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Introduction 

Previous work (Rooksby, 1948; Rooksby & Tombs, 
1951) on the  crystal structures of the  ant iferromagnetic  
oxides MnO, FeO, CoO and NiO has shown tha t  small 
latt ice changes, involving a slight departure  from cubic 
symmetry ,  take  place in these compounds when they  are 
cooled th rough their  ant i ferromagnet ie  t ransi t ion points. 
The bulk of the  remaining known ant iferromagnetie  
compounds have crystal structures, above their  t ransi t ion 
points,  which do not  belong to one of the cubic space 
groups. Nevertheless,  it  appears from recent  studies on 
chromium sesquioxide (Greenwald, 1951) and  a-ferric 
oxide (Willis & Rooksby,  1952) tha t  non-cubic anti- 
ferromagnetic compmmds also undergo lattice changes 
in the  neighbourhood of their  t ransi t ion points. These 
changes are closely analogous to those displayed by the  
cubic oxides in tha t  they  comprise an anomalous ex- 
pansion or contract ion along a principal crystal axis. 
The changes in cubic crystals are inevi tably accompanied 
by  lowering of symmet ry ,  whereas in hexagonal  and  
rhombohedra l  crystals they  can occur s imply by  an 
al terat ion of axial ratio wi thout  modificat ion of sym- 
metry .  

The present  invest igat ion is concerned wi th  the  be- 
haviour  of the  structure cell of the  ant iferromagnetic  
compound CrSb. Like MnTe, the  subject  of a recent  
s tudy by  Greenwald (see below), this crystallizes in the  
hexagonal  system, and possesses the  NiAs-type of crystal 
structure.  The invest igat ion has shown tha t  the  changes 
in the  structure cell of CrSb in the neighbourhood of its 
t ransi t ion point  are those to be expected from the 
general picture outl ined above. 

Experimental  

The compound was prepared by  mixing chromium and 
an t imony  in the  atomic ratio 0.45 Cr to 0"55 Sb, and  
heat ing in an evacuated quartz tube for 4 hr. at  650 ° C. 
One end of the  quartz tube was then  opened and a t tached  
to a diffusion pump,  and  the  excess an t imony  was 
distilled off at  500 ° C. Homogeniza t ion  of the  product  
was achieved by reheat ing in vacuo for several hours at  
550 ° C. 

An X-ray  powder photograph revealed only the pres- 
ence of CrSb, wi th  the NiAs-type structure.  The room- 
tempera ture  lattice parameters  were: 

a = 4.108, c = 5.440A, ( C u K a  1 = 1-54050/~). 

These values are to be compared wi th  those given by 
Wyckoff  (1951) : 

a = 4.115, c = 5.479 ~ ,  

and  by Snow (1952): 

a = 4.127, c = 5.451 /~. 

* Communication No. 536 from the Staff of the Research 
Laboratories of The General Electric Company Limited, 
Wembley, England. 

Chemical analysis showed the  preparat ion to conta in  
33-6 % Cr and  66.3 % Sb, compared wi th  the  theoreticaI 
29.9% Cr and  70.1% Sb for stoichiometrie CrSb. 

A small quan t i ty  of the powder was sealed in an 
evacuated quartz capillary tube of 0.3 ram. bore, and  
X-ray powder photographs were taken  at  various 
temperatures  between room tempera ture  and 650 ° C., 
using a 19 cm. h igh- temperature  camera of the  Owen 
(1943) type.  An X-ray  photograph at  --180 ° C. was also 
obtained,  using the  me thod  described by Tombs (1952). 
Cu Kc~ radiat ion was used throughout ,  no serious diffi- 
culties being encountered because of secondary fluores- 
cence from the chromium in the specimen. 

The above tempera ture  range included the antiferro- 
magnet ic  t ransi t ion temperature ,  which is in the  neigh- 
bourhood of 400 ° C. (Fo~x & Graaf, 1939). The latt ice 
parameters  were calculated for each photograph to an 
accuracy of 4-0.001 /~. The results are given in Fig. 1, 
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Fig. 1. Curves showing temperature variation of c, a and V~ 
for structure cell of CrSb. The vertical broken line re- 
presents the magnetic transition temperature T~. 

in which c and a are p lo t ted  against  the  tempera ture  T. 
Another  sample of CrSb was prepared using a similar 
technique to tha t  described above, and the  lattice 
parameter  measurements  for this sample are also in- 
cluded in Fig. 1. 

Both  (c, T) and  (a, T) curves possess a point  of in- 
flexion in the neighbourhood of 400 ° C. Thus the curves 
are divided into two portions on either side of the  anti-  
ferromagnetic t ransi t ion tempera ture  T~. Between 
--180 ° C. and  T~, c and  dc/dT increase steadily wi th  
tempera ture ;  above T~, c increases less rapidly wi th  
tempera ture  and dc/dT is constant.  

The value of the axial ratio c/a increases from 1.335 
at  room tempera ture  to 1.422 at  420 ° C. Fur ther ,  the  
linear expansion coefficient (ac) along the c axis is ex- 
ceptionally large between these two temperatures .  I ts  
value just  below T~ is approximate ly  3 × 10 a per deg. C. 
I t  is remarkable  that ,  whereas ac is large and posit ive 
over the  whole tempera ture  range of --180 ° C. to 650 ° C., 
aa is zero above T~ and negat ive for several hundred  
deg. C. below T~. 
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In  Fig. 1 the  broken line represents  the  variat ion wi th  
t empera tu re  of V~, where V (=  0.866 ca ~) is the  structure 
cell volume.  The slope of this curve is approximate ly  
uni form and  the  curve passes smoothly  through the  
t ransi t ion region in the  neighbourhood of 400 ° C. 

Discuss ion  

In  CrSb the  magnet ic  a toms (Cr) are arranged in plane 
sheets perpendicular  to [0001]. The results just  descr ibed 
indicate  t ha t  the  distance between these sheets decreases 
anomalously as the  tempera ture  is lowered through the  
t ransi t ion p o i n t .  This effect takes place wi thout  any  
sudden  change of structure cell volume or change of 
crystal  symmetry .  According to Snow (1952) the magnet ic  
moment s  of the  chromium atoms in a given (0001) 
plane are all parallel, bu t  moment s  in neighbouring 
planes are antiparallel.  Thus the  antiferromagnetic  ex- 
change forces are directed predominant ly  along the [00Ol] 
direction, an interpreta t ion which is strongly supported 
by  the  present  work. 

I t  is interest ing to note  tha t  MnTe, which is also an 
ant i ferromagnet ic  compound with the  NiAs-type struc- 
ture, undergoes a similar decrease of c/a (Oreenwald, 
1952) on being cooled through the transit ion tempera-  
ture near 35 ° C. The magni tude  of the change for MnTe 
is, however,  considerably smaller than  in CrSb. 

The transi t ion tempera ture  of CrSb has been variously 
reported as 400 ° C. (Foiix & Graaf, 1939) and  450 ° C. 
(Snow, 1952). I t  is not  possible to obtain a more  precise 
value from the shape of the  magnet ic  suscept ibi l i ty-  
tempera ture  curve, as the  m a x i m u m  in this curve is 
exceptionally broad. If  we assume tha t  the latt ice 
changes in CrSb appear as soon as the  tempera ture  falls 
below T~, we can determine the  value of T~ from Fig. 1 
as 420± 10 ° C. 
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Bhagavan t am & Suryanarayana (1949) have given a 
m e t h o d  by which the  number  of constants necessary to 
specify different physical properties of crystals can be 
directly obtained by using a group theoretical  formula 
which gives the  number  of t imes a certain irreducible 
representat ion of a group appears in a given representa- 
t ion;  these authors have considered all the 32 crystal 
classes. An al ternat ive me thod  for the same purpose has 
been given by  J a h n  (1949) whose results confirm in every 
case those of Bhagavan tam & Suryanarayana;  in ad- 
di t ion J a h n  has also considered the case of a body wi th  
complete  axial symmetry ,  his group Rco, and  one wi th  
complete  axial symmet ry  together  wi th  an inversion, 
his group R~o. The result for these two cases are given 
by J a h n  in his Table 1 (where the heading for the fifth 
column has been mispr in ted:  it should be R¢o instead 
of R i ) .  J a h n  has further  considered the  groups 
Coo, Cc~v, D ~  etc. 

For  the  sake of completeness, an effort has been made  

to extend the method of Bhagavantam & Suryanarayana 
to give the  number  of constants where the symmet ry  
group is no longer finite, making  it necessary to use group 
integrat ion instead of a finite summat ion  in the formula 
men t ioned  above. 

In  the  following we shall consider the groups which in 
the  nota t ion  of J a h n  are Roo, R~,  Coo, Coov, C h, D~ 
and D~ .  For  the  first two we need integrat ion over the 
group of all orthogonal t ransformations in  three dimen- 
sions for which the  'volume element '  is sin ~ ½~d% 
0 ~ q ~ ~, while for the rest the integrat ion is essentially 
over a group of orthogonal t ransformations in two dimen- 

sions for which the 'volume element '  is s imply d~, 
0 ~ ~ ~ 2~. Let  Z(~) denote the  character  of a ro ta t ion 

about  an axis and ~(~) tha t  of a rota t ion-ref lexion ~. 
These are given in Table 1 of Bhagavan tam & Suryana- 
rayana;  we need not  specify the  direction of the  axis 
of rotat ion because the  characters of the  representat ions 
we are concerned wi th  depend only on ~. 

The required numbers  are then  obta ined from the  
following formulae : 

(1) Roo, n = sin 9 ½q~dq~ ½q~dq~ , 

(21 Rg, ~ = ~ ~ [z(~l+,p(~-~o/] ½~od~ ½~od~, 0 

= 

n = [Z(~0)±~(0)]d 2 0o d ~ ,  

2~ /2 ~02~ [Z(~)±~(~)]d~ ~ , (5) C~, n = l0 d~ 

(6) Dc~, n ---- ( ~ "0 [Z(~)-~Z(~)]d 2 d ~ ,  0 
2~ /4 12re 

(7) D~,  n = ~ I0 [Z(~)±~(~)+Z(~)±~(0)] d ~ ,  0 


