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Abstract: We report here a tight binding model for colossal magneto-resistive (CMR)
manganites which includes band Jahn-Teller (JT) distortion in conduction band and
antiferromagnetic (AFM) Heisenberg interaction in core band in presence of usual
Kubo-Ohata type double exchange (DE) model. The Hamiltonian is solved using
Zubarev’s Green’s function technique and the interplay between lattice strain and AFM
parameter is studied. Two jumps appear in the temperature dependent specific heat as
observed in experiments.
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1. Introduction

The doped perovskite manganese oxides of the general formula Ry AxMnO;
(R- trivalent rare earth ion, A- divalent alkaline earth ion and x-doping
concentration) is a strongly correlated system having varieties of electrical,
magnetic and structural phases co-existing and competing with each other [1].
Near the magnetic phase transition temperature, it exhibits an important
characteristic known as colossal magneto-resistance (CMR). The above said
properties make manganese oxides a potential material for modern electronic
devices. The undoped manganese oxide is an antiferromagnetic (AFM) insulator.
Upon doping it changes its phase from antiferromagnetic to ferromagnetic and
insulator to metallic state. Study of charge, orbital and spin orderings of the
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manganites helps in understanding the physical mechanisms behind metal-
insulator phase transition and CMR effect. Manganites exhibit charge ordering at
lower temperatures due to localization of charges which promote insulating
behavior [2], whereas above the charge ordering transition temperature the,
system goes to metallic state. Another mechanism which promotes insulating
behavior is band Jahn-Teller (JT) distortion, which is a structural distortion. It is
observed that charge ordering (CO) gives rise to JT distortion. In order to
understand the metal-insulator (MI) phase transition and the observed CMR
effect in manganites, inclusion of one or more extra mechanisms like charge
ordering or JT distortion is required along with double exchange (DE)
mechanism.

Rout and co-workers have studied the doped manganese oxide systems using
theoretical model calculations. For a CO manganite in presence of
ferromagnetism, they have studied the temperature dependent magnetization,
magnetic susceptibility, velocity of sound and ultrasonic attenuation, Raman
spectra and tunneling conductance spectra [3-7]. For a AFM-CO manganite
system, the Ml transition is successfully explained through the study of tunneling
conductance and specific heat [8]. Further they have considered JT interaction as
an extra mechanism for ferromagnetically ordered manganites and studied the
magnetic susceptibility [9] and resistivity [10, 11], which explains the CMR
effect near FM transition temperature.

In this paper, we propose a tight binding model for the manganites
considering JT interaction as an extra mechanism in the presence of AFM spin
fluctuation in the core localized electrons in the usual Kubo-Ohata type DE
model. We investigate the effect of elastic constant on the temperature dependent
lattice strain, AFM order parameter and specific heat.

2. Formalism
The model Hamiltonian for the Manganite system is written as
H = Z €t Co o Capo — Ge Z (1% ¢l o Cano

a,k,o ak,oc
— & . N 1
+] Za,i Oa, - Sl + Zﬁ',i,j]ﬁ (l:]) Sl S] + Zk,a €d,o d;lc_,adk,a + Ecez (1)

Here ¢!, . (Coro)and df (dy,) represent the conduction and core
electron creation (annihilation) operators respectively. The band dispersion
energy is €, = —Ztl(coskx + cosky) — 4t,coskycosk,, t; and t, being
the first and second nearest neighbour hopping integrals. The second term
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of the Hamiltonian represents Jahn-Teller (JT) interaction in conduction
band with static band JT coupling G and lattice strain e. Here o = 1,2
represents the two degenerate eq orbitals of Mn®" ion. The third term of the
Hamiltonian represents the double exchange (DE) interaction between
spins of the itinerant eq and localized t,4 electrons with DE coupling J. The
fourth term describes the antiferromagnetic coupling between the spins of
nearest neighbor (NN) and next nearest neighbor (NNN) to4 electrons. The
first and second nearest neighbor spin interactions described by Jg (i, J)
respectively for g =1,2. The AFM spin coupling is written as J, =
J1(cosk, +cosk,) + 2],coskycosk,, with J; and J, being the NN and
NNN Heisenberg coupling constants respectively. The fifth term of the
Hamiltonian describes the kinetic energy interaction of t,q core electrons of
Mn®* ions with core level appearing at e, with respect to Fermi level
€r=0. The last term of the Hamiltonian represents lattice energy with
lattice constant C. The above Hamiltonian is solved using Zubarev’s
Green’s function technique and the coupled Green’s functions for ey and
tog electrons are calculated. The various order parameters are calculated
from the correlation functions. The lattice strain produced due to band JT

. . . . . -G —
distortion in conduction band is e = ?Za,k,(,(—l)‘?‘ng(‘k‘(r , the transverse

AFM order parameter in core tyg band is < §¢ >= 3, , < d,‘;a dy o >
and the induced AFM order parameter in conduction band is < s¢ >=
Yako < C(I,k,d Cax—o > The temperature dependent entropy (S) and eg

electron specific heat(C,) are calculated from the free energy of electrons

using formula S= (g—;)u Vand C, =T (Z—i)v. The physical parameters are

scaled with respect to the nearest neighbour hopping integral t;=0.25eV =
2500K. The reduced parameters are NNN hopping integral £, =z—2 , DE
1

coupling g, = £ , static JT coupling =i , the t;, NN-AFM spin
coupling g =i—i , the toy NNN-AFM spin coupling g, = £

1

, reduced

. C kgt .
lattice constant ¢; = o reduced temperature t = ti reduced chemical
1 1

potential u,, :ti.

1
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3. Results and Discussion

The gap equations for lattice strain e and AFM gap of core electrons <S%>
are solved self-consistently for a given set of physical parameters of manganite
systems. The temperature dependent lattice strain is plotted in figure 1(a) for
different elastic constants ¢;=0.0116 to 0.0128. It is observed that the lattice
strain exhibits perfect mean-field behaviour with structural distortion temperature
ts occurring at 0.1 to 0.2. This temperature corresponds to the temperature Ts= tg x
t; = 250K to 500 K for t;=0.25ev = 2500K. The lattice strain is continuously
suppressed with increase of elastic constant accompanied by corresponding
suppression in t,. It is to note further that there occurs anomaly at low
temperatures for higher elastic constants. There occurs AFM order in the core
electron as solved above by the self-consistent approach. Due to Hund’s coupling
the AFM order of the core electrons is induced in the conduction band and the
temperature dependent conduction electron AFM order is shown in figure 1(b).
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Figure 1.The plot of tempergture dependent (a) lattice strain e antd (b) induced AFM parameter
<s> in conduction band for constant values of g;=0.5, g=0.185, g,=0.68, gs,=0.475, t,=0.0320,
U,=0.2 and different values of elastic constant ¢;=0.0116, 0.0120, 0.0124, 0.0128.

The magnitude of the induced AFM order in the conduction band (<s®>) is much
reduced in comparison to the core d electron of the manganite system. The <s®>
exhibits mean-field behaviour with Neel temperature occurring at ty = 0.06 (Ty 2
150K) as observed experimentally with Ty =160K for PrygCag4sMnO; system [12]
and Ty = 140K for LagsCagsMnO; system [13]. However, the elastic constant
suppresses the lattice strain and correspondingly enhances the induced <s®> at
low temperatures only. The <s> at low temperatures increases with decrease of
temperature, then remains nearly constant and then rapidly increases with further
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decrease in temperature, exhibiting the low temperature anomaly like that
observed in the specific heat measurement of the manganite systems
ProsCaosMnO;3 [12] and resistivity measurement of the Lay;Ca;sMnO; system
[14]. Thus we conclude that magnetic energy at low temperatures is enhanced at
the cost of lattice energy.

The electron specific heat of the system is numerically calculated from
the free energy of the system. The computed temperature dependent specific

heat E; = lf—" is plotted in figure 2. For a given elastic constant, it exhibits a very
B
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Figure 2. The plot of temperature dependent specific heat for different values of elastic
constant ¢;=0.0116, 0.0124 and other physical parameters remaining same as in figure 1.
sharp jump at structural distortion temperature ts. Then it rapidly decreases
with decrease of temperature and then monotonously decreases linearly with
further decrease of temperature exhibiting metallic character of the manganite
system. We observe again a sharp jump at Neel temperature ty = 0.06 (T =
150K) associated with the AFM phase transition of the system. It is to mention
that the jump at Neel temperature is much smaller compared to the jump at the
robust structural distortion temperature as observed experimentally for the system
ProsCapsMnO; [12]. Below ty, the specific heat decreases very slowly with
decrease of temperature and then exhibits a small flat peak at low temperatures.
This peak arises due to the interplay of the elastic energy and AFM as reported by
some experimental measurements. The two peak structure in specific heat is
reported in specific heat measurements of PryCagsMnOs; and LagsCapsMnO;
[12,13] systems. The theoretical investigation of the origin of the anomalous low
temperature specific heat is in progress.
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4. Conclusion

We have proposed a tight binding model to study the thermal properties of
manganite systems taking Heisenberg core electron antiferromagnetic interaction,
JT distortion and the DE interaction in the presence of lattice energy. All the
calculations are carried out by Zubarev’s Green’s function technique. We observe
low temperature anomaly in lattice strain, induced conduction electron
antiferromagnetism and specific heat. Besides this we observe two sharp specific
heat jumps, one associated with structural distortion temperature and the other
with antiferromagnetic phase transition. The effect of DE coupling, JT coupling,
Heisenberg coupling and chemical potential on specific heat will be investigated
latter on.
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