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High-pressure tuning of d–d crystal-field electronic transitions and electronic band gap in Co(IO3)2
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High-pressure optical-absorption measurements performed on polycrystalline Co(IO3)2 samples were used to
characterize the influence of pressure on the electronic d–d transitions associated with Co2+ and the fundamental
band gap of Co(IO3)2. The results shed light on the electron-lattice coupling and show that Co(IO3)2 exhibits an
unusual behavior because the compression of Co–O bond distances is not coupled to pressure-induced changes
induced in the unit-cell volume. Experimental results on the internal d–d transitions of Co2+ have been explained
based on changes in the constituent CoO6 octahedral units using the semiempirical Tanabe-Sugano diagram.
Our findings support that the high-spin ground state (4T1) is very stable in Co(IO3)2. We have also determined
the band-gap energy of Co(IO3)2 and its pressure dependence which is highly nonlinear. According to density-
functional theory band-structure calculations, this nonlinearity occurs because the bottom of the conduction band
is dominated by I-5p orbitals and the top of the valence band by Co-3d and O-2p orbitals, and because the Co–O
and I–O bond lengths exhibit different pressure dependences.
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I. INTRODUCTION

The accurate characterization of the band-gap energy of
semiconductors is fundamental for the development of elec-
tronic and optical applications. The study of the influence
of pressure on the band-gap energy has gained interest over
recent decades [1–3]. One of the reasons for the increas-
ing interest is that high pressure (HP) has been shown to
be an excellent tool to study the fundamental electronic
properties of semiconductors [4,5]. In the case of cobalt io-
date, Co(IO3)2, there is an interest in its band structure and
band-gap energy. This is primarily motivated by its potential
applications as a high-performance nonlinear-optical material
[6]. The structural and vibrational properties of Co(IO3)2 have
been characterized under HP [7], but as of yet there is no
information on the band-gap energy or its pressure depen-
dence. In addition to the optical absorptions associated with
the fundamental band gap, there is an additional interest in
Co(IO3)2. This interest is associated with the existence of
internal intraconfigurational transitions within the 3d7 elec-
tron configuration of Co2+ and with the 3d orbitals splitting
caused by the octahedral crystal field [8]. These transitions
are known as internal d–d transitions and are present in com-
pounds with transition metals with partially occupied d shells
(like Mn2+, Cu2+, and Co2+). Such internal d–d transitions
between localized states produce a weaker absorption (which
is connected to the crystal field) compared to the fundamental
absorption between the valence and conduction bands [9]. In
particular, the pressure dependence of the d–d transitions is
different from that of the fundamental band gap because they
are governed by different physical mechanisms [10].

A compound like Co(IO3)2 can facilitate the experimental
study of relevant electron-lattice couplings, like the Jahn-
Teller (JT) effect, which involve orbital-degenerate electrons
and lattice distortions or vibrations [9]. This electron-lattice
coupling is responsible for a diverse range of phenomena,
including colossal magnetoresistance, insulator-to-metal tran-
sitions, or spin transitions [11–14]. A deep understanding of
electron-lattice coupling can be obtained from HP studies;
therefore, the study of electron-lattice coupling under HP
has become a key topic [3,5–7]. Octahedral Co2+ oxides are
particularly useful compounds for studying the influence of
pressure on the electron-lattice coupling. In these compounds,
the combined action of a weak JT effect (T ⊗ e) and crys-
tal anisotropy favors a low-symmetry distortion around the
transition metal resulting in noncentrosymmetric octahedra.
In addition, in octahedral Co2+ oxides, d–d transitions re-
sult in weak optical-absorption bands with energies smaller
than the band-gap energy. The energy of these bands is
correlated to the crystal-field splitting of the Co2+ 3d7 or-
bital in CoO6 octahedral units, which is affected by the
low-symmetry distortions. Therefore, optical-absorption (OA)
spectroscopy under HP can provide important information
to understand not only the HP behavior of the band gap,
but also the pressure-induced changes in octahedral distor-
tion, crystal-field strength, and spin configuration. Amongst
the octahedral Co2+ oxides, cobalt iodate, Co(IO3)2, is a
particularly interesting compound which enables the exper-
imental study of electron-lattice coupling under HP. This
compound, with a monoclinic crystal structure at ambient
conditions (space group P21) is extremely compressible (it
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has a bulk modulus of 30 GPa) due to the lone electron
pair of the I5+ [7]. The crystal structure of Co(IO3)2 also
shows a large anisotropic response to pressure [7]. Further-
more, the coordination polyhedra of Co2+ and I5+ are very
sensitive to HP [8]. Due to these aspects of Co(IO3)2 outlined
above, the application of low pressures (< 20 GPa) leads to
important changes in the electron-lattice coupling and crys-
tal field, making Co(IO3)2 an ideal prototype for studying
correlations between electronic and crystal structures under
compression.

Here, we report a combination of OA studies and density-
functional theory (DFT) calculations on Co(IO3)2 under HP
conditions. We show that changes in the fundamental band
gap and internal d–d absorption bands are intimately related
to structural changes, thereby yielding an enhancement of
the symmetry of CoO6 octahedra under HP. The enhanced
symmetry has a strong influence in the OA spectra due to the
different electron-phonon couplings involved. The pressure
evolution of the internal d–d transitions and the fundamental
band gap is explained by analyzing the crystal field and using
DFT calculations.

II. METHODS

A. High-pressure optical-absorption experiments

HP optical-absorption experiments were carried out on a
3-μm-thin platelet of polycrystalline Co(IO3)2 which exhib-
ited the P21 monoclinic structure [7]. The powder samples
used in the present work were the same as those used for
our previous study of the pressure-induced isostructural phase
transition in Co(IO3)2. The crystal structure and sample purity
of the Co(IO3)2 samples were reported in our previous work
[7]. The optical-absorption measurements were performed in
a diamond-anvil cell equipped with IIA-type diamonds with
culet diameters of 480 μm. The sample was loaded in a
200-μm-diameter hole drilled in a stainless-steel gasket prein-
dented to a thickness of 40 μm. Potassium bromide (KBr)
was used as a pressure-transmitting medium (PTM) [15]. This
medium is not fully hydrostatic above 2 GPa [15], but non-
hydrostatic stresses do not substantially affect the behavior
of Co(IO3)2 in the pressure range of our study, as shown in
previous infrared studies [7]. In addition, KBr has the advan-
tage of transparency in the energy range of optical-absorption
experiments. The sample pressure was determined using the
ruby scale [16]. The sample-in, sample-out method was used
to acquire OA spectra using a bespoke optical setup [17]. The
absorbance of the sample was obtained by normalizing the
intensity of the light transmitted through the sample [I (ω)]
with the intensity of the light transmitted through the PTM
[I0(ω)]. Further details regarding the optical-absorption setup
can be found elsewhere [18]. Due to the difference in the
intensity of the absorption of the band gap and internal d–d
transitions, the OA measurements were performed using two
different light sources to separately investigate the visible
and ultraviolet regions of the electromagnetic spectrum. The
lower-energy region, 1.5 to 2.9 eV, allows an accurate mea-
surement of the weak internal d–d transitions of Co2+. The
higher-energy region, >2.6 eV, allows for measurement of the
band-gap energy.

B. First-principles calculations

The electronic properties of Co(IO3)2 were modeled within
the framework of DFT [19] using the Vienna Ab initio
Simulation Package (VASP). We used the generalized gradi-
ent approximation with the Armiento and Mattsson (AM05)
prescription [20] for the exchange–correlation energy. Pseu-
dopotentials were generated with the projector-augmented
wave method [21] using a 540-eV plane-wave cutoff to en-
sure high accurate convergence. The Brillouin-zone k-point
integration was carried out using a significant sampling of
a 4 × 6 × 4 grid for the primitive unit cell. The DFT + U
scheme [22] was used to treat the strongly correlated 3d
states of Co atoms. In our calculations, we used an effective
Hubbard parameter Ueff = 3.32 eV [7]. This parameter was
optimized at ambient conditions and (as is common practice)
assumed to be pressure independent [23,24]. This approach
was shown to properly describe the changes induced by pres-
sure in the crystal structure and phonons of Co(IO3)2 [7].

III. RESULTS AND DISCUSSION

Figure 1 shows the absorbance spectra determined from a
selection of OA spectra summarizing the pressure evolution
of both the internal d–d transitions [Fig. 1(a)] and the funda-
mental band gap [Fig. 1(b)]. In Fig. 1(a) we observe a change
in the pressure evolution of absorptions associated with d–d
transitions at 7.3 GPa. In particular, the highest-energy band
blueshifts with increasing pressure from ambient pressure to
the highest pressure with a slope change at 7.3 GPa. This
pressure of 7.3 GPa is close to the transition pressure of a pre-
viously reported isostructural phase transition [7]. This phase
transition involves the enhancement of the symmetry of the
CoO6 octahedra and a change in the pressure dependence of
Co–O bond distances. As we show, this fact is consistent with
the observations of the present work. From the OA experiment
data, we have obtained the pressure dependence of the d–d
transition energies by fitting Gaussian profiles to the absorp-
tion bands. The results are given in Fig. 2(c). In Fig. 1(b) it can
be seen that the fundamental band gap redshifts as pressure
increases. We later show that there are also changes in the
pressure dependence of the band-gap energy near 7.3 GPa.

The data analysis indicates that changes in the optical
properties are directly correlated to changes in the crystal
structure, in particular, to local changes of the CoO6 oc-
tahedra. In the crystal structure of Co(IO3)2 there are two
Co atoms occupying nonequivalent crystallographic positions.
However, their coordination octahedra are nearly identical
[7]. A representation of the CoO6 octahedra is provided in
Fig. 2(a). From ambient pressure to 7.3 GPa the CoO6 oc-
tahedra are noncentrosymmetric. At ambient conditions they
have an average Co–O bond length of r0 = 2.067 Å with a dis-

tortion index [σ = (
∑6

i=1 (ri − r0)2)1/2, and r0 =
∑6

i=1 ri

6 ] of
σ = 0.06 Å according to DFT calculations [25]. The pressure
dependence of σ is represented in Fig. 2(d). The oxygen-metal
(Co and Zn) bond distances used to calculate the distortion in-
dex were obtained from previously reported DFT calculations
[7,26]. The distortion index of the CoO6 octahedra initially de-
creases very rapidly with pressure. At 7.3 GPa, r0 = 2.046 Å
and σ = 0.02 Å. After the phase transition at 7.3 GPa, the
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FIG. 1. High-pressure optical-absorption spectra of Co(IO3)2. (a) The lower-energy region, 1.5 to 3.1 eV, selected to highlight the weak
internal d–d absorption bands. (b) The higher-energy region, 2.2 to 3.7 eV, selected to show the fundmanetal band-gap absorption. Pressures in
GPa are indicated in the figures. Different light sources were used in (a) and (b) corresponding to the different energy regions. In (a), the green
lines show the pressure evolution of Co2+ d–d bands. The absorbance was obtained by the function A = log10

I (ω)
I0 (ω) , where A is absorbance, and

I (ω) and I0(ω) are, respectively, the light transmitted through the sample and the PTM.

rate of change of distortion index with increasing pressure is
much lower, despite the fact that the Co–O bond lengths con-
tinue to decrease, eventually reaching values of r0 = 2.029 Å
and σ = 0.01 Å at 17.5 GPa. Therefore, the CoO6 octahedra
become more symmetric with increasing pressure, eventually
becoming quasicentrosymmetric beyond 7.3 GPa. As shown
in Fig. 2(d), the two inequivalent CoO6 octahedra exhibit the
same pressure dependence of the distortion index σ . This
means that, to a first approximation, we can analyze the
OA spectra with a model including only one effective CoO6

octahedron.
The octahedral distortion in Co(IO3)2 probably arises from

structural modifications induced by the crystal anisotropy and
the weak Jahn-Teller effect (T ⊗ e) associated with the t2g or-
bitals [the 4T1g(F ) ground state] [27–29]. Thus, the octahedral
distortion affects the crystal-field splitting of the Co2+ (3d7)
orbitals in CoO6 under HP as we show in the one-electron
energy-level diagram given in Fig. 2(b). The splitting of the
parent octahedral t2g(�t ) and eg(�e ) orbitals was estimated
through correlations between the low-symmetry local struc-
ture and both �e and �t established elsewhere for halides and
oxides [9,27–29]. For an octahedral distortion of σ = 0.06 Å,
we estimate �e of about 0.2–0.3 eV and �t of about 0.05
eV at ambient conditions, both of which decrease by a factor
of 6 by 17.5 GPa. As discussed later in the present work, the
reduction of the crystal-field splitting with increasing pressure
yields a narrowing of the d–d absorption band at 2.15 eV [see
Fig. 1(a)]. The Co2+ cation in Co(IO3)2 has a 3d7 electronic
configuration wherein the seven 3d electrons occupy the dxy,
dxz, dyz, dx2−y2 , and dz2 orbitals with five electrons in triply
degenerate t2g level and two spin-up electrons in the doubly

degenerate eg level, both of which are split by �t and �e,
respectively, in the Oh-distorted CoO6 octahedron.

In sixfold-coordinated Co2+, in nearly octahedral coordi-
nation, the absorption bands originating from d–d transitions
can be well described using the Tanabe-Sugano (TS) diagram
for octahedral Co2+ (3d7) [30]. This diagram is shown in
Fig. 3. The TS diagram is based on a semiempirical model that
describes the internal d–d transitions using the crystal-field
splitting energy, �, and the interelectronic repulsion interac-
tions through the Racah parameters B and C [31]. The energies
of all possible transitions from the ground state can be pre-
cisely described through these three parameters and they are
represented through the Tanabe-Sugano diagram [32]. In the
high-spin state of Co2+, the only spin-allowed transitions are:
4T1g(F ) → 4T2g(F ), 4T1g(F ) → 4A2g(F ), 4T1g(F ) → 4T1g(P).
Amongst them, the 4T1g(F ) → 4T1g(P) transition shows the
maximum oscillator strength and a relatively narrow full
width at half maximum (FWHM). The 4T1g(F ) → 4T2g(F )
transition energy, which is proportional to the crystal-field
splitting �, is below the explored spectral range (at about
0.7 eV). Furthermore, the energy of the 4T1g(F ) → 4A2g(F )
transition, involving two electrons jumping from t2g to eg,
is proportional to 2�, giving rise to strong electron-phonon
couplings, yielding a band broadening and thus being difficult
to detect at ambient conditions. Examples of this behavior can
be found in KCoF3, CoF2 [33], and CoCl2 [34]. Therefore,
the 4T1g(F ) → 4T1g(P) transition is the major feature of the
OA spectra of these compounds, and it is responsible for their
characteristic red color. Therefore, the band placed at 2.13 eV
at 1.2 GPa in Co(IO3)2 [see Fig. 1(a)] can be assigned to
the spin-allowed 4T1g(F ) → 4T1g(P) transition. Additionally,
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FIG. 2. (a) Representation of the CoO6 octahedron. (b) Diagram
of Co2+ d levels in Co(IO3)2 for P < 7.3 GPa and P > 7.3 GPa. (c)
Pressure dependence of the d–d transition energies. The solid lines
are linear fits. The vertical dashed line indicates the phase transition
pressure. Where not visible the error bars are smaller than symbols.
(d) Distortion index of Co1O6 and Co2O6 in Co(IO3)2 compared
to that of ZnO6 in Zn(IO3)2. The bond distance between the metal
(Co and Zn) and iodine used to calculate the distortion index was
obtained from DFT calculations [7].

the weaker absorption band at 2.47 eV is associated with the
4T1g(F ) → 2A1g(G) transition. Although this transition is ini-
tially spin forbidden by the electric dipole (ED) mechanism,
the spin-orbit interaction and the proximity of charge-transfer
states make it ED allowed. The pressure coefficients of these
bands [Fig. 2(c)] support the present assignment. Other bands
are difficult to identify in the absorption spectra due to their
broad FWHM, especially at lower pressures (P < 7.3 GPa).

An important feature in the pressure evolution of the
absorption spectra is the progressive band narrowing ex-
perienced by the absorption bands above 7.3 GPa. This
narrowing allows us to clearly resolve the narrow spin-
fliplike 4T1g(F ) → 2T1g(H ) transition at 2.43 eV, and the
oscillator-strength enhanced 4T1g(F ) → 2A1g(G) transition
that blueshifts with pressure from 2.52 to 2.63 eV when
increasing pressure from 7.5 to 17.5 GPa, This pressure-
induced narrowing of all d–d absorption bands correlates with
the symmetrization of the CoO6 octahedra with pressure, as
indicated by the progressive decrease of the octahedral dis-
tortion index, σ , from 0.06 at ambient pressure, to 0.01 Å at
17.5 GPa; see Fig. 2(d). The homogeneous band narrowing
is associated with the reduction of the FWHM due to the
eg splitting �e. The energy-level splitting is represented in
Fig. 2(b). The band energies and their variation with pressure
can be described based on the TS diagram given in Fig. 3.
According to the transition assignment in the TS diagram, the
energy ratio between the two d–d transition bands observed in
experiments at 1.2 GPa is 2.47 eV/2.13 eV = 1.16. The same
ratio between states 2A1g(G) and 4T1g(P) in the TS diagram
corresponds to �/B = 9.08 (x axis) and E/B = 21.7 (y
axis), when E = 2.13 eV. Thus, the Racah parameters B =

FIG. 3. TS diagram for 3d7 ions calculated for C/B = 4.62. The
state energy is a function of the crystal-field energy � in terms of
the Racah parameter B. For clarity, only relevant energy states are
plotted. Blue (green) lines represent states where the transtion is spin
allowed (forbidden). Red dots correspond to selected spectroscopic
data at different pressures. The vertical dashed line shows the high-
spin (HS, S = 3/2) to low-spin (LS, S = 1/2) crossover at �/B = 22.

0.098 eV, C = 0.453 eV, and the crystal-field splitting � =
0.89 eV at 1.2 GPa are consistent with the nephelauxetic series
[35]. In particular, B is similar to the parameters obtained
at ambient pressure in KCoF3 (Co2+), B = 0.105 eV (� =
0.95 eV) [33], in CoCl2 (Co2+), B = 0.097 eV (� = 0.87 eV)
[34], in CoO (Co2+), B = 0.105 eV (� = 1.15 eV) [35], and
in the hexa-aquo Co(OH2)6 complex, which has Co2+ oc-
tahedrally surrounded oxygen atoms, B = 0.073 eV (� =
1.12 eV) [35], and it is higher than that found in MnWO4

(Mn2+O6), B = 0.077 eV (� = 0.94 eV) [36], which is rea-
sonable as Mn2+ has a d5 configuration.

It is worth noting that the pressure-induced band narrow-
ing of the d–d bands observed in the optical spectra above
7.3 GPa is a sign of the suppression of the low-symmetry dis-
tortion of the CoO6 octahedra due, in part, to the Jahn-Teller
effect associated with the 4T1g(F ) ground state. The symmetry
enhancement of the divalent metal coordination octahedra is
not a feature unique to HP Co(IO3)2. It also happens in other
metal iodates such as Fe(IO3)3 [37] and Zn(IO3)2 [26], as can
be seen in Fig. 2(d), where the distortion index of ZnO6 is
compared with that of CoO6. However, the d–d absorption
bands of other metal iodates are typically not observable in
their OA spectra. Therefore, Co(IO3)2 provides a unique way
to investigate the pressure evolution of metal oxygen com-
plexes in metal iodates.

From the data shown in Fig. 2(c) it can be deduced that the
crystal-field splitting in the CoO6 octahedra is enhanced under
pressure. This phenomenon is a direct consequence of the
volume reduction upon compression of the crystal structure of
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Co(IO3)2 which yields a reduction in the Co–O bond distance.
We have found a variation of � from 0.89 at 1.2 GPa, to
1.00 eV at 17.5 GPa; see Fig. 3. Interestingly, this fact is
consistent with expectations of the crystal- (or ligand-) field
theory (CFT). According to CFT, �/�0 = (r0/r)n with the
n exponent close to 5 [29]. This relationship is usually em-
ployed with (V0/V )n/3 since the volumes can be more easily
obtained by, for example, the equation of state determined by
x-ray diffraction [7]. The corresponding bond distances r(P),
on the other hand, often require single-crystal x-ray diffraction
(XRD) measurements. The approach utilizing (V0/V )n/3 is
correct provided that the bond distances scale proportionally
to the crystal volume with pressure [29]. The results obtained
from Co(IO3)2 in the present work provide a primary exam-
ple of how the Co–O bond distances and unit-cells volumes
can scale disproportionately; therefore, in the present case of
Co(IO3)2, the approximation �/�0 = (V0/V )n/3 is no longer
valid. Considering the variations of �, V, and r we obtain
exponents of n = 3(1) and 6(1) using (V0/V )n/3 and (r0/r)n,
respectively, the latter being compatible with crystal-field the-
ory expectations of n = 5. The large difference between the
exponents acquired using different assumption reveals that
the reduction in the average volume per atom in the crystal
structure upon compression is mainly accounted for by the
iodine coordination polyhedra (which are more compressible
due to the presence of a lone electron pair on the I5+ cation,)
rather than the CoO6 octahedra. This also reveals that the I–O
bonds are more compressible than the Co–O bonds.

Another interesting feature to explore from our results
is the possible occurrence of a spin transition in Co(IO3)2.
Using the TS diagram, the critical pressure for the high-spin
to low-spin crossover can be estimated. According to Fig. 3,
this is expected to happen at �/B = 22 (� = 2.2 eV). Based
on these results, the corresponding volume reduction needed
to reach � = 2.2 eV would be about 60%, which would be
equivalent to a pressure of about 110 GPa, according to results
from XRD studies [7]. This pressure is much higher than
the spin-crossover transition pressure found in CoCl2 (near
70 GPa) [34]. This result indicates that the high-spin state is
very stable in Co(IO3)2.

To conclude, we discuss the pressure dependence of
the band gap. According to our band-structure calculations,
Co(IO3)2 has an indirect band gap, as is observed in other
metal iodates [38]. Based on the assumption of an indirect
band gap, we have determined the pressure dependence of
the band-gap energy from the OA spectra measured in the
high-energy range. The values of the indirect band-gap energy
were determined using a Tauc plot analysis [39], wherein the
linear fit of the high-energy part of the (αhυ )1/2 vs hυ plot was
extrapolated to (αhυ )1/2 = 0, where α is the absorption coef-
ficient, h is Plank’s constant, and υ is the photon’s frequency.
The value of the band-gap energy was thereby estimated to be
3.5(1) eV at 1.2 GPa, which is similar to that of the structurally
related metal iodate Zn(IO3)2 [40]. The pressure dependence
of the band-gap energy is shown in Fig. 4, where the experi-
mental results are compared with those derived from our DFT
calculations. The DFT calculations underestimate the band-
gap energy at ambient pressure, giving a value of 2.26 eV;
however, they provide a good description of the pressure
dependence of the band-gap energy. The difference between

FIG. 4. Pressure dependence of the band gap of Co(IO3)2. Data
from experiments and DFT calculations are, respectively, shown with
symbols and with a solid line. The calculated band gap has been
offset by 1.2 eV to facilitate comparison as discussed in the main
text.

measured and calculated band gaps at ambient pressure is typ-
ical of DFT calculations and it is related to the approximations
used to describe the exchange and correlation energies. How-
ever, the underestimation of the absolute value of the band
gap does not affect the calculated relative changes induced by
pressure [41,42], as is shown by the good agreement between
experiment and theory in Fig. 4, where the calculated band gap
has been offset by 1.2 eV to facilitate comparison. In the figure
it can be seen that the band-gap energy decreases rapidly from
3.5 eV at ambient pressure to 3.1 eV at 8 GPa. Above 8 GPa,
the band-gap energy decreases much more slowly, eventually
reaching a value of 3 eV at 18 GPa.

In Fig. 5 we present the electronic density of states (DOS)
and projected density of states (PDOS) at ambient pres-
sure. The pressure dependence of the atomic character in the
valence-band maximum (VBM) and conduction-band mini-
mum (CBM) are shown in Fig. 6, where we can observe that
the VBM is dominated by the Co-3d and O-2p orbitals, and
the CBM is dominated by the I-5p orbitals, with some contri-
bution from the O-2p orbitals. Thus, the band-gap energy will
be strongly affected by changes in the Co–O and I–O bond
distances. As we have reported previously [7], the Co–O bond
distances decrease from ambient pressure (2.067 Å) to around
7 GPa (2.046 Å), after which pressure the distance continues
to decease but more slowly. On the other hand, the length
of the I–O bonds in the original IO3 polyhedron (a trigonal
pyramid) continuously increases under compression, in order
to accommodate the three second-nearest neighboring oxygen
atoms, thereby gradually transforming the original IO3 poly-
hedron into an IO6 distorted octahedron. Consequently, there
are two competing effects affecting the states near the Fermi
level under compression. The decrease of the Co–O bond
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FIG. 5. Calculated total electronic DOS and PDOS for Co(IO3)2

at ambient pressure.

distances enhances the overlap between Co and O orbitals,
favoring the narrowing of the band-gap energy. In contrast,
the increase of the three I–O bond distances reduces the
hybridization between iodine and oxygen, which favors the
opening of the band gap. At lower pressures, the large contri-
bution of Co states to the VBM dominates the change of the
band-gap energy, so the band gap decreases with pressure, up
to around 8 GPa. Beyond this pressure, the two effects neutral-
ize each other, and the band gap of Co(IO3)2 almost remains
unchanged under increasing pressure. A consequence of the
competition between the two mechanisms described above
is a small shoulder in the pressure dependence of the band
gap predicted by calculations around 4 GPa. This shoulder is
not observed in experiments, probably due to the associated
experimental error.

IV. CONCLUSIONS

In conclusion, optical-absorption measurements of
Co(IO3)2 provide useful information regarding the
electron-lattice coupling of this Co2+ compound. In particular,
we have been able to determine that the pressure evolution of

FIG. 6. Calculated pressure dependence of the normalized
atomic character in (a) the VBM and (b) CBM of the electronic band
structure in Co(IO3)2.

the d–d transitions in Co(IO3)2 is distinct from that observed
in other Co2+ compounds, and that, therefore, Co(IO3)2

provides a primary example of how the pressure dependencies
of volume and Co–O bond distances can be decoupled. We
have correlated the large broadening of d–d bands at ambient
conditions with the low-symmetry octahedral distortion of
CoO6 that additionally splits the eg and t2g Co2+ orbitals.
The pressure-induced band narrowing is thus associated
with the symmetrization of the CoO6 octahedra, that in
turn unveils the existence of a structural phase transition at
7.3 GPa. Additionally, we have found that changes in the
d–d transition energies also support the existence of such
a phase transition. Using the Tanabe-Sugano diagram we
have provided a rational explanation for all observed results.
Based on this analysis, we concluded that the high-spin state
is very stable in Co(IO3)2, and the high-spin to low-spin
transition could be expected in the 110-GPa range. Finally,
it was determined that the band-gap energy follows a strong
nonlinear pressure dependence, with a change in slope near
the transition pressure. An explanation for this behavior is
provided based upon DFT band-structure calculations.
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