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The discovery of colossal magnetoresistance (CMR) effect on manganite has led to increased
attention to explore the main properties of these materials. A review study was conducted to
understand the influence of ‘A’ site doping on lanthanum (La)-based manganites and evaluate
their structural, magnetic and electrical properties. In general, lanthanum, a rare earth element,
can be used to create LaixAxMnOs, where A represents monovalent ions (Na, K or Ag) or
divalent ions (Ba, Pb, Sr or Ca) that are octahedrally coordinated by oxygen ions. This work also
discusses the structure, phase diagram, double-exchange mechanism and phase separation of
CMR manganites. La-based parent compounds doped at the A site (Na, K, Ba, Sr) were
synthesised by a conventional solid-state method. When x increases, the CMR increases due to
the competition between charge ordering and double exchange. At high temperatures or high
applied magnetic fields, manganites exhibit extraordinarily large CMR in response to the
transition of insulator-metal and paramagnetic—ferromagnetic regions at the same temperature.
The substitutions of A doping could increase the lattice distortion between the ions and cause
size mismatch. The electrical resistivity results reveal that manganites act as an insulator
behaviour at above the metal—insulator transition temperature Ty, and as metal at below Tw. The

resistivity increases when the A site concentration in the compound increases.
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Perovskite manganites belong to the family of compound
R1.xAxMnQOg3, where R is a trivalent rare earth ion (R =
La®, Pr¥*, Nd**, Eu®* and Bi®*") and A is a monovalent
ion (K*, Na*, Ag*, Li*) or a divalent ion (Pb?, Cu?",
Sr2*, Ca?*). These materials have gained increased
research attention due to their special physical properties,
such as colossal magnetoresistance (CMR), phase
separation (ps), charge orbital (co), and orbital ordering
(00) as well as magnetic and electrical properties [1-
2]. With their promising properties, they have potential
for future magnetic and technology applications, such
as sensors, spin valve, magnetic refrigeration and
storage devices [3-4]. A large change in the application
of external magnetic field is referred to the CMR
property. The CMR effect has two main types, namely,
extrinsic and intrinsic. Firstly, the extrinsic CMR
effect requires a low magnetic field or low field
magnetoresistance (LFMR) and describes the interfaces
and grain boundaries in a compound. Secondly, the
intrinsic CMR effect requires a very high magnetic
field up to 1T, which is non-viable for device
applications [5]; this effect explains the double-exchange
(DE) mechanism of manganese ions between Mn3*
and Mn*. LFMR has good interconnection between
grains on magnetic and transport properties [6], mixed

between noncollinear spin structure and large number
of grain boundaries [6-7] and obtain a high saturation
moment with the smallest grain size [7-8]. Undoped
LaMnOs is an antiferromagnetic insulator because of
the superexchange coupling between Mn3* ions. When
doped with specific concentrations of divalent ions at
the A site, LaMnQs displays electrical transition from
metallic to insulator behaviour at the metal—insulator
transition temperature Ty accompanied by magnetic
transition from ferromagnetic to paramagnetic phase
at the Curie temperature Tc [9-10]. Manganese ions
exist in the parent compound as Mn3* or Mn**. In
general, the valence states of R**Mn3*0%~ and
AZ*Mn** 02~ are formulated from mixed-valence
oxides (R3%,A2Y)(Mn3t, Mn3+)0; in solid solution.
Mixed-valence Mn®*" and Mn** ions are present during
A-site doping into La-based manganites. The equal
ratio of Mn®/Mn“* (1:1) leads to charge ordering (CO)
and competes with DE interaction, and CO localises
electron charges and retards electrons from hoping
from one side to another. As such, manganite exhibits
insulator or metallic behaviour. Mixed-valence Mn
ions mainly influence CMR; other factors that affect
CMR are ionic size mismatch, Mn-O bond length and
Mn-O-Mn bond angle. Doping A-site metal ions into
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La-based perovskite manganite can change the crystal
structure, ion size and ion valence state. The double
exchange (DE) effect of Mn3*-O%-Mn*" is an important
topic to study the magnetic and transport properties of
perovskite manganites [11-12]. The eq electrons are
delocalised and reconcile the ferromagnetic interaction
between localised tyq spins due to their strong
hybridisation with the oxygen 2p states. Therefore, a
variety of magnetic structures can be substituted at the
A site in La manganite because of the competition
between antiferromagnetic superexchange and ferro-
magnetic double-exchange interactions [13]. DE
interactions occur between the exchange of Mn®* and
Mn* ions, favouring the ferromagnetic metallic (FMM)
state; meanwhile, Jahn—Teller (JT) interactions involving
Mn3* ions favour the paramagnetic insulating (PMI)
behaviour [14-15]. Furthermore, the interconnections
between the configuration of local spins and the dynamic
of e carrier responses contribute to electronic properties
involving temperature and magnetic-dependent
transition from metal to non-metal behaviour. Scholars
conducted monovalent ion substitutions with A-site
doped ions, such as Ag*, Na*, K*, Li*, etc. into La
manganite to induce the metal-insulator transition at
low substitution levels. Only few works focused on
La1xAgxMnOs [16-20], where Ag substitution increased
the Twmi to higher temperatures and decreased the
resistivity near Ty due to strong DE interactions
between Mn3 and Mn#** ions [16-20]. Ag doping
creates an electron scattering mechanism, in which
electrons are transported within grains boundaries,
leading to increased electron conductivity among
grains [16,20]. The metallic Ag ion can modify Mn
spin disorder and produce extrinsic MR at low
temperatures [16, 20], thereby influencing the electric
transport and MR properties of manganites. Further
research should focus on the substitution of ions for
A-site doping into La-based manganite by using divalent
ion and trivalent ion to produce Lao.7Bag.1sSro.12MnO3
[15], Lal.xCaan03 [17], Lao,67,xBixSI’o,33MnO3 [21],
LaoA67.xEuxcaoA35|\/|nO3 [22], Lao,7.dexBao,3MnO3 [23]
and Lag.7-«Pr«PbosMnQOs [24]. Moreover, the tolerance
factor T may influence the CMR properties of the A-
site ion-doped manganites. It can be calculated by 7 =
(K14 >+< 15 >/V2(< 15 > +< 1, >)) Where <
1y >, < rg > and r, represent the average ionic radius
of A, B and O sites, respectively. The magnitude of t
indicates the degree of lattice between the A-O layer
and its neighbouring B-O layers and reflects the
degree of distortions of MnOsg octahedra [25-27].
Increasing the distortions of the MnOg octahedra will
increase the mismatch between A-O and B-O layers
but decrease the tolerance factor. In CO divalent-
doped manganites, the charge-ordering transition
temperature and the mismatch between A-O and B-O
layers increase, strengthening the CO state [25-26].
Substitution with Sr, which has a larger ionic radius,
with divalent CO, such as in LagsCapsxSr«MnQOs [27]
manganite, increases the 7, weakens the CO state and
induces the FMM state. This work reviews the
influence of A-site doping on the structural, magnetic
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and electrical properties of lanthanum (La)-based
perovskite manganites.

EXPERIMENTAL

Conventional solid-state reaction is commonly used to
synthesise polycrystalline manganite materials by pre-
sintering the compound powder at 750 °C to 950 °C
for 10-25 hours after grinding. Before finishing the
samples, the powder was pressed into pellets and re-
sintered in a furnace at 900 °C-1300 °C for 15-30
hours. The furnace was then cooled down to the room
temperature. XRD technique was used to analyse the
phase of the samples with Cu-K. radiation (A =
1.5418 A) at 26. Structural parameters were determined
by Rietveld method using GSAS and EXPGUI
software [28]. Magnetic and electrical properties were
examined under different values of magnetic field.
Polycrystalline manganite was synthesised using the
previously reported floating-zone (FZ) method in Las-
xSrkMnQOj3 [29]. The raw materials of polycrystalline
sample were weighed in an appropriate ratio, mixed
and stirred with acetone for 1 hour in a ball mill. The
mixture was heated in air by using a FZ furnace at
1200 °C for 24 hours. A feed rod was built to a sample
with 5 mm diameter, cylindrical shape and 80 mm
length under pressure of 2 ton/cm? before heating the
mixture in air at 1200 °C for 24 hours. The rod was
rotated at 50 rpm in opposite direction, and the melted
zone was scanned in a vertical direction at 9 mm/hr
speed. The crystal structure was examined by XRD
method with Cu Ko radiation. The polycrystalline
samples of LagesCao.35.xLixMNnO3; manganite were
synthesised using Pechini method [30]. Before
weighing the samples, traces of water and absorbed
gasses were expelled by heating CaCO3 and Li,COgz in
ahotairovenat 373 Kand La,Os at 1273 K for 5 hours
in the furnace. The sample materials were dissolved
with 3 N HNOg, stirred at 353 K to obtain metal
nitrates and added with citric acid. Polyethylene
glycol was poured with citric acid as polymerising
agent before it was heated on a hot plate at 353 K to
form a gel. The obtained gel was dried in a hot air oven
at 523 K to produce dry powder before it was calcined
at 773 K. The powder was ground, pressed into pellets
and calcined at 1373 K for 24 hours. The phase and
structure of the samples were examined by XRD with
Cu-K., radiation (1 = 1.5418 &) at 26. Structural
parameters were analysed by Rietveld method using
GSAS software.

RESULTS AND DISCUSSION
1. Structural Properties

In general, the CMR parent compound LaMnOs is an
ideal cubic perovskite. The structure of LaMnOs3 has a
three-dimensional network of vertex with face-centred
cubic lattice and A-sites occupied by La cations on the
corners as cubic structure and B-sites occupied by Mn
ions in the centre of the unit cell surrounded with six
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oxygen ions called as MnOs octahedra. The cubic
structure in La-based manganites can be modified into
other symmetrical structures, such as rhombohedral in
La;xAgxMnOs [31], orthorhombic in La;«CaxMnO3
[32] or trigonal in Lao.7Bao.16Sro.12Mn0O3 [15], through
cooperative titling of MnOg octahedra and displacement
of cations or distortion of MnOs octahedra. Increasing
the doping concentration of A-site ions (Na, K, Bi, Ba,
Sr) into La parent compound may change the size
mismatch and lattice distortions between the ions,
thereby affecting the lattice parameters, lattice volume,
Mn-O bond distance and Mn-O-Mn angles after
analysis using Rietveld refinement. This distortion
leads to the Jahn—Teller effect during the deformation
of the MnOs octahedra existing permanently to the
high spin (S = 2) Mn®* with double degeneracy of the
eg orbital [11-12]. For example, the XRD pattern of
Lao.65Cap.35-xLixMNnO3 (0 < x < 0.15) [33] shows all the
samples are in a single phase without any impurity at
the peak with an orthorhombic Pbnm space group. The
atomic position in the orthorhombic Pbnm reveals that
La, Ca and Li are fixed at the 4c site (X, y, 0.25), Mn
was fixed at the 4b site (0, 0.5, 0), O; was fixed at the
4c site (X, y, 0.5) and O, was fixed at the 8d site (X, y,
z). When the concentration x of Li doping is increased,
the lattice parameters (a, b, ¢) increase, ultimately
increasing the unit lattice volume from 228.29 A3(x =
0) to 231.67 A3(x = 0.15). The increase in the unit
lattice volume is due to the cationic disorder because
of the increased Li concentration reported earlier [34].
When the Li* ion is substituted to the Ca?* ion,
oxidation occurs between Mn3* and Mn**, leading to
the existence of Mn®*/Mn** pairs. These pairs influence
the DE interaction, which plays a role in the ferro-
magnetic properties of the manganites. The reduction
of the DE interaction Mn%*-O-Mn** exists during Li
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doping at x > 0.05, thereby increasing the Mn** content
above 40% and favouring the Mn4*-O-Mn** SE
interaction. Any movement on the valence state of the
Mn ions is attributed to PM to FM and insulating to
metallic state [9-11]. In another study on Lai«LixMnOs
(x = 0.10, 0.15, 0.20, 0.30) manganite [35], the XRD
structure changed from rhombohedral to (R3C, Z = 2;
x < 0.15) to orthorhombic (Pbnm, Z = 4; x = 0.20).
This change increased the lattice distortion and bending
of the Mn-O-Mn bond. In this perovskite structure,
lattice distortion is due to the deformation of the MnOs
octahedra from the JT effect, which is inherent to
high-spin (S = 2) Mn3* ions. When the system is
crystallised in the Pbnm space group with orthorhombic
symmetry at the optimum concentration (x = 0.3), the
transition from PM to FM state occurs at 250 K,
thereby changing the insulating state to metallic state
[36]. The substitution of Sr?* for Ca?* induces the
structural transformation from the orthorhombic to the
rhombohedral structure and increases the value of Tc
[37]. The partial replacement of Ca?* by N* or K* can
lead to the structural transformation from the
orthorhombic to the rhombohedral symmetry and
increase the value of Tc¢ with alkali content [38]. In
1950, Zener proposed the mechanism of double
exchange (DE) and explained that the electron
splitting eg on Mn®* can hop to a neighbouring ion site
Mn** [39]. This mechanism is shown in Figure 1.
Based on the DE mechanism, three electrons of the
Mn®" are in the tog level, and one electron lays in the
eg level. The spin alignment among the four electrons
is ruled by Hund’s coupling. Otherwise, the eg level is
vacant in the Mn** ion. An oxygen 2p orbital acts as a
bridge between the two Mn®* and Mn** to form DE
interaction. Thus, Mn®* g4 electron hops to the Mn**
ion via the O ion.

+11
+44

n4+

;/;;;le_\ \\\
A =
14 £14

Figure 1. Schematic diagram of double-exchange (DE) mechanism.
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2. Magnetic Properties

As one of the magnetic properties that belong to
perovskites, transition temperature can be modified by
doping the A-site ions from different groups, such as
monovalent, divalent or trivalent ions. As a function
of temperature and doping, various magnetic transitions
are associated with changes in electrical conductivity.
Table 1 shows that the Curie temperature (Tc) from La
parent compounds increases the magnetic field due to
DE mechanism, producing a giant magnetoresistance.
The mixed-valence manganites in LaMnO3; exhibits
transition from paramagnetic (PM) to ferromagnetic
(FM) state at T¢ ranging from 100 K to 360 K
depending on the type of materials. According to
theory, changes in the magnetic properties of manganites
are due to the magnetic coupling between Mn3*/Mn**
pairs, thereby changing the DE interaction. Additionally,
the reduction of the mobility among the electrons
results in JT coupling, reduces the DE interaction.
Furthermore, increasing Tc is attributed to the strength
of DE ferromagnetic interactions. The bonding
angle Mn-O-Mn increases due to structure phase
transformation, and its Tc value depends on the
bandwidth of the conduction ey electron. When the
concentration of A-site doped ion is increased, the
volume ratio between Mn*/Mn®* increases, thereby
increasing the ferromagnetic DE and the value of Tc.
Some studies reported that the increase in size
mismatch among A-site cations decreases the Tc and
Twmi. As the size mismatch increases, the degree of
oxygen displacement increases, thereby promoting the
localisation between charge carrier, disturbing the
distortion of MnOg octahedral and decreasing the Tc
and Twi. A factor of T may attribute to changes in Tc
and Twmi and modify the MnOg octahedral distortions
when A-site doped ion is substituted. The substitution
of large ion at the A site affects the CO suppression
and FMM state. Increasing T may reduce the distortion
of MnOg octahedra, influencing the alignment spins of
Mn3*/Mn**, improving the eq transfer via Mn3*—0—

1.2

Review of the Influence of ‘A’ Site Doped-
Substitution on the Structural, Magnetic and
Electrical Properties of La-Based Manganites

Mn** interaction and enhancing the DE mechanism.
Studies revealed that the transformation from the
insulating behaviour to the metallic behaviour is
induced by the applied field [32-35]. In 1950s, the first
series of divalent substituted La;.«CaxMnOs;compound
with FM metallic state was obtained [40]. The phase
diagram of the same compound Lai.«CaxMnOs has
been reviewed [41-42]. The range of Tc between 160
K to 272 K for 0 < x < 5 doped materials exhibit PM
to FM transition. The plot of the in-phase susceptibility
¥ versus temperature (T) for 0 < x < 0.20 samples can
lead to further understanding of the magnetic properties
(Figure 2) [43]. According to this paper, Lao.7o-
«BixAgMnO; exhibits FM to PM phase transition at x
< 0.2. At x = 0.2, two minimum peaks appear due to
magnetic inhomogeneity induced by Bi** ion substitution
[44]. Increasing the concentration of Bi?*-doped ions
(x=0,0.10, 0.15, 0.20) will decrease the Tc due to the
weakening of the ferromagnetic behaviour as a result
of Bi substitution [45-46]. La;xKxMnO3z compound (0
< x < 0.20) also possesses PM to FM transition at 230
K< Tc < 334 K [47]. However, in another work, FM
phase transition in La;xSrkMnOs; was not observed at
x < 0.05 [29]. Increasing the concentration of Sr?* ions
doped from x < 0.10 to x < 0.40 increases the Tc
between 145 K to 371 K. The internal DE and
molecular magnetic moment of the material strongly
affect the Curie temperature (Tc) and the maximum
magnetic entropy change (AS;7**). Another study on
La;xKxMnOs reported that increasing the K* doping
concentration for 0.00 < x < 0.20 increases the Tc
range between 206 to 309 K [48]. All the same Lai-
KxMnOs have increased |AS;%*| = 2.72 J/kg K for
x =0.05 to 3.00 J/kg K for x = 0.15 close to their Tc,
respectively. Furthermore, in La;«CdxMnQO3; compounds,
where (x = 0.3, 0.4 and 0.5), increasing the doping
concentration of Cd?* ions in La manganites enhances
the Tc from 253 K to 270 K and increases the
maximum magnetic entropy change to 2.33 J/kgK at
the applied field of 10 kOe [49]. Hence, La;xCdxMnOs
exhibits PM to FM phase transition.

x=0.2
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Figure 2. Ac susceptibility component, " as a function of temperature for Lag 70xBixAgMnQs in (x = 0, 0.10,
0.15 and 0.20) samples [43].
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Table 1. Comparison of reported Curie temperature and magnetic entropy changes values among La-based
manganites with A-site substitutions.

Composition Tec (K) AS,, (3 /kgK) Reference
Lao.sNao.1MnO3 218 1.53 [50]
Lag.925Nap.07sMn0O3 195 1.32 [50]
Lao.sssNao.16sMn0O3 342 1.22 [50]
Lag goNag 20MnO3 334 1.96 [50]
Lao,95Ago_05Mﬂ03 214 1.10 [31]
Lao,gsAgo,osMnO::, 214 1.10 [51]
La0.80Agdo.20MnNOs 278 3.40 [31]
Lao,goAgo_zoMnO:J, 300 2.40 [51]
Lao.78Ago.22MNnO3 306 2.90 [52]
Lao,75Ago_25MnO3 306 1.52 [31]
Lao.7sAg0.2sMn0O3 306 1.52 [51]
Lao,7oAgo_3oMnO3 306 1.35 [31]
Lao.70Ag0.30Mn0O3 306 1.35 [51]
Lao,socaoAzoMﬂO:a 230 5.50 [53]
Lag 75Cag.2sMnO3 224 4.70 [53]
Lao.75Ca0.25sMNnO3 224 4.70 [54]
Lag 70Cag.30MnOs 256 1.38 [53]
Lao gsCan32Mn0O3 272 2.90 [53]
Lag g0Cag.40MnO3 263 5.00 [55]
Lao,55C30A45MnO3 238 1.90 [53]
Lao,gopboAloMnO3 160 0.53 [56]
Lao,gopbo_zoMnO3 294 1.22 [56]
Lao,70PboA30|\/|nO3 352 0.96 [56]
Lao.g7 Sro.13MnO3 197 5.80 [52]
Lag g5 Sro 155MNn0O3 234 6.60 [52]
Lao.ss0 Sro.120Mn0O3 152 6.00 [57]
Lag gs5 Sro.13sMNn0O3 200 4.40 [57]
La0,8455r0,155Mn03 235 6.70 [57]
Lao.s15 Sro.18sMn0O3 280 7.10 [57]
Lao.go SI’oAzoMnO?, 305 7.90 [57]
Laog.s7 Sro.33MnO3 348 1.69 [58]
Lao,es SI’OA35MI']O3 305 2.12 [59]
Laz/35r1/3|\/|n03 370 1.50 [60]
3. Electrical Properties respectively [13]. The chemical compound R1xAxMnO3

In general, the CMR parent compound LaMnOs3 is
classified as an electrical insulator at all temperatures.
It can exhibit antiferromagnetic (AFM) transition with
different Neel temperatures (Tn). A previous study on
neutron diffraction experiment reported that LaMnO3;
and CaMnOs; obtained Ty at 140 K and 131 K,

exhibits metal to insulator transition at 0.10 < x < 0.50.
The peak temperature from the curve graph of
electrical resistivity versus temperature indicates the
M-I temperature (Twi) transition of the compound. The
graph shows three regions to identify the types of
temperature transition; high temperature for insulator
region, low temperature for metal region and critical
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temperature for intermediate region. For instance,
Lao7BixAg1xMnOs exhibits metal to insulator transition
at Tw of 253 K for x = 0 sample under an applied
magnetic field of 0 T (Figure 3) [43]. However, under
the same applied magnetic field at 0 T, the Tw
decreases rapidly between 254.8 K to 136.3 K when
Bi%* doped into 0.15 and 0.20 samples, respectively.
Increasing the doping concentration of the Bi%* ion (x
= 0,0.15 and 0.20) into Lag70-«BixAgMnQO3 increases
the electrical resistivity but decreases the Tmi and Tc
due to increased localisation of e4 electrons and
weakened DE mechanism [45-46]. In Lai«LixMnOs,
two samples for x = 0.10 and x = 0.15 exhibit metal—
insulator (M-1) transition and its T¢ increases from 210
K to 240 K when the Li* ion doping concentration is
increased [35]. A negative MR ratio ~26% was
obtained near T. with applied field of 0.8 T. Increasing
the K* doping amount enhances magnetic entropy
changes, whereas increasing the T¢ in LaixKxMnOs
decreases the Mn-O distance. The substitution of
smaller ion La3* ion (ionic radii ~1.016 A) with the
larger K* ion (ionic radii ~1.33 &) in La;«KxMnOs3
increases the average ionic radius of the La site,
thereby producing crystallographic distortions and
enlarging the Mn-O-Mn bond angle. In further studies
on doping divalent ions at the A site in Lai«SrxMnOs,
the local crystal lattice becomes distorted from the
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ideal cubic structure to the orthorhombic and
rhombohedral structures, leading to changes in the
Mn-O bond distance and the Mn3*-0%-Mn** bond
angle because the La%* ion is substituted with the
larger Sr?* ion [61]. Meanwhile, La;<SrxMnQOj; possesses
metal-insulator (M-1) transition due to some localisation
effects [29]. A previous study on Lai;-xCdxMnOs
confirmed that the substitution of a larger La%* ion
(ionic radii ~1.216 A) with a smaller Cd?* ion (ionic
radii ~1.016 A) increases the Mn** and favours the DE
interactions [49].

CONCLUSSION

This paper reviews the influence of A-site doping into
La-based perovskite manganites on their structural,
magnetic and electric properties. When the A-site
doping ion is substituted by monovalent or divalent
ions, such as Na*, K*, Ca?*, Sr?* or Pb?*, increasing the
sample concentration between 0.00 to 0.20 may affect
the lattice parameters of the compound due to differences
in size radius between the La ion and A-site doped ion.
Furthermore, increasing the concentrations of the A-
doped substituted samples into La leads to ferro-
magnetic—metal behaviour in the lower temperature
region (T < Twmi) and paramagnetic—insulator
behaviour in the higher temperature region (T > Twi).

s
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Figure 3. Electrical resistivity (p) as a function of temperature for Lao 70-«BixAgMnO3 (x = 0, 0.15 and 0.2)
under applied magnetic field of in 0 T and 0.7 T [43].
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