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Tém tit: Cac hat nano tinh thé ZnO va ZnO pha tap ion Cr®* duoc téng hop thanh cong bang
phuong phap sol-gel. Gian dd nhidu xa tia X (XRD) cho thy trong tinh thé nano ZnO pha tap ion
Cr®* khong c6 sy hinh thanh pha thir cip nhung c¢6 sy giam hang s6 mang a va c. Pho phat quang
(PL) cho thiy c6 su suy giam cudng d phat xa trong ving 4nh sang nhin thiy khi c6 mat ion Cr?,
diéu nay 1a do su suy giam tai btrc xa cua dién tir va 15 tréng. Hoat tinh quang xuc tic phan huy
hop chit mau hiru co methylene blue ciing dugc khao sat. Két qua cho thdy khi c6 pha tap ion kim
loai, vat liéu thé hién hoat tinh quang xuc tac tdt hon so v6i ZnO. Co ché tang cuong tinh quang

xuc tac cling da duoc giai thich.

Tir khéa: Nano tinh thé ZnO, sol-gel, quang xtc tac, pha tap.

1. Téng quan

ZnO 1a chét ban dan II-VI, htra hen ung
dung trong cac linh vyc di-6t phat quang mau
xanh, cuc tim hodc di-6t laser va dic biét trong
linh vuc quang xuc tac do c6 do rong ving cam
khoang 3.37 eV va ning lugng lién két cua cic
exciton 16n 60 meV [1-2]. Chinh vi v@y, n6 cho
phép hap thu va tai t6 hop exciton ngay ca ¢
nhiét do phong nén vat liéu ZnO 1a ddi tuong
dugc nhiéu nghién ctru quan tim. Trong s cac
ung dung cta ZnO thi kha ning ung dung
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quang xuc tac trong sy phan hiy cac chat hiru
co gdy 6 nhiém moi truong dang nhan dugc
nhidu sy quan tdm vi ZnO c6 phShap thu anh
sang mat troi rong va la vét lidu ré tién voi
phuong phap ché tao don gian [3-4]. Céc
nghién ctru gin day cho thdy, cach hiéu qua
nhit déting hoat tinh quang xuc tac cua ZnO
trong vunganh sang kha kién 1a l1am giam do
rong ving cAm,bang cach lam giam kich thude
vat liéu ZnO hodc pha tap vaoZnO mot sé kim
loai hay phi kim [4-5]. Trong bai bao nay chiing
t6i trinh bay cac két quanghién ciru, ché tao vt
liéu ZnO pha tap ion Cr®, do ion Cr® c6 ban
kinh gan v&i Zn*dé dang xdm nhap vao mang
tinh thé ZnO va thay thé mot phan cac ion Zn®*
trong tinh thé [6-8].Khi ion Cr¥* di vao mang
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tinh thé ZnO gay ra cac khuyét tat diém do co
ion la trong céu triic ZnO [9].Cac phuong phap
phéan tich, nhleu xa tia X (XRD), kinh hién vi
dién tir truyén qua (TEM), phdquang huynh
quang (PL), ph6 UV-Vis duoc sir dung dé xac
minh ring Cr®* di pha tap vao trong tinh thé
ZnO. Su anh hudng cua ion Cr®* pha tap dén
hoat tinh quang xuc tac phan huy methylen blue
cua vat liéu nano ZnO ciing dugc khao sat'

2. Phuong phap nghién ciru
2.1. Héa chat

Hoa chat duoc su dung 1a k&m nitrat
[(Zn(NO3)2.6H,0], crom (n nitrat
[Cr(NO3)3.9H.0] va axit citric [(C¢HsO7.H0)],
nude DI tit ca déu tinh khiét dé phan tich.

2.2. Ché tao vt liéu

Phuong phap solgel duoc dung dé ché tao
vat liéu nano ZnO va ZnO pha tap Cr®do ¢
nhitng vu diém vuot troi nhu do dong déu va
tinh 1ap lai cao [10]. K&m nitrat va crom (III)
nitrat dugc tron theo ty Iémol (Zn?*:Cr¥* =
0.95:0.05)sau d6 dugc cho vao dung dich axit
citric 1M, khuay & 80°C trong 1 gid. Dung dich
sol thu dugc,say & 130°C toi khi gel hoa trong
vong 4 gid. Gel thu duoc tiép tuc sdy tai 150°C
trong 1 gio thu duge mau gel kho. Cac mau
ZnO va mau ZnO pha tap Cr** (ki hiéu Cr-ZnO)
dugc u nhiét & 400°C, 5 gio trong khong khi.

2.3. Khao st tinh chdt quang xuic tac

Quy trinh thuc nghi€ém kha nang xtc tac
quang cua vat liéu dugc thuc hién nhu sau: Pau
tién pha dung dich methylene blue (MB) co
ndéng do 2.5x10° mol/l, khéi lugng vat liéu dua
vao 250 ml dung dich MB 1a 0.02 g. Sau do,
cac vit lidu dugc khudy tir trong budng tdi 30
phut dé dat duoc diéu kién cén bang hap phu.
Céc dung dich sau d6 dugc danh gia kha nang
xuc tic quang dudi anh sang mit troi truc tiép
dong thoi trong diéu kién quang may. Sau mdi
30 phut chiéu sang, dung dich duogc chiét ra dé
xac dinh kha nang phan hity MB bang ph hap

thu UV-vis (HACH DR 5000™). Gia tri cuong
do dinh hép thu dac trung cao nhat cia MB
(~665 nm) trong mdi 1an do dugc so sanh dé
danh gia hoat tinh quang xuc tac.

2.4. Thiét bj nghién ciu, dac trung tinh chat
vdt liéu

CAu triic tinh thé va thong tin pha cta cac
mau dugc xac dinh bang phuong phap nhidu xa
tia X (XRD) bang héBruker D8 Advance véi
budc song buc xa CuK, (A = 0.15418 nm)
khoang quét 20 = 25 — 70°mdi budc 0.01°. Kich
thudc tinh thé trung binh va cac thong s6 mang
dugc x4c dinh bing cong thic cua Debye-
Scherrer. Hinh thai hoc cua ZnO va Cr-ZnO
dugc nghién ciru boi kinh hién vi dién tir truyén
qua (TEM). Céc dic tinh quang hoc, khuyét tat
ctia cac mau duoc khao sat boi phép do phat xa
quang cua may Nanolog, Horiba Jobin Yvon,
(450 W) & nhiét d6 phong. P hip thu quang
duoc xac dinh thong qua phép do phd hip thu
UV-Vis.

3. Két qua va thao luin
3.1. Gian do XRD

Viéc xac dinh thanh phan pha ciu trac cia
vat liéu nano ZnO va Cr-ZnO dugc ghi nhan
boi gian d6 nhifu xa tia X (XRD). Két qua
duoc chi ra ¢ hinh 1.Tir gian d6 XRD cho thiy
cac dinh nhiéu xa déc trung tai vi tri 20 = 31.5°,
34.12°, 35.97°, 47.28°, 56.38°, 62.62° 66.19°
67.74°, 68.90° tuong Gng véi cac mat (100),
(002), (101), (102), (110), (103), (200), (112),
(201) ctia mot pha tinh thé cdu trac luc phuong
dang wurtzite (JCPDS File N0.36-1451)[11, 12]
va khong xuét hién dinh lién quan dén ion pha
tap Cr*.

Hing s6 mang tinh thé a va ¢ dugc tinh
bang phuong trinh sau:

2 2 2
é_f(h +hk+k )_'_l_2 (1)
di ¢
2dhk|S|n6=nk n=12,.. 2)
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* 30 (degree)”
Hinh 1. Gian d6 nhiéu xa tia X ctia cac mau ZnO
vaCr-ZnO.

Tu gia tri dw dugce trinh bay trong bang 1
va cac cong thie (1), (2), hing s6 mang a va ¢
duge xac dinhtwong ung lan luot véi ZnO la
0.3276 nm; 0.5230 nm va Cr-ZnOla 0.3275 nm;
0.5221 nm. Mau Cr-ZnO c6 hiang sémang a va
¢ giam so voi ZnOvimdt phan cac ion Zn?*
trong tinh thé dugc thay thé boi ion Cr®* va béan
kinh cta ion Cr®* (0.063 nm) nho hon ion Zn?
(0.074 nm) [9, 13, 14].

Tu gia tri d6 ban rongcac dinh nhiu xa
101, 002 va 100 (FWHM) trén gian dd6 XRD va
ap dung congthtiic Debye — Scherrer tinh dugc
kich thuéc tinh thé theo cong thirc:

D= 0.89x A (3)

B % coso

trong d6, D 1a kich thudc hat tinh thé, budc
song cua tia X voi A = 0.15418 nm, B 1a d6 ban
rong dinh nhiéu xa duoc xac dinh tai mot nia
cuong do cia dinh nhiéu xa(FWHM) tinh theo
radian. S6 liéu kich thudc hat duoc trinh bay

a)

&

trong bang 1 cho thay tinh théZnOcd kich thudc
trung binh la 16.12 nm I6n hon dang ké so voi
tinh thé Cr-ZnO chi ¢6 15.34 nm.

Bang 1. Cac thong sb tinh thé dugc tinh theo gian
do XRD

Mau Binh Do dhii D D
nhiéu ban (nm) (nm)
xa rong

ZnO 101 05772 0.2494 1430
ZnO 002 0.4861 0.2624 16.90 16.12
ZnO 100 0.4756 0.2837 17.15

Cr- 101 0.6230 0.2493 13.25
ZnO

Cr- 002 0.5329 0.2623 15.41
Zn0O

Cr- 100 0.4697 0.2836 17.36
ZnO

15.34

3.2. Hinh anh hién vi truyén qua (TEM)

Hinh thai hoc cdu triic vi md cua cac hat
nano da duoc kiém tra béng kinh hién vi dién tir
truyén qua TEM. Anh TEM dién hinh ciia mau
ZnO(hinh 2a) va Cr-ZnO(hinh 2b) v&i cac phan
khac nhau ctia mucho thiy cac hat nano déu c6
dang hinh cau, nhin tron trén bé mat, mat do
hat cia mAu phan bd twong ddi déu. Tinh thé
ZnO c¢ kich thude trung binh khoang 16 nm va
tinh thé Cr-ZnO 1a 15 nm phu hop véi két qua
tinh toan tir gian d6 XRD.

Hinh 2. Hinh anh hién vi dién tir truyén qua cua: a) ZnO, b) Cr-ZnO (thang do 50 nm).
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3.3. D¢ réng viing cam quang

O nhiét do phong, phé UV-Vis 1a mot
phuong phap truc tiép va don gian dé tham do
cau tric cua vat liéu va xac dinh nang luong
ving cAm quang [15-17]. Phé UV-Vis hip thu
cia cac mau ZnO va Cr-ZnOduogc thé hién
trong hinh 3.

380 nm

Absorbance (a.u.)

ZnO

460 560 660 760 800
Wavelength (nm)

Hinh 3. Phé UV-Vis cdc mau ZnO va Cr-ZnO.

Tir hinh 3 cho théy, trong ving anh sang tir
ngoai (200 nm — 400 nm) kha ning hap thu anh
sang ctia ZnOkém hon mau Cr-ZnO. Trong
ving anh sang kha kién (400nm - 750 nm) mau
ZnO hap thu 4nh sang yéu, trong khi d6 miu
Cr-ZnO c6 mot diy hdp thy rong trong toan
ving anh sang kha kién didu nay chung to do
hép thu quang duoc ting cudng khi c6 mit ion
Cr¥* gop phan ting hoat tinh quang xuc tac [18,
19]. Ning lugng ving cAm quang cua mau Cr-
ZnO (3.26 eV) giam so voi ZnO (3.37 e¢V) do
mdt s6 ion Cr’* thay thé cac vi tri ciia ion Zn?*
gdy ra khuyét tat diém tao su tuong tac electron
trén obitan d cua Cr¥ voi cac electron trén
obitan p cua Zn va O [14, 20, 21]. Tt d6 nhan
thdy rang, pha tap ion kim loai Cr®* vao ZnO la
mot trong nhitng bién phaptang cuong hoat tinh
guang xuc tac.

3.4. Phé hupnh quang (PL)

Cung véi gian d0 XRD, phd quang phat
quang (PL) 1a mot k¥ thudt phu hop dung dé
xac dinh cau trac vat liéu, su hién dién cua tap
chat hodc cac khuyét tat [1, 6, 22, 23]. Cac phép
do PL da duoc thyc hién & nhiét d6 phong cho

cac cau tric ZnO va Cr-ZnO duoc thé hién
trong hinh 4a.

Dinh UV & phd PL lién quan dén sy phat xa
bo viung (near band edge - NBE) va cac dinh
phat xa trong ving kha kiénthong thuong xuat
phat tir cac khuyét tat trong cdu trac tinh thé
[23, 24]. Ph6 PL ciia miu ZnO va Cr-ZnOcho
thiy phat xa UV lan lugt twong umg véi budc
song 397 nm (3.13 eV) hinh 4b, 398nm (3.12
eV) hinh 4c. So véi ning lugng ving cim cia
ZnO dang khoi (3.37 eV) [1] thi nang luong
ving cam cua mau ZnO va Cr- ZnOdéu nho
hon, chimg t6 da xuat hién nhiéu khuyét tat
trong vat liéu nano ZnO va Cr-ZnO. Cac khuyét
tat 1am ning lugng ving cdm giam vi ching tao
ra cac murc ning lugng gan bién ¢ ving cdm
dugc goi la cic muc tdm ndng (shallow
donor/acceptor) [24]. So v6i tinh thé ZnO khéi
(3.37 eV) thi gia tri ning lugng ving cAm giam
0.24eV & ZnO va 0.25 eV ¢ Cr-ZnO duoc gin
cho cac loai khuyét tat gay ra nhu vi tri khuyét
kém, k&m xen k&, khuyét tat lién quan dén oxy
cua ZnO va sy tuong tac spin cta cac obitan 3d
kim loai chuyén tiép v6i ion Zn*va O[22, 23,
25]. Trong nghién ctu nay, cac day phat xa
trong ving kha kién tuong dbi rong duoc quan
sat tir 500nm dén 800nm va trung tim phét xa
1a 635nmva 660nm tuong tng véi mau ZnO va
Cr-ZnO. Sy dich chuyén d6 ciia mau Cr-ZnO so
v6i ZnO duge giai thich do sy phét trién tinh
théva cic tuong tic cua cic obitan kim loai
chuyén tiép sp-d [9, 24]. Trong phd PL cta céc
cAu triic nano ZnO va Cr-ZnO, hinh dang cua
phd PL bi bién ddi do qué trinh pha tap ion Cr®*
vao tinh thé ZnO. Mau pha tap cO cuong
dogiammanh so véi mau ZnO, docac khuyét tat
diém trong mang tinh thé ZnO dugc ting lénva
cac phat xa cua dién tur sau khi dugc kich thich
phat ra niang lugng nho, thoi gian sdng cua dién
ttr 1au hon vi ¢6 su chuyén cac muc nang luong
nho trong ving cim trude khi trg vé ving hoa
tri [9, 22, 26]. Tur nhirng két qua nay, c6 thé két
luan rang phuong phép pha tap ¢6 anh hudng
16n dén cac loai khuyét tat va nong do khuyét
tat trong cdu tric nano ZnO gop phan lam thay
d6i cdu triic nang luong trong ving cAm va lam
tang cuong hoat tinh quang xuc tac.
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Hinh 4. Phd PL cidc miu ZnO va Cr-ZnO.

3.5. Khado sat tinh chdt quang xiic tdc
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Hinh 5. Hiéu sudt quang xuc tac phan huy methylene
blue (MB) ctia ZnO vaCr-ZnO.

Hinh 5 biéu dién kha ning quang xlc tac
cua cac hat nano ZnO, Cr-ZnO va dd suy giam
ty nhién cia miu MB db6i chimg. Tur két qua
trén cho thdy, sy ting cudng kha ning quang
x0ic tac cta vat liéu ZnO c6 pha tap ion Cr** so

v6i ZnO [27-29]. Cu thé, trong 210 phut khao
sat, hiéu suét hoat tinh quang xuc tac sau khi trur
d6 suy giam tu nhién cuia MB d6i chung thi
dat39.8% va 63.8% tuong tmg cho mau ZnO va
Cr-ZnO. Su tdng cuong hoat tinh quang xuc tac
ctia vat liéu Cr-ZnO cé thé duge gii thich boi
su hinh thanh tiép xtc di thé cua kim loai
chuyén tiép véi ban dan ZnO. Khi pha tap cac
ion Cr¥ vao ZnO giy ra cic twong tac dién tur
hinh thanh cac tAm bat dién tir 1am thay ddi sy
chuyén murc ning luong trong ving cam [29,
30]. Pién tir va 16 tréng duoc kich thich sé co
thoi gian séng 1au hon dé tuong tac va phan hiy
phan tir MB trong dung dich, diéu nay ciing da
thé hién ¢ phd PL. Co ché ctia hoat dong nay co
thé duoc biéu dién boi qué trinh sau [27-30]:
Cr-ZnO +hv — e, ;o + N 70 4)
O,

€cr-zm0 + 0,—Cr- Zn0 +

®)

e. O,
Cr-2m0 + 72 =Cr-zn0 + *0* (6)
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he. o + H20 = OH + H* + Cr-ZnO @)

he: 700+ OH—Cr-zn0o + HO* (8)
*OH + MB (Thudc nhuém) — CO, + H,0
+ HC vo co don gian €)]
*02 +MB (Thudc nhuém) — CO; + Hz0 +
HC vo co don gian (20)

4. Két luan

Trong bai bao nay ching t6i di ché tao
thanh cong cau trac nano khong chiéu ZnO va
pha tap ion Cr®. Cac phép phan tich ciu tric
tinh thé, hinh thai bé mat da cho thdy su anh
hudng ciia ion pha tap 1én céu tric va tinh chat
ctia vat liéu ZnO. Kich thudc tinh thégiam khi
c6 mit ion Cr** 1a do ban kinh nguyén tir cta
ion Cr¥*pha tap nho hon ctua Zn®. Diéu nay
khang dinh c6 sy thay thé ion pha tap vio trong
mang tinh thé ZnO, tuy nhién khong lam thay
d6i pha wurtzite ctia ZnO. Céac phép phan tich
quang nhan thidy mau Cr-ZnO c6 tai hop buc xa
suy gidm do cac dién tr kich thich c6 thoi gian
song tang. Sy hinh thanh céc twong tac giira cac
electron va céac obitan d cua ion kim loai Cr®*
va ZnO 1am thay cic chuyén muc ning luong
trong ving cidm ctia ZnO pha tap, diéu nay di
g6p phan lam ting hoat tinh quang xtc tac cta
vat liéu ZnO pha tap dugc biéu thi qua hié¢u sudt
quang xuc tac xir i MB, mau ZnO dat 39.8%
va mau Cr-ZnO dat 63.8%. Két qua nay co thé
mé ra trién vong tng dung tinh chét xtc tac
quang cta vat liéu ZnO pha tap Cr**trong viéc
xtt Iy cac chét hitu co trong nude dudi anh sang
tu nhién.
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Crystalline Structure, Optical Properties and Photocatalytic
Activity of Cr3*-Doped ZnO Nanoparticles

Nguyen Xuan Sang, Nguyen Minh Quan, Nguyen Huu Tho,
Le Thi Thanh Thuy Mai, Ho Van Cuu

Sai Gon University, 273 An Duong Vuong, District 5, Ho Chi Minh City, Vietnam

Abstract: In this work, nanocrystal Cr¥-doped ZnO was successfully fabricated by the solgel
method. Although X-ray diffraction patterns showed no other secondary phase in Cr¥*-doped ZnO
samples, the lattice constants (a and c) decreased slightly in comparison to those of pure ZnO samples.
The photoluminescence emission intensity of the doped sample was dramatically reduced, which
indicated that the reduction of the radiative recombination rate. The photocatalytic degradation activity
of methylene blue materials was investigated and showed that, in the presence of doped metal ions, the
photocatalytic activity of ZnO was improved. The reason of enhanced photocatalytic activity was
tentatively determined and clarified.

Keywords: ZnO nanocrystal, solgel, photocatalytic ability, doped semiconductor.



