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Tom tit:

Vatliéu xic tac quang WO,/Ag VO, (WA-x) dugc tong hop & cac ty 1€ mol lan It 14 5,10, 15 va 20%. Phd phén xa khuéch
tan tir ngoai - kha kién (UV-Vis-DRS) cho thay, vat licu WA-10 (ty 1¢ mol AgSVO /WO, 1a 10%) c6 kha nang hép thu birc
xa kha kién manh hon so véi cac vat liéu con lai. Hoat tinh quang xtc tdc cia vat lleu WA-x da dugc khdo sat thong qua
phan ing phin hiy khéng sinh amoxicillin (AMX) dudi su chiéu xa ctia birc xa kha kién. Hiéu suit phéin hiy AMX cia
vat lieu WA-10 dat 79,86% sau 3 gio' phan tng. Vit liéu WA-x ¢6 hoat tinh quang xic tic manh hon WO, va Ag. VO, nho

sw phan tach higu qua ciia cip di¢n tir va 16 trong quang sinh.

Tir khéa: amoxicillin, birc xa kha kién, phan hity, vét liéu xiic tic quang, WO,/Ag,VO,.

Chi s6 phén loai: 2.7
Dat van de

Trong phuong phap oxy hoa tién tién, xtc tic quang hoa
di the str dung cac vat lidu xdc tac quang thé hé méi c6 nhidu
trién vong phat trién trong viéc xr Iy nudc thai chira chat hiru
co 6 nhiém kho sinh hiy [1- 3] Trong nhimg nim gan day, chat
ban dan WO, da thu hat nhiéu sy chu ¥ cua cc nha khoa hoc
trén thé gidi trong linh vuc xuc tc quang cho qua trinh phan
tach nudc, chuyén hoa CO, va phan huy chit hiru co gy 6
nhiém dudi anh sang nhin thay nho mot s6 wu diém nhu: ning
lugng ving cam tuong dbi nho (khoang 3,0 eV), kha ning san
Xuat trong pham vi rong, & quy md cong nghiép, gla thanh ré
va khong dgc. Tuy nhién, WO, tinh khiét ciing c6 toc do tai to
hop cua cap electron va 16 trong quang sinh kha cao [4-6]. bé
khac phuc nhuge diém nay, nhidu cong trinh d nghién ctru
cai thién hoat tinh xtc tic cua WO,. Mot trong nhimg hutng
nghién ctru bién tinh vét li¢u WO, la lai ghép véi céc chat ban
dan khéc dé tao thanh vat liéu comp051te vat liéu lai ghép di
thé hodc lién hop dang Z [7- -10]. Bén canh do, vat liéu Ag3VO
ciing co nang luong ving cam hep (khodng 2,5 eV), qua trinh
tong hop don gian, co thé san xuit luong l6n dang dwgc danh
gid la vat li¢u xuc tic quang day tiém nang c6 thé tin dung
t6i da ngudn ning luong tir anh sdng mat troi [11]. Tuy nhién,
viée st dung Ag, VO, don 1¢ dé 1am Vat liéu xuc tac quang cho
phan ing phan huy chat khang sinh van gap nhleu kho khan do
sur tai to hop nhanh cua céc electron - 16 trong quang sinh va
thuong chi sir dung duge phan tmg giita dién tir & ving dan ciia
Ag,VO, v6i O, tao ra H,O, (tac nhan trung gian tao HO* dé oxy
hoa phéan hiy céc chat hu’u co doc hai kho sinh huy) [12-15].

Trong nghi€n ctru nay, vat licu WO, va Ag,VO, duoc lai
ghép v6i nhau nhdm tao ra vat liéu lai ghep lién hop dang Z
khic phuc dugc hai nhuoce diém chinh so véi timg hop phan
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WO, va Ag,VO, riéng 1¢ la: i) Han ché sy tai t6 hop nhanh
gura céc electron - 13 trong quang sinh trong vét liéu; i) Pong
thoi st dung dugc ca qua trinh quang 6xy hoa ¢ vung hoa tri
cia WO,, nho thé dxy héa cua 16 trong & ving héa tri (+3,34
eV) duong hon H O/HO" (+2,72 €V) va qua trinh quang khur &
ving dan ctia vat heu Ag,VO, nho thé khir ciia electron & ving
dan (+0,145 eV) it duong hon H,0, (+0,695 eV). biéu ndy cho
phép tan dung dong thoi phan | mng cua electron ¢ ving dan voi
oxy hoa tan trong nudc va cua 16 trong & ving hoa tri v6i nudc,
tao ra cac tdc nhan trung gian nhu HO" c¢6 kha ndng 6xy hoa
céc cht hitu co doc hai thanh cac chit vo co nhu CO,, H0...

Doi tuong va phuong phap
Doi twong nghién civu

Téng hop WO, 0,5 g Na,WO,H,0 (99,5%) va 0,3 g acid
citric dugc hoa tan trong 30 ml nu’oc cat khir ion va khudy
trong 10 phat. Thém ting giot dung dich HCI 6 M vao dung
dich dé diéu chinh gia tri pH=1, thu duoc két tia mau vang,
tiép tuc khudy manh trong 30 phiit va chuyén hdn hop vao binh
Teflon, tiép theo 1a xir Iy nhiét & 120°C trong 12 gio. Sau khi dé
ngudi tw nhién, ly tim tach 1iy két tia mau vang va rira nhiéu
1an bang nudc cat dén pH trung tinh. San pham dugc lam kho
& 60°C trong 24 gio roi dem nung trong khong khi & 500°C
trong 2 gio.

Tong hop Ag VO, liy 0,174 g AgNO, hoa tan trong 150 ml
nudce cit co nho 1 glot acid HNO, 65% va khudy lién tuc trong
60 phit ¢ nhi¢t do phong. Them timg giot dung dich NaOH
5 M vio dung dich d¢ diéu chinh gia tri pH=10. Lay 0,04 g
NH,VO, hoa tan trong 20 ml nudc cat dua tir tir vao hdn hop
tren va t1ep tuc khuay trong 60 phit. San pham thu dugc mang
ly tam, tach lay két tia va rira nhiéu lan bang nu6c cat dén pH
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Abstract:

In this paper, WO,/Ag.VO, photocatalysts were successfully
synthesised at various Ag,VO /WO, mole ratios of 5, 10, 15,
and 20% (WA-x). Ultraviolet-visible diffuse reflectance spectra
(UV-Vis-DRS) indicated that the adsorption capacity of WA-10
(10% Ag,VO /WO, mole ratios) under visible light was higher
than that of other materials. The photocatalytic properties of
obtained materials were investigated by degradation of the
antibiotic AMX under visible light irradiation. The degradation
conversation of AMX had gotten to about 79.86% in WA-
10 after a reaction of three hours. WO,/Ag VO, materials
were highly active than WO, and Ag VO, with an increase in
photocatalytic activity of WO,/Ag, VO, that can be attributed to
the efficient separation of photogenerated electron-hole pairs.

Keywords: amoxicillin, degradation, photocatalytic activity,
visible light, WO,/Ag.VO,.

Classification number: 2.7

trung tinh. Sy kho san pham ¢ 60°C trong 24 gio, thu dugc
AgVO,.

Téng hop vdt liéu WA-x [16]: can mdt lugng mau WO, nhét
dinh (2,5, 3,3, 5 va 10 mmol) dem hoa tan trong 50 ml nu6c
cat thém vao dung dich 1,5 mmol AgNO, va mét giot HNO,,
tiép tuc khudy trong 60 phut. Sau d6 them timg giot NaOH 5
M vio dung dich dé diéu chinh gia tri pH=10. Tiép theo, thém
ting giot 50 ml dung dich NH,VO, 0,5 mmol vao dung dich va
tlep tuc khuay 7 gio trong bong t01 Ly tam thu két tia rdi rira
bang nudce cat va con cho dén pH trung tinh. Say kho san pham
& 60°C trong 12 gio, thu dugc san phim WA-x véi x 14 ty 18
mol Ag,VO,/WO, twong tmg 5, 10, 15 va 20%. -

Ddc trung vt li¢u

Thanh phan pha dugc xac dinh biang phuong phap nhiéu
xa tia X (D8-Advance 5005). Kha nang hap thu anh sang cia
xtic tac duge ddc trung bang phuong phap UV-Vis-DRS (thiét
bi UV-Vis-NIR Cary-5000 VARIAN budce séng 200-800 nm).
Dbic trung céc lién két hoa hoc cua vat lidu téng hop dugc xac
dinh bang phuong phap phd hdng ngoai (thiét bi FT/IR-4600-A
trong ving 400-4.000 cm™). Sy ¢6 mat cuia cac nguyén t6 trong
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cac méau vt liéu tong hop dwoc phan tich bang phuong phap
pho tan xa nang lugng tia X (thict bi Jeol 5410).

Thi nghiém phin huy AMX

Hoat tinh quang xtc tac cta vat li¢u dugc danh gia dua trén
kha nang phan hiy khang sinh AMX trong dung dich nude véi
kh01 lugng xuc tac (0,5 g/l). Hén hop duoc khuay trong bong
t6i 150 phut dé dat can bang hip phu va giai hép phu, sau do
duoc chiéu sang dudi anh sang deén led 220 V, 30 W trong 180
phit. Nong d6 AMX trong cac mau dung dich sau phan g thu
duoc ¢ cac thoi gian khac nhau dugc xac dinh bé“mg cach cho
AMX tao phtic v6i dung dich acid benzoic, acid hydrochloric,
sodium nitrite, ammonium hydroxide va do bang phwong phap
tric quang sir dung may UV-Vis (CE-2011).

Két qua va thao luan
Ddc trung vit liéu

Pé xac dinh cac hop phan trong vat liéu téng hop, céac vat
liéu 1Ag,VO,, WO, va WA-x duogc ddc trung bang phwong phap
nhiéu xa tia X, ket qua dugc thé hién & hinh 1.
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Hinh 1.
WA-x.

Gian doé nhiéu xa tia X ctia cac vat liéu WO,, Ag,VO, va

Két qua gian d0 XRD cua cac vt liéu WO,, Ag,VO, va
WA-x & hinh 1 cho thdy, ddi voi Vat ligu WO, xuat hién céc
dinh nhiu xa c6 cuong d6 manh, sic nét & khoang 22,1,234
va 24,6° lan lugt twong (g voi cac mit tinh thé (002), (020),
(200) va dinh nhidu xa c6 cuong do thap tai goc 20 bang 34,1°
twong (g voi mit tinh thé (202) dic trung cho pha tinh thé
monoclinic cua WO, (theo tidu chudn JCPDS: 43-1035) [4];
con vat liu Ag3VO xuat hién hai dinh nhiéu xa tai vi tri goc
20 bang 31,05 va 32,47°, tuong {ing vOi mit tinh thé (-121) va
(121) dic trung cho sy ton tai cla Ag3VO (theo tiéu chudn
JCPDS 45- 0543) [12]. Trong khi d0, trén gidn d6 XRD vit liéu
WA-5 chi xuét hién cac dinh nhidu xa déc trung cho hop phan
WO, (co thé do ham luong Ag. VO, kha nho) con cac vat ligu
lai ghep WA-10, WA-15, WA-20 deu xuat hién cac dinh nhidu
xa dac trung cho ca hai hop phan vét lidu WO, va AgSVO diéu
nay cho thay vat liéu WA-x di dugc tong hop thanh cong.

16



) Dé xac dinh kha nang hap thy anh sang va ning luong ving
c{im cua cac vat liéu tépg hop duogc, cac yz_‘it liéu duogc phﬁn tich
bang phuong phap pho UV-Vis-DRS, két qua duge thé hién ¢
hinh 2.

Cudng do hap thu (a.u)

T T T T
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Hinh 2. Phé UV-Vis-DRS cta vat ligu Ag,VO,, WO, va WA-x.

Két qua hinh 2 cho thdy, tit ca cac mau vat liéu déu c6
kha nang hap thu anh sang trong vung kha kién. Gi4 tri ning
lugng ving cam ctia cac vat lidu tong hop duoc xac dinh dua
trén két qua do UV-Vis-DRS, su phu thudc ctia (oE)? theo ning
lwong anh sang hap thu cua vat liu duoc biéu dién ¢ hinh 3.
Gia tri nang lwong viing cAm clia céc vét lidu WO,, WA-5, WA-
10, WA-15, WA-20 va Ag,VO, dugc xéac dinh lan luot 1a 3,02,
2,91,2,74, 2,89, 294va250eV
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Hinh 3. Sw phu thuéc ham Kubelka-Munk theo nang lwong anh
sang bi hap thu cta Ag,VO,, WO, va WA-x.
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So voi Ag,VO, va WO,, cic vit li¢u lai ghép WA-x tong
hop déu co kha ning hap thu birc xa kha kién manh hon cac
hop phan WO, nhung yéu hon Ag,VO,, dong thoi gid tri nang
lugng ving cam cua cac vt liéu lai ghep tong hop dugc gan
nhu giam so v6i gid tri nang luong ving cam cua WO,. Su thay
doi gid tri nang luong vung cam cho phep du doan vat liéu lai
ghép tong hop duoc ¢6 hoat tinh quang xuc tac tot trong ving
anh sang nhin thdy nho sy xtc tic hiép tro ctia ca hai hop phin
Ag,VO,va WO,

Su ¢6 mit ciia cic nguyén to, mau vat lidu WA-10 duogc
phan tich bang phuong phap pho tan xa ning lugng tia X. Két
qua duoc thé hién ¢ hinh 4 va bang 1.
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Hinh 4. Ph tan xa nang lwong tia X chia vat liéu Ag,VO, (A), WA-10
(B) va WO, (C).

Két qua phd tan xa ning luong tia X cia mau WA-10 (hinh
4B) cho théy, cac dinh nhiéu xa ddc trung cho W 1an lugt xuét
hién tai cac mirc nang lugng 7,43, 8,45 va 9,64 keV (tuong
tw phd EDX cua WO, ¢ hinh 4C) [5]. Céc dinh phd dic trung
cho V 1an luot tai cac mirc ning luong 0,45 va 5,42 keV; doi
v&i Ag, cac dinh nhidu xa dic trung xuét hién tai mic ning
luong 3,1 keV (twong tu phd EDX cua Ag,VO, 6 hinh 4A)
[13]. Dinh nhiéu xa dic trung cho O xuat hién tai mirc ning
lugng 0,51 keV.

Bang 1. Thanh phan nguyén té W, V, Ag va O ctia mau WA-10.

% khéi lwgng % khéi lwgng

Nguyén tb

(EDX) (tinh toan theo ly thuyet)
W 59,27 66,7
% 4,92 1,85
Ag 13,18 11,75
0 22,63 19,7
Téng 100 100
n
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Két qua bang 1 cho thdy, ¢6 sy khac biét giira phan tram
khéi lugng cac nguyén t6 khi xac dinh bang phuong phap EDX
va tinh toan theo Iy thuyét nhung khong déng ké. Nhu vay,
bang phuong phap phd tan xa ‘nang luong tia X cho thay, vat
licu WA-10 tong hop c6 mat day di cac nguyén t6 thanh phan
va khong xuét hién nguyén t6 la.

Cac dac diém lién két trong WO, Ag3VO va vat licu WA-
10 dugc khao sat bang phd hong ngoal két qua dugc trinh bay
¢ hinh 5.
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Hinh 5. Phé héng ngoai cua vat liéu Ag,VO,, WO, va WA-10.

Két qua phé hong ngoai ¢ hinh 5 cua vét lidu WA-10 cho
thay, cac lién két dic trung WO, va Ag VO, déu xut hién day
du trong phd hong ngoai clia Vat ligu WA-10. Cu thé, két qua
phd hong ngoai cua vat liéu Ag,VO, cho thy, cac dinh phd g
v0i 80 song 745 va 868 cm !lan luot tuong tng dac trung cho
lién két Ag-V va V-O cia nhom Vo> trong vat liéu Ag,VO,
[13]. Trong khi d6, phd IR cua WO, xuat hién dinh ph tai 870
cm!, ddc trung cho dao dong ctia llen két W=0 va dinh pho tai
686 cm1 duoc cho 1a dao dong cua lién két O-W [5]. Két qua
nay cho thay vat liéu WA-x di dugc tong hop thanh cong.

Hoat tinh quang xiic tac

Tur két qua thue nghiém cho thay, su hip phu dung dich
AMX clia cac mau vt liéu WO, Ag3VO va WA-x tai pH=7,5
déu dat can bang sau 150 phut. Tu két ‘qua ndy, chung t61 xc
dinh thoi gian khudy trong bong toi dé dat can bang hap phu
1a 150 phut d6i voi tit ca cac mau. Sau khi khudy, hon hop vét
liéu xuc tac va dung dich AMX duoc dé trong bong toi 150
phut dé qua trinh hap phu - giai hap phu dat trang thai can
bang, qua trinh khao sat hoat tinh xtic tac quang cua vat liéu
WO, Ag3VO va vat liéu lai ghép WA-x tong hop duoc tién
hanh Két qua do chuyén hoa AMX sau 180 phiit dwoc thé hién
0 hinh 6.

Két qua hinh 6 cho thay, khi so sanh 4 mau vat liéu WA-x
v6i WO, va Ag,VO,, vatligu WA-10 ¢6 hoat tinh cao nhét trong
vung khao sat. Cu thé, sau 180 phut xi 1y thi hiéu qua phan hay
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AMX trén vat ligu WO, va Ag VO, dat lﬁr} luot 1a 34,52 va
32,78%. Trong khi do, WA-10 dat hiéu suat 79,86%, WA-5,
WA-15, WA-20 ¢6 d6 chuyén hoa AMX lan luot dat 28,95,
40,92 va 30,60%. Két qua nay cho thay, vat lieu WA-10 thé
hién hoat tiph quang xUc tac cao hon so voi WQ3 va Ag. VO,
riéng 1é. Dicu nay dugc giai thich 1a dudi sy chiéu xa cua blc
xa kha kién, vat liéu WA-x bi kich thich, khi d6 cac dién tur s&
tach khoi 16 trong trén viing hoa tri ciia Ag VO, di chuyén dé:n
vung dan 91”121 Ag,VO,, tham gia phan tmg v6i O, hoa tan hap
phu trén‘bé mat vét li¢u tao thanh H O, (téc nhén trung gian tao
HO"). Bong thoi, khi bi kich hoat bdi anh sang nhin thay, dién
tir tir ving hoa tri cia WO, bi tch ra, di chuyén dén ving dan
va sau d6 chuyén xuong vung hoéa tri cua Ag3VO 10 trong ¢
vung hoa tri cia WO, phan tmg v6i H,O tao ra goc HO® dan dén
qua trinh tai t6 hop gitra dién tir va lo tréng quang sinh dugc
han ché t6i da do qua trinh di chuyén cta cac dién tir quang sinh
gitra hai vt li¢u lai ghép Ag,VO, va WO,. Cac gbc tu do HO
sinh ra s€ tham gia vao qua trinh 6xy hoa phan huy AMX. Két
qua ctia qua trinh phan huy AMX c6 thé 13 cac san phdm hiru
co trung gian, CO,, H,O cling nhu céc san pham v co khéc.
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0,2 | =
il hing sinh

0 20 40 &0 B0 u']u 15& 1-'40 1;50 Hlm
Thii gian (phut)
Hinh 6. Sw phu thuéc gia tri C/C  vao thoi gian chiéu sang (phut) clia cac

vat liéu WO,, Ag,VO, va WA-x. C/C_ |a ndng d6 AMX & thi diém tindng do
AMX & thoi diém ban dau.

£ ~
Ket luan

Vit liéu WA-x di dugc tong hop thanh cong biang phuong
phép siéu am két hop nhiét pha rén. Vat liéu nay c6 kha ning
hap thu manh birc xa ving kha kién so véi timg hop phan
WO, vaAg, VO, riéng l¢. Két qua khao sat sy phan huy AMX
trén xtic tic Ag,VO,, WO, va WA-x dudi tac dung cua burc xa
kha kién cho thay, vat liéu WA-x (véi ty 1€ mol 10%) c6 hoat
tinh quang xuc té’c phan huy AMX cao pon so voi Ag,VO, va
WO, riéng l¢. K€t qua nay chp thay trién vong 1'Ing dung cta
WA-x trong viéce xtr 1y céc chat khang sinh 6 nhiém trong moi
truong nudc.
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