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Berry  & Raynor  (1953) have recent ly  repor ted t ha t  a 
t ransi t ional  ordered s tructure is formed at  the  ideal com- 
posit ion Li3Mg 5 in the  presence of interst i t ial  contami- 
nants  (oxygen and  nitrogen).  This t ransi t ional  s t ructure 
was found on one occasion accompanying the  normal  
disordered body-centered  cubic phase in small amounts ,  
the  evidence being the  presence of n ineteen faint  lines, 
in addi t ion  to those of the  body-centered cubic cell, on a 
powder  photograph  of an alloy wi th  34 atomic % Li. 
These ext ra  lines were indexed in terms of a cubic  cell 
wi th  a 0 ~ 9.7 A, the  a r rangement  of the  a toms being tha t  
shown in Fig. 1. The latt ice spacing of the  proposed 
structure i~ approximate ly  2}/2.a, where a is the  lat t ice 
paramete r  of  the  fl-phase alloy, and  it was suggested tha t  
' the  new structure  m a y  be regarded as formed by  an 
expansion of the  [001] direction in the  (body-centered) 
cubic s t ructure by  a factor of }/2, accompanied by  
ordering' .  We have recent ly  a t t e m p t e d  to reproduce the  
ordered structure,  Li3Mgs, but  wi thout  success. Detai led 
examina t ion  of the  s tructure proposed by  Berry & Raynor  
shows tha t  it is unl ikely  to be formed unless it contains 
a lmos t  as m a n y  interst i t ial  as meta l  atoms. 

An immedia te  object ion to the  proposed structure is 
t ha t  its s y m m e t r y  is not  cubic, as Berry & Raynor  stated,  
bu t  tetragonal .  This m a y  be seen at  once from the  fact 

* This work was performed under the sponsorship of the 
U.S. Atomic Energy Commission under Contract AT(30-1)- 
1002.  
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t ha t  the a 1 and  a2 axes in Fig. 1 are interchangeable  
wi th  each other,  bu t  not  wi th  a 3. The cell originally 
proposed is not  the  simplest  uni t  cell, and  a simpler cell, 
also tetragonal ,  is shown in Fig. 1. The space group of 
the  s tructure is now I4/m-C~a (No. 87 of International 
Tables (1952)) and  the  a toms lie a t  the  following special 
posit ions:  

(0, 0, 0; ½, ~,1 ½)+ 
2 M g  in (a): ( 0 ,0 ,0 ) ;  
s Mg in (/): (~, ~, ~), (~, ¼, ~), (¼, ~, ~), (~, ~, ~); 
2 L i  in (b): (0,0,19),- 
4 L i  in (c): (½,0,0), (0,½,0). 

In  the  new te t ragonal  cell the  latt ice dimensions mus t  
have c/a = V2 in order to main ta in  the  pseudo-cubic 
s y m m e t r y  of the  powder  pa t t e rn  observed by Berry  & 
Raynor .  I t  must ,  however,  be accounted fortui tous t h a t  
the  axial ratio is exact ly  }/2, and  some spli t t ing of the  
powder  lines would be expected.  

A second, and  more  serious, object ion to the  s t ructure  
of Fig. 1 is based on a considerat ion of the  nearest-  
neighbor in tera tomic distance, which is 3"5/~ in the  pro- 
posed s t ructure  but  averages only 3-03/~ in the  disordered 
body-centered cubic cell. Thus the  pos tu la ted  transforma- 
t ion would be accompanied by an increase of about  one- 
th i rd  in the  mean  volume per a tom.  This is in contrast  
to a normal  ordering t ransformation,  where the  volume 
change is about  1% or less, and  suggests a t  once t ha t  
the  uncon tamina ted  s tructure of Fig. 1 will no t  be stable. 
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Fig. 1. The arrangement of the atoms in the LiaMg 5 structure proposed by Berry & Raynor. The pseudo-cubic unit cell used 
by these authors is outlined in full lines; the simpler tetragonal cell used in the present discussion is outlined in broken lines 
and the original body-centered cubic cell in dotted lines. The coordinate system shown applies only to the Berry-RaW, nor cell. 
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Table 1. Expressions for  the structure factors of the unatabilized Li3Mg 5 and the stabilized 
structure containing interstitial atoms 

(fI  is the atomic scattering factor of the interstitial atom) 

Conditions on reflection Unstabilized structure Stabilized structure 
indices (metal atoms only) (motalq-interstitial atoms) 

h + k + l  --# 2n 0 0 

h + b + l  ---- 2n - -  - -  
(1) h, k, 1 mixed 2(f~g--fLi) 2(fMg--fLi) 
(2) h, k, 1 all oven - -  - -  

(a) ~(h+kq-1) odd 6(fra--fMg) 6(fLi--fMg) 
(b) ½(h+k+l) oven, ½1 oven 6fLi+10fMg 6fLi-~lOfMg-~16fl 

½(h+k+l) even, ½1 odd 6fLi-t- 10fMg 6fLi+ 10fMg-- 16fi 

I t  is possible to produce the necessary expansion of the  
original la t t ice in the [001] direction by  a suitable ar- 
rangement  of inters t i t ia l  atoms,  bu t  the powder pa t t e rn  
from this  stabilized s t ructure  differs s ignif icantly from 
t h a t  due to the  unstabi l ized structure.  The expansion of 
the [001] direction can be produced by  introducing 
inters t i t ia l  a toms into the octahedral  sites a t  (0, 0, ½), 
(½, ½, 0) and  symmetry- re la ted  positions of the original 
body-centered cubic cell. In  terms of the new cell these 
posit ions are:  

(0, 0, 0; ½,1~, ½)+ 
4 interst i t ia ls  in (d): (0, ½, 1); 
4 interst i t ia ls  in (e): (0, 0, z) wi th  z = ¼; 
8 interst i t ia ls  in (h): (x, y, 0), (if, x, 0), (y, ~, 0), 

(~,ff, 0) wi th  x = y  = ¼. 

I f  the inters t i t ia l  a toms are oxygen,  then filling of all 
s ixteen sites would increase the [001] dimension from 
2×3 .5  A to 9.9 A, close to the observed 9.7 A; wi th  
ni t rogen a toms it  would be sufficient to fill only three- 
quarters  of these sites to expand the lat t ice sufficiently. 
Again i t  mus t  be considered h ighly  fortui tous t h a t  this  
expansion is such as to make  c/a exact ly  equal to 1/2. 

The expressions for the s t ructure  factors of the un- 
stabilized s t ructure  of Fig. 1 and t ha t  stabilized b y  sixteen 
inters t i t ia l  a toms are given in Table 1. There are five 
groups of reflections, out  of eighteen between Bragg 
angles for Cu Ko¢ of 8 ° and  32 °, for which s t ructure  fac- 

tors differ s ignif icant ly;  these are the  reflections 202; 
(220, 004); (400, 224); (422, 206) and  044. The bracketed  
reflections overlap for c/a ---- l/2. The inters t i t ia l  a toms do 
not  contr ibute  to the supers t ructure  reflections, which 
are therefore the  same in bo th  structures.  

We have  a l ready noted t h a t  the  uncon tamina ted  struc- 
ture of Fig. 1 appears  to be improbable because of the  
volume change t h a t  would be involved in i ts  formation.  
This  volume change can be accounted for b y  adding to 
the un i t  cell a number  of in ters t i t ia l  a toms approx imate ly  
equal  to the number  of meta l  a toms present.  The values 
of the s t ructure  factors for the two ceils suggest t h a t  i t  
would not  be too difficult to confuse thei r  powder  pat-  
terns,  especially if quan t i t a t ive  in tens i ty  measurements  
were not  made.  We conclude tha t  i t  is improbable thab 
uncon tamina ted  alloys of composit ion Li3Mg5 could have  
the s t ructure  of Fig. 1; the  stabilized structure,  which 
calmot be termed an  alloy of Li and Mg, is a possible 
explanat ion  for the  observed powder pa t te rn ,  bu t  i ts  
existence mus t  remain  essential ly speculative unt i l  con- 
f irmed by  dens i ty  measurements  or accurate in tens i ty  
measurements .  
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In  a recent  s t ructure de terminat ion  of P4Sv a r emarkab ly  
large value, 2-37/~, for the P - P  bond length in the  mole- 
cule was observed (Vos & Wiebenga,  1955). To this  bond 
length,  however, a ra ther  large s tandard  deviat ion,  
0.04 A, had  to be assigned because of overlap in the 
projections from which the coordinates were derived. I t  
therefore seemed desirable to determine the positions of 
the two phosphorus atoms concerned (Px and P2) more 
accurately.  

A more reliable value for the P - P  bond length has now 
been obtained by  computing the three-dimensional  
electron-density dis t r ibut ion around Px and  P~. The 
required intensit ies of the reflexions hkl could be t aken  

from the original s t ructure  de terminat ion  in which t h e y  
had  been used for the  calculation of a three-d;menslonal  
Pa t te r son  synthesis .  The scale and  tempera ture  factors 
were redetermined separate ly  for the different layer  lines 
by  comparison wi th  the calculated s t ructure  factors. The 
disagreement  index R amounted  to 0.13 ; the  best  average 
value for the tempera ture  factor was exp (--2-8sin 2 e/2~), 
which is s l ight ly different from the value obta ined dur ing 
the two-dimensional  refinement.  

For  locating the  peak max ima  an  ana ly t ica l  me thod  
(Shoemaker, Donohue,  Schomaker & Corey, 1950) w a s  
used; a back-shif t  correction for series te rmina t ion  was 
applied. The results are shown in Table 1. Since the  


