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The new low-temperature form of potassium cyanide, which arises when a single crystal is subject 
to a composite temperature cycle (Cimino, Parry & Ubbelohde, Proc. Roy. Soc., A, 252, 445, 1959), 
has been shown to be monoclinic with cell dimensions: 

a--8.97, b-4-53, c--7.47 A; fl=122 ° 19' 

and space group Aa. It is suggested that this new structure is an ordered form of the normal low- 
temperature form of rubidium cyanide and some tentative conclusions are reached regarding its 
structure. 

During a recent study of the low-temperature transi- 
tion of potassium cyanide (Cimino, Parry  & Ubbelohde, 
1959), it was found that  when a single crystal, which 
had undergone the normal transformation cycle from 
cubic (C) to orthorhombie (R) and back to C, was 
immediately recooled without being allowed to warm 
up to room temperature, a new crystal structure (I) 
was formed. This structure was apparently stable over 
the temperature range from - 1 0 8  to - 1 1 5  °C. Only 
when the temperature was lowered further did the 
normal low-temperature form R begin to appear and 
even at a temperature of - 1 2 0  °C. the hybrid crystal 
had still not transformed entirely to this form. As 
the new structure was never obtained when the crystal 
was allowed to warm up to room temperature between 
successive transformations, it was apparent that  its 
occurrence was bound up in some way with changes 
in the physical state of the cubic crystal once it had 
completed a transformation cycle and that,  whatever 
the nature of these changes, they could be removed 
if the crystal was annealed. Even so, it was by no 
means obvious why a new structure should be formed 
and the present work was undertaken in the hope 
that  it would throw some light on this problem. 

In the work referred to above, the structural changes 
within the crystal were followed mainly by forward 
transmission Laue photographs recorded with Mo 
radiation on a flat-plate camera. When this new phase 
was detected, some oscillation photographs were taken 
with the same experimental arrangement. Although 
it was established that  this structure could be obtained 
from all the crystals of pure KCN that  were examined, 
the photographs of one crystal showed only a selection 
of the reflexions present on photographs of other 
crystals. This indicated that  the transformation sym- 
metry  (Parry, 1962, Part  I) was lower than cubic, 
a result tha t  had already been encountered in the 
normal transformation. In  contrast to the state of 

affairs in the normal transformation however, the 
restriction on the allowed domain orientations did not 
lead to a new set of orientation relations and as the 
photographs given by this crystal showed fewer 
reflexions they were better suited for detailed inter- 
pretation. The oscillation photographs taken of this 
'hybrid' crystal covered an angular range 0-45 ° 
about one 4-fold axis of the original cubic crystal 
from an initial position in which the X-ray beam was 
parallel to a second cubic 4-fold axis. All the photo- 
graphs showed well defined layer lines, the splitting of 
reflexions being essentially confined to within these 
layer lines. This indicated that the orientation of the 
axis about which the crystal was oscillated had 
remained unchanged throughout the transformation. 
The presence of a unique axis of transformation 
symmetry suggested that this symmetry was tetrag- 
onal and in the following interpretation it is taken 
to be 4/mmm, an assumption which led to no in- 
consistencies. 

Preliminary interpretation of the oscillation 
p h o t o g r a p h s  

The most significant feature of the oscillation photo- 
graphs of the I form was the presence of superlattice 
reflexions. For the crystal selected for investigation, 
these reflexions were quite sharp despite the fact that  
reflexions derived from those originally present in the 
cubic phase were obviously split. This was taken to 
mean that  only one reciprocal axis of the new cell 
was halved. A preliminary indexing of these super- 
lattice reflexions was made on the basis of the original 
cubic reciprocal lattice. This showed that even allowing 
for small dimensional changes in the lattice, the super- 
lattice reflexions must have fractional indices h-b½, 
k-b½, l-b½; thus it was apparent that the halved 
reciprocal axis must be one member of the zone form 
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(111}* in the original cubic reciprocal lattice. This 
axis was an obvious choice for one axis of the new 
reciprocal lattice and was designated [a*]~.~ 

Following this conclusion, attention was directed 
to the (hhh)x reflexions, which were found to consist 
of three components each with a different 0. One of 
these components, must have indices (2h, 0, 0)~ but 
those for the others must be determined by trial. 
I t  was observed (see Fig. 3(b)) that  on the photograph 
on which the (hhh)i reflexions appeared, there were 
two reflexions of very small ~ on the second (cubic) 
layer line which were symmetrically disposed about 
the line ~ = 0. As the difference A ~ between these two 
reflexions was indistinguishable from that between the 
extreme reflexions of the (222)i triplet, it seemed 
probable that  they were (002)x and could define the 
direction of the second reciprocal axis of the new cell 
[c*]i which would lie near but not exactly parallel 
to the oscillation axis. If one of these two reflexions 
was indexed as (002)~ then the other could be con- 
sidered as (002)'~ from a domain related by the 
horizontal plane of interdomain symmetry. The two 
extreme reflexions of the (222)~ triplet then indexed 
as (400)i and (404)~ although at this stage it was not 
possible to decide which was which. To account for 
the fact that  only one member of (222)x remained to 
be indexed, the third axis of the new reciprocal cell 
was chosen to be perpendicular to both of those 
already defined in order that  both (0kl)t and (0/d)~ 
should have the same interplanar spacing. This meant 
that  the third axis [b*]~ must be derived from some 
axis of the type [110]* in the cubic reciprocal lattice 
and the remaining reflexion of (2_22)r was taken as 
the superposition of (022)~ and (022)'~. Thus the three 
reciprocal axes of the new phase as defined above 
suggest that  its symmetry is monoclinic, being derived 
from the cubic reciprocal axes in the following way: 

J i l l ]*  -~ [100]*; [110]* -~ [010]*; [001]* --> [001]~*. 

The orientation of these axes in the cubic reciprocal 
lattice is shown in Fig. 1. 

Estimates of the reciprocal-cell dimesnions were 
obtained by measurement of the (333)~ triplet whose 

t I n  w h a t  follows, a lower-case subscript  will be used to 
refer to a par t icular  or ienta t ion while an  upper  case subscript  
will refer to the complete assemblage of domain  or ientat ions  
into which ~he crystal has transformed. It will be convenient 
to use upper-case subscripts in conjunct ion  wi th  indices 
based on the  original cubic un i t  cell to denote the  component  
reflexions into w~ich a cubic reflexion splits on t ransformat ion .  
Thus as the tempera ture  is lowered (222)c--> (222)i~(222)i .  

c~ c~ 

Fig. 1. The or ienta t ion  of the  reciprocal axes of the  new low- 
t empera ture  form of potass ium cyanide,  I ,  shown relat ive 
to those of the original cubic cell. 

Fig. 2. The un i t  cell of the new low-tempera ture  form of 
potass ium cyanide  shown relat ive to the  original cubic lat- 
tice. The drawing is somewhat  idealized; the  slight dimen- 
sional and  angular  changes t h a t  occur on t r ans fo rmat ion  
have been ignored in the interests  of clarity.  The un i t  cell 
is in the same orientat ion as the  reciprocal axes shown in 
Fig. 1. 

components, although weak, were sharper than those 
of (222)i. At this stage it was possible to choose the 
component with smallest ~ as (600)~ because only in 
this way could the position of the superlattice re- 
flexions be accounted for. The ~, ~ coordinates of the 
component retlexions of (333)~ are given in Table 1 
in the form of equations which relate the observed 
numerical magnitude to analytical expressions in- 
volving five unknowns which specify both the new 

(hkt)~ 

600 

033 
606 

Table 1. The coordinates of component reflexions 

6ai* sin q0=0.45 6at* cos ~ = 0 . 3 3 6  

3bi* = 0.475 3c4" cos (fl* -- ~) = 0.336 

6[ai* sin ~-~c/* sin ( f l*--~)]=0.505 3ci* cos ( f l * - ~ )  =0.336 

is the  angle be tween Cc* and  a~*. 
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reciprocal cell and its orientation relative to the 
original cubic reciprocal lattice. 

The equations given in Table 1 were solved to 
give the following values of the unknowns: 

a~'=0.094, b~'=0-157, c~'=0.112; 

fl*=57 ° 51', ~=53  ° 15'. 

The dimensions of the corresponding cell in the space 
lattice are as follows: 

a~=8-97, b~=4.53, c~=7.47 ~ ;  fl*=122 ° 19'. 

A somewhat simplified drawing showing the way in 
which this cell is derived from the original cubic 
lattice is shown in Fig. 2. 

D e t a i l e d  i n t e r p r e t a t i o n  o f  t h e  o s c i l l a t i o n  
p h o t o g r a p h s  

Before the structural implications of this new cell are 
discussed, it is necessary to show that the above cell 
dimensions, which are based on the detailed inter- 
pretation of only a few reflexions on one diffraction 
photograph, do in fact account in detail for the distri- 
bution of reflexions in all the diffraction photographs. 
A method whereby the distribution of lattice points 
in the composite reciprocal lattice of a multi-domain 
crystal, which originate from a single reciprocal-lattice 
point of the original reciprocal lattice, can be derived 
has already been given in Part I and the same proce- 
dure will be followed here. It is convenient to choose 
the reference axes x, y, z of the original reciprocal 
lattice as follows: 

x l] [110]*; y II [110]*; z [I [001]* 

and to specify the orientation of these axcs by thc 
unit vectors u~0, uh0 and u00~. These reference axes 
are convenient for the symmetry operations in the 
tetragonal point group of transformation symmetry, 
4 /mmm,  and also exhibit the 2/m symmetry which is 
preserved in the transformation, I" a fact which sim- 
plifies the equations for the composite reciprocal 
lattice. 

The general reciprocal lattice vector in the new 
lattice H~ can be written: 

Hi = h~a* + kib* + l~c* 

and the projections of this vector on to the standard 
axes are: 

X = Hi. u110; Y = H~. Uh0; Z = H~. U 0 0 1  • 

These scalar products are evaluated subject to the 
following conditions which arise from the mutual 
orientation of the initial and transformed lattices 
(see Fig. 1): 

t I t  is a s s u m e d  t h a t  (010)~ II ( l l0)c,  there  being no evidence  
to  the  cont ra ry .  

to give 

ai*. u110 = a* sin (p, b~'. u110 = 0 ,  

ci*. u110= -c~' sin ( f l*-  ~); 

a * .  u h 0  = 0, b * .  u h 0  = b*, c * .  u h 0  = 0 ; 

a*. u001 = a~ cos q), b/*. u001 = 0 ,  
c*.u00~=c* cos (~*- ~) 

X = h~a* sin q~-lic* sin ( f l*-  ~p) | 

y = k~b* i (1) 
Z = hia* cos ~ +  llc~' cos ( f i* -~)  

To obtain the components X Y Z  for the other 
domain orientations thus giving the distribution of 
reciprocal-lattice points in the composite lattice, it is 
necessary to specify representative cubic reciprocal- 
lattice points which are related after transformation 
by elements of interdomain symmetry. The group 
4 / m m m  has 16 general positions and the monoclinic 
symmetry preserved through the transformation, 2/m 
has only 4 general positions; hence it follows that  
there will be 16/4 = 4 independent domain orientations. 
Thus only four cubic reciprocal lattice points are 
needed to specify all domain orientations after trans- 
formation. One such group of reciprocal-lattice points 
is given below, together with the symmetry operation 
(S) in the tetragonal point group (principal axes xyz) 
that  relates each point to h ckclc: 

hckclc, (I); -hck~lc, (mxy); ]~chclc, (43); kchclc, (mx) . (2) 

These indices must now be transformed into the new 
axial system by the equations 

, 1 • 

which gives the following values for (hkl)~ in terms 
of the indices (hkl)e 

h~+~o;-½hc+½k~;-½hc-½~c+l~ | 
-hc+~c; ½hc+½k~; ½hc-½~+~ ] (3) 
-~+h~; ½k~+½h~; ½k~-½h~+lo " 
- kc - h~ ", ~'~ - ~ h- , ½ kc + ½ he + lc 

When the indices (hkl)~ given by (3) are inserted 
into (1), the components X Y Z  of the correspond- 
ing reciprocal-lattice vectors are obtained within  the 
standard domain. To obtain the components X ' Y ' Z '  
which fall in the same region of reciprocal space and 
so 'split' the original cubic reciprocal lattice point, 
each of these X Y Z  must now be operated upon by 
the appropriate symmetry operator S -1 to refer the 
components to a new domain orientation related by 
symmetry S-1 to the standard domain. The results, 
characterized by a letter n in the fourth column, 
are summarized in Table 2. 

All indices h~kil~ given by equations (3) will neces- 
sarily have the index hi as an even number, for the 
systematic absences of the cubic structure require 
he and kc to be both even or both odd. Reflexions with 
h~ odd are the superlattice reflexions for which no 
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equivalent cubic reflexions exist. The equations so far 
derived in Table 2 do not therefore contain the super- 
lattice reflexions. A systematic method of generating 
X':Y 'Z '  for the superlattice reflexions is desirable 
however and can be derived in terms of a particular 
cubic reflexion as follows. 

The cubic indices of the superlattice points can be 
obtained by adding ½, ½, ½, to all cubic reciprocal- 
lattice points. The four equivalent cubic reflexions 
specified by (2) then become: 

~+½, ~o+½, ~+½; -~o+½, ~+½, ~o+½; 
-~+½, ~+½, ~+½; -~+½, -ho+½, ~+½. 

These indices can now be used to derive four 
equations specifying X'  :Y' Z' for the superlattice points 
by the procedure outlined above; these equations are 
given in Table 2 opposite the entry denoted by the 
letter s in the fourth column• 

All eight equations in Table 2 involve only the 
indices on one cubic reciprocal-lattice point so that  
by applying these equations systematically to each 
cubic reciprocal-lattice point in turn, the composite 
reciprocal lattice of the transformed crystal can be 
derived. In order to compare the calculated and 
observed reciprocal lattice coordinates it is necessary 
to convert the values of X'  Y ' Z '  obtained in this way 
into the normal reciprocal-lattice coordinates ~, $, 
(which may be obtained from the photographs either 
by use of a Bernal Chart or by direct measurement) 
through the equations: 

~=[(x')~+ (r')~]~ 
~=Z' .  

To test whether a particular reflexion with coor- 
dinates X ' Y '  could occur within a given oscillation 
range it was found most convenient to use the normal 
graphical construction involving the two extreme 
positions of the reflecting circle, correctly oriented 
relative to the X'  Y' axes. The lack of complete resolu- 
tions of the 'split' reflexions on the photograph 
made a detailed comparison of observed and calculated 
impracticable but it was found that  the appearance 
of a group of such reflexions was some times quite 
sensitive to the values of the parameters used to obtain 
X'  and Y'. Hence the agreement between the observed 
and calculated positions of the component reflexions 
in any 'split' reflexion was judged by the overall 
appearance of the observed and calculated diffraction 
patterns; two such patterns are shown in Fig. 3(b), (c). 

The positions of the superlattice reflexions, how- 
ever, could be measured with reasonable accuracy and 
some results for the stronger reflexions lying on the 
first layer line of Fig. 3(b) are shown in Table 3. 
}o and $o were calculated from the positions of the 
reflexions as measured by a travelling microscope. 

The agreement between the observed and calculated 
patterns shown in Fig. 3 and Table 3 was sufficiently 
good to be taken as confirmation that  the cell dimen- 
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Fig. 3. A comparison of the calculated diffraction pat terns with the experimental  oscillation photographs. The oscillation photo- 
graphs were taken with Mo K radiation on a flat film 4 cm. from the crystal. (a) Cubic crystal showing (222)c. (b) I form 
showing splitting of (222)I which occurs after  transformation.  The indices on the calculated pa t te rn  refer to the true unit  
cell in various orientations. (c) I form rota ted  through 30 ° on the goniometer showing the reflexions 422 and 522 used to 
determine the y parameter  of the potassium ion. 
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D o m a i n  
o r i e n t a t i o n  (hkl)~ X" 

3 52~ 0.316 
3 111 - - 0 - 1 5 8  
4 31T - - 0 . 2 3 4  
2 331 - - 0 . 4 7 4  

Table 3. Positions of some superlattice reflexions 
A l l o w e d  

l i m i t s  of  Y" 

Y' Lower Upper ~c $c ~o ~o 
- -  0"393 --  0"275 --  1"457 0"504 0"056 0"495 0"057 

0 ' 084  0"076 0"127 0"179 0"056 0"180 0"054 
0-158 0"100 0"178 0"282 0"056 0-281 0"055 
0"234 0" 136 0"262 0"529 0"056 0"528 0"054 

sions and orientation relations given earlier were 
essentially correct. 

The space group and crystal structure 

An examination of the indices of reflexions observed 
for any particular domain orientation showed tha t  
reflexions were present only for /c+l even, so tha t  
the lattice is A face centred. In addition, it  was 
observed tha t  reflexions of the type hO1 occurred only 
when h was even. These absences are consistent with 
the space groups Aa and A2/a. The calculated density, 
based on the observed cell dimensions, 

a=8.97 ,  b=4.53,  c=7 .47 /~ ;  f l=122 ° 19', 

and the assumption of four formula units KCN per 
unit cell, is 1.69 g.cm. -3 which can be compared with 
the calculated density of the cubic form just above 
the transition point of 1.63 g.cm. -3 and tha t  of the 
normal low temperature form, 1.64 g.cm. -3 (Structure 
Reports, 1955). No significance is at tached to the 
slight density increase in the new form as this is not 
outside experimental error. The calculated density 
merely served to confirm tha t  there are four formula 
units in the unit  cell of the new structure and tha t  the 
space group must be Aa; otherwise the carbon and 
nitrogen atoms would be in special positions tha t  are 
structurally improbable. 

I t  follows tha t  all atoms are in positions of the type 

xyz: x+½,~,z: x,y+½, z+½: x+½,½-y , z+½.  

and as the space group lacks a centre of symmetry,  
the x and z parameters of the potassium ion can be 
taken as zero, leaving only one parameter  of the 
potassium ion to be determined. To a first approxima- 
tion, the contribution of the cyanide group to the 
structure factors can be ignored and the expressions 
for the structure factor reduce to: 

]¢+1 even; h even; A = 4 f ( K  +) cos 2g/cy(K+), B-=0; 
h odd; A =0,  B=4f (K+)  sin 2~ky(K+); 
/c+l odd; A-O,  B=O. 

Thus, in principle, an estimate of the magnitude of 
tan  2z/cy(K+) and so of y(K+) should be possible if 
the intensities of reflexions with h odd are compared 
with those with h even. 

Difficulties arise in practice because as mentioned 
earlier the experimental arrangement for recording the 

diffraction patterns does not give good resolution of 
diffraction spots with h even and, although this resolu- 
tion could be improved by the use of a larger specimen- 
film distance and of a cylindrical film holder, this 
would involve a considerable increase in exposure 
time. Since this form of KCN is stable only over a 
temperature range of a few degrees, such exposures 
would require automatic control of the crystal tem- 
perature. A thermostat  which it  is hoped will enable 
such long exposures to be made is under construction 
but  its absence in the present experiments meant  tha t  
it  was impracticable to obtain the parameter  y(K+) 
with any precision. 

On the other hand it  was felt tha t  it  would be worth 
while to a t tempt  to estimate at  least the order of 
magnitude of y(K +) by  using (400)i as the reflexion 
with h even, for this consists exclusively of {422}~ 
and is therefore 'unsplit ' .  For comparison with this 
h even reflexion, a neighbouring superlattice reflexion 
(522)~ was selected. This occurs within the same 
oscillation range as {422}~ and the difference in 0 values 
for these two reflexions is small enough to enable 
the effects of temperature factor to be ignored. The 
intensities were recorded with Mo K s  radiation using 
a pack of four flat films interleaved with aluminium 
foil. The two intensities were corrected for Lorentz- 
polarization factor, for the multiplicity of (422}~ and 
for the difference in f(K+) between the two reflexions. 
The value of the y(K+) parameter obtained in this 
way was 0.24 A which was taken to imply tha t  it was 
of the order of a few tenths of an /~ngstr6m. 

In  order to fill space adequately and to satisfy the 
charges on the potassium ions locally, the cyanide 
group must  be centred on or near the point ¼, 0, ½. 
According to Bijvoet & Lely (1940), the cyanide group 
can be adequately represented in the normal low- 
temperature form by an ellipse whose major and minor 
axes are 4-30 and 3.56 _~ respectively. Such an inter- 
pretation accounts for the contraction of one of the 
axes from 6.43 J[ in the cubic phase to 6.14 J[ in the 
normal low-temperature form, for the major axis of 
the ellipse was shown to be perpendicular to this 
direction. In  the present ease the equivalent repeat 
distance is 6.36 /~ (½[102]~) so that ,  provided the 
cyanide group is still adequately represented by such 
an ellipse, its major axis must be inclined to [102]~ 
at  an angle very much less than  90 °. A detailed 
calculation gives the angle as 51.5 ° which is sur- 
prisingly close to the angle between [001]c and [111]¢ 
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of the high-temperature form (54.7 ° ) and suggests 
that  the structure of this new form is based on a dis- 
torted cubic structure in which the major axis of the 
cyanide group is orientated along o n e  of the body 
diagonals. 

Certainly, this picture accounts for the distortion 
of the cubic cell dimensions which occur when this 
new modification apears. Thus [ l l l]c and [1T1]~ 
whose repeat distance are both 11.14 A transform 
into two axes of different length (2x 11.40 and 
2 x 10.85 A) and the larger of these, [3021i is inclined 
to [102]~ at 51.6 ° which almost exactly equals the 

• angle of tilt of the cyanide group deduced from the 
repeat distance of [102]~. 

However all this ignores the small displacements 
of the potassium ions which are an essential part of 
this new structure. Probably the cyanide group rotates 
so as to equalise the distances to the coordinating 
potassium ions. Merely to see whether the estimated 
value of y(K +) was sensitive to the inclusion of the 
cyanide-group contribution to the structure factors 
used in its estimation, the fractional coordinates of the 
C and :N atoms were derived on the basis of the above 
assumption, (using a C-N distance of 1.1 A) and were 
found to be 0.25 ± 0.02, ± 0.06, 0.5 i 0.04. The change 
in the value of y(K+) after the cyanide contribution 
was included in the two structure factors was less than 
0.01 /~ so that  the assumption made earlier, namely 
that  the potassium ion contribution predominates in 
these two structure factors, is valid. 

D i s c u s s i o n  

Although the atomic movements described above are 
unlikely to be quantitatively correct, they do never- 
theless enable a qualitative picture of the structural 
changes that  occur on transformation to be obtained. 
As would be expected from thermodynamic considera- 
tions, these structural changes arise because the 
cyanide groups are no longer positionally disordered 
as in the cubic phase. In the normal low-temperature 
form R, the cyanide groups assume parallel orientation 
and to accommodate the geometrical asymmetry of 
these groups, considerable dimensional distortions of 
the original cubic cell are required. In the new form I, 
assuming that  the cyanide group is indeed rotated 
out of a position in which its major axis is parallel 
to [302]~ there are two orientations of the cyanide 
group in the unit cell which result in the displacement 
of alternate sheets of potassium ions parallel to 
(100)~(~ (101)c) by an amount ±y,  where y is of the 
order of a few tenths of an _~kngstr5m. By means of 
these displacements, the distortions of the cubic struc- 
ture are to a certain extent 'built in' to the unit cell 
of the new structure and as a result this unit cell 
involves less dimensional distortion of the original 
cubic cell than does the normal low-temperature form 
as is shown below: 

a = c  b , ~ = y  fl 
I-Iigh t empera tu re  cubic 

form 6-43 A 6"43 A 90 ° 90 ° 
Normal  low t empera tu re  

form R 6.61 6.14 90 101 
New low t empera tu re  

form I 2 × 6"43 2 x 6.36 93¼ 90½ 

In the normal low-temperature form the cyanide 
group is oriented with its major axis approximately 
parallel to the cubic axis [ll0]c. In the new form this 
orientation changes to be more nearly parallel to 
[111]c and this change in orientation results in a change 
in the geometrical coordination of the cyanide group 
by the potassium ions. In form R, four potassium ions 
lie in a plane containing the C-N bond and the 
remaining two lie in a perpendicular bisector to that  

111o2]~ 

~ [o], 

(a) 

(b) 

Fig. 4. (a) P roposed  s t ruc ture  for the  new low- tempera tu re  
form of new low t empera tu re  form of po tass ium cyanide  
pro jec ted  on to (010)i. The d isp lacement  y (K +) is perpen-  
dicular  to the  plane of this drawing and has been es tabl ished 
exper imenta l ly  to be  of the  order of ¼ A. The or ienta t ion  
of the  cyanide  group has no t  ye t  been exper imenta l ly  
confi rmed b u t  is based  on a self-consistent  in te rpre ta t ion  
of the  cell dimensions,  details  of which are given in the  text .  
(b) The normal  low- tempera tu re  form R as found  b y  B i jvoe t  
& Lely,  shown pro jec ted  on to (100)r. The equ iva len t  
planes of projec t ion  in the  cubic crysta l  are bo th  ( l l0)c.  
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bond. In  the  new form I,  the C-N bond points towards 
the centroid of an  equilateral  tr iangle formed from 
three potassium ions, the two triangles at  opposite 
ends of the cyanide group being in the staggered 
configuration. A drawing of the proposed structure 
for I ,  projected on to (010)5 is shown in Fig. 4(a) and 
for comparison the structure R is shown projected on 
to the equivalent  (100)r (Fig. 4(b)). Both planes of 
projection are approximate ly  parallel  to the cubic 
latt ice plane (101)c. 

The discovery of a second low-temperature structure 
for KCN was quite unexpected and raised the question 
whether  KCN is unique or whether  other substances 
might  behave in a similar  way. An a t t empt  to obta in  
this new structure from cubic NaCN (Cimino, 1960) 
was unsuccessful despite the fact  tha t  in all other 
respects the behaviour  of NaCN on t ransformat ion is 
identical  to tha t  of KCN. I t  is now thought  tha t  the 
reason why  KCN exhibi ts  this behaviour  has to do 
with the relat ive sizes of the potassium and cyanide 
ions. There is strong evidence tha t  this new structure 
is related to tha t  of the low-temperature form of 
RbCN which, as was found by Bijvoet  & Lely (Struc- 
ture Reports, 1955), is quite different from tha t  of 
NaCN and KCN. In  other words, it appears tha t  KCN 
is dimorphic and tha t  conditions favouring the nuclea- 
t ion of the second form can occur if the crystal  is 
subjected to certain cycles of tempera ture  variat ion.  

In  Structure Reports (1955) RbCN is referred to as 
pseudomonoclinic on the grounds tha t  it was not  
possible to account for the observed intensit ies in 
detai l  on the basis of the monoclinic cell deduced from 
the  X-ray  diffraction photographs which had the 
following dimensions : 

a = 4.78, b = 4.88, c = 6.67 J~ ; fl = 94.5 ° 

and  is oriented relat ive to the original cubic cell in  
such a way tha t  a and b are derived from the semi- 
diagonals of one cube face and c from the cube edge 
perpendicular  to tha t  face. To obta in  the correspond- 
ing uni t  cell from the latt ice of the new KCN structure 
it  is necessary to take 

1 . ~ [ 1 0 2 ] ~  a =  ~[a]~, c -  

which gives a 'uni t  cell' of the following dimensions 

a = 4.45, b-- 4.53, c = 6-36 A ; fl = 94.6 °. 

Comparing these dimensions with those of for I~bCN, 
the difference in the axial  lengths a, b, and  c of the 
two cells are seen to be 0.28, 0.35 and 0.31 /~ respec- 
t ively.  Since the cell dimensions are not  necessarily 
very  accurate, the average difference of 0.31 /~ agrees 
well with the difference in ionic radi i  of potassium 
and rub id ium of 0-3/~ (Pauling, 1948). Hence it would 
appear  tha t  the crystals of RbCN invest igated by  
Bijvoet  & Lely had,  almost  certainly,  a disordered 
form of this new KCN structure in which the super- 
latt ice lines were not  observable and tha t  this super- 
lat t ice s tructure is the more complicated cell which 
Bijvoet  & Lely concluded must  exist. 

The reason why  the I~bCN structure is disordered 
is not  clear. In  cubic 1NaCN, the sodium atoms are 
probably  r andomly  displaced in specific directions 
from their  ideal positions in the cubic lat t ice in order 
to accommodate  the cyanide groups (see Structure 
Reports (1955)) and similar  displacements  would be 
expected in the cubic form of RbCN. If this  is so then 
the ordering of the l~b ions into a superlat t ice will 
be a more complex process than  the mere displacement  
of a l ternate  sheets of ions by _+ y from their  ideal 
positions in the cubic lattice. As the t ransi t ion tem- 
perature  of RbCN is lower than  tha t  for KCN, it may  
be tha t  the energy of the Rb  ions is insufficient for 
them to achieve this ordered superlattice. An alter- 
nat ive  possibil i ty is tha t  the essential role of the 
p re l iminary  t ransformat ion  in the case of KCN is to 
reduce the disorder in the cubic phase. Whatever  is 
the f inal  answer to these questions, i t  is apparent  
t ha t  fur ther  work is desirable not  only on this new 
structure for K C N  but  also on the low-temperature 
structure of RbCN and on the low-temperature 
behaviour  of mixed salts of rub id ium and potassium 
cyanide. 
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