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MO DAU

1. LY DO CHON PE TAI

Ngay nay, 6 nhiém méi truong nudc boi cac chat nhuém mau cong nghiép
1a van dé nong dang duogc ca xa hoi quan tdm. Pang chu y 1a su tdn tai ctia cc
hop chét hitu co doc hai, kho bi phan hity va chung c6 kha ning tich lily trong co
thé, gay nhiém doc cho con nguoi ciing nhu sinh vat nhu: phenol, cac loai thude
nhudém mau, Rhodamin... Su 6 nhiém nay gy anh huéng nghiém trong téi strc
khoe con ngudi, hé sinh thai, huy hoai méi trudng séng. Do d6, nghién ctru cac
bién phap nham loai bo cac chat nhudm mau khoi nguén nudc, giam thiéu 6 nhiém
xubng muc thap nhat ludn 1a van dé cap thiét, thu hut sy quan tim manh mé cia
cac nha khoa hoc trén toan thé gioi.

Mot trong nhitng huéng xtr Iy 6 nhiém mdi trudng 1a sir dung cac 6 xit kim
loai ban dan lam chat xuc tac quang hoa dé loai boé cac chat mau ddc hai hién nay
dang giéi nghién ctru quan tim. Trong phuong phap nay, ban than chat xtc tac
khong bi bién doi trong subt qua trinh phan tng, khong can cung cap nhién liéu
khac cho hé phan tmg. Ngoai ra, phuong phap nay con c¢é cac vu diém nhu: co
thé thuc hién trong nhiét do va ap suét binh thuong, co thé sur dung nguén anh
sang nhan tao hodac truc tiép tr anh sdng mat troi.

Vit liéu nano V,Os, 1 vat liéu ban din loai # c6 nhiéu tiém ning cho linh
vuc quang xuc tic boi nd 1a mot chat bén, khong bi phan hay dudi tac dong cia
cac yéu té quang, hoa hoc, ban than né khi sir dung lam chat xtic tac quang hoa
khong dua thém chat doc hai vao méi truong... Tuy nhién trong qua trinh tong
hop vét liéu V,0s, trong san phém thu duoc thi Vanadi ton tai nhiéu trang thai
6xy héa khac nhau, phd bién nhat 1 V** (mau tt dinh huong), V** (mau luc), V**
(mau lam) va V** (mau vang). Viéc ton tai nhiéu dang 6 xi hda trong san pham
s& gay khé khin cho qua trinh dénh gia tinh chat, ciu tric ciing nhu kha ning
quang xuc tac cua vat li€u tao thanh. Vi vay dé thu duoc vat lidu V,0s dang don
pha trong qua trinh tong hop phai kiém soat chit ché cac thong sd tong hop (pH,
nhiét do, thot gian...).



Trong dé xuit nay, dua trén diéu kién céc trang thiét bi hién co tai Truong
Pai hoc Hoa Lu, chung toi dé xuat hudng nghién ctru “Nghién ciru tong hop vit
liéu nano V,0s dinh hudng img dung trong quang xiic tdc”. Bang viéc st dung
phuong phap thity nhiét, nghién ciru ndy tap trung vao viéc khao sat cac diéu kién
tong hop dén tinh chit cua vat lidu V,Os tao ra. San pham tong hop ra s& duoc
chung t6i thir nghiém tmg dung trong quang xtic tic phan hiy chit mau hitu co.
2. MUC PiCH NGHIEN CUU
(i) Nghién ctru tong hop thanh cong vt liéu nano V,0s bing phuong phap
thuy nhiét. Diéu khién dugc mot sb hinh thai hoc, kich thuée cia cac ciu tric
nano bang & cac diéu kién tong hop khac nhau;
(i1) Khao sat va danh gia duoc hinh thai, cAu trac va tinh chét cua vt liéu
nano V,0s va kha nang tmg dung trong quang xuc tac.
3. POI TUQNG, PHAM VI NGHIEN CUU
3.1. P6i twong nghién ctru:
(1) Véat liéu nano V,0s;
(i) Vat liéu nano V,0s dugc tong hop & cac diéu kién khac nhau.
3.2. Pham vi nghién ctru:
(i) Cac phép do khao sat hinh thai, cdu trac ciia vat lidu;
(ii) Phép do quang xtc tac ciia vat liéu V,0s téng hop duoc.
4. CACH TIEP CAN VA PHUONG PHAP NGHIEN CUU
Pé tai dugc thuc hién bang phuong phap thuc nghiém két hop voi nghién
ctru 1y thuyét. Trong d6, nghién ctru 1y thuyét ching t6i dwa trén hé thong céac
cong trinh nghién ctru da dugc cong bd vé vat liéu nano V,0:s. Nghién ctru thuc
nghiém: Chung t6i st dung phuwong phap thity nhiét dé tong hop vat liéu. Hinh
thai, cdu tric cua vat liéu dugc khao sat bang: Anh hién vi dién tir quét (SEM),
phép do pho hdng ngoai bién doi Fourrier (FTIR), Phép do phd tir ngoai — kha
kién (UV-vis), phép do phd tan xa Raman, phép do phd nhiéu xa tia X (XRD).
Tinh chat quang xtic tic phan huy chat mau hitu co duge do bang hé do quang

xUc tac tai phong thi nghiém Vat 1y - Truong Pai hoc Hoa Lu.



5. PONG GOP MOI CUA PE TAI

DPong gop 16n nhat caa dé tai 1a phat trién duoc cong nghé tong hop vit lidu
nano V,0s bang phuong phap don gian, tin dung nhiing trang thiét bi sin c6 tai
phong thi nghiém Ly, Hoé cua nha trudng, dong thoi danh gia kha ning tmg dung
vat liéu thu duoc trong quang xtc tac phan huy chit mau hitu co. Bing phuong
phap thuy nhiét tac gia da tong hop duge cac cau trac nano V,0s ¢6 hinh thai khac
nhau. T4c gia ciing da khao sat tinh chat quang xuc tac trén co s vat liéu nano
V,0s ¢6 clu trac, hinh thai khac nhau.

Céc két qua nghién ctru chinh ctia dé tai dugc chiing toi cong bd 01 bao cdo
toan van tai Ho1 nghi Quéc té vé& Vat liéu tién tién va Cong ngh¢ nano nam 2019
(ICAMN 2019) t6 chuc tai truong Dai hoc Bach khoa Ha Noi.

6. KET CAU CUA DE TAI

Ngoai phan mé dau, két luan, danh muc tai liéu tham khao. Dé tai gdm c6 3
chuong:

1- Chwong 1: Tong quan: Tong quan vé vat liéu nano V,0s: dic diém, tinh
chat, tng dung, cac phuong phap tong hop vt lidu nano V,0s; Tong quan tinh
hinh nghién ciru trong nudc va quoc té vé vat lidu nano V,0s.

2- Chwong 2: Thue nghiém: Téac gia trinh bay cac qua trinh thuc nghiém:
tong hop vat liéu nano V,0s, khao sat hinh théi, tinh chét vat 1y, khao sat va danh
gia kha ning quang xuc tac vdi mot sé chat mau cua vat liéu nano V,0s.

3- Chuong 3: Két qua va thao luin: Tac gia trinh bay cac két qua khao sat

vé hinh thai, tinh chat vat 1y, tinh chat quang xtc tac cta vét liéu nano V,0s.



Chuong 1. TONG QUAN

1.1. TONG QUAN VE VAT LIEU V:0s

1.1.1. CAu tric cia vat liéu V20s

Ngay nay, cac cac 0 xit kim loai chuyén tiép nhu Fe,03, WOs, V,0s ..dang
nhan dugc sy quan tam cua cac nha nghién do céc tinh chit dic biét va tiém nang
g dung ctia nd. Vanadi - thudc nhom cac kim loai chuyén tiép, dugc biét dén
nhu 12 mot nguyén 6 rat phong phu trong vo Trai dat, chiing ton tai ¢ nhiéu trang
thai hoa tri khac nhau. Cac 6 xit chinh ctia Vanadi chu yéu ¢ cac dang 6 xy hoa tir
2+ dén 57 1a: Vanadi monoxide (VO), Vanadi sesquioxide (V,0;), Vanadi dioxide
(VO,), Vanadi pentoxide (V,0s). Ngoai ra, cac sai hong 6 xi ton tai trong pha
Vanadi — 6 xy c6 thé tao thanh hdn hop céc 6 xit da hoa tri nhu V307, V40 va
V013 (hon hop ctia V3 va V4); V4011, V7013 va VgOis (hdn hop ctia V4 va V),
Chiing pha tron tao thanh hai chudi pha: pha Magnéli V,0,,.; va pha Wadsley
VO + 1. Céc trang thai 6 xy héa ctia Vanadi phu thudc vao diéu kién tong hop
nhu nhiét do, ap suit, pha, ndong d6 Vanadi va pH. Vi dy, khi st dung phuong
phap phtin xa, khi thay d6i ndng d6 6 xy, VO sé& thay d6i pha lién tuc (V — V>0
— VO, — V,03 — V013 — V,05); VO ton tai dudi dang nhiéu pha phu thudc
vao thoi gian 1, nhiét do 1 va ty 1€ khi O,/Ar; Ba trang thai hoa tri V,0s, VO, va
V,0j5 ¢6 thé dugc kiém soat bang cach u trong khong khi, chan khong va hdn hop
khi 95% Ar/5% H,. Con khi trong dung dich nuéc thi qua trinh chuyén pha phu

thudc chit yéu vao ndng d6 Vanadi va pH [1].

Hinh 1.1. C4c trang thai hoa tri khac nhau cia Vanadi (tir trai qua: V>*, V¥ V3 V2 )



Trong s cac dang ton tai ctia 6 xit Vanadi, V,0s 1a trang thai bdo hoa 6 xy (trang
thai 6 xy hoa cao nhat) do d6 né 14 chit 6n dinh nhat [2]. Gel V,0s dugc tong hop
14n dau tién vao nam 1885 tir mudi amoni vanadate (NH4VOs) [3]. Phén tich dau
tién vé céu tric tinh thé cua V,0s duge thuc hién bai Ketelaar vao nam 1935 [4]
(Hinh 1.2).

Hinh 1.2. CAu tric tinh thé cua ctia V,0s:
(a): a-V20s; (b): B-V20s; (¢): v-V20s; (d): 6-V20s [5-8].

V,0s ton tai & mot sb dang cdu trac khic nhau bao gém: a-V,0s

(orthorhombic) [5], B-V20s (monoclinic hoac tetragonal) [6], 6-V,0s (octahedra)
[7] va y-V,0s (orthorhombic) [8]. Trong d6 cdu triic cia a-V,0s gan gidng voi
ciu trac cta v-V20s, cac 6 don vi cia y-V,0s ¢co thé thu duoc tir 6 don vi cia o-
V105 bang mot vai sy sap xép lai. O diéu kién thuong, V,0s két tinh trong pha
orthorhombic a-V,0s (nhém khong gian: Pmmn) [9]. Mot nghién ctru gan day da

chirng minh rﬁng vat liéu nano V,0s duoc téng hop so véi cac vat liéu V,0s



thuong mai da cai thién dang ké hiéu suat trong cac thiét bi dé luu trit nang luong
va xuc tac quang [10].

1.1.2. Tinh chit cia vat liéu V20s

V,0s & diéu kién thuong ton tai dudi dang bot tinh thé mau vang, it tan
trong nudc. V205 c6 mot s6 tinh chat hoa hoc dic trung:

- Khir xuéng sé é xy héa thap hon:

Khi dun néng hdn hop 6 xit Vanadi (V) va 6 xit Vanadi (III), su can bang
xay ra dé tao ra 6 xit Vanadi (IV), duéi dang chit ran mau xanh dam [11]:

V,0s5 + V,03 — 4VO, (1.1)

Viéc khir ciing c6 thé duoc thuc hién bang C,H,04, CO va SO,. Viée khir
thém bang cach st dung H, hodc CO du c6 thé thu duoc hdn hop cua cac 6 xit
nhu V407 va V5O trude khi thu duoc V,03; mau den.

- Phan ung axit-bazo:

V105 1a mot 6 xit ludng tinh. Khong gidng nhu hau hét cac 6 xit kim loai,
no6 hoa tan mot chit trong nudc dé tao ra dung dich mau vang nhat. Do do, V,0s
phan tng véi cac axit manh tao thanh dung dich chita cdc mubi mau vang nhat
chtra tam dioxovanadi (V):

V,0s5 + 2HNO; — 2VO,(NO3) + H,O (1.2)

V,0s phan tmg v&i kiém manh dé tao thanh polyoxovanadate, c6 cau tric
phtec tap phu thudc vao pH. [12] Néu sir dung dung dich NaOH du, san pham 13
mudi khong mau, natri orthovanadate, Na3;VOas. Néu axit dugc thém tir tir vao
dung dich Na;VO,, mau s& chuyén dan tir mau cam sang mau do6 trude khi két tia
V1,05 mau nau. Cac dung dich nay chtra chu yéu 1a cac ion HVO4> va V,0,* giita
pH =9 va pH = 13, nhung pH dudi 9 thi mét s6 dang nhu V40154 va HV 0055~
(decavanadate) chiém wu thé.

Khi V,0s phan tng véi thionyl clorua, né chuyén thanh Vanadi oxychloride
long dé bay hoi, VOCl; [13]:

V,0s5 + 3SOCI, — 2VOCI; + 350, (1.3)



- Phan ving oxi hoa khuwr khac:

Axit clohydric va axit bromhydric bi oxy hoa thanh halogen tuwong tng khi
phan tng v61 V,0s, vi du:

V205 + 6HC1 + 7TH,O — 2[VO(H,0)5]*" + 4C1™ + Cl, (1.4)

1.1.3. Cac irng dung vat liéu nano V205

Trong c4c tng dung thuc tién hién nay, vat liéu V,0s cAu tric nano c6 nhiéu
tiém nang trong cac linh vyc khac nhau nhu: Lam vat li¢u catdt dung lugng cao
cho pin ion-k&m [14], siéu tu [15], cam bién khi [16], quang xuc tac [17], pin mat
troi [18]...

1.1.4. Cac phwong phap tong hop vit liéu nano V205

(1) a) stirring b) electrospinning c) sintering / annealing

NH,VO, H.C.0,
VO, VO precursor

—_——
DMF + PVP
(2)
Calcination
300°C
T -2 V,0,/CF
Impregnation Drying
(NHJIVO(C,0,)) catviaion _ 80 O@
412 2V Carbon Foam Carbon foam  (NH,);[VO(C;0,).) inati
i e
Aqueous solution (NH,[VO(C.0JJICF 400 O 00 o
Qo
Carbon-coated V,0¢

Hinh 1.3. Mot s6 phwong phap tong hop vat liéu nano V>0s: (1): Phun tinh dién [23];
(2) Tong hop thong qua thim trén bot cac bon [24].

Vit liéu V,0s cau tric nano duoc tong hop bang cac phuong phap vat 1y
va hoé hoc khac nhau nhu : thiy nhiét [19], léng dong hoi hoa hoc [20], bdc bay
chum electron [21], phiin xa [22]; phun tinh dién (Electrospinning) [23], va tong
hop qua thim trén bot cac bon [24] va (hinh 1.3)... véi nhiéu loai ciu trac nano
V,0s nhu: hat nano, day nano, thanh nano, béng hoa nano... Trong s6 nhiing
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phuong phap nay thuy nhiét 1a mot phuong phép pho bién. Tong hop cac vt lidu
nano bang phuong phap thuy nhiét duoc thuc hién dua trén kha niang thuy phan
va khtr nuée cia cac mudi, cling nhu cac phan ung héa hoc khac ¢ 4p suit va
nhiét do cao. Qua trinh thuy nhiét dugc thyc hién trong cac hé kin (autoclave)
v6i ap suat cao. O nhiét dd cao, sy hoa tan va kha ning phan ng ctia cac chat
tang 1én. Nhiéu tién chat khong tan trong nudc & diéu kién binh thudng c6 thé
duoc stir dung trong phuong phap thuy nhi¢t. Hi¢n nay qua trinh thiy nhi¢t dang
dugc st dung rong rai dé téng hop nhiéu loai vat liéu 6 cdu tric nano. Uu diém
ctia phuong phéap thay nhiét 1a cho phép tao ra cac hat nano véi mirc do tinh thé
cao, c6 thé téng hop $6 lugng 16n vat liéu trong mot lan thuy nhiét, nhiét do téng
hop thap va thiét bi don gian. Ngoai ra, kich thudc va hinh dang hat c6 thé diéu
khién dugc bang cach thay doi diéu kién tong hop nhu nhiét d6, ap sudt, va thoi
gian phan Ung.

1.1.5. Co ché quang xiic tac phan hiiy chiat mau hiru co ciia vit lidu
V205

Theo 1y thuyét ving ning luong, dién tir ton tai trong nguyén tir trén nhiing
muc ning luong gian doan (céc trang thai dimg). Nhung trong chat ran, khi ma
cac nguyén tir két hop lai voi nhau thanh cac khoi, thi cdc mirc nang lugng nay bi
pht 1én nhau, va tr¢ thanh cac viung nang lugng va s€ c¢6 ba vung chinh (hinh 1.4),
do la:

- Viing héa triz La ving ¢ ning luong thap nhat theo thang ning luong, 1a
ving ma dién tir b lién két manh voi nguyén tir va khong linh dong.

- Ving dan: Ving c¢6 mirc ning luong cao nhat, 1a ving ma dién tir s& linh
dong (nhu cac dién tir tu do) va dién tir & vung nay sé& 1a dién tir dan, c6 nghia la
chat s& c6 kha nang dan dién khi c6 dién tir ton tai trén ving dan. Tinh dan dién
ting khi mat o dién tir trén vung dan ting.

- Viing cam: La ving nam gitta ving hoa tri va ving dan, khong c6 mirc
nang luong nao do d6 dién tir khong thé ton tai trén ving cAm. Néu ban din pha

tap, c6 thé xuat hién cac muc ning lugng trong ving cAm (mirc pha tap). Khoang


https://vi.wikipedia.org/wiki/L%C3%BD_thuy%E1%BA%BFt_v%C3%B9ng_n%C4%83ng_l%C6%B0%E1%BB%A3ng
https://vi.wikipedia.org/wiki/Electron
https://vi.wikipedia.org/wiki/Nguy%C3%AAn_t%E1%BB%AD
https://vi.wikipedia.org/wiki/Tr%E1%BA%A1ng_th%C3%A1i_d%E1%BB%ABng

cach giira day vung dan va dinh ving hoa tri goi 1a 46 rong ving cim, hay ning
luong ving cAm (Band Gap).

Kim loai c6 ving dan va ving héa tri phu 1én nhau (khong c6 ving cdm)
do d6 ludn 1udn ¢ dién tir trén ving dan. Cac chat ban dan c6 ving cam cd mot
dd rong xac dinh. O khong d6 tuyét dbi (0°K)), mirc Fermi nam gitra vung cam, ¢6
nghia la tat ca cac dién tir ton tai & vung hoa tri. Khi chit ban dan bi kich thich
boi buc xa, s& ¢6 modt sd dién tir nhan duogc nang lugng 16n hon nang luong vung

cam va no s¢ nhay Ién vung dan [25].

Cac mifc . x
chua lap / Vung dan

N&ng i Vung tréng
Iugng néng lugng

\V[mg

hoa tri

Cac muc
da lap

Hinh 1.4. Ciu triic ning luong cia dién tu trong mang nguyén tr cua chat ban dan. Vung hoa
tri dugc lap ddy, trong khi ving dan tréng. Mtrc Fermi nim & ving trong ning luong [25].

Qua trinh xtc tac quang cia chat ban din xay ra khi mot cht xuc tac quang
dugc chiéu xa bang mot photon anh sang c6 ning luong cao hon ning luong ving
cAm ctia chat xuc tac quang d6 lam cho dién tir dugc ddy tir viing hoéa tri téi ving
dan va dé lai mot 16 trong trong ving hoéa tri. LS trong ving hoa tri va dién tir
trong ving dan phan tng v&i nuée va oxi hién dién trong khong khi hoic nudc
bao quanh tao ra hai chét oxi héa cyc manh 1a gbc hydroxy (*OH) va nhiing ion
siéu 6 xit (O, "), hai tic nhan nay s& pha hily cau triic clia cac chat can phan hay
(chit mau) thanh cac san pham phan huy (degradation products), CO, va H,O.
Pbi véi co ché quang xuc tac phan hiy chat mau ciia vat liéu ban din nano V,0s
duoc S.K. Jayaraj va cac cong su dua ra cu thé nhu sau [26]:

Dién thé cua dai dan (CB) va dai hoa tri (VB) cta V,0s tai diém c6 dién
tich bang 0 co thé dugc do bang thuc nghiém theo phuong trinh [27]:

Ecg =7y - Ec — 0.5E, (1.5)
Eve=Eg + Ecs (1.6)


https://vi.wikipedia.org/wiki/Kim_lo%E1%BA%A1i
https://vi.wikipedia.org/wiki/H%C3%B3a_tr%E1%BB%8B
https://vi.wikipedia.org/wiki/M%E1%BB%A9c_Fermi
https://vi.wikipedia.org/wiki/N%C4%83ng_l%C6%B0%E1%BB%A3ng
https://vi.wikipedia.org/wiki/Electron
https://vi.wikipedia.org/wiki/C%E1%BA%A5u_tr%C3%BAc_tinh_th%E1%BB%83
https://vi.wikipedia.org/wiki/Nguy%C3%AAn_t%E1%BB%AD
https://vi.wikipedia.org/w/index.php?title=V%C3%B9ng_h%C3%B3a_tr%E1%BB%8B&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=V%C3%B9ng_h%C3%B3a_tr%E1%BB%8B&action=edit&redlink=1
https://vi.wikipedia.org/w/index.php?title=V%C3%B9ng_d%E1%BA%ABn&action=edit&redlink=1
https://vi.wikipedia.org/wiki/M%E1%BB%A9c_Fermi
https://vi.wikipedia.org/w/index.php?title=V%C3%B9ng_tr%E1%BB%91ng_n%C4%83ng_l%C6%B0%E1%BB%A3ng&action=edit&redlink=1

Trong d6 Ecg 1a thé cua dinh dai hoa tri, Eyg 1a thé cua dinh dai dan, y 1a
do6 am dién cua chit ban dan, Ec 1a nang luong cua cac electron ty do theo thang
do Hydro (4.5 eV) va E, 1a nang lugng ving cdm cia V,0s. Dy am dién cia V,05
la 6.1 eV [28]. Trén co s& phuong trinh va dir li€u trén, Eyg va Ecp ctia V205 dugc
tinh twong Ung 13 vao khoang 2.745 va 0.455 eV. So d6 dai dién tich cua V,0s,
su di chuyén va phan tach dién tich trong V,0s dugce minh hoa trong hinh 1.5.

Dudi su chiéu burc xa anh sang, cac electron duogc kich thich tir dai hoa tri
1én dai dan va d¢é lai cac 15 trong mang dién tich duong (/%) trén dai hoa trj. Céac
16 trong ndy phan tng voi anion OH™ trén bé mat cua chat xtic tac tao ra goc tu do

"OH [53]:

OH- + /" — “OH (1.7)
V3 (V,05) + e — V¥ (1.8)
V¥ + 0, - V3 (V,05) + 0y (1.9)

"OH + "0, + chit mau (dye) — San pham phén hiy (degradation products)
+CO,T + H,0O (1.10)

Céc electron dugc kich thich 1én trén dai dan c6 thé di chuyén nhanh sang
cac thanh nano V,0s va sau d6 khir mot phan cac ion V** thanh V*', do d6 ting
cudng su phan tach va di chuyén cua céc cip electron - 16 tréng sau khi dugc kich
thich quang hoa. Cac electron dugc nhin boi cac ion V** sau d6 duoc chuyén
nhanh chéng dén cac phan tir 6 xy xung quanh dé tai tao V** va tao ra cc gbc
anion siéu 6 xit "O,". Qua trinh nay c6 thé dugc dinh nghia nhu 13 chu trinh oxy
hoa khur cia cap V>*/V*, nhu dugc dua ra trong cac phuong trinh phéan tmg (1.7)
- (1.9) [29]. Géc hydroxy (*OH) va nhitng gbc anion siéu 6 xit (O, da duoc biét
dén nhu 12 hai chat oxi héa cuc manh, hai tic nhan nay s& pha huy cau tric cta
cac chét can phan huy (chat mau) thanh cac san phim phéan hity cing voi CO; va

H,O (phuong trinh 1.10).
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Hinh 1.5. Co ché quang xuc tac phan huy chit mau (dye) cua vat lidu V20s [50].

1.2. TONG QUAN TINH HINH NGHIEN CUU VE VAT LIEU NANO V,0s
CHO UNG DUNG QUANG XUC TAC

Ung dung trong quang xuc tac 1a mot trong nhimg ung dung tiém ning cua
vat liéu ban dan V,0s do tinh chét it doc hai, can béng héa hoc cao, va do rong
vung cAm khoang 2.2 — 2,8 eV phu hop véi tmg dung quang xtc tac trong ving anh
sang nhin thdy. Cac nghién ctru vé V,0s cho tng dung quang xuc tac & Viét Nam

con han ché. Cac nghién ctru vé linh vuc nay trén thé gioi gan day co thé ké dén:

1- K. Karthik va cac cong su (Khoa Vit ly, Pai hoc Bharathidasan,
Tiruchirappalli, An Dg) nghién ctru tong hop hat nano V,0s bang phuong phap
siéu Am nham Gng dung cho quang xtc tac phan huy dung dich Rose Bengal. Két
qua cho thay, cac hat nano V,0snay c6 thé phan huy hoan toan dung dich Rose

Bengal sau 150 phut chiéu sang dudi anh sang mat troi [30].

2- Santhosh Kumar Jayaraj va cac cong sy (Trung tam Khoa hoc va Cong
nghé nano, Pai hoc Pond Richry, Kalapet, Puducherry, An D6) tong hop thanh
nano V,0s bang phuong phap thuy nhiét img dung cho quang xuc tac phan huy
cac dung dich Rhodamine 6G (Rh-6G), metyl da cam (MO) va xanh methylen
(MB) dudi su chiéu xa anh sang nhin thdy duoc. Hiéu suat phan hay cho Rh-6G
= 85%, MO =48% va MB = 24% sau 300 phut chiéu sang dudi anh sang nhin thay
[18].
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3- Viruntachar Kruefu va cac cong sy (Khoa Khoa hoc, Pai hoc Maejo,
Chiang Mai, Thai Lan) sir dung phuong phap phun pht nhiét phan téng hop hat
nano V,0s kich thude khoang 30 nm cho ung dung phan huy dung dich Xanh
Methylen, két qua cho thay c6 dén 81% dung dich Xanh Methylen d3 bj phan huy
sau 120 phut chiéu sang dudi anh sang nhin thay [31].

4- Elaheh Aawani va cac cong su (Khoa Vat 1y, Pai hoc SEM Nam, Iran),
tong hop Vat liéu nano graphen 6 xit (rGO) -V,Os cho tng dung quang xuc tac
phan huy dung dich Xanh Methylen. Két qua cho thay hiéu suat phan huay t6i da
khtr mau dung dich Xanh Methylen bang vét liéu nano rGO-V,Os la khoang 85%
sau 255 phit chiéu sang bang dén thiy ngan [32].

5- Qing Shi va céac cong su (Khoa Cong ngh¢, Pai hoc khoa hoc va cong
nghé Harbin, Trung Qudc) st dung phuong phap thity nhiét tong hop to hop nano
V,05/Zn0O cho phan Uing quang xtc tac phan huy Xanh Metylen (MB) dudi su
chiéu xa cta 4nh sang nhin thdy. Két qua cho thay t6 hop nano nanocomposie
V,05/Zn0 c6 téc d6 phan hiy quang xtc tac cao hon 2 1an so véi ZnO don 1é
[33].

Tom lai, V,0s c6 nhiéu tiém ning tmg dung cho quang xtic tac phan huy
chit mau hitu co. Tuy vay, cho dén nay van thiéu cac nghién ctru mot cach co6 hé
théng anh hudng cuia cac diéu kién tong hop 1én tinh chét ciing nhu kha ning Gng

dung trong linh vuc quang xtc tac cua vat liéu V,0s tao thanh.
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Chuong 2. THUC NGHIEM

2.1. TONG HQP VAT LIEU NANO V05

Pé tién hanh tong hop vat liéu nano V,0s chiing t6i sir dung cac hoa chat,
dung cu va thiét bi sau:

Héa chat: NH;VO0;.5H,0, C;H,04.2H,0, HNOs, nuée cat, con tinh khiét.

Thiét bi, dung cy: Binh thiy nhiét, may khudy tir gia nhiét, may ly tam dién,
can phan tich, 10 nung, ti sdy, may do pH, cbc, dng dong, diia thuy tinh.

T4t ca cac hoa chét, dung cu déu co déy du tai phong thi nghiém Héa hoc
va Vat ly truong Pai hoc Hoa Lu.

Vit liéu nano V,0s dugc chung t6i tong hgp bang phuong phéap thay nhiét,
quy trinh cu thé dugc chung toi trinh bay dudi day (hinh 2.1):

NHNO,5H,0 |
(5.0 mmol) | 1.Loc, rira, say tai 60°C/24 h |
Khuay tir, .
C,H,0,.2H,0 ia nhiét Thuy nhiéet PP W .| Vatligu
(2.5 mmol) dén—750C 120-180°C/6-24h [ Kéttaxép |3 1onovio,
e Diéu chinh | 2.Nungtai500°C/1h -
2 — | pH=20-38
(100 ml) (HNO)

Hinh 2.1. Quy trinh tong hop vét liéu nano V,0s.

Lay 0.585 g (5.0 mmol) NH;VOs.5H,0 va 0.315 g (2.5 mmol) C,H,04.2H,0
hoa tan hoan toan trong 100 ml nudc khtr ion bang may khudy tir, gia nhiét dén
75°C. Khi hon hop duoc hoa tan hoan toan, nhé tir tir axit HNO; vao hén hop trén
dé diéu chinh pH (chiing toi tién hanh diéu chinh pH véi 3 gi trj 14 2.0, 2.7, 3.8
cho 3 mau vat liéu). Cho hdn hgp dung dich thu dugc vao binh thuy nhiét (100
ml) va tién hanh 0 & 120, 150 va 180°C trong thoi gian 6, 16 va 24h. San pham
két tua thu duoc dugc rira nhiéu 1an béng nude khir ion va con, sau d6 tién hanh
quay ly tdm véi toc d6 5900 rpm va dem say kho trong tu siy ¢ 60°C qua dém.
Tiép theo, san pham két tia duge dem nung trong 16 nung & 500°C trong vong 1h

dé thu dugc vat liéu nano V,0s.
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Véi viéc diéu chinh d6 pH, nhiét d¢, thoi gian trong qua trinh thity nhiét dé

tao vat liéu nano V,0s chiing t6i thu dugc cac hé mau vat liéu nhu trong bdang 2.1

dudi day:
Bang 2.1. Cac mau vat liéu nano V>Os tong hop dugc & cac didu kién thuy nhiét khac nhau.
TT Nhiét do thiy nhiét (°C) pH Thoi gian thiay nhiét (h)
| 120 3,8 6
2 150 3.8 6
3 180 3.8 6
4 180 2,7 (HNO,) 6
5 180 2,0 (HNO,) 6
6 150 3,8 16
7 150 3,8 24

2.2. KHAO SAT CAC TiNH CHAT VAT LY CUA VAT LIEU

Pé tién hanh phan tich va khéo sat ciu tric, tinh chat vat ly cua vat li¢u
ching t61 st dung cac phuong phap:

2.2.1. Phuwong phap hién vi dién tir quét (SEM)

Anh hién vi dién tir quét (SEM) duogc st dung dé nghién ctru hinh thai bé
mat ciia cac mau vat liéu nano V,0s téng hop dugc. Anh SEM duoc chup b:?lng
may Hitachi S-4800 tai Vién Han 1am khoa hoc va cong nghé Viét Nam.

2.2.2. Phwong phap phé Raman

Pho Raman ghi nhan céc thong tin vé mirc nang luong dao dong ctia nguyén
tir, phan tir hay mang tinh thé. Cac muc ning luong nay 1a dic trung cho ting
nguyén tu. Phé Raman duge do tai Vién Vat 1y K¥ thuat — Truong Pai hoc Bach
khoa Ha Noi trén may Raman LabRAM HR cua hang HORIBA Jobin Yvon (Aexc
= 632.8 nm).

2.2.3. Phwong phap pho hdng ngoai bién d6i Fourier (FTIR)

Phd FTIR hoat dong dua trén su hép thu bic xa héng ngoai cua vat chat
can nghién ctru. Phuong phéap nay ghi nhan cac dao dong dic trung cia céc lién
két hoa hoc giita cac nguyén tir. Pho FTIR duogc ghi trén may do Nexus 670 -

Nicole tai vién KV thuat nhiét d61 — Vién Han 1am khoa hoc va cong nghé Viét
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Nam.

2.2.4. Phuong phap phd Tir ngoai — Kha kién (UV — Vis)

Pho UV-VIS duoc st dung dé xac dinh do truyén qua, hép thu. Dua vao
phé) UV - Vis, 0 rong vung cAm ctia mau duoc tinh toan theo phuong trinh Taunc
[34]:

(ahv)>=A(hv -E,)  (2.1)

Trong do 4 la hr?mg s6 Plank; E, 1a d§ rong vung cAm; v 1a tan s6 anh sang
t6i; o = [In(1/T)]/t, v6i T 1a d6 truyén qua, t 1a bé day cuvet; A 1a hang s6 ty 1.
H¢ do UV — Vis chung t61 st dung 1a may PG-T90, UK (tai phong thi nghiém Vat
1y - truong Dai hoc Hoa Lu).

2.2.5. Phuwong phap pho nhiéu xa tia X (XRD)

Phuong phép phé XRD la phuong phép hiru hiéu dé nghién ciru cac dic
trung cau tric vé tinh thé hoc, thanh phan pha cua chét ran str dung birc xa CuK,
v6i budce song A = 0.15406 nm. Pho XRD duge do trén may do D8 Advance
Bucker tai Khoa Hoa hoc - truong Pai hoc Khoa hoc ty nhién, Pai hoc Quéc gia
Ha Noi.

2.3. KHAO SAT TiNH CHAT QUANG XUC TAC CUA VAT LIEU NANO
V205

2.3.1. Xay dung dwong chuan ndng dd cia dung dich chat mau

Hiéu suit phan huy chat mau boi chit xtc tac quang 1a vat liéu V,0s da
dugc xac dinh thong qua xac dinh néng d6 chat mau con lai trong dung dich dua
vao d6 hép thu tai budc séng dic trung trong phd hap thy UV — vis ctia chat mau.
Pé xac dinh ndng do ctia chat mau dua vao phd hap thu, chung toi xay dung duong
chuan nong d6 cua cic chat bang may quang pho UV - Vis, duong chuan cho
théy su phu thudc tuyén tinh cua do hép thu vao né)ng do chat mau tan trong dung
dich. Trong phép phan tich nong do, dua vao duong chuan nong do da xay dung,
phan mém UV Win trong may quang phd PG-T90 s& cho biét ndng d6 cia cac mau
can xé4c dinh. Tir két qua do n6ng do & budc song Amax cua chit mau, hiéu suét

phan huy chat mau duoc xac dinh theo cong thirc:
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C
H(%) = [1 — c_t] X 100% (2.2)
(0]

Trong d6 H (%) 14 hiéu suat phan huy, C, 1a ndng d6 ban dau va C; 1a nong
d6 tai thoi diém t ctia dung dich chat mau.

2.3.2. Cac buée khao sat tinh chit quang xuc tic ciia vt liéu

bac tinh quang xtc tac cua vat liéu V,0s dugc khao sat voi cac chit mau
noéng d6 20 mg/l va birc xa phat ra boi anh sang mat troi, dén compact (120 W,
6500K) ho#ic dén tir ngoai (365 nm, 40 W). Trong mdi thi nghiém vat liéu V,0s
cung voi 100 ml dung dich chat mau dung trong cdc dung tich 250 ml dugc khudy
déu bang may khudy tir trong t6i (dark) trong thoi gian 45 phut dé dat dugc su hap
phu can bang giita chat mau va V,0s. Chiéu sang dung dich sau d6 theo chu ky
30 phat, 7 ml dung dich trong cdc duge rat ra va quay ly tim nham loai bo hoan
toan vat liéu V,0s (hinh 2.2). Dung dich chit mau thu duoc duge phan tich boi
may quang ph6 UV — Vis (PG-T90, UK).

. |
Nguonsang

”””””” 0
15cm
‘
100
80
60
Dung dich mau oA

May khudy tir

Hinh 2.2. So d6 c4u tao hé do Quang xuc tac.
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Chwong 3. KET QUA VA THAO LUAN

3.1. ANH HUONG CUA pH LEN HINH THAI, TINH CHAT VA KHA
NANG QUANG XUC TAC CUA VAT LIEU NANO V,0s

Pé khao sat anh huong ctia pH, ching toi tién hanh diéu chinh pH bang
dung dich axit HNOs truéc khi thay nhiét véi cac gia tri pH tir thip dén cao 12 2.0,
2.7 va 01 mau khéng diéu chinh c6 gia tri pH 1a 3.8. Sau d6 cac mau duoc dem
thuy nhiét tai nhi¢t 46 180°C trong tho1 gian 6h, két taa thu duoc duge dem nung
trong khong khi & 500°C trong 1h dé thu dugc vat liéu nano V,0s. Cac két qua vé
su anh huong ctia pH 1én hinh thai, tinh chat ciing nhu kha ning quang xtc tac
cua vat liéu V,0s véi dung dich MB duogc chung t61 thao luan chi tiét dudi day.

3.1.1. Két qua chup anh SEM

Hinh 3.1 1 két qua chup anh SEM cua 3 mau vat liéu V,0s téng hop tai
cac gia tri pH khac nhau sau khi thuy nhiét va nung trong khong khi. Ttr &anh SEM
c6 thé thiy rang tit ca 3 mau déu tao ra cac cdu tric nano phan 16n c6 dang tim,
va ¢6 mot s céc thanh, cac tAm va thanh tach roi nhau, mot sd it két lai thanh céc
dam nho. Kich thudc trung binh cua cac tim udc luong vao khoang 150 nm chiéu
rong va khoang 1 um chiéu dai. O mau khong str dung HNO; dé diéu chinh pH
(hinh 3.1c, pH = 3.8), c4c thanh duoc tao ra nhiéu hon va c6 it sy két tu hon, tao
nén nhiéu khoang tréng va ting cuong duoc bé mit tiép xuc gitra vat liéu va chat
mau can phan huy. Nhu vay tir két qua anh SEM c6 thé du doan d6 pH da khong
anh hudng nhiéu dén hinh théi ctia vat liéu tao thanh.

Hinh 3.1. Anh SEM cua cic miu vt liéu V205 téng hop tai cac gié tri pH khéc nhau:
(a)-pH=2.0, (b) -pH =2.7, (c) - pH = 3.8 (khong diéu chinh).
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3.1.2. Két qua pho tir ngoai — kha kién (UV — Vis)

Hinh 3.2a 12 phd UV — Vis ctia 3 mau vat liéu tong hop tai cac gia tri pH
khac nhau. Trén hinh ta c6 thé quan sat thdy mot dai hap thu rong trong pham vi
budc song 400 dén 500 nm. Sy hap thy manh & ving cdn UV va md rong dén
vung kha kién, thuong lién quan dén qué trinh chuyén dién tich tir dai héa tri O-
2p sang Orbital V-3d trong [35]. Pinh hép thu trong pham vi khoang 420 nm xay
ra khi cac ion V** chiém vi tri mang tinh thé bat dién [36]. Nang luong ving cim
(hinh 3.2b) duoc tinh toan tir phuong trinh Taunc ctia cic mau c6 gia tri 1an luot
la 2.21, 2.26, 2.37 eV tuong ung v&i cac gid tri pH 1a 2.0, 2.7 va 3.8, céc gia tri
nang lugng ving cAm nay duogc quy 13 sy chuyén doi tryuc tiép tir cac dai 2p caa 6
xy bi chiém sang céac dai 3d ctia Vanadi khong bi chiém trong V,0s [37] céc gia
tri nang luong viing cAm nay twong duong véi nang luong ving cdm cta V,0s va

thich hop cho quang xuc tac dudi anh sang trong ving nhin thy.

(@) 2o (b)
——pH=217
——pH=38

226 eV

(a.hu)m

Absorbance (a.u.)

\ 2.37 eV

T T T T 1 ! ! ! !
450 500 550 600 650 2.0 2.2 24 26 2.8 30

Wavelength (nm) ho (QV)

Hinh 3.2. Phd UV - Vis (a) va ning luong vung cam (b) ctia cac mau vt liéu V205 tong hop
tai cac gia tri pH khac nhau.

3.1.3. Két qua do quang xiic tic phan hiy dung dich Xanh methylen
(MB)

Pic tinh quang xuc tac ctia vat liéu V,0s véi dung dich MB trong tat ca cac
thi nghiém cta chung t6i duoc khao sat tai ndng do 1a 20 mg/l, khdi lwong chét
xuc tac 1a 0.05g dudi blic xa phat ra boi dén compact.

MB  (hinh 3.3), con dugc goi la methylthioninium clorua,
tetramethylthionine chlorhydrate, glutylene, methylthioninium chloride...la mdt
loai thudc nhudm bazo cation [38]. MB la mot chit c6 mau xanh dam, ¢c6 mui nhe,
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6n dinh ¢ nhiét do phong, phan hiy ¢ 100 - 110°C. Dang dung dich 1% c6 pH tir
3.0 — 4.5. MB hoa tan dugc trong nudc (43.600 mg/l & 25°C) va trong cac dung
moi ethanol, chloroform, axit axetic va glyxerol; it tan trong trong pyridine; khong
tan trong xylene va axit oleic. MB duoc Heinrich Caro diéu ché 1an dau tién vao

nam 1876 [39].

o

Hinh 3.3. Cong thirc ciu tao cia MB [40].

Hinh 3.4 1a pho hap thu quang hoc ctia dung dich MB duoc do trudc khi
khudy trong t6i, sau khi khudy trong toi 45 phut (ki hiéu 0 min) va sau mdi 30
phut khi chiéu sang bang 4nh sang dén compact vdi su xtc tac ciia 3 mau vat liéu
V,0s tong hop tai 3 gia tri pH khac nhau. Di véi 2 mau téng hop sir dung HNOs
dé diéu chinh pH & hai gia tri 14 2.0 va 2.7 (Hinh 3.4a, 3.4b) co thé quan sat thay
rang, sau khi khudy trong toi 45 phut thi cuong d6 hap thu tai budc séng 664nm
ciia MB giam rat manh (khoang 82%, hink 3.5). Nhu vay hai mau nay thé hién
dic trung hap phu MB chir khong thé hién dic tinh quang xuc tac vi MB.

V,0,@pH=20 (a) V0. @pH =27 (b) V,0,@pH =35 (c)

Absorbance (a.u.)

Absorbance (a.u.)
Absorbance (a.u.)

400 500 600 700 goo 400 450 500 550 600 650 700 750 800 400 450 500 550 600 €50 700 750 800
Wavelength (nm) Wavelength (nm) Wavelength (nm)

Hinh 3.4. Sy thay dbi phd hip thu ctia dung dich MB theo thoi gian chiéu btic xa nhin thay
clia cac mau vat liéu V2Os tong hop tai cac gia tri pH khac nhau:
(a) - pH = 2.0, (b) - pH =2.7, (c) - pH = 3.8 (khong diéu chinh).

Pbi voi mau khong diéu chinh pH (pH = 3.8, hinh 3.4c), c6 thé quan sét
thdy rang miu nay thé hién dic trung quang xtic tic khi so sanh v&i hai mau diéu
chinh pH, miu khong diéu chinh pH nay chi hap thu khoang 35% MB sau 45 phut
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khudy trong t6i, khi chiéu sang, cudng do hap thu tai budc séng 664nm ciia MB
giam dan khi tang thoi gian chiéu sang va gan nhu bién mét sau khoang thoi 120
phut. Su giam dan ndng do ciia MB duoc thé hién chi tiét trén hinh 3.5 (C, 12 ndng
d6 ban dau cua MB, ¢ ddy 1a 20 mg/l, C 1a ndong do do tai thoi diém 7), véi mau
khong diéu chinh pH, hiéu suit phan huy MB dat khoang 20% sau 30 phut dau

tién, sau do né)ng do MB giam dan va cham t&i ~ 90% sau 120 phut chiéu buc xa.

Dark |

0.0 T | T T T T
30 0 30 6 %0 120

Irradiation time (min.)

Hinh 3.5. Dudng phy thudc C/Co ctia MB theo thdi gian chiéu birc xa nhin thdy cung cac mau
vat liéu V205 tong hop tai cac gia tri pH khéac nhau.

Nhu vay, két hop phan tich anh SEM, phd UV — Vis va két qua do quang
xtc tac phan huy dung dich MB cua 3 miu tong hop tai 3 gid tri pH khac nhau,
c6 thé khang dinh rang tai diéu kién khong can diéu chinh pH bang axit HNO;
(gia tr1 pH ban dau 3.8)1a diéu kién pH tdi wu dé tao ra duoc vat liéu V,0s déng
déu vé cau truc, hinh thai cling nhu cho kha nang quang xtc tac tot nhat dudi bic
xa anh sang nhin thay. Chiing tdi tién hanh giit nguyén gia tri pH = 3.8 va thay
d6i nhiét do thuy nhiét dé khao sat anh hudng cta nhiét d6 thay nhiét 1én hinh
thai, cau trac cling nhu kha nang quang xuac tac cua vat liéu V,0:s.

3.2. ANH HUONG CUA NHIET PQ THUY NHIET LEN HINH THALI,
TINH CHAT VA KHA NANG QUANG XUC TAC CUA VAT LIEU V:0s

Pé khao sat anh hudng cua nhi¢t do thuy nhiét, sau khi hoa tan céac tién chat
va cho vao binh thuy nhiét tai 3 nhiét d6 khac nhau cho 3 mau la: 120°C, 150°C,
180°C trong thoi gian 6h, két taa thu dugc duge dem nung trong khong khi &

500°C trong 1h dé thu duge vat liéu nano V,0s. Céc két qua vé su anh hudng cua
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nhiét d§ thuy nhiét 1én hinh thai, tinh chét cling nhu kha ndng quang xtic tac cua
vat liéu V,0s v6i dung dich MB dugc ching t6i thdo luén chi tiét dudi day.

3.2.1. Két qua chup dnh SEM

Hinh 3.6 1a két qua anh SEM cua 3 mau tong hop tai 3 nhiét do thiy nhiét
120°C, 150°C va 180°C. Két qua cho thiy tai ca 3 gia tri nhiét d6 déu tao ra céac
ciu triic voi kich thudc nano. Tai nhiét d6 150°C (hinh 3.6b) c6 thé quan st thay
s6 luong 16n cac thanh nano chiéu rong khoang 100 nm va chiéu dai tir 1 dén 5
um, con lai 1a cac tAm nano dan xen, cac tAm va thanh gﬁn nhu tach biét nhau.
Viéc tao ra nhiéu hon céc thanh véi duong kinh nho, khong bi két dam sé tao ra
nhiéu dién tich tiép xuc véi chat mau hon trong phan Umg quang xuc tac, tir d6
tang cuong dugc hiéu suat ciia qua trinh quang xtc tac. Tai 120°C (hinh 3.6a) chu
yéu tao ra cac tim nano c6 kich thudc 16n, it thiy xut hién cac thanh. i voi hai
gia tri nhiét do con lai 1a 180°C (hink 3.6¢) thi chi thy chu yéu 1a cac tAm nano

xuat hién.

Hinh 3.6. Anh SEM cua cic mau vt liéu V205 téng hop tai cac gid tri nhi¢t do khac nhau:
(a) — 120°C, (b) — 150°C, (c) — 180°C.

3.2.2. Két qua pho tir ngoai — kha kién (UV — Vis)

Hinh 3.7 1a phd UV — Vis va gia tri ning luong ving cam tinh toan tir
phuong trinh Taunc cta 3 mau tong hop tai 3 nhiét do thuy nhiét khac nhau. Trén
hinh 3.7a ta cling c6 thé quan sat thAy mot dai hap thu rong trong pham vi budc
song 400 dén 500 nm nhu trong trudng hop cua 3 mau diéu chinh pH ¢ trén, Mit
khac, & ca 3 mau diéu chinh nhiét d6 thuy nhiét nay ciing déu xuat hién dinh hap
thu xdy ra khi cac ion V°>* chiém vi tri mang tinh thé bat dién tai budc song 420
nm. Ning luong ving cam (hinh 3.7b) ciia cac miu ting nhe theo nhiét do thuy

nhiét, v6i gia tri 1an luot 12 2.30, 2.35 va 2.37 eV tuong tmg véi cc nhiét do thay
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nhiét: 120°C, 150°C va 180°C, cac gia tri ning lugng ving cAm ndy co su tuong
dong voi bao cao trude day vé nang luong ving cdm cia vat lidu V,0s [41]. Diéu
nay c6 thé giai thich 1a khi nhiét d6 tang, bién d6 dao dong nguyén tir cling ting
dan dén nang luong ving cdm 16n hon. Mat khac, sy tuong tac giita cac phonon
mang va cic electron hodc 16 trong tu do s& anh hudng dén niang luong ving cAm
& mot mire d6 nhit dinh. V& co ban, mot trong nhiing co ché kich thich electron
vao dai ddn duoc quy cho ning luong nhiét va do d6 d6 dan cua chét ban din phu

thudc rat nhiéu vao nhiét do [42].

—_—120 °C
—150 °C
—180 °C

—120 °C

e 150 °C
—180°C 230 eV
T l,.. » T

T T T T T T
450 500 550 600 2,0 2,2 24 2.6 28 3.0
Wavelength (nm) hv (EV)

235 eV

(ahv)'”?

Absorbance {(a.u.)

237 eV

Hinh 3.7. Ph6 UV - Vis (a) va ning luong vung cam (b) ctia cac mau vt lidu V205 tong hop
tai cac gia tri nhiét do khac nhau.

3.2.3. Két qua do quang xtic tic phin hiy dung dich MB

Hinh 3.8 1a pho hap thy quang hoc ctia dung dich MB khi duoc khudy véi
chat xtc tac V,0s dudi buc xa phat ra bi dén compact. Puong mau den (origin)
biéu thi phé cia dung dich MB ban dau (20mg/1) truéc khi dua vao chat xuc tac
V,0s, duong mau dé (0 min) biéu thi pho cua dung dich MB sau khi dua chét xtc
tac vao va khudy trong tdi 45 phut. Cac duong con lai 1a pho cia dung dich MB
tai cac thoi diém cach nhau 30 phut duoc rat ra tir thi nghiém (tir 30 phat dén 120
phat). Bbi véi mau 150°C (hinh 3.8b), sau 45 phut khudy trong t6i hap thu khoang
35% MB, khi chiéu sang, cuong do hép thu tai budc song 664nm cia MB gidm
dan khi tang thoi gian chiéu sang va gan nhu bién mat sau khoang thoi 120 phit.
Hai mau con lai 1a 120°C (hinkh 3.8a) va 180°C (hinh 3.8c) chi hap phu khoang

15% dung dich MB sau khi khuay trong t6i va cudng do pho ciing giam dan khi
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tang thoi gian chiéu sang, nhung so véi mau 150°C dén thoi diém 120 phut thi su
suy giam cuong do hap thu cia MB 1a kém hon, trong d6 suy giam it nhat 1a &

mau 120°C.

v,0.@ 120°C (a) (b) v.o.@ 180% (c)

Absorbance (a.u.)
Absorbance (a.u.)
Absorbance (a.u.)

700 300
Wavelength (nm)

500 600 700 800 500 600 700 800 500 600
Wavelength (nm) Wavelength (nm)

Hinh 3.8. Su thay d6~i pho hép thy ciia dung dich MB theo thoi gian chiéu birc xa nhin thiy
cua cac mau vat li¢u V20s tong hop tai cac gia tri nhiét d¢ khac nhau:
(a) — 120°C, (b) — 150°C, (c) — 180°C.

Hinh 3.9 1a dudng phy thudc C/C, ciia MB theo thoi gian chiéu buc xa nhin
thay cung cac mau vat liéu V,Os tong hop tai cac gia tri nhiét d6 khac nhau. C6
thé thay rang téc d6 va hiéu suat phan huy MB ctia mau 150°C 1a nhanh nhat khi
so sanh v&i hai mau con lai. Piéu nay phu hop véi két qua anh SEM vira phén tich
& trén, do mau 150°C ¢6 nhiéu thanh nano V,0s nho hon, khong bi két dinh véi
nhau, do d6 ting cudng dugc dién tich bé mit tiép xtc gitra V.05 va MB, tir d6

tang cuong dugc kha nang quang xtc tac phan huy MB cuia nd.

1.0
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cic,
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Hinh 3.9. Pudng phy thudc C/Co cia MB theo thdi gian chiéu birc xa nhin thdy cung cac mau
vat liéu V205 téng hop tai cac gid tri nhi¢t o khac nhau.

Nhu vay, két hop phan tich anh SEM, pho UV — Vis va két qua do quang

xuc tac phan hay dung dich MB ctia 3 mau tong hop tai 3 gia tri nhiét do thuy
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nhiét khac nhau, c6 thé khang dinh rang tai diéu kién nhiét do thiy nhiét 150°C 1a
diéu kién nhiét d6 t6i wu dé téng hop vat liéu dé tong hop vat lidu V,0s c6 vé cau
trac, hinh théi cling nhu cho khé ning quang xtc tac tot nhat dudi bic xa anh sang
nhin thay. Ching t6i tién hanh git nguyén gia tri nhiét do thary nhiét 150°C va
thay doi thoi gian thily nhiét dé khao sat anh hudng cta thdi gian thuy nhiét 1én
hinh thai, cdu trac cling nhu kha ning quang xuc tac ciia vat lidu V,0s.

3.3. ANH HUONG CUA THOI GIAN THUY NHIET LEN HINH THALI,
TINH CHAT VA KHA NANG QUANG XUC TAC CUA VAT LIEU V.05

Pé khao sat anh huong ctia thoi gian thuy nhiét, sau khi hoa tan céc tién
chat va cho vao binh thily nhiét tai nhiét do 150°C trong thoi gian 6h, 16h va 24h
cho 3 mau vat liéu V,0s. Két taa thu duoc dugc dem nung trong khong khi &
500°C trong 1h dé thu dugc vat lidu nano V,0s. Cac két qua vé sy anh hudng cua
thoi gian thily nhiét 1én hinh thai, tinh chét ciing nhu kha ning quang xtic tic cua
vat liéu V,0s v6i dung dich MB dugce chiing t61 thao luan chi tiét dudi day.

3.3.1. Két qua chup anh SEM

Hinh 3.10 12 anh SEM cua 3 mau vat liéu V,0s téng hop tai 3 thoi gian
thuy nhiét khac nhau 13 6h, 16h va 24h. Trén anh SEM c6 thé quan st thay tai
thoi gian thuy nhiét 1a 6h (hinh 3.10a) thi vat liéu tao ra ¢6 hinh dang cac thanh
va cac tm véi kich thude nhd hon so v&i hai mau thuy nhiét tai 16h va 24h. O
mau 16h (hink 3.10b) thi cac thanh c6 kich thudc kha 16n (chiéu rong c¢& 1 dén 3
um, chiéu dai khoang 5 pm), ddi voi mau 24h (hinh 3.10c) thi cac thanh va tdm
gén nhu két tu lai véi nhau thanh dam, it théy cac thanh riéng 1é, cac dam thanh

va tim uéc lugng ¢& khoang 5 pm).
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Hinh 3.10. Anh SEM ciia cac mau vét liéu V2Os téng hop tai cac thoi gian thiy nhiét khéac
nhau: (a) — 6h, (b) — 16h, (c) — 24h.

3.3.2. Két qua pho tir ngoai — kha kién (UV — Vis)

Pho UV — Vis va gia tri nang luong ving cdm tinh toan tir phuong trinh
Taunc ciia 3 mau téng hop tai 3 thoi gian thuy nhiét khac nhau dugc thé hién trén
hinh 3.11. Trén hinh 3.11a ta ciing c6 thé quan sat thdy mot dai hap thu rong trong
pham vi budc séng 400 dén 500 nm nhu trong truong hop ciia 3 mau diéu chinh
pH va 3 miu diéu chinh nhiét do thay nhiét vira phén tich ¢ trén. Bén canh d6, &
ca 3 miu diéu chinh thoi gian thay nhiét nay ciing déu xuét hién dinh hap thu xay
ra khi cac ion V3" chiém vi tri mang tinh thé bat dién tai budc song 420 nm giéng
nhu cac mau tong hop trude d6. Nang lwong ving cAm (hinh 3.11b) cta cic mau
tang nhe theo nhiét do thuy nhiét, vdoi gia tri lan luot 14 2.31, 2.35 va 2.38 eV
tuong Ung véi cac thoi gian thuy nhiét: 6h, 16h va 24h, cac gid tri nang luong
ving cdm ndy ciing c6 sy trong déng vaoi bao cao trude day vé nang luong ving
cAm cua vat liéu V,0s [41]. Su khac nhau vé ning luong ving cAm c6 thé 1a do

su khac nhau vé kich thudc tinh thé giita cac mau [43].

— (a)
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Hinh 3.11. Ph6 UV - Vis (a) va ning luong ving cam (b) cta cac miu vét liéu V,0s tong hop
tai cac thoi gian thuly nhiét khac nhau.
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3.3.3. Két qua do quang xtic tic phan hity dung dich MB

Hinh 3.12 13 phd hap thu quang hoc cua dung dich MB duoc do trude khi
khudy trong tdi (origin), sau khi khudy trong t6i 45 phut (0 min) va sau mdi 30
phut khi chiéu sang bang anh sang dén compact v6i su xtc tac ciia 3 mau vat liéu
V,0s tong hop tai 3 thoi gian thily nhiét khac nhau (6h, 16h, 24h). P6i véi mau
tong hop tai thoi diém 24h (Hinh 3.12¢) c¢6 thé quan sat thay rang sau khi khudy
trong toi 45 phat thi cuong d6 hap thu tai bude song 664nm cua MB giam rat
manh (khoang 80%). Nhur vy mau nay thé hién dic trung hap phu rat. Hai mau
tong hop tai 16 va 24h déu thé hién rat rd dic tinh quang xtc tac. Trong d6 mau
150°C sau thoi gian khudy 120 phut v6i su xtc tac cia vat lidu V,0s dudi bt xa
deén compact (hink 3.124) thi cuong do hap thy cuc dai tai budc song 664 nm cua
MB giam manh hon khi so sanh v6i mau tong hop thai thoi gian thiy nhiét 16h
(hinh 3.12b).

(a) v,0,0 16 (b)

Absorbance (a.u.)
Absorbance (a.u.)

Absorbance (a.u.)
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Hinh 3.12. Sy thay di pho hap thu ciia dung dich MB theo thoi gian chiéu birc xa nhin thay
cta cac mau vat liéu V20Os tong hop tai cac thoi gian thuy nhiét khac nhau:
(a) — 6h, (b) — 16h, (c) — 24h.

Hinh 3.13 1a dudng phu thuéc C/C, ctia MB theo thoi gian chiéu buc xa
nhin thdy ciing cac mau vat lidu V,0s tong hop tai cac thoi gian thuy nhiét khac
nhau. C6 thé thay rang, ngoai trir sy hap phu cia mau 24h véi dung dich MB, toc
d6 va hiéu suat phan hay MB ctia mau thity nhiét 6h 13 nhanh nhét khi so sanh véi
mau 16h con lai. Piéu nay phu hop voi két qua anh SEM vira phén tich & trén,
mau thity nhiét 6h c¢6 nhiéu thanh va tim nano V,Os vdi kich thudc nho hon va

khéng bi két dinh véi nhau, do d6 ting cudng duoc dién tich bé mit tiép xuc giira
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V,0s5 va MB, tir d6 tang cuong dugc kha nang quang xuc tac phan huy MB cua

no.
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Hinh 3.13. Pudng phu thuge C/Cy ctia MB theo thoi gian chiéu birc xa nhin thay cling cac
mau vt liéu V205 téng hop tai thoi gian thiy nhiét khac nhau.

Nhu vay, v6i su khao sat anh hudng ciia cac diéu kién thuy nhiét dé tong
hop vat liéu V,0s cho ting dung quang xac (pH, nhi¢t dJ, thoi gian thiy nhiét)
bang viéc chup anh SEM, do phd hip thyu va danh gia kha ning quang xtc tac
phan huy dung dich MB dudi anh sang dén compact, c6 thé két luan rang tai nhiét
d6 thity nhiét 1a 150°C trong thoi gian 6h va khong diéu chinh pH 1a diéu kién tot
nhat dé tong hop vat lidu V205 v6i hinh thai va cdu trac toi vu cho tng dung quang
xuc tac phan hiy dung dich MB. Chung t6i Iya chon mau nay dé danh gia cu thé
vé cdu tric, tinh chat ciing nhu kha ning quang xuc tic ciia né véi mot sd chat
mau khéc (tim tinh thé, congo d6). Két qua cu thé dugc chung t6i trinh bay chi
tiét dudi day.

3.4. CAU TRUC VA TiNH CHAT CUA MAU TONG HQP TAI PIEU
KIEN TOI UU (150°C/6h, khong diéu chinh pH)

3.4.1. Két qua pho nhiéu xa tia X (XRD)

Hinh 3.14 1a gian d6 nhidu xa tia X ctia vat liéu V,0s, v6i su xuét hién céc
dinh nhiéu xa dic trung & cac géc nhiéu xa 20 1an lugt 13 20,8°; 22,2°; 26,7°; 31,5°;
41,7° va 49,3° tuong tng vdi cac mat (001), (110), (101), (400), (020) va (021)
dic trung ciia mang tinh thé V,0s ¢ cau triac Orthorhombic (JCPDS standard card

No. 89-0612) [44]. Cac dinh nhiéu xa déu co cuong do 16n va cac dinh nhon va
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khong quan sat thdy cac dinh nhidu xa tap chat chimg t6 mau tong hop dugc co do

két tinh cao ctia pha tinh thé Orthorhombic.

— — VO @ 150°C

g 2 5

=3

o 1]

- 20 Orthorhombic - V,0.
= JCPDS standard card No. 89-0612
8
»
o
£ 55 8 8

1 g (200)

2 Theta (degree)
Hinh 3.14. Phé XRD cua vt liéu V20s tong hop tai 150°C/6h.

3.4.2. Két qua pho hong ngoai bién doi Fourier (FTIR)

Hinh 3.15 1a phé FTIR cua vat li¢u nano V,0s. Phép phan tich FTIR dugc
thuc hién trong dai 400 - 4000 cm™ dé xac nhan cac lién két hoa hoc va cac nhém
chire ton tai trong V,0s. Nhu duoc chi ra trong Hinh 3.14, dao dong cua lién két
V =0 ¢ s séng 1023 cm™! dic trung cho mirc d6 oxy hoa 5* trong V,0s. Ba dai
hép thy & cac muc 475, 598 va 824 cm™ ¢6 thé duoc quy cho cac ché do rung d6i
xtng va khong d6i xtng cua lién két V-O-V trong V,0s. Pinh ¢ 3461 cm™ tuwong
g v6i dao dong rung ciia lién két O-H, diéu ndy c6 nghia 1 van con mot s6 phan

ti nude gitra cac 1op V,0s [45].
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Hinh 3.15. Pho FTIR cua vat liéu V2Os tong hop tai 150°C/6h.

3.4.3. Két qua do pho tan xa Raman

Pho tan xa Raman 13 phuong phép thich hop giup xac dinh cdu trac vat liéu,
xéac dinh thanh phan cau tao trong trong mau. Hinh 3.16 cho thdy pho Raman cua
vat liéu nano V,0s. Dinh Raman nam & céac vj tri s6 song 145,197, 284, 401, 481,
528,701 va 994 cm', tuong tng véi cac ché do rung ctia pha tinh thé Orthomobic
V,0s [46]. Pinh quan sat dugc & cac s song 145 va 995 cm™! twong tng véi cac

rung dong ctia chudi lién két V-O-V va ché do kéo cua lién két V =0 [47].

145
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Hinh 3.16. Ph6 Raman cta vt liéu V2Os téng hop tai 150°C/6h

29



3.4.4. Két qua do quang xiic tac phin hily dung dich Tim tinh thé (CV)

bac tinh quang xtc tac cua vat ligu V,0s voi dung dich CV dugc khao sat
tai ndng d6 CV 1a 20 mg/1, khdi lugng chat xuc tac 1a 0.05g dudi birc xa phat ra
bdi dén tir ngoai.

Tim tinh thé (CV) hay tim gentian (con goi 1a Methyl Violet
10B, hexamethyl pararosaniline chloride hodc pyoctanin (e)) 1a thuéc nhudém
triarylmethan c¢6 cong thurc hoa hoc 1a C,sN3H30Cl (hinh 3.17) [48]. Khi hoa tan
trong nudc, tim tinh thé c6 mau tim - lam v&i do hép thu cuc dai & budc soéng
590 nm va hé s6 hap thu 87 000 M'em™ [49]. Mau ctia thudc nhudém phu thude
vao d6 axit ctia dung dich. O pH = 1.0, thubc nhudém c6 mau xanh 14 cay véi do
hap thu cuc dai ¢ budc song 420 nm and 620 nm trong khi véi dung dich axit
manh (pH khoang -1), thudc nhudm cd mau vang voi do hép thu cuc dai ¢ budc

song 420 nm.

Hinh 3.17. Cong thiic cdu tao caa CV [50].

Hinh 3.18a 13 phd hap thu quang hoc cta dung dich CV dugc do trude khi
khudy trong tdi (origin), sau khi khudy trong t6i 45 phut (0 min) va sau mdi 30
phut khi chiéu sang bang anh sang dén UV voi sy xtic tac vat 1iéu V,0s. Trén hinh
ta c6 thé quan sat thay rang sau khi khuay trong toi 45 phut thi cuong do hap thy
tai budc song 590 nm caa CV giam khoang 15%, khi chiéu sang, cudng do hap
thu tai budc séng 590 nm ctia CV giam dan khi ting thoi gian chiéu sang. Su giam
dan néng do ctia CV duoc thé hién chi tiét trén hinh 3.18b, voi duong phu thude
C/C, ctia CV theo thoi gian chiéu bic xa UV cung vat liéu V,0s dén thoi diém
60 phut thi giam khoang 50% va gan nhu bién mat hoan toan sau khoang thoi 120
phut.
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Hinh 3.18. Sy thay doi phd hép thu cta dung dich MB (a) va dudng phu thudc C/Co (b) theo
thoi gian chiéu buc xa tir ngoai cua vat liéu V,0s tong hop tai 150°C/6h.

3.4.5. Két qua do quang xiic tic phin hily dung dich Congo d6 (CR)

bac tinh quang xuc tac cua vat liéu V,0s véi dung dich CR dugce khao sat
tai ndng do CR 1a 20 mg/1, khéi lwong chit xtc tac 12 0.01g dudi birc xa anh sang
mat troi.

CR (cong thirc hoa hoc: C3H2oNgNa,06S,) 1a mdt hop chat hitu co, mudi
natri cua 3,3 - ([1,1'-biphenyl] -4,4’-diyl) bis (axit 4-aminonaphthalene-1-
sulfonic). N6 1a thuéc nhudém azo (hink 3.19). CR hoa tan trong nudc, thu duoc
dung dich keo do; do hoa tan cta n6 16n hon trong dung moi hitu co [51]. CR
duogc diéu ché bang cach ghép azo cua dan xuit bis (diazonium) cta benzidine véi
axit naphthionic. [52]. CR 1an dau tién dugc tong hop vao nim 1883 boi Paul
Bottiger (Ptc).

Hinh 3.19. Cong thiic cau tao cua CR [53].
Hinh 3.20a 1 pho hap thu quang hoc ctia dung dich CR dugc do trude khi

khudy trong t6i (origin), sau khi khudy trong t6i 45 phut (0 min) va sau mdi 30
phut khi chiéu sang truc tiép b?mg anh sang mat tro1 vai su xuc tac vat ligu V,0s.

Trén hinh ta c6 thé quan sat thiy rang sau khi khudy trong toi 45 phut thi cuong
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d6 hap thu tai budc song 498 nm ctua CR giam khoang 20%, khi chiéu sang, cuong
d6 hap thy tai budc song 498 nm ctia CR giam dan khi tang thoi gian chiéu sang.
Su giam dan ndng d6 cua CR duoc thé hién chi tiét trén hink 3.20b, véi dudng
phu thudc C/Cy cua CV theo thoi gian chiéu bire xa UV cung vat li¢u V,0s dén
thoi diém 120 phut thi giam khoang 60% luong CV trong dung dich ban dau.
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Hinh 3.20. Sy thay d6i pho hap thu ctia dung dich CR (a) va duong phu thuge C/Co (b) theo
thoi gian chiéu birc xa anh sdng mat troi cua vat liéu V205 tong hop tai 150°C/6h
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KET LUAN

Sau qua trinh thyc hién dé tai chung t61 da dat duoc cac két qua nhu sau:

- b3 xay dung quy trinh va tong hop thanh cong vat liéu nano V,0s bang
phuong phap thay nhiét don gian, phi hop véi diéu kién phong thi nghiém ciia
truong Pai hoc Hoa Lu. Két qua khao sat hinh thai, cau trac va tinh chit bang
chup anh SEM, do XRD, Raman, FTIR, UV-Vis cho théy, vat liéu nano V,0s tao

ra c6 dang tAm (sheet) va c6 do két tinh cao cua pha tinh thé Orthomobic V,Os.

- P tién hanh khéo sat tinh chat quang xuc tic phan huy dung dung dich
mau (MB) cia tit ca cac mau vat liéu tong hop duoc. Két qua cho thiy tat cac
mau vat liéu déu co kha ning phan huy hodc hap phu dung dich MB dudi 4nh
sang dén compact. Két qua khao sat mau vat liu V,0s tong hop tai diéu kién toi
uu (150°C/6h) cho thay, ngoai kha nang phan hity Xanh Methylen, mau tong hop
tai diéu kién nay con thé hién dic tinh quang xuc tac voi hi¢u suét cao cac chat
mau Congo d6, Tim tinh thé dudi 4nh sang ty nhién hodc dén UV. Cac két qua
nay chung to rang day da va dang 1a vat liéu tiém ning cho cac tmg dung trong

quang xdc tac phan huy chat mau hitu co.

- Céc két qua chinh cua dé tai chung t6i cong bd 01 bao céo toan van tai
Hbi nghi qudc té vé Vat liéu tién tién va Cong nghé nano (ICAMN 2019) dugce to
chtre tai truong Pai hoc Bach khoa Ha Noi nam 2019.

- Hudéng nghién clru m¢ rong: To hop cia V,0s vai cac vat ligu 2 chiéu

khac (rGO, MoS,...)./.
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Absrrict— YVelds munusheels were secoenglly syatherized via o kydrathermolcolcination method wing SHa O and
ikl e precursors. Morpholegy and orystal structure of the synihesived materials were imvestigated by scamming
electron microscopy, and Xeray diffrsction. Hesalis showed that the Vil nanosheets have an orihorbombic cerysial
struciure. Fourier tramsform infrored speciroscopy (FTIR) confirms the formationol 5 pridution state im Vilds
nanmheeds. The phocatalyviic activity of the as-prepared Ve(ds nanosheets for degradation of Methylene Blue (MB)
was over W% after 120 min irrsdiation, indicating that V(s namssheets are a promising photocatalyst in visillelight.

Kepwords: V10 mmasheets, photocatalyise, hydrothermal, Methvlene Blue.

L INTRODUCTION

Transition metal oxides such as MY, Fea(ls and
Wall: have attracted preat attention because of
their superior propertics and potential applcatons
in  vanous  felds,  meluding electronic,
optoclectronic, sensing, and catalyst [1, Z]. In
particular, Vi) 5 a4  promusmmg  n-bype
semiconducting  matenal  for photocatalytic
degradation apphcations due 1o 1ts narmow band
egap (of approximately 2.4 — 2.8 V), non-toxkity,
eood chemical stabality, photo stability, and high
visible Light absorption.

Many methods have been used to synthesize
Wall: nanomatermals such as sol-gel [3.0 4],
electrospinnmgz [3].  hydrothermal  [6].  spray
pyrolysis  [7]. Among  mentwoned  methods,
hvdrothermal technology has great advantages in
synthesizing metal oxide crystals through  low
reaction  temperature  because of s low-cost
production, better control of nucleation and shape.
However, studies dediated 1o the controlled
hydrothermal synthesis of Va()s nanosheets for
visible lLight  photocatalytic  degradation of
methylene blue (3B 15 rare.

In this work, we report a facile hyvdrothermal-
calcimation method to synthesize V20 nanoshects.
Furthermore, the prepared material was then tested
for the photocatalvtic degradation of MB under
visible light wrradmtion.
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1. EXPERIMENTAL

A, Bvnihesis Falls nanasheeis

In a typxal procedure, 50 mmol of
MHyWO 5H2 and 2.5 mmol of C:Ha0s 2H0
were completely dissolved in delonized water by
wentle heating and magnetic steming. The obtamed
clear vellow solubion was then transferred nto a
Teflon lined stammless steel autoclave with a
capacrty of 80 mL. The awtoclave was sealed and
heated to 150 *C and kept in an 1sothermal state
for 6.0 h and then cooled naturally to room
temperature. The precipitated product was washed
several times with dewonzed water and alcohol,
dricd at 600 *C for 24 h, and finally further
calcined m air at 500 "C for 1 hour to create the
Wals dark vellow.

The morphology of synthesized materals was
characterized using a  scannmg electron
microscope (SEM, JEOL T6l0F)L. The structure
and crystallinty of the synthesized matenals were
studicd by using a PANalvikal X pert PREO X-ray
diffractometer (XRD) with a Cu K. radiation
source. Haman spectra were recorded on oa
HORIBA Jobin Yvon (f... = 6328 nm). Optical
absorption spectra (UV-Vi5) was investizated by
ubiraviolet - visible spectrophotometer |{PO-TY90,
LK) FTIR spectrum measured on Mexus 670-
Micole.

. Photwcatalvtic measurement

The photocatalytic  performance  of  the
synthesred materials was evaluated uwsmgz the
photocatalytic degradation of MB under visible-
hight mradiation. In each experniment, 50 mgz of



The & Internationsl Conference on Advanced Matertal and Nanotechnology

Hawerd, X9

Va0s powder was added to 100 ml of MB soklstion
{(20mgl) m a 250 ml beaker with a magnetic
stimer m the dark for 40 minutes to achieve an
adsorption balance between MB solution and
Vals powder. Then, the suspension was
illuminated with a compact lamp light {120 W,
6500K). The distance between the compact lamp
and the beaker was around 15 cm. At specific time
intervals, about 7 ml of the aliguot solution was
withdrawn from the solution mixture and
centrifiged to remove the catalyst particles and
then analyzed by spectrophotometer (UW-730,
lasco). The concentration of MB is measured at
hgrn = 664 nML

. RESULTS AND DISCLUSSI0N

The surface morphology of the synthesized
Va0)s nanosheets is shown in Figure 1. From a
low-magnification SEM (Figure la), it could be
scen that the product was mainly composed of
sheets with about (L5 — 1 pm in length and 100 to
500 nm in width. The high-magnification SEM
image (Figure 1b) reveals that V(s nanosheets
have a flat surface.

The typical XRD pattem of the V20s
nanosheets is shown i Figure 2. The result
demonstrates that the V;0s nanosheets have a high
crystallinity where no impunty phase was
detected. All diffraction peaks were indexed to the
standard profile of the orthorhombic crystal of
vanadium pentoxide, which is matched well with
the JCPDS standard card No. 89-0612.

Raman spectroscopy is preferably suitable for
the analysis of crystallographic information and
confinement of phonons in the sample. Figure 3
shows the Raman spectrum of V:(s nanosheets.
The Raman peak located 145, 197, 284, 401, 481,
528, 701 and 994 cm™, which are comresponding to
the wibration modes of crystalline onthorbombic
phase V205 [8]. The hl_gh frequency peak observed
at 145 and 995 cm™ comesponds to the vibrations
of V-0-V chains and V = O stretching mode,
respectively [9].

The UV-vis absorption spectrum of the
synthesized V;0y nano sheets is shown in Figure
4. The main absorption edge is at wavelength
about of 513 nm, comresponding to the hnndgu];
energy of 2.38 eV. The result is corresponded wi
those in the literature [10]. The Lnd:ln:cl bandgap
of W05 was calculated by the following formula:

B =i

o

43

195

Where *E," is bandgap energy, “hv" is photon
energy, ‘a’ is absorption coefficient, *C” is energy

dependent constant [11). Band gap of about 238
¢V is suitable for wisible light catalytic
applcaton.

Figure 1. SEM mages of ¥l nanosheds (al lows
magnification; (b) high-nugnfication.
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Figure 2. XED paflerm of the as-syntbesized Vil
manosheets.
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Figure 5 presents an FTIR spectrum of V(s
nanosheets. The FTIR analysis was cammied out in
the range of 400 - 4000 cm™ to confirm the
chemical bonds and functional groups of the V20s.
As indicated in Figure 5, th: characteristic band of
V=0 stretching at 1023 emis the of 57 oxidation
level in W20s. Three absorptive bands at 475, 598
and £24 cm™ can be attributed to the symmetric
and asymmetric vibrational modes of the V-0-V
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streichng i V20s. The peak at 3461 cm’
corresponds  to the stretching mode of O-H
vibrations. This means that there s still have some
water molecules between the Vo0 lavers [12].
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Figure 3. FEaman specira of Va2l nanosheets.
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Figure 4. I'Va%ix shsorpion spectrum of V(s nanosheets,
the insel shows determumatson the bandgap of Vol

i
: N
g E \
= Eﬁﬁ HE
E0F 030 1E0B  IO0D 3580 Ap0D 5503 4080

Wavanumbass jcm ]
“gure 5. FT=1K spectra of V(s nanoshests,

The degradation of MB dve under visible light
irradiation with differemt time was displayed in
Figure 6. The results showed a significant MB
adsorption of ¥ powders (~26%) after 44
minutes of stirring m the dark. In the adsorption
equilibrium state. when increasing the irradiation
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time, the absorbance intensity at 664 nm
wavelength of MB  solution has  gradually

decreased. The intensity of this peak decreases
almost completely after 120 minutes of visible
light rradiation.

From the resulis of ME  concentration
measurement at wavelength b, = 664 nm, the
efficiency of MB solution dye decomposition was
determaned by the formula:

At =1-3xwen (Y

Where H (%) 15 the decomposition efficiency,
Co 15 the initial concentratton and (& 15 the
concentration at f tme of MB solution. Details of
the change in concentration of MB solution by
irradiation time are shown in Figure 7.

The degradation of the concentration ratio CACy
of solution of MB wradiated by visible n the
presence of V(s powders photocatalyst (Figure 6)
shows clearly the disappearance of the MB
concentration. The MB solution was completely
oxidized after 120 min of irradiation, suggesting
that V205 nanosheets are effective and promising
photocatalyst in visible light.

Absorbance (B.u.)

T S e I P

Warvadangth {nmj

Figure 6. Photodegradation of MB dye solubion under the
visible of the V{0 manosheets.
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Figure 7. Photocatalybic acivities of Valls nanoshects.
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V. CONCLUSHON

We  have successfully fabricated Vol
nanosheets by a simple hydrothermal method
followed by calomation m ar at 500 “C. The
obtained nanoshects exhibited orthorhombxe phase
of ¥ (0. The photo catalyst result showed that the
Va()s nanoshects are capable of decomposing more
than 90%% of the MB after 1200 munutes under
visible light irradiation. This study demonstrated
that Vi) i potential photocatalyst for the
treatment of water pollution caused by industrial
dyes.
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