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SUMMARY

FABRICATION OF REDUCED GRAPHENE OXIDE MODIFIED GLASSY CARBON
ELECTRODE BY ELECTROCHEMICAL REDUCTION AND ITS DETERMINATION
OF AMARANTH IN CANDY SAMPLES BY VOLTAMMETRY

The glassy carbon electrode modified with reduced graphene oxide (ErGO/GCE) was fabricated by
electrochemical reduction using cyclic voltammetry with conditions: graphene oxide 1 mg/mL, pH = 7:
potential range from -1.5V to 0 V. The ErGO/GCE was applied to determine amaranth in food with optimal
conditions such as Britton-Robinson buffer pH 3.0, adsorption potential 0 V, adsorption time 30 s, scan
rate 20 mV/s, linearity range from 1x107mol. L* to 1x10-%mol. L, limit of detection 3x10® mol. L and
limit of quantification 10x10°8 mol. L. The proposed method was applied to determine amaranth in candy

samples.
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1. MO PAU

Graphene oxide (GO) va graphene oxide dang
khir (rGO) la vat liéu c6 nhiéu hira hen trong ché
tao sensor dién héa nham twng dung trong phan
tich. Graphene oxide duogc téng hop tir graphite
bing phuwong phap oxi héa nén cau tric GO c6
chaa nhém chire hydroxyl (—OH), epoxy (C— 0O —
C), cacboxyl (-COOH) va cacbonyl (C=0).

Dic tinh vé ciu tao va hinh thai cia GO phu thudc
rat nhiéu vao diéu kién tong hop. Tuy nhién, diém
han ché cua GO khi 4p dung trong linh vuc ché
tao sensor dién héa 1a d6 dan dién rat thip, tin hiéu
do cuong d¢ dong thap do kha nang trao doi dién
tir cua cac chat phan tich trén bé mat sensor dién
hoa d6 kém, khong thé xac dinh dugc khi ham
lwong chit can xac dinh nho. Chinh vi vay, can
phai tién hanh loai bo mét sé nhém chire chira oxy

trén bé mat cua GO bang phuong phap khir dién
héa. Graphene oxide dwoc khir bang phwong phap
dién hoa khi &p thé va phan cyc bang phuong phap
von-ampe vong da tiét kiém thoi gian, khdng str
dung cac hoa chat doc hai, nguy hiém, than thién
V6i méi truong. Hon nita, diém dic biét cua qué
trinh khir dién hoa tryc tiép trén bé mat dién cuc
s& khong bi nhiém ban hoa chat do du thira va dé
lam sach biang céch phan cuc nguoc tro lai. Bién
cyc sau khi bién tinh dwoc sir dung dé phan tich
amaranth trong mau thuc pham.

Nhu ching ta da biét, amaranth (E123) 1a thudc
nhudém azo mau dé rat dep, dwoc st dung nhiéu
trong ché bién thyc phdm nhu lam banh ngot,
thach, keo, ngii cbc, cac san pham tir sita, xdc
xich, nudc giai khat.... Amaranth c6 thé gay viém
miii, ndi mé day, anh huéng tiéu cuc dén hoat



dong ciia gan va than, co tac hai dén chirc ning
sinh san cta con ngudi, nd da dugc ching minh [a
c6 thé gay ra bénh hen suyén, cham va ting dong.
Céc nghién ctu dugc cong b tai Hoa Ky nam
1976 cho thay viéc s dung thuéc nhuom E123
dan dén ting kha nang hinh thanh cac khéi u ung
thu trong co thé chudt. Sau dé, phu gia E123 bi
cam sir dung trong nganh cong nghiép thyc pham
cua My. Ciing c6 thong tin cho rang amaranth c6
thé gay quai thai (di tat bAm sinh) va di tat tim ¢
thai nhi, thai chét luu va v sinh. Tai Viét Nam,
theo thong tu s 24/2019/TT-BYT da quy dinh
muc sir dung ti da amaranth trong thuc pham la
100 mg/kg [1]. Do vay, viéc nghién ciru phat trién
phuong phéap phén tich amaranth trong thuc pham
¢ d6 nhay va d6 chon loc cao rat can thiét, c6 y
nghia khoa hoc va thyc tién.

Trén thé gioi, di co nhiéu cong trinh nghién cau
xac dinh cac pham mau nhém azo. Mot s6 phuong
phap dién hinh dé xac dinh d6 1a phuwong phap
quang phé hap thu phan tir [2], phuong phap sic
ki long [3-5] va phuong phap von-ampe [6-10]
Trong d6, phuwong phap séc ki 1ong c6 thé xac dinh
dugc dong thoi cac chit mau trong ciing mot hdn
hop nhung chi phi phan tich cao, yéu cau xt ly
mau phic tap, tén dung mdi. Phuong phap quang
phd hap thu phan tir thi d6 hap thu quang cé tinh
chat cong tinh nén cac chat c6 mau twong tu S8
anh huong dén két qua do. Phuong phap von-
ampe c6 thé xac dinh duoc riéng hoic dong thoi
mot s& chat mau trong mau ma khdng can xir ly
mau phuc tap, quy trinh phan tich don gian, nhanh
va chi phi thip. Vi vdy, chung t6i da lya chon
phuong phap von-ampe dé xac dinh amaranth
trong mot sé6 mau keo.

2. THUC NGHIEM

2.1. Thiét bj

Céc két qua nghién ctru duoc do trén thiét bi phan
tich dién héa Metrohn 663 VA stand Autolab c6
ghép ndi véi may tinh va phan mém diéu khién.
Hé do gém 3 dién cuc: Dién cuc so sanh la dién
cuc bac clorua Ag/AgCI/KCI 3M; bién cuc phu
tro 1a thanh cacbon; Dién cuc lam viéc 1a dién cuc
glassy carbon bién tinh graphene oxide dang khir
(ErGO/GCE).

2.2. Hoa chat

Tat ca cac hoa chat s dung trong nghién cuu 1a
tinh khiét phan tich (p.A, Merck).

Dung dich chuan amaranth 103 mol.L™ duoc bao
quan trong lo mau nau & 5°C. Céc dung dich chuan
6 nong d6 nho hon dugc pha hang ngay.

Dung dich dém Britton-Robinson duoc pha tir hon
hop axit HsPO4, HsBO3, CH3COOH va NaOH.

2.3. Quy trinh téng hop graphene oxide

Cho 0,500 g bot graphite vao 60 mL dung dich
H2S04 98% va H3PO4 85% (9:1), khudy déu hdn
hop trong dung dich nuéc da mudi & nhiét do dudi
10°C. Thém 0,010 g HsBO3 dé 6n dinh méi truong
dé phan tng xay ra ém diu.

Thém tir tir 3,0 g KMnO4 vao hén hop phan tng,
sau d6 gia nhiét 1én 35°C duy tri phan tng trong 3
gio. Sau do6 thém tir tir 30 mL H20, gia nhiét Ién
98°C trong 15 phit dé phan tng oxi héa xay ra
hoan toan, roi dé nguoi & nhiét &6 phong.

Thém tir tir H,0, dé xir ly KMnOy du. Sau d6 li
tam va sdy & nhiét d6 60°C trong 6 gio.

2.4. Quy trinh bién tinh dién cuc

Graphite oxide (1 mg/imL) duoc phén tan trong
nudc cat hai 1an, rung siéu am 60 phit dwoc dung
dich graphene oxide.

bién cuc glassy carbon dugc bién tinh bing
phuong phéap khir dién hda vai cac diéu kién dung
dich graphene oxide 1 mg/imL, thé dién phan -
1,5V, thoi gian dién phén 60 s, ghi duong von-
ampe vong tir-1,5 V dén 0 V véi toc do quét 0,03
V/s. Sau d6, trang cin than hé dién cuc bang nuée
cét, bé mat dién cuc glassy cacbon dwoc phi mot
16p graphene oxide dang khir (ErGO/GCE).

2.5. Quy trinh xac dinh amaranth trong mau keo

Mau keo dugc nghién nho, tron déu. Sau do, can
chinh xac a (gam) bét keo, thém 15,0 mL nuéc
cét, rung siéu am t6i khi mau tan hét. Cho dung
dich vao binh dinh mtrc 25,0 mL va dinh muc
bang nudc cit téi vach, sau d6 dem loc qua gidy
loc thu dugc dung dich A. Lay V(mL) dung dich
A cho vao binh dinh mac 50,0 mL, thém 10,0 mL
dung dich dém pH = 3, dinh muic bang nuée cét
tGi vach muc, lac déu, cho vao binh dién hoa va
tién hanh do véi cac diéu kién da duoc téi uu.



Nong d6 amaranth trong mau duoc xéac dinh bang
phuong phap thém chuan.
3. KET QUA VA THAO LUAN
3.1. Nghién ciru cac diéu kién bién tinh dién cuc
Dé lya chon dugc dién cuc phd hop xac dinh
amaranth trong mau thuc pham, nhém nghién ctu
da ghi duong von-ampe hoa tan véi dién cuc
glassy carbon tran (GCE), dién cuc glassy carbon
phu graphene oxide (GO/GCE) va dién cuc glassy
carbon bién tinh graphene oxide dang khir
(rGO/GCE). Két qua do duong von-ampe biéu
dién trén hinh 1.A.
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Hinh 1: A) Puong von-ampe hoa tan amaranth
phu thude vao dién cuc lam viéc.
B) Puong von-ampe hoa tan amaranth s dung
dién cuc bién tinh véi GO phan tan trong dung
moi nueoc, etanol, DMF

Hinh 1. A cho thay, dudng von-ampe hoa tan cua
amaranth khi sir dung dién cuc GO/GCE khéng
xuét hién tin hiéu trong khoang thé do, dién cuc
GCE cho tin hiéu cuong d6 dong thap, trong khi
do dién cuc rGO/GCE cho tin hiéu cuong d6 dong
cao nhat, diéu nay chung to rang graphene oxide
dang khir c6 wu diém vuot troi hon graphene
oxide, rat tiém ning trong viéc ché tao sensor dién
hoa. Két qua thu dugc hinh 1.A c6 thé giai thich,
mang graphene oxide sau khi khir nhdm chirc
chtra oxi c6 do dan dién cao, ting kha ning trao
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ddi electron trén bé mat dién cuc nén tin hiéu
cuong d6 dong tang manh so vai dién cuc GCE va
GO/GCE.

Khdo sat anh huong cua dung moi:

Graphite oxide sau khi tong hop theo quy trinh 2.3
dugc phan tan trong dung moi etanol (EtOH),
nudce (H20) va dimethylformamide (DMF). Dung
dich GO 1 mg/mL dugc rung siéu &m 60 phut
duoc graphene oxide. Quan sat dung dich cho
thay, graphene oxide phan tan tét trong nuéc va
DMF, ddng nhit sau mét tuan. Trong khi do,
graphene oxide phén tan trong etanol bat dau ling
dong sau 30 phit va sau mot tuan ling dong hoan
toan. Dung dich graphene oxide 1 mg/mL duoc st
dung dé bién tinh dién cuc bang phuong phap khir
dién hoa. Puong von-ampe hoa tan hap phu
amaranth sir dung dién cuc glassy carbon bién tinh
graphene oxide dang khir trong dung mdi nudéc,
etanol va dimethylformade (hinh 1.B).

Két qua hinh 1.B cho thay, duong von-ampe hoa
tan cua dién cuc bién tinh trong dung moi nuée
cho tin hiéu cuong d6 dong cao hon trong dung
mdi etanol va dimethylformamide. Hon nia,
graphene oxide phan tan trong nuéc tét, khong
doc hai, tiét kiem. Do vay, dung mdi nudc dugc
chon dé phan tan graphite oxide.

- Khdo st anh hweng cua so vong khi graphene
oxide bang phiong phdp von-ampe vong.

Diéu kién do: Nong d6 Amaranth 10 M, khoang
quét thé tir -1,5 V dén 0 V, thé dién phan -1,5 V,
thoi gian dién phan 60 s, téc do quét 0,03 V/s, thay
dbi sb vong quét phan cuc dién cuc. Két qua do
cuong d6 dong amaranth phu thuoc vao sé vong
duong CV bién tinh dién cyc (hinh 2.A).

Qua két qua khao sét cho thiy, cuong do dong peak
cao nhit khi st dung dién cuc glassy carbon bién
tinh graphene oxide dang khir biang phwong phap
dién hoa ki thuat von-ampe phén cyuc 5 vong.

Hinh 2.B cho thdy, khi phan cuc, dudng von-ampe
vong dau tién (duong 1) cé tin hiéu pic khir trén
dudng phan cuc catot tai thé -1,09 V do xay ra qua
trinh khir ciia c&c nhom chac chira oxi, dung dich
trong binh dién hoa sui bot khi, céc vong tiép theo
cudng d6 khir giam dan va khong xuit hién nira.
Néu dién cuc bién tinh vai sé vong phan cuc I6n
hon 5 vong thi tin hidu bt dau giam, két qua do lap



lai kém hon nén ching toi chon sb vong khir
graphene oxide la 5 vong.
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Hinh 2. A) Cuong dé dong phu thugc vao sé
vong bién tinh dién cuc; B) Puong CV phan cuc
5 vong

3.2. T6i wu héa cac diéu Kién xic dinh
amaranth sir dung dién cuc rGO/GCE

3.2.1. Khdo sat dnh hwong cuaa pH
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Hinh 3: A) Cuong dé dong phu thugc vao pH

B) Thé dinh peak khy thugc vao pH
Qua tham khao tai liéu thay rang, ndng do H* c6
tham gia vao phan ung dién hoa nén s¢ anh hudng
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dén tin hiéu cuong d6 dong va thé dinh pic. Voi
cac diéu kién do: Nong d6 amaranth 10 M, thé
hap phu 0 V, thoi gian hap phu 30 s, khoang quét
thé tir 0,5 V dén 1,0 V, thay d6i pH tir 2,0 dén 5,5.
Két qua do dugc trinh bay trén hinh 3 A va hinh 3
B.

Tur két qua khao sat anh huong caa pH cho thay,
cuong d6 dong peak cao nhit tai pH = 3,0 va khi
pH tang thi thé dinh peak dich chuyén tuyén tinh
Vé catot theo phuong trinh E, = 0,0292 pH +
0,8522. Véi hé sb goc la 0,0292 thi sé electron
trao doi trong phan tmg dién hoa 1a 2, sé proton
trao d6i 12 1 H* theo phuong trinh phan Gmg dién
hoa xay ra trén bé mat dién cuc nhu sau:
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3.2.2. Khdo sét dnh hwéng thé hap phu va thoi
gian hdp phu

Amaranth ¢ hip phu I&n bé mat dién cuc khi thay
dbi thé hap phu tir -0,2 V dén 0,5 V véi thoi gian
hap phu 30 s. Két qua khao st cho thay, tai thé
hdp phu 0 V thi cuong do dong pic oxi hoa la cao
nhat, pic can @i (hinh 4).
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Hinh 4: Sy phy thuge curong d@é dong vao thé
hdp phu

Khi thay ddi thoi gian hap phu tir 0 s dén 90 s thay
rang, tin hiéu cuong d¢ dong tang déu tir 0 s dén
50 s, sau d6 bét dau giam dan khi thoi gian hap
phu 16n hon 60 s. Do vay, ching tdi chon thai gian
hdp phu 30 s dé dinh lwvong amaranth.

3.3. Panh gia phwong phap phéan tich

3.3.1. Khoang tuyén tinh

Puong chuin duoc xay dung trong khoang nng
d6 tir 1,0x107 M dén 1,0x10°® M véi céc didu kién
do: pH = 3,0; thé hap phu 0 V; thoi gian hap phu
30's, téc d6 quét 25 mV/s, khoang quét thé tir 0,3
V dén 1,0 V. Cac duong von-ampe hoa tan phu



thudc tuyén tinh vao ndng do amaranth (hinh 5).
Sy phu thudc cudng d6 dong peak vao nong do
amaranth theo phwong trinh: | (HA) =
0,0674xCy.107 mol.L* + 0,0268, hé s6 twong
quan R? = 0,9992.
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Hinh 5. Puong von-ampe hoa tan phu thugc vao
nong do amaranth

Dua vio duong chuan tinh dwoc gii han phét hign
( LOD) la 3x10°® mol.L* va gisi han dinh luong
(LOQ) 12 107 mol.L™,

Do léch chuan twong d6i RSD khi do 13p lai dung
dich amaranth 10 mol.L* 1a 1,47 % (n =10) cho
thdy phuong phap c6 do 1ap lai tot.

Do chinh x&c cta phuong phap duge danh gia
thong qua do thu hoi, nong d6 amaranth dugc
thém vao mau tring (keo sira trang) la 3x107
mol.L?, 5x107 mol.L, 7x107 mol.L?, 10x107
mol.L%, x&r Iy mau theo quy trinh 2.5. D¢ thu hoi
cao, dao dong trong khoang tir 96 % dén 104%.
Phuong phap c6 d6 chinh xéc cao, cé thé ap dung
dé phan tich mau thuc pham.

3.4. Ap dung phan tich mdu keo

Quy trinh xir Iy mau theo muc 2.5 da dugc khao
sat. Ham lugng amaranth trong mau keo duoc xac
dinh bang phwong phap thém chuin va miu duoc
dem do d6i chung véi phuong phap sac ki long
hiéu ning cao (HPLC), két qua duoc trinh bay
trong bang 1.

Bang 1: Két quda phan tich ham firong amaranth
trong mau keo

Ham lugng
z amaranth trong mau
TT Mau (mg/kg)

AdSV HPLC

1 Lotte 100 <0,01 <0,30
2 Play <0,01 <0,30
3 Chip chip <0,01 <0,30
4 Sugus <0,01 <0,30
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Nhur vay, qua két qua phan tich mau thyc té cho thay,
khéng phaét hién thiy amaranth trong mot s6 mau keo
duoc ldy mang di phan tich. Két qua duoc so sanh
V&i phuong phép sac ki long hiéu nang cao (HPLC),
két qua pht hop véi phuong phap nghién ctiu, khdng
khéc nhau c6 y nghia thong ké véi phuong phap
HPLC.

4. KET LUAN

Amaranth c6 dic tinh oxi hda bét thuan nghich trén
dién cyc glassy carbon bién tinh bang graphene oxide
dang khur.

Pa t6i uu héa dugc céc diéu kién bién tinh dién cyc
va quy trinh xac dinh amaranth trong mau keo bang
phuong phap von-ampe hoa tan anot hap phu xung vi
phéan. Phuong phap dugc danh gia c6 do nhay, do
chon loc va do chinh xac cao, c¢6 thé &p dung dé phan
tich ham lwong amaranth trong cac mau thyuc pham.
Cam on tai trg:

“Nghién ciru ndy dwoc tién hanh trong khudn khé
dé tai QG 22.16. cia PHOGHN”.
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