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6.1 Introduction

The study oRMnO3; (R = Gd, Th, Dy, Ho) is of considerable current ingtre
owing to the co-existence of magnetic ordering &mdoelectricity with a strong
coupling between ther® Moreover, a decrease in ionic radius of Bienhances the
competition in magnetic interactions, i.e. ferromeiic between nearest neighbouring
Mn sites and anti- ferromagnetic between next rameighbouring site.The
TbMnG; is in the intermediate coupling region and as #&enaf fact it is one of the
most interesting materidlsand has widely been studi&4 This material shows
antiferromagnetic ordering and ferroelectricity dvel 27k*andMr®* magnetic
moments order ~41K (F) while To* magnetic moments order ~10 K\gJ. The
frustrated spiral spin order of Nhin TbMnO; is thought to be the origin of
ferroelectricity ‘This intermediate coupling regime is very sensitivany variation in
Jun-r(exchange interaction between manganese and rdakedeas) which strongly
affects the Th-magnetic ordering as has been obgdry Prokhneniet al'®

Moreover, n recent years, multifunctional materials haveaated valuable
interest due to the coexistence of more than twapgmties simultaneously in one
material e.g. multiferroicity, exchange Bias (amispy in hysteresis loop), Griffiths
phase (inhomogeneity in spin ordering) etc. Martyinsic multifunctional materials
have been discovered and many artificially credtgdnixing two or more than two
materials (like composites) or substituting somecggs of parent compoundhe
phenomenon of exchange anisotropy or bias (EB)pisdlly associated with a shifting
of the hysteresis loop (Exchange-bias fighk), measured after field-cooling, of a
ferromagnetic (FM)-antiferromagnetic (AFM) interéathrough the Néel temperature
Ty of the AFM component. These effects (EB) are applie in the development of
permanent magnets, magnetic recording media or idostebilizers in recording heads
based on anisotropic magnetoresistance and atbe meduction of the saturation fields
to observe giant magnetoresistance (GMR) in exahémgsed systems, as compared to
standard GMR multilayer systems, which triggeredreaewed interest in these

phenomena.

Furthermorthe observation of a Griffith’'s phase (GP)in a nembf doped
Perovskite manganite oxideshas been reported aqgditie interesting. According to
Griffith’s theory, there is always a finite probhty of finding ferromagnetic (FM)

clusters with randomly distributed spin [i.e., iraramagnetic (PM) state]in the
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temperature rangeck T< Tg, where & and Tg are Curie-Weiss temperature and
Griffith’'s temperature, respectivelyThe Griffiths phase is characterized by the
formation of FM clusters belows. These clusters are formed thermodynamically
during cooling and nucleated by the intrinsic ramdess, which cause inhomogeneous
magnetic distribution in the sample. Neverthel€xsifith phase was characterized by
the downturn deviation from Curie-Weiss law behavio y* as the temperature

approaches toclfrom above.

In this chapter, we have reported the existenceath Exchange bias and Griffith
phase in TbMn@and also discussed the enhancement of Griffith eolveish hole
doping (by doping Ce) in TOoMn

6.2 Experimental

The ThCe. MnO; (x=0.0, 0.025, 0.05) polycrystalline samples were
synthesized by the conventional solid state readechnique. Stoichiometric amounts
of Th,O7, MnO (99.99% purity) and CeQvere mixed and heated at 108D for 12
hours. The resulting powders were ground and pdesse pellets and sintered at 1200
°C for 24 hours. The final step consisted on rejmgsand sintering the pellets at
1300°C for 48 hours with one intermediate grinding. $nphase of the samples were
characterized by X-ray Diffractometer (Model: Mitek I, Rigaku, Japan) with Cu&
radiation §=1.5406 A). Magnetic Measurement was done by SQUHRPMS)

magnetometer (Quantum Design).
6.3 Result and Discussion

Fig. 6.1 shows XRD pattern of TRCeMnO;z (x=0.0, 0.025, 0.05) which
clearly indicates the single phase characterisb€spolycrystalline TbMnQ@ in
orthorhombic structure witiPbnm space group. In Fig. 6.2 we have shown the
magnetization (both zero field cooled and fieldledd as a function of temperature of
TbMnOs.Figure 6.2 also shows the Curie-Weiss (CW) fitedve to the inverse
susceptibility 1 vs temperature (5K-80K) of TbMnQ Thyg74Ce& 029MNOs,
Tho osCe& 0MNO3z under different cooling field 5 kOe, 10 kOe, 20 &0 kOe
respectively. The high temperature tail gives nggatextrapolated temperature
indicating that the dominant magnetic interactiamti-ferromagnetic. Moreover, from

fig. 6.2 it is clear that in the higher temperatuegion above 52 K magnetization
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behavior obeys the Curie-Weiss (CW) law but beltng temperature deviation of
inverse susceptibility data from the CW fitted aaihvas been observed. This downturn
of inverse susceptibility curve indicates existentelifferent magnetic phases as FM,
AFM, and PM below 52K%2! This type of behavior below some temperatus€5PK)

but above T is defined as Griffith phase which is attributedtihe formation of FM
cluster embedded in AFM and PM region as obsermethhomogeneous magnetic
layers of different materiafs.
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Figure6.1: Reitveld refinement of XRD pattern of ToMaQO by g75C & 029MN0O3,
TdysCe 0sMNO3 respectively 6.1 (a, b, c).
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Figure 6.2:Figure 6.2(a) shows Magnetization vs Temperaturelto¥inQ; in
the range of 2K — 300K at 114 Oe (Inset figure shidvH curve of
TbMnG; at 5K). Figure 6.2 (b, ¢, d) shows Curie-Weiss (Cdit#@d
curve of inverse susceptibility y1/ vs temperature (5K-80K) of

TOMNG;, ThygrlaooMNOs, ThyoslCaogMINO3  under different
cooling field 5 kOe, 10 kOe, 20 kOe, 30 kOe respayt
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Moreover, it has been observed that the materidigbiting GP usually give a much
larger effective spilk+, deduced from the slope of the Curie—Weiss fitbnghe high-
T magnetization, than the value for an effective Mrf* due to the contribution of

individual entities containing more than two ions,, FM clusters, in the high-T PM
phase. In our case, we also evaluate the valu€grad 10.5Llg 10.9Uz and 10.4[g
for TOMNO;, Thyg7C&.02MNO3 and TR osCea ogMNO3 respectively and we also
calculated these values theoretically as §43 8.43.1s and 8.3§lgrespectively. It is

observed that these values are much larger fancalculated theoretically. As
discussed above there is a signature of Griffittasghin TbMnQ@ indicating the
possibility of existence of weak ferromagnetismisltalso observed that as the Ce
content increases the Griffith phase also incredseés well known that for a system
with the Griffith Phase the downturn can be supggdson increasing the externalfield
due to polarization of spins outside the cluststsd curve of TboMnQ at T=5K under
field cooling FC (0 kOe, 10 kOe, 20 kOe, 30 kOeghswn in figure 3. The isothermal
magnetization data at 5K for TboMgQOndicates a metamagnetic transition at 1.7 T
(inset of Fig.6.2), which can be attributed to tmagnetic reversal of Ising b
moments, as previously observed in both polycriseal and single crystal
TbMnOs.2* From figure 6.3 it is clear that on increasing (fi€ld cooling) coercivity

of MH loop increases and also origin of hysterdsap is shifted. This shows that
exchange bias phenomena in TbMr&)stem exist as found in bilayers or multilayer
magnetic systems and thin fitth It is well known that exchange bias effect is
attributed due to inhomogeneous magnetic orderimgmagnetic materials e.g.
multilayer of AFM and FM

So far no report is available regarding the existenf Griffith phase and
Exchange bias in ToMnORubi et al. have shown the ferromagnetic likenattion
below the bulk Neel temperatdfein TbMnO; thin film. They have proposed the
coupling between magnetization and strain as thggnoof ferromagnetism. Recently,
O’Flynn et al. have reported the bifurcation betwe=C and FC magnetization in
TbMnO; single crystaf’In the present investigation it may be suggestexd the
oxygen vacancy may be the origin of ferromagnetishich in effect leads to the
Griffith phase. To verify this prediction we havarged out the energy dispersive X-
ray (EDX) analysis of the TbMn{sample. It is clear from the figure 6.4 that some
Oxygen vacancy is there. This Oxygen vacancy léadsnvert some M into Mr*".
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Existence of these mixed 2+/3+ states may inducerfeagnetism®. In order to
support this we have also doped Ce in the Tb ditdlMnO; and synthesized
Tho.o74Ce&.029VINO3 and Th o:Ce& oMNO3 samples. The magnetic properties of these

samples have also been shown in Figs.6.2 and 6.3.
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Figure 6.3: Figure 6.3(a, b, c¢) shows M-H curve of TbMnO

Tbo_g7£Q).02d\/|n03, Ttb_g5CQ).odV|nO3 at 5K and left side figure
indicate extended view of these figures clearljigates Exchange

bias effect respectively.
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Figure 6.4: EDX spectra of ToMn@

It is observed that both the samples show the Ehgdhdias and Griffith phase.
Ce doping in TbMn@ which exists in the tetravalent (Cestate, might be driving
some of the M ions into a MA" state?®Exchange interaction between flrand
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Mn?* is inducing ferromagnetism in TbMrQvhich might be the origin of Griffith
phase observed in TbMaGnd Ce doped TbMnO Moreover, the Ce doping also
changes the Mn-O-Mn angle (shown in Table 6.1)whicleffect induce the canted
anti-ferromagnetic orderiign TbMnQ; and this canted AFM might be the origin of
exchange bias in these materials.

Table 6.1: Reitveld refinement lattice parameter, Mn-O-Mn thaangle and
Griffith temperature (§) and Curie Temp. () calculated by CW
(Curie-Weis) fitting of inverse magnetic susceptipi vs
Temperature of TbMn§) Thy 974C& 029VINO3, Thy 95C & 0gdVINOs.

Sample> ToMNOs | Tho.g75Ce.29MN0O3 | Tho 95Cey.0dMINO3
Parameters

;:(A) 5.3029(2) | 5.3112(3) 5.3096(3)

b (A) 5.8458(2) | 5.8570(3) 5.8503(4)

c (A) 7.4094(2) | 7.4192(4) 7.4195(4)

T (Griffith Temp.) K 54 60 64

Tc (Curie Temp.) K | -30.76 -29.87 -31.70
Mn-O;-Mn (deg.) 144.4 (6) | 158.0 (4) 151.6 (4)
Mn-O,-Mn (deg.) 144.9 (5) | 167.5 (5) 157.0 (4)

6.4 Conclusion

In summary, we have investigated the magnetic ptigseof Th..CeMnO3(x=0.0,
0.025, 0.05). The undoped sample showed the egesteh both exchange bias and
Griffith phase. The Griffith phase has been attelduto the Oxygen vacancy which
converts some MH states to Mfi states. The exchange interaction between
Mn**/Mn?* induces ferromagnetism. Furthermore, Ce doping @sverts some M
states to Mfi" states. As a consequence, Ce doped ThMai&b show Griffith phase.
Moreover, The Oxygen vacancy/Mavin?>* may change the Mn-O-Mn angle which in
effect induces the canted AFM ordering. The cam&d might be the origin of

exchange bias.
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