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T h e  c ry s t a l  s t r u c t u r e  of t h e  a l loy  ZrsA13 ha s  b e e n  de t e r -  
m i n e d  b y  p o w d e r  t e c h n i q u e s .  T h e  b u l k  s p e c i m e n  w a s  
p r e p a r e d  b y  Miss J .  M u r r a y  of A . E . R . E . ,  Ha rwe l l ,  b y  are  
m e l t i n g  in a r g o n  a n d  c o n t a i n e d  12 .5% b y  w e i g h t  of 
a l u m i n i u m .  T h e  i d e n t i t y  of t h e  p h a s e  was  e s t a b l i s h e d  w i t h  
19 cm.  p o w d e r  p h o t o g r a p h s ;  t h e  f i lm u s e d  in t h e  s o l u t i o n  
of  t h e  s t r u c t u r e  was  t a k e n  b y  D r  J .  A d a m  a t  A . E . R . E . ,  
I-Iarwell, w i t h  a focus ing  c a m e r a  u s i n g  m o n o c h r o m a t i c  
Cu K r a d i a t i o n .  T h e  f i lm was  m e a s u r e d  on  a C a m b r i d g e  
u n i v e r s a l  m e a s u r i n g  i n s t r u m e n t  a n d  l ine i n t ens i t i e s  we re  
e s t i m a t e d  v i sua l ly .  T h e  v a l u e s  of s in ~ 0 a n d  t h e  o b s e r v e d  
a n d  c a l c u l a t e d  i n t ens i t i e s  a re  g i v e n  in T a b l e  1. 

T a b l e  1. X - r a y  data 

sin 9 0 ( × 1 0 4 )  Relat ive intensities 
r A ' .  r ^ 

Observed Calculated Observed Calculated hkil 

1010 118 118 vvw 0.1 
1120 354 355 m 12.9 
2030 472 473 ms 20.7 
1131 537 538 ms 24.2 
0002 730 731 vw 7.1 
2130 827 829 s 52.5 
1012 849 849 s 41-3 

....... L .............................................................................................. 
2131 1008 1009 vvs 97.1 
3031 1063 1062 ms 24.8 
1122 1084 1085 s 66-3 
2052 - -  1204 - -  2-2 
2240 1417 1417 w w  2.4 
3140 1535 1535 vvw 2.4 
2132 1556 1557 vww 0-7 
2241 1599 1599 w 6.3 
3032 1791 1793 w 5.9 
4040 1887 1889 vw 4.1 
1133 1997 1998 mw 3.5 
2242 2145 2147 ms 21.6 
3250 2240 2243 vw 3.8 

- -  

3142 2264 2265 vw 6.6 
3251 2426 2426 w 7-9 
2133 2468 2470 ms 25.3 
4150 2478 2479 ms 22.4 
4042 2618 2619 ms 23.3 
0004 2922 2922 vw 8.1 
5050 2951 2951 vvw 2.9 
2243 3057 3060 w w  2.2 
4260 3305 3305 vw 5.4 
3361 3368 3370 w 10.4 
2034 - -  3395 - -  2.1 
5160 3661 3659 vvw 1.6 
5052 3684 3682 m 16.0 
2134 3752 3749 w 9.8 
5161 3848 3842 vvw 1.6 
3253 3890 3887* w 3.6 
3362 3923 3918 w 11.7 
3034 3987 3985 vw 5.9 
5162 - -  4399 - -  2.6 
5271 4790 4787 vvw 3.3 

* Line overlaps line of neighbouring phase. 

All values of sin 2 0 below do t ted  line refer to ~1 components .  

vvs--very  very s trong;  vs - -very  s trong;  s - - s t rong ;  
m s - - m e d i u m  strong;  row- -med ium weak;  w- -weak ;  

vw--very  weak;  vvw--ext remely  weak. 
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A c c o r d i n g  to  t h e  t h e r m a l  e q u i l i b r i u m  d i a g r a m  for  t h e  
z i r c o n i u m - a l u m i n i u m  s y s t e m  ( M c P h e r s o n  & } t a n s e n ,  
1951) ZrsA1 a is u n s t a b l e  a t  n o r m a l  t e m p e r a t u r e s  a n d  w h e n  
f o r m e d  f r o m  t h e  m e l t  i t  is t h o u g h t  to  d e c o m p o s e  i n t o  
Zr2A1 a n d  Zr3A1. :. I t  was  n o t  su rp r i s ing ,  t he re fo re ,  t h a t  t h e  
p o w d e r  f i lm s h o w e d  t h e  p r e s e n c e  of b o t h  of t h e s e  phase s .  
T h e  p r e s e n c e  of t h e  o t h e r  p h a s e s  was  c o n f i r m e d  b y  a 
m e t a l l o g r a p h i c  e x a m i n a t i o n  of a p o l i s h e d  s p e c i m e n .  I t  
was  f o u n d  t h a t  all  t h e  s t r o n g e r  l ines of t h e  f i lm a n d  m a n y  
o t h e r s  cou ld  be  i n d e x e d  as a h e x a g o n a l  u n i t  cell w h o s e  
d i m e n s i o n s  we re :  

a = 8 . 1 8 4 + 0 . 0 0 2  a n d  c = 5 " 7 0 2 + 0 . 0 0 2 / ~ ;  c / a = 0 . 6 9 7 .  

On t h e  a s s u m p t i o n  t h a t  t h i s  was  t h e  cell of ZrsA13 
a n d  t h a t  t h e  a t o m  sizes were  e s sen t i a l ly  t h o s e  of t h e  p u r e  
e l e m e n t s  t h e  c a l c u l a t e d  d e n s i t y  w i t h  t w o  u n i t s  of ZrsA13 
in t h e  cell is 5.393 g . cm.  -3. T h e  d e n s i t y  of t h e  s p e c i m e n  
m e a s u r e d  w i t h  a specif ic  g r a v i t y  b o t t l e  was  5.61 g . cm.  -3. 

T h e  o n l y  e x t i n c t i o n s  o b s e r v e d  w e r e  t h o s e  of hhOl 
w h e n  l was  odd .  Th i s  l ed  to  t h e  poss ib i l i t y  t h a t  t h e  s t ruc -  
t u r e  ha s  t h e  space  g r o u p  D~h-P6a/mcm a n d  is i s o m o r p h o u s  
w i t h  MnsSi  a w h i c h  ha s  t h e  D 8 s - t y p e  s t r u c t u r e .  Th i s  was  
f o u n d  to  be  so a n d  a r e a s o n a b l e  i n t e n s i t y  a g r e e m e n t  is 
f o u n d  w i t h  t h e  fo l lowing  a t o m i c  p o s i t i o n s :  

6 Z r  (g) x, O, ¼ w i t h  x = 0 . 2 3  
4 Zr (d) ~, -a-, 0 
6 A1 (g) x, 0, ¼ w i t h  x = 0 . 5 9 .  

W i t h  t h e s e  a t o m i c  p o s i t i o n s  t h e  i n t e r - a t o m i c  d i s t a n c e s  
a re  as fo l lows:  

Z r - 2  Zr  2.85 
Z r - 2  Zr  3.42 
Z r - 2  Zr  3.26 
Z r - 6  Zr  3.53 
Z r - 1  A1 2.95 
Z r - 2  A1 2-91 
Z r - 6  A1 2.86 
AI -1  A1 3.21 

D i s c u s s i o n  

T h e  D8  s s t r u c t u r e  d e s c r i b e d  a b o v e  is a s s o c i a t e d  w i t h  t h e  
A s B  3 p h a s e  f o r m e d  b y  a t r a n s i t i o n  e l e m e n t  as a t o m  A 
a n d  a n  e l e m e n t  s u c h  as si l icon, t in ,  g e r m a n i u m ,  etc. ,  f r o m  
g r o u p  IVb  of t h e  pe r iod i c  tab le ,  as a t o m  B.  S u c h  com-  
p o u n d s ,  w h i c h  are  s o m e t i m e s  k n o w n  as N o w o t n y  p h a s e s  
h a v e  b e e n  r e p o r t e d  for  z i r c o n i u m  w i t h  si l icon,  t i n  a n d  l ead  
(Schachne r ,  N o w o t n y  & M a c h e n s c h a l k ,  1953). Th i s  p h a s e  
is c h a r a c t e r i z e d  b y  rows  of equa l l y  s p a c e d  a t o m s  of t h e  
t r a n s i t i o n  e l e m e n t  l y ing  a long  t h e  6-fold axes  of t h e  
u n i t  cell, all  t h e  o t h e r  a t o m s  ly ing  in t h e  ve r t i c a l  faces  of 
t h e  cell f o r m i n g  t r i a n g u l a r  enc losures  a r o u n d  t h e  ax ia l  
a t o m s .  T h e  c loses t  d i s t a n c e s  b e t w e e n  t h e  ax i a l  Zr  a t o m s  
a n d  o t h e r  Z r  a t o m s  are  g e n e r o u s  c o m p a r e d  w i t h  t h e  
i n t e r a t o m i c  d i s t a n c e  in  t h e  e l e m e n t a r y  fo rm,  b u t  t h e  
d i s t a n c e  b e t w e e n  ax ia l  a t o m s  (2.85 A) shows  a fa i r ly  
la rge  c o m p r e s s i o n .  T h u s ,  t h e  Zr  a t o m s  a long  t h e  6-fold 
axes  b e h a v e  l ike ob l a t e  sphe re s  w i t h  r e s p e c t  to  ne igh -  
b o u r i n g  Zr  a t o m s ,  as was  n o t e d  for  t h e  Zr  a t o m s  in  a 
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similar s ta te  in Zr4A1 a (Wilson, Thomas  & Spooner, 1959). 
Such Zr a toms have  a Z-14  t r iangula ted  co-ordinat ion 
shell and  according to F r a n k  & Kasper  (1959), the  ap- 
pa ren t  compression is to be expected.  I t  is r a the r  sur- 
prising to note  t ha t  a lumin ium can behave  like silicon in 
forming a N o w o t n y  phase wi th  zirconium and  this seems 
to suggest  t ha t  packing is the mos t  impor tan t  factor 
affecting the  appearance  of this phase.  

The authors  wish to t h a n k  Dr  J .  Adam of A.E .R .E . ,  
Harwel l ,  for advice and  encouragement  and Mr H. D. 
Mallon, R.M.C.S.,  Shr ivenham,  for assistance in the  
meta l lurgical  examinat ion .  Permission to publish this 

paper  has been gran ted  by the  Dean,  I~.M.C.S., Shriven- 
ham.  
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There  is a controversy in the  l i tera ture  be tween S t rada  
(1934) and  Machatschki  (1935) about  the  s t ruc ture  of 
ah tmin ium ortho-arsenate.  The former has repor ted a 
te t ragonal  s t ruc ture  wi th  cell constants  a =4.90, c = 6.64 
_~, while the  la t te r  has reported a hexagonal  s t ruc ture  
wi th  a = 5 . 0 3 ,  c =11-22 /~. The complete  s t ruc ture  of the  
te t ragonal  form has been worked out  by Schulze (1934) 
and  tha t  of the hexagonal  form by Machatschki  (1936) 
himself. The la t ter  has s trongly criticised Strada 's  work  
and  has expressed an opinion t ha t  a te t ragonal  s t ruc ture  
of this compound  cannot  possibly exist. He  has advanced  
the  a rgument  t ha t  the densi ty  calculated from the 
hexagonal  cell was in be t t e r  accord wi th  the exper imental  
values t han  tha t  calculated from Strada 's  work.  He  has 
also pointed out  t ha t  the A s - 0  distance worked out  by  
Schulze (1935) for the te t ragonal  s t ruc ture  is higher than  

If  one examines Strada 's  da ta  as quoted by 
Machatschki  in his paper  and  compares it wi th  tha t  of 
his own it becomes apparen t  t ha t  the la t ter ' s  criticism has 
no force. The observed intensities and  the sin e 0 values 
of the  two workers are ent irely different,  and  the densi ty  
was not  measured  independent ly  by  Machatschki  bu t  
was t aken  from the work of Strada.  The la t ter  has claimed 
a high degree of accuracy for his work and it seems more 
reasonable to assume tha t  the  two were working wi th  
two different modificat ions of the same compound.  I t  

August 1959) 

was therefore decided to re invest igate  the  m a t t e r  and  
obtain  the  two forms separately.  I n  the  course of in- 
vestigations a sample of a lumin ium or tho-arsenate  was 
prepared by a process only slightly different from the  one 
used by Strada.  The s tudy  of this revealed a th i rd  and 
new form of this compound  which has an orthorhombic 
structure.  These results are presented  here. 

Experimental  

In  the present  investigations two samples of a lumin ium 
or tho-arsenate  were used. One was procured from the  
Bri t ish Drug  House  (called B.D.H.  sample), and  the  other  
(called labora tory  sample) was obta ined as a gelat inous 
precipi ta te  from a lumin ium alum by  the use of potass ium 
di-arsenate.  The excess of the sulphuric acid produced in 
th~ r ~ c t i o I t  was neut ra l ized  by sodium acetate ,  This 
m e t h o d  is the  same as t ha t  used by  Strada,  except  t h a t  
he used sodium di-arsenate instead of the potass ium com- 
pound.  For  X- ray  work the laboratory  sample was hea ted  
in two silica crucibles for 8 hr. ; in one the t empera tu re  
was kept  a t  550 °C., and  in the second it ranged be tween 
850 and  900 °C. The X- ray  photographs  were t aken  on a 
Philips Debye-Scher re r  camera  using Cu Ka rad ia t ion  
and  Straumanis '  mount ing .  All the hea ted  samples were  
a i r -quenched before mount ing  in the camera.  The follow- 
ing results were obtained.  

Nature of the 
Sample photograph Inference Remarks 

B.D.H. sample 
1. At room temp. 

2. Heated at 900 °C. 

Many lines 

Many lines 

Lab. sample 
3. Unheated Weal: halo 
4. Heated at 550 °C. Broad halo 

and air quenched at 0 = 11 o 
5. Heated at 850-900 °C. Many lines 

and air quenched 
6. Same as above Broad halo 

after 3 days at 0 = 14"5 ° 

Crystalline A1. arsenate 
octahydrate 

Crystalline Hexagonal form 
identical with that 
of Machatschki 

Amorphous 
Amorphous 

Crystalline 
orthorhombic 
Amorphous 

New modification 


