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TOM TAT

Graphen oxit (GO) dwoc khtr bing tac nhan hydrazine thanh GO dang khi
(chemically reduced graphene oxide — CRGO) d¢€ bién tinh dién cyc nén than thuy
tinh (glassy carbon electrode — GCE) . Ky thuat von-ampe hoa tan anot xung vi
phéan (Differential Pulse Anodic Stripping Voltammetry DPV-ASV) duoc st dung
dé xac dinh dong thoi acid ascorbic (AA), paracetamol (PA) and caffein (CA) véi
gi6i han phét hién (limit of detection-LOD) cua AA, PA va CA lan luot la 50, 69,
323 uM va gidi han dinh lreong (limit of quantitation-LOQ) la 151, 208, 970 uM.

Tt khoa: acid ascorbic, caffein, graphen oxit dang khtt, paracetamol.

1. MO PAU

Acid ascorbic (vitamin C, AA), paracetamol (acetaminophene hay N-acetyl-p-
aminophenol, PA) va caffein (CA) la ba thanh phan chu yéu trong cac loai thudc giam
dau, ha s6t nhu Panadol, Hapacol,...AA la moét loai vitamin déng vai quan trong trong
t€ bao dong vat co vu, néu thiéu vitamin C co thé sé mat dan stc dé khang va c6 nguy
co dan téi tit vong. Hau hét cac loai dong vat déu co thé tu tong hop vitamin C tir
glucose; tuy nhién, con nguoi va cac loai dong vat linh truong lai khong c6 kha nang
nay do thiéu enzim gulonolactone oxidase trong qua trinh tu tong hop [1]. Con nguoi
chi hdp thu vitamin C qua con duong thuc pham va duwgc pham. PA chu yéu duwoc st
dung d€ ha s6t va giam dau lién quan dén ching dau lung, nhirc dau, viém khép va
dau sau phau thuat. Tuy nhién, viéc st dung qua liéu PA gay tich tu chat doc trong
gan, c¢6 thé gay ra hu gan, doi khi gay t& vong va gay doc cho than [2]. CA la mot
alkaloid thuong co trong hat coca, coca cola, ca phé va 14 che. CA c¢6 nhiéu tac dung
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duoc ly nhu:kich thich viéc tiét acid trong da day, loi tiéu, kich thich tim va hé thong
than kinh trung wong. Tac dung kich thich ctia CA thuong lam tang kha nang hoat
dong tri 6c va co bap. CA ciing 1a mot loai thudc duoc chdp nhan dé€ diéu tri giam
huyét ap dong mach. Cac thudc chita AA, PA va CA ¢6 tac dung giam dau, kich thich
hé thong than kinh trung wong va tang kha nang dé khang, nhung khi dung qua liéu
c4c loai thudc nay sé dan dén nén mira, nhip tim khong déu, budn non, cdc bénh tim
mach va c6 nguy co gay ung thw [3].

Graphen oxid dang khtt dang dwgc nhiéu sw cha y vé kha nang tng dung
phan tich riéng 1é va dong thoi mdt s& hop chat hitu co cling nhw v6 co bang phuong
phap phan tich dién hoéa [2-4]. Vi vay, viéc sit dung vat liéu GO dang kht b:?mg tac
nhan hoa hoc CRGO d¢€ bién tinh dién cuc (CRGO/GCE) véi muc dich xac dinh AA, PA
va CA la hudng nghién cttu méi va ddng quan tam [5, 6].

2. THUC NGHIEM
2.1. Thiét bi va hoa chit
May phan tich dién hoa CPA — HH5 (Viét Nam).

Bot graphit oxit, kali permanganat (KMnOs), natri acetat (NaCHsCOO), natri
dihydrophosphate (NaH:POs), natri hydrophosphate (Na2HPOs), acid acetic
(CHsCOOH), paracetamol (CsHoNOz, 99%), caffein (CisHioN4O2, 98,5%), va acid
ascorbic (CsHsOs, 99,7%) duoc san xuat boi cong ty Merck (Germany).

2.2. Tong hgp graphen oxit dang khir (CRGO)

Can 100 mg graphit oxit, thém 100 mL nudc cdt va siéu am trong 2 gio. Thém
ting giot dung dich NaHCO:s (5% ) vao hé dén pH = 8,5 thu duoc dung dich A. Sau d¢,
hat vao 5 cdc, mdi cdc 10 mL dung dich A. Pha dung dich hon hop gom: 0,1805 g
N:2H4.2HCL; 30 mL H20; 70 mL NHs 28% duwoc dung dich B. Tron dung dich A va dung
dich B sao cho ty 1é khoi luong cua graphit oxit va N2Hs (Hd) la xac dinh. Sau khi phan
tng két thic, chat ran duoc loc va rita bang dung dich HCI 5%, nudc cit va aceton
(dén khi pH nudc rira vé trung tinh), sdy kho ¢ 110 °C trong 4,0 gio va duoc luu gite
trong binh hut am.

San pham CRGO duoc thyce hién véi cac ti 1€ GO : Hd khac nhau (tir 1: 0,2 dén
1:1 vé khoi luong) dé bién tinh lén dién cuc GCE va khao su anh huong cua ty 1&€ do
dén tin hiéu dong dinh.

2.3. Chuan bi bién tinh dién cuc

Trudc hét, chuan bi dién cuc nén la dién cuc dia than thay tinh (GCE), ¢6
duong kinh 2,8 + 0,1 mm, dién ceec GCE dwoc mai bong véi bot Al2Os chuyén dung cod
kich thwdce hat 0,05 pm. Ngam dién ceec GCE trong dung dich HNOs 2 M, sau d6 rtta

88



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 13, S8 2 (2018)

bang etanol, nuwdc cat, d& khd tu nhién & nhiét d6 phong. Phan tan RGO vao dung méi
DMF (v6i nong d6 1,0 mg/mL), siéu am trong 2 gio, thu duoc hdn hop C. Nhé 5 uL
hén hop C 1én bé mat dién cuc GCE sao cho dung dich phu déu bé mit dién cuc; dé
dung mo6i bay hoi ¢ nhiét do phong. Cudi cing, lam kho bé mat dién cue trong 30 gidy
bang may say toc.

2.4. Cac thong s6 lam viéc trén may phan tich dién hoa CPA - HH5

Céc phép do duoc thiee hién trén mdy phan tich dién héa CPA — HH5 véi té€ bao
dién hda sau: dién cuc lam viéc GCE da bién tinh, dién cuc ddi platin (Pt) va dién cuc
so sanh Ag/AgCl, KCI (1 M). K¥y thuat von-ampe hoa tan anot xung vi phan dwoc st
dung véi khoang quét thé tir -0,2 dén +1600 mV, budc nhay thé: 4,0 mV; thoi gian mdi
budc thé: 0,2 s; toc d6 quét: 20 mVs-1; bién &6 xung: 50 mV, thoi gian nghi: 10 s, mdi
phép do duoc thuc hién 13p lai bon lan.

3. KET QUA VA THAO LUAN
3.1. Graphen oxit dang khirt CRGO
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Hinh 1. Cac duong DPV-ASV cua AA, PA va CA khi sit dung cac dién cuc khac nhau.

Diéu kién thi nghiém: bwéc nhdy thé* 4,0 mV; thoi gian moi budce thé’ 0,2 s; toc dp quét: 20 mVsL; bién do
xung: 50 mV, thoi gian nghi: 10 s; nong do AA, PA va CA trong 0,2 M dém Britton-Robinson (B-RBS)
lan lwot 1a 5.10+, 104va 5.104 M.

Két qua ¢ hinh 1 cho thay tin hiéu hoa tan ctia AA, PA va CA (gia tri Ep cua
AA, PA va CA Tan luot tai 0,30; 0,56 va 1,29 V) khi stt dung dién cwc GO/GCE cao hon
so vii dién cuc nén GCE. Vat liéu CRGO duwoc bién tinh 1én bé mat dién cuc GCE
(CRGO/GCE) cho tin hiéu Ip cua AA, PA va CA tang dang ké, cu thé, gia tri tin hiéu Ip
gdp 8,4 lan ddi véi AA, 1,9 lan d6i voi PA va 3,1 Tan d6i véi CA so véi khi st dung dién
cuc GO/GCE, va gap 13,4 lan d6i voi AA, 12,0 lan d6i véi PA va 7,7 Tan d6i véi CA so
v6i khi sit dung dién cuc GCE. Diéu nay cho thay cé sy khac biét gitta GO véi CRGO
va vu diém vuot troi ctia dién cec CRGO/GCE so voi GO/GCE va dién cuc nén GCE.
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Két qua ghi dong dinh chat phan tich bang kj thuat DPV-ASV véi dién cuc
duoc bién tinh bang vat liéu tong hop dwoc thé hién ¢ hinh 2 cho thdy: khi ty 1& khéi
luong gitta GO va hydrazin ting dan tt 0,2 dén 0,8 (w/w), tiec la khoi lwong hydrazin
cang nho thi dong dinh cang cao. Diéu nay c6 thé 1a do véi lwong hydrazin nhiéu, cac
nhém chtrc chita oxy ctia GO bi khtr cang nhiéu, lam giam s6 lwgng tam hoat dong (la
cac nhom chtrc chita oxy c6 kha néng “16i kéo” chat phéan tich 1én bé mat dién cuc). Ti
l1é GO: Hd tir 0,8 dén 1,0 cho thdy tin hiéu giam, nguyén nhan la do luong hydrazin
qua nho, luong GO chuyén thanh RGO khong dang ké. Vi vay, ti ly 1& khéi lwong GO:
Hd = 1:0,8 dwoc lwra chon cho cac khao sat tiép theo.
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Hinh 2. Sy thay d6i cta Ir cia AA, PA va CA & cac ty 1€ GO:Hd khéc nhau.

Diéu kién thi nghiém: birdc nhady thé: 4,0 mV; thoi gian mdi buée thé: 0,2 s; toc do quét: 20 mVs; bién dg
xung: 50 mV, thoi gian nght: 10 s; nong do AA, PA va CA trong dém B-RBS 0,2 M lin lwot la 5.10%,
104va 5.104 M.

D€ chiimg t6 c6 sw khtr GO thanh RGO, vat liéu GO va RGO (khtr bang
hydrazin trong vong 40 phut) duoc dic trung bang phd hong ngoai. Két qua hinh 3 cho
cho thay su giam dang k& cta cac dinh peak, cu thé & budc song 1209 cm tng véi
nhom chitc epoxy va 1732 cm™ tng v6i nhém carbonyl.
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Hinh 3. PhS hong ngoai cia mau GO va mau GO khir bang NaH
(ti ly 1é khoi lwong GO: Hd = 1:0,8).
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3.2. Panh gia d¢ tin cay cta phwong phap
3.2.1. Khoang tuyén tinh riéng lé ciia AA, PA va CA
3.2.1.1. Khodng tuyén tinh cua AA
Tién hanh thi nghiém: dung dich nghién cttu c6 thé tich la 10 mL bao gom: dém
BRBS 0,5 M (pH = 3), chéat phan tich AA va nudce cat. Khao sat trong khoang nong do tu

0,00003 dén 0,00065 M, thém chudn 12 Tan véi cac nong do tang dan thu dwoc cac két
qua ¢ hinh 4.
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Hinh 4. Cac duong DPV-ASV (A) va su bién thién cua dong dinh (B) cia AA ¢ cac nong do
khéc nhau d&i véi vat liéu RGO khir bang N2Ha.

Dua vao két qua thu duoc trong hinh 4, c6 thé thay khi nong dd caa AA trong
khoang ttr 0,00003 dén 0,00065 M thi I va Caa c6 twong quan tuyén tinh chwa duoc
chat ché. Nhung khi phan chia thanh cac khoang néng d6 tir 0,00003 M dén 0,00012 M
va 0,00012 dén 0,00065 M thi c6 mdi twong quan chit ché ting vdi cac phuwong trinh hoi
quy tuyén tinh:

Tp1 = (-5,4 + 12) + ( 258469 + 13016) Can, r=0,998 véi Cas=0,00003 - 0,0001 M (1)
Ip2= (9,0 £ 1,2) + ( 114215 + 3365) Caa,r=0,995 vd&i Caa=0,0001 - 0,00065 M (2)

Khi mo rong khoang nong d6 cia AA 16n hon thi hé s6 tuwong quan cuia duong
hoi quy giam, c6 thé do hién tuwong bao hoa chat phan tich trén bé mat dién cuc
RGO/GCE. Vi vay, dé ap dung phurong phap khi phan tich mau thuec t& c6 nong do AA
vuot quéa khoang tuyén tinh, can pha loing dé dam bao nong d6 chat phan tich nam
trong khoang tuyén tinh ctia phwong phap. Bong thoi c6 thé sit dung 2 duwong hoi quy
tuyén tinh d€ dinh luong.

3.2.1.2. Khoang tuyén tinh ciia PA

Khoang tuyén tinh cua PA duwoc khao sat trong khoang nong do tir 0,00001 dén
0,00057 M v¢i 12 Tan thém chuan, két qua dwgc trinh bay ¢ hinh 5.
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Hinh 5. Cac duong DPV-ASV (A) va sy bién thién ctia dong dinh (B) ctia PA ¢ cdc nong do khéac
nhau d8i véi vat liéu RGO khtr bang NaHa.

Twong tw nhu d6i voi truong hop xem xét doi voi AA, Khi phéan chia thanh hai
khoang nong do cuia PA thi ¢c6 mdi twong quan chat ché ng véi cadc phuong trinh hoi
quy tuyén tinh ttr 0,00001 dén 0,00015 M (phuwong trinh (3)) va 0,00015 M dén dén
0,00057 M (phuong trinh (4)):

Ip1= (4,8 £0,2) + (140125 + 44156) Cra, r=0,995 (3)

Tna= (12,1 + 0,6) + ( 84065 + 18235) Cea, r=0,995 4)

Vi vay, dé€ 4p dung phuong phép khi phan tich mau thuc t& c6 nong d6 PA
vurot qua khoang tuyén tinh, can pha loang d& dam bao nong d6 chat phan tich nam
trong khoang tuyén tinh ctia phuwong phap va cling c6 thé st dung hai phwong trinh
ho6i quy tuyén tinh dé€ dinh luong.
3.2.1.3. Khoding tuyén tinh cia CA
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Hinh 6. Cac duong DPV-ASV (A) va sy bién thién ctia dong dinh (B) cia CA 6 cac nong d6 khac
nhau d6i véi vat liéu RGO khtr bang N2Ha.

Dua vao két qua thu dugc hinh 6, cho thay gitta Iy va Cca ¢ tuong quan tuyén
tinh chat ché véi hai khoang tuyén tinh c6 phuong trinh sau:

Ini = (0,3 +1,3) + (636095 + 3277) Cca, r=0,995 véi Cea= 0,00003 - 0,00015 M (5)
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Tna= (3,2 + 0,3) + ( 295863 + 1204) Cca, 1 = 0,988 v6i Cea= 0,00015 - 0,00065 M 6)
3.2.2. Khoang tuyén tinh ctia AA, PA va CA

Trong thuc t&, d6i v6i nhitng mau nhuw duegce pham hodc/va sinh hoc thuong ton
tai dong thoi cac hop chat khac nhau. Chinh vi vay ching toi khao sat thit khoang
tuyén tinh dong ca ba chatla AA, PA va CA vdi hai vat liéu diéu ché duoc.

Qua cac két qua & cac hinh 7, cho thay tang khi thém chuan ca 3 chat cting ltc
thi Ir cling tang tuyén tinh & hai khoang néng d6 khac nhau.
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Hinh 7. Cac duong DPV-ASV (A) va sy bién thién ctia dong dinh (B, C, D) cia AA, PAva CA ¢
cac ndong dd khac nhau d6i véi vat liéu RGO khi bﬁmg N2Ha.
3.2.3. Gi6i han phat hién va do nhay khi xac dinh dong thoi AA, PA va CA
Dua vao khoang tuyén tinh khi khao sat dong thoi ctia 3 chat phan tich theo ky
thuat DPV-ASV, tit d6 tinh toan xac dinh gidi han phat hién LOD va gidi han dinh
luong LOQ cta phuwong phap cho ca AA, PA va CA ¢ khoang noéng d6 nho. Két qua
thu duoc nhu bang].
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Bang 2. Hé s6 tuong quan (R), d6 nhay (b, hé sd goc), LOD va LOQ cua phuong phap DPV-
ASV str dung dién cyce bién tinh CRGO/GCE xac dinh AA, PA va CA (RGO-Hd)

Thong s6 a+Sa b+ Se r ( 116??/[) ( 116?%)
Acid Ascorbic -54+1,2 256950 + 12805 0,998 5,0 15,1-30,1
Paracetamol 46+0,3 142651 + 44503 0,995 6,9 20,8-37,8
Caffein 02+1,1 631651 + 31465 0,995 32,3 97,0-139,4

Két qua 0 bang 1 cho thay: LOD va LOQ ctia ca ba chét phan tich la twong dai
thap va thi tw dwegc sap xép tlr nho dén 16n 1a AA, PA va CA.

4. KET LUAN

1. Ky thuat DPV-ASV duoc stt dung dé€ khao sét cac yéu t6 anh huong dén tin
hiéu dong ctia acid ascorbic, paracetamol va caffein véi dién cuc bién tinh CRGO/GCE.

Két qua thé hién r.:ng dién cyc bién tinh cho tin hiéu hoa tan cta ca ba chat phan tich
véi gia tri LOD thap va co thé xac dinh dong thoi ca 3 chat.

2. Uu thé€ cta dién cyc bién tinh CRGO/GCE la thé€ hién tin hiéu dong cao hon
so voi GO/GCE va dién cyrc nén GCE.

TAI LIEU THAM KHAO

[1]. Z.M. Khoshhesab (2015). Simultaneous electrochemical determination of acetaminophen,
caffeine and ascorbic acid using a new electrochemical sensor based on CuO-graphene

nanocomposite, RSC Adv.,Vol. 5, pp.95140-95148.

[2]. M. Amiri-Aref, ].B. Raoof, R. Ojani(2014). A highly sensitive electrochemical sensor for
simultaneous voltammetric determination of noradrenaline, acetaminophen, xanthine and

caffeine based on a flavonoid nanostructured modified glassy carbon electrode, Sensors
Actuators, B Chem., Vol.192, pp.634—641.

[3]. A. Hosseinian, A. Amjad, R. Hosseinzadeh-Khanmiri, E. Ghorbani-Kalhor, M. Babazadeh,
E. Vessally(2017). Nanocomposite of ZIF-67 metal-organic framework with reduced
graphene oxide nanosheets for high-performance supercapacitor applications, J. Mater. Sci.
Mater. Electron., Vol.28, pp. 18040-18048.

[4]. NM. Huang(2011). Simple room-temperature preparation of high-yield large-area
graphene oxide, Int. |. Nanomedicine, Vol.6, pp. 3443-3448.

[5]. D.P. Rocha, R.M. Dornellas, R.M. Cardoso, L.C.D. Narciso, M.N.T. Silva, E. Nossol, E.M.
Richter, R.A.A. Munoz(2018). Chemically versus electrochemically reduced graphene
oxide: Improved amperometric and voltammetric sensors of phenolic compounds on
higher roughness surfaces, Sensors Actuators, B Chem., Vol.254, pp. 701-708.

[6]. BJ. Sanghavi, A.K. Srivastava(2010). Simultaneous voltammetric determination of
acetaminophen, aspirin and caffeine using an in situ surfactant-modified multiwalled

94



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué Tap 13, S8 2 (2018)

carbon nanotube paste electrode, Electrochim. Acta, Vol.55, pp. 8638-8648.

[7]. M. Arvand, T.M. Gholizadeh(2013). Simultaneous voltammetric determination of tyrosine
and paracetamol using a carbon nanotube-graphene nanosheet nanocomposite modified
electrode in human blood serum and pharmaceuticals, Colloids Surfaces B Biointerfaces,
Vol.103, pp. 84-93.

[8]. L. Svorc, P. Tomdik, J. Svitkova, M. Rievaj, D. Bustin(2012). Voltammetric determination of
caffeine in beverage samples on bare boron-doped diamond electrode, Food Chem., Vol.135,
pp- 1198-1204.

DETERMINATION OF ASCORBIC ACID, PARACETAMOL AND CAFFEINE BY
DIFFERENTIAL PULSE ANODIC STRIPPING VOLTAMMETRY USING A
REDUCED GRAPHENE OXIDE MODIFIED ELECTRODE

Tran Thanh Tam Toan", Hoang Trong Nhan?, Bui Duc Diep?,
Mai Xuan Tinh', Nguyen Hai Phong!

1University of Sciences, Hue University
2University of Education, Hue University
*Email: tranthanhtamtoan@gmail.com
ABSTRACT

Graphene oxide (GO) was chemically reduced by hydrazine for the modification of
glassy carbon electrode . Differential Pulse Anodic Stripping Voltammetric
technique (DPV-ASV) allowed simultaneous determination of ascorbic acid,
paracetamol and caffeine with limit of detection (LOD) of 5.0, 6.9 , 32.3 uM and
limit of quantitation (LOQ) of 15.1, 20.8, 97.0 puM for ascorbic acid (AA),
paracetamol (PA) and caffeine (CA), respectively.

Keywords: acid ascorbic, caffeine, reduced graphene oxide, paracetamol.
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