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We performed growth of the perovskite-type lanthanum lithium titanate (Li3xLa(2/3)-x (1/3)-2xTiO3, LLTO) crystals via cooling of 
halide fluxes. A stoichiometric mixture of Li2CO3, La2O3, and anatase-type TiO2 powders was used as solutes, and NaCl, KCl, LiCl, 
NaF, and binary system flux of NaCl-NaF were used as the fluxes for the growth. Based on systematic experiments, we found the
use of NaCl, and KCl resulted in the formation of single-phase M3xLa(2/3)-x (1/3)-2xTiO3 (M = Na, K) crystals via Li+ M+ ion-
exchange reactions. In addition, the flux growth in LiCl promoted formation of stabilized phases as byproducts, including
Li2La2Ti3O10, Li4Ti5O12, Li2Ti2O7, due to excess lithium ion-supply environment. We found addition of NaF to the NaCl flux
prevented the ion-exchange reaction and offered the formation of idiomorphic Li0.33La0.557TiO3 crystals without any byproducts. 
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Fig.1  Schematic illustration of Li0.33La0.557TiO3 structure. 
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Fig.2  XRD profiles of as grown crystals from (a) NaCl, (b) KCl 
and (c) LiCl fluxes. 
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Fig.3  SEM images of as grown crystals from (a) NaCl, (b) KCl, 
and (c) LiCl fluxes. 

Fig.5  (a) XRD profiles of the as grown crystals from NaCl-NaF 
binary flux system and ICDD PDF of Li0.33La0.557TiO3 (87-0935), 
and Li0.5La0.5TiO3 (89-4928) (b, c, d) SEM images of the as grown 
crystals. 

Fig.4  XRD profile and corresponding SEM image of the as grown 
crystals from NaF flux and ICDD PDF of Li0.5La0.5TiO3 (89-4928). 

－48－

Journal of Flux Growth Vol.9, No.2, 2014



References 
1) S. Stramare, V. Thangadurai, W. Weppner, Chem. Mater. 

2003, 15, 3974. 
2) Y. Inaguma, L. Chen, M. Itoh, T. Nakamura, T. Uchida, M. 

Ikuta, M. Wakihara, Solid State Commun., 1993, 86, 689. 
3) A. G. Belous, G. N. Novitskaya, S. V. Polyanetskaya, Y. I. 

Gornikov, Neorg. Mater., 1987, 23, 470e472 (English 
translation : Inorg. Mater. 1987, 23, 412e415.). 

4) A. G. Belous, G. N. Novitskaya, S. V. Polyanetskaya, Y. I. 
Gornikov, Zh. Neorg. Khim., 1987, 283e286 (English 
translation : Russ. J. Inorg. Chem., 1987, 32, 156e157.).  

5) For example, D. F. Nelson, J. P. Remeika, J. Appl. Phys., 1964, 
35, 522. 

6) J. L. Fourquet, H. Duroy, M. P. Crosnier-Lopez, J. Solid State 
Chem., 1996, 127, 283. 

7) Y. Inaguma, L. Chen, M. Itoh, T. Nakamura, T. Uchida, H. 
Ikuta, M. Wakihara, Solid State Commun., 1993, 86, 689e693. 

8) Y. Inaguma, Y. Matsui, Y.-J. Shan, M. Itoh, T. Nakamura,  
 

Solid State Ionics, 1995, 79, 91e97. 
9) A. Mei, X.-L. Wang, Y.-C. Feng, S.-J. Zhao, G.-J. Li, H.-X. 

Geng, Y.-H. Lin, C.-W. Nan, Solid State Ionics, 2008, 179, 
2255e2259. 

10) K. Y. Yang, J. W. Wang, K. Z. Fung, J. Alloys Compd., 2008, 
458, 415. 

11) A. Rivera, C. Leon, J. Santamaria, A. Varez, M. A. Paris, J. 
Sanz, J. Non-Crystal. Solids, 2002, 307, 992. 

12) Y. Inaguma, T. Katsumata, M. Itoh, Y. Morii, J. Solid State 
Chem., 2002, 166, 67. 

13) K. Kishida, N. Wada, H. Adachi, K. Tanaka, H. Inui, C. Yada, 
Y. Iriyama, Z. Ogumi, Acta Mater. 2007, 55, 4713. 

14) T. Wohrle, P. Gomez-Romero, T. Fries, K. West, M. R. 
Palacin, N. Casan-Pastor, Ionics 1996, 2, 442. 

15) K. Kitaoka, H. Kozuka, T. Hashimoto, T. Yoko, J. Mater. Sci. 
1997, 32, 2063. 

16) J. Ibarra, A. Varez, C. Leon, J. Santamaria, L. M. Torres-
Martinez, J. Sanz, Solid State Ionics, 2000, 134, 219. 

 

Journal of Flux Growth Vol.9, No.2, 2014

－49－


