
C-462 20. SYMMETRY AND ITS GENERALIZATION 

20.4-3 DETECTION OF MODULATED STRUCTURE In 
PROUSTITE; By S.S. Khasanov, V.Sh. Shekhtman, 
I.M. Shrnytko, Institute of Solid State 
Physics, 142432, Chernogolovka, USSR 
It has been found (see P.J.S.Ewen, \V.Taylor and 
G.L.Paul, J.Phys.C: Solid state Phys., 16, 
(1983) 6475-6490) that at 28 K the trigonal 
proustite crystals (Ag3 ASS3 ) undergo the first 
order transition into the ferroelectric phase 
accompanied with the symmetry decrease up to 
the triclinic. It is also known that near 60 K 
noticeable anomalies of physical properties of 
proustite are observed. It is supposed to be 
due to the second order transition. The present 
paper deals with the x-ray study of prou§tite 
in the region of 60 K. 
The results of this paper unambiguously evide
nce that below 60 K a modulated structure is 
formed in the proustite crystal. Each reflec
tion of parent structure seen in the oscilla
ting-crystal photographs taken below 60 K is 
surrounded by several marked satellite reflec
tions (six in the general case), which are 
absent above 60 K. Below 28 K these satellites 
also disappear due to the phase transition 
occuring at this temperature. The diffraction 
pattern observed in the temperature range 28-
60 K can be explained only' by the onset of stru
cture modulations along the appropriate direc
tions. As the analysis of the satellite refle
ction arrangrnent shows, their related modula
tion wave vectors are oriented alon~ the symme
trical directions ['10.1.]"', [01.1]",[1'1.1/ of the 
reciprocal space, the magnitude of ~Dy vectors 
being approximately 1/3 of the distance betweaD 
the reciprocal lattice points in the correspo
nding direction. Precision measurements of the 
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modulation wave vectors enabled us to establ
ish the incommensurability of modulation in 
the temperature range 50-60 K and to reveal 
incommensurate-commensurate transition at 50K. 
The modulation wave vector component along the 
polar C-axis of crystal is commensurate and 
equals 1/3 c* at temperatures below 50 K. Abo
ve this temperature it becomes incommensurate. 
The figure shows temperature dependence of the 
parameter S wich characterizes the incommen
surate wave number Kc = (//3 - S) C* • The basal 
plane component remains constant and equals 
1/3 a*. 
Thus, the direct diffraction experiment has 
revealed the modulated structure in proustite. 
It has been shown that in the region of 60 K 
Ag,AsS3 crystals undergo successive phase tra
nsi tions: symmetric phase ~ incommensurate 
phase SOK .. commensurate phase. 

20.4-4 INCOl'1l'1ENSURJI.TE PHASE l\ND SUPERLATTICE 

OF LiKS0 4 . By xie Si-shen,Liang Jing-kui and Li 

Yin-yuan. Institute of Physics,Academia Sinica, 

LEIJING,China. 

The phase transition of LiKS0 4 above RT have 

been investigated by means of X-ray powder di

ffraction and thermal analysis(DTA and DSC) .The 

X-ray diffraction patterns were taken with a 

Guinier-Lenne camera at the temperatures 695°C, 

G90°C, 540°C, 470°C, 440°C, 370°C and RT. It is 

established that the crystal structure of LL~S04 

Detween the melting point and G75°C is isomor

phous to oL -K 2 S0 4 , its possible space group be

ing P6 3 /mmc.Cooling below Ti =675°C,there occurs 

~he modulated structure, which is analogous to 

the incommensurat phase in ](21'10
4
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and the parameter changes with the temperature 

from O.4S2(640t) to O.500(470t). At 470t I---C 

phase transition(lock-in) takes plase, after 

which the crystal structure becomes the super

lattice of the RT phase(P6
3
). The unit cell of 

the superlattice is 4 times larger than that 

of RT structure with a'=2a and c'=c. At 439°C 

the superlattice disapears with the release of 

latent heat. No incommensurate phase is found 

belcw R~. 

20.4-5 THE MODULATED STRUCTURE OF NbTe 4 . 

By H. BBhm and H.G. v. Schnering,Max-Plank-In
stitut fur Festkorperforschung, Stuttgart,FR
Germany. 

The tetragonal structure of NbTe
4 

has been 
determined by Selte and Kjekshus (Acta. Chem.
Scand. (1964) 18, 690). The Nb-atoms occupy 
the centers of tetragonal antiprisms of tellu
rium. These authors did not consider the week 
satellite reflections, which are observed 
along c* and which require a doubling of the 
a-axis and an approximate trippling of the c
axis. 
Owr. measurements confirm that the period of 
the modulation along c and the period of the 
average structure are not commensurate; for 
the period of the modulation a value of 
M=3.20(S)c has been determined. The basic 
structure is discussed in a C-centered set
ting. In order to use existing refinement pro
grams the structure has been treated as a 
threefold superstructure (M=3). 
The refinement calculations show, that in the 
tetragonal basic structure the Nb-atoms are 
modulated along c according to a longitudinal 
wave. The squares of the Te-atoms are affected 
by three modes : a longitudinal mode along c, 
transversal shifts of the atoms according to a 
"breathing mode" and a libratior about the 
c-axis. By the longitudinal wave a sequence of 
Nb 3-groups, Nb?-pairs and isolated Nb-atoms is 
formed. -
The wave affecting the atoms in the column at 
(O,O,z) and the one affecting the atoms at 
(1/2,1/2,z) in the C-centered setting have a 
phase shi ft close to Y. 
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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-


