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ANH HUONG CUA DUNG MOI HUU CO PEN HINH THAI VA
PO KET TINH VAT LIEU NANO/MICRO ZnO

Vé Triéu Khdai*
Phan Thi Thanh Théo®

TOM TAT
Oxit kém dwoc tong hop trong diéu kién thity nhiét ding hé dung méi 3 cdu tir

acetate kém - con va nudc, véi hexamethylentetramine dwoc sw dung lam chdt tao
moi truong kiém & 90°C. Vat lieu dvuoc dac trung bcfng XRD, TGDSC, va TEM. Két
qud cho thdy, hinh thdi cia vét liéu phu thudc nhiéu vao thanh phan ciia dung moi.

Khi ting ty 1é mede (tang do phdn cuwc) do két tinh giam va hinh thdi ciia vit liéu cé

khuynh hwong chuyén tir dang luc ling (6 chiéu) sang dang ldp phieong (4 chiéu) va

cudi ciing la dang que (2 chiéu).

Tur khoa: dang luc lang, dang lap phuong, dang que, nano oxit kém, do phan cuc

1. Pit van dé

Kém oxide (ZnO) laloai ban dan c6
bang tan rong (3,37 ev), véi ning lugng
kich thich 16n (60 meV). Géan day, nano
oxide k&m nhan dugc nhidu sy quan tim
ctia nhiéu nha khoa hoc do nhiing tinh
chat doc ddo va hitu ich ctia nd nhu tinh
chat hap phu quang hoc, nhiét dién va
nhay khi [1]. Kiém soét kich thugc, hinh
thai va vi cu trac 13 nhing van d& rét
quan trong trong tong hop vat lidu nano
ZnO vi cac dic trung niy quyét dinh tinh
chat ctia vat liéu diéu ché dugc. Két qua
nghién ctru cac dang vat liéu nano ZnO
v6i hinh théi x4c dinh nhu dang soi, dang
6ng, dang tdm... dd 1an luot dugc cong
bd. Trong s6 cac phuong phéap tong hop
da dugc nghién cru bao gdm béc bay [2],
chuyén vi pha hoi [3], két tia dién hoa
[4], phuong phap lién quan dén dung dich
(solution procedure) 1a don gian nhat co
hiéu qua cao dé tao thanh nano oxide c6
do két tinh cao.
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Dang nano dia luc gidc duoc diéu
ché bang cach st dung cac chat hitu co.
Ngudi ta nhan thiy ring, cic phan tir
chét dung moéi cé thé hép phu chon loc
trén mot bé mat dac biét nao do cua tinh
thé hitu co. Tuy nhién anh hudng cua
dung mai it khi duoc nghién ctru dén sy
phét trién cua cic tinh thé vo co [5]. Tur
chd bé mat phan cuc (0001) ciia nano
ZnO c6 niang lugng bé mat cao hon bé
mat khong phan cyc (0110), cac tinh thé
phat trién theo hudng nay sé tao ra dang
hinh soi. Ngoai ra, do bé mit phan cuc
(0001) 13 gia bén nén su phat trién bé
mit theo hudng nay bi anh huéng nhiéu
cac chét phy gia hitu co va thanh phan
dung méi. Nano ZnO dang dia c6 thé
diéu ché dugc trong dung méi ethanol
va nuée (1:1). Trén quan diém vi mo,
cac hat nano ZnO tu sép xép theo mot
hudng nhét dinh nao d6 doc theo mang
ludi tinh thé co thé vira song song hay
vudng goc. S6 lugng cac hat nano ZnO
tu lién két sap xép theo nhitng hudng
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khac nhau s& quyét dinh hinh dang cudi
cing cua san pham. Vat liéu nano ZnO
dang dia gan day cho thiy c6 kha ning
nang cao hi¢u ung huynh quang, mo ra
hudng Gng dung vat liéu ndy trong cac
dung cu quang hoc.

Trong bai bao nay chung t6i s€ trinh
bay mot s6 két qua kiém soat hinh thai
ciia dang nano/micro ZnO bing cach
thuy nhiét kém acetate trong h¢ dung
mdi ethanol va nudc.

2. Thue nghiém

Quy trinh téng hop nano/micro ZnO
theo tai liéu [6] c6 bién d6i. Tom tit quy
trinh  tong hop miu co ty 1é
ethanol/nude (50:50) nhu sau: Lay 50
ml con tuyét d6i va 50ml nude cat vao
binh tam gi&c. Sau d6 cho 0,2195g kém
acetate va 0,1402g CgH12N4 vao, dung
diia thuy tinh khuay déu dén khi dung
dich dong nhat. Lip binh tam giac chira
hdn hop trén vao sinh han rdi on nhiét
(bang glyxerin) & 90°C trong 1 gio 30
phit. Thu hoi két tia bang phuong phap
loc, két tua duoc rira nhiéu lan bang
nude cit va siy ¢ 50°C trong 24 gio
(mau ky hiéu M2). Cac mau khac dugc
téng hop theo quy trinh nhu trén véi ty
1¢ dung méi ethanol - nudc lan luot
(75:25), (25:75) va (0:100), duogc ky
hiéu twong trng la M1, M3 va M4.

Kém acetate (Zn(CH3COO),.2H,0),
hexamethylenetetramine (CgH12N4), va
ethanol (C;HsOH) (>99,9 %, Merck)
duoc ding trong sudt qua trinh nghién ciru.
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Céac méu duoc dic trung bang nhidu
xa tia X (X — ray diffration, X’PERT
PRO), hién vi dién tir truyén qua (TEM)
(Transmission Electron Microscopy,
JEOL-JEM 2100 microscopy), va phéan
tich nhiét (TG-DTA) (Thermal Gravity —
Differential Analysis, SETARAM).

3. Két qua va thao luan

Su hinh thanh oxide k&m c6 thé la
do su két tua ciia kém acetate trong moi
truong kiém duoc tao ra do sy phan hay
cia CgHioNg. O nhiét do thuy nhiét
hydroxyde kém bén dehydrate tao thanh
oxide kém theo cac phan ing dudi day:

CeH12Ng + 60,
NHs; + H,O — NH4OH

Zn(CHsCO0), + 2NH,0H
Zn(OH)2 + 2CH3;COONH,

— 4NH; + 6CO»

—

90°C

Zn(OH), —  ZnO + H,0

Hinh 1 trinh bay gian d6 nhiéu xa
tia X cta cac mau ZnO duoc tong hop
trong diéu kién ty 1¢ ethanol va nudc
khac nhau. Tat ca cic miu co do két
tinh cao. Mau M3 duogc dinh danh 1a
oxide ké€m theo JCPDS No. 01-089-
1397, con cac mau con lai duoc dinh
danh 1a oxide k€m theo JCPDS No. 01-
089-0510. Wang va cong su [7] da cong
bd két qua tong hop ZnO tir ngudn kém
acetate. Két qua cho thdy co su tao ra
san pham trung gian
Zns(OH)gs(Ac)2.2H,0 duoc quan sat ddi
v6i cac nhiéu xa ¢ 33 do va 59 do.
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bo két tinh duoc dac trung tinh
theo gia tri d§ rong ctia nura chiéu cao
peak (101). PO rong cang nho thi tinh
thé két tinh cang cao. Khi ting dan thé
tich nuéc (d6 phan cyuc ting) thi do két
tinh giam (xem bang 1). Didu thi vi 1a
ty 1€ cuong do 1(101)/1(002) cling tang
dang ké khi ty 1& ethanol-nuwéc ting.
Mau M1 véi ty 1& 75:25 ethanol-nudc
co cuong do 1a 0,965 nhung khi tang ty
16 nuéc, mau M3 voi ty 1& 25:75
ethanol-nudc thi ty 1& nay ting 1én dén
3,314 chung té c6 mdt sy thay ddi hinh
thai (cdu tric) cia vat liu khi thay doi
ty 1& dung méi. Sy bién doi theo nhiét
d6 ctia miu tong hop dugc duoc nghién
ctru bang phan tich nhiét TG-DTA (xem
hinh 2). Két qua phan tich nhiét trong

khoang tir nhiét d6 phong dén 600 do
cho th'c”iy trr mau M4, sy mat khoi
luong trong tat ca cac mau nho tir 1-3%,
hi€éu tng nhiét khong dugc quan sat rd
rang, ching t6 mau thu dugc 1a ZnO
trong d6i dong nhit khong bi 1an tap
chit, két qua nay ciing trong dong vai
két qua XRD. Sy mat khéi luong c6 thé
quy cho cac tap chat hitu co hay nudc
bén trong mao quan. Mau M4 c6 sy mét
khéi lugng nude 16n, va peak thu nhiét
& 240°C c6 thé do sy phan hiy cta bé
mit oxide k&m bi carbonate hda. Diéu
nay c6 thé do do tinh thé hda kém caa
mau M4 nén dé bi carbonate hoa. Pay
cling la dac diém cua cac ZnO duoc
diéu ché bang phuong phép hda uot
(wet chemistry process).
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Hinh 1: Gidn dé nhiéu xa XRD cdc mau ZnO tong hop
theo theo ty I¢ ethanol - nuoc khac nhau
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Bang 1: Khdo sat mirc do tinh thé héa va hinh thdi ciia cdc mau theo ty 1é ethanol-nirdc
khac nhau

Mau M1 M2 M3 M4

Ty 1¢ ethanol-

, 75:25 50:50 25:75 0:100
nuoc

B(101) 0,131 0,134 0,1369 0,167

1(101) / 1(002) 0,965 2,383 3,314 5,862

Luc lang va Lap phuong

Hinh thai Luyc lang lap phuong va hinh que
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Hinh 2: Gidn dé phan tich nhiét ciia cdc mau ciia cdc mau theo ty 1é (ethanol-nuéc) M1
(75:25), M2 (50:50), M3 (25:75), M4 (0:100)
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Print Mag: 5330x @ 51 mm s Print Mag: 10600x @ 51 mm m Print Mag: 58200x @ 51 mn

4:14:44 p 03/14/12 HV=80.0kV 4:14:09 p 03-14-12 HV=80.0kV 4:07:53 p03/14/12 HV=30.0kV

TEM Mode: Imaging Direct Mag: 2500x TEM Mode: Imaging Direct Mag: 5000x TEM Mode: Imaging Direct Mag: 30000x
EMLab-HNIHE EMLab-NIHE EMLab-HNIHE

Hinh 3: Cdc anh TEM c6 hinh luc lang voi ty 1¢ 75:25 ethanol-nudc
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2 microns

Mau 10 -Khai.001
Print Mag: 4140x @ 51 am

Mau 10 -Khai.007
Print Mag: 15600% © 51 mm

4:41:15 p 03/14/12 HV=80.0kV 4:46:25 p 03/14/12
TEM Mode: Imaging Direct Mag: 2000x TEM Mode: Tmaging
EMLab-NIHE

500 nm
HV=80.0kV

Direct Mag: 8000x
EMLab-NIHE

4

Mau 10 -Khai.008
print Mag: 15600x@ 5imm
4:46:25 p 03/14-12
TEM Mode: Tmaging

500 nm

HV=80.0kV
Direct Mag: 8000x
EMLab-NIHE

Hinh 4: Cdc anh TEM c6 hznh luc lang va hinh lap phuwong voi ty I¢ 50: 50

65 ~Khai_005 65 ~Khai 0ol

500 nm

Print Mag: 12600x @ 51 mm Print Mag: 5330x @ 51 sm

4:20:19 p 03714712 HY=80.0kV 4:17:12 p 0371412

TEM Mode: Imaging Direct Mag: 6000x TEM Mode: Tmaging
EMLab-NTHE

/ ( -,hl

[N
G5 -Khai_006
2 microns Print Mng 2080x @ 51 mm 2 micrens
HV=80.0kV 4:21:32 p 0314712 HY=80.0kV
Direct Mag: 2500 TEM Mode: Imaging Direct Mag: 1000x
EMLab-NTHE EMLab-NTHE

Hinh 5: Cdc anh TEM c6 hinh ldp phuwong va hinh que voi ty Ié 25:75 ethanol-nudc
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G4 Khai.002 —_— G4 Khai.olo ‘
Print Mag: 8210x § 51 mm 500 nm Print Mag: 1660x @ 51 mm
10:56:44 2 0328412 HY=80.0kV 11:04:12 a 0372812
TEM Mode: Imaging Direct Mag: 4000x TEM Mode: Tmaging
EMLab-NTHE

G4 Khai.0o3 —
10 microns Print Mag: 5970x § 51 mm 2 microns
HV=80.0kV 10:58:11 a 03,2812 HV=80.0kV
Direct Mag: 800x TEM Mode: Tmaging Direct Mag: 3000x
EMLab-NIHE EMLab-NIHE

Hinh 6: Cdc anh TEM c6 hinh que vai ty 1¢ 0:100 ethanol-nudc

Hinh thai cua vat liéu tong hop
duoc nghién ctru bang TEM dugc trinh
bay tir hinh 3 dén 6 va thong tin duoc
tong két & bang 1.

Nhu d3 thao luan & phan nghién
ctru nhiéu xa tia X, hinh thai ciia ZnO
phu thudc nhiéu vao ty 1& nudc trong
hén hgp ethanol va nude. Khi ty 18
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nuéc thap, mau co ty 1& mau co ty 18
75:25 ethanol-nuéc ZnO c6 hinh thai
dang luc ling (M1). Véi mau ty 1é
50:50 ethanol-nudc, hinh thai thu dugc
cd ca hai dang dia luc lang va lap
phuong. Cac dang que thu dugc khi
mau cé ty 1& 75:25 va 0:100 ethanol-
nude. Nhu vay co thé thdy rang khi ting
dan do phan cyc cua dung moi, ZnO cé
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khuynh huéng giam dan  chiéu
(dimension) hay hudng phat trién. Cu
thé, hinh dia luc ling (6D)=> lap
phuong (4D)> que (2D). Do bé mit
ctia ZnO phan cuc nén khi ting dan do
phan cyc cua dung mdi, cac phan tir s€
hap phu 1én bé mit c6 ning lugng cao
cta tinh thé e ché sy phat trién cua
tinh thé cho nén cho sb chiéu cta hinh
thai ZnO c6 khuynh huéng giam khi do
phan cuc tang.

Theo hinh 3, anh TEM ¢ d6 phan
giai thip cho thdy ZnO c6 d6 phan tan
cao. TEM & do phan giai cao cho thay
cac dang luc ling c6 do dong nhit cao
v6i dudng kinh 400-500 nm vé&i bé day
khoang 20-50 nm (quan sét bang SEM
khong dua ra & day). Két qua nay ciing
cho thay tinh thé uu tién phat trién theo
hudng vuong goc vai hudng <0001> tao
thanh nhiing dia hinh luc lang Uing véi
cau tric luc lang wurtzite. Mot van dé
dat ra tai sao khi thém ethanol vao dung
dich nudc tao ra két tua luc lang. Peiro
va cong sy [8] cho rang trong ty 1& 1:1

[1010|
C A
[oito] [1100]
[1100] [ox]
a [1010]
a

ethanol-nude, toc do phat trién tinh thé
giam do d nhét cao va d6 phan cuc thip
cling nhu nhiét do soi thép cua ethanol.
Ho cho rang tinh thé c6 khuynh hudng
phat trién theo cac hinh da giac 16i co
nang lugng bé mit cuc tiéu trong diéu
kién toc do phat trién hat nho. Chung toi
thong nhat v6i cach giai thich nay, tuy
nhién cich nay van chua gidi thich tai
sao hinh thanh cac dang dia luc lang. Vi
mit (0001) phan cuc va kém bén nén dé
bi anh hudng boi cac tuwong tdc dung moi
va tinh thé, c6 thé 1a huéng <0001> bi
(rc ché nén tao ra cic dia luc lang.
Huéng phat trién cua tinh thé trong
truong hop nay duoc trinh bay ¢ hinh 7.
Mot van dé khac 14 tai sao peak clia mat
nhiéu xa (0002) c6 cuong do 16n trong
cau trac dia luc lang (ty 18 1(101)/1(002)
1a 0,965 d6i voi M1 va tang 1én 5,862
d6i v6i M4). Pidu nay c6 thé giai thich
nhu sau: O co ban cia ciu trac luc
phuong xép chit gdm cd 6 nguyén tir
nam ¢ 12 dinh, 3 nguyén tir & tim, 2
nguyén tir cia hai mat day (hinh 7b).

!
[

— o
X b

Hinh 7: a. Huéng phdt trién ciia tinh thé cdu triic luc lang; b. Cdu triic tinh thé luc
lang chadc dac
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Téng cong sd nguyén tr trong 6  dd I(101)/1(002) c6 thé dung dé danh gia

mang nay 1a 6 nguyén tir. Ty s c/a clia murc d6 luc phuong cta tinh thé ZnO.

cau trac luc phuong xép chit 1y tuong 4. Két luén

1a 1,663 trong khi d6 trong mau M1 ty ba nghién ciu anh hudng cia hé
s6 nay nam trong khoang tir: 0,02-0,075  dung méi C;HsOH-H,0 dén hinh thai cia
nhu vay c6 mot sy co truc ¢ trong cAu nano/micro ZnO. Khi tang dan ty I¢ nudc,
trac luc phuong. hinh thai ZnO giam dan tir dia luc lang (6

Mit (0002) 1a mit phiang di qua D) - lap phuong (3 D)=>que (2 D). Su
vuong goc voi huong <0001> va di qua co truc ¢ trong ciu trac luc phuong xép
diém gitra cta truc ¢, do truc ¢ bi co lai chat dan dén sy thay doi dang ké cuong
(tr hinh try lyc lang chuyén thanh dia d6 nhiéu xa ctia mat (002). Chuing t61 deé
luc lang) nén mat d6 nguyén tir ting 1én  nghi str dung ty 18 Lony/loy dé danh gia
dang ké nén nhidu xa & mit (002) cling dinh tinh muc do cAu trac dia luc lang. Ty
tang lén dang ké giai thich tai sao nhiéu  1& lgon/loy) cang thap thi hinh thai cia
xa & mat (002) tang 1én dang ké trong ZnO chu yéu 13 dia luc lang.
cau trac dia lyc lang. Do do, ty sé cudng
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THE CONTROL OF ORAGNIC SOLVENT ON CRYSTALLIZATION
AND MORPHOLOGY OF NANO/MICRO ZINC OXIDE

ABSTRACT

Nano/micro zinc oxides were synthesis by hydrothermal process using three
component system of zinc acetate-alcohol-water with hexamethylentetramine at 900C.
The obtained materials were characterized by XRD, TG-DSC and TEM. Results show
that the morphology as well as crystallization depend significantly on organic solvent
composition. As the water proportion in solvent (polarity increase) the crystalinity of
zinc oxide decreases and their morphology tents to transfer from hexagonal structure
(6-D) to cubic tructure (4-D), finally rod structure (2-D).

Keywords: hexagonal form, cubic form, rod form, nano zinc oxide and polarity
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