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The de te rmina t ion  of cat ion dis tr ibut ion is one of the 
ma jo r  problems in the crystal  chemis t ry  of spinels. 
A classical approach is given by the s tudy  of the relat ive 
intensit ies in the X- ray  powder  d iagram;  bu t  a recent  
collection of infra-red da ta  (Tarte, 1962a, Table 2) shows 
that ,  for a series of cations X,  the  infra-red f requency 
of a co-ordination group XOn depends upon  the co- 
ordinat ion n u m b e r  n;  however,  this is t rue  only if the 
vibrat ions of the XOn group are essentially independent  
(i.e. not  s t rongly coupled wi th  other  vibrat ional  modes). 
There are two possibilities: (1) The vibrat ions of a given 
g r o u p - - s a y  (XO4)P-- -may be considered as independent  
(or near ly  so)*; if X is isomorphously replaced by 
increasing amounts  of ano ther  cat ion :Y, so as to give 
solid solutions [(X, Y)O4]P- , the  infra-red bands related 
to the  XO 4 groups progressively disappear  and are 
replaced by new bands due to the YO 4 groups (Tarte, 
1962a). (2) The vibrat ions are coupled in such a manne r  
tha t  they  cannot  be re la ted to definite co-ordination 
groups;  they  are representa t ive  of the uni t  cell as a whole. 
In  this case, no par t icular  effect is not iced in the infra-red 
spectra  of solid solutions; all the  bands  are simply 
shifted towards higher  or lower frequencies. 
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Fig. 1. (a) Infra-red spectra of (Mgl_zZnx)Cr~O 4 solid solu- 
tions. (b) Part  of the infra-red spectra of Sr~(Mgl_xZnx)G%O 7 
solid solutions. Arrows point to the bands related to MgO 4 
and ZnO 4 tetrahedra. The relative intensities of the other 
bands (related to the Ge.~O 7 group) are not affected by the 
Mg-Zn substitution. 

We have applied these considerations to a large series 
of spinels, where  it turns  out  t ha t  these two possibilities 
are both  represented.  

(a) The infra-red spectra  of the spinel solid solutions 
~Ni2(Si, Ge)O4 (Tarte & Ringwood,  1962) are representa-  
t ive of the first, as far as the high-frequency vibrat ional  
mode  is concerned (r a s t re tching mode  of SiO 4 and GeO 4 

* This is always an approximation. 
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te t rahedra) .  However ,  the  low-frequency modes  are more  
or less mixed up wi th  the  vibrat ions of ne ighbour ing 
groups, and  thus  are no t  really independent .  This is 
t rue  also for the other  spinel ge rmana tes  X2GeO 4 
(XII---Co, Fe, Mg) (Tarte, 1962b); in such cases, it can 
be inferred from the infra-red spec t rum whe ther  the  
spinel is normal  or inverse. 

(b) A n u m b e r  of published spectra  (Hafner,  1961) and 
our own results show tha t  the I I - I I I  spinels are represen- 
ta t ive  of the second case. One example  will be quoted  
here (MgCr204-ZnCr204). The infra-red spectra  of 
(Mg, Zn)Cr204 solid solutions are given as line diagrams 
in Fig. l(a);  apar t  from an unexpla ined doubling of the 
v ibra t ion near  530-540 cm. -1 in all compounds  con- 
taining magnesium,  the  rep lacement  of MgO 4 by  ZnO 4 
t e t r ahedra  has no impor t an t  effect on the  spectrum. This 
m a y  be cont ras ted  with  the spectra  of Sr2(Mg, Zn)G%O~ 
solid solutions (Fig. l(b)), where  the rep lacement  of 
MgO 4 by ZnO4 t e t r ahedra  is character ized by the  cor- 
relat ive rep lacement  of the 514 era. -1 by the  452 em. -1 
band.  Hence,  we have  good reasons to believe tha t ,  in 
most  I I - I I I  spinels, the  infra-red bands should be related,  
no t  to specific co-ordinat ion groups, bu t  to complex 
vibrat ions of larger groups such as the  whole spinel 
un i t  cell. 

This conclusion is in d isagreement  wi th  the s t a t emen t  
of Waldron  (1955), followed by  Hafner  (1961), t ha t  the  
high-frequency infra-red band  of spinels is chiefly re la ted 
to a v ibra t ion  of t e t rahedra l  groups, the  other  band  
corresponding to octahedral  groups. E v e n  in the more  
favourable  case of independen t  vibrat ions,  the  band  
related to the te t rahedra l  groups is no t  necessarily the  
high-frequency band  (as in the  above-ment ioned  spinel 
germanates)  bu t  m a y  well be a low-frequency band  
(see following paper  on LiCrGe04, Tarte,  1962b). 

The large difference in the  spectroscopic behaviour  of 
normal II-IV (germanates) spinels, and normal II-III 
spinels may be explained in a very simple manner. In 
the first case, one of the vibrational modes (v 3 stretching 
mode of SiO 4 or GeO 4 tetrahedra) has a much higher 
f requency (800-700 era. -1) than the  others (94 bending 
mode  of SiO 4 or GeO 4 te t rahedra ,  and  s t re tching mode  
of XO6 octahedra,  all below 500 cm. -1) and  is therefore 
an independen t  vibrat ional  mode.  In  I I - I I I  spinels, 
the  vibrat ional  modes of both  te t rahedra l  and octahedral  
groups have  similar frequencies (generally in the 650- 
400 cm. -~ range), and it is highly probable t ha t  severe 
interact ions between these vibrat ions preclude the occur- 
rence of frequencies specifically related to a given co- 
ordinat ion group. F u r t h e r  work  is in progress in order  to 
check these considerations.  
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