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SUMMARY

ELECTROCHEMICAL STUDY OF PONCEAU 4R AND ITS DETERMINATION IN
SOFT DRINK BY DIFFERENTIAL PULSE ADSORPTIVE ANODIC STRIPPING
VOLTAMMETRY

The electrochemical behavior of ponceau 4R on the gold electrode modified with silver and reduced
graphene oxide (Ag/rGO/AUE) has been investigated by cyclic and differential pulse adsorptive anodic
stripping voltammetry. The electrochemical reaction was reversible and adsorptive on the surface of
Ag/rGO/AUE. The optimal conditions to determine ponceau 4R were pH = 2, adsorption potential 0.3 V,
adsorption time 30 s, scan rate 0.025 V/s, linear range from 5.0 x10® M to 2.5x107 M. The limits of
detection and quantification were 1.5x10% M and 5x10% M, respectively. The developed method was
successfully applied for determination of ponceau 4R in soft drinks samples.

Keyword: Voltammetry, Ag-ErGO/GCE, reduced graphene oxide, Ponceau 4R.

1. MO PAU
Ponceau 4R 14 thudc nhuom azo mau do dugc su
dung d& tao mau thyc pham c6 tén thuong mai la
E124. Ponceau 4R c¢é cbng thiac phan to
CaoH11N2Naz010S3 va cdng thirc cdu tao nhur hinh 1.
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Hinh 1: Cong thic cdu tao cia ponceau 4R
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Ponceau 4R c¢6 mau do, 1a mau thuc pham khé phd
bién thuong dwoc thém vao nhiéu loai d6 ung va
thuc pham nhu keo, thach, cac loai d6 hop, banh
ngot, nudc giai khét.. Tuy nhién, néu st dung
ponceau 4R khong rd ngudn gbc, lam dung, qua lidu
luong cho phép s& anh hudng xau dén stc khoé con
nguoi nhu di Gng, ting dong va giam kha nang tap
trung o tré em, hen suyén, ung thu... Vi vdy, nim
2009, hiép hoi an toan thyc pham Chau Au da giam
lugng Ponceau 4R thém vao tir 4,0 xuéng 0,7 mg/kg
ty trong co thé trong mot ngay [1]. M6t s6 nude nhur
Na Uy, Thuy Dién, Phan Lan cdm sir dung ponceau
4R trong thyc pham.

Tai Viét Nam, theo thong tu sb 24/2019/TT-BYT
da quy dinh muc sir dung tdi da ponceau 4R trong
thuc pham 1a 50 dén 300 mg/kg tlly tirng san pham
[2]. Vi vay, viéc nghién ctru phat trién phuong
phap xac dinh ham lugng ponceau 4R trong thuc
pham 1a can thiét, c6 ¥ nghia khoa hoc va thuc
tidn. Hién nay, c6 mot sb phuong phap di dugc



nghién ctru dé xac dinh ponceau 4R nhu phuong
phép quang phd [3], phuong phap sic ki long hi¢u
nang cao [4,5], phuong phap Von-ampe hoa tan
[6,7,8]. Trong d6, phuong phap Von-ampe hoa tan
cho két qua phan tich vai d6 nhay, do lap lai va do
chon loc cao, quy trinh phén tich don gian, nhanh
va chi phi thap. Vi vay, chung t6i da lya chon
phuong phap von-ampe dé xac dinh ponceau 4R
trong nuéc giai khat.

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 cé
ghép ndi voi méy tinh va phan mém diéu khién. Hé
do gém 3 dién cuc: Bién cuc so sanh la dién cuc
bac clorua Ag/AgCI/KCI 3M; Bién cuc phu tro la
thanh cacbon; Bién cuc lam viéc 1a dién cuc vang
bién tinh bac va graphene oxit dang khr.

2.2. Hoa chat

T4t ca cac hoa chét sir dung trong qua trinh phan
tich 1a tinh khiét phan tich (p.A, Merck). Chat
chuan ponceau 4R 85%.

Dung dich chuan ponceau 4R 103 mol.L: Hoa tan
35,6 mg ponceau 4R 85 % vao binh dinh muc 50,0
mL, thém nud6c cat 2 1an, lic déu cho dén tan hét va
dinh mac dén vach dugc dung dich c6 nong do
1,010 mol L. Dung dich chuin duoc bao quan
trong lo mau nau ¢ 5°C. Céc dung dich chuan c6
ndng d6 nho hon dugc pha hang ngay.

Dung dich dém Britton-Robinson dugc pha tir hon
hop axit HsPO4, H3BO3, CH3COOH va NaOH.

2.3. Quy trinh téng hop graphene oxide

Cho 0,500 g bot graphite vao 60 mL dung dich
H,S0, 98% va H3PO4 85% (9:1), khuay déu hon
hop trong dung dich nuéc da mudi & nhiét do dudi
10°C. Thém 0,010 g HsBO3 dé 6n dinh mai truong
dé phan ung xay ra ém diu.

Thém tir tir 3,0 g KMnO4 vao hdn hop phan ng,
sau d6 gia nhiét 1én 35°C duy tri phan &g trong 3
gio. Sau do6 thém tur tir 30 mL HO, gia nhiét 1én
98°C trong 15 phit d& phan ¢ng oxi héa xay ra
hoan toan, roi dé nguoi ¢ nhiét do phong.

Thém tir tir H,0, dé xir Iy KMnQO4 du. Sau d6 li
tAm va sdy & nhiét do 60°C trong 6 gio.

2.4. Quy trinh bién tinh di¢n cuc

Graphite oxide (1 mg/lmL) duogc phan tan trong
nudc cat hai lan chira AgNOs 0,01 M, rung siéu
am 60 phut duoc dung dich Ag*-GO.

15

Dién cuc than guong duogc bién tinh bang phwong
phap khtr dién hda véi cac diéu kién: Hé do duogc
dat trong dung dich chira ion bac va graphene
oxide, thé dién phan -1,5 V, thoi gian dién phan
60 s, ghi 15 duong von-ampe vong tir -1,5 V dén
0 V véi tée do quét 0,03 V/s. Sau do, trang can
than hé dién cuc bang nudc cét, duoc dién cuc lam
viéc la Ag-ErGO/AUE va sir dung dé xac dinh
ponceau 4R trong mau thuc pham.

2.5. Quy trinh xac dinh ponceau 4R trong miu
nuoc giai khat.

Hat 5,0 mL méu vao cbc, thém 15,0 mL nudc cat
dem rung siéu am trong 10 phut r6i dinh muc vao
binh 50,0 mL thu dugc dung dich A. HUt V mL
dung dich A cho vao binh dinh mc 50,0 mL,
thém 10,0 mL dung dich dém Britton - Robinson
pH = 2,0 va dinh mirc dén vach. Cho mau vao binh
dién hoa va tién hanh do véi cac diéu kién da dugc
t61 wu. Ham luong ponceau 4R trong dung dich do
dugc xéc dinh bang phuong phap thém chuan.

3. KET QUA VA THAO LUAN
3.1. Két qua phdé héng ngoai caa vat ligu
graphene oxide va graphene oxide dang khik.

Graphene oxide sau khi tong hop duoc theo quy
trinh 2.3 va graphene oxide dang khir theo quy
trinh 2.4 dwoc do phd FT-IR dé nghién ctu ciu
trdc cua vat liéu. Két qua do phd FT -IR duoc biéu
dién hinh 2.
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Hinh 2. Phé FT-IR ciia graphene oxide (A) va
graphene oxide dang khu (B)
Qua qud trinh oxi hda, c&c nhdm chic epoxy, -
OH, -COOH, dugc gén vao cau tric cua graphite
tao thanh graphite oxide. Két qua phd FT-IR ¢



hinh 2A cho thay peak tai 3420 cm™ dic trung cho
dao dong ctia nhom -OH trong -COOH hoic C-
OH phenol. Peak tai 1734 cm™ dic trung cho
nhom cacbonyl (C=0) hoac cachoxyl. Peak tai
1625 cm! ¢6 thé 1a C=C cua khung suon cachon.
Céc peak song tir 1000 -1300 cm'* twong rng Véi
dao dong C-OH cua nhém hydroxyl va C-O cua
epoxy. Trong khi d6 phd FT-IR cia graphene
oxide dang khir thi céc peak cia nhdm chac c6
chira oxi da bién mat (hinh 2B), ching to phuong
phép khtr dién hoa da khir dugc oxi cta graphite
oxide trén bé mat dién cuc vang. Pién cuc vang
duogc bién tinh bang graphene oxide dang khir da
tang dugc kha niang dan dién, ting kha ning trao
doi dién tich trén bé mat dién cuc nén cudng do
dong do duogc tang.

3.2. Nghién ciu dic tinh dién hoa ponceau 4R

Pac tinh dién hda cuaa ponceau 4R dugc nghién
ctru bang phwong phap von-ampe vong (CV) sir
dung dién cuc vang (Au), dién cuc vang bién tinh
graphene oxide dang kht (rGO/AuE), dién cuc
vang bién tinh graphene oxide dang khir va bac
(AglrGO/AUE) véi cac diéu kién: Nong do ponceau
4R 5.10° mol/L?, dung dich dém Britton -
Robinson pH = 2, khoang thé tir 0,4 V dén 1,2 V,
thé hap phu 0 V, thai gian hip phu 30 s, toc do quét
0,03 V/s. Két qua do dudng von-ampe vong cua
ponceau 4R duoc biéu dién hinh 3A.

Hinh 3A cho thiy, trén dudng phan cuc anot tir 0
V dén 1,2 V c6 peak oxi hoa xuit hién tai thé
0,711 V, cudong d6 dong 1,58 YA va trén duong
phan cuc catot tir 1,2 V dén 0 V c6 peak khir xuat
hién tai khoang thé 0,684 V, cuong d6 dong la
0,976 pA. Hiéu sb thé dinh peak anot va catot 13 AE
= Epa - Epc = 0,027 = 0,059/n, tirc 12 s6 electron trao
d6i n =2 1a pht hop. Nhu vay, c6 thé két luan rang
qua trinh dién hda ponceau 4R trén dién cuc Ag-
ErGO/AUE la qué trinh thuan nghich.

Mt khac, dic tinh hip phu ciia ponceau 4R ciing
duoc ching minh khi do dudng von-ampe vong
vai thoi gian hap phu 30 s tai thé 0 V thi cudng do
dong peak oxi hda ting so véi truong hop do
khong c6 thai gian hip phu (hinh 3B). Bong thoi
nhan thiy, cuong d6 dong peak oxi hoa cao hon
cuong do dong peak khir nén pic oxi héa dugc
chon dé nghién ctru quy trinh dinh lugng ponceau
4R trong mau nudc giai khat.
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Hinh 3: Buong CV cua ponceau 4R 5 x10° M véi
cdc dién cuc khac nhau (A); dién cuc
Ag/rGO/AUE, thei gian hap phu 0 s va 30 s (B).
Mdu blank dwoc ghi véi dién cuc AgirGO/AUE,
thoi gian hdp phy 30 s.

3.3. T6i wu héa cac diéu kién phan tich
3.3.1. Khdo sét dnh hwong cuaa pH

Theo phuong trinh phan Gng dién hda xay ra trén
b& mat dién cuc thi ndng do H* c¢6 tham gia vao
phan mg dién hda nén s& anh hudng dén tin hiéu
cuong d6 dong va thé dinh peak, vi vay can khao
sat pH dé tim ra gié tri pH phd hop cho tin hiéu
cuong d6 dong cao nhat. Két qua do cuong do
dong peak phu thudc vao pH duoc biéu dién trén
hinh 4.
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Hinh 4. Sy phu thugc cuong dé dong vao

pH(Piéu kién do: Nong dg ponceau 4R: 107 M.

Khodng thé 0 V-1V, thé hap phu 0,3 V, thai gian
hdp phu 0's, téc dg quét 0,03 V/s).

Hinh 4 cho thay, tai pH = 2,0 thi cuong d6 dong
peak oxi hoa cao nhat. Khi pH > 2 thi cuong do



dong peak bat dau giam. Vi vay, pH = 2,0 dugc
chon cho céc nghién cuu tiép theo.

Mat khac, quan sat thé dinh peak cho thay khi pH
tang thé dich chuyén tuyén tinh vé thé am hon
(ving thé catot) theo phuong trinh E, = -0,029 pH
+ 0,746, chirng to cd su tham gia 1 proton H* va
trao doi 2 electron vao phan tmg dién héa. Phuong
trinh phan ung dién hoa trén dién cyc vang bién

tinh Ag/rGO/AuE nhu sau:
ONa ONa
0=8=0 0-5-0
4 | s
X g
2e-H*
ONa ONa
0=S=0ON PE— 0=S=0N
OH
= = /O
os . O‘E N \
Na0™ ™, Na0 "

3.3.2. Khdo sét @nh hwéng thé hip phu va thoi
gian hdp phu

Do nhay va do chon loc cia phuong phap von-
ampe hoa tan phu thudc vao thai gian lam giau va
thé 1am giau. Thoi gian 1am giau phu thudc vao
ndng d6 chat trong dung dich mau, loai dién cuc
va kiéu hap phu. Qua két qua khao sat anh huong
cua thé hap phu trong khoang tir 0 V dén 0,6 V thi
tai thé hip phu 0,3 V cuong d6 dong peak cao
nhat, pic can dbi. Khi tién hanh khao séat anh
huéng cua thoi gian hap phu d&n tin hiéu cuong
d6 dong két qua cho thiy, véi dung dich mau co
ndng do ponceau 4R 107 mol.L™ thi khi ting thoi
gian hap phu tir 0 dén 60 s thi cudng d6 dong ting
tuyén tinh, cuong d6 dong dat cuc dai tai 60 s, khi
thoi gian hap phu I6n hon 60 s thi tin hiéu cuong
d6 dong bit dau giam. Diéu nay c6 thé giai thich
khi thoi gian hap phu I6n hon 60 s thi hién twong
hap phu da 16p da hinh thanh trén bé mat dién cuc
gay kho khin cho qué trinh hoa tan chat nén tin
hiéu cuong d6 dong giam. Vi thé, thoi gian hip
phu 30 s dugc lya chon dé x4c dinh ponceau 4R.
3.4. Panh gia phuong phap phan tich

3.4.1. Khodng tuyén tinh

Puong chuin dugc xay dung trong khoang nng
d6 tir 5,0x108 M dén 2,5x107 M véi cac didu kién
do phu hop: dung dich dém Britton — Robinson
pH = 2,0; thé hap phu + 0,3 V; thoi gian hap phu
30 s, téc do quét 50 mV/s, khoang quét thé tir 0,3
V dn 1,0 V. Sy phu thudc cudng do dong peak
vao nong d6 ponceau 4R theo phuong trinh (hinh
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5): 1 (MA) = 29,16XCy.10 mol.L - 0,695, hé s6
twong quan R? = 0,9974.
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Hinh 5. Si phu thugc cuong dé dong vao nong
d¢ ponceau 4R tir 5,0x10°® M dén 2,5x107 M

3.4.2. Gidi hagn phét hign va gidi han dinh lrong

Dua vao duong chuan sy phu thudc cua tin hiéu
cuong d6 dong vao ponceau 4R, gidi han phéat
hién (LOD) 1a 1,510 M va gi6i han dinh luong
(LOQ) la 5,0x108 M.

3.4.3. Dj lgp lgi

Do lap lai cia phuong phap dugc danh gié thong
qua viéc do 1ap lai 10 lan dung dich 10”7 M véi céc
diéu kién d3 dugc toi wu. PO léch chuan cua
phuong phap (RSD) 1a 1,75 % (n = 10), ching to
phuong phap phat trién c6 do lap lai tét, c6 thé
tng dung dé phan tich mau thuec té.

3.4.4. Pj thu hoi

b6 dung cua phuong phap duge danh gia qua do thu
hdi. Bé xac dinh d6 thu hdi cia phuong phap ta tién
hanh thém chuan trén nén mau tring c6 thanh phan
gan gidng mau thuc (nudc giai khat 7 up), khéng chira
ponceau 4R. Chit chuin dugc thém vao mau nuéc
giai khat, tién hanh theo quy trinh muc 2.5. B thu hoi
tai cAc mirc ndng d6 6x108 mol.L%, 10x108 mol.L %,
14x10® mol.L%, 18x108 mol.L? dao dong trong
khoang tir 90,0 % dén 100,2 % chirng té phuong phap
c6 d6 thu hoi tét, cd thé &p dung cho phan tich mau
thuc vaéi do chinh xac cao.
3.5. Ap dung phan tich mdu nwdéc giai khat
Quy trinh xir Iy mau theo muc 2.5 da duoc khao
sat. Ham lugng ponceau 4R trong mau duoc Xac
dinh bang phwong phap thém chuin va miu duoc
dem do ddi chung vaoi phuong phap sic ki long
hiéu ning cao (HPLC), két qua duoc trinh bay
trong bang 1.

Bang 1: Két qua phdn tich ham hrong ponceau

4R trong mdu nuéc gidi khat



Ham lwong ponceau 4R
TT | Tén médu* (mg/kg)
AdSV HPLC
1 RB 1,57 1,83
2 LVD 1,62 1,51
3 ST <0,01 <0,30
4 ORF <0,01 <0,30

* Tén mau da dwoc ma hoa

Nhu vay, qua két qua phan tich mau thyc té cho
thdy trong cac miu nudc giai khat ¢ ghi thanh
phan ponceau 4R trén nhin déu c6 xuét hién peak
cua ponceau 4R. Ham lugng ponceau 4R trong
mau déu nho hon tiéu chuan cho phép cua By Y
té (thong tu sb 24/2019/TT-BYT di quy dinh mic
sir dung tdi da ponceau 4R trong db uéng, banh
“thé thao”, “nang luong” hodc “dién giai” la 50
mg/kg) [2]. Béi chiéu véi quy dinh cho phép, mau
RB va LVD c6 phat hién ham lwong ponceau 4R
trong mau nhung nho giéi han cho phép. Két qua
phan tich ham lwgng ponceau 4R la phu hop,
khong khac nhau c6 y nghia théng ké véi phuong
phép HPLC.

KET LUAN

Ponceau 4R c6 dic tinh oxi hda thuan nghich trén
dién cuc vang bién tinh bing bac va graphene
oxide dang khur. Bac tinh cua vat liéu graphene
oxide va graphene oxide dang khir da dugc chiing
minh bang phé FT-IR.

Pi téi wu hoa duge cac didu kién xac dinh
ponceau 4R trong mau nudc giai khat bang
phwong phap von-ampe hoa tan hip phu xung vi
phan. Phuong phap dugc danh gia c6 do nhay, do
chon loc va do chinh xéc cao, cd thé &p dung dé
phan tich ham luong ponceau 4R trong cac mau
thuc pham.

Cam on tai tro:

“Nghién citu ndy dwoc tién hanh trong khuon khé
dé tai QG 22.16. ciia PHOGHN”.
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