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Bai bdo nay trinh bay ket qua che tao dién cuc bién tinh Graphene/ITO
bang phuong phap lang dong dién di graphene 1én dé 1TO, tng dung
lam cam bién khong enzyme xac dinh axit uric. Hinh thai va cau tric
cua graphene ciing nhu Graphene/ITO dugec mé ta bang kinh hién vi
dién tir quét va quang phd Raman. Pic trung dién héa dugc khao sat dé
danh gia tiém nang tng dung cua vat liéu. Cac két qua cho thdy cam
bién ché tao c6 pham vi tuyén tinh va d6 nhay voi hai khoang tuong
g 1a: khoang thtr nhat c6 nong dg tir 10-100 uM (R? = 0,99763), do
nhay tuong tmg 14 0,22094 (pAcm “puM); khoang tuyén tinh thi hai tir
100 2000 uM (R? = 0,99617), do nhay tuong tng 1a 0,05462 (pAcm™
uM™). Két qua nay goi mé nhiéu tiém nang (ng dung trong cac xét
nghiém sinh hoa.
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1. Gioi thigu

Axit Uric (UA), 1a san pharn chinh va cudi cing ciia qua trinh chuyen hoa purine. Nong do
UA bat thuong trong nudc tiéu va huyét thanh 1a triu ching cua mot s6 bénh, bao gom bénh
gout, tang UA mdu va hoi chimg Lesch-Nyhan [1], [2]. Chan doan bénh gout c6 thé thong qua
viéc xac dinh ndng do cua UA trong mau hodc trong nudc tiéu. Chan doan sém bénh gout thong
qua do ndng do cua UA c6 y nghia quan trong trong diéu tri bai nhiing bién chimg ma no giy ra
[1]. Do &6, viéc dinh lwong UA thu hut sy quan tim ddc biét ctia cac nha khoa hoc. Pa c6 nhiéu
ky thuat khac nhau dugc st dung dé phat hién UA, chang han nhu sic ky long hiéu ning cao
(HPLC) [3], [4], sic ky long hiéu ning cao két hop véi dién hoa hoc (HPLC-ECD) [5], [6],
phuong phap huynh quang, phuong phap trac quang, dién di mao quan [7]. Mic du hiéu qua
nhung nhitng k¥ thuat nay thuong dat tién, doi hoi thiét bi va chuyén mén cua nguoi van hanh
cao va khong phu hop dé phan tich tai chd. Nhiing nghién ctru gan day di va dang tap trung phat
trién nhiéu phuong phap méi déng tin cay va don gian hon dé phat hién UA. Trong xu thé do, cac
phuong phap dién hoéa da thu hat nhidu sy chii ¥ tir cac nha khoa hoc. Pay 1a nhimg phuong phap
¢6 kha ning chan doan 14m sang, c6 nguyén li hoat dong twong dbi don gian, chi phi thip, cho
két qua nhanh, d6 nhay cao va tinh chon loc tt [8] - [10].

Graphene 1a vat liéu hai chiéu don 16p hoidc da 16p c6 nhitng tinh chat hét sirc ddc biét da thu
hut rat nhidu sy chi ¥ nghién ctru trong nhitng ndm gan day [11], [12]. Do dién tich bé mit riéng
16n, d6 bén co hoc cao, dd dan dién 16n va hoat tinh xtc tac dién tét [13], [14] graphene va cac
dan xuit ctia nd bao gdm graphene oxit (GO) va graphene oxit dang khtr (rGO), dang ndi 1én nhu
nhing vat liéu day htra hen trong phat hién UA. C6 nhiéu phuong phap khac nhau da duoc sir
dung dé ché tao graphene nhu k¥ thuat ling dong pha hoi héa hoc (CVD) [15], phuong phap
Hummers [16]. Tuy nhién, cac phuong phap trén déu sir dung cac thiét bi chuyén dung gia thanh
cao, cac chét hoa hoc ddc hai, hoac chat dién ly dét tién di kém cac yéu cAu khit khe khi ché tao,
quy trinh nhiéu budc va thoi gian phan tmg dai. Do do6, viéc phat trién phuong phap ché tao ra
truc tiép dugc graphene chi sir dung céc trang thiét b tu ché tao c6 gia thanh phu hop, van hanh
don gian 1a mot thach thic cho cac ing dung trong thuc té.

Trong nghién ctru nay, vat liéu graphene dugc ché tao phucmg phap dién hoa plasma ngay tai
nhiét d6 phong sir dung ngudn dién mot chidu (DC) va bé rung siéu am san co. Cam bién dién hoa
ché tao dua trén vat liéu graphene dugc danh gia kha ning img dung théng qua viéc phat hién UA.

2. Thuc nghiém
2.1. Ché tao graphene

Vit liéu graphene dugc ché tao bang phuong phap dién hoa plasma hd trg cua siéu 4m, quéa
trinh ché tao duoc tién hanh theo cong bé trude ciia nhom [17], cu thé: ngudn dién mot chidu DC
(HP Agilent Keysight 6274B) voi dién thé va dong dién: 110V-10A. Chat dién ly 1a hdn hop
dung dich NH,NO; (Merck, d¢ tinh khiét > 95%) ndng do va thé tich lan luot la: 0,5 M - 50 mL,
KOH (Merck, d6 tinh khiét > 99%) nong d¢ va thé tich 1an luogt 1a: 0,5M - 200 mL, c¢6 pH khoang
13,5 trong binh phan mg hai c6. Dién thé phan cuc khoang 60 V, thanh graphite (Merck) duoc
vot nhon & ddu dong vai trod 13 cathode, anode 13 tAm platinum (Pt). T4t ca cac thi nghiém duoc
thuc hién trong diéu kién nhiét 46 moi truong. Vat liéu graphene sau dién hoa plasma dugc thu
hoi bang hé thong loc chan khong qua mang polyvinylidene fluoride (PVDF) 0,2 um. Sau do, vat
lidu duoc rira bang nudc DI nhidu 1an cho dén khi dat do pH trung tinh va sdy kho & 80 °C trong
t hat chan khong khoang 24 gio. Vat li€u graphene thu dugc sau dién héa dugc ki hiéu 1a GEP.
Bot graphite dugc cao ra tir thanh graphite ki hiéu 1a GP. So dd biéu dién cua thiét 1ap thir
nghiém duogc hién thi trong Hinh 1.
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Hinh 1. So do ché tao vt liéu va cam bién dién héa duwa trén graphene; (a) dién héa plasma hé tro cia siéu am,
(b) loc, ruea; (c) scfy kho; (d) vat lieu graphene thu duoc, (e) ldng dong dién di tao dién cu’chEP/ITO; (f) do dac
trung von — ampe vong (CV), von —ampe xung Vi phdan (DPV) cua dién cuc ché tao duoc

2.2. Ché tao cim bién graphene/ITO

bién cuc graphene/ITO duoc ché tao bang phuong phap ling dong dién di nhu dugc chi ra
trong Hinh 1. Cuy thé: cin 0,1 g GEP (dugc ché tao qua cc bude tir Hinh 1a dén Hinh 1d), phan
tan trong 50 mL Isopropyl alcohol (IPA) (Merck, do tinh khiét > 95%) bang cach rung siéu am.
Pé tang kha ning dién di 1én bé mat dé ITO (Biotain Hong Kong co., limited), mét lwong nho
Mg(NO3), (Merck, d6 tinh khiét > 99%) dugc thém vao hé. Hé dién di bao gdm dé ITO dong vai
tro la cuc am, thanh Platium (Pt) dong vai tro 1a cuc duong, 2 dién cuc cach nhau 2 cm. Mot hiéu
dién thé 45 V dugc dat gitta 2 dién cuyc. Két qua thu dugc dién cuc GEP/ITO c6 mau den cua
graphene trén dién cuc.

2.3. Xdc dinh ddc trung dién hoa

Céc phép do dac tinh dién hoa duoc thuc hién trén may dién hoa Autolab 302 N phién ban
Nova 2.1. Mot tim Pt duoc st dung lam dién cuc ddi, dién cuc so sanh Ag,AgCIl|KCI bao hoa (ki
hiéu 1a Ag/AgCl). Cac phép do dac tinh cam bién dugc thuc hién trong dung dich mudi dém phét
phat (PBS). Po pH 7,4 ciia PBS duoc diéu ché bang cach tron dung dich KH,PO, -0,10 M
(Merck, d¢ tinh khiét > 99%) va dung dich K,HPO, -0,15 M (Merck, do tinh khiét > 99%). Cac
tinh chét dién hoa cia cac dién cuc duge nghién ctru bang phuong phap von-ampe vong (CV)
trong mdi truong chira dong thoi KsFe(CN)g -1 mM (Merck, do tinh khiét > 99%), K,Fe(CN)g -1
mM (Merck, do tinh khiét > 99%) va KCl -0,1 M (Merck, do tinh khiét > 99%). Axit Uric
(Merck, d6 tinh khiét > 99%) duoc khao sat dap (mg dién hoa véi cac ndng do khac nhau bing
phuong phap von-ampe xung vi phan (DPV).

2.4. Xdc dinh dic trung vt li¢u

CAu tric cua vat liéu dugc dic trung bang phuong phap quang phé Raman (Hé théng JY Lab
Ram). Hinh thai hoc cta vat liéu dugc dac trung béi anh SEM (JSM - 6700 field emission
scanning electron microscope).

3. Két qua va thio luin
3.1. Ddc trung vit liéu

Hinh 2 trinh bay anh SEM va phé Raman ctia cic mau GP va GEP tuong ung voi trude va sau
phan ung boc tach boi qua trinh dién hoa plasma. Qua anh SEM c6 thé thay su thay doi rat 1on vé
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hinh thai hoc tir GP sang GEP. Trong d6, GP (Hinh 2a) c6 dang khdi (cac manh day) cua graphite
sang dang 16p mong khi chuyen thanh graphene (Hinh 2b). Hinh 2b thé hién mot cach twong ddi
1 rang cdu trac cudn, gap khuc, nhin nhu trong subt & mép , mot dic diém dic trung cua vat liéu
graphene. C4c nghién ciru trudce day chi ra rang: do dic tinh din dién va méng nén anh SEM cua
vat liéu graphene s¢€ gén nhu trong sudt voi chum electron tai nhitng vi tri bi cudn va gép khic
[18], [19]. So sanh vei két qua trude [20] va két qua cac bao cdo khéac sir dung phuong phap dién
hoa [21] - [24], méu graphene thu duoc trong nghién ctru nay ¢ chidu day tuong tu. Hinh 2c¢
(hinh 16n) thé hién anh SEM cua vat liéu GEP sau khi d3 dugc dién di 1én dién cuc ITO. Két qua
thé hién, graphene duoc phu tuong dbi dong déu trén mat dién cyc. Hinh anh tryc quan cho thiy
bé mat cta dién cuc tuong dbi g6 ghé, diéu nay co thé 1am tang cuong do xép trén bé mat, tao ra
nhiéu vi tri tiép xic hon cho chat can xé4c dinh trong dung méi. Vat liéu GEP trén dé ITO van giit
dugc cac ciu trac cudn, gip khuc dic trung cia vat liéu graphene. Anh SEM mit cit ngang cua
GEP (4nh nho) trén dé ITO cho thay cac phién graphene dugc xép theo chiéu ngang, twong dbi
x6p trén dé véi bé day wudc tinh khoang hon 600 nm. Anh mit cit ngang thé hién twong ddi 16 do
xép cua dién cuc bién tinh GEP/ITO.

Intensity (a.u.)

GP
1,/1,=0.04 4 7\

1000 1500 2000 2500 3000
Raman Shift (cm™)

Hinh 2. (a) Anh SEM cza vat ligu khoi graphite (GP) ban dau, (b) Anh SEM cza vat ligu graphene sau khi
béc tach (GEP), (c) anh SEM bé mat sau khi lang dong dién di tao mang graphene trén d@é 1TO (anh Ién)
va anh SEM mdt cat cua vdt liéu trén dée ITO (anh nhé), (d) phé Raman cua vdt liéu GP va GEP

Hinh 2d thé hién pho Raman ctia GP, GEP va dién cuc bién tinh GEP/ITO. Qua day co thé
thiy, sau khi phan tmg boc tach dudi tac dong cua plasma, dinh 2D thay dm 1 rét, n6 chuyén tu
hinh dang bt d6i ximg sang dang dbi xung di kém véi sy dich dinh tir s6 song cao 2725 cm™
xudng sb song thap hon tai 2695 cm™ twong tng v&i graphene da 16p [17], [25]. Két qua nay
khang dinh graphene di duoc ché tao thanh cong, phu hop vdi cac nghién ctru trude [20], [26].
Theo cac nghién ciru trudce, dinh D 1ién hé voi cac khuyét tat va cac nhom chirc chira oxi hoac do
pha tap nito, luu huynh lam bién dang céu triic cta graphene. Ty s cta cuong do gitra dinh D
(Ip) va dinh G (Ig), Io/lg cang thap thi chat luong graphene thu dugc cang t6t [27], [28]. Ket qua
tinh toan cho thiy, ty sO Ip/lg cia GP, GEP va GEP/ITO lan luot 14 0,04, 0,51 va 0, 53. Diéu nay
cho thiy graphene ché tao theo con dudng dién hoa plasma cd chat luong twong dbi tot [21], [24],
[29] Vit liéu graphene sau khi duoc dién di 1én dién cuc ITO van con thé hién dugc nhimng tinh
chat ddc trung cta vat liéu graphene. Cac két qua SEM va Raman cho phép khang dinh da ché
tao thanh cong graphene bang phwong phéap dién hoa plasma.

Qua trinh ché tao graphene tir graphite co thé qua hai budc chinh. Budc 1: qua trinh giai
phong khi hydro manh mé& ¢ catét giy ra su xen k& ctia hydro va cac ion vao mang tinh thé than
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chi. Bén canh dé, toc do gia nhiét cao & dau thanh graphite (viing duoc vot nhon) dan dén sy gidn
nd manh, giy ra ntt, gy ¢ cac 16p bé mit ngoai cling cua than chi catdt. Budc 2: dao dong mang
tinh thé manh dudi tac dung ciia plasma va két hop véi tic dong cua siéu am gy ra ngoai luc du
manh dé thang duoc luc lién két van der Waals giita cac 16p graphite lién ké, két qua 1a gay ra su
bong tréc, gidn, nd, nit, giy. Luc nay lai co sy thAm nhap cla cac nguyén tir hodc ion hydro dén
cac vi tri nit ciia cac 16p do nén ting cudng sy pha v & cac vi tri nay dan dén viée cac 16p
graphit dugc boc tach dé hinh thanh cac tim graphene [17].

3.2. Tinh chit di¢n héa ciia dién cwe trong dung dich Fe(CN)¢*/Fe(CN)g"

Dé kiém tra mirc d6 hoat dong bé mit nham chi ra vai trd xuc tac va tinh chat dién héa cia
GEP trén dién cuc GEP/ITO va dién cuc ITO chua bién tinh, ching t6i sir dung k¥ thuat Von -
ampe vong (CV) trong dung dich chtra ddng thoi KsFe(CN)g -1 mM, K,Fe(CN)g-1 mM va KCI -
0,1 M. Qua Hinh 3a c6 thé thay mdt cip dinh oxy hoa khir dugc thé hién rd rang trén dudng cong
CV (téc do quét 20 mV.s '), twong tng voi qua trinh oxy hoa khir cia Fe(CN)g’~ va Fe(CN)",
dugc biéu thi bang phuong trinh (1):

Fe(CN)s® + e = Fe(CN)s" (1)
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Hinh 3. Duong CV cua dién cwc ITO va GEP trong dung dich (a), dwong CV cua dién cyc GEP theo cac toc do
quét khac nhau (b), sy phu thudc dong dinh OXy hoa va dong dinh khur vao can bdc hai toc do quét cua dién cuc
GEP/ITO trong dung dich Fe(CN)g> -1 mM/Fe(CN)g" -1 mM, KCI -0,1 M durgc thé hién qua duong chudn (C)

Hinh 3a cho thiy sy c6 mit cua graphene di anh hudng dang ké dén tinh chét cua dién cuc
bién tinh GEP/ITO. Su anh hudng nay thé hién qua su gia ting cudng d6 dinh dong dién cuc dai
cua dién cuc bién tinh GEP/ITO so véi dién cuc tran ITO. Quan sat Hinh 3b ching ta thdy mot
cach twong minh hon sy anh huéng ciia graphene trong dién cuc bién tinh GEP/ITO. Qua phan
tich, ta c6 thé thdy dinh cua dong dién cuc dai trong qua trinh quét CV theo thé am va thé duong
biéu hién sy phu thudc tuyén tinh vao cin bac hai cua tbe do quét (thé hién & Hinh 3c. Su tuyén
tinh nay c6 thé dugc giai thich néu ta cho rang phan g oxy hoa bé mit cia dién cuc tuan theo
dinh luat dong khuéch tan, biéu thi qua phuong trinh Randles—Sevcik. Két qua phan tich nay c6
thé cho thdy tiém ning hoat dong dién hoa twrong ddi tot cua dién cuc bién tinh GEP/ITO.

3.3. Tinh chit di¢n héa ciia di¢n cuc trong dung dich chiva UA

Do day mang graphene trén dién cuc bién tinh GEP/ITO dugc kiém soat bang cach giir
nguyén dién ap trong qua trinh dién di (45 V, DC) va thay dbi thoi gian dién di twong tng 1a 1, 3
va 5 phit. Qua trinh dién di nay thu dugc cac dién cuc bién tinh lan luot 1 GEP1/ITO,
GEP2/ITO va GEP3/ITO.

Trong nghién cru nay, ching t6i st dung dung méi la dung dich dém PBS c6 pH = 7,4 vi pH
nay tuong dwong v6i pH cia co thé nguoi, qua dé tao thuan loi cho viée phat trién nhitng nghién
clru trén mau thyc vé sau. Hinh 4a thé hién két qua so sanh vé hoat dong dién hoa gitra cac dién
cuc ITO va dién cyc bién tinh GEP/ITO. Pudng CV va dudng DPV cua cac dién cuc duoc quét
trong dung dich PBS pH 7,4 chira UA -50 uM. Qua4 trinh quét CV trong pham vi dién thé tir -0,2
dén +0,8 V va téc do quét 1a 20 mVs™'. Di voi dién cuc ITO trin gan nhu khong cé phan tng

http://jst.tnu.edu.vn 101 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(02): 97 - 105

v6i dung dich chira UA. Bdi véi dién cuc GPT, trong qua trinh quét theo chiéu .duong, dinh pic
tai +0,323 V tuong tng v6i thé oxy hoa ctia UA. Trong qua trinh quét theo chidu 4m ciing xut
hién dinh 13 rét cia UA ¢ 0,264 V phu hop véi cac nghién ctru di duge cong bd trude day [15],
diéu nay thé hién phan nao kha ning xac dinh UA tuong d6i tt cua vat liéu GEP.
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Hinh 4. Puong CV (a), DPV (b) ciia dién cuc tran ITO va dién cuee bién tinh GEP/ITO trong dung dich
dém PBS (pH =7,4) chita UA- 50 uM. Puong CV (c), DPV (d) cua GEPI, GEP2, GEP3 trong dung dich
dém PBS (pH =7,4) chita UA- 30 uM

Hinh 4b cho thy ring DPV cua dién cuc ITO va GEP/ITO trong qué trinh quét theo chiéu
dwong nam trong khoang tir -0,2 V dén 0,8 V trong dém PBS (pH 7,4) chira UA -50 M . Dién
cuc ITO gan nhu khéng ¢ phan {mg trong qua trinh quét dwong. Diéu nay cho thiy dién cuc ITO
khong thé hién mot cach rd rang sy nhay cam véi tac nhan UA. Nguoc lai, dudng cong DPV cua
dién cuc GEP/ITO cho théy su xuét hién cta dinh cuc dai tai 0,323 V. Piéu nay cho théy dién
cuc GEP/ITO c6 kha niang phat hién UA twong dbi t6t, phu hop véi cac két qua phan tach dinh
riéng biét dugc quan sat thay trong qua trinh quét CV.

St dung phuong phap CV cua cac dién cuc d6i voi UA -50 uM, dién thé quét tir -0,2 V dén
0,8 V (Hinh 4c) co thé thiy & ciing nong do UA, khi d6 day cua dién cuc ting tir GEP1/ITO dén
GEP2/ITO thi dinh cyc dai cia dong dién tang va tot GEP2/ITO dén GEP3/ITO thi dinh cuc dai
ctia dong dién lai giam. Sir dung phuong phap DPV cua céac dién cuc trén dbi voi UA-50 uM va
dién thé quét tr-0,2 V dén 0,8 V, két qua dugc thé hién tuong tu trong Hinh 4d. Két qua cho th?iy
dinh cuc dai dong dién ciia GEP2/ITO déu cho gia tri cao nhat. Do d6, GEP2/ITO dugc chon lam
dién cuc t6i wu.

3.4. Két qua xdc dinh UA

DPV dugc dung dé nghién curu kha nang phat hién va xac dinh cua dién cuc GEP/ITO. Trong
phuong phap nay, ndng d6 ciia UA duoc thay do6i dé xay dung duong chuan (Hinh 5). Puong
cong DPV cua dién cyc GEP2/ITO ¢ cac nong UA khac nhau dugce thé hién trong Hinh 5a. Su
phu thudc cua mat do dong khir vao nong do cta UA voi DPV dugc minh hoa tuwong ung trong
Hinh 5b. Trong Hinh 5a c6 thé thiy, thé dién cuc oxy héa cuc dai ciia UA gan nhu khong thay
ddi khi n6ng d6 ctia UA tang lén, cho the‘iy kha nang dat dugc su phan tach dinh ro rét.
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Hinh 5. (a) Duong DPV phy thugc vao nong dg ciia UA trong moti truong dém PBS pH =7,4
va (b) dwong chuan xdc dinh UA trén dién cuc bien tinh GEP/ITO

Két qua tir Hinh 5b cho thay: pham vi tuyén tinh cho cam bién xac dinh UA c¢6 2 khoang:
khoang thir nhit c6 ndng do tir 1a 10100 pM (R? = 0,99763), do nhay tuong ing 14 0,22094
(nAcm2uM™). Khoang tuyén tinh thir hai tir 100-2000 uM (R* = 0,99617), d6 nhay tuong (g
1a 0,05462 (WAcm uM 1. Nhu vy c6 thé khiang dinh qua trinh quét theo thé 4m va quét theo thé
duong déu cho cac két qua twong dwong nhau. Tir Bang 1 ¢6 thé thay rang pham vi tuyén tinh va
d6 nhay tuong ddi phi hop véi cac cong bd clia cac tac gia khéc.

Bang 1. Khd néing phdt hién axit uric ciia mét sé cam bién dién héa da dwoc cong bo

Vat licu Khoing tuyén tinh  Giéi han phat hi¢n bo nglz.ly . Tai li€u
T (M) (M) (nAcm “uM™)  tham khao
NiO/PANI-Graphene 10-1750 5,00 29,5 [30]
UOx/Fc/Cu,0/GCE 10-1000 0,0596 1,9 [31]
Uricase/Au-rGO/ITO 50-800 7,32 +£0,21 86,62+ 0,19 [32]
UOX/EDC:NHS/CZTS/ITO 0-700 0,066 1,838 [33]
Ta,0s particles - 0,5937 x 10°® - [34]
0.08Co/Ui0O-66/GCE 5-327,1 0,544 - [35]

4. Két luan

Qua nghién clru nay, nhom tac gia da ché tao thanh cong vat liéu graphene bang phuong phap
dién hoa plasma. Két qua phan tich ph6 Raman cho thy vat liéu graphene c6 cau trac khoang vai
16p nguyén tu, vat liéu ché tao duoc co chat lugng tuong dbi cao, it o khuyet tat va sai hong
mang. Két qua phan tich anh SEM cho thiy vat liéu sau khi che tao dugc thé hién rd rang nhimng
dic diém ciia graphene dién hinh nhur c6 nhiéu cau tric cudn, gap khiic. Nhom téc gia da ché tao
thanh cong dién cuc graphene/ITO bang phuong phép ling dong dién di. Két qua phan tich anh
SEM va phé Raman cho thr?iy vat liéu sau khi dién di 1én dé ITO c6 do xép 16n, van gilt dugc
nhing tinh chit dic trung cua graphene. Két qua phan tich dic trung dién hoa cho thiy cam bién
ché tao dugc c6 kha niang phét hién va dinh lugng twong dbi tot UA. Hai khoang tuyén tinh nong
d6 1an luot 1a 10-100 pM (R? = 0,99763). Khoang tuyén tinh thir hai tir 100 — 2000 M (R? =
0,99617). B nhay tu’cmg u'ng v6i hai khoang tuyén tinh trén lan luot 13 0,22094 (nAcm *uM ™)
va 0,05462 (pAcm “uM ). Nghién ciru nay mong mubn gop phan dua ra mot phuong phap don
gian, d& thyc hién, c6 thé ap dung rong rii nhim nang cao chat luong qua trinh sang loc, kham
chita cac bénh lién quan t6i UA. Vi gidi han cia mot dé tai cip co so nén cac nghién ctru chi
dugc thyc hién 6 quy md phong thi nghiém. Trong nhimg nghién ctru tiép theo, nhom s& tién
hanh m6 rong quy md ing dung cia cam bién ra cic miu thuc dong thoi cai tién, nang cao do
nhay, gidi han phat hién, khoang tuyén tinh... cia cam bién bang cach pha tap cac nguyén t6 nhu
nito vao vt liéu graphene hodc ché tao cac composite giita graphene va cac oxit kim loai.
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Nghién ctru nay duoc tai tro kinh phi boi dé tai cAp co so ma sd T2024-07-07 cua Truong Pai
hoc Cong nghé Thong tin va Truyén thong — Pai hoc Thai Nguyén.

TAI LIEU THAM KHAO/ REFERENCES

[1] C. Liu, P. Han, Z. Xie, Z. Xu, and D. Wei, "Insights into Ag (I)-catalyzed addition reactions of amino
alcohols to electron-deficient olefins: competing mechanisms, role of catalyst, and origin of
chemoselectivity,” RSC advances, vol. 8, no. 70, pp. 40338-40346, 2018.

[2] J. E. Villa and R. J. Poppi, "A portable SERS method for the determination of uric acid using a paper-
based substrate and multivariate curve resolution,” Analyst, vol. 141, no. 6, pp. 1966-1972, 2016.

[3] F. Chen, B. Fang, and S. Wang, "A fast and validated HPLC method for simultaneous determination of
dopamine, dobutamine, phentolamine, furosemide, and aminophylline in infusion samples and
injection formulations,” Journal of Analytical Methods in Chemistry, vol. 2021, no. 1, 2021, Art. no.
8821126.

[4] V. Carrera, E. Sabater, E. Vilanova, and M.A. Sogorb, "A simple and rapid HPLC-MS method for the
simultaneous determination of epinephrine, norepinephrine, dopamine and 5-hydroxytryptamine:
Application to the secretion of bovine chromaffin cell cultures," Journal of Chromatography B, vol.
847, no. 2, pp. 88-94, 2007.

[5] K. Sasaki and M. Harada, "Dopamine production in the brain is associated with caste-specific
morphology and behavior in an artificial intermediate honey bee caste," PLoS One, vol. 15, no. 12,
2020, Art. no. e0244140.

[6] L. Lin, P. Qiu, L. Yang, X. Cao, and L. Jin, "Determination of dopamine in rat striatum by
microdialysis and high-performance liquid chromatography with electrochemical detection on a
functionalized multi-wall carbon nanotube electrode,” Analytical and Bioanalytical Chemistry, vol.
384, pp. 1308-1313, 2006.

[71 A. Roychoudhury, K. A. Francis, J. Patel, S. K. Jha, and S. Basu, "A decoupler-free simple paper
microchip capillary electrophoresis device for simultaneous detection of dopamine, epinephrine and
serotonin," RSC advances, vol. 10, no. 43, pp. 25487-25495, 2020.

[8] S. B. Matt, M. Shivanna, S. Manjunath, M. Siddalinganahalli, and D. M. Siddalingappa,
"Electrochemical detection of serotonin using t-ZrO2 nanoparticles modified carbon paste electrode,"
Journal of The Electrochemical Society, vol. 167, no. 15, 2020, Art. no. 155512.

[9] K. E. Kouadio, O. Kambiré, K. S. Koffi, and L. Ouattara, "Electrochemical oxidation of paracetamol on
boron-doped diamond electrode: analytical performance and paracetamol degradation,” Journal of
Electrochemical Science and Engineering, vol. 11, no. 2, pp. 71-86, 2021.

[10] D. R. Kumar, M. L. Baynosa, G. Dhakal, and J.-J. Shim, "Sphere-like Ni3S4/NiS,/MoO, composite
modified glassy carbon electrode for the electrocatalytic determination of d-penicillamine,” Journal of
Molecular Liquids, vol. 301, 2020, Art. no. 112447.

[11] H. Huang, M. Yan, C. Yang, H. He, Q. Jiang, L. Yang, Z. Lu, Z. Sun, X. Xu, and Y. Bando,
"Graphene nanoarchitectonics: recent advances in graphene-based electrocatalysts for hydrogen
evolution reaction," Advanced Materials, vol. 31, no. 48, 2019, Art. no. 1903415.

[12] G. Reina, J. M. Gonzalez-Dominguez, A. Criado, E. Vazquez, A. Bianco, and M. Prato, "Promises,
facts and challenges for graphene in biomedical applications,” Chemical Society Reviews, vol. 46, no.
15, pp. 4400-4416, 2017.

[13] V. Georgakilas, J. N. Tiwari, K. C. Kemp, J. A. Perman, A. B. Bourlinos, K. S. Kim, and R. Zboril,
"Noncovalent functionalization of graphene and graphene oxide for energy materials, biosensing,
catalytic, and biomedical applications,” Chemical Reviews, vol. 116, no. 9, pp. 5464-5519, 2016.

[14] C.-F. Wang, X.-Y. Sun, M. Su, Y.-P. Wang, and Y.-K. Lv, "Electrochemical biosensors based on
antibody, nucleic acid and enzyme functionalized graphene for the detection of disease-related
biomolecules,” Analyst, vol. 145, no. 5, pp. 1550-1562, 2020.

[15] Q. D. Nguyen, Q. T. Tran, H. C. Pham, V. N. Lam, V. D. Nguyen, N. H. Trinh, and V. T. Dang,
"Straightforward method for the electrochemical identification of dopamine in the presence of uric acid
and ascorbic acid," Measurement Science and Technology, vol. 35, no. 5, 2024, Art. no. 055114,

[16] W.S. Hummers and R.E. Offeman, "Offeman, Preparation of graphitic oxide,” Journal of the
American Chemical Society, vol. 80, no. 6, pp. 1339-1339, 1958.

http://jst.tnu.edu.vn 104 Email: jst@tnu.edu.vn



TNU Journal of Science and Technology 230(02): 97 - 105

[17] V. T. Dang, P. O. Phung, T. H. Do, and H. P. Le, "Ultrasonic-assisted cathodic electrochemical
discharge for graphene synthesis," Ultrasonics Sonochemistry, vol. 34, pp. 978-983, 2017.

[18] A.M. Abdelkader, C. Vallés, A. J. Cooper, I. A. Kinloch, and R. A. W. Dryfe, "Alkali Reduction of
Graphene Oxide in Molten Halide Salts: Production of Corrugated Graphene Derivatives for High-
Performance Supercapacitors,” ACS Nano, vol. 8, no. 11, pp. 11225-11233, 2014.

[19] Z. Liu, K. Suenaga, P. J. F. Harris, and S. lijima, "Open and Closed Edges of Graphene Layers,"
Physical Review Letters, vol. 102, no. 1, 2009, Art. no. 015501.

[20] V. T. Dang, L.-J. Li, C.-W. Chu, P.-J. Yen, and K.-H. Wei, "Plasma-assisted electrochemical
exfoliation of graphite for rapid production of graphene sheets,” RSC Advances, vol. 4, no. 14, pp.
6946-6949, 2014.

[21] M. Coros, F. Pogacean, M.-C. Rosu, C. Socaci, G. Borodi, L. Magerusan, A.R. Biris, and S. Pruneanu,
"Simple and cost-effective synthesis of graphene by electrochemical exfoliation of graphite rods,” RSC
Advances, vol. 6, no. 4, pp. 2651-2661, 2016.

[22] V. V. Singh, G. Gupta, A. Batra, A. K. Nigam, M. Boopathi, P. K. Gutch, B. K. Tripathi, A.
Srivastava, M. Samuel, G. S. Agarwal, B. Singh, and R. Vijayaraghavan, "Greener Electrochemical
Synthesis of High Quality Graphene Nanosheets Directly from Pencil and its SPR Sensing
Application,”" Advanced Functional Materials, vol. 22, no. 11, pp. 2352-2362, 2012.

[23] G. Wang, B. Wang, J. Park, Y. Wang, B. Sun, and J. Yao, "Highly efficient and large-scale synthesis
of graphene by electrolytic exfoliation,” Carbon, vol. 47, no. 14, pp. 3242-3246, 2009.

[24] A. J. Cooper, N. R. Wilson, I. A. Kinloch, and R. A. W. Dryfe, "Single stage electrochemical
exfoliation method for the production of few-layer graphene via intercalation of tetraalkylammonium
cations,” Carbon, vol. 66, pp. 340-350, 2014.

[25] Y. Zhang, L. Zhang, and C. Zhou, "Review of chemical vapor deposition of graphene and related
applications,” Accounts of Chemical Research, vol. 46, no.10, pp. 2329-2339, 2013.

[26] M. Coros, F. Pogicean, M.-C. Rosu, C. Socaci, G. Borodi, L. Magerusan, A. R. Biris, and S.
Pruneanu, "Simple and cost-effective synthesis of graphene by electrochemical exfoliation of graphite
rods," RSC Advances, vol. 6, no. 4, pp. 2651-2661, 2016.

[27] T. Lin, J. Chen, H. Bi, D. Wan, F. Huang, X. Xie, and M. Jiang, "Facile and economical exfoliation of
graphite for mass production of high-quality graphene sheets," Journal of Materials Chemistry A, vol.
1, no. 3, pp. 500-504, 2013.

[28] M. Wang, H. Guo, N. Wu, J. Zhang, T. Zhang, B. Liu, Z. Pan, L. Peng, and W. Yang, "A novel triazine-
based covalent organic framework combined with AuNPs and reduced graphene oxide as an
electrochemical sensing platform for the simultaneous detection of uric acid, dopamine and ascorbic acid,"”
Colloids and Surfaces A: Physicochemical and Engineering Aspects, vol. 634, 2022, Art. no. 127928.

[29] A. Ambrosi and M. Pumera, "Electrochemically Exfoliated Graphene and Graphene Oxide for Energy
Storage and Electrochemistry Applications,” Chemistry — A European Journal, vol. 22, no. 1, pp. 153-
159, 2016.

[30] N. T. K. Nguyen, Y. N. T. Dang, A. H. Nguyen, M. V. Tran, and H. V. Le, "Sciences, Electrochemical
sensor for detection of uric acid using screen-printed electrodes modified with NiO/PANI-Graphene,"
Science & Technology Development Journal, vol. 7, no. 4, pp. 2729-2737, 2023.

[31] Q. Yan, N. Zhi, L. Yang, G. Xu, Q. Feng, Q. Zhang, and S. J. S. R. Sun, "A highly sensitive uric acid
electrochemical biosensor based on a nano-cube cuprous oxide/ferrocene/uricase modified glassy
carbon electrode," Scientific Reports, vol. 10, no.1, 2020, Art. n0.10607.

[32] S. Verma, J. Choudhary, K. P. Singh, P. Chandra, and S. P. Singh, "Uricase grafted nanoconducting
matrix based electrochemical biosensor for ultrafast uric acid detection in human serum samples,”
International Journal of Biological Macromolecules, vol. 130, pp. 333-341, 2019.

[33] S. Jain, S. Verma, S. P. Singh, and S. N. J. B. Sharma, "An electrochemical biosensor based on novel
butylamine capped CZTS nanoparticles immobilized by uricase for uric acid detection,” Biosens
Bioelectron, vol. 127, pp. 135-141, 2019.

[34] S. Rajendrachari, H. Arslanoglu, A. Yaras, and S. M. J. A. O. Golabhanvi, "Electrochemical Detection
of Uric Acid Based on a Carbon Paste Electrode Modified with Ta,0s Recovered from Ore by a Novel
Method," ACS, vol. 8, no. 49, pp. 46946-46954, 2023.

[35] T. N. Vo, D. M. Tran, Q. M. Nguyen, T. H. T. Pham, and Q. K. Dinh, "Electrochemical detection of
uric acid and xanthine in human urine using the Co/UiO-66 modified glassy carbon electrode,"”
Springer Nature, vol. 54, pp. 1-16, 2024.

http://jst.tnu.edu.vn 105 Email: jst@tnu.edu.vn



