
~i*"""" IC/92/287

INTERNATIONAL CENTRE FOR

THEORETICAL PHYSICS

ELECTRONIC STRUCTURE AND HIGH PRESSURE
PHASE TRANSITION IN LaSb and CeSb

INTERNATIONAL
ATOMIC ENERGY

AGENCY

S. Mathi Jaya

and

S.P. Sanyal

UNITED NATIONS
EDUCATIONAL.

SCIENTIFIC
AND CULTURAL
ORGANIZATION

MIRAMARE-TRIESTE

n





IC/92/287

International Atomic Energy Agency

and

United Nations Educational Scientific and Cultural Organization

INTERNATIONAL CENTRE FOR THEORETICAL PHYSICS

ELECTRONIC STRUCTURE AND HIGH PRESSURE PHASE TRANSITION

IN LaSb AND CeSb

S. MathiJaya* and S.P. Sanyal"

International Centre for Theoretical Physics, Trieste, Italy.

ABSTRACT

The electronic structure and high pressure structural phase transition in cerium and lan-

thanum antimonides have been investigated using the tight binding LMTO method. The calculation

of total energy reveals that the simple tetragonal structure is found to be stable at high pressures for

both the compounds. In the case of LaSb, the calculated value of the equilibrium cell volume and

the cell volume at which phase transition occurs are found to have a fairly good agreement with the

experimental results. However, in the case of CeSb, the agreement is not as good as in LaSb. We

also predicted the most favoured c/a value in the high pressure phase (simple tetragonal) for these

compounds. Further we present the calculated results on the electronic structure of these systems

at the equilibrium as well as at the reduced cell volumes.
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1 INTRODUCTION
The high pressure study of the monopnictides of lanthanum and cerium as-
sumes considerable interest,as these systems show several pressure induced
transitions such as structurf, electronic and valence transitions [1-5]. There
exists several experimental works on the study of pressure behaviour of thesr
systems [1-5]. However, the theoretical understanding of many of these ob-
servations has not yet been made. Hence it becomes necessary to undertake
a theoretical study on the pressure induced transitions in these systems.

In the present work we have focused our interest on the systems LaSb
and CeSb and have concentrated our attention on the study of structural
and electronic transitions in these systems. We have calculated their elec-
tronic structures and total energy at different values of the lattice parameter
assuming different structures and the results were used in understanding the
structural and electronic transitions in these systems. For the calculations
of the electronic structure we made use of the tight binding LMTO method,
which is extremely convenient for systems having many atoms per cell. Es-
pecially, in the present work, where we calculate the electronic structure at
different lattice parameters, this method is most convenient. The details of
this method may be found elsewhere [6,7,8]. In the following sections, .e de-
scribe the results of our calculations along with a brief survey of the arlier
works on these systems.

2 SURVEY OF EARLIER WORKS AND

OUTLINE OF THE PRESENT STUDY
Both these systems crystallize in the NaCl phase at ambient conditions and
the values of the lattice parameters are respectively 649 A and 6.42 A for
LaSb and CeSb. Both these systems exhibit a structural phase transition
around 11 GPa and they transform to simple tetragonal (ST) phase at this
pressure [4,5]. It has been reported that a volume discontinuity is associated
with this phase tansition. With regard to their electrical properties, LaSb
is found to have metallic character with a very low density of states at the
Fermi energy (N(£p)) and the metallicity in this compound is caused by
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the slight overlap of the Sb 5p bands with the La 5d bands. On the other
hand CeSb is known to have semi- metallic character with unusual magnetic
properties [5].

In the present work we have tried to explain the observed structural tran-
sition in these systems from the total energy versus celt volume curves. In
addtion to that, we have obtained the variation of N(£ f) and the integrated
density of states with the change in cell volume. We also present the calcu-
lated band structure and density of states at the normal pressure as well as
n the high pressure phase.

3 THE ELECTRONIC STRUCTURE
The electronic structures of both these systems were calculated at different
cell volumes ranging from 110% to 70*i of the equilibrium cell volume, in three
different structures, viz. NaCl, CsCl and ST. The band structure and the
density of states corresonding to the equilibrium cell volume are shown in
Figs. 1 to 4. The tow lying band in both the cases is due to the 5s obital of
Sb. The conduction bands are formed by the Sb 5p and La/Ce 5d orbitals.
However, in the case of CeSb, the 4f bands lie very near to the Fermi level
whereas in LaSb, they lie substantially above the Fermi level. The density
of states at Fermi energy is found to be 0.339 states/Ryd-cell for LaSb and
264.508 states/Ryd-cell for CeSb, In Table 1 we have given the integrated
density of states at two different cell volumes corresponding to NaCl and ST
phases. As the high pressure phase of both the systems is ST, it is desirable
to to have the band structure and density of states in this phase. Hence we
have plotted the band structure and density of states corresponding to the
ST phase in Figs. 5 to 8.

4 TOTAL ENERGY AND STRUCTURAL

STABILITY
As mentioned in the text previously, the total energy of these systems were
evaluated ;•• various lattice parameters in three different structures and the

calculated values of the total energy for LaSb and CeSb are plotted in Figs.
9 and 10. In the figures the energies are plotted with respect to the total
energy corresponding to the equlibrium cell volume. For the calculation of
the total energy in the ST phase, we have used the c/a value 0.8158 for LaSb
and 0.8161 for CeSb, which are the experimental values [4j. It may be seen
from Fig. 9 and 10 that the equilibrium cell volumes for LaSb and CeSb are
respectively 444.694 and 401.642 (a.u)3. The experimental values of the cell
volumes are respectively 461.143 (a.u)3 and 446.413 (a.u)3 respectively for
LaSb and CeSb. In the case of LaSb, our calculated value of the cell volume
is found to have a good agreement with the experimental value whereas in the
case of CeSb the agreement is not as good as in LaSb. It may again be noted
from Figs. 9 and 10 that both the systems transform to the ST phase at
high pressure. In the case of LaSb the transition occurs at the cell volume of
351.135 (a.u)3 and in the case of CeSb the transition occurs at the cell volume
306.425 (a.u)3. According to the experimental results, the transition occurs
at the cell volume of 357.416 (a.u)3 for LaSb and 345.901 (a.u)3 for CeSb. It
may be pointed out that in the case of LaSb, our calculated value of the cell
volume at which the phase transition occures exhibits a fairly good agreement
with the experimental value. Whereas in the case of CeSb, the predicted cell
volume is found to be smaller than that of the experimental value. The
discrepancies may be attributed to the limitations of the density functional
approach (DFA) to the electronic structure for this system. However, it must
be noted that, our calculations are not fully relativistic. Further, we have
not considered any spin splitting in our calculations.

We have also investigated the most favoured value of the c/a ratio in the
ST phase for both LaSb and CeSb. In order to find out the said ratio, we
calculated the total energy as a function of c/a value in the ST phase keeping
the cell volume fixed at 351.135 (a.u)3 for LaSb and 306.425 (a.u)3 for CeSb.
The calculated values are plotted in Fig. 11 which shows that in the case of
LaSb, the most favoured c/a value is 0.837 and for CeSb, it is 0.802. The
experimental values are respectively 0.8157 for LaSb and 0.8161 for CeSb.
In both the cases, our calculated values are found to have a reasonably good
agreement with the experimental observations.



5 SUMMARY AND CONCLUSION
The electronic structure and total energy of the rare earth compounds LaSb
and CeSb are evaluated at various lattice parameters assuming three different
structures. The results were used to get the equilibrium cell volume and to
predict the possible structural transitions in these systems. Our calculations
have shown the structural transition from NaCI to ST phase at high pressures
in these systems. Our results are found to have a fairly good agreement with
the experimental overservation We have also predicted the most favoured c/a
ratio in these systems in the teragonal phase. It may be noted from Fig. 3
that the narrow Ce 4f bands lie very close to the fermi level and this gives
rise to a large density of states at the Fermi energy in CeSb. From our study
we have found s ^ d and s -> f electron transfer at high pressures in both
the compounds. This may be se^n from Table 1 where the d and f electron
numbers have increased in the high pressure ST phase.

ACKNOWLEDGEMENTS
The authors would like to thank Drs. O.K.Andersen and O.Jepsen for pro-
viding the computer codes . They would like to thank Professor
Abdus Salara, the international Atomic Knergy Agency and llNESCO
for hospitality at the International Centre for Theoretical Physics,
Trieste.

REFERENCES

1. A.Jayaraman, Hand book on the Physics and Chemistry of Rare Earths
ed. by K.A.Gschneidner Jr and Leroy Eyring Amsterdam, North Hot-
land, (1979).

2. J.M.Leger, R.Epain, J.Loriers, D.Ravot and J.Rossat-Mignold, Phys.
Rev. B, 28, 7125, (1983).

3. M.Croft and A.Jayaraman, Solid State Commun., 35, 203, (1980)

4. J.M.Leger, D.Revot andJ.Rossat-Mignold, J. Phys. C : Solid State
Physics, 17, 4935, (1984)

5. J.M.Leger, K.Oki, D.Ravot, J.Rossat-Mignold, J. Mag. Mat., 47 and
48,277, (1985)

6. O.K. Andersen, O Jepsen and M. Sob, in Electronic Band Structure
and Its Applications, M. Yussouf Ed., Springer Verlag, Berlin (1987)

7. S.K.Bose, J.K.Kudrnovsky, I.I.Mazin and O.K.Andersen, Phys. Rev.
B, 41, 7988,(1990)

8. O.K.Andersen, Workshop on Methods of Electronic Structure Calcula-
tions ICTP, Trieste,'August 10-21. (1992).



CAPTION FOR FIGURES

Fig.l. Band Structure of LaSb in NaCI Phase

Fig.2. Density of States of LaSb in NaCI Phase

Fig.3. Band Structure of CeSb in NaCI Phase

Fig.4. Density of States of CeSb in NaCI Phase.

Fig.5. Band Structure of LaSb in ST Phase

Fig.6 Density of States of LaSb in ST Phase

Fig.7 Band Structure of CeSb in ST Phase

Fig.8. Density of States of CeSb in ST Phase

Fig.9. Total Energy as a function of Cell Volume for LaSb

Fig. 10. Total Energy as a function of Cell Volume for CeSb.

Fig. 11. Total energy as a function c/a ratio for LaSb and CeSb.

Table 1. N(Ef-) and integrated density of states of LaSb and CeSb at two
different cell volumes

LaSb

Cell Volume (NaCI) : 444.6935 (a.u)3

N(£F} : 0.339 States/Ryd-cell
Cell Volume (ST) : 378.9983 {a.uf
N{EF) : 7.372 States/Ryd-cell

CeSb

Cell Volume (NaCI) : 40!.6416 (a.uf
N(£>) : 264.508 States/Ryd-cell
Cell Volume (ST) : 357.132 (o.u)3

N ( £ » : 66.360 States/Ryd-cell

NaCI Phase

Number of states (electrons/cell)

s

p
d
f

La
0.3040
0.5062
1.2089
0.2161

. Sb
' 1.7451

3.87t3
0.1479

Ce
0.3121
0.4884
1.3793
1.095

Sb
1.738
3.7471
0.240

_

Simple Tetragonal Phase

Number of states (electrons/cell)

s

p
d
f

La
0.2610
0.3711
1.4229
0.2531

Sb
1.7481
3.6103
0.3329

_

Ce
0.2681
0.3931
1.6819
1.121

Sb
1.685
3.4461
0.405

_
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FIG.6 DOSOFLaSb(ST)
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FIG.8 DOSOFCeSb(ST)
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