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Abstract 
 
Electric field gradients (EFG) at In and Ce sites, electronic specific heat and the magnetic moments at Ce site have 
been calculated for CeIn3.The calculations were performed by increasing pressure gradually from -5 to +22 GPa, 
within the density functional theory (DFT) and using the augmented plane waves plus local orbital (APW+lo) me-
thod . The so-called Perdew-Burke-Ernzerhof generalized gradient approximation (PBE-GGA+U) and Wu-Cohen 
generalized gradient approximation (WC-GGA+U) schemes have been employed. Results show that the calculated 
EFG’s at the In site grow smoothly by imposing pressure. We have compared the EFG’s at zero pressure with theo-
retical and experimental results. It is shown that our simulation results for EFG’s are close to the results of the other 
study and in good agreement with experimental data at the ambient pressure. We have shown that with increasing 
the pressure, the electronic density of states at Fermi level decreases and causes an increase in EFG.  Results also 
indicate that by increasing the pressure, both f density of states at Fermi level and the magnetic moment of Ce de-
crease. An almost linear increase of magnetic moment versus Ce-4f density of states at Fermi level is observed for 
the certain range of parameters.  
 

PACs: 71.20.-b; 71.27.+a; 31.30.Gs; 75.20.Hr; 75.30.Mb 
Keywords: Density functional calculations; Electronic density of states; Electronic specific heat; Electric field gra-

dient 
 
1. Introduction 
 

The intermetallic compound CeIn3 is a concen-
trated Kondo system with a heavy fermion behavior at 
low temperatures [1]. It also shows an antiferromag-
netic order below Néel temperature 10  with 
saturated magnetic moment of 0.65 ± 0.1 µB per Ce 
atom at ambient pressure [2]. The magnetic moment is 
usually preserved in the crystalline environment and is 
screened from the outer conduction electrons [3]. 
There is a competition between Ruderman-Kittel-
Kasuya-Yoshida (RKKY) interaction [4] and the 
Kondo effect in this compound. At low temperature 
the RKKY interaction, which couples the Ce-4f mag-
netic moments to each other, predominates and the 
compound shows antiferromagnetic order. The mo-
ments are aligned in the opposite directions in consec-
utive (111) planes of the cubic CeIn3 structure.  CeIn3 
has AuCu3 prototype, which is stable under pressures 
up to 10 GPa [5]. Magnetic moment of this compound 
is strongly pressure dependent and might be sup-
pressed at a critical pressure 2.55 GPa [6]. 
Through increasing the hydrostatic pressure, the Kon-
do state is stabilized and the antiferromagnetic state 
becomes unstable so that TN decreases down to 0 K 

[7]. It is believed that by increasing the pressure or 
temperature, CeIn3 passes through the sequence of 
magnetically ordered trivalence, non-magnetic triva-
lence (Kondo effect), intermediate valence (IV) and 
tetravalence structures. This can be explained as 4f 
level is gradually raised from well below EF to far 
above EF [8].  
CeIn3 shows superconductivity in a narrow region of 
pressure and temperature values, below 0.2 K and 
around 2.5 2.7  GPa, in the vicinity of specific 
Quantum Critical Point [2]. Superconductivity appears 
near the magnetic ordering. It indicates that the mag-
netic interaction is somehow effective on supercon-
ductivity. 

CeIn3 crystallizes in the space group 3 . The 
point group of Ce and In atoms are the cubic m-3m 
and non-cubic 4/mmm, respectively. The In atoms are 
surrounded by Ce atoms and due to non-cubic symme-
try there is an electric field gradient (EFG) at the In 
sites. Employing the Time Differential Perturbed An-
gular Correlation (TDPAC) technique for measuring 
the electric field gradient at In site of CeIn3 and at 
temperature range of 4.2-10 K shows 4.07
10   [7]. The electric field gradient at In site is 
also measured using 115In Nuclear Quadrupole Reson-
ance (NQR) at 4.2 K and shows 11
10   [9]. 

Hyperfine interactions have a very important role 
in obtaining the crystalline ground state and carry the 
major part of the information about the electric charge 
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and spin distribution close to the nucleus. There are 
many available experimental data about the physical 
properties of CeIn3 [3,5,7,10-13]. Here, we have con-
centrated on magnetic moment and the electric field 
gradient under pressure. 

In the present work, an electronic structure calcula-
tion of CeIn3 is performed by first principles using the 
WIEN2k code [14]. Generalized gradient approxima-
tion (GGA) has been taken into account for the ex-
change-correlation functional to compute the electric 
field gradient around the In nuclei and Ce magnetic 
moment. In addition, we have investigated the effect 
of the pressure on the electric field gradient. We have 
also studied the structural and electronic properties 
and especially the behavior of Ce-4f electrons under 
pressure has been investigated. Furthermore, we have 
discussed the effect of variation of the density of states 
at Fermi level under pressure on EFG values.   

The paper is organized as follow. A brief descrip-
tion of the method of calculation is given in Section 2. 
The results for the electronic structure, specific heat 
and electric field gradient for CeIn3 compound are 
obtained in Section 3 and finally the summary and 
conclusions of the work are discussed in Section 4. 

 
2. Numerical implementation 
 
We have performed our calculations by using the full-
potential augmented plane-wave plus local orbitals, 
APW+lo method. This is the highly accurate tech-
nique, embodied in the WIEN2k code. We have taken 
two generalized gradient approximations, PBE-GGA 
[15] and WC-GGA [16], for the exchange-correlation 
functional and compared the results of these approxi-
mations with each other. The lattice parameter of 
CeIn3 is 4.689 Å. Ce atoms are located at the corners 

and In atoms are located at the face-centered positions 
of a cubic unit cell. The muffin-tin radii ( ) of non-
overlapping spheres centered at each nuclear position 
are chosen to be 2.3 Bohr (1Bohr = 0.529177 Å), 
throughout the calculation. The (5s2, 5p6, 4f1, 5d1, 6s2) 
atomic states of Ce and (4p6, 4d10, 5s2, 5p1) states of In 
were considered as valence states. In solving the Di-
rac’s equation these states are treated within the sca-
lar-relativistic approach while the core states are re-
laxed in a fully relativistic manner. The maximum 
quantum number l for atomic wavefunctions inside the 
sphere was confined to 10. The wave vector 
cutoff for the plane wave expansion of the wavefunc-
tion in the interstitial region was chosen to be 

7.00.   is the smallest muffin-tin ra-
dius in the unit cell and   is the maximum of re-
ciprocal lattice vector. The charge density was Fourier 
expanded up to 14 / . A mesh of 72 k-
point was chosen in the irreducible wedge of the Bril-
louin zone which corresponds to the grids of 12 × 12 × 
12 in the scheme of Monkhorst-Pack. After adding 
spin-orbit coupling (SOC), a mesh of 184 k-point was 
generated. The SOC Hamiltonian was diagonalized in 

the space of scalar relativistic eigenstates using a 
second-variational procedure and imposing (111) di-
rection on the Ce magnetic moments. A 2 × 2 × 2 anti-
ferromagnetic supercell is obtained. In order to ac-
count for the strong correlations of Ce-4f states, we 
have used the GGA+U method [17-19]. we have also 
adopted the values of 6.2 eV for Coulomb repulsion U 
parameter, 0.7 eV for exchange integral J and 

5.5  for Ce site in CeIn3 [20]. 
We later computed the total energy for 7 different 

volumes. The EOSFIT program was used for fitting 
energies to the Birch-Murnaghan equation of state 
(EOS) [21]: 
 

 ⁄
 
 

 1  , 

                                                                        (1) 
where the subscript 0 denotes the standard state P = 0.  
B is the bulk modulus and / . Here, the 
equation of state is for a static (T = 0 K) situation. 
Pressures were obtained analytically from: 
 

 

 

1 .                                           2  

                                                                                                       
3. Results and discussion 
3.1. Static equation of state  
 

We have computed the total energy for 7 different 
volumes of antiferromagnetic CeIn3, without and with 
spin-orbit coupling (AFM and AFM+SOC) using 
PBE-GGA and WC-GGA approximations. WC-GGA 
has been recently formulated by Wu and Cohen.  It is 
based on a diffuse radial cutoff for exchange hole in 
real space, and the analytic gradient expansion of the 
exchange energy for small gradients. It shows im-
provement for lattice constant, crystal structure and 
bulk modulus over the popular PBE-GGA method 
[16].  

In the calculation we used 4.689 Å as the starting 
point for lattice parameter and fitted the results with a 
Birch-Murnaghan equation of state. The total energy-
volume curves are compared in Fig. 1 in the absence 
of SOC and in the presence of SOC using both PBE-
GGA and WC-GGA approximations. It can be seen 
that the energy of the system by PBE is lower than 
that of WC. In addition, applying SOC has slightly 
shifted the energy level downward in both approxima-
tions. Furthermore, the equilibrium lattice constant is 
obtained by fitting Birch-Murnaghan equation of state 
to energies of different lattice constants. The corres-
ponding equilibrium lattice parameters are calculated 
to be 4.702 and 4.616 Å for PBE and WC, respective-
ly. It indicates that for CeIn3 compound the equili-
brium lattice constant calculated by PBE is closer to 
the experimental data than WC. This is in contrast to 
the results expressed by WC-GGA approximation 
[16].  
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3.2. Electronic structure 
 

Next in hierarchy, the total and partial density of 
states (DOS) both in the absence of spin-orbit coupl-
ing (AFM) and in the presence of spin-orbit coupling 
(AFM+SOC) have been calculated. The calculations 
were performed including SOC for Ce and In elec-
trons. We have also conducted an appropriate calcula-
tion for electrons of Ce-4f states by employing 

GGA+U calculations (i.e. AFM+SOC+LDAU). The 
PBE-GGA and WC-GGA were used for exchange-
correlation functional. In addition, we have considered 
the effect of pressures up to 22 GPa for all phases. 

 In Fig. 2, total density of states in CeIn3 are shown 
for two different selected pressures P = 0.0 and 17.0 
GPa calculated through the two different approxima-
tions. All states considered as valence are present in 
this figure except the In-4p states which lie at the dee-

 

 
 Fig. 2. Total density of states in antiferromagnetic CeIn3 at two different pressures, obtained by FP-APW method 
using (a) PBE-GGA and (b) WC-GGA, in the absence of spin-orbit coupling (solid lines, AFM) and in the presence of 
spin-orbit coupling (dashed lines, AFM+SOC).  

 

 
Fig. 1. Total energy as a function of volume using both PBE-GGA and WC-GGA approximations, in the absence of 
spin-orbit coupling (AFM), in the presence of spin-orbit coupling (AFM+SOC) of antiferromagnetic CeIn3.  
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per energy about -5 Ry and Ce-5s states which have a 
very small density of states at the energy of approx-
imately -0.5 Ry. Ce-5p and In-4d states remain atom-
ic-like, located at 1.29 Ry and 1.04 Ry below Fermi 
level, respectively. Other states, Ce-(4f, 5d, 6s) and In-
(5s, 5p) are located around the Fermi level. As shown 
in this figure, the SOC not only influences the semi-
core Ce-5p and In-4d states, but also changes the den-
sity of states at the Fermi level (DOS(EF)). On the 
other hand, the approximation which is used for ex-
change-correlation functional can affect DOS(EF). 
Since EFG is very sensitive to the value of the 
DOS(EF), the SOC and the type of exchange-
correlation functional approximation can influence 
EFG. Our calculations show that in both approxima-
tions and for all pressures studied here f and d states of 
Ce and p orbital of In have more contribution to 
DOS(EF), in a descending order. As pressure increases 
from -5 to 22 GPa, Fermi energy (EF) increases from 
about 0.53 to 0.76 Ry for PBE and from 0.52 to 0.75 
Ry for WC approximations. EF for AFM and 
AFM+SOC are nearly the same. By imposing pressure 
on PBE approximation, DOS(EF) reduces from 269.6 
to 126.5 States/Ry for AFM and from 289.9 to 151.7 
States/Ry for AFM+SOC.  Also applying pressure 
while using WC approximation reduces DOS(EF) from 
233.2 to 126.8 States/Ry for AFM and from 260 to 
153.7 States/Ry for AFM+SOC. 

One can see in Fig. 2 that all states, considered as 
valence states, move into higher energies under pres-
sure. Ce-5p state and In-4d state which are core states 
also move into higher energies under pressure while 

keeping their atomic-like nature. It is to be noted that 
during the displacement of Fermi level and valence 
states into higher energies under pressure, the distance 
of Ce-5p states from Fermi level remains constant 
while the distance of In-4d states from it begins to 
increase. We have not observed any drastic changes in 
DOS under pressure. The compound does not show 
any structural transitions under pressure up to maxi-
mum pressure studied (i. e. 22 GPa). Experiment 
shows that AuCu3 structure of this compound is stable 
up to 10 GPa [5]. In order to incorporate strong corre-
lations of Ce-4f states, we have employed GGA+U 
calculations (AFM+SOC+LDAU). In this calculation, 
spin-orbit interactions were also included.  

The CeIn3 is an antiferromagnetic compound. 
Lawrence et al. [3] reported a value of 0.65 ± 0.1 µB 
for its magnetic moment from their neutron-diffraction 
at T = 5 K, while Benoit et al. [13] obtained a value of 
0.48 ± 0.08 µB from neutron-diffraction study at T = 3 
K. We have calculated spin magnetic moment for the 
equilibrium lattice constant at the Ce atom to be 0.713 
and 1.057 µB for PBE+SOC and PBE+SOC+LDAU, 
respectively. These amount to 0.564 and 0.983 µB, 
respectively, for WC+SOC and WC+SOC+LDAU, at 
T = 0 K. We have also computed the orbital contribu-
tion in magnetic moment. Orbital magnetic moment is 
calculated to be -0.544 and -0.952 µB, respectively, for 
PBE+SOC and PBE+SOC+LDAU. Again these 
amount to -0.452 and -0.942 µB, for WC+SOC and 
WC+SOC+LDAU. As it is obvious from the results, 
the orbital magnetic moment is opposite to the spin 
magnetic moment, as it is expectable from Hund's 

Table 1. The contributions of s, p, d and f shells in spin (SPI) and orbital (ORB) magnetic moments of Ce in CeIn3 
compound, in the units of μB, computed in the present work using the equilibrium lattice constant.  
 

   a PBE-GGA   a WC-GGA  b FP-LAPW
   AFM+SOC   AFM+SOC+LDAU  AFM+SOC AFM+SOC+LDAU  SOC 
 s  0.003 0.004  0.002 0.004  0.003 

SPI p  0.006 0.008  0.005 0.008  0.005 
 d  0.062 0.082  0.048 0.077  0.061 
 f  0.644 0.963  0.509 0.895  0.639 
 s  0.00000 0.000  0.000 0.000  - 

ORB p  0.00014 0.000  0.000 0.000  - 
 d  -0.00408 -0.002  -0.003 -0.002  - 
 f  -0.53997 -0.952  -0.449 -0.942  -0.528 

           a) Present work ; b) Ref. [22] 

Table 2. Linear coefficient of specific heat, γ, of CeIn3 in the units of mJmol-1K-2 in present work is compared with 
other numerical analyses and experimental data. 
 

 PBE-GGA WC-GGA 

 AFM AFM+SOC AFM+SOC+LDAU AFM AFM+SOC AFM+SOC+LDAU 

a γ 21.5 24 25.5 18 20.24 26.5 
b γ 25 21.5 5 - - - 

 

                                  [23] Experimental γ = 120 mJmol-1K-2 ; a) Present work; b) Ref. [20] 
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third rule for a less than half filled shell, i. e., J = L-S. 
Lalić et al. [22] have computed a value of 0.708 µB for 
spin magnetic moment and -0.531 µB for orbital mag-
netic moment by using FP-LAPW method and SOC at 
T = 0 K. The total magnetic moment values on Ce are 
0.169, 0.105, 0.112 and 0.041 µB for PBE+SOC, 
PBE+SOC+LDAU, WC+SOC and WC+SOC+LDAU, 
respectively. The result of PBE+SOC is close to the 
Lalić result of 0.177 µB. However, there is a rather 
poor agreement between computed and experimental 
results. As it can be seen making use of GGA+U and 
WC-GGA does not remove this discrepancy. Our 
analysis shows that the Ce-4f states carry the major 
part of the magnetic moment in CeIn3 for all pressures 
from -5 to 22 GPa which is shown at P = 0.0 GPa in 
Table 1. The d and p shells have smaller contribution 
than f shell to Ce magnetic moment. It is also ob-
served that x, y and z components of Ce magnetic 
moment have the same value. It should be mentioned 
that the spin and orbital parts of magnetic moment at 
Ce site are in opposite directions except for p orbital. 

 

 
Fig. 3. f density of states of Ce versus volume changes in 
CeIn3.  
 

The behavior of Ce magnetic moment under pres-
sure has drawn a great deal of attention. The mea-
surements by different methods show when pressure is 
applied to the compound, the magnetic moment of Ce 
is suppressed at a critical pressure [6,10,11]. We have 
also investigated the behavior of both spin and orbital 
magnetic moment of Ce under pressure. Our finding 
points out that by imposing pressure the magnetic 
moment of Ce decreases. Since Ce magnetic moment 
originates from f shell, we looked for the f density of 
states at Fermi level f-DOS(EF) under pressure. As it 
is obvious from Fig. 3, f-DOS (EF) decreases by de-
creasing the volume (increasing the pressure). This 
sounds reasonable because by applying the pressure f-
electrons become itinerant and their contribution to 
magnetic moment reduces. So by increasing the pres-
sure, both f density of states at Fermi level and the 
magnetic moment of Ce decrease. In Fig. 4, the rela-
tion between both spin and orbital parts of magnetic 
moment of Ce and Ce-4f density of states at Fermi 

level are illustrated. An almost linear increase of mag-
netic moment versus Ce-4f density of states at Fermi 
level is observed for the certain range of parameters. 
As expected the magnetic moment tends to saturate 
for the large value of Ce-4f density of states in PBE-
GGA, whereas in WC-GGA this saturation cannot be 
seen. Calculation shows that the total density of states 
at Fermi level by both PBE and WC approximations, 
in the presence and in the absence of spin-orbit coupl-
ing, decrease by applying the pressure, although the f 
density of states at Fermi level decrease.  

 
3.3. Linear electronic coefficient of specific heat 
 

We have calculated linear coefficient of electronic 
specific heat, ⁄ , of CeIn3 using PBE and WC 
approximations with and without SO interaction as 
well as GGA+U. We have also investigated the beha-
vior of  γ  under pressure up to 22 GPa. 

 

 

 
Fig. 4. Spin and orbital magnetic moments of Ce in CeIn3 
compound versus Ce-4f density of sates at Fermi level 
using AFM+SOC. 
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The electronic specific heat has been calculated in 
the lack of both phonon-phonon and electron-phonon 
interactions using ⁄ 1 3⁄   . This 
expression predicts a linear relation between γ and 
density of states at Fermi level, DOS (EF). The results 
for equilibrium lattice constants are compared with 
experimental and other FP-LAPW results in Table 2. 
As it can be seen, the PBE-GGA results for γ show 
less discrepancy with the experimental data than WC-
GGA. In both approximations by applying spin-orbit 
coupling the DOS(EF) increases and this causes the 
increase of the electronic specific heat. Including 
Hubbard U after that amends the results. However, 
there is still a large discrepancy between calculations 
and experiment. This type of discrepancy is also ob-
served in other ab initio calculations done for other 
cases [24-26]. The disagreement between theory and 
experiment has been attributed to electron-phonon 
interactions and also to many other effects such as 
fluctuations in the system [27]. 

  The behavior of γ versus volume changes is plot-
ted in Fig. 5. It illustrates that in both phases and both 
approximations the total density of states at Fermi 
level decreases by decreasing the volume and causes a 
decrease in γ. 

3.4. Electric Field Gradient 
 

The EFG, the gradient of the electrostatic field at 
the nuclear position, is dominantly produced by va-
lence electrons inside the atomic sphere. The symme-
tric and traceless EFG tensor can always be diagona-
lized, and completely specified by two independent 
real parameters. The main component of the EFG, , 
and the asymmetry parameter ⁄   
can be used as independent components of EFG in the 
principle axes system. These two quantities can usual-
ly be determined from experiment. The main compo-
nent of the EFG has been calculated using the follow-
ing formula [28]: 

lim
5

4  ,                                                        3  

   
where radial potential coefficient, , is given by:  

20 0
1
5

20
3

0

1
5 3

4 2 20 . 

              (4) 

Table 3. The main component of electric field gradients, , and its decomposition to valence, , and lattice, , 
components in the units of 1021 V/m2 at In site of CeIn3, obtained in the present work using the equilibrium lattice 
constant (P = 0.0 GPa) and P = 17 GPa, and compared with previous computational results as well as experimental 
EFG data. 
 

 PBE-GGA  WC-GGA 
P = 0.0 GPa P = 17 GPa  P = 0.0 GPa P = 17 GPa 

        

a 
AFM 

AFM+SOC 
AFM+SOC+LDAU 

12.62 
12.45 
12.54 

12.68 
12.50 
12.59 

-0.06 
-0.05 
-0.05 

14.51 
14.48 

- 

14.53 
14.50 

- 

-0.02 
-0.02 

- 

 13.36 
13.15 
13.28 

13.41 
13.21 
13.34 

-0.05 
-0.06 
-0.06 

14.93 
14.82 

- 

14.99 
14.85 

- 

-0.06 
-0.03 

- 
 
 

b 
AFM 

AFM+SOC 
AFM+SOC+LDAU 

13.027 
12.957 
12.430 

13.032 
12.961 
12.440 

-0.005 
-0.004 
-0.010 

- 
- 
- 

- 
- 
- 

- 
- 
- 

 - 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

- 
- 
- 

 
 

c AFM+SOC 12.49 12.54 - - - -  - - - - - - 
d  Exp. 11.60 - - - - -  - - - - - - 

     a) Present work; b) Ref. [20]; c) Ref. [22]; d) Ref. [9] 

 
                   Fig. 5. Linear coefficient of specific heat, ⁄ , in mJ/molK2 for CeIn3.  
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The integrals yield the EFG contribution of the elec-
trons inside and over the surface of the muffin-tin 
sphere. The summation yields the EFG contribution of 
the electrons outside the spheres. The contribution of 
the electrons inside the sphere is called the valence 
EFG, which here is denoted by . The contribu-
tions of the electrons over the surface and outside the 
spheres is called lattice EFG, denoted by .    

In CeIn3 compound, the asymmetry parameter η is 
zero due to the presence of a three-fold symmetry 
axis. Electric field gradient, , and its related va-
lence, , and lattice, , components were calcu-
lated in the presence and in the absence of spin-orbit 
coupling and by implementing GGA+U using PBE 
and WC approximations. Our results are compared 
with available experimental data and other theoretical 
calculations in Table 3. As is evident from this table, 
the results of PBE-GGA for equilibrium lattice con-
stant are closer to experiment than WC-GGA, espe-
cially after SOC. At Ce site, in the absence of SOC 
due to the cubic-symmetric environment, the EFG is 
zero at pressures up to 22 GPa. But after applying 
SOC, a small value of 0.05 × 1021 V/m2 is observed. 
The non zero value for EFG originates from the fact 
that SOC can give rise to a little bit deviation from 
cubic symmetry around the Ce site.  

We have also investigated the EFG behavior under 
pressure. The EFG at Ce site, with a cubic environ-
ment before SO coupling, is zero at pressures up to 22 

GPa. The EFG at In site increases linearly with de-
creasing the volume, with and without SO coupling 
and in both approximations (Fig. 6 (a)). This indicates 
that imposing the pressure reduces the symmetry 
around In site. On the other hand, as we saw in the 
previous section, the total density of states of CeIn3 
decreases by increasing the pressure, Fig. 5. As Fig. 6 
(b) shows, EFG reduces as DOS increases, but not 
linearly. However, Jalali [20] reported an approx-
imately linear relationship between EFG and total 
density of states at Fermi level in CeIn3 compound. 
This result was calculated using FP-APW method at 
standard pressure. Furthermore the concluding result 
was obtained indirectly by comparing the calculated 
EFG values (Fig. 4) with DOS(EF) (Fig. 5) curves. 
These curves were drawn for nonmagnetic, ferromag-
netic and antiferromagnetic CeIn3 in the presence and 
absences of spin-orbit coupling with and without im-
plementing GGA+U.  

 
4. Conclusion 
 

The first principles APW+lo method within two 
different generalized-gradient approximations, PBE-
GGA and WC-GGA, are used for antiferromagnetic 
CeIn3 to calculate the electronic structure and electric-
al field gradient under pressures up to 22 GPa. The 
results show that the calculations performed by PBE-
GGA give more reasonable results than WC, for all 

 
Fig. 6. The calculated (a) electric field gradient at In site under pressure and (b) electric field gradient as a function of 
total density of states at Fermi level at In site, without and with spin-orbit coupling (AFM and AFM+SOC) using PBE 
and WC approximations. 
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the physical properties of CeIn3 studied in this paper. 
However, some authors state that using WC method 
the calculated lattice constant and structural properties 
show better results than the other approximations. We 
also find that including spin-orbit coupling improves 
the results in both PBE-GGA and WC-GGA approxi-
mations.  

By imposing pressure on CeIn3 compound, the 
magnetic moment of Ce reduces. The main contribu-
tions of Ce atomic levels to magnetic moment are re-
lated to the states near Fermi level consisting of 4f, 6p, 
5d and 6s in a descending order. By increasing the 
pressure, the Ce-4f density of states at Fermi level 
reduces. We looked for the variations of Ce magnetic 
moment and Ce-4f density of states at Fermi level 
under pressure and found that by decreasing the Ce-4f 
DOS(EF), magnetic moment of Ce atom decreases. 

We have investigated the variations of electric 
field gradients (EFG’s) and their valence contributions 
at In site. The EFG increases linearly by decreasing 
the volume. This shows that the pressure decreases the 
symmetry around In site because EFG originates from 
nonspherical nuclear charge distribution. 
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