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RSD Relative standard deviation n, | " ch chuX
SEM Scanning Electron Microscopy Hi Wn vi i
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TEM Transmission Electron Microscoy Hi Wn v Li n
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WHO World Health Organization T ch._ ¢ Y t]
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XRD X-ray Diffraction Nhi_ u x4 t
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Hinh3.43.Sai s t<€hng L i (RE%) do [nh h+€ n¢
ch (b) tU4i c¢c8&c t....l...n’.ng..L...kh8cl00hau.

Hinh3.44.(a) C8&8c -AS€ghtgn MR1 01/ r GO/ GCE v~ (b)
di_ _n quan h tuy/Jn t2nh gi. a d..ng.l0l nh

Hinh345(a) n., | ch chuXn t<€hng L i (RSD)
MIL-101/r GO/ GCE ° c¢&c n"ng L, CPR kh&®8c nt
(b) n, t8&8i |1 Hp, L 104/ LGOhGEEFalL®LIi cnlL&nt
C€ ng L. dCchRYSE UM (M=NL0)M.peidiieieiiieieis e 103
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M, n&U

Phon t2ch Li ' n ho8 | " m t trong nh_ng
ph©n t2ch hi n LYi, L8&p .ng c8c y°u cfu
So v,i nhiQu k: thudt truyQn th  ng, c8c
h"nhglLpRn, chi ph?hantckipg bn'c htoh pih @pi g c L'

n" ngt htbljpong nh_ ng nQn mXu ph_ ¢ tU4p. Hi 1

thu, ¢ ch, yJu v o vdt |i u bi/Jn t2nh Li
| " ¢ vIXyw hdac8 tr3nh trao L i electron.
Vdt |i u Kkkiumgl dUnh €cM®Ft) h™ v dh J3mi n®©ntg
cao hi u qul mhmoOnc bld cthr Lé " madoguln c- tr
l .n v™ kh[ ntng LiQu ch nh c¢cblu tr¥%c | in
lo9i v~ ph” i t° h_u ch. Nh" L, x p cao
nhi Qu €u thJ sox 'vp it rcl8eQnvdtth’lng, t_. L. |
c8c Il ognh v, ¢ nh€e x%¥%c t8c, | €u tr_  [Ihing
4.Trong s c8®1MBRoamMMUIM n" i bdt nh" thw
ho8 h ¢ cao, “n L nh trong miti tr<€ ng r
h._  uBidHph® h>p v.i LiQu ki n c,a c8c ph®|
n, i t4Yi tI0Kp o haAmlayh/] qug§ tr3nh truyQn

ntng cm bi/Jn. V3 vdy, vi «©hpW&101rmnWhm:
clfi thi " n t2nh chblt Li nl2inddEr donghte: nghHt
bdc (AgNPs) L€ ¢ quan t©m nh" kh[ nktng

truyQn electron v~™ | " m tkng s  ;gragheneg t C
oxided Ykdr~ (r GO) c¢c- L., dX%Xn Li n cao, di n
v, i nhiQu h>p chblt h_u ch, gi%%p tktng

Li " n h-a. S -k01t W ip AgNRs MhdaHc r GO L€

hi p LY ntg,hwy aklph&ntnglhiblp wha olia tMiil
dXn Li n v hoYt t2nh Li n h-a c¢c_,a vdt
Trong ho&8 h ¢ pho©n t2ch, vi ¢ L nh |
(URA), xanthine (XAT), hypoxanthine (HPX), theophylline (THE) va ciprofloxacin
(CPR) ¢c- T nghoa quan tr ng trontRA h c
XAT, HPX | ¢8c s[n phXm oxy h-a ¢, a (
ng€ning L., c¢c.a c8c chblt n"y trong huy/t
c8c b nh tjimXMaBchmi, wo@uxant hi nub'imh va HEn
Parkinsorf15i20HP X ttng bblt th€ ng cing L€ ¢ x
to"n phfn tr[alhg BAmy gtinth€eting THE |~ al ka
r.ng r«i trong LiQu tr  Ra.- THE ,| 'hem, ts u
XAT ¢ LHc t2nh |7 i tiWu, tuy nhi°n THE
gOy k2ch th2ch h thfn kinh trung €hng,
L ¢ khi dE3).g nHcQubicato, ° b nh nh®©n hen s

1



c- thw I "m thay L i qu8§ tr3nh chuyWwn h-
THE v° URA t f2d4255M nte It’ g i MUuBICPIR. U "cim k h &
sinh nh-m fluoroquinolone L€ ¢ s d, ng
| o04i nhi_ m k[B@6kXnDok hBcc nthaus hid, mgdicam, k!
so8t c¢c.,a CPR khtng ch" g®©y nguy c¢ch L i
ph8t triWn c¢c,a vi khuXn kh8ng kh8ng sin
t ] c, nayi2®” ng

Hi " n nay, nhi Qu phe®€hicg kjshkdEp kgh @n ntg2 chh
cao[25,30033, s cikkT i@BHH Li n d[B536)a oq uaufogn ph’
quang37]v Raman t Ltn@B8i40E «nd Q@ mHt d, ng LW
¢ h BRA, XAT, HPX, THEVaCPR r ong c¢8c mXu siwhi plhXm
chinhxaccaoTuy nhi °n, c8§c k: thudt n"y the€ r
quy tr3nh x  IT v™ chuXn b mXu ph_.c tUrg
méncagl,™ ng th™ i ¢, n hUn ch/]]Tv@nkhp ntegnp
bi/Jn Li' ' n ho§ L€ ¢ xem | "nhn, tc &ci [€u pLhi§wy
nh€e quy tr3nh ph©n t2ch Lmmg qigldn,, dhi ng
ph% h°p cho vi ¢ x8c L nh URA, XAT, HPX

Theo hi Wu bi Jt hi10IvamIlbl 0,1 cb8ic/jrv dtt2 nh "
nghi°n ¢ u trong m t s[1341i46y "d_crhtquglib n IH
LJn vi ¢ s’ d. ng ch¥ng trong biJln t2nh I
ri°ng | T may &% nb  ptorg@a&tX uh _su nchh h™ ¢, d€°
ph€hng mpmmgenivoKholng tr  ng nghi®°n c¢c. u n
vdt | i u m, i-10tlr °cn- chho st tMInth Li n h-a c:
phon t2ch LYng th i c¢c8c h'  p chbBlt purine
hi uTgafig nghi °n c_ -001vacomposited t® nl NLFLOIsMI L
L« L€ ¢ t"ng h>p v s d,ng LW bi/Jn t2r
m s$cm bifjn Li n h-a c¢c- L, nh4y cao cho
CPR Cs8c I;I—hcof{trliﬂiﬁzgmhh"-a c. a URA, XAT, HP X
mHt Li n c¢. ¢ -H01Gancompésitehr °bn MILEMOSL L « L€ ¢
s§t m t c8ch h' th  ng. C[mhdat JjnL L' Qn k ¥ It

v’ gi_.i h4n ph&t hi'  n thblp, L ng th i ¢
phan tichrongc § ¢ snmiXwhd® c©, p h Xm.
Xublt phg&8t t. nh_ng |IT do n°u ti@iPm§t ch

triWn Li n ¢, c bi/fjn t2nh0obJIhW ph®n Iti? ah
chBlt ub®&ng ph€hn@gmple®p von

M, c ti°u nghi®°n c¢c_u

M, c ti°wph&hung: Wn Li n ¢, c bi /sl 2nh
LW phon t2chhmutURBR, KAP, chBIX, THE v-° CP
h> ¢, d€ c¢c phXm bammp. ph€hng ph&p von
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M, ¢c ti°u c, t h W:

-T"ng h' p vidtc8d wdtMIILi =~ u c ol@pvaMi-t e A
101/rGO;

-Bi /]n it 2nn®CEBcung v dt-101LiW&c MI'Lnh LY ng t h
THEtrongn €, c bR&inWYWuph€hnragpep h&p von

-BiJJn t2nh Li'vidtc |ldé QGHGHN®EY MI'Lnh L n
URA, XATva HPX trongn €, c b ®&nh Wu p h€hnagpep h8&8p von

-Bi /jn t2nh Li'vndtc |c-lOBGEUIMM 80 gl nh CPR
d€ ¢ phXm b3ng-apgehng ph&§p von

n-ng g-p m i ¢, a Ludn §8&n

n« ph&thanhadighn  n ¢ ¢ b{ilOYnGEBRxn&w MI'Lnh L
th i uric acid v" theophylline.

n« t°"ng h p L€0¢ eve&hglc8&a MHL 1i u MI
nhi  t kh8&c nhau, qua L- | "m r» [nh h€ n

tr¥%c v t2nh chblt Li n h-a c,a vdtvdti u
| i MIu-10Lk h [ bc &c§8 L itQuw? knvgmi_myg d_, ng hi u qu
L " nh LY"ng th i URA v  -ampeEJ/]b3bggphekndg «p
b~ tr ° MaterigdhsfiReseanch Expres®lumel2 (2025) Article number085004

(SCIE, Q2, IF = 2).

nh8t triWwWn th"nh c¢c!ng -101/GCEc ng Wi Ay
trong phan tichL™ n g utickacidi xanthine va hypoxanthine.

Tr°n ch s° -1vodit, Iliudin MInL L« t " ng h' p
AgNPs/MIL-1 0 1 , trong L- c8§c hUt AgNAGgh<E€ c
phfn n©ng cao kh[l[ nktng dXn Li mni wvn chocYt
bi JJnb LAGNRS/MIL-1 01 cho ph®p x8c L  nh LY ng t
ph€hng pamfope won [ L8&8pUyngab t.KYytugafuni
L« L€ ¢ ¢ctng b tr°n tUp ch2 ECS Senso
033401 (SCIE, Q1, IF =,B).

n« ph8t triwWn th" nh ci408d/LkiGOn GCEc LW §
ci profloxacin déagpeph€hng phsgp

n«e t° " ng h  p d0mpo SOt mhIML kJt h° p di’
MIL-101 v_. i kh[l[ ntng dXn Li n cao c_,a gra
cao hi u qul truyQn Bhi n t ct GCE bBb®g mHb
vdt MILFHIOIMGQ khE&cs §itQu2 knvg'mi_ myg d_ ng hi U
vi ¢ x8c L nh CPR-abmpreg mpghehrkg]tp Q&g wdhron
L tin K/Hy nmcuwfo.lL « L€ ¢ c?! nBgilstdin Joutnal ofn t U
NanotechnologyVolume 17 (2026) rang 541554 (SCIE, Q2, IF = Z).
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h nghoa khoa h ¢ v™ th, ¢ ti_,n c¢c,a |ludn

h nghoa khoa h ¢

-Ludn 8&n L« nghi®°n c¢c_u t  ng-10hcupgcéc” ph
composite tr°n nQn vdt -10liva MIL-101/r@Q. Thbrmo g
qua Vvi ¢ s d,ng héailyPu kK: LHhpudt8§pephDOHhCt E
thwWwW, h3nh th&8i bQ mHt v~ ° t2nh chblt Li n
gi 8. KJt qul nghi®°n c¢_ ulOclhov, tihbty§ cs t hk /nt
ntng nh€© h4t AgNPs hoHangr W d-oUk h [ 2mthn d
ntng truydna Lidtn Iti2 cuh.

-Nh_. ng kJt qul n"y g-p phfn b sung c
tri Wn c8c vdt |i u ch.c¢c ntng m i ph_c Vv
c_ u clng | "m  r» tiQm nktng0lng dydg kj au
tr°n cHOI$roML!l onh v, ¢ ¢cIm bi/Jn Li n h-
c8§c h p chblt h_u ch.

h nghogoga th ¢ ti,kn

-Tr°n ch s° c¢c8c vdt Ihom tk, ¥ tignth’ e
nh®3um ng d,ng trong phonhyta oh&RA XAR, h- a
HPX, THEVACPR C&c Li n c¢c., ¢ biJJn t2nh thW hi’

I nhYy cao, gi,i h4n. phg&t hi n thblp v~
-Ph€hng ph&8p phon t2ch Li n Mmmaya- L€UC
Li Wmhn giln, th i gian phoen t Phehmigamph §
L« L€ ¢ triwn khai hi " u qul LW x8c L nt
ng€ i v° mXu d€ ¢ phXxm, LYt L, thu h™i
L i chiJJu v, i sdc kT |, ng hi u ntitg caoc

kh3ng L nh tiQm ntng Cé8cg kdjtngq wl ac_pah Ghwn
c- thwWw L€mctsi Hjng tham khl[o cho c&c n

héah” «w*~ ph8t triWn vdt |i u Li n h-a.
Chblu tr%c |l udn 8&n bao g m:
-M L fu;
-Ch€ehng 1: T ' ng quan t" i 1i 5 wu;
-Ch€ehng 2: N, i dung v° ph€ehng ph8p ngl
-Ch€ehng 3: KJt qul v™ thlFo | udn;
-KJ]t | udn:;

-Danh m, c c8c c¢ctng tr3nh ctng b’ kJJt
-T"i |i " u tham khTlo;
-Ph, |,



CHhuNGT1TNG QUAN Teél L1~ U

1. 1VvxT LU KHUNGU HAGKI M §IOTRagN Cu MIS101
(MATERI ALS I NSTI TUTEI1I@R LAVOI SI ER

1. 1Gji whd ukhung Tkh mdl o

Gi [i Nobel H-a h ¢ ntm 2025 L« vinh d
(Nhdt B[ln), Ri chard Robson (Bc) v"™ Omar
ti°n phong trong vi ¢ t" ng h° p vikinph®§t
| o4Yi idrgamictfmrhe wor ks, MOFs) |~ m, t trong nt
c.a khoa h ¢ vdt |i u hi n LY trong hh
r o« i c.a ¢c8c nh~ khoa h' ¢ nh’ c blu tr Yc x

trong | €©u tr xkb?21t §p[hiéglh €t Bomhbi JJn

Khgim mi"y th®g h-a W UrthtEEfrht hgi qua c8§c ¢
ti°n pahoOmgarc M. Yaghsgia & kerBic® 4, P2ag hi
mt & occu vic@lc t h"inf 8 tYomk ®in v IndRmg d§ ¢
ph©rmut dbh tththngh ilng hph hdabt th& dvh pbd _wvg
C8c nw¥%tl ked@ic It inh Sk iUo nLTim dSc vé ch L
nheon, trong 4 -"tegdreinphk thhmnd oqu & cpshet rl2i S
v’ Q@htvr Z2i pthmg MhpBic t r %c cnigyl = L €8 CtHvhc v
cih secondary JSWBIUNY nlh)gl "u nci Stcsfnt ‘hc” h & i POF v~
h3nbk_ d&a ch¥%mg fGhughblic t r'¥sac c &m gv d[i4.8]Hhn 13
SBUac c8c Uk iknh 8lco nhh apihlly«d "Is@ g tw Z2i pthmg tr
thay tronYpnhmmngy téyvinthkhac k iYm Wio tcr %uc SB
nNi _iv c8cj} lth°mh,k ch@higlth «,b’8tch €mantd Hhtinl
nh- mcchfntknhgi pthr 2i ovnd kvl cerBénlhhrho hg 8 &
phi" Hu ch, c8c nh- W ‘cidin bbb X ykiia t a gil pthl Bo m
v | i%n hiv M@oh ii on Yk;i mdilno lct,” stm- mcchk h&c nh
phosphat ¢y mimi miel 'd omligrhg °éthr ool ©r_ o g'gMdFh
Lo t hékial "ohfl_ BfcE | ° v kUkilih® gramg, tv3 n- |
vai  rrtrdmgnhaocdvu it hol @€clL®emt | trongg nh
yvjb " hh Bofn lc€ xem x ®tW k knig, mdp 80 h MOF quy mt
clng phgoi



(a) Factors Methods

@ Solvent
&: ‘ Temperature
o= oH )

"1 Slow evaporation method

2 ) SoIvothermal!Hydrothermal method

5 ‘, Electrochemical method

G

MOFs Synthesis
LA el T~
Triangle Tetrahedron l.!cchln;lc Square paddie- wheel
MNNFEA T AZE
Parallclogram Square pyramid Trlnngul-r prism Rnlun;ulnr prism

ggg @ Pe %i

Trigonal antiprism

Hexagon Octagon Octahedron
S‘I“'“‘ antiprism Cuboctahedron 1“,“.,“',.0“

Hinh 1.1. (a) T ng quan cap h ‘€h n gt ngthpSMOF, (b) m ts L' h n cBvtric
th chb (SBUS) trong cac MOF50].

Kit dbfjp t 2nls aMQfEph trhge¢ €chia th " nh ba
baomgt fiaosda ph (g8t hetic exchangeh (PSE)X,
synt hetic i nserctiohng PBhy "phagpcyghst het i
functionalizatiToomngPSF) ECEHBEMIED O ubonnt L
ki md IHaphi Hu ch trongfukkhgngs8 d &inh cBh h € p ¥e
t €eh’nngg ,L cht ph@&p@tk'm-g phibg phe€hng /Hp.h §pu & r
tr3nh RGEE €hin AWbg c §chd nigidMdFv t r denhg. adhu n g
| @ g d€ ¢nh tnhifp ypthtgedsng c §c dung fthin nphh ©n
c8§c trungbgkahhanki m«ovoRSkh, ph€ehagt ph8pvn
L€a c8&§chephphHatthongthhah €pcl dunhc Ko hooh H h
kind|ov o bl°xiptar ofOgF t hing q/th ¢ 88 dsmaunk
' L%« theé nh th nh. “BSkt§chfhpdh®ptprhg crh” hk |
| " m tihakhuwnygb afunide MOFR,a Lrngnkbnmg nd, ac
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vd "UBASF | ° phehnmt pdch ia Btcr fin hblc n thyalp ¢V CcF
thing gqhang §hte epdihg ph "ngp@ira trongngha
nbBl . Qug§ t_ryfunh i nyh quigmiill c&8c rh tpnhf ok

hu ch, cW «'ht €l €a v."goi afig'aityp pth oot hi ng qua
Vic /piil d¢ M ic8&c nWt?Z wihmhihe fuo Qiyi °ku [mdin g
phcdht. Trong PSFhc ogogpnhgor @ l©@ug o8§bh ng
vd ‘u itronghdaemg§8§d @-hpPhmbrigi ptir 2c &c tdom ki

trong kh[uSnlgl MOF

PSE Q or
SOIUthﬂ

} g %Zﬁ m
. /. m

o,- Q

Hinh 1.2. Cack: thud bi/ptinhMOFsautnghp : P SE isautngh), L
PSF(chc nt ng " hgha), BSh(chéntsal hg h p) [51].
1. 2.Vda 'd I MILIO,ANP/MI 81 0" MIOLL/ r GO
1.121. Vot | i-Mwl MML ong dAng
vdt | i-lonu "MInmb, t trong nh_ng vdt Ilia u L
MOFs. Terephthalate M(IIDV{ , i @A, Fe,Al, V,Mnvalnt heo t h_ t q L
gifm dfn) c¥%ng v, i c8c dXn xublt terepht
di tYo th"nh m t phon |, p MOF LHc bi 1
L€ ¢ bi gt L Jn -4&/KIL-§8yMIlr83,BWL-100"va NULL1D1. Ching
ndbm trong snhed®clLikodi sMOE h ¥ LTHcn gohi Ft@mc’
ntngg d,. ng. HFu hJt c8c vdeé, FivaAPlamhu, c
c. m ion kim loYi v, i c¢c8c dXn xuédteldamer ep
ph” i t[52lh_ Tbltc hc fF hal§WIL-MOE L Qu c - c blue t r Yc
t €hng t nhau nh€eng kh8c nhau vQ h3nh t
MI 410 Ihemr om{ ssanu L@y | k-IOMEFLFL t i etnn gl ph
v' c¢c1lhnig mbhamGc 8o s € (ARriavredr sFi&tr&@ yde Ver s ai
v’ o h@E@®B.3]MI @1 tmt r onnggt valhit iWP ulitbhich MI L
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v Jt" tm.onmgg MO nghu °@highminay. C8c b§o
cu kho®eh tr ¥%g Mn°rntmg nd, acdv u iMLQ1 /B« ti
tc titng IBAmmtiwena id blg k° c¢c’'8cg heitbinngt db® u
IQc t khai§ 1 01nitm OR20052 r €n dsl uSci ence®dNhrect
x Bl nb EIl sevbferc 8ch ougt®@Wli°>nOricg "y ¢ " n,g tthuwmghW
L' guan _4aOmS8khol h

Théng ké cac nghién ciru dwoc cong bd trén ScienceDirect véi tidu dé co tir khoa MIL-101
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Hinh 1.3. Th ng ké § | “@g cac cong’bnghiéncuv, it i “Qoot IkhoaMIL-101
t nt m OR202%trén ScienceDirecfi t r dp 5 gic, ngay0¥ 02/ 2026 0

(a)

Hinh 1.4. (a) Gt tric khung.ca MIL-101, () 'ngnh vic as ngl gimgc v~
Invicasngl gl cSg@cHe] |
MI401°ct@3 nhaaghcBib’tphmhi 0@ iCrt erepht hal
(EBDC), | ¢lmrg Bt X(H/BO) . -MOL hs hai _k2ch
khoang mesoporouyis &®&8k2nhalb”"v29 | v~ 34
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k2chc thhpe cWithhe k2nhi 1MitiQumHv bi °ngi Brur
EmmeTte | | er _a(dBvEW iMlcQ1 .1002gm MIOQ1l c- c8§c p
ne& tiWwdbuthle tr %ccah®n W & UYtohbn hti, ¢aokbho
L@ ki choOnk ighMlgdl c -t rc28clhivikhltemg b«b” hsa
hu c8a2v Lewbd, 861 d)

—— Gauss Fit of Relative Frequency 18 4 — Gauss Fit of Relative Frequency
~169 nm (Adj. R-Square = 0.9514) ~92 nm (Adj. R-Square = 0.9036)

120 150 180 210 240 270 300 70 80 920 100 110

Diameter (nm) Diameter (nm)

[
—

Intensity (c/s)

vvvvvvvvvvv
0 1 2 3 4 5 6 7 8 9 10 11 12

Energy (keV)

Hinh 1.5. 4 nh SEM(a)vd li' u MIL-101, (b) naneMIL -101, (c-d) phan b kich
t heeht t ©tyteyph EDX va(f) dnhbln ™ Bguyént ¢ a MIL-101[42].

TalayPé rvar ¢ [42pl «s .t  ng-10°1p bMinlg ph<€hng ph
inh SEM (H3nh 1.5) m! t[-1pPinki<etb8it agah
qua c8c ph€ehng ph&p th_y nhi t ri®°ng bi
MIL-101 t  ng h  p L€ iohGagss "L'pht®nb®ngkfmehht
t. ng mXu L€ ¢ tripAa@db " $ trhhayg H3nhvQ@.IB2
ladocacht h ¢ t " ng h' p, gi %p hUn ch-OKi dogl
t 40 ra c¢c8&8c h4t nh, hhn. Ngo~"i ra, ph” E
hi " n trong qusg§ tr3nh ¢l0lavanasdgilt-1 §hht SEM @]
vi%ng, L<€actmiomly WM3nh 1.5 (e) v' (f), x8§
t" C, O v~™ Cr tl8l0o n°n cblu tr¥%c MIL



TalayPé rvar ¢, Aclisg L Q hx@hbhtgl W h@Eps§t hi ~ n

t h® i t h w hcisapraturon §S®) carbendazim (CAR) va carbofuran (CRF).

Bng c8ch s d_ng c¢c[m bi/Jn -MIL-181hta°id<el
c. ¢ carbohUtt h € d¢h'nth 1> ¢ v~ L, nhéhy cao
t hbBly m" i quat kith'i txByx/]Jn tn2hrERS™+0,g9 & hV isd S
Ag/AgCl), CAREr°+1, 19 V so v, i B§HAgGQGH4) Vv 'soC
Ag/AgCl) trencack hohnagng L, | Fn2,15@® tsM, 0 0@ M2 &~ 1
20,0 &M, trong LiQu ki n t i €©u. Gi.,i h
L " nh | Fn | € t Il = 0, 015 ¢ M, 0,02 M v~ O

Le ¢ s d,. ng hi uugulh LltWtplh ©rc ht32nagh hcddgc n
LW ph8&8t hi (@@®inhll®u ¢ tr_. soOu

4.0

T
0 0,7515225 3

Current, pA

—r—
O S 10 1S 20 25
Con. p\

r0.6 0.8 1.‘0r o '1121 - l1.]4' - 1.6
Potential, V (vs. Ag/AgCl)
Hinh 1.6. n ©ng vonampe séng vudng (SWV) a ISO, CAR va CRF cac nng
L. khac nhady42].
Cha thich: (a) ISO (+0,98 V), (b) CAR (+1,19 V), (c) CRF (+1,34 V) trong
dung dMRGHLOM HiN@henn  yng hQi quy t dhwAmgt 3iXh
SWV:Ustep= 0,012V, LE = 0,04V, f =75 Hz
MIL-101 L« L€ ¢ t ng h> p b3ung :pdHEhAng p
terephthalic acid va Hitheot 8 c Ygi Wang Vv[4ll. cimdgp SEM v Q h
c.a -M0L L€ ¢ thW hi"  n trong H3nh 1. 7a,

i G

MIL- 201 v, i k 27400 nm.Gig. ’XRB0O h ¢ nghi m c, a
101L€té¢ ng h  p (H3nhgill KRID gh @dolkfond nghiéni
c [B3.Vdt i u n"y L« L€ ¢ ng d,ng LW x!:

phapvora mpe xung Vi phon, nh’ khl ntng hblg
thing s~ [nh h€ ng L/Jn qu§ tr3nh Li n h-

thwWwW t2ch Ibh-U9Onpn phf Mi n c¢c. ¢ v° th i gia
chi tifJt. Trong LiQu ki n th2ch h” p, cIl1
vi n"ng LPLfOn 1S @olI*'(RA0 0, 999) v, i gi. i
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50x 10°mol.L*(SIN=3)[41]. Ph€hng ph&p n"y L« L€ c
x8c L nh tr°n c8c m¥Xu n€ ¢ sl'ng, n€ ¢ m
pha khac nhau (Hinh 1.7c).

b)

(a)

Intensity

2Theta (degree)

Peak current/pA
E3

Ll T L] L LJ 1
-1.2 -1.0 0.8 0.6 04 -0.2 0.0
Potential’V

Hinh 1.7. (a)inh SEM (b) Giln © XRD ¢ a MIL-101va(c)C § ¢’ n§ BPV vy i
n n g P khac nhawhit r ° nc d&bih tinh MIL-101[41].

1.122.Vot | NPEMIL-POGv" ong dAng

MIL-101 chQami um ndii° mdtt2 mth® bQ mHt ¢ ¢ ¢
v’ cblu tr¥%c ,khi BnpnlHcrtrtemgnh vdt | i u
nh€ hblp ph, kh2, | €u tr [56nthgy |l €hinygn, x&
k®m v ' n c¢10t_ BYmMl e¢h/ vi ¢ _.ng d,ng tr c
Vi ¢ t2ch h p c¢c8c hUt nano ki-m01lold€’, c L X
| gil[i ph8&p hi u qul nh3xm cli thi n kh
hog8. AgNPs kh'ng ch” tYYo c¢c8c t©m hoUt L
gi pa©n t°  phon t2ch8o "giblQ IMHIA LW adh Bn ¢ ¢
thanh congnangAgNPIMIL-1 01 b Jng ph€ehng ph&8p titng t
Ag bJubng chVvAdu kA uwvVvn'y c- K-ATP (4t ng
Ami not hiophenol™ML/wn, n“hg L cHOchuXn t
kholfngh&%t hbly L, t§i r @BpERSbltc ht/] tt.4oCul @’

11



ng d,.ng LW x8c L nh nitrofuramgaanlyv,

ch_ng minh khl[ ntng ph©n b° AgNPs L ng

(e) (H (2)

Hinh 1.8. & nh SEM ¢ a(a)cac Kt MIL-101, (b) mang MIE101, (c) i mang
AgNPIMIL -101, (d) Ph EDX ¢ a AGNPIMIL-101 va (e), (f), (g¥nh bin ™ phan
b  nguyént Ag, Crva Titrong ANPIMIL -101[57].

H3 nBcHobft h&8cMIML1 Ifnmgim ¢ Ipdh 8§ tming L «
L& oh'ubh” nh BthngSEW €3 nh b §a.t rHnnga H3hnsl
cS§oum © h3m@l, Gndtt ohiv KELtinh caocYkalenh t |
lQuk hflog 200 n8. cHiSonihhbhgl QMFfRL &h'uirag ph€hng
ph§&p dh S, [t ®ids/x HhEuh n M&bu tlh 'tnpl m" ng d~
L. C&d llivvenm kihh " n hdAcg8NcR $h™ ¢ &g v Qb bm™ag b
tia Uvh vSEaM ne” mNgP/MA @l 0 1 clWhtin t r on @ .H3 Hhn H
18d |7t §pHN txngn dl €4 EX) ,ac mAMNP/MI 1 0l"y v'nhc§c
ca c8c ‘nAgguyv'nc@obld hin dia MIQ1 v GAgB8Pesh
t riQn nth Ti Bfc'mg, dehpa cng Uy n Bh & i%rh Fo o, n
t r on@g HhanH3nlBe , ft rv3'n hg Pn ~yh geuSyct nBhtmg ¢ h o
Ag, Cr v InTihgwy°nei8d Lb« amitmfpmhosngab c8c h
AgNPs °Qn mAmNP/SI 41 0.1

12



Zhangng [s5cBk rcdh mRamgh c#8 cAdqiNPecs’ , Enlh€trong
c8c khaoaknhgu rlgdo MIdL p h €h n gg upahn8gp dkuhn ga m*-in ¢k ®
vai tr 4 lng. avWmd by hc\Wwuye | eGHt rtorngc Ga  a €
MI 4101 dh YgshkR ., t phOmgQ&nAgINPs v~ ngtin ch:
khung TMQF Hgij i babagi[s58k tr3qmuhg Hiwg mh
Ag/ MIQA1L/M#MdAdng | "m t 8§c XHEmM Bknhil& mag @iki iguh
Ag/ MIAMinh-cnhc nktng i midazol e.

- 0Q00" R0

Ag"oo 0 oo

Cr{NOs); + HEU \0 O‘ “OH, NaBH4 \0 A’Q“Ot

o _0 Ag"o ~0 Agd

I MIL-101(Cr) Ag/ MIL-101(Cr)

Imidazole
Anhydrous toluene

Q80"

/"N/ \O AgnO‘- \N/w

Hm/w;i o L NH

Ag/ MIL-101(Cr)/ IMI

Hinh 1.9. S h” niiinh hddqué trinh'tng h p Ag/MIL-101/IMI [59].

MI4101 (1°c0 ngoem. @®rbcn@4d d€ma)sicl veh nit1
mg) Vv¢ Wheut r ongn Atd pighi, ng (25 whw®, phiky
L Bls kht trong cho©Or 0hAiCg ct@rddyigy Adhh § in h
Adbag 4 mkl NaBmmol / mL ¢ 20w fmig )i,h , Ih® tr on
gi. WoAttb MOFc crht ng i mi-1dOalz/oll Nl )( YD1, Os agd Mkl hLi
h-aclLehubdhg @Guyh%» trong 100 mL tol uen
i midazole (100 mg)( 1tOr ongn givdd iwného edn k i &
hp n~ g L'&¢n [HE2a0 AC 1 okligulcsmgSgnh 'c€ | 'y t ©n
v saa AWg et harcodc. ViCucrif gynh $cebys kht _tr on
sBf chon &h*AQ tricwhpgu L GLQL/ IMIu iAgEMIL
101/ 1I'®l /stdbet €tbfagy tc 8denhg sA g-1 0[15.9 ]

Trong mghu °knh &cfWanderscgnigs [ 4B¥Knty phdv
't composh tte npahnao tsi-1@kr ( A0 NGl §b c §lcth x
si °u @0 IMIVEQr kidhh k i9m (1 Aeg NOd rpe  -MO L cl rg
hp theo ph<e€ehngnhpht&pephthalic acid v~
nonahyde attle° m€v " 0.3 GamL Kimhtisi@gh un @mttr ong

13



t°H  gi anhxm'gh Imhng "¢ €cMuw}y b3 yh nhhTefl on (
mL) v7180 MEmCXnhShd), tb m " u xanf It &bud@y,c Slceh
|l y t©m, ashgu, cafic v ° metfihamdll obfa kB0 AC, 5
gitromy Kiich©n Kkhtnim,ynt MAOL® gTph A@MI L

101 nh<€-s@l:s akt Lkhh'ia H@pEeyp h ¥ -hexamgennyw h
L& si °u ©ifngt r2o0n gp R¥atk huidy éih.ik D'e g ¢ d©k5h u
trong ib- nsga,ut nly- tgri ¢t uonhg AdgtNGO ng Jbge pi pett e.
L., dcum gt’hdu Eh@l ic°rt rtong MBA G iQh upyh % Hh €t h
dunghdsi |l vew} nti §ynatyeh lce t §ch ra @Ml Lhu L
101W nmg ph Ag@uoix mg @MWIIL sa¥d kKhia Ree©n t §
trong et hanfl kt'i Muiypan/goln.fih Synh Lce Aihlx

d€@ L n Xenon 3Whuwlivwg@ybit.om L

Hinh 1.10. G nh TEM ¢ a (a) Ag/MIL-101, (b) Ag@MIL-101, (c)ii nh HAADF va
(dih)B[n * phan b nguyént ¢ a Ag@MIL-101 v i (d) tHi c[ cac thanh pfn, (e
h) thanh phn Ag, Cr, O, (43].

C&ct hnano sil ver01lt rcon gtk Zhghknbbdhl® nim v
k2 chc #hr® v phl©n thsHhn kd®8m amo si | veXOwvirong
k2chc thehthni3(2ming HhlkuLn y“nlg. 2d,09 Iv~" 3, 2
trongloMl Mhth tgdhph8W &cr c$c Ag NP.h CRaghe
Annul a-Fi ®lad kScanning Trans mikAADSIEM)ect
cadvu iAg@uDti clLWhin trong iH3 nip h®ndabcCr, O
v Cnlg Hij #.3]

Phfn _ng Li n h-a c, d&Wc pm@bpanijélcd & c
L&§nh gi § b=3JMDBY.pMEHMN ¢ hhdEmkken Blo& ¢ t h ¢ h
ph§p bQ mHt L8&p ng L« L€ ¢c s d,ng LW
nhau LJn vi ¢ pre&t hhii uo, laopnanin-nae. ¢ bi J]n
hi " n dopamine tuw/lmgtt £ nith, 02 Mny kbolnghd
/|~ 0,02 €M (S/ N = 3). Ngo" i ra, urea;uricc, n
acid, ascorbic acid vh-arginine[43. Nh_. ng LIH® o 2mchucha t hbly

14



AgNPsS/MIL-1 01 | “ coudtQm intlmng cho c¢c8c _ ng d_ng
chJj tY9o Li " n ¢, ¢ bifjn t2nh §p d_,ng tron
1.1.2.3. -Yoi/trGMuvMI bng dAng

Trong nh_ ng ntm gfn LOYy, L " nh h<e€e ng i
MIL-101 nh?xm n©ng cao v~ m r, ng kh[ ntng
héal « L€ ¢ quan t©O©m nghiOh w_ iu.g e kdto
(r GO) t Yo dcommpositds - v @ tlu |, & ¥ nvs ¢l iRronp composite nay,
MIL-101 L-ng vai tr, cung cblp di n t2ch b
khi rGO h3nh th”"nh mlng dX%Xn Li n li°n t,
el ectrom.p Sn"yk/dgi Y%p cli thi ' n L&ng kW t
noeng cao hi u qul _ng d,ng trong clm bDbi

(c) MIL-101, (d)i (f) rGO va (g) (i) compositech a20%kh i ~ hg®IL-101[56].

Graphene oxide dlng kh L HB6,60]diI tn hblpc

bQ mHt ri°ng | [6i,v L khdQmtank hnGdnmtg vt § c c *
chblt [@2B3%hmVi ¢ gh®P1l nvii MIGO tYo ra com
th"nh phfn L-ng-104ictng bblptdi:nMtetch b
L. ng hblp ph, ph©n t , trong khi rGO b’

truyQn t[li Litrsmctychmo Nh nc-Hidd varGC; t4c n h
composite n"y khtng ch”™ gi. L€ ¢ cblu tr
khl[ ntng vdn chuyWn Li n t° trj®elg c8c ¢

Theo8c gi [ Hail ong[45Wangdtvilodoumg@Osl € c
nh=m bi/Jn t2nh Li n ¢, ¢c carbon paste, v

15



ckim loYi v kh[l[ ntng dXn Li n c_a r GO,
cdy t°t trong ph®©n t2ch Li " n h-a L  ng t

E (V) vs Ag/AgCl

E (V) vs Ag/AgCl
0 0.2 02 0.0 0.2 0.4 0.6

-0.2 0. 04
@ T T T d T

=20 -

-20 4

304
40

40

50

I (nA)
I (nA)

{40
-50

-60 {30
-60 {20 2

410

-80 0 =70 0
0 400 800 1200 0 400 800 1200
Concentration (uM) Concentration (uM)

Hinh 1.12.C § ¢ n§ BPV: (a) dung'@dh CC (1014 00 & M)a ¢5-0 cchM HQ,
(b) dungdchHQ (41.0 00 & M)a ¢c1-00che M CCchmtPB® dung

(Phosphate Buffered Solutios) d n g  nlcic b tinhb3ag MIL -101/rGO, Hinh
chénthwhi nm’iquan ht €h magygi alpvann g, ¢la CC héb HQ[45].

Trong dung d ch h,n h°p CC v" HQ (v, i
L i), ¢cIm bi/Jn cho thbly kholng t iulgddn t 2
eM VilO®O &M, v.i gi.i h4n ph&t hi n t €h
[45]. Nh_ ng kJt qul n"y cho t hBHOI/MGOtang qu
viteng L, nhYy v" L8p . ng t2n hi u Li n
L ng. Tr°n ch 401Lr GOvdE tikd Ml bhg c- t
trong c¢c8c nghi°n c¢c.u tiJ]]p theo nh3m phs§
ch ghgonma vi ¢ LiQu ch ' nh c¢blu tr¥%c MOF,

T8§c gi [ Jianfbi«Gu wgtdh] pgus c-OMGOs i t e
byng ph€ehng ph8p K/t ygunfhinghinf n-1Gbr@D cc.h o
thw hi n hoUYt t2nh x%c t8&c cao hhn r»
ng kh metronidazol ¢achclémcg i om€Ctdjongy " q U

t i €©eu t -1D1 9gi_ aGW®| LLi n €l0cl/biGPn Lt€ rch
t Yo v~ s d_ ng | " xn§ c [re thrioni dlaiz onl eh,- aCdl|V
GO
Cr(NO,) -9H,0 So a.
r ‘9H. O -
©-¢ Solvothermal
® 180 C 1

MIL-101(Cr)/rGO
H,BDC

Hinh 1.13. S h"” nliinh h at ng h p composite MIL101/rGO [44].
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Current/pA

0.0 -35.0
-5.0 -30.0
-10.0 i -25.0
-15.0 € -20.0
e

-20.0 5 -15.0
-25.0 = -10.0
-30.0 -5.0
-35.0

1.0 -0.8 -0.6 -04 -0.2 ne

(b)

¥,=-0.0254x-10.636
(R=0.9941)

E /V(vs. Ag/ AgCl)

¥ =-0.0594x-3.153
(R=0.9992)

0 200 400 600 800 1000
Concentration / p M

Hinh 1.14. (a)C § c€ng DPV¢a "t d ¢ MIL-101/rGAQGCEYV, i cac nngl,
metronidazole khac nhaui@0pM) trong dung & h° mIPBS 0,1 M (pH 7,5)b)
C8&c nit®ntinhca "®@ d, n'ghvlin n g, nietronidazold44].

E/V (vs.Ag/ AgCl)

Concentration / p M

35.0
20 OI (a) cd(l) Ph(ll)
: 30.0
2 25.
<1 15.04 2:_0 y=2471x+0.471 <1 o y=3.985x00.232
2 < | RP=0.9838 + 20.0{ = 259 R*=0.9921
£ " S E
@ 10.0f T g1 2 150l ™ R
| o O 5ol = £ 109
3 Increasing o (3 Increasing
50‘ e 0 (‘ozrlcen:ml:m ! :!\Iw -
5.0
0.0 0.0 3
1.2 1.0 -08 -0.6 -0.4 -0.2 1.2 -1.0 -0.8 -0.6 -04 -0.2
E/V (vs.Ag/ AgCl) E/V (vs.Ag/ AgCl)
30.0:
30.
c d 4
25, " PR - (4 Ph(ll)
' y=4.463x+0.383
< 20.0 < 2. R?=0.9944
= =
t 15. £ 15.
e 4 e
5 10. 3 10.
o Increasing © Cdd
50 N 5. y=1.955x+0.881
0. - 0. R?=0.9904
-1.2 1.0 -0.8 -0.6 -04 -0.2 0 1 2 3 4 5 6

Hinh 1.15.C § ¢” ng BIPV ghi trén MIl-101/rGO/GCE trong dungd h’ mIABS
(Acetate Buffer Solution) 0,1 M (pH 5,0) phan tich riéig la )

v (b)
0,056, 0

L ca

Chv¥ th2ch: H3 nh

mXi quan hM

iPbjpo OMO , 0% mgthip h@®d]

17

Cd)] [44." Pb
ch n trong
c.yng Li

!

d

(

5

C di[L0,0 mMMp , 05
t 2\c’h [Rgonjn g, tlr on
OM vrigtuyjd )t 2nnéhngbM@tim gi i quan h v, in ng

a)
ng

v (b)
L=nh v~



Clm

khoRhhag

bi /]n

cho

Qo

t h bly
L { 200uM va @Qd S00uM,

k ho
VS

Fng

i gi

tuy/n

t2nh 7

i huS/No h § ¢

= 3, n = 10) n“ng tkhs§c,CkJim wi Jmbcl ntgr
tuy/n t36aOuM,t _ v 0i, Ocpi ., i h 9n 0,006 BMvaOoD3 M | F n
(S/N = 3, n =10)44].
Blng 1.1.M, ts nghiéncus d ngvd i u MIL-101, AgNPs/MIL-101 va MIL-
101/ r GO tromipoéaph©n t2ch Li
- K: - MXu | Kholrn
STT oM S th Chtl,;']t 4. ngltuyn '('OMD) TLTK
L o phantich |  (uM) H
isoproturon ISO: ISO:
(1S0), 0,252,50;| 0,015;
carbendazim| Thu " c¢| CAR: CAR:
1| MILAOVGCE! SWV | “(caryva | sau | 0120, | 002 | 2
carbofuran CRF: CRF:
(CRF) 1,00120,0. | 0,32.
DP- N€e, c
2 | MIL-101/GCE| g, Pt mea , 0,001 1,0 | 0,0005| [41]
sbng
Nitrofurazone| MX u t :
3 | MIL-101/GCE| DPV (NF2) o h X m 0,0355 | 0,01 [46]
AgNPs/MIL- : MXu s :
4 101/GCE DPV Dopamine h e 0,02°10 0,02 [43]
Huy J] .
5 MIL - oPV | Metronidazold MANNVA | 0200 | 0o [44]
101/rGOI/GCE ne, c '
Q 900
ng+e
cd | cd ]
MIL - 0,056,0; | 0,005;
6 | 1omrcoieee| PPV | Cdl . [ MXu ol T a4
0,056,0. | 0,003.
Catechol CC:
. CC: 4,
MIL - (CC), 10i 1.400; o
! 101/rGOI/GCE DPV Hydroquinone MXu n HQ: (l)_lgﬁ [45]
(HQ) 47 1.000. o
Vi ¢ s d, ng -108B AgNRPsAMil-10L va MIL-I BIL L r GO L W
t2nh Li n ¢, ¢ trong ph®n t2ch Li n h-a L
h® p thwW hi  n Blfng 1.1. C- thW nhdn th
h™ wvdt nl'iy . ng d,ng trong ph©n t2khi Lt €n
khl[o s8t che€a th,6 ¢ s, La d4ng. ni Qu- n"y
101, AgNPs/MI-101vaMIL-1 01/ r GO trong biJn t2nh Li’

m pt csh'blth h_ u

L nh
tri Wn.
nay. ng

d.

ch batipeg Xph&€hngnpbh®p Wwob

nHc boght 2lh&Emudii §§pk [ cntng ng d,
ng bi Arongphantichcdti pnco blt dXn xublt p
THE, XAT va HPX hay CPRtronmXu t h, ¢ tJ] ¢c- th”"nh phfn
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chj] phXm de[an whiX¥m phli c¢c- L, nhly, L
snh he€angnhi Qu chblt cln tr’
1.2.GL ITHI'UM, TS H PCHfTH U CmNH HNGNGHENC U
1. 2.1. Hypoxanthine
Hypoxanthine CsHsN4O, HPX, 1,7-dihydro-6H-purin-6-one M =136,11 g/mol

(Hnh1.3) | ° nebdse pumihn °n L€ ¢ h3nh th'enh tr
v’ sau L. L€ c ATVaWRAKN nhy- a ht hd Swggeahroal tc § ¢
tinh(Reactive Oxygen SpecieROS) d<€, i t8c d_ ng c_, a enz\

[64. Nh° cblu tr%c nh, ,PXxdQn dv'ngc -t 2tcchnH Tph
sinh h',Ic viQm?!chBbIURAtvr, d "t ic/hbltc ta ung gi
ph©n hey nmpurRXal: THnghoa quan tr ng tron
phXm th t clng nh€ [65fong chXn Lo&n | ©m

Hinh 1.16. CHli trGic phan't ¢ ahypoxanthine

C8&c s[n phXm th t v° ¢8 | " th”"nh phf
b3yng v° nhu cfu vQ th, ¢ phXm t€hi, L nc
to"n th ¢ phXm v™ L., t<€hi |~ vbln LQ L€
l . n L"i Vv,i ng’'nh HPXAE ©ghkiemp nthee an ph X

tr'ng phl[n 8&8nh chblt 1€ ng v° m ¢ L., pht
vdt . Sau khi L, ng vatéenosmétrphosphateu/BT@X ny n h Ui
v ATP nhanh ch-ndgegnpbB®nehmgnophaoatplaat e
inosine monophosphate (IMPRc hblt g-p phfn t YG6].h Shingp
L-, | MP ph®n h_,y PXXATkIURAM.0o sN nmRX({IL N®D d F i
theo th i gian, ngay6768f khi L€ ¢ bl[o qu

Vi ¢ ti°u thHPXcch, ¢ hpt XIiKngil7Jm nhvaQu v |
c., ngngshi eahe_ twhbly th, ¢ phXm ceh BHe RBOOt |

| "PXdao, | " m titng nURAmau6I. gToiutu vt h_t ttnhg c
HPXcing | " m tURAuwnfjmgt tanh mnh hhn so v
XAT [70,71]

Trong | onHPXY € cy quvam, t ©m v3 c¢- kh[ nt
tJ] b o v' t2ch Ily trong c8§c d ch ngodUi

o

kinh,.. N” nBXtlronHg huyJ/Jt thanh i38gM72]. Hshr MQut
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nghi®°n ¢c_u L« _nPXtdong EhXh L&€8ngcBc t?3
thi Ju m8u c URAmME u,n «toh,i JJutnogxy, bUch c¢cfFu,
suy thdn, [X3a#tNgionuir iraaéc ht Hii ina cm&Ea W, L€ ¢
hi " n s. m tht!nBX[®UG@F i’ §lh@yvgi BarHgg s. L« n
b8o c80 b nh nheRXvg@ludaa  -hmn ngg€,i Hb3 nh
cl WAhuy/t than7lb3MNih ndek Mg qul n”"y nhl
tr ngPXa.roong khoa h ¢ th ¢ phXm v™ y h ¢
1. 2. 2t hiXme
Xanthine(CsHaN4O2, XAT, 3,7-dihydropurine2,6-dione, M = 152,11 g/mdlla

c8c dXn chblt ¢, ae nmamgallla!| dii dVmp wrblun t
nitrogent 49 c¢&c v° tr2 1, 3, 7 v ° 9, LY ng t
(Hinh 1.17) . XAt nhi ° nlHpfine2,6(3H7Hd i one L€ c
h-a h ¢ ng€ i n ¢ Emil F¥'scrheegay pshau Lhi,
ixanthineo L€ ¢ L€a v o s’ XATnLg- nvg" ov ani £ nt
| © ti Qn chHURAt rL cngt it/hp ic_la th” nh phfn
¢ h u y Wnucldotideva nucleicacid[78].

Hinh 1.17. CHI tric phan't ¢ axarthine

C8&§c dXMTchblhoUt t2nh sinh h ¢ c¢c- thw
truyQn methyl t nhi°n ° th ¢ vdt, qus
v' enzyme, clng nh€ b3ung con L€ emhe ng
caffeine (1,3,#irimethy}3,7-dihydro-1H-purine-2,6-dione), THE (1,3-dimethy}1,3, %
dihydro-1H-purine-2,6-dione) va theobromine (3dimethyt3,7-dihydro-1H-purine
26di one) ch2nhXATt c8hbi d%¥nqeémbltthu, ¢, c-
quan tr  ng v~° Leh nongh’'dp ncgh Bit nng” yr «tih€ n
chblt -=manhhine v c¢- ngu n g ¢ sint.t" ng

C¥%ng v.,i HPX, n“ng L, XAT trong huy/Jt t
trong chXn Lo&n | ©m s"ng c8c b nh nhe g
ph™ i v ' [7%80)S. thgdm ttng n " ng L, XAT c¢c- th
chuyWn h-a purine; xanthinuria x[y ra Kk
S . t2ch t, XAT trong c¢ch thW. NJJju kh!tng I
n"y ¢ thW)ng C@yh _ rnag cn8hce€ bsi, i t hdn, b nh 1]

MHc d% XAT L€ ¢ URAp nhhfig Hhaohahhna tron
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thblp do phfn | . n L€ ¢ chuyWn h-a th"nh
XAT ttng cao, n- vXn c¢c- thwWwI&@t tinh v~
1. 3. Uric acid

Uric acid CsHaN4Os3 URA, 7,9Dihydro-1H-purine2,6,8(3H}triong, M = 168,11

gmo) | ° s[n phXm cu i c¢c%¥%ng c¢c_.a chuyWn h-
L€ ¢ tYo ra li°n t_c t. qu§ tr3nh trao
trong L€ ng ti°u h-a. nHc LiWm tiJn h-a
c.a ng€ i v’ mt s~ lo" i linh tr€e ng L«
L, URA trong huy/J]Jt t€hng ¢, a c¢c8c |l o"i n’

o

v:  gattng n°y c¢c- thwW mang | 499 m t s't | i
§p LW h, tr° qu§ tB3nh th2ch nghi t€ th.

Hinh 1.18. CHli triic phén't ¢ auric acid
trdng ths8&i b3nh th€ ng, s. c¢c©n b?3ung

L c.a n- trong huy/Jt t<€hng ° m ¢ t<€hng
d¥% gi § tr° n"y c¢- thwW thay L i Db i tu’ i,
thw I, ¢c v~ [8] d. pé# shmwhcl T, URA ch, vy
urate, m t chblt cho electron hi ugenul,

(ROS) . T. ntm 1981, L« c¢c- gil thuy/J]t <ch
oxy h-a tr ng |1 € ng phon t° t hblp quan tr
mii tr<€ ng k° n€ ¢, URA mblt kh[ nkng ch
n- 8¢ phon t c¢c- L, 8 'n&mE chésad, b’ URKRUM
minh ¢c- thW I "m gilm t° " n th€hng oxy h- &
n“ng L, URA huy/t thanh b gi[im mUnmmactg!
oxidase k[ nEnd  @h ng oxy h-a to"n phf¥
clng gi [mB83.€hng _ ng

Vai tr blfo v c¢c.a URA LHc bi t L€ ¢

5
H

b - nh nh©n Al zheimer, t  ng kh[ ntng ch
gifm, trong khi c¢c8c ch" dblu peroxy h- a
r i loUn. Nhi Qu nghi°n ¢c.u clng cho thbl
v  q Ihh URA thblp, g i T wvai tr, blo v
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[83. MHc d¥% ch€a x8c L nh r» | i u URA tht
hay khlng, nhi Qu nhl m mghp°gng UR AU n8«w InQ €
ph8&p b’ sung d., a tr°n kh[ ntng ch  ng ox

| 4i , s t2ch t URA qu8 m ¢ trong m8u |
I URA v€ t ng€e ng h,a tan shHiWhmdndags oJRi/
urate (MSU) v~™ | ng L ng tYi WRAmMaucong ©y

l i °n quan tckthnkgt hcuhy&]tL JRnp , Xxh v_a L,  ng mY
L€ ng, trong L- gilm th[i tr_. U$RACaqua t

d. li " u gFn LO©y cho thbly khol[ng tham ch
ttng | °n 1¥828myMglL (kaW.va2d& 09 mg/ dL (n_ ), gil t
| i s ng hi " n LYY c¢c- thW g-p phfn | "mt

chetb€ LW tr8nhURARCL. qul c, a tktng
Trong qu8 tr3nh chuyWn h-.-a HEPXYXATwNE cC, ¢

URAt" n t49i m" i quan h' sinh h- a[848]HtS chc¢€
thay L i n"ng L, c¢c,a t.ng chblt kh'ng ch’
|l i °n quanXO (xarthine dxidase) ™m™ c. n cung cblp th?i
t3nh trYYng sinh IT v b nh IT ¢c_,a ch th
gian v™ sIn phXm cu’ i c.a qus8§ tr3nh chu
gi 8§ r i loUn chugM¥nhlLaS8oliwg nhe€otdoningt i

ly khdc nhauXAT L - ng v ai t r, hgtwomgguadrinfaohdM dpdaa n t
purine(Mt qu8 tr3nfn sirmhVWK -cat Ketihadhts oxy héa
¢c. aHPX( c | n gt purine base).
HP X 1/2%%%?%;{&; XAT (1. 1)
XAB au Jj_ ct thixy Wba tIHURMAHNs ¥nh ciu ¢ ¥%n gg 8§
t r3nh,yp p@mnidnee
XAT %1805 UR A (1.2)

anthine Oxidase

Enzyme x¥%Ehai§fcphghao ™ ¢ [It72 ¢XI®R.A oS Gh alg
qu8cmec XO W /it hblgo u t .

N'ng, da c &8t mhy _tcrWwingohni€ntghtayt By tfih,eo L
gii t2nh Yvg cs, khh[Kigo t hAmil¢ciWiRA ~ 1340 OM
[ 86, SZIXAT " iD, [ @8@] i LiWPX " mihn 501 adMi g i
k he UmH 8.7°|MNg, cl§éh dtu pur i'siei htd_abhm Bnh, bao
gm bh gouUuRMEXKA®IU Vv  ds[uly5]Ng WRA trding ht
thanh cwit ih"€1dif n Jqumnsnth, “madhg t& m, nnhb
gout nhdhfid 6, Img, XXAT caoag R h[@k stn§  hig
enzyXmg - | i °/h qnusmh, “ma'é [ B hbh Wt ilng Yl o
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2[ 1917 nlh  Par[kaondNg nHP X t t by ‘e ch ntg "¢'h m
sint & 'cngchol estfrertod o/t @t &Y &

Do L'c, xWih EBc ncly 't iHiorigg btih ongXic &d nmh
phHnl H rquag trXntgo8hbksmi.l
124 Theophyl |l ine

Theophyl | irHaNaOy, ( TtHjEB e-TCHoyulr-2 pd&éi one, M = 1
g/ mo| hWcl#® |dime8hyl xantai kalhoiPd #Heg
(Whgtna,n@lkh:- vithct tg do hne,n vsigeyfim pm«n t 2 nh
c §cnhbip hk[hBZ]

Hinh 1.19. CHli triic phan t theophylline
ng®ELL ¢ s d_.ng ph” biJJn nh€e m t t

| " m t tng n’(CyclicAdenosicdvdphosphate) . i b~ o t hlng o
PDE (Phosphodiesterase) t . L- gi Yp th€e gi«n c¢ch trhn
khii THElathu ¢ LHc bi t h_u 2ch trong LiQu t
t dbc n g h € nChronit ©bstruttivenPulihonary Disea&eO P D) nhi t sr

co that phJ qulfn v™ vi°m mUn L-ng vai t
nhdn gi%p c¢cli thi "  n s_c¢c mnh ch h? hblp
th> nh | a ch n h, tr° tr[8hg c8c t3nh tr
VQ d€ ¢ THEL&® kb apblp thu t t qua L€ ng
,kholng LiQu tr  i20aOfFHBLKhSEVHAGpEpdY 10hec
" cfn thiJt LW tr8nh L, c t2nh nh€e | oUr

rung[@QOPRHEd € ¢ thl[i tr. ch, yJil5qud € amngy
hu ¢ vn L€ ¢ L0 thli d€ i dUng khtng
tng I'°n ° trT sh sinh, b nh nh®n suy g

i m kh[ nktng cbhuiy Wni /ht- agu av?it hvddny ,v Xn | ~
khi theo d»i n” THE[9L92] v° Li Qu ch” nh ||
THE Jt ' XdmBiXIAT - Ho L t 2 nit[ i2,3-]c.mhyg 1Yo tolh'd Qv
nhng nth nhonnhbhBAEguUu, m" TuHIRE uco Qu iblein
suy, X di bJpi ctiiic cdhu ly -aa ,mchobf t RHE v WRAgC -
fndt tr ocnW[2428 Mt mghi G nc ko TtHE he' mg@hPmg

L URA tr dln gt thaundh weé mtls® d mpfnply©y ttng URA

—_o ~ ~ ~ — —
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tW7nng, URA Huy hlamh nhO©nrb ntaafy fmp hiceq@i i b3n g
THE cao hhnng- kPi smhodi nen Khdmg FHE (6,
N 0,4 mg/ &L 3sdl W, DPWmd/hdiln;g Ppi*emgu e saiung
b3 mpk; 0,D1),t . mgnhi @ nlde ttrung x8& nlgiit hURA
v ' T23iR5,93]
1.2.5. Ciprofl oxacin

Ciprofloxacin (CPR, &H1sFNsOz, 1-cyclopropyt6-fluoro-4-oxo-7-(piperazin
1-yD)-1,4-dihydroquinoline3-c ar boxyl i ¢ aci d, M = 331, 34
nh-m fluoroquinolone L€ ¢ s’ d. ng r., ng
nhi_ m khuX[@]l.kh&8c nhau

Hinh 1.20. CHli triic phan t ciprofloxacin
D€ ¢ LI n@PRi'«c L€ @ LS&nh gi§ tr°n 12 ng
sau khi d¥%ng Ili.QUOQ mg) Lvn I(il@W ti°m to
cho thbly n“ng L., L nh huy/Jt thanh v~ di

t hudn v _ i | i Qu d¥%ncg,L prhgl nh’ §cn ht ulyHiEn tt22nnhh
Sinh kh[ d,ng L€ ng u ng LYt khol[ng 85%
3003, 4 gi° L°i wv,i L€ ng u ' ng v[94.2,9 gi’

Theo th t. tfn sublt gim dfn, bu”n

ving b, ng L« L€ ci8%hb nhdnh@Rtkieofg gn§c
nghi m | ©m s“"ng. Kholng 1,5% b nh nhon
mong mu[9%5.CRRyc- m ¢ L, s d,ng cao, qus§
to"n trong ch thW v”™ t2nh bQn v_ng tron
hi " n trong c8c s[n phXm d€ c¢c pavgsh, Sd ct
hi " n di n kh'ng ki Wm so§§t c¢c,a CPR kht'ng
m° ¢, n th¥c LXy s, phg8t tri Wn c, a vi k h
vQ mti tr<€ ng [2] Yot/ -¢,6 vg kY mpdh§t tri W
t2ch nh4y, ch  n | xc8cv 'L cn-h cChPiR pthr2o nhg pm Xt
h ¢ I'" c¢cfn thilt.
1. 3CCC PHhuNG PHCP PHMARN CT®ACH D, XANTH
HYPOXANTHI NE, THEOPHYLLI NE Vé ClI PROFLOX
URA, XAT,HPXI = c¢8c¢c sIn phXm c¢c_, a qus8§ tr3nt
trong ch thW ng€ i. N' ng L, c8c dXn xukE
bao g°  m b WRAmAOWMXATnt tog ti m mHAS K] THEI Wu
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|l m t alkaloid t., nhi°n L€ ¢ s d,ng L
hen suy, n, vi °m phJ] quln M@2.Cén kB nhhg vn g lti§
cC.u vQ nh_ ng b nh URAMHIU hem” STWE nc b’ hit tw
tr° hen suy_ n, dXn LJn héhott Hbly cBHE ch'b
thW c¥%ng t  n [R4&Z5]CtPrRod g me.tc kthiSWw si nh ¢
v.i vi khuXn Gram ©m v~° L€ ¢ s d,_ng r
L€ ng tiJt ni u, hi96lBblp,hida, d€mMnge._ w C
khtng ki Wm so8t c¢c- thwW go©y [nh h€ ng L7
ttng t3nh trUdngokbhs&8esgngh8§ng shghd, ng | «
phs&p phon t2ch L nh | € ng CPR[3L97pHig rc hJ]
t 4i, nhi Qu ph€ehng ph8p ph®©n t2ch kh8c n
hay rieng T c¢ SURA, XATLHPX, THE va CPR.
1. 3.1. Phemnkummp@p snidi fao qu
1. 3.1.1. Ph_ _ng phs8p sac kI

Ph€hng dp hk§fp Lgd g ng Wxh §tH tidghupdpba v n-
kintng t §wc hp cmhbt v ™ WEn g “tithhp hi§x § dnih. ¢ g c h
cHhu .chCQ nfhi€hndg gh&8gphg§ccntimg,Wghh €h €
sdo kp ,mgd kg lab” kd khndgwhHRh t8&§c ph@hnkg ph
lQu ‘lceik ph.iv cfEcdlglethnh® hph Rahman Wi d§c
khg§c. C8c ph€hngemh§iph®hypgkel qbhag <€u
LWwh "h db nheenillc caoh "tt vintknhgg, ndy | i&n ht rhoon g
vic phB8tlUagdcEcicha Dob Lkd) M "dh’'phjh cho c¢§
phon taAghduwnpet, ngmt hTuynwghmhiVihin ¢ h pah & Scc Kk
thkdu n"y | & hin hp kc2fuovAvhi chnygQub Yo HEtkR n [t hkih
khi .8 tdr ong m ht@medts82]c h hi

M t s’ K: t hWRAIXAT, MPXXxTHE valCPRi h °ng | T v~

th i L« L€ ¢ b8o c8o, c- [99HW pWSstatr T Wo
phg&§p sdc kT |, ng hi " u ntng cao (HPLC) v
THEvV® c¢8c chblt chuyWn h-a c¢_ a -hgdroxyethylo n g
theophylire( HHET) | nmickb@iXang b€ ¢ chi/Jt mXu,
ki Wm so&t chblt 1€ ng v mT L®Eecctt | Wu

decylamie( t 8¢ nho©n t-HETcHBauokhi vb«b eh h m3
h p L€ ¢ chifJt b3ung duri4, 51! i Q§ ut chnh tk:
hi wngb sdc kT tYYo cHp ion, s d,ng decyl
| © dung sadium acetdt8 Ml (pH4 , 0) ch_ a 1 %evaw75v) a
mM decylamire. Gi, | h U n ThEh 1§3tdimédthiylurio acid (1,8DMU), 1-

methyluric acid (IMU), 3-methylxanthir (3-MX) va 1-methylxanthir (1-MX) trong

n€ c¢c tiWu ng€ i I fn €t |7 0,17; 0,17;
hi u/nhi_u (S/N) b=3ung 3,0. To"n b, .qus§ 1
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Tomiko Kuharavy = ¢  [3dd. «s t i JJn h”" " nh nghi °n c¢c_u
XATni u L« L€ ¢ x8c L  nh b33ng ph€hng ph

tr°n sdc kT kh2 gh®p kh i ph” (GC/ MS) .
nh©&n 72 tu i b s, i b"ng quang; (ii) m,
2kémtheotinh r Yn gURAMEmM nHng v~ (iii) m t b®

ti°n L€ ¢ ph&t hi' ' n mang L, t biJn gen X
t o" n b emhda (whokexome sequencing), trong khi gemolybdenum
cofactor sultfhve AnapePleskacova b3 o h[hO§]L « ph§t tr
ph€hng ph8p s dc -HkPILd), nvg ip htaF u [do, (URP v dn
L3ng d, ng nh3lm KPRXcXATVaWRAt I omg thhuyi/Jt t €hr
thanh ng€ i. Th i gian ph©n t2ch cho m,
gi ai LoYn r a ¢, t ngdn b3ung pha LGingi c-
hdn ph&t hi n (LOD) L€ ¢ x&8c L  nh tron
hi " u/nhi_u (S/N) | fnLOD€htu ,LE€T 8 vyzIil8dHP X (
nmol/L, XAT = 121 nmol/L vaURA = 68,8 nmol/L

T8 ¢ M.K[Mattav ™ ¢ [M0d]ss. dphn@hng ph8&p s dc Kk

kh" i ph” -M&A MS$F nxGPRtGLomdh c8&8c mXu sinh h’
bao g m huy/t t<€hng, n€ c ;d-CRRULE b Bg dqu
amn, i ch@®¥g tr3nh x |IT mXu s d_ng 20
ti Wu/d ch L"ng nhblt mt, 8§p d,ng k: thud
th” i gian ph©n t2ch. MXu sau x |IT L€ ¢
ammonium formate (0,1%mic acid)iacet oni tri l e, t ¢ L d .

I gradient trong 3 muaat uhyfl€ ngnbho Xn
n“ ng T500D0Gg/ mL, v, iROG 0s99 ttehhm tqbitanc [
Thing qua vi ¢ x©y d. ng MWS/MS KHXYmnid nh
c. nglogll« ch_ng minh khl[ ntng x8c L nh L
trong nhi Qu nQn mXu sinh h ¢ kh8c nhau,

b0 biWu m: ng€ i, mti tr<€ ng nuli cBbly
qul cho thblthouXaogwaSmul Yn t2nh t t tronog
L t<€ehngi5,ng2 @®g/0M@O L i 18, il4c ©lgi/ sniLi i~ A, \
B,0,0510, 0 Og/mL L i Vvigj58v@ghamt ol v v 0i 0@
1. 3. 1. 2. PduangpnhgY ph 8§ p

Quang ph” I " m t k: thudt ph©n t2zch d
hoHc ¢c8c dlng b_.c¢c x4 Li " n t., L€ ¢ s d,

phfn trong nh_ng mXu ph_c¢c tUp. hu Li Wm
nh4y hw” kJJt qul nhanh ch-ng. C8c |l o4i qu
ph” t Tkmdo%ii-Yyns) UVquang ph” h¥ng ngodyi
d. ng ph’ bi JJn trong ph®©n t2ch h-a d€ c,
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K : t hudt quang ph’ L Hie bi nh€ hu8nh o
ng"y c' ng L€ ¢ ch¥% T nh® Kkh[l[ ntng phsgt
Nhi Qu nghi°n ¢ u L« L€ ¢ c¢ctng hh'u lcih® n
nh€ URA, XAT, HPX, THE v CPR b3ng c8c
k: thudt hu8nh quang L« L€ ¢ s d,ng LW
cao[103], ph©n t2ch URA trong n<€, ¢ ti Wu b3un
c€ ng [BIRXx EndhhXAT ba gfu o hdnh quangtl s d ng carbon chn
| “@gt phathboron}h pv icacgmnanovanglod,ph©n t2ch LY ng
XAT, HPX b33ung quang ph’ Raman t trMi®5l.c € n
Ph€e€hng ph8p dusank/]phhPpEv Lk RER ¢ §p d_n
L " nh 1€ ng THE trong d4ng b o chJ d€ c
UV bdc kh?t!ng, bdc m t, bdc hai v phe€ehr
cho thbly I tt uwjjgc tE)tngwu (I ., n hhn 0, 99, g

v L nh 1€ ng ° m c¢c Og/ mLHPIBC ns cYa hngd ¢
vV, o pha L ehgcadevbonhhvophbsphoric 0,1% ch
| Yi [106]a o

Quang ph” Raman tkng c¢c€ ng bQ mHt cho
n“ng L, thblp trong n€ ¢, mXu sinh h ¢ v

h-a h ¢ t. c¢c8c vdt |i u nano kim Il oYi n
gfFn LOy RIISo ct-hHywWH Yt gi . i nandln/np hp8itc ohmo
! ng th i thW hi " n kh[ ntng ph©n bi 't CI

ph c[38167M08]

MHc d¥% c8&c ph€hngUVWMsSR, SERSLa@ gc psh™ dch hngy
r<i LW nhdn di n cblu tr¥%c v" x8c L nh t
ph©n t 2 chURA XAHhHAXESHEWCPR c8§8c k: thudt qu
th€ ng khtng L€ ¢ |, a ch n | mLpk®@&hmglp
v L., nhUy kht'ng L, eray &hicl§ct h¥p tc@l
| blp t m¥u hsi mh h ¢ (huy/Jt t<€hng, n€ c¢c ti
chbltkhi Jn t 2 nkhti tu§ gqhuamig tph’

1. 3.1.3. Ph__ng ph8p LiMn di mao qudn
ni n di mao quln (C&E)! Il arwm El ecbngph
ph©n t2ch hi n LUi L€ ¢ s d,ng LW t§gch
trong nhi Qu | oYi nNOQn mXu kh8c nhau, L Hc
g ¢ en nkKt bi t, T° ch_c Y tJ ThJ gi. i
tra t2nh x8c th, c [W9&hngayhm Iinh teYe
CE L€ ¢ &p d_ng r,  ng r[k0], tph@ny tp2h{EM] d e cd
v® phon t2[@a1®118lh $oGwh XidALE, CE | ° m t k: t|
t2ch t€hng L i m i trong phenh€2rch Lhe€ ac
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ti°n hhn HPLC trong vi ¢ x8c L nh L  ng
v d114].

Trong nh_ ng ntm gfn LOy, nhi Qu nghi °n
t2ch ri°ng IURA XATHIEX, THENGCPRThE ci SgSotfiav ©~ ¢, n g
s [115]L « ph&t triWn ph€ehng ph8&8p CE LW L n
vV, o gi, i hdn ph&g&t hiElizabeth Galspe “v "c , {A2yH B | Hy
xublt m t ph€ehng phgp Li n di mao quln
Allantoin (All), URA, HPXv © XAT trong huyJ/Jt t<€hng c,

tr€. c¢c | ¢c m8&u (n = 6), b fnhcimh®g &any=1t6
PerisVicentev © ¢, [B6jL.®a ra ph€ehng phgp Li n di
caffeinevalHE, | ©~ <c8XATdXnt abld, ng gi «n phJ quf
mao quln silica k2ch th€ ¢ 75 em.TiL€ ng
hi " u L€ ¢ ph&8t hi ' n b3xng Lfu d, hblp th,
nQn | © L m borate 20 mM (pH 9,0), Li n
v o h b3ng 8§p slpbltph@msuygitdrakhkhg?® 8g g¢ ©yn
| blp, kho[ng {150 ughm;R¥> nth, 9(909,91)2,5 gi , i hdUn
| € ngOwB®E 6 ppb L i THEL €baffengd, vl, ch:

trong ng”"y v~ gi_a c8c nidol%). (RSD < 1, 9%
TorstenWe s s e | V[116] «n g hgt tri Wn ph€ehng ph:
dihydroxyadenine, allopurinol, oxypurinol, adenird X, hippuricacidva XAT trong

ne, ¢ ti Wu, c- v kh'ng c¢c- s, b’ sung so
tetraboratekh 1 ng cfn c Bm&nhypl menXxawapt opurine v~
d.ng | "m chgblti nhncph&n hi n |~ 5 &M v~
2000 . E8Mc gi [ A. R. [fGLxkngih8¢ " tc.iMWp $he€eh
t§ch v~ x8c L nh L ng th i CPR, parace

detector UV tYi 260 nm. Qu 8§v thr 3 rsadimn § ¢ h
tetrabora@ 50 mM, pH 9.0Kho[ng t u§iHaot &g h mLPRIS260 v |
Og/mL L i #M25 Q7T mL” LITi v.,i DIC, FRi LO
PCT) v° 0,5 Og/mL (DIC). Ph€hng phgp L€
phXm d€ ¢ v’° m¥u n€ G524%Wu dhohk ivogiyu [ Ry
ph€hng ph8p HPLC ti °u chuXn.

MHc d% CE Lem | 4i hi u qul t&ch t t v
qguy m! r.  ng Lti [knhhi he€ inhgdhaghli]" b pHs L

ly v° y°u cfu t i ®©u h-a | ¢ Li niMBr € n

v ¢8c thiJt kJ] mao quln m i, CE tillp t.

ntng cho x8c L athr B Xy tchhbt. purin
T-m 14, c8c ph€ehng phgp sdc kI, quar

d. ng r., ng r«i trong ph®©n t2ch URA, XAT,
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nhdy v~ L, tin ¢cdy cao. Tuy nhi®°n, <c8c

b hi n LY, chi ph2 LFu t€ v" vdn h"nh
thwW ph. ¢ tY9p, LHc bi t L i v,i c8c nnQn |
h-a ¢c- €u LiWm vQ th i gian ph®n t2ch ni
thu nh, thiJt b . Khi kJt h p v.,i c8c v
Li " n h-a c¢c,n cho ph®p n©ng cao Lng nthiyi,
nhi Qu chblt ph©n t2c¢ch. Do L-, Loy | he€,

t2ch c¢c8c h  p chblt h_u c¢ch ¢+ hoUt t2nh s
13. Rh€hng how&@lim h- a

Trong s ¢ §phangitheh ng tp-h& phi ~ n \oklampa h3 |
hoa tan(stripping voltammetry SV) ¢ - L, ch2nh x8c, L, n
hi n thblp. MHt vokdmmpeh, aph@mng mh&mo phe®p
h"m | € ng v/t cMkc hdp lthbld- hmut chh nghi
| T hoHc LY ng th® i URA, Xa8ph€HPK, p iTHE ph
Li " n hx&cnEemé¢ th i URA v° THE b<3Jng c§
cadmium sulfide/phosphotungstic aGdC E  k JJ¢ , Ndflorm[28], phén tich URA
b ung ph @lomampepuhgsiphan (DPV)118,119] x8&8c L nh LY ng
XAT v° HPX b3ung k: t[IR0,dts phdnng 2lcih nic r
bUdch kim LW [p20]@n " th2 ch cUMA O c blu[122],r Ydci nma 1
c. c biJjpmad nhulTm Ot r un[d23]pbpdlyglycine/le@GCH ehX
XAT va HPX[124],L i ~ ncarbontch_, y t i nh bnethioning)[226]ka p o |
Li " n ¢, ¢c biJn t[226]bho URAI XAT\@kPBXcH mu Dh ifjtne L i
x8c L nh CPR d,a tr°n m'ng chi ph2 t hbl
t" " ng h>p theo ph€ehng ph8§p xanh L« L€ ¢
vonrampe[127], d. a tr °nkikmulclkett mihcip Nafi on L ¢
tr°n Li n c[l28..carbon in sJun

Thing th€ ng, XAT v° HPX c¢c:- trong n+¥€
vdy vi ¢ phon t2ch ch¥%ng ° n " ng L, thblp
| ©m s " ng, cling nh®Hcsd W Lchgmj tmdc sb’ ph
nh.ng h>p chbltvi"ph8t tricWngc®c ph<€hng
XATvaHPXci ng nh€e hSwukh'Bg ohEt URA, THE,t ICP
hvt L€ ¢ s ch% 1T c¢c.a c¢c8c nh” khoa h' c.
c8§c dXn xaCBRbpoarpm€hng ph&p Li n h-a nh
do nh_ ng ©u LiWm c,a ch¥%ng, ch3ng hdn n|
t8c Lhn giln v™ chi ph2 thblp s oMS{129]. c8c
Bfn@ 1cho thbly kJt qul m t s nghi®°n c.
CPR b3ng pph@hHiocngi pm 8po § .
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Blng 12. K/tqu m ts nghiéncu

X ‘@CURA, XAT, HPX, THE va CPRb?a g

p h ©hphan tighti i fpa

o . Chihgban MXu _~ ng d,_Kholng u
STT ni n ¢, c | K: t i i LOD (uM) TLTK
tich tich (UM)
N N€e ¢ ti WL ,
, URA va URA: 0,02 1.000 URA: 0,005
1. b-NiS/Ppy/SPE SWV huy /]t t ha _ [24]
THE . THE: 0,01 900 THE: 0,001
Xublt | 8§
, URA va , URA: 5/ 1.000 URA: 2
2. CdS/PTA/Nafion/GCE DPV N€e c¢c ti Wi . [23]
THE THE: 1 200 THE: 0,6
URA va URA: 31 75 URA: 0,011
3. CDs/GCE DPV Huy /Jt tF _ [130]
THE THE: 10i 200 THE: 0,33
URA va , URA: 11 1.000 URA: 0,33
4. Ply(CTAB)/GCE - N€e c ti W _ [131]
THE THE: 0,5 1.000 THE: 0,11
MnO2 . . .
5. DPV THE Thu ¢ vi THE: 1i 220 THE: 0,1 [132]
nanosheets/ILgraphene/GCl
Th ¢ phXr .
6. CdSe/GCE DPV THE i THE: 1i 700 THE: 04 [133]
u ng
7. b-NaFeQ/GCE DPV URA M§u ng+¥€ URA: 0520 URA: 0,15 [134]
8. NG/GCE DPV URA - URA: 0,11 20 URA: 0,045 [135]
URA, _ URA: 11 433 URA: 0,576
. R N€ c¢c t i Yu _
9. Brushite/ GCE SWV XAT va c3 phé XAT: 1,51420 XAT: 1,0 [126]
HPX P HPX: 0,15488 HPX: 0,076
URA, . URA: 201 120 URA: 0,088
. Huy/Jt vt ha .
10. ERGO/GCE DPV XAT va L WU n XAT: 101 60 XAT: 0,11 [136]
HPX g HPX: 1060 HPX: 0,32
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URA, Huy gt tha URA: 2/ 1.600 URA: 0,06
11. P6TG/GCE DPV XAT va )t/ L Wu n XAT: 171 1.500 XAT: 0,30 [137]
HPX J HPX: 2i 800 HPX: 0,10
URA, URA: 11 2.200 URA: 0,12
12. Co-CeQ/GCE SWV XAT va N€e, ¢ ti Wi XAT:0,1i1.000 XAT: 0,096 [80]
HPX HPX: 1i 600 HPX: 0,36
URA, URA:L ° n L J URA:0,141
13. MWCNT/GCE DPV XAT va MXu c¢c8 XAT:L°n L J] XAT:0,134 [138]
HPX HPX:L ° n L J] HPX: 2,870
URA, URA: 8/ 238 URA: 0,6
14. PDA0X PTCA/GCE DPV XAT va - XAT: 5,11 289 XAT: 1,7 [139]
HPX HPX: 3,8 293 HPX: 1,3
. . N€c m8y,cv .
15. CBi PLA (3D-printed sensor) - CPR ) o 1,6012,5 0,3 [140]
tiwit nghp
MMt En va .
16. Poly [Mn(Chr}]Cl./PGE SWV CPR 17200 0, 53¢ [141]
M3 e M
MM _rc®Mtng 3,1i 24,8;
17. AgNPsCB-Ch/GCE SWV CPR . _ 0,48 [127]
hp 36,9130,3
18. GaTCPP(NiNafion/SPCE DPV CPR MXu “cbghi¥n 200/ 1.000 118 [128]
MXu rc®Mva _
19. MWCNT/GCE CA CPR 40i 1.000 6 [142]
huy/} thanh
M>Xu | rcé cH] _
20. CNSs/GCE DPV CPR o 0,550 0,15 [143]
phXn dce
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21.  {[Co(HL)(bix)]-H 20}n/GCE DPV CPR MY rce 2i 20 0,135 [144]

22. {[Co(HL)(bimb)-HOT} /GCE DPV CPR MY rce 1i 14 0,082 [144]

C8c kT hi:' u vi /]t t dt

- Vdt |BiNIS u(betaphase nickel sulfide) Ppy (polypyrrole); CdS (Cadmium Sulfide); CDs (Carbon Dots}y(CTAB)
Poly(cetyltrimethyl ammoni um b NaFe® (Betaphase Gatlifne ferijte}, NG rfNitrogelopedegraghene)d e ) ;
ERGO (Electrochemically Reduced Graphene Oxide}C€G6y (Cobaltdoped cerium dioxide); MWCNT (Multiwalled carbon nanotubes);
PDAox (Overoxidized polydopamine): p o |AgNPdGBh (Biiven renopastieldsarigon tgack r 3 n h
chitosan composite); GaTCPP(Ni) (Nicleordinated gallium tetrakig-carboxyphenyl)porphyrin); PTCA (3,4,9/@rylenetetracarboxylic
acid);Poly [Mn(Chr}]Cl2 (Poly[tris(chromone)manganese(ll)] dichloride complex); CK&abon NanoSphere$)6- TG (poly(6thioguanine));
{[] Co( HL) ( bvafGo{HL)@imIQJ}H20}n (a cobaktbased coordination polymer

-ni " n SPEC¢screeprinted el ect r®iRLA (3D-pirited sensor): €arbonnbldgolylactic acid 3Bprinted
electrochemical sensor; PGE (Pencil graphite electr&RJE (Screeprinted carbon electrodeCE (Glassy carbon electrode);

- K: t h u:dDPV (Differential Pulse Voltammetry);SWV (Square Wave Voltammetry): vampe so6ng vudng,CA

(Chronoamperometjy
-Dung m! i PTA(Phésphotungstic Acidiigraphene (lonic liquid functionalized graphene)
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Hi ' n nay vXn ch+€a c¢- nhi Qu phagtich®in nc_  u
h-apti§t hi n L ng th i c8clLchlp th'blt ba-e€
purineURA, XATvaHPXhayCPRo .obng c8c Li 'tn c©8c idAn |t
C8c nghi°n lk« uc¥Wlh@ nb hccha raho BRBEY 13J2g
chblt n"y ¢ hoUYt t2nh Li ' n h-a r» r t \
vQ thJ/kdhiky°h-8Q mHt Li n Tayc nhii/fm,t phif
nghi®°n ¢ _u tdp trung v o Vvi ¢ phURa, tri)
THE, XAT, HPX hay CPRo sng c§8c bo9YnlLwdnhticukh®8c
ch€a khai th8c hi u qul c8c -Y@dt Vi a8
| i u composliotle nch & AWDILRE MIMIOIIGO.MHt Kk h§c,
nghi°mcéculiothi ¢, ¢ biJjn 4A9ahchr°yg/ahtsdp
vi ¢ ph8&t hi'n m t s° h’° p[4tisshlt th_owm gc Kk hh

ng d,ng c8c vdt |i u n"y LW x8c L. nh ¢

MIL-101 n" i bdt nh€e m t vdt |i u tiQm n
X" p, di n t2ch bQ mHt ri°ng rblt | n, L.
kh[ ntng t<€hng t&8c mUlnh v, i c¢c8c phon 1t

t €hngi'tg§¢ t<€hng t8&c tonh Li-10hv., iNgco§ci vrdat
dX¥n Li n hoHc c8c h4t x¥%c t&c kim | o4j
t" , qua L- | " m ttURA XATF, AIPXhTHE va CRRDon Lh -, a cc
thw k8 w© ®g Wi ng Li n ¢, c -1QCIE KbaHin!l it 2t
compositeAgNPsMIL -101, MIL-101/fGOk ht* ng nh_ ng c¢cho ph®p
m° c¢c,n m ra kh[ ntnFHEShokCcnhnbBRA maAd h'v

5

CPRb 1on g p h €dhéndichpih 8p h-a v, i L, nhdy v~ L

C&c n, i dung L nh h€ ng nghi°n c¢c.u ct
|l i u-l®MLLv”" c8c vdt-1I0il5u(tii9dnchh) $ YoMILL "
(iii) khclhoBlts &t ht-2anhv” L&nh gi § c8&c thtn

ri°ng | T v' LY ng ,tTHEVAaCPREc vid Xnngubli nguph
LW ph©n t2ch c¢c8c mXu th ¢ nh€e n€e ¢ ti Wu
H€ ng nghi°n c¢c.u n"y khtng Mlhi10ltongp ph
ph©en t2ch Li n h-a, m" ¢,n L&p . ng nhu
nhanh, Lhn giln v™ c¢chi ph2 thblp cho gi §
chuyWn hvaki Wmr $ o8&t ¢hBltnhl €hfFaq ¢ o’ c

33



CHh4uNGN2I DUNG Vé& PHhuNG PHCP NGH

2.1.1 MUNG NGHU gN C

N i ddngglh’ p vidiltc 8ci vudtMIl LAGN@s/MILe16lIp o s i t
vaMIL-101/ r GO; khlo s8&8t c¢c8&8c LiQu ki n t’  ng
tr¥%c tinh thW, h3nh th8i bQ mHt, th”"nh

chblt h-a |IT c¢c,a vdt |i u b3ung BSRBETpah €hn
c8c ph€ehng ph8p Ii°n quan.
N, i d®engd2:ng v-d011 bifgnMtetnh Likm[fa c

s8§t LHc tI2nd WihQun khi-an, Lo th2ch h’  p v~
URA v THE trobmb&nmXphenanpepih®p von

N, i duSng d3:ng vdt 41i01u bAdIMNPg/2MIhL Li n
tnbk hfTo s8&8t LHc t2nh Li n h-a, | a ch n
L™ ng URMXATVaHPXt r ong mXWw 3Im@, o ht&hWampep h §p v

N i dwWngd4éing v-d011 7 GO M On t2nh Li n
kh[o s8&8t LHc t2nh Li n h-a, | a c®Rn Li

trong mXub®&fgc pplXmompep hS&§p von
2.2. PHhuNG PHCR NGHI gN C
2.2l 0@ nghui °n c
Vdt | i-106bc § 11 ¥ dt | i u c olBlpvaMIL-I0EGA g NP s /
C8&c h’ Ip. w: ldshacid CsHaN4Os URA), xanthine (GHaN4Oz, XAT),
hypoxanthine (€H4NsO, HPX), theophylline (€4sN4sO2, THE), ciprofloxacin
(C17H18FN303, CPR)
C&8§c mXu _ng d,ng: mXu n€ c¢c tiWu ng¥€ i
2.2.9.,8Inhgi, vch - abich
2. 2. 2. 1. dTAhnigAtc Ab N
-Mg8y |y t©o©m EBA 12 (Hettich, n_. c).
-T., sbly WF 120 (Lenton, V€hng qu ¢ An|
-BW si °u ©m Powersonic 420 (Hwashin, |
-M8y khubly t_ -H50Sa (nDhLiABt, MS7ung Qu’ c¢c) .
-Mayl dbc vortex model ZX3 (VELP Scienti
-Mg8y Lo pH Lab 845 (SI Analytics, n._ c¢.
-M8y cblt n€ ¢ Aquatron A4000 (Anh).
-COOn ph®©n t2ch Precisa XB 220A (Preci:
-B3nh phlfn _ng th_y nhi 1t00b %rLg (tTh@m gk |
-C"i m« n«o, “¢c th_y tinh, “"ng |y tom
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2.22. 2. H-a chmt
C8§c h-.cainhshbld, ng trong nghi®°n clu L€ ¢
BI'ng 21. C4c Id1 hoa chdichinh s d, ng trong th ¢ nghi m.

T°n h-a ¢gClng th_c poh H«ng cung
Chromium nitrate hydrate Cr(NGs)3.9H.0, 99% Sigmd Aldrich
Terephthalic acid CsHeO4, 98% Sigmd Aldrich
Hydrofluoric acid HF, 40% Sigma Aldrich
Silver nitrate AgNOs, 99% Sigmd Aldrich
Ortho-phosphoric acid HsPQy, 85% Sigmd Aldrich
Acetic acid CH3COOH, 99% Sigmd Aldrich
o-Boric acid H3sBOs, 99% Sigma Aldrich
Sodium hydroxide NaOH, 98% Sigma Aldrich
Sodium nitrate NaNQGs, 99% Sigmd Aldrich
Acetone C3HeO, 99% Xilong (Tr
Sodium borohydride NaBH:, 99% Xilong (Tr
Methanol CH3OH, 99% Xilong (Tr
Ethanol C2HsOH, 99% Xilong (Tr
Dimethylformamide C3H7NO, 99% Xilong (Tr
Uric acid CsHaN4O3, 99% Sigmd Aldrich
Xanthine CsHaN4O2, 99% Sigmd Aldrich
Hypoxanthine CsHaN4O, 99% Sigmad Aldrich

. Vi n ki Wm
Theophylline C7HsN4O2, 99% thu ¢ Tru
Ciprofloxacin C17H16FN3Os, 99% Vien ki Wm

thu ¢ Tru

H

2.32Ph€hng ‘mig§ phc § e
AgNPs /-IMIIL v :1 OMI/lr GO
223. 1. TYngloh1 p MI L
Qus tngmh MLO1 cL@®hhitheo ph©ehnmhighgp
tr°nufl45ivitm tshayvQllh ™ nfh | '@y HevK "0 hL 3mh
ko s&it3nsh thidhh tMidgiflmgphong omuy W r 3 nh
h3nh, 33C&OINO5,HBD@)(,1v, 6 6HR)( Hung 40 %)y HF
tn _ iv oc®c Hai (63, Obfmil) ghti, 253 CCv chWwy v~ o
b3npfh md_yt hnthlabg t h®p' Il kh! PFFEL X0 Q i @MI20Hi
° trong 6, 8, 12, d€kTuFMi tl8,6h7M Lgi 8h
12hMI L, 16hMI L, ,7224hhMBl&lu, KzZhSirhgviht t h e h
Le | " m Qwditi, kth, ng v 5.000Q ©m ng/ ph3t htr on
phdr. Terephthaliclnarcg d¢ € ho@a gt ft §lmhfixma p |
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https://en.wikipedia.org/wiki/Sodium_hydroxide
https://pubchem.ncbi.nlm.nih.gov/#query=C5H4N4O
https://pubchem.ncbi.nlm.nih.gov/#query=C7H8N4O2

rdh iv di met hy'l7f08 0 mAMi O e o Bar 1s adgn Lt € El€ar
3fnl.iv 15 mL efnhdandl5 en'Hc.® T uc ¥%fng M Bprh'lce
t §ch BfakwB0 th@ng. 28ugyt t r3nh BH&Kk Z.hi.
5,00 03:Cx0( NQ HBEOCg + 620
+1 0L dung d ch HF
«— Khublygrihi 2t630C)
Th,y nhi t °% nhi
e KhlFo s8§t th" i6,9i8
16, 24, 48, 72 gt
H . n ©ifp ph)
<_nW ngu, i LJn nh
Ly t®mO5v, nglph
Chblt r dn s
TheimL dung mti dir
— -Ng©Omhti, TOBOC 1 "¢ i ;
- Ly tdm 5000 vong/ph(t10 phuat
\ 4
SI'n phldmu x 3
-Ra FB8xdd5 enthanod ¢
— | Fn 1BRonge, c c bt
-Sbly kh €t rom® 24 gqgi
\ 4
Vdt | i-IoMcvevadt MILL™ u |

gi annhltkht§c

nhau

Hinh 2.1.S h™ duy trinh t ng h p MIL-101 vacac w li uMIL * th i gian thu
nhi t khac nhau

223. 2.
Qus§

TYng
tr3nh

k h [146]cos t haynhl ™ i~

hi-p01 AgNPs/ MI L
101, AgNP$/MIlpl OMI LI € ¢

toh " C
i -201,iCr(N®)3.BH0 (2,0 g), terephthalic

hi'

o

acid
si °u

g)
trohg’

(0, 83
©m

vV phm€irgc nehbi®n (28 n mi))
L §j°  ph,ng nh3Jxm
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ng L™ nSgaunhtbit,. h, n hbpnh €kl he€any oh, vy

khing g | -t ®T&EnhACOoOvmLANn, 20@ L nh tro
Le ¢ | "m nghfn thblhhir&n mu xanh | § c©)
trong 10 phogdxtvong/ph@itchdlt L r B L€ ¢ r a | fn
met hanol. Sau L-, si°u ©Om trong di methy

YCOMIL-101 t . h, tni rhh pcdédiely /PO vong/phitrong
10 phw%t), r a b=3xng met h’€nbrong 4a46egbdne
CaccationAd | ¢ d L €a-1W1lo bMinly ph€hng pBEp t >
mLhuyQn ph%leh @3M Lmg) , 1530ml0 0OcdtBn gV di"€c h

ki n khubly 3 gi° ° nhi t L s0pB4ndl LA
v o h.n h>p n"y LW kh' c8c cation Ag (1
L -, 15900 vo@giphattrong 10 phtitW t hu L€ ¢ phfn chiblt r
nhi QUWI Fo4i b, i on AQttrroantge 2vd4'h gsi Hlye kch v dt

AgNPs/MIL-101.Sh by gr3nh Hf28 ch’ r a

20 mL hply®Mictho1l ( 390105 molL) d b
AgNs®O, 0043 M

Khu®lydrnhi 2t530C)

A

3 mL dung +Q@34MEF—>

v

H . n ©ifp ph)

-Khu®l9 grhhit 2t53 BC);
- Ly tdm 5000 vong/ph(tl0 phat.

SIn phXm r dj

-R a 5nb ung nt@}?hithiéﬁé
phong; |
-SbBly kh€Ctiol® 24 ¢

A

Vdt Al-AgNBs/MIL-101

Hinh2.2.S h™ quy trinhtng K p vd li' u A1-AgNPs/MIL-101
C8c VAGNPIMIL-1L01 v, i c8&c t° |~ mol Ag/C
theo quy tr3nh t€hng t-10hh(E€300 °mg) tle€eng
t bit c[ c8&c mX¥ably 3] % Infgs Ma®Hnkgh " AgNG ng.
c.a c8c mXu kh&ov IBE @8 chuXn b’
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B[ng 22. Thanh pln cac tth chdl QI cly]AgNPs,AgNPs/MIL-101

M XU AgNs® M) NaB#M M) T I mol Ag

MI 101 - - -

AXAg NPs {1INI1 0,004 0, 34 00,0516

A2Ag NPs {1NI1 0,005 0, 45 0, 0688

A3AgNPs {1INI1 0,008 0, 67 0, 1032

A4Ag NP s f1NI1 0,012 1,01 0, 1548

AgNPs 0, 039 3,08 -

223 3. T YMilg10brG@

Grap®BigeNaN@5g)+12mLdung Hd 'S©h 9

-Khubly 30 ph¥%t tr
-Th°m 15, 0,kd uSINMhiC
nNhi t L, KA. ng ge¢
\ 4
H.n h’ p
-Khubly 30 ph¥a); (n
-Th°m 230 mkaom'€,
khubkliubly 86hpe. L
-Th°m 30 mL >060%(
v
SI'n pphy®@u L
-R"a 03 I fn, m i I
« 5%Vva0 Fnbn@, ¢ cblt, ;f
-Sbly kh€t ro@®. 24 ¢
Graphene oxide (GO)
Hinh 2.3.S h” duy trinh t ng h p Graphene oxide (GO)gr aphite theo
phap Hummersic ti/h.

Graphene oxide (GO) L€ c¢c t ng h’ p t.
Hummers cli tiJln, 4] cGmaph[ter 66g0t g)
re ¢ pho©n t&n trong 120 mL dung d ch H
mL, khubly li°n t_c trong bW n€ ¢ L§ tro
cho t. t . v o trong h’ I amg Kchiurbly °C.€ [tm
Sau 90 ph¥%t, h. n h° pCttidjJong 30 Lpsh %t .k hm'E
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Len sang n©u nhdt. TiJp theo, 230 mL n<€
khubly, m"u dung d c¢ch chuyWn sang Vv ' ng.
ti Jp°C t®8m 30 ph¥%t n_a, sau L- ®30% t_  c
SI'n phXm thu L€ ¢ L€ ¢ | 03h fnleh ib dug gec &
5%, tiJlp theo D31 fm.a StbRIGtkrhateg c 26@BIgi "~ ng |

L€ ¢ ° dUngSh, wytringtud nxg§ M’ @ cGax h”™ ra ° HS3

MIL-101 L€ ¢ LiQu chJ] bmgv phennty 9hs8li
nh, . H, n h’ p BDC[(In66 g)nCy(N@sOH¥O (H00g) , n<€ ¢ cb
mL) v~ HF (2 mLb3 K phFhuyWg wvhoy nhi 't
PTFE100mlv "~ L€ ¢ gia nhi t ° 200 AC trong
ph, ng, b t chromium ter ed@ht)hall@ tce tn nuh
ph€hng ph8p | ¢, r a k: byng n€ ¢ cblt v

MI 41 010@g }20Llne, ¢ cblt + | € n

-Khublydrnhi 2t531C)
-Si °u ©m trong 30

Them IN&BHiXEc L ¢

-Khubklg ¢idi @60PC);t
- Ly tdm 5000 vong/phutrong 10 phut.

v

SIn phXmu ry

-Ra @b UImee, ct @iblt
phong;
“SBly kh€tfom®. 24

A

\4

vdt | i u ML deipGOs i

Hinh 2.4.S h™ duy trinhtng h p vd li" u compositeMIL -101/rGQ

Cac composite MIELO 1/ r GO L€ ¢ t  ng h'  p theo o
[148]v. i m t s Li Qul&h (hOO Cmg)t hpvh ©rMI tLE n
cblt v° si°u ©m trong 30 ph%¥%t LW thu L€
x8c L nh tr€ c¢c L€ ¢ bl0dunme vV dilQu kiy @
trong Jlp giheo tli® qu§ tr3nh si°u ©ma4grong
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L€ ¢ th°m tvi®o hg¢ & c hf ,p $au" LBlhg BhBn n g
60 AC v~ khubly li°n t_c trong 12 gi’ n
101/ r GO, t |~ Kh'ii vl.€ n®O cl uat nNagBblb 3, 5

B[ng 2.3.Thanh pln cac th chdl QI ch/]MIL -101/rGQ rGO.
KT hi u MIL-101(mg) GO (mg) NaBH4(mg)

MIL -101/rGO (10) 100 10 35
MIL -101/rGO (5) 100 20 70
MIL-101/rGO (3,3) 100 30 105
MIL -101/rGO (2,5) 100 40 140
MIL -101/rGO (2,0) 100 50 175
GO - 100 350

Sau khi phlfn _ng ho"n tblt, s[n phXm I
nhi Qu | fn b3ung n€ ¢ c¢cblt LW |l odi b, <c8c
Cg&§c vdt | i u composite -10b/nGO (16 MIL104/fGOhi = u
(5), MIL-101/1GO (3,3), MIL-101/fGO (2,5)vaMIEL 0 1/ r GO (2, 0) , tr «
s trong ngoHc bi Wu tIBIvaGO ri€, ck p’hinw & mn
s&§nh, rGO clng L€ ¢ LiQu chJ] theo c¢%¥%ng
c. a -M1.L
2.2.4. C8Hh ph@&pdlie %ifihg tkeinhc L i

C§c vdt | :iMILul0l cComppsitethAgPs/MHLO1 va MIL-101/rGO
r€ ¢ Lo c8&§c LHc tr€eng b i c¢c&c thi /]t b’ :
-GiTn LY nhi_,u x99 tia X (AdvRrDe (Brik& c gt
n c¢c) s d.ng b.c¢c xY Cu KU (& = 1,54 i)
N/tn nh33um x8c L nh c¢cblu tr¥%c tinh thw v~ |
-Pht " ng(EIrS) L€ ¢ ghi 1 4i b=ung h t

(Metrohm Autolab B.V.,HaLar) Wii " n H-a h ¢, Vi n H" n |
ngh'  VinhtunNdmMnh gi 8§ kh[ ntng truyQn Li’

-Ph™ Raman L€ ¢ ghi 1'4i tr°n k2nh hiV
Bfn) t49i Tr<€ ng n4i h ch®® phlom, s &tdi c Blu
nh-m |i°n kJt LHc tr€ng c_,a vdt [|i u

-Ph” phln xY9 khkuhJc hk itVEnrs (tRSHgd%E’ ¢ Lo
qguang {£B00YV Shi madzu (NhdHi BTnuyngr £ @mn Q
Th2 nghi " m, Tr<€ md wnHix 8c & mhng Hch & nh
| € ng v%ng cbim c_,a vdt 1i u

-n€ ng L3Ing nhi 't hbHoph, / gl c BIp ni
Tristas3030 (Micromeritics, M:) tUi Vi n H-
ngh’ VinhtnNdnnh gi 8§ h3nh th8i bQ mHt v~

-H3nh th8i bQ mHt v° phOn b° nguy°n t
t° qu®t ph&§t B 0t0r € ErSE MHi(tNehaditi BF n) L€ c
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tia X t&n sdc ntng Ie€Yyng EPEKpet dly Nisme K
Vi n H' " n I ©m Khoa h ¢ v" Ct'ng ngh' Vi t

-K2nh hiWn vi Li n t {TEMyQH€quwaclh, ppl
JEM2100(JeciNhdt B[n) tYi Vi n Khoa h ¢ vdt |

ngh VinhtumN&m[o s&8t h3nh thg8i, k2ch the

-Ph" quang Li ' n t tia X (XPS}MoOL<€ c
(Shimadzu, Nhdt B[n) s d,ng ngu n b._c >
t" v" ¢c8c trYYng th8i |li°n kJt h-a h ¢ t

-Ph€hng ph8p sdc kT |, ng hi u nktng c:
XAT v HPX b33ng h" th  ng Shi maidsz ul Ht0 30
s-ng 273 nm. Qu§ tr3nh t8&8ch L€ ¢ th ¢ hi
mm, 5 Om)g” mhh, B, hgp @ ccettchreiot rti' 1l d°  10: 9
d,ng 0,5 mL/ph%t, thW t2ch ti°m 25 OL.
t ©m Ki Wm nghi m Thu ¢, M: phXm v~° Th, c
- Cacp h ® pvontampe vong (CV) va veampehoa tan anodgung vi phan
(DP-ASV) L€ ¢ th ¢ hi n tr°mMHHBSY Vih@n Nta2nh
c§8§c th2 nghi m Li n h-a L€ c¢c th ¢ hi n

v, o GCE hloi Fuen ME§101/GCE, AgNPs/MIE101/GCE va Mik
101/ rGO/ GCE L€ ¢ s d.ng | "m tLti n ¢ c |
doy blch kim L€ ¢ s d,ng | "m Li n ¢ c

Tr€ ng nYi h ¢ Khoa h ¢, n4i h  c HuJ.
2.52C8cuyg tr/hnh2mhcltcar byon idmipd buMI L1 0,1
AgNPs FIMIIL v 1 OMI/lEVE@ ¢cnhl cpclhu ch
2.25.1.Quytrinhbi An t 2 n hMIGIDE(MIk-101/6CE)

Tr€. c¢c khi bifln t2nh LiGCEL€® © L&mbom- n
huyQn ph%¥% al umimg G&GuUOTE n@njcvaicbBRmgu [©m |
trong ethanol v’ n€ ¢ LW | oYi b, ho" " n t
GCE L€ ¢ sbly kht d€ h” mgunWo &fh/j ~ttWk- L ib-n
101/GCE,10mgMIL1 01 L€ ¢ pho©nn€8av ¢t bk ng T10s inflLu
bW sirrun®n Yo huyQn ph¥% L mhgDwrhgltd veH It
ph% c¢c_a vHO1lltire M khi s d,_ng LW®idn
théem 10 uLNa f i on 5% trong et hanol 96 A, si °u

v o | °” m t c h blt k J]t d2nh v™=-101 nv 'bQaCH., |
theo, 5,0 OL huyQn p®¥%mHKt yGCE EL«nh mgsy
nhi°n ° nhi" t L, ph,ng, -168bdb/ GGENhTLE€ o

h"nh c¢c8c ph®p Lo Li nr hahaGumie, crS beblty i J]
tinht " ng bipgnvi2nh Li n-101lc L&CE Skb3wg nkl 1L~

3

v THE trong nghiudHmh25 u n"y thW hi n (g
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200 °C

Trong 8 h

MIL-101

Phu
mang
méng

Phan tich dong thai
URA & THE

MIL-101
bién tinh trén GCE

04 06 08 10 12 14 16 18
BV

Hinh 25.S h™ duy trinhf ngh pvap h ©n * heetfci DRAlVA THE Ra g " nl i

¢ ¢ bif tinh MIL-101/GCE
225 2. Quy t rGMEh bEGNEFIMIL:-101(AYNPS/MIL-101/GCE)

Tr€ ¢ khijLibinG@EtcLeh ¢ vi™" m & thegh Naf i on
vaolamc h Bit KkI1mb @re nlh, p m" ng gi AGNPSIVHLEIO1NS

u

GCEt €hng t . Bhrew mg fke/] 2t. Qo L IAGQNRIMUL -181/GEE, /] n
10mgvdt | i uAgNReMip-bB8 1t E€ ¢ phOnn€§av 't bng
T si°u ©m trong bW si°uvom mhammittYo 1h

M t thW t2ch th250puLth€ pc cnha  hph,Qnl °prh ¥ Q

t

k

sYch v LW kh? t nhi°n ° nhiAgNPSMIL- ph  n

101/GCESh LY quy tvabdinhn tt 2nngh hU i pAgNPsMIL<101GCE
vagiPXt moin gURA hi °n cHinh26 "y

LW x8c L  nh, K Xt

=

')
o2 ,
000\‘ 2. NaBH, P,
Qf %
'L v \,?82‘9 I
‘ 4
MIL-101 AgNPs/MIL-101 O

60 4
50 4
40 4 Bién tinh dién

1. Cr(NO;);.9H,0 i HPX cwec GCE

2. CH,-1,4-(COOH), N 304 e XAT Phwong phép DP-ASV

3.H,0 xac dinh URA, XAT va HPX

204

10 4

00 03 06 09 12 15 18
EIV

Hinh 2.6.S k™~ duy trinhf ng h pvap h © n * hetfei WRAL XAT va HPX BRag
I'"in ¢ ¢ bih tinh AgNPs/MIL-101/GCE

42

t



225. 3. Quy t rGkeh bMInAPL/rGRAMIL101/rGO/GCE)

Tr€ ¢ khi bifJn t2nh, Li n GCE Ua c |~
chblt kJt d2mhngl gm, BQndt, pi u biJn t2n
2251.nW chJl tYo Li flOcl/a GO/ JBICEL 2 Mi® NMigL v d
MIL-101/r GO L€ ¢ ph®®, t8uabkrolnlg €i0° mLOm t
nh3m t Yo huyQn ipht dgnolg Mhbihg hW 5C®ut h t h
c.a huyQn ph%¥ n"y L€ ¢ nh, ph, I °n bQ r
nhi t L, ph,ng, t YMIL-LOA/fFGOGCELSIh " c qo yb it Jfr
h®v@abi Jjn t2nh Li Mhb-104//GOL WCES@®PRHigonhg nghi ° |
n"y thWHmhi27.n qua

200 °C, 8h GO
Cr(NO,);.9H,0 ) MIL-101 W MIL-101/rGO
apH,

H,BDC, HF
Phu
50+ l mang
mong

401

Phwong phap DP-ASV

———————

xac dinh CPR

I/pA

304

204

MIL-101/rGO/GCE

104+—

E/NV
Hinh 2.7.S h” duy trinht ng h p vaphan tich CPR®a g " nlcic bi/h tinh
MIL -101/rGO/GCE
2.62. Ph€ehng ph&p ph@n t2ch Li
Ph€ehng pahnBppe vhoona tan (stripping volta
thudt ph©n t2ch Li " n h-a L€ ¢ s d,ng r
v/]t. C8c ph®€mpg hh8pt aon c h-ampg tipatarbaacde g~ n
(anodic stripping gltammetry, ASV), vorampe hoa tan cathode (cathodic stripping
voltammetry, CSV)vavom mpe h_ ,a tan hblp ph, (adsor g
AdSV). Ngo” i r aamppeh &hnngg p(hc8ypc Iviocn vol t amn
s d,.ng LW khffohs&tc &jd40t 2 Beylit bbucc v~ o
v m,c ti°u nghi®°n ¢, u, ph€ehng ph8p ph¥
Ph€hngvorpahnBppe h, a tan anode g m hai gi
giai LoYYn h,a tan.
-Gian LoUYn | " m gi “iuai viQo YrHitt bd nt rcthrby
l °n bQ mHt Li n dronbg " mian toldWEn- "y, du
hoHc s d, ng Liv.ni ct cc rlidn .glugaby/] gkthatynng WE i

c’ LEach h V) so v, i L'i " n c¢c. c so s8nh (refe
lamgidufecs S) th2ch h' p.
Chblt ph©n t2ch L€ ¢ | "m gi “"u tr°n bQ
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nhau. V2 dybltnhh€,u hchp cfFn x8c L nh L€ ¢
b3yng c¢c8ch hblp ph, tr c ti/JJp hoHc tUYo ph
enbQ mHt Li n c-cthWmxyy ca c8&c phln _ nc

Orgda Y Orgem Y  OhpVE (2.1)
H o HOrguq + Me™om Y MeOrg™mm Y MeOrg™np/WE (2.2)
Trong tOrglah® @hblt th. u -bm: bQ mHt WE;
-hp: hblp ph,; -dd: dung d ch
-Gi ai J@mdin® hgi ai LoUYn DbdéetbBc tp hr@an K I? cih W
c.c | "m vi ¢ b_nghdsQapoti@udtemfg hhn (g

t hghit 2 nu hci€ ng LINAb®nmg k(¢ t h u differentinlpalseyv i p
DP) . Trong qus8 tr*nh n"vy, dunog doctic tnhg€
Li " n ¢, c
OrgnpyWE Y  Otig)g ne (2.3)
MeOrg™npyWE Y  MW&qa) + Orguq) + ne (2.4)

n€ wogampeha tan thu L€ ¢ cE)vati¥n grdéngdnh .
L " dh ph, thu,c v o nhiQu yJu t° nh€: th
| €), th i gian Li ' n phon | "m)gitug Lj
thJ, Li n ¢, c EBL'en cvis c.d_Tnhgt HIYWE'sIC’ rsh  td2 mt
L " nh | € ng chblt ph©n t2ch.
226. 1. Ph_ vam-gmppvhng p

Ph€hn gvorpamgepong(CV} h€ ng L€ ¢ s d,ng LFf
ung cblp nhanh c¢ch-ng v”™ t<€hng L i to" n
ghi°n c¢.  u. T. L-, ph€ehng ph8p n"y gi ¥%p
c8§c thtng s~ ph% hi fpchbec8§cC¥: 1t hmd
-a ph” bifjn, L€ ¢ s d,ng r, inkgh r «ci, al W
hblt c¢- hoUt49,158lnh Li " n h- a

C. thw, L€ ng cong CV cung cblp c&c th
-H3¥nh d4ng v v° tr2 c¢c8c L nh tre°n L€
rinh Li " n ¢, c, cho ph®p phon bi t <c8§c
hudn ngh ch.

-n"ng th i cho biJJt th°m L, ng h ¢ c_ a
nh€: h' s v° haWak) sé& truyQn Li n t  (
-MHt kh8&8c, x8c L  nh L€ Acthi o, & 2cthc hlod
c kh8c nhau.
-T2n hi u L&8p _ng Li " n h-a c_,a c8c cht
l oYi Li " n ¢c ¢ kh8c nhau.
226. 2. P h_ vam-gmpexbng pi phan

K: t hu dampd xang vihén (Differential Pulse VoltammatripPV) la
m t trong nh_ng ph€hng ph&8p L<@mpehdmtan d,  n

Q

n h c- L, nh4dy cao v khl[ ntng h4n c¢h/J]
44
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DPV, m t chu,i c¢8c xung thJ] ¢c- bi°n L,
theo th i gian; d,ng Li n L€ ¢ ghi nhdn
tr<€ ¢ khi) 8p xlufnng t(h. hdd , vvoi ckhkhdolrRgnty
d, ng thtng th€ ng n3m trong kholng t._. 11
Lo L€ ¢ x8c L nh I " hi u s’ gi_a hai gi
c.a thJ LHt | °n Li n c, c -4mpre wiuna, vti. pl
c h blén tighj = 12- 11 [149,150]

K: thudt DPV d,a tr°n vi ¢ Lo hi wu d

gi Up gim [nh h€ ng c¢c,a d,ng t, Li " n v~
cao, ph€ehng ph&p n"y L€ ¢ s d_.ng r,ng
L thtp °w cngu ¢cm bi/Jn Li n h-a.
2.72. Ph€ehne pkigplthsnktng cao

S dic k T l ., ng h i -PerformancegLiquid aGhromategragHty
HPLC) | ° m t k: thudt ph®n t2ch hi n LU
nhitm t 8§ch, nhdn d4ng v° x8c L nh h"m |
Nguy°n |IT ¢, aaphermg vih&p sd d_, ng pha L
sublt cao LW dXn mXu qua c¢c., t sdc kT ch_ a
c8c cblu t° trong mXu c¢c- m ¢ L, t<€hng t &
LJn s kh&c bi tov@h®mpm i §ghami 1€y ~v. ngtl
L€ ¢ r a gili kh,i ¢, t.

Trong nghi®°n ¢c.u n"y, n - ng L, URA, XA
ph&8p HPLC tr°n h’'-20t3h0,n gt rSahnigivabdsz uli §LUG d I
b€ ¢ s-ng 273 nm. Qu§ tr3nh t8&ch L€ c t
mm, k2ch tn)€e cPhhadtl 5ngd | " im€nc hv pi atcetlo’
10: 90 (v/v), L€ ¢ bhmtwvWit2ch niXu dt in°gm 0O
2.8 . Phehnlyy ¥h &pl T¥um
2281L.Chux n bM m,u chuxn v"™ dung dlflch LMm

-Dung d ch chuXn g c: COn ch2nh x8c m
uric acid (URA), xanthine (XAT), hypoxanthine (HPX), theophylline (THE) va
ciprofloxacin (CPR), h,a tan ri°ng bi t
d " ch chuXng g c 48-0t flong b3 nh L  nh m ¢ 10
r€ ¢ h, tr° b3xng si°u ©m trong 15 ph¥t,
v’ | &c LQu. C8c dung d ch chuXn g ¢ L€
d. ng LW phachg¥nduihm dicb ¢c- n"ng L, th

-Dung d ch iRolm Msont©OBR): BRcc dguingg tdr’
trong kholng t. 2,0 LJn 9, 03 BOg£aceticpcida ¢ h

(CHsCOOH) va phosphoricacid (ARQ)) , v. i n ng L., dung d°
khi pha chJ, ¢c8c dung d ch L' m L€ ¢ bTlo
|l €u gi. ° nhi"t L, ph,ng cho L/Jn khi s’
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2282, nXi voai m,u n_ac ti Ou

C§c mXu n<€ ¢ tiWu ng€ i Le€&1thuXn, b’
m i n,i dung nghi°n c¢c_u x8c¢ UL injnh eht tibhd p
mXuOB. ng€ i t3nh nguy n khoTUT méiBohCac g~ m

nghi °tnr @n @ r"uy@tni Scnl Bl mXu n<€ c Lingholt . (
phépt hu (tOh3d pmXu n<€ ¢ tkihlWwu sl'" nd_mXu Ltih-nc ¢
101/ GCE LW x8c 03nmXWRA€ve THWu khi s’

AgNPs/MIL-1 01/ GCE LW x8c L nMXWRMAE XATIi Wi He
theo ph€ehng ph8p | bly mXu gi_a d,ng0t. c
mL cho m ingmXwong | nh, a phNdayyrogpwyllkemie
mXu L€ ¢ |yoo@mv, ng/ ophkst #4rong 10 ph¥t
chblt khng h,a tan. Phfn d ch trong sau
Om LW I "m sUYch ho " nc8c mXu rs&w xxhil Tp hlog&

50 m& W igi d_agnig€t3nm n

-Ly t©m 4. 000 v, ng/

5

-L- ¢ dung d oOKW5umb&o
qulfn ° 4 AC trong t

A

D ch n€e c

Ly tom 1.200 dwgma/
-Pha 1,0 «nigQpH tcth? entihr K
khi pho©n t2ch Li n i

A

MXu n<€, ¢ ti

S d, ng k:-A8gudtLtilf Snr
bi Jn t2AM0ECHEIIXIEc L nh
THB)AgNPs /ANMGCE x §c L'
XAT, HPRPKXYD ph€ehng phs§

A

A 4

X8c L  nh LY ng :th
URA, XAT va HPX

Hinh28.Sh” quytrinh x lymX rc@Mvax § cnhdAc chidl phan tichh3ag
ph€hng #8%%8p DP
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Tr€e. ¢ khi tiJn h"nh th2 nghi m Li n |

v,ng/ ph¥%t trong 10 ph¥%t, | bly phfn dung
| € ng thW t2ch n€ ¢ dHt ,0 lhie@uw dhi'Agh dp K
BR O,cHovddh Llio ntthea@a t_ ng n. i. dPuhn®pASBKhoh i PPn

s d, ng Li n €l0cl/BGCEn LtWw nxh§ cMILL nh LY ng
Li " n c¢c.c bi/Jnl101hBCEBgNWsx8tLL nh LY ng t

trong mXu thShkh L7 qgw®ycttiImh.x | T mXu r
t h® i URA v~ THE hoHc URA, XAT v~ HPX th
a) n' i v,i m¥u nbWsSc Wi wh €€eng Uey v

nghi°s cdiangn ¢, ¢ BIOWECEt 2 nh MI L

TiJJn h"nh x8c L nh L, thu h™i tr°n mX
ph€ehng ph&8p th°mVichwXm. mLBly mXu0 n@L c( t i V
99,6 mL dung d ch L " m BR 0,1 M (pH 3,0)
phalodng¥2= 100 mL). TiJlp theo, | by 2lWionm. d
h-a LW x8c L Yich=2RAtvongHEIi Qu ki n, t h?
khi L- n”ng L, hchHito pdade(n@M)2 cchh 2tnrho nbgusn g  n
ph©n t2ch trongVadung d ch ¢c- thwW t2ch

N“ng L, URGBUM?trDBHE mXu n€ ¢ ti Wu tr€
L " nh theo c¢clng th_ c:

C(nm):w (2.5)
Vl
TroncCeal(-OM) : n” ng L, URA HooHao Vifi HE ,t thive
t2ch mXu n€e, ¢ ti WEo0d4mLEMWwt " | abWphachomixg
v.i dung d ch L mlBRhW, t12 dvh ( mXw 31 03 dh WA

Li nVoEa0®mMI)KJt qul ph©n t2ch URA v™ THE |
hi"  n “5Blng 3.

b) n’ i v, i m¥u nl€scl Wimh €eng URA, XA
trong nghi°n ¢ u s NBJMLGOUGCE N ¢ ¢ bi J]n
MXm€e, ¢c tiWu trong su t sau khi |y t ©

LblyomL dung d ch n€ c¢c thhWilioom pha, | sangl
th nh 10 mL b33bng MipHd N aly I nURBRKATE hbIt
v’ HPX L€ ¢ x8c L nAS\W U@ >xphbBh ntgr qrhgg pl iD(
th2ch h  p. N ng LCuUMRAonXAMXu rne@RX pthiawd
L€ ¢ x8c L  nh theo c'ng th_ c:
CCeII X VCeII X \é

V, XV,

C (mM) = (2.6)
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Trondgeall OM) : n" ng L, URA, h' XAlio mothe aHP)

| © thW t2ch sau pha lo«ng v,i dung d ch

(Vcer=10mL), V51 © t hW t2ch dung d ch he L&otni Wu
V . ;

héa(\/3:1,0m|_),v2:10| Tt | pha | o«ng m¥alon<e c

1
mL,Vi=10mL).KJJt qul[ pho©n t2ch WRMXuXAT, ¢  tI
L€ ¢ thw hd " n ° Bl[ng 3.
2.28.3. n Xi vV ai m u d_t1c phxm
C§c mXu d€ ¢ phXm ch_ a ciprofloxacin
nh” thu ¢ LYt chuXn GPP tr°n L a b"n th"

(m i lo4i g m nhiQu v /t¥% thu ¢, c¥%ng
L HHpcl)a ph®p th'
n"i v, ide c ,eXrmhn/thuaLeho tbly ngXu nl

vittik h8§c nhau, c¢c©n ch2nh x8c v™ nghi Qn m
LW u'  ng) theo D¥2c Mitwnl €ind tNm2nt E©hm'gp
~ng 500 L cChhR a tanvtroingu n@nclL WbBIE[m b
toanL €" ¢ dung d ch .c-Dutngwdf chh t h@wo el ¢ L «
c8§c t§ d€ ¢ HKhlyngl tnman,dusnagu dll -ch pha | o«
mL dung d c¢ch ch_a CPR. Tr€ ¢ khi ti/Jn h
ch a ILGR pha |l o«ng b3ng dundg W Lceh cl 2m
dung d ch ch a kBhHriomhaH an2kt® ngac6BRXut r
d€ ¢ phXm L€ ¢ x8c L nh SWRnly phwhntgr pmlis
d€ ¢ phXm LW x8c L nh-AGRRtbWnhiphe€hn#zp

MXu th c¢c L€ ¢ s’ d. ng trong nghi *°n <c

02 1l o499 wvi°n n®n (kT hi " u |7 vi°n n®n
| © 500 mg CPR/Lhn v v~ [OW mguc dUYmgmbl €
tr°n nh«n |7 250 mg CPR/Lhn v . H' m | €

L€ ¢ x8c L  nh theo c¢ctng th_c¢c sau:
m(mg = Cear X Vear XM XY X Mpg XM

Vi XV X e &0

Trong L-:

Ceel(UM) I © n” ng h LI@WPR hrang

Vet (20 mL) | thWh'2¢€ho duhgadsah &hong
L°m BR 0,1 M (pH 4,0);

Mcpr= 331,34 g/mol;

mekh i 1€ ng trungngb3nh 1 Lhn v thu’

Mampe K h " i 1 € ng a®n mXu thu ¢ (

Vi(100 mL) |~ thW t2ch dung d ch d€ c

Lfu b33ng n<€ c¢c cblt;
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V2(1 mL) |7 thW t2cevhlWutnigQpd tchec Lpe ac Ilob
Vs3(50 mL) |~ thW t2ch Vdoulangg dn @ hc scabit ;k h
Va4( 0,1 mL) | ° t hWVschRowdoh d Wliig nd hcha LB t
dung d chVe: thW t2ch
20 vi'th 2ptutphia dhWimgg dca €
(M vinird t Yi gam) ﬁ‘
-Nghi Qn m n trong
«— -COn | € ng b, t thu
CPR.
v
MXu d€ ¢ phX
-H, a ttraomgc bt€, v¢© si °u
ph¥%ut (nAC)YtLE€ c6000
« -L‘_.c dung d’@,hSum.ua C
-Lbly 1 mL dung d <ch
b3Jbng n€ ¢ cblit L€ ¢
v
Dung d ch o
LEly 0,1 mL dung d ¢
— V., i L' m BR40Q, weMc(
trong tJ b o Li n ¢k
\ 4 :
Ph€e€hng #8Wxgc DP nh CPR
c. c biJJnrlaZ/nthGOHI &C
Hinh2.9.S h” duytrinh x lym¥u ‘ccEMn ik § cnrhCPRBag ph<€hng p
DP-ASV.
2.92. Ph€hnlg8 nphh 8dpii & i ph€hng ph8p phon t 2
Cp d,.ng c8c ph€hng phg&8p th  ng k° LW x
r€e ¢ trong qu§ tr3nh phon t2ch. Vi ¢ x’
nh€ Origin 2019b, Microsoft Excel 2019
2.2.9.1. X8c LMNnh khodng tuyAn t2nh, gi
-Kho[ngtuyh t 2 n h: " ng BRAS\ Saccacltiu®g dh chi phan tich cé

Q.

nng, tlt nfg (Cdrv) v. i cacl @ ki n thi nghim thich A p, m i Ifn ghi cac

I “ehg DRASV" cacnn g, kth § cctieinlHpIU3n (n=3).T. ¢ § ¢ ng. €
I « g h'inhchi@ c c i o "nb hoa tgnleluA), xdy d n g ° dig@iyh tinh ph

thu cgi alpvann g, chdhgle=a+ BC.
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H

Trong L-: a |~ gi8& tr h s chHn v~

H  s° x¥%c pl ph— (2.8)

H s x8c L  nh L€8&,t¥ph gh&otc!ng Jmh
L Jn 1R2Q 01)Q R@Bi &gt gfn 1 ch._ng t, m c¢c L,
t2nh ¢c”"ng cao. Trong th ¢ t]], khol[ng tu
L° RO 0, 99.

-Gi ai hun(lp®BY: hi Mnn”" ng L, thblp nhblt
pheoen t2ch ¢- thw L€ ¢ phgt hi ' n v,_i L,
chblt ph©n t2ch trong mXu c¢- thwW ph8t hi
nhi Qu c8ch xS8rtehngmp LODr ong e8&cl "phdehan gv -
ph€hng ph§8p[lEE Mmago chiuXpn th ¢ sau LOy:

Lop X3 2.9
Trongywll*> :LS | ch ch®@%n & a t2n hi'u ¢t
V.yil © c8c gi § t el 0t8Nrcg, kigdnhaum ¢, a
yl =~ c8c gi§ tr Tigwnalyt=a+pCh€hng tr3nh

-Gi ai  hu n (LO@nlahaml €©'nmg hoHc n“ng L, nh,
c- thw B &E€cndvabg m t quy tr3nh phon t
x8c, L, ch, m v™ L, kh®ng MBI blo Lo L«

LoQ —*~ (2.10)
2.2.9.2. n8nh gi§& Li 11p lui v° Li L%ng
-ni 1 1p€e’le iLg&8nh gi 8§ quaSDyh &Ha rl, LI dh
t €hng L i (RSD).
RSD (9)=20-2D (2.11)
X
Trong L-, SD: L, | &h gh@&Xnr'c_tarec8g b
Lo. B°n c¢cYYnh L-, t. c8c kJt qul phon t?2
nhau, Horwitz W. L« thiJt I dp m i t<€hng
L i c¢c,a ph€ehng ph&8§p phon It€ cnhg)( RSBt vwp'h @
M i quan h n”"y L€ ¢ biWu di[188: b3Jng phe€
RSDy (%) = 21-05190) (2.12)
Tron,g Cchivedin ° dUn g 2pnig@pms hayrgkg (ppb).
Ngo " i ra, Horwitz W. cling ch” ra r3ng
chblt ph©n t2ch trong ph4m vi n, i b, m t
t€hng L i trong pK, ngdit hn?® nngg hii, " MBI S«

c.a Horw) tzhf{R&SD thW xem nh€e ph€ehng phs§
nhdn L€ c.
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-ni L¥ngl¥%ng ¢, a ph€ehng ph&p | ° khsgi
tr° trung b3nh c¢c_a kJt qul th nghi m \
LY%ney . ( C- nhi Qu c¢c8ch x8c L nh L, L¥ng nh
bi Jt n"ng L, (mXu chuXn L€ ¢ cblp ch.  ng
ph€hng ph8p chuXn hoHc x8c L nh L, L Yan g
L'&§nh gi &ilng LlgWnag Lt t hu htréd 03nb>XRun gt hc. §ac hs Jprh
chblt phonctth®arh cshuXh€ (spi ked sample) m t
tchhoHc b Jng phEbedias6]Shagup Le BwX¥n L. thu h™ i
hi  u Ithéo cdhg thdsau

RAGW= 227100 (2.13)

0
Tron:g L
-Col"N'n g, chiiphanic h ° dt@m chih v o trong md thd (eM);
-C11" n"'n g, chHiphan ch trong i thd (eM);
-C21" A" n g, chHiphan ich trong md tha sau khithém chof EM).
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CHhuwNGKS8T QUY

3. T.NG "HPVé nt TRhNG TgNHCORT

Ag NPs [FIMIMIEEMI 1 01 GO

Veé

LU

TH4 O LUxN

Mi110 1,

3.1d1.u iWwilD1

Quatrinlk h[T o s &t s, HhVILRIBlvt h crBle wadltt hll i © @i a
th,y nhi t kh&8c nhau L€ ¢ tB . h$[m pthX
L€ ¢ L€ ¢ phon ht2acH Tc §ich Rintbdi Storh BlygHiBh a v «
3.1 cho thbly giln LY XRD c_,a c8§c khatt | i
nhaut r ong 6, 8, 12y~ 1d6ek’T2 @i i t4e8l,” 762h MyliL, ¢
12hMI L, 16hMIL, 24hMIL, 48hMIL, 72hMIL.,

°§ A-:A_g A}i?ZhMIL

— é48hMIL

o i i i 24hMIL

S A i P _ i aehMIL

D ; i 12hMIL

© A i i 8hMIL

s éGhMIL

CCDC 6(555150 MIL-101

é lIO 1I5 ' 2IO 2I5 30
2-theta [/ L

Hinh 3.1.Gi[n ¥ KRD ¢ aMIL-101 vacac v li uMIL * th igian th y nhi t
khac nhau.

So s8&8nh v, i CCDCOGQOEB)LO c- - atNMWLLt hbly r
h®p v.,i th i gian th_,y #dAB@d(Crdeviiss8 ¢id
nhom khong gian F8m. Cad. " nhi . u x U gli Hs@-thaétala®n gs5,9; 8,4;
90valo8L€ ¢ cho | fn 1€t | ° c¢c8&c mHt ph?3n
[157. Khi tktng th i gian th,_ gi hhterala94; °n
10,4; 18,5; 20,8; 25,0 va 26,4 ~ LHc tr€eng cho c¢c8c -mHIt
88B(Cr) theo CCDC 285810. MiIB 8 B v, | t 1, c gi8&8c c¢c- nh-
h3nh th”>nh v™ tr° th”"nh pha ch2nh sau 4
L« di, n ra ho"n to"n.

H3nh 3.2 [nh TEM chael Otlh Bly th3 ti/Mif-ip§ iMI ¢
88B. H3nh -186%ilL€ a M bhg h p t. 6 LJn 8
bao g° m c8c tinh thwWw La di n khtng LQu
tinh thw $8&8bh3Juohitnon3g Ok mof.ngn 8n50 chvs T,
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b3nh c, a -t@n hhi 4t gMlaln tiH, VB 0omhi3 tN &8 7gid nn
200 h4t). Khi th i gian th_,y nhi dfnktng
bi JJn mbit v k2ch th€e ¢ c¢c,a c8c h4yt gi[m
c8§c cblu tr %c -8B ht rkdnmg c8 &8 MhXu h™MI Lgi an |
gi~ ,88®BL° th i gi-@a&B 24 tgh" i vgi awl L48 gi
naychuyWn L i ho"n to"n #8BBnh YdUnd  h3 nh W
72gi° . MHc d¥% s -tOh thdnMMIL8BBa Lok, d eMIcL qu an
bung hiWn vi Li n t°  truyQn qua (TEM) t
XRDkhing p@ghaMbh88B cho LJn khi th i gi an
L/Jn 7Rgg@gy®n nh®©n c¢- thwW -88B° hymlaitihofm
| € ng thblp, dX%n LJn t2n hi u nhi_u xY9 vy
gi.a c8c pha go©y kh-D&hlikn, tmloingu vx 4 cl kd
88B khtng Libly mgaypy sBtt ® i th i LiWm th
tin cdy c¢c.,a nghi°n ¢ u L€ ¢ c_,B88§Bcl€edc:
h3nh th”"nh -1b0°In scalun h1 2MIgLi® t h_ vy hi

it

fva i 3
P - & 4 7
" i - 82 A
," * . & o ‘
¥ B . » g A g
7 o )
Y ’ £ N &
4 ™ >
% \500 nm | -
ff&«:, B - — N
B 580 E

Hinh 3.2.4nhTEM ¢ a MIL-101 vacac v li uMIL ° th i gian th y nhi t khac nhau.

H3nh 3.3a tr3nh b "y phlvaR@EMIL-88Ba h
trong L- xublt hi n c&8c L°nh LHc tr€eng c
c.a nh-m car bo X§l/Bb2eva 16120450 dnje>8]t P KT Ra ma

c.a c8c vdt li"u MIL cing hiwn th c¢c§c
€ t | “van178&Mcm” dl[i k®o -Q) «o, & ¢ hixo migu
(869 cm) [159]. Ph° Ramal@lvaMiia8 8B Lgfn nh€i Vm ng
khg§c bi t |~ ¢€ ng L, dao L8 &R tckn gul hne

Di " n t2ch bQ mHt cya ke tvd€nd i mao Md wl
ph®p Lo c8c L€ ng L %itrogenhHE nh BLEIPbph, The
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| UPAC, L€ ng L3ng nirbgenct ahBIgcpmXugichio I K
nhi t h.,n h>p loUi 1/1V v,i v,ng tr., |a
guln trung b3nh v~ vi mao quln. Di " n t:
2.196,1; 2515,4; 2300,8; 1854,1; 1093,8; 1191,4va168,2m2yl "vi_.ci§c | v d u

MIL v,i th i gian t h(eyMILnShNIL, 12hMIL, 16BMILg i = L
24hMIL, 48hMIL va 72hMID). Gi § tr° di n t2ch bQ mHt
nhi tc Wi sau t&m gi , r i sau L- gil]

25154 m2.gt €hln@hng v [i60,%61]i Tlrionu gi ai LoY9n t
MIL-101 L€ ¢ h3nh th88B i®© sab38hgth; nKI L
MIL-101.MIL-8 8 B t hW hi n Hi62,163]t ng Rt hcBlul t n Y

kh[ ntng co gi«n |linh hodt, dXn L/Jn s,
guln d€ i t8c L ng c_a c8c yJju t° nhe d
tr€vhgdi n t2ch bQ mHt c¢c_,a n- thblp. ni (
gi I'm Kkhi t h® | gian th_y nhi t k®o d”i S
o : @ (c.’g)C=9) i %907 e 6hMIL —o— SRMIL —a— 120MIL (b)
SI 3(Cr-o] C= c3 A 7\ 72hMIL 800 { =v= 16hMIL=&= 24hMIL =<~ 48hMIL=p= 72hM||_...|.'
~S L - J\__JL 48hMIL %‘ ] peessem-mmemememem-mcASEEE :J
9 N | W =
> X Yy V-Y-V-V-V-V-Y S
- 2 1 L wvv-rvvvvevv-y
< ‘AA 16hMIL o) - R ;
3 A /\J\. M v PPEEEEEE Lo Tty
A N “ 8hMIL = \ »
> ¥

N\ )
)\ A \-J L_GhM”‘ ,,,»»»»»»—»»-»—»-»-»—»—»—»—»—»-»-V”’
t T

T T T 1
500 1000 1500 2000

T T T 1
0.4 0.6 0.8 1.0

TfFn st/ c¢cm Cp sublt t@whHhg L i
© 2.0
(c) 5
= = GhMIL 4
‘15 e 8HMIL ~
ety ——12hMIL 5 3 E——
c —— 8hMIL
- ——lehMIL  § v
s 24WMIL o ——1ehML
48hMIL o B
—_ — P e 48HMIL
5 1.0 ——— 72hMIL ! .':;:7' “" —— 72hMIL
o — N S :
2 3 4 5
. Ntng 1€ ng v%ng c
= 0.5 1
0.0 +

200 300 400 500 600 700 800 900
B€ ¢ s-ng / nm

Hinh 3.3.(a) Ph Ra ma n, = n( gR)d.nm t@5d ph /gii hbd nitrogenva (c)
PR UV-Vis DRS ¢ a MIL-101 va cawd li uMIL ° th igian th y nhi t khac
nhay H3 nh ¢ hnagring éinic acac W ieu  t ©hgn g
Hinh33c tr3nh -Wi'y DPRS dVa c§c vWIDRS i u
cho thbly ba L " nh hblp th, c¢ch2nh, m t = v
580 nm. n ' nh Lfu ti°n n3aum ° khol[ng 240
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tiJp ° Y * trong v,ng terephthal ate. C8§
cho s, chHay®wpi ¢ §pddCcl c8c mXu LQu thyV
vi%ng b€ ¢ s-ng Lo L€ ¢c. Khi tktng th i g
d° " ch chuyWn vQ ph&?2la 1b@ hoo st-hrby ncggdn . " MIhL
438 va 585 nm. Tuy nhién, MiB 8 B ¢ hco8 ¢t hitblynh hblp t h, qual
Ntkng | € ng v%ng cbim ¢, a c8&8c vd164]l in bm Ml
trong h3nh38f, Niag HE €hng v %ng ,daiMiLc, a
v’ 16hMIL khd4mMI 13,81 €8hMI L khol[ng 2,7
eV. Ntng | € ng v%ng cbim ¢c- xu h<€ ng gi [l
L« x8c nhdn | 4i -9OlsagMiks/ 8. p@&c tk JtMIdu [l
treng ° tr°n L« |saumehmibkvaehdd laM[-101;A2hMiim n h €
16hMI L v~ 4 8 h M| -101/MIL-888 van72hMiL a2 MNA88B.

ement Weight% Atomic?o

ull Scale 13222 cts Cursor: 18.839 ke (4 cts)

CKal_2 0 Kat CrKal
Hinh 34.(a)Ph EDX, (b)bln * phan b nguyént ¢ a MIL-101 va (ee) b[n ~ L
phan b nguyéntt ©h mgg acC, O, Cr
Ph™ EDX x8c nhdn s, c¢- mH&4ad,_,a bcafc gng
C v' O trong HOlkhwnoggc_ nheMIsL phon b’ |

t" Cr, C v O nh€e L€ ¢ ch" RBdbepb i h3nh
3.21 4V Uciomposi tMl AGNPSs/
Vi ¢ t " ng hi@gvvdedtilu ™ ¢oAbe’i ¢ et M gd

hi " n theo quy tB2nht mth3tnfh ttthi” nNh, s [n. .h X
T 1i°n quan L€ ¢ nghitAnbcecabhadm LiEnth

C8&§c ph€ehng phg8p LHc tr€eng vdt i u, b
ph,/gi i hblp nitroMampi rSEM,L T EME vE DX,
c8c t2nh chblt |I'T h-a cNBsvvdt vidit-1GLiamb u ML
ttng t° | @000 8BVED IS " i 0 wAgNPS/MIL-101, A2
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AgNPs/MIL-101, A3AgNPs/MIL-101, A4AgNPs/MIL-1 0 1 d a tr°n t?2
t huy J]twe-{oaw 777 g.mbl, CrO(OH)(BDC)t6H.0) theo PubMed).

Pho©n t2ch EDX cho thbly t  |NPsbreon LAfgu
ttng. Tuy nhi°n, t° | n"y cao hhn hoHc
| 0,063 N 0,001; 0,079 N 0, 008; 0, 095
AgNPs/MIL-101, A2AgNPs/MIL-101, A3AgNPs/MIL-101, A4AgNPs/MIL-101.

. H . y ° . .
S, sai |l ch n"y ¢ thwW L€ ¢ gili t h2ch
EDX, v n c¢ch cung c¢cblp thtng tin th”"nh p
- I , @9
bQ mHt, c¢c¥%¥%ng v, i S pho©n b khtng L ng
L « . . .
l i unhel kdtlh Bitt ntgho8t nguy°n t silver t
w _
) © -
le @ 2.0 (b)
btk M i | AgNPs i ~ 184
. HE P | i . 167 MIL-101
i R VR B i < = MIL-
. JL Jorpi 4-AGNPS/MIL-101 __L A ~ 144 —— A1-AgNPs/MIL-101
| i N ! !
1 bl i : 1.24 —— A2-AgNPs/MIL-101
o lii i | A3-AgNPs/MIL-101 I N 2 o —— A3-AgNPs/MIL-101
c A P : : < = A4-AgNPs/MIL-101
. i i [ A2-AGNPS/MIL-101 i 084 —— AgNPs
§ pp—— -~ .
o | i | A1-AgNPs/MIL-101 = 0.6+
444 gty L
A i i i
i i MiL-101 : : 04
1B o ¥ " 0.2 4
'l r L CCDC605510 0.0 4
10 15 20 25 30 35 40 45 50 200 300 400 500 600 700 800 900 1000
2-theta [/ L, B€ ¢ s-ng / nm
oo .
o @
e (©
a3 ,
o s MIL-101
= -’
[@)]
c A1-AgNPs/ MIL-101
|
¢ ,x&—LﬂL—ﬁ-;—L—L—Li—;—;—;—L-;—LAf&&;7
- A n2-AgNPs/MIL-101 j
o ‘f\g vvvvvvvv
A 222 2 A A
< ‘4 A3-AgNPs/MIL-101 o0~
S LT ASANPSIMILIOL
) A4-AgNPs/MIL-101
B 0 L R L R R R R R RRERRER R REE ]
AgNPs
0.0 0.2 0.4 0.6 0.8 1.0

Cp sublt t€gmRy L i /
Hinh 3.5.(a) GIn © XKRD, (b)) UV-Vi s DRS W g g rhit hihp@ /gill
hbb nitrogen ca MIL-101, AgNPs va cacdrli’ u AgNPs/MIL-101

Hinh35 tr3nh b"y c¢c8c d01[AgNPEvVac XRDv &t al
AgNPSMIL-101. Gi n LY-1 XRDt kWahiMl h Fl6ldhed r €n
CCDC 605510, trong khi giln LY XRD c., a
44,36A, t€hng . ng v.i ch”™ s Miller ¢, a
theoJCPDS 00 783. C€ ng L. nhi, u x4 c_,a mHt p
| € gqilvgrt € ¢ L€a v o titng. Gi-Tel Lt hWRIDI cn a
phln x4 LHc tr€ni®l, cxg§cAgNBs-10 bluMEL &c b Mb
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sau khi biJn t2nh AgNPs.L&z2ccdt anta °cn tpm

trinh Scherrefl65]1 fn 1 €t | ° 10, 1:; 13, 8SAgNRsMJL4; 32
101, A2AgNPs/MIL-101, A3AgNPs/MIL-101, A4AgNPs/MIL-101 va AgNPs.

C8§c t2nh chblt quang h ¢ c¢c_,a vdt |i wu
phap UMVis DRS. Hinh3.30 c¢c ho tihOly sMI Lh_. u ba d[i hblp
L"nh ° khol[ng 241 nm, 441 nm v~ 5804 nm,
c- thw L€ ¢ x8c L nhthdmg Iv', nghuyWm tci,
benzene dicarboxylate. Ng€ ¢ 14i, hai d
didtrong orbital 38c , a**dc@, i t &c L. ng c,a tr<€ ng ph
[166. AgNPs hblp th, tia UV v" c¢c- d[li hblp
MIL-101, vdt | i u BLiOHAN ct-2 nsh  Adg NcPhs / ovhl WLy Wn
ngdn hhn (d[i c¢- L nh ° 2 4AgNPs/AMA-001,A2 3 8,

AgNPs/MIL-101, A3AgNPsMIL-101, A4AgNPs/MIL-101 va AgNPs; 431, 428,
434 v-© 4 3 GAgNIPS/MIL-M01, A2AHNPs/MIL-101, ASAgNPs/MIL-101,
A4-AgNPSMIL-101) . S. hblp th, d[i th-101khangl Ut
L€ ¢ quan s 8ct§cr »v AgNPeIMIL-T @ Io.nggkKPjt x 8¢ nhdn
t h” nh c_cempoesibagNPsiMIL-a01.

Di" ' n t2ch bQ mHt cv, 'a LcHcad ttniX@n gu mgbi ¢ o
b3ng L€ ng L3ang nhi t hblp ph,/gili hblp
xublt hi° " n v,ng tr_. lo4i | theo phon 1| ol
Khi 8p sublt®nh€hhpnl0j 2 pitrégent thg hblpnphh, V
PPb=3ng 1,2hlb tndh, Nttng nhG. Th°m v’ o L.,
c- thw gili th2ch s, xublt hP020,@8,.aDi, mg
b Q m Hut B E T-101c L A&AgNNMd/MIL-101, AZ2AgNPs/MIL-101, A3
AgNPsS/MIL-101, A4AgNPs/MIL-1 01 t " ng h° p L6638c23305:n | €
2.266,5; 1462,4 va 8406 Ag 1 Vi "AgNPEvCao L« | "m gi [m di
ri °ng c, a-1®gNPs/ MI'L di " n t2ch bQ mHt mac
L" i v-1i01MIxlw ng c, n -AgMPIRI%1D1i kWi i siven | €
chovast t ng. Kh[ omtiogenc  taBlp pAGNPSIMIL-1@ 1 gi Fm L ¢
cho |~ dgNPsh& mhh4th" " nh b°n trong cblu tr %
mao qu el MI L

_.&Kfv o 100 “" |

Hinh 3.6.%nh TEM ¢ a (a) MIL-101, (b) A2AgNPs/MIL-101 va (c) AgNPs
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K2ch th+e€e cc&c V@ h itnhagii °n ¢c. u b3lung ph
TEM. H3nh 3.6 tr3nhHOHd yw [k SECEM Ud. & §MI L
MIL-101 v | i L€ n g2 k® nrhmA2-AglP$MIL-1 01 cho t hbly
AgNPsm" n, k2ch tike€ oamkhoph®g 1 @ A0lrTheogharn r ° n
t2ch k2ch the ¢ h4t (s d_,ng 10®gNRUt ) ,
trong AQNPs/MI:21 01 | © 13,43 N 0,22 nm, rblt gfn
cho AgNRSly d4ng Lhn tinh diMerWetNogna® ch’ Ipdid, €, c
ki n t AhAgNPE/MIp10inh€eng kht#d@lci  Mhb. ng ht

kholng v i trtm @G&anomehng ( H30plh cgBialepM) gli , i
ph&t triwn v" phon t&n L ng LQu c&c hyt
phfn gi. v “"n L nh c¢c8c h4t n~ vy, [58Yn ch

H3nh 3.7 tr3nA2-ANBsS/MALAO1EDXrong ph” EDX,
thu, ¢ vQ c8c,Onguwy® m°tn” c@Glu) 1t Gvic tc . al "Mlnko

0,079, cao hhn so v, i t | - AAQNIPs/MIG-10C r ban
1500 __ C Element Line Mass% Atom%
- ' - C K 39.14+0.24 53.74+033
£ . o K 38.54+0.46 39.73+047
= . cr K 18.97+0.45 6.02+0.14
o - Ag L 334+0.19 051+0.03
U 1.000 — Total 100.00 100.00
- ! — Spc_004 Fitting ratio 0.0299
@ i A
-'Q—-J dUr g Cr
£ 500 b Ag Cr
i Ad |
. )
0 ‘ d": T I I T I T T
| ' |
0 5 10 15 20

Energy [keV]

Hinh 3.7. Ph EDX va[nh dn ~ Hguyént ¢ a A2AgNPs/MIL-101.
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BIng 3.1.T | molAg/Crvamts théngs LH t
AgNPs vaAgNPs/MIL-101

c ©wddi uMIL-101,

TImol A¢TImol A D SeT

M (1T Rt theo EI (nm ( gy @)
MI 4101 - - - 2663 377
AIAgNPs 1N 0,dD5 0, 063 10, 2330 305
A2AgNPs /1N 0O,®D6 0,079 13, 2266 256
A3AgNPs /1N 0,103 0, 095 31, 1462 243
A4A g NP s 1N 0,835 0,140 32, 840, 204
AgNPs - - 52, 1, 7 -

Gi§ tr° Li ' n R)° ctrmruy@m il am ct2xehcb/n
ph” t " ng tr° (EI'S) s d_.ng h" ox¥e h-a k
3.1.43'UidMomposlialk/ rMEQ

Vi ¢ t"  ng h’-1p0 1v dvt” lvidtu IMAll1l /cro@® ol €'t @
hi n theo quy t B3h.h SNt k&EnHnUtihiMgric v2 . .8 ¢
h-a |IT li°n quan L€ ¢ nghi°n ¢ _u nh3lm L
%lZO- (b) a ]
= 100 4 — GO
N 804 :glg_-101
260-

8 1 .
20
\ ——
10 20 30 40 50 60

30 60

2-theta / L,

10 20
2-theta / L,

35000 -
© 12000 - (d)
—— MIL-101/rGO(10)
—— MIL-101/rGO(5)

—— MIL-101/rGO(3.3)
== MIL-101/rGO(2.5)
——— MIL-101/fGO(2)

30000 A

25000 A 10000 A

20000 - 8000 4

15000
6000 -

10000 +

4000
5000

4_’_/\/\_..-—-

0 . . 2000

T T 1
1200 1600 2000

sty

800
Tfn

T T 1 T
1200 1600 2000 400

sty

400 800

Tfn cm

Hinh 3.8. Gi[n © KRD ¢ a (a)GO, rGQ MIL -101, (b) cac v li' u MIL-101/rGO
vaPh Raman ca(c) GO, rGQ MIL-101, (d) cacvd li' u MIL-101/rGQ

cm
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Hinh38a tr3nh XRDy. @i GO, L°T-B00, trang khiMIntB.8b

t hW hi XRDgi @ovdt 1 i u cbinpbosGOel ®théeo t  n .
c§c t | KBGO €& myc MiHau (L €TrongkEihh® r a
38a, GO xublt hi " n m t Z&dnHdamMhi tuehn@ L Hoog
ph3ng (001), L nh n"y h3nh th"nh do khol
c.a c8c nh- mger[167].c Sahu agw& yt r3nh kh , L’
hi nL'mpnhi_ u x@dr @2HAtETi v, i r GO, L€ c
(002) c graphitg a rquan L - kh3ng L nh qu§ tr3nh
ming carbon sp] LP6ESEMPp-hot HhW mjitnpmfh
nhi_ u x4 c¢c€ ng L., cao, phthcht pengi cbdcc
c- L, k /J33,157,168]h c a o

Nh€ thW hi 38b,t rtobitg cH® nch§c v-d011 i GO L@
i . L€ ¢ c8c L "nh nhi-101x%Yqg -2cdSEmugli €'r tEN
1,7; 15,6; 17,0 v~ 19,[83R, npMw M p w hio
i nh t1hOW MIX¥Xn L€ ¢ blo to"n saulkmhi pt’ i
4 r ng LHc tr€eng c.,a rGO r» r tthognl kh
. a cabomyraphiec - m_ ¢ L, Ct8rcdtk /jit  qtul biphR.Babt C
« x8c nhdn s, h3nh th:mOH /o GO.v St IkiJtu |
"y ¢- |°i cho ¢c8c¢c _ng d,ng Li n h-a, d
ug8 tr3nh truyQn Li n t2ch.

Ph” Raman c_ al@GD,v’t GO§c Mt dt-110il/ u Go rpec
trinh bay trong HinlB8cd. Nh€ t hW IBBc,n GQ oxnugbltH3mih n

O S = O X T 1= Q

treng t4Yi khol[ng ~1345 cm T (dli D) v~
t dt / clokdtrtdt ¢ ., v~ dao L, ng trong mHt ph?3
sp?[170.Sau qu8§ tr3nh kh  h-a h ¢, rGO cho
vQ khol[ng ~1340 ¢cm 1 (D) v" ~148I&t2 ncgm tI.
0,91 (GO) I'°n 0,99 (rGoOo). S, gia tktng n°
carbon sp] c¥ng v, i sem, 3 nch- tkk?"cnhh tch8& cn

| © LHc LiWm LiWn @89mkép c, a graphene oxid

Ng€ ¢ [-901 tMiW hi n nhiQu d[i Raman °
(280, 473, 629, 809, 866, 925, 1037, 11
g8n cho dao L, ng mUng itoxygetv "t hcVE cc  nao dce§ cd ¢
c.mh”" h_u ch, qua L- kh3ng L +#06L[18l] h3nh 1

n"i v.i c¢c8c vdt-101/iGO (Hink8.8dn)p,0 spiht" e RVl nba n
cho atadlyd[i D v G c.,a rGO, | fn 1€t xul
trong khi c8c d-fD1LHCc tn€ngydfduahMhLLS8nNC
m t phfn do L8&8p . ng Ramaoficcmtn hc 8cc, ac oprhpao s
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L ng trong kholng t. 0,89 L/]n 0, 94, ph,
gi 8§ tr° m ys®&hwlpi hh@O tinh khi /]t , -10tho t
c- thW th¥%%cc LXy m t phfn s sdp xJJp trd
c8c t @hQ goHit8ac-1MMIIL v" c8c tblim r GO.

Weight’%  Atomic%

30.42 42.31
48.87 51.03

20.72 6.66

100.00

20pm Electron Image 1

Crkal 0 ka1 Ckal_2
Hinh 3.9. Ph EDX, [nh phan b va thanh pfn nguyén't ¢ a MIL-101/rGO (33),

(a) Ph EDX, (b) 4 nh SEM,(c-e)inh bin * phan b nguyént Cr, O, C.

Kt pch&EDX (HINnh39c ho thbly s, h3nh th nh c,
101/ r GO thtng qua s. hi  n di  nTrcqnag cb8cn ¢
th"nh phfn nguy°ntt3D,éarwom (ER, 8hi gm'
ngu n t. c $c thblm rcGO-tWh, Mé¢ hho t hbly r GO L

hi u quudlt odmipositeOxygen( O) | ° nguy°n t° chi /Jm
v, i 48,87 wt% (51,03 at %), phiexygentongyv, i

MIL-101 cing ndke c &chemd -nonxlydi Homitinmtamih©. C
| oUi elL0al ,MILL€ ¢ ph&t hi n v.i h"m | € ng
L " nh s h3nh -0l nthr Kth@ ngd I ILIL” mgc o mp & s ix
c.a c¢c8c nguy°n t° C, O v"™ Cr, m" khlng

| i u comadsli/treGOMIcl: L., tinh khi/Jt cao.
Ph” quang Li n t° tia X -{0¥rBG(Hintc3.18a) v dt
cho thbly s, hi n di n c¢c_,a c8c nguy°n t°’
h3snh th" nh th " nh-161nglogank®usg MEth h°’
Khongquansd hbly c¢8c t2n hi u |li°n quan LJn
t"ng h p L€ ¢ ¢c- L, tinh khi/Jt cao.
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40000

[%2]
o
o 35000 (a) Survey ’; 12000 - .
Cr2p
~ 2 cr2
30000 - © 11500 02
o 1 - Cr2
25000 12000 P
@ 20000 4 =
c o, 10500+
g 150001 S
O 10000 4
10000 - ©
5000 © 9500
0+ 9000 4
-5000 . r T T T | 8500 -
1200 1000 800 600 400 200 0 . . . . .
Ntng 1€ ng li°n kit 595 590 585 580 575 570
Nbkng € ng |i°n kIt
" 20000
= - Ci Cc/ c=cC [=3 (d) O1s
o 12000 o " o 180001
~ (c) Cls ~
16000
. 10000 - ‘
= = 14000 4
o _ . o
> 8000 Ci O— < 12000
() o1 C=6~ ‘®© 10000
[8) 6000 4 (@)
/ 8000
4000 6000 -w ‘
J ‘w
.\ 4000 4
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Nbkng | € ng li°n kIt Ntng 1€ ng li°n kit

Hinh 3.10. Ph XPS ¢ a MIL-101/rGO(3,3), (a) Ph kh[o sat (b) Ph Cr 2p phan
gili cag (c) Ph C 1s phan di cag (d) Ph O 1s phan di cao.

Ph™ Cr 2p ph®©n gili cao (H®nh 3.10b)
eV v° 589 eV, | fn 1€t Ll®€rbig8§6rchAp £ §c
[172. C8c gi & tr° nkng 1€ ng li°n kJt n")\
trong c8@ «_anl TIrL S, vdng mHt ¢, a c8c |
kh3ng L nh chromiumyhX¥ma duyw trd traldmsau
composite, choelOtlh Hly€ kch ubnfgo MloL" n v Q mHit
t2ch h  p v,i rGO.

Ph” C 1B40c(HTnmnhthW L€ ¢ t8&§ch th” nh nhi
c- c€tmlg kholng ~285,6 eVi€Crehn@ c.nay oart
h-a sp)] tralg nhGOUi MKh®dFny e28I7€1lc g§n
CiO (hydroxyl hoHc epoxy), trongnhdm®i L n
C=0 bdt nph” parbbxylaec §a -MOL v~ c8&c nhgem ch._
c.n | Yi (AW °Nhr 6@ LHc LiWm n"y cho t hbly
vXn LY ng th i tcém aUYoxggenphfm th¥cQl Xy
mHgi _a c8c tblm rIGIO v° khung MIL

Ph” O 1%10d0)H3®mtm g " m 2t nhblt hai th”nt

eV |i°n quan LJrdoxméCriO) °nr &g &&LEH74 o %c
n"mh nktng | € ng |i°n kJjt cao hhgentrongi kh
c8c nh-m hydroxyl ,| in@CicktrAnbGO1ph, hoHc c §
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Hinh 3.11. 4 nh SEM ¢ a: (a) rGQ (b) MIL-101, (c) MIL-101/rGO (3,3).
Hinh3.llc ho [th bBEBJEM cg¢éablu GOr %c dUng t bim nh

do s t8i xJ]Jp ch®ng ¢, a c8c | . p graphen
g-p phFn tktng di n t2ch -bWL mHitWvVvHi 'krh [¢c §ic
di" " n r» n®t v,i k2chuyh®ht°hehig kubltLh
t.,. n'i v, i-l10dmp GOi, t €Dl HY cMinleo gi . Vv~

LQu tr°n bQ mHt r GO, gi ¥%p hUn chAOls k J
S, kJt h>p n"y tYo n° nchnoQng ws rtbro3nn hd %tnr u’y
vdn chuyWn kh' i trong c¢c8c _ng d,ng Li n
C8§c KkRtghgah ¢ u WVWQ@Lct tvndgEnh ip WMILeblp t ht
AgNPs/MIL-101vaMIL1 01/ r GO ¢ c¢blu tr¥%c tinh thWw
h3snh th8i ph% h p cho . ng d,ng Li n h-a
clfi thi " n kh[ ntng dXn Li ' n v" tkng s’
LHc tr€eng n'y L€ ¢ k8 v ng s€ n©ng cao |
h-a c¢c,a Li n ¢ ¢ bifjn t2nh, L€ ¢ L&nh g
3.2ecN BNé NHN ndCCARBON_ YHTIBUNG MILDI1gXCC
nNH " ™NG TH URIC ACI D Vé THEOPHYLLI NE

ML-101 L€ ¢ | a ch n LW biJjn t2nh Li n
th> i URA v° THE do vdt |i u n"y c¢c- di n
B°n cYYnh L., URA Vv~ THE |~ c8c phon t |
minhc - kh[ ntng tham gia c¢c8c qu8 tr3nh ox
nhau[23,120,176]d o0 L -, c¢8c chblt n"y c¢c- thw L€ c
mHt Li n ¢, €dOdi, /g -tp2 pthfMl It tng c€ ng t2n
ng hblp ph, v™ | "m gi "u chblt ph©n t2ch n
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o

321Kh[o s8&8t v" t3m LiQu ki n th2ch h' p L
3.211.Lx a cwtnbliiAMu t 2 nh
H3nh 3.12a tr3nh by c8c L€ ng CV c, a
101 v~ cHlcLvid€ ¢ it'umgih’gpan th Yy mhic t3.
trong dung d ch L' " m BR 0,1 M (pH 5,0) ct
OM) v.i t ¢ L'! oCB®&t Lteh/hgo,ClV .ho t hbly c§
r.ng v° k®m nhYy L i v, i GCE trfn, c¢c- tnh
L-, Li n c¢c.,c¢c GCE Dbifjn t2nh b33ng c8§c vdt
tr3nh oxy h-ac@RAgvLl THEpgvLlinh t€hng L
c- mHt ¢, a vHebl n u ol ¢, 8§ «Hinh3d2ac ¢ bi Jn
120 4 :gggkhﬁngcéURA&THE @ 121 gURA
1001 oL 10- I THE
g0 ——8hmiL
== 12hMIL
g 60 = 16hMIL g
e 24hMIL
= 404 ——uasnmIL S
20 = 72hMIL
04
-20
-40 4 ! ' ' ! ' ' ' ' ! i GCE 6hMIL 8hMIL 12hMIL 16hMIL 24hMIL 48hMIL 72hMIL
00 02 04 06 08 10 12 14 16 18
E/V
800 ~ © ° ‘
700 4 ®m GCE o 2
s0{ 2 ZonwiLicce o = v
S 500 4 v 72hMIL/GCE ° A v
) mA v
200 400 602(') / 200 1000 1200
Hinh3.12.( a) TCriyEV da®RA va THE Cura = Crie=5,0 uM)va( b )" ngC€
L, d ., n'ghghit r ° n nw & khaclhihau (n=3), (c)B&I “ Ny qui stctt hu L

ph®p " EI8 ¢ adung cch [Fe(CN)]*/4 0,5 mMva KCI 0,1 M,kha[ngtfn S t

1001 0
nNKTNni Zu

MH z ghitré GCE fin, ShMIL/GCE, 48MIL/GCE va 72hMIL/GCE
Ki Mn:Ef(xlch adgrihg MagnQ ® vV tAQY) X4, Bi Vqu @1

0,1Vsily (1t Xc Li o d.009votigiphdtyes(ctxtcy)i g=5&n ngh=)

Nh€ thW hi n trong H3nh 3.12b, c<€ ng
theo c8§c vdt |i u MIL L€ ¢ t ng h>p ° ¢
d,ng L°"nh titng theo th i gian th_,y nhi’
gifm xuing8c th i gian tiJlp theo. Kh[ n
ch€&€ LJn phln ng Li n h-a, L€ ¢ € ¢ t2n
hi " n trong H3nh 3.12c, biWu LY Nyquist
tfn s° cagouyhterhol @ucg tr3nh ki Wm so§t tr
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ving tfn s thblp hhn 1i°n qula’e]. Ldflin mu
truyQn Ry B t2e¢ehi (GCE trfn, 8hMIL/GCE,
L€ ¢ x8c L nh I fn | €N 8BhMIL/GCELcBRxN h112hbIR5 !
c€ ng L, d,ng L nh URA v~ THHIi crmaot @hmg c
c- thw #101de -MAL n t2ch bQ mHt ri gemg | .
hblp ph, c¢c8c chblt ph©n t2ch thlng qua t€
k/Jt hydro gi_a c8c chblt phoOn-1.2Ngdaira; URA
kJJt ngthli °n ¢ u ctilnig mhebin3 .mMYnth r _ng dUng
t" " ng h > p L€ ¢c cing nh h€e,bgdg W&nog JuWtlh,
t h, y mllaiptaMk-®8 B s€&€ L€ ¢ tUYo ra | " m giln
d¥n L/Jn gilm t2n hi u Li n h-a.

V3 vdy, Li ' n c¢c. c bis/u tl2omh-H® L d>CEH MILLE
|  a aoho nc8&c nghi°n c¢c.u ti/lp theo.
3212. ¢ nh h_eng cva pH

Th2 nghi mhkhfong8t_, & pH L/Jn t2n hi u
L€ ¢ th, ¢ hi ' n b33ng ph®p tlroo n@V duncgg cd’ geit
0,1 M 0L 80 Hinh 3.B).

140 4
120 4

100

80

E 60
40 -
20 4

04

-20 4

T T T T T T T T 1
00 02 04 06 08 10 12 14 16 18

E/V
1.4+
(©

1.2 4
1.0 4

>

s URA

“ o * THE
0.6 \\
0.4 4

2 3 4 5 6 1 8
pH
Hinh3.13.( a) Cry€V ¢a@RA va THE Cura = Crue = 5,0 pM) ghi trén
L'in ¢ ¢ MIL-101/GCE céc gia frpH khac nhau, (b)St hdy ~ & € dbng
I'nh t heo ‘ptHbiwdnguan htuyh tinh ¢ a th]L nh theo pH.
NKTNaggE O V LAn +1'8 %, 1 .v0 GOt 38 dvhgps!
dMeEMm BR 0, I80M (pH 2,0
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Nh€ t hw Hnh3.@abt,rom®d ng L., d,ng L nh c,
dung d ch L m ttng t_ 12746 3048+H0,63 A, RBD gi

= 2,1% (n = 3) t4i pH 3,0; c¢c€ ng L, d,n
dic€ ng L, d,ng Lt'4niH T, 0 tvh BIpputRASh, @i Bh €m
| " ch chuXn t<€hng L i (RSD) ¢, a c¢c€ ng L,
thblp hhn gi § tr 5%, a tplil 4,HO 3(0 RS € ny, L.
| . n.nMDt L-, gi § tiLe pHItLMR eBchlLpnh” L3ng@
va THE.

H®nh 3.13c¢c thW hi ' n m i quan h' tuy/n

v pH. ThJ L nh oxy h-a chuyWn sang gi ¢
trong qus§ tr3nh oxy h-a L€ [t77t tRg€krey ntg
Ner nst m?1 t m” i guan hEp) ovi, .ia ptHh JJn hoE
E,=FE @pH;t rong Lfn ‘rtl1&s electpon va protofildd. Ph<€hng
trinh nay bW th m’ i quan h tuy/htinhgiathjo x y h ) vékphl, vi , d ¢

0,059p

IaT(V/pH). Cs&c iplyleihWgqda Aty Jm t2nh c_ a
theopHc ho URA v " °cT HhEh € hsua u:€

Ep,ura = (0,7905 * 0,0146) +0,0499 + 0,0027)pHR?= 0,9855 (3.1)

Ep e = (1,5278 + 0,0236) +0,0567 + 0,0044)pHR2= 0,9711 (3.2)

n d€ ng h” i quyRAr wy JJm HtE2 f §oav/pHe t |~
1T0,6DMpHV " c¢c8c gi 8 tr n"y gfn v,i gi 8§ tr
tr3nh oxg, ho@BRAHvVIi'°nTHEuan LJ/Jn m t s’ | €

electron va proton.
3213. ¢ nh h_&eng cva tXc Li qu®t

nW hi Wu r» hhn vQ c¢ch chJ L-LO0Obh/ 6CEH, c[
h€ ng c¢c.,a t ¢ L, qu®t LJn t2n hi u Li 1
c.u (H3nh 3.14).

H3®nh 3.14a tr3nh b "y ¢ &cunlg€ lng nC\W&  cc,
MIL-101/ GCE, trong) Lt-hay cl Ll Jou ®%RPSYV .M sc
L, qu®t ttng, thJ] L " nh oxy h-a d ch ch
chi Qu qu@t rKkdh€ng quan s8Il o tyhGhb
oxy h-a tr°n Li n[128. ¢c N/Ju kit nghidn dnaly

tuy/Jn t2nh v, i ctn bdc hai c.a t ¢ L, 0
ths qu§ tr3nh oxy h-a t4i Li ' n ¢ ¢ | n
Ng€ c¢c |9, nJju L€ ng a hgdnog,qtd8aatlt® nhhoxk
Li " n ¢ ¢ |7 me-t tquW Hd'r 3ohi[14979ti b° i  hblp
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100 4
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I/ mA

404

204
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Vl/2
= THE

1.454 = URA
1.404
1.354 /
1.304
1255

a

0.751

Ep/ V

0.70

0.65- -—///f')

0.604

0.55

30 25 20 15 1.0
Inv

Hinh3.14.( a) CriE€V ¢a®RA va THE Cura= Crue = 5,0 uM)ghi trén

MIL-101/GCE yit ¢ , uétt h a iy ( &Y th bW di nquan h tuy/h tinh ¢ a

carg di, nghvli c&haicafc  Huétva( ¢ th diW dj nquan h

tuy/n tinh ¢ a th]L'nh oxy héa vi logaritt nhiéngafc ¢uét.
NKTMangg 0 V LaAn=+1, ® 0V tev=58,9% Q06 &3 V.5

C8c ph€ehng tr3nh h”i quy gi.a c€ ng |
(c8c phehwad. #)y3ah B. 3s  t 68997 @ine3mb).c ao |
s

ng€ng ch¥% T, trong khol[ng tin cdy 95%, ¢
-0,7718) L/Qn 3,8763 (3, 1045(9682101,7372)1 80 L~
11,430009,6821+1,7579 " i v. i THE, khlng bao g m gi
c8§c th€inkhdywg Li qua g ¢ t a L, , cho tht
L"mh t ¢ L, qu®t L€ ¢ kiWmnsbi&tnbcicqlbig)

lp.ura = (3,1045 + 0,7718) + (50,3040 + 1,984%) R?= 0,9907 (3.3)

lpTHE = (9,6821 + 1,7479) + (62,8536 + 4,4904F) R?= 0,9702 (3.4)

Nh€e vdy, t ph©n t2ch tr°n, C - t hwW tt
t" " ¢c L, ; do L-, vi ¢ c¢cli thi n di n t2ch

bung WHt+101Lli-' ny vai tr, quan tr ng trong
n“i v.i h’  bBl€tduldnnmgrhg htcha b 180 p h€h
~ o Y OYR oYY,
Ow O T o T e (3.5)
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H

tron@ | L -Lti hQu, Rk B,314J.K.moft, T=298 K,Ul © h s chuy

t 'nl " s’ E#96480C0owombh(C), ksl © h Torhgu yswn vavil " n tt ¢
L qu®t. (OBcs ph€ehng tr3nh h”i quy tuy/n
t. nhi®°n c¢c,a t ¢ MB): qu®t nh€e sau (H3nh
Ep.ura = (0,6921 + 0,0029) + (0,0250 + 0,008} R2= 0,9831 (3.6)
Eprie = (1,4368 + 0,0034) + (0,0329 + 0,006) R2= 0,9866 (3.7)
Do L., dlin§- trhWecthu L€ ¢ t_. L, B ¢ t
nv, Ld ¢ |I° 0,0250 L i v.i URAO¥-R9)03209
0,0250F
L7i v U(%—,(%\é)"t'd, ~8 i THE. ULT@ 1cn gc htoh € “n g0,

h™ oxy ho§8 b1l tbhadh- nghi Ehtr" c¢c_a n |~
(&42) L i v.i THE.

Th°m v el Bet cehaiE¥e cho qus§ tr3nh bblt
hdn bQ mHt L€ ¢ € ¢ t2nh b3d4p10s§ch s  d

LYY, mmT oy
o Y 3.8
O O pwv=R o (3.8)
1ee 9 (3.9)
X P
5
- 3.10
05 (3.10)

t r o n@ lathil'nh oxy hod Q2 1a th]L'nh oxy hod# m t n a chiQu cao peak,
vaO |l ""'ntichtiéuthtinhbRa g Co ul o nchbag chch tich ghan di tich
peak, vd®l = c€ ng Lvl "dtng 0SS magaéc,ceihot | ng
L'inhoatrénmt L'Hnntighga ¢ c bihtinh(mol.cm?,d61 © di " n t 2
mHt hi u d_ng c, @thiu H€cccthzphpbe®ikg gc i
(0,0613crAL€ ¢ m* t[, tdlgc Phhthgcs1l kh§c L« L
LBy “IngCV' t ¢ . fuét0,1V.8trongHinh 3.4, giatr| ¢ ( Ph€hng t
38) L€ ¢ t2nh to&n I fn | € t hé- 1t W tvhu C
b3Jng c8clc_ tahaAyht@WOg i onlf BSh)Yhng &lacrdh n hs
L@&chupd ) ‘k€et2nh |~ 2,2 ( &gv)iURAvVaTHE.CCac( & 2)
gatrcal/ t2nh L€ ¢ |~ 0,44 v° 0,39 t€hng _r
cdn LW t3m gi 8§ tr  n LQu L<€a ra kJt qufTl
Qua s, phon t2ch [nh h€ ng c,a pH v~
THE cho thbly Ii°n quanTEkAm kadai sel €ctr &
tham kh[o c¢§c[1827185]clH "cuhJ] ip°hnf nquanng oxy h-
L€ ¢ LQ xublt trong nghi°n ¢c.u n"y nh€e s
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H
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-2H" - 2¢ ~
N N
0 N H 0 N

H
URA
| [ on
0 N
\[/ N\ . OYN\/N\
+2H,
/N ‘ N> -2H" - 2¢ N \>
H - N
i I on
THE

Hinh3.15.Ch Jjolky @&xubic alURAvaTHEsd n g nlcic bih tinh
MIL -101/GCE.
3.214. Khd poh sBt etnfg! mgnasnpehoda tananodexung vi phan
Vi ¢ nghi°n ¢ u c-28Vthhw®egt ), ph®pglda
lam giau(tacd), bi ° n (@dEp & wiflUkeNl/] cfn thiJJt trong
Li " n h-a nh€e -pmgbang,  ah8pnvenong Vi phon

h€ ng L/Jn L, nhYy, L., c¢ch n | ¢ V:ASM., <ch
trongh™ Llion h-a L€ ¢ LiQu ch” nh pHKOb3lng d
ac nh h_e€eng cva thA | "m gi " u

b)

I URA

16

14 4

12 4

10

1, / mA

o N} EN o ©
I 1 1 1 1

T T T T T T T ,
04 06 08 10 12 14 16 18
E,/V 01 00 01 02 03 04 05

Epe !V

Hinh3.16.( a) CriybP-AS¥¢ aCura= Crre= 5,0uM ghi trénMIL -
101/GCEva(b)S t hay "t € d n’ghURA va THE theo thlam giau.
NKTNsc=EO, 1 V L Atac=5s,@E D85V, Usiep= 0,005 V,v =
01V.shy = 1. 000tey=5mg/ ph ¥t ,
Hinh3.6cho thbly khi-Oth/JVI TLmngi# " Q, 86,V th
V) khlng thay LEikh®Ln@Qul mh yh€hmgtlh/ply phl
bQ mHt Li-1@1cGECEMIKhi t0h,JJl bV /inlpa_hé °HRX
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c gi 8 tr Eadl Ut Oc IMma= BSYB + 0,22 (UA), RSE 1,4% valp
c.a THE kht'ng KklIESeO0MWhbaus 1596 Qi2,(UAY RSB
0,7% (n = 3) c¢c- RSD rEhd nnhibih eh&Byc Vaghmnh nl
L d, nghglaURAVATHE cocliy megim. Vivdygi § Eker” 0 V L€
| a ch n |7 LiQu ki n th2ch h°p cho cS§c

b nh h_eng cva thyi gian | " m gi " u

25 ] 15 [ URA b)

Os a) _-THE

20

154

I/ mA

1, / A
]

104

T T T T T T T 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Ep IV

0 5 10 15 20 25 30

tae /'S

Hinh 3.17. (@) C § ¢’ n§ BB-ASV ¢, aCura= Crre= 5,0uM ghi trénMIL -101/GCE

va(b)St hdy &€ d. n’ghURA va THE theo th gian lam giau.

N KT Nace= BV, aee=0i3 0 s ,0,080EUsis= 0,005 Vy=0,1V.d¥ = 1. 000

vong/phuttrest=5 s.
H3nh 3. 17 tithogi ablyl ki i/fowltgg@y , t h

L d, nghldt £ ng ,tHhi.a 010 s,lpura = 1554+ 0,37 (WA), RSD =2,4%
valpTre = 15,72 + 0,05 (WA), RSD = 0,3% (n =.3) Q1 may chngt raa g ~ rg€e
chi  p h ©n’ ctaég gidu trén®mHb "Mdc t £ n g igdiah,ed /s
t £ng u 2mmhoshTuy nhién, kitieev@ qu § 1°0 gg db@ydn o€ €
L' trthg thai bdo hoa va khongcos h d y L 8Akhgti/pki, ¢ kéo dai thi gian
| © m g 30giaylHi n ° ngay co til & gili thich qua trinh |am giau &
phantich laquatrinndhph, do DmH kiicdic bifx mh€ B kchd h, a

phan tich vic kéo dai thi gian 1am giau khéng man§il’ iichrértmachl " m t £ ng
th i gian phan tich.
Do L', gtitan | " m “gliachn 110Q ky i tigich A i cBo qua

tr3nh pm@thi URARAITHEBRa g p h €h vogampéehd pananode
xung vi phan. Thigiannayva [mibfotinhiu d  Ung@trktaovd n "nh,v a
rat ngda th i gian phan tich.
c° nh h_eng cva bi°n Li xung
H3nh 3. 18 bd H ox utlhhgblyto Lkithgih V0 L0 9 ° g, diing ® ¢ €
I'nhlpca URA v° THE t ok 21586 020 (UA),GRBE 0,96va
lphe = 20,73 % 0,11 (WA), RSB 0,5% (n = 3%U qE= 0,09 V. Khi qpHa 0,11 V thi
lpura ValptHECO gidtrc @ 0 khhHnmn g Ws&wWi gpEHK 0, 09 Vcahe€eng
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URA va THE c6 gid trifn " E1€1,7% va 1,6%n = 3)l n  hRiShD qiE£10,09 V.
Sgia tiEtnxgngbn °mhnil ¢ m t kh nQgvam girg . lphan gfitin
hiu, dgEQO9VL‘&chnl “QEKiinthichhpcho c¢&c nghi°n c|

50 25
(@ (b)
I URA
B THE

— 0,01V
— 0,03V
— 0,05V
— 0,07V
— 0,09V

40 20 -

30

1/ m

20

M

T T T T T T T 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
E/V

0.01 0.03 0.05 0.07 0.09 0.11
LE/V

Hinh 3.18. (@) C § ¢” n§ BP-ASV ¢ aCura= Crre= 5,0uM ghi trénMIL -101/GCE

vab)St hdy "86€¢ di, nNnghLURA v THEung.heo bi °
N KT Naee= BV, tacc= 10 50,00 GAE V Bsiep= 0,006 V¥ =0,1Vs,¥y = 1.000

vong/phutfrest= 5 s.

d¢c nh h_eng cva b_ac thaA

B€ c Uet /]I { °Nn quan LVn t 'he o dwy@genl€nih t h J]
tepl. € € gi . kh? rgeptl€hin,g vingc vt tingvi Hinht Eng
319c ho t kit LK00AL/N0, 007 Vng thhgls® bng, kh
Ustepl N hhn 0,8 7URAtW ngHEh®ESt hynWaR®ng K
cogiatrl n . ivniUsepld 0,007 Vthc™@ g, di, n'ghlbta URA v "¢ THE
ghi nhch lalpura= 22,76 £ 0,44 (UA), RSB 1,9% valpHe = 22,16 + 0,59 (UA), RSD

=06% (n = 3)lpt Wiepl " g0DEO0DF V | . Weep¥ 0,00RED nt
L&l achnl "QEKiinthichhpcho c¢c8c nghi°n ¢ u til/lp t
B URA (b)
501 %1 [ THE

40

I/ m

30

20

10+

0.004 0.005 0.006 0.007 0.008 0.009 0.01
E/V Ugep / V

T T T T T T T 1
0.4 0.6 0.8 1.0 1.2 1.4 1.6 18

Hinh 3.19. ()C § ¢’ n§ BR-ASV ¢ aCura= Cre= 5,0uM ghi trénMIL -101/GCE
va(b)St hdy “6€ d, n'ghURAvaTHE h e octhf €
NKTNae= B, tiee= 10 9,09Viplp=6300400lV,y = 1. 000tese5s:ng/ ph?
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Qua c8c nghi°nccauth® TiAm @€ " og th i
xung Vv° Lb]@ d 2tnh /HrivaBec ha aURAnv" THE b3ung
DP-ASVY s d_ ng Li nlOGCE [Ci§/gn Lti2Quh kMI In t I
t - m t bt trlocn gl €Rgbnopocdan §hi °n ¢ Luw tli[Jjp bt [hoe
hi wWADW | " t°t nhblt.

Blng 3.2.C § cQuki nthichhp Wk § cn hfng th i URA va THEbagp h €hn g
phap DRPASV s d, ngl.in ¢ cbi/h tinhMIL -101/GCE

STT nKTN KT hi’ Gi 8 tr nhn v
1 pH pH 3 -
2 ThJ | " r Eace 0 Y,
T hll . .
3 N foco 10 s
giau
4 T e L. ¥ 1.000 em o
Li n c (vong/phut)
5 Th™ i gi trest 5 s
6 Bi °n L, pE 0,09 \
7 Be c¢c t Ustep 0,007 \
8 T ¢ L. Y 0,1 V.st
T 0 LJ \Y;
3.2.1.5¢ hmt c¢cdn tre
‘] b) — i

RE%
A &b M 4 6 = v o w &
/R S T T S M S
RE%
bNdbhbbNiocoanwavus
R I D T

'
@
|

T T T T T T
NHI4CI NHJIN03 NalCI Na2l304 ch| Ca(H2IP04)2 D-Glucose Urea L-glutamic acid Ascorbic acid L-cysteine Sodium benzoate

Hinh 3.20.Sais t €h nigRE¥) doln h "mg€a(a)cacci v ! (bddac v -
chilh u &t I't"'n g, (M/uM) chElcln tf so v i chiEl phan tich 1a 10Gh.

C&c chblt cln tr’ r€e ¢ | . a ch n trong
ch, yJu |~ nh_ng th”>nh phfn ph” bi/n c-
c¥%ng t° n tY trong qu§ tr3nh phon t2ch
D-glucose, ureal.-glutamic acid, ascorbic acid;¢y st ei ne v~ sodi um

di° " n cho c¢c8c chblt chuyWn h-a sinh h c,
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H 3

Li " n h-a, ¢c- thW [nh h€ ng L/Jn t2n hi u
h® " p chblt v ¢ch nh€e calcium dihydrogen p
(KCl'), sodium sulfate (Na SO ), sodium
vaammoniunt hl ori de (NH Cl) L€ ¢ | a th¥€nngh"
cotrong n<€, ¢ tiWu, nhi c¢c- s hi n di n ¢
cao, c- thwW [nh h€ ng L/Jn qusg8 tr3nh chu

Vi ¢ khl[o s8t c¢c8c chblt n"y nh3l1m L§&nh
oxy h-a Li n h-a c¢c,a URA v" THE, LHc bi
ch®ng IBIn t2n hi u hoHc thay L~ i mti tr
théngquasais t €h{RE)=100X(p(c- choirlpckm: ng ¢  )pkbonges Tn tr-
cheit drn tL® ¢ s d_.ng LW L8&8nh gi & [nh he€e
hhn 5% khtng g©O©y c¢cln t[186,18Z] iK /¥yt iq wlu 8§ h2r

Hinh3.20v®P h, | _,c 2 clfoht hymaogse lLthbdao hhn
chblt ph©n t2ch khtng [nh h€ ng LJn t2n
nNi Qu n"y c¢c- thw L€ ¢ gili th2ch b°i «chblu
. n v’ kh[ ntng hH@®Ilph_gidipa t\wditg Ici€ wn gMIs
t8c c¢c,a URA v° THE v.i bQ mHt Li n c, c.
knfo s8t kh'!ng c- hoUt t2nh Ling chqrahttrro
L§ng kW v, i URA v° THE tYDocl§c, t ©Omh hlo€Q't
nQn mXu LJn t2n hi u ph©n t2ch | kht'ng
ch n | c¢bticQm wEng . ng d,_ng trong phon t

nh€ n€, ¢ ti Wu.
3.2n.8nh gi 8§ pheAhdY dmhg8§ P i®PFpi t 2 nHO0OMV IGCE
3.221.Khod ng tuyAn t2nh, giai hun ph8t hi M
nW L&8nh gi &8 kh[ ntng-10nlg GICEn gc hco ap hl® p
L ng th i URA v DPASHE« Ek<€cc pthl®pc Lloi " n v, i
nhau ¢, a URA v~ THE 2t rnoghhgictnEb’  pi Qu ki n
Nh€© thW hi n trong H3nh 3.21a, c<€ ng
v THE tktng theoS n xnugbltl hic_na hcahi¥%nkgh.o [ ng
do s. kh@yhBpgph, ¢, a URA v -10LHE ng °h, C

ao

thblp, c¢c8c t©m hblp ph, ¢, n d i d”"o n°n h
qul, tYYo L, nhYy cao. Khi n"ng L, ttng,
hi  u qul t2ch ITy chblt ph®©n t2ch- e nhXn
hhilai khoT ltmgnht uyWnphg8t hi n URWKOUMVATHE
1,694, 55 OM (H3nh 3.21b) v,i gi.,i h4n phi
ppb) v° 0,13 OM (23,4 ppb), gi.i h4n -
L i v,i URA v ° THE tthhebbpl kth 8 [0D@2.0n"CEg p h «

h“ i quy tuyJn t2nh cho URA v° THE L€ ¢
Trong khid,p9uf: 0, 20
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lp,ura = (0,6269 * 0,1449) + (4,8451 + 0,139B)ra; R2=0,9950 (3.11)
lp.tHE = (1,8074 + 0,1974) + (6,2011 + 0,190Z)e; R2=0,9944 (3.12)
Trong khid,b5u: 1, 69

lo.ura = (2,8978 * 0,3292) + (3,4752 + 0,108)ra; R?=0,9935 (3.13)
lo.HE = (5,9449 * 0,4460) + (3,8176 + 0,143%)c; R°=0,9902 (3.14)

25 -+

(b)
= URA (Kholng 1)

e THE (Kholng 1)
4+ URA (Kholng 2
v THE (Khof[n

20 4

0'0 02 04 06 08 10 12 14 16 18
Cc/mv

20

15 4

10 4

04 o6 08 1o 12 14 16 18 04 06 o8 1o 1z 14 1s 18
E,/V E,/V

Hinh321.( a) CrigbP-AS¥®c a URAVATHE Cura=Crrett n g0 t 2/p L

4,55 uM)ghi trénMIL-101/GCE ( b § th ®iWi dj nquan h tuy/h tinhga "~ @

I, d, n'ghvlin'n g, URAVATHE ( c )’ ngDBASV ¢ a URA va THE

(Cura = 0,20'1,69 UM, Crhe =1,69 pM)va( d )" ngDE-ASV ¢ a URA va THE

(Crhe=0,201,69 uM, Cura = 1,69 pM)

Chathich h3nh nhY trong (c) v™ (d) tho® hih
c.yng Li d,ng L=Znh vai nQng Li c¢c8c «chr
Hinh32lc tr 3 nh b DRASY dhidréenMiE-19d / GCE trong d

L"m BR 0,1 M (pH 3,0) ch._a 1,69 OM THE

n“ng Li1t69 000 thu L€ ¢ hai558Vvan2270vxy h -

te€hng . ng cho qu8§ tr3nh oxy h-a Li n h-ze

ttnhgy/n t2nh khi n"ng L, c¢c,a URA titng, t

nhG. Ph€hng tr3nh h¥i quy tuy/J]n t2nh v~
lp,ura = (0,2047 + 0,168) + (7,3449 + 0,1620Fura; R2=0,9971  (3.15)
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LODura = 0,09 uM(15,1 ppblva LOQura = 0,30 uM(50,4 ppb)

T€hng t nB&AdJdYdypbPRENS\WWdoa THE L€ ¢ th,
s, ¢ mHt c_.,a URA v.i n“ng L, ¢~ L nh 1
tuy/jn t2nh khi n"ingé6R, OWMHE tEk®gnyg. LO, A0
hfu nh€e khlng thay L Ph€hng tr3nh h"

lp.tHE = (1,8074 + 0,1973) + (6,2011 + 0,190Z)e; R? = 0,9944 (3.16)

LODtHe = 0,07 uM(12,6 ppblva LOQrHe = 0,23 uM(41,4 ppb)

Blfng S». 38nh kJt qul pho©n t2ch -ASRA v~

ghitrénMIL-1 01/ GCE v, i c8c nghi °n c¢c. u ki
. K : Chbli MXu n Kholn
ni n . LOD
STT Vi t huc« phéan d, ng p tuy/]n (M) TLTK
Lo tich tich (M) H
N€e, ¢ t URA:0,02 URA:
- RA " 1.
1 b SWV U nge€ i, 000 | 0,005 [24]
NiS/Ppy/SPE vaTHE t hanh v THE:0,01 THE:
X U blt | 8 900 0,001
CAS/IPTANaf URA  Ne ¢ t onAsh URAZ
2. DPV . . 1.000 THE:  [23]
ion/GCE va THE ng+e )
THE: 11 200 0,6
5 URA:
URA: 3i 75
URA _ 0,011
3. CDs/IGCE DPV Huy it THE: 10i [130]
va THE 200 THE:
0,33
URA: 1i URA:
4 PY(CTAB)/G URA N€e ¢ t 1000 0,33 (131]
' CE va THE ng € i THE:05 THE:
1.000 0,11
MnO2
. . THE:
5. nanosheets/IL DPV THE Thu ¢ THE:1i220 01 [132]
graphene/GCE ’
Th ¢ p . THE:

6. CdSe/GCE DPV  THE R ~ THE: 1i 700 04 [133]

ro, :

7 o DPV URA M§u ng A0S URA [134]

" NaFeQ/GCE 9 20 0,15

RA: 0,1i RA:
8. NG/GCE DPV URA - v 0.1 v [135]
20 0,045
URA: A
. Nghién
MIL - DP- URA Ne ¢ t 0,201,69; 0,12 c U
101/GCE ASV vaTHE ng € i 1,694,55 THE: né;y
0,13
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ng§ng ch% T, LOD, LOQ c.a URA v° THE Kk
L., chblt ¢, n |'Yi gfn v.,i LOD, LOQ c.a ph
hi u r» r"ng cho thbly s. [nh h€ ng ch®o
ch2nh x &mgc pahRhS®P s &nh i . i hU4n phs8t hi
THE trong nghi°n ¢ _uchnyg B i sc8d_ngngs8t
cho thbly ph€hng ph&p L Q,vuibltc &c thhi?! nug nst
Lt L€ ¢ tehnqpglh®Bmg cv.ui tmh8 Qu LO©y (B[l ng
y°u cfu x8c L nh L ng thBinURAnk hiTHE n
t2ch LYt L€ c nghi°n c_ L'« ch ng mint

MIL- 101/ GCE trong
| i u-l1MLLtrongt¢ehnlgi on€ hnga
khungh . eikim| otdr on g

3222.ni 11 p luij
n, | Hp | 4i

LW8c L nh URA

d, ng L nh c_ a

THE trong dung
4,55 uM,

gi 8 tr  t€hnug
| 4i[158,188]

45

40 404
35 354

30 304

I/ mA
1/ mA

25

204 204

154

10

54

04 06 08 10 12 14 16 18
E,/V

phon

chJ t4do
Li t 8i

v® THE
c¥ng m t

d ch h.n
k /Jit € qwhlit hn H3 nh Bf.ny2 3€§c |
thalyi pBR®EBIE £th &L DR bt

chag

T T T T T T T 1
0.4 0.6 0.8 1.0 1.2 14 1.6 18
E/V

t 2 ch

Li n h-a. Kt
v m r.-ng _n

clm bi/Jn Li n h-
l 1Tp, Li Yn
c. -ASVEh €hlhign gp h& p cMPIOYJGCEt 2 n h
L e

LMnh

L§nh g€8&ngula

FAiSVn |d °n Wt iiJ]pv . ci,

p hai chblt c-
gi 8§ tr  n"

T T T T T T T 1
0.4 0.6 0.8 1.0 1.2 14 1.6 18
E/V

Hinh 3.22. C § ¢” ng BP-ASV ghi trénMIL -101/GCE vi (a) Cura = CrHe= 0,98
MM, (b) Cura =CrHe= 1,69 puM,(c) Cura = CrHe= 4,55 pM(n = 10)

Blng34.M ts LU " hg@in g

k °n bk hpldL alpv i URA va THE

bag ph€ehnegASWhgp DP
Thtng N“ng L, a URA v~ T
0,98 uM 1,69 uM 4,55 uM

URA THE URA THE URA THE

lp+SD (uA), 7,16+ 852+ 10,72+ 11,87+ 1835+ 2257+
n=10 0,14 0,14 0,14 0,26 0,34
RSD (%) 2,0 16 1,3 1,4 1,5
% RSDy (%) 105 10,4 9,7 8,4 8,3
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H

n, t8i I Hp c,a Li n c, c biJ]JDP-ASYaoha L€
URA v° THE t4i bly Li n c ¢ L€ c3RSOn t?
c.a c€ ng L, o angURA nh" (FJVBvA?PRPW Que nth, h't

LQuRSILL i v, i hai chblttBhom ngch URAIEZ O
v.i URA |~ 10,5% v, ¢hing, ti, TIHE {88 10, &9
n “n L nh c¢c_,a Li n c¢c.c biJjn t2nh L€

L " PMASVc, a URA (GuRa=Crid£0,98 uM)trénc ang Li n c¢c. ¢
m°~ Li n ¢ ¢ n"y L€ c |I<€u tr_ trong c¢c ¢
3,

0)C sd@u mmn, I"'fan Lonh L€ ¢ L&nh gi§ th
t2ch ph€ehng saiaymAINOW/RA) tL € comMe d_,  ng cl
c.a URA v THE trong 7 ng~ vy | i°nil53li p,

KJt qul ph©n t2ch ph€ehng sai m t ylJlu
nghoa th  ng k° gi.a t2n hi u d,ng L nh
t 2ch, \F(6L4)41RBA6P=0,301va THEF(6,14)=1558p= 0, 231 ( m.
nghoha ng k°U=0,05t kW Hih, nIT2en i u d,ng L

5

ng"y c¢- s, gilm kh*ng L8ng kW LJ/n ng~y

c,n 93% L i v, | URA v~ 96%tthW hvi, ' 3m THEHS
10 10 -
o G o g

8 -

6 -

£ E
> =]
2 4
0- 1 2 3 4 5 6 7
1 2 3 4 5 6 7 . o N
n, ts&i | Hp (Lfn 1 n. n (Ngaynlh Ngay 7)
Hinh 3.23.( a )’ n @&, n’'gh ¢la URA va THE Cura = Crre = 0,98 pM) ghi
trén MIL-101/GCE ljy Ifnbih  t Zmchc L(in = 7 hg.vdl, n(ghla C€

URAVATHE Cura=Crie= 0, 98 OM) grhcic tlo€Iin€wd@nw L i
X § cn hl" B "nh trong jy ngay (n = 7).

C8c kNt qul nghi°n ®OPASVEKO ct Ry xpbEh!
Li  n c. cMIlbIOYJGCEGR@mh t2ch URA v° THEHK - k
v " nt It nthrong th i gian kh[o s§t
3.32Ph©n ‘tn?gc it hWRA v~ THEWiIrong n€

MXu n€ ¢ tiWu L€ ¢c thu thdp t. 03 ng+¥€
b3ng phe€hnrgSWhS8puyDPtr3nh L€ 2nl QL ¥oéglt ct
ph€hng pBYpLEBPc L&nh gi 8§ thtng qua L, t
c.a ba ng€ i kh&c nhau c¢- t hC m tchhw, X nm cth |
chelhu2QmLURA v~ THE 10%M nl"fnng 1€ tv BE€ba tmkX
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n€e, ¢ tiWu kh§8c ntlomgh sldio nkVeei= ap2h0a nilo « ntgeh n
th°m chuXmnmnalu QM) tiJ/Jn h” nh phASYtrongceng b un
L'i Qu ki " n th2 nghi m, m |j mamLkhFols§t
c.a nQn mXu s.KAh Qu¢ mBcckihiH pp ht©n tth2uc hh™
th°m cehuXhng L., chblt pac@mehnr g htar. B3 T.0F r
t " ngvatrinhpbayt r ong 5B ng 3.

Blng 3.5.K/tqu x § cnhitn g, vl thu R i URA va THE trong i _rc @M

bag ph€hnegASWh&§p DP

. N ng a0 ,
Chblt . , R N ng L, n, t e
. N ng L, thém . < w« . N ng
MX u phan (M), n = 3 chuXi t hbly N h i + SD (M)
tich VI, = @M),n=3 (%) W
(HM)
N€,  URA 0,874 + 0,022 1,0 1,896 +0,031 102,2 218,6+54
ti W THE <LOD 1,0 0,980 + 0,006 98,0 <LOD
N€,  URA 3,302 + 0,021 1,0 4,275+0,030 975 8252+5.2
ti W THE <LOD 1,0 1,044 £ 0,014 104,4 <LOD
N€e, = URA 2,201 + 0,021 1,0 3,227 £ 0,032 102,7 548,7+5,3
ti W THE <LOD 1,0 1,032 + 0,009 103,2 <LOD
* NQng Li chmt ph®©n t2ch L_1¢c quy VvZ nQ
|l o«xng (ph_. _ng tr3*nh 2.5) v™ Li | Mch chu
KJt qul ph©n t2ch ° Bfng 3.5 cho t hbl

phg&t hi " n trong c¢c[ 03 mXu, trong khi T
N ng L, URA trong mXu th ¢ L€ ¢ t2nh t
tr€ ¢ pha | o8mgumre 216&¢46 HE Prpv, i L Hc Li)
sinh ¢c- trong n€ ¢ tiWu, v.i n ng L, de
v’ L. pha |Im«ntgh(Rey%) int¥& .c t2nh d, a tr°n
n"ng L, t3m thbly saunfghl t bhapmh@HrugXaot ra3 mh
I thu h“i c¢c.,a URA v° THE trof8d,b& thXa |
num trong khol[ng chblp [188icdmno tphhe®p tti_° u8 c%
t9i n"ng L, t_. nlio@u pnp'by LcJn nlgd -ApSpvnp.lh @ hx g E
c- LY%ngt v° 2t b [ph_ke€thlg b i nQn mXu
3. 3eN BTIEémMNIHN -CC CARBONY TH BUWMNG AgNPslL/OMd L
XCC\N‘JH”[NG TH URI C, ARANTHI NE Vé& HYPOXANTI
AgNPsS/MIL-101 L€ ¢ ch n LW bi/Jn t2nh Li n

L ng th i wuric acid, xanthine v -10lhviipox a
c8§c hUdt AWNPscurvg Lcblp di n t2ch bQ mHt
nQn tlnghoncBcniph©n t  nh, trongkkfeAgiRsAgia X AT
ttng kh[ ntng truyQn electron aiiWhtihiu n
nhdy cho c¢c8c ph©n t2ch Li ' n h-a LY ng th

P
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3. 3KHb. s§t @ "ktistnh'2icil\p hhon t2ch URA, XAT v
3.3.1.1. Lxa chzn Li Mn c¢cxc biAn t2nh

nNW x8c minh r3ung m i L nh c¢- daéphRép qu a
Lo CV s d_, ng L iAgNPs/MIL-101/GCE(flonA2-AgNPsMIL-AXL
c- di n t2 c2665mMy ImEREN (.26 6L B)Y tiJjn h”  nh

cacmXu dung BRO,XM(pH40m sau L- v, i dung d° ch
URAc:- n ng ,L. ti2pp GQMeo |~ dung d cheol m
c¥%ng n25mMve, cu' i c%ng | ° dung d ch L m
HPXL Qu ¢ n” nNdPhl4).12x OM

Hinh3.2a tr3nh b"y c8c L€ ng CV v,i URA
nhau 25 OM s’ d.ng Li n ¢ ¢ GMIEL1Lr fn

AgNPs/MIL-1 01/ GCE trong dung d0ch nl'imvBR 0GC
quan s8t thbly ba L " nh r, ng, LUt ,1L00Wh
L"i v,i qu8 tr3nh oxy h-a XAT v° 1,40 V

16
@)
—— GCE khéng c6 URA-XAT-HPX

(b)

100

e 149 [ URA
XAT
804 = MIL-101 -
12 4
= A1-AgNPs/MIL-101 |:| HPX
60d — A2-AgNPs/MIL-101 104
g === A3-AgNPs/MIL-101
= —— A4-AgNPs/MIL-101 E g
401 —— AgNPs =
6 -
20 4
4
04 2]
_20 T T T T T T T T T 1 O-
00 02 04 06 08 10 12 14 16 18 AS AQY AQ
\;e\“j\\\' o 5\\4\\\’ \\\\;e\\‘j\\\' \\\?5\‘4\\
E/V RESMIS e S
600 - -
(c) <
m GCE = ¢
500 v
® MIL-101 m o *
A Al-AgNPs/MIL-101 " <® 2
o 4001 v A2-AgNPs/MIL-101 m <®* I o
¢ A3-AgNPs/MIL-101 m<® X o
— 3004 <« Ad4AgNPsMIL-101  m o« R e
m < @ “ e
N m < ’ vA
m < ‘va ®
200 N TA e
m lodvat o
I.<<.:VA o®
009,
100 * h; G
N 0
T T T T 1
0 200 400 600 800 1000
Z'l  q

Hinh 3.24.( a )" n@iG¥¢ aCura=Cxat =Crpx=25puMva(b)S t hdy ° tge
I, d, n'ghgttitrénc § ¢ nd’cikhac nhau (n=3fc)BW ~ Ny qu i sghi L €
19 trong KC1 0,1 M s d ng h [Fe(CN)]®" / # mM ghitrén GCE tfn, MIL-
101/GCE va AgNPs/MIL101/GCE.
NKTHBéingg O V LAN01V¥VE,¥y8=V1. 000tes*599g/ ph¥t,
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C8c t2n hi u Li " n h-a L€ ¢ cli thi n

b°i vdt IML-aOflr°ng8aly sh¥%u T, c¢c€ ng L, 6 d,
ttng khi silverlh@a | v-100gIMI V™, cl U4 § HAgNRs/MIL-101,
sau L- gi [ msikenli€a twm'go,l €“ngg th” i c8§c t2n

hhn v° ¢€ ng L, d,ng s nthhay al 'cih¥migy gl 4
trong Hinh 3.2b.

Pht ng( BIrS) c¢clng L€ ¢ s d,ng LW € ¢
GCE tr fln0,1/MiCE v~ c8c vidtl/IGCEU bMRgNP sc/SMIhL
oxy h-a kef''HinF2AcGN) n€ ng k2nh h3nh bgn
tr° truy QRa[18ig SRt (x&§c L nh ¢, a GCE t
3.24c).Khi Dbi Jn t2nh -1W0ithiRut eog QRBGI MG LM "t 2 n
b3ng AgMNPslY MI'LRxkdii [ dsilgerlh® ¢ L€ado loh[ Ltmig!
dXn tict siver. Ruc. a -AdMIL-101, A2Ag/MIL-101, A3Ag/MIL-101,

A4-AgMIL-101 | Fn 1€t |7 305, Gved h° 2243 w0 t:
l °n, mHc d% L. d%Xn Li n L€ ¢ cli thi n,
l °n c_ asiveeBecYh Wti "mg h-a c_,a Li n c ¢ ph,

mdt L. toOm hd#Htnltng tr uRBe®naliGCE t% h. t
L'i " nc cbi /jn-102lph nMlng di n t2ch bQ mHt c:
101 gili th2ch tYi sao hoUYt L, ng -Li n
AgNPS/MIL-1 01 v, i di n t2 &kt hb , mHitXhoci€i mg L. n
d,ng L nh c8&8c cHhBIt vdy©n Lti Z mmh ceAgNPHMIMBIt .t 2
101 (sau Loy kT-101)ulLk " L®°gdNPsh™MhLcho <c§
3.3.1.2. ¢nh h_egng cva pH

Qu§ tr3nh oxy h-a URA, XAT v~ HPX L€
c.,a dung[l2p), chdolLm, Ni QepHtihPc bs 8t dung d
L " m |~ c¢cfn thiJjt. C8c t2nh chblt Li n h-:
" c¢8c pH kh8c nhauyOL(@]80) ghitrgn ARNPs/MIB1QL/GCH t _
b Lmpd ®pCVL o

Hinh3.Zab t hW hi n TTbhi h&@ @gecgc@V pH a UR,
vaHPX(n=3) T. FBbnhlL3nBA oxy h-a c¢c_,a URA v~
L " nh cao ,0(lhukkt 9,32+ OOH(UAY, RSD =0,8% valpthe= 15,54 + 0,2
(MA), RSD=14%),t r ong khi L " nh oxy h-a c¢c_,a HPX
“ p,Bi(lpBex=8,47+0,27 (MA),RSD=32%) Tuy nhi °n, c€ ng L

L §ngk koM5®d6 L i (Wuri= 3,86R:M,07 (MA), RSD=17%)" gi [ m

NhiGh o [ Ny’ 19 %v . (lpxarX D49 + 0,36 (LA), RSD = 8%)t WH 60 so

V. i pHrdn® khi ch” gi [ mOsnoh G/ kiH oplith g6, ,107 %l F

(Iprpx= 7,01 + 0,3 (UA), RSD=4,8%) Do LOL€ pcH csh> n |~ pH

x8§c L " nh L"ng th i ba dXn xublt purine n
Hinh3.3c cing thW hi n m i t€ehiEy guanct

h® " p chblt n"y v.i gi§8 tr° pH. Ph<€hng tr?3
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Ep.ura = (0,7745 + 0,0197) +0,0565 + 0,0037)pHRZ = 0,9796  (3.18)

Epxar = (1,2234 + 0,0228) +0,0593 + 0,0042)pHR2=0,9751  (3.19)

Ep.nex = (1,6659 + 0,0218) +0,0658 + 0,0040)pHR? = 0,9815  (3.20)

n, d Ethea pH thu LEO®566+0,0p37) VI-0P58+1 " (
0,0042)Vva{0, 0658 N 0, 0040) V cho URA, XAT v
gi 8 tr° trong pHHEWBP tVr/3prHh vNe rcnhsot tlh'bly
electron tham giavao quatrinhyox h - a URA, XAT v~°™ HPX | 7 |

16 4

(b)
I URA

B XAT
CJHPx

180 @ 14 4
— pH2
—— pH3
— pH4
120 4 —— pH5

—— pH6
€ 904 —— pH7
60

150 - 124

10 4

30 A

0+

E/V
1.6 9
. (©
= = URA
1.4 = « XAT
= s+ HPX
1.2
E =
> 1.0 1 -
Wos =
0.6 4
0.4 1
0.2 T
2 3 4 5 6 7 8
pH

Hinh 3.25. (@) C § ¢’ n G ¢ aCura = Cxat = Cupx= 25 uMtheo pH,(b) S thay

I” i I, theo pHva( ¢ 7 th Wi di nquan h tuy/ tinh ¢ aEptheo pH (n = 3).
NKTHEag O V LANn +34y 8= V1. OVO Ote58lju W &2t Mc h L

BR 0,1 MpH (2,0 8,0).

3.3.1.3. ¢nh h_eng cva tXc Li qu®t
Hinh3®Ba tr3nh by c8c L€ ng cong CV c, &

gu®t kh8c nhau  "#Hay O0LY3iNGths °On, 0c5 uV.[snh h «

qu®t | °n t2n hi u Li n h-a c¢c- thW cung

tinh.Khi t " ¢ L, qu®t tktng, thJ L nh oxy h-
chi Qu bh&®dtt nmgQuan s8§t, Leche thHy Lguwm$ tk

| © bblt tHBHN ngh ch
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C8c ph€hng tr3nh h”i quy gi.a c€ ng U
qu®t (c8c ph3ehhy) ta-3 nth 3s21ti€eh8g3fuaacaho
qus tr3nh oxy h-a |~ mt qug§ tr3nh L€ c
kholng tin cdy 95%, c¢c8c gi § t-r0, 30739  Lg
0,9413 (00,6340 + 0,3073) EO3200¥J/Jn ORA9OQ

(4, 5876 + 0, 3200) L AN,,iI26 48T W nt 2, B2T
0,2618) L i v, i HPX¢chokhthnbyy bca8oc gl @n nggi &h™
l'i qua g ¢ t a L,, do L- qug§ tfl?9hh oxy
Ip,ura = (0,6340 = 0,3073) + (23,9325 + 0,79@1% R?=0,9935 (3.21)
IpxaT = (4,5876 £ 0,3200) + (30,2024 + 1,13\31\/% R2=0,9916 (3.22)
lo.HPx= (2,0602 + 0,2618) + (14,5530 * 0,746%) R? = 0,9845 (3.23)
150 ——0.05Vis 221 (b)
—— 0,07 VIs (a) 20
—— 0,09 V/s
1200 — o1 vis 181
£ 825{/\//5/5 161
- - 0,25 V/s E 14
— 604 —0,3V/IS =
=124
30 4 10 4
0 81
6 4
-30 + T
0.0 0.3 0.6 0.9 1.2 15 1.8 44— T T T T T T T
£ IV 020 025 030 035 040 045 050 055
J12
() .
144 *®
« URA
1.2 « XAT
+ HPX
> S

0.8 4

0.6 4 —

-30 -28 -26 -24 -22 -20 -18 -16 -14 -1.2
Inv

Hinh 3.26. (a) C § c€ ndl CV v i Cura = Cxat = Crpx= 25 pMghi trénAgNPs/MIL-
101/GCE( b J th diWi di nquan h tuy/htinhga “®@ dl, n‘ghstiyi ctn
bt haicafc | tjuétva(c)quan h tuy/h tinh ¢ aEp valnv.

NKTNmagg E 0O V LAn +03W8s, ¥, =v1=000tRa5=58.9/ p h ¥t ,

n"i v.i m t h bblt thudn ngh’ ch, ph®et
m i gquan h' gH). av 't hl/oglairint dinv18@Qhhedcongt =~ ¢
t h cHigh.38c tr 3 nh Eptlieginvl™ i tURA, XAT va HPXva céac
ph€hng tr3nh tuy/n t2nh t€hng4i32 gacl € c

H

ph€hng tr3nh n"y v,i 1B, 9862) €hdig qbangc
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h™ tuy/n tEBvalmv. cdo0 gi§cagi § tr’ IL(32(4"C C.

3.25/326) c8c(@H® art>m thblys oFg;EF); % 0338F) b

va 0,90( ) cho URA, XAT va HPX.

0,0284F

Ep.ura = (0,6289 + 0,0029) + (0,0255 + 0,00l4) R?= 0,9830 (3.24)
Ep.xat = (1,0904 + 0,0035) + (0,0338 + 0,00lH) R>=0,9862 (3.%5)

Eppr-(l 5008 + 0,0044) + (0,0284 + 0,00R1) R2= 0,9695 (3.26)

n"i v.i h bblt Ut h€dngndgle [t8h,cdlgil "t @, B
c.a n Ij—'n e t |7 2,01 hoHc 2;: 1,52 hoH
Nh._ ng k/Jt qul n~ y[80oA88%89]h° tpr ovng L-"is’l il @

electron tham gia v" o c¢ch c¢chJ] oxy h-a c,
oxy h- l’aQ I x@uhdbery trongHinh 3.7.

Y% — Y% N s
\[/\’;[} +H,0 »Y\’;[ >:o +2HR2 ¢
O ~~1rp =

HPX
Hinh3.27.Ch Jloky ®xukic alURA, XAT vaHPXs d n g ' nlcic bih
tinh AgNPs/MIL-101/GCE.
3.3. Pod4derBKRhgvac t hXvnogmnmspe h, a tan anode X

Vi ¢ nghi°n @h®pRP®® nthhe ntgh/s' | " m gi ~u,
gi "u, bi°n L, xung, b€ c¢c thJ] | " c¢cfn thi
phapvonrampeh , a tan xung Vi ph©n v3 c¢c8c thln
nhdy, L. ch  n | ¢ v.” @§c chtS\rongs cBEg a p |

h-a L€ ¢ LiQu ch" nh pH b3ng dung d ch L
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C.

a)© nh
H3 nh

a

URA,

h.
3.

eENg
28
XAT

cVa
cho
v

HP X

tha |-
t hibly, 5k hv

khng

m gi ~

Lt/hrv] 4 “Om 5§V ut ht.
.

u

t hay

Li

h€ ng L/Jn phln ng Li ' n h-A40t0f GEEb QC®Hn
d., ng L "nh URA, HPX c¢c- chi Qu in€5ng/ diJlhm +
V. v° XAT It,-ng nhdao v, i RSD c¢c_,a c8c chhblt
L€ ¢ ghi nhdn | " thblp ( |BE-0, tV.b3dwg L1,
Eacc=-0, 5 V L€ ¢ | ch> n | LiQu ki n th?

30 12
I U [ At [ Hex

a

—-0,5V
—-0,4V
—-0,3V
—-0,2V
—-0,1V
0V

+0,1v
+0,2V
+0,3V
+0,4V
+0,5V

b)

@

25

20

I/ m

15

10

T T
1.0 15

E,/V

T
0.0 0.5

-05 -04 -03 -02 -01 0 01 02 03 04 05
Eapce !V

Hinh3.28.(a) C $igDPASY ghi trenAgNPs/MIL-101/GCE vi Cura= Cxar =
Cupx=25uM (b)) S t haly " i @ dl, n'gh URA, XAT va HPX theo thlam giau.
NKTMicc=10, 5 V L Ataec=+ 50 ,59,0500FE)ste= 0,005 Vv = 0,1 V.¢,

k'S 1. 000 trett=5wg/ p h Yt ,
eng cva thyi gian |~

124

b)e n h

30+

h_ m gi " u

0s b I URe BT [ e

—5s

— 10s
—— 15s
—— 20s

8-
201 —— 25s

a)

25 4 10

1/ mA

—— 30s

15

10

54

T T
1.0 15 0 5

E,/V

T
0.0 0.5

10

15
taee /'S

acc

Hinh3.2.( a) ‘0§ DRABVEI trén AGNPs/MIL101/GCE vi Cura= Cxart = Chpx

=25uM (b)S't haiy ~ © & dl, n'gh URA, XAT va HPX theo th gian lam giau.

N KT Nac=E05V,tacc=0i3 0 s ,0,05EUse=0,005Vy=0,1V.&, ¥ 1.
VOI’lg/phl.'JtIrest= 5s.

20 25 30

000

Hinh3.Dc ho t hhbly gkihain | ~ MgiayUp Goiay, £ b gnsgt d€
d, nghlg , a URA, XAILInyg n@BR3bhngitlra g riged
phon tclamgiautr&h®mb ndc t L ngigiamedo Jlishgi a t tng
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tin hi u " H hoa. Khi thigian lam giauIn  h Hyidythsl,¢ aURA, XAT va HPX

dehg nh€itRaynicomsdodmib dcdc IFfw mh€ bko h,
chid  p h © ngifrretitilgian pmén tich, thi gian lam giau Biayl ~ Qi Ki in thich
hpcho c8&8c nghi®°n c¢c.u tiflp theo.

cc nh h_eng cva bi°n Li xung
604 ——0,04v @ 14 1 I vrA [l XAT [ |HPX (b)
—— 0,05V
| ——o,08v 124
01 —oorv
—— 0,08V 10 -
409 ——0,09v
E —— 0,10V £ 8
- 304 —0,11Vv =
6_
a —\/ J
////‘ \ 44
10 - \ ) \4 2
0 T T T 0- -
0.0 0.5 1.0 15 0.04 005 006 007 008 009 01 011

E/V E/V
Hinh330.(a) C $gDP-ASY ghitrénAgNPS/MIL-101/GCE vi Cura= Cxar = Crpx
=25uM,(b)St haiy " @ dl, nNgh LURA, XAT Vv~ xti@X t he
N KT Macc=T10,5V, tacc=5s , ®,B4 0311 V, Ustep= 0,005 Vy=0,1V.ehy = 1. 000
vong/phutfrest= 5 s.

Hinh 330c ho t HbBlyY nkli g _tOL nOgd/ntV O] 09 “Wg, ths
d, nghlet, a URA, XATt tvii g HPhXa i l@ungkrh i h Hori °, @9
thilob aX AT gkihflmng W8n@RK, HPX c¢ EHDYYI Khi
RSD¢aURA, XAT v~° HPX | fn 1360t vaEdudacacs§c L
gi § tr° RSD nh, nhblt (npE ) 1D@Wathighh il in
hp ‘lcachncho c¢c8&8c nghi®°n c¢_u tilJlp theo.

d¢e nh h_eng cva b_ac thA

604 —— 0,003V 16 B vrRA [ XAT [ JHPX (b)
—— 0,004V /

— 0,005V
509 ——0,006V
— 0,007V
— 0,008V
— 0,009V
— 0,010V

14

12 A

40 10+

I/ m

30

20 +

104

00 05 10 15 0.003 0.004 0.005 0.006 0.007 0.008 0.009 0.01
E,/V Ugiep 1 V

Hinh33l.(a) C §igDPIASY ghi trénAgNPs/MIL-101/GCE vi Cura= Cxar =
Cupx=25pM(b)S t hdy "ti@ dl, nNghLURA, XAT veEthHPX t
NKTNac=TB5Vtaee= 5 50,10 Vakeep=9,0030,010Vy =0,1 vdy = 1.000

vong/phUtfest= 5 S.
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H3nh 3. 31 UhtoO t®BY WOHLO 0 9" n\g, d't h'ghlk €
c. a URA, XATET NngUsepdi® Xh hn 0, lcGURANA KAT 1
lFfu c¢ - k hngywiith vh € HP XdntGianrg “@cch d, n ‘gh céc chi
phan tichl Ustep= 0,009 V v i Ipura= 11,67 + 0,24 (UA), RSD = 2%, Ipxar= 14,86
+ 0,27 (HA), RSD= 1,8% va lpupx= 9,68 + 0,23 (MA), RSD = 2,3% (n =.3)i vdy,
Ustep= O, 0098cclin| IQ@HK ithichhpcho c¢c&8c nghi °n c¢c_u
Qua nghi°n ¢c.u khlo s8t [nh h€ ng c_ a
xXung v° b€ ¢ thASVcEc d.haaggl isSAgNPEMIL-c bi .
101/ GCE LW x8§c L'Lreh cURA,m XAUE, tHPXg Blng
cho c¢c8c nghi°n c¢c. . u tiJJp theo.
Blng 3.6.M ts thong § thichhp WK § cn hfnd th i URA, XAT va HPX bRag
ph€ehng #8V&pd nDgP nlcic AQNPs/MIL-101/GCE.

STT C8c tht Gi § tr nhn v Ghi chu
Dung d ¢
1 pH 4,0 -
BR 0,1 M

2 Eacc -0,5 \Y

3 tacc 5 s

4 ¥ 1.000 P

(vong/phut)

5 QE 0,10 Y,

6 Ustep 0,009 Y,

7 Erange T. 0 LJ v
3315 nh hcesagchmt cdn tre

N€e ¢ tiWu I~ m t nQn mXu sinh h ¢ ph.
( Na , K , NH . Cl , SO | , phosphate),
h® " p chblt h_u ch nh€© glucose, amino acid
phfn mWw tham gia Gkl treéghh bymHt ali n
hblp ph, v.i URA, XAT v° HPX, t_. L- 1" m
| " ¢ch k/Jt qul ph©on t2ch. Do L-, nghi®°n c
chblt c[nngr nh@&HBMNO: NECI, NaSQi, KCIl, Ca(HPQu)2, urea,
D-Sucrose, ECysteine, sodium benzoate;ddl uc o s e, glutamic aci
L"nh oxy h-a v.,i n ng L, URA, XAT v~  HP

(PH4,0)s  d_. ng Li ' n c, c-104/GOmM kAnhgApg NPT Ml &
thwW hi n5v" BHZnglGi3ci hUn cln tr° L€ ¢ co
chblt ¢n tr° v.i n"ng L, URA, XAT v~ HP
5,0%][186,187]

KJt qul trong B[fng 3.7 cho thbly c8c ¢
khing L8&8ng kW LJn ¢c€ ng L, d,.,ng L nh c,
(RE%) ¢, a ba chblt pll0@n USPoMHBkABA(HPE)2, mHIt
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(80-1 0 0) LNO#xn NaRIHD-Glucose, urea, 4Cysteine, sodium benzoate va 100

l fn KCI , gl vuSmaom easeacli @u vinh D hhn 5 %, cho

kh[ ntng 2t b c¢l[n tr° v™ ¢- L, c¢ch n I~

Blng 37.Gi ihthdntr ¢ acacchiic[ntr trong phan tich URA, XAT va HPX
conng, bBag nhau (5 &M).

C h bt . Gi i h 4 . . Gi i h 4
. C h blt . C h blt C h blt ;
phan - tr cnbCe ich i tr cnbiCec
tich t/Cchbit pho t/Cchiit phe
NH4CI D-Glucose
URA 60 URA 100
XAT 100 XAT 100
HPX 100 HPX 80
Glutamic
NH4NOs .
acid
URA 100 URA 100
XAT 100 XAT 100
HPX 80 HPX 100
NacCl Urea
URA 80 URA 80
XAT 80 XAT 100
HPX 80 HPX 100
NaeSOy D-Sucrose
URA 60 URA 100
XAT 60 XAT 100
HPX 60 HPX 100
KCI L-Cysteine
URA 100 URA 80
XAT 100 XAT 80
HPX 100 HPX 80
Sodium
Ca(HPOn)2
benzoate
URA 60 URA 80
XAT 80 XAT 80
HPX 60 HPX 80

3.3n8nh gi 8§ pheAsSY dmhEpli@P/pi t2nh AgNPs/
101/ GCE
3321.Khod ng tuyAn t2nh, giai hun ph8t hi M

nW L&nh gi 8§ kh[ ntnAgNPsiMt-104/G@Egho phém L i

Xx8§c L nhURA XAGvatHPX i phe€hbDRASFh&plL € ¢ th c
c8§c n" ng L, URA BATvanHPXtur cnc c8c Li QB[ kig n

87



36)LW thiJt I dp m i quan h gi_a c€ ng L,
KJt qul khl[o s8t khol[ng t2uy/Jn t2nh L€ c
Hinh3.2t r 3 nh b~ PP-ASYt €bh®€gngng, cho thbly ¢
oxyhéat tng khi n“ng L, URA, XAT v~ HPX tt
23,26 €M v.i hai khol[ng tuy/n t2nh L€ c
Kholng Lfu ti°n ¢c- n"ng L, t. 0,5 LI/n
t2nh thu L€ ¢ nh€e sau:

lp.ura = (0,2230 #+ 0,0653) + (0,7889 + 0,0213)ra; R2 = 0,9942 (3.27)

lpxat = (0,4557 + 0,0487) + (0,9918 + 0,015Rar; R2 = 0,9980 (3.28)

lp.ipx = (-0,1583 #+ 0,0355) + (0,6099 + 0,01XB)ex; R2 = 0,9971 (3.29)

Kholng n"ng L, th_ hai t. 4,93 L/]n 23
t2nh nh€e sau:

lp.ura = (2,1481 + 0,1067) + (0,4427 + 0,00%)ra; R2 = 0,9970 (3.30)

lpxaT = (3,1609 + 0,2348) + (0,5405 + 0,016a7; R2 = 0,9903 (3.31)

lp.ipx= (1,3950 + 0,1945) + (0,3897 + 0,014D)ex; R2 = 0,9872 (3.32)

LOD c.,a URA, XAT v° HPX L€ub[l3E nh fno
| €t M (6005,p@0,22uM (33,5 ppbva 0,25 uM(34,0ppb) t r og g L -
|~ L. lccad thmKmioo w lhagb L -~ L€ ndg ch”ci, aquy
t2nh trong kho [iidg, ¥ ndaiclic bl hpbhpO nt . Hitbe, h5 t h
3%b; LOQ L€ ¢ t2nh to&n b3xng 10/ 3 LOD c
0,73 va 0,83 uM.

601 161 (b)

14 = URA (0,50 - 4,93 m\)
e XAT (0,50 - 4,93 mM)
1294 4 HPX (0,50 - 4,93 nM)

50 4

40 4

1/ mA

30 1

201 v URA (4,93 - 23,26 mV)

XAT (4,93 - 23,26 TM)
HPX (4,93 - 23,26 mM)

10 4

0.0 0.3 0.6 0.9 1.2 15 1.8 . . . . .
E/V 0 5 10 15 20 25

Hinh3.32.( a) Crig®RAS®c a URA, XAT va HPX Cura = Cxat = Chpx =
0,51 23,26 uM)ghi trénAgNPs/MIL-1 0 1 / GC E ~ ¥h"biw{ dbrquan h tuy/h
thnhca @@ di, n‘ghvlin'n g, URA, XAT va HPX.

Gi.i h4n ph8t hi n phantikhh™of g gt h'uy JURA 2 |
HPX b=3ung pheh®y 9 h8p, mDP L iAgNPS/MIL-1O1/GCEJn t
L€ ¢ so s8&nh v, i m t Ls céhmgghtMBrihyi Blondk h o a

thblD ¢, a nghi°n ¢c_u n"y c¢c- kJt khws[ t €h
d, ng m t s’ Lil'«n L€ «. ki g thhat, c¢c€ ng L
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HPXc §c cth® bg r,.  ng v’ thblp khi
L "nh oxy h-a HPX s’

dXn LJ/Jn LOD thblp hhn

Li " n ¢c. . c t2hhl1/A@OIPsd MItLi Qm nitng
chbltu ch URA, tXAThgv mXHIPX h,

Bl'ng 38. So sanh B qul phan tich URA, XAT va HPX R g

Xx8c L nh

d.orMd GICIE n UYdé, - -AghNbPg
sPh@®hrig cil8®Es 1Ry nly”’

LW ng

ph€hnegASY h§p

ghi trénAgNPs/MIL-101/GCE vicacnghitncu kh8c L« clng b
. K: Kholng tuy
LOD (uM
?'..m thu. (M) OD (M) Mxtl,zh Pr Tk
Lo URA XAT HPX URA XAT HPX
: . : Huy JJt
Brushite/ . 15 0,15 .
GCE SWV 11433 420 488 0,576 1,0 0,076 v n e [126]
ng+e I
: Huy J]t
ERGO/G DPV 20 16/60 10i60 0,088 0,11 0,320 v~ n<€, [136]
CE 120 o .
ng+e I
6 ppy @ Y %800 0060 0300 0,100 \|/4 Y gte [137]
TG/GCE 1.600 1.500 ’ ’ ’ a .
ng<e i
Co
ij 0,1 . MXu n-
CeQ/G SWV 2200 1.000 1i600 0,120 0,096 0,360 i oWu [80]
CE
MWCN nJn nJ/ln nlJln
TIGCE DPV 200 200 150 0,141 0,134 2,870 MXu c¢ [138]
PDAoX ) 5 1i 3.8
PTCA/G DPV 81238 0,600 1,700 1,300 - [139]
289 293
CE
0,50 050 0,50
AgNPs/ DU o ~Nghién
MIL - DPV 4’93,’ 4’93,’ 4’93,’ 0,360 0,220 0,250 M_)( uon cC. u
101/GCE 493 4,93 4,93 ti Wu | na
2326 2326 23,26 y
Caclnh he&h@®og c. a URA, XAT HPX c¢clng L
L c¢c.a c8c chblt ph©n t2ch thay L i t_ 0
nguy°n m ¢ 43).8imh3.BaM o HE nthh By 3c€ ng L, d
ttng khi n"ng L, tktng, L ng th i, t2n h
s§t t€hng t. cing x[y ra trong tr<€ ng h°’
thay L i HPX v~ c’ L 3bgh URA v~ XAT (H3¥n
Ph€hng tr3nh tuy/n t2nh c_,a ba tr+€ ng
lp.ura = (0,4623 + 0,0696) + (0,9481 + 0,022F)ra; R2 = 0,9954 (3.33)
lpxat = (0,4547 + 0,0638) + (1,0434 + 0,020a7; R2 = 0,9968 (3.39)
lp.px = (-0,1977 + 0,0315) + (0,6349 + 0,0103)px; R2 = 0,9979 (3.35)
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LOD thu L€ ¢ trong tr€ ng h p n"vy | Fi
ng 53,7; 41,1 v~ 28,6 ppb) L i Vo, UR/
v.i LOD khi phon t2ch L ng th i ba chbl
XAT v° 0,25 M LINhH_ g ikJ/HP qul n"y kh3ng
gi.a c8c chblt ph®©n t2ch |~ khlng LS8ng
phapDPASY s d. ng Li ' n c -t0ODb/i GAE tEWhp A@INF
th® i URA, XAT v" HPX.

50 1

40

30+

1/ mA

20 4

104

T T T T T 1 T T T T T 1
0.0 0.3 0.6 0.9 1.2 15 18 0.0 0.3 0.6 0.9 1.2 15 1.8

T T T T T 1 ; : : .
0.0 03 0.6 0.9 12 15 18 3 4 5
E/V C/mm

Hinh 3.33.C § ¢” ngBP-ASV: (a)Curat h a iyt O, 5/P 4,93 pMvac L'nh

Cxat =Cupx=4,93 uM (b) Cxart h a iyt O, 574,93 uM va ¢ L' nh Cura =

Chpx = 4,93 UM (c) Cupxt h a iyt O, 5/04,93 uM va ¢ L' nh Cyra = Cxar =

4,93 uMghi trénAgNPs/MIL-101/GCEva(d)n”~ th biWi di n quan h tuy/h tinh
ca @@ d, nghvlin'ng, URA, XAT va HPX.

3322 ni I1p lui, Li t8&i I1p, Li Yn LM0Onh

Vi ¢ x8c L nh L, | Hp | Yphantiah8ii  d Hp- a "1
cfn thilt LW ch. ng DmASVIS r dpqgphH€hmg cph
AgNPsS/MIL-101/GCEL€" ¢ LLQ xublt |~ L8&8ng tin cdy v
n, IHp 1'4i trong ng"y c.a ph€ehng ph8p hi
L' d,ng L°nh c¢c_.a ntm n"ng L, kh8c nhau (
L ®P-ASVcho m, i n”" ng L (n=1® LT€ d g HSbtoRa)it zn (
Il t |7 gi.a L, I ch chuXn t€ehng B  hgtl
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L. RS®) so v.i L, | ch chonL€eetng2thhitd
trinh Horwitz PRSR (%) =2C%% trong L- C | n"ng L, v
phon s’ R HNh3A3A ng3nh by gi§ tr  Hor Ral
ntm n'tnigt L'c c8&c gi § tr° HorRat LQu nh,

ng"y c¢c,a ph€hng ph8p[l90Q xublt | ° chblp nhc
x 0304 HHURA (@)
- B XAT
;0.25- -HPX

‘. 0.20 1

—

w 0.15 1

o
0.10 4

0.05

0.00 -
1 25 4.9 9.7 23.3

.

-, =
‘}_{_\{/_)/\\'* 3 A—, i i b ;/l
5] —a— URA —m— URA
—e— XAT 2 4 —0= XAT
—r

—a HPX HPX

l L] L] L] L] L] L] L]
1 2 3 4 5 6 7 1 T T T T T T T
v . . 1 2 3 4 5 6 7

n, n L nh (Ng'y 1
n, t&i I Hp (Lfn 1

Hinh 3.34. (a)Gia tf HorRatc a ~ @@, dl', n'ghlpl icacnn g, URA, XAT
va HPX (n = 10phi trénAgNPs/MIL-101/GCE " @@, dl, n’gh gla céc chi
phantichb)L ‘& | €u4°Q Y& § cn hl.” B "nb trong By ngay(n = 7)va (c)
by Ifn bih tinhL'in ¢ cv, i cung quy trinA(n = 7)

n, "n L  nh gi_a c8c ndO0y/GC& ik i€ cc
v, i c8ctroph®eltiog th” il ig? ebronigffpc cch™ ys~  d, n
Li " n ¢, c -AQNPSCHI (L€ ¢ | €u trQlMpHd®g du

@ sau m, iSapuh ®&p nlgo)y. bl o quln, clIm bilJ]
96,4%s o0 tv2n hi u LiL"n k. a kaé&rcl chibltcp hd®mu XA
L"i (RSD) <c¢c.,a c¢c€ ng L, d,ng% LI nh vt hiblpxA
29% L i v, i HPX (n =4b7) KJthWulfi pm©n H2wc|
yJJu t-way oAMOVA) cho thbly khtng c¢c:- s, . kht
hi u d, ng LF&18) =047@ = WBRAXAT (F(6,14) = 112 p = 040)
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va HPX F(6,14) =248 p=008) trong 7 px0oy[LI8h [ o hss hi
Ph, 6/l _,ci Qu n"y chc_nag lti, rn 2m dib HOIGOE 2 nh
“n L nthh'tirkolmnfga ns §t .

n, t8i I Hp c,a Li n c, c LQ x-ASWitronge c
dung d ch ¢+ n"ng L, URA, XAT 4v). HPKXy bIRi
c. ¢ AgNPOAMBGLCE L« L€ ¢ chuXi BSc€heght ¥
d, ng L°"nh ¢, a URAE cXRID v € HPgX Lo d,  ng L°
b u26% L i v, 2% WURA; Vv2,j5%A0 i (nv7)i GPX gi 8§
RSD LQu nh, hhn 5%, cho thbly [1®h¥®¥ng phs§

C8&c kJJt qul nghi°n ©OPASVE®OcCt hBlyx pBItEhp
URA, XATvaHPXc - khT[ ntddupl Hpnt l'tfimrgt Sih® i. gi a
3.33Ph©n ‘tn?gc it hURA, XAT v . cH®X trong n+¥€

MXu n+€ c 03inye i bl 3th.h n g(ukyh 8nc kvh,ie On8Y nr
m ¢ 3L ¢ wmX¥Xul Theo LQ xuwbit" tsUi dmnag 2.
AgNPS/MIL-101/GCEL W x §c¢ L nh m, tURA XAThva HPXb RuBly h.
ph€hng #8S®, DIPhW, m t | € ng chuXn URA,
OM L€ ¢ th°m v o ba mXu n€ ¢ tiWu khs§ec
phO©n t2ch b3J3InASphe€mmpgpl®mgDRi Qu ki n t
Lo | Hop | Yi ba | fmh(r, bahy. mRethngh pBBHC t
n" ngcact hblt ph€eneémnhchos8§n theo c8§c ph€ehng
v’ tr*nh by trong B[ng 3.9. B°n cUYnh L
ph€hng ph&8p HPLC LW I, vinsightr €bin gL p hBlpon " ti:
hi ®h, " 7., c
Blng39.K/fgquiph©n t2ch URA,  tKufiTtrongcac@mxXev ™~ L

tiWiblag p h<€hneASpvh &g [k €kch ggHPLCE p L

ap

Ch blt . N Ang N” ng 0. N“ ng L N” ng
R ng thém thu
MXu prlan SD (M) chuXx t3m t| he i (DP-ASV) (HPLC) =
tich (M) SD (uM) (%) (UM) SD (uM)
Ne ¢ URA 6,26 +£0,13 1,0 7,23+0,14 97,4 6259+132 6216+53
i ‘Wu XAT 1,14 + 0,04 1,0 2,14+0,06 1008 113,7+36 1119+27
HPX <LOD 1,0 1,02+0,03 101,9 - -
Ne ¢ URA 5,16 £0,19 1,0 6,19+ 0,19 1034 515,7+18/ 5185+54
i ‘Wu XAT 0,28 + 0,01 1,0 1,27 +0,01 987 282+1,1 295+1,2
HPX <LOD 1,0 1,04+ 0,01 1042 - -
Ne ¢ URA 8,19+0,14 1,0 9,23+0,14 103,8 8194+H4,0 8224+35
i ‘Wu XAT 0,67 £ 0,01 1,0 1,70+ 0,02 1026 675%+1,3 66,1 +2,0
HPX <LOD 1,0 0,98+0,02 97,6 - -
* NQng Li chmt ph©n t2ch L_1c¢c quy VvZ nQ
|l o«ng v~ Li | Mch chuxn (SD) t2nh cho 03
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nW&§&c W nthhu 9%) ,i c(8RevmXu n+€ ¢ ti Wu L€

tr°n L€ cLURAXAT vaHPX 1M trofgh = Llio nvapham
t2ch LY ng th™ i URA, XAT-ASYV.HPBXunbguncg§ cphh @
I URA, XAT v~™ HPX L« biJJt v o dung d c
num trong Tk BFG nNPAS4n to " n chblp nhdn L
cho ph®p t. 80% L/Jn 110% ¢t[#88. n" ng L k6 t.

nNW so s8nh kJJt qul ph@&mBsVt v¢ch HPLL, p Is€
ph€hng ph8&8p so s8&8nh cHp, do c&c mXu L€
ph&8p tr°n c%ng m t L i t @testgpairecksarplds L nF
test) L€ ¢c s d,ng LW L&nh gi 8§ s. khsgc
cho t(3HDO64p=0952(phi > 0, 05), ch_ng t, k ht
nghoa th  ng k° gi_a kJt gquASW wh phe&mngg
HPLC ° m.c m oglh=om@®,h05 (x&c Nt vidiyn @ &y
phapDPASY L' Q xublt cho kJ/Jt qul t<€hng L<€hng
tin cdy v° kh[ nktng _ ngn8nogch¥ oin,g HFPhXO nk

t3m thbly trong c¢c8c mXu nghi®°n c¢c_u. | ng:
m t sfn phXm c,a qu8§ tr3nh chuyWn h-a p
L- th" nh URA. Do L-, HPX th€ mNRAc: mgrey
kh, e [M®8nhM t s° nghi°n ¢c. u t<€hng t L «
hoHc ph8&8t hi n thbly B®RI8)de i gi.i hUn p

3.BEN TEMNHN -CC CARBONY THI BUWG MLD1/r@O n
XECC NH IPROFLOXACI N

MIL-101/ r GO/ GCE L€ ¢c | a ch n trong ngh
p h, mnh-106lavMiLt2nh dX%Xn Li n cao c_ a
truyQn Li n t° v° c¢cli thi ' n t2n hi u Li
chblt c¢-phcChhu ttr hc€hng L i ph_c tHpb " mwh phe

trong c8c chJ phXm do@positdplhIXorl / rD®O LL: € o ds
L'W biJjn t2nh Li n ¢, ¢ GCE nh238V.x8c L nh
3. 4KHb. s &t @ “ktidtnh'gicilp hhon t 2 ch CPR
3.4.1.1. Lxa chXZn Li Mn c¢cxc bi An t2nh

H3nh 3.35a c¢c8§c L€ ng CV c¢c,a CPR thu U
dung d ch L' m BR 0,1 M (pH 4,0). T49i Li
oxy h-a yJju v° kh'ng r» r“"ng, cho t hbly
L€ ¢ bi3xmg tMOnlh, br GO hoHc vdaLOLiTtr GO¢ o mEo !
d. ng L"nh oxy h-a ttng | °n L&8ng kW, phT
v L, d%n Li' ' n L€ c¢c cl[i thi n.
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I/ m

180 +
w] T ggE khong c6 CPR @) 144 (b)
140 GO 12 4
=GO
Sl [p— ;/m_-101 10 4
100 4 MIL-101/rGO(10)
80 MIL-101/rGO(5) £ 8-
—— MIL-101/rGO(3,3) =
609 —— MIL-101/rGO(2,5) Y
40 4 — MIL-101/rGO(2)
20 4 41
Q = 2
-zo-r—'
T T T T T T T T T 1 0-
00 02 04 06 08 10 12 14 16 18 © ‘GO A A o) 3 %) @)
E/V \:\“& x;&\‘:;\iii;\‘linggx\‘i\i%ﬂ‘Go
Hinh 3.35.(a) C § c€& nfj CV ¢ aCcpr= 15 uMghi trénc § ¢ n d’cikhac nhau, (b)
Sosanh€n g, di, ngh Lt @yqar § ¢ ndci(n=23).
NKTHEag 0 V L AR0IVEY¥8=V1. 00 QGesxsv5sng/ ph ¥t ,
ng€ng ch¥% T, el81&rGAGCEcnh oc  tc2 yil-hld ~ aa @ xh hn
so v, -iOMI GCE hoHc r GO/ GCE, c¢ch_ng t, hi’
mHt | . n v" kh[ ni;b wnbip lph,  d¥naliM i v€

s ¢8c th™ nh pHMAN rkGO(d ,s39t/ ,GCNEl lc ho d Hipg
| Yi  tv thceir 4T £0,16 (LA), RSD =1,1% (n=@inh3.Bb) , do L -
c.c bifn t2hh/ bGAE3 M3)L ( s aluw W/CSyG &) Lke  cu
cho c¢c8c nghi°®n ¢, u tilJlp theo.
341. 2. ¢ nh h_eng cva pH

Th2 nghi m [nh h€ ng c¢c,a pH dung d’ ch
r€e ¢ khl[o s8§8t trong khol[ng pH t_. 2,0 L]
3.36a). C€ ng L, d,ng L" nh oxlyechld BB+t £ ng
0,14 (uA), RSD=1,0%(n=3%3au L- gi[m dfn ° <c8c gi § t
cho thbly trdng ths8i proton h-a c, a CPR
c.c¢c ¢- [nh h€ ng L8&8ng kW LJn t2n hi u L
ki n th2ch h’  ptichp t®Beoth?2 nghi m

H3®nh 3.36¢c thW hi n m i quaBc_ha CRRK Jn
pH. ThJl L " nh oxy h-a chuyWn sang gi 8§ tr
ng kh proton trong qu8 tr®nh oxy. h-a

Ph€ehng iguyBinWuhdi _ n quan h  t uyHWprCPRtAun h ¢

L' nh€ sau:
Epcrr=(1,4790 = 0,0241) +0,0663 * O,OO41)pH;?2: 0,9778 (3.36)

n, d ¢ ¢ a CPR khfng-0,0663V/pH xhHb X gia tr Nernst ly thuy}| = 7 0, 05"
VIpH,cho t hbly qu8 tr3nh oxy ho8-10d//GO/GCPR t r
c- s el echiumgmmu.v™ proton
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I/ mA

300

250

200 4

150 4

100 4

50 4

-50

Hinh 3.36.( a )
0)St hailptlheo

T T T T T T T T 1
00 02 04 06 08 10 12 14 16 18

E/V

1.4+

1.34

1.04

0.9 1

L] L] L] L] L] L] L] L]
2 3 4 5 6 7 8 9
pH

M (pH 2,01 9,0).

3413. ¢ nh h_eng cva tXc Li qu®t
nW hi Wu r» hhn vQ ch c¢ch/1@1/ nG@/ GCE,

(b)

‘Cr €V cla€crr= 15 pMghi trénMIL -101/rGO/GCE theo pH,
p Hh biW di ) quam h tuy/h tinh ¢ aEptheo pH (n = 3).
NKTHEag O V L AR0IVEY8=V1. 00 QGesvS5sdghpgh#iich

L Mm

h€ ng c¢c.,a t ¢ L, qu®t L/Jn t2n hi u Li n
(Hnh3.37)H3nh 3.37a tr3nh b’ ghitén SILL0UL@/QCE CV
v, i t cvl t hau®tl” ('L An O, edh50/ Mshsbly qu 8§ tr -
CPR | " bblt [1T8hudn ngh  ch

C€ ng L, d,ng L°nh oxy h-a ttng tuy/]]
(H®nh 3.37b), cho thbly qug8 tr3nh oxy h-
tan[194. Tuy nhi °n, L€ ng h i quy tuy/n t2r
tr3nh Li n h-a ¢c,n ch u [nh h€ ng ¢, a s
tr3nh oxy h-a CPR L€ ¢ chi ph i LYng th

lp.cpr= (-0,7720 + 0,4714) + (26,1546 + 1,03¢4) R2=0,9892  (3.37)
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Ph€hng tr3nh h¥i quy tuy/Jn t2nh gi_ a
t" " c L, gqu®t nh€e sau (H3nh 3.37¢c)::
Epcrr= (1,1274 + 0,0024) + (0,0321 + 0,008} R2=0,9895  (3.38)

200 A

m— (),05 Vs @
s 0,07 Vst
-1
150 4 0,10 Vs
e 0,15 V571
s (), 20 V571
100 4 0,25 Vst
£ 0,30 Vs
- e 0,35 V571
50 - m— 0,40 Vs
0 -
_50 L] L] L] L] L] L] L] L] 1
00 02 04 06 08 10 12 14 16 18
E/V
1.11 -
16 4 « ©® (©
1.10 1 "
144 v 1.09 -
124 1.08 -
S > 1074 "
=101 i =
1.06 -
8 -
1.05 -
|}
6 A 1.04 4
4 T T T T T 1 103 T
0.2 0.3 0.4 0.5 0.6 0.7 T T T T T 1
-3.0 2.5 2.0 15 -1.0 0.5

Vll2

Hinh3.37.( a) Criy€V ¢a€cpr= 15 pMghi trénMIL -101/rGO/GCE vit ¢
L quétt hai( Y thmiWdnquanhtuy/htinhca @@, di, n'ghyl
c L et hhigcafc  uétva (cuan h tuy/h tinh ¢ a th]L'nh oxy hoa vi logarit
t nhiéntc , Huét(n = 3).
NKTNag EO V LAn HUVE¥V:E €. 60 Qu9551pH # 400 Yt |

n"i v. i hbbtthiudm ,B¢d ch L nh nghoa b" |
Laviron[180], h° s~ trWQy @nre lti ‘gn [t2cmMmh( bung O,
c8§o tr[@5c TOyLl, dEmktheqing 172 Cthli'csa el ectr

Inv

L™ i (n) L€ 709x X In/hn Igi ©,tr° n & 1, 6.
nh€agt qul n"y h p IT cho thbly s tham ¢
KJt h° p v.i kh[o s8&8t [nh h€ ng c_,a p

Li n h-a c¢c,a CPR tr°n Li n c¢c. ¢ biJln t2n
electroni hai proton, phih-ha pCRRIi L «<hl€hd W&o
[196. Ch chJ] oxy h-a LQ xubBHnh8®a CPR L€ c
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+2H* + 2e”

Hinh 3.38.Ch Jljoxy hbaca CPR "t a c’MiL-1D1irGO/GCE.
3414 . Khd o s § tvonarBpehod thnanodexusgXi phan
C8&§c thing s’ vdn DPAB\WD acq ag’ pnh ‘@hhEgy, Ip hm ¢

th™ i gialg |  Mmi §npPE ., ¢ X ulbtBe)¢ L@ Jc (nghi °n
ac nh h_e€ng cva thA | "m gi " u
Hinh3.®cho thbly khiOtW/JLIJim+gD;, 8 ¥y)thIJ
khtng thay L i nhiQu VvV lpciRSD xuyuah€€nggt &

n"y chEakhhblg [nh h€ ng nhi Qu LJn ph([n

MIL- 101/ r GO/ GClamgiallh in thhh/hlpe, 8, PR, gi ' m L 8§
+ 1,0 V gi FAOBY)Khi€e=Vv0iV, c€ ntpcrd=8,35d, ng
+0,07 (MA),RSD=®% (n = 3) c¢c- t2nvhnRS&DdnGmg MnhoI
t BEacex O V L€ ¢ | a ch n |7 LiQu ki n th?

50 10 -

(b)

40 4

30 1

20 g
10 4

0

(FAY

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 0.0 0.2 0.4 0.6 0.8 1.0
E/V =AY,

Hinh 3.39. C § ¢ n§ BP-ASV ¢ aCcpr= 15 pMghi trénMIL -101/rGO/GCE va
(St hdy ~6€ d. n’ghOPR theo thlam giau (n = 3).

NKTNic=E V LAnte= B, G 008¢WHsep=0,008Vy = 1.000 v, ng
trest= 5 S.
b nh h_eng cva thyi gian | " m gi " u
Hinh340c ho t hhbly gkihain | " @ @ii/foy6 tlg n‘@ygt Lt h3

d, nghlt tng ledrané, 01 N 0,20 (OA), IpRB&D =
8,01 N 0,12 (OAN, | BgidyWm 31 , @ hay chigit rag

| “@gctdl p h OnN clah gdu trdh@nkb " hdc t £ n g igiam eo JJit h
s gi a ttoghhoaduyhntién, kikeev@ qug &n g idégdgn c€
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n h <t trihg thai bdo hoa va khong cos h a iy

tifp t ¢ kéo dai thi
dolQOmHb "ridec
lam giau khéng mandlil’ iichrd rtmachl -

50 4

40

304

I/ mA

204

10 A

L 8\ @

k -

. nggim khie

gi an Jhlogiag Hif U ngiay co thl & gili thich
'fe 1 h € b kcbH phan ich,\nén vi kéo dai thi gian

T T
0.6 0.8

T T T T
1.0 1.2 1.4 1.6
E/V

1
1.8

10 -+

m

0

2

4

6
tace /'S

t Lgrag phantich.

(b)

8 10

Hinh 3.40.C § ¢” ng BRRASV ¢ aCcpr= 15 uMghi trénMIL -101/rGO/GCE va
(St hdy "~ &€ d. n'ghOPR thedh igian lam giau (n = 3).

PEO8 ¥ Usiep= 0,008 Vtrest=5 s.

gi ©y

Ye6 RSD @hynhHl. Do

| ~ m’og iatchn 4 Q giiti@ich Alp€ho qué trinh phan

N KT Mace=0V, tacc=0110 5
Tin hi ulpc a CPR ¥ th i gian |am giaw?ag 4
6 gidy(Ip.crre 7,99 + 0,08 (HA), RSD = 1,190 = 3)t U i

L. i tdi an

tich CPR Ba g
giatr caovd n ‘nh, v arat ngh th i gian phan tich, tL -
kh[thica ph€ehng phg8p.
c° nh h_eng cva bi°n Li
80 10 -
(@)
70 ..
60
E 50 4 g 6 -
- 40 =

30 +

20

10 4

T
0.2 0.4

T T
0.6 0.8

1.0 1.2 14 1.6
LE/V

1
1.8

0.07

0.08

Xung

p h €h DRYAS. itgigian nay va [T bfo tin hiu

t @Hmigian’ €hn ¢

d.,t%hg L

n ©n'gqu\atnhh i

0.09 0.10

LE/V

0.11 0.12

Hinh 3.41. (a)C § ¢’ ngDE-ASV ¢ aCcpr= 15 pMghi trénMIL -101/rGO/GCE va
MSthdy " 6€ di, nghOPRt h e o , lungd(m=3)

NKT Baee=0V, tacc=45
Hinh 341c h o

L'nhlpg a

CPR

t £ng Inck=adBh+ 0,08 (us), RSP = 0,6% (n = 8

98

(pEO?' @,12 \ Ustep= 0,008 V¥
t bbly xkihig tOt ®F@ho/a1Vt h 3 n g @bng

1.
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@E= 0,11 VlIa giatr I,]. n nliva RSD nh nhHIL ‘& ghinkth. KhigpH n h hn 0, 1
V thilpcprcO gim din va RSDI, n. Vivdy gidatr qE= 0, 1 1Q K nthichhp i
cho c¢c8c nghi°n c¢c.u tiJJp theo.

d¢c nh h_eng cva b_ac thA

70 1 10

(a) (b)
60 )
0,006 V g
= 0,007 V
50 1 0,008 V
0,009 V 64
£

40 m— (0,010 V E
30 - -

20 A

10 4

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
E/V

0.006 0.007 0.008 0.009 0.010
Ustep 1A%

Hinh 3.42. (a)C § ¢’ ng BP-ASV ¢, aCcpr= 15 pMghi trénMIL -101/rGO/GCE va
(b)St hdy " 8¢ d. n'gh OPRtheob & th](n = 3).

N KT Nae= BV, taie= 4 50,11 HEep=0,0060,010Vy = 1. 00 Otes¥5s0g/ ph'!

H3 nh 3. 42 U:dtot ntGh,b0y0 G h\0 , L0 1° nvg, dth hgle €
lot £ nfig,v d  glbcBe 9,04 0,12 (WA), RSD =1,3% (n = 8) Wiwepla 0,01 V
| © 1. n nhblt Usp=0RISMD @nchpc md® nc §c nghi °n ¢

Qua nghi°n c¢c. u kh{A®Vs &t , de¢ &g tthimgcs'c
101/rGO/GCEL W x 8¢ [IBohLIiCBR ki n th2 nghi m |
3.10 L€ ¢ | . a ch " n chea€cédg tghil*mhc oxyt
CPR LYt gi & tr I _.n v™ L, “n L nh t t.
Blng 3.10.M, ts théng § thichhp WK § cnh@PRblag p h€hnegASyY h §p

s d n g nlcic MIL-10/rGO/GCE.
STT C8c tht? Gi 8 ti nhn v Ghi chu

Dung d
1 pH 4,0 :
BRO,1 M
2 Eacc 0 \
3 tacc 4 S
rpm
4 ¥ 1.000
(vong/phut)

5 E 0,11 Y
6 Ustep 0,01 Y
7 Erange T. 0 L f_l \
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3415 nh h_ecealgmtcvad n tr ¢

T2nh ch n | ¢c ¢,a clm bi/Jn L€ ¢ LQ x
hi " n di n c_,a c8c ion v! ch :v'c8&cC pi ocrhbit?
khl[ ntng [nh h€ ng L Jkn§cquh§ pt rcdhnbht thr, uuy Qnk
L€ ng Vv~ -glpcose yaotdse,®Br bi tol) c¢- thw goy cVY
chblt ¢ hoUt t2nh Li ' n h-a nh€ ascorbic
ving thJ v gO©y ch ™ Wgg al2 n (hkil" thiv,K iSGRCIPR.
(C3), AI(NO3)3 (C4), Mga(CsHs07)2 (C5), NHiCI (C6), citric acid (C7), saccharine

(C8), D-sorbitol (C9), ascorbic acid (C10);dpl ucose (C11) v~ | act
L€ ¢ xemnh” hig8®mg kW khi | "m L, | ch t€r
ve t duB&18H % k JJt qgu [ htwhthliin gf8h/a Hirlh 3.43

o] ) g q (@ S _ ()

Co/Ccpr

C,/CcpR=75
=75
C,/Cepr=100

n
N
Lsl
@
o
o
Q
o
1

® 4 C/Ccpr
Hc,/Cepr=125

=
o

4 5 6 7 9 1 12
ChbBit ¢lfn tr° ChbBlt clfn tr"
Hinh 3.43.Sais t €h nigRE%) doln h "mg@hjugcacacchi v chu ( a)
ch Wdagt 'tn' n g, kbac nhau.
Nh€ thW hi n trong H3nh 3. 43[nhth Fue€ hng
§ng kW, ngay ¢l khi n"ng L, c¢.a ch¥%ng
"y ch._ ng minh r?2ng c¢cIm bi/Jjn LQ xublt c-
ao, ph% h p cho vi ¢ x8c L  nh CPR tron
. 4n®nh gi 8§ pheknSygy mm§p DR /pi t2nh MIL
01/ r GO/ GCE
.4.2.1. Khodng tuyAn t2nh, giai hun ph
nW L8nh gi 8 kh[ nktng -101§GOIGCE gho phépa L i
§c L  nh CPRPPAVEx pghedg Lbdh, ¢ hi n v, i c
c.a CPR 0,25 Lflno@adg, 88 p@ick®ih?Ilcil «h'LEL’ ¢
h[[a s§8t
H3nh 3.44a cho thbBly ¢€ ng L, d,ng L

5

N
w

W Kk WO o r=

X

=~

Qo

n ng L, c.a ch¥ng. Ha i kholng tuigfn t 2
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UMva9,4i24, 39 OM (H3nh 3.44Db); gi.i h4n pt
(36,5 ppb) x®t troni@,kWoMnivg mging thUnt LB
|~ 0,36 OM (119,3 ppb). C8&8c ph€ehng tr 3
nh€ sau:

Trong khi®Blnuy: 0, 25

locpe (0, 7790 N 0, 022G)prR¥= (00,,979198@P) N O,

Trong khi24d3®gM:9, 41

locpe (3, 3566 N 0, 07 4GcprR¥= (00,,949293240) N O ,

50 1 (b)

45 4

40 4
m 025-941 Wh

35 4 ® 9,41-24,39 MKh

30

I/ m

25 -

20 4

154

10 1

5 T T T T T T 0 T T T T T 1
0.6 0.8 10 12 1.4 16 0 5 10 15 20 25

E/V c/mM

Hinh3.44.( a) Crigg®PRAS®ghitréenMIL-1 01/ r GO/ GECEi bW ( b)

di nquanhtuy/ntinhgia d  ‘mhgxyhéavam g APR (n=3).

Hai [tkhdhuy2nh dquaoWs&bn @ a fha hpcha
phO©CPtR tQmkbrdvhil ic o mp o €liOtld yf BIBIn"q gntltly, CPR
t €hngthth§ioQmo M ic t ht!ndg/l gpnax st €hrigg.ia §h
v.ng thhm gQ@QniHnXd dna& wGOp iciBe/Vv hydr & hoc
t €hng "it 8tr 2mHyc 8¢ nchid@OH@=QAQNH) acCPR w®8c
t ©md hmkg t r ong -1kOhiu.n gC &l Lt €h n§g. & 28cchint [yu t h !
ca CPROmH° R jid,lWph t2un dhimly ©tng nhant. K
CPR ttmg §ctecrviit g tQmHnfnddtb« o Thn g it Mk G i
s hgp pthapl vihctranb8gimhRON [t " mgqud& trWnh c
el ectronundnmhkyPapi Mio slg - cahcKrhgp /Jhuy2fmh gi
mb d% muady ht %nhlceduy t r[d g nmoatago .k h o

LODcpr=0,110M v~ kholng tuy/JnDRASYhE8c_ B mplh
CPR L€ ¢ LQ xublt so s&nht vWihicgrc ,chghli if g
thgly, i hUn phgt hi m€hmentghnghiv ni cmut |
ctng b, ¢- thw L€ ¢ gi i t1812 cch- bdii’ nhit 2
v’ rGO c¢c- L, dxnmdglin nt 2dcdbip,v@dhintMetsc L Xy g
truyQn teHtrerc.t r on
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Blng 3.11. So sanh B qu[ phan tich CPR® g p h €h n gAS\pdghidrén MD-P
101/rGO/GCE vicacnghitncu kh&8c L« c¢clng b

K: Chblt MXu _ KhoT lr
STT ni " n ¢, ¢ thuc phan d. ng tuyl](M) TLTK
Lo tich phantich tinh(uM) M
N €c may
) A
CBIPLA (3D- i cPr D" 10125 03 [140]
printed sensor) tiw t ng
hp
MM ¢
Poly phX¥n va .
. WV PR 1i 2 141
[MN(ChIiCl/PGE c mu e 1200 0.5 [141]
W
MXi o< 31248
AgNPsCB- ‘
3 %:h/GSc(::E SWV CPR twtng 369 048 [127]
hp 130,3
GaTCPP(N#) MMy €
DPV PR 200i 1. 118  [12
Nafion/SPCE c phXn 00°1.000 8 [128]
MM o<
5. MWCNT/GCE CA  cPrR  "WMVa& 51000 6  [142]
huy/}
thanh
MY e
6. CNssiGCE DPv  cPr  2M o550 015 [143]
phXn
de
{[Co(HL)(bix)]-H )
7 DPV  CPR MM ¢ 220 0135 [144
,O}/GCE et 4 [144]
{[Co(HL)(bimb)- .
. DPV PR M <« 114 2 44
8. Ol JOCE C X i 0,082 [144]
0,25
i ! Nghié
MIL - OP- _,, Dec 941 .1 S :Jen
101/fGO/GCE  ASV ohxn 941 ! N
24.39. y
3422 ni 11p lvi, Li t&i I1p, Li ¥Yn LM0nh
n, | Hp 14i c¢c.a Li°n ¢ ¢ biJn t-ASVh L€

Qo

r€e ¢ Ls&§nh gi &8 tYi c¢c&c n"ng L, CPR khsgc
hi uADW L€ ¢ ghi nhdn qua 10 ph®p Lo i
(RSD) Ltognte¢hhso s&nh v, i ®#RSD)N KJ/gi §u
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cho thbly c8&8c gi § tr° RSD OhuRfEBck HQut nl
bi Jn c¢c- L, | Hp[1934988] t "t (H3nh 3. 45a)
10 - 5.0 -

@ 4.8 1 ®

@ 1/2 RSD Horwitz

E@rso c. a | 4i \/l T ey
4.2 '_{Ei:i/;\l —i‘i

RSD %

1 2 3 4 5 6 71 8 9 10
1 25 > 10 25 LFn Lo (L, t8&i | Hp) hoHnu
C/nmv
Hinh3.45.( a) I'chchof t €h({RED) ¢ac e g, d, n'ghoxyghitrén
MIL-101/rGO/GCE cacnn g, APR kéac nhayn = 10) so sanh vi %2RSD4 va
( b) taifkp,L, "'n nhca HdecMIL-101/ r GO/ GCIE§E ’he gi § t h
c™@ g, dl, n'ghvyli Ccpr=5 uM (n = 10).
n. t8i | Hp cl@&Gl/liGa/ GCE BMeiLc cB8&nlp h@®ip§
ASVthongqual 0 | Fn bi Jn t 2 ntronglcang’n Qu, &kdk m§c L n
t hu Lrrre4,29%0,160A, t€hng ~ng Vv, ingdpSD G3 §3 ,t

RSD t hblgh@@eg5%) nh kh[ ntng t8&gi | Hp t 1t
3.45b) [191,192]
n "n L nh c_,a c[m bi/Jn L€ ¢ khl[o s§&t

blfo quln trong 0dMeld4a  crhhit°Gm " IBRo I1MHi tr
ngayl i ° nKAt Joul cho t hbly dPRIgUtErr=18,25+0,14u n g

OA v, i RSDOn ==318)% nh, hhn RPD=i7,4%imh c h bl
345p)Sau 10 ng”"y blo quln, c¢cIm bil/Jn vXn d
Lfu, L ng th i gi 8§ tr° RSD c. a &€nmg hlec
th i[5 aB°n cUnh L -, Ikt theSo ntgh’bii Jaoi amil°

thtng qua h”i quy tuyJ/ln t2nh gi_ atgi §
ng y), pHd&mygga+tir 4,363 00199, h  bLIi@PL98 i Wu
th m ¢ thay L i t2n hi u theo th i gi a
ti/jn h nh ISitWdelh'tal¢ St udeho pls'pxG22(t-test, i q u
df=8)>0,05[153,197,198] i Qu n"y cho thbly khtng t~ n
hi  u thed&8¢ hgi §gimn RSD thblp c¥%ng v, i k
thbly Li n ¢ -E0b/iJ@Oteénhl MI'Ln L  nh t t v
tin cdy.
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3.3Pheon t2ch CeR¥Yhrong de€

Khl[ nkng _ ng d_ nglit hn ch10&G&GCE hcgtm tbriil)
L€ ¢ L&8nh gi § thing qua phonM%Xd ch€c&cphr
L€ ¢ thu thdp LW phon tR2X\W LIOP Rx bbkddgt hih €
TiJJn h nh x8c L nh L., thu, hZa ®Ln@P R hceh
105M L€ ¢ th°m v o ba mXu d€ ¢ phim kb §c
L'i " nVdi=a20 mL, t<€hng _ nkgJtt hdfwl cxh&cXnl 1n
CPR trond€08 @ikaymt hbly gi § t 1104t hruw '@ cL
hi n t4i Bl[ng 3.12, ho" n [188]cr oc lpBi@®pn i dn
LJn 110% tY9 n"ng L, t. 100 ppb L/Jn 10 |
MIL-101/ r GO/ GCE ¢ - L, tin cdy cao v’° ph&
d€ ¢ péhng. tmd i

Blng 312. KJ} qul phan tichCPR trong caendud ‘& pidn t h €HbReg m

p h €h n gDP#A&Vgi trénMIL -101/rGO/GCE.

o

N” n Nong “n L. n t H'm | €
9 them g =0
M>Xu CPR £ SD chuX thbly N h i CPRzSD
(HM)*, n =3 . M), n=3 (%) (mg)**
(HM)

Vién nén 1
( H” mnglghi 1,438 £

. 1,0 2,409+0,030 97,1 479,3+ 3,0
nhan: 500 mg 0,018
CPR/ I n
Vién nén 2
( H” mnglghi 1,566 +

. 1,0 2,612 +0,016 104,7 512179
nhan: 500 mg 0,028
CPR/ U n
B t pha dung
dc hwilng

. _ 1,485 +
( H” mnglghi 0.017 1,0 2,444 £ 0,026 95,9 245,6 + 3,9
nhén: 250 mg ’
CPR/ I n
SD: Li | Mch c¢chux nn=3)%n Bn g hlRip QPRR IL_pt d uti?

ph®p Lo **h™Mm Ih-iang CPR L_1 ¢ t2nh to8n cl
ph__ ngDPABM.p 1 ¢c tpPhh_ nhgeor3nh 2

T. BllBmg/jB.chblp nhdn gi &8 tr 500gngkhisbr °n
s§nhgqk[JJtph©n t2ch CPR trong mXuASIW w. iph
kh” i 1€ ng ghi tr°n nh«n ta ssampletneg tkoi, W
k/JJt qul thwWwW3hi n ° B[l[ng 3.
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B[ng313.S0o s §nhnd  @P Rnax §&ve L h ° my ghi rdan Bog
kivsh “rh t Student mt mu.

Ham . T I
@ H"m | € e
n
M 9 CPR+SD t(2) pvalue Ghicha ¢
ghi gi § t
« (mg),n=3 «
nhan nhan (%)

Vién nén 1 500mg 479,3+3,0 -11,95 0,007 p<0,05 959

Vién nén 2 500mg 512,1+7,9 2,65 0,12 p> 0,05 102,4

B t pha dung
dc hwilng

KJt qul tr3nhl3bhy thBipwghBmng€3ng CPR
mXu d€ ¢ phXm c¢c- m ¢ L, sai kh8c kh8c
vi°n n®n 2 (512,1 N 7,9 mg) Vv~ mXupb, t
|l fn 1€t |~ 0,12 v~ 0,19 (> 0,05),- ch_r
ASV khtng c¢c- s, kh8c himtl € ni gbhoahth
Ng€ cviehrédrillg " m 146 ;ng3 N 3,0 mg), ki Wm L
ho kfit2)quwl[p=110,,90%;7 (< 0, 05), cho t hbly
° so Vv.i gi 8 t¢gipbhs nham | ¥ B@§.0Ogymg n't
hi°n, vQ mHt th, c ti_n, h™ m | €108%sox § c
i gi & tr° ghi nh«n, phi¥%°hn @ hwXin gih bit
hXm hi " n h”nh tr o[tbg. DB cl -L,i WnaiVikHh§daqn
hlT ntng phl[n 8&nh biJn thi°n h"m | € ng
ai s h th ng c,a ph€ehng ph8p phon t?2
tng 8p d,ng c.a ph€ehng ph8p LQ xublt L~

250mg 2456+3,9 119 0,19 p> 0,05 98,2

>S5S w X T < - X O
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KeT LUxN

Ludn &8n tdp trung nghllOh ¢ ucfcngdh’ pi

tr°n cHOls L'™Mhg th® i khai th8&c LHc t2nh
naynh3gmh §t tri Wn c8c cIm bi/m§&dih hp botgHlt |
trongenXwii W& ¢ phXm. Tr°n ch s° L., Li

t2nh bAflgav Mk LLIri° nuMLH 0sl’ L« L€ ¢ chJ tUYo I
h® p k. hbbh&hg ph©lemagpep hGHc kJJt qul nghi°n
c8c kgh2hbdon, a Il udn 8n nh€e sau:

1. VQ t(U'Hccg thrng -10ldt Ici§cu vMit L | ¥10lu t r °

Ludn §n L« t " ng h’ plah mdng !mgelvrdg dHh
trong 8 gi , thu L€ ¢ vdt |li u c- <cblu t
LQu v~ di n t2cHhlsh @ midt. gr iT°.-a gTir]°tht §céh vsd
composite AGNPs/MIE101vaMIL1 01/ r GO L€ ¢ chJ t Yo b n;
t " ng h  p; trong L- c¢c8c hUtl0oAgNPs vpht©nl it
101/ r GO thW hi n s, tehhgph§o. ht0dwa ul
composite t mg imi phlLEJsgch&§c ph®p Lo L Hu
XRD, Raman, SEM, TEM, UWis DRS, BET, EDXMapping, XPS.

2. ng d,_ ngbiLinMLA0A/BCELWSEc L nh UR3ngv"
ph€hng pm@&gEp von

ni " n ¢, c¢c carbon th, ylotli ithe’ ki Jsn td2 mig

Qo Q

L " ng th i URA v° THRSWUNng hph€mrby ph§p tB
t2nh t°t gi_._a ¢c€ ng L, d,ng L°nh v™ n"n
t2nh | fn20€lgni 1,69 OM v~ t_. 1,69 L/Jn 4,
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HPXb Josng phe€hnagpeph8p von

Ph€hng ph&8p phoemS\VY 2x&c LI~ mh hiz"an PPt h™ |
L€ ¢ th ¢ hi' n tr°n Li n cl@1GCEhd®n Jnhl
t €hng quan tuyJn t2nh t°t gi_.a c¢c€ ng L,
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Ph | c2.idnh “hg@amts chilclntr LUh "o@®, d, nghcla

URA va THE.
1. NH4CI
Cnracl/Cura (:&) I(?(ySO ;:) (|?/0E) Cnracl//Crre (:li) T‘VSO I)D (E;)E)
0 12,10 | 28 0,0 0 9,46 3,0 0,0
20 1191 1,0 -1,5 20 9,45 13 -0,2
40 1192 | 14 -15 40 9,43 2,6 -0,3
60 11,89 | 14 -1,7 60 9,43 0,3 -0,3
80 11,83 | 15 -2,2 80 9,41 2,1 -0,6
100 1192 | 14 -14 100 9,46 3.3 -0,1
2. NHsNO3
Cnranos/Cura (Lllz) I?(ySO ;D (I;)E) Cnranos/CrHe (Llli) I?O/SO )D (F;)E)
0 11,90 0,8 0,0 0 9,46 33 0,0
20 11,78 13 -11 20 9,49 1,0 04
40 11,88 | 0,8 -0,2 40 9,34 2,3 -13
60 11,82 | 0,9 -0,7 60 9,37 1,4 -1,0
80 11,71 18 -1,6 80 9,38 0,5 -0,9
100 11,56 | 18 -29 100 9,31 4,3 -1,6
3. NaCl
Cnacl/Cura (llli\) I(QO/SO ;D (I;)E) Cnac/CtHE (:12\) ?0/80 ;D (FO\)/OE)
0 1156 | 2,1 0,0 0 9,28 2,2 0,0
20 11,55 2,0 -0,1 20 9,33 05 0,5
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40 1146 | 16 -0,9 40 9,31 24 04
60 1146 | 01 -0,9 60 9,40 16 1,2
80 11,46 | 1,0 -0,8 80 9,37 19 0,9
100 11,50 | 2.2 -05 100 9,40 1,2 13
4. NaeSOy
Cna2s04Cura (lﬁ\) I(?(ySO ;:) (|?/0E) C Na2sodCrHE (:li) Tcyso I):) (;E)
0 11,31 0,7 0,0 0 9,22 0,3 0,0
20 11,19 | 3,0 -1,0 20 9,36 24 16
40 11,23 19 -0,6 40 9,34 3,1 1,3
60 11,25| 16 -05 60 9,32 1,3 11
80 11,24 15 -0,6 80 9,43 3,9 2,2
100 11,04 | 49 -24 100 9,39 2,9 18
5. KCI
Ciotomn | iy | oo | o | Sy | e | 0
0 11,28 04 0,0 0 9,26 4,0 0,0
20 11,35 16 0,7 20 9,14 2,2 -1,3
40 11,30 | 38 0,2 40 9,18 2,1 -0,9
60 11,35| 2,1 0,7 60 9,16 15 -1,1
80 11,34 11 0,6 80 9,09 33 -1,8
100 11,34 | 04 0,5 100 8,81 3,1 -4.9
6. Ca(H:POs)>
C Ip RSD | RE C Ip RSD | RE
caH2pondCura | (MA) | (%) | (%) | carzroadCrve | (MA) | (%) | (%)
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0 11,35| 1,6 | 0,0 0 911 | 15 | 0,0
20 11,19 | 0,7 | -1,4 20 9,13 | 11 | 03

40 11,14 | 2,2 | -19 40 9,30 | 27 | 22

60 11,05 | 4,7 | -27 60 930 | 24 | 21

80 11,06 | 0,7 | -2,6 80 943 | 22 | 36
100 10,99 | 1,6 | -3,2 100 951 | 1,1 | 4,4

7. D-Glucose

CaCims |y | oy | 09 | SO | Gy | 00 | 00
0 11,12 2,4 | 0,0 0 9,13 | 21 | 0,0

20 11,10 | 0,8 | -0,2 20 9,13 | 05 | -01

40 10,99 | 0,9 | -1.2 40 9,00 | 15 | -1,5

60 11,01 | 0,7 | -1,0 60 9,00 | 6,0 | -1,5

80 10,95| 0,8 | -16 80 8,95 | 08 | -2,0
100 10,83 | 1,0 | -27 100 8,88 | 20 | -2,8

8. Urea

Curea/Cura ([IJFZ\) I?O/So ;:) (I;)E) Curea/ CTHE (‘Ibpa\) F(QO/SO )D (Fs/OE)
0 10,72 01 | 0,0 0 8,96 | 13 | 0,0

20 10,58 | 3,5 | -1,3 20 8,97 | 0,7 | 041

40 10,49 | 43 | -2.1 40 885 | 08 | -1,2

60 10,50 | 12 | -2,0 60 8,69 | 02 | -31

80 10,50 | 0,7 | -2,0 80 8,65 | 1,2 | -35
100 10,28 | 06 | -4,0 100 857 | 06 | -44
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9. L-glutamic acid

CoL1/Cura (l/lli\) Toz ;:) (?/OE) CoLt/CrHE (:li) ?cyso I)D (FO;)E)
0 10,84 | 09 0,0 0 9,09 | 12 0,0

20 10,76 | 45 -0,7 20 8,95 2,6 -1,5

40 10,75| 0,9 | -08 40 895 | 16 | -15

60 10,74| 2,0 | -09 60 887 | 00 | -24

80 10,73| 0,1 -1,0 80 8,82 1,8 -3,0
100 10,73| 01 -1,0 100 8,81 11 -3,0

10.Ascorbicacid

Cusdoms | iy |y | o) | ST | gy | o) | o6
0 10,62 | 4,3 0,0 0 8,82 | 4,7 0,0

10 10,52 | 19 -0,9 10 8,84 1,8 0,2

40 10,61 | 23 -0,1 40 8,82 4.6 0,0

60 10,66 | 09 04 60 8,87 1,0 0,6

80 10,69 | 3,0 0,7 80 8,76 19 -0,7
100 10,86 | 0,6 23 100 8,60 2,3 -2,4

11. L-cysteine

Ccvs/Cura (||12\) I(QO/SO ;D (FO\)/OE) Cevs/CrHE ([IJF;\) T()/S() ;D (FO\)/OE)
0 10,82 | 0,6 0,0 0 8,58 21 0,0

20 10,46 | 0,3 -3,3 20 8,59 2,2 0,1

40 1041 | 15 -3,8 40 8,44 2,6 -1,6

60 10,37 | 1,2 -4,1 60 8,29 21 -3,3
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80 10,40 | 0,2 -3,9 80 8,20 3,7 -4,4
100 10,32 | 2.2 -4.6 100 8,29 0,2 -3,3
12. Sodium benzoate

Coodlcomn | iy | ey | o) | SO | iy | o) | o6
0 10,55 | 0,3 0,0 0 8,33 0,7 0,0

20 9,61 31 -8,9 20 8,38 0,5 0,6

40 9,52 3.6 -9,7 40 8,39 3,0 0,7

60 9,62 2,3 -8,8 60 8,42 1,9 1,0

80 8,61 2.8 -8,9 80 8,42 29 11
100 9,34 0,2 | -115 100 8,51 2,2 2,1
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Ph, IK/Jkt

3q.u [

phon

t2ch ph€ehng sai

theophylline trong 7 ngay

ly2@FY {Ay3fS cI Oi

SUMMARY
Groups Count Sum  Average Variance
Column 1 3 0.02182 0.007273 4.23E09
Column 2 3 0.02119 0.007063 2.03E07
Column 3 3 0.02175 0.00725 3E08
Column 4 3 0.02111 0.007037 1.83E07
Column 5 3 0.0212 0.007067 2.33E10
Column 6 3 0.02123 0.007077 2.7E08
Column 7 3 0.02027 0.006757 2.63E09
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 5.19E07 6 8.65E08 1.346256 0.30138 2.847726
Within Groups 8.99E07 14 6.42E08
Total 1.42E06 20

ly2@1LY {Ay3aftS CIFOG2NI 07n
SUMMARY
Groups Count Sum  Average Variance
Column 1 3 0.0257 0.008567 1.85E08
Column 2 3 0.02579 0.008597 9.3E08
Column 3 3 0.02486 0.008287 1.14E08
Column 4 3 0.02557 0.008523 7.62E08
Column 5 3 0.02485 0.008283 3.73E09
Column 6 3 0.02502 0.00834 5.88E08
Column 7 3 0.02486 0.008287 1.58E08
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 3.71E07 6 6.18E08 1.558037 0.231068 2.847726
Within Groups 5.55E07 14 3.97E08
Total 9.26E07 20
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Ph, 5lgnch h€ ng c,a m t c hblt URAp
XAT, v~ HPX n“ng L, 5
1. NHsCI
Cnhac/Cura (:&) (FOQ/OE) CnHacl/Cxat (|lpA) (FOQA)E) CNH4§|/CHP (di) (IEA)E)
0 3,07 0,0 0 435 0,0 0 2,23 0,0
10 3,12 1,6 10 435 -0,1 10 2,24 05
40 3,19 39 40 434 -0,2 40 2,23 0,2
60 3,22 49 60 445 22 60 2,24 0,5
80 3,44 11,9 80 451 3,7 80 2,24 0,6
100 3,45 123 100 448 29 100 2,26 1,2
2. NHuNO3
CnHanod CnHanod
ComodOm () 06 Gur BN 00 Ger (A 09
0 3,29 0,0 0 4,48 0,0 0 234 00
10 3,28 -0,2 10 443 -11 10 2,25 -3,8
40 3,18 -3/4 40 435 -2,8 40 224 44
60 3,18 -3,1 60 437 -24 60 224 46
80 3,15 41 80 431 -37 80 2,18 -4.8
100 3,15 4,1 100 432 -3,6 100 2,15 -83
3. NaCl
Cnac/Cura (Lllg) (F(;)/OE) Cnac/Cxart (dpA) (IE/OE) Cnac/Chpx (},IlpA) (IE/OE)
0 3,23 0,0 0 449 0,0 0 247 0,0
10 3,30 20 10 451 05 10 2,47 0,1
40 3,31 25 40 452 0,8 40 246 -0,1
60 3,33 2.8 60 465 3,6 60 2,37 41
80 3,36 3,8 80 466 39 80 236 -45
100 349 7.8 100 473 54 100 228 -74
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4. NaSOy
Cna2sodCura (:&) (FOQ/OE) Cgiid (llpA) (I;)E) C(N;ZS:’ J (:1%) (IEA)E)
0 3,37 0,0 0 4,44 0,0 0 2,46 0,0
10 3,38 01 10 452 1.8 10 243 -14
40 3,35 -08 40 461 3,8 40 2,39 -3,0
60 3,30 -2,3 60 466 4,9 60 2,38 -34
80 3,17 -6,2 80 478 1,7 80 2,25 87
100 3,15 -68 100 480 8,0 100 2,22 -101
5. KCI
Ckci/Cura (dg\) (|§A)E) Ckci/Cxat (;Iii\) (|§A)E) Ckci/Chpx (dg\) (E/OE)
0 3,33 0,0 0 459 0,0 0 230 0,0
10 3,24 -27 10 455 -09 10 2,23 -3,0
40 3,28 -15 40 453 -14 40 223 -2,8
60 3,19 41 60 4,45 -3,0 60 221 -36
80 3,19 42 80 4,44 -3,3 80 220 -41
100 3,18 -44 100 440 -41 100 2,20 -44
6. Ca(HPQy)2

cotons [ [ B g b
0 3,19 0,0 0 461 0,0 0 2,38 0,0
10 3,31 40 10 462 03 10 2,36 -0,8
40 3,30 37 40 470 2,0 40 2,33 -2,0
60 3,33 43 60 476 33 60 2,30 -34
80 3,38 6,0 80 477 34 80 220 -76
100 3,38 6,1 100 4,75 3,0 100 2,19 -7,8

PL10



7. D-Glucose

Coi/Cura (Lﬁ\) (F;)E) Coi/Cxat (LllpA) (FSA)E) Caiu/Chpx (di) {E/OE)
0 3,17 0,0 0 4,40 0,0 0 2,31 0,0

10 3,20 11 10 445 1.0 10 2,34 11

40 3,22 18 40 449 21 40 2,34 1,4

60 3,22 16 60 453 29 60 238 3,0

80 3,24 2,3 80 454 33 80 2,44 55
100 3,25 2,6 100 455 3.3 100 246 64

8. Glutamic acid

CoLc/Cura (dg\) (|§A)E) CoLc/Cxat (;Iii\) (|§A)E) CoLc/Chpx (dg\) (E/OE)
0 3,10 0,0 0 4,34 0,0 0 224 0,0

10 3,12 08 10 445 25 10 220 -18

40 3,14 12 40 4,48 3,3 40 219 -2,2
60 3,15 1,6 60 450 3,7 60 2,17 -3,0
80 3,19 3,0 80 452 42 80 2,16 -33
100 3,20 3,3 100 455 49 100 2,14 -45

9. Urea

Cure/Cura (LIIF;\) (F(;)/OE) Cure/Cxat (‘B\) (lj/oE) Cure/Chpx (},IlpA) (IE/OE)
0 3,25 0,0 0 467 0,0 0 235 0,0

10 3,19 -19 10 457 -21 10 2,32 -16
40 3,19 -2,0 40 457 -21 40 231 -18
60 3,14 -36 60 455 -25 60 2,27 -3,5
80 3,12 -4.3 80 447 -4,2 80 2,26 -42
100 3,03 -7.1 100 4,44 -50 100 224 50
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10. D-Sucrose

CsudCura (LIJE\) (F;)E) CsucCAN (:5\) (F;)E) Csud Chpx (dg\) (FE/OE)
0 3,07 0,0 0 441 0,0 0 2,29 0,0

10 3,09 0,5 10 443 0,5 10 2,28 -03

40 3,11 12 40 447 14 40 2,23 -25

60 3,17 3,0 60 449 1.8 60 222 -29

80 3,17 30 80 458 3,9 80 2,22 -31
100 3,21 43 100 454 3,0 100 219 4,2

11. L-Cysteine

Ccys/Cura (dg\) (|§A)E) Cevs/Cxat (JDA) (|§A)E) Ccvs/Chpx (dg\) (E/OE)
0 3,00 0,0 0 453 0,0 0 236 0,0

40 3,00 0,0 40 453 0,0 40 2,32  -17

60 3,00 -02 60 446 -16 60 232 -19

80 29 -1,5 80 433 -43 80 231 -2,1
100 2,73 -90 100 4,23 -6,5 100 2,20 -68

12. Sodium benzoate

Csps/Cura (}IJpA) (|§/OE) Csps/Cxat (;Iii\) (E/OE) Csps/Chpx (di) (|§/0E)
0 281 0,0 0 421 0,0 0 231 0,0

40 285 15 40 423 04 40 2,28 -14

60 286 19 60 423 05 60 2,23 -32

80 2,890 28 80 440 44 80 221 42
100 299 6,5 100 447 61 100 192 -168
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Ph, [IKJ/ct 6gull ph©n t2ch ph€ehng sai
xanthine va hypoxanthine trong 7 ngay

ly2@FY {Ay3ftS CIOi2N o6

SUMMARY
Groups Count Sum  Average Variance
Column 1 3 0.01284 0.00428 1.7E07
Column 2 3 0.01267 0.004223 5.33E10
Column 3 3 0.01244 0.004147 6.03E09
Column 4 3 0.01237 0.004123 1.04E08
Column 5 3 0.01254 0.00418 1.51E08
Column 6 3 0.01228 0.004093 9.23E09
Column 7 3 0.01229 0.004097 3.23E09
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 8.61E08 6 1.44E08 0.468552 0.820424 2.847726
Within Groups 4.29E07 14 3.06E08
Total 5.15E07 20

ly2@LY {Ay3afS ClrOi2NI 67k Qv

SUMMARY
Groups Count Sum  Average Variance
Column 1 3 0.01598 0.005327 3.05E08
Column 2 3 0.01575 0.00525 2.08E08
Column 3 3 0.01608 0.00536 2.01E08
Column 4 3 0.01593 0.00531 1.11E08
Column 5 3 0.0165 0.0055 2.41E08
Column 6 3 0.01594 0.005313 9.84E08
Column 7 3 0.01543 0.005143 1.44E08
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups 2.1E07 6 3.51E08 1.117894 0.400657 2.847726
Within Groups 4.39E07 14 3.14E08
Total 6.49E07 20
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ly2@FY {Ay3fS ClIOi2NI 67mA @

SUMMARY
Groups Count Sum  Average Variance
Column 1 3 0.0088 0.002933 5.33E10
Column 2 3 0.00867 0.00289 1.29E08
Column 3 3 0.0082 0.002733 5.81E08
Column 4 3 0.00904 0.003013 1.03E09
Column 5 3 0.00927 0.00309 4.3E09
Column 6 3 0.00847 0.002823 3.23E09
Column 7 3 0.00819 0.00273 7.77E08
ANOVA
Source of
Variation SS df MS F P-value F crit
Between Groups  3.35E07 6 5.58E08 2.475607 0.076127 2.847726
Within Groups 3.16E07 14 2.25E08
Total 6.51E07 20
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Ph, 71Sdc kT L~

HPLC
ne ¢ ti

1. Ph chuXn

X 8§

Wu.

c L nh URA,vaXAT

th°m chuXn

mAL mAU
15004 = 1500~
500 ﬂ 500 %
\
}I \ /k
S 2% 50 75 100 125 150 7s 200 00 25 5o 75 100 125 150 175 a0
Uric acid (URA) Hypoxanthine (HPX)
mau mAU
15004 K] g
2 104 o £ 5
jk EMJ\
o e A " A 00 25 50 1500 25 %0 M5 0
min min
Xanthine (XAT) Mixed standard
2. MXuth ¢ va mu th cthém chuin
mAU mau
1000 ] 1000 i
K £ 500 lﬂ\ I
. AN —é f‘-%
0.0 2‘5 S‘H 7‘5 1dn 12‘,5 WE‘,U 17‘5 2 0 00 125 150 .
Test sample 1 Standard spiked sample 1
Test sample 2 Standard spiked sample 2
1000 1000
0.0 25 50 75 100 125 150 175 0.0 25 50 75 17s
Test sample 3 Standard spiked sample 3
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Ph, 84gnch h€ ng c,. m t s° chblt c[n
1. CaCk 2. NaCl

C1/Ccpr Ip (LA) RE (%) C2/Ccprr Ip (LA) RE (%)
0 4,29 0,0 0 4,37 0,0
25 4,24 -1,3 25 4,37 01
50 4,20 -2,2 50 4,36 -0,1
75 4,13 -39 75 4,23 -3,2
100 4,12 -4,1 100 4,14 -5,2
125 4,10 -4,4 125 4,12 -5,6

3. KaSOy 4. AI(NO23)3

Cs/CcpPr Ip (LA) RE (%) C4lCcpPr Ip (LA) RE (%)
0 4,27 0,0 0 4,16 0,0
25 4,23 -0,9 25 4,22 15
50 4,22 -1,1 50 4,23 1,7
75 4,17 -2,4 75 4,23 19
100 4,13 -3,2 100 4,25 2,3
125 4,11 -3,8 125 4,30 34

5- Mg3(CeHs07)2 6- NH4Cl

Cs/Ccpr Ip (LA) RE (%) Ce/Ccrr Ip (LA) RE (%)
0 4,10 0,0 0 4,12 0,0
25 4,18 19 25 4,13 0,2
50 4,20 24 50 4,22 2,6
75 4,25 3,7 75 4,23 2,7
100 4,29 4,7 100 4,26 34
125 4,35 6,0 125 4,29 4,1

7- Citric acid 8- Saccharine

C7/CcPr Ip (LA) RE (%) Cs/Ccpr Ip (LA) RE (%)
0 4,14 0,0 0 4,28 -1,7
25 4,22 18 25 4,17 -4,1
50 4,24 24 50 4,16 -4,4
75 4,26 2,8 75 4,03 -1,4
100 4,27 3,0 100 4,02 -7,5
125 4,29 3,6 125 4,35 -7,5




9- D-Sorbitol 10- Ascorbic acid
Co/CcpPr Ip (LA) RE (%) C1d/Ccpr Ip (LA) RE (%)
0 4,14 0,0 0 4,19 0,0
25 4,15 0,2 25 4,18 -0,4
50 4,18 1,0 50 4,16 -0,8
75 4,19 11 75 411 -2,0
100 4,23 2,0 100 4,10 -2,2
125 4,23 2,2 125 4,00 -4,6
11-D-Glucose 12-Lactose
C11/Ccrr Ip (LA) RE (%) C12/Ccrr Ip (LA) RE (%)
0 4,27 0,0 0 4,29 0,0
25 4,25 -04 25 4,34 11
50 4,24 -0,6 50 4,35 1,3
75 4,20 -15 75 4,37 1,7
100 4,13 -3,2 100 441 2,8
125 3,96 -1,2 125 4,43 3,3
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