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Low-temperature Synthesis and Characterizations of LaFeAsO Nanocrystals
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Abstract: LaFeAsO as a parent compound of iron-based superconductor was synthesized at low temperatures. The

mixtures of La,0;, LaCl; and BaFe,As, were ball-milled and the pressed pellets were sintered at 500°C in vacuum.

And nanocrystals of LaFeAsO were formed during the solid-state reaction. The solid-state reaction temperature for

preparing LaFeAsO is 200°C lower than the literature reported. The average crystallite size of the as-prepared La-

FeAsO is less than 100 nm, as estimated by the X-ray diffraction Scherrer formula. Meanwhile, the ¢ axis of the unit

cell is increased by 0.001 nm, primarily stemming from the nanosize effect. Electrical resistivity measurement shows

that the spin-density-wave anomaly becomes unremarkable, accompanied by a significant decrease in the transition

temperature. The phenomena are discussed in terms of crystallite-size effect and the influence of lattice parameters.
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Fig. 1 XRD patterns of the samples in different stages of the
low-temperature solid-state reaction for synthesizing LaFeAsO
From bottom to top: (a) mixtures of La,03, LaCl; and BaFe,As;; (b) the
mixture after ball milling for 6 h; (c) the pellet sintered at 500°C for 50 h;
(d) the pellet re-sintered at 600°C for 50 h. As a comparison, the XRD
pattern of LaFeAsO polycrystals, prepared by a soild-state reaction at
1100°C, is also presented on the top
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Table 1 Lattice parameters at room temperature and the crystalline-grain sizes for the as-prepared LaFeAsO nanocrystals
and polycrystals

Lattice constant

Sintering temperature

grai?lrsize 500°C 600°C 1100°C
a/nm 0.4034(2) 0.4035(1) 0.40349(4)
¢/nm 0.8748(4) 0.8743(3) 0.87366(9)
1 (102) plane /nm 88 173 >1000
1 (200) plane /nm 99 304 >1000
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Fig. 2 SEM image (a) of the LaFeAsO sample sintered at 600°C

and typical EDX spectrum (b) for the small particles
The bright large-sized particles are insulating byproduct BaCl,. The
dark small-sized particles (~200 nm) are conducting LaFeAsO
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Fig. 3 Temperature dependence of resistivity for the LaFeAsO
samples sintered at 500°C, 600°C and 1100°C

The vertical axis of the lower plot adopts the derivative dp/d7, in
which the data are displaced downward for clarity
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Fig. 4 Temperature dependence of magnetic susceptibility for
the LaFeAsO samples sintered at 500°C right axis and 1100°C
leftaxis, respectively

The sample by solid-state reaction at 500°C basically shows a Cu-

rie-Weiss paramagnetic behavior, yet it deviates from the Curie-Weiss
fit (represented by the solid line) below 50 K
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