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ABSTRACT: Research communities have been studying
materials with intermediate bands (IBs) in the middle of the
band gap to produce efficient solar cells. Cells based on these
materials could reach theoretical efficiencies up to 63.2%. In
this comprehensive study, we investigate by means of accurate
first-principle calculation the electronic band structure of 2100
novel compounds (bulk materials) to discover whether the IB
is present in these materials. Our calculations are based on the
density functional theory, using the generalized-gradient
approximation for exchange and correlation terms and
focusing on the band structure, the density of states, and the
electron effective masses of the structures in the database. The
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Research communities have been studying materials with intermediate
bands in the middle of the bandgap to achieve efficient solar cells. Cells

based on these materials could reach theoretical efficiencies up to 63.2%.

IB structures are obtained by adding metallic or semimetallic atoms in the bulk material. By means of these calculations, we have
clearly identified a number of compounds that may having high potential to be used as photovoltaic materials. We present here
the numerical results for 17 novel IB materials, which could theoretically prove to be suitable for photovoltaic applications.

Bl INTRODUCTION

Multi-band gap materials offer the possibility of increasing the
efficiency of solar cells beyond the limit of traditional single-
band gap solar-cell materials. Intermediate-band (IB) materials
are characterized by the splitting of the main band gaps into
two or more sub-band gaps by narrow IBs and have been the
focus of recent studies.”” In IB solar cells, an IB material is
sandwiched between two ordinary p-type and n-type semi-
conductors and deed as discriminating contacts to the valence
band (VB) and the conduction band (CB), respectively. In IB
materials, an electron is promoted from the VB to the CB
through the IB. Upon absorption of sub-band gap-energy
photons, the electrons transit from VB to CB and later from IB
to CB. It will add up to the transition of electrons from VB to
CB through conventional VB-to-CB photon absorption.”” By
adopting a hypothesis similar to that of Shockley and Queisser,’
it was shown in 1997" that balance-limiting efficiencies of
63.2% for IB solar cells and 41% for single-band gap solar cells
can be achieved at a concentration of 46 050 suns at earth and
sun temperatures of 300 and 6000 K, respectively.

The IB should be partially filled to permit the comparable
rates for the low sub-band gap-energy photon absorption
processes and should not overlap with either the VB or the CB
to avoid fast transitions through thermalizations.” We can
consider the IB solar cells as a combination of three cells. Cells
representing VB-to-IB and IB-to-CB transitions can be
regarded as two cells in series, and the VB-to-CB transition
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can represent a parallel cell. The cell will have a high tolerance
to changes in the solar spectrum.®

In the mid-20th century, researchers’ '’ suggested the
concept of creating intermediate levels in the middle of a
forbidden band gap to increase the maximum photocurrent by
doping the semiconductor with a large concentration of
impurities. At an early stage, it was believed that these IBs
would cause nonradiative recombination. It has been later
shown that the nonradiative recombination can be suppressed
by using a sufficiently high concentration of dopants.'*~"*

Two major approaches are considered in fabricating IB solar
cells, namely, quantum-dot IBs (QDIBs) and bulk IB solar cells.
By using quantum dots with different shapes and sizes, the IB
levels can be tuned. The first QDIB was produced in 2004 on
the basis of the InAs/GaAs QD material with an efficiency of
15.3%. Energy levels of the confined states in a quantum dot
can be used as IB in QDIBs. However, there are many
challenges with QDIBs as quantum dots are very small and do
not absorb a significant amount of light. With an increasing
number of QDs, the cell structure can be damaged, and strain
will cause severe damages. At room temperature, the Shockley—
Read—Hall recombination is a dominant mechanism that leads
to low efliciency in QDIB solar cells due to deeper impurities.
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Figure 1. Band diagram of bulk IB solar cell; E,;—energy gap between the top of the VB and the bottom of an IB, E,—energy gap between the top
of the IB and the bottom of the CB, AE,—width of the IB, E,—total band gap between the top of the VB and the bottom of the CB. The electronic
transitions (V, I), (I, I), (I, C), and (V, C) are also explained.

Table 1. Calculated Selected Narrow-Band Gap Semiconductors with IBs and Band Gap Type

serial no.  chemical formula Pearson symbol ~space group number band gap (E,;) band gap (E;) width of IB (AE;) total band gap (E,) band gap type

L KeCeo 132 204 0.61 0.28 0.39 128 ID
2. Au,Cs,l t120 139 0.64 1.01 0.7 2.35 D
3. Ag,GeBa$, tI16 121 0.90 035 1.16 241 ID

Table 2. Wide-Band Gap 1 Semiconductors with IB Ranging from 2.62 to 3.15 eV

serial no.  chemical formula Pearson symbol ~ space group number band gap (E,;) band gap (E;) width of IB (AE;) total band gap (E,) band gap type

1. CuAgPO, oPS6 61 1.27 0.61 0.74 2.62 DB
2. Ag,ZnSnS, tI16 121 0.47 0.57 1.66 2.70 DB
3. Au,Cs,Brg tI20 139 0.67 123 0.81 2.71 DB
4. Ag:AsS, oP16 31 0.73 1.04 1.00 2.77 DB
S. Ag,KSbS, tI16 121 0.81 1.08 0.94 2.93 1D

6. Na;Se,Sb cl16 217 1.02 1.24 0.71 2.97 DB
7. AgK,SbS, oP32 118 1.52 1.03 0.47 297 DB
8. AsRb;Se, oP32 62 1.32 0.98 0.97 3.15 DB

Several research groups have produced QDIB solar cells,"*™** the electronic transitions of (V, I), (I, I), (I, C), and (V, C) are

and efficiencies over 18% have been reported by Blokhin et al.*’ schematically depicted in the figure.

The second type of IB solar cells is based on bulk materials. In the present work, we study 2100 structures with the aim of
The IB was detected through photoreflectance measurements identifying ideal candidates for solar-cell materials. We employ
in some bulk materials, and this formation was attributed to density functional theory (DFT) calculations to verify the
band anticrossing and heavily mismatched alloys.”® The first of presence of an IB, isolated in the band gap of the
these bulk materials, ZnMnTeO, was developed by Walukie- semiconductor compounds of bulk material compounds with
wicz and co-workers.>? Later, numerous quantum-accurate different substitutional impurities forming ternary alloys. The
calculations have been performed on VInS bulk material, calculated band gap values are used to identify the most suitable
characterized by an IB containing Fermi levels. Phillips and co- compounds for solar-cell applications. We also present density
workers developed bulk IB solar cells using ZnTe doped with of states (DOS) and effective mass calculations for the selected
an oxygen atom and obtained higher efficiencies and short- IB materials.

circuit current than QDIB solar cells.””** The band gap
properties of bulk materials are widely studied, and the M RESULTS AND DISCUSSION

technologies are well verified by researchers.””™* However, The main focus of the present work is to find the potential IB
the search for intermediate-band gap materials continues, to materials from the selected 2100 compounds. Because of the
model high-efficiency IB solar cells. Figure 1 shows the band very high computational cost, we mainly focused on the
diagram of an IB solar cell with E,, the total band gap between electronic structure, the DOS and effective mass calculations.
the top of the VB and the bottom of the CB. In the figure, E,; is The hybrid electronic structure and optical properties of the
the energy gap between the top of the VB to the bottom of an selected IB compounds are under investigation, and the results
IB, E, is the energy gap between the top of the IB to the will be published in a forthcoming work. We employ the DFT
bottom of the CB, and AE,; is the width of the IB. Furthermore, method to elucidate the band structure arrangement of 2100
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bulk materials, vital for the interaction of IB and could be
potent solar cells with sufficient band gap. The DFT
approaches to reveal the significant and computational features
of the bulk materials and these features can be used as virtual
screenings of band structures of the 2100 compounds to
identify the novel IB compounds. From the first screening, we
observed 312 compounds having an IB with the maximum of
the VB at the Fermi level. Among these, 282 compounds were
selected for further analysis and 30 compounds were found as
heavy elements. After carrying out a detailed analysis, we found
out that only 17 compounds among the starting 282 would be
acceptable semiconductor materials for photovoltaic applica-
tions. The rest were found to be perfect insulators, with band
gap values larger than 3.51 eV.** The electronic properties of
these 17 compounds are presented in Tables 1—3. It is well

Table 3. Calculated Effective Masses of Narrow-Band Gap
Compounds; Light Holes (m*,), Heavy Holes (m*;), and
Electrons (m*,)

serial no.  plane directions compound m*ym,  mFgem, om*om,
L. 110 KeCeo 0092 0164 0216
2. 110 Au,Cs,l¢ 0.096 0.265 0.095
3. 110 Ag,GeBa$S, 0.059 0.114 0.021

known that the band gap (Eg) values of solids obtained from
usual DFT calculations are systematically underestimated due
to discontinuity in the exchange-correlation potential. Thus, the
calculated E, values are tg;pically 30—50% smaller than those
measured experimentally.” It is recognized that the theoret-
ically calculated E, for semiconductors and insulators are
strongly dependent on the approximations used, particularly on
the exchange and correlation terms of the potential. In the
present work, because of the large number compounds involved
in the screening process, we have used only generalized-
gradient approximation. However, the overall structure is not
going to change except the band gap value irrespective of the
approximation.

We have chosen to divide the 17 compounds with IBs into
three groups depending on the magnitude of their band gap
values. The first group of three compounds is named as narrow-
band gap semiconductors, which is characterized by band gaps
varying from 1.2 to 2.5 eV. The second group of eight
compounds is named wide-band gap 1 semiconductors, which
includes materials with band gaps varying from 2.6 to 3.15 eV.
Finally, the third group is named as wide-band gap 2
semiconductors. In this case, the band gap values vary from
3.15 to 3.5 eV. The band structures of these compounds are
presented in Figures 2a—c, 3a—d, 4a—d, and Sa—f, and we
calculate the total band gaps, band gaps E,;, E, and the widths
of the IB (AE;) bands for all of the compounds. The electronic
structure properties of these compounds are presented in
Tables 1, 2, and SI.

As presented in Table 1, narrow-band gap semiconductors
KCg (alkali fullerides), Au,Cs,l,;, and Ag,GeBa$S, had total
indirect band gaps of 1.28, 2.35, and 2.41 eV, respectively.

From Figure 24, the calculated values for K4Cg are: The total
indirect band gap is 1.28 eV, band gaps E,; and E; are 0.61 and
0.28 eV, respectively, and the width of the IB is 0.39 eV. The
band gap of 1.28 eV makes an optimal compound for the PV
applications as their light responses are in the infrared region.
Also, the IB will help the material to absorb additional photons
with lower energy. It should be noted that K(Cq, is already
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Figure 2. Calculated electronic band structures of (a) K¢Cq, (b)
Au,Cs,l, (c) and Ag,GeBaS,. The Fermi level is set to zero.

known as a semiconductor and the nature of the band structure
is not well explained about the IB. However, they explained that
the electronic structure of crystalline K4Cgj is indirect band gap
of 0.48 eV.*° The DOS around the VB maximum is very similar
to that of the isolated C¢, molecule, and the K atoms are almost
completely ionized.*

Similarly, from Figure 2b, the calculated values for Au,Cs,I4
are as follows: The total indirect band gap is 2.35 eV, band gaps
E,; and E are 0.64 and 1.01 eV, respectively, and the width of
the IB, AE; is 0.70 eV. The band gap of 2.35 eV for Au,Cs,I,
shows that the material has its response to light in the visible

DOI: 10.1021/acsomega.6b00534
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Figure 3. Calculated electronic band structures of (a) CuAgPO, (up and down spin bands; up—black, down—red), (b) Ag,ZnSnS,, (c) Au,Cs,Br,,

and (d) Ag;AsS,. The Fermi level is set to zero.

region. For Au,Cs,l¢, the IB region has the optimal thickness to
balance the absorption rate and recombination rate.”” In Figure
2b, Au,Cs,Is has a broad band dispersion of IB, enough to
produce an optical depth for subgap light, ensuring the
compound to absorb subgap light so that it can be considered
as a potential PV material.”’

From Figure 2c, the calculated values for Ag,GeBaS, are:
The total indirect band gap is 2.41 eV, band gaps E,; and E; are
0.90 and 0.35 €V, respectively, and the width of the IB is 1.16
eV. The band gap of 2.35 eV for Ag,GeBaS, shows that the
material has its response to light in the visible region. Here, we
observe that the width of the IB, AE, in Ag,GeBaS, is much
higher than E; and E,;. Because of the broadness of the IB,
photons can also be absorbed by the electrons from lower-
energy states of the IB to excite to higher-energy states of IB.
When the IB broadens, the absorption of photons for the
transition of electrons from the VB to lower-energy states of IB
as well as from the higher-energy states of IB to CB will be
reduced. These effects will lead to lower efficiencies of the solar
cell based on Ag,GeBaS,. It has been shown that the efficiency
limit for an IB solar cell is reduced from higher to lower
efficiencies if the width is infinitesimally significant.”® It is
important to note that all of these three materials, K4Cqy,
Au,Cs,l,, and Ag,GeBa$,, present indirect band gaps.

1457

As presented in Table 2, the wide-band gap semiconductors
CuAgPO,, Ag,ZnSnS,, Au,Cs,Brs, Ag;AsS,, Ag,KSbS,
Na;Se,Sb, AgK,SbS,, and AsRb;Se, had the total band gaps
of 2.62, 2.70, 2.71, 2.77, 293, 2.97, 297, and 3.1S eV,
respectively. Figures 3a—d and 4a—d show the calculated band
structures of CuAgPO,, Ag,ZnSnS,, Au,Cs,Brs, Ag;AsS,,
Ag,KSbS,, Na;Se,Sb, AgK,SbS,, and AsRb;Se, with IB,
respectively. The calculated values of E,; E; and AE, and
the total band gaps are presented in Table 2. The band gap type
of the above eight compounds is direct band gap except for
Ag,KSbS, (indirect band gap). From Figure 2c, the calculated
values for Ag,ZnSnS, are: The total direct band gap is 2.70 eV,
band gaps E,; and E are 0.47 and 0.57 eV, respectively, and the
width of the IB is 1.66 eV. The band gap of 2.70 eV for
Ag,ZnSnS, shows that the material has its response to light in
the visible region. Here, we observe that the width of the IB,
AE, in Ag,ZnSnS, is much higher than E and E,;. The increase
in the IB width leads to a decrease in efficiency; however, it is
still significantly higher than that of a single-band gap solar
cell.’”” The band gaps associated with optimum efficiencies are
constant for all IB solar cells when the IB width exceeds 2 eV.*
Because of the display of the small amount of data, we added
the remaining six compounds in the Supporting Information.

In general, the electrochemical potentials of the electrons in
the different bands are close to the edges of the bands. The

DOI: 10.1021/acsomega.6b00534
ACS Omega 2017, 2, 1454—1462
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Figure S. Total and site-projected DOS of Au,Cs,ls. The Fermi level is set to zero and marked by a vertical dotted line.

open-circuit voltage of any solar cell is the difference between
the CB minimum at the electrode in contact with the n-type
side and the VB maximum at the electrode in contact with the
p-type side. Thus, the maximum photovoltage of IB solar cells
on the materials presented in Tables 1 and S1 is limited to 2.41

1458

and 3.51 eV, respectively. Ag,GeBaS, is still capable of
absorbing energy photons above 0.28 eV in Table 1 and
AgSiSOq of 0.47 eV in Table 2. IB solar cells can deliver a
maximum photovoltage by absorbing two sub-band gap

DOI: 10.1021/acsomega.6b00534
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photons to produce one high-energy electron; the laws of
thermodynamics would be violated if this were not the case."
All of the 17 semiconductor compounds presented in this
work have properties that make them suitable for PV
applications; we show here the DOS analysis for three
compounds, namely, Au,Cs,l;, Ag,GeBaS,, and Ag,ZnSnS,.
The band gaps of 1.28 and 2.41 eV, respectively, make Au,Cs,]I,
and Ag,GeBaS, optimal PV materials. Solar cells based on
Ag,7ZnSnS, materials are interesting as a high efficiency gain for
these types of cells has been recently observed.” There are also
reports on the possibilities to integrate Ag,ZnSnS, in the Cu-
based solar cells as an additional absorption layer.*” The total
DOS of Au,Cs,l in Figure S shows that the IB is formed in the
energy region between 0.64 and 1.34 eV. The IB composed of I
2p are described by the projected density of states (PDOS), as
shown in Figure S. Figure 6 shows that the IB is formed in the

AgZZASnS 4

DOS (state eV-l)

-2.5 0 2.5 5
Energy (eV)

Figure 7. Total and site PDOS of Ag,ZnSnS,. The Fermi level is set to
zero and marked by a vertical dotted line.

DOS (state eV

1.5 -5

-2.5
Energy (eV)

0 2.5 5 7.5

Figure 6. Total and site PDOS of Ag,GeBaS,. The Fermi level is set to
zero and marked by a vertical dotted line.

energy region between 0.90 and 2.06 eV of the total DOS of
Ag,GeBaS,. We have also plotted the PDOS at the IB mainly
composed of the S 2p band and the Ge 4s band as well as the
smaller mixing of the Ba 4d band. For Ag,ZnSnS,, the IB is
formed in the energy region between 0.47 and 2.13 eV, and the
electron density, as shown in Figure 7 better describes the
states. The PDOS of Ag,ZnSnS, at the IB mainly composed of
the Sn Ss band and the S 2p band is shown in Figure 7. The
Ag,ZnSnS, has an energy gap of 2.62 eV. We found the
excellent IB peaks between CB and VB in the three materials,
namely, Au,Cs,l;, Ag,GeBaS,, and Ag,ZnSnS,. We observed
that the p and s states play a vital role in the band structure for
the applicability of semiconductor for PV applications.

In Figures 5—7, broadening of IB indicates a highly parabolic
dispersion relationship that induces lower values for the DOS.*'
From Tables 3 and 4, the electron effective masses of Au,Cs,],
Ag,GeBaS,, and Ag,ZnSnS, are 0.095m,, 0.021m,, and 0.025m,,
respectively. Lower values for the electron effective mass are as
expected because the effective mass is directly related to the
values of DOS. In addition, the IB region has the optimal
thickness to balance the absorption rate and the recombination
rate.”” We may expect the effective IBSC to have IB thickness
enough to ensure these materials to absorb sufficient subgap

1459

Table 4. Effective Mass of Wide-Band Gap IB Compounds

serial no. plane directions  compound = m¥m, mFm.  mFom,
1. 100 CuAgPO, 3.875 4.969 14.229
2. 110 Ag,7ZnSnS, 0.033 0.237 0.025
3. 110 Au,Cs,Bry 0870 1.810 0.806
4. 100 Ag3AsS, 0.200 0.234 0.012
S. 110 Ag)KSbS, 0.125 0.526 0.034
6. 110 Na,Se,Sb 0377 0381 0.085
7. 100 AgK,SbS, 1.524 12.025 1.007
8. 100 AsRb;Se, 6.213 84.330 2.595
9. 100 AsCs;Sey 8.213 24.794 3.561
10. 110 AlegSe4 0.070 0.255 0.021
11. 110 PdPbF, 0.391 0.592 0.094
12. 100 C,Te,F, 3293 5165 7.659
13. 100 AlMoVO, 1.680 2.756 1.959
14, 110 Ag,SiSO, 0.145 2634 0083

light. We conclude that the conversion efficiency of bulk IBSC
strongly depends not only on the band &P but also on the
position and thickness of IB and DOS.*”

B EFFECTIVE MASS CALCULATION

The calculation of the effective mass is important for a detailed
study of energy levels in solar devices. The conductivity
effective masses of electrons and holes affect the mobility,
electrical resistivity, and free-carrier optical response of
photovoltaic applications.”” To investigate the electron/hole
conduction properties of the identified IB materials, we have
computed the electron/hole effective mass at the VB/CB. For
an excellent IB, a low effective mass corresponds to a high
mobility of the electrons/holes at the VB/CB and consequently
high conductivity. For the EM calculation, we have employed
the effective mass calculator (EMC).*> EMC implements the
calculation of the effective masses at the bands extreme using
the finite difference method (FDM) (not the band-fitting
method). The effective mass (m*) of charge carriers is defined

43
as

( 1 ) 1 0E,®K)
m* ), n o okk

;i;}=x;)’;z

(1)
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where ¥, y, and z are the directions in the reciprocal Cartesian
space (27/A), E,(k) is the dispersion relation for the nth
electronic band, and indices i and j denote reciprocal
components. The explicit form of the symmetric tensor in
the right-hand side of eq 1 is*

&E d’E d’E
dk? dk, dk, dk, dk,
PE | &PEJE d’E
dk? | dk, dk, dk] dk, dk,
d’E &£E dFE
dk, dk, dk, dk, dk? )

The effective mass components are the inverse of the
eigenvalues of eq 2, and the principal directions correspond
to the eigenvectors.43

To better understand the effective mass of semiconductors, it
is not possible to fit the band to the quadratic polynomial. In
this case, the results from the parabolic fitting can be
reproduced with the FDM.”> The FDM employed to solve
the effective mass approximation equations because the
spurious solutions can be included in the formalism, and the
FDM can be solved by the hard equation having a high degree
of polynomial.** This approach is quite reliable, and it was
successfully applied for several classes of materials in the
literature.”” We present the effective masses of 14 compounds
in Tables 3 and 4. The effective mass of an electron was
computed from the minimum of the CB; the effective mass of
the heavy hole was computed from the maximum of the first
VB curvature, whereas the second VB curvature was used for
the light hole. In the case of materials presented in Tables 3 and
4, the PBE functional predicts the effective masses of the light
hole, heavy hole, and electron, which are parabolic-fitted values
with a step size of 0.05 (1/bohr). The three narrow-band gap
compounds, K¢Cq, Au,Cs,l;, and Ag,GeBaS,, have low
effective masses, as presented in Table 3.

The thirteen wide-band gap compounds in Table 4 have
effective masses of electron lower than those of light holes and
heavy holes except for CuAgPO,. The effective masses of
electron of photovoltaic materials silicon (Si), germanium
(Ge), and gallium arsenide (GaAs) are 0.26m,, 0.067m,, and
0.12m,, respectively.*>*® The above three photovoltaic
materials are single-band gap materials. It is well known that
the band gaps of Si, Ge, and GaAs are 1.12, 0.66, and 1.424 eV,
respectively. The maximum energy conversion of silicon and
GaAs solar cells can reach 30% efficiency.”® We can use
germanium as the doping material in silicon solar cells because
of its low band gap. We noticed that the effective masses of the
electron for the silicon and GaAs are low.*> From our results,
we observed that the effective masses of electron for KsCg,
Au,Cs,ls, and Ag,GeBaS, are 0.216m,, 0.095m,, and 0.021m,,
respectively.

From Table 4, we noted that the effective masses of electron
for Ag,ZnSnS,, Au,Cs,Brs, Ag;AsS,, Ag,KSbS,, Na;Se,Sb,
Al,HgSe,, PdPbF,, AgcSiSOq are 0.025m,, 0.806m,, 0.012m,,
0.034m,, 0.085m,, 0.021m,, 0.094m,, and 0.053m,, respectively.
Hence, the effective masses of electron of our narrow-band gap
and wide-band gap materials are approximately equal to those
of the photovoltaic materials. From Table 4, the effective mass
of an electron is 0.025m, for Ag,ZnSnS, in [110] plane
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direction. We observed from Jing et al. that the effective mass of
an electron is 0.16m, for Ag,ZnSnS, in [100] plane direction.*”
Hence, we found a lower effective mass in [110] direction than
in [100] direction. These effective masses are better described
by the band structures of the most curved parabolic band, as
shown in Figures 3—S5. Because of the effective masses for the
presented materials, in this article, the electron mobility from
VB to CB will be higher and the recombination effect will be
lower.

Bl CONCLUSIONS

We have carried out a comprehensive study of the electronic
band structures of 2100 new bulk compounds using first-
principle calculations with the DFT. Among these compounds,
we have found that only 17 compounds have IBs. These
compounds could be potentially used as photovoltaic materials
based on the detailed studies of band structure, the DOS and
effective mass calculations. Our effective mass calculations show
that these compounds have high electron/hole conduction
properties, which make them suitable for PV applications.
Although we have studied 2100 new compounds from the
ICSD database, our study clearly demonstrates the possibility of
having more IB materials from the list of currently known
compounds from the database. Thus, we are in the process of
investigating more IB-compounds and results of the detailed
analysis will be published in a forthcoming article.

B COMPUTATIONAL DETAILS

Total energies have been calculated by the projected
augmented plane-wave (PAW) implementation of the Vienna
ab initio simulation package.”” Ground-state geometries were
determined by minimizing stresses and the Hellman—Feynman
forces using the conjugate-gradient algorithm with a force
convergence threshold if 107 eV A~'. Brillouin-zone
integration was performed using the Monkhorst—Pack k-
meshes with a Gaussian broadening of 0.1 eV. A 600 eV kinetic
energy cutoff was used for the plane-wave expansion. All of
these calculations usually set to use approximately the same
density of k-points in the reciprocal space for all structures.
Because a large variety of structures was considered in this
study, both metallic and insulating, we ensured that the k-points
mesh was dense enough to determine the total energy with
meV/atom accuracy. All structures containing transition
elements are treated using the spin-polarized approach. In
some cases, the starting magnetization vanished as self-
consistency was reached. For all of these computations, the
starting structures were directly taken from the ICSD database
and input parameters, and file generation was done automati-
cally by locally developed code “Tool”. For the calculation of
band structure, the k-point files were generated again with the
help of locally developed code “KPATH”. The information
about the high symmetric points of the k-vector in the Brillouin
zone was taken from the Bilbao Crystallographic Server.**™>°
All of the calculated electronic structures of the studied systems
are documented in the DFTBD database. For the transition
metals, we have used exchange-correlation functional with the
Hubbard parameter correction (GGA+U), following the
rotationally invariant form. The full details about the computed
U and ] values are presented in the DFTBD database
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The wide-band semiconductors AsSe, Al,HgSe C,TeF,;, PdPbEk, AIMoVO; and
AgsSiSQy have the total bandgap vary from 3.26 to 3.51 ®3& (Table S1). Figure S5(a-f)
shows the calculated band structure with IB of AS@s Al,HgSe C,TeF;, PdPbE,
AIMoVO <7 and AgSISG; respectively. The calculated values af, B, AE; and the total
bandgaps are presented in . The bandgap typesosbvcompounds are the direct bandgap
except for the indirect bandgap ofC,Te;F, and PdPbE From figure S5b, the calculated
values for AjHgSe are: total direct bandgap is 3.28 eV, whereas #melpap E is 1.41 eV.
The transition between IB to CB is fast becausebwedgap E is 0.04 eV. However, the
width of IB is 1.83 eVAE; in Al,HgSe, which is much higher than;&and E;.

Figure s 1 Calculated electronic band structure of (a) AsCssSes, (b) Al.HgSey, (¢) CoTesF4and
(d) PdPbF,. (e) AIMoVO; and (f) AgeS SOg. The fermi level is set to zero.
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Table S1. Wide-band 2 semiconductors with intermediatedo@mging from 3.15 eV to 3.51
eV

Serial | Chemical | Pearsonl Space | Bandgap| Bandgagwidth of | Total |Bandgag
no. Formula | symbol | group (Evi) B Bandgap type
number (Eci)

AE; (Eg)
1. AsCsSe 0P32 62 1.49 1.04 0.73 3.26 DB
2. Al,HgSe tl14 121 1.41 0.04 1.83 3.28 DB
3. CTeR, mP32 4 1.67 1.08 0.58 3.33 ID
4. PdPbk tl24 140 1.92 0.8 0.61 3.33 ID
5. AIMoVO; 0P40 62 2.31 0.72 0.46 3.49 DB
6. AgeSISQy tl64 141 0.16 0.71 2.64 3.51 DB

Ground state structure of Ag,ZnSnSy:

In literature two types of tetragonal structures (kesterite-type; space group 82) and I-42m
(stannite-type; space group 121) are described AggZnSnS. Both of these two
modifications are having similar atomic arrangemn(seeFigure S 2 ) and are highlighted by
square box ifrigure S 2. Our total energy calculation predicted that ketgegpe structure is
energetically favourable for AgnSnS compound (seeFigure S 3). This finding is
consistence with the recent experimental finding&bnget al. [1] The calculated structural
parameters and atomic positions are well fittedhlie experimental findings. The involved
energy difference between the two structures i4 6\/f.u.
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Figure S 2 Crystal structures of tetragonal Ag.ZnShS,in I-4and 1-42m structure viewed along
[001]. Both of these two modifications are having similar atomic arrangement and are

highlighted by square box. The atomic label for the different kinds of atoms is given in the
illustration.
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Figure S 3 Calculated unit cell volume vs. total energy (per formula unit; f.u.) curves for

Ag2ZnInS; in I-4and [-42m structure arrangements; structure types are labelled on the
illustration.
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Figure S5 Band structure of tetragonal Ag.ZnnS,in 1-42m space group. The Fermi level is
set to zero.

sS4



Table S2 List of Compounds with Intermediate band consideire this study are listed

bellow. The chemical formula, pearson symbol, spgoeup number, & Energy gap

between top of the valence band to bottom of agrnmédiate band, = Energy gap between

top of the intermediate band to bottom of the catidn band Eil-Ei2- gap between two IBs,
AEj; and AEj,- bandwidth of the intermediate bands , Eg-totaidgmp between top of the

valence band and bottom of the conduction bandinéirect bandgap type, DB-direct

bandgap type are listed

Seriall Chemical | Pearsor] Space | Bandgap| Bandgap|Multibands| Width of | Total | Band
no. Formula | symbol| group (Evi) gap IBss  |Bandgafgap type
AIUHLSET (B (Eil-Ei2) | AEiL, AE2 | (Eg)
1. |AgAsSe hR4 166 0.13 0.02 - 3.66 3.81 ID
2. |AgCIO, t112 121 3.60 0.57 0.13 2.59,2.28 | 9.17 ID
3. |AgPXeF t156 140 2.48 0.72 2.39 099,112 7.7 DB
4. |AgF, oP12 61 1.03 1.15 - 1.43 3.61 DB
5. |AgFks hP24 178 1.24 4.13 - 0.77 6.14 DB
6. |AgKF, t124 140 2.13 4.12 - 0.19 6.44 DB
7. |AgNak t124 140 1.78 4.01 - 0.36 6.15 DB
8. |AglO, t124 88 0.77 1.27 1.59 2.13,3.26 | 9.02 ID
9. |AgTcO, t124 88 2.34 0.35 0.8 0.98,3.45 | 7.92 ID
10. |Ag.GeBagQ t116 121 0.90 0.35 - 1.16 2.41 ID
11. |AgzHgls t114 121 1.43 131 - 0.89 3.63 DB
12. |Ag:KSbS t116 121 0.81 1.08 - 0.94 2.93 ID
13. |Ag2ZNSnS t116 121 0.47 0.57 - 1.66 2.70 DB
14. |Ag,TeSQ cP40 198 1.06 0.44 - 2.17 3.67 DB
15. |AgeSISQ tI64 141 0.16 0.71 - 2.64 3.51 DB
16. |AIAsO, t112 121 4.22 1.82 - 1.92 7.96 DB
17. |AIH12N3Oss cl248 206 3.38 1.22 - 0.58 5.18 DB
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18. |Al,HgS, til4 121 2.0 0.03 - 1.64 3.64 ID
Seriall Chemical | Pearsor] Space | Bandgap| Bandgap |Multibands] Width of IBs BToélal Band
no. : a andgaggap type
Formula symbol n%rr%lé% r (Evi) ) (Eij-ll;z) AEIL AEi2 (ng;ll fgap typ
19. |AsBIO, tl24 88 2.81 0.6 - 4.08 7.49 ID
20. |Al,HgSe tll4 121 141 0.04 - 1.83 3.28 DB
21. |AsBO, {2 82 4.25 1.72 - 1.48 7.45 ID
22. |AsCsk mP12 4 4.62 0.39 - 1.04 6.05 DB
23. |AsCsk hR8 148 511 3.49 - 0.67 9.27 DB
24. |AsCuF 0l36 74 2.18 2.06 1.01 0.85,1.17 | 7.27 DB
25. |AsDyO, t124 141 3.61 0.65 - 2.04 6.30 DB
26. |Ask; oP16 33 5.15 0.28 - 2.79 8.22 ID
27. |Asks hP12 194 4.55 3.82 - 0.88 9.25 DB
28. |AsKls mS48 15 1.39 2.11 1.22 0.59, 0.27 | 5.58 DB
29. |AsInks hR8 148 3.33 2.25 1.53 0.65,1.26 | 9.02 ID
30. |AsK1F; hR8 166 4.76 3.63 - 0.90 9.29 DB
31. |AsRbFk hR8 166 4.94 3.60 - 0.75 9.29 DB
32. |AsTIFg hR8 148 4.56 1.55 - 0.64 6.75 ID
33. |AsKrF; mP36 14 2.44 3.79 2.32 0.17,0.48 | 9.20 DB
34. |AsHsNO, t148 122 4.12 1.16 - 1.9 7.18 ID
35. |AsHoQO, t124 141 3.60 0.73 - 2.04 6.37 DB
36. |AsLuO, t124 141 3.50 0.89 - 2.06 6.45 DB
37. |ASTbO, ti24 141 3.64 0.63 - 2.04 6.31 DB
38. |AsYO, Ti24 141 3.65 0.54 - 1.93 6.12 DB
39. |As2ClFs tP24 85 2.84 2.34 2.35 0.22,0.75 | 8.50 ID
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Seriall Chemical | Pearsor] Space | Bandgap| Bandgap |Multibands| Width of IBs BTo(tllal Band
no. ; a| andgajgap type:
Formula symbol n%rr%lé% r (Evi) (Es) (Eij-lziz) AL, AEi2 (Egil f9ap typ
40. |As,CsF1, tP40 137 331 0.43 - 2.84 6.58 | DB
41. |AssMgsNaO;, ti80 122 3.19 1.13 - 2.60 6.92 | DB
42. As2KF mP40 14 4.78 0.28 - 2.92 7.98 | DB
43. |AuLiF, mP24 15 2.59 0.41 241 0.37,2.84 | 8.62 | DB
44. |AULiF, mS24 15 2.60 0.45 2.36 043,29 | 8.74 ID
45. |AuKFs hR8 166 2.20 4.43 - 0.39 7.02 ID
46. |AuTIFg tP64 92 1.80 0.41 1.17 34,194 | 8.72 ID
47. |AuBa0, t128 88 1.69 0.11 - 1.77 3.57 ID
48. |Au,CsBrg t120 139 0.67 1.23 - 0.81 2.71 DB
49. |Au,CaR, tP15 99 1.72 4.31 - 0.84 6.87 | DB
50. |AuCaQ, t128 88 1.81 0.18 - 1.65 3.64 ID
51. |Au,CdF; mS60 12 2.0 2.72 - 0.36 5.08 DB
52. |Au,CdFR; tP22 127 2.33 1.2 - 0.72 4.25 DB
53. |Au,CsCls tI20 XX 0.93 1.72 - 0.73 338 | DB
54. |Au,CsF mS40 15 2.29 2.07 0.38 0.21,0.12 | 5.07 | DB
55. |AuCslg t120 139 0.64 1.01 - 0.7 2.35 ID
56. |Au,HgFs tP22 127 2.1 0.21 1.21 2.88,2.25 | 8.65 DB
57. |Au,MgFs mP22 14 2.45 0.79 2.26 05,294 | 894 | DB
58. |Au.NiFg mP22 14 2.24 0.41 1.58 0.63,357 | 843 | DB
59. |AuUZnFy mP22 14 2.24 0.02 1.85 0.65,3.25| 8.01 | DB
60. |AusLaFy, hR32 167 2.55 0.39 2.59 0.22,1.95| 7.70 ID
61. |BCIFs mP32 14 3.32 4.37 - 0.65, 8.34 DB
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Seriall Chemical | Pearsor] Space | Bandgap| Bandgap|Multibandg Width of IBs BTo(tllal Band
no. ; a| andgajgap type:
Formula symbol n%rr%lé% r (Evi) (Es) (Eij-lziz) AL, AEi2 (Egil f9ap typ
62. |BSF oP36 62 4.94 1.22 1.75 0.34,0.43 | 8.68 | DB
63. BN1R oP40 57 2.91 3.34 1.4 0.18,0.16 | 7.99 | DB
64. |B.Fs mP12 14 4.9 2.01 - 0.09 7.00 | DB
65. |C0BeO:3 cl46 217 3.72 0.89 - 2.25 6.86 ID
66. |ZnBeO1s cl46 217 4.04 1.97 - 1.12 7.13 ID
67. |BiFs t112 87 1.98 3.73 - 1.38 7.09 ID
68. |Brk; 0S16 36 2.17 3.08 0.8 0.49, 0.7 7.24 ID
69. |BrFs 0S24 63 3.47 3.35 1.36 0.39,0.49 | 9.06 ID
70. |CqUeKs0,4 cl40 229 2.95 0.37 - 1.90 5.22 ID
71. |CaTeZn;Or2 cl160 230 2.46 1.74 - 1.68 5.88 ID
72. |CdPdRk aP8 148 2.27 1.72 2.26 0.52,1.91 | 8.69 ID
73. |CdPtR hR8 148 2.74 0.95 0.68 0.66,2.33 | 7.36 DB
74. |CdSnk hR8 148 3.59 0.76 0.95 201,193 | 9.24 ID
75. |CdTiRs hR8 148 4.92 0.98 0.79 0.24,255| 9.48 ID
76. |Cd,OFs tP22 137 2.09 0.36 - 5.28 7.73 | DB
77. |CdsPeN12S cl46 217 3.08 0.42 - 0.87 4.37 ID
78. |CeZrk, mP18 4 4.24 1.05 - 0.28 5.57 ID
79. |SnCIF oP12 62 3.47 1.58 - 3.09 8.14 DB
80. |CIF mP8 14 2.13 3.87 - 1.07 7.07 | DB
81. |CIF; oP16 62 2.59 2.77 1.58 0.3,0.73 | 7.97 ID
82. |SbCIR aP20 2 3.17 3.46 0.97 0.81,0.72 | 9.13 ID
83. |Hg;SeCl;, cl28 199 1.75 0.65 - 1.92 4.32 ID
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Seriall Chemical | Pearsor] Space | Bandgap| Bandgap |Multibands| Width of IBs BToélal Band
no. : a andgafgap type
Formula symbol n%rr%lé% r (Evi) (Es) (Eij-lziz) AL, AEi2 (Egil fl9ap typ
84. |HgsTel, cl28 199 1.90 0.41 - 1.6 3.91 DB
85. |LiZnCl, cF56 227 4.56 0.58 - 1.73 6.87 DB
86. |CoF; hR8 167 1.49 2.44 - 3.10 7.03 ID
87. |CrNbFK tI16 139 1.34 0.19 - 1.26 2.79 DB
88. |CsCuk t124 140 1.82 4.60 - 0.11 6.53 ID
89. |CsHgk cP5 221 0.75 1.00 - 4.61 6.36 DB
90. |Cs,HgF, t114 139 2.05 0.88 - 2.56 5.49 ID
91. |Cs2Gek cF36 225 6.01 1.64 - 1.08 8.73 DB
92. [CsTlFg t120 139 3.34 1.78 - 0.78 5.90 ID
93. |Cuk mP6 14 1.75 0.98 - 1.38 411 DB
94. HOF oP12 19 3.23 291 - 0.66 6.80 ID
95. |PbIF tP6 129 2.17 0.53 - 3.45 6.15 DB
96. INOF oP12 19 3.21 3.06 1.78 0.24,0.64 | 8.93 ID
97. [TcGsF mP20 14 2.48 1.06 1.74 1.09,1.55 | 7.92 ID
98. HNF, oP16 29 4.41 0.88 - 1.62 6.91 DB
99. |PHR oP16 19 3.83 0.36 0.73 2.43,1.64 | 8.99 ID
100. |HgF cF12 225 0.98 3.21 - 4.08 8.27 DB
101. [KrF, tP6 136 2.79 4.13 - 0.59 7.51 ID
102. [KrF, tl6 139 2.89 4.08 - 0.80 17.77 ID
103. |P,OF, tP20 105 0.89 0.36 - 6.3 7.55 ID
104. |SeOk oP16 29 4.15 0.88 0.99 1.63,1.00 | 8.65 DB
Seriall Chemical | Pearsor] Space | Bandgap| Bandgap|Multibands| Width of IBs| Total | Band
no. Formula | symbol| group (Ev) gap Bandgajgap type
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number (Eci) (Ei1-Ei2) | AEi1,AEi2 | (EQ)

105. [XeFk, tl6 139 2.74 3.60 - 0.88 7.22 ID
106. |FeR cF64 227 2.80 1.34 - 2.26 6.40 ID
107. |Fek hR8 167 2.71 1.14 - 2.44 6.29 DB
108. [Fek hR32 167 2.77 1.19 - 2.40 6.36 DB
109. |IF; oP16 62 1.78 2.10 0.39 1.36,1.58 | 7.21 ID
110. |NiF3 hR8 167 1.24 2.54 2.84 0.62,0.17 | 7.41 ID
111. |RhR; hP12 150 1.30 1.61 0.16 1.00,1.56 | 5.63 ID
112. |N;HgF, hR14 166 5.27 1.27 - 0.53 7.07 ID
113. |HfF, mS60 15 5.39 0.31 - 1.50 7.20 ID
114. |[K,PdR mS14 12 3.09 1.48 - 0.19 4.76 ID
115. |NaSbk mP24 14 4.34 0.33 - 2.40 7.07 ID
116. |Na,PdR mP14 14 2.67 1.46 - 0.13 4.26 ID
117. [TcOFK hP36 176 1.97 1.49 1.35 0.59,144 | 6.84 DB
118. |PdR oF40 109 1.05 4.67 - 1.28 7.00 ID
119. |Snk tl10 139 2.74 1.47 - 3.77 7.98 ID
120. |VF, mP10 14 1.92 1.74 - 3.61 7.27 DB
121. [XeF, mP10 14 2.81 4.10 0.04 0.57,0.26 | 7.78 DB
122. KTek oP28 57 5.24 1.14 - 1.20 7.58 DB
123. [NaTek oP28 62 5.25 1.21 - 1.36 7.82 ID
124. |SnOFs mS32 12 1.56 1.10 0.25 151,132 | 574 ID
125. |PdRRFs tP18 127 2.87 1.51 - 0.05 4.43 ID
126. |SbSrk oP28 57 4.77 0.70 - 2.02 7.49 ID
Seriall Chemical | Pearsorf Space | Bandgap| Bandgap|Multibands| Width of IBs| Total | Band
no. Formula | symbol| group (Evi) gap Bandgaggap type

510



number (Eci) (Ei1-Ei2) | AEi1,AEi2 | (EQ)

127. |Rb,GeR hP9 164 5.77 2.30 - 1.10 9.17 ID
128. Rb,Gek cF36 225 5.94 1.96 - 1.22 9.12 DB
129. |KNbFg tP16 116 5.60 2.22 - 0.12 7.94 ID
130. |LiNbFg hR8 148 5.48 2.60 - 0.21 8.29 DB
131. |Li,TiFg tP18 136 4.88 1.58 1.54 0.16,0.31 | 8.47 DB
132. MoFg oP28 62 4.06 1.06 3.84 0.11,0.16 | 9.23 DB
133. |MoFs cli4 229 4.10 0.49 3.78 0.12,0.38 ID
134. |PsN3Fs oP48 62 5.69 0.24 - 1.51 7.44 DB
135. |NiSrFs hR8 166 1.65 5.88 - 0.44 7.97 DB
136. [SnpFe cF32 221 2.26 0.54 1.01 2.06,1.20 | 7.07 ID
137. [Teks oP28 62 4.37 4.58 - 0.54 9.49 DB
138. |WFs oP28 62 5.04 3.79 - 0.14 8.97 DB
139. [XeyFs mP16 14 2.56 3.97 0.51 0.22,0.29 | 7.55 ID
140. |[K,NbF mP40 62 4.93 0.68 1.48 0.10,0.13 | 7.32 DB
141. K,Pak mS40 15 3.99 2.84 - 0.64 7.47 ID
142. K,Tak oP40 62 5.68 1.05 - 0.17 6.90 DB
143. |NiRbsF; tP22 127 0.78 491 - 0.15 5.84 ID
144. PhRhF mP40 14 2.85 1.06 1.27 0.38,3.01 | 8.57 DB
145. [TiRbsF; tP22 127 3.52 1.80 - 0.04 5.36 DB
146. |SbXek mP36 14 2.79 3.44 1.69 0.27,0.56 | 8.75 DB
147. |SnTIR mP36 14 1.63 1.93 - 3.69 7.25 DB
148. |SrTak mP18 11 5.66 0.21 1.46 0.19,0.25 | 7.77 ID
Seriall Chemical | Pearsorf Space | Bandgap| Bandgap|Multibands| Width of IBs| Total | Band
no. Formula | symbol| group (Evi) gap Bandgaggap type
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number (Eci) (Ei1-Ei2) | AEi1,AEi2 | (EQ)

149. |Phl,Fg hR15 160 2.90 0.87 - 3.53 7.30 ID
150. |[K3Takg hP24 186 3.98 0.09 1.48 0.06,0.30 | 5.91 DB
151. |SnsF mpP22 14 2.70 0.83 0.85 0.95,3.06 | 8.39 DB
152. |INbSek hR44 146 5.53 1.99 0.68 0.62,0.09 | 8.91 DB
153. NasGaTe,04, cl160 230 1.91 0.97 - 2.00 4.88 DB
154. |HgsTeO; Cl160 230 0.59 0.39 - 3.90 4.88 DB
155. |LiOsl tP40 86 3.59 0.68 - 3.11 7.38 DB
156. |LiOal hP10 173 3.65 2.04 - 2.53 8.22 ID
157. |[K3ShS cll6 217 2.14 1.58 - 0.39 4.11 ID
158. |Li,WQO, tl12 141 4.12 1.43 - 0.97 6.52 DB
159. |LisNbO, cle4d 197 4.03 1.65 - 1.17 6.85 DB
160. |LisNd;W,0;2 cl160 230 3.28 0.22 - 0.96 4.46 DB
161. |LisTaOy mS64 15 4.66 0.69 - 1.18 6.53 ID
162. |Li3VO, oP16 31 4.02 0.59 0.49 0.20,0.80 | 6.10 ID
163. |LigZr0; mS60 15 3.92 0.50 - 2.40 6.82 DB
164. |Li;TaGs aP14 146 4.56 0.25 - 0.64 5.45 ID
165. [ZngP12N240, cl46 217 3.44 0.57 - 0.25 4.26 ID
166. |NasSbhS cll6 217 1.92 1.27 - 0.42 3.61 ID
167. |NagSbSe cll6 217 1.02 1.24 - 0.71 2.97 DB
168. [ZnSKLWO4 cF40 225 3.05 1.31 - 1.01 5.37 ID
169. |AgBiSe, hR4 166 0.44 0.08 - 3.36 3.88 ID
170. |AgBITe;, hR4 166 0.17 0.09 - 3.27 3.53 ID
Seriall Chemical | Pearsorf Space | Bandgap| Bandgap|Multibands| Width of IBs| Total | Band
no. Formula | symbol| group (Evi) gap Bandgaggap type
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number (Eci) (Ei1-Ei2) | AEi1,AEi2 | (EQ)

171. |AgCN;O; oP28 57 3.18 0.61 - 0.46 4.25 DB
172. |AgCuPQ oP56 61 1.27 0.61 - 0.74 2.62 DB
173. |AgK,Sbhs oP32 118 1.52 1.03 - 0.47 2.97 DB
174. |AgN3O, oP64 61 2.67 1.19 1.04 0.28,2.18 | 7.36 DB
175. |AgP,TaO;3 oP76 19 341 0.70 - 0.49 4.60 DB
176. |Agz:ASS, oP16 31 0.73 1.04 - 1.00 2.77 DB
177. |AIAsHOs oP96 61 3.66 1.2 - 2.19 7.05 DB
178. |AICI4NS, oP32 62 2.14 0.13 2.88 0.10,0.4 5.65 DB
179. |AICsSIO, oP28 36 1.21 2.07 - 1.39 4.54 DB
180. |AIMoVO-, oP40 62 2.31 0.72 - 0.46 3.49 DB
181. |Al,CaSn0Oq oP60 60 2.45 0.78 - 291 6.14 DB
182. |AlsNaTi,O1, oP40 55 3.13 0.54 - 1.27 4.94 DB
183. |AsCl, oP16 19 4.04 1.97 - 0.84 6.85 ID
184. |AsCoSe oP24 61 0.46 0.30 - 4.43 5.19 ID
185. |AsCsSe oP32 62 1.49 1.04 - 0.73 3.26 DB
186. |AsZn,HOs oP36 58 2.65 1.01 - 2.71 6.37 ID
187. |AsLiZnH,0Os oP40 33 3.41 0.83 - 2.22 6.46 DB
188. |AsNaH,Os oP44 19 3.87 1.33 - 1.92 7.12 ID
189. |AsNHsO, oP48 19 341 1.00 - 1.71 6.12 DB
190. |AsLiMgO, oP28 62 3.46 1.28 - 2.00 6.74 DB
191. |AsLiNiO4 oP28 62 2.79 1.03 - 2.35 6.17 DB
192. |AsLiNaQ, oP16 31 3.92 1.51 - 1.82 7.25 ID
Seriall Chemical | Pearsorf Space | Bandgap| Bandgap|Multibands| Width of IBs| Total | Band
no. Formula | symbol| group (Evi) gap Bandgaggap type
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number (Eci) (Ei1-Ei2) | AEi1,AEi2 | (EQ)

193. |AsRbSnQ oP64 33 1.83 0.72 - 3.94 6.49 DB
194. |AsSbQ oP28 19 1.77 1.00 - 4.22 6.99 DB
195. |AsRb;Se, oP32 62 1.32 0.98 - 0.97 3.15 DB
196. |As,MgXe,F6 oP42 55 2.98 3.27 0.93 0.44,0.6 8.22 DB
197. |As,05 oP28 92 1.46 1.17 - 6.65 9.28 DB
198. |Au K1C, N;H,O| oP52 19 4.29 1.17 0.3 0.05,0.36 | 5.87 DB
199. BaTeF mS52 15 4.90 1.93 1.15 7.98 ID
200. |BaZnF mS52 15 5.75 0.37 1.47 7.59 ID
201. BaShF,, aP15 1 4.07 2.65 1.06 0 7.78 DB
202. |BaSbk oP28 57 4.73 0.22 1.84 6.79 ID
203. BaGek hR8 166 5.55 3.11 0 8.66 DB
204. BaNiFs hR8 166 1.72 6.01 0.37 8.09 DB
205. |BaPbk hR8 166 2.86 5.02 0 7.88 DB
206. |BaSnk hR8 148 4.98 3.52 0 8.50 DB
207. |BaTek oF128 43 4.79 1.67 1.26 7.72 ID
208. |BaTiFs hR8 166 4.80 0.94 1.6 0.14,0.33 | 7.81 ID
209. BaZrks mP32 14 6.32 0.41 0.274 0.53, 0.146| 7.68 DB
210. |BaZrks 0S32 67 6.26 0.35 - 0.64 7.25 ID
211. |BaTmkg mS22 12 1.98 5.36 0 7.34 ID
212. BaPdR 0S36 64 2.84 2.04 - 4.88 9.76 ID
213. BayZrkg oP44 62 5.95 11 - 0 7.05 DB
214. Ba,SrTeQ hR10 225 3.16 1.96 - 5.12 10.24 ID
Seriall Chemical | Pearsorf Space | Bandgap| Bandgap|Multibands| Width of IBs| Total | Band
no. Formula | symbol| group (Evi) gap Bandgaggap type
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number (Eci) (Ei1-Ei2) | AEi1,AEi2 | (EQ)

215. |BalnyFi, tP34 127 4.70 0.9 0.52 1.1,0.28 7.50 DB
216. BiClFg aP20 2 2.22 412 0.82 0.36,0.83 | 8.35 DB
217. BiCsks hR8 148 2.92 5.5 - 0 55 DB
218. BiKFg tP16 116 2.90 5.2 - 0.35 8.45 DB
219. BiLiFg hR8 148 2.75 6.14 - 0 8.89 DB
220. BiNaFs hR8 148 2.89 5.74 - 0 8.63 ID
221. BiRbFs hR8 148 2.79 5.61 - 0 8.40 DB
222. BiKrF; mP36 14 2.438 511 0.38 0.212,0.41| 8.55 DB
223. BiNazOs cl56 217 2.89 0.37 0.65 1.3,1.58 6.79 DB
224. BiyPh0y4 cl66 197 1.52 14 0.73 5.63 9.28 ID
225. |BisSiz04, cl76 220 3.93 1.59 - 2.1 7.62 DB
226. |CsBrk hR8 148 4.03 3.34 - 0.31 7.68 DB
227. |PbBrF tP6 129 2.72 0.33 3.82 6.75 DB
228. |SnBrFks mP36 14 3.21 0.3 - 3.96 7.47 DB
229. |CsBrF tP4 123 1.77 1.34 - 141 4.52 DB
230. |GeBrFyg mP26 14 2.85 2.73 1.85 0.8,0.19 8.42 ID
231. |HgsTe2Br cl28 199 1.73 0.47 - 1.48 3.68 DB
232. |CBrsF oP20 62 3.27 0.23 1.13 0.37,092 | 5.92 DB
233. |C1:Sehg mP46 4 2.78 0.54 - 1.74 5.06 DB
234. |C.RwSe 045 cle4 217 2.19 1.32 0.93 0, 1.33 5.77 ID
235. |CCIR; 0S20 36 6.55 0.7 - 0.47 7.72 ID
236. |CClLF, oF40 43 4.73 0.57 - 0.66 5.96 DB
Seriall Chemical | Pearsorf Space | Bandgap| Bandgap|Multibands| Width of IBs| Total | Band
no. Formula | symbol| group (Evi) gap Bandgaggap type
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number (Eci) (Ei1-Ei2) | AEi1,AEi2 | (EQ)
237. |CCIF oP40 61 491 0.26 0.76 0.33,0.62 | 6.88 DB
238. |CHl 0S40 64 3.71 1.78 - 0.37 5.86 ID
239. CIF; mP36 14 4.65 241 - 1.22 8.28 DB
240. |C,04F; oP56 19 5.27 0.68 - 0.47 6.42 DB
241. |CTel, mP32 4 1.67 1.08 - 0.58 3.33 ID
242. |C TeFs mP40 14 2.41 1.01 0.22 0.35,0.83 | 4.82 DB
243. |KgCeo cl132 0.61 0.28 - 0.39 1.28 ID
244. \CaPdkg hR8 148 2.62 451 - 0.24 7.37 ID
245. |CaPtk hR8 148 3.17 2.77 - 0.25 6.19 ID
246. |CaSnk hR8 148 4.85 4.07 - 0 8.92 DB
247. |AgAsK P36 62 1.46 1.35 1.83 0.92,1.27 | 6.83 DB
248. |AgSbFks cle4 206 3.37 1.29 0.94 1.92,1.45| 8.97 DB
249. |AgTiFs aP8 2 1.46 0.89 2.64 0.52,0.20 | 5.73 DB
250. |AsNak; cF32 225 4.93 3.42 - 0.87 9.22 DB
251. |As,MnF, tI60 141 4.01 1.4974 - 1.2119 6.7258| DB
252. |AuThyFy; t156 139 2.59 0.24 3.00 0, 1.67 7.51 DB
253. |PbF t110 139 1.86 3.31 - 3.15 8.32 ID
254. |AuKF, tl24 140 2.88 2.24 - 0.2614 5.39 DB
255. |AuNaFk, tl24 140 2.61 2.03 - 0.401 5.05 DB
256. |/AuURDbF, t124 140 2.96 2.227 - 0.23 5.42 DB
257. |Au.BaFy, cP60 224 1.79 1.03 3.12 0.7,0.5 7.14 DB
Seriall Chemical | Pearsor] Space | Bandgap| Bandgap |Multibands| Width of IBs BToélal Band
no. ; a| andgajgap type:
Formula symbol n%rr%lé% r (Evi) E) (Eii-;a AL, AEi2 (Eg? f9ap typ
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258. |Au.BaF; tl44 82 2.96 0.41 2.29 0.25,2.38 | 8.29 ID
259. |BaPdR tl24 140 2.56 1.74 - 0.39 4.69 ID
260. |BaTaR cP72 205 5.79 1.49 - 0.21 749 | DB
261. |BiKF, cF96 225 3.25 0.45 - 3.30 6.55 | DB
262. |BiKFs cle4 206 2.90 5.07 - 0.58 8.55 ID
263. |BrkF, t124 140 3.12 2.52 - 0.85 6.49 ID
264. BrRbF, t124 140 3.31 1.92 - 0.85 6.08 DB
265. |CsBr,F, t112 139 2.52 2.05 - 0.26 4.83 ID
266. |CaPdR ti24 140 2.22 1.89 - 0.49 460 | DB
267. |CaPbk cF32 225 3.41 4.63 - 0.64 8.68 DB
268. |CaSnk cF32 225 4.82 3.28 - 0.8 8.9 DB
269. TaClF t148 82 3.21 0.49 1.72 0.58,0.54 | 6.54 ID
270. |CsTIFs tI20 139 3.32 1.73 - 0.8 5.85 ID
271. |KYb3Fyo cF112 225 0.96 0.39 6.27 0.07,0.81 | 85 DB
272. |[KShyFy3 t136 82 4.66 0.9 - 291 8.47 ID
273. |Rb,HgF, t114 139 1.96 0.37 - 2.81 5.14 | DB
274. |PbPdR ti24 140 1.92 0.8 - 0.61 3.33 ID
275. |PdSrR ti24 140 2.37 1.8 - 0.43 460 | DB
276. RbGek cF36 225 5.92 1.96 - 1.20 9.08 DB
277. |KoNiFg cF36 225 2.22 5.2 - 0.33 7.75 ID
278. INaSbk cP32 225 4.86 3.38 - 0.9 9.14 DB
279. |NiRb,Fg cF36 225 2.29 4.90 - 0.24 7.43 ID
Seriall Chemical | Pearsor] Space | Bandgap| Bandgap |Multibands| Width of IBs BToélal Band
no. ; a| andgajjgap type
Formula symbol n%rr%lé% r (Evi) ) (Eij-ll;z) AL AEi2 (ng;ll f9ap typ
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280. |PdRbFs cF36 225 2.84 3.69 - 0.29 6.82 DB
281. |RbsTIFs t120 139 3.16 1.63 - 0.97 5.76 ID
282. |PhyFs tP16 116 1.96 1.10 2.40 1.23,1.89 | 8.58 DB

List S1. List of computed compounds (in total 2100) considered i dtudy with their ICSD
number:

AgsCl3P,S6-416586; AgCaN-78395; AgAIQ-160643; AgAIQ-99688; AgAIS-28744;
AgAIS,-604692; AgAIS-604694; AgAIS-604698; AgAISe-28745; AgAISe-604704;
AgAISe,-604706; AgAITe-28746; AgALPr-604688; AgAsi~62510; AgAsHgO4-413087;
AgAsS-18101; AgAsSg£20087; AgAsNd-174360; AgAsPr-98736; AgAsSm-174361;
AgAuUClgCs-26162; AgAuR-90071; AgAuTe-55250; AgBR-415320; AgBE-80645;
AgBFs-80646; AgBa-57342; AgBagPs-50672; AgBe-109313; AgBIiCs0s-8224;
AgBICr 04-14233; AgBIiCr0O4-14234; AgBiQ-89432; AgBiSe-26518; AgBiTe-43266;
AgBrHgS-411773; AgBiCs-150288; AgBsRb,-150287; AgCN-85783; AgCNO-23833;
AgCNO-260378; AgCMNO,-408288; AgGFsH2N,Sb-63287; AgGeH>N30-63100;
AgC,KN,S,-280587; AgGN3-68453; AgCaGe-421236; AgCaSh-56982; AgG@dad01350;
AgCdhGaS-90459; AgCIQ-15407; AgCIQ-30227; AgClQ-100280; AgCIQ-185363;
AgCl;Cs-150286; AgCiRb,-280031; AgCr-4149; AgCr%-24797; AgCrSg24799;
AgCrSe-42397; AgCrTe-605002; AgCsE-23154; AgCs0O-25745; AgCs0-49754; AgCsSe
87464; AgCsgF;-16254; AgCsl3-150291; AgCu@P-35590; AgCu@V-419202; AgCuS-
66581; AgCuTe42482; AgDySe605083; AgErs423921; AgErSg951; AgEu-58257,
AgQEUOTI-78720; AghPXe-412662; AgESh-65186; AghTa-62543; Agh-20453; Agk-
6277; Agh-66014; AgR-80477; AghRb-23153; AgkZn-28950; AgEK-72715; AghK-
9904; AgRNa-9903; AgkPd-51507; AgESb-28676; AgESb-411795; AgkTi-51506;
AgF;Ir-79880; AgFe@-31919; AgFe@5e-90414; AgFes156643; AgFes56263; AgFed
605138; AgGaSe28748; AgGaTe605230; AgGdSe602138; AgHO,V-75941;
AgHsNS,W-84370; AgH$-163152; AgHQIS-54796; AghHHlOs-89685; AgHgO,P-2208;
AgHgzOsSh-170764; AgH0Se156419; AgH0oS£605365; AglIQ-52380; AgISe-414116;
AQITes-414117; AgiTI-26318; AgkK,-1969; AgkRb,-150290; AgiTI-78929; AgInQ-
202429; AgIng-28750; AgIn$-32655; AgIn$-51618; AgInSe28751; AginSe604401;
AgInTe,-28752; AgIn-58282; AgKO-188532; AgKS:Sb-82144; AgLi-247145; AgMngY-
246202; AgM@Ss-600661; AgM@Se-600325; AgNQ-1685; AgNQ-374; Aghs-183201,
AgN304-419628; AgNaO-40153; AgNhEb5643; AgNiQ-73974; AgNiSe-605616;
AgNiTe,-605619; AgO-202055; AgiPsTa-86892; AgORD-188533; AgORb-40155; AQORDb-
49753; AgORh-261561; AgQS5c-422442; Ag@Yb-163472; AgQ@Sh-245292; Ag@ra-
40830; AgQRe-280086; Ag@rc-281321; Ag@SeV-417773; AgP&n-48197; AgRbSe
87463; AgSYb-27090; AgSYb-27091; AgSbTel70663; AgSbYb-83983; Aggter-
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94859; AgSeTI-100710; AgSEb-605827; AgSr-58358; AgTeTl-23367; Aghg-160181;
AQTes-37186; AgTh-58367; AgYb-58377; Ag4r58391; AgAI;Ca-104173; AgASKO,-
409793; AgBaGel-10040; AgBaGe-25318; AgBaSn-25332; AgBaTe-246048,
Ag-,Ba3-108847; AgBiO3-410665; AgBrNOs-1311; AgCaGe-25316; AgCdGe3-152753;
Ag,CeSp-106693; AgCeSp-52551; AgCINOs-8013; AgClsCs-66067; AgClsRe-156662;
AQ.ClgRe-249357; Aglr0O,-16298; AgCuw,05-51502; AgDy-57380; AgEr-58252;
AQ-EUSH-106697; AgFeSSn-42534; AgGd-104473; AgGdSh-52574; AgGe(s-167332;
Ag,GeNd-154451; AgGePr-154449; AgGeSr-25317; AgH3l06155415; AgH40,Ss-
408949; AgHgl;-6069; AgHgSaSn-95094; AgH0-58278; AgINO3-8075; AgleOsTi-
420852; AgKPS-420033; AgKS,Sbh-82143; AglLaSk-52587; AgLa,OgTis-74194; AglLu-
605531; AgMn0O,;-35762; AgNb,O-180731; AgNdSKL-106695; AgNiO»-160574;
Ago00UW,-98550; AgOTa-180734; AgOsSi-36589; AgP,STi-84606; AgPrSp-106694;
AQS4SNZn-605734; Agc-605791; AgSe-15213; AgSiSm-106696; AgSiLSr-25330;
AQ,Si,Th-98339; AgSi,Yb-52607; AgSnSr-414; AgSr-58360; AgTh-58365; AgTm-
58373; AgY-605957; AgYb-605966; AgZr-605995; AgAsS-27841; AgAsS:-38388;
AQ3AsSS-86227; AgAsSe-2426; AgAsSe-82636; AgAsSK3-32016; AgAuSe-15734;
Ag3AUTe-15733; AgBO;-26521; AgCa-57355; AgCeK,Tes-86678; AgCuS-163982;
AQ3GePsSn-52575; AgNO3;Se-33581; AgO4V-417470; AgPS-416585; AgPSe-97760;
Ag3PsSisSn-52595; AgS,TI-75976; AgSsSh-64986; AgSb-52600; AgSn-2721; AgYbs-
58382; AgEuSBb-424312; Agl,0,Se-418902; Agu-58321; AgMn30s-414178;
AgsN20,S-23111; AgO,STe-421880; AgP.Se-1727; AQgShSr-424311; AgSc-58349;
AgsCds-604897; AglOs415893; AgO,SI-165377; AgS,Sb-36347; AgZng-58389;
AgsBa0y-9288; AgCeNyO,7-59256; AgCrOsSi-420804; AgGeyP»-70055; AgO,Sr-10359;
AQgs0sSSi-6225; A@Ca-107145; AgGeS-100079; AgO04S,Si-2330; AgSsSi-1054;
AQgsSsTi-95648; AgSeSn-95093; AjBar-420092; AbCa024S,-67589; AbCas0.4T€,-86156;
Al,Cds0,4S,-78368; AbCdsO,4Tex-86155; ALMQg7-163478; AbMn-608472; AjMo-608577;
Al20245,S15-67590;  AbO24SIsTe-82609; AbRe-109107; AITc-58178; AW-58207,
Al,Ca05,-164634; AIMQ3-150647; ALO25S1-88527; AFP&SI-52650; AlASHOs-170740;
AlAsO4-24512; AlAgCa-32727; AIAuCa-370015; AlAuYb-370027; AlALE7496; AlAw-
606020; AIBMgQ-34349; AIBG-30538; AIBQPb-98572; AIBCrs-20082; AlBLu-41405;
AIB,Yb-181368; AIBYb,-41404; AlBak-37033; AlBalLaQ-62490; AlBaFy-72718;
AlBazHO,4-280520; AlIBeNgOgSi»-4334; AIBr,Cs-83435; AICOSc-419683; AlCaAgsNas-
168054; AICaH@SI-12127; AlCaH-156314; AlCaPd-370036; AlGalIF,HsO,S,-80437;
AlCazF7-100308; AICaSh:-36363; AICdENa-80559; AlCel247039; AlCe@150277;
AlCe0s-245264; AlCe@245267; AlCePg604242; AlCePt-104635; AlCeRh-160052;
AlCeRu-160051; AIGH206-22071; AICLCs-8118; AICICu-165607; AICJIn-170790;
AICI4NS,-27210; AICKkNa-2307; AICLTI-419828; AICp-57651; AICsCuk240292;
AlICsO,Si-160822; AICgFsNa-41801; AICuBK-59003; AICuQ-25593; AICuS$-28733,;
AICuSe-28734; AlICuTe-28735; AlCuy-151216; AIDy-57734; AIEu-107525; AIFSIs-
50736; AlR-130021; AlR-202681; AlR-29131; AlR-30274; AlR-38305; AlR-68826; AlRs-
72174; AlR-79816; AlRK,0,S-161272; AlEK-166825; AlIRK-77913; AlIRRb-54122;
AlF4T1-202455; AlRHN0-201652; AlBH2N3-96591; AlRK3-262078; AlkLis-34672;
AlFgNas-74211; AIRPdRb-78749; AlFe@203203; AIGdQ-59848; AlGelLa-105149;
AlGeLiz0s-72098; AlGeQY-32744; AlGePr-90160; AlGED,-152747; AlIGeY,-78969;
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AlH2N30s5-96765; AIHGQ-16768; AlHLIOsSI-161494; AIHK-99082; AlIH,K-990883;
AlHsNa-8022; AIHTh,-43313; AlHMg-165987; AlHSr-156315; AlHK,LI-245317,
AlHeK3-153683; AlHK3-153684; AlRLa-247037; AlHLIz-99217; AIHNd-247043;
AlHgPr-247041; AlH3-150773; AlbPds-14164; AluNa-400521; AlsP-35403; AIKQ-88774;
AlIKSb,-300157; AlKTe-44703; AlLaQ-28629; AlLi-240114; AILIQP4-74860; AlLIO,-
23815; AlLiO,-28288; AlLiOsSI-97909; AlLiS-608360; AlLiSe-280225; AlLiTe-162672;
AlLiTe-280226; AILEN2-25565; AlLisO4-1037; AlLis04-16229; AlLuQG-0000; AIMgSi-
153548; AIMoGV-280775; AIMaSs-36564; AINNGOs-201358; AINaG-22216; AINaQ-
79404; AINaSg44704; AlNaTe-44701; AINdQ-10333; AINdPd-604244; AINdPt-150174;
AlO3Pr-35549; AIQY-167509; AlIQP-24511; AlIQP-72374; AIQRDbSI-160823; AlQV,-
151457; AIP$15910; AlPd-58112; AIPdTh-54938; AIPdYb-370028PA1-58115; AlPdPr-
604243; AlPg-245328; AlPrPt-150173; AIPtY-609165; AW459; AIRe-58147; AlSeTI-
100130; AISiISm-151717; AISm-609374; AlTb-58172; AH609480; AlY,-58211; AlZp-
150774; AbPc-58119; AbP#-58136; AbB,Ba0-409171; AbB,Ca0-86785; AbB,O/Sr-
89423, AbBaGe-98514; AlBaGe-98515; AbBaO,Sh-154362; AbBaSh-249559;
Al;,BagF,-413546; AbBasN4-410578; AbBag0,Sis-27386; AbBeOy-34806;
Al:BexCloNag024Sis-55253; AbBisCa-36364; AbBrgTi-39243; AbCsThy-81572; AbCaCk-
56730; AbCaGa-300209; ApCaHOgSI-100320; AJCaHs-246482; ApCazZn-57550;
Al,Ca0ySn-260890;  AbCasFsN&p-202657; ACaGe-31982;  AbCaH0,-15379;
Al ,CaN4-280348; ACa0,Sis-16750; AbCasSh-60146; AbCAdS-25634; AbCdSe-25637;
Al,CdTe-25640; AbCeGa-55789; AbCeZn-57594; AbCeZn-606526; AClgTes-10322;
Al ClgYb-56729; AbCu-42517; AICuU-23257; AICuYb-604213; AIDy3Nig-105027;
AlErsNig-107804; ApF,LisNas-9923; AbFK4NDbO,-65738; AbF.GeQ-409714; ApFeS-
607619; AbFe;0.Sis-28030; AbGala-607781; AIGaPr-607795;, AIGaYb-607817;
AlL,Gd0;Sr-33580; AIGesSc-76361; AIHgS:-25635; AbHQSea-25638; AbHQTe-25641;
Al;HOsNig-105154; ApLaZny-105503; ApLasRus-167948; AMQgS:-107308; AMMQSs-
38344; AbMQgSs-608441; APMgSe-41926; AbMQsz0,Siz-15438; AbMNS,-608507;
AlenTe4-608538; A&NzOgSiSf-408170; AdN4SI’3-74824; AbNi6Y3-105538; A£02P3T|3-
280212; AYO,S3-32589; AbO,SisSr-27385; AbO,W3-73878; AbO3-84375; AbOs-9770;
Al,0sSi-24275; APOPSib-159977; ApOs-58108; AIPSr-25336; APAdPu-166270;
Al,PdU-161313; ApPU-168816; AbPY-182835; AbPrZn-106244; AbRu-609234,
Al,$4ZNn-609280; AJShsSrs-62304; AbShsYbs-409996; AbSeZn-25636; AASMZn-609398;
Al,TesZn-25639;  ApTi-107009;  AbMQ23-57965; ABAuCe-658144; AJAug-57502;
Al3B4Gd0,-100831; AB4NdO-6175; AEB4O,Y-20223; AkBisCl-201993; AbCaHO;SIis-
9245; ALCaMg-152756; AiCsFNa-646; AkCuGd-658383; AErRGeNis-172068;
Al3FP-203224; ARFeSp-79710; AkGd-607838; AdHsKO4S,-12106; AkHf-109214;
Al3Ho-150555;  AdlTes-66030;  AbLi»Sis-39597;  AgNDb-58015;  ABNiY-160931,
Al30,SeY3-67055; AbOS-58109; AbPA-58118; ABRW-609226; AbSc-247449; AdTa-
58169; AETb-150557; AlTI-58189; AEV-58201; ALY-58217; AbkZr-106259; AbZrs-
603491; ALAUErGe-415290; AlBa-606140; AIBaS-33237; AkBasF24-37034; ALBi>Oo-
20069; AlBi,CleSe-414155; AlBisCléTes-411714; AlBrslas-413559; ALCs-14397,
Al,C4Th-81573; ALCsHf2-161586; ALCsZr-173676; AkCeHf3-161585; ALCsZrs-173677,
Al,Ca-151189; AlCe-57556; AICeCo0-55598; AICoLa-9986; AICoNd-154678; AICoPr-
600912; ALErMo,-607414; ALEuU-55427; AlFgU-607702; AlGeNiTb,-95799; AllLa-
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57935; AkMo,Yb-456; ALNd-150508; AlINiz-58042; ALPr-150507; AjISm-609379; AISr-
107887; AkBrsLap-409704; AkCePt-171199; ALEr0,-62615; AEGd:0,-23849; AEH030,-
33603; AkLu30,-23846; AENaQ,Ti,-15346; AENi»Zr-58084; AkO,Ths-33602; AEO.Y 3-
16825; ALAuUDY,Si;-281661; AAUSI;Tb,-281659; AEC3N,-14399; AECaGe-417966;
AlsCa05-16177; AECayOsW-28481; AkEDy,PtSi-281660; AOSKL-97713; ALOsSSu-
28482; AbOsSKW-28483; ALPtSLTh,-281658; AlAuzCe-391101; AlAuzDy-391108;
Al;AuUzEr-391109; AJAu3Gd-391102; AJAuzH0-391106; AJAu3Lu-391105; AlAusNd-
391107; AfAusPr-391104; AJAuzTb-391103; AJCaCuw,-57538; AlTey-62659; AkThy-
58186; ALC3N;-14401; AkCaCp-57533; AkCaCu-57539; AkCaFeg-606314; AkCaMn;-
57545; AkCeCy-606419; ACeCu-57566; AkCeFq-57574; AkCeMn-57579; ACoPr-
600914; ACo,Sm-600915; AJCr,Dy-606767; AsCrEr-606769; A4Cr,Gd-156967;
AlgCr;Ho-606790; AdCrLa-606792; AICr,Nd-606817; AICr,Pr-606830; AdCr,Th-
606848; AkCr,Y-57664; AkCr,Yb-606871; A§Crs-606753; AsCuDy-606899; ARCWETr-
606913; ACwGd-606934; AICwHO0-606964; AYCwNd-607039; AICwPr-607058;
AlgCuTh-607133; AICusTh-607143; AACWwU-57724; AECuY-57727; AkCuYb-607191;
AlgDyFe-57749; ADyMn4-607312; AbErFe-607382; ASErMn,-607409; ASErMng-
607412; AYEUMN-607460; AlFe,Gd-607505; AdFeHf-607535; AkFeH0-57752;
AlgFglLa-607554; AlFe,Nd-607593; AfFeSc-164856; AlFeTh-57823; AbFe;Th-54990;
AlgFeU-54991; ALFeY-57842; AkFeYb-607748; AbFeZr-607756; AbFes-169545;
AlgFe;-169547; AGe;Sr-173215; AHOMNn,-608195; AfLaMng-608299; AsLuMn,-
608379; AlMny4Nd-608479; AIMNn4Pr-608494; AdMNn,Sc-99142; AIMn,Tb-608537;
AlgMn,U-608550; AMn,Y-57997; AkMn,Yb-608570; ASErNiz-105031; ASr-655752;
AsRb:-412872; AsFegla-168584; AsFela-23080; AsNiRe;-35731; AsBQ-26891;
AsBO4-413436; AsBQ@413438; AsB-68151; AsBeCs@®74027; AsBiCu0s-88111;
AsBi04-30636; AsBiNigSs-203066; AsGHol-171203; AsCaCoH@240725; AsCaHNI@
202422; AsCaHgZn-63285; AsCaPt-60828; As@466865; AsCgCl04-26234; AsCd-
65218; AsCglN-657354; AsCd-432; AsCdNa-9571; Asflih-23306; AsCeF@®166934;
AsCeRh-90869; AsCIlgPb-66246; AsGH280796; AsCFsS-60076; AsGH412103; AsCo-
15065; AsCoHf-406953; AsCoRh-43896; AsC0S-31189;CdéSe-41731; AsCr-23589;
AsCrO-62132; AsCgN-25760; AsCsk408070; AsCs@Xi-280315; AsCsSe65299;
AsCg04-412392; AsCsSe-404082; AsCuHEN-160894; AsCuMg-412296; AsCuMn-
72413; AsCuS-23826; AsCus42884; AsCy655109; AsCuS,-14285; AsCuySe-610361;
AsDyO;,-16512; ASErPd-409908; AsEu@09995; AsEUPt-60829; Asi35132; Ask-65477;
AsFsHgN2-412507; Askin-417952; AsEK-38130; AskLi-74831; AskkNa-184563; AskNa-
184565; AskRb-408069; AsfTI-417954; AsEFSn-816; AskOS-10193; AsFe-150009;
AsFeli-187132; AsFelLi@245182; AsFeS-15986; AsFeTa-610528; AsGa-43951;
AsGaRhs-56973; AsGeSe-100828; AsHHgIN-281591; AsHEPbZn-98385; AsHEZn,-
34868; AsHLIO4-62024; AsHLiIOsZNn-409396; AsHgLisN.Se-409539; AsHNa(;-4284;
AsHNO,-28155; AsHNO,4-66208; AsH$-610638; AsHo@ 155919; AsHoPd-71619; Asl
23003; AsiLaz-411803; AsiS;4412399; AsKLp-78938; AsKMo0Q-203218; AsKNIQ-
63544; AskK(Q-413149; AsKgSn-281038; AsLaRh-95191; AsLaTe-280231; AsLiMgO
67523; AsLiMnQ-245181; AsLiMoQ-15035; AsLINiQ-51201; AsLiQ-202862; AsLIiQTi-
78105; AsLiQV-90991; AsLpNa(Oy-73200; AsLEO4-75927; AsLES;-59381; AsLuQ-2506;
AsMn-9496; AsMnNaQ@-95087; AsMo0-43188; AsNaNi£63353; AsNa@16762; AsNb-
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16585; AsNiTa-611079; Askbi-83753; AsGRb-413150; AsGP-31879; As@Sc-155920;
AsO,Tb-16329; AsQY-24513; AsQ@RbSn-80977; As€RDbTI-71907; As@Sb-36650;
AsPdZr-92440; AsRb-412594; Ask8r-404080; AsRh-42572; AsRhTIi-44052; AsRhV-
107965; AsRR611266; AsRu-42577; AsSSm-96227; A¥-100292; AsgIl;-79580;
AsSeTl3-15148; AsTa-44068; Ashbd#11452; AsTeU-42366; AsTIZr-92989; AsV-42445;
AsZn-431; AsBaCp-609848; AsBaCa0g-260062; AsBaCr-609849; AsBaCy-236307;
As,BaCu-89628; AsBaFe-166018; AsBaMn-41794; AsBaNi,-164197; AsBaNi,-
609856; AsBaNi,Og-27014; AsBaPd-36377; AsBaRh-165121; AsBaRy-165119;
As,BaZn-12146; AsBaZn-417000; AsBaaMnO,Zn,-85659; AsBaMnz0,-32011;
As;Ba0,Zn3-67998; AsBazOs-404438; AsBas0O-33905; AsBeK;-300111; AsBroCdHQ,-
240354; AsCaC0p-609899; AsCaCu-32619; AsCaFe-166016; AsCaGa-422526;
As,CaNp-23004; AsCaPd-36372; AsCaRuy-602108; AsCa0-68203; AsCd-16037;
As,CdGe-16736; AfCdK,;-300190; AsCdSi-22187; AZCdSn-16737; AfeCae-610002;
As,CeNp-68146; AsCePd-604354; AsCl3HgsTl-411520; AsCo0-610034; AZLoK-
610072; AsCo,La-610073; AsCo,Nd-610090; AsCoPr-610099; AsC0,Sr-610122;
As,CsRh-610296; AsCsRy-610297; AsCu,Sr-78756; AsCusK3-32015; AsCwEU-89627,
As,CuK-59207; AsCuw,Sr-89626; AsEuFe-163211; AsEuNi>-610437; AsEuPd-604348;
As;EURh-416982; AsEw0-1222; AsF,Mn-83635; AsFsMgXe,-281694; AsFOSKTi,-
167013; AsFe-41724; AsFeRb-167329; AdeSr-163209; AgGdNi-610591; AsGe-
610599; AsGeMg-182368; AsGeTa-68111; AsGeZn-16735; AsGe;Tes-68113; AsHfs-
610637; AsHgK;-402573; AsHQ,0,-391228; AsK3Nb(Oy-202980; AsK4Zn-4099109;
As;LaNi,-68145; AsLaPd-604343; AsLaRw-602111; AsMgSi-182367; AsMigs-610828;
As;Mn30,Sr,-32010; AsNaSn-82366; AsNbNi-38412; AsNdNi»-611001; AsNdPd-
604337; AsNi-24204; AsNi,Pr-611047; AsNi,Sr-23005; AsOW,-15020; AsOSi-33904;
As,0Ybs-402951; AsO0;-10436; AsOs-987; As0sS-32581; AsOsZNns-10400; AsOgSrs-
420295; As0s-995; AsPAdPr-604345; AsPdSm-604347; A$PdSr-36374; AsRh.Sr-
165120; AsRu-994; AsSg-16411; AsSiZn-22184; AsSnZn-18203; AsSnSr-611428;
As,SnpSr-82371;  Asli-20488; AsZr-168665; AsZrs-611611; AsBasIn-402338;
AszBagNbO-408853; AsBasOTa-280155; AgCaFeg-260320; AsCaGa-60126; AsCdK-
262032; AsCd;Rb-262037; AsCe-43883; AsC0-655090; AsCoHf-85884; ASCroNazO,-
280946; AsCsGe-65718; AgCs;Si-65716; AsEw-610400; Aslr-34046; AsKs00-23302;
As3LaSi-39160; AsLas-610771; AsMgsNaO,-59888; AsNaO,Ti-421531; AsNaOZr,-
97956; AsNaZny-262036; AsNbs-16417; AsOSKTa-409567; AgPr-611220; AsRbsSi-
300191; AsRh-34052; AsSn-419884; AsSr-402110; AsTis-611492; AsTis-611496;
As3Vs-611571; AsYbs,-611589; AsYbs-95562; AgBaCw-66017; AsCasln,-61336;
As,Cd,Ge-42132; AsCICuS-419754; AgCsk-281641; AsCw,S,-33588; AgCuSs-26724;
As,CusHO3S,-200785; AgCusH:S,-20424; ASEwPdi-79094; AsK/Nb-380109; AsK/Ta-
380110; AgMo0s5-43186; AgNbRb-380111; AgNbsPd;-412866; AsPa-611159; AgPlySs-
18097; AgRbsTaTl,-85784; AgS:-16105; AgTas-36525; AgThs-611490; AgUs-611550;
AssCwU2-69726; AgKeSns-71009; AgCasGa-27; AsCaSn-61037; AsCuSe-15235;
Asglr;Mgs-94393; AgMgsRh-94391; AgRh;Ybs-94392; AgRuU4-90326; AsRe;-26270;
As;Re-611260; AuBa-419559; AuBal;-98964; AuBaCsK0,4-40854; AuBaNaQO;-73189;
AuBe»-109312; AuBr-200286; AuBrSe-2897; ApKN-26498; AuGH,KN40-16043;
AuCaCd-420574; AuCaGa-106273; AuCaln-408579; Ap&ax01; AuCd-58409; AuCdEu-
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411544; AuCdYb-411545; AuCe-611711; AuCed7971; AuCeZn-418712; Augkx-
411550; AuCI-6052; AuCHP-415842; AuClO-8190; AuCsK,-62064; AuCs0-409553;
AuCs0-43006; AuCsTe-71653; Aufla-413725; AuCsPly-107448; AuEu-611844;
AUEUZNn-420674; AuFTR89619; AuFY-152058; Aul-80478; AuRK-10327; AuRK-9906;
AuF;Na-9905; AuRRb-9907; AulBK-415874; AukLi-165209; AuGa-58457; AuGeYb-
85835; AuGegK3-413728; AuGgRb;-413724; AuH$-58471; AuH®@-58480; AubKsO,-
40376; AulnSr-391422; AuKN®,-61226; AuKQ-15115; AukSe-402000; AukSn-
107444; AuLa-612101; AuLagr3873; AuLa-612100; AuLpSn-55349; AuMgYb-411303;
AuMQg»-58540; AuMn-58548; AuN-166465; AuNaSn-58554; AuNaSn-660108; AgNa
58527; AuNaO,Rb-411460; AuNg5,-202329; AuNd-612217; Aubbsmn-150127; AuORDb-
409552; AuPp150949; AuPp56272; AuPB58567; AuPhRb;-107447; AuPr-612264;
AuRDbTe-71652; AuRf5,Sb-54507; AuR§Sn-107445; AuSbTI-391381; AuZi#3504;
AuSm-612335; AuSnSr-412013; AusSh8587; AuTe-38213; AuTh-150644; AuTi-612407;
AuTI»-102798; AuYb-612473; AuYbZn-159306; Au¥b8619; AuZp-108025; AuZs-
612511; AuBaF,-39316; AuBaFs-65289; AuyBaln-249562; AuBa(0,-80327; AuBe-
150581; AuBIiDys-156957; AuBIErs-156959; AuBiH0s-156958; AuBiTbs-156956;
Au,BroH;N4-80216; AyBreCs-170696; AuCaGe-25333; AyCa(y-79801; AyCaSp-412;
Au,Cd,Rb,S;-85582; AuCeGe-246610; AuCeSp-58424; AuCleCs-6061; AuCsle
59269; AuDy-58440; AyDy-611781; Auln,Sr-249563; Adla,Oy-74989; Au0O;Se-37009;
Au,Sr-58596; AuCalng-410702; AyDy-611784; AuyEr-611810; AyEulns-245680;
AuzFLa-78915; AyHf-611955; AyH0-58482; Auin-612016; AulnzSr-245679; AuKSns-
249645; AYK3Sh-78977; AulLasShy-612105; AuLu-612128; A4O,Rbs-91308; AuPrsShy-
612269; AYRD,TI-249924; AuyRbsSh-78978; AuShY3-957; ASm-58585; AgSnYb,-
710044; AuSnU3-612361; AuTb-612380; AyY-612464; AuYb-58620; AuZr-612509;
AusCa-54547; AuHf-611961; AulLis-150973; AuS:TI-51235; AuThs-601382;
Au/Cs,Sn-107449; AuGeK,-79111; AyRb,Sn-58581; BLIi-164842; BBaslr,-8156;
B.,BrCsH,-414584; BBrH,K3-2120; BBrH,Rb;-414583; BCsH,I-98622; BH,IK 3-98619;
BzH2|Rb3-98620; 3024SQZH3-74057; 3P2-62748; ESI3-615435, 302-446; &h'gMgo-
163909; BBaCIN,-418947; BBeF0:-56847; BBeF,KO3-77277; BBeF,0OsRb-164854;
BBrEwN,-409982; BBrNSr-261795; BCEHeN3-202434; BGHoN-249799; BG-181956;
BCr0s-43311; BR-24783; BRLI-171375; BRLi»-426821; BFe@34474; BHLi4N3-171352;
Bl,Zre-202103; BIn@-75254; BLEN-155128; BLEO3-9105; BLUQ-16525; BNa@-34645;
BO3Sc-65010; BQ@ri-402039; BQV-45060; BQYb-160141; BS$TI-71593; BBaOsTi-
97972; BBa(O;Zr-95527; BBaMgOs-75986; BCCe-40164; BCN-183792; BCTh-68414;
B,CU-44142; BCaQ:Sn-30998; BCaNi-36505; BCa06-1894; BCelrs-97343; BCosZr-
16179; BEwOs-86479; BF4-27867; BHgKNa-163377; BHg30s-71261; BK,OeZr-67982;
BoLis-1; BoMgOsSn-28266; BM0-40907; BOsSNnSr-28267; BOeSr-93395; BBasNgNa-
401210; BCaliNg400339; BEwLiINg400465; BH304,Zng-416894; BLINgS;-402173;
BsM0-167734; BNgNaSp-92577; BNagOs-15967; BNagOeSc-245063; BNagSs-79613;
B3OsRbs-59826; BOyScSE-75339; BRS:-79615; BC-29093; BCeOS-90839;
B4sFeLa0,-83506; BFesNdO,-83507; BFe;0O,Tb-96455; BGaNdO,-200321; BLaO,S-
89013; BMo0,-39554; BW,-20326; BBaNi,-100287; BBaxCa(-30890; BBaMnO,-
391013; BBa&Niy-100288; BBrk;00-172400; BCaNp-36507; BC0403-96561; BEUNI,-
86371; BNIi,Sr-100286; BO-71065; BO3Zn;-100290; BOgScSkY-67648; BCIC0;:0s-
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158297; BClO3Zns-55444; BBalLiOs-93013; BBaNa(Q-93014; BMgN-280938;
BapLigNgNas-417928; BaBi@151895; BaCh75041; BaC@158389; Ba@CeFQ-74178;
BaGF,0sPh-280899; BagMgO;-24435; BaCe@79627; BaCrk-10341; BaCpGa-615828;
BaF,-183923; Bak41649; Bak41650; BaklLi-45310; BaRPd-108991; Bafte-26614;
BaRsNi-35396; BakPb-25521; BafRh-6038; BakSi-26613; BakSn-33788; Ba§Ti-33789;
BaFTa-417251; BaFe©28917; BaGglt,-174551; BaGgi,Mg,-409576; BaHRe-247108;
BaHyRe-247109; BaHg®74076; BaljMQ,Si-409575; BaMn@66822; BaMpOssTis-
81584; BaM@O,P;-68560; BaM@Ss-615980; BaMgSs-62157; BaNbOV,-165097;
BaNi,OgP,-280167; BaNiOgV»-96086; BaNjOg-20898; Ba@V3-51472; Ba@Ru-10253;
BaGsSi-156705; Ba@rb-2752; Ba@Ti-6102; BaPk419973; BaRySh-42963; BaBilrOe-
174290; BaBiOgSb-172761; B#@iOsTa-153120; BgBiOsYb-80902; BaBi,0s-28164;
BaBrCu0,-67395; BaBrN-262056; BaC3;C$0.-73170; BaClC0,07,-245991; BaCICuO;-
1038; BaCIN-262051; BaClP-28134; BaCoR:-21057; BaCr;04-2766; BaFN-262049;
BaF¢Ni-21056; BaFsZn-21054; BaHN-67510; BalrLaOs-152678; BalrOgSr-74030;
Baplr30g-54725; BaLaOsRu-155549; B&#_.aOsSb-153136; Bad.aOsTa-160170;
BaLa,MnO,W,-54667; BaMg7-58660; BaNbsO3-69991; BaNbOsPr-245457; BaNiOgTe-
25005; BaOgPrSb-153137; B#sSrTe-246109; B#DsSrTe-246109; B#DsSrW-246114;
BaRe;S-30737; BagBeClkZrg-33993; BaBiNaOs-72839; BaClFe,0s-48178; BaCr,Og-
9457; BaCr,Ss-97540; BaDy,0q-72480; BagErOo-72481; BaH0409-33807; BalrNaOs-
405134; Balus0e-38383; BaMn,0g-280045; BaNaNb(-72330; BagNaO;Ru-405133;
BasNaQ;Ta-72331; BalNb,0s-95193; BaNiO4-30662; BaOgP,-18110; BaOgP,-30634;
BasOsV,-14237; BaOgW,-100689; BaOgYs-87118; BaCeMnz0,-99661; BaClOgOs-
82910; BaErO,Ru:-174186; BaHOoO,Rus:-160868; BaMinsNdO,-156305; BaMnzO.Pr-
99662; BaNaO,Sks-160173; BaO.RusTh-160870; BgO,RusZr-47132; BaOgPt-65706;
BasNNas-78394; BaNgO0$-419467; BaNsORe-419636; BgOsW4-9725; Ba024SGSis-
75175; BeNb,-58724; BeRus-58735; BeTi,-109217; BeZr,-58759; BeCl173561;
BeCsk-290357; Bel-173557; Bek173558; Belk-9481; BeRlLi»-14360; BekP,-300110;
Be,Csk-2801; BeFgK,Pb-9902; Beg-sK,Sr-109005; BgD,Si-28003; BeCasF,Li O.Sis-
39389; BeNDb-58723; BeRuw-616409; BgCeKsO9-412642; B}Ge(r-39611; BpMnOyo-
75079; Bp0O,0SIi-422389; BiO,0Ti-167355; BpO,0ZNn-62479; BiICsk15122; Bik-25567;
BiF3-655136; Bik-9015; BiRK-63166; BiRLi-65404; BiFs-25023; BiBK-25024; BiksLi-
15119; BikNa-15120; BikRb-15121; BiFe@15299; Bik;03-407293; BiNg0s-23347;
Biz4G€2040-68431; B£4Mn2040-75390; Bt4040Pb2-75392, Bt40408|2-68430, Biz4040Ti2-
75389; BjNi3S,-159364; BiP:S,-417634; BiEW,-616649; BiGds-616662; BilLas-616755;
BisNd;-616855; BiNd;-616860; BiSmy-617132; BiThs,-617161; BiYbs-617255;
Bi,CesPd-419162; BiCuslasz-167250; BiGe;0,-260560; BiO,Siz-402349; BiRh-58854;
BisThs-617222; BiU3-617239; BgCoThs-33926; BgFeTh-33925; Bri-31689; BriK-
10326; BriERb-65713; Brk-31690; BpCsF,-84021; BpCsF,-84022; BpHQsTe-27402;
BrsLagSi-411800;  GCIoNoO4P,S,Sh-80097; GO RwSe-92913;  GErMns-603261;
CgHopMn3-603286; GLUgMnN3-603277; GMn3The-603285; GRW,Th-79240; CGGds-37323;
CF;-2848; CR-66659; CLp0O3-66942; CLp03-96486; G.F4-411879; GCe-74661,
C3Cs09Sr-169231; GDy,-2449; GErR-86291; GFs-151184; GGd-602774; GHO,-42497,;
CsLay-618154; GLU,-618221; GN4-97565; GNd>-2447; GO9Rb,SK-169232; GPr,-74662;
CsPw-24620; GS@-42760; GTh,-74663; GTm,-86292; (GU»-618999; GYb,-86293;
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CeoEUs-88616; GoKe-66879; CaligNeOsRe-411462; CaCiCuzs0-169095; CaCsH45309;
CaCsF4-82616; CaCul9928; CaCuGe0,-1303; CaCeMn 0,-156374; CaCiyO.Pi-
248230; CaCiD,Rw-51894; CaCg0,Sny-162100; CaCyD,Tis-167254; CaCiO,V4-
250094; Cap44937; Cak51237; Cak51239; Cabk656449; CapK-154074; CagRb-
201253; CalPd-32674; CalZn-31366; CafPb-25522; CafSn-35713; Cak®-,Ti,-79277;
CaFeSh-42961; CaNgbn-240006; Ca@bi-240453; Cg4-246961; CakgO,4Us-91783;
CaCr,0,Si-158537; CagreGe;0,-280047; CaGa0,Sis-27387; CaGayNis-58899;
CaGe;0,Y,-280048; CgHg-58903; CarsSi-95788; CaMin,0O,Sis-27388; CalN,-34678;
Ca0.,SGSIs-27389; Cag0,TeZns-67045; CdCsg290344; CdCuk73478; CdACeO,Tis-
39467; Cdp183501; Cdig250165; CdgK-44788; CdiBRb-49587; CgFgTh-86146;
CdGe30,S6-20216; CaNx-416908; CdP.-620218; CaN,PsS-71019; Cek16965; Ceg-4;
CeR-42470; CeFgP-52852; CebRuw-50595; CeRySh-621988; Cg03-96202; CeCusShy-
658638; CeNigSir-25622; CePt:;Shy-621896; CeS4-31602; CeSe-622113; Celes-43676;
CeShs-52905; CeNigP-2243; CeP/Pds-30851; CIF-406442; CHE-19079; ClRBSn-2088;
Clo,HgsSe-27400; CiHgsTe-27401; CiF,Sb-200039; GF,Sb-380014; CICsLiz-245975;
Cl4FSb-30629; GFTa-27413; CLi,Zn-202743; GdFeLis-73217; Cok-98785; Cok-16672,;
CoRz-29133; CoBK-15246; CokK,-33522; CoRERb,-69683; CokRb,-9701; CokZr-83724;
CoRs-624594; CoSp41620; CoU-625521; GB/K3-33524; CgNd,Sn-240094; CasesZrs-
52996; CrCs¢-29007; Cri-31827; Cri-59967; CriK-172844; Criz-78778; CrigSr-26105
(4); CrRs-419661; CrgNb-75384; CrgRb-29006; CrkZr-35719; CrGa626026; CiFs-
80639; CsFe;0,Siz-27375; CsMn30,Siz-27379; Ce06Tlg-421376; CsCul35264; CsEuf
49577; CsF-44288; CsF-53832; CsF-61563; ,8s#5858; CshLi-18020; CskHg-15168;
CskM@-290360; CskMg-49584; CsgPb-290350; CsfSr-49578; CskYb-49579; CsCuks-
65259; CgF4Hg-72353; CgsGe-35547; CdsMn-47201; CgFsMn-76272; CsFsSi-26871,
CsFgSi-38548; C03-627061; CsgsLi-245964; CgTI-19076; CgFsY-19078; CuSs;Shy-
25707; CySiy-36254; CuF-52273; CyR26576; Cuk-9788; CukK-21108; CukRb-69656;
CuRK,-15372; CubK2-24408; CulgSr-9927; CuFKs-15373; CyDyMn O,-153871;
CwErSh-658645; CuGdMn0,-153870; CuGdsSh-658641; CyHoMn,0,-153872;
CuwHo3Sh-658644; CyLaO,Rw-51897; CylLagShy-658637; CuMnsO,Pr-153867;
CwMn40,Th-34316; CyMnsO,Tm-153873; CeMn,0,Y-38419; CuMnsO,Yb-153874;
CwNAORW-51896; CyNd3Sh-57207; CyNdsSh-658635; CeO,RWSr-51895; CeOgsTe-
1529; CyOsTe-26990; CuePr;Sh-658639; CyS3Sbh-31113; CyShyThs-658642; CyShyUs-
657096; CuySh,Y3-658636; CuySnU3-629298; CuZng-2092; DyFe;0,-9639; DyOs-
66736; DyFe0,-23856; DyGa;0,-409391; DyS,-630201; DySe-630252; DyGaNi-
629724; DyNi,Srnps-160045; DySh-630245; Erg-81411; Ep0s-39521; EsFoK-418210;
ErShs-600631; Euk-29025; EuFgP,-79925; EuNgSn-172209; EuRySh-79928; EyFoRb-
14027; EyGaNiys-103395; EYS;-100522; BKTbs-28214; BKY 3-155137; BKYb3-28258;
FoFelisNaz-17056; RKThs-51125; RP4Pt-418726; EKShy-24740; BKShy-4049; BN,Ni-
26397; BENbs-25769; FK-53824; FK-61558; FLi-184904; FLi-623@AMg,N-262328; FNa-
262837; FRb-43436; FRDb-53828; FSeY-1827; FTI-161EZ}-16113; FTI-28495; FTI-
30268; FTI-90993; FTI-90994; FTI-9873,,Fe-14143; FGe-18030; FHK-9345; RHRb-
45859; KFHQ-33614; FHQE,-23719; KFHG-27700; KFHYsS,-16927; KEKr-23534; RKr-279623;
F.Mg-422263; FMg-51242; KFMg-51243; KFMg-56506; FMQg-94284; KFMn-12167; KEMn-
200641; KFMNn-20365; KRNi-26605; RNi-34307; RPb-161391; FPb-60014; HPd-100567;
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F,Pd-16763; ESn-14194; ESn-14195; ESn-308; ESr-168801; ESr-41402; ETi-68400;
FV-201245; BXe-28334; RZn-184219; BFe-202047; Ee-240398; BFe-52167; BFeK-
44784, RFeRb-49586; §5a-22197; BHgRb-15169; EH0-200955; El-411036; RIn-18028;
Fslr-77619; RKMg-40476; EKMn-246919; EKMn-246921; EKMn-43721; FKMn-75412;
FsKMn-75414; RBKNi-15426; RKPd-73167; BKV-28145; KRKZn-56097; KLa-164054;
FsLa-164055; BLa-167553; ELa-16964; kLa-246323; BLa-27089; kLa-28538; [La-3;
FsLa-34108; RLa-96133; RBLa-96134; EMgNa-171813; EMgRb-49585; BMgsN-18320;
FsMnRb-43722; EM0-30612; EM0-68527; ENaV-60611; ENb-25596; ENd-16967; ENd-
63049; RBNd-63050; ENi-87943; RPbRb-49591; #Pd-16675; BPr-16966; BPu-29013;
FsRbV-28146; ERbYb-49590; ERh-29134; ERu-16673; ESb-30411; ESc-261067; ESc-
30215; RTa-30613; ETh-167474; ETi-52162; RTI-10365; RU-24966; RV-30624; RY-
15961; RY-6023; RYb-9844; RGe-202558; FHf-66008; RHgRh-72352; RIr-23483;
FJKoMn-23184 (33); BKoNi-73450 (55); BK,Zn-100298 (98): RLiLu-152948: RLiSc-
413966; RLiY-39563; FiLiY-55692; FLiYb-9914 (6); RMgRb,-69681 (6); FNb-23949;
F4Pb-16795; FPbPd-108992; fPd-1555; FPdSr-108990; Pt-71579; ES,Yb3-92497; RSe-
85451; KSi-14122; ;Si-63184; ESn-16794; ESrZn-31367; ETe-9869; KV-65785; RXe-
27467; RZr-35100; EHgN-38338; EI-6021; kM0-26644; BENb-26647; BEP-62554; BU-
200459; FU-31658; KFeZr-100301 (48); freZr-35716 (90); F5eRb-68982 (27); BHIK »-
47244; BHIV-94455; BKKP-25576; BKoMn-47213; BK2Ni-41416; BK,Si-73722; EKsMo-
4403; FRK3W-51264; FRLiNb-165202; FKLiP-74830; FRLiSb-23924; FELi,Zr-409667;
FeMnRI-47207; EMo0-153; FMo0-1879; EMoNa-31033; ENaP-90615; FNaSh-25538;
FsNaSb-56251; fNiRbx-29005; EO,Pt-28345; EO.Sb-78849; FPTI-28899; EPh-23467;
FsPdRB-28675; BR,SI-38547; BERbsTI-19075; RRb;Y-19077; BS-214; BS-41229; ES-
63360; S-63362; ESiTl»-38549; BSiTl-52292; ESn-33786; ETe-67609; ETiTl3-42154;
FeTiZr-94456; RU-2499; BVZr-94454; BEW-4027; BXex-18128; FI-31691; FIXe-26059;
F7K3Mn,-33525; FK3Ni-33523; FK3Zn,-100299; FLisTh-1726; FRe-78311; ENaU-
165293; BNagPa-16153; ESns-32592; BU,-35288; FeGghe;Ths-281082; FeGesMnzO,-
18111; F@Mg3023i3-27373; F@2H0202-9827; F@202Y2-9640; F@Mn2025i3-27378;
Fe;0,SizV,-27376; FelaP,-1286; FelLaSh-53490; FeNdP,-93364; FeNdSh-79927;
Fe,P.Pr-93363; FgP,Th-245293; Fg,Th-200827; Fg,U-633114; FeP,Yb-156464;
Fe0,Siz-27377;, FeO,Thsz-9233; FeO,Y3-29235; FeO,Ybs-23854; FeSiz-161132;
GaPdTh-153210; GgPdY,-103910; GaPtTh-153211; GaPtY,-153909; Gajllas-409561;
GaLizN2-25566; GaldO4-16926; GaNagO,Te,-418645; GaVin-634630; GgH030,-409390;
Ga0,Th3-20831; Ga0,Y3-23852; GgO,Yb3-23851; GaNiz-408313; Gd-104045; GdLKD
422561; GdOs-40473; GdlsSi-67361; GdNigSir-601071; GdO,Shs-65147; GdS4-636328;
GdSe-636389; G@dSh-601400; Ge-181072; Gghlas-414174; GeldOsTi-250297; Gelas-
76313; GeNs-97569; Gelis-43235; Gelr;Mnys-153070; Gelr7Ybs-413984; GelLusRhy-
90200; GelusRu-90199; GeOsS-637471; GegRhSc-84201; GeRhyYbs-413983;
Ge/lrz-53656; GeNasP-32038; HThs,-24686; HLi,Mg-181325; HEN4-97997; HgOsTe-
30325; HgNi-639118; H@Pt-659824; HgOs-27773; HaSks-601431; ILIG-20032; ILIOs-
40363; §LagP-411801; 4LagPb-409796; dLazSb-411804; I1503-14387; InPd-408314;
In7P%-59500; KPhyg-410090; KOsSn-40463; KS,Sh-41895; KO24SUs-91784; LaBRus-
50596; La03-96201; LaS-56782; LaSe-60208; LaTes-642013; LaOygRes-22207,
LasOgRe;-36083; LaOgRuWs-100098; LaPhs-641648; LaRhs-641734; LaShs:-10441;

526



LagP/P0k-30850; LbMgsSis-39596; LiSis-159397; LINP-66007; LiOsSi-100402; LiO,S-

153807; Lp0sS-58; LbO,W-10479; LpO,W-15395; LpOsSi-78562; LiNbO,-30246;
LisNGdsOW2-245640;  LiO,P-10257; LiO4P-20208; LiO4Ta-37126; LiO4V-19002;

LisO4Ti-75164; Lk0sZn-62137; LiO:Si-25752; LEO7Zr-41321; LyOsTa-74950; LuOs-

33659; MgMn,0,Sis-27374; MgN»-23522; MgO,SisV2-27372; MgP»-26875; MgSh-

181285; MgPsRh-94390; MnO5-9091; MnO,SisV,-27380; MiO,Sis-27382; MiNaO,-

19022; MaSh-24303; NPsSZn-76440; N4O-P,Zng-417324; NO4-29047; NZns-84918;
N3Up-644812; NSis-97567; NZrs-97998; NaSnSr-240007; NgSroYb-172210; NgOsSb-
23346; NaS:Sb-44707; NgSbSa-65141; Na@O4Pb-21059; Nb$13-600246; NbSels-

600249; NEShTe-417101; NdOgSh-79929; NdS;-645823; NgOs0s-200870; NdShs-

645890; NiR-23714; NiPS-159363; NiShUs-23078; NiShyZrs-87995; NiSnThs-

657422; NiSwUs-105374; NiSruUs-646805; NiPbY,-54614; QPrShs-22502; QShsYbs-

20945; OTa28387; QeP,Sc-1719; QV-260212; QP-27836; QRO,-25718; QSKLWZn-

28599; QSnTe-9077; QTesTi-9076; QTesZr-9079; OsSn-54605; OsPrSh-155178;
P,RwTb-245294; BRh-23712; KTis648219; RThe-25724; RU3-25725; Pb-54314;
PbPtS,-159365; Pg5-32053; PiPtSh-649207; PiS-649249; PiSe-649323; PiTes

649411; PsSh-649308; PiSnU3-649697; ReSigUs-2471; RhSH34049; RhESksYbs-

409885; RHESk;Yhs-421488; RySn-54510; RuSLSr-42962; $Tm,-39240; SYb,-72010:;
SiSmy-2245; STaTl-16571; STIV-16572; STIsV-600245; Sh-108182; $Bhs-601429;
ShyYb4-43031; SbYb,-651757; ShThs-16655; Se-104187; $8m,-651872; SgTaTl-52431;
SeThs-651982; SgT13V-600248; Sels-23710; Si\4-52472; SreTes-652658
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