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ABSTRACT Through density functional theory computations, we systematically investigated the structural, electronic, and magnetic
properties as well as the relative stabilities of fully and partially hydrogenated ZnO nanosheets. Unlike bare ZnO nanosheets terminating
with polar {0001} surfaces, their hydrogenated counterparts preserve the initial wurtzite configuration. Full hydrogenation is more
favorable energetically for thinner ZnO nanosheets, whereas semihydrogenation at O sites is preferred for thicker ones. Moreover,
semiconductorf half-metalfmetal transition occurs with nonmagneticfmagnetic transfer upon adopting surface hydrogenation
and increasing sheet thickness. The predicted diverse and tunable electronic and magnetic properties endow ZnO nanosheets potential
applications in electronics and spintronics.
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INTRODUCTION

Zinc oxide (ZnO) clearly distinguishes itself from other
II-VI semiconductors. The rather unique character-
istics, such as wide energy gap (∼3.4 eV), large

exciton binding energy (60 meV), and extraordinary piezo-
electric and optical properties (1), endow ZnO a wide range
of technological applications in UV-light emitting diodes (2),
solar cells (3), photocatalysts (4), etc. At the nanoscale, ZnO
brings us more sweet surprises (5-7). The versatile chemical
bonding of ZnO leads to probably the richest family of
nanostructures among all materials (8); nanowires (9), nano-
tubes (10), nanobelts (11), nanorods (12), nanobridges/
nanonails (13), nanofilms (14), and nanorings (15) have been
successfully synthesized through a variety of experimental
techniques. These low-dimensional structures have demon-
strated extraordinary electrical and optical performances
compared with the bulk crystalline ZnO, and are promising
candidates for many novel applications in transparent elec-
tronics, gas sensors, transducers, solar cells, and biomedical
devices.

At ambient conditions, bulk ZnO adopts the wurtzite
structure as its thermodynamically stable phase. Amazingly,
at the nanoscale, ZnO can also form two-dimensional (2D)
nanosheets besides other various nanostructures. Theoreti-
cally, Topsakal et al. (16) predicted that ZnO, in analogy to

graphene and boron nitride (BN) monolayers, can form a
hexagonal honeycomb structure in which Zn and O atoms
are arranged in planar 3-fold coordination instead of the
bulk-like tetrahedral configuration. Kulkarni et al. (17) pre-
dicted a phase transformation from wurtzite to a graphite-
like hexagonal structure in ZnO nanowires under tensile
loading. Furthermore, the fascinating ferromagnetism and
unusual electronic properties associated with one-dimen-
sional (1D) ZnO nanoribbons (18-21) derived from either
monolayer or multilayer sheets heavily depend on the
ribbons’ width, thickness and edge modification. Experi-
mentally, great progress has been made in synthesizing ZnO
nanosheets (22-27). Tusche et al. (22) observed two-mono-
layer-thick ZnO (0001) films grown on Ag substrates through
surface X-ray diffraction and scanning tunneling microscopy,
which provided a direct evidence for the presence of planar
ZnO sheets. Recently, Lin et al. (24) prepared perpendicu-
larly oriented ZnO nanosheets with a thickness of about 5
nm on a large scale, which showed feasible application in
dye-sensitized solar cells. Through microwave thermal vapor
technology, Wei et al. (25) successfully synthesized 2D
single-crystal ZnO nanosheets with a thickness of 20-80
nm. Note that the high-quality ZnO thin sheets produced via
most experimental routes, especially the pulsed laser depo-
sition (PLD) technology (28), tend to prefer c-axis well-
aligned orientation with a polar morphology.

The existence of polarized surfaces leads to an electro-
static instability resulting from the divergence of surface
energy in the direction perpendicular to the polar surface.
Several possible mechanisms have been proposed for sta-
bilizing such polar features, including surface reconstruction
(29), adsorption of H adatoms (30), transfer of electrons

* To whom correspondence should be addressed. E-mail: zhouzhen@
nankai.edu.cn.
Received for review May 28, 2010 and accepted July 27, 2010
† Nankai University.
‡ Georgia Institute of Technology.
§ University of Puerto Rico.
DOI: 10.1021/am100467j

2010 American Chemical Society

A
R
T
IC

LE

2442 VOL. 2 • NO. 8 • 2442–2447 • 2010 www.acsami.org
Published on Web 08/09/2010



between the (0001) and (0001̄) surface (31), and surface
termination by, for instance, hydrogen (32).

Very recently, first-principles computations have pre-
dicted that fully and partially hydrogenated graphene (33-37)
and BN (38, 39) nanoribbons exhibit completely distinct
properties from their pristine forms. In contrast, fundamen-
tal questions linked to wurtzite ZnO sheets remain unex-
plored. The surface Zn and O atoms are unsaturated com-
pared with the bulk 4-fold coordination, and thus act as
active sites for the adsorption of adatoms to form chemical
bonds. The interaction of adatoms with polar ZnO surfaces
has been extensively studied in connection with the unusual
instability of polar surfaces. Theoretically, Wang et al. (40)
and Chen et al. (41) predicted that surface fluorination
provides an efficient route to induce intriguing electronic and
magnetic properties of a few ZnO layers. Huang et al. (42)
reported that surface passivations of H, F, Cl and NH2 allow
for the engineering of electronic states of wurtzite ZnO
nanowires. Hydrogen is a common impurity during the
preparation of ZnO materials; its frequent presence has once
been considered responsible for the unintentional n-type
semiconductivity of as-grown ZnO crystals (43). Hydrogen
has also been demonstrated to lead to conductive and
metallic ZnO (44). Several experimental efforts (45-47)
have been devoted to hydrogen incorporation on the polar
ZnO surfaces. Beker et al. (46) revealed the formation of a
H (1 × 1) overlayer on the Zn-terminated ZnO(0001) surface
through He-atom scattering technique. Quiet recently, the
existence of surface hydrogen on the ZnO(0001̄)-O surface
has also been confirmed through X-ray photoelectron spec-
troscopy (47). Yet a theoretical understanding of electronic
and magnetic properties of these functionalized ZnO nano-
sheets remains unclear.

Because the interaction of hydrogen with ZnO is of great
technological interest, what properties distinguishable from
unsaturated bare sheets will be present in a hydrogenated
ZnO nanosheet? In addition, unlike graphene, whose carbon
atoms are all chemically equivalent, the surface Zn and O
atoms in ZnO sheet have different reacting and bonding
natures with H atoms. How do the properties of a partially
hydrogenated ZnO nanosheet depend on the saturated site?
Among other important issues, how and to what extent does
the sheet thickness affect the electronic and magnetic
properties as well as the relative stabilities of different
hydrogenated systems? The aim of the current study is to
address the above questions. Density functional theory (DFT)
computations were performed to systematically investigate
the structural, electronic and magnetic properties of fully and
partially hydrogenated ZnO nanosheets terminating with
polar (0001)/(0001̄) surfaces. These studies provide us a deep
understanding of the novel properties of hydrogenated ZnO
nanosheets, which is essential to employ them as building
blocks for future nanodevices.

COMPUTATIONAL METHOD
DFT computations were performed using the plane-wave

technique implemented in the Vienna ab initio simulation
package (VASP). The ion-electron interaction is described with

the projector augmented wave (PAW) method (48). The ex-
change-correlation potential is approximated by the generalized
gradient approximation (GGA) using the PW91 functional (49)
for both spin-polarized and spin-unpolarized cases. A 360 eV
cutoff for the plane-wave basis set was used in all computations.
All structures were treated with periodic boundary conditions,
and the supercell was large enough to ensure a vacuum spacing
greater than 10 Å. Pseudopotentials with 4s23d10, 2s22p4, and
1s1 valence electron configurations were used for Zn, O, and H
atoms, respectively. The Brillouin zone was sampled by 4 × 4
× 4 and 5 × 5 × 1 special k points for ZnO bulk and 2D
nanosheets, respectively. Geometry optimizations were per-
formed by using the conjugated gradient method, and the
convergence threshold was set to be 1 × 10-4 eV in energy and
1 × 10-3 eV/Å in force.

The ZnO nanosheets under investigation were constructed
from the bulk phase, with the thickness ranging from one to
five bilayers (a bilayer is composed of two closely adjacent
layers, one for Zn and the other for O, e.g., the ZnO nanosheet
in Figure 1a contains two bilayers).

RESULTS AND DISCUSSION
Bare ZnO Nanosheets. We began our study with ZnO

wurtzite structure, in which all atoms are in sp3 hybridization
with each Zn (O) atom surrounded by four neighboring O
(Zn) atoms at the corners of a tetrahedron. The Zn-O bond
lengths within one bilayer and those between two adjacent
bilayers are calculated to be 1.965 and 1.973 Å, respectively.
The equilibrium cohesive energy per Zn-O pair, defined as
the difference between the total energy of the optimized
crystal structure and the corresponding isolated Zn or O
atom, is calculated to be 7.532 eV, in good agreement with
the experimental value (7.52 eV) (50). However, the band
gaps of transition metal oxides are underestimated under
GGA within DFT. We thus adopted the GGA + U method (51)
to reassess the band structure of ZnO wurtzite crystal; this
yielded a band gap of 1.77 eV. Although this is still much
lower than the experimental value (∼3.4 eV), the GGA + U
approach constitutes a significant improvement over the
uncorrected GGA value (1.05 eV). Therefore, the GGA + U
scheme was employed in all the following computations and
analyses.

Next we studied 2D nanosheets derived from wurtzite
ZnO. According to our computations, nanosheets composed
of one to five bilayers transform from the initial wurtzite

FIGURE 1. Structure of ZnO nanosheets with two bilayers: (a) initial
wurtzite structure and (b) graphitic structure after optimization. The
red and blue balls represent O and Zn atoms, respectively, and the
numbers are bond length or interlayer distance in Å. (c) Band
structure of b. The Fermi level is denoted with a red dashed line.
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configuration to a flat graphitic structure after geometry
optimization, as exemplified by the two-bilayer-thick ZnO
nanosheet in Figure 1. A pronounced geometry change
appears in this case: the atoms within each bilayer converge
to just one planar layer, accompanied by the Zn-O bond
contraction (1.965-1.878 Å) within each bilayer and the
interlayer distance expansion (1.973-2.561 Å). Moreover,
the bond angle within the newly formed planar layer in-
creases from the wurtzite tetrahedral, 109° on average, to
plane trigonal, ∼120°. Similar to the single-layer hexagonal
ZnO, the two-layer graphitic ZnO is also a semiconductor
with a direct band gap of 2.45 eV (Figure 1b).

Previous theoretical studies on the ultrathin films terminat-
ing with polar (0001)/(0001̄) surfaces suggested that the ener-
getically preferable graphitic structure occurs for only a limited
number of layers. Specifically, for a ZnO wurtzite film, the
graphitic-like conformation could persist only up to nine bilay-
ers (52). To verify this prediction, we conducted a further
study by examining ZnO wurtzite sheets with 6, 7, 8, 9, 10,
and 11 bilayers. Our results confirm that the graphitic
structure persists until nine bilayers and that thicker sheets
(10 or 11 bilayers) recover the polar wurtzite (0001)/(000 1̄)
configuration. Our results are in agreement with the previous
report by Freeman et al. (52) at the same GGA level.

All the graphitic ZnO nanosheets considered here are
semiconductors, and Figure 2 shows the evolution of band
gap as a function of sheet thickness. Initially, the band gap
monotonically decreases with increasing bilayer number,
and then it converges to a thickness-independent constant
of 2.05 eV. The larger band gaps for the thinner sheets are
an indication of quantum size effect.

Fully Hydrogenated Wurtzite ZnO Nanosheets.
Following the idea of hydrogenated graphene (33) and h-BN
(39)sheets,wethenstudiedfullyhydrogenatedZnOnanosheets
with different thicknesses (denoted as n-ZnO-2H, where n
refers to the number of bilayers). Figure 3 presents the
relaxed geometry, band structure, and density of states
(DOS) of fully hydrogenated one-bilayer (1-ZnO-2H, Figure
3a) and two-bilayer (2-ZnO-2H, Figure 3b) sheets, respec-

tively. The Zn and O atoms are in sp3 hybridization with H
atoms bonded to Zn and O atoms in the polar surface.
Furthermore, the optimized Zn-H bond lengths (1.519 and
1.527 Å, respectively, for the hydrogenated one-bilayer and
two-bilayer sheets) and O-H bond lengths (0.972 and 0.974
Å) indicate the formation of strong chemical bonds between
hydrogen and surface atoms. The bond angles ∠HOZn-1 (∠HOZn-2),
∠HZnO-1 (∠HZnO-2), ∠ZnOZn-1 (∠ZnOZn-2), and ∠OZnO-1 (∠OZnO-2) corre-
sponding to 1-ZnO-2H (2-ZnO-2H) are 120.7° (120.5°),
120.7° (120.8°), 96.3°(96.5°), and 96.3°(96.2°) on aver-
age, respectively. The optimized structural parameters sug-
gest that the fully hydrogenated sheet retains the initial
wurtzite configuration rather than the graphitic one.

Similar to graphene or monolayer BN sheets, the fully
hydrogenated one-bilayer sheet (1-ZnO-2H) is a nonmag-
netic semiconductor, with an indirect band gap of 2.07 eV,
narrower than that of a bare ZnO graphitic sheet (2.66 eV,
Figure 2). Interestingly, the hydrogenated sheets with thick-
nesses greater than one bilayer are all metallic. As exempli-
fied in Figure 3b, the hydrogenated two-bilayer sheet (2-ZnO-
2H) becomes a nonmagnetic metal (for 3, 4, and 5 bilayers,
see Figure S1 in Supporting Information).

In ZnO nanostructures (53, 54), typically the absorbed H
acts as an n-doping source, which donates electrons to
occupy the 2p states of surface O atoms and 4s states of
surface Zn atoms. The hybridized bonding state is located
at the valence band maximum (VBM) and partially occupied,
leading to the metallic behavior. This scenario also holds true
for the fully hydrogenated ZnO sheets, as consolidated by
the projected DOS (PDOS) in Figure 3b. The state crossing
the Fermi level is mostly composed of the Zn 4s and O 2p
state. The significant difference in electronic properties
between one-bilayer and multibilayer sheet is closely related
to their intrinsic surface states, which are completely re-
moved after surface H passivation for the 1-ZnO-2H sheet,
but only partially removed for the n-ZnO-2H (n > 1).

FIGURE 2. Band gap evolution of graphitic nanosheets as a function
of bilayer number, n (1e ne 9). n represents the number of bilayers
in the initial wurtzite configuration, which forms a graphitic struc-
ture after geometry optimization.

FIGURE 3. Optimized geometry and band structure for fully
hydrogenated (a) one-bilayer (1-ZnO-2H) and (b) two-bilayer (2-
ZnO-2H) sheets. Red, blue and white balls represent O, Zn, and
H atoms, respectively. In b, PDOS is also shown for selected
atomic orbitals.
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Bare ZnO nanosheets of fewer than 9 bilayers favor a flat
graphitic structure after relaxation and are semiconductors.
In contrast, all fully hydrogenated ZnO nanosheets, except
the one-bilayer sheet, adopt the wurtzite configuration and
are metallic. This conspicuous difference indicates that the
structural and electronic properties of ZnO nanosheets are
very sensitive to surface decoration.

SemihydrogenationonZnSites forZnONanosheets.
Similar to B and N sites in BN sheets, Zn and O sites in ZnO
nanosheets are chemically nonequivalent, and then semi-
hydrogenation can be achieved by merely saturating either
all the Zn sites or all the O sites. We first studied semihy-
drogenation on Zn sites for ZnO nanosheets with different
numbers of bilayers (denoted as n-ZnO-ZnH).

In Figure 4 we summarize the results of semihydrogenated
ZnO sheets with one, two and three bilayers (for four and five
bilayers, see Figure S2 in Supporting Information). In all cases,
spin polarization is evident in the band structure and PDOS.
In fact, semihydrogenation on Zn atoms forms strong Zn-H
bonds and leaves the dangling bonds of surface O atoms spin
unpaired. The origin of the magnetic behavior was further
investigated by plotting the spin density distribution (Figure
4). Obviously, the emergent spin polarization is not restricted
to the surface O atoms but instead is delocalized uniformly
in the entire system, leading to a net magnetic moment of
approximately 0.67, 0.66, 0.39, 0.31, and 0.27 µB per unit
cell for one, two, three, four, and five bilayers, respectively.
The induced magnetism is attributed primarily to unsatur-
ated O atoms (2pz orbital) and H atoms (1s orbital), with a
little contribution from Zn atoms (3d orbital).

More careful examination of the band structure of n-ZnO-
ZnH reveals appealing properties associated with this novel
system. As described in Figure 4a, the hydrogenated one-
bilayer system (1-ZnO-ZnH) behaves as a magnetic semi-
conductor with direct band gaps of 4.69 and 0.75 eV in the
spin-up and spin-down state, respectively. The absorption
of H atom on Zn sites introduces a low acceptor level located
slightly above the VBM, which is spin-polarized with only one
spin channel completely occupied, resulting in hole-doping
p-type semiconductivity. However, when the thickness in-
creases to two bilayers, the resulting 2-ZnO-ZnH becomes a
magnetic half-metal. As clearly seen in Figure 4b, the spin-
up state behaves as a semiconductor with a direct band gap
of 3.39 eV, whereas the spin-down state turns metallic.

Interestingly, when the number of bilayers further increases
to three, both the spin-up and spin-down states become
metallic, as can be seen in c and d in Figure 4. The situation
for four and five bilayers is similar to that of three (see Figure
S2 in Supporting Information), indicating that the semihy-
drogenated multilayer sheets are all metals with strong spin
polarization.

This remarkable phenomenon can be further scrutinized
by analyzing the nature of the Zn-H bonds (Figure 4).
Noticeably, the Zn-H bond length decreases drastically as
the thickness increases, indicating the reinforcement of
Zn-H bonds. This bond strengthening is accompanied by a
reduction of interlayer distance, which stabilizes the struc-
ture. The hydrogen-derived bands are significantly affected
by the bonding variation. By increasing the thickness, both
occupied spin-up and unoccupied spin-down channels are
broadened because of the hybridization effect, which makes
the Fermi level lie in the H-induced bands and gives rise to
half-metallic or metallic behaviors. Thus, with semihydro-
genation restricted on the surface Zn atoms, a magnetic
p-type semiconductorf half-metalfmetal transition can
be tuned by varying the sheet thickness.

Semihydrogenation on O Sites for ZnO Nanosheets.
Figure 5 presents the results of semihydrogenation on O
sites (denoted as n-ZnO-OH), in one- and two-bilayer sheets
(for three, four, and five bilayers, see Figure S3 in Supporting
Information). In contrast with 1-ZnO-ZnH, 1-ZnO-OH is
practically a nonmagnetic metal (Figure 5a). Nevertheless,
spin-polarized states appear for thicker sheets (two, three,

FIGURE 4. Optimized geometric structure (side view), band structure, PDOS, and spin density distribution of (a) 1-ZnO-ZnH, (b) 2-ZnO-ZnH, and (c)
3-ZnO-ZnH, respectively. (d) Zoom of the region near the Fermi level for the spin-up band structure of c. The isosurface is set to be 0.05 e/Å3.

FIGURE 5. Optimized geometry (side view) and band structure for
(a) 1-ZnO-OH and (b) 2-ZnO-OH with PDOS.
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four, and five bilayers). The spin-polarized magnetization
mainly comes from the 2p orbital of the O atom. The
calculated magnetic moments are 0.11, 0.06, 0.03, and 0.02
µB per unit cell for sheets with two, three, four, and five
bilayers, respectively. Thus, semihydrogenation on Zn sites
possesses an essentially larger magnetic moment than that
on O sites. This is easily understandable that the dangling
bonds on Zn atoms (as in ZnO-OH) exhibit much less spin
density compared with those of unpaired O atoms (as in
ZnO-ZnH). Moreover, unlike n-ZnO-ZnH, the optimized O-H
bond lengths in n-ZnO-OH tend to increase with thickness,
suggesting the weakening of bonds between O and H atoms.

Furthermore, all semihydrogenated systems on O sites are
strikingly metallic irrespective of thickness. This is consistent
with Jia et al.’s report (55) that [0001] ZnO nanowires with
only O atoms saturated by atomic H on the side surface are
metallic. As mentioned above, the induced metallicity is
attributed to the partially occupied surface state, which is
not completely removed after hydrogen passivation.

Finally, we summarize the computed properties for
hydrogenated ZnO nanosheets in Figure 6. Clearly, the
intriguing and diverse transformation in electronic and
magnetic properties of the novel ZnO systems depends
remarkably on hydrogenation sites and sheet thickness. Our
results predict that effectively controlling the hydrogenation
sites and sheet thickness is a tunable way to modulate the
properties of ZnO nanosheets, and that a semiconductorf
half-metalf metal (nonmagnetic-magnetic) transition can
be achieved. We have additionally investigated ZnO sheet
with 9 bilayers. The fully hydrogenated ZnO sheet with 9
bilayers remains a nonmagnetic metal as those with 2-5
bilayers. Partially hydrogenated ZnO sheets on surface Zn
and O atoms are both magnetic metals (see Figure S4 in
Supporting Information). Obviously, the ZnO nanosheets
thicker than 5 bilayers follow the trend summarized in Figure
6. These diverse properties are of fundamental significance
and open up exciting opportunities for the design of novel
nanoelectronic spintronic devices.

Stabilities of Fully and Partially Hydrogenated
ZnO Nanosheets. To evaluate the structural stability of the
hydrogenated ZnO sheets, we calculated the formation ener-
gies for both fully and partially hydrogenated systems. The
formation energy (Ef) is expressed as Ef ) EZnO-H - (�Zn-OµZn-O

+ �HµH), where EZnO-H is the cohesive energy per atom of
hydrogenated nanosheet, µZn-O is the cohesive energy per

Zn-O pair of bulk wurtzite ZnO, µH is half of the binding energy
of H2, and �Zn-O (�H) is the molar fraction of Zn-O pairs (H
atom) in the hydrogenated systems. According to this defini-
tion, a system with smaller Ef value is more favorable.

Figure 7 shows the relative stability of different ZnO
systems as a function of bilayer number. For the semihy-
drogenated case (n-ZnO-ZnH or n-ZnO-OH), the comparison
of relative stability is straightforward: the formation energy
progressively decreases with increasing bilayer number,
which suggests that thicker sheets are more likely to be
accessible; moreover, with the same bilayer number, n-ZnO-
OH is energetically more preferable than n-ZnO-ZnH. How-
ever, the fully hydrogenated systems are more complicated.
When the thickness is fewer than three bilayers, the fully
hydrogenated system (n-ZnO-2H) is more favorable than its
semihydrogenated counterpart, but for thicker sheets the
most stable system is n-ZnO-OH. For all the ZnO nanosheets
considered, semihydrogenated ones at Zn sites are the least
stable.

CONCLUSION
In summary, we have systematically investigated the struc-

tural, electronic and magnetic properties of ZnO nanosheets.
Bare wurtzite ZnO nanosheets with fewer than nine bilayers
adopt a graphite-like structure after atomic relaxation. Hydro-
gen saturation of surface atoms can transform these ZnO
nanosheets into wurtzite configurations. The fully hydroge-
nated ZnO sheet with a single bilayer is an indirect band gap

FIGURE 6. Summary of the electronic and magnetic properties of (a) n-ZnO-2H, (b) n-ZnO-ZnH, and (c) n-ZnO-OH with different numbers of
bilayers.

FIGURE 7. Formation energies of hydrogenated ZnO sheets as a
function of bilayer number, n. ZnO-2H denotes the fully hydroge-
nated ZnO nanosheet, and ZnO-ZnH and ZnO-OH are the nanosheets
semihydrogenated at Zn and on O sites, respectively.
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semiconductor, whereas those with thicker bilayers become
metallic independent of thickness. The semihydrogenated
sheets on Zn sites are all magnetic, and a semiconductor f
half-metal f metal transition occurs with increasing sheet
thickness. Semihydrogenation on O sites results in nonmag-
netic metallicity in a ZnO monolayer sheet and weakly mag-
netic metallicity in multilayer sheets. Furthermore, the fully
hydrogenated ZnO nanosheets containing fewer than three
bilayers are energetically more favorable than their semihy-
drogenated counterparts. For thicker sheets, ZnO nanosheets
semihydrogenated at O sites are more favorable energetically.
Thus, surface passivation by hydrogen serves as an important
approach in tailoring the electronic and magnetic properties of
low-dimensional ZnO nanosheets.

Our computations revealed that the polar surfaces of wurtz-
ite sheets are highly active and easily susceptible to atomic
adsorption. We are quite confident that our experimental peers
will realize the appealing electronic and magnetic properties
associated with the ZnO nanosheets studied in this work. In
addition to the hydrogen decoration, surface saturation by
other functional groups or chemical/physical modification of
ZnO nanosheets may further tune these electronic and mag-
neticproperties.ThepropertiespredictedhereforZnOnanosheets
may also be extended to other wurtzite nanostructures such
as GaN and CdS.
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(1) Özgür, Ü.; Alivov, Y. I.; Liu, C.; Teke, A.; Reshchikov, M. A.; Doğan,
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Fragalà, I. L.; Losurdo, M. Adv. Mater. 2009, 21, 1700.
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