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The lattice energies of the oxides MgO, CaO and BaO 
have been calculated using an equation previously 
developed. From the results the electron affinity, E(O2-), 
was deduced and hence the lattice energies of the re- 
maining alkaline earth oxides. 

1. Introduct ion 

I t  seems p robab le  t h a t  the  e n e r g y  change  for  t h e  reac t ion ,  
O(gas) + 2e -+ O2-(gas), c an  be  e s t i m a t e d  only  i nd i r ec t l y  
f rom a cons ide ra t ion  of la t t ice  energies.  On the  o the r  h a n d ,  
for t he  process,  O ( g a s ) + e - - >  O-(gas) ,  as w i t h  t h e  cor- 
r e spond ing  reac t ions  of t he  halogens ,  severa l  e x p e r i m e n t a l  
d e t e r m i n a t i o n s  h a v e  been  m a d e  (Ta-You,  1955; Schule r  
& Bingel ,  1955; Senf t leben ,  1926; Lozier ,  1934; Vier  
& Mayer ,  1944; Briegleb,  1942; Me t l ay  & Kimba l l ,  1948 ; 
Moiseiwitsch,  1954; B r a n s c o m b  & Smi th ,  1955. 

Calcu la t ions  of t he  la t t ice  energies  of t h e  a lka l ine  e a r t h  
oxides h a v e  been  ca r r ied  ou t  p rev ious ly  (Sherman ,  1932; 
v a n  Arke l  & de Boer ,  1931; M a y e r  & lV[altbie, 1932; 
de  Boer  & Verwey ,  1936; Kapus t i n sk i i ,  1943; Fowle r ,  
1936; K a p u s t i n s k i i  & Yats imirsk i i ,  1956; Hugg ins  & 
S a k a m o t o ,  1957; Morris,  1957; P r i t c h a r d ,  1953). T h e  
resul ts  are  s u m m a r i z e d  in Tab le  1 t o g e t h e r  w i t h  t he  
de r ived  e lec t ron  aff ini ty ,  E(O2-) ;  for compar i son ,  t h e  
p r e sen t  w o r k  is inc luded .  

T h e  va lues  f rom P r i t c h a r d  (1953) r ep re sen t  on ly  t h e  
ave rage  of t h e  resul ts  of ear l ier  w o r k  (Sherman ,  1932; 
v a n  Arke l  & de  Boer ,  1931; M a y e r  & Mal tbie ,  1932; 
de  Boer  & Verwey ,  1936; K a p u s t i n s k i i ,  1943) a n d  t hus  
these  d a t a  t o g e t h e r  w i t h  t he  de r ived  e lec t ron  af f in i ty  are  
n o t  of g r ea t  s ignif icance.  

2. Calculat ions  

I n  o rder  to  ob ta in  a n  e s t i m a t e  of t h e  e lec t ron  af f in i ty  
E(O 2-) t h e  la t t i ce  energies  of MgO, CaO a n d  BaO were  
ca l cu la t ed  us ing  an  e q u a t i o n  p rev ious ly  deve loped  a n d  
app l i ed  successful ly  (Ladd  & Lee,  1958, 1959, 1960a, 
1960b). These  t h r ee  c o m p o u n d s  were  chosen  since i t  was  
cons idered  t h a t  for  t h e m  rel iable  s t r u c t u r a l  d a t a  were  
ava i lab le  (Table  2). 

T h e  i n t e r a t o m i c  d is tances ,  %, we re  t a k e n  f rom the  
l a tes t  d a t a  in t he  A . S . T . M .  I n d e x  w i t h  t he  excep t ion  
of BaO (Zollweg, 1955). T h e  compressibi l i t ies ,  fl, we re  
o b t a i n e d  b y  e x t r a p o l a t i o n  of t h e  d a t a  of W e i r  (1956) to  
u n i t  p ressure  a n d  are  d i f fe ren t  f rom t h e  va lues  he  d e d u c e d  
b y  ave rag ing  t h e  v o l u m e  dec remen t s ,  a s s u m i n g  a l inea r  
re la t ionsh ip  b e t w e e n  v o l u m e  change  a n d  app l ied  pressure .  
T h e  va lues  of t he  cons t an t s  C a n d  D are  those  e v a l u a t e d  
b y  H u g g i n s  & S a k a m o t o  (1957). T h e  ze ro-po in t  ene rgy  
t e r m  is r e p r e s e n t e d  in these  oxides b y  9hvmax., Vmax. is 
t he  m a x i m u m  in f ra red  la t t i ce  f r e q u e n c y  (Born  & Mayer ,  
1932); t he  fol lowing va lues  were  ob ta ined .  

1012Vmax. ~h~max. Lattice energy, 
(sec. -1) (kg.cal./mole) U(ro) , kg.cal./mole 

l~IgO 17.1" 3.7 -- 942 
CaO 11.1~ 2-4 -- 865 
B a 0  5-7 t 1.2 --756 

* Willmott  (1950). t Parodi (1934). 

Of t he  m o r e  r ecen t  eva lua t i ons  of these  la t t i ce  energies  
in Tab le  1 ~-9, we  h a v e  cons ide red  in ear l ier  w o r k  
(1959, 1960b) a n u m b e r  of ob jec t ions  to  t h e  m e t h o d s  
used  a n d  these  r e m a r k s  app ly  equa l ly  to  t he  oxides .  

Tab le  1. Lattice energies of the alkaline earth oxides and the affinity of oxygen for two electrons 

l~eferences 
^ Present 

1 2 3 4 5 6 7 8 9 10 work 
^ 

BeO - -  1080 1030 . . . .  1026 1082 - -  1055 1097± 10 
MgO 940 936 920 939 914 976 934 907 938 - -  930 942 __ 10 
CaO 824 830 825 831 826 876 845 816 841 - -  831 853 _+ 10 
SrO 791 784 780 766 769 829 789 769 792 - -  778 806 ± 10 
BaO 747 740 735 727 731 780 751 724 746 741 736 766 ± l0 
R a 0  . . . . . . . . . . .  751 ± 10 
E(O u-) 168 173 - -  150 - -  - -  - -  162 160 156 179_+ 8 

(176)* 
1 Sherman, 1932. 
2 van Arkel & de Boer, 1931. 
3 Mayer & Maltbie, 1932. 
4 

5 Kapustinskii,  1943. 
6 Fowler, 1936. 
7 Kapustinskfi & Yatsimirskii, 

8 Huggins & Sakamato, 1957. 
9 Morris, 1957. 

10 Pri tchard,  1953. 
de Boer & Verwey, 1936. 1956. * Huggins & Sakamoto, 1957, p. 250. 

Tab le  2. Structural parameters for magnesium, calcium and barium oxides 

1012fl 106°C erg 10~6D erg 
r0 (£) (barye -1) cm.6/molecule cm.S/molecule 

MgO 2.106(5) 0.44 47 17 
CaO 2.405(3) 0.49 135 83 
BaO 2.769(6) 0.82 394 477 
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I n  par t icular ,  the  two sets of values quoted by  Huggins  
& Sakamoto (1957) were derived using two differing and 
arb i t ra r i ly  selected (Huggins, 1956) values for the repul- 
sion exponent  0. We have  found not  only different values 
for ~ bu t  also t h a t  each compound has its own charac- 
teristic value for the exponent .  

(Huggins & Sakamoto) 0 (present work) 

MgO 0.400 0.333 0.301 
CaO 0.400 0.333 0.254 
BaO 0.400 0.333 0.284 

We have  fur ther  calculated the lat t ice energy of bar ium 
oxide by  an  equat ion similar to t ha t  of Born & Land6 
(1918) bu t  employing an exponential  form for the repul- 
sion te rm (Pauling, 1928) and using the values of r 0 and 
fl from Table 2. This leads to the result  U(ro)=-753  
kg.cal./mole, ve ry  similar to t h a t  obtained wi th  this  
equat ion using the inverse r n repulsion expression (Morris, 
1957). 

I t  has been our experience t h a t  any  modification of the 
Born-Land6  equat ion (Ladd & Lee, 1958; Born & Mayer,  
1932) so as to include the a t t rac t ive  potent ia l  energy 
terms represented by  C/r s and D/r s always leads to a 
lower (more negative) value for the lat t ice energy. I t  
seems unl ikely  then t h a t  this quan t i ty  for bar ium oxide 
can be greater  t han  about  - 7 5 3  kg.cal./mole. 

Applying the B o r n - H a b e r  cycle in the form, 
AHs(cryst.) - AHs(M2+gas ) - ½D(O3) 

- E ( O  2-) + 1.2 -U(r0)  = 0 ,  

to the oxides of magnesium, calcium and bar ium we 
arrive at  the  value of 179+_8 kg.cal . /g.atom for the 
electron affinity,  E(O~-), taking the thermodynamic  data  
from the compilat ion of Rossini et al. (1952). To complete 
the series of lat t ice energies of the alkaline earth oxides 
we have used da ta  from the same source together  wi th  
the mean  value for E ( 0  ~-) jus t  derived; these results are 
listed in Table 1. 

The uncer t a in ty  in the calculated values of the lat t ice 
energies of MgO, CaO and BaO lies in the low accuracy 
wi th  which their  compressibilities have  been measured 
(Weir, 1956; Bridgman,  1949). More reliable da ta  would 
undoubted ly  lead to a fur ther  ref inement  of these values. 
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A s imple  method for the determinat ion of ~20]~x2 at atomic  posit ions.  By H. W. Em~Lic~, Chem- 
istry Department, The University, Edinburgh, 9, Scotland 

(Received 22 March 1960 and in revised .form 21 May 1960) 

The value of ~2~/~x2 at  atomic positions is required when of deriving this quan t i t y  is from an Fo synthesis,  bu t  
assessing the accuracy of a s t ructure determinat ion or m a n y  refinements are now carried out  by  techniques no t  
when determining the magni tude  of a shift  indicated b y  requiring such a summation.  Fur thermore,  for a reliable 
an  ( F o - F c )  map.  In  principle, the most  reliable method  determinat ion of a20/~x ~, the Fourier  synthesis  mus t  be 


