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In recent decades, the extrinsic magnetoresistance (MR) has been widely studied due to 

their potential application at low field. Extrinsic MR is caused by spin polarized 

tunneling (SPT) and spin dependent scattering (SDS) between grains, which originates 

from the grain size variation and grain boundary effect. It can be enhanced by adjusting 

their extrinsic characteristic, for example by adding composite and size reduction. In 

this work, the focus is on the effect of grain size variation on La0.67Sr0.33MnO3 (LSMO) 

samples which were synthesized through solid state (SS), co-precipitation (CP) and sol-

gel (SG) methods. The influence of different sintering temperature (different range of 

grain sizes) towards structural, magnetic, electrical and magnetotransport properties was 

studied, from 600˚C up until 1200 ˚C. Different sintering temperature is required to 

obtain pure single phase compound when different synthesis methods are used. CP and 

SS samples show pure La0.67Sr0.33MnO3 (ICSD code: 156020) phase with hexagonal 

structure (R3c) at 1100 ˚C and 1200 ˚C, respectively. However, SG samples gave single 

phase compound at lower sintering temperature (600 ˚C). The increase of sintering 

temperature promotes significant grain growth and microstructure densification, thus 

grain size increases. Through SEM analysis, the smaller grain (around 42.7-194.4 nm) 

can be found in SG sample which was lower than 200 nm even when sintered at 1200 

ºC. Magnetization decreases with grain size. Curie temperature (Tc) of SS12, CP12 and 

SG12 were 373 K, 375 K and 358 K, respectively. Decrease of Tc and magnetization 

were not only grain size (effective grain boundaries) dependent but also grain size 

distribution and formation. The resistivity is found to be higher for LSMO SG samples 

having nanograin size with higher effective grain boundaries. Thus, metal- insulator 

transition (Tp) shifted to lower temperature. Nanosized particles that consist of higher 

effective grain boundaries can enhance the magnetoresistance (MR) value but  
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decreases of magnetization. The highest extrinsic MR % was given by the smallest 

grain size (42.7 nm) in LSMO SG6 with -9.16 % in 10 kG at 80 K. It also contributes to 

significantly high CMR value (-19.6 %) in 10 kG at 80 K. Overall, the results show that 

the structure, magnetic and magnetoresistive properties are strongly dependent on their 

grain size distribution and formation, which is affected by synthesis methods and 

sintering effects. As the grain size becomes smaller, resistivity and magnetoresistence 

increase however magnetization decreases. Tp also shifted to lower temperature, 

extrinsic MR is more dominant. Vice versa, larger grain size shows lower resistivity, 

higher magnetization and intrinsic MR is more dominant.  
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Oleh 

CHIN HUI WEI 

Novamber 2014 

Pengerusi: Lim Kean Pah, PhD 

Fakulti: Sains 

 

Dalam dekad-dekad kebelakangan ini, Magnetoriintangan ekstrinsik (MR Ekstrinsik) 

telah dikaji secara luas disebabkan potensi penggunaan di dalam medan yang rendah. MR 

ekstrinsik disebabkan oleh spin polarisasi terowong (SPT) and spin serakan bergantung 

(SDS) yang berpunca daripada perubahan saiz zarah dan sempadan zarah berkesan. Oleh 

demikian, magnetorintangan dapat ditingkatkan menerusi pengubahsuaian ciri-ciri 

fizikalnya, seperti penambahan komposit dan pengurangan saiz zarahnya. Projek ini 

memberi tumpuan terhadap kesan perubahan saiz zarah ke atas sampel La0.67Sr0.33MnO3 

(LSMO) yang telah disediakan melalui kaedah tindak balas keadaan pepejal (SS), 

teknik pemendakan serbuk (CP) dan teknik sol- gel (SG). Kesan daripada suhu sinter 

(pelbagai saiz zarah) pada 600˚C hingga 1200 ˚C terhadap struktur, kemagnetan, sifat 

elektrik dan magnetorintangan telah dikaji. Fasa tulen boleh terbentuk pada peringkat 

sinter yang berbeza menerusi kaedah yang berlainan. CP and SS sampel memunjukkan 

fasa tulen La0.67Sr0.33MnO3 (ICSD code: 156020) yang berstruktur heksagon pada suhu 

sinter yang tinggi, iaitu 1100 ˚C dan 1200 ˚C, masing- masing. Manakala SG sampel 

terbentuk pada suhu sinter yang agak rendah (600 ˚C). Peningkatan suhu sinter 

menggalakkan perkembangan zarah dan pemadatan mikrostruktur, oleh itu saiz zarah 

bertambah. Melalui SEM analisis, taburan zarah yang lebih kecil (sebanyak 42.7- 194.4 

nm) boleh terdapat dalam SG sampel walaupun disinter sehingga mencapai 1200 ºC. 

Suhu Curie  (Tc) bagi SS12, CP12 and SG12 ialah 373 K, 375 K dan 358 K masing-

masing. Kemagnetan menurun semasa saiz zarah berkurang. Pengurangan Tc dan 

pemagnetan bukan sahaja bergantung pada pengurangan saiz zarah (sempadan zarah 

berkesan) dan juga pembentukan zarah. SG sampel yang mempunyai nano saiz zarah yang 

paling kecil dan sempadan zarah berkesan yang paling tinggi menunjukkan kerintangan 

yang paling tinggi. Oleh itu, suhu peralihan logam-penebat (Tp) mengalih ke suhu yang 

lebih rendah. Saiz zarah yang lebih kecil mempunyai sempadan zarah berkesan yang lebih 

tinngi. Ia boleh meningkatkan nilai magnetorintangan (MR) dengan pengurangan 

kemagnetan. MR ekstrinsik yang paling tinggi terdapat dalam saiz zarah yang paling kecil 
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dalam SG6 dengan nilai -9.16 %  di 10 kG pada 80 K. Ia juga menyumbang nilai CMR 

yang tinggi (-19.6 %) di 10 kG pada 80 K. Keseluruhannya, keputusan menunjukkan 

bahawa struktur, kemagnetan dan magnetorintangan adalah bergantung pada taburan 

saiz zarah dan pembentukan zarah. Ia juga dipengaruhi oleh kesan proses penyinteran. 

Rintangan dan magnetorintangan meningkat manakala kemagnetan menurun semasa 

saiz zarah berkurang. Tp juga mengalih ke suhu yang lebih rendah, MR ekstinsik lebih 

dominan dalam keadaan ini. Sebaliknya, saiz zarah yang lebih besar menunjukkan 

rintangan yang lebih rendah, kemagnetan yang lebih tinggi dan ia mencondongi MR 

intrinsik. 
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CHAPTER 1 

 

INTRODUCTION 

 

1.1 Introduction  

Nowadays, the information age relies on the development of “smart” and “small” 

magnetic materials for memory, data storage, processing and probing. Magnetoresistive 

(MR) material which is the unique perovskite (ABO3 type) manganite has drawn 

considerable attention. These perovskite (ABO3 type) manganite also known as colossal 

magnetoresistance (CMR) materials, in the form of RE1-xAExMnO3, where RE and AE 

are trivalent rare earth (e.g. La3+, Nd3+,, Pr3+etc) and divalent alkaline-earth (e.g. Sr2+,, 

Ba2+,, Ca2+ etc)  elements respectively (Chahara et al., 1993). 

More sensitive and applicable CMR materials are developed as high speed information 

technologies, such as oxide based has been used to achieve highly sensitive heads that 

can process data at higher speed. Hence, CMR has been widely studied not only to 

understand its basic physical phenomena but also draw attention on its potential 

applications in electrical and electronic technology industries, for example CMR effect 

(Lu and Sohn, 1997), catalytic, oxygen cathode reduction (Poulsen, 2000) and field 

sensor (Balcells et al., 1996). Over the last few years, it has also been focused on 

hyperthermal studies (Thorat et al., 2013) which are a hot topic in medical field. 

In general, the physical properties of samples are usually dependent on preparation 

routes. Preparation route influences the nature of surface region of nanograin, which 

plays an important role in electrical, magnetic and magnetotransport properties of 

system. Thus, a lot of effort has been put to discover simple cost effective routes with 

well-controlled, narrow grain size distribution and reproducible sample. The ability to 

manipulate the grain size at different scales is useful in creating or miniaturizing novel 

deceives. 

As we know, conventional solid state reaction is hard to achieve homogeneity and 

nanosized product. Besides, a prolonged period (around 24 hours) tends to produce 

powder with bigger grain size. Thus, wet chemical routes are introduced over the past 

few decades. These ascribe unique advantages including lower synthesis temperature, 

higher purity and homogeneity. In wet chemical method, the mixing of components 

occurs at atomic level which contributes to lower particles sizes formation with higher 

homogeneity.  

 

1.2 Problem Statement  

Although CMR materials were discovered during early 1950, it did not attract much 

attention due to its limitation in application. This attributes to large MR obtained near 
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Tc and restricted to narrow temperature range. Besides, its electrical noise is relatively 

higher near Tc due to its larger resistivity at this temperature range (Gupta et al., 2010). 

These characteristics caused CMR materials not suitable for technology application. 

However, the discovery of extrinsic MR (large low-field MR or LFMR) in 

polycrystalline manganites sample in last few decades brings new era to the actual 

application of this compound. It can be found that at temperature below Tc, a sharp drop 

of MR occurs when low magnetic field is applied.  

Hwang et al. (1996) suggested that the observed extrinsic MR was due to spin polarized 

tunneling and spin dependent scattering between grains, which originated from the grain 

size variation and grain boundary effect. Core-shell effect was proposed by Zhang et al. 

(1997) stated that the outer layer shell becomes larger when grain size is reduced. It 

leads to the formation of magnetically disorder layer which enhances their MR. A lot of 

studies are focused on the way to enhance extrinsic MR effect through adjusting their 

extrinsic characteristic such as adding composite and grain size reduction. A large 

number of researches have been done over recent years (Chang and Ong, 2004; Dey and 

Nath, 2006; Wang et al., 2008), however a clear explanation of grain size distribution 

(from micron size to nano size) and grain boundaries effect on its physical properties of 

manganite compound is still insufficient. 

In this project, three different methods were used to synthesize different size of particles 

ranging from micron to nano size. Solid state method was able to form micron size’s 

particle, however co-precipitate and sol-gel methods tend to form submicron and nano 

size particle respectively. Strontium doped lanthanum manganite (La0.67Sr0.33MnO3) 

was chosen in this project  due to their higher electrical conductivity, catalytic activity, 

transition of metal-insulator (Tp) and its Curie temperature (Tc) relatively closer to room 

temperature (Siwach et al., 2008; Huang et al., 2000).  

 

1.3 Objectives of the Research 

The purpose of this project is to make comparative study of X-ray Diffraction (XRD), 

Scanning Electron Microscope (SEM), Vibrating Sample Magnetometer (VSM), and 

Hall Effect measurement on the influence of grain size formation and distribution. The 

main objectives of the work are: 

-To prepare and characterize LSMO samples with different grain size formation and 

distribution through different preparation methods. 

-To study the grain size formation and distribution via different sintering process. 

-To investigate the influence of grain size variation by measuring its changes on 

structure, microstructure, magnetic, electric and magnetotransport properties. 
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1.4 Overview of the Thesis 

The first chapter of the thesis consists of a brief introduction of CMR manganites, its 

potential applications, problem statements and the objectives. Overview is given 

towards the end of this chapter. 

In chapter 2, some related theories of CMR materials and nanoscience are presented. A 

review of existing literatures related to the grain size dependent CMR manganites 

properties is given as well. The experimental results can be well interpreted based on 

the given theories and reviews. 

 In chapter 3, the materials usage, every experimental procedure and steps taken in each 

synthesis methods are discussed. The equipment and experiment setting involved in the 

experiment is introduced too. 

Chapter 4 presents the experiment data in the form of tables, graphs and pictures. It 

should give a clearer picture of the findings. In the last chapter, a conclusion concerning 

this project is presented. Future possible research is suggested in this chapter. 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

91 
 

REFERENCES 

Balcells, L. I., Enrich, R., Morca, J., Calleja, A., Fontcuberta, J. and Obradors, X. (1996). Manganese 

perovskites: Thick film based position sensors fabrication. Applied Physics Letters 69: 1486-

1488. 

 

Bell, J. B., Millar, G. J. and Drennan, J. (2000). Influence of synthesis route on the catalytic properties 

of La1−xSrxMnO3. Solid State Ionics 131: 211-220. 

 

Chang, Y. L. and Ong, C. K (2004). Temperature sintering effects on the magnetic, electrical 

and transport properties ofLa0.67Sr0.33MnO3/Nd0.67Sr0.33MnO3 composites. Journal of 

Physics: Condensed Mater 16: 3711–3718. 

 
Chahara, K., Ohno, T., Kasai, M. and Kozono, Y. (1993). Magnetoresistance in mangnetic manganese 

oxide with intrinsic antiferromagnetic spin structure. Applied Physics Letter 63: 1900. 

 

Chokshi, A. H. (2008) Triple junction limited grain growth in nanomaterials. Scripta Materialia 59: 

726-729. 

 

Chuang, C. M., Wu, M. C., Huang, Y. C., Cheng, K. C., Liu, C. F., Chen, Y. F. and Su, W. F. (2006). 

Nanolithography made from water-based spin-coatable LSMO resist. Nanotechnology 17: 

4399-4404. 

 

Dey, P. and Nath, T. K. (2006). Effect of grain size modulation on the magneto- and 

electronic-transport properties of La0.7Ca0.3MnO3 nanoparticles: The role of spin-

polarized tunneling at the enhanced grain surface. Physical Review B 73: 214425. 

 
Dyakonov, V., Slawska-Waniewska, A., Kazmierczak, J., Piotrowski, K., Iesenchuk, O., Szymczak, H. 

and Bazela, W. (2009). Nanoparticle size effect on the magnetic and transport properties of 

(La0.7Sr0.3)0.9Mn1.1O3 manganites. Low Temperature Physics 35: 568-576. 

 

Fujishiro, H., Fujishiro, H., Fukase, T. and Ikebe, M. (1998). Charge Ordering and Sound 

Velocity Anomaly in La1-XSrXMnO3 (X~0.5)". Journal of the Physical Society of 

Japan 67: 2582-2585. 

 
Gaur, A. and Varma, G. D. (2006). Sintering temperature effect on electrical transport and 

magnetoresistance of nanophasic La0.7Sr0.3MnO3. Journal of Physic: Condensed Matter 18: 

8837-8846. 

 

Gennady, E. S. and Gideon S. G. (1994). YBCO Oxalate Co-precipitation in Alcoholic Solutions. 

Journal America Ceramics Society 77: 1436-1440. 

 

Ghosh, A., Sahu, A. K., Gulnar, A. K. and Suri, A. K. (2005). Synthesis and characterization of 

lanthanum strontium manganite. Scripta Materialia 52: 1305-1309. 

 

Goldschmidth, V. M. (1926). Geochemische verteilungsgetze der elemeter VII. Skrifter utgitt av Det 

Norske Videnskaps Akademi 1: 1. 

 

http://www.sciencedirect.com/science/article/pii/S0167273800006688
http://www.sciencedirect.com/science/article/pii/S0167273800006688


© C
OPYRIG

HT U
PM

92 
 

Goodenough, J. B., Kafalas, J. A. and Longo, J. M. (1972). Preparation methods in solid state 

chemistry, edP Haagenmuller (New York: Accademic). 

 

Gottstein, G., King, A. H. and Shvindlerman, L. S. (2000). The effect of triple junction drag on grain 

growth, Acta Materialia 48: 397-403.  

 

Gupta, K., Jana, P. C., Meikap, A. K. andNath, T. K. (2010). Synthesis of La0.67Sr0.33MnO3 and 

polyanilinenanocomposite with its electrical and magneto-transport properties. Journal of 

Applied Physics 107: 073704. 

 

Huang, Y. H., Xu, Z. G., Yan, C. H., Wang, Z. M., Zhu, T., Liao, C. S., Gao, S. and Xu, G. X. (2000). 

Soft chemical synthesis and transport properties of La0.7Sr0.3MnO3 granular perovskites. Solid 

State Communications 114: 43-47. 

 

Hwang, H. Y., Cheong, S. W., Ong, N. P. and Batlogg, B. (1996). Spi-polarized intergrain tunneling in 

La2/3Sr1/3MnO3. Physical Review Letters 77: 2041-2044. 

 

Iqbal, M. Z., Ali, S. and Mirza, M. A. (2008). Effect of particle size on the structural and transport 

properties of La0.7Ca0.3MnO3nanoparticles. Coden JNSMAC 48:  51-63. 

 

Jahn, H. A. and Teller, E. (1936). Stability of degenerate electronic states in polyatomic molecules. 

Physical Review 49: 874-880. 

 

Jonker, G. H. and Van Santen, J. H. (1950). Ferromagnetic compounds of manganese with perovskite 

structure. Physica 16: 337-349. 

 

Joshi, L. and Keshri, S. (2010). Enhanced CMR properties of La0.67Ca0.33MnO3 sintered at different 

temperature. Yaylor& Francis 83: 263-275. 

 

Jun, Y.W., Seo, J. W. and Cheon, J. W (2007), Journal Accounts of Chemical Research 2: 179-

189.  

 
Kameli, P., Salamati, H. and Aezami, A. (2008). Influence of grain size on magnetic and transport 

properties of polycrystalline La0.8Sr0.2MnO3manganites. Journal Alloys and Compounds 450: 7-

11. 

 

Lee, J. H., Lee, J. C., Park, M. K. and Park, S. (2006). Characteristics of nano-sized 

La0.7Ca0.3MnO3powders prepared by solution combustion method and solid state reaction 

method for CMR applications. Journal Materials Processing Technology 171: 240-243. 

 

Lei, L. W.,  Fu, Z. Y., Zhang, J. Y. and Wang, H. (2006a). Synthesis and enhanced low- field 

magnetoresistance in La0.67Ca0.33MnO3/CuO composites. Solid State Communications 140 (5): 

261-266. 

 

Lei, L. W., Fu, Z. Y. and Zhang, J. Y. (2006b). Influence of sintering temperature on microstructure 

and magnetotransport properties of La0.8Na0.2MnO3 ceramics. Materials Letters 60: 970-973. 

 

Li, C. M. (2006), Mechanical grain growth in nanocrystalline copper, Physical Review Letters 

96: 215506. 

 



© C
OPYRIG

HT U
PM

93 
 

Lisboa-Filho, P. N., Mombru, A. W., Pardo, H., Leite, E. R. and Ortiz, W. A. (2004). Extrinsic 

properties of colossal magnetoresistive samples. Solid State Communications 130: 31-36. 

 

Lu, H. L. and Sohn, H. (1997). Magnetic inhomogeneity and colossal magnetoresistance in manganese 

oxide. Journal of Magnetism and Magnetic Material 167: 200-208. 

 

 Lu, A. H., Salabas, E. L. and Schüth, F. (2007) Angewandte Chemie International 

Edition , 46, 1222-1244. 
 

Ma, Y.Q., Song, W.H.,  Yang, J.,  Zhang, R.L.,  Zhao, B.C., Sheng, Z.G., Lu, W.J., Du, J.J. and Sun, 

Y.P. (2005). The current-induced effect on the Jahn–Teller distortion in the 

La0.5Ca0.5MnO3 manganite. Solid State Communications 133: 163-167. 

 

Marques, R. F. C., Jafelicci, M., Paiva-Santos, C. O., Jardim, R. F., Souza, J. A., Varanda, L. C. and 

Godoi, R. H. M. (2002). Nanoparticle synthesis of La1-xSrxMnO3 (0.1, 0.2 and 0.3) perovskites. 

IEEE Transactions on Magnetics 38: 2892-2894. 

 

Matos, I., Serio, S., Lopes, M. E., Nunes, M. R. and Melo Jorge, M. E. (2011). Effect of the sintering 

temperature on the properties of nanocrystalline Ca1-xSmxMnO3 (0≤ x ≤0.4) powders. Journal 

Alloys and Compounds 509: 9617-9626. 

 

Mentus, S., Jelic, D. and Grudic, V. (2007). Lanthanum nitrate decomposition by both 

temperature programmed heating and citrate gel combustion comparative study. 

Journal of Thermal Analysis and Calorimetry 90: 393-397. 

 
Murray,  R. W. (2008). Nanoelectrochemistry: metal nanoparticles, nanoelectrodes, and 

nanopores. Chemical Reviews 108: 2688–2720. 

 Pan, K. Y., Halim, S. A., Lim, K. P. and Daud, A. M. (2012). Effect of sintering temperature on 

microstructure, electrical and magnetic properties of La0.85K0.15MnO3 prepared by sol-gel 

method. Journal supercond Nov Magn 25: 1177-1183. 

 

Pang, G. S., Xu, X. N., Markovich, V., Avivi, S., Palchik, O., Koltypin, Y., Gorodetsky, G., Yeshurun, 

Y., Buchkremer, H. P. and Gedanken, A. (2003). Preparation of La1-xSrxMnO3 nanoparticles by 

sonication-assisted coprecipitaion. Materials Pesearch Bulletin 38: 11-16. 

 

Panneer, M. I. and Bhowmil, R. N. (2012). Grain size dependent magnetization, electrical resistivity 

and magnetoresistance in mechanically milled La0.67Sr0.33MnO3. Journal of Alloys and 

Compounds 511: 22-30. 

 

Park, J. S., Kim, C. O., Lee, Y. P., Lee, Y. S., Shin, H. J., Han, H. and Lee, B. W. (2004) Influence of 

grain size on the electronic and the magnetic properties of La0.7Ca0.3MnO3-δ. Journal of Applied 

Physics, 96, 2033-2036. 

 

Philip, J. and Kutty, T. R. N. (2000). Preparation of manganite perovskites by a wet-chemical method 

involving a redoz reaction and their characterization. Materials Chemistry and Physics 63: 218-

225. 

Poulsen, F. W. (2000). Defect chemistry modeling of oxygen stoichiometry vacancy concentration and 

conductivity of (La1-xSrx)MnO3. Solid State Ionic 129: 145-162. 

 

http://www.sciencedirect.com/science/article/pii/S003810980400897X
http://www.sciencedirect.com/science/article/pii/S003810980400897X
http://www.sciencedirect.com/science/article/pii/S003810980400897X


© C
OPYRIG

HT U
PM

94 
 

Rao, C. N. (2000). Charge, spin, and orbital ordering in the perovskite manganates, Ln1-

xAxMnO3 (Ln = Rare Earth, A = Ca or Sr), Journal Physical Chemistry B, 104: 25. 

 
Reshi, H. A. and Shelke, V. (2013). Grain size Induced metal-insulator transition in La0.7Sr0.3MnO3 

Compound. Journal of Nano and Electronic Physic 5: 04053. 

 

Roy, S., Dubenko, I. S., Ignatov, A. Y.and Ali, N. (2000) Study of the colossal magnetoresistance 

properties of the compound La1-xSrxAyMn1-yO3 (A= Cr, Re). Journal Physic: Condensed 

Matter, 12, 9465-9479. 

 

Sahu, D. R., Roul, B. K., Pramanik, P. and Huang, J. L. (2005). Synthesis of La0.7Sr0.3MnO3 materials 

by versatile chemical technique. Physica B 369: 209-214. 

 

Singh, A., Aswal, D. K., Viswanadham, C. S., Goswami, G. L., Gupta, L. C., Gupta, S. K. and Yakhmi, 

J. V. (2002). Enhanced magnetoresistance in nanocrystalline La0.6Pb0.4MnO3 thin flims. Journal 

of Crystal Growth 244: 313-317. 

 

Siwach, P.K., Singh, H. K. and Srivastava, O. N. (2008). Low field magnetotransport in manganite. 

Journal of Physic: Condensed Matter 20: 2732011-43. 

 

Solanki, P. S., Doshi, R. R., Khachar, U. D., Vagadia, M. V., Rayalia, A. B., Kuberkar, D. G. 

and Shah, N. A. (2010) Structural, microstructure, transport, and magnetotransport 

properties of nanostructured La0.7Sr0.3MnO3manganites synthesized by co-precipitation. 

Journal of Materials Research, 25, 1799-1802. 

 
Stephen Berry, R., Bernholc J. and Salamon, P. (1991). Disappearance of grain boundries in sintering. 

Apply Physics Letters 58: 595-597.  

 

Sujittra, D., Chunpen, T., Ian, T., Charusporn, M., Sineenat, S.,Vittaya A., and Santi, M. (2009) 

Magnetic and cyoxicity properties of La1-xSrxMnO3 (0≤x≤0.5) nanoparticles prepared by a 

simple thermal hydro-decomposition. Nanoscale Research Letters 4: 839-845. 

 

Tanaka, J., Takahashi, K. ,Yajima, Y. and Tsukioka, M. (1982). Lattice constants of monoclinic 

(La0.8Ca0.2)MnO3. Chemistry Letters 1847-1850. 

 

Thorat, N. D., Khot, V. M., Salunkhe, A. B., Prasad, R. S. and Pawar, S. H. (2013). Surface 

functionalized LSMO nanoparticles with improved colloidal stability for hyperthermia 

applications. Journal of Physics D: Applied Physics 46: 105003. 

 

Tokura, Y. and Tomioka, Y. (1999). Colossalmagnetoresistance manganites. Journal of Magnetism and 

Magnetic Materials 200: 1-23. 

 

Töpfer, J. and Goodenough, J.B. (1997). LaMnO3+δ Revisited. Journal of Solid State Chemistry 130: 

117-128. 

 

Uskokovic, V. and Drofenik, M. (2007). Four novel co-precipitaion procedures for the synthesis of 

lanthanum-strontium manganites. Materials and Design 28: 667-672. 

 

Vazquez, C.V., Carmen, B. M., Arturo. L.M., Sanchez, D. R., Rivas, J. and Oseroff, B. S. (1998). 

Characterization of La0.67Ca0.33MnO3±δ particles prepared by the sol–gel route. Journal of 

http://www.sciencedirect.com/science/journal/00224596
http://www.sciencedirect.com/science/journal/00224596
http://www.jiscjournalarchives.ac.uk/openurl.html?ref=rsc2007/JM/1998/a707226k.pdf
http://www.jiscjournalarchives.ac.uk/openurl.html?ref=rsc2007/JM/1998/a707226k.pdf


© C
OPYRIG

HT U
PM

95 
 

Materials Chemistry 8: 991-1000. 

 

Venkataiah, G., Prasad, V. and Venugopal Reddy, P. (2007). Influence of A-site cation mismatch on 

structural magnetic and electrical properties of lanthanum manganites. Journal of Alloys and 

Compounds 429: 1-9. 

 

Vladimirova, E., Nassiliev, V. and Nossov, A. (2001). Synthesis of La1-xPbxMnO3 colossal 

magnetoresistive ceramics from co-precipitated oxalate precursors. Journal of Materials 

Science 36: 1481-1486. 

 

Von Helmolt, R., Wecker, J., Holzapfel, B., Schultz, M. and Samwe., K. (1993). Giant negetive 

magnetoresistance in perovskite like La2/3Ba1/3MnOx ferromagnetic films. Physical Review 

Letters 71: 2331. 

 

Wang, G., Wang, Z. D. and Zhang, L.D. (2005). Synthesis and magnetocaloric effect of 

(La0.47Gd0.2)Sr0.33MnO3 polycrystalline nanoparticles. Materials Science and Engineering: 

B 116: 183-188. 

 Wang, T, Fang, X. D., Dong, W. W., Tao, R. H., Deng Z. H, Li, D., Zhao, Y. P., Meng, G., Zhou, S. 

and Zhu, X. B. (2008). Mechanochemical effects on microstructure and transport properties of 

nanocrystalline La0.8Na0.2MnO3 ceramics. Journal of Alloys and Compounds 458: 248–252. 

 

Yadav, P. A., Deshmukh, A. V., Adhi, K. P., Kale, B. B., Basavaih, N. and Patil, S. I. (2013). Role of 

grain size on the magnetic properties of La0.7Sr0.3MnO3. Journal of Magnetism and Magnetic 

Materials 328: 86-90. 

 

Yang, J., Zhao, B. C., Zhang, R. L., Ma, Y. Q., Sheng, Z. G., Song, W. H. and Sun, Y. P. (2004). The 

effect of grain size on electrical transport and magnetic properties of La0.9Te0.1MnO3. Solid 

State Communications 132: 83-87. 

 

Yi, T., Gao, S., Qi, X., Zhu, Y. F., Cheng, F. X., Ma, B. Q., Huang, Y. H.,  Liao, C. S. and Yan, C. H. 

(2000)Low temperature synthesis and magnetism of La0.75Ca0.25MnO3 nanoparticles. Journal of 

Physics and Chemistry of Solids 61: 1407-1413. 

 

Zener, C. (1951). Interaction between the d shells in the transition metals. II. Ferromagnetic compounds 

of Manganese with perovskite structure. Physical Review 82: 403-405. 

 

Zhang, N., Ding, W. P., Zhong, W., Xing, D. Y. and Du, Y. W. (1997). Tunnel-type giant 

magnetoresistance in the granular perovskite La0.85Sr0.15MnO3. Physical Review B 56: 8138-

8142. 

 

Zhang, N., Yang, W., Ding, W. P., Xing, D. Y. and Du, Y. W. (1999). Grain size-dependent magnetism 

in fine particle perovskite, La1-xSrxMnOz. Solid State Communications 109: 537-542. 

 

Zhang, S. Y., Cao, Q. X., Zhang, M. L., Cai, L. and Yan, L. (2013). Effects of particles size on 

electromagnetic and microwave absorption properties of La0.7-xSr0.3MnO3±ϭ- Epoxy 

Composite. International Journal of Applied Ceramic Technology 12091:1-11 

 

Zi, Z. F., Sun, Y. P., Zhu, X. B., Yang, Z. R., Dai, M. J. and Song, W. H. (2009). Synthesis of 

magnetoresistiveLa0.7Sr0.3MnO3 nanoparticles by an improved chemical co-percipitation 

method. Journal of Magnetism and Magnetic Materials 321: 2378-2381. 

http://www.jiscjournalarchives.ac.uk/openurl.html?ref=rsc2007/JM/1998/a707226k.pdf
http://www.sciencedirect.com/science/article/pii/S0921510704004969
http://www.sciencedirect.com/science/article/pii/S0921510704004969
http://www.sciencedirect.com/science/article/pii/S0921510704004969
http://www.sciencedirect.com/science/article/pii/S0022369700000184
http://www.sciencedirect.com/science/article/pii/S0022369700000184
http://www.sciencedirect.com/science/article/pii/S0022369700000184
http://prb.aps.org/abstract/PRB/v56/i13/p8138_1
http://prb.aps.org/abstract/PRB/v56/i13/p8138_1
http://prb.aps.org/abstract/PRB/v56/i13/p8138_1

	2.1.2 Jahn-Teller Theorem



