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At a temperature above 1173 K the spinel-type structure of CdHo& becomes unstable and gradually 
transforms into a rocksalt-type structure. During transition both Cd*+ and Hoa+ cations shift. Electron 
diffraction patterns obtained during transition show that the Cd, which shifted from a tetrahedral to an 
octahedral site, distorts the sulfur lattice. This distortion becomes visible as a modulation of the sulfur 
matrix. The modulation originally occurs in many crystallographic directions, however, upon anneal- 
ing the (111) direction becomes preferred. Small domains of the high-temperature structure of 
CdHozS, appear to occur also in sampies that were annealed well below 1173 K for a long period. 

Introduction 

The well-known structure of the mineral 
“spinel” has been observed for many ter- 
nary oxides and sulfides (I, 2). In the sim- 
plest cases the spine1 structure is adopted 
with AZ+ and B3+ cations occupying 4 of the 
tetrahedral and & of the available octahedral 
sites in a cubic close-packed X2- anion lat- 
tice. Depending on the cation radii the an- 
ion lattice can deform, making the octahe- 
dra smaller and at the same time the 
tetrahedra larger (the anion parameter x can 
change from 0.375 to 0.390). The coordina- 
tion is mostly not ideal in this structure, and 
the geometry is, as the charges are com- 
pletely compensated around the X anion 
according to “Pauling’s rule” (3). Each X 
is surrounded by three B3+ in 6-coordina- 
tion and one A2+ in Ccoordination. More 
complex spinel-type structures also occur: 

* To whom correspondence should be addressed. 

so-called inverse or partly inverse spinel. In 
these structures the occupation of the tetra- 
hedral and octahedral sites by A2+ and B3+ 
can vary. In completely inverse spine1 the 
tetrahedral site is occupied by B3+ and the 
tetrahedral sites by A2+ and B3+. It is worth 
noting that the condition of charge compen- 
sation is less strict in sulfur compounds 
than in oxygen compounds due to the polar- 
izability of sulfur. 

A number of sulfospinels are formed with 
Cd2+ or Mn2+ and several trivalent rare 
earth cations. The radius ratio of the cat- 
ions, together with the possible deforma- 
tion of the sulfur lattice, determines to a 
large extent whether the spinel-type struc- 
ture is adopted. For example, compounds 
MnRE2S,, with RE = Tm, Yb, and Lu, and 
compounds CdRE2S4, with RE = Ho, Y, 
Er, Tm, Yb, and Lu, all crystallize in a 
spinel-type structure (I, 2, 4). In the latter 
compounds the radius of the Ho3+ cation 
limits the stability of the spinel-type struc- 
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ture. When Ho3+ is replaced by the slightly 
larger Dy3+ the compound adopts the 
Th,P,-type structure (5). X-Ray diffraction 
studies report the structure of CdHo& as 
that of a normal spine1 with a lattice param- 
eter asp = 11.167 or 11.168 A (6, 7). How- 
ever, one X-ray diffraction study reports a 
lattice parameter asp = 11.24 A (8) and sug- 
gests the structure to be that of an “inter- 
mediate” spine& meaning that for this com- 
pound only 60% of the Cd2+ is occupying a 
tetrahedral site. It should be pointed out 
that this study does not claim any inverse 
character for the structure. This implies 
that the remaining 40% of the tetrahedral 
sites are vacant and thus not occupied by 
Ho3+. In order to clarify the noted discrep- 
ancies a number of CdHo,S, samples were 
heated to different temperatures and exam- 
ined by means of powder X-ray diffraction 
and electron microscopy diffraction. 

Experimental 

CdS and Ho3S3 were prepared by heating 
the oxides contained in graphite crucibles 
using a h.f. induction furnace in a stream of 
H2S gas. The diffraction patterns of the 
sulfides were recorded on a Philips powder 
diffractometer (CuKa, A = 1.5418 A). Equi- 
molar mixtures of CdS and Ho3S3 were sim- 
ilarly heated between 1173 and 1373 K for 2 
hr and air-quenched. Also, a mixture was 
heated to 1173 K and annealed at 973 K for 
2 weeks. Finally, one sample was kept for 
24 h at 1173 K and air-quenched. After ex- 
amination by X-ray diffraction the samples 
were crushed, dispersed in alcohol, and 
mounted on a 400-mesh copper grid, coated 
with Formvar/carbon holey film. These 
were examined in a Siemens Elmiskop 102 
fitted with a double tilt and lift cartridge and 
operating at 100 and 125 kV. To be able to 
determine lattice constants from electron 
microaaphs, the camera length AL was cal- 
ibrated versus the objective current using 
an Al film. Images were recorded on Kodak 

electron image plates and developed for 7 
min in D19. 

Results 

a. X-Ray Powder Diffraction 

The powder diffraction results for the 
heated samples clearly show the effect of 
temperature treatment. The diffraction pat- 
terns indicate that besides a CdHozS4 
spinel-type phase a second phase is also 
formed. This second phase appears to be 
CdHolS,.l The enrichment in Ho is a result 
of evaporation of CdS at the operating tem- 
perature of 1173 K. The lattice parameter 
for CdHo& annealed at 973 K was calcu- 
lated from the powder pattern: a(spine1) = 
11.17(l) A. In the other powder patterns 
peaks from CdHozS4 broaden and an in- 
crease in background is observed as the 
heating temperature increases. The spine1 
lattice parameter obtained from these pow- 
der patterns, however, remains the same. 

6. Electron Microscopy/DifSraction 

Three types of sample, all with composi- 
tion CdHo& but different in heat treat- 
ment, were examined using a double tilt 
and lift device in the electron microscope. 
From all samples a large number of differ- 
ent reciprocal lattice sections and corre- 
sponding micrographs (bright and dark 
field) were obtained. The most relevant 
ones follow. 

1. Sample heating: temperature T = 973 
K for 2 weeks. The selected area diffraction 
pattern in Fig. la shows a ( 110) reciprocal 
lattice section of a crystal with a spinel-type 
structure: a(spine1) = 11.15(5) A. Other lat- 
tice sections could also be indexed using a 

1 The structure of CdHo& is monoclinic, C2/m. It 
is isostructural with Y,S, (9) and can be described as 
mimetic twinned c.c.p. The d(OO1) spacing is thus ap- 
proximately 7xd(l13),.,.,. (to). The unit cell parame- 
ters are a = 12.75, B = 3.81, c = 11.45 A., fl= 105.63” 
(2). 
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F >IG. 1. (a) A ( 110) reciprocal lattice section of a crystal with composition CdHo& and heated 
KE or 2 weeks. Indices refer to a spinel-type unit cell. (b) Micrograph of a similar crystal. In the t 
reg ion of the crystal, domains extend over 20 A. 

at 973 
hi] nner 
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spine&type unit cell. Micrographs from 2. Sample heating: 1173 K < T < 1373 K 
most crystals show a rather inhomogeneous for 2 hr. Samples now are in a transition 
contrast in both bright and dark field. In state, which can be seen from the ditfrac- 
some crystals, however, small regions con- tion patterns in Fig. 2. In Fig. 2a, which is 
taining domains can be observed. For ex- indexed using a NaGl-type unit cell (a = 4 
ample, in Fig. lb in the thinner part of the a(spine1)) with a lattice parameter a = 
crystal the domains are approximately 20 
A. 

5.65(3) A, diffuse scattering can be ob- 
served besides the Bragg reflections. The 

FIG. 2. (a-c) (110) Reciprocal lattice sections of CdHo& crystals heated between 1173 and 1373 K 
for 2 hr. Diffuse circles and streaking indicating the transition state are visible. Note the maxima in the 
diffuse circles along f(111) and in (c) the additional intensity besides the (drawn) ditfuse circles. Prom 
(a) to (c) the indicated reflection (typical for spinel) disappears completely. Indices refer to a rocksalt- 
type unit cell. (d) A (110) reciprocal lattice section of an ill-defined CdHo& crystal. Note that there 
are no maxima in the diffuse circles. 
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reflection indicated by the arrow is typical 
for spine1 and can be compared with the 
reflection in Fig. la. The intensity of this 
reflection is lower than the intensity of the 
corresponding reflection in Fig. la. In the 
following diffraction patterns the intensity 
gradually becomes zero (Figs. 2b and c). 
What remains is diffuse intensity besides 
the NaCl-type reflections. At the same time 
the lattice parameter slightly increases from 
5.69(3) to 5.72(3) A, respectively, for Figs. 
2b and c. The diffuse scattering is typical 
for the end of the transition from spine1 to 
rocksalt structure. Diffuse lines run along 
the equivalent directions g( 111). Around 
each basic spot the diffuse lines go into 
diffuse circles; the most intense are those 
around the (111) reflections. In most cases 
there are distinct maxima (satellites) in the 
diffuse circles in the direction S( 111). Some 
rather ill-defined crystals, however, show 
no maxima in the diffuse circles (Fig. 2d). 
Using only the maxima a splitting G/AG = 
10.3(2) is measured for the diffraction pat- 
terns of Fig. 2. In Fig. 2c extra intensity 

besides the radius of the diffuse circle is 
observed and also weak maxima modulat- 
ing the intensity of the streaks. In order to 
examine the intensity around the transmit- 
ted beam additional images were recorded 
using a much longer cameralength. Around 
the transmitted beam, in only one case very 
weak diffuse maxima could be detected. 

The (111) and (100) reciprocal lattice 
sections (Figs. 3a and b, resp.) show satel- 
lites without diffuse circles, which are most 
clear around the high-order reflections. Ob- 
viously they appear to be due to the spread- 
ing of the maxima and to the curvature of 
the Ewald Sphere. The reciprocal lattice 
sections show that there are a total of eight 
satellites (maxima) orientated cube-like 
around each Bragg reflection. In the (111) 
reciprocal lattice section (Fig. 3a) a rather 
diffuse reflection at the position (Q, Q, +) also 
appears, which becomes sharper and 
stronger as the transition from spine1 to 
NaCl type is more complete. Associated 
with this reflection are very weak diffuse 
lines, forming a triangular net (too weak to 

FIG. 3. (a, b) (111) and (100) reciprocal lattice sections of similarly heated CdHo& crystals. 
Satellites become visible around the high-order reflections. The a,, (3)112 superreflection in the (111) 
section is indicated. Indices refer to a rocksalt-type unit cell. 
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FIG. 4. Dark-field image obtained using a (11 l)Nacr reflection in a ( 110) reciprocal lattice section 
Circular domains are 20 A in size. 

reproduce on the print). A dark-field image, 
Fig. 4, obtained using a (111) reflection 
from the (110) section (Fig. 2c) shows a 
domain texture. The domains are approxi- 
mately 20 8, in size and are circular in 
shape. Note that there is only poor align- 
ment between the domains. 

3. Sample heating: T = 1173 K for 24 hr. 
Bright-field images obtained from these 
samples show that the domains tend to 
align in rows (Fig. 5), while size and shape 
do not change (compared to Fig. 4). In the 
corresponding diffraction pattern (Fig. 6) 
new first- and second-order maxima are 
now visible (compare the additional inten- 
sity in Fig. 2~). Other lattice sections (like 
the (100) and ( 111)) indicate that the origi- 
nal satellites are still present under the new 
maxima, while the new maxima along 
g( 111) do not appear in these sections. 

Satellite Reflections 

The type of satellite observed in the dif- 
fraction patterns described in the previous 
section is also observed in some alloy sys- 
tems, for example, Au-Ni (II) and Cu- 
Ni-Fe (12, 13). The structural features as- 
sociated with this diffraction effect are 
known as “spinodal decomposition” (14). 
In the spinodal region of decomposition 
small volumes of a second phase tend to 
align along certain “soft directions”2 in the 
structure of the alloy. This means, in the 
case of the Cu-Ni-Fe alloy, for example, 
the formation of alternate Cu-rich and Cu- 

’ Distortions usually occur in the so-called crystallo- 
graphic “soft” directions. This is determined by the 
elastic moduh. In cubic crystals there are three inde- 
pendent moduli: Cll, C,,, and CM (21). The sign of 
2C4 - Cl1 + Cl2 determines the distortion direction. 
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FIG. 5. Bright-field image from a CdHo&, crystal heated 24 hr at 1173 K. Domains of 20 A are 
aligned in rows. 

FIG. 6. Corresponding reciprocal lattice section. First- and second-order reflections due to cation 
ordering appear above the satellites of the lattice distortion. Indices refer to a rocksalt-type unit cell. 
The drawn circles represent the shape of the original diffuse circles like in Fig. 2. 

FIG. 7. Schematic representation of sulfur layers and cations in both spinel-type structure and 
rocksalt-type structure. 
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poor lamellae, and of larger and smaller 
lattice spacing. When coherency is retained 
the result is a periodic modulation of the 
matrix. It is believed that this state pro- 
ceeds the usual process of nucleation and 
growth. 

The early analysis of this type of satellite 
showed that the modulation can be de- 
scribed by a regular variation of scattering 
factor or of lattice spacing (2.5, 16). It failed 
in the description of the satellite intensity 
because a wrong periodic function, describ- 
ing the new crystal periodicity, was used. 
The formulation of a rectangular-shaped 
(rather than sinusoidal) periodic function, 
in conformity with the structural aspects, 
made it possible to give a more adequate 
description of the satellite intensities (for 
example, the intensity of first- and second- 
order satellites as a function of the ratio- 
distorted to -undistorted matrix) (17). Us- 
ing this theory it is possible to derive the 
direction and wavelength of the modulation 
vector from the position of the satellites. In 
the expression for the wavelength A,,kl, 

A .h G( hkl) 
hkl = h2 +“‘k2 + 12-x’ (1) 

G(hkl) is a reciprocal lattice vector in di- 
rection (hkl), AG is the spot splitting, u. the 
lattice parameter and h the order of the 
reflection. From the equations for the satel- 
lite intensity it follows that the scattering 
contribution from the variation in scattering 
factor is weak compared to the contribution 
from the variation in lattice spacing. The 
contribution to the satellite intensity 
around the transmitted beam due to the var- 
iation in lattice parameter is zero, and the 
contribution from scattering factor is not 
zero. As it is difficult to record exact inten- 
sities in the electron microscope, only the 
location of the satellites will be used to find 
the microstructure for the compound 
CdHo,S, during and after the transition 
from “spinel” to “rocksalt” structure. 

Discussion 

The electron microscopy and X-ray dif- 
fraction results confirm the existence of a 
spinel-type structure for CdHo,S, below 
1173 K. Samples of CdHo2S4 heated above 
this temperature (Fig. 2) indicate the occur- 
rence of a “transition state.“3 At approxi- 
mately 1273 K CdS evaporation is so dras- 
tic that the compound CdHo$, is formed. 
From the distribution of the diffuse scatter- 
ing it is possible, using the theory described 
under “satellite reflections,” to obtain in- 
formation on the transition state structure 
of CdHo,S,. Later, this information will be 
used to discuss the low-temperature 
results. 

The diffraction patterns of Fig. 2 show 
that the spinel-type structure at high tem- 
perature gradually transforms into a rock- 
salt-type structure. Diffuse scattering is in- 
dicative for a nonrandom distribution of 
Cd2+, Ho3+, and vacancies over the octahe- 
dral sites. The correlation does not seem to 
be due to coulombic interactions. Such in- 
teractions would most likely produce 
“clusters” (compare observations in the 
system MnS-Y,S, (18)). However, the dif- 
fuse scattering distribution in the ( 110) sec- 
tions of CdHo2S4 cannot be described using 
the “Cluster theory” (19). 

On transition of spine1 structure into 
rocksalt structure the Cd2+ cations have to 
move from a tetrahedral to an octahedral 
site. Comparison of the radii for 6-coordi- 
nation for Cd2+ and Ho3+, Y = 1.09 and 1.05 
A, respectively (20), shows that Cd2+ is 
slightly larger than Ho3+. Due to the dimen- 
sions of the octahedral interstices in the 
matrix structure (spinel) being determined 
by Ho3+, the sulfur lattice will have to ex- 

3 In general the “transition state” is a state of partial 
order in a compound which is intermediate between 
the SRO and the LRO states in that compound (19) 
(e.g., HT and LT structure). The transition state can 
exist over a wide temperature trajectory, which is 
often not well defined. 



SPINEL-ROC KSALT TRANSITION IN CdHo.$, 19 

pand locally in order to accommodate the 
larger Cd2+ cations. When, on transition, 
the number of Cd in octahedra increases, 
this deformation is not likely to remain un- 
correlated in the cubic close-packed struc- 
ture of the sulfur matrix. Assuming a peri- 
odic lattice distortion due to octahedral-co- 
ordinated Cd, it is possible to explain the 
diffuse scattering distribution in the ( 110) 
reciprocal lattice sections of CdHo&. 

In these sections, the locus of the diffuse 
intensity distribution around the Bragg 
reflections (a circle which is characterized 
by its radius) is related to the wavelength of 
the modulation of the lattice planes in a 
crystal. The modulation wavelength logi- 
cally extends over an integral number (Q) 
of lattice planes with spacing d(hkl). Using 
Eq. (1) the wavelength of the lattice modu- 
lation in each crystallographic direction can 
be calculated. For example, along S( 111): A 

20 A, Q = 6xd( 111); along g( 100): A = 34 
A, Q = &rd(lOO); and along g(110): A = 24 
A, Q = 6xd( 110). This six-layer periodicity 
holds for all crystallographic directions. It 
should be realized, however, that although 
the distortion field of the Cd2+ is unidirec- 
tional, generally not all directions in a crys- 
tal will have the same distortion energy. 
This feature is manifested in the nonhomo- 
geneous distribution of the diffuse intensity 
over the locus (circle). As the intensity is 
concentrated into maxima along g( 11 l), this 
direction is preferred for the distortion. In 
ill-defined crystals this preference will be 
much less. Indeed in the diffraction pattern 
of Fig. 2d no maxima are observed in the 
diffuse circles. 

The fact that almost no satellite intensity 
around the transmitted beam could be de- 
tected4 indicates pure lattice spacing modu- 

4 It is not possible to establish whether the very 
weak maxima that were detected around the transmit- 
ted beam, in just one diffraction pattern, come from 
double diffraction or from a modulation in scattering 
factor. In case of scattering factor variation, the con- 

lation, i.e., the satellite intensity is related 
to a deformation of the sulfur lattice only. 
The deformation of the sulfur lattice in the 
preferred ( 111) direction is pictured sche- 
matically in Fig. 7. One set of parallel { 111) 
sulfur layers has been drawn stacked A B 
C. As Cd2+ has to expand two sulfur layers 
in order to fit the octahedral sites (between 
two layers) it can only occupy alternate 
octahedral layers. The alternating expan- 
sion, together with the stacking sequence, 
is in accordance with the observed wave- 
length. The same description holds for the 
other crystallographic directions. As the 
expansion will be in the order of 0.05 A (the 
difference in radii for Cd and Ho), which is 
approximately 1.5% of the G!( 11 l), the dis- 
torted sulfur layers may remain coherent 
with the matrix. This accounts for the ob- 
served increase in unit-cell parameter dur- 
ing the transition into “rocksalt.” The loca- 
tion of Cd in the { 11 l} planes of the 
rocksalt-type structure can be compared 
with the distribution in the spinel-type 
structure. In the latter tetrahedral-coordi- 
nated Cd is also located alternating be- 
tween { 111) sulfur layers (Fig. 7). This al- 
ternation of course holds for all four 
equivalent { I1 l} layers. The transition 
from “spinel” to “rocksalt” can thus occur 
along four ( 111) (preferred) directions (i.e., 
giving rise to 2 X 4 satellites). 

Then small “distortion domains” will be 
formed in the anion lattice. The cation dis- 
tribution in these domains (Fig. 7) causes 
the diffuse streaking along the equivalent 
S( 111) (Fig. 2). In Fig. 4 the disalignment of 
the “distortion domains” (size: 20 8, = A) 
indicates that the expansion in a specific 
direction extends only over a few sulfur 
layers. Moreover, the intensity of the sepa- 
rate domains shows that the preference of 
the distortion along g( 111) is not yet promi- 

tribution to the scattering around other Bragg 
reflections is very small compared with that of a varia- 
tion in lattice spacing. 
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nent. A bright-field image taken from a 
crystal that was annealed for 24 hr indicates 
that the “distortion domains” tend to align 
(Fig. 5). The observed contrast is due to the 
modulation of the sulfur layers, mostly 
along g(lll), extending now over many 
layers. At the same time the cation domains 
have become larger. Accordingly, in the 
corresponding diffraction pattern (Fig. 6)) 
apart from the satellites from the anion 
lattice, broad first-order superlattice reflec- 
tions appear around the Bragg reflections 
due to a layer-like ordering of the cations in 
the domains with a periodicity which is six 
times the d(ll1) (Fig. 7). 

have a normal spinel-type structure accord- 
ing to the diffraction patterns in which no 
diffuse scattering or superreflections are de- 
tected. The inhomogeneous contrast and 
the small domains in thin crystal regions 
(Fig. lb) can be explained using the high- 
temperature results. Extrapolation of these 
results suggests that the microdomains are 
“rocksalt-type” inclusions (in which the 
sulfur matrix is modulated) and that the 
contrast is due to strain from low concen- 
trations of Cd in octahedral sites distributed 
uncorrelated within the sulfur matrix. 

Some information concerning the cation 
ordering within the separate { 1 ll} layers 
can be obtained from the (111) reciprocal 
lattice section (Fig. 3a). The superreflection 
indicates a 1 : 2 octahedral ordering (i.e., 
referring to a hexagonal unit cell: a ah (3)1’2 
super cell), which suggests that in the 
layers containing only Ho3+ there exists an 
ordering of two Ho3+ and one vacancy over 
the octahedral sites (cf. the ordering of A13+ 
in corundum, A&03). The ordering in this 
layer has then changed from a 3: 1 
Ho : vacancy ordering (in “spinel” before 
the transition to a 2: 1 Ho : vacancy order- 
ing (in “rocksalt” after the transition). This 
implies a movement of Ho atoms toward 
this layer during transition. The layers 
above and below this Ho/vacancy layer 
then contain Cd, Ho, and vacancies in a 
ratio 3 : 2 : 1 (note that the ratio Ho : (Cd + 
vacancy) = 1: 2, also in agreement with the 
occurrence of the ah (3)1’2 superreflection). 
As the spine1 super-reflection completely 
disappears (no 3 : 1 ordering) and no addi- 
tional reflections are observed, it seems 
that the Cd are distributed randomly over 
the octahedral sites within the { 11 l} sulfur 
layers. It is not possible to conclude 
whether the diffuse scattering in Fig. 6 is 
due to a partial ordering of Cd2+ and Ho3+ 
and vacancies or not. 

Conclusion 

From the location of the satellites in the 
diffraction patterns of CdHo,S, crystals a 
model could be derived that describes the 
structural transition from “spinel” to 
“rocksalt.” During this transition the Cd2+ 
and Ho3+ cations are shifted, resulting in a 
structure with a distorted sulfur lattice 
(modulated along g(ll1) and with Cd and 
Ho occupying only octahedral sites). The 
observations suggest a 2: 1 Ho : vacancy 
ordering within the octahedral { 11 l} layers. 
Due to the symmetry of the basic structure, 
domains of the new structure will occur in 
the matrix corresponding to four orienta- 
tion variants. The actual structure of the 
“rocksalt-type” domains can be compared 
with the structure of CaHo2Sel (22) (space 
group R32, a = 7.193(5) 8, = 33.08(2)“; hex- 
agonal cell: a = 4.09 and c = 20.33 A). The 
structure can be described as a distorted 
rocksalt structure (elongation along the 
threefold axis.) in which the cations occupy 
octahedral sites between the sulfur { 11 l} 
layers, stacked ABC. These layers are al- 
ternately occupied by 0.5 Cd2+ +OS va- 
cancy and by Ho3+ (completely filled). The 
results for CdHo,S, (H.T.) suggest that in 
this compound a different type of cation 
ordering may be considered. 

Crystals in the low-temperature region The reported “intermediate” spinel-type 
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structure for CdHo,S, (8) (X-ray diffrac- References 
tion) shows a close resemblance with the 
structure of this compound in the transition 
state as observed by means of electron 
microscopy/diffraction: domains of a new 
structure are growing within the matrix of 
the old structure. Now the mentioned occu- 
pation parameter for Cd2+ (see Introduc- 
tion) can be interpreted in a proper way: 
60% spinel-type structure (Cd in tetrahe- 
dra) plus 40% rocksalt-type structure (Cd in 
octahedra), which occur as domains in the 
spinel-type structure. This domain forma- 
tion explains very well the increase in lat- 
tice parameter for this compound (a), as in 
these domains the sulfur lattice has ex- 
panded (i.e., modulation along g( 111)). 

The stability of the spine1 structure to- 
ward this new rocksalt-type (HT) structure 
for CdHo& is determined by whether the 
new structure can grow coherently within 
the spinel-type structure (if the sulfur lat- 
tice can remain intact). Coherency, which 
is a very sensitive structural parameter, is 
thus related to the difference in radii of the 
two cations in this compound. Preliminary 
electron microscopy results on the com- 
pound CdY& (Y3+ has almost the same 
radius as Ho3+) show that the described 
transition also occurs in this compound. 
Using the difference in cation radii for 
spinel-type compounds AB.&, it seems 

possible, on the basis of the criterium (ra - 
YJ 5 0.05, to predict structural instabilities 
(of the type described in this paper) for 
other spinel-type compounds. 
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