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Abstract
The electronic structure of AgX (X = C and N) is calculated within the framework of density functional theory
(DFT) using full potential linearized augmented plane wave (FP-LAPW) method with the generalized gradient
approximation (GGA). The ground state properties for the compounds in rock salt structure are determined.
The structural and electronic parameters such as lattice constant, bulk modulus, energy band diagram and
density of states are calculated. The energy band diagram and density of states show that both AgC and AgN in
rock salt structure possess metallic character and has Fermi energy 0.63 Ry and 0.53 Ry respectively. The
energy separation between the lowest band and valence band (EgNs-Np), and the band wide (Ep - Es) of valence
band of AgN is higher as compared to AgC. The elastic constants C11, C12, C44 obtained using volume conserving
technique are found to be satisfied for stability conditions: (C11-C12)>0, (C11+2C12)>0, C11>0, C44>0 and
hence AgC, AgN crystallizes in rock salt structure is a stable compound.
Key words : Density functional theory, density of states, elastic constants.

1. Introduction
AgC and AgN are members of the group IB
transition metal carbides and nitrides. Based on
recent synthesis of noble metals [1-4] and their
suggestions of possibility to form nitrides with noble
metals such as Au, Ag and Cu, we have chosen to
do theoretical investigations on the elastic
properties which were not done much earlier. The
elastic constants play an important role in the
physics of materials as they characterize the
behaviour of the crystal in the field of external
forces. Paiva et al [5] have performed structural,
electronic, and magnetic calculations using the full
potential linearized augmented plane wave method
(FP-LAPW) on the 4d transition metal nitrides
including the AgN in Zinc-blende structure (ZB).
They reported that AgN shows a metallic behaviour
in the ZB structure. Kanoun et al [4] have
performed ab initio (FP-L/APW+LO) calculations on

the structural and electronic properties of AgN and
they predicted that the rock salt structure (RS) is
the ground state phase of this compound. They
calculated charge density in the same work to clarify
its bonding character. Fan et al [6] have performed
ab initio studies on RuC, PdC, AgC and PtC. They
have also calculated the elastic constants Cij, bulk
modulus B, shear modulus G, Young's modulus Y
and Poisson's ratio of RuC, PdC, AgC and PtC. Engin
et al [7] have performed ab initio calculation on
hypothetical study of silver nitride.
2. Methods of Calculation
Within the formalism of Density Functional
Theory (DFT) [8-10], the total energy is expressed
as a functional of density of the electron system, ρ
as;
E[ρ] = To[ρ] + VH[ρ] +Vxc[ρ] +Vext[ρ]
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(1)
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where, T o [ρ] is the kinetic energy of a noninteracting electron system, VH [ρ] and VXC[ρ] are
the Hartree and exchange-correlation contributions
to the energy and Vext [ρ] is the energy due to the
external potential of the system. Thus the
corresponding Hamiltonian called the Kohn-Sham
Hamiltonian is;
(2)
)
)
)
)
)
HKS = To + VH + VXC + Vext
r
h2 r 2 e 2
ρ(r / ) r /
=−
∇i +
r r dr + VXC + Vext
2me
4πε o |r − r /|

∫

cut-off parameter RMTKmax =9.0 where Kmax gives
the plane wave cut-off. For every case the wave
functions inside the MT spheres which are expanded
into spherical harmonics are up to l = 10. The
number of k points used for the integration
procedure is 7000 which reduces to 220 irreducible
k points inside the Brillion zone including five high
symmetry points W, L,Γ, X and K. The calculations
are performed at the equilibrium lattice constants
which are determined from a plot of total energy
against the unit cell volume by fitting to the
Murnaghan
equation
of
state
[13].
3. Results and Discussion

The exact density of N electron system can be
expressed in ground state by,where the single
N
r
r
r
p(r) = ∑ φi (r)*φi (r) particle wave functions Φ (r) are
i
i =1

the N lowest energy solutions of the Kohn Sham
)
equation: H ksφi = εi φi of the N electron system. This
equation can be solved self consistently in an iterative
process. The calculations of AgC and AgN in rock
salt structure are performed with the full potentiallinearized augmented plane waves (FP-LAPW) within
the framework of the density functional theory
(DFT) with generalised gradient approximation
(GGA-PBE) for the exchange correlation potential
[11]. We have employed the scalar relativistic FPLAPW method as implemented in the WEIN2k code
[12]. This method has been extensively tested and
is among the most accurate methods for performing
electronic structure calculations of crystals. In this
method, the unit cell is divided into non-overlapping
atomic spheres whose centre is at atomic position
and interstitial region. Inside the muffin tin (MT)
region, the potential is a product of radial function
and spherical harmonics. For the interstitial region
that is outside the muffin tin sphere, the potential
are expanded in plane waves. The muffin tin radii
(RMT) for silver and non metals are listed in Table 1.
The convergence of the basis set is controlled by a

3.1 Structural Properties
The unit cell of AgC and AgN in rock salt
structure is generated as a first step of the
calculation. For the optimization of thus generated
structure, total energy of the different sizes of the
unit cell is calculated. Figure 1(a, b) shows the total
energy curve as a function of volume for AgC and
AgN respectively. The total energy verses volume
curve is fitted with the Murnaghan equation of state.
The structural parameters obtained from the fitting
are listed in Table 1. In Fig. 1(a), it is observed that
the minimum total energy occurs at the volume
166.85 (a.u 3 ) and thus the equilibrium lattice
constant to be 8.739 bohr for AgC. Similarly the
equilibrium lattice constant for AgN is found to be
8.699 bohr. It agrees well with the other reported
values [4,6,7]. It is noted that disagreements within
6 % are common in first principle calculations based
on the density functional theory and are often
sensitive to the exchange correlation terms
employed.
For cubic systems, there are only three
independent elastic constants C 11, C 12 and C 44.
Hence a set of three equations is needed to
determine all the constants, which means that three
types of strain must be applied to the starting crystals
[14]. The first equation involves calculating bulk
modulus (B), which is related to the elastic constants
as;
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Fig. 1. Total energy vs. volume for (a) AgC and (b) AgNgure 1(a)

Table 1
Lattice constant ‘a0’, bulk modulus ‘B’, its pressure derivative ‘B’’, and muffin-tin radii ‘RMT’, density ‘ρ’,
elastic constants 'C11, C12 and C44' of AgC and AgN
System
AgC
AgN

a0 (bohr)
8.739
8.800a
8.699
8.409b
8.447c

B
(GPa)

B’

153.81

5.59

171.04

3.89

RMT
(bohr)
RAg =2.15
RC = 1.95
RAg = 1.90
RN = 2.05

ρ
(kg/m3)

C11
(GPa)

C12
(GPa)

C44
(GPa)

4041.15

169.72

151.72

8.89

4141.58

275.16

103.71

26.68

M. B. Kanoun, S. G. Said, Phys. Lett. A. 362 73 (2007); bC. Z. Fan, S.Y. Zeng, P. Zhang, Y. G. Yao, App. Phys. Lett. 89 071913
(2006); cD. Engin, C. Kemal, C. Y. Oztekin, Chin. Phys. Lett. 25 2154 (2008).
a

B = (1/3)(C11 + 2C12)

(3)

The second one involves performing volume
conservative tetragonal strain tensor. Application of
this strain has an effect on the total energy from its
unstrained value as follows;
E(δ) = E(0) + 3(C11-C12)Vo δ2 + O(δ3)

(4)

Finally, for the last type of deformation, we use
the volume rhombohedral strain tensor. This changes
the total energy to
E(δ) = E(0) +(1/6)(C11+2C12+4C44)Vo δ2 + O(δ3)
(5)

In our calculations, we consider only small lattice
distortions in order to remain within the elastic
domain of the crystal. Our GGA calculated values
of elastic constants C11, C12, C44 are given in Table 1.
As to the best of our knowledge no experimental
value for the elastic constant of AgC and AgN in the
rock salt structure has been appeared in the
literature for comparison and hence the results may
be used as a first step for the other theoretical
calculations. The mechanical stability conditions on
the elastic constants in cubic crystals are known to
be (C11-C12) > 0, (C11+2C12) > 0, C11 > 0, C44 >
0 [15]. Our results for the elastic constants in Table 1,
satisfy these stability conditions, and hence AgC and
AgN are mechanically stable.
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Fig. 2. Energy band diagram of (a) AgC and (b) AgN
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Fig. 3. Total density of states of (a) AgC and (b) AgN

3.2 Bandstructure and Density of States
Figure 2(a, b) shows the energy band diagram
of AgC and AgN. In both the energy band diagram,
it is observed that the valence band crosses the
Fermi level to conduction band and thus predicts
both the AgC, AgN in rock salt structure exhibits a
metallic nature. This is confirmed as no gap appears
at the Fermi level in the total density of states
diagrams as shown in Fig. 3(a, b).

2.0

2.5

Table 2
Characteristic band separations of the band
diagram as shown in Fig. 2 (a) and (b)

Energy (Ry)

AgC

AgN

EF

0.63

0.53

0.19

0.48

0.55

0.77

Eg

Ns-Np

Ep - Es
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The characteristic band separation (EgNs-Np) is
the energy separation between the maximum energy
of the lowest band (ENs) and lowest energy of the
uppermost band (ENp), (Ep - Es) gives the width of
the valence band and are listed in Table 2.

[2]
[3]

[4]

4. Conclusion
In this paper, a systematic FP-LAPW method
with GGA have been performed for theoretical study
on the electronic structure and elastic properties
of AgX (X=C, N) in rock salt structure. The energy
band structure clearly shows the valence band
(which is mainly contributed from the p band of
none metal-C, N and partly d band of Ag) crosses
to conduction band at Fermi level. It implies that
both the compounds, AgC and AgN exhibits metallic
nature and has Fermi energy 0.63 Ry and 0.53 Ry
respectively. The energy separation between the
lowest band and valence band (EgNs-Np), and the band
wide (Ep - Es) of valence band of AgN is higher as
compared to AgC. The elastic constants C11, C12,
C 44 for both AgC and AgN satisfy the stability
conditions: (C 11-C 12)>0, (C 11+2C 12)>0, C 11>0,
C44>0. Thus both AgC, AgN crystallizes in rock
salt structure is a stable compound. Although the
calculated parameters show interesting results, there
is less experimental work. Thus experiments need
to be performed to understand the true nature of
the compounds.
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