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Stability and bandgap screening of 5400 compounds
for new materials for solar light driven photo-
electrocatalytic water splitting.

SR A

| N NEN. N
la_Hf Zr Ta_Mn Nb 1
Ca Y Mg Sc Ti Be Al

e heat map
e search box

e manual

For almost 40 years researchers have tried to identify
semiconductors suitable for photo-electrochemical water
splitting under solar light. Investigations have focused on oxides
and, more recently on oxynitrides, due to their good properties
with respect to stability. Inspired by this, we have performed a
comprehensive computational screening of more than 5400

[1] I.E. Castelli, T. Olsen, S. Datta, D.D. Landis, K.S. Thygesen, S. Dahl, K.W. Jacobsen,
Energy & Environmental Science, in printing.
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For almost 40 years researchers have tried to identify
semiconductors suitable for photo-electrochemical water
splitting under solar light. Investigations have focused on oxides
and, more recently on oxynitrides, due to their good properties
with respect to stability. Inspired by this, we have performed a
comprehensive computational screening of more than 5400
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For almost 40 years researchers have tried to identify
semiconductors suitable for photo-electrochemical water
splitting under solar light. Investigations have focused on oxides
and, more recently on oxynitrides, due to their good properties
with respect to stability. Inspired by this, we have performed a
comprehensive computational screening of more than 5400
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For almost 40 years researchers have tried to identify
semiconductors suitable for photo-electrochemical water
splitting under solar light. Investigations have focused on oxides
and, more recently on oxynitrides, due to their good properties

with respect to stability. Inspired by this, we have performed a
comprehensive computational screening of more than 5400
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heat of formation
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glibsc_ind-gap (eV) j 0-=white,0.7-=purple,2.2-=re
heat_of formation (V) j -2-=red,0.3-=white 4-=blue

Update the matrix!

Combination:

Chemical composition in
the perovskite crystal
structure;

Available sets:
- ABO3;

- ABON.

Cubic perovskite structure:
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Action on Click:

Band edges position or
- calculation data are

Esmnaanascl available with a click on

each small square in the
heat map.

glibsc_ind-gap (eV) 0-=white,0.7-=purple,2.2-=re

heat_of formation (V) j -2-=red,0.3-=white 4-=blue
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Show band edges:

YAIO;
(in order of appearance)
Heat of Form. = 0.14 eV/atom Composition
_—
Indirect Gap=6.15 eV Heat of Formation
Direct Gap = 6.62 eV
= .
~ Opecemedecacen; H*/Ha Indirect Gap
= Valence Band = 3.9 (4.2) eV Direct Gap
@ o./H.0 CenterBand=0.8¢eV
= Conduction Band = -2.2 (-2.5) eV oy
s 5 PRSI 29¢V " Band edges position
g for the indirect
(direct) bandgap
— Direct Gap DOI of th.e paper
o, e GaR where this data has
been published first

DOl 10.103%/b000000x
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Units: all variable names starting with "ase_" are in eV and Angstrom. Other units are programj/code specific.

Computational Materials Repository

ase_atomic_numbers

| id ref |4896

| downloads IED

| group members |

| member In group |

| db _user |ivca

| db_date [2011-11-09 10:17:48.743431

| db_keywords [perovskite mox Al O ABO3 Y O3 YAIO3
| A ¥

| AluminiumFingerprint |b4fdb54[}[}e294dfa&da?b1d1929?efc9
| anion |03

| architecture |x86_64

|

[[39. 13, 8, 8, 8]

ase_cell

[[3.7110105285299, 0, 0]. [0,
3.7110105285299, 0], [0, O,
3.7110105285299]]

ase_center_of_mass

[0.67533724196131,
0.66777254772375,
0.66777254772375]

ase_charges

[[0. 0. 0, 0. 0]

ase_chemical_symbols

[[Y. Al, 0, O, 0]

ase_dir

|fhomefcampfivcajase,.faEe

ase_initlal_magnetic_moments

[3.2624153208394E-5,
-1.2823152270223E-5,
0.00017040569710692,
-7.9652309964155E-5,
-7.9700403992576E-5]

ase kinetic_energy

o

Show calculation
data:

All data available
from the calculation

Download
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Our calculations are performed using the Plane-waves DFT code ;

All the structures have been fully optimized using an RPBE functional [2],

For the evaluation of the bandgap, the GLLB-SC functional [3] has been
used;

The heat of formation has been calculated using a linear programming
algorithm with a vast pool of references. Oxygen has been taken at the
chemical potential of water:

AE = ABOg3(s) —min (c1A (s) + 2B (s) + c3A Oy (s) + 4B Oy (s) + ¢;0)

Ci

cp+cy3 =1, co+cqp =1, C3 + C4 + C5 = 3

[2] J. Narskov et al., Journal of Physical Chemistry B, 2004, 108, 17886-17892.
[3] O. Gritsenko et al., Journal of Physical Review A, 1995, 51, 1944,
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GLLB-SC Potential [3]:

GLLB: Gritsenko, van Leeuwen, van Lenthe and Baerends
SC: Solid and Correlation. Better description for solids.
GLLB: 888 and no correlation.

Screening potential

vaLLB-sc(r) =26 0 (r)

OCC

_ 2
+ Z Kx\/g-r — £ |¢’1 (I‘)| | vPBESDl(r)

C ?’?;(I') c,resp

Exchange response: it /

contains the derivative
discontinuity
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DFT method

The position of the band edges have been obtained using the empirical

equation [4,5]:

Eo =(xaXpXo :

Where:
. x=1/2(A4+1 )

A is the electron affinity;
I1 is the first ionization energy;

E is the bandgap;

gap

)Y

Is the absolute
electronegativity (Mulliken scale);

—-1/2F

g

EO IS the reference electrode relative to vacuum.
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[4] M.A. Butler et al., Journal of the Electrochemical Society, 1978, 125, 228-232.
[5] Y. Xu et al., American Minearalogist, 2000, 85, 543-556.

More detail of the method:

[6] |.E. Castelli, T. Olsen, S. Datta, D.D. Landis, K.S. Thygesen, S. Dahl, K.W.
Jacobsen, Energy & Environmental Science, Supplemenary Online Information, in

printing.
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X axis ticks:

A- and B- ion are not
- equivalent in the cubic
St Enil perovskite structure.

aoo0

Select which of the two
has to be shown along the

X axis

heat_of formation (V) j -2-=red,0.3-=white 4-=blue
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X/Y sort order:
. Different orders for the
; chemical elements are
:Electronegativity (Paulit = ] avallable: .
Electronegativity (Paulir | - Alphabetlcal;
- Atomic number;
glbsc_Ind-gap (V) B - E.Iectron.ega_tIVIty;
o —— - Flrs_t lonization Energy;
- Weight;
) B - Density;
- Abundance;
- Atomic Radii;

Covalent Radii;
Lowest possible
oxidation number;
- Pettiform Map;
- Cost.
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Width/Height:

Width and Height of the
heat map.

Electronegativity (Pauli = m

A square table correspond
to 8001200

Electronegativity (Paulir |

glibsc_ind-gap (eV) . 0-=white,0.7-=purple,2.2-=re
heat_of_formation {e‘u"}. 2->red,0.3->white 4->blue




g:gamyesggif Physics S e arCh B OX QJQLMS!

References:

Combinations to include in

; the pool of references for
:Electronegativity (Paulif = ] the LINEAR
Electronegativity (Paulir | P ROG RAM M I N G
algorithm used for the
glbsc_Ind-gap (V) B evaluation of the formation
heat_of_formation (€V) | energy. Only the most
stable structure for each
I combination has been

included
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Triangle #:
. Each square in the pattern
| can be divided in up to 4
Eiscironsgaiivity (FauilB - triangles with different
Electroneggtivity (Paulir =] properties:
- Heat of Formation;
p————— - Indirect bandgap
heat_of_formation (€V) | (GLLBSC Ind_gap)’
- - Direct bandgap
(GLLBSC dir-gap);

- ASE total energy.

Different color maps can
be chosen by the user
(default values as in [1])
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Electronegativity (Paulir |

gsc niep @)

heat_of_formation (eV) =] || -2->red,0.3->white,4->blue

Update matrix:

| am done with the
settings, show me the
resulting heat map!
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Heat map resulting from
the default values in the
search box as in [1].
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Heat map using the
Pettiform map as order.

Information about the
composition and value of
each triangle comes out
with a mouse movement
on the heat map.

A click on each
combination-square opens
the band edges analysis
or the calculation data.

uuuuu
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Search box Computational Materials Repository Data table

Hide search box
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Hide search box

Here the user can restrict
his search to some
criteria, such as stability or
size of the gap, and see in
the data table which
combinations fulfill the
requirements.

Combination and
References:
As in the heat map
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Hide search box

Keywords:

|dentifier for a group of
calculations. It can be the
chemical formula, the
anion composition...
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Hide search box

Restriction #:
Requirements that the
data must fulfill.
Restriction available:
- heat of formation;

- size of the gap.

(in a not-to-far-future also
. " band edges position).
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Hide search box

Selection of atoms:
Restrict the search on a
particular set of atoms
(All if none are chosen).
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Water splitting candidates in ABO2N composition:

CECTETT) Gl CI
YT
TN G R




DTU Phystes e Data Table

Water splitting candidates in ABO2N composition:

(in order of appearance):
|d of the calculation;
A- and B-ion;

Heat of formation;
Direct bandgap;
Indirect bandgap;
Atomic composition;
Keywords,

Data description;
DOI of the paper
relative to the data;
Download the data in
different formats.
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How to cite

Please, remember to cite:
[1] |.E. Castelli, T. Olsen, S. Datta,

Na|. | | ARk | | | D.D. Landis, K.S. Thygesen, S.
Ba | bl AR | Dahl, K.W. Jacobsen, Energy &
I:_*b AR AAEA T H Enwronmental Scnence In printing.
Gsl || | h ™| 2] Computational Materials

Ia Hf Zr Ta Mn Nb 1 Repository, hitps://cmr.fysik.dtu.dk/.
Ca Y Mg S¢c Ti Be Al 3] The papers corresponding to the
data you have used (the DOl is in
the data table).

Thanks!

Data provided and mantained by Ivano E. Castelli
Database developped by David Landis
For questions about the data, please contact ivano.castelli(at)fysik.dtu.dk


https://cmr.fysik.dtu.dk/
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