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The Crystal Structure of LiAs* 
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The crystal structure of LiAs has been determined by single-crystal methods. The approximate 
structure was deduced from photographic data, and a least-squares refinement was made with da ta  
obtained with a scintillation counter. LiAs is monoclinic with eight formula units in space group 
P21/c. The cell dimensions are a=5.79+0.01,  b----5.24±0-01, c---10.70+0-02 A, and fl----117-4±0.2 °. 
The arsenic atoms form singly bonded infinite spiral chains parallel to the b axis. The As-As bonds 
differ slightly in length and are alternately 2.454 and 2.472 A. The average Li-As distance is 2"78 A. 
The lithium atoms are in positions defined approximately by a spiral coaxial with the arsenic chains 
but with a somewhat larger radius and the spiral rotated approximately 90 °. Each atom has six 
neighbors of the other kind at the corners of a deformed octahedron. 

Introduct ion  

In  a s tudy  of the phase-equilibrium relationships in 
a port ion of the l i thium-arsenic system a compound of 
the composition LiAs was found. Because this was 
a new and interesting compound a detailed s t ructure  
investigation was under taken.  During the course of 
this work the isostructural  compound NaSb was in- 
vest igated in order to place the l i thium atoms of LiAs 
by analogy with the corresponding sodium positions 
of NaSb.  Ult imately,  the l i thium atoms were found 
directly from the diffraction da t a  with an accuracy 
probably  greater  than  if they  had been located by 
isomorphous substi tution.  The results of the analysis 
of the NaSb s t ructure  are, therefore, being reported 
separate ly  (Cromer, 1959). 

E x p e r i m e n t a l  

The compound LiAs was prepared by R. E. Tate  and 
F. W. Schonfeld (Tate & Schonfeld, 1958) by reacting 
a stoichiometric mixture  of l i thium and arsenic in a 
closed bomb. Chemical analysis of the reaction product  
was very  difficult, but  results indicated t ha t  the 
product  had a composition of from 45 to 50 a tomic% 
arsenic. The principal evidence for tha t  composition 
is t ha t  all of the reac tants  were consumed, and 
microscopic examinat ion revealed the presence of only 
a single phase. Tate  & Schonfeld (1958) experimental ly  
determined the densi ty  of LiAs to be 3.5 g.cm. -a by 
displacement in bromobenzene. All manipulat ions of 
LiAs were performed in a drybox flushed and filled 
with d ry  nitrogen. I t  is of interest  to note tha t ,  
a l though l i thium metal  reacts with nitrogen, freshly 
cleaned surfaces of LiAs remained bright and shiny 
for periods of several hours in the dry  nitrogen 
atmosphere.  

* Work done under the auspices of the U.S. Atomic Energy 
Commission. A preliminary account of this structure was given 
at the meeting of the American Crystallographic Association 
at Pasadena, California, U.S.A., June, 1955. 

A specimen of the compound was crushed and among  
the f ragments  were found m a n y  needle-like single 
crystals. The crystals were moistened with mineral  oil 
and placed in thin-walled glass capillaries. The mineral  
oil was used so t ha t  the crystals would adhere to the  
capillary walls. Before the capillaries were removed 
from the drybox they  were sealed by touching their  
open ends to an electrically heated wire. 

Weissenberg and precession photographs  were t aken  
and the systemat ic  extinctions uniquely established 
the space group to be P21/c. The cell dimensions were 
determined by measuring resolved al ,  ~2-doublets on 
zero-layer Weissenberg fihns. The cell dimensions are 

a = 5.79±0.01, b = 5.24±0.01, c = 10.70±0.02 /~,  
/~ = 117"4£0.2 '~ (Cu K~I ,  ~ = 1-5405/~). 

The calculated densi ty  with Z = 8 is 3.68 g.cm. -3. 
In  view of the experimental  difficulty of measur ing  
the densi ty  of this react ive compound, the agreement  
between the experimental  and calculated densi ty  is 
considered satisfactory.  Assuming tha t  all a toms are 
in general positions, the asymmetr ic  s t ructura l  unit  
consists of two l i thium and two arsenic atoms. 

The crystals had a metallic luster, showed good 
cleavage parallel to the b axis (needle axis), and were 
observed to cleave equally well on any  of a number  
of hO1 faces, a behavior compatible with the chain 
s t ructure  u l t imate ly  found. 

The hO1 Weissenberg photographs  show an unusual  
pseudo-symmetry .  The intensities are nearly identical 
on either side of the 104 central row. An orthogonal 
pseudo-cell can be constructed in which A ---4a+c, 
B = b and C = c. A is parallel to the 104 plane in 
the monoclinic cell. 

The initial set of intensi ty da ta  was obtained with 
Mo radiat ion and a Weissenberg camera.  A series of 
t imed photographs  of levels normal to b* for k = 0 
to 6 was made. The intensities were measured by eye 
with the aid of calibration spots made by using the  
crystal  itself. A series of t imed precession photographs  
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with Zr-filtered Mo radiat ion was made  of the hk0 
and Okl zones. Lorentz-polar izat ion corrections were 
applied and all s t ruc ture  factors placed on the same 
scale by  comparing reflections occurring on both 
Weissenberg and precession films. For  the precession 
data ,  the  Lp corrections of Waser  (1951) were used. 
A tota l  of 601 non-zero independent  reflections was 
recorded. :No absorpt ion corrections were applied. 

The photographic  da t a  were adequate  for finding 
the arsenic positions and  suggested where the l i thium 
atoms might  be. There were, however,  several re- 
flections which were unobserved and had  been cal- 
culated to be modera te ly  strong. In  order to remove 
these apparen t  discrepancies and to a t t e m p t  to define 
the l i thium positions as well as possible by  X - r a y  
evidence alone, a second set of da t a  was t aken  with 
a scintillation counter  adap ted  to the mechanical  
device described by  Evans  (1953), again using Mo 
radiat ion.  Levels for k = 0 to 7 were measured out 
to sin 0/)l ~ 0.856. A crystal  with dimensions 
0.027 ×0.027 ×0.135 mm. was used. The long axis of 
the  crystal  was the  rota t ion axis. Of the 1482 reflec- 
tions investigated,  1008 were observed greater  than  
zero, 424 were too weak to measure,  and 50 occurred 
a t  angles too small to be measured accurately.  Again, 
no absorpt ion corrections were made.  The small, 
uniform cross-section of the crystal  was favorable for 
minimizing absorpt ion errors, and  the excellent final 
agreement  between observed and calculated s t ructure  
factors indicates t ha t  absorpt ion errors were minor. 

D e t e r m i n a t i o n  o f  t h e  s t r u c t u r e  

Pat te r son  projections on the 100 and 010 planes were 
computed.  The h01 Pa t t e r son  projection is shown in 
Fig. 1. The pseudo-symmet ry  of the hO1 layer noted 
before shows t h a t  in projection there are pseudo- 
mirrors perpendicular  to and parallel with the trace 
of the 104 plane. The 104 s t ructure  factor  is very 
lar_ge so t ha t  the  arsenic a toms must  lie close to the 
104 planes. The hO1 Pa t t e r son  shows a large peak on 
104 plane through the  origin. This peak is produced 
by the x, z components  of the vectors between those 
a toms lying near  104 planes. The other  main peaks lie 
along the line x = 0 and are produced by vectors 
normal  to the 104 plane. 

The approx imate  arsenic positions were deduced 
from the two Pa t t e r son  projections. Calculated phases 
from this trial  s t ruc ture  were used to compute Fourier  
projections. :No sign changes were indicated. I t  was, 
therefore,  necessary to use three-dimensional  da t a  for 
fur ther  ref inement  and to locate the l i thium atoms.  

A three-dimensional  Fourier  was calculated for the 
asymmetr ic  port ion of the cell with Ax = Ay = 0.02 
and  Az = 0.01. Phases were those computed with the  
arsenic a toms only. This Fourier  showed several small 
peaks which might  have  been the l i thium atoms, but  
only two of these peaks were far  enough removed from 
the arsenic a toms (>  2.5 A) to be seriously considered 
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Fig. 1. Patterson projection of LiAs on 010. Contours are 
at equal arbitrary intervals. The origin peak is not shown. 

as possible l i thium sites. The other  peaks were very  
likely produced by  series te rminat ion  effccts and/or  
exper imental  errors in the  observed s t ructure  factors.  
An (Fo-Fc) Fourier  was computed in the region of 
the two peaks t ha t  were thought  to be l i thium atoms 
in an a t t e m p t  to define their  positions better .  Fc was 
calculated with the arsenic a toms only. Also, an Fc 
Fourier  was computed in the region of the arsenic 
a toms in order to correct their positions for series 
terminat ion effects. The atomic coordinates from these 
Fourier  series are given in Table 1. S t ruc ture  factors 
for this model were calculated and gave R = 14.1%. 

Table 1. Atomic coordinates of LiAs, photographic data 

Three-dimensional Fourier x y z 
As 1 0.3026 0.9159 0.2993 
A% 0.2847 0.1629 0.1006 

Three -dimensional 
Fourier with series 

telznination correction 
As 1 0-3050 0 - 9 1 5 9  0-2995 
As 2 0.2890 0 . 1 6 3 3  0.1016 

Three-dimensional 
difference Fourier 

Li 1 0.225 0-397 0-328 
Li 2 0"208 0.670 0.029 
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T a b l e  2. Result of the least-squares refinement of L i A s  with counter data 
x y z B 

As~ 0 .3042  + 0 .0002  0 .9143  4- 0 .0002  0 .2992  -b 0 .0001 0 .98  4- 0 .01 
As~. 0 .2891  4- 0-0002 0 .1626  4- 0 .0002  0 .1011  =4- 0 .0001  0 .88  4- 0-01 
Li~ 0 .235  - t -0 .005 0 .402  4 - 0 . 0 0 6  0 .329  4 - 0 . 0 0 3  2 .30 - t -0 .37  
Li  2 0 .232  4 - 0 . 0 0 5  0 .669  4 - 0 . 0 0 5  0 .045  4 - 0 . 0 0 3  1 . 9 2 4 - 0 - 3 3  

W i t h  t h e  l i t h i u m  a t o m s  e x c l u d e d ,  R = 14 .7%.  T h e  
sca le  f a c t o r  a n d  a n  i so t rop i c  t e m p e r a t u r e  f a c t o r  
(B = 1.24 /~2) we re  d e t e r m i n e d  f r o m  a l e a s t - s q u a r e s  
s o l u t i o n  of t h e  p l o t  of 

log (Fo/F~) = log ( 1 / K ) - B  s in  2 0/22. 

L e a s t - s q u a r e s  r e f i n e m e n t  

t i on  of t h e  eel] was  c o m p u t e d .  T h e  e n t i r e  se t  of c o u n t e r  
d a t a  was  u sed  a n d  t h e  p h a s e s  we re  t h o s e  g i v e n  b y  
t h e  f ina l  l e a s t - s q u a r e s  cycle .  T h e  p e a k  e l e c t r o n  den-  

W i t h  t h e  a b o v e  s t r u c t u r e  as  a s t a r t i n g  po in t ,  a leas t -  
s q u a r e s  r e f i n e m e n t  w a s  m a d e  w i t h  t h e  c o u n t e r  d a t a .  
S e p a r a t e  sca le  f a c t o r  p a r a m e t e r s  were  g i v e n  to  each  ! i~ ::1 

l a y e r  w i t h  c o n s t a n t  k i n d e x ,  a n d  s e p a r a t e  i so t rop i c  I: :, :i~ 
t e m p e r a t u r e  f a c t o r  p a r a m e t e r s  were  g i v e n  to  each  :I: :i 
c r y s t a l l o g r a p h i c a l l y  d i f f e r e n t  a t o m .  O n l y  d i a g o n a l  :Io2 ~: ;~ 
t e r m s  were  used.  A r s e n i c  f o r m  f a c t o r s  were  t a k e n  f rom ., " -711 
t h e  Internationale Tabellen (1935) a n d  t h e  f o r m  f a c t o r s  ~ ,6~,,, -::'" 
for  t h e  n e u t r a l  l i t h i u m  a t o m  were  t h o s e  c o m p u t e d  b y  ,! 'ii '-!i 
B e r g h u i s  et al. (1955). Al l  o b s e r v e d  r e f l ec t ions  were  -I: . . . . .  
w e i g h t e d  e q u a l l y .  U n o b s e r v e d  r e f l ec t ions  were  o m i t t e d .  -,, .~ -,,,~ 

T h e  l e a s t - s q u a r e s  r e s u l t s  a re  g i v e n  in  T a b l e  2., T h e  . . . .  -6 ,,, :: 
a g r e e m e n t  of t h e  a r sen ic  p a r a m e t e r s  w i t h  t h e  r e su l t s ,  :i ,i;-:,i! 
c o r r e c t e d  for  ser ies  t e r m i n a t i o n ,  in  T a b l e  1 is good.  o : ; '-;: 
S o m e  of t h e  l i t h i u m  p a r a m e t e r s  h a v e  c h a n g e d  sig- i ' :  d H 

n i f i c a n t l y  b u t  t h e  g e n e r a l  f e a t u r e s  of t h e  s t r u c t u r e  o:',:-H ,; 
h a v e  n o t  been  a l t e r ed .  O n e  f e a t u r e  t h a t  is d i f f e ren t ,  0:,;.,0 :,5,o :::., 
h o w e v e r ,  is t h a t  L i  2 n o w  is f a r t h e r  f r o m  t h e  or ig in .  !!!  ,i!-,i! 

- ~  .~ 

T h i s  a t o m  was  o n l y  2.83 ~ f r o m  t h e  one  r e l a t e d  b y  ! ! 'i~ '" 
t h e  cen t e r  of s y m m e t r y  a t  t h e  or ig in .  Th i s  d i s t a n c e  is o : ~; :,~ 

o I~ . . . .  
n o w  2.99 3,, s l i g h t l y  s h o r t e r  t h a n  t h a t  f o u n d  in  m e t a l l i c  ...... "~ 0-I~ ,o -,0 

igni f i  t l y  ,o l i t h i u m  b u t  n o t  s can  s h o r t e r  c o n s i d e r i n g  t h e  o .,o-" "o '~ 
e s t i m a t e d  er ror .  I t  is w o r t h  n o t i n g ,  h o w e v e r ,  t h a t  in  
N a S b  (Cromer ,  1959), w h i c h  is i s o s t r u c t u r a l  w i t h  LiAs ,  ~ -6 ,:: *il 
t h e  c o r r e s p o n d i n g  d i s t a n c e  is q u i t e  shor t .  ~: " 

T h e  o b s e r v e d  s t r u c t u r e  f a c t o r s  a n d  t hose  c a l c u l a t e d  ~ ! !! :!! 
i :! .H w i t h  t h e  p a r a m e t e r s  g i v e n  in  T a b l e  2 a re  l i s t ed  in  ::I: !i 

T a b l e  3. O m i t t i n g  t h e  2'o = 0, R = 6 . 5 5 %  w i t h  all  ~°:[! ~!- 
a t o m s  i n c l u d e d  a n d  R = 7 . 7 4 %  w i t h  o n l y  t h e  a r sen ic  ~ :; ,~i 
a t o m s  inc luded .  I t  is seen  t h a t  t h e  l i t h i u m  a t o m s  h a v e  ' -' 

: 1 ~, 
i n d e e d  p r o d u c e d  a s m a l l  b u t  d e f i n i t e  e f fec t  on  t h e  , ,: ,:_ 
m e a s u r e d  i n t e n s i t i e s .  :° :I: -i t 

A t  t h e  h i g h e r  ang le s  t h e  l i t h i u m  a t o m s  m a k e  a v e r y  : i!i i~ :il. 

sma l l  c o n t r i b u t i o n  to  t h e  i n t e n s i t y .  T h e  l e a s t - s q u a r e s  o .~ :: :?,0 
c a l c u l a t i o n s  we re  r e p e a t e d  u s i n g  o n l y  t h o s e  s t r u c t u r e  ' :  ~ ?~ 
f a c t o r s  w i t h i n  t h e  Cu Ko~ s p h e r e  of re f l ec t ion .  F o r  t h i s  ::-,i i!,6 
c a l c u l a t i o n  R w a s  r e d u c e d  to  5.57 % for  all  a t o m s  a n d  '° !!i !i 
to  7 . 1 4 %  w i t h  o n l y  t h e  a r sen i c  a t o m s .  P a r a m e t e r  i~ :: 'i-5 

c h a n g e s  w e r e  al l  less t h a n  one  s t a n d a r d  d e v i a t i o n ,  b u t  !~ :~ .,0 t: -r, 
t h e  s t a n d a r d  d e v i a t i o n s  were  s l i g h t l y  h i g h e r  because  i~ : "iii]i 10 :]io 
of t h e  s m a l l e r  n u m b e r  of o b s e r v a t i o n s .  Thus ,  t h e  r e s u l t s  i i -.~ _~ 
o b t a i n e d  b y  u s i n g  all  d a t a  a re  p re fe r r ed .  : :  -o' ,, .,. 

As  a f i na l  check  on  t h e  s t r u c t u r e ,  a n o t h e r  t h r ee -  ' :  "I: i 
d i m e n s i o n a l  F o u r i e r  ser ies  ove r  t h e  a s y m m e t r i c  por-  ' ~:': ~t : 

T a b l e  3. Observed and calculated structure factors for 
L i A s  from the least-squares refinement of the counter data 

The column headings are h, k, l, Fobs. and F c a l c  .. If Fobs. is 
negative, the minus sign should be interpreted as 'less than ' .  
If Fobs. is zero, the reflection occurred at too small an angle to 

be measured accurately 
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sities for As1 and As~, were 185 and  192 e./~ -3 and 
for L i  I and Li~, 7"6 and  6.6 e.A -a. There were also 
peaks of height  7.1 and  5.5 e./~_ -3, bu t  these were too 
close to the arsenic atoms to be considered as l i th ium 
atoms and  were p resumably  caused by  exper imenta l  
errors and/or series te rmina t ion  effects. F inal ly ,  a 
complete (Fo-.F~) Fourier  was computed where Fc 
was calculated wi th  arsenic atoms only. The two largest 
peaks of 6.6 and  7.1 e.A -a were at positions close to 
those of Lil and Li 2 determined from the least-squares 
ref inement .  I t  is of interest  to note tha t  the  peak 
heights  from the difference Fourier  are in the order 
indicated by  the tempera ture  factors from the least- 
squares ref inement,  whereas in the Fourier  the order 

was reversed. Near As 1 positive peaks of 4.6 and 4.3 
and negat ive peaks of 4.7 and 4.3 e..~ -3 appeared.  i. 

J i These peaks indicate a small  anisotropy of thermal  
.~! motion but  no a t t empt  was made  to account for this  
-2! in the calculations. The arsenic peaks in the Fourier  
, were very  near ly  spherical. All of the spurious peaks 

Jl of the Fourier  disappeared in the difference Fourier  
: and, except as noted above, the electron densi ty  

"!} everywhere was wi thin  +2.8 e.A -3. 
-',i The peak positions from these Fouriers are given 
-i~ in Table 4. They were determined by the 27 point  

Table 4. Atomic coordinates of LiAs obtained from 
Fourier with the counter data 

T h r e e - d i m e n s i o n a l  
F o u r i e r  x y z 

A s  1 0 .3043  0 .9147  0 . 2 9 9 6  
As  2 0 .2892  0 . 1 6 3 4  0 .1010  
L i  1 0 -219  0 .411  0 .331  
L i  2 0 .211  0"667 0"043 

T h r e e - d i m e n s i o n a l  
d i f f e r e n c e  F o u r i e r  

L i  1 0 .232  0 . 4 0 6  0 .328  
L i  2 0 . 2 2 8  0 .670  0 .042  

6 
-1 

-!! least-squares Gaussian interpolat ion method  of Shoe- 
"-ff maker  et al. (1950). Fig. 2 is a composite of sections 

, 8  

"!i ' 
- a ?  

4 
° 2 ,  

1 '  

-7) 
° 2 2  
- , a  

- 3  
-Z0 

IS 
-Z3 

9 

+ i 
- 2 6  

As  2 y=0 "16  

As~  y =0 "92  

Li 1 y = 0"40 

2 

F i g .  2. C o m p o s i t e  o f  e l e c t r o n - d e n s i t y  s e c t i o n s  n e a r  t h e  a t o m s .  
T h e  a r s e n i c  s e c t i o n s  a r e  f r o m  t h e  t h r e e - d i m e n s i o n a l  F o u r i e r  
w i t h  c o n t o u r  i n t e r v a l s  a t  20 .0  e . A  -3 .  T h e  l i t h i u m  s e c t i o n s  
a r e  f r o m  t h e  t h r e e - d i m e n s i o n a l  (Fo--Fc) F o u r i e r  w i t h  
c o n t o u r  i n t e r v a l s  a t  1.0 e . A  - a .  T h e  o u t e r m o s t  c o n t o u r  is 
z e r o  f o r  t h e  a r s e n i c  a t o m s  a n d  1-0 f o r  t h e  l i t h i u m  a t o m s .  
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near  the  a toms t aken  from the final Four ier  and  the  
difference Fourier .  

A c c u r a c y  o f  t h e  s t r u c t u r e  

The s t anda rd  deviat ions of the  pa ramete r s  were com- 
pu ted  from the expression 

F l 
(m--8)Z 

where m is the  number  of observations,  s is the 
number  of variables  and  A F  has its usual  significance. 
This approx imat ion  mus t  be used whenever  the  full 
ma t r ix  of the  least-squares normal  equat ions has  not  
been computed.  The a(x~) and  a(zt) were abou t  25% 
smaller  t h a n  the  a(yi). This difference results from two 
causes. First ,  because d a t a  were t aken  about  the 
b axis only, the  index k does not  have  values :> 7. 
The ~,(~F/~yi) 2 are therefore smaller  t h a n  the  cor- 
responding x and z terms.  Second, for a monoclinic 
cell, the  above approx imat ion  underes t imates  the  x 
and  z s t anda rd  deviations.  For  the  hO1 project ion of 
hTaSb (Cromer, 1959), a compound isos t ructura l  with 
LiAs, the  diagonal  approx imat ion  underes t ima ted  the  
s t anda rd  deviat ions by  12 to 22%.  The x and  z 
s t anda rd  deviat ions given in Table 2 are accordingly 
1-25 t imes t h a t  given by  the  above formula.  This cor- 
rection essentially equalizes the  error  in the  three 
crystal lographic directions. The s t anda rd  deviat ion of 
position for the  arsenic a toms  is thus  0.0023 A and  
for the  l i thium a toms  0.052 tix. The s t anda rd  deviat ions 
of As-As,  Li -As,  and  L i -L i  distances are therefore 
0.003, 0.052, and 0.074 A, respectively.  

D i s c u s s i o n  o f  t h e  s t r u c t u r e  

A project ion of the  unit-cell contents  on 010 is shown 
in Fig. 3. The y coordinate is given beside each a tom.  
The various in tera tomic  distances,  calculated from the 
pa ramete r s  given in Table 2, are shown in Table 5. 

Table 5. Interatomic distances in LiAs 

The s t anda rd  dev ia t ion  for As-As  dis tances  is 0.0033 A, 
for L i -As  dis tances  0.052 A and  for L i - L i  dis tances ,  0-074 A 

d d 
Asx-As2(+ ) 2"454 A Lil-Li 3 3"00 

-As  3 2"472 -Li T 3"78 
Lil-As 1 2"75 -Li 7(%) 3"22 

- A s 1 ( - -  ) 2"63 - L i  e 3"74 
- A s  3 2"85 - L i  5 3"59 
- A s  s 2-77 - L i s ( - - )  3"59 
-As  7 2.80 -Li 2 3' 34 
-As  2 2"89 - L i  9 3"67 

Li~-As 2 2.71 Li2-Li 5 3.74 
-As~(%) 2.64 -Li~ 2.99 
- A s  9 2.83 -Lilo 3.78 
- A s  4 2-77 -Li lo(~-  ) 3.22 
-Aslo  2.88 - L i  4 3.00 
- A s  1 2.86 -Li12 3.67 

0.% 

~0"414.3 

26 

0"598 

7 

Fig. 3. Pro jec t ion  of the  s t ruc tu re  on 010. 
The y coordinate  is g iven beside each a tom.  

The nomencla ture  used in Table 5 refers to Fig. 3. 
A (+ )  or ( - )  following an  a tom means  t h a t  the  a tom 
referred to is one cell above, or below the one shown 
in Fig. 3. Fig. 4 is a drawing i l lustrat ing packing of 
the unit-cell contents.  

Fig. 4. Packing drawing of the unit-cell contents of LiAs. 
The view is normal to the 100 plane. 

The arsenic a toms are a r ranged  in infinite spiral 
chains parallel  to the b axis. There are two such chains 
spiralling in opposite directions passing through the 
uni t  cell. The As -As  bonds are a l te rna te ly  2.454 and 
2-472 A, a difference of 0.018 A,, and  the  angles are 
a l te rna te ly  105 ° 9' and  108 ° 28'. The s t andard  devia- 
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tion of these bonds is 0.0033 A. According to Cruiek- 
shank (1949), if the difference between two bonds is 
more than  three t imes the s tandard  deviat ion of the 
distance, this difference is real. I t  is therefore con- 
cluded tha t  the difference in the As-As bond lengths 
is s tat is t ical ly significant. This a l ternat ion of bond 
lengths in chains of like atoms is not unusual .  I t  has 
been observed in m a n y  al iphat ic  carbon compounds 
and in the sulfur chains of Cs2S ~ (Abrahams & Grison, 
1953). The As-As distances are close to the single 
bond distances found in the crystall ine element  (Neu- 
berger, 1933) and in As 4 vapor  (Allen & Sutton, 1950). 

One can th ink  of the l i th ium atoms as being in 
spirals coaxial with the arsenic spirals, with the spiral 
rotated approx imate ly  90 ° and the spiral radius some- 
what  larger. Each atom has six neighbors of the other 
k ind at  the corners of a deformed octahedron. The 
average of all twelve Li -As  distances is 2.78 /~. Lil  
has eight l i th ium neighbors at  distances ranging from 
3-00 to 3.78 A for an average of 3.49 A. Li 2 has seven 
l i th ium neighbors at  distances ranging from 2.99 to 
3.78 /~ for an average of 3-39 /~. The average non- 
bonded As-As distance is 4-03 A. 

The chemical bonding in LiAs appears to be a 
combinat ion of covalent  As-As bonds and metal l ic  
Li -As and L i -L i  bonds. The As-As bonds in the spiral 
chain are cer tainly covalent single bonds. The presence 
of metal l ic  bonds are indicated by the physical  

properties. The crystals have a metall ic  lustre and a 
large piece of LiAs showed electrical conduct ivi ty  in 
a qual i ta t ive  test. 

I wish to thank  R. E. Tate and F. W. Schonfeld for 
supplying the LiAs crystals and  R. B. Roof, Jr . ,  for 
drawing Fig. 4. Various portions of the necessary 
comput ing were done on the IBM CPC, IBM 704, 
Maniac I and Maniac II.  I am indebted to m a n y  
members  of the LASL computer  groups for pro- 
t r a m m i n g  assistance. 
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The Crystal  Structure of NaSb* 

BY DON T. CROMER 

University of Ccdifornia, Los Alamos Scientific Laboratory, Los Alamos, New Mexico, U.S.A.  
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The crystal structure of NaSb has been determined by single crystal methods and found to be 
isostructural with LiAs. The dimensions of the monoclinic cell are a ---- 6.80±0.02, b = 6-34±0.02, 
c = 12.48±0-04/~, and fl ---- I17.6±0.2 °. The parameters were determined by least-squares refine- 
ment of the hOl and Okl zones with all cross-products included. An interesting feature of this struc- 
ture is that one of the !kla-Na distances is 3-44± 0.09 ~, significantly shorter than in metallic sodium. 

Introduction 

The compound NaSb has been described by  Zintl  & 
Dullenkopf  (1932), who reported it  to be monoclinic. 
However, they  did not  give the cell dimensions. The 
present s t ructure de terminat ion  of NaSb was under- 
taken in the hope tha t  i t  would be isostructural  with 
LiAs (Cromer, 1959), as indeed it  is. Knowledge of the 
sodium positions in NaSb would have been useful in 
placing the l i th ium atoms in LiAs, but  because the 

* Work done under the auspices of the U.S. Atomic Energy 
Commission. 

LiAs structure was f inal ly  de termined on the  basis of 
its diffraction da ta  alone, the NaSb structure is being 
reported separately.  

Exper imenta l  

A specimen of NaSb was prepared in the following 
manner .  A stoichiometrie mixture  of sodium and 
an t imony  was placed in a silica tube which was 
evacuated and then  filled with dry  argon. The tube 
was heated to 650 °C. and slowly cooled. Then the  
tube was opened in a dry  box filled with dry  ni trogen 


