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The bulk Bi2Sr2Co2O8 crystal is an insulator at low temperature and experiences an insulator-metal transition
at TC ≈ 60 K. The new experiment showed that TC increases to 140 K for a mechanically exfoliated nanosheet
of four blocks and is beyond room temperature for nanosheets thinner than four blocks. We show that the
thickness-dependent insulator-metal transition observed in Bi2Sr2Co2O8 nanosheets can naturally be explained
by the strongly correlated low-spin-state insulator (LS state) and intermediate-spin-low-spin-state metal (IS-LS
state). In particular, the energy difference between the LS state and IS-LS state qualitatively reproduces the trend
of the transition temperature with the nanosheet thickness. The predicted transition temperature of a nanosheet
with three blocks is only slightly above room temperature, a result that can be used to check our proposed
mechanism. Further experiments on the distinct magnetotransport properties and spin-fluctuation behaviors of
the LS state and IS-LS state are also very helpful to resolve the issue. The weak interblock binding is also
consistent with the layer-resolved partial densities of states.

DOI: 10.1103/PhysRevB.96.035418

I. INTRODUCTION

Low-dimensional electronic systems often demonstrate
unusual and fascinating physical properties different from
their bulk counterparts. A well-known example is represented
by graphene mechanically exfoliated from graphite [1]. The
massless Dirac fermion dispersion near the Fermi energy
makes it the most extensively studied single-atom-layer
electronic system in the past decade [2]. Following the rich
phenomena unveiled by the honeycomb lattice of graphene,
silicene, germanene, stanene, and phosphorene, with similar
structures but composed of Si, Ge, Sn, and P atoms, have also
attracted much attention in the past few years [3–7]. Because
of the relatively strong spin-orbit coupling in these systems,
small band gaps are created at the Dirac points of graphene.
Thus, novel topological insulators emerge with an electronic
insulator in the bulk and a pair of helical conducting states
circulating around the edge of the two-dimensional nanosheet.
Recently, nanosheets composed of transition-metal sulfides,
VS2, MoS2, and WS2, have also been intensely studied
because of their novel electronic properties [8–10]. Therefore,
these layer-structured nanosheets not only offer an important
platform to investigate the fascinating quantum phenomena
but also lay the foundation for various device applications.
This further motivated researchers to explore the properties of
other possible layered systems.

More recently, nanosheets of one, two, three, and four
blocks of layered Bi2Sr2Co2O8 are successfully prepared by
Wang et al. using the same mechanical-exfoliation technique
[11]. The transport property showed a thickness-dependent
insulator-metal transition as a function of block number
N . Compared with the bulk Bi2Sr2Co2O8 compound [12],
the nanosheets manifested for the conductivity a power-law
decrease with 1/N . Generally speaking, both nanosheets
and bulk Bi2Sr2Co2O8 showed a semiconductor or insulator
behavior at low temperature. However, a thickness-dependent
insulator-metal transition takes place at T ≈ 140 K for a

nanosheet with N = 4 but at T ≈ 60 K for a bulk sample [12].
For nanosheets with N < 4, no insulator-metal transition was
observed up to room temperature. The conductivities of such
low-temperature insulators were explained satisfactorily using
different variable-range-hopping mechanisms. However, the
nature of the electronic states of both the insulator and metal
of nanosheets across the insulator-metal transition temperature
was not identified.

In our previous study on the transport properties of bulk
Bi2A2Co2O8 compounds (A=Ca, Sr, Ba), we constructed the
full insulator-metal phase diagram for these compounds in the
parameter space of Hubbard U and the ionic radius r of atom
A [13]. By sifting through different spin states of Co ions,
22 metastable magnetic structures with different spin states
are obtained. The strongly correlated low-spin-state (LS-state)
insulator and intermediate-spin-low-spin-state (IS-LS-state)
metal turn out to be the ground-state candidates relevant for
bulk Bi2A2Co2O8 compounds (A=Ca, Sr, Ba). In particular,
we found that Bi2Ca2Co2O8 is deep in the insulator region and
Bi2Ba2Co2O8 is deep in the metallic region, with Bi2Sr2Co2O8

as a narrow-band-gap semiconductor in the vicinity of the
insulator-metal phase boundary.

In this paper, we show that the thickness-dependent
insulator-metal transition observed in nanosheets can also be
naturally explained by the same strongly correlated LS-state
insulator and IS-LS-state metal. By calculating the electronic
band structures and total energies of these two states as
functions of block number, we not only reproduce qualitatively
the trend of the transition temperatures for the bulk and
nanosheet of N = 4, but we also predict the transition tem-
peratures for other nanosheets. The insulator-metal transitions
for nanosheets with N < 4 were not observed in previous
experiments because their transition temperatures are above
room temperature. Before we present our results on the
thickness-dependent insulator-metal transition of nanosheets
of Bi2Sr2Co2O8, let us first recall the mechanism behind the
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FIG. 1. The crystal structure of a Bi2A2Co2O8 nanosheet with
N = 1. The outer green (dark) and pink (light) spheres refer to A and
Bi atoms, and the inner blue (middle) and small red spheres refer to
Co and O atoms. (a) Crystal structure. (b) The extracted hexagonal
structure of the CoO2 layer viewed from the c axis. The red dashed
frame denotes the double cell, in which the green CoO2 octahedra
denote the IS-Co ion embedded in the LS-Co ions background. Half
of the double cell along the a axis defines the unit cell of the LS state
with all Co ions in the LS state.

insulator-metal transition in bulk Bi2A2Co2O8 compounds
(A=Ca, Sr, Ba).

As shown in Fig. 1, the crystal structure of Bi2A2Co2O8

(A=Ca, Sr, Ba) is characterized by the so-called composite
structure in which CoO2 forms a central layer that is sym-
metrically covered by rocksalt-type AO and BiO layers both
above and below the CoO2 layer [14]. This basic building block
not only defines the unit cell of bulk Bi2A2Co2O8 but also
constitutes the basic block when nanosheets are mechanically
exfoliated from the bulk because the interlayer binding is
weakest between the BiO layers [15]. The CoO2 layer consists
of a two-dimensional triangular lattice of Co ions, octahedrally
coordinated with O ions above and below the Co plane.
The formal valence of Co ions deduced from the chemical
composition Bi2A2Co2O8 is 3+, leaving six electrons in Co
3d orbitals. In the edge-sharing hexagonal CoO2 layer, the
trigonal distortion of CoO2 octahedra reduces the Oh local
point group to a d3 subgroup, in which the t2g orbitals are
further split into an a1g singlet and an e′

g doublet [16].
Among the interesting properties observed for Bi2A2Co2O8

(A=Ca, Sr, Ba) [12,17–20], the most fascinating one is
the insulator-metal (I-M) transition which takes place as
either temperature or A’s ionic radius r increases [12]. For
Bi2Ca2Co2O8 (BCCO; rCa = 0.99 Å) [21] and Bi2Sr2Co2O8

(BSCO; rSr = 1.13 Å) [21], the ground states are insulators
since r is small. However, they make a transition into metallic
states at high temperature. The transition temperature TC is
around 140 K for Bi2Ca2Co2O8 and 60 K for Bi2Sr2Co2O8.
Bi2Ba2Co2O8 (BBCO; rBa = 1.35 Å) [21] with a large r

remains a metal in the whole temperature range investi-
gated [12]. Therefore, these experiments suggested that bulk
Bi2A2Co2O8 takes a metallic state at a larger lattice constant
(high temperature), while it stays in an insulator state at a
smaller lattice constant (low temperature).

The insulator-metal transition of the bulk Bi2A2Co2O8

is accompanied by a specific-heat peak [22]. The suppres-
sion of the specific-heat peak under a large magnetic field
(B = 13.2 T) indicates the involvement of spin degrees of
freedom [22]. This is further supported by the sizable negative
magnetoresistance observed for the insulating Bi2Ca2Co2O8

and Bi2Sr2Co2O8, whereas the magnetoresistance is positive
in the metallic Bi2Ba2Co2O8 [12]. The active role of the
CoO2 layers for the transport property is also verified by
the hexagonal Fermi surface observed in the angle-resolved
photoemission spectra of metallic Bi2Ba2Co2O8 [23–25].

The spin-fluctuation involvement reminds us of the spin-
state transition of Co+3 ions. It is well known that the
Co d orbitals of perovskite LaCoO3 are decomposed into
a t2g triplet (xy, yz, zx) and eg doublet (x2−y2, 3z2−r2)
separated by a crystal-field-splitting 10Dq [26,27]. Depending
on the competition between Hund’s rule coupling JH and the
crystal-field-splitting energy 10Dq, a low-spin (t6

2ge
0
g , S = 0),

intermediate-spin (t5
2ge

1
g , S = 1), or high-spin (HS; t4

2ge
2
g ,

S = 2) state is a possible candidate [26–29]. In particular,
10Dq can easily be tuned either by the ionic radius or
temperature since it is inversely proportional to the fifth power
of the lattice constant. The insulator-metal transition in bulk
Bi2A2Co2O8 has an origin similar to that of the spin-state
transition in LaCoO3 [26–29]. The derived insulator-metal
phase diagram shows that the strongly correlated LS-state
insulator and the hexagonally arranged IS-LS-state metal are
part of a consistent description of the physical properties
of bulk Bi2A2Co2O8 both below and above the transition
temperature. It also explains the insulator-metal transition
separating Bi2Ca2Co2O8, Bi2Sr2Co2O8, and Bi2Ba2Co2O8

[13].
However, the spin-state transitions in LaCoO3 and

Bi2A2Co2O8 also differ in the following two fundamental
aspects. First, the IS state is not favored in the prototype
spin-state transition compound LaCoO3 because of the more
energy favorable LS-HS state, as pointed out in Refs. [27,30].
The IS-LS state is made possible in Bi2A2Co2O8 because of the
rocksalt layers situated both above and below the CoO2 layers.
Unlike the LS-state insulator of LaCoO3, the band gap occurs
between the Co d(t2g)-derived valence bands and Co d(eg)-
derived conduction bands due to the crystal-field splitting.
The LS-state insulator of Bi2A2Co2O8 takes place between the
Co d(t2g)-derived valence bands and Bi p-derived conduction
bands because Bi p orbitals are much lower in energy than the
Co d(eg) orbitals. The IS-LS-state metal becomes possible
since the virtual excitation energy for spin-state transition
is significantly reduced. Second, the LS state becomes an
insulator in Bi2A2Co2O8 only when Hubbard U on Co ions is
large; thus, we call it the strongly correlated LS-state insulator
for the LS state [13].

Using the material parameters of bulk Bi2Sr2Co2O8

extracted from the previously obtained insulator-metal
phase diagram [13], we systematically study the thickness-
dependent insulator-metal transition observed in Bi2Sr2Co2O8

nanosheets. We first make sure that the strongly correlated
LS-state insulator and the IS-LS-state metal remain the best
candidates for the ground states of Bi2Sr2Co2O8. Then we
calculate the self-consistent electronic band structures and
total energies of both states for nanosheets with 1 � N � 4

035418-2



THEORETICAL STUDY OF THE THICKNESS DEPENDENCE . . . PHYSICAL REVIEW B 96, 035418 (2017)

and compare the results with those of the bulk compound.
The energy difference of these two states for each nanosheet
can be converted into the insulator-metal transition temper-
ature by scaling it to that of the bulk compound. Thus,
a qualitative comparison of transition temperatures can be
made between the theoretically predicted and experimentally
measured values of nanosheets. The band structures of the
LS-state insulator, in particular the size of the band gaps, are
directly related to the corresponding electric conductivities at
low temperature, whose trend is also discussed with regard to
the experiment. Our layer-resolved partial densities of states
(PDOSs) will also show that the electronic structure at the
surface atomic layers slightly differs from those of the bulk,
whereas those of the inner atomic layers of thick nanosheets
remain as in the bulk. This is also the physical reason why
the thickness-dependent transition temperature of nanosheets
quickly approaches the bulk value when the block number
exceeds 4. The small differences of PDOSs between the surface
and inner atomic layers also suggest that Bi2Sr2Co2O8 is a truly
layered compound, and mechanical exfoliation of nanosheets
is a reflection of such a feature.

The rest of the paper is organized in the following way.
In Sec. II, we first briefly describe the density-functional
theory and the relevant parameter setting for the calculations
of our nanosheets. Then the total energies and electronic
structures are presented for nanosheets of one to four blocks.
The converted thickness-dependent transition temperatures
are deducted and compared with measured values. The
physical mechanism involved in the insulator-metal transition
is discussed using the layer-resolved PDOSs. Conclusions are
drawn in Sec. III.

II. RESULTS AND DISCUSSIONS

The electronic structures are calculated using a plane-wave
pseudopotential approach to the density-functional theory as
implemented in the Vienna Ab initio Simulation Package (VASP

5.3.5) [31,32]. The Ceperley-Alder functional is used as the
exchange-correlation potential [33]. The projector augmented-
wave potentials explicitly include 10 valence electrons for Sr
(3s23p64s2), 17 for Co (3s23p63d84s1), 5 for Bi (6s26p3),
and 6 for O (2s22p4). The rotationally invariant local spin-
density approximation (LSDA) + U approach introduced by
Liechtenstein et al. was adopted for Co 3d orbitals with the
double counting explicitly subtracted [34]. The wave functions
are expanded using a plane-wave basis with an energy cutoff
of 600 eV. The 8 × 8 × 1 and 4 × 8 × 1 Monkhorst-Pack
k-point meshes are used for the unit cell of the nanosheets
with N blocks [(Bi2Sr2O4)2(CoO2)4]N [half of the rectangular
frame of Fig. 1(b), 28N atoms] and the double cell [the full
rectangular frame of Fig. 1(b), 56N atoms], respectively [35].
The 8 × 8 × 2 and 4 × 8 × 2 Monkhorst-Pack k-point meshes
are used for the bulk (Bi2Sr2O4)2(CoO2)4 unit cell and the
double cell, respectively. The total energies and densities of
states (DOSs) of nanosheets are calculated using the linear
tetrahedron method with Bloch corrections [36]. Each self-
consistent electronic calculation is converged to 10−5 eV, and
the tolerance force is set to 0.01 eV/Å for the relaxation of the
atomic positions. As is usually done for a late transition-metal
element such as Co, the Hund’s rule coupling JH is fixed at

1 eV [37], while the on-site Hubbard U is set at 7.6 eV, as was
suggested by the phase diagram of bulk Bi2A2Co2O8 (A=Ca,
Sr, Ba) [13]. As is well known, the LSDA+U approach,
similar to the unrestricted Hartree-Fock approximation, is one
of the most straightforward and well-defined approximations.
It gives, as a first-order approximation, qualitatively correct
results, although the insulating gap is usually somewhat
overestimated. LSDA+U is usually able to offer reliable total
energy of a compound but not the quasiparticle spectrum
if strong correlation is involved among electrons. Thus, our
predicted insulator-metal transition temperature should be
reliable since it involves only the energy difference between
the LS-state insulator and IS-LS-state metal. But the exact
band-gap size of the LS-state insulator and the quasiparticle
spectra of the IS-LS-state metal should be handled with
caution.

The initial crystal structures of nanosheets are constructed
from the P-1 crystal phase of bulk Bi2Sr2Co2O8 [13]. The
nanosheets are N blocks thick (see Fig. 1), stacked along
the c axis and separated by a 1.5-nm vacuum spacer. The
supercells are composed of 28N atoms for single and 56N

atoms for double in-plane unit cells. The supercells are then
fully relaxed both structurally and electronically for different
magnetic structures to optimize their energies. To make sure
the insulator-metal transition takes place among the same
quantum states as in the bulk, we first check the hierarchy
of the 22 magnetic structures in nanosheets. The sequence of
those lowest-energy states remains the same, thus ensuring that
the relevant electronic states are still the strongly correlated
LS-state insulator and the IS-LS-state metal as illustrated in
Fig. 1(b). In the following, we mainly concentrate on these
two electronic states.

With the parameters given above and the procedure
outlined, the electronic structures and total energies of
Bi2Sr2Co2O8 nanosheets (N = 1–4) are calculated for both
the LS state and the IS-LS state together with those of the
bulk. To facilitate a comparison between different electronic
states and between nanosheets with different N , all energies are
presented in terms of a single-block double cell [see Fig. 1(b),
56 atoms]. In Fig. 2, the energy difference per double cell
�E = EIS−LS − ELS between the LS state and the IS-LS state
is plotted as a function of 1/N . The corresponding energies of
the LS state (ELS) and IS-LS state (EIS−LS) are also shown
in the inset. Although the energy of each state demonstrates
an approximately linear increasing behavior with 1/N and
reveals an enhanced binding energy with increasing nanosheet
thickness, the energy difference unveils a rather nonlinear
feature with 1/N , showing a clear dimensional-crossover
pattern from three-dimensional to two-dimensional (2D) sys-
tems. The nanosheets with 1 < N < 3 can be classified as
2D systems due to their proximity in energy, whereas the
nanosheets with 3 < N < 6 can be viewed as a crossover
region because of the steep energy drop. The thick nanosheets
with N > 10 are already very close to the bulk compound
(N → ∞). The nanosheet with N = 4 is what we can still
manage numerically; the case with N = 5 is already beyond
our computational capability. As can be seen from the inset of
Fig. 2, the steep drop in the energy difference is mainly caused
by a deviation of the LS state in the crossover region. Detailed
analysis suggests that the sudden change is associated with a
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FIG. 2. The energy difference �E = EIS−LS − ELS per double
cell as a function of 1/N . The inset plots EIS−LS and ELS per double
cell as a function of 1/N . The symbols are the data points, and the
lines are only to guide the eyes.

pseudo-Jahn-Teller effect of the specific nanosheets [38]. As
suggested in our previous study on the bulk compounds, the
insulator-metal transition takes place between the LS state and
IS-LS state. Thus, the transition temperature should scale with
this energy difference. The calculated �E are 57.6, 48.8, 45.2,
22.3, and 8.6 meV for nanosheets N = 1,2,3,4 and the bulk,
while their converted transition temperatures are TC = 402,
340, 315, 156, and 60 K, respectively, if we take the bulk
TC = 60 K as a reference. Therefore, the deducted TC for a
nanosheet with N = 4 is very close to the observed value of
140 K. The estimated value for a nanosheet with N = 3 is
315 K, only slightly above room temperature. This prediction

can be used as a smoking gun to check the physical mechanism
we propose.

To explore the evolution of nanosheets with nanosheet
thickness, the band structures are presented in Fig. 3 for both
the LS state and IS-LS state. Band dispersions are plotted
along the high-symmetry points X( 1

2 00), �(000), Y (0 1
2 0),

L( 1
2

1
2 0), and �(000) in the irreducible Brillouin zone. The

conduction bands are contributed by BiO layers, while the
valence bands originate from the CoO2 layers. Figure 3 shows
that the LS state is always an indirect band-gap insulator
irrespective of nanosheet thickness, while the IS-LS state is
always a spin-polarized semimetal due to the overlap between
the conduction bands and majority-spin valence bands. Let
us first analyze the electronic structures of the LS state. The
two lowest conduction bands of nanosheet N = 1 are each
of degeneracy 2 and are both derived from two surface BiO
layers. When the nanosheet thickness is doubled, two extra
conduction bands emerge around each of the original bands
of nanosheet N = 1. These bands are split from the coupled
inner BiO-BiO layers. As the nanosheet-thickness increases,
the degeneracy of these split bands increases accordingly while
keeping the original bands of surface BiO layers intact. When
N → ∞, the surface BiO layers disappear and so do their
contributed bands. This is clearly illustrated in the right panel
of Fig. 3 for the bulk compound. Since the valence bands all
come from the inner CoO2 layers, the band structures of the
LS state are all similar, except the band degeneracy, which
increases proportional to N . The above analysis applies also
to the band structures of the IS-LS state. One sees that the
overall pattern of the valence bands is quite similar, except
for the proportionally increased degeneracy. Concerning the
LS state, one notices that the insulator gap decreases almost
monotonically with nanosheet thickness, with the bulk having

FIG. 3. The electronic band structures of the LS state and the IS-LS state. The top panel represents the LS-state insulator, while the bottom
panel represents the IS-LS-state metal. From left to right are the nanosheets for N = 1,2,3,4 and the bulk compound. The black solid lines
refer to majority-spin bands, and red dashed lines refer to minority-spin bands of the IS-LS state.
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FIG. 4. The layer-resolved densities of states of the LS state of Bi2Sr2Co2O8 nanosheets. From top to bottom are the nanosheets for
N = 1,2,3,4 and the bulk. The PDOSs are plotted from left to right for the BiO, SrO, and CoO2 layers and the TDOS. For each pair of BiO,
SrO, and CoO2 layers which are symmetrical with respect to the center of nanosheet, only one of them is displayed. The PDOSs of the different
labeled regions with the same composition are plotted together with incremented offsets from the outer to inner layers. Plotted together with
TDOS (black solid lines) are the Bi-resolved (pink dotted lines) and Co-resolved (blue dashed lines) PDOSs.

the smallest band gap. The insulator gap decreases slightly
with N because of the enhanced Bi p-derived conduction
bands brought about by the reduced bond length between inner
BiO-BiO layers. This trend is in agreement with the resistivity
measurements on nanosheets [11]. As for the IS-LS state, a
similar mechanism holds. The valence and conduction bands
are closer to each other as the nanosheet thickness increases,
indicating improved conductivity with nanosheet thickness
above the transition temperature.

The reason why Bi2Sr2Co2O8 nanosheets can easily be
made using the mechanical-exfoliation technique can be
understood from the layer-resolved PDOSs presented in
Fig. 4. To facilitate a systematic comparison between different
nanosheets and between different atomic regions, the DOSs of
nanosheets N = 1,2,3,4 and the bulk compound are displayed
from the top to bottom, while the PDOSs of BiO, SrO, and
CoO2 layers and the total DOS (TDOS) are shown from left to
right. The PDOSs of different atomic regions corresponding
to the same composition are drawn in the same subplot with
incremental positive offset for easier viewing. For the BiO
atomic region which appears both as surface layers and inner
layers of the nanosheets, the PDOS of the surface layers differs
slightly from those of the inner layers. The surface bands
are also narrower than the inner bands. However, the inner
PDOSs are almost the same irrespective of their position away
from the surface. Such a conclusion is also valid for the SrO
atomic region. It is seen that only the atomic layers closest
to the surfaces differ slightly from the inner layers, while all
inner atomic layers remain almost the same irrespective of
the thickness of the nanosheets. This suggests that the surface

only slightly affects the first two rocksalt atomic layers. The
weak binding between different atomic layers facilitates the
mechanical-exfoliation technique. As for the CoO2 layers,
two atomic layers away from the surface, the PDOSs show
almost no difference, which further confirms the short-range
impact of surfaces on the electronic states. The PDOSs and
TDOSs also clearly show that the band gap occurs between
the BiO-derived conduction bands and CoO2-derived valence
bands in the LS-state insulator. The band gap only weakly
depends on and slightly shrinks with increased nanosheet
thickness.

To understand the metallic property of the nanosheets above
the insulator-metal transition temperature, it is worthwhile to
investigate the layer-resolved PDOSs of the IS-LS state of
Bi2Sr2Co2O8 nanosheets. As illustrated in Fig. 5, the IS-
LS state is a ferrimagnetic semimetal due to the spin-state
transition of Co ions. The averaged magnetic moment is
0.46μB/Co. The magnetic coupling between IS-Co ions is
expected to be weak because of the intervening LS-Co ions.
The charge carriers involve both electrons at the bottom
of the BiO-derived conduction bands and holes at the top
of CoO2-derived valence bands. Similar to those of the LS
state, only the PDOSs of the first two atomic layers near
the surface have a slight difference from the inner ones,
while all inner PDOSs of the same atomic compositions are
almost indistinguishable from each other. As revealed by the
electronic band structures, the layer-resolved PDOSs of the
bulk compound are very close to those of inner atomic layers,
as should be the case. The other common feature is that the
electronic states in the surface layers are less extended than
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FIG. 5. The layer-resolved densities of states of the IS-LS state of Bi2Sr2Co2O8 nanosheets. From top to bottom are the nanosheets for
N = 1,2,3,4 and the bulk. The PDOSs are plotted from left to right for the BiO, SrO, and CoO2 layers and the TDOS. For each pair of BiO,
SrO, and CoO2 layers which are symmetrical with respect to the center of nanosheet, only one of them is displayed. The PDOSs of the different
labeled regions with the same composition are plotted together with incremented offsets from the outer to inner layers. Plotted together with
TDOS (black solid lines) are the Bi-resolved (pink dotted lines) and Co-resolved (blue dashed lines) PDOSs. As usual, the DOSs of majority
spin are plotted upwards (positive offsets), while those of minority-spin are plotted downwards (negative offsets).

those of the inner atomic layers, reflecting a slightly enhanced
binding of the inner layers.

Comparative studies have also been done for the
Bi2Ca2Co2O8 and Bi2Ba2Co2O8 compounds. They are not
presented here because Bi2Ca2Co2O8 nanosheets are deep in
the insulator region and the required insulator-metal transition
temperature is unrealistically higher than room temperature.
The Bi2Ba2Co2O8 nanosheets are deep in the metallic region
without an insulator-metal transition.

III. CONCLUSION

In summary, the thickness-dependent insulator-metal tran-
sition of Bi2Sr2Co2O8 nanosheets was systematically studied
in this paper. Our proposed LS-state insulator and IS-LS-state
metal reproduce the low-temperature insulating and high-
temperature metallic phases for the bulk and a nanosheet of
four blocks. We also predict that the insulator-metal transition
temperature of a nanosheet with N = 3 is only slightly
above room temperature, which can be checked by further

measurements on the existing samples. In addition, the spin
fluctuation is anticipated in the high-temperature IS-LS state,
while it is frozen in the low-temperature LS state. These
distinct behaviors are surely reflected in the thermodynamical
and thermoelectric properties associated with the spin entropy
of Co ions, as was observed in water-intercalated NaxCoO2

superconductors [39–41] and the half-doped Na1/2CoO2 com-
pound [42–44]. More experiments on Bi2Sr2Co2O8 nanosheets
are surely required to validate or invalidate the mechanism
proposed in this paper.
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