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h k g IFol F¢ 
10 55 36 
11 75 96 
12 57 -- 49 
13 54 -- 66 
14 55 21 

0 7 1 79 - 5 4  
2 82 - 92 
3 141 160 
4 119 103 
5 68 - 67 
6 36 - 6 
7 41 - 16 
8 66 - 47 
9 77 67 

10 75 73 
11 57 - 60 
12 54 - 8 
13 55 - 2 0  
14 50 - 36 

0 8 0 103 - 105 
1 74 - 69 

T a b l e  4 (cont.) 

h k Z IFol Fc 
2 55 52 
3 < 34 4 
4 83 94 
5 < 38 18 
6 106 -- 138 
7 < 50 -- 42 
8 55 83 
9 <54 --18 

10 57 25 
11 < 54 32 
12 74 --74 
13 < 51 -- 32 

0 9 1 63 --59 
2 <38 --26 
3 142 142 
4 < 48 21 
5 72 -- 68 
6 <51 --34 
7 55 5 
8 <54 --21 
9 81 73 

R e y n o l d s  w h o  u n d e r t o o k  m o s t  of  t h e  c o m p u t i n g  w o r k ,  
i n c l u d i n g  t h e  t e d i o u s  t a s k  of f i n d i n g  t h e  b e s t  pos i t i ons  
fo r  t h e  l i gh t  a t o m s .  
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(Received 31 July 1959) 

T h e  monoc l in ic  0-phase in t h e  c h r o m i u m - a l u m i n i u m  s y s t e m  has  been  shown  to  be  i somorphous  wi th  
a ' (V-A1).  The  s t r u c t u r e  has  been  re f ined  a n d  the  i n t e r a t o m i c  d i s tances  are  d iscussed a n d  c o m p a r e d  
w i t h  those  in a ' (V-A1) a n d  w i t h  those  in two  t e r n a r y  al loy phases  con ta in ing  c h r o m i u m  a n d  alu- 
m i n i u m .  

1. I n t r o d u c t i o n  

T h e  c h r o m i u m - a l u m i n i u m  s y s t e m  h a s  b e e n  i nves t i -  
g a t e d  b y  m a n y  w o r k e r s  a n d  t h e  c o m p o s i t i o n  of t h e  
0 -phase ,  w h i c h  is in  e q u i l i b r i u m  w i t h  t h e  p r i m a r y  
sol id  so lu t i on ,  h a s  b e e n  s h o w n  to  be  r e p r e s e n t e d  b y  
t h e  f o r m u l a  CrA17 ( R a y n o r  & L i t t l e ,  1945). T h e  p h a s e  
f o r m s  m o n o c l i n i c  c r y s t a l s  a n d  t h e  u n i t  cell  g i v e n  b y  

H o f m a n n  & W i e h r  (1941) is:  

a = 2 0 . 4 3 ,  b = 7 . 6 2 ,  c = 2 5 . 3 1  ~ ;  f l = 1 5 5  ° 10'. 

Th i s  u n i t  cell  c o r r e s p o n d s  t o  t h e  m o r p h o l o g y  of t h e  
c r y s t a l s .  

T h e  s i m i l a r i t y  of r o t a t i o n  p h o t o g r a p h s  f r o m  0(Cr-A1) 
a n d  a ' ( V - A 1 )  h a s  b e e n  r e p o r t e d  b y  B r o w n  (1957). T h e  
p r e s e n t  a n a l y s i s  of  0(Cr-A1) w a s  u n d e r t a k e n  t o  in-  
v e s t i g a t e  t h e  r e l a t i o n s h i p  b e t w e e n  t h e  t w o  p h a s e s  a n d  

in  p a r t i c u l a r  t h e  n a t u r e  of t h e  c h r o m i u m - a l u m i n i u m  
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bonds, since interesting orientational properties have 
been observed in the abnormally short transition 
metal  to aluminium bonds which occur in certain 
phases (Brown, 1957). 

2. Material  

The crystals used in this analysis were prepared from 
an a luminium-chromium alloy containing about 1% 
weight chromium. The alloy was cooled from 700 °C. 
to 500 °C. at a rate of 15 ° per hour, and then quenched 
rapidly. The crystals were extracted electrolytically 
and found to be in the form of plates and prisms. 
Many of the plates appeared to be twinned. A photo- 
graph of similar crystals is given by Hofmann & Wiehr. 
No difficulty was found in selecting single crystals for 
analysis. 

3. Unit  cell  

Laue, oscillation and Weissenberg photographs con- 
firmed that  the unit  cell is monoclinic and provided 
approximate values of the lattice parameters. The 
alternative unit  cell given by Hofmann & Wiehr was 
used in this analysis since it has only one parameter 
greater than 11 /~ and also corresponds to that  of 
a'(V-A1) used by Brown (1959). It is related to the 
morphological unit cell by the matrix" 

001 
010 
101 

The transformation of the Hofmann & Wiehr cell 
gives the new unit  cell- 

a--25.31, b=7.62, c=10.92 A; ~=128  ° 12'. 

Accurate lattice parameters were determined by the 
0-method described by Weisz, Cochran & Cole (1948), 
but using a Geiger Counter and linear ratemeter in 
place of the photographic film used by them. The 
values obtained were" 

a--25.196 ± 0.017, b = 7.574 _+ 0"003, 
c=10.949±0.009 A; ~=128  ° 43'+_3'. 

The volume of the unit cell is therefore 1630 _+ 2 A 3. 
The density of the crystals, determined by the dis- 
placement method, was 3.18 ± 0"05 g.cm. -3 so that  the 
mass content of the unit cell is 3060 ± 50 A.M.U. 

A sample of about 50 mg. of the crystals was 
chemically analysed by Messrs. Johnson, Matthey 
and Co. Ltd., giving 22.6% weight chromium and 
77.6% weight aluminium. This corresponds to a ratio 
of one chromium atom to 6.6 aluminium atoms. The 
mass of the CrA16.6 unit is 230 A.M.U., so that  there 
are 14 chromium atoms and approximately 90 alu- 
minium atoms in the unit cell. 

4. The space group 

Laue and Weissenberg photographs indicated that  the 

unit  cell is C-face centred and that  the Laue sym- 
metry group is 2/m. The possible space groups are 
therefore C2, Cm and C2/m. These can be distin- 
guished by the presence or absence of a centre of sym- 
metry in the [010] and [001] projections, since (72 has 
a centre of symmetry in the [010] projection only, 
Cm has no centre of symmetry in either projection, 
and C2/m has a centre of symmetry in both projec- 
tions. A Wilson statistical test was therefore applied 
to intensities from Weissenberg photographs for the 
[010] and [001] zones, and the results of this are shown 
in Fig. 1. In both cases the points lie above the curve 
for a centro-symmetric distribution and the space 
group C2/m was therefore chosen. 
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Fig. 1. Tests for centro-symmetry of the [001] and [010] zones. 

5. iS~]lecti~a ~i iatea~'~ties 
The crystal used for the collection of intensity data 
was approximately cubic with edges about 0-1 mm. 
in length and was cut from one of the prismatic single 
crystals. For this size of crystal the correction of 
intensities for absorption of Mo Ka radiation can be 
assumed to be a function of sin 0//t only, within the 
accuracy of the measurements. 

Reflections of the form (hO1) were collected on a 
zero-layer normal-beam Weissenberg photograph using 
filtered Mo Ka  radiation and a multiple-film tech- 
nique. An intensity scale was made using a reflection 
in this zone from the same crystal and intensities out 
to sin O//t= 1.0 were measured by visual comparison 
with this scale. The intensities were corrected for 
Lorentz and polarization factors and allowance was 
made for absorption and resolution of the ala2 
doublet by scaling Fo to Fc in regions of sin 0/~t. 
A rough correction for extinction was found to be 
necessary for the stronger reflections. 

Reflections of the form h/c0 were collected in a 
similar way. Due to the large amount of overlap in 
the [010] projection it was found necessary to collect 
reflections of the form hkl and hk2 to complete the 
refinement of the structure. These were collected on 
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Fig. 2. Final Fo and .Fo--Fc [010] Fourier projections. (a) .Fo. The contours are at equal arbitrary intervals. The F(000) term 
is not included. (b) .Fo--Fc. The contour intervals are one-fifth those of the Fo; negative contours are shown as broken lines. 
Squares represent atomic sites. 

two equi-inclination Weissenberg photographs  and 
their  intensities measured as before. 

6. Isomorphism with ~'(V-A1) 

The similari ty of ro ta t ion photographs  from 0(Cr-A1) 
and  ~'(V-A1) has been repor ted by  Brown (1957). 
The similari ty of the s t ructures  was also indicated by  
a comparison of the photographs  obtained in this 
analysis and  those obtained by Brown (1959) in the  
analysis of c4(V-A1). The cell dimensions and contents 
were also found to be very  similar and the space group 
is the  same. I t  was therefore decided to t ake  the  
s t ructure  of ~'(V-A1), which was then reasonably  well 
refined, as a tr ial  s t ructure  for 0(Cr-A1), replacing the 
vanad ium atoms by  chromium atoms. The values of 
Fo for reflections out to sin O/k= 0.5 in the  [010] zone 
and to sin 0/~--0.8 in the [001] zone were scaled in 
regions of sin 0//l to the  values of Fc from this trial  
s t ruc ture  and R-factors  of 0.15 and  0.18 respectively 
were obtained,  confirming the  similari ty of the  struc- 
tures.  

The positions of the chromium atoms are 2 in 2(a), 
4 in 4(i) and 8 in 8(j) and the positions of the a luminium 
atoms are 2 in 2(d), 8 sets of 4 in 4(i) and 7 sets of 8 
in 8(j), making a to ta l  of 14 chromium and 90 alu- 
minium atoms in the unit  cell. 

7. Refinement of the [010] projection 

The ref inement  of the s t ructure  was carried out by  

means of Fo-Fc  syntheses,  using the  atomic scat- 
tering factors given by  Forsy th  & Wells (1959). Af ter  
a few cycles using reflections out to sin 0/Jl=0-5, the  
fur ther  reflections out  to sin 0 / / l=0 .8  were included. 
An addit ional  isotropic t empera tu re  factor  of B = 0.40 
was applied to all the a luminium atoms in addit ion to 
the  factor  of 0.24 introduced by  the  scaling, which 
applies to all a toms.  The final R factor  was 0.060 for 
350 measured reflections. 

In  this projection all a toms are well resolved with 
the exception of Cr2 and  Ab and since the  contribu- 
tion from the single Ab  a tom is much less t han  t h a t  
from the double Cr2 a tom it is only for this a tom t h a t  
the  x and  z co-ordinates cannot  be obtained with so 
much accuracy.  The final Fo and Fo-Fc  syntheses 
are shown in Fig. 2. 

8. Refinement of the [001] projection 

While the [010] projection was being refined, the [001] 
projection was refined independent ly  using reflections 
from the zero layer  out to sin O/lt=-0.8 and the  
R-factor  was reduced to about  0.10. A large amoun t  
of overlap occurs in this projection and in order to 
overcome this intensities of reflections of the form 
(hkl) and (hk2) were collected. 

For  the  space group C2/m, the s t ruc ture  factor  for 
a reflection hkl is given by :  
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T a b l e  1. Atomic co.ordinates for 0(Cr-A1)  and the corresponding 
values of cos  2~lz for the first and second layers 

Final  co-ordinates cos 2~lz 

Atom 

2CT o in 2(a) (0 ,0 ,0 )  
4 Cr 1 in 4(i) (x 1, 0, Zl) 
8 Or 2 in 8(3" ) (X2, y~., Z2) 
2 A1 o in 2(d) (0, ½, ½) 
4A1 a in 4(i) (m 3,0,z3) 
4A1  a in 4(i) @4,0,  z4) 
4A15 in 4(i) (x 5 ,0 ,z5)  
4A1 e in 4(i) (x s ,0 ,zs)  
4A17 in 4(i) (xT, 0, z7) 
4A1 s in 4(i) (x s ,0 ,zs)  
4A19 in 4(i) (x 9,0,z9) 
4 All0 in 4(i) (xl0, 0, zl0) 
8 Alll  in 8(3") (x n ,  Yxl, zxl) 
8 All2 in 8(j) (x12, Y12, z12) 
8 All3 in 8(j)  (X13, Y 1 3 '  Z13) 
8 Al14 in 8(j) (X14, Y14' Z14) 
8 Al15 in 8(j) (xl~, Y~s, Zls) 
8 All6 in 8(3.) (X16 , Y16' 2:16) 
8 All7 in 8(3.) (x17, Y17, z17) 

x y z / = 1  

1.000 
0.2505 ± 0.0002 0.2630 __ 0.0004 -- 0-082 
0.0854 ± 0.0001 0.3240_+ 0.0003 0.7525 + 0.0002 0.054 

-- 1.000 
0.6152 ± 0.0003 0.0005 ± 0.0006 1.000 
0.2932 ± 0.0003 0.0745 _+ 0.0006 0-893 
0.3750 ± 0.0003 0.3840 ± 0.0006 -- 0-745 
0.5214 ± 0.0003 0-2870 ± 0-0006 -- 0.230 
0.0810 ± 0-0006 0.7235 ± 0.0020 -- 0.165 
0.1285 _+ 0.0003 0-1445 ± 0.0006 0.616 
0.0912 ± 0-0003 0.3410 ± 0.0006 -- 0.541 
0.2245 ± 0.0003 0.4575 ± 0-0006 -- 0-965 
0.1820 ± 0-0002 0.1850 ± 0.0004 0.0090 ± 0.0004 0-998 
0.0692 ± 0.0002 0.3205 ± 0.0004 0-1485 ± 0.0004 0.595 
0.9643 _+ 0.0002 0.1880 ± 0.0005 0.1330 _+ 0.0004 0.670 
0.3100 ± 0.0002 0.3155 ± 0.0005 0.2405 ± 0.0004 0.059 
0.0456 ± 0-0002 0.1955 ± 0.0005 0.4695 ± 0.0004 -- 0.982 
0.1655±0.0002 0.3070±0.0004 0.4760--+0.0004 --0.978 
0.2065 ± 0.0002 0.3145 ± 0.0005 0.2780-+ 0.0004 -- 0. ] 75 

/ = 2  

1-000 
--0.987 
-- 0-994 

1-000 
1.000 
0-593 
0.111 

--0.894 
-- 0.945 
-- 0.242 

0.4]3 
0.861 
0-994 

--0-291 
--0.101 
-- 0.993 

0.927 
0.915 

-- 0.938 

F(hkl) =.~, f,, cos  2 z  (hx + lz) cos  2 ~ k y  
n 

=.~,f,, (cos 2zehx cos  2 ~ r l z -  s in  2zehx s in  27dz) 
n 

× cos 2~rky 

a n d  fo r  a r e f l e c t i o n  hk l  by"  

F(hkl) = .~  f,, (cos 2~hx cos  2 ~ l z + s i n  2zehx s in  2~lz) 
n 

× cos 2 z k y .  

T h e r e f o r e  

F(hkl) + F(hkl)=2 .~,fn cos  2zhx cos 2~ky cos  2~lz . 

T h e  F o u r i e r  s y n t h e s i s  of  F(hkl)+F(hkl) p e r p e n d i c -  
u l a r  t o  t h e  c a x i s  wi l l  t h e r e f o r e  h a v e  p e a k s  a t  t h e  
a t o m i c  p o s i t i o n s  w e i g h t e d  b y  t h e  c o r r e s p o n d i n g  v a l u e  
of  f n  cos  2~lz. T h e  v a l u e s  of  cos  2xdz fo r  t h e  a t o m s  
fo r  t h e  f i r s t  a n d  s e c o n d  l a y e r s  a r e  g i v e n  in  T a b l e  1. 
O n l y  t h e  y c o - o r d i n a t e s  of  t h e  8 se t s  of a t o m s  in  g e n e r a l  
p o s i t i o n s  r e m a i n e d  t o  b e  d e t e r m i n e d  f r o m  t h e  [001] 
p r o j e c t i o n .  Of  t h e s e  Cr2, Al ia  a n d  Al17 d o  n o t  c o n t r i b u t e  
a p p r e c i a b l y  t o  t h e  f i r s t  l a y e r  s y n t h e s i s  a n d  All2 a n d  
Al~3 d o  n o t  c o n t r i b u t e  a p p r e c i a b l y  t o  t h e  s e c o n d  l a y e r  
s y n t h e s i s ,  so  t h a t  t h e s e  t w o  l a y e r s  w e r e  s u f f i c i e n t  t o  
c o m p l e t e  t h e  r e f i n e m e n t .  

The final R-fac~or~ were as follow~: 

ze ro  l a y e r  110 m e a s u r e d  r e f l e c t i o n s  R = 0 .092  
f i r s t  l a y e r  215 m e a s u r e d  r e f l e c t i o n s  R = 0 .059  
s e c o n d  l a y e r  220  m e a s u r e d  r e f l e c t i o n s  R - - 0 . 0 5 7  

T h e  f i n a l  Fo a n d  F o - F c  s y n t h e s e s  fo r  t h e  f i r s t  a n d  
s e c o n d  l a y e r s  a r e  s h o w n  i n  F ig s .  3 a n d  4. 

T h e  f i n a l  R - f a c t o r  fo r  a l l  m e a s u r e d  r e f l e c t i o n s  w i t h  
s in  0 / 2  less  t h a n  1.0 (1134 r e f l e c t i o n s )  w a s  0 .068.  T h e  
f i n a l  a t o m i c  c o - o r d i n a t e s  w i t h  t h e i r  s t a n d a r d  d e v i a -  
t i o n s  a r e  g i v e n  i n  T a b l e  1. T h e  s t a n d a r d  d e v i a t i o n s  

< a sin 15 > 
.4. 
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, \,,_ 22 ; 

12 ,, . . . . .  16 
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C.~ D 0 

/ ~  _ :_"\ VN ~ f 

(b) 

Fig. 3. Final  2'0 and .Fo-Fc(hkl) Fourier  projections. 
Negat ive contours are shown as broken lines. (a) Fo. 
The contours are at  equal arbi t rary intervals.  (b) .Fo--Fc. 
The contour  intervals are one-fifth those of the  Fo. Squares 
represent  sites of a toms which contr ibute  appreciably to 
the  (hkl) Fo synthesis. 
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Fig. 4. Final  ~'o and  .Fo--.Fe(hIc2 ) Four ie r  project ions.  
Nega t ive  contours  are shown as b roken  lines. (a) 2'o. 
The contours  are a t  equal  a rb i t r a ry  intervals .  (b) $ 'o--$'e.  
The  contour  in tervals  are one-fif th those  of the  2'o. Squares  
represent  sites of a toms  which con t r ibu te  apprec iab ly  to 
the  (hie2) Fo  synthesis .  

have been calculated from the final 2'0-Fc syntheses 
by the method suggested by Lipson & Cochran (1953). 
Tabulated values of Fo and Fc are available. 

9. The interatornic distances  

The structure is similar to that  of ~'(V-A1) and Fig. 5 
shows several co-ordination groups in their appro- 
priate orientation, indicating how these are linked. 

A list of interatomic distances is given in Table 2, 
together with their standard deviations. The mean 
A1-A1 distance is 2.84 A, which is about normal for 
this type of compound. The Cr-A1 distances can be 
divided into two groups having mean values of 2.53/~ 
and 2-74 A. The first of these groups contains the 
bonds involved in the linkage between the co-ordina- 
tion polyhedra. These are all the Cr-A1 distances less 
than 2-59 A, with the exception of the Crz-A15 dis- 
tance (2.53 A). In each case except A10 the aluminium 
atom has only two chromium neighbours and the 
Cr-A1-Cr bond angle is about 180 °. A10 has four 

chromium neighbours, with two pairs of 180 ° bonds. 
No bond angles near 180 ° occur in the second group. 
The sum of the twelve co-ordinated radii of chromium 
and aluminium is 2.71 A, so that  the value 2.53 J~ 
for the first group is significantly shorter than this. 
The corresponding mean V-A1 distances in the iso- 
morphous a'(V-A1) are 2.56 A and 2-79/~ respectively. 
The smaller values obtained for 0(Cr-A1) are as would 
be expected from the replacement of the vanadium 
atoms by the smaller chromium atoms. 

Fig. 5. S t ruc tu ra l  groups  in 0(Cr-AI).  The  n u m b e r s  of the  
a toms  refer to those  given in Table  1. The  po lyhed ra  a r e  

shown as if solid, wi th  the  chromium a toms  added  a t  their  
centres.  

The distance between the Cr2 atoms is 2.666 A, 
which is larger than the corresponding V-V distance 
(2.636 J~) in a'(V-A1) and differs from it in being 
significantly larger than the closest distance of ap- 
proach in the pure metal (2.50 A). This would seem to 
emphasise the importance of the opposing short Cr-A1 
bonds. 

The values of the Cr-A1 distances may also be com- 
pared with those in Cr4SicA]ls (Robinson, 1953) and 
MgaCr2Alls (Samson, 1958). The occurrence of short 
Cr-A1 distances in the former has been discussed by 
Taylor (1954) in connection with certain other alloy 
phases. The atomic co-ordinates given for these struc- 
tures lead to the Cr-A1 distances and inter-bond 
angles which are given in Table 3, together with those 
for 0(Cr-A]). The short distances again occur when the 
aluminium atom has only two chromium neighbours 
and the inter-bond angle is about 180 °. In both these 
structures the chromium atoms are co-ordinated by 
twelve other atoms which lie at the vertices of nearly 
regular icosahedra. In Cr4Si4Alls these form groups of 
four inter-penetrating icosahedra, each chromium 
atom having three chromium neighbours, and these 
groups share corners with other groups. In MgaCr2Alz8 
icosahedra share corners only, but in both cases the 
short distances are associated with the linkage be- 
tween co-ordination polyhedra. The values of the short 
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T a b l e  2. Interatomic distances in 0(Cr-A1)  

Neigh- Distance Std. devn. 
A tom Already quoted bours (A) (A) 

Cr 0 2 A1 a 2-570 0.007 
2 A] 9 2.922 0.007 
4 All2 2.836 0.005 
4 Alia 2.567 0.005 

Or i 1 A14 2.860 0.009 
1 A15 2.534 0.009 
1 A1 a 2-483 0.009 
1 Allo 2.592 0.009 
2 Alii  2.588 0.007 
2 All4 2-911 0.007 
2 A116 2"693 0"007 
2 All7 2"675 0"007 

Cr~ 1 Cr 2 2.666 0-005 
1 A1 o 2.577 0.003 
1 Al3 2.678 0.007 
1 Al4 2.740 0.007 
1 Al5 2.620 0-007 
1 A1 e 2-785 0.007 
1 Al~ 2.468 0-003 
1 Alii 2.531 0.006 
1 Alia 2.481 0.006 
1 Alia 2.796 0.006 
1 Ali5 2-772 0-006 
1 A115 2"786 0"006 

AI o 4 Crg. 2 Al5 2.559 0.007 
2 A16 2.701 0-007 
4 All5 2.688 0.005 

A1 a 2 Cr 2 1 Al4 2"891 0"010 
1 A1 e 2-875 0.010 
2 Alii 2.887 0.006 
2 All2 2.856 0"009 
2 Alia 2.844 0.006 
2 All7 2.792 0.009 

A14 1 Crl, 2 Cr 2, 1 A15 2.652 0.010 
1 A13 2 Alll  2.762 0.006 

2 Alu 2.797 0.009 
2 Alia 2.869 0-006 
2 All4 3.073 0.009 

Al5 1 Crl, 2 Cr 2 1 A16 2.843 0.010 
1 A10, 1 Ala 2 All4 2.767 0.006 

2 All5 2.810 0.006 
2 Alis 2.734 0.009 

Ale 2 Cr2, 1 A1 o 2 Ali2 2.806 0.009 
1 Al3, 1 Al5 2 Alia 2"734 0-006 

2 Ali5 2-857 0-006 
2 Alia 3"201 0"009 

A17 2 Cr2 2 Alu  2.882 0.020 
2 Alia 2-834 0.020 
2 A114 2.881 0.020 
2 Ali5 2-763 0.020 
2 All~ 2"905 0'020 

Neigh- 
A tom Already quoted bours 

A1 s 1 Cr 0, 1 Cr 1 1A19 
1 All0 
2 Alil  
2 All2 
2 Alia 
2 All: 

A19 1 Cro, 1 A1 s 1 Allo 
2 All2 
2 Alia 
2 All5 
2 Alle 

A]io 1 Cr 1, 1 A18 2 Alie 
1 A19 2 Alie 

2 All7 
2 All7 

Alli 1 Crl, 1 Cr 2 1 Alii 
1Ala, 1A14 1Al ia  
1A14, 1A17 1Al~4 
1 A1 s 1 Alia 

1 All7 

All2 1 Cr o, 1 A13 1 All2 
1Ale, 1A1 s 1All2 
1 A19 1 Alia 

1 All3 
1 Alle 
1 All7 

Alia 1 Cro, 1 Cr 2 ] Alia 
1 AI3, 1 AI 6 1 All5 
1 A17, 1 A1 s 
1 Al9, 1 Allx 
1 Alx2, 1 All= 

Alia 1 Cri, 1 Cr 2 
1 A14, 1 A14 
1 AI 5, 1 A17 
1 Aln,  1 Alli 

All5 1 Cr2, 1 Cr 2 
1 A1 o, 1 A15 
1 A1 e, 1 A17 
1 A17, 1 A19 
1 A113, 1 A]I4 

Alle 1Cr  i, 1A1 s 
1 A16, 1 A19 
1 Alio, 1 Alio 
1 All2, 1 Alia 
i Alia 

Al17 1 Cr 1, 1A1 a 
1 A1 s, 1 Allo 
1 Alio, 1 Alll 
1 All2, 1 Alia 
1 Ali0, 1 All6 

Distance 
(h)  

2-834 
2-696 
2.910 
2.865 
2.807 
2.845 

2-747 
3.031 
2.893 
2.739 
2-766 

2.803 
2.831 
2.667 
2.939 

2-802 
2.978 
2.76] 
2-861 
2.784 

2.719 
2-935 
2.732 
2-825 
2.814 
2.806 

2.848 
2.894 

Std.devn.  
(h)  

0-010 
0.010 
0.009 
0.006 
0"009 
0.006 

0-010 
0.006 
0-009 
0.009 
0.006 

0.009 
0.006 
0-009 
0.006 

0.010 
0.007 
0.007 
0.007 
0.007 

0-007 
0-010 
0-007 
0.007 
0.007 
0.007 

0.010 
0.007 

1 All4 2-794 0.010 
1 All5 2-990 0-007 
1 Alle 2.914 0"007 
1 A1 r 2.881 0.007 

1 All5 2.763 0.007 
1 All5 2.961 0-010 
1 Alle 3.095 0.007 

1 AllG 2.923 0-010 
1 Al17 2.772 0.007 
1 All~ 2.925 0.007 

1 All7 2-810 0.010 

Cr -A1  d i s t a n c e s  a r e  s i m i l a r  t o  v a l u e s  w h i c h  o c c u r  i n  
0(Cr-A1) .  T h e  s h o r t e r  (2-46 •) o c c u r s  i n  CraSiaAli8 
w h e r e  e a c h  c h r o m i u m  a t o m  h a s  t h r e e  of  t h e s e  b o n d s  
a l l  o n  t h e  s a m e  s ide ,  m a k i n g  a n g l e s  of  63 ° t o  e a c h  
o t h e r .  I n  0(Cr-A1)  t h e  t w o  s h o r t e s t  b o n d s  (2 .468 J~, 
2 .481 /~) o c c u r  f r o m  t h e  Cr2 a t o m ,  w h i c h  h a s  t h r e e  of  
i t s  f o u r  s h o r t  b o n d s  o n  t h e  s a m e  s ide ,  m a k i n g  a n g l e s  
of  70 ° , 70 ° a n d  73 ° t o  e a c h  o t h e r .  

10.  S u m m a r y  

T h e  s t r u c t u r e s  of  0(Cr-A1) ,  Cr4SiaAll3 a n d  MgaCmAl i s  
al l  c o n t a i n  s h o r t  t r a n s i t i o n  m e t a l  t o  a l u m i n i u m  dis-  
t a n c e s  s i m i l a r  t o  t h o s e  o b s e r v e d  in  c e r t a i n  o t h e r  a l l o y  
p h a s e s  a n d  d i s c u s s e d  b y  T a y l o r  (1954) a n d  B r o w n  
(1957).  T h e  c h r o m i u m  a t o m s  a r e  c o - o r d i n a t e d  b y  
n e a r l y  r e g u l a r  i c o s a h e d r a  w h i c h  m a y  i n t e r p e n e t r a t e ,  
o r  s h a r e  c o r n e r s  o r  f aces  w i t h  o t h e r  i c o s a h e d r a .  T h e  
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Table 3. Cr-A1 distances and inter-bond angles in 
Cr4SicA118, Mg3Cr2Alls and  0(Cr-A1) 

Phase 

Cr4Si4A113 

MgaCr2Alls 

0 (Cr-A1) 

Neigh- 
A1 atom bours Distances ( /~)  Angle (o) 

A11 2 Cr 2-46 (2) 166.2 
A1 e 2 Cr 2.77 (2) 60-5 

All 2 Cr 2.58 (2) 173.2 
Alg 1 Cr 2.81 

A10 4 Cr 2.58 (4) 180 (2) 
Alv 2 Cr 2.47 (2) 167.9 
A1 s 2 Cr 2"48, 2.57 175-0 
Alll 2 Cr 2.53, 2.59 162.7 
Al13 2 Cr 2.48, 2.57 169"4 
A1 a 2 Cr 2.68 (2) 59.6 
A16 2 Cr 2.78 (2) 57"2 
Al14 2 Cr 2.80, 2.91 102.4 
A]15 2 Cr 2.77, 2.79 104.9 
A15 3 Cr 2.62 (2), 2.53 < 180 
A14 3 Cr 2.74 (2), 2.86 ~ 180 

others 1 Cr > 2.59 

Cr-AI distances in the  three phases fall into two 
groups, one of which is s ignificantly shorter  t ha n  the  
sum of the  twelve-co-ordinated radi i  of the  atoms. 
These short  distances indicate  a stronger Cr-A1 inter- 
act ion which is associated with the  sharing of corners 
between the icosahedra when the  Cr-A1-Cr bond angle 

is near 180 °. This suggests a directional character not 
usually associated with a purely metallic bond. 
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The Crystal Structure of Sodium Triphosphate, NasP30,0, Phase I 
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The crystal structure of the high-temperature form of sodium triphosphate, Na~P3010, Phase I, 
has been determined by Fourier methods. The unit cell is monoelinic with 

a=9.61, b=5.34, c=19.73/~; fl=ll2 °. 

The space group is C2/c and the unit cell contains 4 units of NasP3010. The triphosphate ions have 
twofold axial symmetry with the central phosphorus atoms lying on twofold axes of the unit cell. 
Bond lengths are P-O (chain) = 1.62 +_ 0.03 (inner), 1.66 ± 0-03 (outer), P-O (mean, terminal) 1.48 + 
0.03 ~. The structure is generally more distorted than that found previously for the low-temperature 
form, Phase II. Some of the sodium ions are co-ordinated in distorted octahedral arrangements, 
while the remainder are involved in 4-fold co-ordination of an unusual type. A comparison of the 
structures of Phase I and Phase II suggests an explanation of some of their differences in properties. 

I n t r o d u c t i o n  

The crystal l ine forms of sodium t r iphosphate  NasP3010 
and its hexahydra te  are of theoret ical  interest  and of 
impor tance  in the  product ion  of modern  detergent  
powders. A knowledge of the  crystal  structures of 
these salts is re levant  to the explanat ion  of m a n y  of 
the phenomena  connected with their  preparat ion,  
interconversion and hydra t ion ,  which are at  present  

only par t ia l ly  unders tood (Raistrick, 1948,; Van 
Wazer, 1958). I n  the  present  paper  the  s t ructure  of 
the  high tempera ture  anhydrous  form, Phase I, is 
worked out  and compared with t h a t  of the  low tem- 
perature  form, Phase I I ,  which has been given 
previously (Davies & Corbridge, 1958). 

Small crystals were obta ined from a melt  of com- 
posit ion 45% sodium pyrophospha te  (Na4P207) and  


