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By the "breathing mode" a sequence of large 
and small Te-squares is formed in such a way 
that a big Te-square is located between two Nb 
atoms of short bond distance and a smaller Te 
square is formed when the Nb-at~ms are further 
apart. By the oscillatory motion of the libra
tion mode Te-Te pair bonds occur between Te a
toms of different antiprisms about (O,O,z) and 
about (1/2,1/2,z). The bond lengths vary 
between 2.90(1) A and 2.95(1) A . In the Nb
chain along c the bond lengths vary between 
3.08(1) A for a Nb-Nb pair and 3.96 A between 
Nb 3-groups. 
By the refinement calculations in the 'space
group P4 the following R-values ha0e beerr ob
tained R=0.062 for the modulated structure 
(1024 unique reflections), R=O.062 for the 
average structure (290 unique main reflec
tions) and R=O. 046 for the complement struc
ture (734 unique satellite reflections). 
The scale factor has been refined by the main 
re flections (average structure), ""hereas, the 
atomic shifts have been determined by the 
satellite reflections alone (complement struc
ture). 
The evaluation of the Patterson-function as 
vJell as a Fourier-synthesis confirm the ob
tained results. 

20.4-6 RE-EXAHINATION OF THE MODULATED STRUCTURE 
OF THE NaNO. IN ANTIFERROELECTRIC PHASE. 
By W.A. Paciorek and D. Kucharczyk, Institute for Lm'i 
Temperature and Structure Research, Polish Academy of 
Sciences, Wroctaw, Poland. 

The structure of the antiferroelectric phase of NaN02 
has been refined (Kucharczyk et al., Ferroelectric (1978) 
21, 445) for a mixed occupational and displacive modula
tion model. This \'laS later supported by theorethical stu
dies (Hichel, Phys, Rev. B (1981) 24, 3998; Hc Connell & 

Heine, Phys. Rev. Lett. (1981) 46,1091). However, due 
to a number of simplifications concerning the symmetry 
treatment, the refinement procedure and some arbitrary
ness in phase relationships of the modulating waves, the 
obtained structure is no longer the good base for more 
detailed studies. We decided, therefore, to reinvestiga
te this structure by applying the recently developed ap
proach to modulated structure determination. The special 
least squares program for modulated structures refine
ment by use of (3 + I)-dimensional symmetry (de Wolff et 
aI., Acta Cryst. (1981) A37, 625) has been "ritten byone 
of us (W.A.P.). The refinement \,as carried out in t"o 
superspace groups (see Table) with a data set of 214 re
flections (seven of them removed due to extinction rea
sons). At the begining, in addition to positional and 
anisotropic thermal parameters, only the individual oc
cupational waves were taken into account. Next, all the 
possible displacive waves were added. However, the com
ponents of the displacive "aves along x and z "ere pro
ved negl igibly small and consequently set to zero. Fur
thermore, the rigid body I ike behaviour of NO. group "as 
detected and for the final refinement all modulation pa
rameters of the Nand 0 atoms, \'/ere constrained. The 
final discrepancy indices obtained for different space 
groups for pure occupational and mixed modulation are as 
follows: 

TABLE 

Space Type of R-indices 
main 

groups modulation reflections sa te I lites common 
RM Rs R 

pI mmm 
0.0611 0.1617 0.0894 I !3 1 

pI 2mm 
occupa tiona I 

s s 1 0.0619 0.1380 0.0833 

pI mmm 
0.0553 0.0908 0.0653 T s 1 

pI 2mm mixed 
s s 1 0.0555 0.0822 0.0630 

The improvement due to the superposed displacive wave 
(displacement of ions along y, only) is evident. The dif
ference between the two space groups, solves the problem 
of phase shifts between the modulating waves. Contrary 

to PI 2 mm 
S S l' the PI ~ mm 

1 s 1 group excludes all relative 

phase shifts between the individual waves. The phase 
shifts, however, do exist as indicated by the significant 
lowering of Rs index (see Table). The occupational wave 
of NO. group is shifted in respect to Na+ ion wave by 
about 220. There are practicaly no phase shifts between 
the individual displacive and occupational waves. The 
ampl itude of the displacive wave of Na+ was found almost 
two times as big as that of NO., with the occupational 
ampl itudes being appro/imately the same. 

20.4-7 ANION INSERTION IN THE COMMENSURATE-
INCOMMENSURATE FERGUSONITE-LIKE PHASES CeNb04+x. By 
J. L. Hodeau and t-L !vlarezio. Laboratoire de Cristallogra
chie. C,N,R.S., associ~ ~ l'U.S.M.G., 38042 Grenoble
Cedex. France, and R. S. Roth, National 11easurements La
boratory, N.B.S. Weshington, D.C. 20234, U.S.A. 

The compound CeNb04 can be oxidized at relatively 101-/ 

temperatures (~ 600°C), the reaction products are discre
Te compounds CeNb04+x, x = 0.07, 0.25, 0.33. X-ray, elec
tron diffraction and electron microscopy results on the 
tHO first compounds are reported : 

Commensurate phase CeNb04 . 25 
The supercell is 12 times that of the fergusonite. Its 
structure Has determined by X-ray diffraction. The anion 
insertion mechanism corresponds to a rotation of one 
edge of the oxygen tetrahedra around some of the niobium 
atoms. The compression of the anion frameHork resembles 
that of Vernier structures. Oxygen clusters containing 3 
extra anions are formed. The cation displacement are 
rather smalL hOHever. the anion clusters are located 
close to those zones of the crystal Hhere the cation 
displacements are larger. The final values of the R fac-



G-464 20. SYMMETRY AND ITS GENERALIZATION 

tors and the difference Fourier analysis show that the 
superstructure is disordered and that shifts of the anion 
clusters can occur along the c

f 
fergusonite direction. 

Incommensurate phase CeNb04 . 07 
The modulation vectors occur in the (010) plane of the 
fergusonite lattice. the modulation can be reduced to 
only one incommensurate component which is along the cf 
axis. Its periodicity is the same for different prepara
tions of this phase. Studies of the relationship between 
an approximate supercell (29 times the fergusonite cell) 
and that of the fergusonite structure shows that the 
modulation seems to correspond to an irregulardistribu
tion of the cation distorted zones. These zones are where 
the anion insertion occurs. From the comparison of the 
X-ray intensity distribution in reciprocal space and the 
fact that the two phases CeNb4.07 and CeNb04.25COuld co
exist in the same crystal, it can be deduced that the 
same anion insertion mechanism is valid for both phases. 
The cation distortion is closely related to the tetra
gonal twin formation and the distortion distribution in 
the crystal is parallel to the twin walls (this does not 
hold when Ce is substituted by (La, Th». 

20.4-8 DISORDER-ORDER TR.ANSITION OF THE 
PALLADIUM-COPPER ALLOY BY HYDROGENATION. 
V.Sh.Shekhtman and V.F.Degtyareva. Institute 
of Sol~d state Physics, USSR Academy of 
Sciences, 142432 Chernogolovka, TlIoscow 
district, USSR 

The investigation of hydrogen interstitial 
solid solutions in Pd-Cu alloys has culmina
ted in the discovery of an lL~usual phenomeno~ 
hydrogen stimulates the ordering of the alloy 
lattice. Under usual conditions the ordering 
in Pd-Cu alloys occurs near compositions 
PdCu3 and PdCu; in alloys with a higher pal
ladium content (> 50 at%) the ordering is 
not realized. Early experiments on polycrys
talline samples had shown that in the alloy 
Pd~oCuyo the hydrogenation causes a tetrago
nal lattice distortion which is indicative 
of the ordering (Degtyareva et al., Phys.Stat 
Sol.,66a, 77, 1981). This structure transfor
mation has been studied in detail on a mono
crystalline alloy Pd~QCuyo held in an atmosp
here of hydrogen at PKa=11 kbar and T=300oC 
for 12 hours (the hydrogenation to the compo
sition-0.5). 

The study has been carried out by oscilla
ting Pd60Cu~o-H single crystal about the 
directions that correspond to (100), (0011 
and [110] of the initial cubic crystal. The 
oscillating-crystal X-ray photographs show 
the splitting of reflections which corresponds 
to the tetragonal lattice distortion. 

The appearance of superstructural reflec
tions have also been observed. By oscillating 
about [110]c\.l~.they formed pew layer lines 
wi th the identity period i '" CI..< .... f,:~. 

The analysis and indexing of X-ray photog
raphs for hydrogenated Pd60CU~O single cry
stal made it possible to present the crystal 
reciprocal lattice as a superposition of two 
tetragonal lattices which have a coincident 
axial vector a* and are mirror symmetrical 
to each other (see the figure). The trans
formation from the cubic structure to the 
tetragonal one is accomp~ied by twinning 
with invariant plane (011). The ordered 
tetragonal structure has the type CUAuI C.l:1.) 
the space group is P4/mmm. 

This type of ordered structure corresponds 
to the equatomic relation of the alloy compo
nents. Consequently, the ordering in PdCu 
alloy during hydrogenation is realized by 
CUAuI-type and not by the BCC (B2) one. 
probably, this is connected with the change 
in the electron concentration of alloys due 
to hydrogenation. 
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20. 4-9 STRUCTURE HODULATION OF Kxl-103 AND RELATION 
TO PHYSICAL PROPERTIES. R. Brigitte Krause, Northern 
Ill. U., DeKalb, IL 60115, USA, A. J. Schultz and H. 
Horiuchi, Argonne Nat. Lab., Argonne, IL 60439, USA, and 
H. G. Houlton and R. C. Horris, Florida State U., 
Tallahassee, FL 30206, USA. 

Kxl-l03 for 0.25~x~0.33 crystallizes in the hexagonal 
tungsten bronze structure. However, electron diffraction 
patterns show composition- and temperature dependent in
commensurate superlattice reflections along [00~1 and 
commensurate superlattice reflections within the a*-b* 
planes. The superlattices were attributed to ordering 
of the potassium vacancies within channels along the c
direction resulting in domains ranging between about 50A 
and 250A. The domain size is composition dependent with 
a discontinuity for x=0.25 where a phase transition 
occurs. This corresponds to a discontinuity for elec
tric transport properties. The commensurate super
latti.ces result from displacements of the ordered chains 
relative to one another. The superstructures within 
single crystals are not uniform, which is seen in high 
resolution electron microscope images. 

Single crystal neutron data of Ko. 26\,103 have shown that 
potassium vacancy ordering alone cannot aC40unt for the 
observed intensities of the super lattice reflections. 
Hodels for displacement of the oxygen atoms around the 
vacancies--similar to a sinusoidal modulation of the 
oxygen positions--or a strictly sinusoidal modulation 
yield a reasonable agreement between the observed and 
calculated OO~-data. 

This work was supported by the U.S. Department of 
Energy. 


