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TOM TAT
Trong nghién cttu nay, vat liéu MIL-101 chita cac hat nano bac (Ag/MIL-101) da
dugc tong hop bing phuong phap tim pha long va dugc sit dung lam chét bién
tinh dién cuc d€ khao sat qua trinh phan tich d6ng thoi uric acid (URI), xanthine
(XAN) va hypoxanthine (HYP). Ag/MIL-101 dugc dic trung bang phuong phap
nhiéu xa tia X (XRD), kinh hién vi dién t&r (TEM), phd tan xa nang luong tia X va
ban d6 nguyén t6 (EDX-Mapping), cho thdy cac hat kim loai Ag cd kich thude
khoang 10-20 nm phén tan cao trén chat nén MIL-101 vdi su bao toan cau tric ctua
MIL-101. Khi dwgc bién tinh trén dién cuc carbon thuy tinh (GCE), Ag/MIL-101 da
tang cuong dang ké phan tng xuc tac dién ddi voi qua trinh oxy héa URIL, XAN va
HYP. Cam bién Ag/MIL-101/GCE cho thdy cac dinh oxy hoa tach biét rd rang va
tang cuong dd dong dinh lan luot 1a 1,92, 1,91 va 2,27 Tan d6i véi URL, XAN va
HYP so v6i GCE tran. Nhitng cai tién nay duoc cho la nho hiéu tng hiép dong
gitra dién tich bé mat 16n caa MIL-101 va do dan dién tuyét voi caa Ag. Vi vay,
Ag/MIL-101/GCE c6 thé 1a moét dién cuc tiém ndng tng dung trong phan tich lam
sang nho thoi gian phan hoi nhanh, d6 nhay cao va chi phi thap.

T khéa: MIL-101, uric acid, xanthine, hypoxanthine, phan tich dién hoa.
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1. MO PAU

Uric acid (CsHsN4Os, URI), xanthine (CsHiN4O2, XAN) va hypoxanthine
(CsHsN4O, HYP) 1a cac san pham oxy hda ctia qua trinh chuyén héa phan huy purine
trong co thé nguoi. Con duong chuyén hoéa purine lién quan dén HYP duoc chuyén
hod thanh XAN va XAN duoc chuyén hoa thanh URI béi qua trinh oxy héa bang
xanthine oxidase, do d6, URI la san pham cu6i cung trong khi XAN va HYP la cac chat
trung gian do6i véi qua trinh chuyén hoéa phan huy purine [1]. Mttc néng do ctia cac
dan xuat purine trong mau hay nudc tiéu con nguoi 1a chi s§ sinh hoc ciia mot s& bénh,
bao gom bénh gout, viém phoi, xanthin niéu va suy than [2]. Do d6, viéc phan tich
chinh xac URI, XAN va HYP rat quan trong trong chan dodn sinh héa, 1am sang. Nhiéu
phuong phap da duoc phat trién d€ xac dinh dong thoi hodc riéng ré cdc san pham
thodi héa purine. So véi cac phuong phap tiéu chuédn nhu sic ky 1ong hiéu niang cao
(HPLC) va séc ky khi-khdi phd (GC-MS), phiong phap phan tich dién héa c6 nhiéu vu
diém, chéng han nhw d6 nhay cao, giéi han phat hién thép, thao tac don gian va chi phi
thap. Mot s6 bai bao da cong bd xac dinh dién hda dong thoi hodc riéng 1é ba chat phan
tich béng cach st dung dién cuc in hat nano bach kim [3] d€ phan tich UR],
polyglycine/rGO-GCE [4] phan tich XAN va HYP; dién cuc carbon thuy tinh bién tinh
poly(I-methionine) [5] va dién cuc bién tinh hat nano brushite [6] cho qua trinh xac
dinh URI, XAN va HYP.

Dua trén su phét trién nhanh chdéng cua vat liéu ¢ cdu tric nano, nhiéu dién
cye phan tich dién hod dwgc bién tinh bz‘ving cac vat liéu nay da chiing minh kha nang
phan tich hiéu qua nhiéu loai chat hitu co va v6 co trong nhiéu moéi treong khac nhau.
Trong nhitng nam gan day, cac khung kim loai-hGtu co (MOF) da nhéan dwgc su chu y
dang ké tir cac nha nghién cttu trong nhiéu linh vuc véi cac wu diém vé cau trac doc
dao cua chung [7]. MIL-101 (vdéi kim loai la chromium) la mét loai vat liéu MOF, duoc
diéu ché boi kim loai chromium (III) va phdi t&r 1a cac terephthalic acid. Cac lién két
manh Cr-O gitra cdc nat kim loai va phdi t terephthalate lam cho MIL-101 ¢6 d6 6n
dinh cao [8]. MIL-101 ciing c6 nhiing tinh chat doc dao vé cdu truc, chrfmg han nhu s6
lwgng mao quan, dién tich bé mat riéng 16n va nhiéu tam kim loai chua bao hoa phdi
tri [9]. Tuy nhién, viéc thi€u cac tam hoat dong va do dan dién thap co thé can trd ing
dung cua né trong linh viee phan tich dién hoa. D€ giai quyét hiéu qua van dé nay, can
dua cdc vat liéu c6 hoat tinh khac vao MIL-101. Cac vat liéu kim loai quy (vi du: Au
[10], Ag [11], va Pt [12]) da dugc si dung hiéu qua dé€ tang cuong kha nang hoat dong
dién hoa cua cac cam bién. Trong s6 cac kim loai quy duwoc nghién cttu, Ag c6 nhiéu loi
thé nhu chi phi thap, do dan dién, dd &n dinh héa hoc cao va khong doc hai. Hon nira,
kha néng oxy héa manh ctia Ag kim loai dugc chdp nhan c¢6 hoat tinh dién hoa cao.

Tuy nhién, két qua tra ctu tai liéu cho thdy cac nghién cttu hién nay vé cam
bién st dung dién cuc bién tinh Ag/MIL-101 con han ché, ddc biét trong phan tich
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dong thoi URT, XAN va HYP. Vi vay, nghién cttu nay nham tdng hop va dénh gid hiéu
nang dién hda cua vat liéu Ag/MIL-101 d€ tiing dung lam cam bién phén tich dong thoi
ba hop chat purine noi trén.

2. VAT LIEU VA PHUONG PHAP
2.1. Héa chat

Bac nitrate (AgNOs, 99,8%), chromium trinitrate nonahydrate (Cr(NOs)s-9H:0O,
98%), terephthalic acid (CsHeOs, 98%), methanol (CHs:OH), acetone (CHsCOCH:s),
sodium borohydride (NaBH4) dwgc mua tir cong ty hoa chat Merck. URI (CsHaN:Os,
99%), XAN (CsHiN1O2, 99%) va HYP (CsHaN:O, 99%) duoc mua tir cong ty hoa chat
Sigma-Aldrich.

2.2. Tong hgp vat liéu va chudn bi dién cwc lam viéc
2.2.1. Téng hop MIL-101

Qua trinh tong hgp MIL-101, Ag/MIL-101 dwoc chuan bi theo tai liéu tham
khao [13]. MIL-101 dugc diéu ché bang cach: Cr(NOs)s.9H20 (2,0 g), terephthalic acid
(0,83 g) va nudc cat (20 mL) dugc khudy tron va dua vao binh thuy nhiét Teflon, gia
nhiét & 200 °C trong 8 gid. Sau d6, hon hop duoc dé ngudi tu nhién. Ly tam hon hop
trong 10 phut & t8c d6 5000 vong/phut thu dwoc chat ran mau xanh 14 cay. Tiép theo,
chat ran nay duoc rira bang nuwdc va ethanol, sau d6 siéu am trong dimethylformamide
trong 10 phut va khudy qua dém ¢ nhiét d¢ 70 °C. MIL-101 thu duoc sau khi ly tam
(5000 vong/phut; 10 pht), rita bang methanol va acetone va sdy khd ¢ 50 °C trong 10
gio.

2.2.2. Tong hop Ag/MIL-101

Céc cation Ag dwoc dura vao MIL-101 bang cach stt dung phuwong phap tdm pha
long trong huyén phu chita MIL-101 (300 mg), AgNO:s (21,93 mg va 15 mL H20), khudy
trong 3 gio ¢ nhiét dd phong. Sau do, dung dich NaBHs trong nwdc (76,6 mg trong 3
mL H20) duoc thém vao dung dich nay dé€ kht cac cation Ag (I), va dung dich thu
duoc dugce khudy ¢ nhiét dd phong trong 30 phut. Sau d6, chat rdn mau xanh 14 cay
thu dwoc bang cach ly tam, tiép theo rita bang nudc dé loai bo cac ion nitrate va say
kho ¢ 80 °C, thu dwoc vat liéu Ag/MIL-101.

2.2.3. Chudn bi dién cuc carbon thuy tinh (GCE) bién tinh Ag/MIL-101

Trudc khi bién tinh vat liéu, GCE tran dwoc lam sach be‘“mg bot nhom 0,05 pum,
sau d6 siéu am trong ethanol va nuwdc cat. Huyén phu chat bién tinh dwgc chuan bi
bang cach tron 1 mg Ag/MIL-101 trong 1 mL nuwdc cé si hd tro ctia siéu am trong 6 gio.
Sau d6, 5 uL huyén phu duoc nho giot 1én bé mét dién cuc da danh bong va dé kho tu
nhién & nhiét d6 phong trudc khi stt dung.
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2.3. Thiét bi

Cac gian d6 nhiéu xa tia X (XRD) dugc ghi trén may D8 Advance Bruker (Dtc).
Phan tich hién vi dién t& truyén qua (TEM) dugc do trén kinh hién vi dién t truyén
qua JEOL JEM-2010F hoat dong ¢ 200 kV. Hinh thai va st phan bg, thanh phan nguyén
t6 duoc do bang kinh hién vi dién tr quét Hitachi S-4800 FESEM (Nhat Ban) duoc
trang bi hé thong tia X phan tan nang lugng (EDX-Mapping). Cac thi nghiém phan tich
dién hoa duoc thuc hién trén hé thong phan tich CPA-HHS5 (Viét Nam).

3. KET QUA VA THAO LUAN
3.1. Pac trung vat lieu

Hinh 1 thé hién gian &6 XRD ctia cac mau vat liéu MIL-101 (Hinh 1a) va Ag/
MIL-101 (Hinh 1b). Gian &6 XRD ctia MIL-101 thé hién cac dinh nhiéu xa déc trung cua
MIL-101 theo CCDC 605510 ¢ 2-theta 8,6; 9,2; 10,4° twong ttng véi cac mat (606), (753)
and (666) [14]. Trong khi &6, XRD ctia mau Ag/ MIL-101 xu4t hién thém cac dinh Bragg
O 38,1° va 44,3°, tuong tng voi cac mat (111) va (200) ctia cau truc tinh thé nano bac
theo JCPDS 04-0783 bén canh cac dinh nhiéu xa ctia MIL-101, x4c nhan cdu tric MIL-
101 van duoc bao toan sau khi nano bac dwoc bién tinh vao vat liéu.

401 (111)
354 (606) —— MIL-101(Cr)
| (753) —— Ag/MIL-101(Cr)
304
(666) (200)
54 ‘

20

Cwong do / cps

15
10 4
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Hinh 1. Gian d6 nhiéu xa tia X cta vat liéu MIL-101 va Ag/MIL-101 téng hop

Kich thudc va hinh thai cia Ag/MIL-101 dugc nghién ciru bang hinh anh hién
vi dién t&t truyén qua. Hinh 2a trinh bay anh TEM cua MIL-101 bao gdm cac hat bat
dién dac trung caa MIL-101 c6 duong kinh 100-200 nm. Hinh anh TEM ctia Ag/MIL-
101 (Hinh 2b) cho thay cac hat Ag rat min, c6 kich thudc khoang 10-20 nm phan tan cao
trong chat nén MIL-101.
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Hinh 2. Hinh 4nh TEM cta vat liéu MIL-101 (a) va Ag/MIL-101 (b)

Hinh 3 trinh bay ph6é EDX va ban d6 phan bd cac nguyén t6 cua vat liéu
Ag/MIL-101. Trong pho EDX, xuét hién cac tin hiéu cua Cr, C va O, nhitng nguyén t&
tao nén cau trac ctia MIL-101 va ty 1€ % s& mol Ag/Cr trong vat liéu Ag/MIL-101 la
10,9% (Hinh 3a). Ngoai ra, phan tich ban d6 nguyén td cho thady cd sy phan b6 dong
déu cua cac nguyén t6 Ag, Cr, C va O trong vat liéu duoc chi ra 6 Hinh 3b-f.

= Spc_002
5 1,000
3
Y
2 i
v
§ 500 < Cr
b= Ag
Ag }
0 £ .
e S i
5 10 15 20
Energy [keV]
Element Line Mass% Atom%

C K 41.46+0.28 56.20+0.37
(o] K 37.08+0.52 37.73+0.53
Cr K 17.49+049 547+0.15
Ag E 3.97+0.22 0.60+0.03
Total 100.00 100.00
Spc_002 Fitting ratio 0.0482

C-K
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Hinh 3. Pho EDX va ban d6 dién t& cdc nguyén t6 cua vat liéu Ag/MIL-101

3.2. Khao sat hoat tinh dién hoa

3.2.1. Dién tich bé mat hiéu dung

3004 400 -
. (@
- 300 -
2009 gw 2
0 / g 2004~
1004 . | = 100 4
I et . = 3
- = 04
- 0 =100 mV/s = — 100 mV/s
=150 mV/s -100 = 150 mV/s
100 200 mV/s e 200 MV/s
250 mV/s -200 A = 250 MV/s
=300 mV/s === 300 MV/s
-200 4 350 mV/s -300 + 350 mV/s
— s 400 MV/s
400 mV/s -400 A
-300 T T T T 1 T T T T 1
-1.0 -0.5 0.0 0.5 1.0 15 1.0 -0.5 0.0 0.5 1.0 15
E/V E/V
500 -~
400 4 320 (c)
300 4 200
S0
2004 w0
i 100 4 o
= 0 — 100 mV/s
-100 150 mV/s
=== — = 200 MV/s
-200 4 250 mV/s
-300 4 [ =300 mV/s
350 mV/s
-400 4 400 mV/s
-500 T T T T 1
-1.0 -0.5 0.0 0.5 1.0 15
E/V

Hinh 4. Cac duong CV ctia dung dich [Fe(CN)s]*/# 1 mM tai cac dién ceec GCE (a), MIL-
101/GCE (b) va (c) Ag/MIL-101/GCE (anh nho la duwong hoéi quy tuyén tinh gitra cwong
d6 dong dinh anode va can bac hai téc d§ quét)

Dién tich bé mat hiéu dung ctia GCE tran va GCE bién tinh dwoc xac dinh béng
cach st dung hé oxy hda khtr [Fe(CN)s]>7+ & cac toc do quét thé khac nhau (Hinh 4) va
ap dung phuong trinh Randles-Sevcik cho mét qua trinh oxy hoa thuan nghich [15]:

[=(2,69 x 105 n*?> A D2v'2Co
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trong d6 n la sO electron dwgc chuyén d6i trong qua trinh oxy hdéa khir cta
ferrocyanide, A la dién tich bé méat hiéu dung ctia dién cuc (cm?), Co la ndéng do cta
ferrocyanide (mM), D 1a hé s6 khuéch tan cua ferrocyanide (D = 7,6 x 10 cm? s™) va v
la toc do quét (V s).

Do d¢, tir gian d6 tuyén tinh cua I so voi v'2, gia tri dién tich bé mat hiéu dung
tinh toan dwoc béng 0,0491; 0,0535 va 0,0553 cm? Ian lwot véi GCE, MIL-101/GCE va
Ag/MIL-101/GCE, chi ra rang GCE duoc bién tinh cé thé ton tai nhiéu tdm phan tng
dién hoa hon [15], cai thién dang ké dién tich bé mat hiéu dung cua dién cuc lam viéc.

3.2.2. Khao sat qua trinh phan tich dong thoi mot s6 dan xuat purine
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Hinh 5. (a) Cac duwong CV tai cac dién cuc khac nhau trong dém BRS 0,1 M pH 5 véi Curt = Cxan
= Cnyr =25 puM, toc d6 quét thé 0,1 V s; (b) Cuong do dong dinh tai cac dién cuc khac nhau

(thanh sai s6 thé hién d0 1éch chuén cta 3 Tan do 14p lai)
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Hinh 6. (a) Cac duong DPV tai cac dién cuc khac nhau trong dém BRS 0,1 M pH 5 véi Curi =
Cxan = Cuyr = 25 uM; (b) Cuong d6 dong dinh tai cac dién cyc khac nhau (thanh sai s6 thé hién

d06 léch chudn cta 3 Ian do lap lai)
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Hinh 5a va 6a thé hién cac duwong cong CV va DPV cua URI, XAN va HYP ¢6
nong do 25 uM tai GCE tran va GCE duoc bién tinh vat liéu trong dém BRS 0,1 M pH
5. B6i voi GCE tran, tir duong CV ¢ thé quan sat thay ba dinh oxy hoa manh, phan
tach ro rang xudt hién lan luot ¢ 0,59 V d6i véi qua trinh oxy hda URI, 1,01 V d6i voi
qua trinh oxy héa XAN, 1,41 V déi véi qua trinh oxy héa HYP. Cuong d6 dong dinh
duoc cai thién dang k& bang cach stt dung GCE da duoc bién tinh véi MIL-101 va
Ag/MIL-101 dwoc thé hién trong hinh 5b va 6b. Pang chu y, tit hinh 6b, c6 thé nhan
thy tin hiéu dong dinh DPV ctia URI, XAN va HYP tai Ag/MIL-101/GCE ting gap
1,27; 1,26 va 1,32 Tan so véi MIL-101/GCE va gap 1,92; 1,91 va 2,27 Ian d6i véi GCE tran.
Su gia tang cuong do dong dinh nay cé thé do Ag/MIL-101 khi dwoc bién tinh 1én bé
mdt GCE tran da xuét hién nhiéu tdm phan tng dién hod hon cing nhu dién tich bé
mat riéng 16n ctia MIL-101 c6 thé lam tang kha ndng hap phu cac chat phan tich. Két
qua nay phu hop voéi két qua dién tich bé mat hiéu dung ctia cac dién cuc duoc tinh
toan (Bang 1).

Bdng 1. Dién tich bé mat hiéu dung va cuong d¢ dong dinh DPV ctia URI, XAN va HYP tai cac

dién cyc khac nhau

Dién cuc A (cm?)  Turi+SD (pA) Ixan £ SD (UA) Inye + SD (LA)
GCE 0,0491 4,11+0,14 5,45 +0,14 3,35+0,13
MIL-101/GCE 0,0535 6,20 + 0,15 8,27 +0,16 5,76 +0,17
Ag/MIL-101/GCE  0,0553 7,89 + 0,35 10,39 + 0,17 7,58 + 0,15

4. KET LUAN

Trong bai bao nay, vat liéu Ag/MIL-101 da dugc tong hop thanh cdng voi cac
hat nano Ag c6 d0 phan tan cao trén bd khung MIL-101. Ag/MIL-11(Cr)/GCE da duwoc
khao sat tinh chat dién hoa dé phan tich dong thoi URI, XAN va HYP bang phuong
phap CV va DPV. Két qua khao sét cho thay rang, khi bién tinh dién cuc bang Ag/MIL-
101, tin hiéu dién hda cua cac chat phan tich tang 1én, c6 thé do tang cac vi tri xtc tac
dién hoa, thé hién qua su tang 1én vé dién tich bé mat hiéu dung cta dién cuc. Dién cuc
bién tinh Ag/MIL-101 nay c6 thé duoc nghién cttu mo rong thém trén mau thuc va
danh gia do on dinh, do 1ap lai va d¢ bén dé thyc hién phan tich dong thoi URI, XAN
va HYP trong cadc mau xét nghiém cho chan doan 1am sang véi thoi gian phan tich
nhanh va chi phi thap.
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SYNTHESIS OF Ag/MIL-101 MATERIALS AND INVESTIGATION
OF ITS ELECTROCHEMICAL PROPERTIES SIMULTANEOUS ANALYSIS
OF SOME PURINE DERIVATIVES
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ABSTRACT

In this study, a silver nanoparticle-modified metal-organic framework material
(Ag/MIL-101) was synthesized via liquid-phase impregnation and employed as an
electrochemical sensor for the simultaneous determination of uric acid (URI),
xanthine (XAN), and hypoxanthine (HYP). The Ag/MIL-101 nanocomposite was
characterized by XRD, TEM, and EDX-mapping, confirming the uniform
dispersion of 10-20 nm Ag nanoparticles on the MIL-101 matrix without
disrupting its crystalline structure. When modified onto a glassy carbon electrode
(GCE), the Ag/MIL-101 significantly enhanced the electrocatalytic response toward
the oxidation of URI, XAN, and HYP. The resulting Ag/MIL-101/GCE sensor
exhibited clearly separated oxidation peaks and increased peak currents by 1.92,
1.91, and 2.27 times for URI, XAN, and HYP, respectively, compared with the bare
GCE. These improvements are attributed to the synergistic effect between the high
surface area of MIL-101 and the excellent conductivity of Ag. This work highlights
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the potential application of Ag/MIL-101/GCE as a low-cost, sensitive, and efficient

sensor for rapid clinical analysis of purine derivatives.

Key words: Ag/MIL-101, uric acid, xanthine, hypoxanthine, electrochemical sensor,

simultaneous detection.
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