
Tap chi Khoa hoc vi Cong nghi 52 (5) (2014) 597-606 

NGHIEN CXfV QUY TRIIVH VA BANR GIA TINH NANG 
QUANG XUC TAG CUA VAT LIEU NANO TiOz BANG 

AXIT TEREPHTHALIC VA IWETHYLENE BLUE 

Le Thj Ngoc Tu' '^' *, Vu Thi Hanh Thu^ 

'Trudng DHDdng Thap, 783 Pham Hiru Ldu, Phudng 6, TP Cao Lanh. Dong Thap 

^Tnrdng DH Khoa hgc Tu nhien Thanh phd Ho Chi Minh, 22 7 NguySn Van Cir, Phudng 4, 
Quan 5, Thanh pho Hd Chi Minh 

Email; ltntu@dthu.edu.vn 

Din Tda sogn: ISIAIIQIA; Chip nhan dang: 24/9/2014 

TOM T A T 

Biii bao nay nghien cuu va xay dyng quy trinh danh gia tinh nang quang xiic tac cho timg 
vgt ligu nano Ti02 bgt, ong va mang. Ong nano Ti02 dugc che tao bang phuong phap thiiy nhi?t 
tir bOt thuang mgi, trong khi mang dugc che tao bang phiin xa magnetron DC. Trong nghien ciiu 
n^y, chiing tdi sir dung dung djch axit terephthalic (AT) nhu mgt "dau dd" huyrih quang va dung 
dich Methylene Blue (MB) nhu mgt chat chi thi mau de danh gia hieu suat cua qua trinh tao ra 
gdc t\r do hydroxyl 'OH va superoxit Ô " trong phan ling xiic tac quang hda. Ket qua cho thay, 
quy trinh danh gia tinh nang quang xiic tac dua tren hai dung dich MB va AT dugc xay dung 
hoan chinh, cd do tin cay cao, phii hgp cho timg vat lieu nano Ti02 bgt, dng va mang. Ca hai 
dung dich AT va MB deu cho ciing ket qua, vdi 25 mg khdi lugng xiic tac cila vgt lieu nano Ti02 
bgt, ong va mang, tinh nang quang xiic tac ciia dng nano tdt hon mang, va mang tdt hon bgt 
thuang mgi dimg lam nguyen lieu ban dau. 

Tu khoa: quang xiic tac, Ti02, Methylene Blue, axit terephthalic. 

I .M6DAU 

Ti02 la mgt vgt li?u dang thu hut dugc sir quan tam bdi kha nang lam lam sach mdi 
tmdng va digt khuan thdng qua tinh nang quang xiic tac. Su phat trien ve ITnh vuc nghien ciiu 
va che tgo nhieu dang vat lieu nano cd ciu tnic, hinh dang khac nhau cho cac ung dung khac 
nhau, ddi hdi s\r phat trien tuong ung ve nghien ciru quy trinh danh gia va chat nhan bilt tinh 
nang quang xiic tac cho tiriig dang vat lieu. Cu the, tinh nang quang xiic tac ciia Ti02 dugc 
danh gia bdi kha nang 1 ^ mat mau cua cac dung dich nhu: Methylene Orange (MO) [1 - 4], 
Methylene Blue (MB) [I, 5, 6], Brilliant Green (BG) [7], Rhodamine B dye (RB) [8, 9], va 
axit terephthalic (AT) [10-12]. 

Trong nhiing n3m gan day, s\r phat trien trong Iliih vuc nghien cuu ve Ti02 kha da dang ve 
cau tnic nano nhu hgt, loi - vd, mang mdng, thanh, dng, dau nhgn biit chi,.. .ddi hdi sir phat trien 
tuong ling ve quy trinh danh gia tinh nang quang xiic tac cho moi loai vat lieu. Viec tham khao 
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cac cdng trinh nghien cuu khac nhau, cho thiy cac tac gia thudng khong neu quy ttinh danh gia, 
hogc chung chung, hoac dinh lugng cy thi, nhung nhihig con s6 djnh lugng cu the ay lai khdng 
cd giai thich rd li do. Tit ca dieu do dan din viec thyc hi?n lgi quy trmh danh gia se gap nhieu 
khd khan, thilu chinh xac va rit khd so sanh vdi kit qua ciia cac cdng trinh da dugc cong bo. Vi 
vSy, muc tieu ciia bai bao nay la nghien cuu va xay d\mg quy trinh danh gia tmh nang quang xiic 
tac ciia cac vat lieu nano Ti02 d cac dang bgt, dng va mang mgt each chinh xac, phii hgp cho 
khdi lugng xiic tac xac dinh dua vao hai loai chit nhan bilt la MB va AT, vdi cac li do: 1) Co 
chl danh gia tinh nang quang xiic tac cua vat lieu Ti02 ban^ dung dich MB la do do hap thu ciia 
dung djch MB trudc va sau phan ling quang xiic tac, cy the d day la do mat man cua dung djch 
MB khi dugc chilu sang UVA. Dung djch MB mit mau cang nhanh, chung td vat lieu co tinh 
nang quang xiic tac cao; 2) Co chl danh gia tinh nang quang xuc tac ciia vat Ueu Ti02 bing AT 
thi do phd phat huynh quang (HQ) ciia goc 2-hydroxyl terephthalic tai budc sdng 435 nm [13, 
14] (gdc 2-hydroxyl terephthalic dugc tgo thanh do phan irng ciia AT vdi gdc hydroxyl), lugng 
gdc 2-hydroxyl terephthalic nay dugc sinh ra cang nhilu thi chirng td lugng gdc 'OH dugc sinh 
ra tir phan ung quang xiic tac cang nhieu, liic nay tinh nang quang xiic tac cua vat lieu se cang 
cao, Nhu vay, cd thi xem dung dich AT nhu mdt "diu dd" huynh quang nhim de danh gia Unh 
nang quang xiic tac ciia vat lieu thdng qua phd phat quang ciia gdc 2-hydroxyl terephthalic. 

Trong bai bao nay, dl tiln hanh danh gia tinh nang quang xiic tac, vat lieu nano dng Ti02 
dugc chl tgo bing phuong phap thuy nhiet tir bgt Ti02 thuang mgi va mang Ti02 dugc che tao 
bing phuong phap phiin xa magnetron DC tir bia Titan. Dung dich MB va AT da dugc sir dyng 
de xay dung quy trinh danh gia tinh nang quang xiic tac cua vat lieu. 

2, THy'C NGHI£M 

2.1. Vat lieu nano TiOi 

Vat lieu bgt dugc sir dung de xay dung quy trinh danh gia tinh nang quang xiic tac la hot 
P25 Ti02 ciia hang Degussa, cd dudng kinh khoang 21-^28 nm, do tinh khiet 95 %, dien tich be 
mat rieng cd 50 ± 15 m^g '̂, ket tinh d pha tinh the anatase. Trong khi dd, bgt Ti02 thuang mgi 
(Roha, diing cho cdng nghiep) dugc sir dyng lam tien chat de chl tao nano dng Ti02 bing 
phuong phap thiiy nhiet cd cac thdng sd nhu do tinh khiet 98 %, dudng kinh hgt 50 ^ 250 nm, 
mau trang siia min, ket tinh d pha tinh the anatase. 

Vat lieu nano ong Ti02 dugc che tao tir bgt Ti02 thuong mgi (Roha) dugc phan tan trong 
dung dich NaOH lOM, vdi ti le moi Ti02: NaOH la I : 30, bing may khuay tir trong thdi gian 3 
gid, huyen phii nay sau dd dugc thiiy nhiet trong binh autoclave cd idt teflon. Qua trinh tong hgp 
thuy nhiet dugc tien hanh trong khoang nhiet do 130 °C trong 6 gid. Chat rin dugc lgc rira sgch 
bing nude cit, rdi ngam trong dung dich axit HCl loang 0,01 M trong 2 gid. Sau do, rira lai bing 
nude cat cho den pH trung tinh. Bgt rin nay dugc siy khd d 100 °C. San pham cudi ciing dugc 
nung trong khdng khi, tai nhiet do 400 °C trong 2 gid, vdi toe dg nang nhiet la 5 °C/phut. 

Mang Ti02 dugc phii tren dl thuy tinh slides Marienfeld (Germany) bing phuang phap 
phiin xg magnetron DC, phuong phap vat li dugc xem la kha phd bien de che tao mang oxit kim 
logi [16]. Bia dugc sii dung dl phiin xa la Titanium (99,9 %) cd kich thudc 80x80x6 mm', khi 
phan ung gdm oxygen (99,9 %) va argon (99,9 %). Hdn hgp khi nay dugc tron lin trong binh 
nen khi theo ti le moi 02/Ar2 la 6/1, sau dd dua vao budng chan khdng bang he van kim, khoang 
each bia - dl la 5 cm, ap suit phiin xg la 13 mtorr, cdng suit phiin xg la 70W [15], Dl thuy tinh 
dugc can trudc va sau khi phu mang bing can ky thuat vdi dg chinh xac 10' g (can Sartomis BP 
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21 ID) dl khdi luong mang sau khi chl tgo khoang 25 mg, tuang ung vdi dd diy khoang 240 -̂  
270 nm. 

2.2. Cac phirong phap danh gia vat lieu nano Ti02 

Cac vat lieu nano Ti02 bgt, mang va dng dugc danh gia bing cac phuong phap dac tnmg 
nhu: xac dinh ciu tnic va thanh phan pha bdi phuong phap nhieu xa tia X (XRD) (D8-
ADVANCE), hinh dang dng dugc quan sat nhd cac anh chup bang kinh hien vi dien tii tmyen 
qua TEM (JEM, 1400 -Japan), do do hip thy tren he may do pho hip thy va tmyin qua (530 
UV/Vis spectrophotometer). 

Dung dich Methylene Blue (MB) va axit terephthalic (AT) dugc su dung de danh gia tinh 
nang quang xiic tac ciia vat lieu nano Ti02 Trong dung djch MB, dac tinh mit mau ciia chiing 
sau khi phan ling vdi gdc hydroxyl 'OH va superoxide O"̂  dugc sinh ra tu xiic tac quang hda 
Ti02 [17,18] (hinh la) cd the dugc xac dinh tir ket qua do do hap thy ciia MB trudc va sau phan 
ling xiic tac quang hda xay ra. Trong khi dd, phd phat huynh quang cua AT dya tren mot tinh 
chit hda hgc rit dac biet la phan irng ciia AT vdi gdc hydroxyl 'OH (sinh ra tir electron quang 
sinh tac dung vdi OH trong nude) cho ra san pham la 2-hydroxyl terephthalic axit (Hinh lb). 
San phim nay phat quang mgnh d budc sdng 435 nm. Cu the nhu sau: 

Ti02+ hv -^ e" (dien tii) + h* (Id trdng) 

O2 (hap phu tren be mat) + e -^ Ô " 

H2O (hip phu tren bl mat) + h* -^ H* + *0H 

MB + 'OH -̂  phan hiiy va lam mat mau MB 

MB + O '̂-̂  phan huy va lam mat mau MB Ij -> phat quang cr buac song 435ni 

Hinh }. Cac phka ling md ta qua trinh lam phan hiiy va mat mau MB (a) va tao ra gdc 2-hydroxyl 
terephthalic axit (b) sau khi phan img vdi 'OH (dugc sinh ra tir quang xiic tac TiOi). 

3. KET QUA VA THAO LUAN 

3.1. Nghien cuu quy trinh danh gia tinh nang quang xiic tac cho vat lieu nano Ti02 bang 
dung dich methylene blue (MB) 

D I nghien cim va thilt lap quy trinh danh gia tinh nang quang xiic tac cho vat lieu nano 
Ti02 bing dung dich MB, bgt chuin P25 Ti02 ciia hSng Degussa dugc sii dung trong phin nay. 

3.1.1. Xdc dinh dudng chudn cho dung dich MB 

Viec xac dinh dudng chuan ma tai dd nong do dung djch MB hap thu anh sang tuan theo 
quy luat tang manh tuyen tinh la cin thiet, de phep do mat do quang phii hgp va tuan theo dinh 
luat Lambe-Beer [19]. Ben cgnh dd, lugng vgt lieu Ti02 phii hop cho phan ung lam mat mau 
MB ciing dugc xac djoh. 

Dung djch MB ban dau cd ndng dg CM = 100 mg/1, sau do tiln hanh pha che dl cd dugc 
dung dich MB d cac ndng do 10 ^ 100 mg/1. Do do hap thu (mgt do quang) cila cac dung dich 
MB d cac nong dg khac nhau dl xac djnh ndng dg MB phu hgp. 
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Hinh 2 the hien ket qua khao sat su thay ddi ciia dg hip thy theo cac ndng dg khac nhau. 
Kit qua nay cho thay, trong khoang nong do MB tii 20 -H 60 mg/1, mat do quang tang tuyln tinh 
theo ndng do dung dich. NghTa la khoang ndng do nay la phii hgp dimg dl ddnh gia Idia nang 
mit mau cua dung dich MB va ndng dg MB dugc lua chgn phii hop I^ 50 mg/1. Dudng tuyen 
tinh cd phuang trinh bieu dien y = 0.027x + 1.375 dugc thilt lap trong khoang n6ng dd MB tir 
10 + 60 mg/1 nhim dl ngoai suy gia trj ndng dg cdn lai cua MB trong dung dich tuang iing vdi 
mat dg quang dugc xac djnh tai thdi diem chilu anh sang UVA bit ki. 

3.1.2. Djnh lugng vgt lieu TiOz cho phan img ldm mdt mdu 10 ml dung dich MB 

Thi tich 10ml dung dich MB dugc sir dyng la de phu hgp cho the tich do ciia h? do phd hip 
thu. Viec xac djnh khoi lugng chit xiic tac toi uu cho 10 ml dung dich nay se giiip tranh lang phi 
vii lieu xuc tac, ddng thdi dam bao hap thy tli da lugng photon anh sang khi dugc chilu vao. Vi 
khi ham lugng xiic tac Idn hon mdt gia tri tdi hgn nao do, cdc hat xiic tac se che chin mgt phin 
be mat nhay sang ciia chat xiic tac dan din tdc dg phan iing quang xiic tac cham lgi n6n so lugng 
gdc tu do cd kha nang dxi hda mgnh de thiic day qua trinh phan hiiy MB bi giam. 

"4 27% 

44 40% • I 
57.27% 1 I 1 1 

66 17% 

• • • • 
lg (10 dung dich MB (mg/l) Khoi Itftfng TiO, (mg)/10 ml dd MB 

Hinh 2. Sir thay doi dp hap thy (mSt do quang) 
theo ndng do MB. 

Hinh 3 Sy thay doi do hSp thu theo khdi lugng Ti02 
sau thdi gian chilu sang UVA la 20 phut. 

Hinh 3 cho thiy khi khdi lugng Ti02 nhd hon 20 mg, lugng phSn huy rit be (dudi 10 %), 
nghia la khdi lugng xiic tac qua nhd so vdi thi tich 10 ml ciia dung dich MB. Nhung khi khdi 
lugng xuc tac thay dli tir 20-^30 mg thi lugng phan hiiy MB dgt dugc khoang 44-^57 %, la tuong 
doi phii hgp de lya chgn cho qua trinh danh gia tinh nang quang xiic tac ddi vdi 10 tnl dung dich 
MB theo thdi gian. Vi khi khdi lugng xiic tac Idn hon 30 mg thi lugng phan hiiy gin nhu khong 
thay ddi nhieu. Vi vgy, khdi lugng xuc tac Ti02 duoc lua chgn la 25 mg TiOz tren 10 ml dung 
djch MB. 

Nhu va^, de danh gia tinh nang quang xiic tac ciia vSt li?u nano TiOj, dung djch MB dugc 
sir dyng cd ndng do CM = 50 mg/1, thi tich V = 10 ml, khdi lugng chit xuc tac: mTio2 = 25 mg. 

Quy trinh danh gia tinh nang quang xuc tac bing MB cho cac vgt ligu nano Ti02 dugc trinh 
bay trong cac hinh 4, 5 va 6. C) do, doi vdi dung dich n h ^ bilt MB, dilm khac nhau chii ylu 
trong quy trinh danh gia cua mdi dang vat lieu nano, la quy trinh tach vgt lieu xiic tac ra khdi 
dung dich MB, Neu dang mang, viec liy mang ra khdi dung djch kha don gian thi ddi vdi dang 
bgt can phai ly tam, dli vdi kich thudc hgt be nhu la logi bOt nano P25 thi vi?e tach bgt ra khdi 
dung djch MB cin van toe li tam 6000 vdng/phiit. Vi trong mgt thuc nghiem khac, khi vgn tdc 
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nay khoang 5000 vdng/phiit lugng bgt vin con lo lung trong dung dich. Rieng ddi vdi dgng nano 
dng, vdi chieu dai khoang vai tram nm, mang lgc cd kich thudc 16 45 nm va lgc 2 lin la dii de 
tach dng nano ra khdi dung djch MB. 

> : 
N6ng dO CM = 50mg/l 
The tich lOml 

Dang dicb MB > : 
N6ng (to CM = 50mg/l 
The tich 10ml 

M i n g TiOi 
(chS [90 hia% phuong phdp _ 

phiin x9 magnetron DC) 

• Di§n lich' 2.5cmx5 5cm 
• D0 diy -24O4-270nm 
• Khdi lupng ~ 25mg 

6 n g nano TiOz 
(chl tao bang phuong 

phap thiiy nhi?t) 

i 

Duimg kinh 6ng 8+12nm 
Chi6u dfii cO vii trSm nm 
Khoi l u ^ g 6ng 25mg 

Chiiu sing UVA vio dung 

d|ch chira MB + mingTiOi 
Th£ri gian chilu 204-80 phiit 

Hiit dung djch MB ra cuvet 

Chi lu finh s ing UVA — Thffi gian chilu 2O4-80phut 

^_^^^^ 
LijcTiQirakhdidung 

dich MB bJing giSy giSy 

loc 

Ming Ipc CO du&ng kinh l3 Ipc 

cO 45nm, Ipc 2 1 ^ 

Do dO hSp thu ABS sau m6i 

th£ri gian chi^u sing 

Do hSp thu {may UV-Vis) 
Thdi gian do; 20 phul/lSn 

Do dO hSp thu ABS sau 
moi thdi gian chtlu sing 

Do hap diu (miy UV-Vis) 
ThM gian do, 20 phiil/ian 

Hinh 4. So dd mo ta quy trinh do quang xuc tac sii 
dyng MB cho mang Ti02. 

Hinh 5. So dd mo ta quy trinh do quang xiic tac 
sii dung MB cho ong nano TiOi. 

> : 
• N^ng do CM = 50mg/l 
• Tha tich 10ml 

X 

. Kich thudc hgt21-!-28ni 
• Khoi lupng 25mg 

Xac djnh nong S.^ toi u 

cua AT trong phin iing 

quang xuc tac vdi 20^^30 mg 

v&thluTiOj 

Can khoing 25 mg vgt 

- J lieuTiOi 

Chifu dnh s i n g UVA H Thdi gian chilu 2(K80 phut 

L i t i m b O t T l O i r a 

khdi dung djch MB 

• Hiit tml dung dich MB vao cac 
6ng li lam c6 V = 1,5 ml. 
• D^t c ic ong li tam vio may li t im 
v i dilu chinh: 
+ T 6 C dO li tim; 6000 vdng/phiit. 
•*• Thdi gian li tam: 15 phut. 
• Liy c ic 6ng li tam ra, hut nh; phan 

dung djch MB d phia tren cho vio 

Chilu UVA lenhSn hpp 

(TiOj + AT) theo thdi 

gian (20 + 80 phiit) 

TrOn 

trong 

CM = 
trong 

tmh 

25 
10 
2> 

dta 

i 
mg 

ml 
10' 
pctri 

TiO: 

AT 
mol/1 

thiiy 

Do dO hSp (hv ABS y Do h ^ thu (may UV-Vis) 
Thdi gian do: 20 phiit/iln 

Do cudng dO phit quang 

ciia hon hpp (TiOz + AT) 

theo Ifadi gian bdi may 

do phd PL 

Danh g i i tfnh D3ng 

quang xiJc t i c ciia v^t 

lilu 

Hinh 6. So dd mo Xk quy trinh do quang xiic tac 
sii dung MB cho bdt nano Ti02. 

Hinh 7. So dd md ta quy trinh do quang xiic tac 
ciia vat lieu nano TiOi bing axit terephthalic. 

Khi diing dung dich AT de nhgn biet kha nang quang xuc tac, thi quy trinh dan gian han. 
Ta khdng can tach chat xiic tac ra khdi dimg dich AT. Vi dinh phat quang ciia goc 2-hydroxyl 
terephthalic axit \k d budc sdng 435 run, trong khi vat lieu Ti02 khdng phat quang d budc sdng 
nay [12,13, 14]. Do do, quy trinh danh gia tinh nang quang xiic tac ciia cac dgng vSt lieu nano la 
giong nhau (Hinh 7). Nhu v^y, su dung AT nhu mdt diu do quang hgc dg nhan bidt kha nang 
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quang xiic tac ciia vat lieu se lam dan gian quy trinh han rit nhiSu, khi thay ddi cac dang vat lieu 
khac nhau. 

3.2. Nghien ciru quy trinh danh gia tinh nang quang xuc tac cho 25 mg vat lieu Ti02 bang 
axit terephthalic 

3.2.1. Tdi uu ndng do cua dung dich AT va thdi gian chieu anh sdng UVA 

Vdi mdt lugng axit nhk djnh thi chi cd the sinh ra mdt lugng goc 2-hydroxyl terephthalic 
tuang ling (gdc nay sinh ra nhd phan iing vdi gdc 'OH sinh ra tii phan ung quang xiic tac), do do 
khi tang thdi gian chiSu sang UVA thi cac phan tu axit (khi da phan ung hk d nong do nay) se 
khdng cdn dii phan iing dl sinh ra 2-hydroxyl terephthalic axit. Vi vay, axit dugc sir dung phai 
cd ndng do thich hgp tuong ung vdi thdi gian chiSu sang cho 25 mg vat lieu xiic tac. 

• k 

j \ b) 15 phi5t 
/ / d \ \ c)3nphllt 
/ / \ \ d)45phllt 
j p \ \ \ e}SOphflt 
/ / / \ \ \ 0 73 phiit 

- / / A \ \ """"' 
" / ^ ^ ^ 

350 400 450 

3500 

i " ° 
M25D0 

5 2000 

,0- 1500 

. | 1000 

500 

° 

. A 
• / \ » " « : * 

1 \ i.)3npML 

/ / f\ \ e) 60 phei 
ll \ \ f)75phi5l 
/ / W g)90phill 

• , ^ - ~ 

~ , ^ r 1 1 . . 1 r 

400 450 500 550 BOO 65 
) j \ Bu'c?cs6ng(nm) 

Hinh 8 Phd phat quang ciia AT 6 nong do lxlO'̂ mol/1 (a) va 2xlO'̂ mol/l (b) theo thdi 
gian chieu UVA 

Hinh 8a va 8b cho thay, hdn hgp dung dich AT va 25 mg bgt nano Ti02 khi dugc chieu anh 
sang UVA deu phat quang d budc sdng 435 nm. Ket qua nghien cuu trudc day [13,14] ciing cho 
thay, dinh phat quang tai budc sdng 435 nm nay dac tnmg cho sir phat quang cua dung dich AT 
va 2-hydroxyl terephthalic axit sinh ra tu phan ung quang xiic tac. Mat khac, hdn hgp dung dich 
AT d ndng do CM = I^IO'^ mol/1 va bgt nano TiOi khi dugc chieu anh sang UVA trong khoang 
I5-^75 phiit cd cudng do phat quang tang khi thdi gian chieu anh sang tang, chung td lugng 'OH 
sinh ra trong phan iing quang xiic tac tang len. Nhung khi tang thdi gian chieu den 90 phiit thi 
cudng dg phat quang giam (Hinh 8a). Dieu nay cho thay vdi mgt lugng axit nhSt dinh thi chi cd 
thd sinh ra mdt lugng gdc 2-hydroxyl terephthalic axit tuong ung (gdc nay sinh ra nhd phan irng 
vdi gdc 'OH dugc sinh ra tir phan irng quang xiic tac), nen d thdi gian chieu tang len 90 phiit thi 
cac phan tii axit da phan iing h6t d ndng do nay va khdng cdn de phan iing niia de sinh ra 2-
hydroxyl terephthalic axit. NghTa la, d ndng do nay lugng axit khdng dii de danli gia phan iing 
quang xiic tac, nen can thidt tang ndng do axit hay tang lugng phan tu axit len. Vi vay, trong 
hinh 8b, ndng do AT dugc tang len CM ^ 2x10"^ mol/1, k6t qua cho thiy, trong khoang 15 phiit 
den 90 phiit ehi8u anh sang UVA thi cudng dg phat quang ciia dung dich tang va khdng cd d4u 
hieu giam. Nhu vay, nong do AT CM = 2x 10"̂  mol/1 nay la phii hgp dd danh gia kha nang quang 
xiic tac cho 25 mg vat lieu nano TiOj. Ngoai ra, trong khoang thdi gian chiSu anh sang UVA, tii 
60-90 phiit, cho thky phan iing quang xiic tac xay ra kha manh va cudng do phat quang tang 
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maiih (Hinh 8b). Vi vay, thdi gian chi^u UVA dugc xem la phii hgp dS danh gia kha nang quang 
xiic tac cho 25 mg vgt lieu nano Ti02 la 60-^80 phiit. Quy trinh danh gia tinh nang quang xiic t^c 
cho 25 mg vat lieu Ti02 dugc thuc hien nhu tren Hinh 7. 

3.3. Danh gia quang xiic t ic cua bot nano (dung de che tao ong), dng nano va mSng Ti02 

Hinh 9. Hinh TEM cua ong nano I'iOi dupe chS tao bSng phuong phap thuy nhiet (a) va hinh AFM 
cua mang Ti02 duo'c ch^ tgo bing phuang phap phiin xa magneUon DC (b). 

Quan sat hinh thai cua dng nano Ti02 thu dugc sau khi che tao bing phuang phap thuy 
nhiet tu bgt Ti02 thuong mgi Roha cho thdy, chieu dai ciia cac dng cd vai tram nm, dudng kinh 
tir 8-HI2 nm (Hinh 9a), Trong cdng trinh [20], dng nano TiOi ciing dugc che tao bSng phuong 
phap thiiy nhiet thu dugc duong kinh khoang 7 nm, chieu dai khdng dugc dd cap, nhung trong 
anh TEM co chii thich kich thudc vao khoang 42,3 nm va cd dien tich b6 mgt rieng idn hon 
nguyen lieu bgt ban dSu la 8,5 lan. Nhu vgy, viec che tao dng nano Ti02 cd kha nang lam tang 
dien tich be mat rieng so vdi bgt. Tuy nhien, dng cd chieu dai va dudng kinh qua nhd cd the gay 
khd khan cho viec tach dng ra khdi dung djch khi do do hap thu MB ciing nhu ung d\mg tach 
dng khdi nude de sii dung lai. Vi vay, vdi dng cd chieu dai vai tram nano nhu trong cdng trinh 
nay cd the sir dung giay lgc cd kich thudc Id 45 nm va lgc hai lan, la cd the tach dugc dng nano 
ra khdi dung dich. Ngoai ra, hinh 9b cho thay, mang Ti02 dugc che tgo bang phuong phap phiin 
xa magnetron DC, cd dg ghd ghe bS mat thay ddi tir 7-̂ 11 nm, ciing cd dien tich be mat hieu 
dung kha tdt. 

Cau tnic pha va do tinh the hda ciia vgt lieu nano Ti02 hot, dng va mang dugc khang djnh 
bang phuong phap nhieu xa tia X (XRD) (Hinh 10). Kdt qua cho th§y, vat li?u cd d\x triic uu 
tien phat trien mgt mgng (101), chii yen la pha anatase, pha cd hogt tinh quang hda cao ciia Ti02 
[12,13,15, 20]. Cac vach tuong ling vdi pha tinh the anatase cua bgt Ti02 thuong mai cd cudng 
dd nhieu xg mgnh nhSt, cac vach nhilu xg tuong iing xuat hien tii gian dd nhieu xg ciia mlu 
mang Ti02 cd cudng dg nhd han, va cudng dg vgch nhieu xa be nhat quan sat dugc doi vdi cac 
dng Ti02, do kich thudc nhd co nm ciia vat lieu mang va dng nano. Cudng dg vgch nhieu xg Idn 
cho thSy sir ket tinh tot ciia mau tinh the va kich thudc Idn ciia cac hgt bgt thuang mgi (Hinh 10). 
Ngoai ra, trong pha kdt tinh ciia dng Ti02 cd xuat hien them pha tap chat NaCl, pha tap chat nay 
cd the la san pham cdn du lai sau qua trinh thtiy nhiet, nhung khdng anh hudng den tinh nang 
quang xiic tac ciia vat heu [21]. 
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Hinh 10 Phd XRD ciia cac v t̂ Hinh 77. Su phan huy MB ciia cac 
lieu nano TiO,. ^̂ ^ li?u nano Ti02 d thdi gian 

chieu sang UVA 80 phiit. 

Hinh 12. Ph6 HQ cOa axit 
terephthalic khi phin img iing vdi 
cac v%X li$u nano Ti02 d tiidi gian 

chilu sang UVA 80 phiit. 

Ket qua khao sat tinh nang quang xiic tac cua cac vat lieu nano TiOz bang MB va AT dugc 
thgc hien nhu quy trinh dugc trinh bay trong cac hinh 4, 5,6 va 7, va ket qua dugc th6 hifn v^ 
trinh bay trong Hinh 11 va Hinh 12. Khi danh gia tinh nang quan§ xiic tac ciia cac vgt li?u nano 
n^y biing dung dich MB (Hinh 11) va AT (Hinh 12), chiing tdi thay rSng, sau 80 phiit chi6u Snh 
sang UVA, ddi vdi dung djch MB, thi do phan hiiy dung dich MB ddi vdi cac dng TiOz 1̂  tdt 
nhSt, dat dugc 97,92 %, tig]! sau la cua mang TiOz dgt 67 %, v^ sau cung la b^t TiOz thuong mai, 
dgt 50,2 % (loai bOt diing de che tao dng TiOz bing phuong phap thuy nhi?t). Trong khi dd, dung 
dich AT sau phan iing quang xiic tac deu phat quang d budc sdng 435 nm, cudng do phat quang 
tang dSn theo thii tu bgt TiOz thuong mgi, mang Ti02 va ong TiOz. Nhu vky, tinh nSng quang 
xiic tac cua dng TiOz tdt hon mang TiOz va mang Ti02 tdt hon bgt TiOz thuong mai. 

4. KET LUAN 

Chiing tdi da xay dung hoan chinh timg quy trinh danh gia tinh nang quang xiic tac phii 
hgp cho vat Ueu nano TiOz ^ ba dang khac nhau: bgt thuang pham, dng va mang vdi vi?c sir 
dung hai chit AT va dung djch MB. Quy trinh da dugc thiet lap hgp li, chat che va cd dO tin egy 
cao. Cu the, vdi khdi lugng chat xiic tac la 25 mg, doi vdi dune djch MB, ndng dg thich hgp la 
CM = 50 mg/1 va the tich V = 10 ml. Ddi vdi dung dich AT, ndng dg thich hgp la CM = 2x10'^ 
mol/1, thdi gian chieu anh sang la 6{K80 phut. Su tien lgi khi su dung dung djch AT la khdng 
phai tach vat lieu ra khdi dung djch trong khi ddi vdi MB phai th\rc hi?n vif c nay. Quy trinh nay 
cd the dugc ap dung tai cac phdng thi nghiem nghien cuu ve cac vat li?u nano quang xiue tac 
khac nhau. Ngoai ra, vdi quy trinh danh gia tren, d\ra vao AT va MB thi deu cho ket luan ong 
nano TiOz (dugc che tao bang phucmg phap thuy nhiet tir b^t thuang mgi) tdt hon mang (che tao 
bing phuang phap phun xg magnetron DC) va mang TiOz tot ban bgt thuang mgi. 

TAI LIEU THAM KHAO 

1. GuidongYang, Zheng Jiang, Huahong Shi, Tiancun Xiao and Zifeng Yan - Preparation of 

highly visible-Ught active N-doped TiOz photocatalyst, J- ^^^ter. Chem 20 (2010) 5301-

5309. 

604 



Le Thi Ngoc Td, VQ Thj H$nh Thu 

2. Xian-Tai Zhou, Hong-Bing Ji and Xing-Jiao Huang - Photocatalytic Degradation of 
Methyl Orange over Metalloporphyrins Supported on TiOz Degussa P25, Molecules 12 
(2012)1149-1158. 

3. Lei Zhao, Maosheng Xia, Yuhua Liu, Biju Zheng, Qing Jiang and Jianshe Lian - Structure 
and Photocatalysis of TiOz/ZnO Double-Layer Fihn, Materials Transactions 53 (3) (2012) 
463-468. 

4. Nazar Elamin, Ammar Elsanousi - Synthesis of ZnO Nanostructures and their 
Photocatalytic Activity, Joumal of Applied and Industrial Sciences 1 (2013) 32-35. 

5. Roberto Alanls-Oaxaca and Jaime Jimenez-Becerril - Titanium Oxide Modification With 
Oxides of Mixed Cobalt Valence for Photocatalysis, J. Mex. Chem. Soc. 54 (2010) 164-168. 

6. Woo-Young Kim, Soon-Wook Kim,Dae-Hwang Yoo, Eui Jung Kim,and Sung Hong 
Hahn - Annealing Effect of ZnO Seed Layer on Enhancing Photocatalytic Activity of 
ZnO/TiOz Nanostructure, Intemational Journal of Photoenergy 2013 (2013) 1-7. 

7. Shamalah Mimusamy, Rangabhatlasai laxmi Apama and Rangabhatla gunneswara 
subramanya vara Prasad - Photocatalytic effect of TiOz and the effect of dopants on 
degradation of brilliant green. Sustainable Chemical Processes 2013 (2013) 1-4. 

8. Funda Sayilkan et al. Hydrothermal Synthesis - Characterization and Photocatalytic 
Activity of Nanosized TiOz Based Catalysts for Rhodamine B Degradation, Turk. J. 
Chem. 31 (2007) 211-221. 

9. Minghua Zhou, Jun Zhang, Bei Cheng, and Huogen Yu - Enhancement of Visible-Light 
Photocatalytic Activity of Mesoporous Au-TiOz Nanocomposites by Surface Plasmon 
Resonance, International Joumal of Photoenergy 2012 (2012) 1-10. 

10. Ken-ichi Ishibashi, Akira Fujishima, Toshiya Watanabe, Kazuhito Hashimoto - Quantum 
yields of active oxidative species formed on TiOz photocatalyst, Joumal of 
Photochemistry and Photobiology A: Chemistry 134 (2000) 139-142. 

11. N. Pugazhenthiran, S. Murugesan, P. Sathishkumar, S. Ananda Photocatalytic 
degradation of ceftiofur sodium in the presence of gold nanoparticles loaded TiOz under 
UV-visible light, S. Chemical Engineering Joumal 241 (2014) 401-409. 

12. Wei Xie, Yuanzhi Li, Wei Sun, Jichao Huang, Hao Xie, Xiujian Zhao - Surface 
modification of ZnO with Ag improves its photocatalytic efficiency and photostability, 
Journal of Photochemistry and Photobiology A: Chemish7 216 (2010) 149-155. 

13. Ken-ichi Ishibashi, Akira Fujishima, Toshiya Watanabe, Kazuhito Hashimoto, Detection 
of active oxidative species in TiOz photocatalysis using the fluorescence technique. 
Electrochemistry Communications 2 (3) (2000) 207-210. 

14. Qi Xiao, Zhichun Si, Jiang Zhang, Chong Xiao, Xiaoke Tan - Photoinduced hydroxyl 
radical and photocatalytic activity of samarium-doped TiOz nanocrystalline, Joumal of 
Hazardous Materials 150 (2008) 62-67. 

15. Vu Thj Hgnh Thu - Nghien cuu che tgo mang mdng quang xiic tac TiOz va TiOz pha tap N 
(TiOziN), Lu§n van Tien sy Vat li, Trudng Dgi hgc Khoa hgc Tu nhidn Th^nh ph6 Hd Chi 
Minh, 2009. 

16. Vd KiSn Trung, Nguydn Chung Duong, Vu Thi Hanh Thu - Nghien cim che tgo mang dSn 
dign trong su6t AZO tren de chuyin dgng quay bang phuang phap phiin xg magnetron 
DC, Tgp chi Khoa hgc va Cdng n ^ g 51 (5A) (2013) 120-126. 

605 



Nghiin CCFU guy trinh vi dinh gii tinh ning guang xuc tic cOa vit ll§u nano TiOn bing axit. 

17. Random, Sumpun Wongnawa, and Phadoong Boonsin - Bleaching of Methylene 
Blue by Hydrated Titanium Dioxide, Department of Chemistry, Faculty of Science, 
Prince of Songkla University, Hat Yai, Thailand, Science Asia 30 (2004) 149-156. 

18. Park C. Y., Kefayat U., Vikram N., Ghost T., OH W. C. and Cho K. Y - Preparation of 
novel CdS-graphene/TiOz composites with high photocatalytic activity for methylene blue 
dye under visible Ught, Bull. Mater. Sci. 36 (5) (2013) 869-876. 

19. Nguyin Thi Kim Giang - Nghien ciiu dieu chd v^t ligu TiOz bien tinh kich thudc nanomet 
va khao sat kha nang quang xiic tac cua chiing, LuSn van Thgc s j Vgt H Tmdng Dgi hgc 
Khoa hgc Tu nhien TPHCM, 2012. 

20. Pham Nhu Phuong, Phan Thanh San, Le Van Long, Nguyen Nggc Tuan va Nguyin Dinh 
LSm - Tdng hgp nano TiOz dgng dng bang phuang phap thiiy nhiet. Tap chi Khoa hgc va 
Cdng nghe, Dai hgc Da Ning 1 (42) (2011) 77-82. 

21. Walter Kenji Yoshito, Nildemar A. M.Ferreira, Ana Carolina S. Coutinho Rumbao, 
Dolores R. R. Lazar, Valter Ussui - Hydrothermal Synthesis of Nanostmctured Titania 
660-661(2010)788-793. 

22. Trin Ba Toan, Le Thi Nggc Tu, Vii Thi Hgnh Thu - Nghien cuu va che tgo vat lieu quang 
xiic tac TiOz cau tnic nano dng bing phuong phap thiiy nhiet. Hoi ngjij Vgt li chit rin va 
Khoa hgc vat li?u 8 (SPMS-2013) Thai Nguyen thang 11/2013. 

ABSTRACT 

FABRICATION AND THE PHOTOCATALYTIC EVALUATING METHOD OF 
TIOz NANOMATERIALS BY METHYLENE BLUE AND TEREPHTHALIC ACID 

Thi Ngoc Tu Le'•^ Thi Hanh Thu Vu^ 

'Dong Thap University, 783 Pham Huu Lau, Ward 6, Cao Lanh City, Dong Thap Province 

^Faculty of Physics and Engineering Physics, University of Science, Vietnam National 
University in Ho Chi Minh City, 227 Nguyen Van Cu. Ho Chi Minh City 

'EmaiL ltntu@dthu.edu.vn 

This paper describes a method of fabrication and photocatalytic characterization of TiOz 
nanostmctures such as powders, tubes and films. The TiOz nanotubes and fihns were fabricated 
by hydrothermal method from commercial powders and DC magnetron sputtering. In this study, 
the terephthalic acid (AT) solution was used as a "probe" fluorescence and Methylene Blue 
(MB) solution as a colour indicator to indentify the generation of "OH hydroxyl and superoxide 
O '̂ radicals in photocatalytic reaction. It shows that the method based on MB and AT solutions 
is of high reliability, suitable for preparation of TiOz powders, tubes and films. With 25 mg TiOz 
nanostmctures, the photocatalytic properties of nanotubes are better than those of the films and 
precursor powders. 

Keywords: photocatalyst, TiOz, Methylene Blue, terephthalic acid. 
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