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The crysta l  s t ruc ture  of the  intermetal l ie  compound  
Zr3A1 ~ has been de te rmined  from single-crystal and 
powder  photographs.  The alloy was prepared by  arc 
welding in argon by  Miss J .  Murray,  of A . E . R . E . ,  
Harwel l .  Powder  specimens were obta ined by filing a 
small  solid sample which had  been annealed for two weeks 
a t  ~_100 °C. and  quenched.  Very small single crystals were 
selected under  a microscope from the debris obta ined 
by  crushing pa r t  of the  same specimen. The s y m m e t r y  
and  the unit-cell  dimensions were de te rmined  from single- 
crystal  oscillation and ro ta t ion  photographs,  and  the 
te t ragonal  s y m m e t r y  was confirmed by Laue photographs  
t aken  along the  axes of the crystal .  A more  accurate  
de te rmina t ion  of the uni t  cell was made  using powder  
photographs  t aken  wi th  a precision 19 cm. camera  
(Adam, 1954) and  Cu K a  radiat ion.  Measurement  of the 
powder  photographs  was difficult owing to an appreciable 
background caused by fluorescent Zr K radia t ion excited 
by  the  cont inuous spec t rum of the  copper target .  (The 
fluorescent background  was reduced to a m i n i m u m  by 
operat ing the  X- ray  set a t  18 kV.). Fai r ly  accura te  line 

Table 1. X-ray data 

Observed Calculated Observed Calculated 
hkl sini 0 sin2 0 intensity intensity 

110 *206 205 ViW 5.6 
002 *479 487 V2W 2.8 
210 515 511 M 41 
112 694 691 MW 47 
220 823 818 M 55 
202 898 895 S 148 
221 943 939 VaW 10.6 
212 1000 997 S 148 
310 "1024 1022 S 112 
311 1146 1143 VW 25 
113 "1287 1298 V2W 3"2 
320 1326 1328 VaW 9"3 
321 1441 1450 V4W 2-7 
312 1511 1508 V4W 7.8 
410 1736 1737 M 40 
004 1943 1944 MW 39 
420 2045 2043 V2W 14.4 
402 2120 2120 VW 8"3 
412 2222 2222 M 59 
332 2325 2325 M 66 
323 *2425 2421 VW 1"1 
214 2460 2455 V2W 27 
422 2531 2529 V~W 20 
510 *2656 2656 VW 7'0 
224 2761 2760 W 33 
413 2831 2830 V4W 9"6 
333 *2926 2932 VaW 2-6 

314 2966 68 
521 3087 3084 PaW 7"9 
423}  {3137 0"3} 
512 3141 3141 MW 52 
105 3138 2"4 

S = strong; M = medium; MW = medium weak; MS = 
medium strong; W = weak; VW = very weak; V2W, VaW 
and V 4 W = decreasing weak. 

revised form 29 December 1959) 

spacings were obta ined by  taking several independen t  
readings of the f i l l s  wi th  an i l luminated-fibre measur ing  
device. The values of sin 2 0 obtained from these measure-  
ments  and the visual es t imate  of line intensities are given 
in Table 1. 

Metallographie examina t ion  of an e tched and polished 
surface of the  bulk specimen showed t ha t  the  alloy 
specimen was not  a pure  single phase.  The specimen 
micrograph showed a s t ruc ture  of p r imary  crystals and 
an appreciable amoun t  of wha t  appeared to be a eutectic.  
The powder  films conta ined a large number  of lines which 
were shown to belong to the  neighbouring phase Zr4A13 
whose s t ruc ture  is known (Wilson, Thomas  & Spooner, 
1960). In  addi t ion there  were a few very  weak  lines of 
the neighbouring phase ZrsA13. I t  is p resumed t ha t  these 
two impur i ty  phases formed the 'eutect ic '  observed under  
the  microscope. I t  is interest ing to note  t ha t  D e b y e -  
Scherrer  films taken  of the same powder  which had  been 
annealed  in vacuo at  700 °C. for two weeks appeared to 
consist main ly  of Zr4A1 a wi th  a smaller quan t i t y  of 
Zr~A1 a. The lines marked  in Table 1 refer to the identified 
Zr4A1 a and  Zr~A13, phases. 

All the lines belonging to ZraA12 have  been indexed on 
a te t ragonal  uni t  cell wi th :  

a -- 7.630 + 0.001, c = 6.998 + 0 .001 /k .  

These values for the  cell dimensions and the  calculated 
values of sin 2 0 shown in Table 1 have  been obta ined by  
using a Nelson-Ri ley  ext rapola t ion method .  

The calculated densi ty  on the  basis of 4{Zr~Ale) in 
the uni t  cell is 5.34 g.cm. -z, compared  wi th  the  value 
5.35 g.cm. -a, de te rmined  with  a specific-gravity bott le.  

F rom the indices of the reflections obta ined wi th  the  
single crystal  photographs  the  systemat ic  absences ob- 
served were 00l, l = 2n and  hOl, h +l = 2n, which led to 
space group D]~-P4~/mnm being selected. The calculated 
line intensities given in Table 1 were obta ined wi th  the 
a toms in the following positions: 

8 A1 (j) x, x, z; wi th  x=~, z=0 .21  
4 Zr (f) x, x, 0; wi th  x = 0 . 3 4  
4 Z r  (g) x ,x ,  0; wi th  x = 0 . 2 0  
4 Zr (d) 0, 1 ~,¼ • 

The single crystals used were too irregular in shape to 
allow a suitable absorpt ion correction to be de te rmined  
for the  intensities of the  oscillation photographs.  An 
absorpt ion correction factor was calculated for the powder  
line intensities by de termining  the  average densi ty  of the  
powder  specimens and using the known atomic absorpt ion 
coefficients of zirconium and  a luminium.  This correction 
factor is included in the  calculated line intensities given 
in Table 1. 

The agreement  be tween observed and calculated line 
intensities given in Table 1 is good, mos t  discrepancies 
being accounted  for by  overlapping lines from the  
neighbouring phases. For  larger reflection angles the  
visual es t imate  of line intensities is no t  sufficiently good 
to allow a direct  comparison wi th  calculated line inten- 
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sities owing to the lack of film contrast  caused by the  
increasing zirconium fluorescence. However,  the overall 
agreement  between observed and calculated intensities is 
satisfactory when neighbouring lines within any group 
of lines are compared.  Because of the lack of precision in 
the  visual est imates no R factors are given in Table 1. 

The four variable atomic parameters  were chosen by 
trial and error to give the best  intensi ty agreement,  
more weight  being given to the small-angle lines. I t  was 
found tha t  the  atoms could be moved  slightly from their  
present  positions wi thout  seriously affecting the intensi ty  
agreement .  I t  is apparent  tha t  the  powder me thod  
adopted  for this investigation is not  sufficiently good to 
give high accuracy and because of this it was decided to 
abandon  any further  ref inement  of the structure. Assum- 
ing an uncer ta in ty  of _+ 0.005 in the atomic parameters  
gives rise to the  errors indicated in the following table 
of interatomic distances: 

(4) Zr-Zr=3.36_+0.04/~  (1) A1-Zr=2.77 _+0.11/~ 
(4) Zr-Zr  = 3-36 _+ 0.05 (1) A1-Zr=2.75-+0.07 
(2) A1-Zr = 3.03 _+ 0.06 (1) A1-A1 = 2.70 -+ 0" 11 
(2) AI-Zr =2.99 -+0.10 

D i s c u s s i o n  

The crystal s tructure of Zr3A12 was at  first thought  to be 
isomorphous with Hg3:Na~, but  packing considerations 
and intensi ty  discrepancies do not  allow Zr atoms to 
occupy the (0, ½, 0) positions occupied by Hg  atoms in 
Hg.~Na 2. Good intensi ty  agreement  and good packing 
were achieved by  put t ing  these atoms in the  (0, ½, ¼) 
positions of the Hg3Na~ structure.  

Fig. 1. 
@:Zra toms ;z=¼.  O:Zratoms;z---½. O :Zra toms ;z -~0 .  

(D : A1 atoms; z---- 0.21. O : A1 atoms; z---- 0.29. 

I t  is interest ing to discuss the  proposed structure in 
the  light of the  findings of F rank  & Kasper  (Frank & 
Kasper,  1958, 1959). The Zr atoms in the (f) and (g) 
positions form two plane layers, the  atoms in each plane 
being arranged in slightly dissimilar dis tor ted square- 
tr iangle nets having the  Schlafi symbols 32. 4 .3 .4 .  The 
Zr atoms in the (d) positions also lie in plane layers at  
z =¼ and z =~ and, as shown in the  project ion of the  cell 
in the  x-y  plane in Fig. 1, form a square ne t  which is 
par t  of the 'in-filling' of the  dis tor ted square-tr iangle 
nets. The A1 atoms which lie in the  remaining 'holes' 
of the square-triangle nets form a ne t  whose projection 
is an undis tor ted  square-triangle net.  Since the  A1 atoms 
lie slightly above and below the  Zr a toms in the  z =~  
planes they  might  be regarded as par t  of the  complete 
in-filling which is a puckered layer of Zr and A1 atoms. 

The half-cell shown in the project ion in Fig. 1 bears 
some resemblance to the  uni t  cell of te t ragonal  CuA12. 
I t  would be exactly similar if (i) the two Zr square-triangle 
nets were undis tor ted  similar layers; (ii) all the A1 atoms 
were in the z =¼ planes and (iii) the  square Zr ne t  lay 
at  z =~ instead of z =¼. Because of the difference in size 
between the  Zr and A1 atoms it is not  possible to produce 
a CuA12 type of s t ructure or a modificat ion of this in 
which all the A1 atoms and some Zr a toms lie sym- 
metrical ly between two undis tor ted  and superimposed 
square-triangle nets  of Zr atoms wi thout  packing dif- 
ficulties. In  any  case such a cell would be half the height  
of the  present  cell and this is not  borne out  by the single- 
crystal photographs.  

All the atoms in the  proposed structure have trian- 
gulated co-ordination shells. The co-ordination number  
(as defined unambiguously  by F rank  & Kasper) of the 
Zr atoms designated I, I I  and I I I  in Fig. 1, are 14, 14 
and 15, respectively, whilst  the  co-ordination number  of 
each A1 a tom is 12. The Zr(I) a toms lie in vertical  rows 
whilst  Zr(II) and Zr(III)  lie in 'crinkled'  vertical rows. 
Apar t  from the fact tha t  the  co-ordination shells of the  
Zr(I) and Zr(II) a toms are somewhat  prelate  ra ther  than  
oblate the  structure thus conforms to the  principle of 
sphere packing in complex alloy structures as enunciated 
by F rank  & Kasper.  
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