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a  b  s  t  r  a  c  t

Using  all  electron  full potential  – linearized  augmented  plane  wave  (FP-LAPW)  method  the  linear  and
nonlinear  optical  susceptibilities  of  cubic  GaAs1−xBix alloys  with  x  varying  between  0.25  and  0.75  with
increment  of 0.25  are  investigated.  We have  applied  the  generalized  gradient  approximation  (GGA)  for
the exchange  and  correlation  potential.  In addition  the  Engel–Vosko  generalized  gradient  approxima-
tion  (EVGGA)  was  used.  The  reflectivity,  refractivity,  absorption  coefficient  and  the  loss  function  of  these
eywords:
aAs1−xBix alloys
ptical properties (linear and nonlinear)
FT

ternary  alloys  were  investigated.  The  absorption  coefficient  shows  that  GaAs0.25Bi0.75 possess  the  high-
est  coefficient  among  the  investigated  alloys  which  supports  our previous  observation  that  the  band
gap  decreases  substantially  with  increasing  Bi content  and  the  materials  with  very  small  energy  band
gap possess  the  highest  absorption  coefficient.  The  investigation  of  the linear  and  nonlinear  optical

xBix
P-LAPW susceptibilities  of  GaAs1−

. Introduction

III–V Bi doped ternary alloys such as GaAs1−xBix have attracted
 great deal of interest due to their significance in potential appli-
ations such as solar cells, optoelectronic, semiconductor lasers,
nd optical detectors [1]. Doping GaAs compound by a low concen-
ration of Bi is found to have a significant influence on electronic
tructure and optical properties of these compounds. Madouri et al.
2] have observed a huge reduction in the band gap by replacing just
% of the arsenic by Bi. Ever since this discovery, intensive efforts
ave been devoted to investigate the effect of increasing Bi concen-
ration on the properties of such doped alloys. The main feature of
ach solar cell is its capability to absorb effectively wide spectrum
f photons contained in solar radiation reaching its active surface.
his feature depends on intrinsic optical and electronic properties
f semiconductor material, and the critical parameter related to
emiconductor is energy band gap and its dispersion in k-space.
he photons with energy lower than the energy band gap cannot be
bsorbed. On the other hand one photon, even if its energy exceeds

oubled value of that of the band gap, cannot generate more than
ingle electron–hole pair, dissipating all its excess energy as a heat
n the cell. The role of the absorber with these limitations in the

∗ Corresponding author at: Institute of Physical Biology, South Bohemia Univer-
ity, Nove Hrady 37333, Czech Republic. Tel.: +420 777 729583;
ax: +420 386 361255.

E-mail address: maalidph@yahoo.co.uk (A.H. Reshak).

925-8388/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jallcom.2011.07.086
shows  a  strong  band  gap  reduction  as  commonly  found  experimentally.

© 2011 Elsevier B.V. All rights reserved.

conventional solar cell has been explained below. Another factor
is the mobility of principal carriers, i.e. holes and electrons which
are depend on the effective mass and in turn on the energy band
dispersion in k-space.

For using wide band semiconductor, light absorption becomes
limited only to high energy photons. The result is in lower pho-
tocurrent but the advantages are more efficient energy conversion
of the absorbed high energy part of solar spectrum because higher
fraction of photons energy is being converted into electricity, sub-
sequently higher value of the output voltage is obtained. While
solar cells made using narrow band gap semiconductors that are
capable of absorbing larger spectral part of solar spectrum and
exhibit higher photocurrent values but have lower energy conver-
sion efficiency and produce lower output voltage. Alloys fabricated
from elements of the groups III and V have proven to be optimal
compounds for semiconductor devices. Almost every combination
of this elements have been tried in order to obtain a semicon-
ductor material with desired properties. However, thallium and
bismuth, the biggest and heaviest elements in these groups, have
been ignored due to their size and the tendency to surface segre-
gate during their growth [3].  In order to incorporate the bismuth
atom into the lattice it is necessary to reduce the competition for
the group V sites and to overcome this segregation tendency. This
can be achieved with low growth temperatures and nearly stoi-

chiometric III:V flux ratios [4].

Due to the size of this element, compressive strain is achieved
when incorporated to the crystal structural as a substitutional alloy,
taking the place of an arsenic atom [5]. With this size increment,

dx.doi.org/10.1016/j.jallcom.2011.07.086
http://www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jallcom
mailto:maalidph@yahoo.co.uk
dx.doi.org/10.1016/j.jallcom.2011.07.086
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Table 1
The optimized atomic position, these ternary alloys are modeled using the SQS
approach. We give the optimized positions of the Ga atoms by minimizing the forces
on  the atoms whereas the other atoms at symmetry positions where force is always
zero.

Compound X Y Z

GaAs0.75Bi0.25 (space group P-43m #215)

Ga 0.22233381 0.77766619 0.77766619
0.77766619 0.22233381 0.77766619
0.77766619 0.77766619 0.22233381
0.22233381 0.22233381 0.22233381

As 0.0 0.5 0.5
0.5 0.0 0.5
0.5 0.5 0.0

Bi  0.0 0.0 0.0

GaAs0.5Bi0.5 (space group P222 #16)

Ga 0.25000016 0.25000004 0.19998184
0.74999984 0.74999996 0.19998184
0.25000016 0.74999996 0.80001816
0.74999984 0.25000004 0.80001816

Bi 0.0 0.0 0.0
Bi 0.5 0.5 0.0
As  0.5 0.0 0.5

GaAs0.25Bi0.75 (space group P-43m #215)

Ga 0.27229100 0.72770900 0.72770900
0.72770900 0.27229100 0.72770900
0.72770900 0.72770900 0.27229100
0.27229100 0.27229100 0.27229100

Bi 0.0  0.5 0.5
686 A.H. Reshak et al. / Journal of Alloys

he band structure modifies provoking a strong band reduction.
he reduction of the band gap is also expected since an addition
f a metal material is being added to the GaAs semiconductor
ompound. In 2006 Young [6] reported that; the use of Bi as a
urfactant progressed [7] to successful recent attempts to incor-
orate Bi into GaAs. This was achieved by significant deviation
rom typical GaAs growth conditions in molecular beam epitaxy
MBE) [8].  GaAsBi, is nonconventional alloys, in the sense that
he alloying element (Bi) introduces bound states in addition to
nergy bands, and behaves more like an isoelectronic donor (Bi)
han a true alloying element [6,1]. The large reduction in band
ap due to Bi is thought to be due to a resonant interaction is
xpected between the Bi 6p state and the valence band maximum
6,1].

The growing demand for new technologies coupled with the
nusual properties of these materials provides the motivation for
he current study. In this paper linear and nonlinear optical sus-
eptibilities study based on density functional theory (DFT) of the
aAs1−xBix ternary alloy is performed with and without spin orbit
oupling (SOC). By varying the composition of bismuth, a compar-
son of the effect of additional Bi is analyzed.

In Section 1, we present brief idea of what have been done.
he rest is organized as follows: Section 2 is devoted for the
ethod of calculation. The results and discussion are presented

n Section 3, and Section 4 summarizes the main concluding
oints.

. Method of calculation

The calculations of the linear and nonlinear optical susceptibilities were car-
ied out using the full potential linearized augmented plane wave (FP-LAPW)
ethod as implemented in WIEN2K code [9].  The exchange correlation potential
as  treated using the generalized gradient approximation (GGA) [10] for the total

nergy calculations. Additionally we have used the Engel–Vosko generalized gradi-
nt approximation (EV-GGA) [11], which optimizes the corresponding potential for
lectronic band structure calculations. It is well known in the self-consistent band
tructure calculation within DFT method (both of LDA and GGA approaches) usu-
lly underestimate the energy gap [12]. This is mainly due to the fact that they are
ased on simple model assumptions which are not sufficiently flexible to accurately
eproduce the exchange correlation energy and its charge space derivative. Engel
nd Vosko considered this shortcoming and constructed a new functional form of
GA [11] which is able to reproduce better exchange potential at the expense of

ess  agreement in the exchange energy. This approach (EV-GGA) yields better band
plitting than the GGA. The total energy calculations are performed for GaAs1−xBix
x = 0.25, 0.5 and 0.75). In this work, we  have used the ‘special quasi-random struc-
ures’ (SQS) approach of Zunger et al. [13] to reproduce the randomness of the
lloys for the first few shells around a given site. This approach is reasonably suf-
cient to describe the alloys for many physical properties that are not affected
y  the errors introduced by using the concept of periodicity beyond the first few
hells.

The spherical harmonics inside non-overlapping muffin-tin (MT) spheres sur-
ounding the atomic are expanded up to lmax = 10. The muffin-tin radii are 1.6 atomic
nits (a.u.) for Bi, whereas a 1.95 a.u. is used for both Ga, and As. The plane wave
ut-off of Kmax = 7.0/RMT was  chosen for the expansion of the wavefunctions in the
nterstitial region for all the binary compounds GaAs1−xBix ternary alloys. The charge
ensity was  Fourier expanded up to Gmax = 14 (Ryd)1/2.

We  have optimized the atomic positions of GaAs1−xBix ternary alloys (struc-
ural relaxation), by minimization of the forces (1 mRy/au) acting on the atoms.
sing the relaxed geometry various spectroscopic features including the linear and
onlinear optical dispersions can be calculated. Once the forces are minimized

n  this construction one can then find the self-consistent density at these posi-
ions by turning off the relaxations and driving the system to self-consistency. The
alculations were done with and without spin orbit coupling. We carefully exam-
ne the spin orbit coupling effect on Bi and As split-off band. In Fig. 1, we give
rototype in low symmetry band structure of alloys near the Fermi energy to dis-
inguish between Bi-6p heavy holes (HH), Bi-6p light hole (LH) and As/Bi spilt-off
ands.

Self-consistency was  achieved by use of 500 k-points in the irreducible Bril-

ouin zone (IBZ). The linear and nonlinear optical susceptibilities are calculated
sing 1400 k-points in the IBZ. Both the muffin-tin radius and the number of
-points were varied to ensure total energy convergence. The self-consistent cal-
ulations are converged since the total energy of the system is stable within
0−5 Ry.
0.5 0.0 0.5
0.5 0.5 0.0

As  0.0 0.0 0.5

3. Results and discussion

3.1. Structural properties

In this section, we  present the structural properties of the
GaAs1−xBix compounds for compositions x = 0.25, 0.5 and 0.75. The
binary alloys, GaBi and GaAs are described by zinc-blende structure,
whereas the ternary alloys are modeled using the SQS approach
[13]. For the composition x = 0.25 and 0.75 the simplest structure is
an eight-atom simple cubic lattice (luzonite): the cations with the
lower concentration form a regular simple cubic lattice. For x = 0.5,
the smallest ordered structure is (0 0 1) supercell (see Table 1). In
Table 1 we  give the optimized positions of the Ga atoms by minimiz-
ing the forces on the atoms. The volumes of all the compounds were
optimized by calculating the total energy as a function of volume,
which was  followed by fitting the results with Murnaghan’s equa-
tion of state [14]. From this fitting, we obtained the optimum lattice
constant and bulk modulus. Fig. 2 presents our calculated values
obtained after optimization with and without SOC effect mainly
on Bi site. From this figure one can notice that the optimized lat-
tice constants agree well with those estimated by Vegard’s law [15]
for the case of binary systems. However, in the case of the ternary
alloys, the lattice constants deviate from the estimated values using
Vegard’s law [15]:

a(AB1−xCx) = xaAC + (1 − x)aAB (3.1)

where aAC and aAB are the equilibrium lattice constants of the
binary compounds AC and BC, respectively and a(AB1−xCx) is the
alloy lattice constant. The relation of the lattice constant exhibits
a quadratic term as a result of the mismatch between the lattice
constants of the extreme binary alloys, AB and AC. Therefore, the
lattice constant is better described as follows:
a(AB1−xCx) = xaAC + (1 − x)aAB − x(1 − x)b (3.2)

Here, the constant b is the bowing parameter. The bowing in lat-
tice constants of GaAs1−xBix compounds is −1.004 (without SOC)



A.H. Reshak et al. / Journal of Alloys and Compounds 509 (2011) 9685– 9691 9687

the sp

a
i
t
e
o
o
p
I
n
b
B
a
T
o

3

e
e
t
r
t
t
i
h
u
e
t

F
n

Fig. 1. Close prototype of band diagram for alloys to understand 

nd −0.929 (with SOC), where negative sign indicates the increase
n lattice constant from GaAs → GaBi presented in Fig. 2(a), using
he GGA approximations. This observation agreed well with the
xperimental observation of Oe and Okamoto [16]. The variation
f bulk modulus versus Bi content proves the decreasing change
f GaAs1−xBix alloy consistent (from GaAs → GaBi) with bowing
arameter +60.46 (without SOC) and 54.72 (with SOC), see Fig. 2(b).

n Fig. 2, we observe that at concentration up to 25% of Bi there is
o obvious change is lattice parameter as well as on bulk modulus
y adding SOC on Bi site, which is due to the low concentration of
i. But at higher concentration of Bi the bowing is smaller due to
ddition of SOC effect in both lattice parameter and bulk modulus.
hus, high content of Bi at GaAs1−xBix gives a recommendation for
ptoelectronic devices applications.

.2. Linear optical susceptibilities

As it has mentioned above that both LDA and GGA lead to under-
stimate the energy band gaps in semiconductors and since the
nergy band differences enter the calculations of response func-
ions in the denominators of the expressions they will play a major
ule in the values of the susceptibilities, so it is not surprising that
he latter values will be overestimated. That will lead to errors of
he order of 10–30% in linear response. The problem is aggravated
n higher-order responses by the fact that denominators occur in

igher powers [17]. In order to overcome this shortcoming we have
sed the EV-GGA approach. The linear response of the system to
lectromagnetic radiation can be described by means of the dielec-
ric function ε(ω) which is related to the interaction of photons with

ig. 2. Variation of calculated lattice parameter and bulk modulus with and without tak
o-mfc –>(also comparison with Vegard’s law)<!– /no-mfc –>.
in orbit split-off band variation of As/Bi p band on applying SOC.

electrons. Two  kinds of contributions to ε(ω) are usually distin-
guished, namely intra-band and inter-band electronic excitations.
Intra-band transitions are not present in semiconductors, as they
are present only for metals and semi-metals. The dispersion of the
imaginary part of the dielectric function ε2(ω) can be calculated
from the momentum matrix elements between the occupied and
unoccupied wavefunctions, giving rise to the selection rules. The
real part ε1(ω) of the dielectric function can be evaluated from the
imaginary part ε2(ω) by the Kramer–Kronig relationship [18]. All
the other optical constants can be derived from ε1 (ω) and ε2(ω).
To calculate the optical spectra of the dielectric function, ε(ω), a
dense mesh of uniformly distributed k-points is required. Hence,
the Brillouin zone integration was performed with 1400 k-points
in the irreducible part of the Brillouin zone for both linear and non-
linear optical susceptibilities, with broadening equal to 0.1 eV to
bring out all the structures. This value is typical of the experimental
accuracy.

Fig. 3a, display the imaginary and real parts of the electronic
dielectric function ε(ω) spectra for a spectral energies up to 14.0 eV
for the cubic structure of GaAs1−xBix (x = 0.25, 0.5, 0.75). The anal-
ysis of ε2(ω) curve shows that all the compounds presented two
main peaks situated at 2.5 and 5.0 eV. The origin of these peaks is
attributed to the inter-band transitions form the occupied Ga-s/p/d
and As/Bi-s/p/d band states to the unoccupied Ga-s/p and As/Bi-
s/p/d band states. Following Fig. 3a one can see that the structures

of ε2(ω) for all the alloys are spectrally shifted towards lower ener-
gies with increasing the amplitude when the concentration of Bi
increases, which confirms our previous observation that the energy
band gap is reduced with increasing the concentration of Bi.

ing into account of spin orbit coupling versus Bi concentration in GaAs1−xBix <!–
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Fig. 3. (a) Calculated ε2(ω) spectra. (b) The calculated band structure along with the optical transitions depicted on a generic band structure of the cubic GaAs0.5Bi0.5 as
prototype. (c) Calculated ε1(ω) spectra. (d) Calculated reflectivity R(ω). (e) Calculated loss function L(ω). (f) Calculated refractive index n(ω). (g) Calculated absorption
coefficient I(ω). For the cubic GaAs1−xBix (x = 0.25, 0.5, 0.75).
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Table  2
Calculated static dielectric constants ε1(0), n(0),

∣
∣�(2)

123(0)
∣
∣ (pm/V),

∣
∣�(2)

123(ω)
∣
∣ (pm/V) at 1064 nm.

Components �(2)
123(0) (pm/V) �(2)

123(ω) at � = 1064 nm (pm/V) ε1(0) n(0)
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GaAs0.75Bi0.25 9.0 16
GaAs0.5Bi0.5 10.0 16
GaAs0.25Bi0.75 11.5 18

In order to identify the spectral peaks in the linear optical spec-
ra we considered the optical transition matrix elements. We  used
ur calculated band structure to indicate the transitions, indicating
he major structure for the principal components ε2(ω) in the band
tructure diagram. These transitions are labeled according to the
pectral peak positions in Fig. 3a. For simplicity we  have labeled the
ransitions in Fig. 3b, as A, B, and C. The transitions (A) are respon-
ible for the structures for ε2(ω) in the spectral range 0.0–5.0 eV;
he transitions (B) 5.0–10.0 eV, and the transitions (C) 10.0–14.0 eV.
s prototype we show these transitions only for GaAs0.5Bi0.5. The
alculated ε1(ω) are shown in Fig. 3c and the estimated values
f the static optical dielectric constant ε1(0), which is also called
igher frequency dielectric constant because it does not include
he phonon effect, are listed in Table 2.

The calculations of the frequency-dependent dielectric func-
ion involve the energy eigenvalues and electron wave functions.
hese components ε2(ω) are determined by inter-band transitions
rom valence- into conduction-band states. According to the dipo-
ar selection rule only transitions changing the angular momentum
uantum number l by unity (� = ±1) are allowed. The electronic
and structure of these alloys suggests that the first peak in ε2(ω) is
ue to the transition from Ga-p, As-p, Bi-p states to Ga-s/p, As-p and
i-s/p/d states, while the second peak corresponding to the Ga-s/p
nd Bi-p to Ga-p/d and Bi-s/p/d states. A remarkable fact regarding
he first peak in ε2(ω) is that its width is essentially determined by
he width of the highest occupied valence band.

The calculated optical reflectivity spectra as shown in Fig. 3d, are
tarted at about 0.02% and have a maximum value of roughly 25%
t energy about 6.0 eV. The reflectivity spectrum reproduces the
ositions of the peaks determined by inter-band transitions with

 good accuracy. It is interesting that there is an abrupt reduction
n the reflectivity spectrum between 9.0 and 11.0 eV confirming
he occurrence of a collective plasmon resonance. The depth of
he plasmon minimum is determined by the imaginary part of the
ielectric function at the plasma resonance and is representative of
he degree of overlap between the inter-band absorption regions.

In Fig. 3e, the energy loss function is plotted in basal-plane and
n direction of c-axis. The plasmon losses correspond to collective
xcitations of the valence electrons and their energies are related
o the density of valence electrons. In the case of inter-band transi-
ions, which consist mostly of plasmon excitations, the scattering
robability for volume losses is directly connected to the energy

oss function. There are other features in this spectrum, in addi-
ion to the plasmon peak, associated with inter-band transitions.
he plasmon spectral peak is usually the most intense feature in
he spectrum and this is at energy where ε1(ω) goes to zero. The
nergy of the maximum peak of (−ε1(ω))−1 at ∼12.5 eV for these
lloys which are assigned to the energy of volume plasmon h̄ωp.

The calculated refractive index dispersions n(ω) are shown
n Fig. 3f. The calculated values of n(ω) at static limit and at

 = 1064 nm are listed in Table 2. Following Fig. 3f one can empha-
ize that at around 4.0 eV these alloys possesses high refractive
ndices decreasing at higher energies.

Fig. 3g shows the absorption coefficient of these alloys is zero

elow the fundamental energy band gap, then increases rapidly to
orm the first absorption peak at around 5.0 eV. Then the absorption
oefficient started to oscillate around the value of 150 × 10−4 cm−1

o show the stability in the absorption coefficient at higher energies.
13.5 3.7
16.0 4.0
17.0 4.2

Fig. 3g shows that GaAs0.25Bi0.75 have the highest absorption coeffi-
cient among the other compounds that is attributed to the fact that
GaAs0.25Bi0.75 possess the smallest energy band gap which support
our previous observation that GaAs0.25Bi0.75 is the best compound
for solar cells.

3.3. Nonlinear optical susceptibilities (second harmonic
generation)

Since GaAs1−xBix alloys have cubic structure the symmetry
allows only one nonzero component namely; �(2)

123(−2ω; ω; ω).
The complex second-order nonlinear optical susceptibility tensor
�(2)

123(−2ω; ω; ω) has been calculated using the expressions given
in Refs. [19–21].  The formalisms for calculating the second order
susceptibility �(2)

123(−2ω; ω; ω) for non-magnetic semiconductors
and insulators based on the FP-LAPW method have been presented
before [20,21].  In the first order responses (linear responses) func-
tions, only the inter-band terms appear and involve only the square
of matrix elements, which ensures, for example that ε2(ω) is pos-
itive. The second harmonic response involves 2ω resonance in
addition to the ω resonance. Both ω and 2ω resonances can be
additionally divided into inter-band �(2)

123(−2ω; ω;  ω), intra-band

�(2)
123(−2ω; ω; ω) contributions and the modulation on inter-band

terms by intra-band terms �(2)
123(−2ω; ω; ω) [19–22]. The dipole

matrix element values are much stronger in nonlinear case. The real
and imaginary parts of the products of matrix elements that deter-
mine the strength of a given resonance in �(2)

123(−2ω; ω; ω) can be

positive or negative. The imaginary part of the �(2)
123(−2ω; ω; ω)  for

ternary GaAs0.75Bi0.25, GaAs0.5Bi0.5, GaAs0.25Bi0.75, alloys is shown
in Fig. 4a. We  should emphasize that increasing the concentration
of Bi leads to increase the amplitude and shift all the structures
of �(2)

123(−2ω; ω; ω) towards lower energies that is indicated that
increasing the concentration of Bi leads to increase the value of the
second harmonic generation.

The nonlinear optical dispersions are much more sensitive
to small changes in the band structure dispersions and more
complicated than the linear ones. The difficulties concern both
the numerical and the physics because more conduction bands
and more k-points are required to reach a reasonable accuracy.
We should emphasize that calculating the complex second-order
nonlinear optical susceptibility tensors with LDA results in incor-
rect complex second-order nonlinear optical susceptibility tensors
since they are more sensitive to the band gap than the linear one
due to higher power energy differences in the denominators of the
formalism of the complex second-order nonlinear optical suscep-
tibility tensors [20,23]. To avoid the problem of the well-known
LDA underestimation of the band gap we have used EV-GGA. We
have found that EV-GGA have significant influence on the second-
order nonlinear optical dispersion since it reproduces better band
gap with respect to experiment, however it is still underestimate
energy band gap by around 10%. To avoid this drawback we  con-

sider quasiparticle self-energy corrections at the level of scissors
operators in which the energy bands are rigidly shifted to merely
bring the calculated energy gap close to the experimental gap, see
Fig. 3a.
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ig. 4. (a) Calculated Im �(2)
123(ω) spectra. (b) Calculated Re �(2)

123(ω). (c) Calculated
∣
∣

.75).

Looking at Fig. 4b one can see that the values of Re
(2)
123(0) decreases from −7.5 pm/V (GaAs0.75Bi0.25), −9.5 pm/V

GaAs0.5Bi0.5), −10.5 pm/V (GaAs0.25Bi0.75). That is attributed to
he fact that the nonlinear optical properties are more sensitive
o small changes in the band structure than the linear optical
roperties because the second harmonic response involves 2ω
esonance terms in addition to the usual ω resonance and the
hreshold for 2ω parts occurs at the half energy of the threshold
or ω part, as a result, only the 2ω inter/intra terms contributes
o �(2)

123(−2ω; ω; ω) in the energy range below the fundamental
nergy band gap. The complex second-order nonlinear optical sus-
eptibility tensors �(2)

ijk
(ω) are formed both by the 2ω resonance

n addition to the usual ω resonance. Both ω and 2ω resonances
an be further separated into inter-band and intra-band contri-

utions. Fig. 4c displays our calculated
∣
∣
∣�

(2)
123(−2ω; ω; ω)

∣
∣
∣. Again

t shows that with increasing Bi content all the spectral struc-

ures of
∣
∣
∣�

(2)
123(−2ω; ω; ω)

∣
∣
∣ are shifted towards lower energies with

ncreasing the values of
∣
∣
∣�

(2)
123(0)

∣
∣
∣ as a function of the Bi concentra-

ion. These values and
∣
∣
∣�

(2)
123(−2ω; ω; ω)

∣
∣
∣ at � = 1064 nm are given

n Table 1. Therefore, the static values of the second order sus-
eptibility tensor are very important and can be used to estimate

heir relative second harmonic generation (SHG) efficiency. From
ig. 4d, showing the nonlinear spectroscopy of these alloys, it is
lear that these alloys show considerable nonlinear optical spectra
n the wavelength starting from vacuum ultraviolet spectral range
ω)
∣
∣. (d) Calculated nonlinear spectroscopy. For the cubic GaAs1−xBix (x = 0.25, 0.5,

up to infrared that’s make these alloys to be applicable in this wide
spectral range.

4. Conclusions

This article is devoted to very important topic of modern aspects
of theoretical and experimental physical chemistry to study the
dispersion of linear and nonlinear optical susceptibilities in impor-
tant materials. In the present work the calculation of the linear
and nonlinear optical susceptibility dispersions for GaAs0.75Bi0.25,
GaAs0.5Bi0.5 and GaAs0.25Bi0.75 alloys were performed. We  have
calculated the complex second-order optical susceptibility dis-
persions for the principal tensor component �(2)

123(ω) and its
zero-frequency limit. In the theoretical calculations we have used
the relaxed geometry after optimization the crystalline structure of
GaAs0.75Bi0.25, GaAs0.5Bi0.5 and GaAs0.25Bi0.75 alloys. The state-of-
the-art full potential linear augmented plane wave method, based
on the density functional theory was applied.
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