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N o w  t h a t  t h e  m a g n i t u d e  of  t h e  d i s soc i a t i on  e n e r g y  of  
f l u o r i n e  s eems  to  be  fa i r ly  g e n e r a l l y  a c c e p t e d  as  b e i n g  
a b o u t  37 kcal .  a n d  v a l u e s  for  t h e  e l e c t r o n  a f f in i t i es  of  t h e  
h a l o g e n s  can  be  o b t a i n e d  b y  a n u m b e r  of  i n d e p e n d e n t  
e x p e r i m e n t a l  m e t h o d s  ( P r i t c h a r d ,  1953), i t  s e e m s  w o r t h -  
whi l e  t o  r e c a l c u l a t e  t h e  l a t t i c e  energ ies  of t h e  a lka l i  
ha l i de s  f r o m  u p - t o - d a t e  e x p e r i m e n t a l  t h e r m o d y n a m i c  
d a t a ,  u s i n g  t h e  B o r n - H a b e r  cycle .  

T h e  v a l u e s  of t h e  l a t t i c e  energ ies  U a n d  t h e  r e l e v a n t  
t h e r m o d y n a m i c  d a t a  f r o m  w h i c h  t h e y  a re  c a l c u l a t e d  a re  
s h o w n  in  T a b l e  1. I n  a d d i t i o n ,  t h e o r e t i c a l  v a l u e s  for  t h e  
l a t t i c e  energ ies  U 0 c a l c u l a t e d  b y  H u g g i n s  (1937), as-  
s u m i n g  ionic  c ry s t a l s  w i t h  a v a n  d e r  W a a l s  p o t e n t i a l ,  
a r e  s h o w n ;  t h e s e  a re  he re  a c c e p t e d  as  t h e  b e s t  ava i l ab l e  
t h e o r e t i c a l  d a t a .  T h e  t h e r m o d y n a m i c  d a t a  e m p l o y e d  for  
c a l c u l a t i n g  U v a l u e s  h a s  been  t a k e n  f r o m  t h e  fo l l owing  
sources .  V a l u e s  for  t h e  h e a t s  of  f o r m a t i o n  of  t h e  a lka l i  
h a l i d e s  AHf  a t  298.16 ° K .  h a v e  b e e n  t a k e n  f r o m  t h e  
N a t i o n a l  B u r e a u  of  S t a n d a r d s  Ci rcu la r  (Ross in i ,  W a g -  
m a n ,  E v a n s ,  L e v i n e  & Ja f f e ,  1952). T h e  h e a t s  of  a t o m i z a -  
t i o n  D a t  298.16 ° K .  of  ch lo r ine ,  b r o m i n e  a n d  iod ine  h a v e  
a lso  b e e n  t a k e n  f r o m  t h i s  c o m p i l a t i o n ,  whi le  t h e  d a t a  for  
f l u o r i n e  a re  f r o m  B a r r o w  & C a u n t  (1953). T h e  e l e c t r o n  
a f f in i t i e s  E a re  t h e  m o s t  p r o b a b l e  v a l u e s  g i v e n  b y  P r i t -  
c h a r d  (1953). T h e  h e a t s  of  a t o m i z a t i o n  L0 a t  0 ° K .  for  t h e  
a lka l i  m e t a l s  a re  t h e  q u a n t i t i e s  a d o p t e d  b y  B a u g h a n  
(1954), wh i l e  t h e  i o n i z a t i o n  p o t e n t i a l s  I of  t h e  m e t a l s  a t  
0 ° K .  a re  t a k e n  f r o m  F i n k e l n b u r g  & H u m b a c h  (1955). 

T h e  U va lues  re fe r  t o  0 ° K .  a n d  a re  e q u a l  t o  t h e  s u m  
of  t h e  t h e r m o d y n a m i c  t e r m s ,  c o r r e c t e d  to  0 ° K .  w h e r e  
neces sa ry .  T h e  sma l l  e n e r g y  c h a n g e s  b e t w e e n  0 ° K .  a n d  
298.16 ° K .  h a v e  b e e n  e s t i m a t e d ,  a n d  a re  i n c l u d e d  in  t h e  

c a l c u l a t i o n  of t h e  l a t t i c e  energ ies  a l t h o u g h  t h e y  a re  n o t  
g i v e n  exp l i c i t l y  in  t h e  t ab le .  

I t  is e v i d e n t  f r o m  T a b l e  1 t h a t  t h e r e  is g o o d  agree-  
m e n t  b e t w e e n  U a n d  U 0 f igures  for  t h e  a lka l i  ha l ides .  I n  
c o m p a r i n g  t h e  d a t a  i t  s h o u l d  be  b o r n e  in m i n d  t h a t  e r ro r s  
in  t h e  U v a l u e s  m a y  be  of t h e  o r d e r  of =~ 2 -3  kcal . ,  a n d  
e r ro r s  in  t h e  U0 v a l u e s  m a y  be  of  a s imi l a r  o r d e r  of  
m a g n i t u d e  e v e n  if t h e  a s s u m p t i o n s  u n d e r  w h i c h  t h e y  are  
c a l c u l a t e d  h o l d  e x a c t l y .  

A n  a l t e r n a t i v e  m e t h o d  w h i c h  can  be  e m p l o y e d  for  cal- 
c u l a t i n g  t h e  l a t t i c e  energ ies  of s o m e  of t h e  a lka l i  ha l i de s  
is to  c o m b i n e  t h e  k n o w n  h e a t s  of s u b l i m a t i o n  w i t h  t h e  
m e a s u r e d  h e a t s  of ionic  d i s soc i a t i on  of t h e  gas  m o l e c u l e s  
a n d  o t h e r  t h e r m o d y n a m i c  d a t a .  L a t t i c e  energ ies  Ue 
o b t a i n e d  in  th i s  w a y  a re  s h o w n  in T a b l e  2 t o g e t h e r  w i t h  
v a l u e s  of  t h e  h e a t s  of  s u b l i m a t i o n  20 a t  0 ° K .  a n d  t h e  
h e a t s  of  ion ic  d i s soc i a t i on  Q0 a t  t h e  s a m e  t e m p e r a t u r e .  
I t  is s een  t h a t  t h e  Ue v a l u e s  ag ree  wel l  w i t h  t h e  U a n d  
U0 v a l u e s  of T a b l e  1. 

T h e  g o o d  a g r e e m e n t  b e t w e e n  t h e  l a t t i c e - e n e r g y  v a l u e s  
o b t a i n e d  b y  t h e  d i f f e r e n t  i n d e p e n d e n t  m e t h o d s  p r o v i d e s  
s t r o n g  e v i d e n c e  of t h e i r  re l i ab i l i ty .  Also,  t h e  a g r e e m e n t  
t e n d s  to  c o n f i r m  t h e  v a l i d i t y  of  t h e  D a n d  E v a l u e s  for  
t h e  h a l o g e n s  w h i c h  h a v e  b e e n  e m p l o y e d  in  t h e  ca lcula-  
t i ons  d e s c r i b e d  a b o v e ;  t h e s e  v a l u e s  s h o u l d  be  sat is-  
f a c t o r y  for  use  in  t h e  c a l c u l a t i o n  of  t h e  l a t t i c e  energ ies  
of  o t h e r  i n o r g a n i c  ha l i de s  b y  m e a n s  of t h e  B o r n - H a b e r  
cycle .  

T h e  l a t t i c e  energ ies  of t h e  a lka l i  ha l i de s  e x h i b i t  a 
r e m a r k a b l e  r e g u l a r i t y .  T h u s  t h e  l a t t i ce  energ ies  of t h e  
s o d i u m  sa l t s  a re  e q u a l  t o  t h e  m e a n  of t h e  l a t t i c e  energ ies  
of  t h e  c o r r e s p o n d i n g  l i t h i u m  a n d  p o t a s s i u m  sa l t s  to  

T a b l e  1. Lattice energies of alkali halides 

(Values in kcal./mole) 

--AHf D --E L o 
LiF  143.6 1 8 . 8  - -  83.5 37 
LiC1 97.7 29.0 -- 88.2 37 
LiBr  83-7 26-7 -- 81.6 37 
Li I  64.8 25.5 -- 74.6 37 

N a F  136.0 1 8 . 8  -- 83.5 26 
NaC1 98.2 29.0 -- 88.2 26 
NaBr  86.0 26.7 -- 81.6 26 
Na I  68.8 25.5 -- 74.6 26 

K F  134.5 18.8 --83.5 21.6 
KCI 104-2 29.0 -- 88.2 21.6 
K B r  93.7 26.7 -- 81.6 21-6 
K I  78-3 25-5 - -  74.6 21.6 

R b F  131.3 18.8 --83.5 20-1 
RbCI 102.9 29.0 -- 88.2 20.1 
R b B r  93.0 26.7 -- 81.6 20.1 
R b I  78.5 25.5 -- 74.6 20.1 

CsF 126.9 18.8 -- 83.5 18.8 
CsCl 103.5 29.0 -- 88.2 18.8 
CsBr 94-3 26.7 --81.6 18.8 
CsI 80.5 25.5 -- 74-6 18.8 

I 
124.3 
124.3 
124-3 
124.3 

118.4 
118.4 
118.4 
118.4 

102.0 
102.0 
102-0 
102.0 

96.2 
96.2 
96.2 
96-2 

89.7 
89.7 
89.7 
89.7 

U 
244 
201 
193 
180 

217 
185 
178 
167 

195 
171 
165 
156 

185 
162 
157 
149 

173 
155 
151 
143 

u0 
243.6 
200.2 
189-5 
176-1 

215.4 
183.5 
175.5 
164.3 

192.5 
167.9 
161.3 
152.4 

183.0 
162.0 
156.1 
148.0 

175.7 
153"1 
149.6 
142.5 
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Table 2. Lattice energies of the alkali halides from heats 
of sublimation and vapour phase ionic dissociation 

(Values in kcal./mole; probable error of Ue values c. ± 3 kcal.) 

/to Qo Ue 
LiC1 50"6(a) 150"7(d) 201-3 
LiI 48.8(c) 129.103 177.9 

NaC1 55.0(a, b) 129.7(d) 184-7 
NaBr 53.0(a, b) 124.7(e) 177"7 
NaI 47"9(c) 118.80) 166.7 

KC1 52.9(a, b) 113.5(d) 166"4 
KBr 51-9(a, b) 109.3(e) 161"2 

49-0( a 102.4(g) 151.4 
KI  49.0(a) 104.6(h) 153.6 

RbI 46.1(a) 99-103 145.2 

CsI (48) 94-8(h) 142.8 

Data from (a) Niwa, 1938; (b) Mayer & Winter, 1938; 
(c) Rossini et al., 1952; (d) Saha & Tandon, 1937; (e) Tandon, 
1937a; (f) Srivistava, 1938; (g) Tandon, 1937b; (h) Mayer, 
1930. 

wi thin  4-1.5 kcal. Similarly, the  lattice energies of the  
rubid ium salts approximate  to the mean  of the  lat t ice 
energies of the  corresponding potassium and caesium 
salts, even though  CsC1, CsBr and  CsI have a different 

crystal s tructure from the other  alkali halides. In  ad- 
dition, the  difference between the  latt ice energies of the  
chloride and bromide of a given alkali meta l  is practically 
constant  (64-2 kcal.), as also is the  difference be tween 
the  lattice energies of the  bromide and iodide (104-3 
kcal.). 
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T h e  un i t  cel l  and  s p a c e  g r o u p  of b a r i u m  te trat i tanate ,  B a O .  4 T ie2 .*  B y  F.  W.  tIARRISON,¢ College 
of Mineral Industries, The Pennsylvania State University, University Park, Pa., U . S . A .  

(Received 7 December 1955) 

The compound BaO. 4Ti02 has been prepared by Rase & 
Roy (1955) during phase investigations in the  system 
Ba0-TiO2. I t  grows as small needle-shaped crystals 
several mill imetres in length from mixtures  of 80 molar % 
Tie2 react ing in the  solid phase below 1400 ° C. 

Rota t ion  and  ~Veissenberg photographs of an un- 
twinned crystal have shown the  unit  cell to be ortho- 
rhombic wi th  dimensions 

a = 3.79::t=0.01, b = 14.514-0-04, c = 6.304-0.02 /~, 

where a is parallel to the  length of the  needle, and  b 

* Contribution No. 54-3 from the College of Mineral In- 
dustries, The Pennsylvania State University; work sup- 
ported by the U.S. Army Signal Corps under Contract 
DA-36-039sc5594. 

t Now at Mullard Research Laboratories, Cross Oak Lane, 
Salfords, near Redhill, Surrey, England. 

and  c are parallel to the edges of its rectangular  cross- 
section. 

The only systematic absences observed are hk0 when  
h + k  is odd, suggesting tha t  the  space group is ei ther  
P- ran ,  Pro-n,  or Proton. 

The observed densi ty of 4.6 g.cm. -8, measured by  
pycnometer ,  agrees well wi th  a value of 4.54 g.cm. -3 
calculated on the  basis of 2 formula uni ts  per uni t  cell. 

The short axial distance of 3.79 /~ corresponds ap- 
proximate ly  wi th  the  distance between opposite apices 
of Ti0e octahedra found in other compounds, suggesting 
t ha t  strings of such oetahedra are l inked corner to comer  
parallel to the  a axis. 

A structure de terminat ion  on this compound is no t  
contemplated.  
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