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Che tao vat i ZnO ca truc nano tetrapod bang phuong phap bie bay nhiét
khong sir dung mam ket tinh trong diéu kién ap suat khi quyén
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Tom tit:

Trong nghién ciru nay, chiing toi dé xuit phwong phap ché tao vit liéu nano ZnO ciu tric nano tetrapod thong qua
s boc bay nhiét ciia hén hgp bt Zn va C véi ty 1é 1:1 trong diéu kién khong mam két tinh va ap suit khong khi.
Bot Zn bi 6xy héa ¢ 1.050°C, din dén sw phat trién ciia cac tinh thé nano ZnO véi ciu tric dong nhat. M§i tim phat
trién bon diy nano, tao thanh dang bén chan. Pwong kinh ciia mdi diy nano khoang 30-40 nm, chiéu dai tir 200 dén
1.000 nm. Khio sat cu thé hon céu triic vat li¢u bang giin do nhifu xa tia X cho thiy, mau c6 ciu tric tinh thé luc
giac (hexagonal) dién hinh. Sir dung phé huynh quang kich thich bing laser He-Cd véi buéc song 325 nm cho thiy,
pho phat quang gom 2 viung 381 va 514 nm dic trung ciia ban din ZnO. Nhirng két qua nay chirng minh ring, cé
mot ty 18 kém va 6xy cin thiét trong pha hoi dé tao ra tinh thé nano ZnO hinh bon chén. Vit liéu dwoc tao ra cé tinh
x0p cao hon nén ¢é nhiéu wu thé trong ché tao cam bién khi.

Tir khéa: ap suit khong khi, boc bay nhiét, khong mam két tinh, nano ZnO, phd huynh quang.
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Abstract:

In this study, we propose a method for fabricating nano ZnO tetrapod materials synthesised through the thermal
evaporation of Zn powder mixed with C at a 1:1 ratio under non-crystalline seed conditions and air pressure. The
Zn powder is oxidised at 1,050°C, developing nano ZnO crystals with a uniform structure. Each centre develops four
nanowires, forming a tetrapod shape. The diameter of each nanowire is about 30-40 nm; the length is from 200 to
1,000 nm. A more specific study of the material structure by X-ray diffraction diagram shows that the sample has
a typical hexagonal crystal structure. Laser-excited fluorescence spectroscopy using a He-Cd laser (325 nm) shows
that the emission spectrum consists of two regions of 381 nm and 514 nm, characteristic of a ZnO semiconductor.
These results prove that there is a certain necessary ratio of zinc and oxygen in the vapour phase to create tetrapod-
shaped nano ZnO crystals. The synthesised material exhibits higher porosity, providing significant advantages in
gas sensor fabrication.
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1. Dt van de

Do chi phi san xuat thap, kha nang xtr 1y d& dang, tinh linh
hoat vé héa hoc va tinh chat dién t6t, mot sb vat liéu oxit ban
dan, bao gém CdO, In,0,, Fe,0,, WO,, SnO,, CuO va ZnO
[1-5] da thu hat duoc su quan tim dang ke duoc cac nha khoa
hoc dau nganh phat trién dé ché tao thanh cong céc cam bién
dién tré hoa hoc. ZnO, mot chit ban dan loai n co vung cam truc
tiép 0 nhiét do phong, thé hién tAm quan trong ndi bat vi c6 do
linh dong dién tir cao, on dinh nhiét va tinh chat dién tot cho cac
{ng dung cam bién khi [6-8]. Bén canh d6, ZnO c6 céc phan tir
oxy dugc h?ip phu trén bé mit vat lidu, c6 thé tao thanh céac loai
ion hoa, c6 kha nang thu giit cc electron tir ddi dan cua oxit, tao
ra mot 16p vat liéu co néng do hat tdi ¢ bé mat oxit bi suy giam.
Nhirng tinh nang hap dan nay thiic ddy ZnO dugc khai thac rong
rdi trong thiét ké cam bién hoa hoc. Oxit k&m (ZnO) 1a mot chét
ban dan c6 d6 rong ving cAm 3,7 eV, day co 1€ 1a vat liéu co
nhiéu dang cu tric nano khac nhau va phong phu nhat. Mot loat
chu tric nano ctia ZnO nhu cAu tric hat, day, thanh, tam, dai,
luge, vong, 10 xo... [9-11]. Nhiing cu tric nano nay da cho thay
tiém ndng to 16n trong cac (g dung khac nhau. Cac yeu t6 chinh
dang sau cac (mg dung tiém ning 14 do hidu tmg giam cam luong
tir, mat do trang thai thay doi, ty 16 bé mat trén thé tich cao va
kich thudc thap. Dé t6i uu hoa cac tinh chat ciia vat lidu cho cam
bién hoa hoc, vige kiém so04t va tao ra cac hinh thai, hinh dang
va pha tinh thé méi ciia ZnO da dugc nghién ctru. Méc du mot
s6 cong trinh gan day di khao sat cam bién ZnO, nhung hau hét
chiing déu quan tdm dén quan diém chung khi xem xét cam bién
ZnO & cac khia canh cu thé nhu nhi¢t do hoat dong. Khi cam
bién dién tre ZnO tiép xuc voi thanh phén khi quyén riéng biét,
s€ quan sat thay nhitng thay ddi vé do din dién va chirc ning lam
viée. Co ché nay dugc goi la co ché hap phu/giai hip va co thé
dugc mo hinh hoa dua trén tuong tac vat Iy hodc hoa hoc bé mit.
Mic dii phan 16n cac cong trinh kham pha co ché hip phu/giai
hip 6xy (hoa hoc), cac cong trinh gin ddy da chimg minh twong
tac hoa hoc cua chat phan tich khi voi cac oxit kim loai dién trd
hoa hoc khac ngoai ZnO [8, 12, 13].

C6 rat nhiéu k¥ thuat duoc bao cdo boi cac nhom nghién
ctru khac nhau dé tong hop diy nano ZnO. Tuy nhién, ching
duogc phén loai thanh hai linh vyc cu thé 1a pha hoi va dung
dich. Téng hop pha hoi duoc sir dung rat nhidu dé tong hop day
nano [5, 7, 8, 14]. N6i chung, qua trinh tdng hop pha hoi dugc
thuc hién trong buf”)ng kin ¢ nhiét d§ cao hon thuong tir 500 dén
2.000°C. Trong k¥ thuat tong hop pha hoi, hoi ctia vat liéu mong
mubn dugce tao ra b@“mg cach bay hoi hoac khir hoa hoc va sau
d6 hoi nay duoc phép ling dong trén chat nén bé mat rén. Tao
vit liéu nano bang qua trinh hoi 1ong ran (VLS), ling dong laze
xung (PLD), epitaxy pha hoi hiru co kim loai (MOVPE), ling
dong hoi vat Iy (PVD) va ling dong hoi hoa hoc (CVD) thudc
danh muyc tong hop pha hoi. Tong hop pha dung dich 1a mot
phuong phap hip dan va kinh té dé tong hop day nano & nhiét
do thép (<200°C), tao ra su linh hoat hon dé lwa chon chét nén
hitu co va vo co. Qua trinh trong ky thuat pha dung dich dugc
thuc hién trong dung dich nudc hodc dung dich hiru co hodc hdn
hop cua cé hai. Phuong phap thuy nhiét, vi nhil tuong 1a cac loai
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tong hop pha dung dich khac nhau [15, 16]. Ngoai cach tiép can
linh hoat va chi phi thap, viéc tong hop pha dung dich van con
gi6i han trong phong thi nghiém so véi cac ky thuét pha hoi vi
kho 6 thé ché tao vat liéu truc tiép lén dién cuc cam.

Trong nghién ctru nay, ching t6i d& xuat phuong phap ché
tao vat liéu nano ZnO don gian bang phuong phap boc bay
nhiét, khong st dung mam két tinh, v6i ap suat khi quyen su
dung khong khi lam nguyén li¢u trong qua trinh phan Gng, day
1a phuong phép rit don gian tao ra vét liéu nano c6 do dong
nhat cao.

2. Phucng phap ché tao vat liéu

Bot kém (Merck) c¢6 dg tinh khiét 99,9% dugc st dung 1am
nguyén liéu dugc trn voi carbon (C) cod d9 tinh khiét 99% theo
ty 1¢ 1:1. Khong c6 mam két tinh nao dugc sir dung trong nghién
ctru ndy. Dé khao sat anh huong ciia ham lwong kém dén sy hinh
thanh cau tric nano ZnO, khéng khi duoc dua vao trong 16 phan
(g duoc thay d6i. Lo sau d6 dugc nung néng dén 1.050°C véi
toc do gia nhiét 1a 10°C/phat va giit & nhiét do nay trong thoi
gian phan Gmg voi sudt khi quyén. Sau qua trinh 6xy hoa nay,
10 duogce tit va lam ngudi ty nhién xuéng nhiét do phong. Két
qua cua phan tng din dén sy hinh thanh san phém bot mau
tring, bot nay duoc dua ra khoi budng phan ng bang mot luu
luong khong khi thdi qua. Nhimg san pham mau tring nay duoc
thu hoi va khao sat cac dac tinh cua vat liéu. Dgc tinh cau tric
cua san pham bt mau trang duoc thuc hién bang nhiéu xa tia
X (XRD) sir dung birc xa Cu K. Dé nghién ciru hinh thai hoc
clia cac san pham khac nhau st dung kinh hién vi dién tir quét
(SEM) va kinh hién vi dién tir truyén qua (TEM). Cudi ciing,
cac dac tinh phat quang duoc nghién ciru phd huynh quang kich
thich bang laser He-Cd véi bude song 325 nm.

Sau khi kiém tra cdu trac cta vat liéu nano ZnO ché tao
duoc, bot ZnO dugce phan tan vao dung dich cdn 50 d6 véi néng
d6 10 g/100 ml. Nho phu dung dich thu dugc chira vat liéu nano
ZnO 1én dién cuc Pt. Cam bién duoc lam khé ty nhién trong
khoang 4-6 gio tuy thudc vao didu kién nhiét d6 méi truong.
Mau cam bién duoc dua vao 10 1, v6i nhiét do 1a 600°C trong
thoi gian 6 gio, toc do gia nhiét 1a 10 do/phit. Sau qué trinh u
nhiét, nhiét d§ dugc lam giam tu nhién vé nhiét do phong.

3. Két qua va ban luan

Hinh 1 1a gian d nhiéu xa tia X ciia ddy nano ZnO, trong do
ta c6 thé thay mau co cau tric tinh thé luc gidc (hexagonal) dién
hlnh cta oxit ZnO. Trong do, cac dinh nhiéu xa trong ing v6i chi
s6 Miller (hkl) 1a (100), (002), (101), (102), (110), (103), (200),
(112) va (201) (hinh 1) déu thude cdu trac luc gide cia oxit ZnO
tuong tmg so the chuan JCPDS 36-1451 [1]. Cac dinh nhiéu xa
kha sdc nét chiing to rang mau ddy nano ZnO ché tao ra c6 ciu
tric don pha tinh thé tot. Do vét liéu co dang tetrapod (dang bon
chan) c6 mot gbe chung, 4 chan dugc phat trién tir mot tam (didu
nay duoc chi ra 10 hon trong hinh SEM). Do vay, mdi chan duge
phat trién s& co mot dang kich thudc tinh thé trung binh cta day
nano ZnO (tinh toén bing cong thirc Scheerer vao khoang 52 nm).
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Hinh 1. Gian dd nhiéu xa tia X cGia day nano ZnO ché tao bing
phwong phap béc bay nhiét.

Phd phat xa huynh quang (PL) cua day nano ZnO dugc nghlen
ciru tai nhiét do phong sir dung ngudn kich thich laser He-Cd voi
budc song 325 nm chidu dai xung 1a 6-8 ns va vai tan s6 lap lai
10 Hz. PL thu duoc véi mau day nano ZnO dugc trinh bay trén
hinh 2. Trong PL cua dy nano ZnO cho thdy rd hai dai phat xa tai
vung tir ngoai gan budc song c& 381 nm va dai phat xa manh tai
ving kha kién budc song 514 nm. Dai phat xa ving tir ngoai voi
dinh 381 nm duogc cho 1a do su tai hgp blic xa cua dién tu tr vung
héa tri dén ving din cta ZnO.
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Hinh 2. Phé phat xa huynh quang ctia day nano ZnO ché tao bing
phwong phap béc bay nhiét.

Dai phat xa ving kha kién v6i dinh 514 nm c6 thé lién quan dén
cac mirc khuyét thiéu, sai hong O va Zn, hoic lién quan dén cac sai
hong bé mit cua vat liéu oxit ZnO. Ty 1¢ tuong dbi vé cudng do
gitra hai dinh phat xa (381/514 nm) la kha cao, c& khoang 64 lan
(gla tri nay dugc tinh trén ty 1€ cuong do cua mot lan do). Diéu nay
co thé 1a do lién quan chinh nit khuyét O trong méau dy nano Zn0O
va sé quyet dinh dén nong do hat tai cung nhur ving nghéo tai gan
bé mit ciia ddy nano ZnO. Tinh chét nay c6 anh huong 1on dén dic
trung nhay khi cta vét liéu [17, 18]. Ban chit cua tuong tic nay
bi gy ra boi céc trang thai donor lién quan dén khuyét it 10 trong
cua cac qua trinh ion hoa.
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Hinh 3. Anh kinh hién vi dién tir quét phat xa trwong cta vat liéu
nano ZnO ché tao dwoc cé dang tetrapod.
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Dé danh gia cau tric hinh thai cac day nano ZnO ché tao tir
qué trinh tir bdc bay nhiét dé phan tich hinh thanh vat liéu day
nano ZnO, chung t6i thyc hién khao st hinh thai bé mit cua cdc
mau ZnO bang anh FE-SEM nhu trinh bay trén hinh 3. Két qua
nghién clru anh FE-SEM cho thay, hinh thai be mit cua vat ligu
nano ZnO ¢6 céu trac hinh thai rit dong déu. Céu trac hinh thi vét
liéu tong hop duoc ¢6 dang v6i ba nhanh day nano gan vao nhau
(tetrapod). Puong kinh cua cac day nano nay kha dong déu voi
kich thude duong kinh ¢& khoang 30 nm. Tuy vay, ¢6 thé quan sat
thay chiéu dai ciia cac day nano hinh thanh dang tetrapod co sy dai
ngan khac nhau. Tt sy glong nhau vé duong kinh cua mau dang
day va tetrapod, ching ta ¢6 thé nhan dinh rang cdc nano ZnO nay
hinh thanh 14 do véi cing mot co ché. O d6, cac phan tir ZnO trong
qué trinh bbc bay nhiét tao thanh cdc mam ZnO cho phat trién wu
tién theo mot hudng thi s€ hinh thanh nén cic diy nano ZnO, con
cac mim c dinh huéng wu tién theo nhidu chiéu thi phat trién
thanh dang tetrapod [18]. Khéac déi voi qua trinh hoi ran khéc, vat
liéu dugc moc dinh hudng sir dung cac mam két tinh va ¢6 sy kich
thich cla cac hat Au, nén s€ tao thanh céac day [8, 19].

Pé phan tich sau hon vé ciu tric cﬁa day nano ZnO duoc
tong hop, cac khao sat hién vi dién tir truyén qua dugc thuc hién
(hinh 4). Anh TEM ctia day nano ZnO (hinh 4B) cho thay, day
¢6 kich thuge duong kinh dong nhét c& khoang 50 nm. Diéu nay
chimg to qua trinh phat trién day nano c6 dinh hudéng moc doc theo
truc cua day 1a kha hoan hao. Két qua nay di cho thay rang, hinh
anh phan bo va xap xep cla cac nguyén tu rd rang, sic nét. Két qua
cling cho thay mau the hién tinh dong nhat cao, vi tri cac nguyén tur
trong mang tinh the ¢o trat tw va tinh tuan hoan tot. Anh HR-TEM
nay con cho ta thdy ring, tinh thé ciia ddy nano ZnO dugc phat
trién wu tién theo phuong <0001> (doc theo truc cua day). Céu
triic tinh thé cua day nano ZnO la luc giac kiéu Wurtzite, khoang
cach cac mit tinh th¢ theo phuong <0001>1a 0,263 nm (hinh 4C).

Hinh 4. Anh kinh hién vi dién ti quét - SEM (A); anh hién vi dién ti
truyén qua - TEM (B), anh hién vi dién tir truyén qua v&i dé phan
giai cao - HR TEM (C); bién déi Fourier hai chiéu - FFT (D) cta vat
liéu nano ZnO c6 cau tric tetrapod.

Ngoal ra, két qua trén cho thay day nano ZnO la vt li¢u dang
co cau tric don tinh the Anh SEM thé hién 16 vat liéu tetrapod la
cac day nano ZnO gin chung mot diém goc Céc két qua vé phan
tich kinh hién vi dién tir truyén qua phén giai cao (HR-TEM) cho

92



Khoa hoc Ky thuat va Céng nghé | Ky thuat hoa hoc, Ky thut vat liéu va luyén kim, Céng nghé nano

thay tuorng tw nhu két qua da phan tich tir day nano ZnO. Két qua
nay mdt lan nita minh ching cho sy phat trién cta cdu tric day
nano ZnO va nano tetrapod ZnO ¢6 cung mot co ché tich tu cac
phén tr ZnOx (x la tham 50 thay doi thé hién sy khuyét thiéu oxy)
trong pha hoi de hinh thanh céc nano ZnO. Tuy nhién, sy khac biét
vé hinh thai cu tric 13 dang ddy nano va nano tetrapod 1a do ché
d6 dong hoc cua dong khi trong qua trinh phan tng quyét dinh.

Sau khi khao sat dugc tinh chat vat liéu nhw hinh dang va cau
tric tinh thé, ching toi tién hanh khao sat mot s tinh chat nhay
khi cta vat liéu st dung cho cam bién theo quy trinh nhu duge
trinh bay ¢ trén.
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Hinh 5. Sw thay dbi cta dién tré cam bién st dung vat liéu nano
ZnO dang tetrapod cho cam bién khi v&i néng dé 1 ppm tai nhiét
do lam viéc 200-350°C.

Chung t6i tién hanh danh gid sy thay d6i cua dién tro cam bién
theo nhi¢t d 1am viéc ciia mau v6i nong d6 1 ppm khi NO, duge
biéu dién nhu trong hinh 5. Khi cam blen & diéu kién thu(mg (tiép
xuc véi khong khi) dién tro ciia cam bién khoang 300-600 kQ (tiy
thugc vao nhiét do lam viéc). Gid tri dién tré ndy lam cho dong
dién dleu khién ciia cam bién trong g101 han nhay cta hau hét ciia
céc thlet bi. V&i dong khi NO, thoi vao cam bién, 1am dién trg ctia
cam bién tang 1én 10 rét. Tai nhi¢t do 350°C, gia tri dién tro tang
khoang 3 lan (tr 300 dén 900 kQ), tai nhi¢t d6 200°C dién tr¢ cua
cam bién thay doi khoang 11 lan (600 -6,6 MQ). Ta nhén thy ring,
d6 dép ung cua cam bién 14 rét tot, do thay doi dién tr 1om, tir do
c6 thé dé dang tinh toan va xur ly dugc tin hi¢u dién dya trén luu
hrong khi vao cam bién. Tai gié tri nhiét o cao (trén 250°C), thoi
gian d4p mg va hoi phuc ctia cam bién bién ciing kha nhanh. bay
1a mot ddc tinh cling rat quan trong va phu hop cua vét ligu ché tao
duoc lam vat liéu cho cam bién khi.

4. Két luan

Bing phuong phép bdc bay & nhiét do cao, ap sudt khi quyén
str dung khong khi trong qué trinh phan ¢ng, khong su dyng mam
két tinh, ching t6i da tao ra dugc vt liéu nano ZnO ¢6 dang 4 chan
(nano tetrapod). Vat lidu tao ra ¢6 cau tric dong nhat kich thudc clia
céc chan nano (day nano) khoang 30-40 nm, chiéu dai cta cac chan
khoang 200-1.000 nm. Str dung cac phuong phép khao sat cau tric,
chiing ta thay rang, vat liéu nano tao ra ¢6 cau tric don tinh thé. Vat
liéu co cu triic nano mot chiéu véi duong kinh nho nén 6 dién
tich bé mit 1on, dang tetrapod nén c6 nhiéu chan tir d6 tinh xop cua
vat li¢u cao hon, day 1a nhimg ddc dlem quan trong giup vat liéu co
nhiéu wu the trong ché tao cam blen khi. Vit liéu cling c6 do dap
tmg khi tot voi NO,, déy 1a mot wu diém 16n dé ché tao cam bién khi.

&%HN%?-IE 67(3) 3.2025

LOI CAM ON

Cong trinh nay dugc thuc hién v6i sw hd tro ciia nhom nghién
ctru manh “Vat liéu nano va tmg dung” (mé s6 SKH-2022-NMA)
Truong Dai hoc Su pham Ky thudt Hung Yén. Nhom tac gia xin
tran trong cam on.

TAI LIEU THAM KHAO

[1] M. Procek, T. Pustelny (2015), “A study of gas sensing properties of ZnO
nanostructures activated by UV light”, Photonics Lett. Pol., 7(2), pp.50-52, DOIL:
10.4302/plp.2015.2.07.

[2] S.N. Das, J.P. Kar, J.H. Choi, et al. (2010), “Fabrication and characterization
of ZnO single nanowire-based hydrogen sensor”, J. Phys. Chem. C, 114(3), pp.1689-
1693, DOIL: 10.1021/jp910515b.

[3]J. Janata, M. Josowicz (2003), “Conducting polymers in electronic chemical
sensors”, Nat. Mater., 2(1), pp.19-24, DOI: 10.1038/nmat768.

[4] T.J. Hsueh, C.L. Hsu (2008), “Fabrication of gas sensing devices with ZnO
nanostructure by the low-temperature oxidation of zinc particles”, Sensors Actuators B
Chem., 131(2), pp.572-576, DOIL: 10.1016/j.snb.2007.12.045.

[5] P.H. Phuoc, N.N. Viet, C.M. Hung, et al. (2021), “Comparative study on the
gas-sensing performance of ZnO/SnO, external and ZnO-SnO, internal heterojunctions
for ppb H,S and NO, gases detection”, Sensors Actuators B Chem 334,DOLI: 10.1016/.
snb.2021.129606.

[6] Z. Yang L. Jiang, J. Wang, et al. (2021), “Flexible resistive NO, gas sensor
of three-dimensional crumpled MXene Ti,C,Tx/ZnO spheres for room temperature
application”, Sensors Actuators B Chem., 326, DOL: 10.1016/j.snb.2020.128828.

[71Y. Kang, F. Yu, L. Zhang, et al. (2021), “Review of ZnO-based nanomaterials
in gas sensors”, Solid State Ionics, 360, DOI: 10.1016/1.551.2020.115544.

[8] M.A. Franco, P.P. Conti, R.S. Andre, et al. (2022), “A review on chemiresistive
ZnO0 gas sensors”, Sensors and Actuators Reports, 4, DOI: 10.1016/j.snr.2022.100100.

[9] Y. Zhang, M.K. Ram, EK. Stefanakos, et al. (2012), “Synthesis,
characterization, and applications of ZnO nanowires”, J. Nanomater., 2012, DOI:
10.1155/2012/624520.

[10] P. Rodnyi, I. Khodyuk (2011), “Optical and luminescence properties
of zinc oxide (Review)”, Opt. Spectrosc., 111(5), pp.776-785, DOL: 10.1134/
S0030400X11120216.

[11] C.PB. Govey, N.O.V. Plank (2013), “Review of hydrothermal ZnO
nanowires: Toward FET applications”, J. Vac. Sci. Technol. B Microelectron. Nanom.
Struct., 31(6), DOI: 10.1116/1.4821801.

[12] U.T. Nakate, Y.T. Yu, S. Park (2022), “Hydrothermal synthesis of ZnO
nanoflakes composed of fine nanoparticles for H,S gas sensing application”, Ceram.
Int., 48(19), pp.28822-28829, DOI: 10.1016/j.ceramint.2022.03.017.

[13] E. Meng, X. Shi, Z. Yuan, et al. (2022), “Detection of four alcohol homologue
gases by ZnO gas sensor in dynamic interval temperature modulation mode”, Sensors
Actuators B Chem., 350, DOI: 10.1016/j.snb.2021.130867.

[14] L. Vatandoust, A. Habibi, H. Naghshara, et al. (2021), “Fabrication of ZnO-
MWCNT nanocomposite sensor and investigation of its ammonia gas sensing properties
at room temperature”, Synth. Met., 273, DOL: 10.1016/j.synthmet.2021.116710.

[15] H.J. Fan, R. Scholz, FM. Kolb, et al. (2004), “Two-dimensional dendritic
ZnO nanowires from oxidation of Zn microcrystals”, Appl. Phys. Lett., 85(18),
pp.4142-4144, DOL: 10.1063/1.1811774.

[16] N. Qin, Q. Xiang, H. Zhao, et al. (2014), “Evolution of ZnO microstructures
from hexagonal disk to prismoid, prism and pyramid and their crystal facet-dependent
gas sensing properties”, Cryst. Eng. Comm., 16(30), DOI: 10.1039/C4CE00637B.

[17] Q. Wan, Q.H. Li, Y.J. Chen, et al. (2004), “Fabrication and ethanol sensing
characteristics of ZnO nanowire gas sensors”, Appl. Phys. Lett., 84(18), DOI:
10.1063/1.1738932.

[18] H.V. Han, N.V. Hieu, T. Trung (2014), “A simple method for production of
high aspect ratio ZnO Nanowires with uniform structure for NO, gas sensors”, Sci. Adv.
Mater:, 6(8), pp.1659-1667, DOL: 10.1166/sam.2014.1953.

[19] M.W. Ahn, K.S. Park, J.H. Heo, et al. (2009), “On-chip fabrication of ZnO-
nanowire gas sensor with high gas sensitivity”, Sensors Actuators B Chem., 138(1),
pp.168-173, DOL: 10.1016/j.snb.2009.02.008.



