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M, nbIU

Thu ¢ khang sinh vahu c khang viém rkb du c6 tac dn g Qiltfi cac bnh ly
viém nhim, nlfila nhim t r Y%2nghé P, t a’in g mIng timi u..Tuy
nhién chungU riinguyhivh vy k h ' og d i € L gl 2 chi nhvBén
cth h  khang khang sinhla'm [ a&scdkhecn g ng trén toan thgi i, [nh
hehg/hBckhevacucsngca nigld vasphattrMdbiy ngcad mt
qu c gia.T h e 8 h nOxford, khang khang sinh 1a nguyén nhanvgHL,5triu  hig €
t vongmi ntm8op Hitm 200508cdtmd0triu nig ®ong ma
nguyénnhancoWadothic kh&ng si nh _kahitugujcachnmthomgg £ n
t h®@.WHOXpVit Nam v~ o .etotlimkh@n§khang shh cao BhhJ]
gii.TheoSliugaWHO,tntm 2,0 % tln "2 O&gThy c khang sinh
Vi t Nam banrangoaia g  nly t Hp 2 §n. Nguyén nhan chinh 1a dén d ng
khang sintban ra ma khéngfa k fh, Lth ¢hd g khdng sintban ratd thanh th
khofng88%vat | n "y Jh 91 bdn ra néng thén253]. MHukhac, ciidl khang
sinhvakhangviéic . n’ cl @ Y gn tE b nh nhj m khu trong nuditrng th y
s[n. Yéu du vQan toan v sinh th ¢ phi¥n néi chung hay trong cacHshang thy sin
noi riéng ngayc ~ n gc chadrng NJu  d “ég trody §n ph¥n v ‘@ qua m ¢ cho
phép, vic tiéu th sln pp¥n €gtb nhiu  k h - daleHikhong tiBu th L ‘& gay
thi thdvQkinhtjvaansinhxahlardi L 8hg kK

Chinh vidy, cic nhakhoalt L « v~ [BMa ncg8 cp hp8hh€Hmrg ph§
hi ' n LUYi KhiMg w@mOkhang sincthr ong d<€ ¢ phXm, th,
tr€ ng n€ c¢c. Hi ' n nay, c¢c8c ph€ehnidighph§gp
Performance Liquid Chromatographic, HPLB), [101], [162], [165];sdbc kT |, ng
ntng cao g hKgh Pdftwmance piduicChr¢matographidcandem Mass
Spectrometry, HPLOMS/MS) [175], [222]; sdb ky | ng ghép khi ph (Liquid
Chromatographitandem Mass SpectrometrCi MS/MS) [9], [84], [113], [172];
ph€hng ph8p p hqBpectréplotometridbd]n[@7] valhin di mao qiin
[137.MHs d % c §phapp h h b gk qurlES n g dyt ivih cch2 nh X §



c- ‘rchWhi nh€ c hjacchhf b, aaydrinfcchdf b mXu £ n nhiQu th i

gian va thao tac ple t9, tiéu th nhiQ thi cth vadungméidhlUnc - t hW hUn

vi ¢ 8p d, ng c&¢ phdghng rpm&p nth-yng ntm gf

h-a L« ho"n thi n v° ph8t tri Wn.
Grapheneacacwliumi t r °gmapherd «< v~ °E aggng ttofy

nhiq | gocbngrghn h €: _ h€n grg,hddi u hg ph xdc tac, v i’ u X

| T mtinig,tnil@ HFolil tlavdli usensokh?v’' L'in ha,...Bd fFult vdli u

grapheneoxide (GO), s phat tr\ ¢ a cacdoU h' p cH lai t% (compositg khac nhau

t r o n g kithlod, oxBlekim lo4, khungkim lod-h u  @Hit hu ch v4 c8c

polyma ' « " d&kBh pv. i GO.nW ng d ngvd li" u trén rh grapheneoxidetrong

phan t¢ h " nlhia, dn pHi hot héam ts nhom chcch a oxyg a GO L'Wehuywd

thanhgrapheneoxide dthg kh  (rGO). Ngodi ra GOK/Fh pv i MnO2v™©  AgWPs L

chjttb "Héchbih t2cédi® trong ph@ipecgkiphdy phonN

t 2 ¢’hc mlt € chii khang sinh, khang viénMnO; v, i nhiQu hoa fr, L« thu h°-

quan " tv@oic lhg d ng xdc tac va hiu qu cao trong qua trinh oxy hdaac h p

chhthu chbhag hhi . Tugotinhb&i °thkém vl dirdtich lmHuthEp.

Khi k/} h p v i MnO;, cac Bih naro GOsElamt £ n’'g tioth QmHhdt | nlg " nl i

hoa va §i thi n hdt | nig xtc tad238]. Vd Ii’ u compositegi aMnOzvam ts dthg

¢ agraphenel ‘& s d ngWbi/h t 2 mdicthan thy tinhx § ¢n ht ng th i

dopamine va ud acid [117], hydrogen pexide [63], va mt s chHl mau th ¢ ph¥n,

rhodamine B75], sunsetyellow [42], quinolineyellow [223]. Tac g’ Kim H. va ¢ ng

s L « dsng v li u compositeMnO,/GO [201] va Pam A[155]s d ng wdt |i' u

A g NP s /WaHD phlva o9 b, ph¥n maumethylene blugMB) va methyl orange

(MO). TAcgifiChen S. dMgMnOk G® v~  Wg§ aBiotydiazine va

arsenid157]. MHukh&c, trong céac tai lu tham kifo  “Lc€© ¢ hBPrghién ks u nao xac

I'n h” ng.th i CAP va TNZ Bag v I’ u composite bén &h h gtapheneoxide c6

mHMNO2 va vd I u AgNPS/MNQchm i <@ ngdngtrongwtliu | €u tr

ntngngl €



XuHiphatt nh ngyut L -, t adhn IQ&i:iNghién oubim t 2Mhh L
cxct r ° ne graphensoxided ng kho LOx § d¢mh i t sXchn t khang sinh va khang
vieimb'ng ph_ _ ng-anp®.8p von
M, c tiéu nghiéncu

M, c tiéu chung: phat Wi i ¢ ¢ bih tinhtrén rh grapheneoxidedthg kh LW
x § anhlTng th i cac chidl khang sinhvakhang viemba g  p h € hvoriampeh § p

M. ctiéu ¢ thWxuHiphatt nh ng vbh  Qiiéu trén, m ¢ tiéug, thWHura la:

-T ng h p vd Ii' ucompositeMnOz/GO va AgNPsMNnO2/GO;
-ninc cthan thy tinh bi/h tinh Rag vd Ii' u MNOJ/ErGO x § ¢n hnd th i
CAPVATNZBa g p h €hlSAdgsy: § p
-n'inc cthanthy tinhbi/h tinh Rag vd I uAgNPSMnO2/ErGO  x '8 & nd
th i PRXvAOFXb% g p h ‘€hDPgAdABN.§ p
n- ng gicp@ludnan
1. nng R pthanh congd Ii ucompositeMnO/GOm 't ¢ § ¢ tin, hii unaul, tighi
hanh bijp  t 2 mche lainig n s omrhoalyi vd li' u compositeMnO/ErGO cédi n
tichhdt  nlg nlhdéaln(A=0,076 crA)val intr chuyw  ttichnh (Re=0,188
kW).Vi'c x'B b” ndth i hai lod khang sinfchloramphenicobatinidazolelfn fu'tién
L ‘&th chinbil'inc cGCEbi/htinhvd li uMNO/ErGOBa g ph€hltSg ph §
AdCSVt rong'i cBgeodh muphcth nh€pnemd ong.cv’™ n
séng K/tqun © y ‘lcednd b@rong th chiJournal of Science: AdvanceMaterials
and Device$2023,SCIE, Q1, IF =8,0); t chikhoa hoc U irh3c HuA Khoa hsc tx nhién
(2022 Tp 131, S 1C,trangl17i 24); t% chiKhoa hec U ith>c HuA Khoa hsc tx nhién
(2023 Tcp 132, S 1C, trang 51 59).
2.n « ngh pthanh conga li' ucompositeAgNPSMnO2/GOt h nh p ~ g nHdig a
dung dch compositeMnO2/GO va AgNPs Vd li' u compositeAgNPsMnO2/ErGO bi/h
t 2 n'h¢ ¢dddi ntich hét  nig nthéaln (A = 0,87 cn?) val intr chuyw
I'in tich nh (Rt = 0077 kW). LFn fU'tién bip t 2 m&ic GCEbng vd Ii' u



AgNPsMnO2/ErGO 'k § cn hTngdth i hai cHilkhang viém khang sinh Iiroxicam
va ofloxacin K/t qu n ~ y~ cL @& Hintrén céctdp chiIndustrial & Engineering
Chemistry Researct2023,SCIE,Q1, IF = 43); ttb chi Khoa hec va céng ngh+t ryng
nu i h3c Khoa ¢ (2023, Tdp 22, S 2, trang797 90), t% chiXuc tac i p phA ViM Nam
(2023,Tcp 12, S 4, trang 48 55).

h ngkhoah cvath cti ng alud an

nQtai gili quy/j veh Qiihattrd s e nrs olr - dnh% caolM'n h * nigc@c
chiikhang viéni khang sintrong cac miu " gi¥nvamdén €m?! i ° ng Kjagu’
cho th3 L' 'in ¢ ¢ GCE bi/h tinh bRag cécvd li' u MNO/ErGO va AgNPsMnO2/ErGO
c . Bhy ¢ albp 19t gi i hth phat hinthgp, L § mg phan tich cachi khang
sinhi khang viém trém>u th c U] dthg V.

Céc ciikhang sinti khangviemhin nags 4 @ tinhiu trong kh
ph<€hng ph § pnhpac®aniphi ifd tva phan tich € h ni¢ghbplgua trinh
phon t 2[g, hhahlhdngg i

KJT qul luch &n co thMam tai i u tham kifo cho cac nghién @ vQphan tich
I'in h-a,chva ‘th&i tr€
CHii trtc ludn an bao g m:

-M° LFu.

-Ch €h n gng fuan t&i liu.

-Ch€ehn\Nygi 2dung v°™ phehung ph8p nghi®°n c
- C h € h3nkd} qu va tho luch.

- C h € h nKkd} luéh:

- Danh m ¢ céc cdng trinh cong /1 gul nghién cu ¢ a luch an

- Tai li u tham kijo.



CHhuy NG 1
T° NG QUAN TAILI " U
1.1.VxT LI U GRAPHENE
1.1.1. Graphite oxide, graphene oxide va graphene oxide dng kh
Grarhite oxide (GrO) 1a §n ph¥n oxy héa graphé (G) bag cac tdc nhan oxy
héa mth h, g dbacaclhhdém ghc cé ch a oxy lén IQmHycac Hin graphenenn
trong dali trcgraphie n h €arboryl, carboxyl, hydroyl, epox (hinh 11.a). Qua trinh
boc tach graphitoxide thanhgrapheneoxide (GO) s€ I ‘& th ¢ hi n thanh céng khi
L §mgmts thbngs nh€it lyi an si ¢ ngvddung majkinh dlb) €
[91].N h ¥, b6 thAtho rag GrOva GO colal t r Yuc | " "khddnBaukiG@ u , ¢
I ‘& phan tan trong dung mdi thichfhnnh s tr gilp ¢ a siéu am.

a) Graphene Graphene oxide (GO) Graphene oxide dang khir (rGO)

@ carbon
@ epoxy

@ carbonyl
@ hydroxyl
@ carboxvl

b)

Graphite

Graphite oxide

@ carbon
@ oxygen

Hinh 1.1. (a) CHlU trlic ¢ agraphenegrapheneoxidevagrapheneoxidedthg kh , (b)
Qua trinh’tng h pt graphike thanhgraphenexidedthg kh [91].

S khi Fuf nghpGOcotthk 19, v~ o ntmyh@GahidBr odi
thanh GO28ln h€ng Khkguangamd® i WIL:Qu§ tr3nhcdi"y L
ti/n b i nhiQu nhém vanhakhoah nh€© St aud ¢lAa0mEumeers (19388 9 8 )
[82], Shen (2009)171], Marcano(2010)[124] va nhiu nghién cu khac ag cach thay
I” i chHl oxy hda ngl’ ngraphievanhit | ghfn_ ngl ‘& thivwhi ntd b[ng 1.1.



Bng1.1C8&c p h €tehirht ng h §graphenexide

ChH Th igian Nhit L

Tac gil’ ohtn_ng phfn ng phln ng Ghi cha NL nm Thtk
i HNGOs3, 37 4 g 60°C Ph<€hng fup
Brodie KCIO3 tien 1859 [28]
KCIOs, Nhit L
Staudenmaie  HNOg, 96 gi hone 1898 [180]
HoSOy phong
KMnOa, Nhit ¢ Phe€ehng ‘ot
Hummers H.SQu, 20 gi hone s dngrngrda 1958 [82]
NaNGQs phong nhH
Shen Benzoyl 45 0hat 110°C  Khong co dung'eh 2009 [171]
peroxide
H2SQ, :
Marcano HPQs,  12gi 35 40°C H”nm?teffh%m 2010 [124]
KMnQO4 T
KMnOQOsg, Hummers §i ti/h.
David H.SQu, <2 35°C  ThigianpHn ng 2013 [120]
NaNG; ngda.
KMnQOg, Hummers §i ti/h.
Eigler H2SQy, 16 gi <10°C GOvarGOtnh 2014 [48]
NaNOs khisg.
KoFeQ, « Nhit , L Khéng tHirakim
Peng HoSQ 1lq phong lot Mn 2014 [142]
Ezgg Hummers §i ti/.
Panwar 3 3gi 50°C  Hiuswif nghp 2015 [140]
KMnNQOy,
cao
HNOs

B a nfu, ENO; va KCIO: L ‘& $ d ng[28], [180]n h €n g, ck fa2tlb ra
trong qua trinh pfn_ngn h € > NOONOsvacfnnhiuthi gi an. Ph+€hn
Hummer s dm@rngriainhiit uy nhi °n  phielaNg N©OhWvEp n -~
d nhi m bX1 b i kim o4 Mn. Ngoai ra, Bn ph§n ch aion Na va NOs kho lod b va
lam dth GQ Chdl oxy héa (NaNGQ/KMnO4) ¢ tinh clidl oxy hda nthh trong HSQ
v' ¢ - n gaokhiMnB;tifpxicyichdlh u ¢c55°C[82].

Sau L -, [1R}lr dabay thpHsPOy LW ng h p grapheneoxide P h€hn g
phap nay khéng §i phong khi chay heb  k It2vagtapheneoxide ! ‘& ch]tlb co



nhiQu nhém chc chaoxyc ao h Hin tviQbaach Hn , nfuenigdry °u
KMnO4 vaH2SQu.
T ng h p grapheneoxideb?agh n h p oxy héamthh K:FeQyH.SQy [142] t4
nhit , ghongtrong1gilamt ph<©hng ph §pqua@raphendxide v = |
cl ng We'&f ngth pb3ag cacts d ng benzoyl pevxide[140] lam chil oxy hoa
phn_ ng trong 10 phat 110°C. M d % p h €hn gu qficgpbenzoyly h i
peoxidechinh néthi/u" n ‘nth v ° ¢ -~ khighuty, gblin ngcao. Ngoai tac
I, ng ¢ a cac chiloxy héa Ién nguyén li graphieval @ nayc | frgh * i ¢gh tinh
chHl ¢ agrapheneoxide b i vi ¢ it nhdm hydroxyl va carboxyl trédQmHugraphene
oxidech]ttb t tiQh chidl graphie tinh khifl.
Ph€ehng phs8qiti/Hu®msealmngyis tr gilp¢athilb siéuam
va khdng cach gia cac | p ¢ agraphenexidetr nén| nh h¥i ct ngh pgraphene
oxide" nhi t . kholng50 °Cttb ra nhi h ¢ trén mHy tuy nhiénco nhiu h ctrén
grapheneoxide do phfn_ ng oxy héamthh. Khinhit . ihln. ng cao GG hn 5
grapheneoxidetr nén khong n "nb. Ny pHn_ng nay Xy ra" nhit , thbb (< 10
°C), cackhi/m khuy/} trén lQmHugrapheneoxidegilm L i \N48/[§20].k
Hi' n nay,nhu dut ng h p cdng nghip ¢ agraphener, i grapheneoxidela rH
cao, nh¥eng ctégh poragdenogdem h€lp “tngc@ b QK thud
n h € cha®$th ph ¢ t% va nhu khuy td chll trictrén BmHL B i vi ¢6 nhiQu céc
nhém ch a oxy trén Pmtbgay nénsx/pchnglienkt” 1 ° [Mm”™ L §W gQlrdy
cl ng [m" nibhg it va b cac khin khuy} mthg trong GOQua trinh Iéi b
cac nhém che ch a oxy trén MHLGO <€ chuyWi cac Gsp®thanh Csp?, dn pi¥n ¢ a
phin_ ngkh n ~ y° c b i@ graphenexidedthg kh va ky hi u la (reducedraphene
Oxide- rGO).KJ} qu1a,rGO cé tMkhdi ph cm tphFn ki n £ nX ~Hg anévarGO
t huckhehamts nhdmchcdh /Jkinkt ng p ht©arGO §amg ntu
dung mdiQuan frng nitl vi ¢ kish soakhl'n t g L in val, phan targ a rGO tRag
cach kith soats| “@gnhomchccon | ~ " tdedang &JF du 1arGO mang cac



LHotinhd¥ i fit gfnn h gBaphenenguyén pn [56], [186], [236]. n Qi naylam cho
rGOlamt ngc v i °Fptriviiv ngcho v i’ usensot 'in h6a[25], [153].
1.12.C8§ ¢ p h €h nnmg h p br&peneoxide dthg kh

Qua trinh kh GO thanh rGO cO W ‘& tihhanhBag c§c ph<€hng p
nhau phEen ghéphc§lpl] [179], p h €h n gnhig H&®pp h€hng ph§
'inhoal14]v" c8c pheHi®4. phs&p khsgc

Ph., ng ph&pehociamh phehtifgh ai@sw nghp
s | “@g| ngraphenedfn itthif b, chiphithtbvas dngquy tr3mhhBmhns g
vi c¢c8c ph€ehngTlrpohnSgp pkhh&raphieb pxy Bda thanlgrgphene
oxide (GO), sal’ - G &h thanhrGO bRag cach's d. ng cac tac nhan héahcod
tinh kh mth. NhiQu tac gf L ® d ng nhiQu chiikh khéac nhauth ¢ hin v i cac
tac nhan kh n h ®ydrazine monohydratéN>H4.H-0) hinh 12, sodium borohydride
(NaBH,), dimethyl hydrazinhydroquinoné M tac nhan kh c6 hot tinh v im t
nhém chc nil "niiva hiu gu kh ¢ a cac tac nhan la khac nhau, vivdi N2Ha.H20
khtrong 30 em@titt BuolL<€e 16, 61: lihydzinedh g k!
hot tinh kh mthh v i nhom epoxy va ab o x y | i cQ ki n khntg8 QJJ 100
°C,t I C:0~10, 3:159]. Tuy nhién, nhng vd li" u nayco ki n £y rach&i thli
L, ¢ h4, ¢ c k8nguy hMh va c6 tWeWY  d° 8g hiball hotb chil gay 6 nhim trén
rGO cothWgay[n h “hg@ll /isckhe co'ni nvg € mg[210].t r €

Do L ctimradac clikh hi uqu caovathanthn m?t ingla Fn@iy
'Whaythjc § ¢ p h €©h n@O tonshpng.€Hlkh L ‘&s dng trong ph:
ph&p nay bao gn tra xanh, glucose, vitamin C, cay mui tay va vi kh¥ [194]. Tac
gilf Zhangvacngs L « dsngascorbicacid(L-AA)cokhfnt ngvkhkhé&éng L
[241].. t r o n g nhonEtac givVl ~ThHuHa- Vi nHoéahc congnghipf ngh p
GOblag ph€ehng phikp GOWGMeEngdac nhankhx anh ficaf f e
rGO t hakhdng6 | p[202].



1. NpHg® H,0, pH 10
Q 80°C,24h

OOH e o
2. BF4N QR
- OH i

1a-4a
SDBS- phl:l lén GO n,1h

OOH

1abR=Cl
2ab R = NO;
3a,b R = OCH,

@ 4abR=Br
r v'.“;'“'-f.f.'“.'" :.'

Hinh12.(a) GO ‘lc@) SDBSs a u Lckh Hy&@azinmonohydrate

[119], (b) quéa trinh kh GOb%ag NaBH:'s a u Iy b2agacidva, trong Ar/H:[58].

C&c p h€hn boapdcsthkhbriy Idi b, hi u qu tHic[ cac nhém che
ch a oxy, & JJLcacs[n ph¥n trung giarco thA[n h * m g tinhd* L 'in, nhi t va
c h clharGO. Trén quy md céng nghg, vi ¢ X |y chil thi nguy H4 do pHn_ ng
kh cOthM £ ng WelEphg KHkn £ n'glyk&mlamtraodn k RiSdvilts
d ngrGO ’lc¥h héa hc trong cac ng d ng th ¢ U][47].

Ph_ _ng pwhtBopg quahtrinh Khnhi t, chil °~ hg@ arGO ph thu c
v’ o @Q8kcnXLIlynhit L jnhith ¢ao Ién ti 2000°C trong mt s moi
t T n@ntll nti(méit T n@khiAr,H, N2, ) Hhan 60 clng .cnrént 2 nh
khétachnékhi m?¥ n gt evEk8p h €hng p h & Jikhéang Kivh § c
so8tcfipBn, QUnay€Mh “mg@ht " hg@ mc  CngQladn
phXn cu i ciing[164]. Bén dhh qué trinh kh con ¢é qua trinh bééchx[y rado cac
khi CO, CQ, hHi Td@®b ratrong qué trinmung néngyraphie oxidelén nhit | L
cao tb ra ap | csuHll ntrong cac lp (40 MPa¥ nhi t . 3D0°C va130 MPa khi nhit
I, % 1000°C). Khi ap sil | I'n €tachcaclpGOngo~"i ra CO clng
la tac nhan kh cac nhém che ch a oxytrén lQMHGO [59].



Mo dukh nhit "d€ nh€ Iph@hnouaq a@E&hid hhgdn
ph¥n, nh€ng phehomtp hi8ghW]Ginyg wmhe€ quh®ahtcr 3 nh
qua trinh kh nhi t cé thAX JJLvi ¢ kivh soat §h chijqué trinh kh. Nhi t | A th i
gian X lycotiWn h “m¢@hih ¢ | kh vatinh chdlg arGO.Nhi tL, cao co thV
g ©y r, ag dal<@uc lcho mhg grapheneoxide, d  JJ1 hinh thanh cac khuy td
(chng Hh nlhteng, " n h tort&i sepodPp 1Y chli trid vat L -cé thMnh
h @ g/hie&tinhd L'in, vahéahc ¢arGO[207]. Vicxpchnglddol c
VanderWaals ¢ JJLdi n tich QmHugilm, | d¥ " d gifm va ki n £ 59d ng
vd [ urGO b hthchy] QInay cotihMn h “ i g@h bi ustHg a wd |i' u trong mt
s _ngdngntll nii Quatrinh Khnhit “tnhg© Linhit h dao, cé thtiéu th
mt "he nimg [ 8%ig mkr ng quy trinh En xudiquy mé | n cé thAgHp
phlinh ngthachthcvohi uqu's d n g n £ nggacHi p&i. Ngoai ra con cé nhg
longdvQan t o~ n Jhnhftn dopwact €ng.

Ph. _ng Mh&Kh Liinhéaxiihin nht@rompnhng ph€ehng
phap kh xanh[83]. Quatrinnkh s d ngmts k: thud khac nhau trong nt t/Jbao
'inhéabaogn b anclei | /¢ dldm vic (Working Electrodé WE ) , nclci
so sanh (Reference Electrocd®@ E, "nchdnccl iAg/ Ag Qig)cphvtf L i
(Auxiliary Electrodei AE) hmgc lilCounter Electrodé C E, ° rig lalatin
hotb Carbor) n h-&npe vomy iicyclic voltammetiy CV); vonampequéttuy/h
tinh (liner sweep voltammetiy LSV): dong- th i gian (chronoamperometiiyi-t) t9
mt th)c LUnh. §n pi¥n kh ¢a qu§ 'tnr 3hn-hac dli¥@ ErGO
(Electrochemically reduce@raphendxide).

TheoShaw Yong Tohva mg s [186],p h €h n g * mphddcp th B th ¢
hi n thong qua hatachkhac nhaucachlfu tiénl i ° n Jjgw ekh Llin hoatrc
ti/p GO trth g t h Bgitrénl I@mHL ‘in ¢ ¢, trong khi cach th haiyéu d¢u ph
t rc@ GO "hé anQisia u LU qua trinh kh L 'in h6aGO vQdthg kh rGO.
a.Khomit oo (onestep)hayc . n"cBi© [ rndildig nd(Electrodeposition
EPD), qua trinhkh tr cti/p GO trong dung'@éhv is c6 mtug adung dc h® mIPBS
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(phosphate buffer solutipri135], acid (H2SQs, HCI) hab chdl * i1y (KCI, NaCl
LiClO.4) sau khi phan tan trong dung méi thictpti3s], [183], [249].

-

Ist

‘ ‘ : 0- : :-'-. :
- B& mat dién cuc A 3 0525
:

Current / pA

l | 4th
‘ | Qua trinh dién di ErGO trong hoc -104 174
I&dng dong 154 ‘ 10 th
/ | GO phan tan ! ’ . . :
A5 -0 <05 00 05
E/N vs.SCE

GO (dung dich)

Hinh13.Sh” flngh pErGOBa g p h *©h n gdilpogl8 my[3E.i
b. Kho hai b ac (two step)

B ac1: chuyi/ph GO m tn n g, vlithWich thich hp [én ®QmH “ricic
nq(N"ng, GOt hglao,5i 1,0 mg/mb. Vi cph GOcothwbm g c 8§t ko
k h&8c nha,ugi tnbRagemicropipette (drogasting), nhing (digoating), ph
quay (spircoating), ph nhiQu | p (layerby-layer), phun (spraycoating) in phun
(inkjet-printing), in |, a (screefprinting), §216]. VOnguyén &b, sau khi GO chuid 1én
bQmHs “rid ¢ NG n6 €bam dinh len ®mHb "Wdctheolc t €hthgn Sk i
Van-derWaals[114]; hotb ¢ thwthém dung ¢h Nafionyin'n g, xU'§ cnh €1'm
t £ npntkrhg b & mvddiuoédnQmib  dcicnQ[16],[24].Sau ‘lhec L |
I ‘& lam khé t nhién’ nhit . ghonghotb £y khdd @ L ngngdl hoto ‘lc€
sbf° nhit  thichhp tcrkhechuyd sango € th hai.

B oac2:ti/nhanhkhGO t h"  nh r 6D€itviEh ing hg kh m t
b&vivicsdng hai p h €thudpla Qvin@tva it. k "irv. i haib &
th nhHlvath haico mt Wh ¢hung la khi the hi n qua trinh kh, trong f]lb “ on L i
héa phfi c6 chdl “rily horbdung dc h" milDung dc h' mL € h ¢ ¢ $€d ng la
I” m phosphateNin"n g, tibng khdngt 0, 0 5/h MO MvagiatrpHt 5, Oh L
7,0. Cacchi " rily ch y/ulamuaitrung tinh (KCl, KNQ, N&SQ,, NaCl é)
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« CV:0dén-1,5V

GO (dung dich) ‘i- /

E(V)

ErGO/GCE ErGO/GCE

Hinh14.Sh kh hai.c®8@Rag ph<€hn gampddnmy (WLehnl,5V
vs.Ag/AgC) t r m RRS (pH= 7) [145].
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Blng12.Tnghp c&8c phE€h@ysramhihda k h
Kiww ‘'he¢c L Ph€hng N Th igian quét/
IAm Vi ¢ Dung mhi , kh GO Khol'ng th/]lam vi c S Ifn quét Nt m Tlk
, Na-PBS . -09V
GO film (pH=4. pH=12) i-t vs. Ag/AgCl 5000 s 2009 [249]
OV L/h-1,7V
DMF vs. Fc/Fé i
. OV L/h-1,8V
GOfilm/FTO DMSO LSV vs. Ec/EE - 2011 [67]
-05vVIUh-25V
Propylere carborate vs. Fc/E¢ -
GO 3mg/mL 05VILUh-15V
Cu +LiCIO4 0,15M CV/EPD vs. SCE 10kn 2012 [35]
H2PtClk 3 mM : -0,25V
GO + HoSQ10.5M i-t vs. SCE 600 s 2013 [233]
GO 0,8 mg/mL i-t/EDP Vilng 20's
GCE PBSH%ZVI Chronocoulometry 0,1V IUh-25V 20 2014 [209]
(pH=6) E-/EDP vs. SCE S
OV h-1,5V
NrGO NaSQs 0,1 M CVv vs. Ag/AGCI 22 n 2014 [24]
A OV L/h-15V
nfu tién: CV 6 IFn
GO-GOX PBS O_,05|\/I vs. Ag/AgCl 2014 [163]
(PH=T) Sau A - 15V 30s
vs. Ag/ AgCl
. -0,6/-1,5V
GO film KOH 1M CVv vs. Ag/ AgCl 500 Fn 2016 [187]
PBS 0,IM OVWh-15V
GO (PH=7) CVv vs. Ag/AGCI 10 In 2016 [133]
NiO/Au/PANI- GO 10 mg/L . -2V
GO + MgSQ; 10 mg/L It vs. Ag/AGCI 100s 2017 [60]
. -1,2V
CwO-GO PBS 0,IM i-t vs.Ag/AGCI 120 s 2018 [154]
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GO P('Zf' 33)“ cV O\LUA];/'}\JCY 10 fn 2018 [214]
GO (pHP:B 2,5) It vs.-kSIXgCI 120s 3818 [[7725]]’
GO P?pSHOZ’Of)M cV 0\);.%/‘/1’93’ 10 fFn 2018 [154]
GO ( pEB:Sn cV 0\)@%,‘&@’ 10 fFn 2018 [145]
GO ( pHESB,SZ 0 CV/ EPD OV RISV 5 Ifn 2019 [135]
GO film Dt ((SHH :2122)) cv 0.1 AEXZ,’?;:V 15 fFn 2019 [152]
GR SCN)S&%%TAL CV/ EPD 0o VIR SV 2,4, 8fn 2023 [183]
+ H,SQy 1M

niM cxclam viM: FTO: fluorine doped tin oxideCu: Copper GCE: Glassy carboelectrode GR: Graghite rob.

niM cxc so sanh SCE: Saturated Calomel electrode (H€l); Ag/AgCI:

Ferrocendferrocenium ion

Silver/Silver chloride Fc/Fc':

Vot liMi: NrGO : nitrogerrdoped reduceGraphenexide GO-GOx: GraphenexideT glucoseoxidase NiO/Au/PANI :

Niken oxideGold/Polyaniline nanofibersMnO 2NRs: manganese dioxide nanordeO-PPy. Graphenexide- Polypyrrole

14



GO L'«cHngminhcohet t 2 nh  mhéacaodo §ia tich EmHL n
vait khuyjtd, b Qiki nthuh lichos chupd "Hi. “iv i ' rcicbijtinh
truyith n g, FG@nLl& kh vOmibhdéa her i chup I18nL'in ¢ ¢cnQ. Tuy nhién,
vdliutnghpblag ph€hng cpOG®O " h -hdy Ecphan tartrong dung
moi thip, vi vdy ril - k\We- - " 1014 O'G O™ riyy niEltrénL'in ¢ ¢ nQ1. Ngoai ra, cac
chiikh d €. al & s d ngtrongp h ‘€h n gkh mdah @cod thhlam nhj m bXq §n
phX¥n CrGO.N g €14, ErG O It i@nh thanhrt ¢ tUp trénbQmHuc a “tid c nhcol,
FngQ@iakintktnd "dfit ngthibamdinhftvilinccn@.BEGO ¢l ng
khéngs d ngchdlkh |, tranh s can thip c6 tWK[y 1 iav, i dua trinh phan tick in
hoa Vi th] ErGO la et Ii' u hoan o WEng d ngch/Jttb sensot’ ‘in hoa[247].

Ph_ _ng p hg8agrintkkrh €@ thanhhGO b i cac chng vikhiichnl ¢
(Lactococcus lactis (L. Lactis), Lactobacillus plantarum (L. plantarsischerichia coli
(E.col) I «& I Etedng quahd  nbjg aenzymeD¥ JHvi clodbh cac nhom che
ch aoxy kh i GOva s hinh thanh rGOTuy nhién L, ¢ tinh f]bao ph thu cvaonng | L
chHigay ratrong qua trinh khlamvi khuXy d ch/} I @ naycho qué trinh kh GO khéng
hoan toanQua trinflam sthvd Ii" u phli cXp thahvatr[i qua nh@u  tx {@94].

1.2.T" NGH PVxTLlI UCOMPOSITE TREN NN ErGO VA NGD NG

B full GO, s phat trd ¢ a cac Iél va |i" u phatth (compositg khac nhau
t r o n g kith lo4, oxBlekim lod, khungkim lod-h u @it hu ch vd c¢c8c
polyma L' « ° &k@h pv i GO. Qua trinhk/t h p cac I3 va Ii" u trén h ErGOco
thWwe dng ph<€hn ghdp kh®n sd:ri g nlhda heb kT h p d hai

Ph_ _ n gt¥ngh glgih hdamt de(tringv. i qua trinh kh GO)hinh 15.a
lamt ph€hng PhEp i haWw leghophvd linugomposited a trénn
ErGO. Vd Ii u compositebao gm GO vacac thanh pfn~ k h 8akh L'in€ h™ng L
thitr °ncdn@.Qu § t r @tmdhi nb®g cach trn thanh pAn th haiv i GO
v s adndgp-h€hn gonmmnp® pondCV) hotbdong- th i gian (i) trong dung
moi phu thich Zhouva ¢ng s [250] L « ngth p EFGO/polyaniine c6 dhg X p 3D
(ErGO/PANI) bRag cachkh L'in héa mt . b €Fu éntr n anilin va GO trong dung
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d chacid

b oxy hdava polyme hoa léntbh BEG O .

s a uc hiln-quétavt 0,8 VIUh-1,2 Vvs.SCE,
kh L'in héavadamdintt r ° nc¢ dn@, trong khi L'inth]d €hn g

th/Jamcéac &h GO b
c8c mononmn

daycahnh pBEGO/PANIt r ° nc d |

co thNA L ‘& kivkh soat bis chu K8 quétCV.

\ +A Khie digh hoa
%) . > dong tho
GO ErGO-B
‘ Khir dién héa +A 2 . "D Khir dién héa
b) l —_— — . .
GO ErGO ‘A ErGO ErGO-B
c) "_ Kh(f + B ' Hap phu
— — '
¢
GO rGO B rGO-B

Hinh 1.5.S h” bap h ©h n g Wohinlgga quA trinii ng h pL'in héa(@) tf ng h p
mt b @®¢f{ngnhiu _l@C)p h €hn gkhaplMEiitb cac vt Ii ucomposite
trén Q1 ErGO[247],

Vd Ii u nano kim IG/ErGO: Urhan va cng s [193] f ng hip vd i u
NiNPs/ErGO Bag cach phan ta60 2,0 mg/mLvaodung dch NiSQ 0,1 Mv, i KNOg

001M(pH=2).Sau

Lc-hi,n ki B ng th i GO va N#* b3ag cachap mt Li' n th]

k ht hid =411V vs.Ag/AgCltrong 3 phii, i L''in ¢ cn@ITO. Jiang vacng s [89]
f ng h p RVErGO (Ri: 30% w/w)b?agp h €h n gCV (05 ¥1ph-1,5 Vvs. Ag/AgOl
v, i 10vongtrong dung & h" mIPBS(pH = 9,18)c6ch a GO0,6 mg/mLvaNaPdCh 1
mM. Cac nano kim I8l khac AuNPs[100], [118], NiNPs[110], Au-AgNPs[147].
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NADH
; GO r
g : Phan tich
s ) [
| © Khir déng th&i Ui r .
& taiE=-1,1Vv || S ,': NAD*
- trong 3 phut . ®

b
| \'c,'.D -

0 E 5ot 750 W00 1250
Time's

NiNPs/ERGO-ITO

Hinh 1.6. Qua trinh kh L'inhéamt _bsed ngl'in¢ cITOph NiNPs/EG O W
phat hin NADH [193]

Vd i u oxide kim I0U/ErGO: NizO-NiO/ErGO [227], ZnO/ErGO [150],
SnO/ErGQ44] ,CwO/ErGO[31]. Pruna vacng s [150] nhch thf ZnO trén EGOL. ‘&
fnghpbag phehnngk/ aphd trit chl trac dhg” ng | ¢ gidc(Zn) thanh
dthg day Zhu va ¢ng s [251] L 4 ng h p MnO2 NW/ErGO: GO sau khph 1am khé
trén GCE ti/p theo tih hanh qué trinh khi’’ ng th i bagp h € phagCV trong dung
dch NaSQ: 0,1 M ch a Mn(CHsCO0), 0,05 MV, i khol'ng quét th]j0 V LUh-1,5 V. K/}
qu't h u c € u conpositeMnO2NW/ErGO.

Vd i uhydoxidekim lo4/ErGO: Ni(OH)/ErGO[111]vaNi/Al -LDH/ErGO[131]
c 1 n gctlhgdh pthanhcong d ngquatrintkh " ng th i blagl'in hoa.

Ph_ _ng Mmgmizul ibc(k/jh plientipnhiQe g u § ' rthoghinkh
15b):tr ong phehG® L. p ctiftrgnbQmHy " ricic lam vi ¢, thanh
phfnth hai c L £€aa g o § b h n mopighrtinhbrg BEGO trong dung moi
thichh ptrong mtthi g j la@Weld phép dung méi ¥n thal vao trongehl triic
rngcaErGO, s a uchlnkh 1'in héa tip theo Chen va cng s [35] L «b ra
composite3D EGO/PANI b%a g p h ‘€h n ghopligréip. TS g L «Jh hainh quéa
trinh polymer hoéa anilin trén¥ g . i Er€0 3D, tb nén mt |, p PANI c6 ddl triicph
béntrén caclith ErGO.

Téac gl Wu J.[221] 1€ ng PANI ph bén ngoacd thA ‘& Qi khiwd théng qua’s
vong quétCV. B i vi qué trinhph ErGO va cac thanh phth h a i’ ¢ th €hi n trong
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cacdung dchkhacnhain h " fg€e€hng t 8§c K hdi a@O vin@chiiic anu
thanh pln th hai. Tuy nhién, do scthh tranh gia qua trintthX¥n thlll va qua trintham
dinhc a tigh chiibén trong cacha tric r ng ¢, aErGO 3D Qua trinh'tng h p naytt ra
m t composite khond n g Qi {A thanh pfn th haiph bénbQmtbngoaica| p BEGO
(hinh 17.b).

(L)

. Quét cv
] Khtr (-0,2 dén 0,8 V)
hen dién hoéa
E— —_—>
Dia GHG

PANI fiber (C) GHG (D)

300 um

Hinh 1.7. (&) S h~ ntinh h a qué trinh chiy b PG-1 (PANI/ErGO),
(b) 4 nh SEM ebngang ca PG1 (PANI (mau xanhgh L & ph bén ngoagraphene
hydrogel(GHG) (mauxam)), (¢) inh SEM ¢a| p PANI trong PGL, (d) 4 nh SEM ¢a
|, p GHG trong PGL. [221]

Ph€hng mhig-pa, th ai€hri@n gtWt & thtchi ntrén] p BGO
L'etbraltag phe€ehngalhSoyi pBO trongkipmehib& ph:
ErGOcOhi usiHIxGc tactt “il im ts phn. ng¢ thwVid , nhiQi nhdm nghién
c u thagminhriag BEGOdoT ntdcacgct doco thAkic tac hiu qu” quéa oxy hoa
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n Qnayl « ° dekengminhtrongphcng "M s mt (Elediron SpirResonance

ESR) [33], [37].

Do Qcompositdd ia trén polymen h 35-Diamino-1,2,4triazole

(P DAT@ErGO) [106], polyme in dah phan t (MIP/ErGO) [105], [170]; Poly
Luminol/Aniline (PLA)/CeQ/ErGO (hinh 1.8)[176].

G0
]
s
4.4,
() @
GEE w60 GCE
02- H,0
GCE

ERGO . .
P
‘,4'4',1 ‘}
oy d 44 4
.‘r‘ - 'A.,A':
» .-0'4. o
fod
™
Ce0,
GCE -
HOROAHOAOA
A W AL A ¥
¢ 0% 0 (0
DS L3
i

GCE

eoy awAjod

Hinh 1.8. Quy trinh tng h p ErGO/Ce@PLA lam sensomphat hin H,0, [176].
Composited a trén &t nano kim I n h ARRINPs[46], AgNPs[32], CUNPS[23],

PtPANPS61] I « * dtBratfa g
kh mt

ph€hng

p h 8\pi

np yehmgamhgs§ g

b, €cthanhdinth h a i’ ng ch & ph trén KOmMHG a | p ErGO.

Cac K1 qu trén cho tiy cac nhém chcch aoxy con HtrénErGOco thittb QU |
ki nthuch [ i cho qué trinh BY ph thanh pinth h a i Q nag lBthuch [ ig avics

dng GO v~

pkh ‘®linn gh Wdhr&loac hp child a trénnQy GQ Tuy nhién,

hfu W} cac thanh gin th hai €L ‘@& bamdinhtrén lQmHuG a mang EGOvavi vdy kho
k h #rong vi ¢ cactiQh chiiixam nlep vaotrongchl trac n Wil quy/ v Qiiay 1aph i

tr nthanh pfinth haiv i
[125], [143], [185].
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GW@b tacomposite | c@ua trintkh L' in héa(hinh 1.9)



Twong tac

0.05V ) ¢
G ‘

+§§ *é, tinh dién
TwI8PrdPp  ppojan GCE Khr
a-Fe,0 : LSS
. G0 0Fe,0,@60 0-Fe,0,@G0 dign héa
a-Fe,0,@erGO

Hinh 1.9. Qua trinh'tng h pvd I u0FeOyJErGObI/N t 2 nhnccr GIEEINK §¢c L
dopamin[125].

Ph_ _ ngkhachh@clpAt o cac wt liMi compositetrén nZn ErGO: hinh15.c:
ph€hng tpmmepehdngr € hdbsaukhikhGO.Trong ph€hng p
khéng c6 pin_ n g " nlhda nao Ry ra trén thanh @in th hai Thanh pfin th hail ‘&
hgpph trénrGO t h® ng q u a phardHaghn tGOconania nhiu nhom
ch coxy va ving lién hp cé thNam nhim vy nh n g Withidt | nlg WhEp th phan't
vaklh pcacvdliunano Ph<€hng php§\W ra cagcompbsitematthanh
phfnth h a i’ cdh®ao trong|lp BGO. Vi d , Unnikrishnan va,ong s [191] L « ngt
h p ErGOfcarbonnano ngl h n ng(FBSO/SWCNT)  bfa BrG@co thAl ‘& ttb ra
thong qua khL''in hdasaul. - S WC NWhipph, IenthErGO t hi ng qua t
. Ph€hng ‘mh&p ak'rc3 may gk p caclé! va li' u khac nhau
n h €rbon nanodiaibe [45], [232], cac h4 nano kim I Ag-Co NPs/ErGO[92],
NiNPs/ErGO[128], mesoporous silicghinh 1.10) [230], oxide kim lod4 CuwO/ErGO
[121], TiIO2-ErGO[73], ErGO-MnO: [72], TaeOs-ErGO[122] ..., ferrocend43], khungh u
¢ kkim lod (MOF) [134], [213], sodiummontmorillonite nanoclaj41] va 3D oxidized
polypyrrole(3D-OPPy [178] vao | p BGO.
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VMSF SM

|0
X

Phu lén N Céy VMSF
GCE T\ e ::t' SM

Loai bé SM
—_—

GO ErGO
GCE GO/GCE SM/VMSF/ErGO/GCE VMSF/ErGO/GCE

Ho, S 5
‘ Méu ] b o Protein & Phan tir sinh hoc ©DOX |

Hinh 1.10. Quy trinh 't ng h p VMSF/ErGGGCE phat hin doxorubicin trong maj230].

M tthuchkhdcgca ph<€hng pbhrdBcacliimErGO/ehzym. €ac enzyme
kho t/p och | p BEGO m tcachchHchE vivdy ¢ h Vamg ~ ¢ g®®obh GO ct r €
khi kh L'in hda. Vi d, glucose oxidasgl92] va horseradish peroxidafks9] L « ° d. €
nhang vao,|p GO va duy tri hé tinh sau khi B h p v i qua trinh kh L'in héaP h €hn g
phap nay phu'tp chocacngdn g  Behs@enzym vasensomi n dch. N6 thich hp
cho vi ¢ §n xudll cacsensorenzym hemoglobin[21], phenol enzymatic oxidatiof96],

glucos€g80], vasensomi n dch[125], [226] (hinh 1.11)

FREITEZE? omaen BB s IR
w Hummer's % EDC ‘ oSS

Graphene GO
® Nhém chire chira oxy .. N .
A
% HOOC-PEG-NH, X A A
© Puerarin .:.‘Z’:«%‘;‘.
-
A Lactoferrin .,fq.‘.“;‘.".“o.
Lf-GO-Pue GO-Pue
PD Therapy
3 Tight %% =
—-a Y ! ws " Lactoferrin
(Yf- be,
% . | Té bao = Lo s ]
hao ¢ $8% Loalthubo i 2% Chuyén déi té bao

Hinh 1.11. Quy trinh'tng h p Lf-GO-Puehbp ph va lam ciiimangthi cv © 0o W« o L
nghién cul @ tr b nhParkinsor{226].
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1.3.Vx T LI" UMnO2 VA AgNPs TREN NJN GRAPHENE OXIDE

Vd li' u nano(nanomateriaNPs)’ « t h uquan tam khéngclv® T nghoa
b[h¢cachingmaconvi@n n tnmgg ngtrongnh@ | ocrkicnhauTr ong | on
vceongnghnano keémth lt-hneg vai tr, chalhdhgr ong
hdc - k2 cranot h €l quagthng atdl il i nha nghién cu vi cac tinh cHl
khédc nhauca ¢ h ¥n g Hitrbc@tdithd oc Ldli,u nano co . ‘& s d ng
trongnh@ | gcn hn hif@&hiyb Liin, ming, v.t.r €
1.3.1.\& [i uMnO>
a. VQchl truc tinh thw

Mangaesadioxide(MnOz) L an g, ¢hhhweatagathamnghiéna tr ong |
v ccongnghn an o d @ htthnMnO,lee thAt ntd | ddéhg cac il trdc tinh
thw khac nhau n h:@}(hollandite), b-(pyrolusite), o-(nsutite), U-(birnessite), o
(akhtenskite)v.v... M, i chl trac tinh tW, a MnQ: LQu c6 céc tinh dil Holbi t va cac con
I “ehgt ng h p khac nhayblng 1.3)

B[ng1.3.C& c p h€h ngd p MOSVA ng d ng.

Chli tric Ph€hngtmh9p ngd ng Tltk
Xuc tac quang phéan k congo
U, -MmO: Ph€hng _ ynhi§ p 1redvamethylorange [ [107]
¢ canodictrong pinl‘in hoa
o . Xuc tac cho qua trinh phanyh
b-, -, ®MnO: Ph€hng _ ynh §p Toluen [116]
MnOz nanorob Ph€hng _ynhi§p 1L€u ntmgng!| € [64]
G-MnO; Ph€hng ymdaikh «Phanhy HCHOthanhC@®  [209]
U, -, Bvo -MiiO; Ph€hng yhmdaikp «ninhoda [132]
- y L © m nk ¢ cahodictrong pin
U, -, 3,aMn0; Ph€ehng -gech8p Lithium [20]
(-MnO, Ph€hn g JtpahhBathc | Khong cd ng d ng [55]
b-MnOOH ‘ - -
1D- MnO2 Ph€hn g J/ipah8ahc | n'ing cchocacsiéyt [36]
orthorhombidvinO; T ng h p xanh X ly kim lo4 nHog [174]
U-MnO, T ng h p xanh héﬁu‘ nttmon gl @ rrod [68]
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b. VGhinh thai MnO-
Trong N n £ ncacnghi@n cu ch' racac hinhthaichlil trickhacnhaug, avd
i u nano Mn@ bao gm: tbh nanonanosheets, amodizibes nanorods, nanowires,

nanoflakes, nanoflowers, nanourchins va nanospftargs 112) [95].

nanoflowers nanourchins nanospheres
Hinh 1.12. 4 nh SEMcéc dhg tha hinh khac nhay @ MnG: [95].

c.C& ¢ p hpBapr ggh p MnO-

Clhai p h €hny 4 p tp tre§ »i ngt top-down) vat d @ lén (bottomup)
QL ‘&s dn gW lhg h pMnO.. Tuy nhién, @ chi phi cao va cac khilytdt chl tric
trén \d li' u nanonénp h ‘©h n gt ng thpsfipp-dowrdk h 1 n’g s L Bg r ng rai.
P h€hn gibogdmm L ‘& €a ngd hhfu W} cac nha nghién @ vi c6 ththu
L ‘@caclt c- kedxhimhéhig*@lyQlL Ph€ehngdcpte§tpechnga h
'W ng h p MnO;bao gmp h €h n g _ ynhi §[BO], 11G7], [116];p h*©€hng yph § p
héa-kh [132],[209];p h €h n g Tpgei®]pk/} s ahbahc[36],[55]v " ph€hng p
f ng h p xanh[68], [174].
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Ph_. _ ng pymBN pht€h n g nagsh@ g bimh “ilvOnhi t | WA ap st
'Wb ra cac Rt nano vi chil tric hinh hg khac nhauTac g Kuma va ¢ ng s [107]
I «b ria c4c K nano cé cac pha vab-bagcacht h ay = tigESOs thémvao 40 mL
h nh pch aKMnQ:4 mMvaNaNQ 6 mML ‘@khublt lient c.S a u th It hi nquéa
trinh th y nhi t t9 170°Ctrong 12 gi.

2MnOs + 3NOy + 2H' Y 2MnOzZ + 3NGs™ + H:0 (1.1)

. '.'. KMnO, + NaNO,

a) L

a-MnO, nanocacti

s s .::'..w;jp;ép' s g i e B

Hinh 1.13. (@) Qua trinh'tng h p UMnO2 v "~ -Mifi0, dthg nanocacti va nanorod)
U-MnOz nanocati ; (c) U-MnOznanorodg107].

Sauquatininghp t ha -Mh@& v " -MBO, dthg nanocacti (hay con
I ‘& g i la nanoflowers) va nanorods (hinh 3).1KJ} qu[ cho th} -MhO2 nanocacti
la chHi xtic tac quang t cho qua trinh phan gy Congoredva Metyl orange Ngoai ra,
UMnO:n anoc aastd nglan®d i u *# ¢ canodictrongpin Li-ion v i cong
suHl 300 mAh/g sau 50 chu Ki.

Caovacngs [30]th c hinpHn_ ngthynhitgi a MnSQvaKCIG:® 140
200°Ctrong8gi. Qu § t r% nabac marfiosod$MrRO, t160°C, b-MnO," 200
°Cvas phatrngad Uvab“ 180°C. PHn_ng gi a KMnO4 vaMnSQ, t4 160 °C
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trong 12gi t% b-MnOz, gi @a MnSQ va (NHy):S,0s ¥ JJthinh thanko-MnO," 90°C;
gi a KMnQsva (NH.),S,0s % J1thinh thanki-MnO,* 90°C [116]. C 3 dthgb-MnO;,
9-MnOzvait-MnO: 'Qu cho K} qu xtc tdccho qué trintphan hy " il i Toluen.

Tac gl Guovacng s [64]th ¢ hi n qua trinh thy nhi t KMnO4V, i HCI va H0;
tdnhit A 160°Ctrong12gi. Sau qu § cMmOinanorobttipu L L ®©& h
ti/p Ag(NHg)OH v, i SNCh trén lQmHMnO; nanorobVd Ii' u compositeAgNPs/MnQ
I ‘& ng d nglam siéut, L% L 'in dung riéng cao la 314dvamd | d’, n onlal2 Ag
L nh hn Qrsdivii MNnO2 178 Hg . " niifi (R val'in tr chuyw  H tich(Re) ¢ a
AgNPs/MnQthed  h h@ so hMnO:.

Ph__ ng p h8kho: phx@h nhg- a ha8rén quatriph kidhotb oxy héa
¢ aMn théng qua cac ¢iikh va chdl oxy hoa khac nhau. Wang vang s [209] f ng
h p cacht birnessitai-MnO, bag pHn_ ngoxy héa kh gi. aKMnO4 va (NHs)2C204,
cu i qua trinhi-MnOzL> ‘&S d nglam xdc tac cho qué trinh phanHCHO thanh CQ@
Musilvacngs [132]L « ngth p41dd U, -, Bvo" -MiO2d atrén pfin_ ng oxy hoa
kh ¢ aNaMnQuwvaMnSQ:bagvic t hiawn g LKClvanhit | .L

2NaMnQy+ 3MnSQ1+ 2H,0 Y 5 MANBSQu + 2H SOy (12)

Ph_ _ng poBtS p ngaid @ chdlkimlod  ° E 8@y phan Rag ethano]
n &, acidhotb base Trong qua trinh nay, dungoth pHi & hhhthanh dhg gel va chi
tancon¥ phli ° E M b kh idung dch.Bachvacngs [20]L « ngth p MnO: b?ag
ph€hng -palgp © ol ngnOLirong gievid n "'nth ° dMah thanh thong
qua qua trinh khg, aAMNOs(A=Na,K, L)t r o ngT m&}, h nh poxideAMNnO;
I ‘& hinhthanh nhit . da o, quétrinh dyhoéabiHSOittba-, -MaO:.

Ph_ _ ng Apvh®alcktrong quéa trinh nay, Mnd “& hinh thanh‘t ph[n
ngcokikhsoatgia cat i on, pi, nhita nMBomg, cliacac ceiphn ng.
Fengvacngs [55]L « n g bfnhn fge€atham st ng R p trong s hinh thanh
U-MnO2. Trong pliin. ng Kt a gi a dung cch Mn(NQ)2 v, i dung dch h n h p H02
3% vaNaOHb i r nes s tc'ttd NaOHMNINE).c a o, “mm@Gntgep hinh

25



thanh phab-MnOOH. MnQ m t chiQu (1D) L& f ng hp b%ag phln _ng gi a
MnCl..3H0 vah n h p isopropanol v&MnO4 [36].

TYng hip xanh:p h €h n g" ngthp&anh $ d ngd ch chit va vi sinh vt WL
fnghpMnO., L ©dchchiit thcvd L - n glachbikh . Sinha vacng s
[174]s d ngl hn Bacillus sp W ng h p orthorhombicMnOz vad ¥%2n\§k i 6
nhi mkim loY nHbg. Ngoai racon x ly tinh tthg d nhimMnt r o n g * nghudi &t. r €
Thcvdcéchachtichng oxy h-a nhellg Wwe&stdm gWhh,
f ngh p MnQ.. Hamsenvamg s [68]s d, ng citricacid ascobiccidt r o n gchamke
va tach chiich ng oxy héaflavonoid glycosile,p-coumaricacidvab-sitosterolt v, chanh
'Vkh  KMnOa. Cu i cingUMnO: L ‘&tbravas d ngtlW €untmgngl €@ rrong L
hoa.

KJ1 luch: vd Ii u nanomangamesedioxide (MnO) c6 nhiy  €wh hih€ c hi
thip ,Ho L't 2 n h c Khd! frng h 4. khangacid hip ph mthhvakfntng oxy h
khi/h no tr thanh clidlxic tad’ in hoa, xtc taquang hc Fyth a G cho qué trinh phan
h yoxyhbéacacdiié nhimhu c¢ch v~ victhh trong n<€
1.3.2. \& li" u AgNPs

Silver (Ag) 1a kim lod chuyw ti/p thu ¢ nhémv, i coppervagold; la nguyén't co
tinh & ~Hva nhit cao. T th]k 19,cac hp chiico ngiing cAg Ll « °~ d’$€] ng
trong. ng d ng khang knih.Ag NP s L - n gn tera nghiénray sinht ha valy hc
chhghh n h/j@ ctop i L o § i} Cac H ngnosilver (AgNPs) ¢6 niiy. ng d ng
k h§c n h &ikhangknuh, [@iph cho cac thif b y t/] chiimangt £ n’gng tin€
hi uchqr L lirhfnhtrongk thudq u a nmmt .Ag NP s ¢ d phagtridci® mt
s mc L 2 cphndies hdt tinh khang B, ch ng viém, khang viusva khang tiu
cfu. VQcHll trac, ding c6 th ng h p thanhcac dhg khac nhau bao g: dthg htt, dthg
thanh, khi vuéng, day, manfiim hotbl, p ph [112].

Ph<€hng. t@h38ipg{topdown) vat d @ lén pottomup)| ©~ hai p he
phaptng h phdnanokimidlkfh pvi ¢ §c p hv@ly,man hova §nhc.
Quatrinhngi ¢ tcadkimIdlkh'i v © pbaatacab M kimlod ¢ - ke2 ¢ h t
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nano [Rag cach b sung cac dilblov lamts vid vQp h €h n g. trprx§ ny (top-

dowr). Trongp h €hn g 4 [y Quampirng ntiibaogms kithpca ph€ehng pt
bay -md€n[@l7]iva chil xUlaser[99]. Tuy nhién,tngh pAgNPsifa g p h€hng
phapwlycomts hthehjn h € t n £ n’'gny ¢dad qué trinhhg h p chdm va yéu

cunn g, cdo.Trongp h €h n g. dpdié fottomup)t h s dngp h€hng ph§
kh b3ag hdéahc habchit chilkh t th ¢ vd, vi khuX.

A Pp.titrénxudng  Pp. tir dwdi-lén B oudinlaser
Guong
~-
Buk form AgNPs
4 Phwong phap
(i) Groy -
Nanoparticle process héa hoc

Phu’ong Powder

= - synthesis
phap vat ly fomation Cell filled
with the
(i) Nucleation Phu;(yng phép solvent
| sinh hoc
AgNPs Atom
C : ,
Agt ——+Ag0 -
- Reducing reagent
for chemical synthesis
Khee Tao mam Mam I6n Ién AgNPs
Ag' O
\O i el
AgNO, g ——
\ Nitrate 1 3
\ Ag° O reductase NAD+
\\\
N

. Nga' Xac dinh Nitrate

Hinh1.14.C§8 ¢ c @t nghe AgNPs(@) P h €h n g. tnerhx6 nm vt d €@ lén.
(b)P h €hn g nghhpdaly, ()P h €hn g npthph@aht. (d)Ch NEdghp
xanhs d, ngnicotinamide adenindNADH) kh  AgNOs thanh AgNP$112].
a.P h €hphapkh :

L  p h€©hn gbi/p md pMlng K p AgQNPs Bag cach's d. ng cac chilkh
hu ckécwh. Thhogg b h€kinfgg PhAGNOD: bag cach'sd ng cac
chdlkh k h § ¢ n hhgduazine, hfeBmalin va ascorbiacid [184], N2Ha.H.O va
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CH3COONa|[8], sodiumborohydride (NaBk) [224], polyethylene glycol (PEG) Via-D-
glucos€169], polyvinyl pyrrolidone (PVP]146].
b. T ng h p xanh

Ph€hng dohhtrByw tivn g ° hgt@raAgNPsl “@g nh vatiéeutn nkng
| “@g.C&§ ¢ p h€©hn g c polh8f mg Fhp-céc ktmanotinhkhif v r » r " ng
c h ¥an'gn gtdhl*@l gay nhim b b i chiikh d ©@a c6 thgay nguy B cho mbi
t Tn@ Do dphattidwit phehng ‘mi§p mf h @ hadhpicac
A g NP scnidenhhiQus quantamP h ‘€h n gf ngprhp&anh's d, ng cac vi sinh &
sinhhc n h €Xynibh (keh)wa chi xudlt cay¢.S dng bi omas3¥, nhe€
chif xuHIt caycotWamtl achnthaytijc ho c8c ph<€kngd pWEp L h
f ng h phtt nano mtcachthanthnyi mf ng. t r €

TYng hi p b ng vi khix n: hi' n nay, vi khifvarsh ' - ntgai trd quan trng
trong vi ¢ X Iy cac kim I3 | clhd thong qua qua trinh khion kim lod. Nghién cu s
d. ng vi khié n i sinh Bacillus cereuphan Hp t Garcinia xanthochymuW ng h p
AgNPsv i  k 2 @ BO- 40 hreAgNPsL ‘&t ng h p bag cach kh dung dch AgNOs
b i vi khuXy n i sinh sau khj trongt 31Un5ngay nhit phong[182]. Kumar va
¢ ngs [108]L « . ng minh enzymén vitro la JNADPH dung chagué trinh kh NOs va
f ng h p AgNFs.

TYng hi p nanosilver (AgNPs) &5 ng cach & d\ng diéh chi/t tp cay ¢r: b3ag cach
s d ngdchchisit cayg¢ ' « t h uguah #m _ca®hiQnhanghiencu h hpi s o \
c8c ph<ehn dogncsep bk g cp h,@Brmtigny i m g, giaiwa
cho hiu st ng h p h% nano cao va c6 mlot cac ctidl chuywt hoa cé tilh tr trong
qua trinhkh ionAg*, v~ n h a nX tronggod trinfi hg kK p. Chi/p xuklt tfo
biM nauSargassum muticum (S. muticubim s d ng lam chidilkh LW ng h p AgNPs
[18], chi/f xuHilt h4 Bunium persicunfil56], chi/} xuHlt & cayDerris trifoliata [109]...
1.3.3. \& li' u MnO2vaAgNPs trén n grapheneoxide

MnO2 la m t trong camxidekim lod chuywi ti/p c6 tinh ckil * thidat tL « ~ ¢ €

‘ngdng tr o ncgehHlxie mab quangghH di t khu, oxidenhantb , 'nk t
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p i nnhba va siéy tl in [95]. MnO. v. i nhiQu hinh thai khac khac nhdl« t hu h
s quan "tv@hc Lhg d ng xdc tac va hu qu cao trong qué trinh oxy hoéa xdc
taccachpctihu cthad h hifh pwiMnO:2¥ i cac tih nanographene
oxideg i Yp ‘tng dig tich ®mHhot  nlg " nlhda ca MnG: va di thi n hot
L, ng xuc tad238].

TacgiHevacngs L &i/ntinhMNGNRsEr GO Inta GOME §inh L
amaranth[72] (hinh 1.5B) varodamin B c6 trong thrc piX¥n ch a, t [75] thbng qua qua
trinh kh L"in hoab?ag cach ap th-1,2 V trong 12Gs.

Q = ‘ﬁ
MnO, NRs

a0

MnO, NRs-GO-GCE

Khtr dién héa

Hinh 1.15. Quy trinhtng h pvabinh t 2 mchc MEC,NRSErGOLW § onh L
amaranth[72].

Tac gl Vermava gng s [201] L « dsng vd |i' u compositeMnO2/GO va
Rohaizad155]s d ngvdliu A g NP s\MigESp® valod b phX¥n mau methylen
blue (MB) va methylorange(MO). Tac gl Sakthinathaf157] L « dsng MnG/GO
va AgNPY G O\ 1§ cnh tiydrazine varsenic

Téac gl Vukojevic [203] L « ngth p compositeMnO/GNR (1:10 w/w)b3ag cach
phantartGNR t r @n g Sa@ MB(NO:)BHO va KMnQ, nh s tr gilp ¢ a
sieuamvakhprt lient ctrong 6 gi. Vd li ucompositetMnO/ GNR cli/}e t 2mh L |
cc GCE "nkducoselT €h n gtac gl Hu [79] L « ngth p vd |i' u composite
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MnO/GORa g p h € himsgumpt baghad dang H nhi t | ghongva s d, ng ching
trong qua trinh oxhdéa chnl cbenzyl alcohothanhbenzaldehydéhinh 116). K/ gul la
benzyl alcohob6,8%thanhbenzaldehyd@00%trén chdixdc tic MnQ/GO (L10w/w).

T n g-
\ 0 . X 0
o OH Q K S OR,_ MnsO, o QH-'Q, K0G8 o
:Mn?
GO Mn#/GO
0 KMnO,
oH OH oH
H ¢ H =
HoH 5 ) Ho™ 28
O y 0 =4 Knong khi O, y ‘o> X j
0: MnO, s ©0:MnO,
2
Oxy héa benzyl alcohol MnOzlGO

Hinh 1.16. Quy trinh'tng h p MnO/GOlam chiixtc tacqua trinh oxy hda benzyl
alcohol[79].

Téac g’ Chanasa[32] ' « ngth p vd i’ ucompositeAgNPs/fGObi/h  t 2 n'h | ° n
¢ ccarbonin ( S P C\BY ragensol’'in hdéax § anhimimunoglobulin G (IgG)

KJT luch: T céc nghién_cu ¢ a cac tac ditrén cho tisf tiGn  n 4, nga cac v
i uMnO:va AgNPs trén @ graphenexidel “ m x s h §a € Fphn g 2mhhe€ Lbi
c ¢ WL § mhdacchilh u drang cac tailiuthamkifo ‘lc€ ¢ B aghiéntch
n" o w&cndthi CAP va TNZ ag wd li' u compositegrapheneoxide cé
MnOz2va vd i uAgNPsS/MnQch'm ib & fu. ngdngtrongl €unt ngngl €
1.4. CAC CH T KHANG SINH VA KHANG VIEM
1.4.1. Chdi khang sinh

nnh nghkeangtsithi Kh8ng si nh (ngohflkhéng khdhi c s )
(antibacter i alth mubh sdc aimng @issinh vt @i khu§, nbh,
Actinomycetes), c6 tdg dg. c ch]s phattrMd ¢ acacvisinhd  k JgThuw ¢ khang
sinhcongungct t nhién,tng h p hdbbantng h p.
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Blng 14. Phan I&! khang sinh theokal triic hda 'he [4].

STT Tén nhém Phan nhom Tén thu ¢
Penicilin G; Penicilin V; Methicilin;
Penicilin Oxa(?ilir); Conac'iIi.n'; Dicloxaci!ir'l;. Nafcilin,
Ampicilin, Amoxicilin; Carbenicilin;
Ticarcilin, Mezlocilin; Piperacilin
ThAhML: Cefazolin, Cephalexin, Cefadroxil
ThAhM2: Cefoxiden, Cefaclor, Cefprozil,
Cefuroxim,
Cephalosporin Cefotetan, Ceforgnid _
1 Betalactam ThAhM3: Cefotaxim, Cefpodoxim,
Ceftibuten, Cefdinir, Cefditoren, Ceftizoxinr
Ceftriaxon, Cefoperazon, Ceftazidim
ThAhM4: Cefepim
Céc betdactam Nhé_m Carbapenentmipenem, Meropenem
Khac Doerenem, Ertapenem
NhomMonobactamAztreonam
Cac chtil, ¢ ch] Clavulanicacid Sulbactam va Tazobactam
betalactamase
. . Kanamycin, Gentamycin, Neltimicin,
2 Aminoglycosid Tobramycin, Amikacin.
Erythromycin, Oleandomycin,
Macrolid 14 phan't Carbon Roxidehromycin, Clarithromycin,
3 Dirithromycin
15phant Carbon Azithromycin
16 phant Carbon Spiramycin, Josamycin.
4 Lincosamid Lincomycin va Clindamycin
5 Phenicol Chloramphenicol va Thiamphenicol
Tetracyline, Chlortetracyclin, Oxytetracyclil
6 Cyclin Demeclocyclin, Methacyclin, Doxycyclin,
Minocyclin
Glycopeptid Vancomycin, Teicoplanin
7 Peptid Polypetid Polymyxin, Colistin
Lipopeptid Daptomycin
Th]].h 1 Nalidicic acidva Cinoxacin
(Quinolon)
_ ThK 2 LoY 1: Lomeﬂoxacin, Nofloxacin va
8 Quinolon (Fluoroquinolon) Enoxacin
LoY 2: Ofloxacin va Ciprofloxacin
Thih 3 Levofloxacin, Sparfloxacin, Gatifloxacin,
(Fluoroquinolon)  Moxifloxacin
9 NhomSulfonamid  Sulfamethoxazol, Trimethoprim
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Céac nhdm khang Nhém

sinh khac Oxazolidinon Linezolid
Nhém 5Snitro- Metronidazog, Tinidazok, Ornidazog,
imidazok Secnidazol é

14.1.1. H p chrt chloramphenicol
a) Giai thiMi vZchloramphenicol [5]

Chloramphenico{CAP) cé tén danh phap khoad 2,2 dichlora Ni [(1S,2R)
1,3/ dihydroxyi 1i (41 nitrophenyl) propain2i yl] acetamide

Coéng th ¢ phan't: C1iH12CLN2Os; kh'i * hg@han't: 323,13 g/mal

1

Hinh 1.17. CHl triic phan t chloramphenical

Phenicol 1a mt nhém khang sinhhin - nay kst ding nhiueHi’ ntd°
Vi t Nam chcon hai khang sinhthe nh - mcsdyngl€©r °n | ©nm s~ n
la chloramphenicolvah i a mp h e n i cchldramphiericol ta gharig sinh hhién,
con chiamphenicol 1a khang sinhrig R p theo md hinh,achl or ampheni col
1947, Erlichd,, BartrQ., SmithR., JoslynD. va BurkholderP.[188] L « p hngnt hi
loY chHikhang khiy ch | or amp h e n c © mlt pai ¥ khuk cb ©em3u  Hi
vung ph cch Caracas Venezuel a. L o *d HIBA  Streptomyces - L
venezuelae NEm 194 % h & e®ngxtiScotl tth va tng h p toan phin
chloramphenicol vi hi ustiicao,t ' - k h §ng ‘s dmxubbfag yng i ©
héa hc.
b) Tac dng cva chloramphenicol

Ph khang khofi: khang sinh nay cé phiac d ng r ng trén nh@u vi khur gram
(+) (Streptococcus sppS.aureusCorynebacterium)vi khuXp gram €) (gonorrhoeae
N.meningitidis Salmonella Shigellg V.cholerg Y.pestis H.influenzae) c T n g nhe

khw§r  k h hhinhkbac Clostridium RickettsiagChlamydiag.
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Ch /jtdbdng: nh-m phéelohuaonol ctch]tf ngh p prdtein
vi khup brag cach gh vao tW pHn 50S ca ribosom (¢ ch]peptidyl transferase
cntr s ti/p nhch amino acyl t A R Mh vlt r \Ak/T K p acidamin, 1am chaacid
amin khéng gb  "Lc@do chuyi pept idL ©yCdi v crARN 23S trong W
phfn 50S. Mb d % c “mg léntti@icpHnL 50S nh€e <c¢c8c
chloramphenicol can thp tr ¢ t/p vao liéen K ¢ B coa macrolid can thp vao s

n idai chyipeptid., liQicao, n6 cé W c chjclt ng h p protein ty thW a t]bao

I, ngudcovidotytié T ng ¢ - r ibb otsro¥nc 7m®y\wil "k mi -

sinh kim khog (c6 thMdi t khuy® A" n g, cho).

Tac dng: Q tricac nhim khiq do cac chng nHy c[m gay ra
(chh or amp h e rctint dtdg nén €n clin neb il k_ @ khi dun@, chdung khi
khong cé thuc khdc cotac.chg t €hng L @©h rhgh nthW nhjzoit khufn
Ii°e19 rutntog, I, [ tr c khud t h ©hdm ghj nntiamg,niut sinh d c, viém
mang n&do, mt s nhi m tring ho k.
14.1.2. H p cht tinidazole
a) Giai thiMi vZtinidazole

Tinidazolecé tén danh phap khoa & 1i (2i ethylsulfonylethyl) 2i methyk 5i
nitroimidazole.

- Cong th ¢ phan't: CsH1aN304S;kh' i~ hg@han't: 247,27 g/mal

N
Hinh 1.18. CHl trdic phan t tinidazole
NgU n ¢ c: 1a khang sinh nhorB-nitroimidazol lamt  nh- m kh §n
it khalau vall Holbit® ch b a rfu dAc thUc nhém nay (thuc Fu'tién la

ma C I

m

g

metr oni deazdonlgWHln® L hn b~ 0jtans ighbathinranb goe
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tac d ng ch ng 14 vi khuXp K khi. T4 phong thi nghim RhonePoulenc Phép, cac
sfn pi¥n  Lcehi} xulit Streptomyces spp ~ B #8 nghi m ki tra hét | ng
ch ng I Trichomonas vaginalis, nht nguyén nhan gay ng@  ©4m MLt trong nh ng
nitroimidazol "t x@hoimycismu W« ULUt@xodt r on
fnghp L «csldéh g WG tf nhi m Trichomonas #h tinh kb Ful v ™" o ntn
1959. Met r oach dgarinb & c6 hikquleHeng IS Entamoeba histolytica,
nguyén nhanabnhl ami p v° &p xe gan, v~ o nftm 19
gi I G. Du od elhtia Big snptrorlidazol Bag khi ki sinh tran§ day
n "y’ cikoéBy nkh la nguyén nhan gay ratinkhig kémigpp t hu v ‘lhau Vv ¥
vvaonhng ntm 1970. tToHthd o alz® ¢ eg ch rig nhim tring
pr ot ozoachi} /JN-ngli@nkiep cho©u Auc vl ardWwp mee t
lamt ph<€hn @ trEhogyd lot dac bnh nhi m tring amip va ky sinh tring.
Sau Uleophds v o ntm 1972  ibdcgadnhémtkhdhqsinh vi °
nitroimidazole[5].
b) Tac dng cvatinidazole

Tinidazoke la d chdl  ni t r oi mi dmetronidaza, cdé&inm khangd
khuy v krig S§dnnguyéh sinh. THW ¢6 tac dng di t amip, dit Trichomonas
va di t vi khuXp. V. i amip, tinidazole c6 tac,ch g i\ i c[ thwhott | niy va thakin.
Tinidazoke cé tac dngin vittov =t rQotn gac rhiim khu§ ch ng Trichomonas
vaginalis G. Duodenalis( ¢ | n @iardia” lamblia hotb Giardia intestinaliy va
Entamoebahistolytica Cac dch chil t/] bao Trichomonascé thWkh nhom
nitroimidazol ¢ a tinidazoéva tb g c nitro t do, do \ely gay ra hét tinh khang khi
¢ athuc . (Jtac ¢nh ¢ a tinidazok khangGiardia vaE. histolyticac h €& rob i

Tinidazok c6 tac dng in vitro trén nhiu vi khi§y K khi bao gm mt s
Bacteroide(B. fragilis, B. melaninogeniclsClostridium (C. difficile, C. perfringeny,
Prevotella Fusobacterium Peptococcusva PeptostreptococcusThic ¢l ng ¢ -
d. ng ch ngHelicobacter pyloriva Gardnerella vaginalisTinidazok c6 tac gdng phong
v " Qlificac nhim khiqy “Inemd horb “lh'@ t i °Qtrtg-pa xe@iv"™ L i
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cac nhimkhvqk kh2 nhe€e ¥Whtt valh mhe€ sinhcthhi

t h ®® g cac nhim khua h n h p, do\dy cfn pHi ph i b p tinidazokv. i cac khang

sinh khac mt cach hp ly va co ol tr I ‘& d cac vi kho§ hif khi nghing. Wh

phong nhim khu$ trong phB thud, cé thWph i h p tinidazole vi doxycyclin,

tinidazok v, i gentamicin héb tinidazok v, i cephal os powaitrong khid ¥2n g

phX thud. PR i W p v i amoxicilin, clarithromycin vathic cchjb hm pr ot on

cac pl§ ¢~ LIGu tr nhi m H. pylori. Tinidazok ' « ~ d¢$€d ng th nghi m cac bnh
n h € ré&P. vivax nhj m khuy  *Lhgeho hgb trén, viém nha chu, a ru t va phong
nhi mkhi1v} t h ‘©hdabgru stla aillRag cach dungdt ch dung dch tinidazoé.
N/ nghi ng ¢6 nhim hn K p vi khifq K khi va Enterococcusnén phi h p
tinidazok v. i c[[ gentamicin va ampicilin/cephalosporin, Hbo tinidazok v, i
v ancomy cnghp ngfi ngénhhi m cac vi khoqy Gram amEnterobacteriaceae
n h Kebsiella, Proteushotb Escherichiacung v i cac vi khog K khi, nén phi h' p
tinidazole vi cac cephalosporin fhh 1 hdb 2. Nu nghi ng c6 cac vi hn
Enterobacteriacead& h § ¢ Emntenoactey Morganellg Providencia Serratia trong
cac nhim khir h n h p K khi va hij khi, ¢n ph i h' p tinidazok v, i cephalosporin
th/Jh 3, penicilin va thuc_ ¢ chl]betalactamase, monobactam vatbogentamicin.
N/ nghi ng céc vi kho§1 K khi khang metronidazettinidazok, c6 thAfling cac thuc
khacthay tin h € ¢ | i n Bbahlosamphenicdl, mipenem Hoph ih p penicilin
va thu c_ ¢ ch]betalactamasgs].

1.4.1.3. Ofloxacin
a) Giai thiMi vZ ofloxacin

Danh phép khoa ft: ( + 19 fluoroi 2,37 dihydroi 3i methyk 107 (41 methyi
1i piperazinyl) 7i oxoi 7Hi pyrido[1,2,3 de]i 1,4i benzoxazinE6i carboxylic acid la
m t chitikhang sinithu ¢ m t nhém khang sinh phr, n g °~ &g 1a Fluoroquinolone.
Ofloxacin c¢6 tac dng di t khuwfqr mthh, ¢ ch]lén DNA-gyrase ca nhiQu vi khu

Gram(-) vaGram(+) lanh ngenzymgnthy} tr ong q u 8 sabchépmah

s ach aDNA ¢ a vi khu§[144].
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Co6ng th c phan't: CigH20FN3O4; kh' i hg@han't: 361,368 g/mol;

O O
E

Yy
PN
Hinh 1.19. CHl triic phan t ofloxacin.
b) Tac dng cva ofloxacin
Ofloxacin [4], [5]1] ~ khang sinfl i Qu tr’ nhi_  mBaok huXr
g” mi °m,vwih“m minHi/] r tor ¥ang ,Wi€ m gt uy Pt nthii Qn
d chvhAYeht vs ° m d@@j dd%¥ng ul€ ng u’  ngKJ/hto Hc
h® p v.i thu  d akh&aNKW StirdgQrug mbhi'i Qum ttrr %n g t
mHt vniditn b ,r otnai vlii°Qu tkahii ghim™ank, mg o
T&§c d_ng ph, khi u ng bao g Nh_nnign,t §c
d. mghi°m tr ngl kth8§g©rm,aot g"m do t n t h<€
var i | o UnK htt@ng tkhhfury./jn c 8o s Q@f Inogx acchion ptt
nhomfluoroquinoloneThu ¢ ho4Yt L, ng bDBWAEL_ @8 oh tk@hnX
Of | o x acchyhthuth©\L Qu tr : nhj m khu d trén bnh nhanviém phf]
qun mth, viemphic n g ndg, nhimtrungdavacadd t r ¥ac dBckeng,€a ¢ -
nhi m tring phi h pni u Wvac t cung viém d3 tinh ving chl, viém bang
quangkhéng bih ch ng, thi m t r %nggi i &ph c t, viém tuyh tign Ii t, Idu
niu Wvact cung &b tinh khéng co6 bh ch ng.

OH

1.4.2. Ctdl khang viém Piroxicam
a) Giai thiMi vZpiroxicam

- Piroxicam c6 tén danh ph&poa h c: 4i hydroxyi 27 methyli N1 27 pyridinyl
i 2H71 1,27 benzothiazing 371 carboxamide 1,2 dioxide) la m t lo4 thu ¢ khang
viéem, gim L a uds vkhondisteroid254].

- Cong th ¢ phan't: CisH1aNs0sS; kh' i * hg@han't: 331,348g/mol;
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https://vi.wikipedia.org/wiki/B%E1%BB%87nh_ph%E1%BB%95i_t%E1%BA%AFc_ngh%E1%BA%BDn_m%E1%BA%A1n_t%C3%ADnh
https://vi.wikipedia.org/wiki/Vi%C3%AAm_ph%E1%BB%95i
https://vi.wikipedia.org/wiki/Ni%E1%BB%87u_%C4%91%E1%BA%A1o
https://vi.wikipedia.org/w/index.php?title=Cervix&action=edit&redlink=1
https://vi.wikipedia.org/wiki/Vi%C3%AAm_v%C3%B9ng_ch%E1%BA%ADu
https://vi.wikipedia.org/wiki/Nhi%E1%BB%85m_tr%C3%B9ng_%C4%91%C6%B0%E1%BB%9Dng_ti%E1%BB%83u
https://vi.wikipedia.org/wiki/Vi%C3%AAm_ti%E1%BB%81n_li%E1%BB%87t_tuy%E1%BA%BFn
https://www.google.com/search?rlz=1C1SQJL_enVN964VN964&q=piroxicam+kh%E1%BB%91i+l%C6%B0%E1%BB%A3ng+ph%C3%A2n+t%E1%BB%AD&stick=H4sIAAAAAAAAAOPgE-LUz9U3MDXIrsrQ0spOttJPzkjNzSwuKaqEsJITc-KT83ML8kvzUqxy83MSixRyE4uLF7GqFGQW5VcA5XMVsjMe7p6YqZBzbMPD3Yvz0hUKMg4vylMoebh7LQBSvw0rYAAAAA&sa=X&ved=2ahUKEwjNjfnl4833AhUSBpQKHdCpDhQQ6BMoAHoECD4QAg

2 é/Nz\
“ A

Hinh 1.20. CHli triic phan t piroxicam
b) Tac dng cva piroxicam [5]

Piroxicamla mt loYthu ¢ khang viéem khong steroidNSAID) thu c
nhomoxicaml ‘& s d n g WIdm gim cac triuchng catinhtthg vi °m L ¢
n hv@m khp. Piroxicam hét nj bag c8&ch Hnygk r"dn xul
cacprostaglandim i sinh c¢ sl truAgmgiamgea a i aig, clLau v~
Thu c cé b .d €8hgvién nangvién nénva (khong phi* tHic[cacquec gi.a) d-€
dchggelkhéng dntoaca b §cine g, W5%.N- c | nlgtroeg-mt sdng
th ¢ betadex, cho phéahth nhanh h hn _ peg 68 héaRiroxicam la
m ttrong S it NSAIDcOtAAL ‘&S d ng t h ! n ggti§nuchichl €

Piroxi cdpbudsengcilv " o ntm Pfif&8 ~ ddip thuh
chosdngytlv o nt Mot hdnBthicgc v~ o n¥'in’ db&ndrén,
tht rn@tréntoanthgi i _dnBiQW t ° n tuhP@hrnogx ihcisa dinglirddg
L Qutr thhb kh pvavi ° m x Ghlnagunglliinhnguy ° n, Mahud;, vdau p
c- vai _tloYthurcgi® marbolbittdy trib viem Ch g uacrphyd €
ChOu Au L«tbd&®n@ioaeshdSrgy Pi roxicam v ™/ ntm
ngh raagvi cs d ngthucnaychgi ihth t r Qi gac tinh tkhg viém nth tinh
1.5. ccc PHhuNG P HNEIP CHXTC GKHANG  SINH
(CHLORAMPHENICOL, TINIDAZOL E, OFLOXACIN) VA CH [T KHANG
VIEM PIROXICAM
1.5.1. Ph€ehng ph&8p ph®©n t2ch quang ph

Tac gl Elik va g ngs [51]s d ngh chif| ngi |, ngFe(lll), NADES-3 va
nhit  khi} “E€ dng lam tac nhan® ph c (TC-NADES-LLME) v, i
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chloramphenicalSau congmh p ‘lc€ lUo & = kitdhng uyrhrtinh0,1i 300
Hg/L, LOD =0,03ug/L, L. I chchuwqit €h nidgant h h42%

Kamalvacngs L « ddng ph<€hng ph § pthive BWpHan tigh €h n
" ng th i norfloxacinvatinidazole trong Muthu cviénv iph hgpth L& Lo tr or
kholng 207 380 nm. Kho[ngtuyh t 2°ch x @ 'kIE21 10 &g/ imL v "
4 0 ¢ g'fivmilnorflbxacin va tinidazole t ©tym g, thufi(Rev, %)Ifn "t €
la 97,659 + 0,249 vA9,053 + 1,00997].

Tac gl ElgendyK. M. dbhg 9 h<€h ndghamp bt8lip4 WK § cnh L
" ng th i ofloxacin vaciprofloxacin trong cac 4 "e¥n[49. Ph€hng Y4ph § p
I ‘& gjihthphathintigy |~ 0_,ikholrg euyitinnMa 2 20 e g/ L.
1.52. Ph<€ehnsdkyp h§p

Hi " n nay, ph<€ehnge wh &p m H€ spehbaidkicxp h § |
" nh c 8éngsiohti khting kidgmP h €hng p h§ pngs daci  kifligm £ n g
Performance Liquid Chromatographic, HPL@c g Khotimahva ¢ng s s d ng
detectorUV (SPD-20) va detectorDiode Array(SPD-20MA), ¢ t X-Bridge G18 (250
x 46 mmID, 5 um), p h angécetonitritn & (1:1) v, it ¢ . dong 1 mL/phatWphan
tichchloramphenico[101]. Tac g’ Sebaiy MMM ¢ h ©n t § crih nhanh chorfgc L
" ng th i ba Io4 thu ¢ ch ng vi khu helicobacteta oxytetracycline (O0'C), tinidazole
(TNZ) va esomeprazole (ESM) trong hy t ©fan g ©trong vong 6 phit. Qua
t r3nh ph&tnchi rBtérct Egesil BDSC18 (150%x4,60 mipb 3 smd, ng
p h angl; a aetonitrile - KH2PQy 0,025M ( 25 : 7 5, ¢ @ ¢dn) h JJEpE 3,5
b2g orthephosphoricacid” nhit  m! i "ng.rf€ 84, ng |~ 1 mL/ ph?
I o FadpdetectorDiode Array (DAD) b & song 285 nnj162]. Tac gir El-Hay s
d. ng detectorDiode Array(PDA), ¢ t ODS3 Inertsil C18(250 x 46 mm ID, 5 pum)
p h ang#cetonitrili ' m photphatepH = 4,92 (53,61 : 46,39, vi) v. it ¢ . dong 1
mL / p Mphén tieh’ ng th i Pantoprazol v®iroxicam[6]. Vi' ¢ phant § c¢ hctat €
gil Shah Pth ¢ hi ntrén ct Kinetex C18 vih nh p ~ i KH.PQy 0,03M (pH=23):
Acetonitril (55: 45). K/} quit h u’ ¢ Kh€ng tuy tinh1i 5 pg/mL cho Rifampicin
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(RIF) va2i 10 pg/nL ofloxacin (OFX), Rewb ¢ a hai chdl n3mn trongkholng 10025 i
103,19%][165].

Sdbc kT Inktnngg hciaou g HRUCT MIIMS): Tap s n§ egoc ki
T.Ifn fu's d ngQUEChERSJT h pv i h th" ng HPLGABSciex ExionLC \aph
kh' i MS-ABSciex API 5500 QtraPAP nh?m x § cnh CAP. KJT qul” phan tich da trén
20 ma teh mX khac nhawho thsy I, thu Ai,t 9 3, Jjh 108,0% vi . IEp 1Y nh
h h@&, 2 %, ti'lHp ttong phong thi nghinnh h h18,1%[175]. Cac tac di khac
cons d ng sbky| ngghép khiph (LCi MS/MS)LWK § cnh@AP [9] va TNZ [113]
nhém fluoroquinolong84], [172].

M d¥% c §phapph €h o gkl qurlle8 n g &yt ivih cch2 nh x §
c- ‘rrhvWhi nh€ c hjacchhi b, aaydrinfcchdf b mXu £ n nhiQu th i
gian va thao tac plt t9, tiéu th nhiQi thi cth vadungméidhlUnc - t hW hUn
vi ¢ 8p d, ng c&¢ wwhdghng rpm&p nh_ywg ntm gf
h-avl«lthooign thi n ph8&t tri Wn.
1.5.3. Phéthtag phsp Li

TrongS c §¢c phehmdodamin &g @ h €hng pmE moat@o n
(stripping vétammetryi SV) | © h 2 Ih h, nkY8oaq va dii hth phat hin thip. MH
kh&c, ph€ehrangp ep hhg,pa vtoann on hnndthh o hj mg@&pc@dx §c |
h pctHlh u ¢ IGacdghiéncull « ~ dckra trong cac fing 15:
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BIng 1.5.T ng h p c4c cong trinh khoab  x 'BICAR, TNZ, PRXvaOF»ag ph€hng phéiwaphon
. L K: thud ChHixac o Kho[ng tuy/n
STT | . ng@nu Titk
ninc clamvic ' o U nh geén tinh (M) LOD (mM)
1 AUNPS/GOGCE i-t CAP Sasabtmd 1,57 2,95 0,25 [98]
ong,thu ¢ nh mav
2 CSM@VSMITO DPV CAP S a, md ong 011 36 1,89 [246]
3 P(EBT)GCE cv TNZ D &c ph¥m 107 600 16 [76]
4 Ag-Cos0s NPsGCE i-t TNZ D e Fi:é" -0 051 3888 0035  [104]
5 CPE DPV TNZ D €c ph¥n 57 200 0,506 [7]
6 3DRGOGCE DPV CAP  Thicnh mdysa 11 113 0,15 [244]
7 rGO/PANPSGCE DPV CAP Md ongmayr 0,057 1 0,05 [234]
8 Co0:@rGOGCE DPV CAP S a 2,01 2000 1,16 [228]
9  AgNPS/MWNTSGCE LSV cap  Md O:g’ ;Snzth“ ¢ 031229 0049  [242]
[ z ‘(
10 1,4BQM-CPE DPV TNZ D e Fim]’ - @ 17 500 011 [136]
11 Si-Fe/NOMGGCE DPV CAP Thu ¢ niy mdb 11 500 0,03 [229]
12 MoS-IL/IGO-GCE DPV cap Thuenhmdisa g4 400 0047  [181]
n & tw
Sahuyl t €t .
C-RGOGCE /
13 DPV CAP e ok 2i 35 1,0 211]
14 AuNPs/NG-GCE DPV CAP Thu ¢ nh mdu 271 80 0,59 [26]
15 Pretreated GCE SWV cap  'hucnh mdva 1,67 200 2,30 [11]
thuc .rce€e
16 AUNPS/BDD SWV CAP i 57 35 5 [27]
17 P(ANI)-GCE SWV TNZ D &c phym 107 60 471 [86]
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D €c phX¥n, huy}

18 AUNPS/CNTFGCE LSV TNZ 0,17 50 0,01 [167]
t €hng
19 AUNPS/CysGCE SWV TNZ DSc ﬂm’ -0 07110 0,073 [93]
20 HMDE DPP TNZ D €c ph¥n 21 1100 0,97 [195]
1 [
21  rGO-PEDOT:PSSGCE  SWV PRX N ‘ecpmfn M. 087 i 01 [218]
22 PGA/TOF(';/E"WCNTS DP-ASV  PRX n & tiul 041 80 03 [19]
23 AgNPSSéVCCENTerO LSV PRX D€ ¢ phYn 15i 400 05 [239]
24 CCZME DPV/i-t PRX D €c ph¥n 0,27 25 0,65 [17]
PRXva N€c s! pg, 10i15PRX 0,105PRX
D- PE : ;
25 ch-Groc SWV OFX i 1,0i 200Fx 0,089 OFx 6]
26 PtNIOIMWCNTSGCE DP-ASV  PRX M§ u , ctive 0,61 320 0,061 [40]
M§ u ,, ctivue .
27 CUNPSGCE DP-ASV  PRX S 1 22
UNPs S 1% phn 37 135 0, 53]
28 CwO/NG/NafionGCE  CVIi-t OFX Thu ¢ nh mdb 0,57 280 0,35 [220]
29 Au DPV OFX N ‘€c song 201 230 5,2 [13]
!-(
30 Au-PYrGOGCE cV OFX DEc 2?\/?’ -8 % 0,087 100 0,05 [90]
31 LGCE DPV oFx ~ NVEemb, . em&y o0 00 0,075 [54]
v otk
32 CFOGCE DPV OFX N €c tiwd 17 55 0,06 [123]
33 DABSA/GRGCE DPV OFX D &c phn 0,11 40 0,03 [173]
34 NGr-GCE LSV PRX D €c pi¥n 17 50 0,303 [38]
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ninccnucactacgit h® s d n g nlcic GCE,bén ¢h h ch thw
s dngcacléi kh&8c nh€e CPEncclAl.O, HMDE, Li

Ph€ehng pth&dp Ko: k

- Xung vi phéan (DP)

- Song vuodng (SW)

- Dong- th i gian (i)

- Quét tH]tuy/h tinh (LSV)

- Von - ampe vong (CV)

Vd Ii" u birh tinh:

-Vd Ii' u nano:Ag-Cos04NPs, AuNPs/BDD, CuNPs,...

-Vd li' u polymer: P(EBT), P(ANI), PGA/TOHS/MWCNTSs,...

-Vdliu composite: AUNPs/GO, CSM@VSM, rGO/PdNPs;@@rGO,
AgNPs/MWNTSs, 1,4BQMCPE, SiFe/NOMC, MoS-IL/GO, CI-RGO, AuNPs/N
G, AuNPs/CNT, AuNPs/CysGO-PEDOT:PSS, AgNRSWCNTsrGO, CDGrO,
PtNiO/ MWCNTs, CuO/NG/Nafion, pABSA/GR,...

n i hg@Xu:

-MXu "t g¥n: vién nang, vién nén, thanh mdv

-MXusinhhc : _crtivd, huy} t €hng, m8u

- MXu th ¢ pp¥n: s a, md ong.

-M¥Xu mtiin gt rc® € nag , mryethin €
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CHhuNG 2
NI DUNG Vé PHhuNG PHGP NGHI gN C

2.1.N IDUNG NGHIENC U

N, i dung 1: T ng h p vd li u compositeMnO2/GO va AgNPs/Mn@GO;
ti/h hanh kh L'inhéaBa g p h €©hdogg- th haBap (i) va vorampevong
(CV)KIhp L o Hc Stcrdding v

N, idung 2: S d ngvd li u MNO/GO bijn t 2 mdic than thy tinh
nhan  x &ich rifth iCAPvaAaTNZBa g p h ‘€h n AdQs¥. &pd ngLSin
¢ ¢ MnO2/ErGO-GCE phan tich cac b d ‘& ph§n, md ong va ndu  _rc@oi
t T ng

N idung 3:S d ngvd li u AQNPS/MNnQ/GO bijn  t 2 mahc thian thy
tinhnfRn  x &ich” A th iPRXVaOFXI®a g p h €h n ¢AdASY. &pd nD P
I'"in ¢ ¢ AQNPSMnO2/ErGO-GCE phan tich cac dud ‘& pmn va mé _rcfoi
t Tng
22PHhuNG PHCP NQ@HI gN C
2 . 2.i1 . ng@ghiéncu

Vd li' u nanocomposite MnO./GO, AgNPS/MnQ/GOvavd li ukh t €hn g
. ngMnO2/ErGO, AgNPs/MnQ/ErGO.

Céc chdlkhang sinhchloramphenicoltinidazok, ofloxacin va cliil khang viém
piroxicam.

Cac mdi th c t/] thu ¢ vién nang, vién nén, tham , thu ¢ e, @d ong m>u
n & songv © . (nfay.
2.2.2.Tngh pvdli' unanocompositeMnO /GO va AgNPS/MnQ,/GO
a) GilaliTngbpwdliu GO t heo ph<ehhihtpbl®upd Hu mm
¢ aMarcano[124] ' ‘& trinh bay hinh 2.1

Boc tachgraphieoxide(0,5g)brag qu§8 tr3nh si °awckiOm t
trong thi gian 24 gi t h u” ¢ Hugg dch huyd phugrapheneoxide (Wn g, 1
mg/mL).
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36M@LH,S QL Hé GnL MHQL Hc
Khutly, n tdi nhRB0T)

v

3,0 g eGr

18 KM ©

A 4

H n h

Khutly, n 72r ghlg nmh  «
Ly tO®m e&mhntgt/ong 15 ph Yt

1ML B30 %

\ 4

H.n h ' p rdn m

R a b3ang HCI 1,0

H. . n h” p r dn

R a b®ng cEfn2hl]fnhéin ClI
b Vg N,D %)
R a EMsOH9863 | §n
Syqua L°m tYi nhi "t L,
y

Gr aphi d(eGr O
Phon t 8@ ot'r sni ¢ @’

A 4

GO

Hinh 2.1.Quy trinh‘tng h pgraphenexidet heo ph<€hng [pifh8m Humr
t r “QruHi¢ a Marcand124].

b) Gitp T hgh pvd li’ ucompositeMnO/GO. nfutienwd i u MnG: L ‘&
f nghpda t €xttic altac gf Ivanova[85],V u k o j[293] vaivan[204]: IbY
50 mL MnSQ 0,15 M khs} bag may khist t k/Jh pv i L $éo &m nis sau
L- ¢h&0nmlKMNQi0,1 Mvaoccy it ¢ | I mL/phdtTi/pt cqua trinh
khusf v~ L &nhnhpitréng24@m Baunhlp:- Il L €a 600§ t On
vong/phatirong 60 phat, pfn chlirda m™ u o f€eu3 Fi bagn & i 2 Ifn
vaethanold 6 S5y phfnchldirda® 60°Cqua L °m, Q@@uoubJgcimighi
n«o Vv~ '~ cho Wloginb3 nh k2n L

Da tr °Qxudt §lc- I gngy pudrdi uMIO/GOL ‘& trinh bay
hinh2.2LBf 500 mLdunga&t h GO 1 mg/ mL, sau kO,15cho
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M,hnhp ‘lcghyt v L8&nh GTi/pticci@om t 6B mL KMnQO

0,1 Mquaburretvao'cvitc I mL/ ph¥t . cQip§ckhbpvah L €
L§nh sirfhup @momg 24hMp &&uw Qa |Ihy tOm 600
trong 60 phat, pfn chlirda m”™ u o r€au3d Filb@ign & ki 2 n va ethanol

9 8. SBf phFnchilirdh® 60°Cqu a L ° m,’ csghih mhb bag K i@na ndo va

cho vao binh kin. TI MnO2/GOtheo tinh toan h u’ ¢ 1. @(w/w).

500 GOWL mg/ L

Khubly wi °ligm®@mh’ p t

50mL N®,SD5

\ 4

Khusft v L8&8nh G

S MLKMn ¢0, 1

A 4

'KhuISIy wi e ®@mh’ p ot
th &b

=

H.

R h=3uhyg t6@® 0 v, ng6 O hpak

SBEly quacClhem (60
Nghi Qn m n
y

H,O,C:HsOH 9

A

Mn Q GO

Hinh 2.2. Quy trinh‘tng h pvd li’ u compositeMnO2/GO.
Trong qua trinh' ing h p MnQ,, KMnO4oxy hoa Mi* theo plin. ng .1):
2KMnOs+ 3MnSQ + 2HO Y 5 MnK@BQw + 2H:SOy (2.1

b) Gi W8 T hgh ptr ¢ ti/p AgNPs trén & MnO/GO

A g N P scmusa hang Merckn ¢ (CAS 744@2-4, <100nm particle size)
Sau fhghpvdli uAgNPs/MNQ/GO b2ag cachir, n tr ¢ ti/p AgNPs vi vd
i uMNOJ/GOL ‘& trinh bay # hinh 2.3 1Bf 100 mg MnQ/GO phan tan trong 100
mL mcd@nhp ‘le®us v~ L§&nh si™.di/pGheothémotng 2 4
10 mL AgNPs 1 mg/mL,fpt ckhsftrn v " L § n hn hepitréng 24@im h
Cuicung, hnhp ‘lc¥ tam 6000vong/phittrong 60 phat, pfn chid rda mau
L ethul ‘& r a3 Fnbagn & dil 2 fnvaethanold & S5 phin chiirdh® 60°C
qua L fnoHrdp hs a u c tighiQq i Eb3ag ¢ i ma ndo va cho vao binh kin
'Wb[o qun. T I AgNPSMnO2/GOtheo tinh toan h u ¢ 1:148 (w/w).
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10 0 gn @G O

\ 4

1 0mLH,0

Khubly wi °lig®@mh’ p t

I0mLAgNPs 1 >

Khubly wi °ligm®@mh’ p t

H.n m®yp x

R k3ng lyc 86dndD 0 pvh Yatg /t
H,O, haer ol 60 ph¥t

Sbly qua°d°m (60
Nghi Qn m n

v

AgNMM/Q G(

Hinh 2.3. Quy trinh‘tng h p v Ii" u compositeAgNPs/MnQ/GO.

2.2.3. Quy trinh bih  t 2 'mhc ¢ Glassy carbon b2ag vd li' u MnO2/GO,
AgNPs/MnO,/ G OWk I8 cnh ¢Ac chidl khang sinh, khang viém
a) Qua trinh bi/n tinh L' 'in ¢ ¢ MnO2/ErGO-GCE

ninccGEL &L §nh nbtcachyoh thch bag b t Al,Os (0,107 0,05
um).Sau lcralBbBvi . odthaifn. TUptclam $&h QmHb "ddc
nh séng si@éu am trong h h pethanol96®: | © (60:50, v/v). BmHy " ricic GCE
Ledy khingidnahitt b- ng L~ n \6)rDung dctnhuyQ@vipbu
¢ awd li u compositel mL MnO2/GO 1 mg/mLt rcé&his d n g Wbl tinh trén
L'in ¢ ¢ nQ GCE L' ‘& thém 10QuL Nafion 5%trongethanol96°. Na f tthédm L €
vao la mt chEl ki3 dinh va lam @ | p mang gia wt i u MnO2/GO va GCH115].
Sau Jhhanh siéu am trong 10 phat/fitheo, DuLh nhp ‘lcwh gi tlen Q
MHGCE(@=2,8+0,1mm) « ~dla@st h v~ | i m Kerfdm (4D%€).
ninccbih t 2 nolh€ed @b™ @ ntbacha 100 mL dung cchl’ m BR (pH
=7,0,Gr=0,056M)v. ih gm b'acE TUptheo,ThhanhkhGOba g p h€hng
p h § mhdadth/]k h * highEET15Vvs. AgJAgCIKCI 3 Mtrong th i gian 120
s[70],[71].ninc cch]ttb n H/€  loApi la MNOJ/ErGO-GCE
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Quy trinh bih t 2'mk ¢ MAOJErGO-GCE 'Wx § ¢n hl nd’ th i
chloramphenicol (CAP) véinidazole (TNZ)L ‘& nghién cu trong luh &n nay va W
hi n qua hinh 2.4

= /A ﬁo M

HO- ¢

=LA
ug 197D

y,
Graphene oxide

Nho giot

+4c |

cl..., v\N,i, o _;” ! :

(=] H OH 2 6 i
SHO
(CAP) o+ ;ykz (INZ)
10 \

o oy W N .
LRGN : é"—v.‘
TR b e A

loc/ MA

60
Time (s)
Khir biing dong — thoi gian
(-1.5V; 120%)

MnO,-GO/GCE

LS-AdCSV
Hinh2.4.Métfqu § t r 3nrhhng # § ehlordmphenicol (CAP) véinidazole
(TNZ)bla g p h €hlBSAdgS¥YBian gn ¢le bih tinh MnQ/ErGO-GCE.

b) Qua trinh bi/h tinh L 'in ¢ ¢ AQNPs/MnG/ErGO-GCE

ninc cthanthytinh (GCE) @=2,8+01mm), Qmtb "dcic Lt @ai
v’ L &§nHKagbtnhég0P5em) . Sa'wr &dth i€ o & haifn.
Ti/p t clam $ch QmHb " ici c nh song siéu am trong h h p ethanol96°: HsO
(50 : 50, viv). mtb "dc GCEcdy€k hing@mnhitt b- ng L
Vonfram (40°C).

Phan tari0 mg AgNPs/MnQ/GOtrong 10mL ,rc &l hai IFn trong M&iéu
amkhdng24gi.Sau L - t N&fiom 1% 0ao D mL AgNPS/MnQ/GO 1
mg/mL. Dung micropipetdf 5,0 yLhnhpvdli ulenQmis GCE’ cllan L €
st h. S a’w Bkkhd niGliA hanh kh GO bRag cachquétvon-ampe vong t
0 2,0V, HIU10n t r' ;BB (pH. = 7,0, €= 0,05M) [5], [6], [7]. Vd
i"'u t R osalg@a trinh khg ila AGQNPS/MnQ/ErGO.
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Quy trinh binh  t 2 mdic ANPIMnOJ/ErGO-GCELW& § cn hTnd'th i
piroxicam (PRX) va ofloxacin (OFX) L ‘& nghién cu trong luh an nay va #hi n
qua hinh 2.5

(3

Siéu 4m

24 gitr

g ] ’ WG )L\:‘O
AgNPs/MnO,/GO
AgNPs/MnO,/GO
(dung dich)

i

L
Ofloxacine (OFX)

Nhé giot

GEGRS

el
G

E vs. AgiAgCl (V)

Hinh 2.5. M6 t[ quéa trinhx § cn hl ndi th i piroxicam (PRX) véofloxacin (OFX)
bl g ph€hn gAdpAhS8vp dOng abiitinh AGQNPAVINO./ErGO-GCE.
224.C8chHl tr@®mhgtnghpbi/n t2 nbcli

Vd i ut ng h p nanocompositeMnO2/GO va AgNPs/Mn@ GO Lo o2
c8eéb Lt r€ng b

+ PR K ng ngd! (Fourier Transform Infrared Spectra, #TR ) Lo tr°n
quang ph PerkinElmer 102717, United Kingdom.

+Ph nhiuxttiaX(X-r ay di ffracti GmDS-ADRANCE ' 0o t
(Bruker- n_c) va may SmartLab Rigaku, s, ngbcxiCu KU (& = 1, 54

+HiW v nt tuét (Field Emission Scanning Eelectron Microscopy, FE
SEM) (Hitachi $4800; Japan) va may Tescan 219 Vegg3kp ph tansb n it n g
| “@g (EDS- Energy Dispersive Spectroscopy).

+HW v nt ttuyQv g uphanlbii cao (HRTEM) S d, ng may Leica
Microsystem, Wetzlar, Germany va may JEOL Model JEN)OF.

+Ph Raman Lo tr°n m8y XPLORATMPLUS, H
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+Phquangt ttiia X ( XPS) Lo tr°n mg§y AX
becxUAI-KU (1486 n6§ eon htcrbi€n gfn mghyémt b a yethi' u.
+Phfngtt (El ectrochemical | mpe'danoe t3pe
thi/J b Autolab PGSTAT302N (Metrohm Autolab B.V.; Netherlands);
Qua trinh bip tinh v Ii" u 1én MK * i.d ¢ than thu tinh (GCE- glassy
carbon electrode) va qua trinh kird Ii' u trén QMK " id c b g nlhdal ‘&
Lo t 0}brCPAHMHS va 797 VA Computracé/d Ii u sau qué trinh khi ‘&
g i 1a MnO/ErGO va AgNPs/Mn@ E r G Og ch igeninhbi ph ®pFTE o ph
IR, Raman, SEM EDS, va'tng tr EIS.
2.2.5. Ph€ehng pHé&p ph©n t2ch Li
a) Ph<€hngianpe&vpng Vo n
Khi nghién cu phattid  p h ‘©h n gn h@atvd pmpé n6i chung va ven
ampe h, a t anpcténdnaprdh § ng h€mhn gmpehdg (cyelio n
vontametryi CV )WkH[o sk tinhLLin héa ca 't ¢ c bi tinh va ckil Dthg
Lhgvonampe v, nH “vi'®® d§ ¢ nttdnb Ban hikhes,

T T E T uf T T T
0.2 00 PO 02 PlA) 0.4 0.6 08

E(V)
Hinh 2.6.Dth g ° fig€ V W Hinh cho qué trinh gxhda kh thuch nghch.
Von-ampevong la mt  p h ©h n gn hgahtt®my dllg v 'n gt e
d ¥2n\Whghi&n cu cac qué trinh gxhoa kh ¢ acac pint ho4 | nlg " nlhda va
L ng hc ¢ aquatrinh nay trenQmtb "dcmtcachhuhiu.CV c¢clng c,
L& d Wwghiéricu cac pfin. ngchuyd " Hi | i ° n Jjqua minh Kac

49



t § ¢, nhxdBrctichthdt  nggaQmib "mdc..[50]. T kiqdt huct €
nhngkfo s 8t t heo s@hp€¥ong@chphil8 p v on

- Di ntich @QmHbhot | nlg nlhda ca i d c (electroactive surface ajea
da theo phehn$evckr 2 nh Randl e

- nHb tinh von- ampe hoa tan @ cac dung'@h nghién cu trén cac 18 " i

Ph€hn gronmamp@pdng (CVE . n" c& €n gWkt va i’ u[5], [6], [7]
b3gcach ti/h hanh quét it OV LUph-2, 0V ' rh BRo@Hg 7,8; C = 0,05 M)
vitc  duétv=0,1V/s,n=10 Fn.

b) P h ‘€©h ndgngfth igipn (i-t)

Ph€hng phtimiand(Chrogoamperometilyi-t) c c8 d hge
Wi kh ve 1 u [8], [9], [10]: bRag cachti/h hanh ép thk h * nidE =+1,5 V va
ghi dongi=f(t) v. ith igiant=120 st ¢ , tjuétv=0,1V/strongl’ m BR (pH = 7,0;
C=0,05M)
c¢) P h€©h nggét th/ug/p tinh (Liner scan votametryi LSV)

Ph<€hng pamgemhoavan davbdichbd ph quét th]tuy/h tinh (linear
sweep- adsorptive cathodic stripping voltammetry,-BECSV) vOmHub[n chHl la
mttrongnhbng ph©hngampevdypdyMémgi clng ho " n to”
nh€ c8c ph€ehn3ygHnmh & h enipdhdartaaGddicxung vi phan
hoHb s6ng vudng (DRASV horb SQWA S V) . dNthosy tén gi sSbao g m hai
phfn,pnth nhll | © t ° n p hf@th © gai Iptédn& thudv “[POG). KK:
thud L o JHuwptinh (linkar sweep, LS) 1a qua trinh m&thr ° n ¢ dbi
thién theo thi gian theo mt chiQu nil 'nlh | idd@g kWi bt thang. Np  lc€
nhly thjvathigiansnggcami o @®]lac L'nh. Hai thdng'snay €L ‘&
khai bao trong cac fh mQn chuyén dng trénthifb L o . d¥Vt3c  wjuét th](v,
VIS)EL'& t 2 nh cvacgt h a e " E@nh26),k hi c¢c@&ndy b€
th/Jjcang nh cang chinh xasy ©y ¢ h2 nthg &K thl@ws, Biivitc L
quét cdhW ‘& tifhhanh t ¢, €ao v~ €ld’om Lgi,ang, dh g gt €
va gim th i gian phan tich s th ¢ v]
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U vy

Step

t
UBegIn Step t (S)

Hinh 2.7.Di_ nbih th]t r ° nc dtheo thigian va dh g * tig:@uét tuyh tinh
T r o n g, choanh latthr gian (t, s), trc tung l1a tHj (U, V)
- Ugegin: th/]bcb fulguét (V); - Uend th/]kJT thic quét (V);
-Usieg . o @@y th](V); “tsepg th igiangami o #@](s);
-T' ¢ | quétth(v): 0 610 —_—

Ph€ehng p-dmPep hoav tam dadvdic higb ph (adsorptive cathodic
stripping voltammetry, AdCSV)lamm trong c¢c8c -amgé&dnyg” pdeégrp
vOnguyéné ch¥ng clndh cl-” hdiidrgmadgi Thoa” gi
tan. Mt Wb khacvyi p h €h n g-ampé Ha taanarliola qué trinh quét th
theo chfu cathodict claquéttth/]b a fruvBtheockiy ©Om HBuf)nC ro t
ABpho (adsor ptW ¥eh\W riag] qua tdnh larm dgiau [a qua trinfh
ph, chHiphan tich co trong durdjch 1én ®mHug a " tid c lamvic.

Gi alnldnmiau:Chidl p h ©n c h58 pf Bam gid trén @mky * ilci c lam
vi . Qué trinh I ph x[y da do:

-Hepph vd | T : domh €hin g €hpg athHdphan tich va
vd i u b/ tinh.

- HEb ph hoa hc: do £b thanh lién K hydro gj a chil phan tich vaa li' u
bi/h tinh.

Gi an h@adan:ChHi phan tich sau khi thgb ph trén QmH " id c lam vic
€L ‘& hoa tan (boc) ra ki * id ¢ blag cach quét ththeo mt chiQu ¢ L' nh,
t h 1g 1a theo clu cathodic Vi vdy  ‘Lc'€ i 1a hoa tarcathodic
Trong Ynap kbbWopii c¢- qug it miinh L ©yo0 |l
tinhkh ,t clankch "Hi. “iv icachpchtdh u ¢ hWh[n ntgh nlhda
vil: ddhgtngquatfy ra nh€ sau:
Ox+ né + pH D Kh (2.2
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d) Ph-€hngiampehga tan kprph, anode xung vi phan (DPAJASY)
K: thud von-ampe xung vi phan (DMifferential Puls¢ ° & d&ing ph bi/h
nhil Wi h i° ng’v@rampe hoa tan. Theo khud nay, nhng xung tiflc -  bi °n L
nh<€ nhlagdt 1&nhVo/J100 mvVvakrng x un g ikhdirigh gOms
IUJh 100° cmilth hg@énmi | lo 8] (xemhinh 2.8).

(a) (b)
Hinh 2.8. (&) S bi/h thién tH]theo th i gian va(b) L “éhg vorampe hoa tan trong
ph€hng ph8p DP.

Trong -Wamp( mV) :  kung; n L - Ustep( MV ) :cthh €
- touse(Ms):th i gian $ng ¢ axung; - Usan(mV): th]Lfu;
-tsep(s): thigianmi o t8] -lp(MA) :  dnh hoag tar;

~tmeas(Ms):thi gi an Lo d Ug(mV): th]]L'nh hoa tan.

D, ngcl®ofnha it khi@p xung (1) v . c khi ng®xung (b),
kholngthi gi an Lo ‘cdhgnhO/hlh 3@ gms h€E€Rjamigca hu L
hai gid tr L oly of I2- 11) va I ol & ghila ham ca th]LHs | “nm c IBm vi c.

Khi xung th]L ‘& ép vao, dong hgcngtrongh s€t t ng | YA ngo ds n¢
Faraday @) va gim dong.t L' in (lo) vi:
le~ I2.€"RCva I~ 12
L ©yth igian, R L intr , C*: L'in dung vi phan.a | p kép.

Theo c8ch ghilcghi oQmeE txru°nngcléchgbt r €
xunglagn nh<€ nhauus dongagbil @& ch, y/Lhid donglr. Nhe v
k: thud vonrampe xung vi phan cho phédior. ti [ a tg€alc. T€hng t
vi phe€ehng Jpdy/$pnh gulA@@sSvie e L« ,t rpphnéh nbg yp h §
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AdASYV c’lctyp H®enh qu%h Hai |& aii aiogh 6% v~
hoa tan.
Gi alnlammiauApthvathi gi an | "m gi "u (t2ch
Th/]lam giauEacc -0,1 V;
Th i gian 1am giduacs 30 S
T c . 4 uaynclkw: 1000vong/phut.
Sau gt lam giall, &ih hanhngh tes: 5
Gi a\inhdadan:quét tfjtheo chQu anodic(-) % (+)
Kholng quéttift + 0, h+M\2 VL
T ¢, Huétth]v: 0,02V/s;
S dngk thud DW ol t @hoda ténieva Ip)
2.2.6. Phehngdkh8p phon t2ch s
Ph.  ng pM3Vs: sLdCng mayLC-MS/MS - LIT, SCIEX Triple
Quad550QTr ap (US/ Si ng a pvo§ ahriehg Ichic@amphenical ) L
(CAP) vatinidazoe( TNZ Yukimllicds kT nh€ sau: Zorbax
(100 x 2 mm, 1,8 um), nhi . @& t45°C +1°C,fc , dong 0,5 mL/phdt.
Phand Xrfhchllor amp h ecrd Xfo | “lc@idB6a bi acetic
acido , 1 % (ngA) ea adetolnitrié ‘@ acidhda biaceticacid0o , 1 % (hg ha L
B).. ch]lL, MS/MS:s d, ng (EIS), nhit It 350°C, L in ap phun 4500 V.
Phand xndtniddzoleac et o ni tngiA)lveammheniura forthate
10 mbcatidBoa biformic acid0,5%., chjl, MS/MS: s d. ng (EIS), nhi t
I, 10 350°C v “n ap phur2500 V.
Ph._ng ph8p HPLC d%%ng detector DAD:
H th ngsd ky HPLC2030S h i ma d e a1 d, i g&Wphan tichriéng i€
piroxicam (PRX) vaofloxacin(OFX). Qkinsb kT nh€ sauic det e
I, dong 20 mL/phut v i thWich tiém 10uL, ¢ t C18 (5 um, 4,6x250 mmphi t | L
Ct45°C+1°C. Ph©nhtreg€httic hiny itiéuchdfrhéat h e 6c D€
I\ Vi t Nam[3].
Phand Xrépiroxlcam:Methanol : dung'd h' ml{60: 40). Dung dch
I” m la: 5,359 disodiumhydrophosphatva 7,72g citric acidtrong 1000mL.
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Phand x 8hcoflotacin: dung dch sodium lauryl sulfaie 0,24% :
acetonitrile : aceticacidglacial (58 : 40 : 2)3].
2.2.7. PhEgmaugaxphhn®p |
a ) “iwim>Xuvién nén vavién nang

MXu thu ¢ CAP, TNZ, PRX va OFX ‘& mua ¥ nhathic b nh vi n Trung
€©hn g/] Huc®y hi u: mX chloramphenicol: CAmXu tinidazole: T2, rxu
piroxicam: M1 va M2, r¥u ofloxacin: M3vaM4 MXu p h ©n’ ¢ thtXebthbaly €
cach can khi °~ hg®@ a 20 vién thuc trong 02 v (10 vién/v - ph, | ¢4, 5). Quy

tinh phantichMu vi °n n®n ‘wméEhinh20: nang L€

- LBY ngu nhién 20 vién thc nén(mrs/vién, g);
- NghiQy mn trong ci ma ndo vaitm QL
- Can chinh xac ki ° hg@»u (mo, ). i

-H, a t an, cthibinwag c qua@nang lc 45mm (m>u ch a CAP va TNZ)
Hoa tan trong DMSO vk ¢ qua mang Ic 45mm (m*u ch a PRX va OFX)
-nnhmcva, ¥VimLb% g , acd k

-MXu X @ltCAR va TNZ: By VomL dungdc h ¢ ho v il ghankchRan |
HCIOs, pH 18 v “ccHivea . I0 mL (Vcen);
MX1 x @it PRK va OFXiBf VomLdungdc h ¢ ho v iphantchan|h L i
' mBRpH=4v a , I0 mL (Vcen)
-Ti/n h” nmMh@APeaTRZBa g p h€hn g-AJCEBRRX LaSO¥X
blag phe€ehnegAdASW.8p DP
-nnh’rg®g ph€hng pH@E&pM.t h°m chu |

Hinh 2.9. Quy trinh x ly m>u thu ¢ vién nang va vién nén

M1 LesghiQh mntrong ¢i mando vatm QL TiUp theo,cankh ° hge€
vax lymxd t h'eco WiVt Nami B, Y t/] [3]:

+ DV, i m@ C4 vién nén cha thanh pfin CAP, §ncanmt ~ hg€ €hn g
l'€ehng 40 °‘mmgchh o malme kEhaniticho | L

+ “Qv. i m¥u T2 vién nén cha thanh pfin TNZ, dncanmt "h ¢ t €hn g
L €h n gngtidi@azok L\Wphan tich.

+ v, i mX M1 va M2 vién nang cta thanh pfin PRX:cfn canmt ° hg€
t €hng L €pirogcant; 0 mg
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+ v, i M4 M3 va M4vién nénch a thanh pfin OFX, &n can mt ° hg€
t €hng L €hfnigo X3Ehamich.l
b) “inv. imXithu" cm vathuc nce

MX thu c m sau khi muad hi uthic ‘lt€hobt heo €& e hkee
sau[15]: can chinhxac m (g)¥athicm t €hng L<€hng 10 npyg CA
ly t©m 15 mL, s ahylatetaevathr? @ (dung thi} b Vortelx) e t
trong 15phat. Th t he o, t Icthh? F5vathlc himie thud chipl ng
il ng,lbtrn QU 15 p h ¥YAyénh 8 amwduig moi Byl acetag-n & phan
| p, tach pfn dung dc h | eic&ch a CAP. LHp 1Y qua trinh chi} 3 IFn.

M>u thu ¢ nh mduch a thanh pfin chloramphenicol3]: IBf m t thwich
dung dch ch a khdng 50 mgchloramphenicol vao ng ly tam thy tinh c6 chia
viehy, t h°m  t.Dungtic hn® €sau khi °dads@mungcdP L€
phantich (dungd h A) cv X @kl ph€hn AdCIS8/p dlizsh g L
¢ ¢ bi/h tinh MNnQ/ErGO.
c ) “iwnimXu md ong

X § ¢ nh Ehinh x4c CAP va TNZ trongm Md ong la &l ph ¢ t4 va kho
khtn, nguy {nnh nitg® rd €h'n gd aicchi@mir .&/ivdy, s kit
hpk thudchiflngilng v° ph€ehng ph&§p oph®ng t2cl
[151], [225], [245], [248]. Trong nghiéncu n " vy , p LSSAJEIV L @hkg p
hpvik:thudchiflngilng v~ quynh rdcir hng 210 L
dLbymX@vax lymx nce

ni "mhe:.cn€! ngi ki ©m@ (NY), ngay BY mXu: 18/10/2022
v tri By mxu: 162855.4R 1073 6 6 1 IPhOlL.&&; mX _rcaytd phong thi
nghi m Héa phan ticii Khoa Héahcit rm@nUh c Khoahci nUh ¢ HwJ
ky hi u mdu (NM), ngay By mxu 18/10/2022.

Mc LeavhclBmiunea stng(NXh<€l h nhngbaw!i c
n hidthhc aB nhvi nChet  t h €hmhinhi @ thud tb hinh thyn m:
-HW] trongd kit mi§y rhdch)ami €ilch ng.

Quy cach by mn & songvaldogdnmdu t he o ‘oh&rongtiguy L
chu$ Vi t Nam TCVN 6663 6:2018 (ISO 56676:2014) [2].
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Thi/tb Iby mX  _rc¥W ngang: Wildco 112@40 Horizontal Alpha Water

Sampler, Acrylic, 2,2 L.

MXu sau khiy “Lc€ g vao chai Teflonh thMtich330 mL. s a ou L -

L &l cquagbyi csith ytinhi glass filber (Pore size: 0,47 pm, Advante@d

may hit chan khéng\dvantecToyo Kaisha)Cac md €lc blo qun Ithh4 °C, $
d. n g Wphan tich trong vong 7 ngay.

- Can chinh xac m (g) X1 md ong cho vaong lytam50 mLcha 1 0 _mddvan
tr n QL(Vortex) trong 1 phut;
- Can 5 g mui NaCl tinh khit va tr n Qltrong 1 phdt. j

- Thém 15 mL dtyl acetaé (EA) va tr n Qltrong 1 phut;

-Lytam vy it ¢ , #000 vong/phut trong 15 phut;

- LBY phfn dung moi EA (cha chdiphan tich).

LHp 19 qua trinh 03fin ,  t° ko dunglmé EA (M, mL). k

!

-LbBy V2 (mL) dung mbéi EAvaong |y t ©m EA Baghlc ,h dii kho.

-Hoatan Bag Vs ( mL ), c ciln (~ 50°C) val ¢ blag mang'lc 45mm.

!

- LBy V4 (mL) dung dch sau khilc ¢ h o v “nghab éha HCIQ, pH 1,8 va

n&div a L0 mL (Veen);

-Tih h” nhh@APevaTNZBag phehnedgsH;8p LS

-nnh’°rg®ag ph€ehng pHEpPM).t h°m chu m
Hinh 2.10 Quy trinh x Iy m> md ong

2.2.8. Phéighlgy ph&p th

Apdng ph€ehnggp &8 yEtlihuthcnghim v~ L §nh

tincd/cap h©hng p h § paggahpdmmQn rigirh9.5pekel 2019
a)X § ¢ nhilkholng tuy/ptinhvaxayd n g ° hg@hun
- Kho['ng tuyh tinh
Gh i’ ngverampe hoa tan @ cac gng dch chidiphan tich cd'm g, thay

"i,da v~ o ncg§ cl «EMHehgituyh tinh ph thu cgi atinhiu d ,‘nhg

hoatanvam g, . L
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-Xaydn g " mgehu:

Chu{r b cac dung cch chi§ va dung cth phan tich.

Gh i’ ng w®nampe hoa tan @ dung cch chi va dung cch mX4 phan
tich. T Lhgvora mp e h, a nlBEval_ ng\8i qua tiinh hoa tan @ cac
ion trong dung ‘ah chu§ va dung ch phan tich.

Thémnhn g~ g€ n h € aduhgdth creX cAc chitl phan tich vao s

trdag va dung ah phan tich. Th hanh thém chép va milfnthémchirdfn L o

IHo 14 3 Ifn.

N/u's ph thu clatuyh tinh, khdng kHo sat€lamt ° Bhg®W dj n co
ph€ehnglptar®COn h :

Trong L -:L dic;blagiagrh & chH.

Hst€ehng quan:

2 (2.3

Vi 0,995 < R O /tinhedrt. t €hng quan
b)n&nh gihd&ycla ph€ehng phs§8p

-n, I 19 e tes mik quagia tr L | ch chug (S) hat | Lch chuq
t €h hi¢RSD)

n. I chchoq ¢ acac giatrrieng IOl ~  ektha ¢ abgiatrp h €hn g

B 8

3 —m3®» (2.4)

Trong xkgiatrd , n’'ghhfatanthi(f!)
8: giatr trung binhnca d  ‘nhoatant(!)
n: s Ifn thi nghim
h.c “hg&aislnhl @g (giatrl - ¢ c chipehh hay khong) da
vioh ph€©hng t r 3 n h): Hoowitzw\. id £ ng(s R S Dijtich i “lc# i
quan h gi a RSD va'nn g, chHiphan tich tuan theo cdng thsau:
23%$p ¢ M (2.5
Trong Ing, cBl: prh ©n’ chbidim (ddEy phan’s).
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RSDy: | Ilchchuo§t t €©h n &k hlinh e ghanltichcom g, Q
I' 0 cac phong thi nghin khac nhau @hgtlic p h€hng ph&p phon t

MHs kh8c, Horwigt % hdnlhxdhé agicah ci phan tich
trongnib phongthinghmvimt ph€ehng phBpdlpB@itb t 2 ch
IGv.i RSD ( %)=LUZRSBi$aRhs nhch ‘lce

- Gi i hth phat hin (LOD) va gi i hth "nh ° rig €OQ):

i) LOD x#& b theo phidlyyga+tbrxtanh h

R p—_ 2.6)

Tr on @il -lchchiqiga “lheghiquy;b:h s g- ¢ dE)l

i i) LODccltRq hingdhea ERA®I m« ph€dPAg ph
821-R-16-006[190].

MDL = t(.00; n1)*SD (2.7)

MDL: fithe method detection lindit” ‘& x @ktbalg ph€hng ph §
chi§.N'n g, them chd khdng2i 10ffn  MD.lc “®ge

t: chuy Studentv, i tvawel ‘@& traling” 9% mt Lvabdit : don-1(n
f i thiwi 1a7).

SD: L, I chchir ¢ acac muphantichBag ph€hng pf&p the

Giihth ‘nth "nge (L O®) x & dip ba hay &b b n Ifn LOD, 1a
m cnn g, thEp nhig achliphantichco6t’n h° nl g€ ¢ ¥®Q=(3+ 4).LOD
2.2.9. Hoa clit

Graphieht(f O 20 O mAldrichj Mg rHeSQr 98%, HsP Oy 85%, HCI
36%, CH:COOH 99% Merck, . @), KMnOs (Scharlau, Tay Ban Nh
MnSQ.4H0 (Trung Quc), DMS099,5%(Trung qu c). AgNPs CAS number 7440
22-4, <100 nmparticle sizeMerck,n_ c).

ChHi chufy chloramphenicol (CAP, GH1.CIo2N2Os 99,4%, S 16: QT 014
100712),tinidazole (TNZ, GH13N304S 100%, s 16: QT 095 07032R piroxicam
(C1sH1aN304S, 99,71%, 16 QT 017 07121pvaofloxacin (CieHz0FNsOs, 99,2%, S
16 QT 079 09061)¢c a Vi nkiwh nghimthuc Tr un B Y&hW gNam.
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T° n t hdhkthanh pfn vién nén CAPChloramphenico{ch a 2% mg
CAP v " c)t &comy® TNHH MTV 120 Armephacd/ién nén TNZ:Tinizol
(cha500 mg TN 2)¢atdngtyBrawh®aboratoriestd., [ nn, .

T°n t hvathanh pfin ¢ a vién bao phim PRXPiropharm(ch a 20
mg PRX Vvc)ga §c tdnéyc pt¥y ImdxgharmpPiroxicam(ch a 20 mg
PRX v 7 c)t &cony® Brawn Labroratories LiflIndia;

T°n t hYkthanph phn vien nén OFXPyfloxat(ch a 200 mg OFX va
t § ° ciicea cong ty Pymepharco,fl@xacin(cha 200 mg ORX;av ™ t
cbng ty Medipharco.

M>u md ong: nd ong r ng Ban Mé Thut ¢ aCong ty ¢ phfn mdt ong Buén
Mé Thu t.

Dung dc h" miBrittoni Ro b i n 'sndBR) tronk khhg pH 28 ‘Lc€huf
b t dung dch HsBO30,25 M, HPQy 0,25 M va CHCOOH 0,25 M. Dung’'d h’' mL
pH mong mun ‘Lc*€Ql ¢hnh bRag cach's d ng dung dch NaOH 1M.

Chdi[n h " g€

- Chil h u  cchlortetracycline hydrochlorid€C22H23CIN2Os.HCl 98%
merck) tetracyclinéhydrochloride(C H N O . H@Qbxycyc8ndyclatme r c
(C22H24N208.HCI.1/2H0.1/2GHsO 82,5%, merck ciprofloxacin hydrochloride
(C17H18FN303.HCI 93,5%,merck, amoxcillin trinydrate(CisH19N305S.3H0 87%,
mercK, L-Cysteine HSCH.CH(NH2)CO:H 99%, Trung quc), uric acid CsHaN4Os
9%, Trung quc), paracetamolGHsCONHGH4OH 99%, Trung quc), dopamine
hydrochloride (GH11NO2.HCI 98%, Trung quc), L(+)-ascorbic acid (6HsOs 99%,
Trung qu c), D-glucosemonohydrate (€H1206.H20, Trung quc), metranidazole
(CeHoN30s3 99,9%, merckvap-nitrophenol (CsHsNOs, Trung quc).

- Ch v i CaChz2H0, KSQi, MgCh.6HO, Alx(SQu).18H20,
(NHas)2Fe(SQ)2.6H.0, CuSQ.5H0, Ph(NOs)2, Zn(NGs)2.6H20, NHiCIl, NacCl,
Ca(HPO4), FeCk. 6H,O, NaxSQu ¢ a Trung Quc.
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CHhyNG 3
Ke T QUY VATHUO LUxN

31. T NG H P VxT LI" U COMPOSITE MnOJ/GO, AgNPs/MnO,/GO,
MnO 2/ErGO VA AgNPs/MnO 2/ErGO

nW ng h p nanocompositeMnO,/GO va AgNPs/Mn@GO, L'fu tiént ng
hp GO t heo ph-<€hMmtigh pthtQeosl cHilMancead124t(m, ¢
2.2.2.a); tIp theo tng h p MNO2/GO (m, ¢ 2.2.2.b) va & Ii u “ilch ng MnQy;
cu icungla v li u AGQNPS/MNQ/GO (m, ¢ 2.2.2.c).

Ti/h hanhkh[o sat va so sanh qua trinh kh'in héa Bag hai k thud: quét
vorii ampe vong (CV) va doiigh i gian ().
3.11.L achnp h©hn g khp h'& pda

Vd i ul achn Wth ng minh qua trinh KhL'in hoa la v lil u MnO/GO.
T r, €tién, tih hanh . 5 pL MNO/GO 1 mgmL IEnOmHy G CE. Sau kh
sby kho B g [ ngmgdh tiJh hanh kh vd Ii” utheo hai k thud CV va it. Qua
tinh kh L'in  h € a thvhi n trén hinh 3.1:

(b)

20 15 10 05 00 "0 20 40 60 8 100 120
E so v,i Ag/ AgcCl/ th> i gian (s)
Hinh 3.1. (a) n €ngtin hiu kh vd li' uMnNO/GO BRag voni ampevong(CV),
(b) n ©ng tin hiu kh vd Ii' u blagdongi th i gian ().
n KT:NMnBR(C=0,05M,pH=7) v = 100 mV/s,; ¥ = 100
(@) Erangs 0N 2 V, = 10; (b) Eeonst= -1,5 V. t = 120 s.
Qua trinh kh MnO2/GO brag k thud CV v, i10v.n g q U @tWhilh'€
hinh3.l.achotltdv . n g qfw @ n cols xubhi n peak kh cathodictd -1,68

V, va céc vong fip theo khdng con il hi n peak kh. S['n ph¥n ¢_a qué trinh kh
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bg k thud  C Vc kil 2u MNO/ErGQuv.

T€ehnchin3.1lbchraragt 0 Jikhdng 30 s, qua trinh khdi n ra
nhanh, _thhog@&gnlgn thhn B89 thhia€d, ngitkhynlg L§
kWva tin hiu”" n "nb 4 th i gian kh 40 str L i ilw-0,830 + 0,043 mA17].

n Qi nay thWhi ncé s kh ¢ a cac nhom chc ch a oxy trén v li' u MNO/GO va
vdliuquatrinhkhc i ngcch @ minhbi p h ®mpy tr LESS (Hinh3.2b).
SIn pin ¢ a qua trinh kh bag k thud i-t L ‘& ky hi u MNO/ErGQ..

800 - MnO,/ErGO,, 125 -
@ (b)
Cu 100
GCE
754
600
50
g Rs A —~ 251
ct
- 4001 MnO,/ErGO, 1 g 0
N = 5] ——GCE
—— Mn0,/GO
2004 -501 —— MnO,/ErGO(i-T)
Mn0,/GO -754 —— MnO,/ErGO(CV)
-100 1
0 T T T T , -125 T T T T )
0 200 400 600 800 1000 -0.8 0.4 0.0 0.4 0.8 1.2
ZW E vs. Ag/AgCI/KCI (V)

Hinh3.2@n th" Nyquist trong kholng tfn s
Li " n ¢h)@&§c v'€ ng CV tOMVist ¢ L, queé@
NKTN:  h M [%4 (0 B )nM, KCI 0,1 MEangs 10, 6 V L ANnOM®Is, 0 V,
Di n tich @QmHshod | nlig “nlhoa(A) vatngtr (EIS)ca kL d cbin
tinh khéng chlQcdp /itvi ¢ x '8hchdil t 2nhdacd i id ¢ macon nghién
c uvQquatrinhchuwi "Hi giactd ph©n "heéa.hQmayliélquan
LUh pin. n g " nlhéa Xy ra trén IQmH * i’d c. DI n tichbQmHsho% | nlg " nl i
héacacaclél "mdcbintinhyivdliu ‘lcenhhtodanda v - o ph<€hng
Randle$S e v ¢ ivkih lthuch nghch:
lp=2,691x16 %2 A D2 C \12 (3.1)
Trongdel - dpgA),blasLl’int t r aign=L1), Aladintich
bQmHbhott | nllg " nlhéal 'in ¢ c(cmd), D1ah s khuwkh tan ca dp [Fe(CN}J*
/4 trong dung cch (7,6x10° cné/s), C lann g, cla [Fe(CNy¥ /4 1:1 (5 mM) va
viatc , guétth(Vv/s).
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BfngC3clthtng s~ LHc tr€eng c., a¢¥is5mM. c. ¢

LO': C‘ i GCE MnO2/GO MNO2/ErGOi+  MnO2/ErGOcv
ATs (cm?) 0,036 0,025 0,060 0,065
Ret (KW) 0,124 0,726 0,188 0,147
R?A 0,9923 0,9678 0,9935 0,9953
R%c 0,9945 0,9566 0,9958 0,9958
lp.allp,c 1,05° 0,03 0,96° 0,02 0,99° 0,03 0,97° 0,01

Arg: diMh tich Znilt he' t inlg Mithda trung binhR% hMsXt = n g va lp\aiv'? ¢
(R?A: pht nanodig R ph n cathodig; Ip Aflp.c: t=sXchizZu cao peakanodidpeakcathodic
tXc i duét: p0,2 VIs MDA VIs(n=7), PAAIAc ], 3.

Qua hinh 3.2 valing 3.1, chothy d ,‘mhga L tid c MnO/GO-GCE la
nh nhilyv, i A7s=0,025crdit r ong khi 1d=003B€ck @ inAg L€
gili thich do trén @ GO cé nh@ nhém chc ch a oxydd JHL, o trén 0
mHb ‘dc k®m; cd¥ nihkémdéiih "mee qug til¥imh tr
t ¢ actdphan tich tren®mHb - ricic b hth ch] phu hp v i k/T qul Ree= 0,726
KW. KT qu L o cctRARi nlfn “kv@li ukh b3ag -tva CV IFn ° It 0EL88 WVva
0,147 N, t ©h mgy i di n tich QmH0,060 crdva 0,065 cri(blng 3.1).

KJT luch: mbo di KT quf vat | u kh bag CV chosliuft hhnt kh
(fngtr nh hhn ‘wtichiinkl n h hn  k h W.Agy nHiéd, khjap khg
vdliukh ca2 "Hécvi 2 p h€hntpngh i@ ghog [Fe(CN)*

(€= 5 mM) ngtihltiudgn€ n h € “ihgehinh 332.bLVidy, co thAl a

ch nm ttrong hai k thud kh 'Qu L 8gd t cho qua trinh KhLin h6aGO thanh

ErGO. Khis d ngl'inccbiptinhcfn Lo H#hiaan Rknrg€ t h3 ~ €u t
dng ph€ehng-tghntBigiankchodgb L'incckhdng 3 p’he¥lt ; ng
ph€hng pCN &hp th kglan choqi b L'in ¢ ¢ khdng 15 pht.

Thchin hai ph€hlhighdala&agho W i u MNnOJErGO va
CVchowtli uAgNPs/MnQ/ Er GO "t daanmulveEi udthgkh t €©h mgy
la MNO/ErGO va AgNPsS/Mn@ErGO. Cac mu vd li u compositel. ‘& Lo v "
ch ngminh&ltricbicacplehng ph&p phoendlsakch h-a |1
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3.12. Ph nhi_ u xYtia X
Thanh plin pha va B tric ¢ a cac i GO, MnQ, MnO2/GO, MnO,/ErGO,
AgNPs/MnO2/GO va AgNPsMnO2/ErGO L. ‘& mé 1 tU hinh 3.3:

—— MnO,/ErGO (ay -
—— MnO,/GO o 200
©» | —Mno, ° @ |AgNPs/MNO,/ErGO @
o = o (211)
—— JCPDS 044-0141 o
8’ © =1 201 4(101)
N > |AgNPs/MnO,/GO @n
o B 3 o (142)(241)
= = ! (K
c o o € |wno,ico
S 3 g g =] o e e (521)
(@] PO oo VNI ) i ) U o (@) (001)
g g 3 ~
o o s S *AgNPs
= =Mno,
GO @(101) 0G0
[ B T T B W TR : . . : . . .
10 20 30 40 50 60 70 10 20 30 40 50 60 70
2-theta (L, ) 2-theta (L )

Hinh 3.3. (a) Ph XRD ¢ a GO, MnQ, MnO/GO va MnQ/ErGO,
(b) Ph XRD ¢ a GO, MnQ/GO, AgNPs/Mn@GO va AgNPs/Mn@ErGO.

T giln ¥ XKRD L ‘& trinh bay trondiinh 3.3, \d li u GOt ng h p thanh cong
t graphiev. i c § ch il cac gia fr 2d kholng 11,2° va 42,23° c6 W ‘& gan cho
cacntbtinhttW( 001) v~  aginbnhlHb tt@h@ng ey, céoca GO
tJ11,2°chotlyfs t £ n gnglaetogia caclp do cac nhomclaoy ' « ° d’ci@n
vao cac |p Graphie. Giln © KRD ¢ a MnO2/GO (hinh 3.3.a), t4 ¢§ ¢ nhipeak goc
2d¢ al2,4, 26,8, 37,6 va 65,8° phl]°hp\4 i cac mtutinh thA(110), (310), (211) va
(002) ch ng minh dhg T n t4 1a MO, theoph chu$ JCPDS X 0440141[66],
[81]. Quéa trinkkh GO trong hp ctEIMNO/ GO [ ath dhié bag cach ap,chg
I'"in th]-1,5 V trong 12Gs (hinh 3.1.b) Sau qua trinkh ba g p h €hlnhighég@m h § p
c§c pteatkr, @@k h¢t ng ¢, n’ cghodiy rimBitt s EaCnhom
chc ntmoylcdilodh khiGO, th thanhvd li ucompositeMnO/ErGO.

M>U AgNPs/MnG/GO cho tisf cacpeak go@dtd 27,81° (111), 32,14° (200),
46,16° (220), 54,83° (311) va 57,49° (222) civth'@ gan chomu chu§ AgCl
(JCPDS ¥ 01-0851355 [34], [66]; bén éh h  &cpeakxuldl hi n tY 38,03° (111),
44,25° (200) va 64,55° (220) | md@thAL ‘& gan chanX chu§ AgNPs JCPDS X
00-004-0783 [22]. B ‘eckh L 'inhda cli cunghoan toan b ~ ilthanh AgNPsxac
nhch £ ng h p thanh congd I u compositeAgNPs/MnGQ/ErGO.
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3.13.Ph h ng ngdi
Cac mu GO, MnQ, MnO2/GO, MnO./ErGO, AgNPs/MnO./GO va AgNPs/
MnO2/ErGOc . n’ cL € bph B ng ngdd hinh 3.4:

MnO,/ErGO (€]

1570 1126 AgNPs/MnO,/ErGO

; 611

AGNPS/MNO,/GO ']' I
"""" N I 1602"% 1070

3398

856
MnO, GO 856
m 1734 1622 1051 584

b, truy qua (a.u.)
b, truyQh qua (a.u)

3400

3418

1630 502 416
T

4500 4000 3500 3000 2500 2000 1500 1000 500 4500 4000 3500 3000 2500 2000 1500 1000 500

S séng (cm) S song (cm?)
Hinh 3.4. ()Ph FT-IR ¢ a GO, MnQ, MnO,/GO va MnQ/ErGO, (b) P FT-IR
¢, a GO,AgNPs/MnQ/GO va AgNPs/Mn@ErGO.

Hinh3.4thwhi nph FT-IRgacacw li u, t r caspmeaktd di 502 va
416 cmi't €h ngy is d a ong Mri O trong &l triic MnQ octahedral caUMnO;
[231]. GraphenexidethWhi ns hi ndingacacnhémcle n £ gy, s llao
L, ng  d[i 3400 cnmitgancho-OH, t r o n g | kghHil734, 622 va 0%l Crii
1t €h ngy i cac nhém cadooxyl (-COOH) va epoxy (DOi C) [65]. So sanh vi GO
vaMnO/GOthwhi ns gifm L §Weea s id a ongtd 3400 cmt! va cécpeaktd
1730 va 1600 chh, ch ng minhraa g G O dkk salig@a trinkkh  L'in hoa.

Hinh 3.4.bvd li" u AgNPS/MNQ/ErGO do thsf gilm  L° §W/Qc & g, gla
'nhpeaktd dlit 3 7 0/p 3200 ct, ch ngt rAagGOL « khb thanh rGO. Dd. -
vi clod b cac nhémchc n £ ra@w tcohg quéa trintkh L'in héattb Qi ki n
thuch [ ichovi ctruyQhffi rtich, a0 Jfivic t L[md n¥h Hd acomposite
AgNPs/MnQ/ErGO[130].

3.1.4. Ph Raman
Cac ¢p m¥u MnOJ/GO, MnQJErGO va AgNPs/ Mn@GO, AgNPs/

MnO/ Er GO ‘., r ofihi®Raman Trong ph Raman cé thby rd rang 2
peak H 1332 cmtva 1607 cmt, 2 p e arkg t n€teyg gla Bband va G
band. T I c™@ g, IB/Ic biwi th m criloth [215]. “inv. i MnO2/GO va
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AgNPs/MnQ/GO t G-band va Bband c6tl' Ip/lc Ifn "It 181,19 va 1,02, cho

thby trong i triic ¢ a GO c6 gh cac nhém che phancctrén®mkb GO | " m t
s |@g lien K} CspP so vi C-sp. Trong k hEGOLva Mn
AgNPs/MNQ/ErGO cot | c@ g, Itllcgi a Ifink rt &81,46 va 1,26cho

thby s | “@glien kI ~  thgdtaphend ‘& khéi ph ¢ dfn sauqué trinh kh,

L Qu nay co th\Wili thich do cac nhémcltcha o x y’ clo&bh ré@bQmHy
Cuicung,l « ngthp ‘lc@tli ukh MnOJErGO va AgNPS/Mn@ErGO.

300+ b)

N

o

o
N

Cu ngd, (ar.b)

—— AgNPs/MnO,/ErGO
—— AgNPs/MnO,/GO

=

o

o
N

——Mn02/GO
—— MnO2/ErGO]| |

500 1000 1500 2000 2500 3000 3500 0 500 1000 1500 2000 2500 3000 3500
S séng (cm™) S s (cmd)

Hinh 3.5. (a) Ph Ramarg, a MnG, MnO/GO va MnQ/ErGO, (b) Ph Ramarg, a
AgNPs/MnQ/GO va AgNPs/Mn@ErGO.

Ngo " ikbor aair €t ga c hi® avipliing thAE, a vd li' u MnO; 1a d[i
hot  nf Raman thd (hinh3.5.a)[20], c6thWgil[i t h 2 c¢’mg MnQ theotind €
toan10% (w/w) trong vt li' u MnO/GO chiin £ ' thid . . dBséhg kich thich dao
L, ng 1 564,5 va 642,5 crhch ra raag dhg T n t ¢ a MnGxtrong m4 " ileh ng
la U-MnO2 [21].
3.15.Ph quanat ltdX

M ttrongnhn g p h €had gy & phong tin Dthanh pfin nguyén
t , tinh tthg oxy hda ¢ a cac nguyén { va dili tric electron canguyén't cé trong vt
li' ucompositda ph XPS:
ankb t r €n_ga MRKGY/BErGO

Ph XPS (ph g u a nmt tik X) ¢ acompositetMnO/ErGO chotly c'Bhc L
Lt r, ®&Clg Oks vavn 2p 1 284,6 5369va659,6eVt €hngyvis T ntd
¢ a cac nguyén tC, O va Mn trong MNn@ErGO hinh 36.4).
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PR XPS Clghinh 36b) L' ‘& phantéch thanhb n L'nh khac nhaut 28486;
2857: 2862 va287,8 eVt ‘€ h ngy i caclién kif C=C, GC, GO va C=0[240].

>

 50000- (b) C=C (284.57)
~ (a) Cls\ 8000
—
40000 ols 3
N N :
= Mn2p S 60004
30000 4 .
o \ o
. 4000 C- C (285.75)
20000 < C- 0286.21)
(o) Lo / C=0 (287.80)
o o e
10000 2000 4
" A\
0 T T T T T . 0 T T )
1200 1000 800 600 400 200 280 285 290 295
Ntng 1€ ng li°n k Nt n g ngi@&@nk/t(eV)
35
=}
@ 7000 © 6000+ (d)
~ ~ Mn 2pg, Mn 2p,,,
6000 A le |
5000 r DeV = 11.75 !
.| 50001 = Mn3*
(641.73)
4000 4000 1 , Mnd*
\ (653.48)
< c 4+
3000 - Y Mn | M
[0} QP 3000 \(645.10) ,,J"\\ (656.68)
2000 g W, £ W b
© MV‘MVAV W Lhald |
1000 4 20004
0 T T T 1 T T T T 1
525 530 535 540 545 635 640 645 650 655 660
Netng | € ng 1i°n Kk Ntng | € ng li°n k

Hinh 3.6. (a)Ph XPSg¢ aMnO2/ErGQ, (b) C1s,(c) Olsva(d) Mn 2p.

Ph O1ls c¢-nhtd8§&219, 97; 531, 3hgwitaclkenrlz , 70
oyt rong MmRrHVACOMHM nh 3. 6. cliégnki}lHOWvwaEGOH - |,
thu c vQcac phantn @ Lt ¥ ph vacac nhomchc  n tOmidg &rGO trong
MnO2/ErGO, va lién Kt Mn-O pht hp v i MnOs.

Ph Mn 2ptrong hinh3.6.dWhins c hi a t § amdspindaMg 2p2 €
(641,73 eV) va Mn 47 (653,48 eV) khpng 11,75 eV va cacling thailién ki1 héa tr
t ‘©h ngg a Mrf*va Mr#* [78]. PR Mn 2p c6 tW *& phan tictthanh bn "nb
641,73; 645,10; 653,48 va 656,68 ekinp 3.4d ) , t M@hri Mn*(2pHd),
Mn*(2pY3), Mn¥*(2p*?) va Mrt*(2p¥?) [69], [212]. S T ntd ¢ a Mr** c6 th\fa do can
b3 g ' nltich va cac viri tr ng oxy trong &l triic MnQ [69].

KJ qul phan tichph XPS tip t ¢ xac nleh raag vi ¢ f ng i p thanh céng at
li" ucompositeMnO/ErGO.
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b) Hon t r €n_ga AQNPSMNEY/ErGO

=}

H-O-H (532.7)
\

@ 50000 a) N )
40000 4 N
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p.
30000 4 /
o o| 0=C (531.1)
c < \
20000 4
ﬂq) Ag3d "(p Mn-O (530.43
© 10000 4 * ©
0 T 1 T T 1
200 400 295525 530 535 540
Nkng 1€ ng li°n k Neng 1€ ng |i°n k Ntng 1€ ng li°n k
> ]
© d) Mn 2p,, Mn 2p,,, © . Ag3dg, Ag3d,,
DeV = 11.61 ) (367.6)  (373.7)
= M e Mn** = #iDev = 6.07 ev
(641.6) Mn* (653.2) Mn™* T
i (645.2) (656.6) o hol :
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(J]
f s
I i
‘\,‘
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Ntng 1€ ng |li°n k Ntng 1€ ng li°n k

Hinh 3.7. (@) P XPS ¢ a vt li' u AgNPs/MnQ/ErGO; (b) C 1s;(c) O 1s;(d) Mn
2p va(e) Ag 3d
Ph XPS ¢awd li ucompositeAgNPs/MnQ/ErGO (hinh3.7) cho thy cac

L'n hHo L t r, €Mmg2p,© 1s, Ag 3d, va C 14 658,6 eV, 537,2 eV; 378,8 eV va
284, 6 e Vngcho €hmtg ¢ a cac nguyén tAg, Mn, O va C cé trong
AgNPS/MNnQ/rGO. T €hn,gh XPScaCls O1s v = cohmgigth L€
nh<e tr370Ph g 3dihinh3.7.e) chottbfs t § ¢ h  nnh @ ajAg Bd@
(367,6 eV) va Ag 3¢ (373,7 eV)m c tachn £ n gng ¥5te< 6,07 eV[10]

KJI qur pi XPS tip 1 ¢ xac nleh rag vi ¢ f ng h p thanh congrd i u
compositeAgNPsMnO2/ErGO.
3.16.Ph SEM-EDSva HR-TEM

Blng phan b nguyén't SEM-EDS cho th3} carbon mangan va oxrtdl ~ ni
LQu hinh3.8). M ts tY chHll (cac nguyén'tSvacCl) & ghat hin trong ph
SEM-EDS c6 th\kuHi phatt H2SO4 vaHCI trongqué trinh’tng h p GOt rc€ L -
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X-ray analysis (SEM/EDS) of MnO,/ErGO

Element Weight% Atomic%
CK 40.39 50.92
OK 48.01 45.44
SK 1.63 0.77
CIK 0.83 0.36

MnK 9.14 2.52
Totals 100

ull Scale 846 cts Cursor: 15 712 keV 5TM2kev@ats) cls)

'

CKal_2 0OKat SkKat ClKat

Hinh 3.8. (@) inhSEMc¢ a vd li u MnO/ErGO, (b) t' I thanh plin ¢ a cac

Mn Kat

nguyént, (c-g) phan b ¢ a cac nguyén tC, O,S, Cl,Mn.

Tréncachinh 3.9 (a)va (b), xac nkth s hi n di n ¢ a cac nguyén tC, O,

Mn va Ag trongcompositel’ € ng h p.

bOMHy

H hap[nhmapping chra phan b cac
nguyént L' ‘& hiw th trong cachinh 3.9 (c¢g) cho tiBf s phanb 'n g Quttén

%(B)
B

Element Weight%  Atomic %
CK 26.2 36.0
oK 58.7 60.5
Mn K 8.0 24
Ag K 71 14
Total 100.0 100.0

v
2,000 §10pm  —

-5

SElI 11kV. WD10mmSS30
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Hinh 3.9. (@) inhSEM¢ a vd li u AGQNPSMnO2/ErGO, (b) t" I thanh plin ¢ a
cac nguyén't, (c-g) phan b ¢ a cac nguyén tC, O, Mn, Ag(h,i) [nh HRTEM
¢ avd li' u compositeAgNPSMnO2/ErGO.

HRTEM "€ £dngWL8§ nh ¢i & apgNBsva NinQ:trén dil
trac ErGO thwhi n tronghinh 3.9h. B[ng phan phi  k 2 oclg a ¢at BEthwhi n
trong b\ B T n g c tihh&a trong khpngt 1 0/h 15 nmch ng minh v i u
fnghp c¢- kémaio tHh& hinh[nh HRTEM (hinh 3.9i) va cac bih
" i Fouriert €hmag( FF Ts ) cd &n dWaBhién cu s ti/p xdc giao din
gi acacthanhgin . Do [tig-cich diahcéc nibn ib 120,24 nm c6 W ‘&
hiw la mt(111)ca AgNPs, t r on dchéotHikholmgoéch khpng g | €
0, 21 nmmgt @htf391) ¢ a MnQ.. Cac ag ch ng nay chng minh s ti/p
xtc gn  g.lacac thanh gim MnO; va AgNPs trén il trac ErGO.
3.2. NGD NGVxTLI UMnOZErGOBIeEN T & NHNQG ICGCE XAC
nNH “iING TH | CHLORAMPHENICOL VA TINIDAZOL E
3.21.Lachn ‘'he¢clamvic

Di' n tich @QmHshot  nl'g "nlhéavatngtr ¢a Hdctfn v nc € i
bi/h tinh khéng chiQcdp JJvi ¢ x ‘@tchdiitinhl'in héaca "t d ¢ macon
nghién cuvQqua trinh chuyd " Hii gi achdl p h ©n " n@cc. hQumay lier i
q u aJinphin_ n g nlhoa Xy ra trén QMK dci c[71], [72], [117].

Di' n tich Qmrbhot | nig " nlhdatrung binhca ntdm fdcdc (t €hng
ngviSlodvdaliuph | ° nnclci GCEgtinktédnd a v~ "o ph<€hng
(3.1)Randle$S e v ¢"i vki h Lthuch nghch. Hinh 3.10.a, chr a ¢’ &ig vorl: €
ampe vong (CV).ca n tUn " dc GCE;GO-GCE; MnQ-GCE; MnQ/GO-
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GCE va MnO2/ErGO-GCEtY t ¢ | [uét th] 0,1 V/s trong dung @h bao gm
[Fe(CN)J® /4 (1:1) 5 mM va KCI 0,1 M.

150+ 1400

(@ (b)
1004 12004 M
2 Jees .
1000+ Lot 2,
50 & e, &
Z g 8004 ‘5 T L
< o ¥ v = GCE
GCE 600 1 ﬁg K4 ¢ GO-GCE
-50 —— GO-GCE o 3 MnO,-GCE
4004 A &
MnO,-GCE v MnO,/GO-GCE
100+ —— MnO,/GO-GCE 2001 ¢ MnO,/ErGO-GCE
—— MnO,/ErGO-GCE
-150 : . . . . 0 . . . . .
08  -04 0.0 0.4 08 1.2 0 1000 2000 3000 4000 5000
E (V) zZW

Hinh3.10.(a)C§ ¢’ nf &/ it c | fuétth]o , 1
khofngfns t 1 00 KpHO mHz;(b) C a

nKTN: h M’ [“Rlelf 50 KCI 0,1 M, Bngs i0, 6 V

Qua hinh 3.10, cho Hf

nay la do trong gl tric ¢ a GO c6 nh@ nhém che ch aoxy dq JJttinhdd "t i
GO cl ngw nhieb kchawjtrén QmH " id ¢ [52], [200].
Th°m v  omgld, ngh@ca c sa cMiO-GCE, MNQ/GO-GCE
vaMNQ/ErGOGCE ¢ a 6nsbyi 6CEwva GOGCE. MHkhéac, s chénh'lch
th/]l"'nhanodicvacathodiqDEp) ¢ a  n +Um " dciac ¢6 xu th]gifm dfn 120,476;

V7 tis Nyguist tdong
n £9m " rcicc.
L AnOM®Vis, O

kém ¢ a

0, 258, 0, 238, 0, 1GCE;,GO-GCH MMOSGLCE; (MWQ/GCE
GCEVaAMNOJErGOGCE (bl ng 3. 2d nticmdn@uhotn nig " oL "i
héac, %= oY9i Li n c¢c- s, [THMR&E nhau c- T

Nhey,vis gi a _tatbwag gfmcaDErga ntmc dtiGCE
LD MNO2/ErGO-GCE, cho tisf  t 2 n' h¢ adl i wecbompositeMnO/ErGO cé
thwelithin | B H¢a Hdc ,HoHt | d L[Hdao cagraphenexide
dhgkh v ddb Ik nchokint mhwyd "B v~  t )y bed tink
L"in hoa ca sensor oxy hoa khtrén Qmtbg a "tié ¢ L «c bilh@nh[29],
[42], [63], [72].

Ti/h hanh cac thc nghi m kh'o sat mi quan h gi a lbvafc , Huét th]
khac nhaut0,02V / $hOMOV/ s . Sa ungltam h @roryg™ dquy tiyfh
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tinhbMidinmi t ©hnga gd amhdarwtlic Ipa va cathodic Ipc) vavi/?2
th/]s€x § cn hL” ¢.dentich hdt  nl'g nhéaca5Idd " rdc (bfng 3.2).
Blng 3.2.Cac théngslkb t r.€n g tUm  rcic.

LoY "fdc

Thong s e GO MnOz _ MnOZGO MnOJErGO
_GCE _GCE _GCE _GCE
Ats (cm?) 0,036 0,015 0,047 0,059 0,076
Ret (kW) 0,124 3,90 1,79 0,726 0,188
lpa/ Ipc 1,05 0,97 0,93 0,99 0,96
DER (V) 0,476 0,258 0,238 0,109 0,099
Rs 1,00 0,40 1,32 1,65 2,13

Arg: DiM tich Z milt hat inlg MiLhbdg Ipalpc t=sX chiZu cao peakanodidpeak
cathodig DEp: Li IMh gua peakanodicva peakcathodic R: hMsXgQghZ PhA IAc 1, 3.

KJT qul tinh toan din tich thedpa valpckhdng cé s khac nhaurdt v © L -
L -, ¢ §di ntich tBingtbinh tronglimg 3.2 & gia trl” ‘& tinh thedpa valpc
MHkhdc c8c kJt qul clpav@lct ho whblycf né&m ¢
c- c8c gi 8§ tor) .xWImex vdyhn pnh[ [Fe(CNEF“ Li  n
la hoan toan thth nghch [42], [138]. CAc Kl qui c | ng I8t g tnkcic
MnO2/ErGO-GCEc6 h s n h § m _ hga ghQ(Roughness factor, {R: Aefi/ Ageon)
[148]1a | n nhdl (b[ng 3.2)

Cac K} quf vanhng v QB ° u t r ° ‘nc minh ah gg qliaic xac
'nh tr khang ca n tUm "rcoc (hinh 3.10.b). Mtm&t h  t €hn g&hl €hn
chur ¢ a Randles bao gn: L'intr chuyd " H fich(Re) , ntf ichll ~ rphan
(Ry), tr khang Warburg (&) v h dubig|p kép (G) .~ thi Nyquist g m hai
phfn, piFnth nhAElla vang gif ban nguyt  t €tgmn gtfns ca ¢b Lt r €ng ¢
quatrinh gii hth chuydd " H1t v~ ° dgnhcavonggibannguyt c h2cnh L ¢
s d n gWilh gia tr (Re). PN th hai la ving tuyh tinh. ng v i tfn S thg HE
t r€ng c ho, iklfukBurh tanf28],H63]g[12], [117].

N h 91 gkl ch ra’ hinh 3.10.bl'"intr chuy " Htich(Re)ga ntEm L
¢ ¢ GCE;GO-GCE; MnQ-GCE; MNnQ/GO-GCEvaMnO/ErGO-GCEIfn k1@
0,124 RV, 3,90 WV, 1,79 RV, 0,726 KV va 0,188 kV. N ay ST gul ¢ a EIS va
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CVlaphu hp. MMbdo RicaGCElanhnhd , nhcBhg hhniGOo v
GCE Quhay cotMgili t h 2 d¥¢ d GO lalEikém do con ni@u nhom chc
ch a oxy[52], [200]. MHukhac, tinh 8 "HgaMnGcl ng k®m nh+€ng
gil Butmee[29] cho rag trong h [Fe(CN)]¥ /4 cac tthg thaioxy héathh h hn n h €
Mn(I1) hoko/va Mn(lll) 1a §n p¥n ¢ apHn. nggi aMnGva [Fe(CN})*“ L. - n g
vai tr , Hxictd€ oxy ldakhh

Kiigucl ngng hmi nhtttig aliv@noMn@ Er GO L « |
t £ nghl 8 d ntich ©@mbhot  nlg nlhdavavaitrocaMnv ™ do L -
COthN " m t mmgdlcregh.nll nc c MNOJErGO-GCE ° ¢l@ chncho
céac thi nghim ti/p theo.

MHkhdag @mhcghB i tidc 'Lt tinh Rag vd li' u MNO/ErGO so
Vi c&ccl k hscehWht @ hinh3.Lv. i * o ¢ dbngg a CAP va TNZ
Il n h.hih, 2B Fn "ilv. i " fidc GOGCE va MnQ/GO-GCE. Trong khi
L - jivEhailod "rdcn GCE va Mn@GCE khéng xt hi n tin hi u hoa
t anQnaychngt hailod "ncicnaykhéngcohntng t2ch | Ty C.
tréenQmky "hdic tron di"an glélu. tNgodhg bihting
V. i compositegi a MnQ: va GOchotinhiu  k h §Hbbiawi, Er GO. i Ri °n
V. i GO-GCE va MnQ/GO-GCE, ntbdu v li ubin  t 2 nfu ladyaphrenealkide
(GO), nhe€eng s aphwsO I &, mdephfn domguét ticathodic
v doHH ntinkiwhdoatanca CAP v~ TNZ.ncoaysknh h;
thby tin hi u MNO/GO-GCEL" i v. i CAPva TNZL. n  h h iGCEB@n 1,5 Fn,
n h @y vai tro ¢ a MnQG la kha quan tmg.

0.0 0.6
a)

-|:|CAP
1= R

-0.41

-0.8 1

<
E 03]
-1.24 — GCE & 02
— GO-GCE 27
— MnO,-GCE
-1.6 2
CAP TNZ __ o, co-cee 0.14
— MnO,/ErGO-GCE
-2.0 00l — |
GCE GO

-0.7 -06 -05 -04 -03 -02 -01 00 01 MnO, MnO,/GO MnO,/ErGO
-GCE .. -GCE ., -GCE -GCE
EV) Lo Be c

Hinh 3.11. (2)C § ¢” nf KSAdCSV; (b) ¢ “& g, dbng ¢ca CAP va TNZ FuM.

Ipc (MA)
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N KT Maec=0,2V, tiee= 30 S, fest= 5 S, w=1000vong/phufErange 0,2V AT 1,2V,
v=0,2V/spH=1,8

3.22.4n h " hg& apH

Giatr pHgacacdungd h min h "t c - Thtin bi b lgdatan L
(th]]L'nh cathodicErc v ©  d 'nimcgthodiclec) v~ JJ@ ehquéctdnh kh CAP
va TNZ Xy ra trén IQmH * fici ¢ [127], [237].

Qua mts thinghimkho s &\ iri€ng t ng chdl CAP va TNZ Bag
ph€hng mm@Eponyvotrc & Huétth]0,2V/s trong dung'@ h” miBriton
Robinson (BR)'hn g, 005 M c6 giatrpHt 4 , Ph 11,7 (hinh 3.2):

<! (a —NZ <! — ™z
£ @ — CAP € (b) — CAP
< | pH: 4'2 ] < 1 pHZ 8,7
— s
~ fpHS52 — . | pH:94
T |l i —————
=g ] pH: 6,5 3 é ] pH: 10,2
s . W/——’

e QR/-
142 09  -06  -03 0.0 03 42 09 06  -03 0.0 0.3
E (V) E (V)

Hinh 3.12. (@), (0)C &8 c  nf&/'sca TNZ v~ CAPr Ymcdii °ng
MnO2/ErGO-GCE trong cac dungd h’ mIBR copH khac nhau (4,2 11,7)
N KT Macc=0,2V, bec= 30 S, fost= 5 S, w= 1000vOngphlit Erangs 0 , 21 1YV, L
v=0,2V/s pH (4,2i 11,7) Crnz= Ccap= 20 /M
KJT qu hinh 3.2 cho thb} raag:
)pHGgadungdc h ¢ " ng Jlhhncgng chtivihvphia &m va cé hi
t “@g xen ph L'nh hoa tan_ca CAP va TNZt ‘©h nny v Lk/T qul ¢ a nhém tac
gil Zhai H. [237]. Trongkhdn g p H, ndt@a®, 4h 11,7 cac peak hoa tafirg
nh€© tr¥%ng nhlhn Kh4w pHa ot wngdcidy/t rliec ¢ -
tach peak kha ré rangUrgia tr pH = 42, Ecap va Ernz Ifn It 1881 0,507 V vai
0,455V sovi n.dc Ag/AgClchénh’lchnhau ¥y X 0, 059 \4, troNgh € v
m! i ° ngt &idy/u Jitbaserb khd chovic x & & ni th i CAP va TNZ.
MHukh&c, thed62], [98]t r o n g = nu'baseva trur@ tinh khong thdn [ i cho
qug tr dielactran,rééa éjit I'd | ‘mhagd xl thgilm.
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i). T. vi ckhfosatpHt4 , sh1l,7tihhanhxaydn g ph<€hnf t r 3t
tinhmiquanh gi aBcvapH, Kl qu L & trinhbay h3 nh 3. 1°'Xca”™ t h
ph€hng tr3nh sau:

0.4 -

Eee (V) = i 0,330 i

R? =0,9537

L) = CAP

e TNZ
0,03

Eee (V) = 1 0,39

R?=0,9814

2 4 6 8 10 12
pH

Hinh 3.13.C § ¢” ng & quy tuy tinh gi a B.cva pH ¢ a CAP va TNZ.
X®t ph€ehnwgimttcH oxphodkh lién h p:
Ox + ne+ p.H Z Kh Y E=F8uwni (0,059*)pH (3.2

Trong L-, ppovonnahd ielectron trao L

Nheytheo phEemNemstBtdr Sikhiluviph€hng tr3nh h
S electrondgghhaiFns pr ot oni. Tt £ a0 Jphn_ adc a CAP va TNZ,
nhom nitro (RNO2) "kE®kuH nh€ sau:

0 Co
7 4
R—N R—N (3.3
N, N
Co o
V4 - /
R—N t2e — 3.4
N0 — DN 39
0] 0)
o OH
rR—n +2H R—N (3.5
\o_ OH
OH
R—N< -H,0 R—N=0" (3.6)
OH
R—N=0" t2¢€ R—N—O~ (3.7
T (3.3 JnL@3.7) | © UYgdhdnivi Lgqug trikiaehva?Hvao L

t heo JJEGE[268h n g h Phanglhda hgxfy ra xen I€gi. a qua trinh trao
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i "fti. Qmaylahoantoan phipvith cnghimlasel ectr’dn tr
ghd hai Fn S protonvachra’ ph€hng3.8.r 3 nh (

Y +
V4 +4e,+2H
—N > —N—0" 3.8
\\O 1,0 R—N—O (3.9

Ti/p theo, RNO' khénglh v  dyradudtriinhrth pr ot on. n
g i aYh nhar.

R

H
. /
R—N—O~ +2H R—N\ (3.9
OH

Tom G, kifh pyimts congbt rec€ c Aphfo m g nlhéa ca CAP
va TNZ (nhém nitro RNOy) x[y ra trén IQmHb " 'cic MNOJErGOGCE t heo ¢

(0] H
V4 +4e,+4H" (3.10
R—N > R—N .
-H,0
N, 2 Non
C. thwa:
OH Cl OH Cl
H H
N N
O 2t oYY
"""""" i S A
Ny : HO ¢ - H,0 EH\N : HO
AL b
[ e
(0) H E )\
Xy . CH; : SN CH;
| +4e,+4H P 31
o > L....OH_; .
o (3.129
0—S—C,H; 0—S—C,H;

V.im c ’ ' 2 ¢ h'nlh™nd th BCGAP \a TNZ, ﬂpthzo khghg p'H L€
| achntrong nghiéncunaylat 1, Th2)8s d ng HCIQ: 0,1 Macid W Qu
ch'nh pH ¢ a cac dung'@¢h[7],[237]. K/} qu ch'ra" hinh 3.14, cho st kh[n £ n g
tichpeakgia TNZ v CAP r » r hgagdthpHal t Jhoth g m?
=2,1. Trongkhng pH 2,4 v~ 2,8, C &ro raqg eadhan h | a
gia h'ah Kh&§Qoxtd ihob g©y kh: - ckith'm géngo vi
thihaidht TNZ v~ CABhgaD Tmig cllYrd pH=1,8 (78,85m)
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v

safmndn: kdii tadumgdhbHinc n® n~"y I/Jhvia qua
khi kh[o satfn h * mg@©agiatrpH g acacdung'd h' mlhh h hn ‘chRags t r
acidc, a TNZ(pKa=4,70)[255]va CAP pKa=5,52)[229] sEX[Y ra qua trinh proton
héamts nhém ch cacidbasetrong phan't TNZ va CAP m?! i ° ngaci@nthh
[206], [243]. Chinh vi vy, c6 thM ~ m  f ihcily tLr @hody[nbi th gl
| “@g g ph ¢ a CAPva TNZ len®miy ‘idc v~  [thd & kin
hi u hoa taff103]. Vi vdy, giatr p H | ~ ° clcho8a thict€hp nrHiva | a chn
cho cac nghién a ti/p theo.
O-a) ’ 90 - r-0.1
2x10° 4%/ 80- 0.2
-6><105-7 — pH1.8 60 +-0.4
\A — pH21
-8x10°4 pH 2.4 50 -0.5
pH 2.8 °
-1x10* T T T T 1 40 T T T -0.6
-0.8 -0.6 -0.4 -0.2 0.0 0.2 1.0 1.5 2.0 2.5 3.0
E (V) pH
Hinh 3.14. (a)C § ¢’ n§G&¥ (phfncathodi)gca TNZ v~ QAB tr °n

MnO./ErGO-GCE trong cac pH khac nhau (1,2,8); (b) S bi/h thién ¢a lrcva
c § ¢ ng:ff@quy tuyh tinh gi a Brcva pH.
N KT Maec=0,2V, tee= 30 S, fest= 5 s, w=1000vong/phufErangs 0,2V AT 1,2V,
v=0,2V/s pH=1,8.Crnz= Ccap= 10 7M.
khi flEnhgad™HNZ hyv -
dch chuyd vQp h 2 a @ may chmg t proton c6 tham gia vao ph_ n g nL i

Trong khdng pH nghién cu ,

QCAP I

hoa trén ®mHy " id ¢ [102], [158], [211], [237]. Gi a BecvapHcOmi t €hng
quantuyp t 2nh theo c¢c8c ph€ehng tr3nh:

TNZ: Epc (V) =-0,027i 0,138 pH, R=0,9700 (3.13

CAP: B¢ (V) =-0,1751 0,131 pH, R=0,9698 (3.19

‘tep dngt r ong
p h €h n g3.13 va& @), clfo thby gi a Becva pH c6 mi
ttvih st €©hng . mlaomoo va 0,9B. Cachs g -

Cacgiatrl dc
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| “@1470,138va 0, 13iLi L TNZ v~  &AsPprotoNlia d hai Fn S
el ect r'atrongtpifrao g L't 'm% o MAOJErGO-GCE [ € tinH:te@n.

T cac K} qu néu trén, chng minh Aagion HL « t ham [ming Vv~ o
L'in h- a Rcapgrhn g mhoacotklyraquacab & nh€ sau:

i ) . Tr o mgacidritihh, phan €TNZ va CAP b proton hda ¥ céac
nhom ch c acid-base[206].

i). Ti/ptheocacphantT NZ v~  CphoP o b « h blam giacdrén @
mHy “ricicbihtinhvabkh t r o n g Yhogguéatifjhod tarcathodic
3.23.inh "hge at'c | fuét

nNW hi Wu r» vQ L, ng h ¢ c¢c_,a phlfn _ng
vi ¢ th3 vi ¢ nghi®°n c¢. uvs V/[snh Lhjg ntg? r
tan(lrvab) c, a TNZ v~™ CAP bkYmpge phehgn Cvh 8 d
Trong nghi°n ¢ u MNOYErGOSCEvVd . in gk hloi[ nng og uck
0,05 V/s hgm3.1e), 50 V/s (

0.0E+0 -

-3.0E-5

-6.0E-5
<
0-9.0E-5

0.05 V/s

1284 0.50 V/s

-1.5E-4 1

-1.8E-4

0.8 -0.6 -0.4 -0.2 0.0 0.2
EV)

Hinh3.15.C§ ¢” ngll8V ¢ aTNZvaCAPviO5n  IHwIdtH10fc | L
quéttHjt 0, 0 5 JF\O/5@ V/sL
N KT Eacc=0,2V, tice= 30 S, test= 5 s, w= 1000vong/phifErange 0,2V M11,2V,
pH = 1,8.Crnz= Ccap= 10 /7M.
a) X § ¢ nhlgua trinh khuJ/eh tani hbp ph,
Theo RandlésS e v ¢ ii & i,m tlph[n_n g ~nlhéa td thuch nghch gi a
d, ngh(lpv" cdthaichfc  Huét(Vd)L‘&thwhin qua ph<€hng
319 nh€e sau:
lp=1(2,99.16) n (@ana )*?ADo*?Co VY2 Y Ipc = K.\WH2 (3.19
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Trongdel I - d'nhgagchiiiphantic A) , ~ & chuywt hiti,n
lat ngs L'int chonkhtrongmtphant ( mol ) tr onghdg @ tr 3
_ng nlhoa),alas L'int chonkhtrongmtphant ( mo |l . x tre& ' L
tc Hfuéttd] A "dtichhddi nlg nthéaca Hé¢c(cm) Dolah s
khwkh tan ca cHdl phan tich (crffs), G" n'n g, cbl phan tich trong Ip khukh
t § n° ctinh@®p X Co:n'n g, bla ffu) @nol/cn?), viat c = Huét tH](V/s).

1504 5.5

a b
) Ipc (MA) = (i 2 9 ,°8,84) + (7,06 ° 0,35) v}/ (mV/s)'2 )
125 2_ 5.0 m TNZ
R?=0,9964 =
|n(2|pc) 0,2313 + 0,7494 In(v) o CAP
. 1004 4.5 R“=0,9975
E )
_ﬂ.
5 75- T 4.0
_& -
50 3.5
In(lpc) = 0,6099 + 0,6669 In(v)
] i R? = 0,9966.
25 lpe (MA) = (i 17 ,°®,29) + (5,83 ° 0,23) v2 (mV/s)? 30
2 —
0 T —R =0,9977 ] 25 T T T T T .
5 10 15 20 25 35 4.0 45 5.0 5.5 6.0 6.5

(V)2 (mVis)2 Intv)
Hinh 3.16.(a)C § ¢’ nf M quy tuyhtinhbMWidin t €hn galevaaf gi
va(b) gi. aln(lpc) vain(v).

T cac K} quth cnghim, gi alpcvavi®2cémi  t ©h nHichlguia n  r
s t ©hn g fng Ut$89,9%4(TNZ) va 0,997 (CAP) (hinh 3.6.8). Qanay cho
thBy rang quétrinh chuyM chit bOmHs " iid c vao dung '@ h * d kiSh soat
b3ag qua trinh khikh tan.
TNZ: Ipc(MA) = (1 29,96° 5,74)+ (7,06 ° 0,35) V2 (mV/s)V2 R2 = 0,9964 (3.16)
CAP: Ipc(mA) = (117,62° 3,79) + (5,83 0,2) v¥?(mV/s)2, R?=0,9977 (3.17)

Tuynhién tr ong h a(nhB8B8H1g va @19 coltac gia tr
hschd (Il ntercept) |Hkhak, h§& cgocz(sope) tro(gih@io ) .
p h €h n g(hirth 8.8.0),H3.189 va 3.19 biWi dj n gi a In(rd) va Inf) cé gia tr
14 0,7479 (TNZ) va 0,6669 (CARYuIn hhn A@i & &fxvi'l ox

TNZ: In(lpd) = 0,2313 + 0,7494 Inf, R2 = 0,9975: (3.19

CAP: In(lpc) = 0,6099 + 0,6669 Inf, R?> = 0,9966. (3.19
N h @, theo céac tac §i[166], [177],[199]q u § t n hda ba TNZ va

CAP XyratréniQmts "dcc ‘lequyl niibiquatrinh g ph,t cla TNZ
vaCAP bhbb ph trenQmkby "icicbih t 2 nh thBmgaugi ai Lo
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b)X § cnhlh s chuywi K
KhiQedi /Imii t ©hn gathlinhvatg j quéttH]l iv, ih bt
thuch nghch, céac tac §i[12],[39],[208]lL « L<€a ra ph<€hng tr3nt

1/ 2 T
Epc=E"- === 0, 78Gy+ DnH=in (3.20

ungF

Tr on g°(\Y,lath]dy hda tieu ch¥ dp oxy hda kh lién h p. Gia tr
n"y clLe@@klals chdakhixdGydngmi t ‘©hn ga Hvaa inhg i
3.17.a),tclangdsuyt ph€hng tr 3wrl®[136n[252]l.gi § tr

Nh&y,v c8c phe€ehmrRyvat323 gatr Ef Sa TNZ va CAPla
E°nz =10,207 Vva Bcap=10,343 Vsovi ' ncic AglAgCl, KCI 3 M.

TNZ: Epc= 0,207 7 0,0002v, R? = 0,9661; (3.2)
CAP:Epc= 0,387 0,0002v, R?> = 0,9659. (3.22
e Ec = 0,2066vi 0,001 1b) Bpc = 10,0704V

0201 m R? = 0,9661 -0.201 R? = 0,9802
-0.254 -0.254 m TNZ
m TNZ e CAP

?G -0.30{ e CAP 2 0304
it E.e = 0,3425 i 0,00 £
W oo35{ @ o W 0351
=0,9659
-0.404 -0.40
0451 045 Epe = i 0,1933v)i 0,036
R%=0,9791
-0.50 T T T T T 1 -0.50 T T T T T 1
0 100 200 300 400 500 600 35 4.0 4.5 5.0 5.5 6.0 6.5
v (mV/s) In (v)

Hinh 3.17. (@)C § ¢’ n§ & quy tuyhtinhbWidin t €©hn gaBavan g i
(b) gi. aEpcva Inf).
Theo céc tac §i[39], [161], [208] gia tf h s chuyd " Hi (a) "It &c
I"nh théng qua gia'th s goc(b = (0,5*R*T)/@*na*F))ca p h<€ehn'gquy r 3 nh
tuyntinhbWdinmi t €©hn galyB)srin(ghinh3.7. b) . dNhi€ v
s L'int t r aida4lacachs g - ¢t fgHan0g332p h €hn g8.28)v& n h
10,0364p h €h n g(3.24)r dhn KTNZ va CAP, cac giath s chupd H i
L ‘& tinh toan la 0,387 va 0,353iV\TNZ va CAP.
TNZ: Epc=1 0,0704i 0,0332 InY), R? = 0,9802; (3.23)
CAP:Epc=17 0,1933i 0,0364 In{), R2 = 0,9791. (3.249)
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3.2.4. KHosatln h *hg& athWich va li' u MnO2/GO

Thwtichvd Iif u MnO/ GO dWhilg L 2 n & c glassycarbon[nh
he g L Qhg nktich @mHshot  nlg " nlhéga  daycamang e |i uva
L % ‘H¢a sensorfnhk “me@ol d mhdoalkanca CAP vaTNZ
v’ ni%yca ph€hnToWighhdslipu.bij tinhl ‘& khlo sat Bag cachby
thWtich chinh xad3ag micropipet 1 pL LU 10uL MnO2/GO 1,0 mg/mLnh gi t
| ° nnclciGCE (@ =2,8+0,1mm) S a uhh&nhkh bfig p h €hdomg
- th i gian (-t) trong dung & h" mIBR (0,05 M, pH 7,0. Ti/p theo ti/h hanhquét
th/Jtuy/h tinh LSAdCSV v is c6 ntug a CAP va TNZ

0.0+ 0.1
a) —1nm b) —=— CAP
— 2 —o— TNZ

-0.2 — 3 0.2
= — 4nm
-0.4 — 5

N =t
oe/—q \/ —m

g
— o
10m
-1.0 T T T T 1 -0.5 T T T T T 1
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0 2 4 6 8 10 12
E (V) V ()

Ic (MA)

Ipc (M)

-0.4
-0.84

Hinh 3.18. (a) C § ¢’ nf MSAdCSV ¢ a CAP va TNZ vidb) s bi/hthiéng a lec
(mA) theothWtichvd [ uMnOy/ G Qh L d |, ‘mhdnoa kan ca CAP va TNZ.
N KT Macc=0,2V, tee= 30 S, test= 5 s, w= 1000vong/phitErangs 0,2V LMT1,2V,
v=0,2V/s pH = 1,8. TNZ 107 va CAP 107M.
K/} gu " hinh 3.Bchothbl raa g, k h Wich tt1n 15 nihthi dong
L'nhcathodic(lp)ga CAP vQ TMA gL /JpNbd ©n dMich ¢ & \at

phsg

i"'u®ng ngivipcdQdv' 'y cl ng t tfmg "~ ddadth ¢hjqua g i

trinh chuy kh i dX Ji's t r aio " nliitrén OmHug a . d ¢ bih tinh khéng
thuch [ i. Vi vdy, thwtichvd Ii' u MnO/GO 1,0 mg/mLbi/h tinhla5nmL L ‘& | a
ch n cho céc nghién w ti/p theo.

3.25.4n h ‘“hge ath/jvath igian lam giau

a) Th/jlam giau
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Th/jlam giau Eacs V) [N h * g@hiQu JJLtin hi u hoa tanled va s xuki
hi n hay ntl peak hoa tan @ chdl phan tich.

0.01 00
3) A “1b) —a— CAP
— +04V -0.14 —o— TNZ
— +03V

—_ +0.2V -0.2
-1.01 — +0.1V

— 00V -031
-151 — 01V -0.44

— 02V

— 03V .05
-2.0 — 04V

-0.64

-2.5 T T T T T T T T 1 -0.7 T T T T T
-08 -0.7 -06 -05 -04 -03 -02 -01 0.0 0.1 -0.4 -0.2 0.0 0.2 0.4

E(V) Eace (V)
Hinh 3.19. (@)C § ¢’ nf MSAdCSV ¢ a CAP va TNZ vidb) s bi/h thiéng a lec
(mA) theo th]lam giau (n = 5).
N KT Mhéc=30Ss, test=5 s, w= 1000 vong/phut, Bnge 0 ,MRT1T1L,¥V, L
v =0,2V/s, pH = 1,8Cnz= Ccar= 10 nM.

Qua hinh 319.b nhch thb}, Eacct -0, 4 JNWOALV thi lpcg a CAP va TNZ
LQ t m gvidd cLYKEY Eac= +0,2 V. N ti/p t ¢ gilm dFn Eaccthi Ipc LQu
gifmadn . Rii% NTINZ khi Eacc© m i GhinV, peak ca TNZ khong xiihi n,
t rong khjaCAPRPgIm pleSankg peik hoa tan co tin i rk thip td Eacc
=70,4V hinh 319.a. Hin ° hg@ay c6 twili thich 1a CAP va TNZ c6 b htip
ph trénmky "hdc ‘tngethgphantdo c8&8c t €hng PpP-8c nl
p, tt lién KT hydro gi a phan't b hgd ph va vd li u ErGO trén PmHy " nidi c
v’ t €hn g nivéderWaals[87], [149]. Chinh vidy, t4 cac Eccgfn th]
hoa tan (ko) ¢ a TNZ va CAP, hiu gqu lam giautrén®mkb "cic | © kht ng
kKWTrong khi, td]l © m g i ~ upct@ peakhoantanmi hoan toanT4 cac gia
tr Eacclai0,2 V,10,3 V vai0,4 V, peak ca TNZ khong xil hi n (vong tron mau
I trong hinh 319.a). Vi W, th/]Eaccl ~ + 0, 2 aWh nlch® cac nghién @
ti/p theo.
b) Th i gian lam giau

Ti/p theokh[o sat thi gian lam gidu ¢, S)t 5 B 18D s (hinh 3@). Gia

trlcca TNZ v~ GCAPS5t Qs vingia lcva tect £ rHbuy/n

-0.5

lpc (M)
lpc (MA)
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t2nku nigthihif® trong c8c.2pwmE@aGg Nhefphg kB
tC t kot g7 5t /B 12@ s thidct £t ng dnhv&|ncthhn ptgrO rmsh €|
khing it haghd k

CAP: Ipc (M) =7 0,1607 0,010 tec(s), R = 0,9912 (3.29
TNZ: Ipc (M) =i 0,087 0,013 tec(s), R = 0,9922 (3.26)
Nhexl8« L nh ° tr°n qu§ tr3nh | " m gi
ttnRee -t thwW dXn LJn s b«o h,a chblt phon
[103]. Song, LW gilm th i gian phO®nald2ch
30 s |7 th2zch h' p.
0.0-‘ b)
z ’g 04 =’i
£ ~ |
Z) Eos ].
—&,0,8_ Ee « CAP
z : . o TNZ
1.0 . i ; ;
cw) 0 40 80tacc (S;ZO 160 200

Hinh 3.20. (@)C § ¢’ nf MSAdCSV ¢ a CAP va TNZ vidb) s bi/h thién calec
(mA) theo th i gian 1am giau (n = 5).
N KT Macc=0,2V, test=5s, w=1000 vong/phit, Bnge 0 ,M271,¥V, L
v =0,2V/s, pH = 1,8Cnz= Ccar= 10 nM.
3.26.4nh "hgeg atc , fuétthjca ph<€hng-Agdsgp LS
M ttrongnhng ®&wcd iphehng ph8ptbh§VAatwht ct hi
tihh"tc , €ao hhin ppho€hvng ph8p xung vi phon
h u \Wh pay €lam gim th i gian phan tichi nhiQu khi phan tich i th ¢ ]
inh “mg€afc  HuéttH]l ‘& nghiencut 0,2 5 VH0s3V/E. KT qu
hinh 3.2 cho thiy rang:
Khitc  Guétthlc " ng tJEnhdgatah ¢chapdFnvQp h2 a ©m h h
Th/JL'nh hoa tan (E) gifmquatrinit £ n gh ttuzyn m gvdl, gl hiiatan
(lrd t L MmginhtHiny "€ n”"y ho” " nnhe&ivid tp@hahg gt p |
vorrampe vong;
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Khi tct nigétttd] pifnldmgia h'mah H,a tan cQng t
naycothMgili t h2 ch | "¢  diudttRdd /s bifghienth]t r °n L
cclamvic ttng tdheoTNZ pthfa th3 “~GdRnvdtkc b
hi nquéatrinhkh. TUt ¢ | uétth]0,2 V/ss t § crh hda tan vi DEpc +0,139
VIal nnhdiva lbcc a CAP va TNZfn I 18&0,4194 mA va 0,4376 mA vV L
I chchiqr t €H & g,2% va 2,28% (n = 3). Chinh vi vay,ct . Huét th]v =
0,2V/ s ’lcl ach recho cac thi nghin ti/p theo.

- 0.0 r-0.20
0.0 a)
-0.14 0.25
-0.31
—~ ~ 0.2 0.30 __
g 0.6+ g/ >
-~ 0-0.3 0.35 &
] 25 mV/s o Ll
- -0.94
l 044 0.40
1.2+
300 mV/s -0.54 0.45
-15 . . r r " -0.6 T T T T T T -0.50
-0.8 -0.6 0.4 -0.2 0.0 0.2 000 005 010 015 020 025 0.30 0.35
E (V) v (V/s)

Hinh3.21. @)C § ¢” n§ KSAdCSV¢ca TNZ v~ QA PMIO/EIGO L i
GCEvicactc , fuétthkhac nhau(b) S bi/hthiéng a lecva Becv. icactc
L quét th]kh&c nhau
N KT Macc=0,2V, tee=30S, test= 5 s, w= 1000 vong/phut, Bnge 0,M11YV,L
pH = 1,8.Crnz= Ccap= 10 7M.

3.27n IHIG v tailHpga Bé cbintinh

n. IH 1Y (Repeatability v tai I (Reproducibility ¢ atinhiu  Lre) ( |
lacacyptf [nh "t L@y, thedyca ph<€hng ph&moéap h ©n

Lkobit | ° t r on g nhsegendith i pde &t phan tich.
n, Ipl4 v tailHiga " tid cbihtinh MNQ/ErGOG C E ° ¢ nghién
cubldg phehn@dgsy. €4cthinghin Tc@/hhanhsaulfh Lo | i °

ti/p cach nhau 30 phut trong dunghli HCIQ: pH 1,8 va'hn g, c¢la CAP va TNZ
A 10 uM, milfn  HwIY 06 (sau)fn (n=6)vab Ifn Lo tiéd.

N h ‘©hinh 3.22 cho th},” hai fn L' onhHiVé& th hai cac gia trlecc a
CAP v~ QffMzrakhigi ihthm+3sv ™ do LImithirnghimugig
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Lin ¢ ¢ b tinh m i cfn thi} phli oY b, hai Ffn  Lfo tiéd (n = 12). Trong khi
t Ifn L. o0 3uUhifn L ol5 #Hib[ cac gia frriéng Mo(xi) Quln_m trong khdng
t m+3s LJhmi 3s,t clarfm trong xac sHitin cdy 95% @ = 0,05)[129].

1.® CAP 1w TNZ
251 -0.251
025 m= -0.4914 mA; s = 0,01779 mA 0.2 m=-0.5137 mA: § = 0.01779 mA
-0.30- -0.30
< 035 < 0354
S S
= .0.40- @ < 040
¢ m+3s £ (:')
= .0.45- L] m+2s = -045 78 m+3s
VY » o ¥ m =, M+2s
-0.50 PR R AL -0.50 Y TS &
] 1 M m
5 = m-2s R 2 | v
-0.55 4 m-3s -0.55 1 — - m-2s
m-3s
-0.60 —— T -0.60 ——————T—1——
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
Gi_a c8c | fn Lo I} Gi.a c¢c8c I fn Lo | Ry

Hinh 3.22. Gia tr dongcathodicg a CAP va TNZ sau 15h liéotc,milfn L o
I 1906 Ffn (h Ifn  Lfotién),mvas L ‘&tinht Ifn L o3 MLAS5, n = 65.
Trong cacfn L o  dgiatrt Ichchogg t €Hng( RISD)hgtdao L
0,32% /P2,8% (n & iEBAPVEL1®% J/P3,77% ( n & iFNZ Khi
x § cnh RSD cholfic[ cac fn  [(h& 65) thi RSD_ca gia tr Iec G a CAP va TNZ
fn kel " 3,62% w, BPIYEamcac ghliriesLl'viv i CAP va
TNZ la hoan toan dip nhch  ‘lc:@Hb  k h §c, k hHp 1Y song vec&ach L
'n h” ngth i hai chdi phan tich c6 cha nhom nitroi{NOy), gia tr RSD lathp h hn
kha nhiusovicaccongbt rce L[12F], [237].

Ngo i Wkivh, t & lHbga HETc, n tnne ¢ bilh tinh
MnO2/ErGO-GCE( t ‘€mg i 5 Ifn bi/h tinh khac nhau) ‘& chiq bt €hng t
nhau v~ L @aGAP vagiNAOuM trong dung cch HCIOQ; pH 1,8, m i
Ifn L ofn @Bt cl(h 02 Fn  Lfo tiél) va trong mi Ifn  HwIY 06 Fn (b
IFn  Lfa tiék). Ky quf giatr L Ichchoq t €H((RED)Ea ntmecd i
khac nhaufin "It @k i CAP 144,56% (n = 75) va TNZ |1a 6,13% (n = 75) (hinh
3.23) . Qumay chothy  HilHpga "¢ cbihtinh MNQ/ErGO-GCE la Hi
t' t. K/} qul nay c6 tWkh3 g ‘'nhiraa g nlcic glassy carbon Bn tinh IRag
MnO2/ErGO thichhp WBpdng ph @mgthPCGARVAIINZIBag ph<€hng
phap thém chyn.
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-0.45 )
a) CAP 1 b)

t ‘E:“E TNZ
-0.50 0,501 -

lpc (MA)
)

-0.60 1 l -0.60 4

-0.65 r T T T T -0.65 r r r T T
1 2 3 4 5 1 2 3 4 5
S IFn LHeIYW tr ° n nc &&hadrhau S Ifn Lo | Hp | Yhc tckifamnhaugc |

Hinh 3.23. Gia tr dongcathodicg, a  5n clcikhdc nhaf t € g gi 5 Ifn
bi/j tinh kh&c nhay)m i Ifn bi/n tinhLl. oHp IH 151Fn (a) CAP, (b) TNZ.

3.2.8.in h " hg& acacchlcntr

n nhiy viechnlcga "Hdcbintinhlamtyut rbquan frng khi
phon “ngtlcilCAR va TNZ trong cac B thd  n hXe: "c@hXn, th c
phXm, sinh héa va B rc:@v t s h p chdll khang sinh ca nhém tetracycline
chlortetracyline (ChTET), tetracycline (TET) va doxycycline (DOX), ciprofloxacin
(CIP), amoxicillin (AMO) va cac ‘hp chi khac 1a L-Cysteine (L-Cys), uricacid
(UA), paracetamol (PAR), dopamine (DA), ascordiid (AA), glucose (Glu) va hai
h p crEl metraiidazole (MTZ) va 4nitrophenol (4-NP) ¢ | n g nghién cu’ €
[Nh "¢ DnhmdaptaicaCAPVATNZbn h "¢ L Blhig i thom
chilkhang sinh TETvaUAt | n'n g, 04 (M/M)va1,0(M/M)yisaist €hng
i (RE, %)d aonglt ~10%h L 20 % ‘rcikehe hihke3.2.a phfn trong
ngohb” tr. choanh Iatl n'n g, (M/M) gi. achlicintr va chdi phan tich (CAP
vaTNZ).n Qunaycotithorra g t r o n ggacid{pH=1,8) ghan't ¢ a cac

chil [ protobh h6a¥ cacnhom aming181],[243]v© do L -, tU&éhng t
V. ivdli uMNO/ErGObIin t 2 n hnctcIGER Chinhvidy , tr oshg gi @
lam giau cac phantn ©~ y Uwcacvtir 2 | "m gi "u qmubként €hn

klf hydr o wpgita€is oktjva Er6 @GCE[88],[104]. “iv. icachp
chil PAR, AMO, DA, L-Cys, AAvaGluln h " kh' ng . id I nmgh o a
I ggp h HFnso4inln g ¢laCAPvaTNZ (hinh32 b )Fobitn il i AA
vaGlu t ' L. n80Fnthisaist €hnigh Ehn 10%. Nh€eng khi
L fhh hg€inh3.2. b) itviINZL [n h “hg@hu h hv i CAR.
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Ngoai ra, khixem xdfn h * tg€©a MTZ va 4NP nhdh thby, MTZ [n h * ig@hh
LUh d,'mhfpoatanca TNZ, trong khi L' -[niCABho"  n
RSD ¢ a Ipcla 1,75% (n = 5).

25 - 05
2 I CAP
) - TNZ =
S 151 3
W 104 L
o o
.\QS 5 4 \C_5 -4
N 0 4 c
L 54 L o
(ORI ¢
— 151 a2
W (a) ‘0 Bl CAP (b)
'© 25 s 15 i
2] CHTET (L4)TET (04) CIP(0.4) DOX(0.4 UA[10) MIZ(0.8) SNP(1.0] n PAR (4.0) AMO (8.0) DA (15.0)LCys (20.0) AA (80) Glu (160.0)
[ER 4 ao [ER 3 ao
T 1 nng, Mol(MM) T nng, Nol(MM)
15 15 -
B CAP Il CAP
o 104 Bl ™ S | Emm™
2 =
i 51
X 54 x 0
Ner =D
c 04 c 5
5 o
= o 181
104 (d)
» (c) v -204
© 15 : . . r (fj? -25 T T T T T T
n CaCl2(40) K2S04 (40) MgCI2 {40} NaCl(1500) Al3+ (10) Cu2+(10) Fe2+(10) Pb2+(10) Mn2+{10) Zn2+(10)

T n"n g, Mol (M/M) Tl nng, Nol(MM)
Hinh 3.24.4n h “tg€amts hpcrEhu c¢ch v Th vd B ‘modgdalhn
¢ a CAP vaTNZ B uM tY pH 1,8 (HCIQw).

Ng@I9, 4NPn h “mg@th h/hL CAP, nhf@ngp h™NXhH ng
nh “me L BiRSX¢a lcla 2,03% (n=5). Sn h * mg@ayL ‘& gifi
thich 1a do trong gl ttb ¢ a MTZ va 4N P Qulcd nhém che nitroso (NO2) va do
I -“ L@ ki nthinghimpH 1,8 (HCIQ) L « chtng pesk hoa tanh nhau &
Uh d,mhy H, @ ttaemdplsavSdaimng ( h3 nhnag€ndt . a) .
sai Fm lod m t khi phan tich u  “ccgh¥n  ¢”ng thi i hai thanh pn CAP va
MTZ, nh¥hgcgcngdu kh§8c ‘dng4NPkhanHnénitgay
mh “mg@hkic x'&& ndithihai chd CAP va TNZ. Mtveh QLHura la
L'iv ivi ckhosat[n h “mg@€acacchih u c h, IipiYthbng qua gia tr
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L, I'chchoqr t €H (R§D) I ofn thil phli nghién cu do ki n £ nig phh
trén QMK " .ci ¢ bih tinh.

inh “Mg€acacionkiml§lvacacmiui v?! ch ‘ckhbgs/B& L€
vic x &ad nthihai chl CAP va TNZ (hinh 32c-d). CAc mli CaCb,
K2SQs, MgChva NaCI[n h “ mg@hi ‘il i TNZ hilcAP. Soag, wi t
I L nggd 40 Fnthigiatrsaist €hnighnh h hnkob3mg 1 0i%.ican
ion kim o4 A3+, Cw*, Fé*, PB*, Mn®*vazZrt*v. in'n g, gp10Fnlaln h * mge
kh!ng WRéngyiign C*[nh "mg®haln k hinhxCABRyvidais
t ©h nidd 24,2%. Hin °ngahay co tiMa do ¢ th/jlam giau (Bec= 0,2 V) ion
Cw* cl ngcladm@iautrén ®m "dc’ dthg L Hotva lidngphcv i
ErG O ’lt 8/ tinh trén GCE va dody, [n h * th ¢@} tin hi u hoa tan ca CAP
va TNZ ma cac ion khac khong célkh £ n g  n[h | . ig® a cac ion kim 18l
cOthW. ‘& gilithichladokiin t ng & rchhag@mHl ndc v~ cl n
nh<€ ‘p&hEth b cCbhi/Ja cac viri lam giau trén ®mHs ~ iici ¢ [88], [104].
3.2.9. Khd'ng tuy/J tinh va gi i hth phéat hi n

Vic L§nhingdic® Lph€hhSAIEIVE & th chintrén
mXu that T mXu trdag. MM “LcBa ch n 1a m4 thu ¢ vién nén C va T. Qua trinh
chipb m@thchin t heo VMWD€ NEBmd sau khi chi b, CAP
v' ' TNZchila g ph€ehn @l mhl§ny dimddung méi ethyl acetat
[248]. CS8cchif©€t 8ch nh+€e sau:

COn ch2nh x §c " Aglyddmd5 mladcha 20 imL dungah
thicviennén. Tp t heo, th°m 5 mLnkphic@€nténet at
thi/t b Vortex trong mt phtt. Cui cling tih hanh ly tam vit ¢ | £000 vong/phut
trong 15 phat. Tach p dung méi ethyl acetat vamg ly tam 50 mL. Qua trinh nay
L ‘& I 193N, milfn 5 mL ethyl acetat. R qul't h u c if@ dungdc h . o1 €
va cu i cung ti hanh’lc qua mang Ilc 0,45mm va thu dung'd¢h mxu trdag[1].

Dung dch nghiéncu ‘lcéhdq b n h € By ahinh xat 0,1 mL dungch
mX nQ), them 99 mLHCIQp H 1, 8 v uhodtanBa g np h€ehilSg ph §
AdCSVc a ° lhgQn va thém ch¥ cac dung'¢h CAP 0,001 M va TNZ 0,001M
saochocom g, tl1,0nM /h50nM { mg® p phan tich riéngl(hinh 3.5 va

87



326)vat 1,0mM /p20nM § mg€p p h ©nngthi (bihh 312). Ti/p theo
xaydn g p h €hniguytuy}FtinhbWildi ns ph thucgi albcvanng, L
¢ a CAP va TNZ.

01 0.0

a) b)
0-10nM
-0.54
.14
—~ - -1.04
< 5] < 10 - 20 nM
= 2 T 09 =
= 12 ~ -1.54
_U _3_ -1.5 8
o - 0. 20 - 50 M
2.
7 y 251
08 06 04 02 00
-5 T T T T | -3.0 T T T T T d
-0.8 -0.6 -0.4 -0.2 0.0 0.2 0 10 20 30 40 50 60
E (V) Ceap (MM)

Hinh 3.25. (a) C § ¢’ nf MSAdCSV ¢ a CAP (0i 50mM) va(b) C§ ¢ * g &
quy tuyhtinhbWidinmi t ©hngalguaang, gl J50nmM.
N KT Macc=0,2V, bec= 30S, test=5 S, w= 1000 vONng/phtt, Bngs 0 , 2T 1YV, L
v=0,2V/s, pH =1,8.
Qua hinh 3.8va 3.5 cho thy trong khndng n'n g, ¢la CAP va TNZ.t 1

mV Jh 50nM, gid tf lecph thucvaonng, chthe hi a t hthkhac ba
nhau yi gia tr L, nhdy (Slopeb, mA/mV) lacé s khacnhauli ¢ - T Qnghoa
nay co tWgili thich 1a qué trinh 1am giau tré@mkb -~ ici ¢ b tinh Bag vd i u
MNOJ/ErGOGCE khifin g, @AP v~ T NZ Xt Jjisgbid hbantrgn @d
mHb ‘rcicvagim Inhhygca phehnpgdph &§p, b

0.01 0.0 1 b)
0-10nM
-0.34
0.5
— _ ~ -0.64
< 10 gl o2 E 10 - 20 vl
E fll o =, 0.9
]
= 15 06 _o
08 -1.24 20 -50 M
0 10
] 12 -1.51
05 04 03 02 01 00
-25 T T T T T T 1 -1.8 T T T T T 1
-05 -04 -03 -02 -01 00 0.1 0.2 0 10 20 30 40 50 60
E (V) Crnz (MM)

Hinh 3.26. (a) C § ¢’ n§ KS-AdCSV ¢ a TNZ (07 50nM) va(b)c § ¢ ng:fre
quy tuyhtinhnbWidinmi t ©hngalguaang, gl J50nmM.
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N KT Maec=0,2V, tiee=30S, test= 5 s, w= 1000 vong/phut, Bnge 0 ,M27T1¥V, L
v=0,2V/s, pH=1,8.
Blng3.3 . nh%yvah s t ©hn gtlqée khgng n n g, khac nhau_ca CAP

va TNZ.
Théng $ CAP TNZ
Khol[ng n ng . ) . . ) y
L (M) 17 10 1071 20 2071 50 17 10 107 20 2071 50
b (MA/nM) 0,0aL 0,060 0,043 0,061 0,041 0,024
R? 0,9978 0,9%4 0,9898 0,998 0,9898 0,9763
V.i _ dhdy 14| n nhEl va theo AOAC[15]t h ©g WkL'§ ¢nh djj i hth phat
hi nvagi i hth 'nth “ng®nchnvingnng, gfngcta  Wadl -, c§c

ph<€ehng”iguylugih th2 r kay d @ trong khgngt 1 JL10nM ¢ a
CAP v~ “TuNiZ: thgme phantichriénglt huclL €8c ph€hng t

CAP: Ipc (MA) = (-0,048 + 0,020) + (-0,08L + 0,003) C (M); (3.27)
R2=0,9978; LOD = 0,46nM va LOQ= 1,54mM.
TNZ: Ipc(mA) = (-0,00L + 0,024) + {0,06L + 0,004 C (TM); (3.28)

R?=0,988, LOD =0,76 nM va LOQ= 2,53nM.

Ngoai ra, trong hinh3%va43.8, nhdn thbly L€ ng nQn
chi JJtil ] nggb3Jng et hyl acetat gfn nhe€e kh?
v TNZ. Ch2nh v3 vdy, vi ¢ x©y d,  ng khct

Qua ling 3.3, chothy L bhdygca p h €hn g-AdEIVEpd, nLgS nL i
¢ ¢ bi/h tinh Rag vd |i' u MNO/ErGO-GCE #l thip trong khqng n'n g, tL:20
mVl Jj 50nM. Vi vdy, trong cac thi nghmtiyh - h ° n hn hX r&i¢h i CAP va
TNZ ch' kh[o séat trong khfng i n g, tL1nM Jh 20mM. Dung dch nghién cu
L ‘& chuqib n h€ Byahinh xat 0,1 mL hai dungah mx trdhg, thém 9B mL
HCIOspH 1,8 Vv uhohtanBa g n p hiehn gAdgGsW § pm¥Ltisag
va thém chd cac dung'¢h CAP 0,001 M va TNZ O@LM c6 hin g, tL1,0mv
LTh 20mM.
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0.0
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C (mv)

Hinh 3.27. (2)C § ¢” nf KSAdCSV ¢ a CAP va TNZ(b) C § ¢’ ng & quy

tuy/h tinh ca CAP va TNZ trong kHilng ' n g, tL'1 Jj20 mM.
N KT Miec=0,2V, tee=30S, test= 5 S, w= 1000 vong/phut, Bnge

C8&c p h€h’mauy tuyfh tinh ka gh hth phat hin

v=0,2V/s, pH =1,8.

kholngt 1 JH10nmM ¢ a CAP va TNZ.

CAP: Irc (MmA) = (-0,079% 0,015) + (-0,048 £ 0,002) C (M);
R?>=0,9%4; LOD =0,58nM va LOQ=1,95nmM.

TNZ: Iec (MA) = (-0,001 + 0,08) + (-0,072 £ 0,002) CriM);
R?=0,9994; LOD=0,33nM va LOQ=1,12nM.

Tom 19, qua kifo

daongt 1nmM Jh 20mM.

Bl'ng 34. Sosanh K} qu phéan tich CAR/a TNZb%a g

0,M®11,¥V,L

“lc €nh toén trong

(3.29

(3.30

s § tnh iéBgdbv U ndth icl hai chdi phan tich CAP
va TNZ c6 gia trgi, i hth phat hin |a Hithbp, ¢ thwk h i
mM kv, i CAPva 0,33 ‘v, i TNZ. K/pqulc | n gh thistkholng tuyh tinh

‘m B g thiilao,58

p h€hne\dgs¥ 8§ p

d ¥2n gn ¢ lt bih tinh MNQ/ErGO-GCE vicacnghiencu kh8c L «
o Khol'ng

. K: thud Chbi xac . LOD
nincc , - tuy/h tinh Tltk

’ ' Lo L nh mv

(™) (miv)
AuNPs/GOGCE i-t CAP 1,501 2,95 0,25 [98]
CSM@VSMITO DPV CAP 0,171 3,6 1,89 [246]
P(EBT)}GCE Ccv TNZ 107 600 1,60 [76]
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Ag-Co04 NPsGCE i-t TNZ 0,51 388,8 0,04 [104]

CPE DPV TNZ 51200 051 [7]
3DRGOGCE DPV CAP 17 113 0,15  [244]
rGO/PANPSGCE DPV CAP 00511 005 [234]
Cos0:@rGO-GCE DPV CAP 272000 1,16 [228]
AGNPS/MWNTS LSV CAP 0,31 229 0,05 [242]
GCE

1,4BQM-CPE DPV TNZ 11500 0,11 [136]
Si-Fe/NOMGGCE DPV CAP 11500 0,03 [229]
MoS,-IL/GO-GCE DPV CAP 0,1i 400 0,05 [181]
CI-RGO-GCE DPV CAP 2i 35 1 [211]
AUNPS/NG-GCE DPV CAP 27 80 059  [26]
Pretreated GCE SWV CAP 1,67 200 2,30 [11]
AuNPs/BDD SWV CAP 57 35 5 [27]
P(ANI)-GCE SWV TNZ 1071 60 4,71  [86]
AUNPS/CNFGCE LSV TNZ 0,1i50 001 [167]
AuNPS/CysGCE SWV TNZ 0,7i 10 0,07  [93]
HMDE DPP TNZ 271100 0,97 [195]
MNnO/ErGO-GCE LSV %ﬁ; . 28 8:23 N(EEZ:; "

KJT qul x § cnh dj i hth phat hin va khdng tuyh tinh trongvi ¢ x ‘&l L
'ngthi CAPvVaTNZba g p h€hn gAdGsW § d n b Snlcic bih tinh
MnO2 Er GO cdsaginhlif® ts cong trinh kiea h ¢ khac(blng 3.4).Qua
blng 3.4chothy ch€a c- clng Tthgthn@®APRI TOZ oh ©n t
ph€hng ph&8§pnpho©a v2ctho LEL -Ad Phve hdigmap hlSip
tinh MNnQ/ErGO-GCE la Hi c6 tign  n £ nmy.th i @6 thW ng d ng trong vic
phan tich CAP va TNZ trongXa  ‘¢cg¥n, th cpimvamts L'i °~ ng@»
m! i " ngkhi®lh pvimts k: thud phan tich khac.
3.2.10nh X®ticla ph€hng-Agds8p LS

nWx §cnhl Itpldca ph€hn g-AdEBVESpd nLgS nlcic bih
tinh MNnQ/ErGO-GCE, céac thi nghm Tc&/h hanh 04 nn g, kbac nhadfn
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| “@la2pM, 5uM, 7,5 uM valouM. TUm in'n g, LloHp IH 10 Fn, k/} qu thu
L ‘& hinh 3.Bvablng 3.5.

08- 0.8+
10l -1.04
< <
E -1.24 \E/ -1.24
~ [$)
= -1.44 T 1.4
1.6 -1.64
Ceap =Cryz=2MM Ceap = Crz=5nmv
1.8 . . . . . . . 18 r r ) r r . .
07 -06 -05 -04 -03 -02 -01 00 07 -06 -05 -04 -03 -02 -01 0.0
E (V) E (V)
0.8+ 0.8+
-1.01 -1.01
124 121
< <
E 1.4 E 144
o o
= 1.6 — 161
-1.81 -1.81
2.0 2.0
”s Ceap=Crnz=75mM - Ccap = Crnz =10 nM
07 06 -05 -04 -03 -02 -01 00 07 06 -05 -04 -03 -02 -01 00
E (V) E (V)
N a N .. , ap y N
Hinh 3.28.C 8 ¢ ng KSAdJCSV ¢ a CAPva TNZ# cacnn g, QAP va TNZ
khac nhau.

N KT Macc=0,2V, bec= 30S, test=5 S, w= 1000 vONng/phit, Bngs 0 , 2T 1¥V, L
v=0,2V/s, pH=1,8n=10.

T. kiFqu L oHpIH 10 IFn" hinh 3.8 va Blng 3.5 nlah thby rag, gia trtrung
binhca d  ‘nhbhoatan 04nn g, cBcaagiatr L, I chchug t €h({RED, L
%) Qlhh h hn ‘gli2RSDicra ham Horwitz@ cacnn g, tl€hmg . Nh€
vdy , IHildg a d  ‘nhbpoataniedc aCAPvaTNZkhisdng ph€hng p
LS-AdASV d %n gn ¢ It bih tinh MNQ/ErGO-GCE |a hoan toan ¢ nhch  “lc.€
BIng 3.5.KJ3qu x § cn hi IHp 19 td cacnn g, kbac nhauca CAP va TNZ

] o Ipc® Sd(mA) RSD 1/2RSDy
N'n g, (iM) ChHiphan tich n=2 (%) (%)
5 CAP -0,134° 0,008 6,13 8,54
TNZ -0,151° 0,010 6,87 8,89
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CAP -0,324° 0,007 2,26 7,44

> TNZ -0,407 ° 0,008 1,93 7,75

75 CAP -0,474° 0,013 2,82 7,00
TNZ -0,613° 0,010 1,60 9,29

10,0 CAP -0,614 ° 0,003 0,54 6,71
TNZ -0,824° 0,009 1,03 6,98

3.2.11.Apd ngph ©n 1 Rgdhhi CAP va TNZ trong m>u thct
a) nanh gia quytrinh phan tich m>u Md ong

X 8§ ¢nh EBhinh xadc CAP va TNZ trong»m Md ong la Hiph ¢ t9 va kho
khtn, nguyfnnh nhednd €h'n gd aicchi@mir .&/ivdy, s k/}
hpk thudchiflngilng v° ph€hng ph§p cghl@g3],t 2 ch
[151], [225]. Trong nghiéncu n "y, ph ekhha @S\ algd p L i
thudchifl ngilng v~ quynh rdcirm hnB 210 L

Ccongthc x'& & B " ngpCAP®a TNZ theo quy trinhhinh 210.

Ced/ gy T T M- (3.3)

Tr on @oldnn,g, chH phan tichtrong/lb ~ o n Hba (Cell) (M); m la
kh'i "~ hg€ancamiumdong (g)Vilatngtiwt 2 ch dung M™&hip EA
mX (mL); V2 la thwtich dung moi EAlY WE uiba g  k h 2 Wilad thwtich mL ) ;
ca .rcéll dYhaa tatchd phan tich (mL)V4 la thwtich dung och sau'lc
c ho v onphdh mh)Viilathwichgat]b *~ o nHda (mL)M la phan't
| “@g ¢ a chil phan tich (g)

Blng 3.6.Quy trinhchif , p h ©ny thti AP vd TNZ ¢ a 03 md md ong.

\Y,

v V
<l T vl 2
Vq

Vo

. Ky hi' u mxu
Giatr - -
MO MO -spike 1 MO -spike 2
Msample(Q) 5,1766 5,2631 5,2599
o 25 UL CAP 50 PL CAP
Coap = Cmiz=0,01 M 0 25 uL TNZ 50 pL TNZ
VH20 (ML) 10 10 10
Vetyl aceta{(ML); (V1=V2) 15 15 15
VEnhmc(mL); (V3) 1 1 1
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Ph€hng ph §p trithmah ticlyda §ao gjatry, thu i i (Rev, %)
v  ph€h rbky |mbdhép ki ph hai fn (LC-MS/MS) [1]. MXu phan tich
L ‘& chiq b bRag cach can chinh xac'kh * hg@ W MO mma(g), sau L - t
vao m4 v i cac thwtich khac nhau @ dung dch chiqy CAP 0,01 M varNZ 0,01
M. Cac thi nghimti/p t h’e t/h hamh theo quy trinhhinh 210. ThWwtich dung
d ch chuqr CAP va TNZ thém vao M MO Fn "It 1825 pL va 50 pL. Tkich
dung dch sau khihoatanth g 1, O cadl, ns€u 110-0 ° t@hHem vae
b3 nmpHanvadin g p h €hn AdQS¥. €4x KIlg trinh bay hinh 329
vab[ng 37.

| a b) o
0.3 03 0.3
_ 0.6
2-0,6 MXu MO 2-0,6 i/ MO- spike 1 z
£ Thém- 2mm £ Thém - 2mM E09 A \/fMO- spike 2
—-09 Thém- 4mM —-0.9 Thém - 4mM - 12 Thém - 2mvi
Théem- 6mv Thém - 6mM \ Thém - 4nM
1.2 Thém- 8mM 1.2 Them - 8mM 15 Thém - 6nM
Thém - 8nivi
15 15 1.8
06 05 -04 03 02 01 06 05 -04 03 02 01 06 05 -04 03 02 01
EV) EV) EV)
0.0 0.0
0.0
0.1 0.1
MXu MO 03
z 0.2 <02 M>u MO-spike 1 o Mxu MO-spike 2
E 03 3 é 0.6
5 503 E
_a-04 AP o Q
05 . ™ o4 = CAP - A
. TNZ o TNZ
-0.6 0.5 -1.2
-0.7 -0.6 -15+
0 2 4 6 8 10 0 2 4 6 8 10 0 3 6 9 12 15 18
C (mv) C (mv)) C (mM)

Hinh 3.29.C § ¢” nf KS-AdCSV ¢ a CAP va TNZ trong 03 Mu MO, MO-spike

1va MOspike2v © ¢ &g R igugtuyh tinh gi alecvan'n g, thém choq.

N KT Macc=0,2V, tee=30S, test= 5 S, w= 1000 vong/phut, Bnge 0,M711¥V, L

v=0,2V/s, pH =1,8.
Nheyy thificavic x'&a& ndthiCAP va TNZ trong mu thd

daonglft 94 ,/JA 101 jBi%WARvat 99 ,/Jp @101 j\Bi%NAva
RSD t @dlatgl, $h2B%. Kfqup h©n t 2 cdsosamhpig pth€€hn g
phdp LGMS/MS. Vi  thufhitt v~ ¢ - Qmitbtmrgch oka@ nay ¢ho
thBy raa g " nlgic bih tinh MNnQ/ErGO-GCE c6 tQn  n £ mggl n g WkL'§ ¢nh L
" ng th i CAP va TNZ trong i th ¢ phXn.
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Blng 3.7.K/3qu x § cn hl thu [ i trén m4 thd Md ongblagp h €hng ph §¢
LS-AdCSV vaLC-MS/MS.

C ) LC-MSIMS
M (ITI\A) ((l?r?\(/jlt; Cround (n1\/|) ® Rev (%) (ITN|)
O CAP TNZ CAP TNZ CAP TNZ
25 24 249 959 905 246 249
Vo KXn 0,09 0,06
: 5.08 5.08

5,0 101,3 101,5 5,10 5,04

° 0,14 ° 0,12
O:Crg°Sd (n 1€ IBPH Ik heo ph-AJOSYK rh Skoh iLrBth. x §c L
K/} qu" Blng 3.7 cho thy: n/u chigb nhah gid tr LC-MS/MS [1] 1a gia tr
L YanpykhicosanhRquic a p h€hn gAdeIV&Pv i Kqu LC-MS/MS
cO cAac gia trtin <tomg L, tincdy (p = 0,09 nén ki qu p h ©n “ hgnthvQ L
mHuth ng ké.
MX¥Ximdongyi h mg | B8 t h emhggahmiu AlvaML i
v.ic a CAPtrong Mtong la Q3 ng / K@ nhl h h id nhiQu [198]. Qa may ¢o
thweho phép xbil knX§u Md ong ¢ a Vi t Nam sang Chau Au va:M
b) nanh gia quy trinh phan tich mxu Thu” ¢ vién nén
X § ¢n W ng'th i CAP va TNZ trong muthi cviennénBa g p h<€hng p
LS-AdCSV (hinh 29) laitb [n h “mg®icacchiicintr .MX1 phon’ct 2 ch
chu§ b bRag cach can ki ° hg€© a 20 vién thuc "Lt € n ngu nhién trong 02
v’ (10 vién/v). M “LlcBghih mn trong ¢i m& ndo va tm QL Tip theo, can
chinh xac khi * hg®ax lymX t h 'eco ViI¥i&t Nami B, Y t/][3]:
coéngthc x'@8 & b " ngCAP®a TNZ theo quy trinhhinh 29.

CcelllVcel Vi1 Mmrpranlad (3.2)
Vol Msampl e '

Trongnldkii “hgetd phon “hhrquyhQOXVEn thilc nén
(mQ); Ccenla n'n g, chHiphan tich trong/ib ~ o n Hba (Cell) (M) Vcen la thitich
¢ at]b " o nHhda(Cell) (10 mL);Vilathwe 2 ¢nh m & dung dch mXu phan tich
(200 mL); V2 la thwtich dung dch mxu IBf vao f]b © o n hba (2 mL); M la phan
t | @g ¢ a ctil phan tich (g)mre/vién la khi °~ hg@ung binh_ca 01 vién thuc

m mg=
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nén (g):Msampiela kh i~ hg®an ca mx phan tich (g); 10ah s chuyd " il L hn

V khi ° hge

Quy

I ‘& ch ra’ hinh3.30 vablng3.8.

Ic (MA)

Ipc (MA)

Ic (MA)

lec (MA)

Ic (MA)

06
0.9
12
-15 M>u C4-01
e Them 2 mM
' Thém 4 nM
2.1 Thém 6 nM
2.4 Thém 8 mivt
27 Thém 10 niv
08 07 06 05 04 03 02 01 00
E (V)
00
03
C4-01
06
0.9
12
15 . . . . : .
o 2z a4 6 8 10 12
C (mv)
06
0.9
12
18 Mu T1-01
18 Thém 2 mv
21 Thém 4 mM
24 Thém 6 mv
27 Thém 8 mv
30 Thém 10 nv
06 05 04 03 02 01 00 01 02
E (V)
0.0
03
o6 T1-01
0.9
12
15
18
0 2 4 6 8 10 12
C (V)
06
0.9
1.2
s Mxu T2-01
18 Thém 2 nv
2.1 Thém 4 mM
24 Thém 6 nM
27 Thém 8 mM
20 Thém 10 mvi
06 05 04 03 02 01 00 01 02

E (V)

Ic (MA)

Ipc (MA)

Ic (MA)

lec (MA)

Ic (MA)

-0.6
-0.9
-1.2
M¥u C4-02
15 Thém 2 mM
-1.8 Thém 4 nM
o1 Thém 6 mM
Thém 8 mM
24 Thém 10 mM
-2.7
-08 -0.7 -06 -05 -04 -03 -0.2 -01 0.0
E (V)
0.0
-0.3
C4-02
-0.6
-0.9
1.2
1.5
0 2 4 6 8 10 12
C (mv)
-0.6
-0.9
-1.2
5 MU T1-02
18 Thém 2 mv
21 Thém 4 mv
24 Thém 6 nM
27 Thém 8 nM
50 Thém 10 mv
.—0.6 -05 -04 -03 -0.2 -01 00 01 0.2
E (V)
0.0
-0.3
o T1-02
-0.9
-1.2
-15
-1.8
0 2 4 6 8 10 12
C (V)
-0.6
-0.9
-1.2
5 MXu T2-02
18 Thém 2 mv
21 Thém 4 mM
24 Thém 6 mM
a7 Thém 8 mM
w0 Thém 10 mM
06 05 04 03 02 01 00 01 02

E (V)
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Ic (MA)

Ipc (MA)

Ic (MA)

Ic (MA)

) Ipc (MA)

t r3nh° qifh®anh thed hith.2 C42 K} quT L ‘& phan tich

-0.61
-0.94
124
5 Mxu C4-03
-1 Thém 2 mM
-1.84 Thém 4 nM
214 Thém 6 mv
Thém 8 mM
241 Thém 10 M
-2.7
-08 -0.7 -06 -05 -04 -03 -02 -01 0.0
E (V)
0.0
-0.3
C4-03
-0.6
-0.9
1.2
1.5 T T T T T J
0 2 4 6 8 10 12
C (mv)
-0.6
-0.9
-1.2
15 Mxu T1-01
18 Thém 2 M
21 Thém 4 M
24 Thém 6 mM
) Thém 8 nM
27 Thém 10 M
-3.0
-06 -05 -04 -03 -0.2 -01 00 01 02
E (V)
0.0
-0.3
06 T1-03
-0.9
1.2
15
-1.
0 2 4 6 8 10 12
C (mv)
-0.6
-0.9
-1.2
15 Mxu T2-03
-1.8 Thém 2 mM
2.1 Thém 4 "M
24 Thém 6 M
a7 Thém 8 M
: Thém 10 nM
-3.0
-06 -05 -04 -03 -02 -01 00 01 0.2

E(V)



T2-01

o 2 4 6 8 10 12
C (mv))

Hinh 3.30.C § ¢” ng KS-AJCS V

T2-02

o 2 4 6 8 10 12
C (mv))

T2-03

2

4 8 10 12

6
C (mv)

v’ 'ng fLi quy tuyh tinh gj alecvan n g,

¢c. a CAP va TNZ trong cac ¥1 C4, Tl va T2.

N KT Macc=0,2V, tee=30S, test=5 S, w= 1000 vong/phut, Bnge

v=0,2V/s, pH =1,8.

0,M®211,%V,L

Bng 3.8.KJJqu x § cnhiln g, cl'a CAP va TNZ trong i thd.

M XU Thong s Lfn1 Lfn 2 Lfn 3 Cts (mMM) ° Sd
ca Ccel (mM) ®) 1,27 131 1,35 1,31° 0,04
m (mg/vién) 2529 2598 2698 2608° 8,5
- Ceen (M) O 2,65 2,72 2,72 2,70° 0,04
m (mg/vién) 4855 4978 4985 4940° 7,30
- Ceen (MM) O 2,65 2,80 2,77 2,74° 0,08
m (mg/vién) 4627 488,9 4834 4783° 13,8

O:nh gi tlr ong Mb 3 mh© @n b &angt mca: 0,0523 g; ma: 0,0988 g va rr:

0,0935 g.

- KJI qul phan tich'nn g, ¢’a CAP va TNZ trong/ib © o n Hiéa Ifag
ph€ehng #Wd&®S VL 8 ta gbiptinh MNnQ/ErGO-GCE c6 gia trl,

I ch chuqy

va 288%. Cac giatrR S DQu ih h h n

va 8§48%.

- T. cac K} qu phan tich#p 14
cong th ¢ (3.3) tinh toan khi ~ hg® a chii phan tich trong 01 (m )
N laSso vi kh'i

ra- b[ng3.8.

t €'h (R8D, ¥) ca cac ¥ C4, TLva T2fin "k 18317%; 1,48%
itRE B g, tI'€h mgy826%, 850%

t r on qphérkcm B3 nkj ap dng

vi°n

* hg@hi trén nhan @ cac 161 thu ¢ sai §

t €hnig (LRE.c %) Sl It 18433;-1,21 va-4,3 4" i\ i m¥u C4; T1

va T2.THic[ cac gia trcho thsy RE < 5%, @

c) M>u thu" c nh mdv

X § ¢cnh CAP trong thuc nh mdu
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- Dung dch thu ¢ nh mducd thatich 1a 80 mL (Vo, mL) ch a Q032 gCAP;

- LBY Vi mL (1,2 mL) dung dch thd c nh mdupha lodng Bo g . @& /hi
thWtich 1a 10 mL (\é, mL);

-LBfchinhxac @1 mL(Vs, mL) ¢ h o nphanoa théni mL HCIO
008 M . ¢&divme 0 mL (Vee)

“T/h h nh phémCAPRly p & €h BPAIGSK & ' nh
| “@gbtng ph<€hng ph §phaGk@@).c hu

X § cnhkhi ° hg® a CAP trong M theo cong thc sau:

(Eei CBI adWcel V TVl MLO
AR

MM thic . rc8) mdvla m@ Thu ¢ nh mabdo Céng ty € phfn D€
phX¥n Ha N i, ky hi u m (MN). K/ gul sau 03fn  x ‘&g m L1fn IH 19 03 Ifn
t hucilieg, tidng b ~ o n Hda trinh bay trong hirh31 vablng 3.9.

m g =

(3.33)

-0.6 -0.6 -0.6
0.9 ﬁ 0.9 -0.9 P e
-1.2 -1.2 -1.2
< 18 f Mxu MN-01 < 15 MU MN-02 < s / \ Mxu MN-03
E s Thém 2 mv E s Thém 2 mM E s Thém 2 mv
O Y O o a
~ 21 Thém 4 mM 21 Thém 4 = 21 / Thém 4 nM
24 \ Thém 6 mv 24 Thém 6 mM 24 / Thém 6 mv
' \ The ' Them 8 m ' Them & m
27 v ém 8 mM 27 2.7 A
Thém 10 nM Thém 10 nM Thém 10 nM
. -3.0 -3.0
-08 -0.7 -06 -05 -04 -03 -02 -01 0.0 -0.8 -0.7 -06 -05 -04 -03 -02 -0.1 0.0 -08 -0.7 -06 -05 -04 -03 -0.2 -01 0.0
E (V) E (V) E(V)
0.0
0.0 0.0
03 03
-0.3 -0..
MN-01 MN-02 ~ -0.6 MN-03
~-0.6 2 -0.6
< £
£ £ = .09
509 U-O.Q 8]
£ _ £
12 -12 12
15 15 -15
-1.8 T T T T T ] -1.8 T T T T T ™ -1.8 T T T T 1
0 2 4 6 8 10 12 0 2 4 6 8 10 12 0 2 4 6 8 10 12
C (mv) C (mM) C (mv)
N s , . a y . , . . ap ,
Hinh 3.31. C4cl*€ ng LS-AdCSVv g6 i quy tuyh tinhgi alecvanng, L
¢ a CAP.

n KT IEa'cc: 0,2 V, BCCZSO S, fest= 5 S, w= 1000 rpm,Erange: 0,2\/ JA( 0} 1,2 V,
v=0,2V/s pH=1,8.
Blng 3.9.K/3qu x § cnhitn g, ¢la CAP trongflb = o n Hda

Lfn 1 Lfn 2 Lfn 3 Cre (MM) Sd RSD (%)
2,54 2,65 2,43 2,54 0,11 4,45
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Nh &y,sovin n g xL§ cnh CAP la 254nM (820,8 ppb) gia frvz RSO
t €ehmglag82 4 do IHIYladig nhch “le®b  k h § ¢i Lhg®undk h
binh sau 03 (bafh x ‘& & ° Eténg mda thu ¢ nh mdbla 0033° 0,001 (g) Vi
sai$ t €h ni RE %) 369% so vighitrén nhan (® 3 2 Q)nay choitby k/}
qulx § cnhCAPtronguthicnh mab ¢ - TOmiuth m@ké. v
d) M>u thu cm tramdb

X § ¢nh Ehinh x4c CAP va TNZ trongdmthu ¢ m tra mebla il ph ¢ tt va

kh- khtn, nglan°hmend©nhn gacacabic®mr . X thu c
m sau khimuad hi uthic ‘ltéhdhbt he o .c§ o hEE:cénchinh
xacm(g)muthicm t €hng L<€hng 10 ngigtan@ AP mdh o swauc
thém vao 5 mL étyl acetageva tr n QL (thi/ b Vortex) trong 15 phut. Tp theo,
t h°m 5 cdil2 Fmvé&th chi nk thud chil| ngil ng, kb tr n QL15 phat.
Sau Wyénhth pdung mdi eyl acetag-n & phan | p, tach pfn dung dch
n&cochaCAP. Il IUthinghim3n.Dungdc h @€ au khi ct §ch
g ila dung dch phan tich (dung dh A).

congthc x'&8d B npCAP@onguthicm tramb nh€ sau:

_CcellVcelVYol WM1OTm yip m
VlT Mc ©n

m ¢ (3.%)

Trong L ‘i, hp€APtrong htuyp m(g); Ccenlan n g, chkiphan
tich trong flb ~ o n Hoa (UM); e la thwtich ¢ atl]b ~ o n Hda (Men= 10 mL);
Vo la thwtich dung dch A (Vo= 15 mL); W la thwtich dung dch ch a chdi phan tich
L €a v~ onpbhdn M= 0,LL); M la phantl “@g ¢ a CAPphantich (M =
323,132 g.mol); meanla khi “ hg@ldcm cfnlby t €hgril@ mg CAP (f@n
=0,7449 g); mypm =4 g;10°1ah s chuyd il L'mim gy. L

Cp d_.ng ph©n t2ch | °n mXu thdt: Lbly
CAP cho v 0o b3nh Li ' n phon L« 46; 1MJuli W1
L'i Qu ch " nh pH = 1,8). Ti/Jn h” nh th°m ¢

0,01 M va TNZ 0,01 M.
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(b) y =(0,0023 ° 7,9.10)x + (0,0431 ° 0,0041)

o z r=0,9988 CAP
= £ 0.15]
N—r
_D_

-0.1 —— nen
——— mau
——add 1

—
< —— add 2
é -

0.0

TNZ

add 3

0.05

-0.34 CAP TNZ
y =(0,0025 ° 1‘5.10"’)x +(0,0111 ° 0,0071)
0.00 r=0,9963
-0.4 T T r r T . r T — T T T T T T
-10 -08 06 -04 02 0.0 0.2 30 20 -10 O 10 20 30 40 50 60
E so v,i Ag/ AgCl/ C (mv)

Hinh 3.32. (a) MXu thu ¢ m tra mbthém chiy ™ g th | CAP va TNZ Rag
ph€hng -pdCS\(b)ln £ng thém chi ¢ a CAP va TNZ trén B thd.
NKT Baec=0,2V, tcc=30S, test= 5 S, w= 1000 rpm,Erange 0,2V LM T1,2 V,
v=0,2V/s pH=1,8.

Blng 3.10.X § ¢n HY ngth i CAP va TNZ trong Muthicm bag ph<€hng

phip LSAdCSV.

H™ m °~rhg'eAP LS-AdCSV®@ N tBrng
trén nhan (mg) m©° Sd,n=3 (p=0,05,n=23)
40 405+04 2,16 4,303
(a) : 1Hhg @AP trong mu tuyp nm mg/tuyp; (b):0p, RpE - vaief  h ing
trung binh @a mu (LSAd CSV) ; Oxg hghmi It r °iniMmdnsnnS

AdCSV) va nsXthi nghin Ilp b i.

T. blng 3.10 iy chgd nhch giatr ghitrén nhan la gid'tt an g, Kk hit
quica ph€hn gAdE3VE/pkhli S hg®hi trén nhan c6 cac gia tin <
torng L, tincdy (p=0,05)nén K qu'p h ©n ~ h@nthvQnikbthn g k ° .
la, Kfgurp h©n t 2°cnh CAPtrong thu€m tramdb L Yinkf qui ghi
trén nhan.

3.3.. NG D NG VxT LI U AgNPS/MNO/ErGO BleN T & NHN @ IC
GCEXCC _NH "tING TH | PIROXICAM VA OFLOXACIN
3.3.1.L achn ‘'hé¢clamvic

So sanh va tintdi’ n tich ®QmHhot | nl'g " nlhéag a cac v li' utrénGCE
b3ag cachghitinhu d | "'mhg a dung tch Ks[Fe(CN)J/K 4Fe(CN)] 1 mM theo
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c . fuéttd]s ph thucgia cdhaigiatc  duéttdlvi ~ o € dbng
L'nh tu©n theo phS@&ikikgphehmly Raddheg 3. 1) .

60 -
a) 10004 = GCE b)
e MnO,/GO .

MnO,/ErGO L
v AgNPs/MnO,/GO .
¢ AgNPs/MnO,/ErGQ _ * 1

B
S 500+ oo v
N

40

204

Ip(mA)

——GCE
MnO,/GO g e o’
oatby ,.-'

—— MnO,/ErGO
—— AgNPS/MnO,/GO jj‘ “~ o’
60 —— AgNPs/MnO,/ErGO o4

0.8 0.4 0.0 0.4 0.8 1.2 0 1000 1500
E vs Ag/AgCl (V) Z' (Ohm)

Hinh3.33.C§c” n @&/ (a)tlt c . Huéttd]0,1 V / 'S th Wyquidt trong
khofngfns t 100 KHO@mHz(b)gca ntmcd i
n K T MMFe(CN)]¥ /4 ((2IML:1) 1 mM va KCl 0,1 MErangs 10 , 6 ML,0

Qua hinh 3.3a, cho thf d , ‘nhgcal & t ¢ MnOJGO-GCE va
AgNPs/MnQ/GO-GCE la nh nhHl . Qumay la do tronglgh tric ¢ a GO do cé
nhiQunhémchccha oxy v¥ Jdtnh dh- ' HkKéin ¢ a GO va s chuywd
khi c1 ng W hiei & Hhtuch]trén OmH * rici c[52], [200]. Thém vao
L-,"ng€ W, ngnh k) ca c8&a cd& iMNOJ/ErGOGCE va
AgNPs/MNQ/ErGO-GCE c a o h3w nso i GCE, MnO./GO-GCE va
AgNPs/MnQ/GO-GCE MHukhac, s chénh'lch th]L'nh anodicva cathodic( opE
¢a ntm rcoc co xu tl]gifm dfn 1a 0494, 9375, Q161, Q106, va Q091 (V)
L'i v. i GCE, AgNPs/MnQ/GO-GCE, MnO2/GO-GCE, MnO2/ErGO-GCE, va
AgNPs/MNQ/ErGO-GCE (b[ng3.11). Nh &¥,vis gi a tatpivags gilm
ca emFa n £ mc dti GCEL/NAgNPS/MNQ/ErGO-GCE chothyy t 2 nh €
vi t¢ avd i’ ucompositeAgNPS/MNQ/ErGO cO thWe[ithi n | D6 "Hé¢a H i
cc,hbHit | d ChdaocarGOv ™ d b KQkinchokfntng Wchuy
L'int v~ tXybhe& [t 2mhba ch $ensor oxy héa khtrén lQmHbg a i i
c ¢ L« bih@®nh[29], [42], [63], [72].

Ti/p theo, th hanh céc thc nghi m kh[o sat miquan h gi albvafc | L
quét tH]khac nhaut0,02 V/h95\W/ s. Saunl- - c8§xO©ph€hng
quy tuyptinhbWidinmi t ©hn ga qgdi, amdnoticlepa vacathodiclpo)

-20 4

-40
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v odthaichfc  Huétth]sSx § cn hl’ &dén tich @mHhot  nig "nl i
hoaanodicvacathodicg a  n t%m " cic (b[ng 3.11).
B[ng 3.11.Cac théng'slHb t r_€n g tUm  rcic.

Lo "dc
GCE GCE ErGO-GCE
Ats (cm?) 0,045 0,0075 0,069 0,0083 0,087
Rct (KW) 0,124 0,726 0,188 0,234 0,077
lpal lpc 1,09 1,13 0,94 1,12 0,98
DEpr (V) 0,494 0,161 0,106 0,375 0,091
Rf 1,00 0,18 1,52 0,16 1,93

Arg. DiMh tich Z milt hot inlg MLhidatrung binh IpAlpc t=sX chiZu cao peak
anodidpeakcathodic DEp: i IMh ga peakanodicva peakcathodic R: hMsX gQghZ
PhAIAC 2 3.

KJT qul tinh toan din tich theo #a va lec khdng cé s khac nhau rd t. MH
khéac, cacRauc 1 ng K h e gitakavalcl iv iclnt mnk ¢ QLco
cac gia frxgp X' L' h n (~\), nh ©dy phin_n g nlthoa ca h [Fe(CN}]¥“ 14
hoan toan theh nghch [42], [138]. Cac K qui c 1 ng Byh?a g tntcic
AgNPS/MNQ/ErGO-GCEco h s nh § m h@ ghQ(toughness factor, (R
Aeiil Ageon) [148]1a | n nrEl . Wiinh ch ng cho cac B qul nay,ph, | c2-3ch ra
c § ¢ nd.G¥ ¢ah [Fe(CNY]® trong dung cth ch a [Fe(CN}]¥/# 1 mM va
KCIO,1MtYcactc | dquéttt]s d ngl'in ¢ c AQNPS/MNnQ/ErGO-GCE

Cac Mfqurvanhng v QB ° u t r ° nc minh ahgg qlla®ic xac
'nh tr khangca n t8m " (binh 3.3.b).nintr chu "Hiichga nt m
'in ¢ ¢ GCE MnO/GO-GCE, MNO2//ErGO-GCE, AgNPs/MnQ/GO-GCE va
AgNPIMNO/ErGO-GCE Ifn " It 180,124 KV, 0,726 KW, 0,188 KW, 0,234 RV va
0077 W. Ney&JIagu ¢ aEISphihpv ik/pqu L aCV. V. icacw li u
MnO2/GO va AgNPs/MN@GO coLl'intr chuy " Hiichcao hh¥H "d§c |
¢ ckhac, hin “nhgdhay cotiili  t h 2 d¥h ¢ d GO laEi kém do con nig
nhém chc ch aoxy [52],[200]. K/fqufc T ngn g hmi nhtttig avwlive
nano AgNPs/MNn@ Er GO L « |, ld¥ m ,ditnrich Qimkbhod | nl'g " nl |
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héava vai trd ca AQNPs- MnOv ©  do M 7 mct tnmghd.c €gh. L
Hinh 3.3ta tiwhin€©u Wi ga 'Hicc GCEc bilp&inh ag vd Ii' u
AgNPsS/MNQ/ErGOsovi ¢ §ic ckhdcDo L' n¢ c AgNPs/MnQ/ErGO-
GCEL ‘& | a ch n cho céc thi nghin ti/p theo.
3.3.24nh " hge apH

Giatr pHgacacdung'd h' miin h * tg@©5 yn g h $hain Hi u hoa tan
(thl'nh,Bv ©~ d 'nm ) Lv ~ Jgaqguactrimh oxy hda PRX va OFXxra
trén QM " id c.Quamts thinghimkho s &g th ilPRX va OFX trong
dungdc h" mIBRnn g, Ol05McogiatrpHt 2 /J8nh€: s au

1201

50 -
——GCE a) b)
—— MnO,/GO 1004
401 — mno,ErGo OFxX
—— AgNPs/MnO,/GO / 80
301 — AgNPS/MNO,/ErGO ’E“ pH: 8.1 =——— pH: 23
E 201 < 607
g o
~ 104 40
04 204
-10 04
02 04 06 08 10 12 14 02 04 06 08 10 12
E vs Ag/AgCl (V) E vs Ag/AgClI (V)
15+ 121 d)
Epp (V) = (1,195 + 0,026) + (-0,049 + 0,005) pH
R?=0,9931
12 4 1.04
— S 23
Eo <
= <nal OFX
e LE‘ 0.8
64 OFX Epp (V) = (0,737 £ 0,026) + (-0,031 + 0,005) pH
R? =0,9825
0.6
34 PRX
PRX
0 T T T T T T 1 0.4
2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9
pH pH

Hinh 3.34. (@) C § ¢’ n§ @/ ¢ a cac |81 vd Ii u bih tinh khi cé nib ™ niy th i
PRX va OFX tU pH = 4;(b) C § ¢ nf &/ ¢ a PRX va OFXheo pH;(c) s bi/h
thién lba theo pH v¥d) L “eng R i quy tuyh tinh Ea theo pH
N KT Naee=8,1V, bec= 30 S)trest=5s,v=0,1V/ s, ¥ vorg/piud 0 0

Erange 0,2V LM 1,3Vt r o MBR(Cer=0,05 M, pH2T 8).
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K/jguch hinh33.( b, ¢, ¢jraagpcadungcch ¢ " ng tt
thithJL'nh chup dcht phli s an g tnhBdatan @) ¢ a BRXIHIM kha
tuy/h tinh trong khnfngpHt 2, A58 Tr o n gackalOFXH - 1t thg. Nh
khnipHgadungdch|ln hBBnthibagca PRX v QgFEX "L tihay
kh?ng W &y dd thwyilithichd avaoRags acidga PRX _hgehng
V. i gid tf pKaz= 1,88 vapKaz = 5,29[189], va ¢ a OFX lapKa = 5,97 [196]

D avao K} qurblng 3.2,t4 pH =4,1chotinhiu “m@, di, n'gh héa
tangaPRXthgp hhrH = 2, 3iv i OFX®h g c & i nhi, o hai
IFn . . ['mh chu§ 1a kha nh va vi wy, ch n pH = 4 chacac nghién cu ti/p theo.

Blng 3.12.C*n g, d, n’gh ¢la PRX va OFX% céac gia tr pH khac nhau

pH IpA-PRX (MA), N =3 Ipa-oFx (LA), N =3
2,3 12,37° 0,28 5,15° 0,24
3,2 10,3° 0,04 7,54° 0,04
4.1 9,64° 0,12 10,81° 0,14
53 6,50° 0,02 12,91° 0,01
6,5 3,87° 0,02 10,88° 0,27
7,4 4,17° 0,03 9,07° 0,33
8,1 3,84° 0,03 5,04° 0,13

T. kJ} qul kh[o sat pH, #fh hanh xay dn g ° dig® i quy tuyh tinh bW
dinmi t€hngaBpu¥n wi ‘pcH ct8hcu pth€hng tr3nh
PRX: Bra = (0,737 + Q026) + (-0,031+ 0,005) pH  R?=0,9825 (3.35)
OFX: Epa = (1,195 + Q026) + (-0,049+ 0,006) pH  R?=0,9931 (3.36)
Theo ph€ehng %ix*G7871V); Hoerx=s11195 (VE

T c8c pheBRya@3d)hhahthby(p/n=%haysl’int t r aio L
caPRXdgngg L'ipiotorsH (n=2p).MHkhac,tc §c pheB®gatrr 3 n
(3.6)coOKIgu p/n~1hayse t rig aOAXgfn blag s proton H.
3.33.4nh "hge atc  Huétth]

nWhiW rd VQL, ng hc ¢ apiHn_ n g nlhoa trén ®mHug a *t ¢ ¢ lam
vi cthivicnghiéncus nh “mg€afc , guéttd](v, mVJhsnhi ulhoa
tan(lpva B) ¢ aPRXvaOFXBa g p h €h n gampehwv@ng (CV)daimn thi}
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J. Wang[94], A. J. Bard[12], [177]. Trong nghién cu nay, s d ng vt Ii u
AgNPs/MnQ/ErGO v i kholng quét tijt 0,1V / $h 0B5 V/s hinh 335).

450 mV/s
:: 100 mV/s
a

074 016 0:8 1:0 1:2 1:4
E vs Ag/AgCl (V)

Hinh 3.35.C § ¢” nj &/ ¢ aPRXVAOFXv i041fn IHoldtHd 6t ¢  Huét
th]t 0,1V / $hOB5V/s.
NKT Nae= 0,1V, 6c=30S,test=55, ¥ = 100 Qngs\03Vi gM1BNYat , E
t r o MMBR(Cer= 0,05 M, pH4), Corx= Corx = 50 uM.
a) X 8§ dmh Gua trinh khuXch tant i p ph
Theo RandlésS e v ¢ ii ¥ i m tlph[n_n g nlhoa td thuch nghch gi a
d, ngh(lp v~ cdthaichfc  Huét(vd)L ‘&thwhin qua ph<€hng
(3.15.
- Khi xem xét gi alpa vav¥? t cac K} qul th ¢ nghim, gi alpavavt’?co
mi t ©hnichdwishns tr €hn g Ifg UkH@09972 (PRX) va 09977
(OFX) tU hinh 336.a

(@) 45+ In(lpy) = (1,154 % 1,103) + (0,537 + 0,019) In(v)
loa = (4,185 % 2,236) + (4,168 + 0,141) v'2 b R?=0,9950 OFX
80+
R?=0,9977 OFX (b)
4.0
~ 604 —~
E 5
~ = 3.51 PRX
= 404 =
PRX
201 o = (-1,497 + 0,094) + (1,670 £ 0,063) V' ]
PAT RS R In(lp) = (0,273 + 0,114) + (0,532 £ 0,021) In(v)
R?=0,9972 R? =0,9938
04— T T T T T J 2.5 T T T |
0 12 14 16 18 20 22 45 5.0 5.5 6.0 6.5
sqrt(v) (mvis¥?) In(v)

Hinh3.36.(a)Mi t €©hn g/hinblaan a PRXya OFX vi v’% (b) M" i
t €hng dhuiahrin(eri) g & PRX va OFX vi In(v).
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PRX: lpa= (i 1,497° 0,999 + (1,670° 0,063 v}, R> = 0,9972 (3.37)

OFX: lpa= (1 4,185° 2,239 + (4,168° 0,141 v}? R>=0,9977 (3.38)

n Qi nay cho thy raag qua trinh chuyd chElt bQmHs “ i d ¢ vao dung
dc h ° dkih soat Bag qua trinh khith tan.

- Khi xem xét g a In(ra) va Inf), ta co:

PRX: In(lpa) = (0,273° 0,114 + (0,532° 0,02 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)

Ph €hn g 387 v& @.B8) cobcacgiatrh s chda (Intercept) la khac zero
( A OMHkhach s g- ¢ (sl ope) tr o3B3 valBdd biwdi®hng
gi an(ea) va In) co gia trla 0,537 (PRX) va Q532(0OFX) (hinh3.36.b) Qlh3m
trong khdnggia tr i Ly 10 . Ndp, qua wrinhlam giau PRXva OFX x[y ra
trén QmHb "iidc  le§uyl niib i qua trinh iy ph, t c lAPRXvaOFX b
hgp ph trén QmHy "dicicbip t 2 nh tWhBmgaugi ai Lo

K/} luch:chinhvithlp h €hng phB pdtki§ cPRX v cgdFX L
la von- ampe hoa tantbp ph anodic
b) X § dimh BMsXchuy@ M to

KhiQedll //Emi t ©hn gathlinhvatqg j uétth]l iv ih bH
thuch nghch, céac tac ¢i[12], [39],[208]L « L €a r a ($20)Thnogn gt rlL3.n,
E° (V) la thJoxy hoa tiéu ch¥y dp oxy héa kh lien h p. Giatrn * y cl @'g8hc L
lah s chdakhixdydngmi t ©hn gaEgvaa(hinh®39.a),t cla ngdd
suyt ph©hng tr 3verO[136]H252).9 iNeHy@® cv8 c phelBAly tr 3
va (3.42) gia tr E° ¢ a PRX va OFX |&%gx = +0,647 V vaE%rx = +1,08 V so y i
I'"in ¢ ¢ Ag|AgCl, KCI 3 M.

PRX: Epa = 0,647 + 0,0001v; R? = 0,9487; (341)

OFX: Epa = 1,080 + 0,0001v; R? = 0,9566. (3.42)

Theo céac tac §i[39], [161], [208] giatr h s chuyd " Hi (a) °I&¥c
I"nh théng qua gid'th s goc b = (0,5*R*T)/(a*n.*F)) ¢ a p h @hhrhgquy
tuy/htinhbWdinmi t €©h n ga lnfEd) s&arin@)ghinh 3.37.b).
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PRX: Epa = 1,137 + Q028 In{/), R2 = 0,9773; (3.43)

OFX: Epa = 0,690 + Q023 In/), R? = 0,9935. (3.44)
1.2+
a) - 1.2 4 b)
11 e————— © 1.14 . o —® OFX
Epa= 1,080 + 0,0001 v Epp = 0,690 + 0,023 In(v)
1.0 2_ 1.0 2_
. R? = 0,9566 s R?=0,9935
b 09 < 0.9
x 091 uf
w 08 0.81 Epy = 1,137 + 0,028 In(v)
Epa = 0,647 +0,0001 v 0.7 R?=0,9773 PRX
2 _ —
074 . R’. =0,9487 _ PRX 06
0.6 — 05 , r r .
50 100 150 200 250 300 350 400 450 500 2.5 -2.0 -15 -1.0 -0.5
v (mV.s? In(v)

Hinh3.37.(a)C &8 ¢’ nyE quytuyhtinhbWdin t ©hn gaHgawvavwn g i
(b)C & ¢’ ng B quytuyhtinhbWidin t €©hn gaBgavalmy). g i
KJT qul i/ hanh kifo sat miliéen h gi aBavalnf)coh s x § cnh (B)

IFn " £ 1809935 (PRX)va® 7 73 ( OFKnNh337.h B h s gbc ¢ a cac
ph<€ehng”iguyuyhhinhtlgiaBav ™ | n (wh ~ d&elegiad"d n™i L
v. i PRX va OFX |a 1112 va 0914. MHukhac, vi cHp oxy hoa il thuch nghch h
s chu ‘i () thTnggagbhe” dbinttr daixgpk n=2
(c[ PRX va OFX).

N h ¥, theo cac tac §iFeizollahi[53], Varodi[197] va ShaikH168],c h J]jc h
phin. n g nlhéagca PRXtrénPmkb "dcic nh€ sau:

//\\ //\\ (3.45)

n“iv.i c/iphlic m g nlhdéa OFX trén @mtb " Micic Lt €Actac gl
Wong[219], Fanghu{220], Jiang[90] ch' ra gi thi/} r?ag:
Y\O K\N/ o N,O/
N NJ 2H", -2¢” \Nh I\Q

o — o

H,0 F
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3.3.4.4n h ‘hg& athWich vdt |i" u bi/h tinh

ThWichvd li' u AQNPs/MNGQ/ GO dWaifig  t1'2 mchc GCE[N h * g€
I § n\WWNki' n tich Qmibhot | nllg " nlthéal'inc ¢ ,, ddy camang i’ u
v’ dh H¢a sensorng“m@pl M- mhdoaltan ca PRX va
OF X vrhty¢a ph<€hng phs§p.b Di%du vdiii ucampagsiie p e t
AgNPs/MnQ/GO (1 mg/mL) nh gi t1én lQMHGCE(@=2,8+0,1 mm). « & €
lam 4t h . S a’w $kkhd niGLiAR hanh kh vd Ii' u b?ag cachquétvon-ampe
vongt 0 JJi20V,IHI910n t r enBE (pH = 7,0, Gr= 0,05 M)

101

E PRX

OFX

2 4 6 8 10
V()

Hinh 3.38: in h * g€ athWichvd Ii' u bih tinhAgNPs/MnGQ/GO LJh dong
'nh PRX va OFX

Nh 9} gkl hinh338chotiyraa g, k hWichtt t2miglunt5hi thi
d , nghatiodicgca PRX vQ OEXgL MH€nygt\Widp¢adwH i
i"u®img ngivipcdQdv y cl ng t tfmg ok tdadth ¢hqua g i
trinh chuyM kh i dX Ji's t r aio " nlfitrén lQOmHug a ki d ¢ bih tinh khéng
thuch [i. Vi vdy, thwtich va Ii" u bi/h tinh trén @mH "L éc 1a5 nL
AgNPs/MnQ/GO (1 mg/mL)L. ‘& | a ch n cho cac nghién a ti/p theo.
3.35.4nh “hgg ath/jlamgiau,thi gi an | "m gungu v~ bi°
a)in h " hg& ath/jlam giau

Khi ch n thV]lam giau (Ecd, ta dn ch n th]lam giau thich hp [ blo ch
lam giau cac dil phan tich Ilen ®mHy " id c, h ch]t'i ' &m giau héb
nh ng pHn_n g nlcic khacin h “mg@hl, BhY% v “chinh xac ca phép
phan tich. Kfo satfn h “fg€ath]l " m dgh "qu & tr 3 nlct/ph ©n
hanh cacthjt -0,3 Vh+D4V.K/}qu L ‘& thwhi n° hinh3.39va bng 3.13:
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50 - 254 b)
404

304

—~ — 1
E E Lo OFX
g K L
~ 204 - Vo
15 (
</ PRX
104
0 T T T T T | 10 T T T T T T T T |
0.2 0.4 0.6 0.8 1.0 1.2 1.4 -04 -03 -0.2 -01 00 01 02 03 04 05
E vs Ag/AgCI (V) Eacc (V)

Hinh 3.39.(a) C § ¢’ nf BRRAJASV ¢ a PRX va OFXa(b) s bi/h thiénca
Ipa theo tH]lam giauEace
NKTNg=30S,test=5s,v = 20 mV/ s, ¥ Emang A30/VOMA13W, ng/ ph
MnBR(C = 0,05M, pH = 4), Grx= Corx= 25uM, n= 3.
KJT qu hinh 3.39 va png 3.13 cho thy, t4 Eac=-0,1V cho s " n "nh peak
¢ aPRXvaOFXvi . Iltichchi§ t €hlagh nbH Vi vdy, th]lam giau-0,1
V  Tc€ achn cho cac nghién a ti/p theo.
Blng3.13:in h “mg€ath]l = m d}itih ki u hda tan ca PRX va OFX theo
ph€ehng #MASYHL DP

PRX OFX
Eacc (V)
lpa (LA) RSD (%) Ipa (LA) RSD (%)
-0,3 1581 4,73 20,88 1,94
-0,2 13,76 4,18 18,07 1,11
-0,1 1553 0,44 20,35 0,40
0,0 14,01 2,04 18,20 0,97
0,1 1386 2,18 17,50 0,83
0,2 13,29 1,53 17,00 1,43
0,3 1329 1,99 17,66 1,18
0,4 14,00 9,55 17,95 5,28

b)in h ‘hg& ath igianlam giau

Th i gian 1am giau @ c6n h “ dg@iil n Jptin hi u hoa tan_ca cHil
ph©n t 2 chigidohan giduthintgn hit hh . a  tpava tieo tnnfg |
gian phan tich, th i gianlam giau In, BQmHb "idc ¢ - . ngbao hoa dhl
phon t2chat¥hgdahEWChihhlvigds, gi c kho sat thi gian lam
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giau nffm m) ¢
L/h

100 -

E (V)

b)

OFX

PRX

50 100

150

tacc (S)
Hinh 3.40. (a), (b)S bi/h thién ¢a lpa g a PRX va OFX theo'th gian lam giau.
N KT Naece=8,1V, fest=5s,v=0,02 V/ s,

LMnBR(C = 0,05M, pH = 4), Grx= Corx = 25 UM, n = 3.

Y =

200

Blng3.4:i4n h “mg€athi gi an
v' OFX theo pAdEYng phsgp
tace () PRX OFX
Ipa (LA) RSD (%)  lpa(pA) RSD (%)
0 9,62 2,8 14,37 3,5
5 1331 19 1810 2,0
10 17,61 0,8 22,36 0,7
20 19,78 0,5 2491 1,2
30 23,52 0,7 3115 0,5
40 22,39 0,1 3394 1,7
50 23,86 0,5 37,54 0,6
60 22,60 0,1 39,84 0,3
80 22,08 0,4 4474 15
100 2381 0,7 51,50 0,3
120 2151 0,2 50,99 0,2
140 21,47 0,2 54,21 0,2
160 22,05 0,2 58,53 0,5
180 21,59 0,3 59,36 0,5
200 21,48 13 60,03 0,8
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T hinh3.®Ovadng3.8UchoKlqu tdtaee= 30 sG JpPtdny thdl
bdo hoavashk ht ng t ic HPFX tiNtg£160 s mi U ttthg thai bao hoa.
Tuy nhién, nfmn gifm th i gian phan tichth i gian 1am giaua tacc= 30 s.
c)Kh[o s 8t xourfogn (LpE)

Bi ° mxunln h “mg@il n Jtin hi u hoa tan_ ca chdl phan tich. Mu
bi ° xungnht h3 cdhhogtanlthh, b ixtng| nl t h 3 ‘nhdhpatan L
caongthi c hn®dodngrmglamgimmec  BAinlichaykfnktng t §cl
I'nh h,a tan_ o [hih mg€taicie gy fnk h §/f cak chil phan
t2ch. ‘Bohnl -b,i Runghlply€quyt nlh/hkhintng ph@n t 2
ph€hng J/pao[§ .U ckKhidh 3.4 va dng 3.5;

40-

OFX
304
EZO- PRX
104
000 002 004 006 008 010 o0
DE (V)
Hinh 3.41. S bi/h thién bag a PRX va OFXW ¢ § ¢, xiing Khac nHau.
N KT Nace=18,1V, tec=30S, test=5s,v=0,02V/ s, ¥ = 1000 v, ng

Erange' 0 ,M 1/, MTIBR(CZO.,OSM, pH:4), CPRX: COFX:25 |.J.|V|,n:3.
Blng3.15:4n h “tg€©a b i % an/@tinhi uhodatanca PRX va
OFX theo ph@&HbABY. ph8&8p DP

PE (A PRX OFX

lpa(MA)  RSD (%)  Ipa(pA)  RSD (%)
0,01 1,72 0,4 228 1,3
0,02 3,94 1,0 5,18 29
0,03 6,54 0,6 8,22 1,1
0,04 9,21 0,6 1155 0,8
0,05 11,62 0,2 14,78 0,3
0,06 14,01 07 18,380 1,3
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0,07 16,39 0,2 21,77 18

0,08 18,20 04 24,75 0,7
0,09 19,70 05 27,66 0,9
0,10 21,32 0,1 29,97 0,8
0,12 21,74 05 3251 1,2

Khi bkéngldfint @1 MOWOV t hAa g ditehi ud PRX
v’ OF Xfnt. £ NgHeEGOZ 2 V "nhstini® khing dhn
thnhna. Do 'LpE iVv® Eten chn cho cac nghién a ti/p theo.

Tom 9, qua céac nghién @ vQnhh & g/ tin hi u hoa tandava Bag a
PRX va OFX fug ph€hng-AdASVED d D& nldc bih tinh
AgNPs/MNQ/ Er GO. Q& & thi nghim 1'c@&m tbtrong bng 3.%6:

Blng 3.16: C§ cQ ki nthichhp WK § ¢n hnd th i PRX va OFX theo

ph€ehng #MASYHL DP

STT  n Qki nthinghi m Ky hi u Giatr nhn v
1 Tc,4uaycki ¥ 1000 rpm
2 Kho[ng quét th) E range 0,2 /12 Vv
3 Th i gian ngh t rest 5 s
4 Bi ° mund viphéan mpE 0,1 Vv
5 Th/]lam giau Eacc -0,1 Vv
6 Th i gian lamgiau tacc 30 S
7 Thigianmi _lot@] tstep 0,3 s
8 B ‘€c nHy th] Ustep 0,006 Y,
9 T c | Huétth] v 0,02 V.st

336.4dnh "hg& amts y/ut cntr

n nh% viechnlcga Hdcbiptinhlamty/ut riiquan trng khi
phan tichl” ng th i PRX va OFX trong cac Mu thd  n hX2: " @hXn, th c
phXm, sinh hoa va bu _rc®i vdy, ofn pHinghién culn h * mg@© a cach p
chiihu c¢ch v Thvwd xC8hcPRX va OFX.

T hinh3.42choth), ais t €hni¢gREl%)ca o d nghld €
| n h5koH ‘@ coilaln h * mg®&hi thém L-sys (L-systine), Glu glucose)vao g3
10 IFfn PRX va OFX,CAP (g 8 IFn) vaTNZ (g 20 Fn)thim in h "m ¢l
tinhin d , ‘mhdRXva OFX.
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x 54 @ 51
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Nl ey
c 9 c 0
P P
.54 54
- -
‘un 104 ‘o -10
'(cl—ﬁ) HMPRX  EEOFX 5‘% EPRX EOFX
-15 T T -15 T T T
< T, Q Py Q % % Q P
5 s, ) 4990 (OJo ", s, &Vo/s /I/O"’& Ty 0%@ @%Jo %Ov
o. % 2 4 7 % s, 4 % % 02,& ’o% % 2, )0%
5, %
TI n"ng . Mol (m\:mv) TIr n"ng ., Mol (mv:mv)

Hinh3.42.4in h “tg€amts hpcithu ch v Th vd ‘mhddalthn
¢ a PRX va OFX 10 pM. Ffn trong ngb” tr, c hoanh 13t n'n g, (M/uM)
gi achlic[n tr va ctdiphan tich (PRX va OFX).

Trong khi'il v INaGdNHEIUKNOs Ca(lhPQ)2 NaSQs,
MgCl, va FeCit h r@ gp 60 Fn nénkhéngln h “m ¢ L By &K&tcoxyl
hoa ca PRX va OFXNh ngkfqu naychotlys hindincamts h pchd
vi ¢ hnQuimm¥ommigi * ngeo®@Akhongln h “m¢Phiic x'8& &  nhda
¢ a PRX va OFX.

MHKhag vi' ¢ thém uricacid, 4-NP (4 nitrophenolybp 0,5 Fn hotb Al 2(SQy)3
ghd 2 fn PRX va OFXd¥ JIREd |, n'gh ¢la d hai cidl phan tichnayv @
qua 5%’ Qu nay ¢n "Lc¥@m xét trong qua trinh phan tich.
3.37.n, tailHp, . IEpIGvath igansngg a B¢ cbiptinh

n. IH 1Y (Repeatability v tai I (Reproducibility ¢ atin hiu L) (
lacacyptf [nh “mege L Wy, thhedygca ph<€hng ph8mhoéap h ©n
cl ng ‘rga@lamvicca Haéc(ongt i me of wor klibhig el e
| © trong prhhEmm@nd ih hc@opchdiphan tich.
ayn tailpga B¢ cbihtinh AQNPs/MnO2/ErGO

Hinh 3.8. cho tibf cho ttBf tinhiu  d ,‘'mhg a PRX va OFX 6 RSD%
c., a 105 JInF rt 2Infhn | IR =@B%, RSDorx = 24%,vac [ 2 L Qu
O/RSDi=6,5%1 ° chblp alhdmg Lt€calli § int ctHe
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—1st OFX
——2nd 94
—3rd
F—ath
5th W
6th
F—7th jé" 81
—18th PRX
F—o9th =
—10th
F—11th £ 74
F—121h
—131h
—141h
—151h 6
0 T T T T T 1 5+——/—7—""T"7TTTTTT7TT1
0.2 0.4 0.6 0.8 1.0 1.2 1.4 oY EREIT2I2LEERBERG
E vs Ag/AgCl (V) S l fn bifn t2zn

Hinh3.43.n taillp t r nonc LCLi B tinh Bag AQNPs/MnQ/ErGO trong
15Fnvyvi “hg&tliu t €mhag t

NKTN: 5 Og/ miGOAEg POSLNVMA=CBO S, test= 55,V = 0,02V/SErangs
0, 2MY,2VmE = IDMBRYC = 0,05M, pH = 4), Grx= Corx= 10 UM, n = 4,
b)n. | Hipc & 9B ¢ cbi/htinh AQNPS/MNO2/ErGO

nWx §cn hl Ithldca ph€hn g-AdABVESpd rDgP nlcic bin
tinh v i vd li" u compositeAgNPS/MNnQ/ErGOx § ¢n hl’ nd th i PRX va OFX,
ti/h hanh 03 (ba) thi nghin | Bl 03 (ba) nn g, kbac nhau 12 uM, 10 pM va
20 uM. Trong mi thi nghimti/h  h ° nH 19 @9dchih) fnv i ¢ @& nithi
nghi mthichhp L «c| B ntrong fng 315. KIFqul L ‘& ch ra’ hinh 3.4
valdng 3.T77.

204

lpa (MA)
lpa (MA)
Ipa (MA)

104 2 104 10mMM 20 MM

T T T T 1 T T T T 1 20 T T T T d
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 10 12 0.2 0.4 0.6 0.8 10 12

Hinh 3.44.C § ¢” ny BRRAJASV ¢ a PRX va OFX@ cacnn g, 2luM, 10 uM
va 20uM.
N KT Naee=18,1V, bec=30S, test=55,v=0,02mV/sS,Erangg 0 ,21,2W, L
pE = WMBRYC =0,05M, pH =4),n=10
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Blng3.7.M, ts U “hg®ng k°nhklUE alv i PRXva OFX
brag ph€ehnegAdASW.8§p DP
N'n g, d.a PRX va OFX

Thong s 2 UM 10 uM 20uM
PRX OFX PRX OFX PRX OFX
Ip (MA) 2,66 2,61 6,42 9,14 10,61 15,81
Sd 0,05 0,02 0,05 0,07 0,08 0,19
RSD 1,93 0,72 0,71 0,79 0,80 1,23
% RSDH 8,51 8,40 6,68 6,59 6,02 5,94

Nh ey Wiqu blng3.6cOthN €a r ah c®t nmh€ sau:

-Sovi%RSy, t lKéhcHd t €hnpnig kth&c Trwiau L
PRX v~ QOF X hinhiQ Ifn;

-TheotituchMhca AOAEthe L h hni sopuahw L

Do L :HplbdEa “®@ d., n'ghhbatanca PRX va OFX la hoan
toan chgp nhch L &,
c)Th igians ng ¢ al'in¢ c bi/j tinh AQNPS/MNO2/ErGO

ninc cbihtinh AgNPSIMNG Er GG ki ®tlfnvasdng ®ig h
ngay,vaocuimi nghgc Ulk®oqun t r BB (pPH=7) ~dge
nhit . 4°Ctrongt Ithh.

104
—— Day 1 81 e,
—— Day 2 PRX
—— Day 3 ~ &
——Day 4| E )
Day 5| [/ -
Day 6 <
Day 7 £ 44
— .
0 T T T T 1 0 T T T T T T T
0.2 0.4 0.6 0.8 1.0 1.2 1st 2nd 3rd 4th 5th 6th 7th
E (V) Ngay

Hinh 3.45. (a), (b)S d.n g " nlcic b tinh AQNPs/MiO2/ Er GM § knh L
PRX va OFX trong 7 ngay liénd.
N KT Nacc= 8,1V, kec=30S, test= 55,V = 20 mV/SErange 0,212W, L
E O0AV,LMnBR(C =0,05M, pH =4), Grx= Corx= 10 pM, n = 4,
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T hinh 345chotiytinhiu  d ,'nhg aPRXvaOFX6RSD% c

a

ng

t h | f IRGD#x%ES5%, RSBx% = 4, 7% so vvicln@ vy

L QUARSDH=65%I| ~ chblp alhdmbilth cc,, ¢ c- L
3.38. Kholng tuy/h tinh vagi i hth phat hi n
a) X § ¢ nhlkholng tuy/h tinh

Vic x &kkhdng tuyhtinhga PRX v~ ¢ @F Xanhlbey
phehng ph &pv icthH ehomn RRK G01M va OFX Q01M.

1204 OFX

804

PRX

Ipa(MA)

404

0 100 200 300 400 500
C (mv)

Hinh 3.46.C § ¢” n§ BRA d A SV "mh&ldnd'tuyh tinh ¢ a PRX va OFX
T. hinh 3.4 cho thsy kha[ng tuy tinh ¢a PRXt 0,57 90 uM va OFX t
0,57 170 pM. Va c6 hin ° hgdbdo hoa trén@mtbvd i u  k h i “ ntgt chigl
Crrx > 90uUM, Corx > 170 uM.Ti/h hanh xay dn g ° tig€hu§r ¢ a PRX va OFX
t 05 OR3QuM:

30+
Ipp= (-0,4176 + 0,0733) + (0,8047 % 0,0089).Cory

R? = 0,0989 OFX

PRX

E K
— 104
Ipa = (-0,4077 £ 0,0368) + (0,8895 + 0,0135).Cpry
04 R?=0,9979
0.2 0.4 0.6 0.8 1.0 1.2 0 5 10 15 20 25 30 35
E vs Ag/AgCI (V) C (mv)

Hinh 3.47. (@) C § ¢" ng BRAJASV thém chi ¢ a PRX va OFX(b) L “eng
R i quy tuyh tinhg a PRX va OFX
N KT Naee= 8,1V, tee= 30 S, test= 55,V = 0,02V/s, Bangs 0 , 2 1,2W, L
@E = IMBRYC =0,05M, pH =4),n = 3.
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T quatrinhthémchtakp p h €h n’gquy tayf kirh: h
PRX: | (WA) = (-0,408 + 0,037) + (0,890 % 0,014)Cprx (UM), R2=0,9979  (3.47)
OFX: | (UA) = (-0,418 + 0,073) + (0805 + 0,009)Gorx (M), R2= 0,9989  (3.48)

n ©ng fiquytuyhtinhngaPRXVAOFX6h st €hng qu&,e khs§
0,99), vivdy cOthAap dn g XrEIC ndlth i PRX va OFXtrong md4 th ¢ t/]
b) Gi. i hth phét hi n LOD hay MDL : theo EPA821-R-16-006(2017)[190], ph.
|,c19valdngph | c(PL)chokiqgunh€:sau

LODprx = MDLprx= 0,063 (UM); LOQprx = 0,212 (UM).

LODorx = MDLorx= 0,077 (UM); LOQorx = 0,257 (LM).

Blng3.18: Sosanhmts ¢t ng t r 3 nk 8§ Enk PRXVanQFX $d, ng
L''in ¢ ¢ b tinh

Khol'ng

nincc P T] éle Ny LOD (uM) C'E'?'r']’ﬁac TLTK
PRAR— inh(um)
(GO-PEDOT:PSS v, |
oot suy 08726 0.1 PRX  [218]
AGNPSSWENTSIGO- | oy, 1 57 400 0,5 PRX  [239]
GCE
CCZME DPV 0,27 25 0,65 PRX  [17]
Pt NiO/MWCNT
! S DPV 0,67 320 0,061 PRX  [40]
_GCE
CD-Gro 1,07 15 0,105 PRX
SWV 160
-CPE 1,07 20 0089  OFx 160
CuNPs
DPV i1 22 PRX
ok 37 135 0, 53]
PGA/TOHS/ )
N TeCRE DPV 0,47 80 0,3 PRX  [19]
CwO/NG/Nafion
Y, i 2 4 X [22
oo C 0,51 280 0.3 0 [220]
Au DPV 207 230 5,2 OFX  [13]
GCE/fGO/AUPt CV  0,08i 100 0,05 OFX  [90]
LGCE DPV  025i 200 0075  OFX  [54]
CFOGCE DPV 17 55 0,06 OFX  [95]
PABSA/GRGCE DPV 0,17 40 0,03 OFX  [173]
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NGI/GCE LSV 1i 50 0,303 PRX [38]

AgNPs/MnO2 DP- 0,51 90 0,063 PRX Nghién
IErGO-GCE AdASV 0,57 170 0,077 OFX C unay

3.39. Phan tich m»u th, c t]
a) M de@hXn:

MMuthic PRX v “craua®nhit®icbnhvin Trung/€hng
n €c ky hi u M1, M2, M3, MA.MXu p h ©n’ ctchdqp h bdy€ach can Kh
| “@g ¢ a 20 vién thuc trong 02 v(10vién/vV). MXu  “Lc8ghih mn trong ¢i ma
ndovatrn QL TUptheo,cankh °hg@®ax lymX t h'eco V& Nami
B Y t][3]: ik i m¥u M1, M2 vién bao phimfmcanmt "h & t €hng L €h
mg Piroxicam, va mu M3, M4 vien nénfncanmt "hd&® t €hng L<€hng
Of | o xAphannichK/fquph ©n t 2 ch P'RXnhtheocodgtiXe L €
(3.32) va quy trinh hinh 2.8:

Blng 3.19.Kh'i ° hg®ién trung binfkWphan tich PRX va OFX

Kh'i ° hge Kh' i
STT Kyhi ' u trung binh vién

Kh'i " hge  ThWtch

* hg®ién a
trung binh (g) ¢ © n\phén dung moi

bao phim (g) tich (g) DMSO (mL)
1 M1 0,3810 + Q0063 0,3197 + Q0067 0,1659 20
2 M2 0,3123 £+ Q0099 0,2475 + Q0112 0,1540 20
3 M3 0,4262 + Q0033 0,0768 20
4 M4 0,5013 + Q0195 0,0753 20
30+ 60 b)
254 15 o 50 ? cs
3 S add 5 ®
— 20+ o “r — 40+ add 4 %20 % :
g 15 5 g 304 s NP
E is 0 5 o 5 10 15 E \ add 2 - 6“*“ —
EECE N ‘ - 20-vd J com /
54 . 10 MZ _
~Z~ R
0 . . . . . 0 . . . . .
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
E (V) E (V)
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601

o
50 4 “ add5
o

add 4

401 add 3

add 2 JJ

304 20
add 1

lpa (MA)

20+ M3

104

0.2 0.4 0.6 0.8 1.0 12 02 04 06 08 10 12
EV) E(V)

Hinh 3.48.C § ¢’ nf BRRAJASV thém chiy v “"'ng i iQuy tuy tinhg a
mathic t h &h(a) §Xum1; (b) MXU M2: (c) M¥u M3; (d) M>u M4,

I’J KT Na'cc: 'B,l V, fec= 30 S, fest= SS,V = 0,0ZV/S,Erange' tp 0 , 2 A‘I'SI(,Z \z.
@E = IOMBRYC =0,05M, pH=4) n=3.
Blng 320.X § ¢n H' ndith i PRXvaOFXtrongmdthicbla g ph<€hng ph

DP-AJASVV ©~ xn®déndTha g p h€hnigh mhRLE L

Ky Ham _ t

hiu 1 egten D (?SV_ HPLC®  tron © 00k nea

mX  nhan(mg) M Sdn=3 (p=005,n=3)

M1 @ 20 201+ 04 20,16 0,50

M2 @ 20 20,7+0,5 19,84 3,04 4303

M3 ® 200 2075+31 20630 0,69 ’

M4 ®) 200 1995+ 2,8 203,96 2,76
(a) : Hhg PRXItrong mu vién nang mg/vién; (b): Hain| ng OFX trong mu vién
n®n mg/ vi ° nng PRXova OFX phamticiilb g ph_ . ng phhlgcil- HPL C
13); (d): op, LRPE ; voi of h imgtringbinheamu (DP-AJASV) ; Otngh ™ m |

trungbinheamu ( HP L Ci)INth cBuch {DP-BJASV) va nsXthi nghin fp b i,

T. hinh 3.8 abvablng 320cho thBf | “@g khangriemP R X ° ¢ pat hin
trongcac MuM1lvaM2sdng ph<€hng pxhlgnp t1&820 1nwva 2017 u
mg/vien. T €h nng Revg a cac mu 4199,6%1 1 01, 7i% i b4 M1 va
101,5% 1 106, ORv ilm¥ M2. T€hmyicctbi/h tinh
AgNPs/MNQ/ErGO-G C E L' 1 bahlhi n kn[ n £ n §hh mE trong vi ¢ phat
hi nOFXtrongcaciy M3 v ' 'nM4 OFX€hd & €x'8hifn 't €
L'iv im¥uM3vamal - 207,1 v~ 1 9 Mg \6i Rewti 102,4%i n | t
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105,4% va 98,6% 101,3%(hinh 3.8 c-d). MHUKhAC,gia tF trinn LQI nh h b Bg t
‘L tinedy (p=0,05)k/tqup h ©n ~hgethci PRXWWAOFXBa g ph€hng p
DP-Ad ASV v~ p hié@bhiigHPphQIEkhong khac nhaiQmrth ng ké.

Kiflud:ph€hng AdASYs @R g nlgic b tinh Fag wdt i u
compositetAgNPs/MNQ/ Er GO  IL"Vanay- tL
by MXu nc&n g v, 'cmaye

MMil achnlamda rc®ay(kyhiu: N Mg I td&i ¢ a phong thi

nghi mi Khoa Héahc , " ngn®¥h ckhoahcvaméu rt€sing Nh€ h
hi u: NY)i thanh ph HW] LBy 8,0mL méu v °  "nBRi(pH %4,0). T hanh
x §cnhlRa g p h<€hn gAdpAhSSVp dDvo gbijitinhs d ngvd i u
AgNPs/MNQ/ErGOa g p h€hng pX. K@ qufkhh°tm gc miug ¢ €l
N n g, claPRXva OFX trong i thd (hinh3.49). MXu rc@S§y vcsong€
sau bafln t/n hanh thi nghim Idb v i mXu thd, nhch thef  t r” hqDRAJASY
khong thsy xuHl hi n tin hi u hoa tan_ca PRX va OFX hebcé xtdhi nthep n h €n g
khong th\C'n h ° nl g€ & (Iénh 349).

254 25 -
a) b)
204 20
g 15+ jg‘ 15
10 101
— NM —NY
54 —— addl 54 —— add1
—— add2 —— add2
—— add3 —— add3
0 1 0
0.2 0.4 0.6 0.8 1.0 1.2 0.2 0.4 0.6 0.8 1.0 1.2
EV) E(V)

Hinh 3.49.C § ¢’ nf BRRAdASV thém chtqr  x ‘& & nff th i PRX va OFX
ca(@mda  rcay,b)n&sr ng Nhefh UIsddbl ba |
N KT Nace=,1V, kec=30S, test=55,v=0,02V/S,Erange tp 0 , 2 M,2 V,
@E = M BRYC = 0,05M, pH = 4).
Ti/ptheo, tth  h ™ n M hx tBLch i ttén md thd. Qua trinh chX b mXu
n h € djahanh bd thi nghin B ldp, mithinghimIby 1 00 Xnphani M
t2cho, th°m 0,25 mL, cBc¢hHOPRX0001Mva@X75 m
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0,00lM. N&@&nw cla PRX v~  ORhdtheémochig o i dk&
I” nh qua cong thc (3.49 la:

C. = Cwxel VMxa * Cop. xd ¥ob. oth u (3.49
0 Vwsa* Vbbb .
. ¢ghu

Vdy, Thinghi m 01 (TNO1): [PRX] = [OFX] = 2,48&M.
Thi nghi m 02 (TNO02): [PRX] = [OFX] = 4,95@M.
Thi nghi m 03 (TNO3): [PRX] = [OFX] = 7,389M.

PhantichBa g p h €©hn ¢AdASW: 8p8,0nR dungcchmd L « t h°r

chiptidamenng, tlr°n v o pB®h. LThmBREHDH4 mL
Cer= 0,25 M)/Jh Baohln@wlimbthd ch€a X.h°m

PhantichBag ph€hng mhSOHmLARDEmMUl L« tXfd® c hu
mcnng, tlr°n v’ mB@rm, LTh ciiv2g OL OmLmLn.€© Sau

ti/h hanh phan tich ¥ thém chdh bag HPLC, K qu L ‘& chra” ph | c15-
18 va Hng 321.
T. blng 3.2L cho thy gid tr trinn LQI N h h Bmg tL, tin cdy (p = 0,05) nén

L

Ktguph ©n “hetici RRXWAOFXIRa g p h€hn eAdpAnS8&p vDP p h€

phg&§p HPLCxedne |~ ph-€bn Mharti§hpcactdll khang snih u
va khang viém va vidy, la khong khac nhauQmHuth’ ng ké.

Quaklqu p h ©n *heetfci PRXva OFX trong MU _rc€bngv ™ . @ €
may nhch thby rag:

) N'n g, ¢laPRXva OFX trong hai¥n rc4d khong tik § cn hi” & €

i) Giatr L, thuhi °E € x §ied alvao thém dil chih vao ma tha
(spi ke s amptl %6s,) 4Pd@D% l& hoan toan dip nhch  “Lle e vi
AOAC cho phép.t8 0 %Wh 110% Enn g, tl1 00 phabppm.

i) MHukhac,sovi p h€hng ph § p}quf Pharichttrorig Bdc § c
thd thém chdiba g p h €h n ¢AdASY I& khong Fhac nhau@mHbth’ ng ké
t4 p = 0,05.

nQnaykifh gnhra g p h€hn AdABY € d n B Plcic bi tinh

baagwd li uft h p AQNPS/IMNQ/EFGOGCE | ° 48 ng tin ¢

121

k



Blng3.2L.X&§cn Hnggthi PRX v~ QEbDd rpm@hmeddpASsp vihRrikngEbalg ph<€hng ph§|
" i ch ng HPLC.
: i g ®) n©
Ky DP-AdASY I_th‘grr:]g I:)RXDF’ ASVOFX Rev (%) HPLC ttinh t
. ° Blng
:]r:)&lj C(TnB_ ;d chwp | Crs®Sd | Crs®Sd | PRX | OFX Zﬁ; El);/l); PRX | OFX | (p=0,05,n=3)
(LM) (HM) (HM)
2 2,10° 0,06 | 2,19° 0,03 | 1050 | 1097 2,00 201 | 289 | 240
NM @ KXn 4 4,31° 0,12 | 4,09° 0,10 | 1078 | 1022 | 380 | 4,02 | 402 | 1,21
6 6,45° 0,10 | 6,65° 0,24 | 1076 | 1109 577 554 | 393 | 4,27 4303
2 2,04° 0,05| 2,21° 0,09| 102,0 | 110,6 | 194 | 2,01 | 3,46 | 3,85 ’
NY® KXn 4 4,03° 0,09| 3,85° 0,13| 100,7 | 96,4 3,83 3,71 | 3,85 | 1,87
6 6,18° 0,11| 5,94° 0,20| 103,0 | 98,9 59 | 574 | 3,62 | 1,73
(@ : HinmPRXvaOFXtrong nuthot @crséng); b) : HinmPRXva OFXphantichbg ph_ _ng ph8&8p HPLC; K
x § éh; €): 0y, L2pE vaicf  h “ingtrung binheam u(DP-AJAS V) ;  Oing tuhgbinhgamu ( HPL Ci)INh Sd: L

chut n (DP-AdJASV) va n:sXthi nghiMn [1p b i.

T blng 320cho thy} gia tf tinn LQI NG h h Bng” tL, tincdy (p=0,05) nén K qu p h © n * hg2thci RRXIva OFX Bag
ph€hng AWMASVDR"™ phe€hnyc pxhenp |HP LpCh @hH@ Yfihgnhich pac dhiikrfang sichivaukhang
viém va vi \dy, la khong khac nhauQmHuth ng ké
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CHh 4y NGKdT:LUxN

V.imcl 2 crtoral@iphattid "Hdéclamvic trong phe@mpeg ph
n- i chung v~ -gnipedtp phg cathddivpanadionn- i "Mk §ang L L
" ng th ithu ckhangviéni k h § n g s i nclph¥h. Quamlung mgk@en cu trén
c h lIysthuy/t ; nglth i tham ko nh ng cong trinh nghién@ t r om gv ‘lt€n €
ngo i c_lcacgdl qufth& nghim t h evalitEramts kifluch nh€ sau
1.Vd li' u nanccompositdMnO2/GO va AgNPs/MNn@ GO ci @yhpmt c¢c8ch LT
giln t phong thinghi m. Va Ii" ucompositd ngh p ‘Lc€ ng minh Bag cac phép
L okoll t héalygin UL n h<@hj ugdkia X, ph h ng ngdl, pi Raman, ph
quanagt tiaiX, hvd Vv nt quétph tansb n L mgmapp@g, d v n L |
t truyQv g uphanlgfi caovapht ngtr .
-Dlhgtntdc aMnG:l ~ 1 MHO.. H& nano AgNPs va Mngl’ ‘& quan sat v kich
t h &rung binh khpbng 1071 15 nm.
-ninccthanthy t i mbiphtinByivdaliutnghp ‘lc@ tvh hanh kh
I'"in héa.Trongqué trinh kh vd i u,hai k thuda kh blag ph<€hnganpd §p
v,ng (CV) v  ptheamgt) (Qh §lpBgdt.chogua trinh Khi'in
h6aGO thanh ErGOVd Ii' u sau qué trinh khla MnO2/ErGOva AgNPsMnO,/ErGO.
2.KFgucl ngng hmi nhtttig avtli wempositeMnOJErGOl " m t £ng
L d "dvil'intr chumi "t iichnh (Ree= 0,188 K\), di' n tich QmHuhot
' n g nlhéaln(A=0,076 cmd),vav. is cénmbg aMnOzgitpl " m t hmg Lc €
d ., n’ghgclachloramphenicol vainidazok.
-Lfn fUtién apdngph €hng pAd@IYS ld$ g nlcic bih tinh Rag wdt
i u compositeMnOz/ Er GO ‘nh&mg thi h ™ m’ ng§ @loramphenicol va
tinidazoktrong nhng M mxu ph ctp  n hX¥Emd omg, M4 thu ¢ vién, mXu thu ¢
n &, va ¥ thu c m tra mcu
-Ph€hngc p mBipcaol, dc ( s | ogfeiyuy Fre’ it 18-0,048 + 0,002
mA/mV) L * i chloramphenicova(-0,072+ 0,002 mA/mV) L~ i tinidazok; va gj i
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hth phéat hin thgb: LOD 0,58 nM L'i v. i chloramphenicolva 0,33mM " v, i
tinidazok.

3.K/tqucl ngng hmi nhtttixmidlivueompositeAgNPSMNO2/ErGO
(Ret= 0077kW, A=0,87cmA) L & dithin h Hii u MNOJ/ErGO (R = 0,188
KW, A = 0,076 cm), vas co mHug aAgNPsMnOz gitpl " m  t inmggdlc rEgh
L i v. i piroxicamva ofloxacin.

-Lfn FUtién ap dngph €hn g DRAASV S d n g " nlcic b tinh BRag vd
li" u compositeAgNPSMnO2 Er GAx §lEnh I ng thi h ™ m’ ny pRoxicam va
ofloxacintrong nhng "y mxu ph ¢ty n h & viértnénuvién nangn & may, va

n & song
-Ph€hngc phnBdcaol, dc ( s | ogfeiyuy Fne’ I 130,890+ 0,014,
mA/mv) L " i piroxicamva (0,805 + 0,009 mA/mM) I~ i ofloxadin; va gj i hth

phat hin thgy: LOD 0,063nM "Ev. i piroxicamva 0077nM "Lv. i ofloxacin.
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