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ABSTRACT

The crystal structure of nano-crystalline, BaTiOg, with the average particle size of 100 nm was investigated using el ect-
ron diffraction techniques. We characterized the precession electron diffraction system and then carried out the structure
determination using precession electron diffraction and conventional selected area electron diffraction. As aresult, it was
revealed that BaTiO; nano-crystalline exist as a mixture of tetragonal structure and cubic structure by precession electron
diffraction technique. In addition, it could be turned out that BaTiO; nano-crystalline is a core-shell structure consisted of
a tetragonal phased core and a cubic phased surface layer by theoretical calculation. The thickness of the cubic surface
layer was approximately 8.5 nm and the lattice parameters of cubic and tetragonal phases were a=3.999 A and a=3.999
A, c=4.022 A, respectively. Finally, it is expected that precession electron diffraction is more useful technique for structure
determination of complicated nano-crystalline materials because of its higher spatial resolution and minimization of

dynamical scattering effect.
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2 71953 g17] wjEel o]F $JsiAE MLCCe| zj=ql
BaTiO; 4] &=7|7} 9 nmel|A] =4 nm =712 #H4
o] o} 3t} (Wadaet d., 20033, b).
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Fig. 1. The schematic diagram of precession electron diffraction.
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Fig. 2. (a) Bright field image, (b) simulated kinematical electron diffraction pattern, (c) SAED pattern, and (d) PED pattern along the [100] zone

axis of the BaTiO; nano-particle.

Aok R} AR DR AAbwAE 8 E-
map (AnaliTEX) 22 71891 A4l 1, 5 A1ae] #4&
ELD x2 7% (Zouetal., 1993) o] g-3}ed Sa)3}9ic}.

dz 9 mE

Fig. 1% PED®] /=8 viehileh PEDeA: 1A}
2 A8 =gslr] Aol HaF 3 (beam deflection coil
== scan cail)el] 9]ste] ¢ (precession angle)Zr =12 A
Zol A eub 7leeinl Aeleld £xpAel AxeEe
sted 0=2n2] W AHL A3 A5el =23 A EE
343 & 389 o) AR P e nysh) 9l
3le] Al olel]l 9|3 HF U (descan coil)ol] ©]s)A
Zn} 2™ (diffraction plane)el] B=3} dX|sl= A=

o

f

A "ok oledt ez o AEtE
= el Al#zte] szt
B3l dofuies AAIAHE A T F Rz

o
o)
A
2
RJ
%
o)
&
«Q
I‘)'
i)
2
1o
%
£
N
i
rlr
ol
i)

A o] )} (Avilov et al., 2007).

Hog precession anglee] F5% o|%F e &3}
7b AH 3, e Balse] Z7beeh 2 Alwe)
7 o 2 FZel w2} precessionangleo] viF- 2 7,
ZOLZ (zero order Laue zone)2] 372743} HOLZ (high order
Laue zone)e] 3143le] FH o] 7] wge] A preces:



344

Korean J. Microscopy Vol. 39, No. 4, 2009

(b)

Fig. 3. Crystal structures of (a) cubic and (b) tetragonal BaTiOs. The green, blue, and red spheres denote Ba, Ti, and O atoms, respectively. The
arrows in (b) indicate the direction of displacementsfor Ti and O atoms with respect to the Ba atom.

Table 1. The calculation of pixel distance difference (AR) corresponded to the d-spacing of cubic and tetragonal BaTiO; crystal for the 150 mm

and 200 mm of cameralengths

Cubic Tetragona d-spacing and pixel distance difference
h k | d(A) h k | d(A) Ad(A) AR (pixel) CL 150mm AR (pixel) CL 200mm
0 0 2 1.9995 0 0 2 2.0168 0.0173 1.7 21
0 0 4 0.9998 0 0 4 1.0084 0.0086 33 41
0 0 6 0.6665 0 0 6 0.6723 0.0058 5.0 6.2
0 0 8 0.4999 0 0 8 0.5042 0.0043 6.6 8.2
0 0 10 0.3999 0 0 10 0.4034 0.0035 8.4 105
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Fig. 4. Electron diffraction patterns of [100] zone axis of the BaTiO; nano-particle; (a) SAED pattern, (b) PED pattern. (c) Intensity profile of the
(001) reflections and (d) (006) reflections from SAED and PED patterns, respectively.
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Fig. 5. Simulated kinematical electron diffraction patterns at [100] zone axis of the BaTiO; nano-particle; (@) SAED pattern, (b) PED pattern at

3° of precession angle.
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