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Tom tit

Vit liéu ZnO nanorods dugc nghién ctru ché tao bang phuong phap dién hoa. Tinh chat dic trung
dugc nghién ciru bang cac phuong phap SEM, XRD, PL. Két qua tir hinh SEM cho thy céu trac
ZnO nanorods c6 mat d6 ddng déu cao, duong kinh 50nm — 60nm, chidu dai 1.2um - 1.3um.

Ngoai ra, qua gian 6 XRD va phd PL cho thay vat liéu c¢6 ciu trac tinh thé hexagonal wurtzite,

phat quang ¢ budc song 380nm dai dién cho chuyén mirc ving - viing trong ciu trac ZnO va dai
bude séng 500-650nm c6 ngudn gde tir mot sé sai hong bé mit cia vat liéu nay.
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1. Gi6i thiéu

Vat liéu ¢6 cau tric va kich thude nano da va dang nhan dugc
su quan tdm nghién ctru rong rai, dac biét 1a nhiing thanh tyu
rat 16n cia vat liéu nano tmg dung trong cong nghé ban din
[1, 2, 3]. Vat li¢u ¢ kich thudc nano c6 nhiing tinh chét di
huéng dang cha y vé do bén, do cimg, d dan nhiét, dan dién
cung nhu do truyén qua,... ma ¢ vat liéu khdi (3 chiéu)
khong c6 dugce. Vat li€éu nano co thé duge phén loai theo
chiéu thanh cac nhém hom: vt liéu 0 chiéu (hat cac nano),
vat liéu 1 chiéu (soi nano, 6ng nano), vat liéu 2 chiéu (mang
mong). Mdi loai vat liéu néu trén déu c6 ciu truc, tinh chét
khac nhau va phu hgp véi nhitng (rng dung riéng déc thu.
Trong cac nghién ciru vé vét lidu nano hién nay, cic nghién
ctru vé nano ban dan di va dang chiém wu thé vi du nhu ZnO,
GaAs, SnO;y, TiO,, .... Trong d0, vat liéu ZnO véi nhiéu tinh
chat dac biét nhu c6 hi¢u suat luong tir kha cao,bdi do rong
viing cdm thang va kha rong (Eg= 3.4 Ev), nang lugng lién
két exciton 16n (60meV). Bén canh d6 ching con 6 rat nhiéu
trong ty nhién, gia thanh ré va it doc hai, dac biét 1a sy da
dang vé hinh thai hoc cua ching, tir cdu trac 0 chiéu (hat
nano), trong d6 cau tric nano 1 chiéu ciia ZnO rat da dang tir
rod (thanh), dang wire (soi), pencil (chdp nhon) tetra-pod (tur
canh)... hodc cic cdu truc lai 1 chidu va 2 chiéu nhu dang
sheet (14), mang mong ...da va dang duoc cac nha khoa hoc
tap trung nghién ctru do céc tinh chat dac biét cta ching.
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ZnO nanorods c6 thé dugc tong hop bang nhiéu phuong phap
nhu: phuong phap nhil tvong hoa, tong hop pha dung dich
(Solution-phase synthesis) [4], CVD, ling dong xung laser
(pulsed-laser deposition) (8), phuong phap EBL (electron-
beam lithography) [7] két hop v6i CVD [ 5, 6]hay phuong
phap dung dich [3], phun xa [9]..... Tuy nhién véi didu kién
& nudce ta, phuong phap dung dich 13 c6 thé kha thi khi trién
khai nghién ctru ché tao ZnO nanorods vi ¢6 chi phi thap, an
toan, d& dang mé rong quy mé tmg dung[10], ché tao vat liéu
& nhiét d6 thap, twong thich v&i nhidu loai dé, khong céan st
dung chat xuc tac [11], va dic biét dé dang diéu khién cac
thong s6 dé kiém soat hinh thai va tinh chit ciia san pham
cudi cung[12].

Nghién ctru nay di ché tao thanh cong ciu tric ZnO
nanorods bing phuong phap dién hoa. Trong phuong phap
ché tao nay cuong do dong dién va thoi gian ché tao anh
huéng truc tiép dén sy phat trién cta cdu tric ZnO nanorods.
Vat liéu ZnO nanorods duoc ché tao co cAu tric tinh thé
hexagonal wuzite véi d6 dinh hudng tdt, mat do d(“)ng déu
cao va dg dinh hudng truc giao voi bé mit dé tot.

2. Thyc nghiém

Céac hoa chit ding cho thi nghiém bao gdm cac mudi
Zincnitrathexehydrat  (Zn(NO3)2.6.H,0,  99%), mudi
hecxamethylentriamin (CsH12Na, 99%), dung dich axeton,
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ethanol, HCI (99%), bot methylenblue (MB) c6 xudt xu
Trung Qudc. Nude cat (DI, 2 1an).

Mang méng AZO (ZnO pha tap 2% Al) dugc dung lam dién
cuc am va lam 16p mam dé dinh hudng phat trién vat liéu
ZnO nanorods, Pt dugc sir dung 1am dién cyc duong trong
phuong phap ché tao dién hoa. Khoang cach gira hai dién cuc
la 5 cm. Trudce khi sir dung dé AZO dugc rira lan luot béng
c4c dung dich aceton, ethanol va nudc cit. Hon hop dung
dich tién chit Zn(NOs); va CeH12N4 co ndng d6 12 0.005mol/I
dugc giir ¢ nhiét 46 80°C. Cuong d6 dong dién duoc khao
sat tir 0.5 — 1.2mA, thoi gian ché tao tir 10 — 40ph. Két thic
qué trinh dién hoa, cac mau dugc lay ra va lam sach dung
dich thira trén bé mat trong dong xody nudc cit trong 2 phit
va sdy kho & nhiét 6 90°C trong 30 phiit.

Céc dac trung cia vat liéu ZnO nanorods dugc nghién ctru
bang cac phuong phap nhu sau: hinh thai bé mat va chiéu dai
dugc nghién ctru qua hinh d4nh SEM (scanning electron
microscopy); cau trac tinh thé bang phuong phap XRD (X-
ray diffraction); tinh phat quang bang phwong phap PL
(Photoluminescence).

3. Két qua va ban luan

Tap chi Khoa hoc & Céng nghé S6 2

3.1 Khao sét ché tao ZnO nanorods véi cac cuong do dong
dién khac nhau

Su phat trién cua ciu triic ZnO nanorods bi anh hudng boi
nhiéu yéu té trong d6 cudng do dong dién 1a mot trong nhirng
yéu té chinh. Cuong d6 dong dién (1) dugc thay dbi tir 0.5 —
1.2mA dé khao sat anh huong dén sy phét trién cua ZnO
nanorods, v6i thoi gian ché tao 12 30ph. Hinh 1 thé hién hinh
SEM bé mit cia ZnO nanorods ché tao & cuong do dong dién
khac nhau. Két qua cho théy, cac thanh rod c6 ciu tric luc
lang kha ro, mat d9, duong kinh cac thanh rod tang khi cuong
d6 dong dién ting. Cu thé, Mau ché tao & cudng do dong
dién phan I = 0.5mA, cac thanh rod c6 duong kinh khoang
tir 20nm — 50nm véi mét d6 cac thanh c6 kich thirc nhé nhiéu
hon. Mau duge ché tao 6 I = ImA cho do dinh hudng tuong
t6t nhit so v&i mau ché tao & cac cuong do dong dién phan
con lai va thanh rod c6 dudng kinh thay ddi khoang tir 50nm
- 60nm v6i mat 3o kha déng déu. Con & mau ché tao & cuong
d6 dong dién phan 1.2mA cac thanh rod cé dudng kinh 16n
cd 50nm — 150nm, véi mat d¢ day dac. Nhu vay, cuong do
dong dién 1mA 1a thong s6 toi uu dé ché tao.

Hinh 1. Anh SEM bé mit ctia nanorods ZnO dugc ché tao & cac cuong do dong dién khac nhau:

(@) 1=0.5mA,; (b) I=1mA; (c) I=1.2mA.

3.2 Khao sat sy anh hudng thoi gian ché tao dén su phat trién ciia ZnO nanorods.

(c) (d)
Hinh 2. Hinh SEM bé mat cua ZnO nanorods duoc ché tao vai
thoi gian khac nhau: (a) 40ph; (b) 30ph; (c) 20ph; (d) 10ph
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Hinh 3. Hinh SEM céu triic cit ngang ZnO nanorods dugc ché
tao vai thoi gian khac nhau: 40 ph; (b) 30ph; (c) 20ph; (d) 10ph
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Hinh 2, 3 hinh SEM thé hién hinh thai bé mit va cdu tric cét
ngang ciia ZnO nanorods dugc ché tao bang phuong phap
dién héa véi thoi gian ché tao khac nhau: 10ph, 20ph, 30ph,
40ph. Céc két qua cho thiy, cac mau ZnO nanorods phat trién
t6t co hinh dang luc ling (Hinh 2). Véi cdu trac cit ngang
(Hinh 3) cho théy d6 bam dinh va d¢ dinh hudng truc giao
kha tot ctia ZnO nanorods trén dé AZO. Céc thong s6 va dic
diém vé hinh thai ciia ZnO nanorods duoc trinh bay trong

Bang 1.
Bang 1. Céc thdng sb céu tric caa ZnO nanorods
Cuodng .. A qa: \
do dong ThOl Chiéu dai ,Duong Mat 6 va do dinh
.A gian |thanh rod | kinh thanh ,
dien oy | um) | rod (nm) huong
Mat d6 khong déu -
1 40 |14-15| 30-70 d6 dinh huong kém.
1 | 30 |12-13| 50-60 |Matdodeu-dodinh
hudng tot.
Mat d6 déu, kha day
1| 20 |10-11) 60-80 |7t et
1 | 10 08-09] 120-160 |Mat 0 diyddc-do
dinh hudng tot.

Keét qua nay thé hién cac thanh rod cta vat liéu ZnO nanorods
¢6 mat do giam, duong kinh giam va chiéu dai ting khi thoi
gian ché tao tang. Cu thé, mau duge ché tao véi thoi gian
40ph, cac thanh rod ¢ chiéu dai khoang 1.4pm - 1.5um,
duong kinh thay d6i tir 30nm - 70nm, méat d6 phan bd khong
ddng déu, va do dinh huéng chua tét. Didu nay dugc giai
thich boi khi thoi gian ché tao dai cdu triic rod hinh thanh va
dén bj anh hudng baoi hi€u tng mii nhon cac thanh rod co
gdc to va phan ngon nho dan, kich thudc khong dong déu, do
dinh hudng théng dimg kém. Mit khac, cac mau duoc ché
tao v6i thoi gian 1an luot 1a 30ph ,20ph, 10ph cho thiy cac
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Hinh 4. Gian @b XRD ctia ZnO nanorods

Vat li¢u ZnO nanorods phat quang & budc séng 380 nm
(Hinh 5), twong tmg v6i budc song ving tir ngoai gan (dinh
UV) tuong duong véi budce song xac dinh tr d§ rong ving
cAm ciia ZnO (Eg ~ 3.37¢V), va xuét hién thém dinh trong
ving bude song kha kién khoang 450nm — 700nm. Dinh
phat xa nay dugc giai thich 1a do phat xa tir nhitng sai hdng

thanh rod phat trién dinh huéng truc giao véi bé mat dé kha
t6t. Didu d6 thé hién ring, khi thoi gian ché tao ngén, cac
thanh rod hinh thanh trén dé va gitt dugc sy dinh hudng truc
giao v6i bé bat dé. Pbi véi miu ché tao & 30 ph va 20 ph co
mat d6 phan b cac thanh rod kha dong déu, nhung mau 30
ph c6 mat @6 thanh rod thua va dai hon. Trong khi d6, mau
ché tao & 10 ph thi cac thanh rod c6 mat &6 phan bd day dic,
dudng kinh 16n thay d6i 120nm - 160nm va chiéu dai thay
d6i tir 0.8um - 0.9um 1a ngin hon cac mau khac. Nguyén
nhan ctia sy thay doi duong kinh va chiéu dai ciia mau nay
1a do khi thoi gian ché tao ngin ciu tric rod méi hinh thanh
chua bi tdc dong bdi hi¢u rng miii nhon nén c¢6 kich thudc
16n va nhin trye quan tir mdt cat ngang ciing cho thdy phan
gbc va ngon thanh rod gan nhu bang nhau.

Nhu vay, thoi gian ché tao anh hudng truc tiép dén su phat
trién cua céac thanh rod vé mat do, duong kinh va chiéu dai.
Khi thoi gian ché tao cang dai cdu trac rod sé bi anh huong
b&i hidu ing miii nhon 1am cho cac thanh rod phat trién ¢
xu huéng to & phan gbc nho dan vé phan ngon, lam cho mat
d6 va d6 ddng déu cua cdu trac giam dan.

3.’3 Panh tinh c7h?'1t dac tru’ng‘cﬁa vét liéu ZnO nanorods nhu:
cau tric tinh thé, hinh thai bé mat, tinh phat quang

Mau ché tao ¢ thoi gian 30 ph va cuong d9 dong dién 1mA
c6 cac thong sd vé hinh thai tét nhat tiép tuc duwoc nghién ciru
tinh chit tinh thé va tinh phat quang. Tl gian d6 XRD (Hinh
4) cho thdy ZnO nanorods c6 d6 két tinh kha tbt, xuit hién
dinh phd dic trung thé hién do don tinh thé cao va hudng
phat trién vu tién theo mit mang ZnO (002) tai goc nhidu xa
260 = 34.5°. Piédu nay cho thay str dung phuong phép dién hoa
dé ché tao vat liéu ZnO nanorods tao ra cdu trac c6 ciu tric
tinh thé kha t&t ma khong can sir dung thém bién phap nao
dé tang cudng cu trac tinh thé.
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Hinh 5. Phé PL ciia ZnO nanorods
bé mat, trang thai bé mat dong mot vai trd quan trong trong
viéc phat xa anh sang ving kha kién cta vt liéu nano. Pinh
phat xa viing anh sang kha kién c6 ngudn gdc tir sy tai hop
ctia 1 trong va electron quang sinh xay ra tai nhitng vi tri
khuyét oxy.
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4. Két luan

T6m lai, phwong phap dién hoa 1a phuong phap phi hop dé
ché tao vat liéu ZnO nanorods. Cuong d6 dong dién va thoi
gian ché tao anh hudng tryc tiép dén sy phat trién cta céc
thanh rod vé mat do, duong kinh va chiéu dai. Nhu vay, tiy
vao muc dich sir dung cua rod thi cé thé lua chon diéu kién
ché tao thich hop. Trong cong trinh nay cau trac ZnO
nanorods duoc ché tao bang phuong phéap dién hoa cac didu
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kién ché tao 1a cuong d6 dong dién phan I = 1mA, nhiét do
80°C, thoi gian ché tao 30 phut, ndng do dung dich Zn(NOs),
0.005M, CgHi2N4 0.005M, cac thanh rod c6 duong kinh
50nm — 60nm, chiéu dai 1.2pm- 1.3pm, c6 mat d6 dong déu
cao, dinh hudng tryc giao véi bé mat dé tét. Cau trac thu
duogc nay c6 thé duge (mg dung tdt trong nghién ctru ché tao
mang quang xuc tac hodc pin mat troi hitu co.
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Fabrication of ZnO nanorods by electrochemical deposition process
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Abstract In this article, ZnO nanorods were studied by electrochemical deposition process and characterized by SEM, XRD,
PL. The results from the SEM show that ZnO nanorods have uniform density with an average diameter of 50-60 nm and the
average length of 1.2-1.3 um. In addition, the XRD and PL spectrum showed the hexagonal wurtzite crystal of ZnO nanorods.
Moreover, PL spectrum exhibited emitting of ZnO nanorods at 380 nm contributed by the band-to-band transition and 500-
650 nm, also derived from surface defects.

Keywords ZnO, ZnO nanorods, electrochemical
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