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Abstract: In this paper, V:0s combining with g-C3sN4s were obtained to reduce charge
recombination rate between electrons and holes in semiconductors. X-ray photoelectron
spectroscopy (XPS) results indicated certain interaction between V,0s and g-C3Ny in the V,0s/g-
CsNy heterojunction. In addition, the reducing in recombination of photogenerated electrons and
holes was confirmed via the photoluminescence (PL) spectrum. The photocatalytic activities of the
as-synthesized materials were investigated by the degradation of tetracycline hydrochloride (TC)
under visible light. The V,0s/g-C3N, heterojunction is more active than pure V20s and g-C3Na.
The TC degradation efficiency by V,0s/g-C3N,4 photocatalyst under visible light was 82.18% after
180 minutes. The improvement in photocatalytic activity of V,0s/g-C3N4 can be attributed to the
reduction of recombination rate of photogenerated electron and hole pairs.
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Toém tit: Trong bai bao nay, vat lieu V205 duoc bién tinh bang g-CsN4 nham han ché su tai té hop
gitta cac dién tir va 13 tréng quang sinh trong V,0s. Két qua tir phé XPS (quang dién tir tia X) cho
thiy, ¢6 su twong téc gitta V,0s V& g-CsN, trong vat liéu V20s/g-CsNa. Dong thoi, khi bién tinh
V205 bing g-CsN, tao thanh vat lieu V,0s/g- CsN, da lam giam sy tai td hop gitra dién tir va 18
trdng quang sinh théng qua su xac nhan cua phd quang phat quang (PL). Hiéu suit phan huy
tetracycline hydrochloride (TC) dudi 4nh sang nhin thiy va dugc xc tac boi vat lieu V,0s/g-C3N,
la 82,18% sau 180 phut. Gia tri nay cao hon so v6i hiéu suat phan hay TC trén vat liéu V.05 va
g-C3N, trong viing nh sang nhin thdy do han ché duoc sy tai to hop gitra cac electron va 13 tréng

quang sinh trong vat liéu V,0s/g-C3Na.

Tir khoa: V20s/g-CaNs, hoat tinh x(c tac, 4nh sang viing nhin thay, tai té hop, tetracycline

hydrochloride.

1. Mé dau

Hién nay, su ton du khang sinh dang gy ra
méi de doa nghiém trong dén can bang moi
trwong sinh thai, sac khoe con nguoi va su
khang khang sinh cua céc sinh vat. Dé xir ly cac
chat khang sinh, phuong phap xuc tac quang
hoa di thé dang dugc biét Ia c6 tiém ning nho
cac uvu diém vé kha nang khoang hoa, than thién
moi truong, vat liéu xac tac duoc tai st dung
nhiéu lan, c6 thé tan dung dwoc ngudn kich
thich 12 buc xa mat troi déi voi nhitng vat liéu
ban dan c6 gia tri nang lugng ving cim phu
hop véi budc séng ¢ viing buc xa kha kién.
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Gan day, vat liéu ban din xic tac quang
mGi VGi viing cam c6 gia tri nang lwong nho
duoc quan tdm nghién ciru [1-5]. Uu diém cua
cac vat liéu nay la hoat dong trong vung &nh
sang nhin thdy, nén kha thuan loi dé xdc tac
phan hily céc chat & nhiém hiru co. Tuy nhién,
yéu diém cua nhom vat liéu méi nay 1a su téi
két hop nhanh giira cac dién tu - 16 trong quang
sinh va chi ¢ dién tar & vung dan khir duoc O
thanh O2" hoic 15 trong & viing hoa tri oxi hoa
duoc H20 thanh HO'. Trong s céc vt liéu ban
dan thé hé méi, cac hop chit ban dan dang oxide
nhu V20s d3 nhan duoc sy chl y cua nhiéu nha
nghién ciu (V6i gia tri nang lugng ving cim
khoang 2,10 eV) [6-9] nho hoat tinh xUc tac
phan huay cao c4c hop chét hitu co dudi bic xa
ving nhin thay va dé tong hop. Yéu diém cua
V20s 1 chi ¢ 15 trong ¢ vang hda tri oxi hoa
H-0 tao thanh "OH. Do d6, cac nghién ctru bién
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tinh V20shién nay tap trung chii yéu vao viéc to
hop V20svéi mot ban dan khac c6 nang Iuong
ctia viing cam nho ma cd thé khir & viing dan phu
hop (Am hon so véi thé khir chuan cua O2/02") dé
tham gia phan ng khir O thanh ion O;" la tac
nhan trung gian tao goc HO" dé phan huy cac chat
hitu co 6 nhiém, dong thoi glam duoc su tai t6
hop giita cac cap dién tir - 16 tréng quang sinh dan
dén hoat tinh xuc tac tang [10-15]. Do vay, trong
nghién ctu nay, vat liéu V20s dugc bién tinh
bang g-CsNs nham phan hily cac chat khang
sinh trong nudc.

2. Thuc nghiém
2.1. Tong hop vdt liéu

2.1.1. Téng hop V205

Cho 0,1g ammonium metavanadate va 0,1
gam cetyl trimethylammonium  bromide
(CTAB) hoa tan hét vao 100 mL hdn hop nudc
cét - ethanol va khuay déu (dung dich X). Thém
tir tir dung dich acid nitric vao dung dich X
trong diéu kién khudy lién tyc cho dén khi pH
dat 2,5. Hon hop cho vao binh thiy nhiét
(teflon), sau d6 dat vao tu va git ¢ 160 °C trong
12 gi¢, thu dugc chét rin mau cam vang. Chat
ran duoc rira Vi ethanol va nuéc cat, dem sdy &
80 °C. Két tua sau khi siy duoc nung & 530 °C
trong 2 gio, thu duoc vat liéu V20s [8, 16].

2.1.2. Tong hop g-CaNa

Can 1 gam urea cho vao chén nung, dat vao 10
nung va tién hanh nung trong diéu kién yém khi ¢
nhiét 6 530 °C (véi tde do gia nhiét 5 °C/phit
trong 2 gio). D& nguoi 10 tu nhién dén nhiét do
phong, thu dugc g-CsNa mau vang [17].

2.1.3. Tong hop vat ligu V20s/g-CsNa

Vit lidu V20sva g-CsNa duoc cho vao céc
theo ti 1é mol V205 : g-C3Na la 1,5:1. Sau do,
phan tan V20s va g-CsNs trong dung moi
ethannol theo ty l¢ khéi lwong V20s/g-CsNas
(g)/thé tich ethanol (mL) = 1/20. HAn hop dem
siéu 4m 15 phit dé phan tan déu, tiép tuc khudy
hon hop trong 2 gio. Sau d6, cho bay hoi hdn hop
¢ 80 °C, chit rin sau bay hoi dwoc nung ¢ 530 °C
(gia nhiét 5 °C/phut) trong diéu kién yém khi véi
thoi gian 2 gio, thu dugc V20s/g-CsNa.
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2.2. Dac trung vat li¢u

Phuong phap XRD (D8-Advance 5005)
ding dé xac dinh cau tric. Phuong phap UV-
Vis-DRS (3101PC Shimadzu) dé xac dinh dic
tinh hap thu &nh sang. Phuong phap XPS
(Karatos Axis ULTRA) va IR (Nicolet Magna-
IR 760) dé phan tich lién két gitra cac nguyén td.
Phuong phap PL (Fluoromax-4, Jobin-Yvon
Co, France) khao sat su tai két hop giira cac
dién tur va 15 tréng quang sinh.

2.3. Thi nghiém phan huy TC

Cho 0,1 gam x(c tac vao céc thay tinh da
chira 200 mL dung dich TC néng dé 10 mg/L,
dat coc trén may khudy tir, khudy déu cc dé su
hip phu va giai hap phu dat can bing (bong
ti). Sau thoi gian dat can bang hap phu, lay
mot luong xac dinh dung dich TC dem tach
chat xuc tac va do ndng d6 TC con lai. Nong do
TC & thoi diém nay 1a ndng d6 dau vao khi thuc
hién khao sat hoat tinh cua xtc tac. Tiép tuc
khudy déu (600 vong/phit) hdn dich dudi diéu
Kién anh sang dén led tring (30 W) c6 cuong
d6 tai bé mat anh sang dén led tiép xdc Véi
dung dich la 41.200 lux (st dung may do cuong
d6 anh sang LX-1010B, dwa vao bo phan cam
bién cua may dé doc va kiém tra mirc do cung
c4p anh sang cua dén led tring), budéc séng 400
<A <700 nm, dit cach bé mat dung dich phan
rng 40 cm, nhiét do duoc duy tri ¢ 30 °C. Ung
v6i mot thoi gian nhit dinh, mot lugng xac
dinh dung dich TC dwgc dem tach chét xdc tac
va do nong do TC con lai (¢ budc song 355 nm
bang phwong phap tric quang trén may UV-Vis
(CE-2011)).

3. Két qua va thao luan
3.1. Dac trung vat li¢u

Gian d6 nhidu xa tia X cua cac vat liéu
V20s, g-CsNava V20s/g-CaNa dugc trinh bay &
Hinh 1. Trén gian do nhiu xa tia X cua g-CsNs
& Hinh 1 chi ra rang, vat liéu V20s c6 cac dinh
nhidu xa & khoang 26 bang 15,1°% 20,2°% 26,1°
31°,05 &ng véi cau trdc orthorhombic cua V20s
(thé chuan JCPDS 75-0457), con xUc tac g-CaNa,
dinh nhidu xa c6 cuong d6 kha manh xuat hién tai
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vi tri 2-theta khoang 27,40° dwoc quy cho su sip
xép cua cac hé lién hop thom, @ng voi mat (002)
minh ching cho ciu tric ctia g-CsNa (thé chuan
JCPDS 87-1526). Péi v6i gian dd XRD ciia x(ic
tac V20s/g-CsNs xuat hién hau hét cac dinh
nhiéu xa dic trung ctia V20s va chi xuat hién
dinh nhidu xa & 26 bang 27,4° nhung ¢ cudng
d6 thap cua g-CaNa.
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Hinh 1. Gian d6 nhiéu xa tia X cua céc vat liéu
V205, g-C3N4 va V20s/g-C3Na.

Trang théi héa hoc cua cac nguyén té trong
V20s/g-CsNs durgc phan tich bang phwong phap
phd XPS. Trén phd XPS (Hinh 2) ciia Cls trong
vt liéu to hop V20s/g-CsNas c6 ba dinh phd véi
gia tri nang luong lan luot 12 284,9; 286,6 va
288,1 eV; dinh phé thir nhit c6 cuong d6 manh
tai mirc nang lugng 284,6 eV duge xac dinh la
carbon d6i chtng cua phép do va cua lién két C-H,
dinh phé tai mirc ning luong 286,6 va 288,1eV
g véi Csp® (N-C=N) trong g-CsNa, tuy nhién
gié tri cAc mirc nang lugng nay cd su sai khac
50 Vi g-CaNa tinh khiét [18].
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Hinh 2. Pho XPS caa C1s, N1s, V2p va Ols trong
vat ||éU V205/g-C3N4

Pho XPS ciia N1s ¢6 dinh phd c6 cuong do
manh tai mac nang luong lién két 397,8 va
398,9 eV duoc xac dinh 1a cua Nsp? (lién két
vé6i hai nguyén tir C 1an can) va dinh pho tai
400,3 eV g véi Nsp® (lién két vai ba nguy@n tir
C 1an cén) &g vai cau tao cua g-CaNa [19, 20].
Trén pho XPS cia O1s, xuat hién dinh phd c6
ning luong lién két ¢ 531,1 eV ang Véi trang
thai O trong V205 va mot dinh ph ¢ 532,2 eV
dac trung cho nhom -OH hoac phén tir nudc
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hap phuy trén bé mat vat liéu V20s/g-CsNa [21].
Phé XPS cua V2p xuét hién cac dinh phé tai hai
muac nang luong 517,5 va 524,9 eV dac trung
cho trang thai V2ps2 va V2pu2 cia V-V20s
trong vat liu V20s/g-CsNs la V*, gia tri nay
thip hon so vai trong V2Os tinh khiét [16, 21],
diéu nay c6 thé do cd mot sy tuong tac giia
V205 va g-CsNa trong vat liéu V20s/g-CaNa.

Pho IR ciia V20s, g-CsNas va V20s/g-CsN4
duoc thé hién ¢ Hinh 3. Phd IR cta g-CaNs &
Hinh 3 cho thay, c6 cac dinh phd dic trung cho
cac lién két giira nitrogen va carbon. Dinh phd
& s6 song 810,1 cm™ ung véi dao dong cua lién
két C—N trong vong thom cuia triazin. Cac dinh
phd c6 cudong do rat yéu trong khoang 1458 -
1246 cm™ dugc quy cho nhirg dao dong hoa tri
ciia C-N bén ngoai cua vong thom. Binh phd
c6 cudng do6 rat thap ¢ 1636 va 1570 cm™ dic
trung cho dao dong hoa tri cua lién két C=N.
Dai phd c6 dinh hap thy & 3177 cm™ ¢6 thé la
dao dong cua cac amin so cap (melamin) va thir
cip (melem) [22, 23]. Phd IR cua V20s, xuit
hién mot dinh kha 16 nét hap thu & sb séng
1004, 788 cm™ lan luot dic trung cho lién két
V=0 va V-0-V [8, 12]. Béi véi phd IR cua
V20s/g-C3Ns gan nhu c6 cac dinh phé ang vai
V205 va g-CsNa.
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Hinh 3. Phé IR ciia V20s, g-C3Ns va V20s/g-C3N,,

T phé UV-Vis DRS (Hinh 4) cua xuc tac
V205 va g-CsNs cho thy, déu xuat hién dai phd
Xuat phét tir viing anh sang tir ngoai sang ving
anh sang kha kién, nhung xuc tac V20s hap thu
anh sang manh hon khi so v6i g-CsNa. D6i Vi
phd UV-Vis DRS cua xUc tic V20s/g-CaNa gan
nhu c¢6 bd hdp thy anh sang vung kha kién

manh hon nhiéu so véi xdc tac g-CsNs nhung
yéu hon V20s.
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Hinh 4. Phd UV-Vis-DRS cua V,0s,
g-C3N4 va V205/9-C3N4,

Két qua gié tri Eng ctia X(c tac V20s, g-CsNa
va V20s/g-CsNa thu duoc dua vao di liéu cua
phd UV-Vis DRS (Bang 1) chi ra rang, gia tri
Eng cia V20s/g-CsNs (2,19 eV) l1a gan tuong
duong vaoi V20s (2,23 eV). Biéu nay cho thiy,
khi t6 hop vt liéu V20s va g-CsNs thi gan nhur
khong c6 su giam Eng S0 Vi vat liéu don ¢ Eng
nho hon. Nhu vay, ca ba vat liéu V205 va g-
CsNs, V20s/g-CsNs déu c6 thé hoat dong tot
trong anh sang viing nhin thay.
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Hinh 5. Su biéu din ham Kubelka-Munk phu thuéc
vao nang luong hap thy &nh séng cua V,0s,
g-C3N4 va VzOs/g-CgN4.

Bang 1. Gi4 tri ning lugng viing cAm cua cac vat
|IéU V205, g-C3N4 va V205/g-C3N4

Vit liéu Epg (eV)
g'C3N4 2,75
V705 2,23
VzOslg—C3N4 2,19
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Pé phan tich su tai két hop gitra cac dién tir
va 13 trong quang sinh trong cac xdc tac V2O,
g-CsNs va V20s/g-CsNa, pho PL duoc st dung.
Két qua thu duoc tir phd PL & Hinh 6 thé hién
s giam cuong d6 dinh phd PL rd rét tir mau
xUc tac g-CsNas, V205 dén V20s/g-CaNa. Két
qua PL chi ra tht tu tai két hop gitra electron
va 13 tréng trong xuc cac xdc tac giam lan luot
& g-C3Ns> V205 > V205/g-CsN4. Nhu vay,
xuc tac V20s/g-CsNs d3 han ché duoc sy tai to
hop gitta cac dién tir va 16 tréng hitu hi¢u hon
S0 Vi xuc tac g-CsNs va V20s riéng I¢é trong
vung khao sat.

g-C3N,
V205

V204/g-CsN,

Cwong do (a.u)

T T T
400 450 500
Bwdc song (nm)

Hinh 6. Phd quang phét quang cua V>0s, g-CsN4 va
V205/g-C3N4.

3.2. Hogt tinh quang xuc tac

Dé danh gia hoat tinh cua xdc tac V20s,
g-CsNa va V20s/g-CsN4, khang sinh TC duoc
sir dung phan hity nhu chat & nhiém hiru co mé
hinh. Két qua thuc nghiém duoc thé hién ¢
Hinh 7. Két qua phan hiy TC ¢ Hinh 7 cho
thay, vat liéu V20s/g-CsNa ¢ hoat tinh cao hon
S0 V6i g-CaNa va V20s don 1¢. Hiéu suit phan
hay TC tai 180 phuat trén g-CsNs, V205 va
V20s/g-CsNs lan luot 1a 52,34; 55,32 va
82,18%. Nhur da biét, khi han ché duoc su téi to
hop gitra cac electron va 15 tréng thi kha ning
hoat dong quang xuc tac cua vat liéu s¢ dugc
gia ting dang ké. Diéu nay co thé duoc giai
thich 1a khi bién tinh V20s vé6i g-CsNatao thanh
vat lidu V20s/g-CsNs s& tao ra duoc su chuyén
dich dién tir theo so d6 dang Z. Khi vat liéu
V20s/g-CaNs duoc kich hoat bang birc xa kha
kién, electron cua V20s phan tach khoi ving

hoa tri nhay lén viing dan, khi d6 dién tir & viing
dan cua V205 c6 thé nhay xubng ving hoéa tri
ciia g-CaNs nén han ché duoc su tai két hop
gitta electron - 16 tréng theo dang Z, két qua
viéc t6 hop hai vat liéu ban dan trén co so dugc
dé cap trong nghién ctru nay da lam giam duoc
su tai két hop giita electron va 15 trong 1a pho
hop voi cong bd cua nhiéu tac gia [12, 13]. Do
6, su t6 hop V20s véi g-CsNsda lam tang thoi
gian song cua dién tir va 15 trong dan dén hiéu
qua phéan huy TC cua xuc tac V20s/g-CsN4

tang Ién.

Khéng chiéu sang /Anh sang kha kién
1.0 dep—» I > > » >

0,8 4
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—=— g-C;N,
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Thei gian (phut)

Hinh 7. Sy thay déi C/Co caa TC phu thugc thoi
gian cua xuc tac V;0s, g-CsN4 va V20s/g-CsNy.

4. Két luan

Vit liu V20s/g-CsNs da dugc tong hop
thanh cong. V20s/g-CsNs ¢6 bd hip thu &nh
sang vung kha kién manh hon nhiéu so véi xuc
tac g-CsNs nhung yéu hon V20s. Kha ning han
ché sy tai két hop giira electron-15 tréng trong
vat liéu V20s/g-CsN4 14 tot hon so véi V205 va
g-CsN4 don 1é. Sy phan hay TC trén xuc téc
V20s/g-CsNs (hiéu suat dat 82,18%) dudi tac
dung cua buc xa ving nhin thiy 1a cao hon so
VGi xdc tac V20s (55,32%) va g-CaNas (52,34%).
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