Nghién ciu khoa hoc

Cam hién phan tich Sudan dua trén vat liéu Ni/Graphen hién tinh dién cuc
muc in Carbon
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Tém tit

Trong nghién ctru trinh bay & ddy chiing toi dua ra qué trinh bién tinh hat nano Ni trén
bé mat graphene dang khtr (rGO) trén bé mit dién cuc muc in cdc bon (SPCE) mét cich don
gian va hiéu qua. Hé vat liéu thu dugc duoc dic trung tinh chit bang cic phuong phdp héa
1y nhu SEM va do dién héa. Két qua cho thiy cdc hat nano Ni thu dugc phan bb ddng déu
trén bé mat cua vat liéu graphene dang khur vai kich thudc hat tir 10 - 20 nm. Tinh chét dién
héa cho thay vat liéu Ni/rGO/SPCE thé hién kha ning trao d6i electron cao trong méi truong
KOH 0,1 M. Ngoai ra hé vat liéu composite Ni/rGO bién tinh bé mat dién cuc SPCE tao ra
mot cam bién Sudan I ¢6 d nhay cao (9,13 pA. uM™'.cm?), khoang hoat dong rong (300 -
35.000 nM) va gioi han phat hién thép -LOD (171,8 nM (3*0). Su két hop cua hé 3 dién
cuc thu nho (12,5 mm x 4 mm x 0,3 mm) vdi hé vat li€u Ni/rGO c6 tinh chét dién héa cao
mé ra trién vong cho viéc tao ra mdt loai cam bién dién héa nhé gon, d0 nhay cao trong viéc
phan tich Sudan I néi riéng va trong phén tich cdc chit cAm trong thuc phim néi chung.

Tir khéa: Cam bién dién héa, Sudan 1, Niken/graphene, an toan thuc tham, hé ba dién
cuc ditng mot lan.

1. PAT VAN PE

Db dn mudn ting thém khau vi thudng di kem voi mau sic bat mét hay c6 thém gia vi,
ddc biét 1a thirc dn nhanh hodc duong phd nhu khoai tiy chién, mén ran. Tuy nhién, do chay
theo loi nhudn ctia ngudi ban, mot sd chét tao mau trong cong nghiép duoc dua trdi phép
vao trong thyc pham (d0 an, gia vi), trong s6 d6 1 pham mau cong nghiép Sudan L. Sudan I
(1-phenylazo-2-naphtol - Hinh 1) 1 thuéc nhuém téng hop, dugc st dung rong rai dé tao
mau trong cdc nganh coéng nghiép nhu dau mé&, chét déo, dét, gidy da, muc in, ddnh béng bé
mat. Do c6 tinh khong phai, gid thanh thip va phd bién nén Sudan I dugc sir dung dé tao
mau trong thue pham, vi du nhu trong bot 6t va twong ca chua. Pén nay, ching ta di biét
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dén Sudan I 1a chat c6 kha niang gy ung thu do c6 thé chuyén héa thanh céc tic nhan giy
d6t bién dan toi ung thu cho con ngudi [1] va dugce T chirc nghién ctru ung thu thé gidi
(IARC) xép vao nhém céc chat giy ung thu loai ITI [2]. Vi vdy Sudan I bj cAm st dung 1am
chét phu gia tao mau trong thuc pham.

HO

O
.

Hinh 1. Céng thitrc cdu tao ciia Sudan I (1-phenylazo-2-naphtol)

Cho t6i nay, nhidu phuong phdp da duoc st dung dé dinh lwong Sudan I nhu sic ky
16ng hiéu nang cao [3], phuong phdp phd khdi sir dung k¥ thudt phun suong trén gidy (paper
spray mass spectrometry) [4], cong hudng plasmon bé mat [5], k¥ thudt phan tich huynh
quang [6], quang ph6 UV-Vis [7], cdc phuong phdp dién héa [8] va thi nghiém hp phu mién
dich gin két enzyme (ELISA) [9]. Do chtta cic nhém chirc hoat dong —OH va —~N=N- trong
phan tir (Hinh 1), nén Sudan I c6 thé bi oxi héa hodc khir trén bé mat dién cuc va phuong
phép dién héa c6 thé dugc uu tién khi xdc dinh Sudan I. Vi phuong phdp dién héa c6 uu
diém nhu cho do nhay cao, chinh xéc, chi phi thap, khoang hoat dong rong va do nhanh
chong.

bién cuc st dung trong nghién cuu 1a hé 3 dién cuc thu nho SPCE (screen-printed
carbon electrode) kich thudc 12,5 mm x 4 mm x 0,3 mm bao gém: dién cuc lam viéc (WE)
va dién cuc ddi (CE) 1am tir muc in cacbon va dién cuc so sdnh (RE) 12 Ag/AgCl (Hinh 4).
Day 1a loai dién cuc dung 1 1an, duoc san xuit bang phuong phdp in luéi [10]. Uu diém caa
loai dién cuc nay 1a d& dang san xuit hang loat v6i gid thanh ré, kich thuéc nho gon, cdu
hinh phing, yéu cdu mot lvgng méu rat nho khi do va thiét 1ap hé do rat dé dang (kiéu plug
in). Ngoai ra ching ciing tién loi hon rat nhiéu so véi dién cuc ran khéc nhu glassy cacbon
do khong can phai mai, ddnh béng trude khi do.

Chinh vi vdy trong nghién ctru niy ching toi str dung phuong phép dién héa dé budc
dau xdc dinh ham luong Sudan I dya trén nén vat liéu graphen két hop véi hat nano chtra
kim loai niken. Ttr cic nhan dinh da trinh bay & trén cho théy vat liéu hai chiéu graphen voi
nhiéu tinh chét uu viét khi két hop véi hat nano c6 chira niken mé ra nhiéu trién vong moi
trong viéc xdc dinh Sudan I bang phuong phdp dién héa.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Dung cu, thiét bi

Thiét bi do dién hod da nang (Autolab-30 - Ha Lan), Can phan tich (AY 220, Shimazu
- Nhat Ban); Tu séy (Medcenter Einrichtungen GmbH, Durc); Tu hut chan khong (Model
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281A); Bom hiit chan khong (Model DOA-P504-BN, GAST - My); May ly tam (Hermle);
Bé siéu 4m (Ultrasonic LC 60 H); va mét s6 dung cu thi nghiém khéc. Hé 3 dién cuc thu nho
(SPCE) dugc mua tir Nhat ban.

2.2. Hoéa chat

Bot graphit ty nhién (325 mesh, GAK-2, Ukraine), Sudan I - CAS 842-07-9 (Sigma-
Aldrich). H2SO4 98% (Merck), H3PO4 98% (loai AR cua TQ), HCI dac 36% (Merck),
Dimethylformamide - DMF khan (Merck), etanol khan (Merck). K2S>0g, P2Os, KMnOs,
Ni(NO3)2, KOH. Nuére cét 2 1an va nudce dé ion.

2.3. Quy trinh thyc nghiém
2.3.1. Piéu ché Graphen oxit (GO)

Xur 1y nguyén lidu [11]: Can 5 g bot graphit, nghién trén ci ma ndo va riy qua rdy c6
kich thudc (40 x 32 um). Pun nhe hon hop gém H>SO04 dac (7,5 mL), K2S20s (2,5 g) va
P20s (2,5 ) tdi 80°C. Cho tir tir 5 g bot graphit & trén vao, khay tir & 80°C cho téi khi hdn
hop ¢6 mau xanh thim. Dé cich nhiét hdn hop, 1am ngudi vé nhiét do phong trong khoang
thoi gian hon 6 gio. Pha loang hdn hop voi nude cat 2 14n, loc va 1am sach hdn hop trén gidy
loc cho dén khi pH cua dich loc dat moi trudong trung tinh. Lam kho san phém 0 nhiét do
phong qua dém.

Oxi héa graphit thanh graphen oxit dugc thuc hién theo quy trinh cong b trong tai
lidu [12]: Tron hdn hop 2 acid H2SO4 va H3PO4 theo ti 18 thé tich 9 : 1 (90 : 10) vao binh ciu
250 mL, dugc 1am lanh tai nhiét d6 ~ 10°C. Cho tiép 1,0 g graphit da x Iy & trén vao binh
cau, khudy nhe. Tiép dén cho tir tir 6 g KMnO4 vao hon hop, khudy cho dén khi hén hop
déng nhét. Hon hop dugc gitt & nhiét do 60°C trong 3 gio, sau d6 dugc lam lanh vé nhiét do
phong, pha lodng v&i nude cét. Trong hdn hop ldc nay sé& thu duoc acid du va mudi. Thém
200 mL nudc cit va 4 mL H,0, dé khir lwong mangan du vé hét dang mudi Mn?*. Rira gan
hdn hop 2 1an bang dung dich HC1 0,01 M. Tiép tuc rira gan bang nudc cit (khoang 4 - 6
14n) dé rira hét da phﬁn ion CI'. Loc hit tirng luong nho va rira dé dam bao loai trir tdi da ion
CI" va cdc ion du trong san pham. Sdy GO thu duoc trong ta siy chan khong, nhiét 6 phong.
Phén tdn san pham GO thu duoc trong nude dé ion v6i ndng d6 1,0 mg/mL. Rung siéu 4m
dén khi dung dich tré 1én dong nhét thu dugc dung dich graphen oxit 1,0 mg/mL.

2.3.2. Téng hop Ni/rGO

Qua trinh khir déng thdi GO va Ni(NO3)2 thanh Ni/rGO duoc thuc hién boi tic nhin
khtr dimethylformamide (DMF) [13]: 14y 10 mL dung dich GO 1,0 mg/mL dem siéu 4m véi
10 mL dung dich DMF trong 10 phiit, sau dé cho thém 250 pL dung dich Ni(NO3), 0,02 M
(khoang 0,465 mg Ni(OH)> hay 0,2295 mg Ni). Pua hdn hop 1én bép, khuay tir va gia nhiét
& 80°C trong 5 gid. Lam lanh hon hop vé nhiét do phong, sau d6 dem ly tAm va 1am sach véi
nude cat 2 1an dé loai bd6 DMF du. Phan tdn Ni/rGO thu dugc trong 1 mL nuéc dé ion (dung
dich Ni/rGO) dé tién hanh cdc thi nghiém tiép theo. Dé so sdnh, trong céc thi nghiém kiém
chtng, qu4 trinh khir GO ciing dugc tién hanh trong céc diéu kién twong ty nhu trén nhung
khong ¢6 Ni(NO3)2 (dung dich rGO).
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2.3.3. Ché tao cam bién dién héa dua trén hé vit liéu Graphen va hat nano cé6 chira kim logi
Niken (Ni/rGO/SPCE)

Trude khi ché tao cam bién dién héa, hé 3 dién cuc thu nhé SPCE duoc xir 1y bé mit
dé loai bo céc khi hap phu va ting d6 thAm w6t bang cich quét phan cuc vong (CV) trong
dung dich H2SO4 2 M 10 vong, toc d6 quét 0,1 V.s! trong khoang thé 0+ 1,5 V vs AgCl/Ag
trén thiét bi do dién ho4 da nang, sau d6 dién cuc dugc rira sach va dé kho & nhiét do phong.
Dé bién tinh hé 3 dién cyc thu nho (SPCE), nho 2 uL dung dich Ni/rGO 1én bé mat dién cuc
SPCE, dé khé ¢ nhiét do phong trong khoang 2 gid, thu duoc dién cuc Ni/rGO/SPCE. Sau
mdi 1an do, rira sach dién cuc béng nudc cat 2 1an.

3. KET QUA VA BAN LUAN
3.1. Cac dac trung ly héa cia GO va rGO véi hat nano Ni

Trong nghién ctru nay, GO duoc khtr thanh rGO bang DMF. Quy trinh khir dugc trinh
bay chi tiét & phia trén. DMF 1a dung méi c6 tinh phan cuc cao, ¢6 do tan tét trong khoang
rong cho ca cdc hop chét vo co va hitu co. DMF déng vai trd 1a tac nhan khir trong céc didu
kién thich hgp. Va kha nang khtr cia DMF phu thudc vao nhiét d¢ la y tudng cho viéc khur
cdc hat nano kim loai véi hinh khéi va kich thuéc c6 thé kiém sodt dugc. DMF khir cdc
nhém chirc chira oxi trén bé mit ciia GO. Sau khi khir, mau séc ctia dung dich da thay dbi tir

mau vang nau cua GO sang mau den cua rGO (Hinh 2).

Hinh 2. Dung dich GO truoc (trdi) va rGO trong nuwoc sau (phai) khi khie voi DMF

Trén Hinh 3 thé hién anh chup SEM ctia mau rGO va mau Ni/rGO. Anh SEM trén
Hinh 3a cho thdy trén bé mit rGO rat min va c6 cdc nép gip dic trung cua graphene, con
trén Hinh 3b thi thiy 1 céc hat nano Ni véi kich thude khoang 10 - 20 nm rat dong déu trén
bé mat mau (hinh nho trong Hinh 3b). Piéu nay chtng t6 phuwong phdp khir dong thoi GO
va Ni** d4 dién ra thanh céng. Pay 12 mot phuong phap don gian d& tién hanh va c6 do lip
lai cao. Vat liéu rGO sau khi khir tir GO vén c6 kha ning t4i phan bd tét trong mdi truong
nudc (Hinh 2).
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Hinh 3. Anh SEM ciia cdc mau a) rGO va b) Ni/rGO
3.2. Tinh chit dién héa ciia hé Ni/rGO khi bién tinh SPCE trong mai truong kiém déi
véi Sudan 1
Hinh 4 thé hién cu tao cta hé 3 dién cuc thu nhé SPCE (screen-printed carbon
electrode) gém dién cyc lam viéc (WE) c6 duong kinh ~ 2 mm, dién cuc ddi (CE) va dién
cuc so sanh Ag/AgCl. H¢ dién cuc nay rat nho gon, thuan tién trong thao tic va lugng mau
su dung rat nhé (30 uL) nhu thé hién trén Hinh 4b.

~ Muc Carbon

- Ag/AgCl

Dau ti€p xuc dién

Hinh 4. Cdu tao hé 3 dién cuc thu nhé SPCE va anh chup khi do tinh chat dién héa.

Hoat tinh di¢n héa cta dién cuc Ni/rGO/SPCE véi Sudan I 1,0 uM duoc khao sét bé“lng
phép do phan cuc vong trong méi truong KOH 0,1 M véi te dd quét 50 mV.s™'. Dé so sanh,
chuing t6i da thyc hién dbi chung véi dién cuc rGO/SPCE.
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Hinh 5. a) Duong cong phan cuc (CV) cua dién cuc Ni/rGO/SPCE trong KOH 0,1 M khi
khong va c6 mat 1,0 uM Sudan I; b) Puong CV cua dién cuc rGO/SPCE va Ni/rGO/SPCE
khi c6 mat 1,0 uM Sudan I trong KOH 0,1 M, téc do quét 50 mV.s™, quét thé tir trdi sang
phai va sau do nguoc lai.

Hinh 5a cho thay khi khong c6 mat Sudan I, hé Ni/rGO bién tinh SPCE thé hién hoat
tinh dién héa dbi véi Ni tai Epa = 0,326 V, ipa = 4,39 uA tuong tng vé6i qué trinh chuyén
Ni?* 1én Ni** va peak Epc = 0,24 V twong tmg v6i qud trinh chuyén Ni** vé& Ni2*, nhung khi
c6 mat Sudan I vi tri cdc pic oxi héa va khur cia Ni déu bi dich chuyén vé phia am, cudng
d6 dong giam nhe va xudt hién thém pic oxi héa ciia Sudan I tai thé Epa = 0,421 V. Diéu nay
cho théy cdc hat nano Ni da xuc tdc cho qud trinh oxi héa Sudan I trén bé mat dién cuc
Ni/rGO/SPCE. Hinh 5b di¢n cuc rGO/SPCE khong thé hién hoat tinh oxi ho v&i Sudan I
trong moi truong KOH (khdng ¢6 pic), trong khi d6 dién cuc Ni/rGO/SPCE lai ¢6 hoat tinh
rat tot ddi véi Sudan I (c6 pic). Trén dudong cong phan cuc (5a) cia dién cuc Ni/rGO/SPCE
xuét hién 2 pic oxi héa: tai Ep, = 0,273V vi ipa = 3,96 pA (chuyén Ni** thanh Ni**) va pic
oxi héa cta Sudan I tai Epa = 0,421 V va ipa = 6,5 pA . Nhu vay, hé Ni/rGO khi bién tinh
SPCE thé hién hoat tinh dién héa tot d6i voi Sudan I trong méi truong kiém KOH 0,1 M.
3.3. Lap dwong chuin xac dinh Sudan I bang phwong phap dong - thoi gian

K¥ thuét do dong - thdi gian (chronoamperometry) duoc dp dung nhiéu khi x4c dinh
ndng d6 céc chat can phan tich do c¢6 uu diém 12 d& tién hanh do, mach ché tao don gian nén
6 thé ché tao cdc thiét bi do thu nhé. Trong k¥ thuat do dong - thoi gian, dé lap duoc duong
chuén xé4c dinh ham lugng Sudan I can tim thé 1am viéc tdi vu cho Sudan 1. Chiing t61 da
tién hanh khao sét tim thé t5i wu véi cédc thé dp vao 1an luot 12 0,30 V; 0,35 V; 0,40 V va
0,45 V va ndng d6 dung dich Sudan I thay ddi tir 6,7 - 39,8 uM. Céc phép do dong - thoi gian
va phuong trinh dudng chuin tng véi cc thé khic nhau dugc thé hién trong Hinh 6.
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Hinh 6. a) Puwong dong - thoi gian ciia dién cwe Ni/rGO/SPCE g véi cdc thé 0,30 V;
0,35 V; 0,40 V va 0,45 V khi nong do dung dich Sudan I lan lieot la 6,7; 13,3; 20,0; 26,6;
33,2; 39,8 uM; b) Puong chudn thé hién anh hirong cia thé dp vao 1én méi lién hé cia
cuwong do dong thu dwoc so voi néng do sudan I trén dién cuc Ni/rGO/SPCE.

Puong dong - thoi gian cho thdy Sudan I cho tin hiéu tir thé 0,30 V, tai thé 0,40 V,
cuong d6 dong cho tin hiéu tot nhat. Tuy nhién tai thé 0,45 V cudng d6 dong lai giam, c6
thé do nguyén nhan khi 4p thé cao, cdc san pham ctia qud trinh oxi héa Sudan I tich tu trén
bé mit dién cuc, 1am cho dién cuc bi thu dong héa mot phén va lam giam hoat tinh di¢n hoa.
Cic duong chudn véi cc thé dp vao khic nhau v6i khoang nong d6 ciia Sudan I tir 6,7 - 39,8
uM. Tir cdc duong chudn nay nhan thdy, v6i thé 0,40 V cho d6 tin hiéu cudng d6 dong cao
nhét va do nhay cao nhét véi hé s6 géc ctia phuong trinh 13 0,055 (LA.uM™). Tir d6 lwa chon
thé trong phép do 1ap dudng chuan xic dinh ndng do Sudan I bang phuong phép do dong -
thoi gian 1a 0,40 V. Buong chuén thé hién mdi quan h¢ gitra néng dd Sudan I vao cudong do
dong pic oxi héa duoc 1ap bang phuong phép do dong - thoi gian véi thé 0,40 V va ndng do
Sudan I 1an luot 12 0,33; 0,67; 1,33; 1,99; 2,66; 3,32; 3,98; 4,64; 5,31; 8,61; 11,92; 15,22;
18,52; 21,81; 25,10; 28,38; 31,66 va 34,94 uM. Cac Kkét qua duogc chi ra trong Hinh 6, Hinh 7.
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Hinh 7. a) PDuong dong - thoi gian cua cua dung dich Sudan I trong KOH 0,1M voi cdc
nong d¢ tir 0,3 dén 34,9 uM; hinh nhé bén trong thé hién thoi gian ddp vmg véi Sudan I
trén dién cire Ni/rGO/SPCE; b) Moi quan hé giira tuyén tinh ciia nong do Sudan I véi
cuong do dong oxi hoa.
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V6i céc diéu kién t6i wu da lira chon, nhan thiy thoi gian phan tng dién ra kha nhanh,
khoang 5 gidy, cuong do dong pic oxi héa ty 1& véi ndng do Sudan I trong 2 khoang tir 0,33
-5,31 uM va tir 5,31 - 34,94 uM. Két qua nay twong dong véi cic két qua da dugc cong bd
khi x4ac dinh Sudan I voi dién cuc glass cacbon dugc bién tinh véi tim graphen dugc chuc
ning héa boi CTAB [14] va dién cuc glass cacbon dugc bién tinh voi graphen gan céc hat
nano vang [15].

Cic phuong trinh duong chuan 1an luot 13 ips (UA) = 0,241 x C (uM) + 0,338 (R? =
0,9905) va ipa (uA) = 0,020 x C (uM) + 1,497 (R? = 0,9831). Gidi han phat hién LOD cua
phép do dugc thue hién véi phép do dong - thoi gian ctia 7 mau tring voi thé 0,4 V. Cac gid
tri do duoc thé hién tai Bang 1.

Bing 1. Gid tri cuong dé dong ciia cdc mau trang
Miu 1 2 3 4 5 6 7
i(uA) 0,123 0,141 0,124 0,133 0,152 0,121 0,154

LOD =306/b=0,1718 uM v6i 6 = 0,0138 [10] 1a ¢ 1éch chuin ctia 7 mau tréng vab
= 0,241 12 hé sb géc cua phuong trinh tuyén tinh trong khoang nong do Sudan I tir 0,33 -
5,31 uM. D9 nhay 12 0,241 uA.uM! hay 9,13 pA.uM"'cm™.

Bing 2. So sdnh cdc nghién ciu gan ddy vé phan tich Sudan I bang phwong phdp dién héa

o KyA Khodng hoat Gu}n h.gAn D6 nhay Tailiéu
Sensor dién hoa thuat dong (uM) phat hién (nA/uM) tham
do : (nM) khdo
MWCNT/GCE CA 1,01 - 122 34,6 21,6 [16]
Ag/graphen oxit/GCE CA 39-319 1.140,0 6,8 [17]
MWCNT/chitosan/GCE = DPV 0,1-1 30,0 10,6 [18]
Graphen/GCE Cv 0,075-17,5 40,0 3.460,0 [19]
ERGO/GCE LSV 0,04 - 8,0 10,0 3.679,8 [20]
Gemini surfactant/onic
liquid/ MWCNT/GCE LSV 0,05 -2 30,0 4.280,0 [21]
AuNPs/RGO/GCE LSV 0,01 -70 1,0 1.346,0 [15]
CTAB-GNS/GCE DPV 0,002 - 100,0 0,7 - [14]
Ni/ftGO/SPCE CA  033-34,94 171,8 241,0 Nghién
clru nay

Dé danh gid kha ning phan tich Sudan I ctia dién cuc Ni/rGO/SPCE, ching tbi di so
sanh dién cuc Ni/rGO/SPCE trong nghién ctru nay véi cic cong trinh xdc dinh Sudan bang
phuong phép do dién héa dd duoc cong b trude ddy, két qua duoc tong két trong Bang 2.
Nhu vy, c¢6 thé nhan thiy rang dién cuc Ni/rGO/SPCE c6 khoang hoat dong 16n hon so véi
phan 16n céc cong trinh nay, ddy 1a didu rat quan trong dén d6 chinh xdc va d& dang chuan
bi mAu khi do cdc mau thuc chua biét néng dd. Gidi han phat hién cia cam bién duoc ché
tao cling di nho dé c6 thé phat hién ra ham lwong Sudan I ¢ hang trim nM. Trong thuc té
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¢6 18 ham luong cua Sudan I ¢6 thé cao hon ngudng nay nhiéu do & ngudng c& 100 nM thi
dung dich Sudan I hau nhu khong mau v6i mat nguoi.

4. KET LUAN

Di thanh cong bién tinh bé mit dién cyc SPCE véi vat liéu Ni/rGO. Dién cuc
Ni/rGO/SPCE c6 hoat tinh dién héa cao trong méi KOH 0,1 M va tinh xtc tic oxi hda di¢n
héa rat tot véi chat phan tich - Sudan I. Hé vat liéu Ni/rGO bién tinh dién cyc SPCE c6 kha
ning xdc dinh Sudan I trong mdi truong KOH 0,1 M véi d6 nhay cao 9,13 pA.uM lecm?2,
khoang hoat dong rong tir 330 nM t6i 35.000 nM, gidi han phét hién 171,8 nM (3*6). Su
két hop cua h¢ 3 dién cyc thu nho (12,5 mm x 4 mm x 0,3 mm) véi h¢ vat liéu Ni/rGO cé
tinh chat dién hoa cao mo ra trién vong cho viéc tao ra mot loai cam bién dién héa nho gon,
d6 nhay cao trong viéc phn tich Sudan I néi riéng va trong phdn tich cc chit cAm trong
thyc pham néi chung.
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Electrochemical detection of Sudan based on Ni/Graphene modified screen-
printed carhon electrode
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Abstract

In the work reported here, the simple and efficient modification of Ni nanoparticles
/reduced graphene (rGO) on the surface of the screen-printed carbon electrode (SPCE) was
demonstrated. The obtained composited materials were characterized by physicochemical
methods such as SEM and electrochemical techniques. The results show that the Ni
nanoparticles are uniformly distributed on the surface of the reduced graphene material with
the particle size from 10 - 20 nm. The electrochemical properties show that the
Ni/rGO/SPCE material exhibits high electron exchange ability in 0.1 M KOH media. In
addition, the Ni/rGO composited material modified SPCE to form a Sudan electrochemical
sensor. The sensor has high sensitivity (9.13 pA. uM-1.cm-2), wide dynamic range (300 nM
- 35,000 nM) and low limit of detection - LOD (171.8 nM (3*G). The combination of a
miniaturized 3-electrode system (12.5 mm x 4 mm x 0.3 mm) with a highly electrochemical
activity of Ni/rGO composited material pave the prospect for the creation of a new type of
electrical sensor: compact, high sensitivity in the analysis of Sudan I in particular and in the
analysis of banned substances in food in general.

Keywords: Electrochemical sensor, Sudan I, Nickel/graphene, food safety, disposable
three-electrode system.
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