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Crystal radius of the cyanide ion. B y  D.  F.  C. 

nology, London, W. 3, England (Received 14 

Al though the cyanide ion is non-spherical  it can a t ta in  
effective spherical symmet ry  by free rotat ion in certain 
crystals. Thus at ordinary temperatures  NaCN, KCN, 
and RbCN crystallize with the  rock-salt s tructure and 
CsCN crystallizes with the  caesium chloride structure. 
The effective radius of the  cyanide ion is about  1.92 /~ 
and may  be taken  as being essentially constant.  This is 
shown by a comparison of measured unit-cell lengths and 
corresponding lengths calculated using 1.92 /~ as the  
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radius of CN- and Pauling's  crystal radii for alkali metal  
ions. 

NaCN KCN RbCN CsCN 
a 0 (obs.) 5-89 A 6.51 A 6.82 A 4.25 A 
a 0 (cMc.) 5.87 6.51 6-79 4.26 

In  deriving the values of a0(calc.) the effect of radius 
ratio and coordination number  on interionic distance has 
been taken into account (Pauling, 1960). 

The crystal radius assigned to the cyanide ion may  be 
used for the est imation of the lattice energies of sodium 
cyanide and potassium cyanide. The lattice energy U of 
a crystal M X  at 298. I6 °K. and the  enthalpy of hydrat ion 
H of the gaseous ions M + and X -  are related by the 
equation 

U =  - H + S - 5 9 6 " 3 2 R  , (1) 

where S is the  s tandard enthalpy of solution of the  
crystalline compound and R is the  gas constant .  Since 
the lattice energies of alkali halides are accurately known, 
the  s tandard  entha lpy  of hydra t ion  of pairs of alkali and 
halide ions can be de te rmined  from equat ion (1). If 
these enthalpies of hydra t ion  are p lo t ted  against the 
reciprocals of the  Pauling crystal radii of halide ions, 
parallel s traight  lines are obtained (Fig. 1). Using the 
value for the ionic radius of CN- it is possible to obtain 
- H  for (Na++CN -) and ( K + + C N  -) by interpolation 
from the plots. The lattice energies of NaCN and KCN 
may  then  be obtained from equat ion (1) using da ta  for 
the heats  of solution of the  compounds from the National  
Bureau of Standards Circular (Rossini et al., 1952). 
Results for the lattice energies are shown in Table 1 in 
comparison with recent theoretically calculated values 
due to Wadding ton  (1959) and Ladd & Lee (1960); 
older values due to Sherman (1932) are also listed. The 
consistency of the calculated lattice energies may  be 
tested by using them in the  derivat ion of the  enthalpy 
of formation of the gaseous cyanide ion by means  of the 
equation 

Reciprocal of crystal radius of the anion, 1 / r  (A -1) 

Fig. 1. Enthalpies of hydration as functions of anion radii. 

AH%s (CN-g) 
---- U + 596.32R - AH~gs(M+g) + AH°gs(MC Nc) • (2) 

Salt 

Using simple 
Born-Mayer 

Present work Ladd & Lee (1960) equation 

U AHOgs(CN-g) U AH°gs(CN-g) U AH°gs(CN-g) 

LiCN 
NaCN 177.0 
KCN 159.4 
RbCN 
CsCN 

Table 1. Lattice energies of alkali metal cyanides 
(Values in kg.cal./mole) 

Waddington (1959) 

(i) (ii) (iii) 
Using the equation of 
Kapustinskii (1943) 

U.~ing treatment with 'thermochemical 
of Huggins radius' for CN- due to 

10.7 174 7.7 
10-6 161 13 158 9.2 

151 8.4 
139 3.3 

(1937) Yatsimirskii (1947) 

U AH°gs(CN-g) U dH°gs(CN-g) 

192 
170.2 3.9 179 12.7 
156.5 7-7 162 13-2 
150-3 7.5 155 12.2 
142.4 7-7 149 13.3 

Sherman (1932) 

U zJHOgs(CN-g) 

169.4 3.1 
154"9 6-1 
149.1 6.3 
141.3 6-6 
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T a k i n g  t h e  va lue  of AIH°98 (CN-g) as 10.6 k g . c a l . / m o l e  
a n d  AH°gs(CNg) as 92 k g . c a l . / m o l e  (Skinner ,  1958), t h e  
e l ec t ron  a f f in i ty  of t h e  c y a n i d e  rad ica l  E298 (CN) is f o u n d  
to be 81-4 kg .ca l . /mole .  Th i s  v a l u e  for  t h e  e l ec t ron  a f f in i ty  
is p r o b a b l y  re l iable  to  w i t h i n  + 3 kg.cal .  
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As a p a r t  of his  care fu l  r e f i n e m e n t  of t h e  p a r a m e t e r s  in 
o r t h o r h o m b i c  sul fur ,  A b r a h a m s  (1955) also r e d e t e r m i n e d  
t h e  l a t t i ce  c o n s t a n t s  f r o m  precess ion  p h o t o g r a p h s  cor- 
r ec t ed  for  f i lm sh r inkage .  T h e  va lues  he  o b t a i n e d  are :  

a = 1 0 . 4 3 7 ,  b = 1 2 . 8 4 5 ,  c - -24 .369  A, all + 0 . 0 1 0  A 

(at  r o o m  t e m p e r a t u r e ) .  T h e s e  va lue s  g ive  a c a l c u l a t e d  
d e n s i t y  of 2.086 g .cm.  -a. S w a n s o n  et al. (1960), he re in -  
a f t e r  ca l led  N B S ,  h a v e  r e c e n t l y  r e p o r t e d  s ign i f i can t ly  
d i f f e ren t  va lues ,  n a m e l y ,  

a = 1 0 - 4 6 8 ,  b=12.870, c = 2 4 . 4 9  A ,  

a t  25 °C. T h e s e  were  o b t a i n e d  b y  a l eas t  squa re s  t r ea t -  
m e n t  of r e so lved  l ines in t h e  l a t t e r  ha l f  of t h e  p o w d e r  
p a t t e r n  as r e c o r d e d  w i t h  a Geiger  c o u n t e r  d i f f r a c t o m e t e r .  
T h e  s t a n d a r d  e r rors  were  n o t  g iven .  T h e  c o r r e s p o n d i n g  
c a l c u l a t e d  d e n s i t y  is 2.065 g .em.  -a, in far  b e t t e r  agree-  
m e n t  w i t h  t h e  o b s e r v e d  va lue  of 2.069 g .cm.  -a (Ba tueca s  
& Losa ,  1951), a f ac t  h i g h l y  sugges t i ve  t h a t  t h e  ear l ier  
va lues  were  s u b j e c t  to  s y s t e m a t i c  error .  

As a c h e c k  on  t h e  va lues  r e p o r t e d  b y  NBS,  a n d  to 
o b t a i n  a m e a s u r e  of t he i r  p rec i s ion ,  we  h a v e  r e e x a m i n e d  
the i r  d a t a ,  a n d  h a v e  o b t a i n e d ,  by  leas t  squares ,  t h e  
fo l lowing v a l u e s :  

a = 10.467 + 0.001, b = 12.870 ± 0 . 0 0 1 ,  
= 24"493 _+ 0"003 A 

(at  25 °C.). T h e s e  va lues  were  o b t a i n e d  in t h e  fo l lowing  
w a y :  (i) T h e  l a t t i ce  c o n s t a n t s  of N B S  were  u s e d  to  cal- 
cu l a t e  va lues  of s in 0/~ for  all  r e f lec t ions  w i t h i n  t h e  
Cu Ka s p h e r e ;  (ii) va lues  of pF2o were  c a l c u l a t e d  f r o m  t h e  
s ingle  c ry s t a l  d a t a  of A b r a h a m s ;  (iii) all of t h e  l ines 
o b s e r v e d  b y  N B S  were  a s s igned  ind ices  on t h e  basis  of 
(i) a n d  (ii); (iv) d a t a  for  l ines  w h i c h  c lear ly  were  n o t  
t m r e s o l v e d  m u l t i p l e t s  were  t h e n  t r e a t e d  b y  leas t  squa re s  
to  o b t a i n  va lues  for  t h e  l a t t i ce  c o n s t a n t s ,  a n d  the i r  
s t a n d a r d  errors .  Th i s  t r e a t m e n t  m a d e  use  of 60 r e so lved  
lines.  A d r i f t  co r r ec t i on  was  n o t  u s e d  because  no  d r i f t  

was  f o u n d  u p o n  c o m p a r i s o n  of o b s e r v e d  a n d  ca l cu l a t ed  
spac ings .  O u r  i n d e x i n g  is n o t  a lways  t h e  s a m e  as t h a t  of 
N B S  as s h o w n  in T a b l e  1, w h i c h  l is ts  all l ines w h e r e  t h e  
i n d e x i n g  differs ,  r egard less  of w h e t h e r  t h e  l ine was  
i n c l u d e d  in t h e  leas t  squares .  I t  t h u s  a p p e a r s  t h a t  t h e i r  
t r e a t m e n t  o m i t t e d  s o m e  l ines w h i c h  cou ld  h a v e  been  
inc luded ,  a n d  vice  versa .  I t  is i n t e r e s t i n g  t h a t  a l t h o u g h  
e x a c t l y  t h e  s a m e  d a t a  were  n o t  u s e d  b y  us  a n d  b y  N B S ,  
t h e  r e su l t i ng  va lues  for  t h e  l a t t i ce  c o n s t a n t s  a re  sens ib ly  
t h e  same ,  d u e  to  c o m p e n s a t i n g  errors .  T h e  v e r y  smal l  
s t a n d a r d  e r rors  of t h e  rev i sed  l a t t i c e  c o n s t a n t s  do  n o t ,  
of course ,  i nc lude  a n y  s y s t e m a t i c  e r rors  in t h e i r  ex- 
p e r i m e n t ,  b u t  t h e  h i g h  s t a n d a r d  of  a c c u r a c y  w h i c h  
cha rac t e r i ze s  t h e  w o r k  f r o m  t h a t  l a b o r a t o r y  t o g e t h e r  
w i t h  t h e  m u c h  b e t t e r  a g r e e m e n t  t h a t  t h e  rev i sed  l a t t i ce  
c o n s t a n t s  g ive  w i t h  t h e  e x p e r i m e n t a l  d e n s i t y  leaves  l i t t le  
d o u b t  t h a t  t h e y  are  in fact  m o r e  a c c u r a t e  t h a n  t h o s e  of 
A b r a h a m s ,  or,  for  t h a t  m a t t e r ,  t h a n  those  of ear l ier  
i n v e s t i g a t o r s  c i ted  by  N B S .  

A b r a h a m s  (1961) h a s  v e r y  r ecen t l y  r e p o r t e d  n e w  va lues  
for  t h e  p o s i t i o n a l  p a r a m e t e r s  as o b t a i n e d  f r o m  a least  
squa re s  t r e a t m e n t  w h i c h  a l lowed  for  t h e r m a l  a n i s o t r o p y .  
T h e s e  n e w  p a r a m e t e r s  d i f fer  b y  an  a v e r a g e  of 0.004 /~ 
f r o m  t h e  old,  a n d  t h e  a v e r a g e  S -S  b o n d  d i s t a n c e  c h a n g e s  
f r o m  2.037 /~ to  2.041 .~. T h e  p r e s e n t  rev i s ion  of t h e  
l a t t i ce  c o n s t a n t s  leads  to  t h e  fo l lowing  rev i sed  va lues  of  
t h e  m o l e c u l a r  c o n s t a n t s :  

Bond lengths Bond angles Torsion angles 

S1-S 3 2"046 A S;-~.~I-~ 3 108 ° 13" S1-$3-$2-S 4 101 ° 6" 
So-S a 2"050 Sa-S2-S4 107 ° 58' S~-S1-Sa-S 2 99 ° 7" 
$2-S 4 2"048 S1-S3-S 2 107 ° 11' Sa-S2-S4-S ~ 98 ° 3" 
~l-S; 2-044 s ~ - z 4 - s 2  108 ° ~4' ~-~l-~;-s~ 97 ° 19" 

$4-S ~ 2-052 Sa-S4-S~-S~ 95 ° l '  
Av. 2.048 + 0.0024 107 ° 54" + 36' 98 ° 37' + 2 ° 9' 

T h e  q u o t e d  l m c e r t a i n t i e s  a re  s t a n d a r d  e r ro rs  as cal- 
c u l a t e d  on  t h e  a s s u m p t i o n  t h a t  we are  l ook ing  a t  severa l  
m e a s u r e m e n t s  of t h e  s a m e  q u a n t i t y ,  w i t h  va lue s  i n v o l v i n g  
t he  p r i m e d  a t o m s  be ing  g iven  ha l f  we igh t .  T h e  a n g u l a r  


