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MO PAU

Thudc khéng sinh va thuéc khang viém mic du c6 tac dung diéu
tri cac bénh ly viém nhidm, nhat 1a nhiém tring duong ho hap, tai
mili hong, duong tiét niéu...Tuy nhién, ching lai rat nguy hiém néu
khong dugc stir dung ding muyc dich va chi dinh. Bén canh do, khang
khéang sinh 1a mébi de doa sirc khoe cong dong trén toan thé gisi, anh
hudng dén strc khoe va cude séng cia ngudi dan va su phat trién bén
viing cua ca mot qudc gia. Theo Pai hoc Oxford, khéang khéang sinh
la nguyén nhan khién 1,5 triéu nguoi tir vong mdi nim. Dy bao, dén
nam 2050, mdi nam s& O téi 10 triéu ngudi tir vong ma nguyén nhan
c6 thé 1a do thudc khang sinh khong con ngin ngira hiéu qua cac
bénh théng thuong. WHO xép Viét Nam vao nhom cac nudc co ti 18
khéng khang sinh cao nhit thé giéi. Theo s6 liéu cia WHO, tir nim
2009 dén nam 2017, s6 lugng thudc khang sinh ¢ Viét Nam ban ra
ngoai cong dong ting gap 2 lan. Nguyén nhan chinh 1a do lam dung
khang sinh ban ra ma khong can ké don, trong d6 thuéc khang sinh
ban ra tai thanh thi khoang 88% va ti I& nay 1én dén 91% bén ra &
ndng thon [253]. Mat khac, chét khang sinh va khang viém con dugc
dung dé tri mot s6 bénh nhidm khuan trong nudi trdng thay san. Yéu
cau vé an toan vé sinh thyc pham néi chung hay trong céc mat hang
thiy san noéi riéng ngay cang dugc chi trong. Néu du luong trong
san pham vuot qua muc cho phép, viéc tiéu thy san pham s& gap
nhiéu kho khan tham chi khong tiéu thu dugc gay thiét hai vé kinh té
va an sinh xa hoi 1 rat dang ké.

Chinh vi vay, cac nha khoa hoc da va dang phat trién cac phuong
phép phan tich hién dai dé phan tich khang viém — khang sinh trong
dugc pham, thyc phdm va méi truong nude. Hién nay, cic phuong
phap nhu sic ky long hiéu ning cao (High Performance Liquid



Chromatographic, HPLC) [6], [101], [162], [165]; sic ky long hiéu
ning cao ghép khéi phd (High Performance Liquid
Chromatographic-tandem Mass Spectrometry, HPLC-MS/MS)
[175], [222]; sac ky long ghép khéi pho (Liquid Chromatography—
tandem Mass Spectrometry, LC-MS/MS) [9], [84], [113], [172];
phuong phéap phan tich quang phd (Spectrophotometric) [51], [97] va
dién di mao quan [137]. Mic du cac phuong phap nay thu duoc két
qua dang tin cdy va chinh xac, nhung c6 nhugc diém nhu chi phi cao
cua cac thiét bi, quy trinh chuan bi mau ton nhiéu thoi gian va thao
tac phac tap, tieu thu nhiéu thudc thir va dung mdi dan dén co thé
han ché viéc 4p dung cac phuong phap nay. Vi vdy, trong nhitng nim
gin day phuong phap dién hoa dd hoan thién va phat trién.

Graphene va cac vat liéu moi trén co so graphene da va dang
duogc tng dung trong nhiéu linh vyc cong nghé nhu: luu trit ning
luong, vat lidu hap phu xdc tac, vat lidu xir Iy méi truong, dién tir va
dac biét 1a vat liéu sensor khi va dién hoéa,... Bat dau tur vat liéu
graphene oxide (GO), sy phét trién cua cac loai hop chat lai tap
(composite) khac nhau trong d6 cac kim loai, oxide kim loai, khung
kim loai-hitu co, phdi tir hitu co va céc loai polymer di dwoc két hop
v6i GO. Bé ung dung vat liéu trén nén graphene oxide trong phan
tich dién hoa, can phai hoat héa mét s6 nhém chire chira oxy cia GO
dé chuyén thanh graphene oxide dang khir (rGO). Ngoai ra, GO két
hop véi MnO; va AgNPs dé ché tao dién cuc bién tinh duoc st dung
trong phuwong phép von-ampe c¢6 kha ning phéan tich dwoc mot s6
chat khéang sinh, khang viém. MnO; véi nhiéu héa tri, da thu hat su
quan tam d6i véi cac tng dung xdc tac va hiéu qua cao trong qué
trinh oxy héa cac hop chét hitu co dé bay hoi. Tuy nhién, MnO; c6
tinh dan dién kém va dién tich bé mat thip. Khi két hop véi MnOy,



c4c tim nano GO s& lam tang dién tich bé mat hoat dong dién hoa va
cai thién hoat dong xuc tac [238]. Vat liéu composite gitta MnO, va
mét s6 dang cua graphene duoc st dung dé bién tinh dién cyc than
thity tinh xac dinh dong thoi dopamine va uric acid [117], hydrogen
peroxide [63], va mot sé chat mau thuc pham, rhodamine B [75],
sunset yellow [42], quinoline yellow [223]. Téac gia Kim H. va cong
su da su dung vat liéu composite MnO2/GO [201] va Pam A. [155]
st dung vat lieu AgNPs/GO dé hap phu va loai bo phim mau
methylene blue (MB) va methyl orange (MO). Tac gia Chen S. M. da
sa dung MnO2/GO va Ag/GO dé xac dinh hydrazine va arsenic
[157]. Mat khac, trong céc tai liéu tham khao dugc chua thdy nghién
clru nao xac dinh ddng thoi CAP va TNZ bang vat liéu composite,
bén canh d6 graphene oxide c6 mat MnO; va vat liéu AgNPs/MnO,
chi méi budce dau wng dung trong vt lidu luu trir ning luong.

Xuit phat tir nhitng yéu té do, toi da lya chon dé tai: “Nghién
cteu bién tinh dién cuc trén co sé graphene oxide dang khir dé xéac
dinh mgt sé chdt khang sinh va khang viém bang phwong phdp
von-ampe”

Chuwong 1. TONG QUAN TAI LIEU
1.1. VAT LIEU GRAPHENE
1.1.1. Graphite oxide, graphene oxide va graphene oxide dang khir
1.1.2. Cac phuong phap tong hop graphene oxide dang khir
1.2. TONG HQP VAT LIEU COMPOSIT TREN NEN ErGO
VA UNG DUNG
1.3. VAT LIEU MnO; VA AgNPs TREN NEN GRAPHENE
OXIDE
1.3.1. Vat liéu MnO;
1.3.2. Vat liéu AgNPs



1.3.3. Vit lidu MnO2 va AgNPs trén nén graphene oxide
1.4. CAC CHAT KHANG SINH VA KHANG VIEM
1.4.1. Chat khang sinh
1.4.2. Chat khang viém Piroxicam
1.5. CAC PHUONG PHAP XAC PINH CHAT KHANG SINH
(CHLORAMPHENICOL, TINIDAZOLE, OFLOXACIN) VA
CHAT KHANG VIEM PIROXICAM
1.5.1. Phuong phap phan tich quang ph
1.5.2. Phuong phép sac ky
1.5.3. Phuong phap dién hoa
Chuong 2. NOI DUNG VA PHUONG PHAP NGHIEN CUU
2.1. NQI DUNG NGHIEN CUU

Noi dung 1: Tong hop vat lieu composite MnO,/GO va
AgNPs/MnO2/GO:; tién hanh khir dién héa bang phuong phap dong -
thoi gian (i-t) va von-ampe vong (CV) két hop do cac dic trung vat
liéu.

Ndi dung 2: Str dung vt liéu MnO2/GO bién tinh dién cuc than
thary tinh nham xac dinh dng thoi CAP va TNZ bang phuong phap
LS-AdCSV. Ap dung dién cuc MnO,/ErGO-GCE phén tich cac mau
dugc phim, mat ong va mau nudc moi trudng.

Ndi dung 3: Sir dung vat liéu AgNPs/MnO,/GO bién tinh dién
cuc than thay tinh nham xac dinh dong thoi PRX va OFX bang
phuong phap DP-AJASV. Ap dung dién cuc AgNPs/MnO2/ErGO-
GCE phan tich cac mau duoc phdm va mau nudc méi truong.

2.2. PHUONG PHAP NGHIEN CUU

2.2.1. Bbi twong nghién cau

2.22.Téng hop vat lieu nano composit MnO./GO va
AgNPs/MnO2/GO



2.2.3. Quy trinh bién tinh dién cuc Glassy carbon bang vat liéu
MnO,/GO, AgNPs/MnO,/GO dé xéac dinh cac chat khang sinh,
khang viém
2.2.4. Cac dic trung vat liéu tong hop bién tinh dién cuc
2.2.5. Phuong phap phan tich di¢n hoa
2.2.6. Phuong phap phén tich sic ky
2.2.7. Phuong phap ldy mau va xir ly mau
2.2.8. Phuong phap thong ké
2.2.9. Hoa chat
Chuwong 3. KET QUA VA THAO LUAN

3.1. PAC TRUNG VAT LIEU
3.1.1. Lwa chgn qua trinh khir dién hoa

Trudc tién, tién hanh pha 5 uL MnO2/GO 1 mg/mL 1én bé mat
GCE. Sau khi dugc siy khd bang dén hong ngoai, tién hanh khir vat
liéu theo hai ky thuat CV va i-t.

Hinh 3.2. (a) db thi
Nyquist trong khoang tan
s6 tir 100 kHz dén 10
mMHz cua cac dién cuc, (b)

(6)

P e ww e www Che dudng CV tai toe o
quét thé 0,1 V/s
Két luan: khi ap dung ca 2 dién cuc st dung vat liéu khir trong hé
tiéu chuan [Fe(CN)s]*™* (C = 5 mM) cho duong tin hiéu gan nhu
tuong ddng hinh 3.2.b. Vi vay, c6 thé lua chon mot trong hai ky thuat
khtr déu dap tng tét cho qué trinh khir dién hda GO thanh ErGO.
3.1.2. Phé nhiéu xa tia X (X-ray diffraction, XRD)
Gian ¢6 XRD cua MnO2/GO (Hinh 3.3.a), tai cac dinh peak goc
260 cua 12,4, 26,8, 37,6 va 65,8° phu hop vai cac mat tinh thé (110),



(310), (211) va (002) ching minh dang ton tai 1a o-MnO, theo phd
chuan JCPDS s6 044-0141. Mau AgNPs/MnO2/GO cho thiy cac
peak goc 20 tai 27,81° (111), 32,14° (200), 46,16° (220), 54,83°
(311) va 57,49° (222) c6 thé dugc gan cho mau chuan AgCl (JCPDS
s6 01-085-1355), bén canh d6 cac peak xuét hién tai 38,03° (111),
44,25° (200) va 64,55° (220) ciing c6 thé du¢ inp 33, (a) Phé

AgNPs (JCPDS sé 00-004-0783). XRD cua GO,
MnO_, MnO,/GO va
MnO,/ErGO, (b)

—— Wn0,ErGO {3)7 Te !
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3.1.3. Phé héng ngoai (FT-IR) Hinh 3.4. (a) Pho

FT-IR caa GO,
MnO,, MnO»/GO va
MnO,/ErGO, (b)
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Do truyén qua (a.u.)
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So sanh véi GO va MnO2/GO thé hién sy giam dang ké cua su
dao dong OH tai 3400 cm va cac peak tai 1730 va 1600 cm, ching
minh ring GO da dugc khur hiéu qua bién dbi thanh GO dang khur
trong qua trinh dién hoa.

Hinh 3.4.b vét lieu AgNPS/MnO2/ErGO cho thdy giam dang ké vé
cudng do cua dinh peak tai dai tir 3700 dén 3200 cm™, ching t6 rang
GO da bi khtr thanh rGO.



3.1.4. Phé Raman ,
0 Hinh 3.5. (a) Phé

b Raman cua MnO,,
MnO./GO va
MnO2/ErGO, (b)
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i véi MnO2/GO va AgNPs/MnO,/GO tai G-band va D-
band ¢6 ti I& Ip/ls lan luot 1a 1,19 va 1,02, cho thay trong cau trdc
ctia GO ¢6 gan cac nhom chirc phan cuc trén bé miat GO 1am ting sb
luong lién két C-sp® so véi C-sp?. Trong khi d6 MnO2/ErGO va
AgNPs/MnO2/ErGO ¢ ty 1& cuong do I/l gia ting 1an luot 12 1,46
va 1,26; cho thy s6 luong lién két m trén mang graphene duoc khoi
phuc dan sau qua trinh khtr, diéu nay cé thé giai thich do cac nhém
chuc chira oxy di duoc loai bo trén bé mat. Cubi cung, da tong hop
dugc vat liéu khir MnO2/ErGO va AgNPs/MnO2/ErGO.

3.1.5. Phé quang dién tir tia X (XPS)
a) Pac trung XPS cia MnO2/ErGO
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Két qua phd XPS tiép tuc xac nhan ring viéc tong hop thanh cong
vat liéu composit MnO,/ErGO.
b) Pac trung XPS cia AgNPs/MnO,/ErGO
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Hinh 3.7. (a) Phd
XPS cua vat liéu
AgNPs/MnO/Er
GO; (b) C 1s; ()
O 1s; (d) Mn 2p
va (e) Ag 3d.

Két qua phd XPS
tiép tuc xac nhan
rang viéc tong hop

thanh cdng vat liéu composit AGNPs/MnO,/ErGO.
3.1.6. Phé SEM-EDS va HR-TEM
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3.2. UNG DUNG VAT LIEU MnO,ErGO BIEN TiNH DPIEN
CUC GCE XAC PINH PONG THOI CHLORAMPHENICOL
VA TINIDAZOLE
3.2.1. Lwa chon dién cuc lam viéc

Qua hinh 3.10, sy chénh léch thé dinh anodic va cathodic (AEp)
ciia nam loai dién cuc c6 xu thé giam dan 1a 0,476; 0,258; 0,238;
0,109 va 0,099 (V) di véi GCE; GO-GCE; MnO,-GCE; MnO,/GO-
GCE va MnO2/ErGO-GCE. Nhu két qua chi ra ¢ hinh 3.10.b, dién
tré chuyén dién tich (Re) ciia nam dién cuc GCE; GO-GCE; MnO»-
GCE; Mn0O2/GO-GCE va MnO,/ErGO-GCE lan luot 1a 0,124 kQ,
3,90 kQ, 1,79 kQ, 0,726 kQ va 0,188 kQ. Nhu vay, két qua cua EIS

va CV la phu hop. Hinh 3.10. (a)
- e Cac duong CV tai
wl -l toc do quét thé 0,1
50 . !1nun {:.".""'.'l, . V/S Vé d6 thl
g [ s .
0 Y “"” . Nyquist trpng
" ] o F 7 ‘st khoang tan so tir
100 —wossoste 0 :mﬁ;ﬁfm 100 kHz cTen le
-150&! 24 00 04 0B 12 nn WO W0 0 400 500 mHZ1 (b) Cua nam

EM z( loai dién cuc.

Mit khac, vu diém cua dién cuc GCE dugc bién tinh bang vat
lieu MnO/ErGO so véi céc dién cuc khac dugc thé hién & hinh 3.11
V6i cudng do dong cua CAP va TNZ 16n hon tir 1,5 dén 2,5 lan ddi

Vi dién cyc GO-GCE va MnO,/GO-GCE.
Hinh 3.11. (a)

Céc duong LS-

| = b
— 04 .
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— MnOZERGOIGCE TNZ5S uM .
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3.2.2. Anh hwéng cia pH

Két qua cho thay rang:

i) pH cua dung dich cang tang, thi thé dinh cang chuyén vé phia &m

va ¢0 hién tugng xen phu dinh hoa tan caa CAP va TNZ. Trong moi

truong base va trung tinh khéng thuan loi cho qua trinh trao doi

electron, dan dén dong dinh c6 xu thé giam.

ii). Tir viéc khao séat pH tir 4,2 dén 11,7 tién hanh xay dyung phuong

trinh tuyén tinh méi quan hé gitra Erc va pH, trinh bay ¢ hinh 3.13:
Hinh 3.13. Cac duodng hdi quy

B =-oso-omsm =05 tUyén tinh gitta Epc va pH cla

CAPva TNZ

» CAP
« TNZ

Nhu vay, theo phuong trinh

Epg (V) = - 0,393 - 0,032 pH; R®=0,9814 ’ ,
: 1 & & D n Nernst doi chiéu véi phuong trinh
pH

hinh 3.13, s6 electron géap hai lan
sb proton trao ddi. Két hop véi mot sé cong bd trude co ché phan
g dién hoa cua CAP va TNZ (nhém nitro R-NO;) xay ra trén bé
mat dién cuc MnO2/ErGO-GCE theo co ché:

OH cl OH cl

. ] [ 1 ~a +4c',+41l+ “ W ” _,..“ (311)

—_— : T
o -H,0 L S

Pl tde, 4 H Lol
. S B _ e QML (3.12)
-H,0

V6i muc dich 1a xac dinh dong thoi CAP va TNZ, tiép theo
khoang pH dugc lya chon trong nghién cau nay la tir 1,1 d&én 2,8. Gia
tri pH 1a 1,8 dwoc cho 1a thich hop nhat va lya chon cho cac nghién
ctu tiép theo. Gitra Epc va pH c6 mdi twong quan tuyén tinh theo cac
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phuong trinh:
TNZ: Epc (V) =-0,027 - 0,138 pH, R?=0,9700 (3.13)
CAP: Epc (V) =-0,175- 0,131 pH, R? = 0,9698 (3.14)

3.2.3. Anh hwéng caa téc do quét
a. Xac dinh qua trinh khuéch tan — hap phu

Tir cac két qua thuc nghiém, giira Iec Va v2 c6 mdi twong quan
rat chat véi hé sé twong quan lan luot la 0,9964 (TNZ) va 0,9977
(CAP) (hinh. 3.16.a). Diéu nay cho thay rang qué trinh chuyén chat
tir b miat dién cuc vao dung dich duoc kiém soat bang qua trinh
khuéch tan.

TNZ:lpc(RA) = (-29,96 + 5,74) + (7,06 + 0,35) V'24R? = 0,9964
(3.16)
CAP:lpc(nA) = (-17,62 + 3,79) + (5,83 + 0,23) V2, R? = 0,9977

(3.17)

Tuy nhién, trong hai phuong trinh (hinh 3.16.a), (3.16) va (3.17)
c6 céc gié tri hé sé chin (Intercept) 1a khac zero (“0”). Mit khac, hé
s6 goc (slope) trong hai phuong trinh (hinh 3.16.b), (3.18) va (3.19)
biéu dién giira In(lec) va In(v) c6 gia tri 1a 0,7479 (TNZ) va 0,6669
(CAP) déu I6n hon gia trj “0,5” va xap xi “1”.

TNZ: In(lec) = 0,2313 + 0,7494 In(v), R? = 0,9975; (3.18)
CAP: In(lpc) = 0,6099 + 0,6669 In(v), R? = 0,9966. (3.19)

Qua trinh dién héa cua TNZ va CAP xay ra trén bé mat dién cuc
dugc quyét dinh boi qua trinh hap phu, tac 12 TNZ va CAP bi hap
phu trén bé mat dién cyc bién tinh trong giai doan lam giau.

b. Xac dinh h¢ s6 chuyén di¢n tir

Khi xay dung mdi twong quan giira Ep va v (hinh 3.17.a), tic la ngoai
suy tir phuong trinh khi gia tri v = 0:

TNZ: Epc = 0,207 — 0,0002 v, R? = 0,9661; (3.21)
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CAP: Epc = 0,343 - 0,0002 v, R? = 0,9659. (3.22)
Va Ep véi In(v):

TNZ: Epc = - 0,0704 — 0,0332 In(v), R? = 0,9802; (3.23)
CAP: Epc = - 0,1933 - 0,0364 In(v), R =0,9791. (3.24)

Gia tri hé s6 chuyén dién tir () dugc xac dinh thdng qua gia tri
hé s6 goc (b = (0,5*R*T)/(a*n,*F)) ctia phuong trinh hoi quy tuyén
tinh biéu dién méi trong quan giita In(Ep) va In(v). Nhu vay, véi sb
dién tir trao doi 1a 4 va cac h¢ s goc tuong ung 1a —0,0332 phuong
trinh (3.23) va —0,0364 phuong trinh (3.24) ddi véi TNZ va CAP.
3.2.4. Khao sat anh hwéng caa thé tich vat liéu MnO,/GO

Luong vat liéu MnO2/GO 1mg/mL bién tinh 1a 5 puL dwoc lya
chon cho cac nghién ctu tiép theo.

3.2.5. Anh hwéng caa thé va thoi gian 1am giau
a) Thé lam giau

Thé Eacc 1a +0,2 V duoc lra chon cho cac nghién cuu tiép theo.
b) Thoi gian lam giau

Qua trinh 1am giau la qué trinh hap phu va do do, khi ting tac €6
thé din dén su bdo hoda chat phan tich (CAP va TNZ) trén bé mat
dién cuc. Song, dé giam thoi gian phan tich va thuan loi cho qua
trinh phan tich ta 1a 30 s la thich hop.

3.2.6. Anh hwéng cha téc dd quét thé ciaa phwong phap LS-
AdCSV

Tai téc d6 quét thé 0,2 /s su tach dinh hoa tan véi AEpc: +0,139
V 13 16n nhat va lpc cia CAP va TNZ lan luot 1 0,4194 mA va
0,4376 mA véi d6 léch chuan tuong ddi 1a 2,22% va 2,28% (n = 3).
Chinh vi vay, tc d6 quét thé v =0,2 V/s 1a dugc lya chon cho céc thi
nghiém tiép theo.

3.2.7. Anh hwéng cia d9 lp lai va do tai lap caa dién cuc bién
tinh

Trong cé4c lan do lién tuc gia tri d6 léch chuan tuong ddi (RSD)
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dao dong tir 0,32% dén 2,93% (n = 5) ddi voi CAP va 1,09% dén
3,77% (n = 5) d6i voi TNZ. Khi xac dinh RSD cho tat ca cac lan do
(n = 65) thi RSD cua gi4 tri lpc cia CAP va TNZ lan luot 14 3,62%
va 3,46%. Nhu vy, d6 1ap lai va do tai lap cua cac gia tri lec d6i voi
CAP va TNZ 14 hoan toan chap nhan dugc.

Két qua gid tri d¢ léch chuan twong d6i (RSD) cua nam dién cuc
khéc nhau lan luot ddi vai CAP 1a 4,56% (n = 75) va TNZ 1 6,13%
(n = 75). Piéu nay cho thdy do hoi phuc cia dién cuc bién tinh
MnO,/ErGO-GCE Ia rét tét.

3.2.8. Anh hwéng caa cac chat can tré

Dong dinh hoa tan cia CAP va TNZ bi anh hudng dang ké doi
v6i nhom chat khang sinh TET va UA & ty 1é nong do 0,4 (M/M) va
1,0 (M/M) véi sai s6 twong ddi (RE, %) dao dong tir 10% dén 20%.
Déi véi cac hop chat PAR, AMO, DA, L-Cys, AA va Glu anh huéng
khong c6 nghia vai ty 1& ndng do gap hon 4 1an so véi ndng do cua
CAP va TNZ. Bic biét dbi véi AA va Glu ¢ ty 1& 16n 80 lan thi sai s6
tuong d6i nhé hon 10%. Ngoai ra, khi xem xét anh huong cua MTZ
va 4-NP nhan thay, MTZ anh huéng manh dén dong dinh hoa tan
cia TNZ, trong khi d6 CAP hoan toan khong bi anh huong véi RSD
cua lpc 12 1,75% (n =5).

Céc mudi CaCl,, K»SO4, MgCl, va NaCl anh huong nhiéu ddi
v6i TNZ hon so véi CAP. Song, véi ty & 1on gap 40 lan thi gia tri sai
sb twong ddi chi nho hon hoic bing 10%. Dbi véi cac ion kim loai
ARt Cu, Fe**, Pb%*, Mn? va Zn* véi nong do gap 10 lan 1a anh
huong khong dang ké.

3.2.9. Khoang tuyén tinh va giéi han phat hién
Bang 3.3. Do nhay va hé sb tuong quan tai cc khoang ndng do khac
nhau cua CAP va TNZ.

Théng s6 CAP TNZ

Khoang
nong do 1-10 10-20 20-50 1-10 10-20 20-50
(nM)
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b (mA/uM) 0,081 0,060 0,043 0,061 0,041 0,024
R? 0,9978 0,9964 09898 0,9938 09898 0,9763

Céc phuong trinh hdi quy tuyén tinh va gioi han phét hién
duoc tinh toan trong khoang tir 1 dén 10 uM cua CAP va TNZ.
CAP: lpc(MmA) = (-0,079 + 0,015) + (-0,048 + 0,002) C(uM); (3.29)
R? =0,9964; LOD = 0,58 uM va LOQ = 1,95 uM.
TNZ: lpe(MA) = (-0,001 % 0,013) + (-0,072 + 0,002) C(uM);  (3.30)
R?=0,9994; LOD =0,33 uM va LOQ = 1,12 uM.
3.2.10. Xac dinh d9 lap lai cia phwong phap LS-AdCSV
Tir két qua do 1ap lai 10 Ian tai cac ndng d6 khéc nhau 12 2 pM, 5
UM, 7,5 uM va 10 pM; nhan thiy rang, gia tri trung binh cua dong
dinh hoa tan & 04 nong do co cac gia tri do léch chuan tuong ddi
(RSD, %) déu nhé hon gia tri ¥2RSDy cua ham Horwitz tai cac nong
do tuong ung. Nhu vay, do lap lai cua dong dinh hoa tan (lec) cua
CAP va TNZ khi sir dung phuong phap LS-AdASV dung dién cuc
bién tinh MnO2/ErGO-GCE la hoan toan chip nhan duoc.
3.2.11. Ap dung phan tich déng thoi CAP va TNZ trong miu
that
a) Panh gia quy trinh phan tich mau Mt ong
Néu chap nhan gia tri LC-MS/MS la gi4 tri dtng () khi so sanh
két qua ctia phuong phap LS-AdCSV (%) véi két qua LC-MS/MS c6
C4C i tri tunn < thang & d0 tin cay (p = 0,05) nén két qua phan tich
ddng nhat vé miat thdng ké. Mau mat ong véi ham lugng dép tng
theo quy dinh cia Chau Au va My ddi voi ciia CAP trong Mat ong la
0,3 pg/Kg déu nhé hon rat nhiéu.
b) Panh gia quy trinh phan tich mau Thuéc vién nén
So véi khéi luong ghi trén nhan caa cac loai thudc sai s6 tuong
d6i (RE, %) dugc xac dinh lan luot 1 4,33; -1,21 va -4,34 ddi véi
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mau C4; T1 va T2. Tat ca cAc gid tri cho thay RE < 5%,do d6 cac két
qua la chat nhan duoc.
¢) Mau thudc nhé mat

Khéi Iwong trung binh sau 03 (ba) lan xac dinh dwgc trong mau
thudc nho mat 1a 0,033 + 0,001 (g) véi sai s6 twong dbi (RE, %)
3,69% so vai ghi trén nhén (0,032 g).
d) Mau thuéc mé tra mit

Néu chap nhan gia tri ghi trén nhan 1a gia tri dung, khi so sanh
két qua ciia phuong phap LS-AdCSV véi khdi luong ghi trén nhan
O CAC gid tri tinn < thang & d0 tin cay (p = 0,05) nén két qua phan tich
dong nhat vé mit thong ké. Nghia 1, két qua phan tich ham luong
CAP trong thuéc ma tra mit ding véi két qua ghi trén nhan.
3.3. UNG DUNG VAT LIEU AgNPs/MnO,/ErGO BIEN TINH
PIEN CUC GCE XAC PINH PONG THOI PIROXICAM VA
OFLOXACIN
3.3.1. Lwa chon dién cuc lam viéc

Dién tré chuyén dién tich cua nim dién cuc GCE, MnO,/GO-
GCE, MnO2/ErGO-GCE, AgNPs/MnO./GO-GCE va
AgNPs/MnO,/ErGO-GCE lan luot 12 0,124 k<, 0,726 k<, 0,188 kQ,
0,234 kQ va 0,077 kQ. Két qua ciing ching minh tinh vuot troi caa
vat liéu nano AgNPs/MnO2/ErGO di 1am ting do dan dién, dién tich
hiéu dung va vai tro cia AgNPs - MnO; va do d6, c6 thé lam ting
cuong do dong dinh.
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Hinh 3.34. (a) Céac
duong CV cua céc
loai vat liéu bién
tinh khi c6 mat
dong thoi PRX va
OFX tai pH = 4;

IPA (HA)

N T e T (b) Cac duong CV
cua PRX va OFX
Pl ienseom s thO pH;  (C)  SU
bién thién Ipa theo

3 F pH va (d) ’du’qng
' w E.-.ﬂ')'\.0-73“;-‘:2:'5:1[:‘051*“D“]PH hOI quy tuyen t|nh
s ° Era theo pH.

PRX
3 4 65 6 1 & 9 o 3 4 6 6 7 8 9
pH pH

3.3.2. Anh hwéng cia pH
Tir két qua khao sat pH, tién hanh xay dung dudng hoi quy tuyén
tinh biéu dién méi tuong quan giita Epa(V) va pH:

PRX: Epa = (0,737 % 0,026) + (-0,031 + 0,005)pH;R? = 0,9825
(3.35)
OFX: Epa = (1,195 + 0,026) + (-0,049 + 0,005)pH;R? = 0,9931

(3.36)
Theo phuong trinh Nerst: E%grx = 0,737 (V); E%rx = 1,195 (V)

Tir cac phuong trinh (3.2) va (3.34) nhan thiy: p/n = % hay s6
dién tir trao d6i cua PRX gan gap d6i sb proton H* (n = 2p). Mat
khéc, tir cac phuong trinh (3.2) va (3.36) c6 két qua p/n ~ 1 hay sb e
trao doi cia OFX gan bang s6 proton H*.

3.3.3. Anh hwéng ciia tde dd quét thé

a) Xac dinh qua trinh khuéch tan — hap phu

- Khi xem xét giita lpa va VY2, tir cac két qua thuc nghiém, giia lpa va
V2 c6 méi tuong quan rat chit véi hé s tuong quan lan luot 1a
0,972 (PRX) va 0,9977 (OFX).
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PRX: Ipa = (1,497 + 0,994) + (1,670 + 0,063) v12, R? = 0,9972
(3.37)
OFX: lpa = (—4,185 + 2,236) + (4,168 + 0,141) V2, R2 = 0,9977
(3.39)

Diéu nay cho thay rang qué trinh chuyén chat tir bé mat dién cuc
vao dung dich duoc kiém soét bang qué trinh khuéch tan.
- Khi xem xét gitra In(lpa) va In(v), ta co:
PRX:IN(Ipa)=(0,273+0,114) + (0,532 + 0,021)In(v), R? = 0,9938
(3.39)
OFX:In(lea)=(1,154+1,103) + (0,537 + 0,019)In(v), R2=0,9980
(3.40)

Phuong trinh (3.37) va (3.38) ¢ cac gia tri hé sb chin
(Intercept) 1a khac zero (“0”). Mat khéc, hé s6 géc (slope) trong hai
phuong trinh (3.39) va (3.40) biéu dién giira In(lpa) Vva In(v) c6 gié tri
14 0,537 (PRX) va 0,532 (OFX) déu nam trong khoang gia tri <0,5
dén 17 . Nhu vay, qua trinh 1am giau PRX va OFX xay ra trén bé mat
dién cuc duoc quyét dinh boi qua trinh hap phu, tic 1a PRX va OFX
bi hap phu trén bé mit dién cuc bién tinh trong giai doan lam giau.
Két luan: chinh vi thé phuong phéap xac dinh dong thoi PRX va OFX
duoc goi 1a von- ampe hoa tan hap phu anodic.

b) Xac dinh hé s6 chuyén dién tir
Khi xay dung mdi tuong quan giita Ep va v, tac 1a ngoai suy tir
phuong trinh khi gia tri v = 0. Nhu vay, tir cac phuong trinh (3.41) va
(3.42) gia tri E° cua PRX va OFX la E%grx=+0,647V va Erx=
+1,08V
PRX: Epa = 0,647 + 0,0001v; R? = 0,9487; (3.41)
OFX: Epa = 1,080 + 0,0001v; R? = 0,9566. (3.42)
Phuong trinh hoi quy tuyén tinh biéu dién mdi tuong quan giira



18

In(Ep) va In(v).
PRX: Epa = 1,137 + 0,028 In(v), R? = 0,9773; (3.43)
OFX: Epa = 0,690 + 0,023 In(v), R? = 0,9935. (3.44)
Tir hé s6 goc cua cac phuong trinh hoi quy tuyén tinh gitra Epa
va In(v) xac dinh duogc céc gi tri "a.n" d6i véi PRX va OFX 1a 1,112
va 0,914. Mit khac, véi cap oxy hda bat thuan nghich hé sé chuyén
dién tir (o)) thong thuong 14 0,5 va do do, sb dién tir trao d6i xap xi 1a
2 (ca PRX va OFX). Nhu vay, theo cac tac gia Feizollahi [52],
Varodi [197] va Shaikh [167], co ché phan tmg dién hoa cua PRX
trén bé mat dién cuc nhu sau:

oH o /@ OH 0 =4 |
©5*s R w ~
S/N\ -H' S/N\
A A (3.45)

Dbi véi co ché phan ung dién hoa OFX trén bé mat dién cuc dugc
cac tac gia Wong [220], Fanghui [221], Jiang [89] chi ra gia thiét
rang:

) N7 o) N’O/
‘ N N \) 2H, -2e \N/\ N\)
— |
o F o Ho P (3.46)

(6] O 0 o)

3.3.4. Anh hwéng cia thé tich vt ligu bién tinh

Luong vat liéu bién tinh trén bé mat dién cuc 1a 5,0 pg
AgNPs/MnO,/GO 1 mg/mL duoc lua chon cho c4c nghién cuau tiép
theo.
3.3.5. Anh hwéng cia thé 1am giau, thoi gian 1am giau va bién dd
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xung
a) Anh hwéng cia thé 1am giau

Két qua cho thdy tai Eac= -0,1 V cho sy on dinh peak caa PRX
va OFX véi do léch chuan tuong ddi 1a nho nhat. Vi vay, thé 1am
giau -0,1 V duoc lya chon cho cac nghién cau tiép theo.

b) Anh hwéng ciia thoi gian 1am giau

PRX dat dén trang thai bdo hoa va lpa khong ting. Nguoc lai
OFX tai taee = 160 s méi dat trang thai b&o hoa. Tuy nhién, nham
giam thoi gian phan tich ching tdi chon taec = 30 s.

c) Khao sat bién d§ xung (AE)

Khi bién d6 xung ting dan tir 0,01 V dén 0,10 V thi cuong d6 tin
hiéu ca PRX va OFX tang dan. Nhung tai AE = 0,12 V thi cuong do
tin hiéu khong con ting tuyén tinh nita. Do d6 gia tri AE = 0,1V
duoc lya chon cho céc nghién ciu tiép theo.

3.3.6. Anh hwéng ciia mét s6 yéu to can tro

Sai s6 tuong di (RE, %) cia cuong do dong dinh dugc Ién hon 5%
duoc coi la anh huong. Khi thém L-sys (L-systine), Glu (Glucose) vao
gap 10 lan PRX va OFX, CAP (gip 8 lan) va TNZ (gap 20 lan) thi
mGi anh huong dén tin hién dong dinh PRX va OFX. Trong khi d6
ca4c mudi vo co NaCl, NH,Cl, KNO3, Ca(H2P0O4)2, Na;S04, MgCl, va
FeCls thuong gap 60 l1an nén khdng anh huong dang ké dén cac dinh
oxy hda ciia PRX va OFX. Nhiing két qua nay cho thay su hién di¢n
cia mot s hop chat vo co trong ma tran mau cé thé khdng anh
hudng dén viéc xac dinh dién hoa caa PRX va OFX.

Mt khéc, viéc thém uric acid, 4-NP (4 nitrophenol) gap 0,5 lan
hodc Al(SO4)s gap 2 lan PRX va OFX; dan dén RE dong dinh cua
ca hai chét phan tich nay vuot qua 5 % diéu ndy can duogc xem xét
trong qua trinh phan tich.
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3.3.7. Anh hwéng dd tai lap, dd lip lai va thoi gian séng ciaa dién
cuc bién tinh
a) Anh hwéng a9 tai lip caa dién cwc bién tinh
AgNPs/MnO2/ErGO

Két qua cho thay cho thay tin hi¢u dong dinh cua PRX va OFX
c6 RSD% ctia 15 1an bién tinh I3p lai 1an luot 12 RSDprx = 2,8%,
RSDorx = 2,4%, va ca 2 déu <¥4RSDn = 6,59% la chap nhan dugc,
chung t6 dién cuc co do lap lai tdt.
b) Anh hwéng do Ilip lai cia dién cuc bién tinh
AgNPs/MnO./ErGO
- S0 V6i % RSDy, thi d6 léch chudn tuong ddi ¢ ba nong do khac
nhau d6i véi PRX va OFX déu nho hon rat nhiéu lan;
- Theo tiéu chuan cua AOAC, déu thip hon so véi quy dinh;
Do d6, do lap lai cua cuong d6 dong dinh hoa tan cia PRX va OFX
1a hoan toan chap nhan duoc.
¢) Thoi gian séng ciia dién cuc bién tinh AGNPs/MnO,/ErGO

Tin hiéu dong dinh cua PRX va OFX c6 RSD% cuia ngay thir 7
1an lugt 1a RSDprx % = 5%, RSDorx % = 4,7% so v&i ngay dau tién;
va ca 2 déu <¥aRSDy = 6,59% la chép nhén dugc, ching té dién cuc
c6 do on dinh tot.
3.3.8. Khoang tuyén tinh va giéi han phat hién
a) Xac dinh khoang tuyén tinh

Khoang tuyén tinh ciia PRX tir 0,5 — 90 uM va OFX tir 0,5 — 170
UM. Va c6 hién tugng bdo hoa trén bé mat vat liéu khi ting nong do
chét Cerx > 90uM, Corx > 170 uM. Tdi tién hanh xay dung dudng
chuan cia PRX va OFX tir 0,5 pM dén 30 uM:

Tir qué trinh thém chuan ta lap phuong trinh hdi quy tuyén tinh:
PRX: | (LA) = (-0,408 + 0,037) + (0,890 + 0,014)Crrx (M),
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R? = 0,9979 (3.47)
OFX: | (WA) = (-0,418 + 0,073) + (0,805 % 0,009)Corx (M),
R? = 0,9989 (3.48)

b) Giéi han phat hién LOD hay MDL.: theo EPA 821-R-16-006
LODprx = MDLepgx = 0,063 (LM); LOQerx = 0,212 (uM)
LODorx = MDLogx = 0,077 (UM); LOQorx = 0,257 (M)

3.3.9. Phan tich mau thyc té

a) Miu dwoc pham:

Thudc khang viém PRX dugc phét hién trong cac mau M1 va
M2 st dung phuong phap thém chuin lan lwot 1a 20,1 va 20,7
mg/vién. Tuong tng Rev cua cadc mau dat 99,6%—101,7% dbi voi
mau M1 va 101,5%—106,0% ddi v6i miu M2. Tuong tu, dién cuc
bién tinh AgNPs/MnO,/ErGO-GCE di chuan bi thé hién kha nang
manh mé trong viéc phat hién OFX trong cac mau M3 va M4. Lugng
OFX da xac dinh dugc xac dinh 1a 207,1 va 199,6 mg/vién, tuong
wng v6i Rev 1a 102,4%—105,4% va 98,6%—101,3%. Mat khéac, gia tri
trisn d8U NG hon teang & do tin cay (p: 0,05) nén két qua phan tich
ddng thoi PRX va OFX bang phwong phiap DP-AJASV va phuong
phap HPLC dugc xem la phuong phap tiéu chuin dé phan tich cac
chét khéang sinh va khang viém va vi vay, 1a khdng khac nhau vé mat
théng ké.

b) Mau nuwéc séng va nuw6c may
Qua két qua phan tich ddng thoi PRX va OFX trong mau nuéc song
va nudc méay nhan thay rang:

i) Nong do caa PRX va OFX trong hai mau nuéc 1a khong thé
xac dinh duoc.

i) Gid tri d6 thu hoi duoc x4ac dinh dya vao thém chat chuan vao
mau that (spike samples) dao dong tir 96,4 % dén 109,7 % la hoan
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toan chap nhan dugc so voi AOAC cho phép tir 80 % dén 110 % tai
nong do tir 100 ppb dén 10 ppm.

iii) Mat khac, so véi phuong phap HPLC, thi cac két qua phan
tich trong mau thém chuan bang phuong phap DP-AJASV Ia khéng
khac nhau vé mit thong ké ¢ p = 0,05.

Diéu nay khang dinh rang phuwong phap DP-AdASV st dung dién
cuc bién tinh bang vat liéu t6 hop AgNPs/MnO2/ErGO-GCE 1a déng
tin cay.

CHUONG 4: KET LUAN

Véi muc dich dit ra 1a phat trién dién cuc lam viéc trong phuong
phdp von-ampe no6i chung va phwong phip von-ampe hip phu
cathodic va anodic noi riéng dé xac dinh dong thoi thusc khang viém
— khang sinh trong dugc pham. Qua nhitng nghién ctru trén co so ly
thuyét, ddng thoi tham khao nhitng cong trinh nghién ciru trong nuée
va nudc ngoai cling nhu tir cac két qua thuc nghiém thu dugc va rat
ra mot s két luan nhu sau:
1. Vat liéu nano composite MnO2/GO va AgNPs/MnO./GO dugc
t6ng hop mot cach don gian tai phong thi nghiém. Vat liéu composite
téng hop dugc chang minh bang cac phép do dic trung hoa 1y hién
dai nhu: phd nhiu xa tia X, phd hong ngoai, phé Raman, pho quang
dién tir tia X, hién vi dién tir quét-pho tan sic ning lugng-mapping,
hién vi dién tir truyén qua do phan giai cao va pho tong tro.
- Dang t6n tai caa MnO; 1a o — MnO,. Hat nano AgNPs va MnO
duoc quan sét véi kich thudce trung binh khoang 10 — 15 nm.
- Bién cyc than thay tinh duoc bién tinh vai vat liéu tong hop duoc
va tién hanh khir dién hoa. Trong qué trinh khir vat liéu, hai ky thuat
khir bang phuong phap von—ampe vong (CV) va phuong phap dong—
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thoi gian (i - t) déu dap tng tét cho qué trinh khtr dién héa GO thanh
ErGO. Vat ligu sau qua trinh khir la MnO2J/ErGO va
AgNPs/MnO,/ErGO.

2. Két qua ciing ching minh tinh vuot tri cua vat liéu composite
MnO,/ErGO: 1am ting d6 dan dién vai dién trg chuyén dién tich nho
(R = 0,188 kQ), dién tich b& mat hoat déng dién hoa lon (A = 0,076
cm?), va véi sy ¢6 mat cia MnO, giap lam ting cuong do dong dinh
cua chloramphenicol va tinidazole.

- Lan dau tién ap dung phuong phap LS-AdCSV sir dung dién cuc
bién tinh bang vat liéu composite MnO2/ErGO xac dinh ddng thoi
ham luogng chloramphenicol va tinidazole trong nhitng nén mau phuc
tap nhu: mau mat ong, mau thudc vién, mau thudc nuée, va mau
thubc mé tra mét.

- Phuong phép c6 d6 nhay cao: do doc (slope) duong hdi quy lan
luot 1a (-0,048 + 0,002, mA/uM) dbi véi chloramphenicol va (-0,072
+ 0,002, mA/uM) ddi véi tinidazole; va gigi han phat hién thap:
LOD 0,58 uM d6i véi chloramphenicol va 0,33 uM d6i Voi
tinidazole.

3. Két qua ciing ching minh tinh vuot tri cua vat liéu composite
AgNPs/MnO,/ErGO (Rt = 0,077 kQ, A = 0,087 cm?) duogc cai thién
hon vt liéu MnO2/ErGO (R« = 0,188 kQ2, A = 0,076 cm?), va su c6
mat cia AgNPs/MnO, gitp lam ting cuong do dong dinh ddi voi
piroxicam va ofloxacin.

- Lan dau tién &p dung phuong phap DP-AJASV sir dung dién cuc
bién tinh bang vat liéu composite AgNPs/MnO2/ErGO dé xac dinh
ddng thoi ham luong piroxicam va ofloxacin trong nhirng nén mau
phtic tap nhu: thude vién nén, vién nang, nuéc may, va nudc song.

- Phuong phép c6 d6 nhay cao: do ddc (slope) duong hdi quy lan
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luot 13 (0,890 + 0,014, MA/uM) déi véi piroxicam va (0,805 + 0,009,
mA/uM) ddi véi ofloxacin; va gidi han phat hién thap: LOD 0,063
1M dbi voi piroxicam va 0,077 uM ddi véi ofloxacin.
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INTRODUCTION

Antibiotics and anti-inflammatory drugs are crucial for treating
various illnesses, including infections of the respiratory tract,
otolaryngology, and urinary tract, etc.... However, their misuse
poses significant health risks. The emergence of antibiotic resistance
is a major public health concern worldwide, impacting individual
health, livelihoods, and national development. According to Oxford
University, antibiotic resistance is responsible for 1.5 million deaths
annually, with a projected rise to 10 million by 2050 due to declining
effectiveness against common diseases. Vietnam faces a particularly
high burden of antibiotic resistance, classified as one in the top tiers
by the WHO. WHO data shows a doubling in antibiotic sales outside
the community between 2009 and 2017. The primary culprit is the
widespread use of antibiotics without prescriptions, with sales
reaching 88% and 91% in urban and rural areas, respectively [253].
Antibiotics and anti-inflammatory agents are also used in aquaculture
to combat bacterial infections. However, exceeding permissible
residue levels in seafood products can hinder or even prevent safe
consumption, leading to economic and social losses.

Consequently, researchers are actively developing advanced
analytical methods to detect anti-inflammatory and antibiotic
residues in pharmaceuticals, food, and water environments. Current
methods include high-performance liquid chromatography (HPLC)
[6], [101], [162], [165]; High Performance Liquid Chromatographic—
tandem Mass Spectrometry (HPLC-MS/MS) [175], [222]; Liquid
Chromatography—tandem  Mass  Spectrometry  (LC-MS/MS),
spectrophotometric [51], [97]; and electrochemical methods [137].
While these methods offer reliable and accurate results, they are



often limited by high equipment costs, complex operations, time-
consuming sample preparation, and significant solvent and reagent
consumption. As a result, a growing focus has been placed on
improving and developing electrochemical methods in recent years.
Graphene and graphene-based materials are finding diverse
applications across various technological fields, including energy
storage, catalytic adsorption, environmental remediation, electronics,
and particularly as gas and electrochemical sensor materials. Starting
with graphene oxide (GO), researchers have explored composite
materials by combining GO with metals, metal oxides, metal-organic
frameworks, organic molecules, and polymers. For electrochemical
analysis applications, some oxygen-containing functional groups in
GO need to be activated to create reduced graphene oxide (rGO).
Electrodes modified with GO combined with MnO; and AgNPs have
been utilized in the voltammetric method for the detection of certain
antibiotics and anti-inflammatory agents. MnQ,, exhibiting multiple
oxidation states, has garnered interest for its efficient catalytic
properties in oxidizing volatile organic compounds. However, its low
electrical conductivity and surface area pose limitations. When
combined with MnO2, graphene nanosheets significantly enhance
the electrochemical active surface area and improve its catalytic
activity [238]. Composite materials comprised of MnO2 and various
graphene forms have been used to modify glassy carbon electrodes
for the simultaneous detection of dopamine and uric acid [117],
hydrogen peroxide [63], and food dyes like rhodamine B [75], sunset
yellow [42], and quinoline yellow [223]. Studies by Kim H. et al.
[201] and Pam A. [155] employed MnO,/GO and AgNPs/GO
composites, respectively, for the adsorption and removal of



methylene blue (MB) and methyl orange (MO) dyes. Chen S. M. et
al. utilized MnO2/GO and Ag/GO for the detection of hydrazine and
arsenic [157]. No prior research has been identified on the
simultaneous determination of Chloramphenicol (CAP) and
Thiamphenicol (TNZ) using composite materials. Furthermore, the
application of graphene oxide with MnO;, and AgNPs/MnO. for
energy storage materials is still in its nascent stages.

Considering these factors, this study focuses on “The study
modifies electrodes based on reduced graphene oxide to determine
some antibiotics and anti-inflammatory agents by the voltammetry
method”.

Chapter 1. OVERVIEW
1.1. GRAPHENE MATERIALS
1.1.1. Graphite Oxide, Graphene Oxide, and Reduced Graphene
Oxide
1.1.2. Synthesis Methods of Reduced Graphene Oxide
1.2. SYNTHESIS AND APPLICATION OF COMPOSITE
MATERIALS BASED ON ErGO
1.3. MnO; AND AgNPs MATERIALS ON GRAPHENE OXIDE
1.3.1. MnO2 Material
1.3.2. AgNPs Material
1.3.3. MnO; and AgNPs Materials on Graphene Oxide
1.4. ANTIBIOTICS AND ANTI-INFLAMMATORY AGENTS
1.4.1. Antibiotics
1.4.2. Piroxicam Anti-inflammatory Agent
15. METHODS FOR DETERMINING ANTIBIOTICS
(CHLORAMPHENICOL, TINIDAZOLE, OFLOXACIN) AND
PIROXICAM ANTI-INFLAMMATORY AGENT



1.5.1. Spectrophotometric Methods
1.5.2. Chromatographic Methods
1.5.3. Electrochemical Methods
Chapter 2: RESEARCH CONTENT AND METHODS
2.1. RESEARCH CONTENT

Content 1: Synthesis of MnO./GO and AgNPs/Mn0O2/GO
composite materials; electrochemical reduction by current-time (i-t)
and cyclic voltammetry (CV) methods, and characterization of
material properties.

Content 2: Using MnO»/GO material to modify glassy carbon
electrodes for simultaneous determination of CAP and TNZ by LS-
AdCSV method. Application of MnO./ErGO-GCE electrodes to
analyze pharmaceutical, honey, and environmental water samples.

Content 3: Using AgNPs/MnO./GO material to modify glassy
carbon electrodes for simultaneous determination of PRX and OFX
by DP-AdASV method. Application of AgNPs/MnO./ErGO-GCE
electrodes to analyze pharmaceutical and environmental water
samples.

2.2. METHODS

2.2.1. Research subjects

2.2.2. Synthesis of MnO2/GO and AgNPs/MnO2/GO nanocomposites
2.2.3. Procedure for modifying glassy carbon electrodes with
MnO,/GO and AgNPs/MnQO2/GO for the determination of antibiotics
and anti-inflammatory agents

2.2.4. Characterization of synthesized and modified electrode
materials

2.2.5. Electrochemical analysis methods

2.2.6. Chromatographic analysis methods



2.2.7. Sampling and sample preparation methods
2.2.8. Statistical methods
2.2.9. Chemicals
Chapter 3: RESULTS AND DISCUSSION

3.1. MATERIAL CHARACTERIZATION
3.1.1. Selection of Electrochemical Reduction Process

5 pL of 1 mg/mL MnO2/GO was drop-casted onto the GCE
surface.After drying under an infrared lamp, the material was
reduced using two techniques: CV and i-t. Figure 32. ()

Nyquist plot in the

frequency range

from 100 kHz to 10

mHz of the

electrodes, (b) CV

. e curves at a scan rate
z@  Eesomokay of 0.1 V/s.

(6)

Conclusion: When applying both electrodes using the reducing
material in the standard [Fe(CN)s]** system (C = 5 mM), the signal
profiles are almost identical to Figure 3.2.b. Therefore, either of the
two reduction techniques can be chosen, both of which exhibit good
responses for the electrochemical reduction process of GO to rGO.
3.1.2. X-ray Diffraction (XRD)

The XRD pattern of MnO2/GO (Figure 3.3.a) shows peaks at 20
angles of 12.4°, 26.8°, 37.6°, and 65.8°, corresponding to crystal
planes (110), (310), (211), and (002), respectively, confirming the
existence of a-MnQ; phase according to JCPDS No: 044-0141. The
AgNPs/MnO»/GO sample exhibits peaks at 20 angles of 27.81°
(111), 32.14° (200), 46.16° (220), 54.83° (311), and 57.49° (222),
which can be assigned to the AgCl standard sample (JCPDS No: 01-



085-1355). Additionally, peaks appearing at 38.03° (111), 44.25°
(200), and 64.55° (220) can also be assigned to the AgNPs standard
sample (JCPDS No: 00-004-0783).

— Mn0,ErGO
— 0,50
—Wno;

—— JCPDS 044411
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Figure 3.3. (a) XRD
patterns of GO,
Mn02, Mn02/GO,
and MnOy/ErGO, (b)
XRD patterns of GO,
MnO,/GO,
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3.1.3. Fourier-Transform Infrared Spectroscopy (FT-IR)

Figure 3.4. (a) FT-
IR spectra of GO,
MnO,, MnO./GO
and MnO2/ErGO, (b)
GO, AgNPs/MnO,/
GO and AgNPs/
MnO,/ErGO
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Comparison with GO and MnO2/GO reveals a significant reduction in
the intensity of the OH vibration at 3400 cm™ and peaks at 1730 and
1600 cm, demonstrating that GO has been effectively reduced to
rGO during the electrochemical process.

Figure 3.4.b of the AgNPs/MnO,/ErGO material shows a significant
decrease in peak intensity in the range from 3700 to 3200 cm™,
indicating that GO has been reduced to rGO.

3.1.4. The Raman spectra i

Figure 3.5. (a)
b Raman spectra of
MnO,, MnO,/GO
and MnOy/ErGO,
(b)AgNPs/MnO./
GO and
AgNPs/MnO»/
ErGO
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For MnO,/GO and AgNPs/MnO/GO at the G-band and D-band
exhibit ID/IG ratios of 1.19 and 1.02, respectively, indicating that the
GO structure is functionalized with polar functional groups on the
GO surface, leading to an increased number of C-sp® bonds
compared to C-sp? bonds. On the other hand, MnO2/ErGO and
AgNPs/MnO2/ErGO show increased Ip/lg intensity ratios of 1.46 and
1.26, respectively, indicating a gradual restoration of @ bonds in the
graphene network after the reduction process, which may be
attributed to the removal of oxygen-containing functional groups on
the surface. Finally, MnO2/ErGO and AgNPs/MnO2/ErGO reduction
materials have been successfully synthesized..
3.1.5. X-ray Photoelectron Spectroscopy (XPS)
a) XPS characteristics of MnO2/ErGO

Figure 3.6. (a)
XPS spectrum
of MnO,/ErGO,
(b) Cl1s, (c) Ols
and (d) Mn 2p
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The XPS results further confirm the successful synthesis of
MnO»/ErGO composite material.
b) XPS characteristics of AGQNPS/MnO,/ErGO
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The XPS results further confirm the successful synthesis of
AgNPs/MnO2/ErGO composite material.
3.1.6. SEM-EDS and HR-TEM Spectra

Figure 3.8. (a) SEM
image of MnO./ErGO
material, (b) Elemental
composition ratio, (c-g)
Distribution of elements
C,0,S,Cl Mn.

o (B) Element  Weight %  Atomic %
cx %2 360
oK 58.7 605
Mn K 80 24
Agk 71 11

Total 1000

1nm\ AgNPs
MnO, >

3.2.  APPLICATION OF MnO./ErGO  MODIFIED
ELECTRODE FOR SIMULTANEOUS DETERMINATION OF
CHLORAMPHENICOL AND TINIDAZOLE
3.2.1. Selection of working electrode

From Figure 3.10, the difference in peak potentials between
anodic and cathodic peaks (AEp) of the five types of electrodes



shows a decreasing trend, which are 0.476, 0.258, 0.238, 0.109, and
0.099 (V) for GCE; GO-GCE; MnO,-GCE; MnO,/GO-GCE; and
MnO./ErGO-GCE, respectively. As indicated in Figure 3.10.b, the
charge transfer resistance (Rc) of the five electrodes GCE; GO-GCE;
MnO>-GCE; MnO2/GO-GCE; and MnO»/ErGO-GCE are 0.124 kQ,
3.90 kQ, 1.79 kQ, 0.726 kQ, and 0.188 kQ, respectively. Thus, the
results from EIS and CV are consistent. Figure 3.10. (a)

CV curves at a scan

wl - rate of 0.1 V/s and
- g “i"' " Nyquist plots in the
= I B frequency  range
. wl F ! ooy from 100 kHz to 10
e ‘wesme  mHz; (b) of the
[ PR TR S VR R T e mw ww me five types of

E(V) o
electrodes.

On the other hand, the advantages of the GCE electrode modified
with MnOyErGO material compared to other electrodes are
demonstrated in Figure 3.11, where the current intensities of CAP
and TNZ are greater by 1.5 to 2.5 times compared to the GO-GCE
and MnO2/GO-GCE electrodes.

06

Figure 3.11. (a)
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3.2.2. Effect of pH

The results indicate that:

i) As the pH of the solution increases, the peak potential shifts
towards the negative direction, and there is a phenomenon of peak
overlapping of the dissolution peaks of CAP and TNZ. In alkaline
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and neutral environments, which are unfavorable for electron
exchange processes, the peak current tends to decrease.

ii) By investigating the pH from 4.2 to 11.7, a linear equation
representing the relationship between EPC and pH is established, as
depicted in Figure 3.13:

o Figure 3.13. Linear regression
e e—omo_omep weossr  1INES between Epc and pH of
CAP and TNZ.

» CAP
« TNZ

o e o2 Therefore, according to the Nernst
EEEEE equation compared with the

" equation in Figure 3.13, the
number of electrons exchanged is twice the number of protons
exchanged. Combined with some previous publications on the
electrochemical reaction mechanism of CAP and TNZ (nitro group
R—NO,) occurring on the surface of the MnO,/ErGO-GCE electrode
according to the mechanism:

OH cl OH cl

&l e L

PN N e 4t A
| ] b e e [ G.11)
P [ J,m ° - H,0 :ﬂ.\_.-al-. Z oo
5“\‘,\'/;(\-)\“5 %"\,/EC)\C‘H,
("] P +d4e,+4H" |”§ |
—_— : OH i
\ o H (3.12)

With the aim of simultaneously determining CAP and TNZ, the
pH range selected in this study is from 1.1 to 2.8. The pH value of
1.8 is considered the most suitable and chosen for further research.
There is a linear correlation between EPC and pH according to the
following equations:
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TNZ: Epc (V) =-0,027 — 0,138 pH, R?=0,9700 (3.13)
CAP: Epc (V) =-0,175- 0,131 pH, R? = 0,9698 (3.14)
3.2.3. Effect of Scan Rate

a. Determination of Diffusion—Adsorption Process

From the experimental results, there is a very tight correlation
between Ipc and v with correlation coefficients of 0.9964 (TNZ)
and 0.9977 (CAP) respectively (Figure 3.16.a). This indicates that
the process of substance transfer from the electrode surface to the
solution is controlled by diffusion:

TNZ:Ipc(RA) = (-29,96 + 574) + (7,06 + 0,35) V'24R? = 0,9964
(3.16)
CAP:lpc(nA) = (-17,62 + 3,79) + (5,83 + 0,23) v'?, R? = 0,9977

(3.17)

However, in the two equations (Figure 3.16.a), (3.16), and
(3.17), the intercept values are not zero (0"). On the other hand, the
slope coefficients in the two equations (Figure 3.16.b), (3.18), and
(3.19) representing the relationship between In(IPC) and In(v) have
values of 0.7479 (TNZ) and 0.6669 (CAP), both greater than "0.5"
and approximately "1".

TNZ: In(lpc) = 0,2313 + 0,7494 In(v), R? = 0,9975; (3.18)
CAP: In(lpc) = 0,6099 + 0,6669 In(v), R? = 0,9966. (3.19)

The electrochemical process of TNZ and CAP occurs on the
electrode surface is determined by the adsorption process, meaning
TNZ and CAP are adsorbed on the modified electrode surface during
the enrichment phase.

b. Determination of Electron Transfer Coefficient

When establishing the correlation between Ep and v (Figure

3.17.a), i.e., extrapolating from the equation when the value of v = 0:
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TNZ: Epc = 0,207 —0,0002 v, R? = 0,9661; (3.21)
CAP: Epc = 0,343 - 0,0002 v, R? = 0,9659. (3.22)
Epr with In(v):

TNZ: Epc = - 0,0704 — 0,0332 In(v), R? = 0,9802; (3.23)
CAP: Epc =—0,1933 - 0,0364 In(v), R = 0,9791. (3.24)

The value of the electron transfer coefficient («) is determined
through the slope coefficient (b = (0.5RT)/(an.F)) of the linear
regression equation representing the correlation between In(Ep) and
In(v). Thus, with the number of exchanged electrons being 4 and the
corresponding slope coefficients being -0.0332 for equation (3.23)
and -0.0364 for equation (3.24) for TNZ and CAP, respectively.
3.2.4. Effect of MnO,/GO Material Volume

A volume of 5 pL of MnO2/GO material at a concentration of 1
mg/mL was chosen for further studies.

3.2.5. Effect of Accumulation Potential and Accumulation Time
a) Accumulation potential

An Eq of +0,2 V was selected for subsequent studies.
b) Accumulation time

Accumulation is an adsorption process; therefore, increasing tacc
may lead to saturation of the analytes (CAP and TNZ) on the
electrode surface. However, to reduce analysis time and facilitate the
analysis process, a tacc 0f 30 s is considered appropriate.
3.2.6. Effect of Scan Rate of LS-AdCSV Method

At a scan rate of 0.2 V/s, the separation of the dissolution peaks
with AEpc: +0.139 V is maximized, and the IPC of CAP and TNZ is
0.4194 mA and 0.4376 mA, respectively, with relative standard
deviations of 2.22% and 2.28% (n = 3). Therefore, a scan rate of v =
0.2 V/s is chosen for further experiments.
3.2.7. Effect of Reproducibility and Repeatability of Modified
Electrodes
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The relative standard deviation (RSD) values ranged from 0.32% to
2.93% (n = 5) for CAP and 1.09% to 3.77% (n = 5) for TNZ. When
determining the RSD for all measurements (n = 65), the RSD of the
Iec values for CAP and TNZ are 3.62% and 3.46%, respectively.
Thus, the reproducibility and repeatability of the Isc values for CAP
and TNZ are entirely acceptable.
The RSD values of five different electrodes for CAP are 4.56% (n =
75) and for TNZ are 6.13% (n = 75). This indicates that the recovery
of the MnO2/ErGO-GCE modified electrode is very good.
3.2.8. Effect of Interfering Substances
The dissolution peak currents of CAP and TNZ are significantly
affected by the antibiotic group of TET and UA at concentration
ratios of 0.4 (w/w) and 1.0 (w/w) with relative errors (RE, %)
ranging from 10% to 20%. For compounds such as PAR, AMO, DA,
L-Cys, AA, and Glu, there is no significant effect observed even at
concentration ratios greater than 4 times the concentration of CAP
and TNZ. Particularly for AA and Glu, at a much larger
concentration ratio of 80 times, the relative errors are less than 10%.
Additionally, considering the effects of MTZ and 4-NP, it is
observed that MTZ strongly affects the dissolution peak current of
TNZ, while CAP is not affected at all, with an RSD of Ipc of 1.75%
(n = 5).The salts CaCl,, K;SOs, MgCl,, and NaCl have a greater
impact on TNZ than CAP. However, at a concentration ratio of 40
times, the relative error values are less than or equal to 10%. For
metal ions such as Al¥*, Cu?*, Fe*", Pb?*, Mn?", and Zn?* at 10 times
the concentration, the impact is negligible.
3.2.9. Linear Range and Detection Limit

Table 3.3. Sensitivity and correlation coefficient at various

concentration ranges of CAP and TNZ.

Parameters CAP TNZ
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Concentrati

on Range 1-10 10-20 20-50 1-10 10-20 20-50
(uM)

b (mA/uM) 0,081 0,060 0,043 0,061 0,041 0,024

R? 0,9978 0,9964 09898 09938 09898 0,9763

The linear regression equations and detection limits were calculated
in the range of 1 to 10 uM for CAP and TNZ:
CAP: lpc(mA) = (-0,079 + 0,015) + (-0,048 + 0,002) C(uM); (3.29)
R?=0,9964; LOD =0,58 uM va LOQ = 1,95 uM.
TNZ: lec(mA) = (-0,001 £ 0,013) + (-0,072 + 0,002) C(uM); (3.30)
R?=0,9994; LOD =0,33 uM va LOQ = 1,12 uM.
3.2.10. Determination of Method Reproducibility for LS-AdCSV
From the results of 10 repeated measurements at different
concentrations of 2 uM, 5 uM, 7.5 pM, and 10 uM, it was observed
that the average peak current values at these four concentrations had
relative standard deviations (RSD, %) smaller than half of the RSDy
value of the Horwitz function at the corresponding concentrations.
Thus, the reproducibility of the peak current (lIec) of CAP and TNZ
using the LS-AdASV method with the MnO./ErGO-GCE modified
electrode is entirely acceptable.
3.2.11. Application of Simultaneous Analysis of CAP and TNZ in
Real Samples
a) Evaluation of Honey Sample Analysis Procedure
If the LC-MS/MS value is accepted as the true value (u), when
comparing the results of the LS-AdCSV method (x) with the LC-
MS/MS results, with tyaues < teritica Value at a confidence level of
95%, the analytical results are statistically consistent. The honey
samples with CAP content complying with European and American
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regulations of 0.3 pg/kg were significantly lower.
b) Evaluation of Tablet drug Sample Analysis Procedure

Compared to the mass stated on the label of the tablets drug, the
relative errors (RE, %) determined for samples C4, T1, and T2 were
4.33%, -1.21%, and -4.34%, respectively. All values showed RE <
5%, indicating acceptable results.
c) Eye Drop Sample

The average mass after three determinations in the eye drop
sample was 0.033 + 0.001 g with a relative error (RE, %) of 3.69%
compared to the label (0.032 g).
d) Eye Ointment Sample
If the value on the label is accepted as the true value, when
comparing the results of the LS-AdCSV method with the mass stated
on the label with tyaes < teriticar Value at a confidence level of 95%, the
analytical results are statistically consistent. This means that the
analysis of CAP content in the eye ointment is in line with the
labeled result.
3.3. APPLICATION OF AgNPs/MNnO/ErGO MODIFIED
ELECTRODE FOR SIMULTANEOUS DETERMINATION OF
PIROXICAM AND OFLOXACIN
3.3.1. Selection of working electrode

The charge transfer resistance of five electrodes, GCE,
MnO./GO-GCE, MnO./ErGO-GCE, AgNPs/Mn0O2/GO-GCE, and
AgNPs/MnO2/ErGO-GCE, was determined to be 0.124 kQ, 0.726
kQ, 0.188 kQ, 0.234 kQ, and 0.077 kQ, respectively. The results also
demonstrate the superior conductivity, effective surface area, and
role  of AgNPs-MnO; in the nanostructured material
AgNPs/MnO,/ErGO, thereby enhancing the peak current intensity.
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b)

pH: 8.14

pH: 2.31

T (0A)
8
IPA (nA)

02 04 06 08 10 12 14 02 04 08 08 10 12
Evs AglAgCl V) Evs AglAgCI (V)

12 d)
Eqy (V) = (1,195 £0,026) + (-0.049 £0,005) pH
R?=0,9931

In (1A)

E,y (V) = (0,737 £0,026) + (-0,091 £ 0,005) pH
R?=0.3825

PRX

Figure 3.34. (a)
CV curves of
various  modified
materials in the
presence of both
PRX and OFX at
pH = 4; (b) CV
curves of PRX and
OFX at different
pH values; (c)
Variation of lpa
with pH; and (d)
Linear regression
line of Epa as a

function of pH.
3.3.2. Effect of pH

The linear regression lines were constructed to represent the
correlation between Epa(V) and pH:

PRX: Epa = (0,737 % 0,026) + (-0,031 + 0,005)pH;R? = 0,9825
(3.35)
OFX: Epa = (1,195 + 0,026) + (-0,049 + 0,005)pH;R? = 0,9931

(3.36)

According to the Nernst equation:E%grx = 0,737(V); E%erx = 1,195(V)
From equations (3.2) and (3.34), it is observed that: p/n = %,

indicating that the number of electrons exchanged by PRX is

approximately twice the number of protons H* (n = 2p). On the other

hand, from equations (3.2) and (3.36), it is found that p/n ~ 1,

indicating that the number of electrons exchanged by OFX is nearly

equal to the number of protons H*.

3.3.3. Effect of Scan Rate

a) Determination of Diffusion—Adsorption Process

- Upon examining the relationship between lpa and v, it was found

that there is a very strong correlation between lpa and v2, with
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correlation coefficients of 0.9972 (PRX) and 0.9977 (OFX),
respectively.
PRX: lpa = (1,497 + 0,994) + (1,670 + 0,063) v¥2, R? = 0,9972
(3.37)
OFX: lpa = (4,185 + 2,236) + (4,168 + 0,141) v*?, R? = 0,9977
(3.38)
This indicates that the process of transferring substances from the
electrode surface into the solution is controlled by diffusion.
- Between In(lpa) and In(v):
PRX:In(Ipa)=(0,27340,114) + (0,532 + 0,021)In(v), R? = 0,9938
(3.39)
OFX:In(lpa)=(1,154+1,103) + (0,537 + 0,019)In(v), R?=0,9980
(3.40)
The equations (3.37) and (3.38) have intercept values different from
zero ("0"). On the other hand, the slope coefficients in equations
(3.39) and (3.40), representing the relationship between In(IPA) and
In(v), are both within the range of "0.5 to 1". Therefore, the
enrichment process of PRX and OFX occurs on the electrode surface
and is determined by the adsorption process, meaning that PRX and
OFX are adsorbed on the modified electrode surface during the
enrichment phase.
Conclusion: Hence, the simultaneous determination method of PRX
and OFX is referred to as anodic stripping voltammetry with
adsorptive accumulation.
b) The transfer coefficient

The correlation between Ep and v is constructed, which involves
extrapolating from the equation when the value of v = 0. Therefore,
from equations (3.41) and (3.42), the values of EO for PRX and OFX
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are obtained as E%grx=+0,647V va E%ex= +1,08V.
PRX: Epa = 0,647 + 0,0001v; R? = 0,9487, (3.41)
OFX: Epa = 1,080 + 0,0001v; R? = 0,9566. (3.42)
The linear regression equation representing the correlation
between In(Er) and In(v).
PRX: Epa = 1,137 + 0,028 In(v), R? = 0,9773; (3.43)
OFX: Epa = 0,690 + 0,023 In(v), R? = 0,9935. (3.44)
From the slope of the linear regression equations between EPA
and In(v), the values of "a.n" for PRX and OFX are determined to be
1.112 and 0.914, respectively. However, for pairs of redox reactions,
the typical transfer coefficient () is 0.5, indicating an approximate
exchange of 2 electrons (for both PRX and OFX). Therefore,
according to the works of Feizollahi [52], Varodi [197], and Shaikh
[167], the electrochemical reaction mechanism of PRX on the
electrode surface is as follows:

0w LD
-2e- wN xy
s N - S/N\
A A (3.45)

For the electrochemical reaction mechanism of OFX on the
electrode surface, the authors Wong [220], Fanghui [221], and
Jiang [89] hypothesized that:

o o) N

‘ \) 2HY, -2¢” \)
— \
Ho F o HO F (3.46)

(6] O 0 o)

3.3.4. Effect of Modified Material Volume
The amount of modified material on the electrode surface is 5.0
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pg of AgNPs/MnO./GO per 1 mg/mL, chosen for further studies.
3.3.5. Effect of Accumulation Potential and Accumulation Time
and Pulse Amplitude

a) Effect of Accumulation Potential

Results show that at Esc = -0.1 V, the peaks of PRX and OFX
are the most stable, with the smallest relative standard deviation.
Therefore, the accumulation potential of -0.1 V is chosen for further
studies.

b) Effect of Accumulation Time

PRX reaches saturation, and the peak current of Ipa does not
increase. Conversely, OFX reaches saturation at tic = 160 s.
However, to reduce analysis time, tac = 30 s is chosen.

c) Pulse Amplitude (AE)

As the pulse amplitude increases from 0.01 V to 0.10 V, the
signal intensity of both PRX and OFX gradually increases. However,
at AE = 0.12 V, the signal intensity no longer increases linearly.
Therefore, AE = 0.1V is chosen for further studies.

3.3.6. Interference studies

A relative error (RE, %) in peak current intensity greater than 5% is
considered significant. When adding L-sys (L-systine) and Glu
(Glucose) at 10 times the concentration of PRX and OFX, or CAP (8
times) and TNZ (20 times), it affects the peak current of PRX and OFX.
However, inorganic salts such as NaCl, NH4Cl, KNOs, Ca(H:POa).,
Na;SOs4, MgCl,, and FeCls, usually at 60 times concentration, do not
significantly affect the oxidation peaks of PRX and OFX. These results
indicate that the presence of some inorganic compounds in the sample
matrix may not affect the electrochemical determination of PRX and
OFX.
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On the other hand, adding uric acid, 4-NP (4-nitrophenol) at 0.5
times, or Al(SO4); at 2 times the concentration of PRX and OFX leads
to peak current RE exceeding 5%, which needs to be considered during
analysis.

3.3.7. Effect of reproducibility, repeatability, and Lifetime of
Modified Electrode

a) Effect of repeatability of AgNPs/MnO/ErGO Modified
Electrode

Results show that the peak current signals of PRX and OFX have
RSD% values of 2.8% and 2.4%, respectively, after 15 repetitions of
modification, both < »RSDy = 6.59%, which is acceptable,
indicating good repeatability of the electrode.

b) Effect of reproducibility of AgNPs/MnO2/ErGO Modified
Electrode

Compared to % RSDw, the relative standard deviation at three
different concentrations for PRX and OFX is much smaller.

According to the AOAC standard, they are lower than the
specified limits.

Therefore, the reproducibility of the peak current intensity of PRX
and OFX is completely acceptable.
c) Lifetime of AQNPs/MnO2/ErGO Modified Electrode

The peak current signals of PRX and OFX have RSD% values of
5% and 4.7%, respectively, on the seventh day compared to the first
day; both are < 2RSDn = 6.59%, indicating good stability of the
electrode.

3.3.8. Linear Range and Detection Limit
a) Linear Range
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The linear ranges of PRX are from 0.5 to 90 uM and OFX are
from 0.5 to 170 pM. Saturation phenomena occur on the material
surface when the concentrations of Cprx > 90 UM and Corx > 170
KUM. The calibration curves of PRX and OFX from 0.5 uM to 30 uM.
From the standard addition process, linear regression equations are

established::
PRX: I (MA) = (-0,408 + 0,037) + (0,890 + 0,014)Cprx (LM),

R2 = 0,9979 (3.47)
OFX: | (A) = (-0,418 + 0,073) + (0,805 + 0,009)Corx (LM),
R2 = 0,9989 (3.48)

b) Detection Limit: MDL from EPA 821-R-16-006
LODprx = MDLprx = 0,063 (UM); LOQprx = 0,212 (UM)
LODorx = MDLorx = 0,077 (UM); LOQorx = 0,257 (UM)
3.3.9. Analysis of Real Samples

a) Pharmaceutical Samples:

The anti-inflammatory drug PRX was detected in samples M1
and M2 using the standard addition method, with concentrations of
20.1 and 20.7 mg/tablet, respectively. The corresponding recovery
values (Rev) for samples M1 and M2 were in the range of 99.6% to
101.7% and 101.5% to 106.0%, respectively. Similarly, the
AgNPs/MnO,/ErGO-GCE modified electrode demonstrated strong
capability in detecting OFX in samples M3 and M4. The determined
amounts of OFX were 207.1 and 199.6 mg/tablet, corresponding to
Rev values of 102.4% to 105.4% and 98.6% to 101.3%. Moreover,
the calculated tvaies Smaller than the teriticar Value at a confidence level
of 95%, indicating that the simultaneous analysis of PRX and OFX
using DP-AdASV and HPLC methods were statistically
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indistinguishable.
b) River and Tap Water Samples

Through the simultaneous analysis of PRX and OFX in river and
tap water samples, the following observations were made:

i) The concentrations of PRX and OFX in both water samples were
below the detection limit.

ii) The recovery values determined by spiking samples ranged from
96.4% to 109.7%, which were completely acceptable compared to
the AOAC limit of 80% to 110% at concentrations from 100 ppb to
10 ppm.

iii) Furthermore, compared to the HPLC method, the results of
spiked samples analyzed by the DP-AdJASV method were
statistically similar at p = 0.05.

This confirms the reliability of the DP-AdASV method using the
modified electrode with AgNPs/MnO2/ErGO-GCE composite
material.

CHAPTER 4: CONCLUSION

With the aim of developing a working electrode in the von-ampe
method in general and the von-ampe adsorptive cathodic and anodic
stripping voltammetry (AdASV) method in particular for the
simultaneous determination of anti-inflammatory and antibiotic
drugs in pharmaceuticals, the following conclusions were drawn
based on theoretical foundations, as well as references to domestic
and international research, along with experimental results:

1) Nano-composite materials MnO2/GO and AgNPs/MnO./GO were
synthesized simply in the laboratory. The synthesized composite
materials were confirmed by modern physical characterization
techniques such as X-ray diffraction, infrared spectroscopy, Raman
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spectroscopy, X-ray photoelectron spectroscopy, scanning electron
microscopy-energy dispersive X-ray spectroscopy mapping, high-
resolution transmission electron microscopy, and total impedance
spectroscopy.

The existence form of MnO; was a-MnO.. Nano-sized AgNPs
and MnO; particles were observed with average sizes ranging from
10 to 15 nm.

Glassy carbon electrodes were modified with the synthesized

materials and subjected to electrochemical reduction. During the
reduction process of materials, both cyclic voltammetry (CV) and
chronoamperometry (i-t) techniques responded well to the
electrochemical reduction of GO to ErGO. The materials after the
reduction process were MnO/ErGO and AgNPs/MnO,/ErGO.
2) The results also demonstrated the superiority of MnOJ/ErGO
composite material: enhancing electrical conductivity with small
charge transfer resistance (Rct = 0.188 kQ), large electrochemically
active surface area (A = 0.076 cm2), and with the presence of MnO;
aiding in enhancing the peak current of chloramphenicol and
tinidazole.

For the first time, LS-AdCSV method using the modified
electrode with MnO2/ErGO composite material simultaneously
determined the concentrations of chloramphenicol and tinidazole in
complex matrices such as honey samples, tablet samples, aqueous
solution samples, and eye ointment samples.

The method exhibited high sensitivity: the slope of the linear
regression curve was (-0.048 = 0.002, mA/uM) for chloramphenicol
and (-0.072 £ 0.002, mA/uM) for tinidazole; and low detection
limits: LOD 0.58 pM for chloramphenicol and 0.33 pM for
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tinidazole.

3) The results also demonstrated the superiority of
AgNPs/MnO2/ErGO composite material (Rct = 0.077 kQ, A = 0.087
cm?) over MnO2/ErGO material (Rct = 0.188 kQ, A = 0.076 cm?),
and the presence of AgNPs/MnQO2 aiding in enhancing the peak
current for piroxicam and ofloxacin.

For the first time, DP-AdASV method using the modified
electrode  with ~ AgNPs/MnO,/ErGO  composite  material
simultaneously determined the concentrations of piroxicam and
ofloxacin in complex matrices such as tablet samples, capsule
samples, tap water samples, and river water samples.

The method exhibited high sensitivity: the slope of the linear
regression curve was (0.890 + 0.014, mA/uM) for piroxicam and
(0.805 £ 0.009, mA/uM) for ofloxacin; and low detection limits:
LOD 0.063 uM for piroxicam and 0.077 uM for ofloxacin.
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