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BiSbWO6: Properties of a mixed 5s/6s lone-pair-electron system 
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A B S T R A C T   

We investigate the behavior of lone-pair electrons in a mixed Sb(5s)/Bi(6s) crystal-environment. Density func
tional theory is used to calculate the electronic properties of Sb-alloyed-Bi2WO6 and to study the effects of 
introducing Sb 5s orbitals to the band structure. The band edge positions, partial charge analyses, and band 
decomposed charge densities of BiSbWO6 are used to explain the observed trends in relative stabilities and band 
edge shifts. To isolate the role of the mixed lone-pair, we considered WO3 as a control model. We find that local 
distortions caused by Sb 5s lone-pair electrons lead to upshifts in both valence and conduction band edges.   

1. Introduction 

Post-transition multinary metal oxides of electronic configuration 
ns2-md0 have been highlighted as efficient photocatalysts [1–3] due to 
their favorable optoelectronic properties. They can exhibit high hole
mobility arising from ns2 – O 2p hybridization at their valence band 
maxima (VBM), which reduces O 2p localization. At their conduction 
band minima (CBM), np0 – md0 hybridization increases empty d-band 
dispersion, which improves electron mobility. Furthermore, the ns2p0 

configuration of the post-transition cations can lead to unique crystal 
distortions due to the formation of stereochemically active electron lone 
pairs [4]. In such cases, the phenomenon has been further correlated 
with hybridizations of cation s-, p-, and anion p-orbitals, which alto
gether shape the frontier orbitals and determine their energetic position 
[5,6]. 

We recently studied one such system, namely SbTa1–xNbxO4 [7], in 
several common post-transition metal oxide phases, and found that 
varying the ionic/covalent character of the structure as a function of 
crystal phase and nd orbital contributions directly affected its overall 
stability and electronic properties. The layered structure of the ortho
rhombic stibiotantalite phase was found to be most stable. Moreover, its 
MO6 layers (M = Ta, Nb) played a key role in determining the position of 
the band edges. These properties were influenced by the behavior of Sb 
5s lone-pair electrons. In the present study, we clarify the effects of lone- 
pair electrons on the electronic structure of ns2-md0 materials. We show 
that variations in the lone-pair environment via isovalent alloying of the 
post-transition metal can shift band edge positions towards optimal 

values for photocatalytic water-splitting. 
Of the ns2-md0 class of materials, none have received greater atten

tion than BiVO4. Regarded as a paradigm in photocatalytic semi
conductor material research for its favorable properties, as well as its 
challenges [8–14], it has been extensively studied both experimentally 
and theoretically and is often used as a platform for designing new 
photocatalysts [15–18]. Due to the localized V 3d conduction orbitals, 
BiVO4 charge transport properties are affected by the formation of small 
polaronic states [10,11,14]. Due to the poor transport properties, 
experimentally measured currents in BiVO4 under visible light have 
come up short with respect to theoretically predicted values [13,14]. 
Alternatively, one may consider materials with more delocalized con
duction bands, such as W 5d0 compounds. Here, the probability of 
forming polaronic trap states may be reduced allowing for higher charge 
carrier mobilities. One such example is the russellite mineral, or 
Bi2WO6, which itself has enjoyed a great deal of attention in photo
catalysis research, though mostly under an experimental lens [19–24]. It 
has a suitable band gap range of 2.6–2.9 eV, with a VBM situated below 
the O2 reduction potential allowing for oxygen evolution [25,26]. Its 
CBM, however, is slightly short of the H2 reduction potential necessary 
for hydrogen evolution. Moreover, Bi2WO6 suffers from a high recom
bination rate, which limits its photocatalytic efficiency. This is often 
rationalized from the perspective of bulk defect states and/or surface 
morphologies that can lead to charge transfer paths longer than the 
carrier lifetime. Heterojunction design-schemes have been proposed to 
improve charge separation and mobility in Bi2WO6 [27–36]. Moreover, 
selective alloying has been shown to affect its band gap and band edge 
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positions [26,37–39], improving its photocatalytic efficiency. We aim to 
combine and expand on these results. 

The room-temperature γ-phase of Bi2WO6, known as the Aurivillius 
phase [40] – space group P21ab (29) – is uniquely characterized by 
perovskite-like MO6 layers (M = W, Mo) sandwiched between bismuth 
oxide layers. Various post-transition metals have been shown to retain 
the Aurivillius layered structure when introduced to the bismuth oxide 
matrix [41–45]. Interestingly, in the case of antimony, bismuth layers 
may be entirely replaced. This has led to the discovery of the Aurivillius- 
related phases Sb2WO6 [43] and Sb2MoO6 [46]. Castro et al. studied the 
structural evolution of Bi2–xSbxWO6 solid solutions and determined its 
stability up to x = 1.5, with larger values incurring a phase transition 
towards the ferroelastic triclinic phase of Sb2WO6 [44]. These solid so
lutions have also been studied for lithium ion battery applications [47] 
and photocatalysis [48]. To the best of our knowledge, the effects of 
isovalent Sb alloying on the electronic properties of Bi2WO6 have yet to 

be studied theoretically. Furthermore, the electronic structure of a 
mixed environment of varying stereochemical activities has not been 
explored. Lone-pair electrons of higher period post-transition cations 
tend to be less stereochemically active for a fixed anion species. 
Therefore, Sb 5s lone-pair electrons are expected to interact more 
strongly with the O environment compared to their Bi 6s counterpart, 
affecting both the crystal and electronic structures. In the present work, 
we investigate the electronic properties of BiSbWO6, limiting the alloy 
composition to within the experimentally verified stable range [44], 
with emphasis on the effects of the mixed 5s/6s lone-pair environment 
on the band gap and band edge positions. The choice of Bi2WO6 as a 
design candidate addresses both abundancy and safety concerns, while 
the isovalent alloying scheme is expected to allow for simple processing. 
We briefly address the viability of BiSbWO6 as a component in a pro
posed heterojunction architecture to facilitate charge transport and 
mobility. 

Fig. 1. (a) Bi2WO6 relaxed crystallographic 
unit cell. Pink polyhedra (top, bottom, and 
center) represent Bi2O2 layers; oxygen atoms 
are represented by dark red (smallest) 
spheres; WO6 layers are shown in dark grey. 
(b) Bismuth lone-pair induced spatial voids 
are marked by dashed circles. (c) Lone-pair 
antibonding densities are drawn with an 
isosurface value of 0.015 Å− 3 (blue). Vectors 
mark lone-pair projections. (For interpreta
tion of the references to colour in this figure 
legend, the reader is referred to the web 
version of this article.)   

Fig. 2. Electronic band structure and density of states (right) for Bi2WO6. Band decomposed charge densities (left) are drawn for Bi 6s – O 2p bonding (B) and 
antibonding (AB) states. Antibonding contributions to the VBM are shown in the inset. 
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2. Methodology 

We probe the crystal and electronic structures based on first- 
principles density functional theory (DFT) [49,50]. The Vienna ab ini
tio Simulation Package (VASP 5.4.4) [51,52] plane-wave implementa
tion of DFT is employed in calculating total energies, density of states, 
and electronic band structures for Bi2WO6 and its Sb–alloyed de
rivatives. The generalized gradient approximation formalism of Perdew, 
Burke, and Ernzerhof (GGA-PBE) [53,54] is used to approximate ex
change and correlation contributions to the energy functional. The 
following valence electron configuration is considered: Bi{6s25d106p3}, 
W{5p66s25d4}, O{2s22p4}, and Sb{5s25p3}. Remaining core electrons 
are modeled using the projector augmented wave methodology (PAW) 
[55,56]. Brillouin zone integrations are performed using a gaussian-like 
finite temperature approach [57] with σ (kBT) = 0.01. The same is done 
for band structure calculations along high symmetry points. The tetra
hedron method [58] is utilized for density of states (DOS) calculations. 
Monkhorst-Pack [59] k-space sampling of the Brillouin zone is imple
mented for all structures. Total energies are calculated with a 7 × 7 × 3 
k–mesh. DOS calculations are performed on a finer 11 × 11 × 5 mesh. A 
plane wave cutoff of 600 eV is applied in all calculations. Both the k- 
mesh and plane wave cutoff values were systematically converged 
within a 1 meV difference in total energy. We apply a [abc] → [cab]
transformation to the pristine Bi2WO6 unit cell (space group Pc21b) 
aligning the long lattice vector with the z-axis. Planes and directions are 
referenced with respect to this orientation. Unit cells are relaxed until 
ionic forces are less than 0.01 eV/Å. Symmetry constraints are applied in 
light of previous experimental findings [44]. Lastly, the known under
estimation of band gaps by DFT-GGA [60–62] is ignored due to the 
comparative nature of the present study. 

3. Results and discussion 

The relaxed crystal structure of Bi2WO6 is shown in Fig. 1(a). 
Calculated lattice parameters (a = 5.563 Å, b = 5.605 Å, c = 16.857 Å) 
are in good agreement with experimental diffraction measurements [63] 
considering the standard overestimation by GGA functionals [64]. The 
electronic structure of pristine Bi2WO6 is shown in Fig. 2. The width, 
dispersion, and spherical distribution of Bi 6s – O 2p bonding states 
between -10 and -7 eV, as well as the small O 2p contribution to the DOS 
at this range, all point to the weak stereochemical activity of Bi 6s lone- 
pair electrons. Bi 6s – O 2p antibonding densities form the upper valence 
band (inset) and project out into the spatial voids observed in Fig. 1(b) 
along the y-axis. Weak Bi 6s – O 2p interactions do not lead to high VBM 
band dispersion predicted in ns2-md0 materials, with a calculated hole 
effective mass of 3.5 m0 (along the Γ-Y direction). In contrast, the CBM is 
less dependent on lone-pair electrons, as it is primarily comprised of W 
5d – O 2p hybridized orbitals, with a calculated direct band gap of 2.19 
eV about the Γ-point and an electron effective mass of 0.9 m0 (along the 
Γ-Y direction). Based on this analysis, the introduction of Sb 5s electrons 
is likely to affect the upper valence band primarily while retaining the 
high dispersive nature of the lower conduction band. However, struc
tural distortions due to substitutional alloying may affect the electronic 
structure. As seen in Fig. 1(c), Bi 6s – O 2p antibonding densities lead to 
tilting of adjacent WO6 octahedra. MO6 octahedral tilting has been 
shown to affect the band gap and band edge positions in ns2-md0 ma
terials [7,65]. Radha et al. attributed a 0.1 eV difference in conduction 
band energy between Bi2WO6 and pyrochlore BiFeWO6 to the influence 
of Fe 3d electrons on nearby WO6 octahedra [26]. Hence, the CBM may 
indirectly depend on the mixed lone-pair environment via local struc
tural distortions. 

To explore the configurational space of BiSbWO6, we selected six 
representative input geometries, each designated as Sb i. In configura
tions Sb 1–3, dopants are placed into (001) layers to probe the layered 
nature of the Aurivillius phase. In Sb 4–6, Sb is intermixed within Bi2O2 
layers. The relaxed BiSbWO6 structure models are shown in Fig. 3. Their 
relative stability is measured through calculated formation enthalpies, 
ΔHf , obtained from [66] 

ΔHf = E(m) −
∑

x
nxE(x)bulk (1) 

where E(m) is the calculated total energy of configuration m, and 
E(x)bulk is the total energy of the common bulk phase of constituent x 
multiplied by the its number of sites nx. Note that for oxygen, we 
consider the total energy of an oxygen dimer in the calculation. A more 
negative formation enthalpy indicates greater relative stability. Fig. 4 
shows that calculated formation enthalpies for the six configurations lie 
within a narrow ~ 30 meV window, on the order of kBT at room tem
perature. Additional calculations were performed on four 2 × 2 × 1 
Bi2WO6 supercells, each with a random sample of half its Bi sites 
substituted for Sb. The calculated formation enthalpies of the four 
supercells lie within an even-narrower range of ~ 10 meV roughly in the 
middle of the ~ 30 meV window. Hence, we argue that during synthesis, 

Fig. 3. Optimised units cells of Bi2− xSbxWO6. BiSbWO6 (x = 1) configurations 
are labeled as Sb i. Oxygen sites are not shown for clarity. Sb is shown in green. 
WO6 octahedra are shown to highlight variations in octahedral tilt in the 
presence of Sb 5s lone-pair electrons. (For interpretation of the references to 
colour in this figure legend, the reader is referred to the web version of 
this article.) 

Fig. 4. Calculated formation enthalpies. Configurational entropy (TS) is added 
for BiSbWO6 via Eq. (2). Formation enthalpies for BiSbWO6 lie within a narrow 
~ 30 meV band marked by solid lines. 
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BiSbWO6 may form as an ensemble of many possible configurations 
resulting in a homogeneous distribution of Sb and W ions. This sug
gestion merits an examination of configurational entropy in the system. 
An approximation of configurational entropic contributions to the 
overall stability of a compound in the presence of substitutional impu
rities can be obtained from [67] 

S = − kB

∑N

i=1
xilog(xi) (2) 

where N is the number of sites available for substitution – taking 
limiting factors into account such as the oxidation states of the relevant 

species and charge neutrality – xi is the relative composition of species i, 
and kB is Boltzmann’s constant. The maximum entropy occurs at equal 
compositions. For xBi = xSb, configurational entropy lowers energies by 
~ 8 meV at 300 K, which is not significant enough to shift the relative 
stability band of Bi2–xSbxWO6 beyond its extreme configurations (x = 0, 
2). 

Although Bi and Sb both have the same formal oxidation state of 3+

in this system, Bader partial charge analysis [68–72] gives a lower 
effective charge for Sb compared to Bi (Fig. 5), which agrees with their 
relative electronegativities. Despite the small differences in formation 
enthalpies, comparing Figs. 4 and 5 suggests they may be correlated 
with the partial charge of Sb, as both follow a similar trend across the six 
selected configurations of BiSbWO6. We attribute this to the degree to 
which Sb 5s – O 2p orbitals overlap. The closer proximity of Sb 5s and O 
2p energy levels [5] provides a path for stabilizing the given configu
ration through orbital hybridization. Increased proximity of Sb and O 
sites leads to greater orbital overlap and consequently a more stable 
system. In Fig. 6, we measure Sb cationic shifts in BiSbWO6 via Baur 
distortion indices [73] and Sb-O bond lengths. Distortion indices mirror 
formation enthalpies across all configurations. We note that Sb 4 – the 
most stable configuration – exhibits the highest distortion, indicating the 
largest Sb cationic shift resulting in the shortest Sb-O bonds. Similar 
reasoning explains the poor stability of the Sb 6 configuration. The 
electronic structure of Sb 4 is given in Fig. 7. Bi 6s – O 2p bonding states 
retain their spherical distribution in the mixed lone-pair environment. 
Sb 5s – O 2p bonding states, on the other hand, are asymmetric, with 
delocalized charge shifting towards the nearest O sites. The magnitude 
of the Sb 5s – O 2p antibonding charge density is significantly larger and 
takes over the VBM with near double the density of states (inset). This 
results in a narrower, though now indirect band gap (1.98 eV). The 
stronger Sb 5s – O 2p interaction also reduces the hole effective mass to 
3.1 m0 (X-S). W 5d – O 2p states retain their high dispersion, with an 
electron effective mass of 0.8 m0 (Γ-X). Overall, Sb-in-Bi substitution 
improves carrier mobility. 

To compare BiSbWO6 band edge positions on an equal footing, we 
align the bands by referencing VBM/CBM levels to the deep O 1s core 
level. This reference state was averaged over all O sites and across all Bi2- 

xSbxWO6 configurations. The results are shown in Fig. 8. The water 
redox potentials are shown with respect to an empirically derived CBM 
level for Bi2WO6 [26]. In all cases, Sb 5s – O 2p antibonding states up
shift the valence band with respect to the pristine cell. We note that the 
largest upshift (0.57 eV) leaves the VBM well below the water oxidation 
potential. More interestingly, conduction band upshifts are also 
observed across the board and follow a similar trend of the distortion 
indices. This suggests that local structural distortions about Sb sites do 
exert an influence on the nearby WO6 layers and indirectly affect the 

Fig. 5. Partial charge of post-transition sites calculated by subtracting average 
Bader charges from the number of valence electrons per element. Sb partial 
charge follows the same trend as formation entahlpies in the six selected 
BiSbWO6 configurations (Fig. 4). W and O exhibit constant partial charges of 
2.87 and -1.11, respectively. 

Fig. 6. Baur distortion indices (D) and selected bond lengths for a repre
santative Sb polyhedron across the six BiSbWO6 configurations. Higher 
distortion reflects a larger Sb cationic shift towards one end of the polyhedron. 

Fig. 7. Band structure and density of states (right) for the Sb 4 configuration of 
BiSbWO6. Band decomposed charge densities (left) show the contrast between 
the spherically symmetric Bi 6s – O 2p and asymmetric Sb 5s – O 2p bonding (B) 
states. A significantly larger antibonding (AB) density is projected away from Sb 
sites and contributes more states near the valence band maximum (inset). 

Fig. 8. Aligned valence (blue) and conduction (green) band energies for the 
Sb/Bi end member compounds and six alloy models (alloy symbols Sb i are 
defined in Fig. 3). A globally averaged O 1s core state is used as a reference. The 
Bi2WO6 conduction band is set to 0 eV. The water redox potentials are shown in 
dashed lines and are positioned with respect to the empirically derived con
duction band edge of Bi2WO6 (see text for reference). (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web 
version of this article.) 
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conduction band energy. The largest upshift among the BiSbWO6 con
figurations is seen in Sb 2 (0.14 eV). We note that in the Sb 2 configu
ration, one WO6 layer is sandwiched between Sb2O2 layers (Fig. 3), 

which appears to decrease octahedral tilting in the WO6 layer. This 
configuration is effectively doubled in the Sb-rich Sb2WO6 case, where 
the CBM upshift is 0.31 eV. We showed in Fig. 1(c) that WO6 octahedral 
tilting occurs in the presence of lone-pair antibonding densities. We 
investigate this further by comparing the charge densities of Bi2WO6, Sb 
2, and Sb2WO6 antibonding states (Fig. 9). Sb 5s – O 2p antibonding 
densities align more strongly along the z-axis and interact with O sites at 
the nearest corners of WO6 octahedra, which consequently reduces their 
tilt. This Sb-O-W interaction can be seen in the DOS of Sb 4 (Fig. 7), 
where Sb 5s – O 2p and W 5d – O 2p bonding states overlap at the bottom 
edge of the valence band. We later show that this overlap is directly 
proportional to the CBM upshift. 

To better understand how WO6 octahedral tilting affects the band 
structure, we manually tilt a single layer of WO6 octahedra in mono
clinic WO3. The binary oxide is chosen for its similar W-O environment 
and the absence of s2 lone-pair cations. In Fig. 10, we compare the band 
structure of three WO3 unit cells. The fully relaxed unit cell represents 
the control case. In the other two cells, we manually twist WO6 octa
hedra in a single layer, keeping the adjacent layer in its relaxed geom
etry. In the band structure, we mark three bands of interest. The W 5d – 
O 2p antibonding state is shown in green. The bonding state of the frozen 
(distorted) layer is in blue (orange). Reducing the applied distortion 
back towards the relaxed geometry – from Fig. 10(a) to (c) – causes a 

Fig. 9. Band decomposed charge densities showing the dependency of WO6 
octahedral tilt on the magnitude of neighboring ns – O 2p antibonding densities. 
Sb 2 refers to the mixed Sb/Bi model shown in Fig. 3. 

Fig. 10. Band structures and band decom
posed charge densities for monoclinic WO3 
with manually applied tilting resulting in (a) 
145◦ and (b) 157◦ W-O-W angles. The 
relaxed unit cell (c) exhibits a W-O-W angle 
of 172◦ and is used for control. Charge den
sities are projected onto the bonding states at 
the bottom of the valence band. The W 5d – 
O 2p bonding state for the distorted (fixed) 
layer is shown in orange (blue). The corre
sponding antibonding state is in green. (For 
interpretation of the references to colour in 
this figure legend, the reader is referred to 
the web version of this article.)   
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downshift of the distorted bonding state. Its antibonding counterpart at 
the CBM near the Γ-point gradually upshifts and becomes degenerate 
with that of the frozen layer. We attribute this to bonding-antibonding 
splitting due to increasing W 5d – O 2p hybridization. This is apparent 
in band decomposed charge densities, as well as in average W-O bond 
lengths, with 2.006 Å at the highest distortion and 1.945 Å in the relaxed 
cell. Hence, reduced tilting of WO6 octahedra with respect to one 
another results in shorter W-O bond lengths and increased W 5d – O 2p 
hybridization. This in turn raises the conduction band. 

We now apply the same reasoning to the relaxed models of Bi2WO6, 
Sb 2, and Sb2WO6. In Fig. 11, we project the charge density of each unit 
cell onto the bonding state of its lower WO6 layer. We first note that in 
Bi2-xSbxWO6, the natural driving force behind the twisting of WO6 
octahedra is the apparent onset of hybridization about the W-O-Sb 
bonding network clearly missing in the Bi2WO6 charge density. This 
does appear to increase hybridization within the WO6 layer. However, 
unlike in monoclinic WO3, the average W-O bond lengths do not 
decrease monotonically – 1.977 Å in Bi2WO6 (Fig. 11a), 1.971 Å in Sb 2 
(Fig. 11b), and 1.984 Å in Sb2WO6 (Fig. 11c). Similarly, the hybridiza
tion about the W-O-W bonding network increases in Sb 2 but decreases 
slightly in Sb2WO6. To explain the position of their conduction band 

edges, we point to the asymmetric alloying scheme of Sb 2. The WO6 
layer surrounded by Sb has a W-O-W bond angle of 166◦, greater than 
the 153◦ angle measured in Bi2WO6. However, the WO6 layer sur
rounded by Bi exhibits a 151◦ angle, as well as longer average W-O bond 
lengths (1.990 Å). Therefore, the stronger hybridization in the lower 
WO6 layer of Sb 2 does lead to a bonding-antibonding splitting of W 5d – 
O 2p states observed in Fig. 11(b), but the lack of Sb 5s interactions in its 
upper WO6 layer leaves the corresponding bonding and antibonding 
states lagging behind. This reduces the overall magnitude of the CBM 
upshift. Though Sb2WO6 exhibits reduced hybridization in the lower 
WO6 layer – resulting in a lesser bonding-antibonding splitting – the 
identical splitting occurring in its upper WO6 layer results in both con
duction bands shifting upwards. The larger 167◦ W-O-W in the lower 
WO6 layer of Sb2WO6 compared to the 151◦ in the upper WO6 layer of Sb 
2 suggests that the degenerate CBM of the former is situated above the 
conduction band of the latter. This explains its higher CBM. 

The configuration of Sb 2, in which WO6 layers are sandwiched be
tween single-post-transition-metal species, offers an interesting oppor
tunity for facile heterojunction design as a natural extension of the 
pristine cell. Such crystal engineering could be used to enhance both 
light absorption and charge carrier separation, reducing non-radiative 

Fig. 11. Band structures and band decomposed charge densities for (a) Bi2WO6, (b) Sb 2, and (c) Sb2WO6. Charge densities are projected onto the bonding state of 
the lower WO6 layer. The W 5d – O 2p bonding state for the top (bottom) WO6 layer is shown in orange (blue). The corresponding antibonding state is in green. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.) 
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losses and improving photocatalytic efficiency. We find that the Sb 2 
configuration is well-suited for forming a heterostructure, as its in-plane 
lattice parameters (a = 5.558 Å; b = 5.682 Å) are within 1% of Bi2WO6 
(a = 5.563 Å; b = 5.605 Å). Although it is not the most stable configu
ration (within the 30 meV group), it may be accessible through epitaxial 
growth. This is a valuable direction for further study. 

4. Conclusions 

In studying the configurational space of BiSbWO6, we provided new 
insight into the behavior of lone-pair electrons in mixed post-transition 
metal oxides. We showed that the band gap and band edge positions of 
Bi2WO6 can be controlled by manipulating the chemical interactions of 
WO6 layers via Sb-in-Bi substitutions. We found that the higher stereo
chemical activity of Sb 5s lone-pair electrons led to stronger Sb 5s – O 2p 
hybridization, which upshifted the VBM by up to 0.57 eV. We also 
showed that local structure distortions due to Sb 5s lone-pair anti
bonding densities reduced WO6 octahedral tilting. Increased W 5d – O 
2p hybridization in response to the alignment of WO6 octahedra resulted 
in greater bonding-antibonding splitting. This was shown to upshift the 
conduction band edge of BiSbWO6 by up to 0.14 eV. In the case of 
Sb2WO6, reduced octahedral tilting led to a CBM upshift of 0.31 eV. 
Overall, BiSbWO6 band shifts resulted in narrower band gaps with 
respect to Bi2WO6. 

The narrow stability range observed for the six studied BiSbWO6 
configurations, with a contribution of 8 meV due to configurational 
entropy stabilization, suggests a possible mixture of phases during 
synthesis, which may result in an ensemble averaging of the electronic 
properties. We suggest one candidate for heterojunction formation due 
to its low lattice mismatch with Bi2WO6. These insights may be further 
extended and applied to mixed post-transition metal oxides more 
generally in pursuit of new efficient solar absorbing materials. 
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