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The crystal  s t ruc ture  of the ear th-a lka l i  hydr ides  was 
s tudied by  Zintl  & Harde r  (1935) who found tha t  cal- 
cium, s t ron t ium and  ba r ium hydr ide  are isomorphous.  
As far as the  meta l  ions are concerned these s t ructures  
could be described as follows. 

Space group Pnma, 4 traits M H  2 per cell; 
for calcium hydr ide  

a=5 .936 ,  b=3.600,  c=6 .838  ]k; 
.~i in 4(c) wi th  x=0 .260  and z =0.110. 

This meta l  a r rangement  is a slightly dis tor ted hexag- 
onal close packing.  The hydrogen  atoms were assumed 
to occupy two 4-fold positions in 4(c) wi th  parameters  
as given in Table 2. Half  of the hydrogen  atoms is 
s i tuated in the centres of the octahech'al holes of the 
calcium latt ice and the other  half in the centre  of a 
tr iangle of three calcium ions forming the common base 
of two te t rahedra .  This s t ruc ture  is related to PbC12 in 
cell dimensions and  meta l  positions. However ,  the 
hydrogen  positions of Zintl  & Harde r  represent  a severe 
distort ion of the  lead-chlor ide s t ructure,  in tha t  in PbC12 
half of the chlorine ions are sur rounded te t rahedra l ly  
by lead atoms, the other  half being displaced from the 

* Work sponsored jointly Reactor Centrum Nederland, the 
Netherlands and Institutt  for Atomenergi, Norway. 

centres of the  oc tahedra  so tha t  they  have  only five 
neighbours.  

A neut ron-d i f f rac t ion  invest igat ion was unde r t aken  to 
obtain more informat ion about  the positions of the 
hydrogen  atoms. Powdered  samples of calcium hydr ide  
and deuter ide  were prepared from the elements  and 
diffraction pa t te rns  taken on the dif f ractometer  described 
by Goedkoop (1957) using neut rons  frmn J E E P ,  the 
reactor  a t  Kjeller ,  Norway.  These diagrams, with 
ins t rumenta l  background subtracted,  are shown in Fig. 1. 
The in tegra ted  intensities corrected for the angular  
dependence  are tabula ted  in Table 1. The exper imental  
da ta  were in disagreement  wi th  the values calculated 
for the parameters  suggested by Zintl & Harde r  (Table 1). 

A geometrical  analysis of the  available space in the 
calcium structure,  however,  showed tha t  the hydrogen 
positions of Zintl  & Harde r  are very  unlikely.  All the 
calcium ions are in s y m m e t r y  planes. F rom geometrical  
considerations it is evident  t ha t  the  hydrogen  a toms must  
be s i tuated in these same planes. Wi th  the radius of a 
calcium ion of 0"99 /~ and a radius of the hydrogen  ion 
of 1"31 A around every calcium ion a sphere of radius 
rca. .  +rH, could be constructed.  This sphere is the 
locus of points where the centre  of a hydrogen  ion, 
bound to tha t  calcium ion, might  be s i tuated.  Because 
of the hexagonal  packing of the calcium ions, in every 
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Fig. 1. Neutron diffraction patterns of Call 2 and CAD2, taken with ~t----1.053 A. 
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T a b l e  1. Observed and  calculated neu t ron-d i f f rac t ion  data f o r  calc ium hydride and  deuteride 

hkl 20 
101 13-49 
002 17.72 
011 19.03 
200 20-44 } 
102 20-48 
l l l  21-63 
201 22.30 
210 26.59 / 
112 26.62 
202 27"18 
211 28.07 } 
103 28.66 
013 31.74 } 
212 32.13 
301 32.17 
113 33.41 } 
203 33.87 
020 34.02 
302 35.81 / 
004 35.88 
311 36.51 
121 36.75 
104 37.39 } 
213 38.05 
022 38.61 
312 39.811 
220 40.02 
122 40.04 

CaD 2 CaH 2 
~, ^ 

Z. & H.- Cal l  2- PbC12- Z. & H.- Call2- PbCI2-" 
model model model model model model 

jFo 2 jFc 2 jFc 2 jFc ~ jFo 2 jFc 2 jFc 2 jFc e 
0 0 0 0"2 0 0 0 0"1 
0 0"1 0"4 0 0 0 0 0"1 
0 0 0 0 1"8 2"1 1"9 1"9 

0 1"6 0"4 0 5"9 5"3 6"8 7"0 

0 0"9 0 0 6"7 7"5 6"4 5"2 
0 0 0"9 0"1 0 0 0 0"1 

19"8 15"5 22"6 23-3 5"8 1"6 5"5 5"2 

21.5 37.7 22.5 17.4 1.6 0.5 1.4 0.9 

23.6 34.3 18.3 20.0 0 0.4 2.8 1.1 

25.2 22.5 23-5 29-0 0 0.5 1.0 1.1 

22.4 0.5 24.2 21.7 6.0 12-3 1-6 2.5 

8.3 6.7 7.0 11-2 4.0 5.1 4.0 4.7 

2.4 3.4 3.5 0.4 10-9 7.3 12.2 12.9 

49.5% 13.5% 17.0% 44.2% 26.4% 29.8% 

s y m m e t r y  p lane  t he re  a re  po in t s  of i n t e r sec t ion  of t h r e e  
such  spheres  co r r e spond ing  w i t h  h y d r o g e n  ions h a v i n g  
equa l  bonds  to  t h r ee  ca l c ium ions. I n  th is  w a y  a n u m b e r  
of po in t s  is f o u n d  a r r a n g e d  in pai rs  a r o u n d  a t e t r a h e d r a l  
hole  a n d  in g roups  of four  a r o u n d  an  o c t a h e d r a l  hole.  

Tab le  2. Hydrogen  parameters  i n  a . few models 

HI HII 

X Z X Z 
Zintl & Harder  model 0.260 0.430 0-996 0.758 
PbC1 e model 0.375 0-435 0.941 0.688 
Catt~ model 0-375 0.435 0.000 0-660 

B y  a n  a p p r o p r i a t e  choice of the  r ad ius  of t he  h y d r o g e n  
ion, t he  pa i rs  a r o u n d  t e t r a h e d r a l  holes  can  be  m a d e  to 
coincide,  g iv ing  a possible h y d r o g e n  pos i t ion  w i t h  four  
e q u a l  C a - H  bonds .  T h e  o c t a h e d r a  do n o t  r educe  to  single 
posi t ions.  T h e  h y d r o g e n s  could  be d i s t r i b u t e d  over  t he  
ava i l ab le  sites, t a k i n g  in to  a c c o u n t  t h a t  t h e  i n t e r a t o m i e  
d i s t a n c e  of two  h y d r o g e n  ions shou ld  be  la rger  t h a n  a 
m i n i m u m  value .  This  cond i t ion  could  be sat isf ied in one 
a r r a n g e m e n t  only .  T h e  p a r a m e t e r s  so o b t a i n e d  are  l is ted 
in  Tab le  2. T h e  h y d r o g e n  posi t ions  sa t i s fy  P n m a  s y m -  
m e t r y .  T h e  in tens i t ies  ca l cu la t ed  for  this  s t r u c t u r e  are  
g iven  in Tab le  1. T h e y  are  seen to  agree  m u c h  b e t t e r  
w i t h  t h e  obse rved  va lues  t h a n  those  ca l cu la t ed  f rom the  
Z in t l  & H a r d e r  mode l .  T h e  p a r a m e t e r s  r ep resen t  a s l ight  

d i s to r t ion  f rom the  s t r u c t u r e  of lead  chlor ide .  A calcula-  
t ion  w i t h  t he  h y d r o g e n  a t o m s  s l ight ly  r e a r r a n g e d  so as 
to  co r r e spond  w i t h  t h e  posi t ions  occup ied  b y  chlor ine  
in PbC12 is l i s ted in t he  last  co lumns  of Tab le  1. As a 
m e a s u r e  of t he  re la t ive  m e r i t  of t he  ca lcula t ions ,  a t  t he  
end  of e v e r y  c o l u m n  the  va lue  of ZjIF~c--F2oI/2:jF2 o has  
been  g iven.  

I n  t h e  ca lcu la t ions  t e m p e r a t u r e  fac tors  for  h y d r o g e n  
a n d  d e u t e r i u m  were  app l i ed  as o b t a i n e d  f rom inelas t ic  
n e u t r o n - s c a t t e r i n g  e x p e r i m e n t s  (Be rgsma  & Goedkoop ,  
1960). 

I n  t h e  s t r u c t u r e  of ca l c ium h y d r i d e  each  ca l c ium ion 
is s u r r o u n d e d  b y  n ine  h y d r o g e n  ions of w h i c h  seven  a t  
2-32 a n d  two  a t  2.85 A. Converse ly ,  each  h y d r o g e n  of 
t y p e  I has  four  ca lc ium ions a t  2-32/~ a n d  e igh t  h y d r o g e n  
ions a t  d i s tances  v a r y i n g  b e t w e e n  2.50 a n d  2 .94 /~ .  E a c h  
h y d r o g e n  of t y p e  I I  is b o u n d  to  t h r ee  ca l c ium ions a t  
2.32 a n d  two  a t  2.85 J~ a n d  t en  h y d r o g e n  ions a t  d i s t ances  
b e t w e e n  2.65 a n d  3-21 A. 
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