,5%,n=6
3- 1/2RSD,; = 7,4 %
CRTP =5,6 UM

0.4 0.6 0.8 1.0 12
E/V

Hinh 5. Cac duwong DPV cuia RTP & ba nong d6 khac nhau: (a) 0,1 uM; (b) 1,2 uM; (c) 5,6 uM
trong dung dich dém PBS 0,2 M (pH =7,0).

DKTN: quét thé'tir +0,4 V dén +1,2 V, bién d¢ xung vi phdn: 0,06 V, toc dj quét thé: 20 mV/s, thoi gian
mbi bwée thé* 0,3 s, Budc nhay thé: 0,006 V, thoi gian lam giau 0 s.
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3.2.3. D0 téi ldp cta tin hiéu DPV trén cac dién cuc bién tinh khac nhau
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Hinh 6. Cac duong DPV ctia RTP ghi trén cac dién cuc GCE duoc bién tinh cuing mot ky thuat
v6i RSCDs.

DKTN: quét thé'tie +0,4 V dén +1,2 V, bién d¢ xung vi phin: 0,06 V, téc dg quét thé: 20 mV/s, thoi gian
mdi buéce thé* 0,3 s, Buede nhdy thé: 0,006 V, thoi gian lam giau 0 s.
b€ danh gia do tai lap cta tin hiéu DPV ctia RTP vdi cac lan bién tinh dién cuc
khac nhau, da tién hanh thi nghiém ghi I, cia dung dich RTP 0,8 uM trong dung dich
dém PBS 0,2 M trén cung mot dién ciec GCE duoc bién tinh 1dp lai bon lan khac nhau
bang RSCDs (hinh 6).

Do tdi lap cua tin hiéu Ip trén cac dién cec RSCDs/GCE da néu dwoc danh gia
thong qua viéc so sanh gid tri RSD % cta cac I, ghi dwoc (n = 4) vdi ¥2.RSDu xac dinh ¢
muc néng do RTP dang khao sat. Két qua thi nghiém cho thay gia tri RSD % xac dinh
dwoc 1a 4,3 % nho hon Y2.RSDw tinh toan duoc la 9,9% [23], [24]. Két qua thi nghiém nay
cho thdy tin hiéu I, cia dung dich RTP ghi duoc ¢ d¢ tai ldp tot trén cac dién cuc GCE
duoc bién tinh bang phuong phap bién tinh véi RSCDs nhur da néu trong muc 2.4.

3.2.4. Quan hé tuyén tinh, d¢ nhay, gidi han phat hién va giéi han dinh luwong

D€ danh gia so bd quan hé tuyén tinh gitia tin hiéu I, trén dién cuc RSCDs/GCE
véinong do cua RTP, da tién hanh ghi I, cua cac dung dich RTP ¢6 cac nong do tang dan
ttr 0,1 uM dén 5,6 uM. Két qua thi nghiém dwoc trinh bay trong Bang 1 va Hinh 7.
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Hinh 7. Cuong d6 Ip cua cac dung dich RTP ¢6 néng d6 khac nhau trén RSCDs/GCE va céc

duong DPV cua cac dung dich RTP nay (inset).

DKTN: quét thé'tie +0,4 V dén +1,2 V, bién dg xung vi phin: 0,06 V, toc dg quét thé: 20 mVls, thoi gian
mdi buéce thé* 0,3 s, Buede nhdy thé: 0,006 V, thoi gian lam giau 0 s.

Bdng 1. Cuong d6 Iy cua cac dung dich RTP ¢6 nong d6 khac nhau trén RSCDs/GCE.

Crrv (UM) 0,1 04 0,8 1,2 1,8 5,6

Iy (UA, n=23) 0,09 0,18 0,31 0,44 0,64 1,88

(DKTN: quét thé'tir +0,4 V dén +1,2 V, bién dg xung vi phan: 0,06 V, toc do quét thé: 20 mV/s, thoi gian
moi budc thé' 0,3 s, Bude nhdy thé: 0,006 V, thoi gian lam giau 0 s.)

Két qua thi nghiém cho thdy, trong khoang nong d6 tir 0,1 uM dén 5,6 puM, tin
hiéu I, ghi trén RSCDs/GCE c6 quan hé tuyén tinh t6t véi nong d6 ctia RTP. Do nhay cta
phép do Iy chinh la hé sd goc thu duoc trong phuong trinh héi quy tuyén tinh I,-Crre.
Gia tri d6 nhay xac dinh dwocla 0,3230 pA/uM.

Ap dung quy tic 30 véi cc s6 liéu thi nghiém thu duoc ctia cac dung dich RTP
c6 nong do tir 0,1 pM dén 1,2 uM c6 thé xac dinh dwgc gidi han phat hién (limit of
detection — LOD) va gidi han dinh lugng (limit of quantification — LOQ) ctia phép do tin
hiéu DPV cta dung dich RTP trén RSCDs/GCE lan luot 1a 0,029 uM va 0,087 uM.

4. KET LUAN

Co thé tdng hop duwgc CDs tlit ngudn nguyeén liéu la rom ra bang phuong phap
thtiy nhiét véi quy trinh don gia, chi phi thdp. Dién cuc GCE bién tinh bang vat liéu CDs
vira tong hop dugc cho phép ghi duoc tin hiéu DPV cta dung dich RTP véi do 1ap lai
tot, d0 nhay cao. Tin hiéu I, va nong d6 ctia RTP c6 quan hé tuyén tinh t6t trong khoang
nong do tir 0,1 uM dén 5,6 uM. Gidi han phat hién va gidi han dinh lwgng ctia phép do
I Tan lwot la 0,029 pM va 0,087 uM. I, caa dung dich RTP ghi dwoc trén cac GCE bién
tinh trong cac lan khac nhau c6 d¢ tai lap tot.
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Cac két qua khao sat so bo nay cho phép tiép tuc nghién ctru chi tiét hon dé phat
trién phuong phap DPV dung d€ dinh luong RTP bang dién cuc RSCDs/GCE.
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ABSTRACT

This study synthesized carbon quantum dots from rice straw (rice straw carbon dots
— RSCDs) using the hydrothermal method and characterized by FT-IR infrared
spectroscopy, UV-Vis molecular absorption spectroscopy, and Raman spectra. The
surface of RSCDs has hydroxyl (-OH) and carboxyl (-CO) functional groups. RSCDs
were used to modify the glassy carbon electrode surface to develop a new chemical
sensor to determine ractopamine using differential pulse voltammetry (DPV). The
DPV peak current signal was obtained with good repeatability and a good linear
relationship with the concentration of RTP in the range of 0.1 uM - 5.6 uM. The limit
of detection and limit of quantification determined by the 30 method were 0.029 uM
and 0.087 pM, respectively. The Ip recording results of the RTP solution did not
change significantly between GCE modifications with RSCDs.

Keywords: carbon quantum dots, electrochemistry method, ractopamine.
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D6 Mai Nguyén sinh ngay 02/07/1997 tai Quang Ngai. Ong t&t nghiép
Ctt nhan Su pham chuyén nganh Hoéa hoc nam 2020 tai Truong Pai hoc

Sw pham, Dai hoc Hué; t6t nghiép Thac si chuyén nganh Hbéa hoc nam
2023 tai Trueong Dai hoc Khoa hoc, Dai hoc Hué. C)ng hién tai dang la

Nghién cttu sinh chuyén nganh Hoéa phan tich tai Truwong Dai hoc Khoa
hoc, Pai hoc Hué.
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