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ABSTRACT

ZnO nanorods with the average size of 60 nm>x450 nm were successfully
fabricated by hydrothermal synthesis method in the presence of ZnCl, and
NH; solution as the starting materials at 190-230°C for 20 hours. The
powder samples was characterized by means of X-ray powder diffraction
(XRD), Field Emission Scan Electron Microscopy (FESEM) and Energy-
Dispersive X-ray spectroscopy (EDX). The photoluminescence (PL)
properties of the sample were investigated. Some factors affecting the
morphologies and optical properties were also studied.

TOM TAT

Que nano cé kich thuée trung binh 60 nm x 450 nm, dwgc ché tao thanh
cong bang phuwong phdp thiy nhiét, véi chat ban dau la ZnCl, va NH; va
que nano ZnQO dwoc hinh thanh ¢ nhiét do 190-230 °C trong 20 h. Mau bét
ché tao dwoc dem di do nhiéu xa tia X (XRD), dnh hién vi dién tir quét phat
xa truong va phé nang lwong tan xa tia X (EDX). Tinh chat hupnh quang
ciia mau da dwoc khdo sat. Mot vai thong sé anh hwong dén hinh thdi hoc

va tinh chat quang ciing dirgc nghién ciru.

Trich dan: Nguyén Tri Tuan, Vii Thi Hang va Nguyén Trong Tuan, 2016. Nghién ctru tinh chat cau tric ciia
que nano ZnO. Tap chi Khoa hoc Truong Pai hoc Can Tho. 42a: 91-96.

1 GIOI THIEU

Vit liéu ZnO cé do rong vung cAm rong (E, =
3,37 eV & nhiét d§ phong) va cd nang lugng lién
két exciton 16n téi 60 meV (Xiuping Jiang et al.,
2010). V61 mirc nang luong nay thi tuong tac Cu-
long gitra cac dién tu va 16 tréng 1 rat manh, lam
tang toc do va kha nang phat xa huynh quang. Do
d6, vat liéu ZnO c6 kha nang ing dung nhiéu vao
trong cac linh vuc quang dién tir nhu ché tao dibt
phat quang (LED) nhu diét phat anh sang tring
(WLED), xanh duong - tr ngoai va xanh 14 cay,
linh kién dién huynh quang dang mang mong,
transitor mang méng trong sudt. LED ché tao dua
trén vat liéu kich thudc nano co hiéu suét phat
quang t6t hon so voi vat liéu khdi va mang mong.
Bén canh d6, LED dua trén vat liéu c6 kich thuéce
nano ciing giup lam giam kich thudc cua thiét bi

91

khi duogc tich hop trong cac vi mach dién tir. Ngay
nay, LED dya trén cAu triic que nano dang dugc
nghién cuu va ché tao dua trén cac vat liéu khac
nhau tiy thudc vao nhu cau va tng dung. Trong
d6, ché tao cac LED nhim thay thé cac bong dbt
tmyén théng, cac vat liéu nhu GaN, GaAs, ZnO...
thu hit dugc sy quan tim nhidu nhat boi sy phat
quang ciia ching ndm trong ving tir ngoai va kha
kién. Tuy nhién, ZnO céu tric que nano la vt liéu
dugc cht ¥ nhidu nhat boi hiéu qua kinh té, khong
c6 ddc hai trong qua trinh ché tao va sir dung, dé
dang ché tao dwoc vat lidu co kich thuée nano,
cong nghé ché tao don gian. Cac két qua cong bd
vé vat liéu ZnO cAu tric nano cho théy 6 thé ché
tao vat lidu nay bang nhiéu phuong phap hoa hoc
va vat 1i khac nhau. Tuy theo cac phuong phap ché
tao khac nhau ma ta c6 thé ché tao vat liéu ZnO véi
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céc cAu tric nano khic nhau nhu dang day, que, vi
hinh cau (Hanmei Hu et al.,2007; Huiying Wei,
2005; Jinmin Wang & Lian Gao, 2004; Mingsong
Wang et al., 2012; Xiangyang Ma, 2005). Véi diéu
kién nghién ctru cia phong thi nghiém hién co,
ching t6i chon phwong phap thity nhiét dé tong
hop vat liéu ZnO céu tric nano & dang que.

2 THUC NGHIEM
2.1 Téng hop que nano ZnO

Vit liéu ZnO ¢6 ciu trac que nano duoc ché tao
thanh cong bang phwong phap thuy nhiét. Trudc
tién cho 0,01 mol ZnCl; vao 100 mL nude khir ion,
sau d6 thém tir tir dung dich NH; 25% dén khi hon
hop phan tng dat pH = 10, khudy déu hén hop
trong khoang thoi gian 30 phut, sau d6 cho dung
dich vao binh Teflon 4 ¢ nhiét d6 190°C - 230°C
trong thoi gian 20 h. Sau khi u nhiét, binh Teflon
dugc dé ngudi t6i nhiét d6 phong. Sau d6, chung
to1 léy dung dich mau tréng duc thu duoc, dem
quay li tAm, rira vai 1an véi nudce khir ion va etanol
thu dwoc chét két tia tring va chit nay duoc dem
sdy kho & 100°C trong thoi gian 20 h, két qua thu
duoc bot ZnO mau tr’fmg.

2.2 Cac phwong phap khao sat thwe nghi€ém

Chung t6i tién hanh xéc dinh hinh thai bé mit,
thanh phén pha va cau trac cua mau bt bang anh
hién vi dién tir quét phat xa truong (FESEM-JEOL
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JSM-7600F), phd tan sic nang lugng tia X (EDX)
va may nhiéu xa tia X, D8 Advance - Bruker (Cu
Ka A =0,154046 nm), hoat dong & 40 kV/30 mA.
Tdc do quét 0,005° s, tai Phong thi nghiém Vat ly
ung dung, Khoa Khoa hoc Ty nhién, Truong Dai
hoc Can Tho. Ph6 huynh quang (PL) ctia mau duoc
do boi hé do huynh quang Yobin Yvon Fluolog-3
va Nanolog sir dung dén kich xenon c6 cong suat
450 W tai Vién Tién tién Khoa hoc va Cong nghe,
Truong Pai hoc Bach Khoa Ha Noi. Két qua anh
hién vi dién tir quét ciia nhitng mau nay  nhiét &
190 -230 °C, cho thdy mau que nano ZnO c¢6 kich
thuée va chibu dai tot nhét, nén ching t6i chon
mau nay dem di do céc tinh cht trén.

3 KET QUA VA THAO LUAN
3.1 Tinh chét cAu tric

Dya vao gian dd XRD & Hinh 1, két qua cho
thdy cac mau tinh thé ZnO két tinh kha t6t, xuat
hién cac dinh nhidu xa v&i 1an lugt cac goc nhidu
xa 20 la 31,7° 34,4° 36,3° 47,5 56,6° 62,9°
66,4°; 67,9° 69,1 ° twong Gng voi cac mat phéng
(100), (002), (101), (102), (110), (103) dac trung
cia mang tinh thé ZnO cé cau trac luc giac
Wurtzite, khong xuat hién cac dinh nhidu xa cua
céc pha khac ZnO. Khi hén hgp phan tmg c6 pH
=10 va thay déi nhiét d6 nung tir 190 - 230 °C thi
cudng do cuia cac dinh nhiéu xa ting dén theo nhiét
d0, bé rong ban phd khong thay ddi dang ké.
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Hinh 1: Gién dd nhiéu xa tia X cia b§t ZnO thiy nhiét & 190°C (a), 210 °C (b) va 230°C (c), véi pH =10

Duya vao anh FESEM cuia cdc mau bot ZnO &
Hinh 2, chiing t6i thiy nhitng que nano ZnO co cu
trac Waurtzite, duong kinh va chiéu dai cua que
ZnO tang khi nhié¢t do tang, la do lugng oxy hinh
thanh cang nhiéu bao quanh 16p Zn cang ting khi
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nhiét do ting, cho nén dudng kinh va chiéu dai cua
que nano ZnO ting, két qua nay phu hop véi két
qua XRD da do dugc. Khi nhiét d6 u la 190°C,
duong kinh que nano ZnO do dugc ~60 - 75 nm,
chidu dai trung binh ~450 nm (Hinh 2a), cic que
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nano ZnO nay c6 kich thudc twong ddi kha dong
déu. Khi tang nhiét d6 u 1én 210°C, dwong kinh
que nano ZnO ting dén khoang 100 - 170 nm
(Hinh 2b), chiéu dai trung binh ~650 nm. Khi nhiét
do u 1a 230°C, duong kinh cua cac que nano ZnO
thu dugc khong co su sai khac nhiéu so véi mau &
nhi¢t d6 210°C, nhung cac que ZnO cb chiéu dai
16n hon (Hinh 2¢) xuét hién nhiéu hon. Két qua cua
chung t6i tot hon két qua ctia nhom tac gia L.Z. Pei
ché tao dugc que ZnO c6 duong kinh khoang 100 -
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800 nm, va chiéu dai cua que 1én dén vai pm (L. Z.
Pei, 2009). Ngoai ra, két qua nay ctia chung toi gan
glong két qua cuia nhom tic gia Xiuping sir dung
chat hoat dong bé mat 1a CATB (Xiuping Jiang,
2010), ché tao duoc que ZnO cb chiéu dai khoang
1 um va dudng kinh thi khoang 40 - 80 nm. Mot sb
tac gia khac ciing tong hop thanh cong que ZnO
nhung da sé déu phai st dung chéat hoat dong bé
mat nhu Jing Chen va ctv. (Jing Chen, 2008) dung
HMT, Y. Xi va ctv. (Y.Xi, 2007) thi dung EDA.

Hinh 2: Anh FESEM ciia que nano ZnO thiiy nhiét & 190°C (a), 210°C (b) va 230°C (c),véi PH =10

Hinh 3 1a phé EDX ciia nhitng miu bdt nano
ZnO dugc 0 nhiét lan lugt & 190°C, 210°C va
230°C. Két qua cho thdy thanh phan nguyén t6 co
trong mau bot 1a nhitng que nano ZnO hoan toan
tinh khiét, khong co6 1an tap chat, ham lugng cia Zn
nhiéu hon O & tit ca cac mau. O Hinh 3a, ham

93

luong nguyén t Zn (52%); O (48%), Hinh 3b cho
thay Zn (55,5%); O (44,5%) va Hinh 3c thi nguyén
t6 Zn (56,6%); O (43, 4%), chung t6 trong cac mau
du k&m va thiéu oxi. Diéu nay s& thao ludn cu thé
v6i két qua do phd huynh quang ctia cic mau.
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Hinh 3: Phé EDX ciia que nano ZnO thiy nhiét ¢ 190 °C (a), 210 °C (b) va 230 °C (c) véi pH =10

3.2 Tinh chét quang cia que nano ZnO

Hinh 4 mé ta phd huynh quang cua bot ZnO
dugc thuy nhiét ¢ 100°C. Dya vao két qua phd
huynh quang trén, chiing t6i thiy c6 hai dinh phat
xa chinh & ving tir ngoai gan va ving xanh 1a cay
c6 dinh phat xa cuc dai lan luot 12 ~390 nm va
~530 nm. Phat xa ving tir ngoai gan dwoc giai
thich 14 do su tai hop gitra 18 trong trong ving héa

trj voi cac dién tir trong ving dan (tai hop ving -
vung). Vung phat xa xanh 14 cay 1a do cac trang
thai sai hong gy ra nhu do nut khuyét oxi hodc su
xen k& oxi trong mang nén ZnO giy ra (Yong-hong
Ni et al., 2005; Jinmin Wang & Lian Gao, 2004;
Mingsong Wang et al, 2012; Zafar Hussain
Ibupoto et al., 2013).
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Hinh 4: Ph6 quang huynh quang ciia bgt ZnO thiiy nhiét & 100°C
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Hinh 5 13 két qua phd quang huynh quang cua
cac mau ZnO khi ta thay doi yéu t6 nhiét d6. ZnO
thu dugc c6 hai vung phat xa chinh: vung tir ngoai
gan co bude song ~370 - 390 nm, c6 dinh phat xa
cuc dai tai 375 nm va vung anh sang kha kién véi
budc song ~520 - 600 nm, c6 dinh phat xa cuc dai
~525 nm. Két qua nghién ctru cho thay nhiét o da
anh huong rd rét dén phd quang huynh quang cua
mau ZnO 1 nhiét d6 190°C, 210°C va 230°C thi
dang phd thay ddi hau nhu khong déng ké, cuong
d6 huynh quang thay ddi o rét. Vung tir ngoai gan
phat xa co6 cuong d6 huynh quang yéu & nhiét do
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190 - 230°C. Phat xa ving tir ngoai gan dugc giai
thich 1a do sy tai hop giira 15 trong trong ving hoa
tri v6i cac dién tir trong ving dan (ving - ving).
Phat xa ¢ vung nhin théy thay ddi rd rét, khi nhiét
do u la 190°C, cuong d6 huynh quang cia vung
phat xa nay yéu, khi nhiét do u ting lén 210°C,
cuong d6 huynh quang ting 1én rat nhiéu, khi nhiét
dd u tang lén 230°C, cuong do huynh quang gidm
di chut it, c6 thé 1a khi nhiét do tang lén thi kich
thude cta cac que nano ting lén nén lam sut gidm
cuong d6 huynh quang.
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Hinh 5: Pho huynh quang ciia que nano ZnO thiiy nhiét & 190°C (a), 210°C (b) va 230°C (c), véi pH =10

4 KET LUAN

Chung toi da ché tao thanh cong que nano ZnO
bang phuong phdp thuy nhiét don gian, khong st
dung chét hoat dong bé mit mau dugc i nhiét voi
nhiét 46 thay ddi 190, 210 va 230°C, véi su tdi uu
cua dung dich phan tng c6 d6 pH = 10. Que nano
ZnO thu dugc cé duong kinh trung binh 60 -75 nm
va chiéu dai cua que ~ 450 nm, cAu trac tinh thé luc
giac, c6 do két tinh cao. Dudi tac dung cta anh
sang tir ngoai tir ngudn kich thich cua dén xenon,
que nano ZnO phéat quang & ving tir ngoai gin ~
375 nm (ving-vung) va phat xa manh & ving xanh
1a cay 525 - 535 1a do niit khuyét oxi trong mang
nén ZnO. Cac két qua thu dugc cho thay nhiing
que nano ZnO ché tao dugc, c6 kha ning tmg dung
t6t trong ché tao cam bién va bot huynh quang
trong linh vuc chiéu sang.
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