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A highly enhanced photocatalytic hydrogen production system has been achieved, by substitution of Na
by Li and moving from cubic to orthorhombic phase in XBeH3 system. Ab-initio calculations from first- to
second-principles methods were performed to investigate the suitability of the perovskite-type hydride
namely; NaBeHs and LiBeHs in cubic phase and LiBeHs in orthorhombic phase to be used as active pho-
tocatalysts. We found significant increases in the fundamental energy band gap when we move from
NaBeHs-cubic (0.94 eV) — LiBeH3-cubic (1.34 eV) — LiBeHs-orthorhombic (2.44 eV). The obtained energy
) band gap’s values show good agreement with the previous reported results. Enlarging the fundamental
Photocatalytic R . . . . .
Perovskite-type hydride XBeHs energy bar?d gap from 094 - 134 > 2.44 ey shows the investigated ma}terlals to be promising candi-
DFT dates for light-driven photocatalysts and highly enhanced photocatalytic H, production systems. The
absorption level of NaBeH;-cubic, LiBeHs-cubic and LiBeHs-orthorhombic exhibited an obvious enhance-
ment in the UV-light region (absorption edge A = 343.4 nm) — visible light region (A =431.9 nm) - UV-
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light region (% = 349.2 nm), respectively.
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1. Introduction

Energy crises are a global problem and a big challenge at the
present time because of the reduction in fossil fuels with high con-
sumption. On the other hand, combustion of fossil fuels is a major
source of global pollution [1]. Let us start with global problems of
the world; the number one problem is the energy, and is the most
important problem that humanity should solve in the near future.
The question is, why is energy the number one problem. Well, the
evolution of energy consumption can help us to clarify its impor-
tance. In recent years, there has been a tremendous increase in
energy consumption, and more than 80% of all energy is taken from
fossil fuels such as crude oil, coal and natural gas. These fossil fuels
are not renewable and one day will vanish, moreover the con-
sumption of fossil fuels causes an increase in the CO, concentration
in the atmosphere. This is probably the main reason for rising tem-
perature, global worming and climate change. People want to sur-
vive and live in a healthy environment; therefore, we should find
renewable and eco-friendly sources of energy. How can the energy
problem be solved? One of the most efficient solutions is introduc-
ing novel photocatalysts, which is the safe and fascinating way that
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is expected to play an increasingly significant role in facing future
energy challenges as a renewable and eco-friendly resource of
energy [2].

Photocatalytic water splitting is one of the most promising
strategies to achieve clean and renewable solar-to-hydrogen
energy conversion [3-9]|. The development of visible-light-
responsive photocatalysts has been attracting several researchers
in recent years [10]. Among the various types of visible-light-
responsive photocatalysts, the perovskite-type hydride XBeHs
(X =Na or Li) are introduced, particularly the LiBeHs in cubic phase
because of its well matched optical gap (2.87 eV, L =431.9 nm)
with the solar spectrum and the sufficient negative conduction
band potential for reduction of H*/H, [11-13]. The XBeHs (X = Na
or Li) are promising materials for hydrogen fuel due to their high
gravimetric densities; tremendous research work is going on to
improve their properties such as reversibility, hydrogen mobility,
etc. [14-30]. Vajeeston et al. [20] have used the density functional
calculations to investigate the structural phase stability of MBeH3
(M =Li, Na, K, Rb, Cs). Recently, Rehmat et al. [30] have used the
density functional calculations to investigate the stability of the
perovskite-type hydrides NaBeHs-cubic, LiBeHs-cubic and LiBeHs-
orthorhombic; they reported that these hydrides are found to be
mechanically stable.

In this work ab initio calculations from first- to second-
principles methods are performed to investigate the suitability of
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the perovskite-type hydride, namely NaBeHs in cubic phase and
LiBeHs in orthorhombic phase to be used as active photocatalysts
in the UV-light region and LiBeHs -cubic phase as active photocat-
alysts in visible light region. In recent years, due to the improve-
ment of computational technologies, it has been proven that the
first-principles calculation is a strong and useful tool to predict
the crystal structure and properties related to the electron config-
uration of a material before its synthesis [31-35]. We should
emphasize that several researchers have used the first-principles
calculation to explore new photocatalysts and found good agree-
ment with the experimental results [36-39].

2. Methodology

First-principles calculations are performed within the frame-
work of density functional theory (DFT) to investigate the suitabil-
ity of the perovskite-type hydride namely; NaBeH; and LiBeHs in
cubic phase and LiBeH; in orthorhombic phase (Fig. 1) to be used
as active photocatalysts. The full-potential method (wien2k code
[40]) within the generalized gradient approximation (PBE-GGA)
[41] is used to optimize the lattice constants [20,24] and the
atomic positions [20,24]. The obtained lattice constants and the
atomic positions are given in Tables 1-3 in comparison with the
available results [20,24]. The recently modified Becke-Johnson
potential (mB]J) [42] is used to calculate the ground state proper-
ties. Further, the transport properties are performed utilizing the
semi-classical Boltzmann theory as incorporated within BoltzTraP
code [43] within the limits of Boltzmann theory [44-46] and the
constant relaxation time approximation [43].

To ensure that no charge leakage is left out of the atomic sphere
cores, the minimum radius of the muffin-tin spheres (Ryr) values
are set for the LiBeHs- cubic as 2.0, 1.94 and 1.04 a.u. for Li, Be
and H atoms, respectively, whereas for the LiBeHs-orthorhombic
as 1.7, 1.86 and 1.0 a.u. for Li, Be and H atoms, respectively, and
for NaBeHs-cubic as 1.8, 1.74 and 1.1 a.u. for Na, Be and H atoms,
respectively. The Ryr's were chosen in such a way that the spheres
did not overlap. To achieve the total energy convergence, the basis
functions in the interstitial region (IR) were expanded up to
Rur x Kinax = 7.0 and inside the atomic spheres for the wave func-
tion. The maximum value of I was taken as 4« = 10, while the

charge density is Fourier expanded up to Gp.x = 12(a.u.)"'. Self-

consistency is obtained using 1000 k points in the irreducible Bril-
louin zone (IBZ). The self-consistent calculations are converged
since the total energy of the system is stable within 0.01 mRy.

The electronic properties are calculated using 50,000 k points in
the IBZ. The total and partial density of states (DOS) are calculated
by means of the modified tetrahedron method [47]. The input
required for DOS calculating are the energy eigenvalues and eigen-
functions which are the natural outputs of the band structure
calculation.

To investigate the thermoelectric properties of the NaBeH; and
LiBeHs in cubic phase and LiBeH; in orthorhombic phase, the semi-
classical Boltzmann theory as incorporated in BoltzTraP code [43]
was used. The transport coefficients based on a rigid band
approach to conductivity is given by;
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where e represent charge of electron, 7 is the relaxation time, o and
B are the tensor indices, N is the number of k-points, J,(i, E) and
91, I?) are the group velocities. The transport coefficients can be
written as a function of temperature and chemical potential
[43,48] as follows;
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where Q stands for volume of the unit cell, and f, is Fermi-Dirac
distribution function. To gain high thermoelectric efficiency, it is
important that the material possess high electrical conductivity,
large Seebeck coefficient and low thermal conductivity [49].

It is important to highlight that the simulation of the thermo-
electric properties is a transition from first- to second-principles
methods. The first-principles method used here is all-electron full
potential linear augmented plane wave method whereas the
second-principles method is BoltzTraP code [43]. The thermoelec-
tric properties were obtained from the ground state within the lim-
its of Boltzmann theory [44-46] and the constant relaxation time
approximation as implemented in the BoltzTraP code [43]. In short,
BoltzTraP code performs a Fourier expansion of the quantum
chemical band energies. This allows us to obtain the electronic
group velocity and inverse mass tensor, as the first and second
derivatives of the bands with respect to k. Applying the electronic
group velocity and inverse mass tensor to the semi-classical Boltz-
mann equations, the transport tensors can be evaluated.

3. Results and discussion

The photocatalytic activities are directly related to the materials
electronic structure [50]. In order to investigate the suitability of
the perovskite-type hydride NaBeHs-cubic, LiBeHs-cubic and
LiBeHs-orthorhombic to be used as active photocatalysts, the
ground state properties are calculated. The calculated electronic
band structure explores the value and the nature of the fundamen-
tal energy band gaps. Na and Li are alkali metals, have their outer-
most electron in an s-orbital: this shared electron configuration
results in them having very similar characteristic properties.
Fig. 2(a) reveals the indirect band gap of the investigated com-
pounds since the valence band maximum (VBM) of NaBeH3-cubic
and LiBeHs-cubic is located at X point of the BZ, and the conduction
band minimum (CBM) is located at R point, whereas the VBM and
the CBM of LiBeHs-orthorhombic are located at U and I" points
resulting in an indirect band gaps. Therefore, the electrons (e) can-
not recombine directly with holes (h) thus, it needs the assistance
of phonons in order to keep momentum conservation [51-53]. This
implies that the investigated compounds may have a long lifetime
of photoexcited e and h, which can increase the probabilities for
photogenerated e and h to participate in photocatalytic reactions.

We found significant increases in the fundamental energy band
gap when we move from NaBeHs-cubic (0.94 eV) — LiBeHs-cubic
(1.34 eV) — LiBeHs-orthorhombic (2.44 eV) as shown in Fig. 2(a,
b) and Table 4. The obtained fundamental energy band gap’s values
show good agreement with the previous reported results
[20,24,30] as shown in Table 4. Enlarging the fundamental energy
band gap from 0.94 — 1.34 — 2.44 eV shows the investigated
materials to be promising candidates for light-driven photocata-
lysts and highly enhanced photocatalytic H, production systems.
The optical band gap’s value of the semiconductor materials could
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(c) LiBeH3-ortho

Fig. 1. Crystal structure of the perovskite-type hydride (a) NaBeH; crystallizes in cubic symmetry with the Pm-3m space group (No. 221); (b) LiBeH; crystallizes in cubic
symmetry with the Pm-3m space group (No. 221); (c) LiBeH; crystallizes in orthorhombic symmetry with the Pnma space group (No. 62).

be solved as follows; the square of absorption coefficient I(w) is
linear with energy (E) for direct optical transitions in the absorp-
tion edge region, whereas the square root of I(w) is linear with E
for indirect optical transitions. The calculated electronic band
structure confirms the indirect nature of the band gap of the inves-
tigated materials; the data plots of the square root of I(w) versus E

are shown in Fig. 2c. It is clearly shown that the square root of I(w)
versus E is linear in the absorption edge region. These plots suggest
that the absorption edge of the investigated materials is caused by
indirect transitions. Following Fig. 2c, we can conclude that the
absorption edges of the investigated materials occur at
A =343.4nm, A =431.9 nm and A = 349.2 nm, and the optical band
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Table 1
Optimized lattice constants and the atomic positions of cubic-LiBeHs in comparison
with the available data [20,24,30].

Cell parameters (A) a=b=c

EXp. 3.190%, 3.174%, 3.158°, 3.122¢
This work 3.181

Atomic positions

Atom x3 ya z3
Li 0.0 0.0 0.0
Be 0.5 0.5 0.5
H 0.0 0.5 0.5
@ Ref. [24] GGA.

b Ref. [24] PBE-GGA.
¢ Ref. [30] WC-GGA.
d Ref. [30] LSDA.

Table 2
Optimized lattice constants and the atomic positions of cubic-NaBeH3 in comparison
with the available data [24,30].

Cell parameters (A) a=b=c

Exp. 3.3187, 3.350, 3.350°, 3.281¢
This work 3.352

Atomic positions

Atom x? y* z°
Na 0.5 0.5 0.5
Be 0.0 0.0 0.0
H 0.0 0.0 0.5

2 Ref. [24] GGA.
b Ref. [24] PBE-GGA.
¢ Ref. [30] WC-GGA.
d Ref. [30] LSDA.

gaps are estimated (Ag = 1239.8/Egpiicay [54]) to be 3.61eV,
2.87 eV and 3.55 eV for NaBeHs-cubic, LiBeH;-cubic and LiBeHs-
orthorhombic, respectively.

In the reverse manner, narrowing the energy band gap when we
move from LiBeHs-orthorhombic (2.44 eV) — LiBeHs-cubic
(1.34 eV) — NaBeHs-cubic (0.94 eV) shows such a small energy
band gap material to be a promising candidate for thermoelectric
generators. Recently, Niv et al. [55] upended the assumption that
the maximal efficiency is considered achievable using a semicon-
ductor within a restricted energy band gap range of 1.1-1.5eV
[56], by demonstrating that the optimal material band gap can
be shifted to lower energies by placing selective reflectors around
the solar cell. Therefore, following the recent finding of Niv et al.
the investigated materials could be used as a solar cell material.
This technique opens new possibilities for utilizing materials with
a small energy band gap for solar cell applications. Furthermore,
Liu et al. [57] have recently reported that narrowing the band

gap is beneficial for photoexciton generation and, therefore, the
investigated materials could be used as a photocatalyst. The
down-shift of the conduction band in the investigated materials
(LiBeHs-orthorhombic — LiBeHs-cubic — NaBeHs-cubic) results in
narrowing the fundamental energy band gap (Fig. 2a,b), which is
believed to be favorable for the generation of photoelectrons with
more powerful reducing ability and more strong-oxidating super-
oxide radicals. Moreover, narrowing the optical band gap allows
us to utilize even the weak energy photons efficiently to activate
more photoinduced charge carriers participating in the photo-
chemical reactions. The other important factor for a photocatalyst
is the optical band gap width, hence, the range of light absorbed
(see Fig. 2¢). The optical absorption induces the transfer of e from
the VB — CB, generating the e-h pairs which can thence migrate
to the surface to participate in oxidation and reduction reactions,
respectively [53,58]. Usually the locations of the VBM and the
CBM determine the oxidation and reduction capabilities of photo-
generated holes and electrons, respectively [53], the reduction
potential level of the electron-accepters should be energetically
below the CBM whereas the oxidization potential level of the
electron-donors should be above the VBM [59].

Back again to the first case (our case) of the enlarging of the opti-
cal band gaps, LiBeHs-cubic (2.87 eV) — LiBeHs-orthorhombic
(3.55 eV) — NaBeHs-cubic (3.61 eV), the UV -based photocatalyst
will perform better per photon than visible light-based photocata-
lysts due to the higher photon energy, hence, it will possess higher
water splitting rates. When photocatalyst absorbs radiation from
sunlight, it produces electron-hole pairs. The valence band electrons
are excited to conduction band by light illumination, therefore cre-
ating the negative electron (e—) and positive hole (h+) pair. This
stage is referred as the semiconductor’s 'photo-excitation’ state. To
explain this mechanism in the investigated materials, the carrier
concentration as a function of chemical potential (u — Er) at three
different temperatures is shown in Fig. 3(a-c). It clearly shows the
negative electron (n-type conductions) and positive hole (p-type
conductions) pair. The positive-hole dissociates the water molecule
to form hydrogen gas and hydroxyl radical. The negative-electron
reacts with oxygen molecule to form super xide anion. This cycle
continues when light is available. To investigate the influence of
the temperature on the carrier concentration (electrons and holes),
the carrier concentration as a function of temperature at fixed chem-
ical potential (i = Er) is shown in Fig. 3 (d-f). Following Fig. 3(d-f)
one can see that the carrier concentration in LiBeHs-orthorhombic
is almost three times larger than the carrier concentration in the
cubic LiBeH; and NaBeH;. Moreover, it shows that the carrier con-
centrationis constant up to 350 K, then a significant increases occurs
with increasing temperature which implies that the 300K is the
optimal temperature. Whereas, in the cubic LiBeH; and NaBeH;
the carrier concentration decreases with increasing temperature. It
has been noted that from the electronic band structure (Fig. 2a)
the high k-dispersion bands around Fermi level (Eg) possess low

Table 3
Optimized lattice constants and the atomic positions of orthorhombic-LiBeHsin comparison with the available data [24,30].
Cell parameters (A) a b c
Exp. 4517 4.526" 6.2767, 6.293" 4.394°, 4.404"
This work 4523 6.290 4.401
Atomic positions
Atom x* X optim. y? y optim. z? z optim.
Li 0.04950 0.04830 0.25 0.25 0.98999 0.98976
Be 0.0 0.0 0.0 0.0 0.5 0.5
H1 0.20722 0.20701 0.53693 0.53680 0.20789 0.20771
H2 0.01658 0.01649 0.75 0.75 0.57234 0.57222
2 Ref. [24].

b Ref. [30].
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Fig. 2. (a) Schematic diagrams of charge transfer and photocatalytic mechanism of NaBeH;-cubic, LiBeHs-cubic and LiBeHs-orthorhombic; (b) Schematic of band gap energy
level of NaBeHs-cubic, LiBeHs-cubic and LiBeHsz-orthorhombic. The up-shift of CB level resulting in enhancing the energy band gap value from 0.94 — 1.34 — 2.44 eV which
shows the investigated material to be a promising candidate for light-driven photocatalyst and highly enhanced photocatalytic H, production system; (c) The calculated

absorption spectrum of NaBeHs-cubic, LiBeHs-cubic and LiBeH3-orthorhombic.
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Fig. 2 (continued)
Table 4

Calculated band gaps of orthorhombic-LiBeHs, cubic-LiBeHs, cubic-NaBeH; compared with the available results obtained from different approximations.

Compound Band gap (eV)

Refs. [20,24] TB-mB] Ref. [30] PBE-GGA Ref. [30] WC-GGA Ref. [30] LSDA Ref. [30] This work
Orthorhombic-LiBeHs 2.26 3.99 2.44 - - 2.44
Cubic-LiBeH3 1.30 3.24 1.34 1.26 1.24 1.34
Cubic-NaBeH; 1.79 3.16 0.94 0.76 0.85 0.94

effect masses, hence, the high mobility carriers (Table 5) favor
enhancing the charge transfer process; the effective mass provides
essential information to understand the photocatalytic mechanism.
The mobility of the photogenerated carriers significantly influences
the photocatalytic efficiency [60,61]; the higher photogenerated
carriers’ mobility favors enhancing the photocatalytic performance
[62]. Moreover, the great effective mass difference (D = m;/m;,)
between electron (e) and hole (h) (see Table 5) can respectively facil-
itate the migration and separation of e and h, and finally improve the
photocatalytic performance. The effective mass of e is bigger than
that of the h, resulting in a significant difference in mobility between
e and h. The mobility of photoexcited carriers can be indirectly
assessed by their effective mass (17, = et./m; and 7, = et /m;,), here
we call the mobility # in order to distinguish between the mobility
and chemical potential (u). The large mobility difference is useful
to the separation of e and h, reduction of e and h recombination rate,
and improvement of the photocatalytic activity. It is clear from
Table 5 that the effective mass of the e and h are small, thus, we

can deduce that the photogenerated carriers can fast-transfer along
different directions.

Furthermore, to investigate the suitability of the perovskite-type
hydride LiBeHs-orthorhombic, LiBeHs-cubic and NaBeHs-cubic to
be used as active photocatalysts, the projected density of states
along with the angular momentum character of various structures
and the electronic charge density distribution are calculated. The
projected density of states (Fig. 4) confirm the occurrence of the
fundamental energy band gap enlargement when we move from
NaBeHs-cubic — LiBeHs-cubic — LiBeHs-orthorhombic. The angu-
lar momentum character of various structures (Fig. 4) reveals the
type of orbitals which govern the valence and conduction bands,
and hence, the fundamental energy band gaps. Also it shows the
existence of hybridization between the states, the hybridizations
in the VBs broaden the VBs, which can promote the transport capa-
bility of the photogenerated holes. The hybridization may lead to
form covalent bonding. Covalent bonding is more favorable for
the transport of the carriers than ionic bonding [63]. To investigate



A.H. Reshak /]Journal of Catalysis 351 (2017) 119-129 125

r 1 '. ) I 1 | | 1
NaBeHs-cubic
3 - 4
&
2 i
5 L ]
Pz 4
M R 1.5 I I 1 I I I I _3]
8 r 9
6_ %;&& | |
4 =
N N il
LiBeHs-cybic {} VBM|
< CBM — -
3 ik S
2 |
m L =
Iay/ _
-10, 1 | L ! 1 ! 1 | ' | 1 |
r X M R3 2 -1 0 1 2 3
n (e/uc)
— . . r . \ —
| LiBeHs-orthorhombic S
S | ]
2
>
B il
Q
Lﬁ /
§ 7
Bl
T Z, 4 6 8 10 12

n(e/uc)

Fig. 3. (a) The carrier concentration of NaBeHs;-cubic as function of chemical potential yt — Er at room temperature and other two randomly selected temperatures; (b) The
carrier concentration of LiBeHs-cubic as function of chemical potential u — Er at room temperature and other two randomly selected temperatures; (c) The carrier
concentration of LiBeHs-orthorhombic as function of chemical potential u — Er at room temperature and other two randomly selected temperatures; (d-f) The carrier
concentration as a function of temperatures at fixed chemical potential.
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Table 5
Calculated effective masses.
Compound mg/me mj /me D = my/m; D = mg/my,
Orthorhombic-LiBeHs 0.01614 0.01024 0.63444 157617
Cubic-LiBeH; 0.02043 0.00431 0.21096 474013
Cubic-NaBeHs 0.01286 0.00501 0.38958 2.56686
the carrier concentration, charge transfer and the chemical bonding ~ Evs = Ecg + Eg (8)

nature, the electronic charge density distributions are investigated
as shown in Fig. 5. The electro-negativity of H, Be, Li and Na are
2.20>1.57 >0.98 > 0.93 according to the Pauling scale, showing
that the H atom possesses the highest electro-negativity among
them. This implies that efficient charge transfer occurs toward H
atoms which is confirmed by Fig. 5, as the H atoms are surrounded
by uniform spheres of charge density and the maximum charge
accumulates around H atoms as indicated by the blue color
(Fig. 5d). The blue color indicates the maximum charge intensity
(1.0000) as shown by the thermo-scale (Fig. 5e).

The photocatalytic oxidation of the materials is mainly attribu-
ted to the participation of superoxide radicals (03 ), hydroxyl rad-
icals ("OH) and photogenerated holes [64], see Fig. 2a. In order to
understand the photocatalytic mechanism of the NaBeHs-cubic,
LiBeHs-cubic and LiBeHs-orthorhombic, the reduction and oxida-
tion potentials of the conduction band and the valence band edges
at the point of zero charge can be calculated following the expres-
sions given in Ref. [65]:

Eep =1 —E° — (Eg/2) (7)

where Ecg and Eyg, respectively, are the potentials of conduction
band and the valence band edges, E€ is the free energy correspond-
ing to the hydrogen scale, and the value is ~4.5 eV [65], Eg and %,
are the band gap and the electronegativity of semiconductors,
respectively. The 7 is defined as the geometric mean of the absolute
electronegativities of the constituent atoms. The absolute elec-
tronegativity of an individual atom is the arithmetic mean of the
atomic electron affinity and the first ionization energy [65]. The
Ecg and Eyp values of the NaBeHs-cubic, LiBeH;-cubic and LiBeHs-
orthorhombic are shown in Table 6. It can be clearly seen that the
CB edge potential becomes more negative with increasing the opti-
cal band gap and with substitution of Li by Na, indicating that the
NaBeHs; has stronger reduction power for the H, production than
the LiBeHs. Generally, an appropriate band gap width and suitable
CB edge position together attribute to the optimal H, production
activity under light irradiation. Therefore, a balance between the
light absorption capacity and the reduction power in the investi-
gated materials leads to a higher efficiency of light-driven photocat-
alytic H, production.
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Fig. 4. The projected density of states along with the angular momentum character of various structures.

4. Conclusions

To investigate the suitability of the perovskite-type hydride
LiBeHs- orthorhombic, LiBeHs-cubic and NaBeH;-cubic to be used
as active photocatalysts, ab initio calculations from first- to
second-principles methods were performed. Calculations show that
a highly enhanced photocatalytic hydrogen production system has
been achieved and show significant increases in the fundamental
energy band gap when we move from NaBeHs-cubic (0.94 eV) -
LiBeHs-cubic (1.34 eV) — LiBeHs-orthorhombic (2.44 eV). Enhanc-
ing the fundamental energy band gap value from 0.94 - 1.34 —
2.44 eV shows the investigated material to be a promising candidate

for a light-driven photocatalyst and highly enhanced photocatalytic
H, production system. The calculated absorption spectrum of
NaBeHs-cubic, LiBeHs-cubic and LiBeHs-orthorhombic exhibited
an obvious enhancement in the UV-light region (absorption edge
L =343.4nm) - visible light region (A=431.9 nm)— UV-light
region (A = 349.2 nm), respectively. Furthermore, to investigate the
suitability of the perovskite-type hydride LiBeHs-orthorhombic,
LiBeHs-cubic and NaBeHs-cubic to be used as active photocatalysts,
the projected density of states along with the angular momentum
character of various structures, the thermoelectric properties and
the electronic charge density distribution are calculated. Calcula-
tions show that the carrier concentration in LiBeHs-orthorhombic
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Fig. 5. (a) The charge density distribution of NaBeH3-cubic in (100) and (101) crystallographic planes; (b) The charge density distribution of LiBeH3-cubic in (100) and (101)
crystallographic planes; (c) The charge density distribution of LiBeHs-orthorhombic in (100) and (101) crystallographic planes; (d) Shows an efficient charge transfer occurs

towards H atoms, as the H atoms are surrounded by uniform spheres of charge density and the maximum charge accumulates around H atoms as indicated by the blue color;
(e) thermoscale, the blue color indicates the maximum charge intensity (1.0000).

Table 6

The calculated Ecg, Eve, Eg(fundamentat) and Eg(opticany values of the NaBeHs-cubic, LiBeHs-cubic and LiBeHs-orthorhombic.
Compound ECB (EV) EVB (EV) Eg(fundamenta]) (EV) Eg(optical) (EV)
Cubic-LiBeHs —-0.385 2.485 1.37 2.87
Orthorhombic-LiBeH3 -0.725 2.825 2.44 3.55
Cubic-NaBeH; -0.815 2.795 0.94 3.61

is almost three times larger than the carrier concentration in the coefficient, implying that NaBeHs-cubic, LiBeHs-cubic, and LiBeHs-
cubic LiBeHs; and NaBeHs. The calculations indicate that NaBeHs- orthorhombic have strong oxidation capability and high photocat-
cubic, LiBeHs-cubic, LiBeHs-orthorhombic have indirect band gaps, alytic activity for decomposing organic pollutants under UV and vis-
deep position of valence band edge and a strong optical absorption ible light irradiation.
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