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CA4c cau tric nano ZnO mét chiéu: s ting truéng trong dung dich va cac tinh
chit dic trung.

Tom tat: Cac cau tric nano ZnO mét chiéu di duoc nghién ciru manh mé& va rong
rai trong mot thap ky qua khong chi do cac tinh chat vat ly va hoéa hoc dang chu y
cua chdng ma con do cac wrng dung céng nghé da dang cua ching trong hién tai va
turong lai. Bai bio ndy dua ra mot tong quan toan dién vé cac budc tién trong qua
trinh tong hop ciu trdc nano ZnO mét chiéu bang phuong phap héa uét, ching toi
s& dé cap dén co s& phuong phap luan cta qua trinh tong hop va céc co ché ting
trudng tuong Ng, CAC cau trdc khac nhau, sy pha tap va hop kim, su ting truéng
duoc diéu khién theo vi tri trén dé, va cudi cuing, céc tinh chat dic trung cua ching
nhu xuc tic, bé mit khong dinh nuéc, cam bién va trong cac thiét bj dién tir nano,
quang hoc, quang dién va cac thiét bj san xuat nang luong.

1. Gidi thiéu:

ZnO la mot vat liéu ban din dich chuyén thang va ap dién, c6 do rong ving
cam 1a 3.37 eV va nang luong lién két exciton 12 60 meV & nhiét d6 phong [1, 2].
NG rat nhiéu (ng dung trong cac thiét bj dién tir, quang dién, dién hoa va co dién [
3 - 8], chang han nhu cac laser cuc tim (UV) [9, 10], c4c diot phéat quang [11], c4c
thiét bi phét xa truong [12 — 14], cac cam bién nano hiéu suat cao [15 — 17], cac
pin mat troi [18- 21], cac may phat nano ap dién [22 — 24], cac linh kién ap dién
nano [25 — 27]. Céc cau trdc ZnO maot chiéu (1D) da dugc tong hop bang nhiéu
phuong phap ching han nhu phuong phap héa wét [28-30], lang tu hoi vat ly [ 31-
33], ling tu hoi hoa hoc hitu co kim loai (MOCVD) [34 — 36], epitaxy chim phan
tar (MBE) [37], lang tu laser xung [38, 39], phdn xa [40], phuong phap dong [41],
quay dién hoa [42 -44] va tham chi 1a phuong phap tir trén xuéng biang cach an
mon [45]. Trong cic phuong phap ndy, 1ing tu hoi vét 1y va phuong phap dong
thudng doi hoi nhiét do cao va d& dang dé 1an cac chat xdc tac hoic tap chat vao
trong c4u tric nano ZnO, do d6 chiing kho c6 thé tich hop véi cac dé hiru co mém
déo cho céc thiét bi dién tir di dong va xach tay trong twong lai. MOCVD va MBE
c6 thé cho cac mang day nano ZnO chét luong cao nhung thudng cé nhuoc diém Ia
tinh dong déu cua mau kém, san lwong san pham thap va phai lya chon vat liéu dé.
Chi phi thuc nghiém ciing rat cao, vi vay chang it dugc st dung rong réi. Lang tu
laser xung, phin xa va phuong phap tir trén xuéng it ¢ kha ning diéu khién va lap
lai 50 Vi cac ki thudt khac. Quay dién hda cho ra cé4c soi da tinh thé. N6i mot cach



trong d6i, phuong phap hoa uét dang chi y vi mot sé Ii do: ching cé gia thanh
thap, it doc hai va vi thé c6 thé d& dang san xuét vai quy mé Ion [46, 47]; su ting
truong Xuat hién ¢ nhiét @6 twong ddi thip, twong thich voi cac dé hiru co mém
déo; Khdng can st dung xdc tac kim loai va né cé thé duoc tich hop voi cdng nghé
Silic d3 dugc phat trién manh [48]; Thém vao dé, c6 nhiéu tham sb cé thé diéu
chinh dé diéu khién c6 hiéu qua hinh théi hoc va tinh chat cua cac san pham cudi
cung [49, 50]. Phuong phap hda udt da dugc ching minh 1a mot phuong phap ¢
hiéu qua va linh hoat trong viéc nudi cac cau tric nano ZnO mat chiéu.

O day, trong phan tong quan nay chlng ta s& tap trung vao c4c cau triic nano
ZnO mot chiéu di dugc nudi bang phuong phap hoa uét, mac di viéc danh gia cac
cau truc nano ZnO di duogc dua ra trong nhiéu tai liéu tham khao [1,5,6, 51-53],
ching t6i s& dé cap dén 5 khia canh chinh nhu sau. Thir nhat ching toi s& xem xét
co s& phuong phap luan ciia qua trinh ché tao va cac co ché ting truong da duogc sir
dung trong cac tai liéu. Tha hai, ching t6i s& trinh bay cac loai cau tric nano ZnO
méi la khac nhau da dat duoc bang phuong phap héa uwét. Tha ba, ching toi s& tom
tat phuwong phap dé diéu khién tinh dan dién cua cau trdc nano ZnO bing céch pha
tap, chang han nhu loai n, loai p va sy pha tap kim loai chuyén tiép va céc ky thuat
viing cdm ZnO bang cach hop kim vai cac oxit kim loai khac. Thu tu, chung toi s&
trinh bay cac ky thuat khac nhau di duogc thuc hién dé diéu khién phan bs khdng
gian cua cau tric cua ZnO trén dé, cu thé 1a ki thuat tao bién dang. Cubi clng
chdng t6i s& minh hoa céc tinh cht dic trung cta cu triic nano ZnO mét chiéu va
nhiéu (ng dung c6 tinh chat dét pha ma ¢ d6 cu trdc nano ZnO mét chiéu dong
vai tro quan trong.

2. Phuong phép luin co ban vé su tong hop va cac ché ting trudng:
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Zn* + 20H «— Zn(OH), (1)

Zn(OH ), + 20H ¢« [Zn(OH), (2)
[Zn(OH),]* «— Zn0.* +2H.0 (3)
702 + HO «— Zn0 +20H (4)

20+ 0OH «— ZnlO0OH (&)
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Figure 2 Transmission electron microscopy (TEM) images of
Zn0O nanowires synthesized in solvents having different polarities:
(a) in methanol [66], (b) in ethanol [66], and (c¢) in [-butanol [68].
Even though the reaction temperature and the growth time are
different, we can still see the effect of the solvent polarity on the
nanowire aspect ratio. Insets in (a) and (b) are selected area electron
diffraction patterns. (d) Schematic illustration of growing +¢ ends
of ZnO with two common interplanar angles [67]. Reproduced
with permission I
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Figure 3 (a) TEM image of self-assembled ZnO nanowires with
diameters of about 2 nm (inset: higher resolution image showing
the oriented stacking; nanowires are dark contrast) [71]. (b) TEM
image of the ultrathin nanowire formed by onientational aggregation
of several quantum dots [72]. Reproduced with permission I
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Figure 7 SEM images of (a) isolated ZnO nanowires, (b) ZnO
nanowires embedded in a polycarbonate template, (c) free standing
ZnO nanowire arrays after removal of the template, and (d)
representative energy-dispersive X-ray spectroscopy (EDS) plot
of the as prepared ZnO nanowire arrays [129]. Reproduced with
permission I
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Figure 8 (a) Schematic illustration of the epitaxial relationship
between ZnO(0001) and Au(111) [141]. SEM images of (b) 500-nm-
thick ZnO on single crystal Au(111) substrate [142], (¢) density
controlled ZnO nanowire arrays on polycrystalline Au(111)
substrate [91], and (d) aspect ratio enhanced ZnO nanowire arrays
guided by a statistical design of experiments [50]. Reproduced
with permission I
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Figure 9 A digital photograph of the reaction container showing
the substrate floating on the solution surface by surface tension
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Figure 10 SEM images of ZnO nanowires on a n-type GaN
wafer: (a) top view and (b) oblique view [82]. (¢) ¢-scan profiles
of the ZnO nanowires/GaN/c-sapphire structure with the family
of planes of ZnO nanowires on the top, and the GaN film at the
bottom [153]. Reproduced with permission
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Figure 11 (a) Schematic illustration of the adsorption of PEI
molecules on the ZnO nanowire side surfaces [ 159]. (b) SEM image
of the ZnO nanowires formed with the addition of PEI [155].
(c) Large arrays of well-aligned helical ZnO whiskers on top of
ZnO rod base [150, 157]. Reproduced with permission
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Figure 12 (a) SEM image of ZnO nanobelts synthesized by a
microemulsion-mediated wet chemical method. Inset shows a
typical rectangular cross-section feature of the nanobelts [73].
(b) SEM image of free standing nanobelt arrays [167]. (c) SEM
image of ZnO nanobelt arrays grown on a metallic Zn substrate
[168]. (d) SEM image of porous polycrystalline ZnO nanobelts
and nanoparticle chains formed by the thermal decomposition of
synthetic bilayered basic zinc acetate nanobelts [169]. Reproduced
with permission I
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Figure 13 (a) Crystal growth habit of wurtzite ZnO hexagonal
nanowires and nanotubes [170]. (b) TEM image of high aspect ratio
ultrathin single crystalline ZnO nanotubes [173]. (c) SEM image
of arrayed ZnO nanotubes [172]. Reproduced with permission I
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Figure 14 SEM images illustrating the formation of ZnO nano-
tubes at different etching stages: (a) 0 min, (b) 5 min, (¢) 10 min,
(d) 15 min, (¢) 60 min, and (f) 120 min [186]. Reproduced with
permission I
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Figure 15 (a) SEM image of the as synthesized ZnO rings prepared by the growth and etching process [187]. (b) SEM image of the
templated growth and calcination of ZnO rings [189], and (c) the proposed growth mechanism, where "0,C-L-CO, represents
deprotonated acid A or B [190]. Reproduced with permission
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Figure 16 (a) A general view of the as-grown twinned ZnO
structures, and (b) a magnified view of a symmetric twinned
structure [ 1 74]. Reproduced with permission I
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Figure 17 (a) Side view and (b) oblique view of oriented bio-
mimetic ZnO columnar nanoplates, which resemble the (c) side
view and (d) oblique view of the nacreous plate structures in red
abalone fish [161]. Reproduced with permission
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Figure 18 (a) Schematic illustration of the effect of consecutive
addition of diaminopropane and citrate on the growth of hierarchical
ZnO nanostructures, and (b) and (c) the corresponding SEM
images of the as-grown nanostructures. (d) Schematic illustration
of consecutive addition of citrate and diaminopropane on the
growth of hierarchical ZnO nanostructures, and (e) and (f) the
corresponding SEM images of the as-grown nanostructures [195].
Reproduced with permission I
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Figure 19 (a) SEM image of the hollow hemispheres self-
assembled from ZnO nanowire arrays [200]. (b) Schematic
illustration of the self-assembly process of the hollow microspheres,
and (¢) SEM image of a self-assembled hollow microsphere [201].
Reproduced with permission
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Figure 20 (a) SEM image of bilayered densely packed ZnO
nanowire arrays on both sides of hydrotalcite-like zincowoodwardite
plates [204]. (b) SEM image of bilayered ZnO nanowire arrays
induced by secondary growth [207]. (¢) SEM image of multilayered
ZnO nanowire arrays sandwiched between parallel disks [208].
(d) SEM 1mage of four-layered ZnO nanowire arrays [209].
Reproduced with permission I
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Figure 21 (a) Gradational growth of 1D ZnO nanowire arrays
on a common zinc substrate from left to right, and (b) cross-
sectional SEM images of the ID ZnO nanowire arrays at five
different locations [210]. Reproduced with permission I
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Figure 22 (a) Top view of ZnO nanowires covered with a CdSe
thin film [211]. (b) HRTEM image taken from the ZnO/CdTe
interface region, showing the well-crystallized structure of the CdTe

layer [213]. (c) Low magnification TEM image showing SnO,
capping a ZnO nanowire with the nanowire tip exposed [215].
(d) TEM image of a ZnO-MgO core—shell nanowire [216]. (e) SEM
image of cable-like ZnS—ZnO nanowire structures [219]. (f) HRTEM
image of the interface of a ZnO/Al,0O; core—shell nanowire [221].
(g) Negative TEM image of an anatase TiO, nanotube formed by
etching away the ZnO nanowire core in | mol/L aqueous HCI
[222]. Reproduced with permission I
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7. Két luan

Trudce khi dén két luan, ching t6i muén chia sé quan diém cua ching toi vé
mot s6 van dé quan trong trong linh vuc ndy va mét sé giai phap kha thi dé giai
quyét nhirng van dé nay.

C6 ba thach thirc chinh. Pau tién 1a dé kiém soat chat luong tinh thé. Cau
tric nano ZnO dugc nudi bang phuong phap héa udt thuong co chat lugng tinh thé
thap, nhiéu khuyét tat, chang han nhu cac sai hong diém va khoang trong, d6i khi
c6 thé dugc nhin thay qua bé mat gé ghé cua ching. Nhitng khuyét tat nay dan dén
d6 bén chong dut gay thap, d6 linh dong hat tai dién thap, thoi gian song cua hat tai
dién ngan, va cong suat bom ngudng cao, lam suy giam manh tinh chét co hoc,
tinh chat dién va quang hoc cua cac cau trdc nano. Mic sai hong cao 1a do ban chat
cua Sy ting truong & nhiét o thap trong mot moi truong kha phic tap bao gom
nhiéu loai ion va phan tir. Bé cai thién chat lugng tinh thé, diéu quan quan trong la
phai bat dau tir mot tién chat thich hop, chon cac théng sé phan tng duoc kiém
S04t tét, va dua vao cac tac nhan pha thich hop va / hoac tham chi kiém soat mot sb
loai tham sé c6 vé khdng quan trong, chang han nhu cac ion ddi trong tién chat
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mudi Zn** va ndng d6 6xy hoa tan. Thir hai 1a tdi thiéu hoa sy dan dién bé mit cho
cac (ng dung ap dién. ZnO c6 tinh din bé mit loai n do su mat mét cac nguyén tir
oxy cho méi trrong xung quanh

[Of} - %Oz(g) + V5 +29’]

Do day cua ving bé mit din dién dugce tinh toan vao bac hang chuc
nanomet. Nong do electron hitu han s& che chan mot phan cac thé ap dién, 1am suy
giam dang ké hiéu suat cua céc thiét bi 4p dién dya trén ZnO. Pé giam su thiéu hut
oxy, cO thé day phuong trinh khuyét tat vé bén trai bang cach cung cap mot moi
trudng gidu oxy, chang han nhu u dudi &p suat rieng phan oxy cao hoic ciy céc
nguyén tir oxy c6 mang niang luong dudi plasma oxy. Cubi cing, dua trén sy dan
loai n noi tai giam, viéc pha tap ZnO véi nguyén té nhém V va / hodc nhom I dé
dat duoc d6 dan dién loai p 1a kha thi nhung van con nhiéu thach thic. Phan tng
pha tap ctia cac cau triic nano ZnO voi cac nguyén tir bén ngodi thuan loi vé mat
entropi hon nhung khong thuan loi vé mat enthalpy. Vi vy, ngudi ta mong muédn
chon céc nguyén té thich hop vai ban kinh ion va &i luc dién tir twong tu dudi diéu
kién phan tng duoc Kiém soat tét (ap suat, nhiét do, va ndng do tién chat) dé giam
thiéu su thay doi enthalpy. Mac di c¢6 nhitng cudc tranh luan vé pha tap loai p
trong mang mong ZnO, pha tap loai p trong cac cau tric nano ZnO 1D c6 vé day
hira hen do khong xuat hién sai hong.

Tuy nhién, bai viét nay da dua ra mot tong quan toan dién vé cac ung dung
chtrc ning va diéu khién su tang truéng cau tric nano ZnO mét chiéu dugc ché tao
bang phuong phap hoa wét. Cac ciu trdc nano ZnO mot chiéu cudi cung tuong
thich vé mat sinh hoc va an toan cho méi truong. Ching la cac vat liéu da chic
ning v4i cac tinh chat ban dan, quang hoc, ap dién va céc tinh chat khac. Quan
trong hon va 13 rang nhat, ching c6 thé dugc nudi dung phuong phap hoa uét nhiét
d6 thap, do @6 chung c6 thé dé& dang duogc tich hop véi mot pham vi rong cac vat
lieu va cdng nghé. Tat ca nhitng loi thé nay dé tao ra cac khdi co s cau tric nano
ZnO mot chiéu dé ché tao cac thiét bi mdi da dang.

Loi cam on



Chlng toi cam on su hd tro cia NSF, DARPA, va BES DOE. Chiing tdi cling cam
on nhitng tac gia va nhiéu cong tac vién da dong gop cac dir liéu di duoc xuat ban
cho tai liéu nay.



