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ABSTRACT

In this article, AgQNPs and MnO; were successively synthesized on the
Graphene oxide (GO) substrate using an in situ method. The
AgNPs/MnO»/GO nanocomposite material was modified onto the
surface of a glassy carbon electrode (GCE) and the material was
electrochemically reduced on the electrode surface. The material
obtained after reduction was called AgNPs/MnO,/rGO, which was
confirmed by X-Ray diffraction (XRD) and Fourier transform infrared
spectroscopy (FT-IR) to examine the chemical bonding and by scanning
electron microscopy (SEM) combined with energy-dispersive
spectroscopy (EDS) to demonstrate the elemental characteristics of the
material. In addition, X-ray photoelectron spectroscopy (XPS) analysis
was performed to determine the elemental composition, chemical
state, and electronic state of the elements on the surface of the material.
The application of the reduced material was for the analysis of
Piroxicam and Ofloxacin using the differential pulse anodic stripping
voltammetry (DP-ASV) method. The investigation of pH and scan rate
(v) indicated that the synthesized material had adsorption properties
and was applied for the analysis of the anti-inflammatory drug
Piroxicam and the antibiotic Ofloxacin.

Gidi thiéu chung

viém nhu thoai hda xuang, viém khdp dang thap, dau
€3G cdp tinh, viém cét séng dinh khdp, réi loan xuong va

Thudc khéng sinh va khang viém méac du cé tac dung
diéu tri cao nhung lai rét nguy hiém néu khong dugc st
dung dung chi dinh. Bén canh do, khang khang sinh 1a
mai de doa sdc khoe cong dong trén toan thé gidi, anh
hudng dén stic khoe va cudc séng clia ngusi dan va su
phéat trién bén viing cla cd moét qudc gia. Piroxicam
(PRX) la chét khang viém khong steroid (NSAID) dugc
dung rat nhiéu cho mét sé bénh viém khdp va bénh

cac van dé rang miéng khac sau phau thuat.(1).
Ofloxacin (OFX) la mét chat khéng sinh thuéc nhom
Fluoroquinolone o tac dung diét khuén manh, tc ché
lén DNA-gyrase cta nhiéu vi khudn Gram am va Gram
duang la nhiing enzym cén thiét trong qua trinh nhan
doi, sao chép va stra chita DNA cla vi khuan (2). Tuy
nhién viéc st dung khéng ding cach thudc khang sinh,
khang viém s& dan tdi hién tugng da khang, kém hiéu
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qua trong diéu tri. Piroxicam va Ofloxacin cling dugc tim
thay trong cac ngudn nudc tu nhién (3).

Graphen oxit (GO) va cac vat liéu mdi trén cg s&
graphen d& va dang dugc nghién cliu va (ng dung tiém
nang trong Iinh vuc dién t, luu trlf ndng luong, xdc tac
va kha nang hép phu, luu tri, tach va cdm bién.... Dac
biét, vat liéu trén nén graphen cho do x6p co thé diéu
chinh, dién tich bé mat I6n va chic nang cla vat liéu 6n
dinh m& ra pham vi Ung dung réng 16n (4). Do vat liéu
c6 dién tich bé mat I1én nén vat liéu trén nén graphen
dugc Ung dung dé hép phu cac chat hitu co hoac cac
ion kim loai nang. Su hdp phu phu thudc nhiéu vao
thanh phan ctia cdc nhdm chiic chira oxy cla cac tém
nano graphene vdi nhiéu cd ché tuong tac chang han
nhu: tuagng tac n—n, cation—x va n—=n (cho nhan dién t0),
lién két hidro cling lién quan dén qua trinh hép phu va
dong hép phu (5). Tac gid Kim H. va cong su da s dung
vat lieu composit MnO,/GO (6) va Pam A. (7) dif dung
vat liéu AgNPs/GO dé hap phu va loai bd phédm mau
xanh methylen (MB) va methyl da cam (MO). Tac gid
Chen S. M. da st dung MnO,/GO va Ag/GO dé xac dinh
hydrazine va Asen (8).

Trong nghién clu nay chidng téi téng hop vat liéu
composit AgNPs/MnO,/GO dé xac dinh dong thai PRX
va OFX. Tuy nhién dé (ing dung vat liéu composit nay
trong phan tich dién hoéa, can phéi bién tinh mot s6
nhém chic clia GO dé chuyén thanh graphen oxit dang
khir (rGO).

Thyc nghiém va phuang phap nghién cdu
Thuc nghiém
Téng hop vat liéu AGNPs/MnO»/GO

Vat liéu GO: graphit oxit dudc téng hgp tir bét graphite
bang phuong phép Hummer cai tién (9), (10). Béc tach
graphit oxit bang qua trinh siéu dm trong dung méi
nudc khodng 24 gid thu dugc dung dich huyén phu
mau den graphen oxit (GO). Vat liéu AgNPs: can 0,1 g
chitosan dugc hoa tan trong axit axetic 1 %, trén déu
hén hop trong 30 phdt bang khudy tir. Sau do cho
khodng 5 mL AgNQO3 0,1 M va 100 mL NaOH 1 M vao
dung dich chitosan chia axit axetic 1%. Dung dich dugc
khudy tréon trong 10 gio & 90 °C. Mau clia dung dich
chuyén tir khdng mau sang mau vang nhat va cudi cling
la mau vang nau (AgNPs). (11)

Vat liéu t6 hgp MnO,/GO: 18y 250 mL dung dich GO 1
mg/mL, sau dé cho vao 25 mL MnSO4 0,15 M, hdn hop
dugc khudy tur va déanh siéu am nhe. Tiép tuc cho tu tu
25 mL KMnO4 0,1 M qua burret vao c&c vdi téc dé 1
mL/phut. Qué trinh dugc tiép tuc khudy va danh siéu

am hoén hap trong 24 gid. Sau d6 hdn hop dugc ria 3
lan bang H.O va con 96 °. Sdy phan chét ran & 60 °C
qua dém, sau do dugc nghién min bang c6i ma néo va
cho vao binh kin. Vat liéu thu dugc MnO,/GO co ti 1é
khéi lugng (1:10 w/w).

Vat lieu t6 hop AgNPs/MnO,/GO: can 100 mg
MnO,/GO phan tan trong 100 mL nudc nhd trg gilp
bang siéu &am trong 24 gid. Tiép tuc cho tur tir 10 mL
AgNPs 1 mg/mL qua burret vao céc véi téc dd 1
mL/phudt. Qué trinh dugc tiép tuc khudy va danh siéu
am hdn hop trong 24 gid. Sau do hdn hap dugc dua ly
tam 6000 vong/phut trong 60 phat, phéan chét ran mau
den dugc rlta 3 [an bang H.O va con 96°. S&y phan chat
ran & 60 °C qua dém, sau dé dudgc nghién min va bao
qudn trong binh kin. Vat liéu thu dugc
AgNPs/MnO,/GO ¢ ti 1é khéi lugng (1:1:10 w/w/w)

Téng hop vat lieu AGNPs/MnO/rGO

Phan tan 10 mg AgNPs/MnO,/GO trong 10 mL nudc cét
hai [an va nhd trg gilp bang siéu am khoang 24 gid.
Sau do thém 50 pL Nafion 1 % vao 10 mL
AgNPs/MnO,/GO 1mg/mL. Nafion dugc dung nhu chét
két dinh vat liéu lén dién cuc GCE (12). Phu 5 pL
AgNPs/MnO,/GO 1 mg/mL lén bé mat GCE. Sau khi
dugc séy khd bang den hdng ngoai, tién hanh khir GO
bang phuang phép von-ampe vong tir 0 dén — 2,0 V,
13p lai 10 1&n trong dém BR (pH = 7,0, Cer = 0,05M). V4t
liéu thu dugc sau qua trinh khir 1a AgNPs/MnQO,/rGO.

Phuong phdp nghién ctu

Hinh théi, kich thudc hat va thanh phan hoa hoc cla vat
liéu dugc xac dinh dua trén cac phuang phép: XRD cla
vat liéu dugc do thong qua may do nhiéu xa SmartLab
(buic xa Rigaku, Cu Koy, 40 kV va 40 mA) vai pham vi 26
tlr 5° dén 70°. Hién vi dién tir quét (SEM) két hop vdi
quang phé tan sdc nang lugng (EDS) dua vao viéc ghi
lai phé tia X dugc do trén may SEM JMS-5300LV. Phan
tich quang phé quang dién ti tia X (XPS) lam viéc vdi
buic xa Al Ka (1486,6 eV). Ngoai ra cac lién két hoa hoc
va chiing minh vat liéu dang khir dugc do bang phé FT-
IR thuc hién bdi ki thuat do mau ran bang cach ép vién
véi KBr ti 16 1 mg méau 1 mg KBr, cac vién dugc tao ra
dudi luc ép khoang 10.000 N/m? va dugc ghi trén may
IRAffinity-1S. Phucong phép von-ampe vong (Cyclic
Votammetry, CV) phan tich dinh tinh va von—ampe hoa
tan anot xung vi phan (Differential Pulse Anodic
Stripping Voltammetry, DP-ASV) dugc tién hanh nghién
cUu dinh lugng PRX va OFX. Hé 3 dién cuc: dién cuc lam
viec AgNPs/MnO,/rGO-GCE,  dién cyc so sanh
Ag/AgCI/KCI 3 M va dién cuc déi Pt.
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Héa chdt

Cac hoa chét dugc str dung la hda chét tinh khiét phan tich
clia hang Merck, gom: bét graphit (< 20 um), H2SO4 98 %,
HaPO485 %, HNO3 65 %, HCI 37 %, H20230 %, MnSO4.4H,0
99 %, KMnO4 99,9 %,NaOH ran, CHsOS > 99,9 %, chitosan,
CoHsOH 96 © dém Briton — Robinson (BR). Chat chuan
piroxicam (CisHN304S, 99,71%) va ofloxacin (CigHaoFN3Os,
99,2%) ctia Vién kiém nghiém thudc Tp.HCM.
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Két qua va thao luan
Bdc trung cda vat liéu AGNPs/MnQOx/rGO

Hinh thai cia mau composit téng hop dugc quan sat
bang anh SEM- EDS. Hinh 1 trinh bay anh SEM cla véat
liéu téng hap AgNPs/MnO,/rGO. Két qua cho thdy, Ag
va Mn dugc phan b déu trén bé mat GO. Cac nguyén
t6 Ag va Mn lan lugt chiém 7,9 va 6,9 % trong lugng.

Hinh 1: Anh SEM v& phd EDS ctia vat liéu AgNPs/MnO2/rGO
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Hinh 2: Phé FT-IR clia vét liéu GO, AgNPs/MnO,/GO va AgNPs/MnO,/rGO

PhS FT-IR (hinh 2) cho thdy cac nhém chiic chita oxy
trén GO va AgNPs/Mn0O,/GO, peak ddc trung tai
3418 cm™ (nhém -OH); nhém C=0 va C-O-C tai 1602
va 1070 cm,

Sau qué trinh khtr, cac peak dac trung tai 3418 cm-1,
1602 cm™, 1382 cm™ va 1070 cm™ gidm xuéng ro rét
chiing td cac nhom chic chilfa oxy da bi loai bd mot
phan. Cac nhom chic chira oxy lam giam do dan dién
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trén bé mat dién cuc. Vi vay, trudc mbi lan phan tich
phai tién hanh loai bd cac nhdom chic chiia oxy, qué
trinh nay dugc goi la qua trinh kht Graphen oxit (GO)
thanh reduced Graphen Oxide (rGO), dudi tac nhan
dién héa san phdm rGO clng dugc goi la Electro
reduced Graphen Oxide (ErGO).

Ag:—

AgNPs
AgNPs/MnO,/rGO t  AgNPs Ag+ AgNPs
/ A

AgNPs/MnO,/GO

Intensity (cps)

10 20 30 40 50 60 70
2-theta (deg)

Hinh 3: Phé XRD cla vét liéu GO,
MnO,/GO,AgNPs/MnO,/GO va AgNPs/MnO,/rGO
C4u trdc tinh thé cla vat liéu nano composite
AgNPs/MnO,/GO va AgNPs/MnO,/rGO da dugc xac
dinh bang phuong phap XRD. Trén hinh 3, mau GO cho
thdy nhiing dinh n&i bat nam tai cac gia tri 26 ctia 10,01°

(001) va 42,23° (107). Su giam dang ké cua cac dinh dac
trung clia GO dugc quan sat sau khi MnO; dugc phu
lén bé mat. Ngoai ra, nhiing dinh dac trung tiéu biéu tai
Ccac gia tri 26 cla 35,14°, 40,72° va 59,05° dudc gan cho
cac méat tinh thé (211), (301) va (521) clla MnO» (JCPDS
No: 00-044-0141) (13). Madu AgNPs/MnO,/GO xuét hién
dinh tai cac gié tri 20 la 27,81° (111), 32,14° (200), 46,16°
(220), 54,83° (311) va 57,49° (222) co thé dugc gan cho
pha AgCl (JCPDS No: 01-085-1355) (14). Nhiting dinh tai
Cac gia tri 26 cla 38,03° (111), 44,25° (200) va 64,55°
(220) 6 thé dugc gan cho AgNPs (JCPDS No: 00-004-
0783) (15).

Phé XPS cla vat lieu composite AGNPs/MnO/rGO
(hinh 4) cho théy cac dinh dac trung clia Mn 2p, O 1s,
Ag 3d, va Clstai 658,6 eV;537,2eV;3788¢eV va284,6
eV, tuang Ung cho su tdn tai clia cac nguyén t6 C, O,
Mn va Ag trong AgNPs/MnO/rGO. Phé XPS cua C s
(hinh 4. B) c6 thé dudgc phan tich thanh bén dinh khac
nhau & cac vi trf trung tam 284,9 eV; 286,1 eV, 286,8 eV
va 288,3 eV, dugc quy cho C=C, C-C, C-O va C=0,
tucng Ung (16).
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Hinh 4: (A) Phé XPS cla vat lieu AgNPs/MnO,/rGO; (B) C Ts; (C) O 1s; (D) Mn 2p va (E) Ag 3d

Phé O 1s (hinh 4.C) cling cho thdy cac dinh & 530,4;
531,1; 532,7 va 534,8 eV tugng Ung vai cac nguyén to
oxi trong Mn-0, C=0, H-O-H va C-O. Trong do6, cac

lién két H-O-H va C-O-H thudc vé cac phan t& nudc
hap thu va cac nhém chiic nédng bé mat ctia rGO trong
AgNPs/MnQO,/rGO tuang Uing, va lién két Mn-O phu
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hop vai MnO.. Phé Mn 2p (hinh 4.D) cho thay su tach
nang lugng clia Mn 2ps. (641,6 eV) va Mn 2py2 (653,2
eV) khodng cach nang lugng xdp xi 11,61 eV tuang Ung
clia Mn** va Mn** (17). B&i véi Mn 2p, né co thé dugc
phan tich thanh bén dinh & 641,6 eV; 645,2 eV, 653,2
eV va 656,6 eV dugc gan tuong Ung cho Mn** (2pi),
Mn** (2py2), Mn3* (2p3/2) va Mn** (2p3y2) (18), (19). PhS
Ag 3d (hinh 4.E) cho thdy su tach nang lugng clia Ag
3dsp (367,6 eV) va Ag 3dsp (373,7 eV) khoang cach
nang lugng xap xi 6,07 eV.(20)

Két qua phén tich phé SEM-EDS, FT-IR, XRD va XPS xac
nhan rang vat liéu composite AGNPs/MnO,/rGO da
dugc téng hap thanh céng.

Ung dung phdn tich dién héa
Lua chon vdt liéu bién tinh dién cuc

Pé khang dinh hoat tinh dién hoa cua vat liéu
AgNPs/MnO,/rGO trén dién cuc GCE bién tinh déi vdi
cac chét PRX va OFX. Cac thi nghiém trén cac dién cuc
GCE, Mn0O./GO, MnO,/rGO, AgNPs/MnO»/GO va
AgNPs/MnO,/rGO dugc khdo séat theo phuang phap
CVv.

509 —aGcE
—— Mn0,-GO
404 MnO,-rGO
= AgNPs/MnO,/GO
—— AGNPS/MNO,/rGO OFX
30 -
=< PRX
< 201
< \
_ﬂ.
10 1
04
-10 1

0.2 0.4 076 078 1.0 12 1.4
E vs Ag/AgCl (V)

Hinh 5: Cac dudng CV clia PRX va OFX trén cac loai
vat liéu khac nhau

DKTN: Khodng quét thé 0.2 dén 1,3 V, Eaee= -0,1 V, tacc
=305, v =100 mV/s, toc dé quay cua dién cuc w =
1000 rpm trong dém BR (Cgr=0,05M, pH = 4), vdi dién
cuc so sanh Ag.AgCLKCL 3 M

K&t qua thé hién trén hinh 5 cho thdy vat liéu
AgNPs/MnO,/rGO nhay vai PRX va OFX, thé dinh hoa
tan cla PRX (Ep = 0,63 V) va OFX (Ep = 1,06 V). biéu
nay ching to rang Ep cta PRX va OFX phu thudc vao
cac loai dién cuc khac nhau hay dac tinh dién hoa cua
PRX va OFX phu thuéc vao ban chét cla dién cuc. Vat
litu MnO,/GO va AgNPs/MnQO,/GO khong xuét hién tin
hiéu tin hiéu oxy hoa clia PRX va OFX, diéu nay dudc

gidi thich do trén nén GO cé nhiéu nhdém chiic chira oxy
lam cho d6d dan dién trén bé méat dién cuc kém; chinh vi
do dan dién kém nén anh hudng qué trinh trao déi dién
tUf clia chét phan tich trén bé mat dién cuc bi han ché.

Anh huéng cia pH
Xdc dinh diém ddang dién caa vat liéu

Chuén bi mét day dung dich dém pH (HCI — NaOH,
Cnaci= 0,05M, V = 20 mL) tU pH 2 dén pH 11. Sau dé cho
vao mai binh tam giac cé nap day chinh xac 20 mg vat
liéu.

Tién hanh do pH ban dau, cac binh tam giac dugc lac
trén may lac IKA- KS 260 (320 rpm trong 24 gi®). Sau
dé tién hanh do pH cudi.

Dua vao gia tri ApH va pHinial ta co thé xac dinh dugc
diém dang dién cla  AgNPs/MnO,/GO  va
=3,99.

pH initial

-5 4 |—=— AgNPs/MnO,/GO
—e— AgNPs/MnO,/rGO

Hinh 6: Xac dinh diém dang dién cua vat liéu trudc va
sau khtr

Anh hudng cta pH dén viéc xdc dinh PRX va OFX

Qua mét s6 thi nghiém khao sat ddong thai PRX va OFX
bang phuong phap DP-ASV trong dung dich dém
Briton Robinson (BR) ndng dé 0,05 M co gia tri pH tu 2
dén 8 (hinh 7).

Hinh 7.B chi ra rang tai pH = 4 cho tin hiéu lpa khi xéc
dinh déng thai PRX va OFX t6i uu nhéat. Hinh 7.C biéu
dién mdi tuong quan gitta Epa(V) va pH cla dung dich
theo phuang trinh Nernst:

E = E%0uxn— (0,059*p/n)pH

DGi véi PRX 1a p/n = V2 hay s6 dién t trao d6i clia PRX
gan gap doi sé proton H* (n= 2p). D& véi OFX la p/n ~
1 hay s e trao déi gan bang s proton H*,va E%gy =
0,653 (V); E%sx = 1,108 (V).
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Hinh 7: (A) Cac dudng DP; (B) Ipa va pH; (C) Epa va pH clia PRX va OFX tai cac pH khéac nhau

DKTN: Khodng quét thé 0.2 dén 1,2 V, Eaee= -0,1 V, taee =30's, v = 100 mV//s, téc do quay cua dién cuc w = 1000 rom
trong dém BR (Cgr=0,05M), vdi dién cuc so sdanh Ag.AgCLKCI 3 M

Anh huéng cia téc db quét

DéE hiéu rd vé dong hoc clia phan Ung dién héa trén bé
mat cla dién cuc lam viéc thi viéc nghién ctiu sy anh
hudng cla téc db quét thé (v, mV/s) dén tin hiéu hoa
tan (Ipava Epa) clia PRX va OFX bang phuong phap von-
ampe vong (CV) la can thiét J. Wang (21), A. J. Bard
p.236 (22), (23). Trong nghién cu nay, st dung vat liéu
AgNPs/MnO,/rGO vdi khoang quét thé tir 50 mV/s dén
500 mV/s (Hinh 8).

300 - (A)
500 mV/s
2004
—
<
3
_D_
100 50 mV/s
04 . . . . .
02 04 06 08 10 12 14
E vs Ag/AgCl (V)
45 B
(B) y=(0.523 + 0.012) x + (0.926 + 0.066)
OFX
4.0
—~ 3.5
& PRX
N—r
< 30
254
y= (0.530 + 0.015) x + (0.049 + 0.083)
2.0 T T T T T !
35 40 45 5.0 55 6.0 6.5

In(v)

Hinh 8: (A) Budng CV phén anode tai cac toc do quét

khac nhau; (B) M&i lién quan tuyén tinh gita In(lpa) va
In(v)

Hinh 8.B cho thdy hé s6 gbc (slope) trong hai phuong
trinh biéu dién gita In(lea) va In(v) cé gia tri la 0,530
(PRX) va 0,523 (OFX) déu nam trong khoang gia tri “0,5
dén 1". Nhu vay, qué trinh lam giau PRX va OFX xdy ra
trén bé mat dién cuc dugc quyét dinh bdi qua trinh hép
phuy, tic la PRX va OFX bi hdp phu trén bé mat dién cuc
bién tinh trong giai doan lam giau.

So sdnh do nhay cta phuong phdp véi cdc nghién ciu
trén thé gidi

Phuong trinh hoi quy tuyén tinh, gidi han phat hién
(LOD) va gidi han dinh lugng(LOQ) cla Piroxicam va
Ofloxacin:

lpa(A) = (-0,450 £ 0,152) + (0,783 £ 0,018)Cprx(iM),
R? =0,9992; LOD(30) = 0,36 (uM); LOQ = 1,21 (uM)
lpa(uA)= (-0,760 + 0,035) + (0,935 £ 0,009)Corx(uM),
R? = 0,9997; LOD(30) = 0,19 (uM); LOQ = 0,65 (UM)

K&t luan

Vat liéu AgNPs/MnO,/GO téng hop dugc co tiém nang
trong qué trinh hap phu lam giau cac chat httu ca. Nhu
vay, vat liéu AgNPs/MnO./rGO dugc dung dé bién tinh
dién cuc lam viéc cho cdm bién dién hoa.
AgNPs/MnO,/rGO cho dé én dinh va cé do nhay cao
va LOD thép, & cac diéu kién thi nghiém thich hgp cho
phuong phap DP-ASV dé &p dung phan tich déng thdi
lugng PRX va OFX trong cac mau thuc té.

L& cdm an

Nghién clu nay dudc tai trg bdi Quy Phét trién khoa
hoc va cong nghé Qudc gia (NAFOSTED) trong dé tai
ma s6 104.04-2020.54.
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