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SUMMARY

HIGHLY SENSITIVE SENSOR BASED ON ELECTROCHEMICALLY REDUCED
GRAPHENE OXIDE MODIFIED SCREEN-PRINTED CARBON ELECTRODE
FOR SUNSET YELLOW DETERMINATION IN SOFT DRINKS

A facile approach for preparation of reduced graphene oxide (ERGO) modified screen-printed carbon
electrode (SPCE) was described using a direct electrochemical reduction of graphene oxide. As
graphene modified surfaces were characterized using scanning electron microscopy (SEM) and cyclic
voltammetry. The ERGO/SPCE sensor exhibited a remarkable enhancement of sensitivity towards
Sunset yellow detection with the respect to unmodified SPCE. Using different pulse voltammetry (DPV),
the peak current of the Sunset yellow was linearly increased toward SY concentration varying from 20-
1000 nM (R’ = 0.997) and limit of detection was estimated to 0.46 nM. This sensor was used to SY
determination in soft drinks. The SY concentration in real samples is in good agreement with those
determined by other electrochemical sensors developed in our laboratory. This result demonstrated
that such simple modification process could be successfully applied to cheap SPCE to prepare highly
sensitive modified SPCE sensor for monitoring other colorants and hazardous in foods as well as
environment.
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1. MO PAU Sunset Yellow la diéu can thiét. Mot sb
Pham mau Sunset Yellow (E110-SY) 1a phdm phuong phap da dugc st dung dé phén tich SY
mau tao mau vang do thugc nhém azo dugc su nhu phuong phap sic ki 1ong hiéu ning cao
dung phé bién trong thyc pham cé nhiéu wu (HPLC)B4!, phwong phap quang phd UV-
diém nhu d6 6n dinh mau cao, gia thanh thip. vist>6l quang phd huynh quang!”), phuong
Tuy nhién sy c6 mit ciia phim mau Sunset phap dién hoa 891, Trong d6, n6i bat hién nay
Yellow trong nudc giai khat néi riéng va thuc 1a phuong phép dién hoa sir dung dién cyc bién
pham néi chung c6 thé gay nhiéu anh hudng tinh v&i d9 nhay cao, don gidn, nhanh chéng va
xAu ti stre khoe con nguoi. Mot ) nghién ctru chi phi thép dua trén hoat tinh dién hoa cua
gan day chi ra rang pham mau azo tong hop co SY.

thé gay dot bién [, gdy doc gen.[? Ngoai ra Graphene trong nhitng nim gan day thu hut sy
chung con c6 thé giy nhic dau chong mit cha ¥ cta cac nha khoa hoc trén thé giéi nho
viém miii, nghet mili, ndn mira, ndi mé day, vao cac dic tinh dic biét nhu dién tich bé mat
tiéu chdy... Vi vay, phat hién va xac dinh 16n, gia ré, d6 dan dién cao 'Y, Do vay, vat
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li¢u graphene dugc Ung dung rong rii trong
nhiéu linh vyc khac nhau luu trit va chuyén
héa ning luwong [','?], xlic tac quang héa [3],
sinh hoc ['*], cam bién ['5]. Trong linh vuc ché
tao cam bién trén co s& vat lidu graphene, hién
nay c6 2 cach thic dé tong hop nd. Thir nhat
d6 1a nho dung dich véat li¢u graphene duogc
phan tan trong dung méi ['%,'7,'3,1°]. Phuong
phap nay rat don gian tuy nhién ciing ton tai
mot s& han ché nhu 1a rat kho kiém soat dugc
d6 day cua 16p graphene bién tinh, c6 thé tao
thanh cac két tia do sy tuong tac stacking cuia
cac 16p graphene. Do d6 mot phuong phap cho
phép tong hop mang vat liéu graphene c6 cau
trac kiém soat hon ludn 1a diéu mong mudn.
Trong d6 khtr dién hoa vat li¢u graphene oxide
la phuong phap trién vong cho phép dat dugc
muc dich trén. C6 hai cach thirc dé tong hop
vat lidu graphene oxide khtr dién hoa (ERGO):
(i) phan b dung dich grahene oxide co6 do
phén tan cao 1én bé mat dién cuc, sau do khu
16p GO bang ki thuat dién hoa [2°,2',22]; (ii)
khtr dién hoa truc tiép dung dich GO tao thanh
vat liéu GO dang khtr c6 d6 tan kém va Kkét tua
1én bé mat dién cuc (goi 12 ERGO). Cam bién
dién hoa str dung ERGO téng hop duoc cod do
nhay cai thién dang ké, duoc ung dung trong
phan tich nhiéu loai hop chat khac nhau nhu
phenols [#,2*], amines [*°], dopamine, ascorbic
and uric acid [*%%7], glucose [?®]. Tuy nhién
trong linh vuc phan tich Sunset yellow chi co
vai cam bién vat liéu graphene duoc tim thay:
graphene-Ni bién tinh dién cyc carbon thiy
tinh GCE [*], graphene-PTA bién tinh GCE
[3], graphene/Vang nano bién tinh GCE [*'].
Gan day, phat trién cam bién sir dung dién cuc
in (SPE) dugc chu y nhd ciu trac don gian,
gon nhe g6m c6 hé 3 dién cuc (Iam viée, doi va
so sanh) dugc tich hop trén 1 vat liéu mang,
tuy nhién gia thanh lai ré c6 thé san xuat hang
loat. Nghién ciru nay tap trung nghién ctru bién
tinh dién cuc in (SPCE) béng vat liéu graphene
oxide khir dién hoa (ERGO) dugc téng hop
tryc tiép tir dung dich GO, sir dung phan tich
pham mau Sunset yellow trong nudc giai khac.
2. THUC NGHIEM

2.1. Héa chit va thiét bi
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Trong nghién ctru nay, cic hoa chét duge mua
tir cac hang hoa chat voi do tinh khiét cao gdm
Yellow (GLC, Do),
ferricyanide,

Sunset Potassium

Potassium ferrocyanide,
Potassium chloride (Sigma) Sodium acetate,
Na»SOy4, Glucose, Acetic acid, Na,HPO4.2H,0,
NaH,P04.2H,0 (Merck).

2.2. Phwong phap dién héa

Tét ca cac thi nghiém dién héa duoc thuc hién
trén thiét bi may quang dién hoa CIMPS
(Zahner) dugc két nbi véi may tinh va cac
thong s6 do duge diéu khién bang phan mém
di kém. Cac dién cyc st dung trong nghién clru
la dién cuc in carbon SPCE cua hiang Dropsen.
Phuong phap CV duogc st dung do trong dung
dich chta ImM K3Fe(CN)¢/ KsFe(CN)g + 0.1
M KClI, quét thé tir -0.2 dén 0.6 V, tbc do quét
50 mV/s va dém acetate pH 6 chtra SY quét thé
tir 0-0.8 V, tdc do quét 50 mV/s. Phuong phap
do DPV duogc tién hanh lam giau 0 V trong 3
phut, v6i thong s6 do gdm téc do quét 10
mV/s, d0 rong budc thé 600 ms, chiéu cao
xung 50 mV, d6 rong xung 180 ms, thoi gian
tich phan 100 ms. Dé xac dinh nong do SY,
phuong phap thém chuan dugc st dung.

2.3. Tong hop cam bién SPCE/ERGO
Graphene oxide (GO) duoc tong hop bing
phuong phiap Hummer sira doéi. 60 ml
H,SO4/H3PO4 (9:1, viv) duoc khudy déu trong
bdn da véi nhiét d6 < 0°C. Thém vao hdn hop
1.0 g graphite va 0.01 g H;BO; khudy déu. Sau
do, 6g KMnOy4 dugc thém tu tir vao dung dich,
sau d6 gia nhiét 1én 35°C trong 3 tiéng. Thém
60 ml H,O, gia nhiét 98°C 15 phut, roi dé
ngudi ¢ nhiét d6 phong. 3ml H,O, 30% duogc
thém vao hdn hop, sau d6 thém 200 ml H,O.
Dung dich cudi cung duoc ly taim ldy chat rén.
Chat ran dugc rira ly tim bang HCl 1M 3 lan,
aceton 3 lan, loc rira bang diethyl ether rdi sdy
kho & 60°C.

GO duoc pha lodng véi nuée dé ion tao dung
dich GO 1mg/ml, siéu am 1 gid, ly tam 500
rpm 20 phit loai bo phan ran. Thém 0.2 M
LiClO4 vao dung dich, siéu am 15 phuat. Dién
cuc SPCE duoc nhung vao dung dich
GO/LiClOy4, suc khi Ar 5 phut trude khi do,
quét thé tuan hoan tir 0.6 dén -1.5 V, tc do



quét 50 mV/s trong 10 vong thu dugc dién cuc
in bién tinh graphene khir dién hoa
(ERGO/SPCE).

3. KET QUA VA THAO LUAN

3.1. Téng hop GO khir dién héa (ERGO) Ién
bé mit dién cuc in SPCE

Qua trinh téng hop dién cuc bién tinh
ERGO/SPCE dugc thuc hién bing phuong
phap quét thé vong tudn hoan CV lap lai 10 lan
dugc trinh bay tai Hinh 1A. Tai vong thir nhit,
xuét hién 1 tin hi¢u khi tai dién thé -0.9 duogc
cho 1a tin hi€u dac trung cta qua trinh khir GO
(cac nhom chtrc chira oxy trén bé mit graphene
nhu —~OH,-COOH, epoxide) 21, Qua trinh khir
GO nay cho phép hinh thanh GO dang khwr
(ERGO) c6 d6 tan kém va két tua 1én bé mit
dién cyc. Bén canh d6, tai cac vong tiép theo
nhan thiy su gia ting do day 16p dién dung.
Két qua nay goi ¥ rang co su hinh thanh 16p
mang graphene 1én bé mat dién cyc. Hinh anh
SEM khing dinh c6 sy phu cua 1 16p vat lidu
trén bé mat ITO vé6i ciu trac nhau nat rat dic
trung cua vt liéu graphene (Hinh 1B).
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Hinh 1. (A) Tin hiéu CV qua trinh khir GO trén
bé mat dién cuc SPCE. Téc do quét 50 mV/s,
10 vong; (B) Hinh anh SEM cia ERGO phu
trén nén ITO
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3.2. Pac tinh héa cia dién cwe ERGO/SPCE
Tinh chit dién hoa cua dién cuc bién tinh
ERGO/SPCE duogc dac tinh hda sir dung phuong
phép CV véi cdp oxi hoa khir [Fe(CN)s*/#* (Hinh
2). Két qua CV biéu thi rang tin hiéu cua
[Fe(CN)g]*/* dugc ting 1d rét trén ERGO/SPCE so
voi SPCE. Bén canh do, d9 tach pic (AEp) giam tur
280 mV vdi dién cuc chua bién tinh xuéng con 80
mV sau khi bién tinh v6i ERGO, cho thdy kha niing
trao doi dién tir dugc cai thién dang ké 2. Bén canh
do, dua vao sy phu thude cua gia tri can cia van toc
quét dén cudng do dong pic, dién tich hoat dong
dién hoa (ECSA) c6 thé tinh toan dugc theo cong
thirc (1). Gia tri ECSA cia SPCE va ERGO/SPCE
thu duoc 1an Iuot 13 0.096 cm? va 0.162 cn??, khing
dinh bién tinh ERGO cho phép cai thién ECSA
khoang 1,7 lan,
Ip=(2.69 x 10°) n¥?4D'?Cv'"?
, 9 (1)

trong do n 1a so e trao doi, 4 1a dién tich hoat
dong dién hoa (ECSA), D 1a hé sé khuéch tan
ctia chat khir, va C 1a nong do chat khir. Tur
phuong trinh tuyén tinh thu dugc cua sy phu

2 n =1,

thudc gitta cuong do dong pic I, va v/
D=6.67*10°cm?s! va C=1 mM.
Tinh chét dién hoa cua SY duge khao sat véi dién
cuc bién tinh ERGO/SPCE. CV cho thiy rang, tin
hiéu SY tang dang ké khi sir dung dién cuc
ERGO/SPCE. That vay, dién cuc ERGO/SPCE
cho phép thu dugc tin hi¢u thuan nghich tai 0.58 V
va c6 cuong do tang rd rét so véi dién cuc SPCE
cho tin hi€u khong thuan nghich tai 0.61 V va rat
nhé (Hinh 2a va 2¢). Két qua nay khang dinh do
nhay phan tich SY dugc céi thién dang ké khi su
dung dién cyc bién tinh ERGO.
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Hinh 2. (A) Tin hiéu CV cua SPCE va
ERGO/SPCE trong dung dich 0.1 M KCI +
ImM K;Fe(CN)s/KiFe(CN)s. Toc d quét 50

mV/s. (B) CVs trong dung dich dém pH 6 chira
10 uM SY: (a) SPCE; (b) ERGO/SPCE khong
c6 SY va (¢) ERGO/SPCE.

3.3. Tinh chét dién héa Sunset Yellow sit
dung dién cuc ERGO/SPCE

3.3.1. Anh hwéng ciia pH dén tin hi¢u ciia SY
Tinh chat dién héa SY khi thay doi gia tri pH
dugc khao sat trong khoang tir 3 dén 8. Két qua
cho thdy c6 su chuyén doi thé ciia pic vé phia
am va cudng do dong pic ting dan khi pH ting
tir 3 dén 6, giam dan khi pH tang tir 6 dén 9.
Do d6 pH 6 duoc chon lam pH tdi wu dé tién
hanh do céc thi nghiém tiép theo.
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Hinh 3: CV ciua 10 uM SY sur dung dién cuc
ERGO/SPCE trong dung dich dém voi gia tri
pH tir 3 dén 8. Toc dg quét v = 50 mV/s.
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3.3.2. Anh hwéng ciia toc dp quét

Anh huong cta tée do quét dén cuong do dong
ctia tin hiéu SY dwoc danh gia bang phuong
phap CV hién thi trong Hinh A. Sy phu thudc
tuyén tinh giita cudng do dong pic I va vén tdc
quét v cho thdy qua trinh dién héa ciia SY duoc
kiém sat boi qua trinh hip phu.
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Hinh 4. Anh hudng ciia toc dé quét dén tin
hiéu CV véi toc @ quét tir 20-900mV/s.
3.4. T6i wu thong s6 1am giau trong phwong

phap xung vi phian

Trong nghién ctru nay, dién cuc ERGO/SPCE
dugc su dung xac dinh SY trong dém pH 6
bang k¥ thuat xung vi phan (DPV). Mot sb
diéu kién co ban nhu thoi gian lam giau va thé
lam giau dwoc khao sat. Két qua khao sat thoi
gian 1am giau & thé 0 V tir 0 dén 5 phut cho
thdy sy ting cuong tin hiéu ngay ¢ phut diu
tién, va giam dan ¢ nhitng phut tiép theo. Tuy
nhién khong c6 nhiéu su khac biét trong 3 phit
dau nén thoi gian lam giau 3 phat dwoc lya
chon vi ¢6 d0 sai b théip nhat. Yéu t§ thé 1am
gidu duge khao sat tir 0.0 dén 0.3 V cho thay
cuong do dong tin hiéu giam dan khi thé ting
tr 0 — 0.3V. Do d6 thé 0V duoc lua chon cho
nhiing thi nghiém tiép theo.

3.5. Sw phu thugc cia cwong do dong tin
hiéu thu dwoc vao nong do SY

Pé danh gia kha ning xac dinh ndng do SY
trong dung dich, sy phu thuéc cuong do dong
tin hiéu 7, vao néng d6 SY duoc khao sat va
thiét 1ap phwong trinh hdi quy tuyén tinh bac
nhét biéu dién su phu thudc do. Két qua thu
dugc dugc trinh bay & Hinh cho thiy cudng do



tin hiéu 7, ti 1& thuan v6i nong do6 SY trong
khoang tir 20 — 1000 nM. Gidi han phat hién
tinh theo cong thitc LOD=30/a (o 1a dd léch
chuén tinh theo duong chuén, a 1a hé sb chin)
12 0.46 nM. Phuong trinh tuyén tinh /p (uA) =
0.013C (nM) - 0.5045 (R?=0.9966).
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Hinh 5. Su phu thudc cwong do dong tin hiéu
vdo nong do SY tir 20 — 1000 nM.

3.6. D) bén, d9 13p lai, d9 nhidu
Do 1ap lai cia dién cyc bién tinh dugc danh gia
bang phép do DPV trong dung dich PBS pH 6
chira 500 nM SY do lap lai 8 1an v&i diéu kién
t6i wu. P9 1éch chuan tuong ddi RSD dugc tinh
toan 13 1.35% cho thy dién cuc ERGO/SPCE
c6 do lap lai tét. Bén canh do do 1ap lai gitra 3
dién cuc khac nhau do bing DPV véi cing
diéu kién c6 RSD dat 14%. Khi do do bén
dién cyc bién tinh hang ngay, tin hiéu DPV bi
sut giam ngay sau 24 gio do. Diéu nay cho
tha?iy dién cuc bién tinh c6 do lap lai gitra cac
dién cuc va do bén kém, chi thich hop do
trong ngay. Tuy nhién, két qua thi nghiém vé
kha nang chon loc tin hi¢u cua dién cuc bién
tinh rat tot. Vi ndong do chat nhidu cao gip
100 1an ndng do chat phén tich, cac chat gdm
KCI, NaxSOs, sodium citrate (SC), glucose
(Glu) dugc coi nhu khong gy anh huong dén
tin hiéu véi d6 1éch tin hiéu thap hon 5%.
3.7. Ung dung phan tich miu that
Dua vao cac két qua thu duogc, dién cuc bién
tinh ERGO/SPCE dugc tién hanh phan tich
mAu nudc ngot bang phuong phap thém chuin
sit dung DPV véi diéu kién di tdi wu. Mau
nudc ngot Samurai duoc pha lodng bang dung
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dich dém pH 6 (30 uL/6 mL), sau d6 thém cac
noéng do6 SY xac dinh tao thanh diy chudn va
thu dugc tin hi¢u trong Hinh.

0.0 02 0.4 06 0.8

Hinh 6. Tin hiéu DPV va dwong tuyén tinh ciia
mau Samurai khi phan tich SY sir dung dém pH
6.

Moéi diém chuan duoc do lap lai 3 lan. Két qua
phén tich cho thdy nong d¢ SY trong mau
Samurai dwoc xdc dinh bdng DPV chira 17.69
uM (8 mg/L). Két qua phan tich trong mau
Samurai  khin dung dién cuc bién tinh
ERGO/SPCE rit gan véi gid tri thu dwoc khi
st dung dién carbon thiy tinh bién tinh
graphene ERGO/GCE (16.88 uM);

ERGO/Ni/GCE (16.98 uM).

4. KET LUAN

Nghién ciru nay da chi ra rang sir dung phuong
phap dién hoa don gian cho phép tong hop vat
lidu ERGO 1én bé mat dién cuc in SPCE. Pién
cuc ERGO/SPCE thu dugc c6 d§ nhay cao khi
phan tich pham mau Sunset Yellow voi gidi
han phat hién rat thap 0.46 nM khi st dung
phuong phap DPV. Cam bién ERGO/SPCE c6
d6 nhay cao hoan toan c6 thé ap dung cho cac
hop chit doc hai khac trong linh vyc moi
truong, thuc phém. Hodc ché tai thiét bi do
nhanh phéan tich hién truong st dung dién cuc
in bién tinh 14 huéng di day trién vong.
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