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ABSTRACT

The three dimensional (3D stnicture of an inorganic crystal, SmZngs78b o (space group P4/nmm, a = 4,26 &

and ¢ = 10.37 &) was solved by electron crystallography. High resolution electron microscopy (HREM) images

from 3 different major Zone axes and selected area electron diffraction patterns from 16 different zone axes

were combined to obtain a 3D information. A crystallographic image processing (CIF) of HREM images was

uzad for more aconrate determination of the crystal structure. Ag a remult of this electron crystallography,

average phase errors (.. of [001], [100] and [110] HREM images are 17.0°, 8.3% and 21.9%, respectively, X

ray erystallography of SmZnyg73b; has attempted to compare ascuracy of the stmicture determination by
slectron crystallography, which resulted in the cell parameters of a=4.2976(¢) A and ¢=10,287(2) A, and the

R factor(R,,,.) of 4.16%,.
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Fig. 1. Tilting series of the three zone axes and construction of the reciprocal space (the blacle arrows indicate the tilling sequence).

Table 1. Cell param etera of 3mZi, 5,50, detarmined by diffraction pattern series

Experimental tilting angle (*)

Tons axes . (;a.lculaiedo Estimated cell
«1 1 - V2 Tilting angle tilting angle () parameters
[110] 2.7 11.1 - - - - a=4.364, 0 =905
#1 [320] 27 11.1 1.6 -0.1 11.25 11.31 b=4.414 B=904°
[210] 1.6 -0.1 0.9 =19 7.83 T.13 e=10174A, y=908°
[310] 0.9 -79 0.0 —159 8.05 8.13
[101] 15.1 17.2 - - - - a=4.264, 0=919"
) [201] 151 17.2 6.1 1.2 18.10 17.21 b=431A B=912°
[3o01] 6.1 1.2 0.1 -83 11.22 11.53 o=10204, y=50.4°
[401] 0.1 —-83 -38 —153 8.18 769
[110] 2.7 11.1 - - - - a=4.324, 0=919°
i [441] 27 11.1 26.0 8.0 23,49 22,94 b=4.344, B=907"
[331] 26.0 8.0 322 6.7 6.30 6.49 o=10274, y=90.2°
[221] 322 6.7 43.0 5.3 10.86 10.81

Average cell paramestersa= 4314, b=4.354, c=10.244, ©=91.4", F=90.8", y=605"
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Fig, 2. Parta of the ED patterns uzed for 3D reciprocal apace construction of the SmZn, =b, sfructure.
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Fg, 3. The defocus and astigmatiam values in the [100] HREM image were estimated from the dark rings in the FT using an
elliptical approximation by CRISE: a) original image; b) FT of the a); ¢) CTF approximation; dy applied image.

Table 2, Summary of image processing of the HREM images

Zone axdiz Cell param eters 2D symmetry No. of unique reflections RA (%) ibm %)
[a01] a=4729b=428 y=250° pd 11 48.0 17.0
[100] a=1039,b =421, y=290° prog 23 343 8.3
[110] a=1032,b =303, y=290° prnm 18 i7a 219
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al., 1996).
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Fig. 4. The [100] projected potential maps of SmZr,z.5b, af varions stages of the image processing: a) original image; b) lattice
averaging of the original image; ¢) After imposing the symmetry; d) After correction of CTF and imposing the symmetry.
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Fig 5. Image processing of the three major zone axes [001], [100] and [110] : a) ED patterns of the corresponding zone axes; b)
original averaged Images; ¢) lattice averaged maps of b);, d) the final projected potential maps after CTF correction and
impoging the symmetry.



KEim JFatal

o} Fig 4-dx CTFe A * Jxle »A49 44
ole, CTF 2 Ae]| #3F phase shifts] J3h& 44 &
+ 9l

Fig 4-dsf &2 whge= ﬂrﬂi%] T A A
WEEe w ME P= o|m|R = CIPE 4
st 47he] g Table Eﬂr Fig, 5¢] fepfigich
Table 26|41 fepd AXYE Zpzpe] 2x0dA HAalg2
p4, pmg, pmmel| o] FH, o 2HE o-F2 THL
Z 43 FANA ] Sl o-F2 T c3gwe] 24
2, (100yA= (110)94) AL A5z sldx
Ag dE & F gk =3t A2 A== (RA%))S]
el oha w2 A2 CTFY ooz o3 AHeln,
0 A Are H4e AdA gt e
o FE =y o ¥E HPH AZHAE FE4 o
Harl i Foe Audd s Ho s Habatd e
W HEY 93 =2 55 A4 $34 e &

3} TEE]

3D Structure Analysis of SmZng g5, by TEM 261

A2 Y24 FAFH7] B4 phase restriction = 473
o Adztg Fote] A delHE JSotyct

A 4 Qhsd A8 ARG 99
A ZFZEs] #7 potential map 2 ZHE] contour mapE
zpA el I (Fig. 6), 2 whake] 22w ql 47 S=5
Table 3¢ R4}, Table 38 Asm 71= 3 [001]
vheke R N E (z, v, 0)FRE AR [100] Wk
EZNE (0, v, 2FH2E AAsE 2, [110] vlgFe ey
B (0,0, 22 g Aty 2 whake] 22 f=
g 23] 4= 2] 10708 4AEs) Fme ¥
of & 4 glgict [110] whakell A ] Saish swle] =}
PR T @Al AR (~10384)7F a2 24
F(1L174)8 2357 Bad 228 2o 57 43
Glgs BoyF

ot Te AARIALE o142
GelAl AFH ot ol AR

TEEHH e
Aol A ¥ B AR o

Table 3, 2-dimensional afomic coordinates of the three zone axes from the contowr maps

Atoms Mo,
1 2 3 4 5 6 7 3 9 10
[001] b4 0.250 0.250 0,750 0.750 - - - - - -
¥ 0.250 0,750 0,750 0.250 - - - - - -
[100] ¥ 0.252 0,748 0,750 0.250 0.251 0749 0.750 0.250 0.252 0748
z 0.005 0.005 0.173 0.272 0.503 0.497 0728 0.827 0.995 0,995
[110] +y 0.001 0.999 0.500 0.000 1.000 0,523 0.001 0,999 - -
b4 0.000 0.000 0.200 0.500 0.500 0797 1.000 1.000 - -
H 0750 0,250 0,730 0.250 0750 0,250 0750 0,250 0750 0,250
3-D ¥ 0.252 0,748 0,750 0.250 0.251 0749 0.750 0.250 0.252 0748
z 0.005 0.005 0.173 0.272 0.503 0.497 0728 0.827 0.995 0,995

Fig, 6. Contour maps of the major zone axes for determ ination of the atomic coordinates.
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Table 4, Comparizon of the crystallographic data between -
ray and electron crystallography

Elactron Crystallography

H-ray
Crystallogtphy  pitfraction pattems  HREM
Crystal system Tetragonal Tetragonal Tetragonal
Syrnrmetry group P4 jnmm Pd/nrmm P4 fmmm
a (k) 4. 2976(8) 4.31 416
b (&) 4.2976(8) 4,35 4.26
e (A 10.287(H 10.24 10.37
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Fig. 7. A stereopairs view with 5° tilting angle of the SmZn, .,%h, stuchre determined by X -ray analyais,
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Table 5. Atomic coordinates for SmZny, gob, obtained by X -ray and HREM images

H-ray HEREM Deviations
Atoms o ¥ z H ¥ z Ax Aw Az
2m 0.2350 0.250 0.2632 (1) 0.2350 0.250 0.272 0.0 0.0 —0.00%7
3h(l) 0.250 0.250 0.8377(1) 0.250 0.250 0.827 0.0 0.0 0.0107
b (2) 07350 0.250 0.300 0,750 0.251 0.303 0.0 —0.001 —0.003
Zn 07350 0.250 0.000 0,730 0.252 0.003 0.0 —0.002 —0.005
[001] [ 100] [110]
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