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of a glass rod, subsequent  contract ion of the  adhesive 
upon cooling will resul t  in misal ignment  of the crystal. 
If  the  crystal is m o u n t e d  on the  end of a p la t inum wire, 
by heat ing the  end of the  wire and  inserting it into the 
crystal, the  a l ignment  difficulty is overcome, but  a 
t empera ture  gradient  will be present  in the crystal when 
i~ is cooled, since the  wire will conduct  heat  from the 
goniometer  head to the  crystal. 

The slit of the  layer-line screen is covered by a th in  
strip of cellophane; the  collimator is inserted through a 
small hole in the  cellophane. 

The film holder is m a d e  of two halves and can thus be 
put  on and  t aken  off w i thou t  dis turbing the tempera ture  
dis t r ibut ion in the  apparatus .  

In  the  case of research on a substance melt ing below 
room temperature ,  the  l iquid is also put  into a thin- 
walled glass capillary and  slowly frozen by the stream 
of cold gas. If  necessary, a single local counter-current  
of dry air at  room tempera tu re  can be introduced through 
a glass tube  wi th  a narrow nozzle inserted through the 
cellophane of the  layer-line slit. 

By  adjus t ing the  rates of flow of both gas streams it 
is possible to control  the  rate of crystallization very 
sharply. If  the  beam catcher  is turned  out of the way, 
the crystall ization process may  be viewed through a 
small microscope, m o u n t e d  on the  Weissenberg chassis. 
This is readily conver ted  into a polarizing microscope 
by means of a pair of polarizers moun ted  on a yoke which 
bridges the  layer-line screen. 

There is a slot in the  top of this screen extending 
along a par t  of its length,  and  ordinarily closed by a 

sliding cover. If  this slot is opened the  beam catcher may  
be tu rned  and ad jus tments  of the  goniometer  head may  
be made  as well. 

For making  diagrams above room temperatures ,  a long 
and narrow heat ing coil is in t roduced into the Dewar 
tube, insulated from the leads of the thermocouple.  
This coil heats  the  s t ream of ni t rogen gas and  thus the 
crystal. 

The capillary containing the  crystal is inserted into a 
closely f i t t ing hole drilled in the  end of a copper rod, 
which in tu rn  is moun ted  on the goniometer  head. 

Unt i l  now only rota t ion and  oscillation photographs  
have been made  at  tempera tures  between room tem- 
perature and  300 ° C. 

Weissenberg photographs  have not  been made  at  
these higher tempera tures  since the  layer-line screen 
would be heated by the  hot  gas. If  the layer-line screen 
is not  present,  however,  the  hot  gas passes out  through 
the end of the  camera wi thout  warming the  film ex- 
cessively. 

A Weissenberg camera similar to tha t  described above 
is now commercial ly offered by 'Nonius' ,  Delft, The 
Netherlands.  

The author  wishes to express his gra t i tude to Prof. 
:Dr C .H .  MacGillavry for her k ind interest,  to the 
Nether lands  Organization for Pure Research (Z.W.O.) 
for making  this work possible, and to J.  Gunter  for his 
expert  construct ion of the  Dewar tube. 
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The crystal s tructure of WAll2 was recently invest igated 
by A d a m  & Rich (1954). I n  the  present  communicat ion 
we describe the  crystal  s t ructure of the 5 W-A1 inter- 
metall ic compound.  According to the phase diagram of 
Clark (1940) this phase should be of approximate  com- 
position W2A19; the  present  structure determinat ion 
shows, however,  t h a t  the  ideal formula uni t  is WAl 5. 

The uni t  cell and  sys temat ic  absences of the  X-ray 
reflexions were de te rmined  from rotation, oscillation and 
Weissenberg photographs.  The measurements  of ac- 
curate unit-cell dimensions and  intensities were made  on 
powder photographs  t aken  in a precision 19 cm. camera 
(Adam, 1954) using fi l tered CuKa, and W La radia- 
tions. (The W fl radia t ion  can be effectively removed 
by a Cu foil 0.001 in. thick.) 

The use of W Lc¢ radia t ion  is of great  advantage  in the 
Bragg-angle range 20 ° <: 0 ~ 45 °. The resolution of the 
Cu Ka doublet  is imperfect  in this range, thus reducing 
great ly the  accuracy of measurement  of interplanar  
spacings. On the o ther  hand  the  W La doublet  is well 
resolved at fairly low angles and  in addit ion the intensi ty 
of the  a 2 component  is much  less than  tha t  of the a 1. 
The range of 0 below 45 ° is impor tan t  in lattice-para- 
me te r  measurements  of non-cubic substances when the 
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uni t  cell is fairly large and comparat ively  few of the  high- 
angle lines are free from overlap. 

Intensi t ies  of single-crystal reflexions were es t imated  
visually. The assessment of the  absorption correction 
presented considerable difficulty. The me thod  of Howells 
(1950) was tried, and, a l though good qual i ta t ive agree- 
men t  was obtained between observed and calculated 
intensities for reflexions in each zone, the overall agree- 
men t  was not  quite satisfactory. Powder  intensities were 
therefore used as a final check of the  structure.  In tegra ted  
intensi ty  measurements  were made  on 45 powder lines, 
using a Hilger recording microphotometer .  The absorp- 
t ion factor taking into account  the particle absorption 
(Taylor, 1945; Brindley,  1945; de Wolff, 1951)was used, 
and the tempera ture  correction and scale factors were 
obtained from a plot of log (Iclo) against  (sin 0/A) 2. 

All observed X-ray  reflexions were indexed on the 
basis of an hexagonal  uni t  cell wi th  

a ---- 4.9020±0.0003, c = 8.8570±0.0005 /~ 

(A C u K a  ---- 1.54050 and A W La ---- 1.47634 A). 
The only observed space-group extinctions were 0001 

with 1 odd. The three possible space groups are therefore 
C~, C~h and D~, and  the  number  of a toms per uni t  cell 
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Table 1. Calculated and observed, powder intensities for 
WAI~ 

hka Z~ Io hkiZ Z. Io 
0002 161 176 3032 102 97 
10i0 113 116 2134 47 44 
1011 574 624 1126 266 275 
1012 135 143 2240 64 59 
1120 287 288 22411 
10i3 264 243 10i7 ] 96 101 
1121 69 78 2026 
0004 211 245 30~4 ~ 417 417 

2135 1122 921 925 J 
2020 2242 226 215 
2021 196 185 3141 112 101 
1014 58 51 0008 44 50 
20~2 56 48 
1123 43 42 3143 92 117 
2023 138 127 2027 ~ 95 109 
1 1 2 4 }  2136 
1015 375 360 22~4 

) 

117 140 1018 J 
2130 41 34 3036 64 73 
2131 222 201 1128 
2024 35 37 2245 ) 107 131 
2132 67 66 2137 94 104 
0006 21 21 2028 
1125 23 25 3145 ) 110 122 
3030 ~ 408 401 3251 94 106 
2133 2246 190 212 
1016 28 25 4152 375 390 
2025 78 76 3038 

1,0,1,10 ] 280 303 

31_47 } 136 
4046 149 

2 W  2(b): ½,~ ,z ;  g,2 ~ , ½ + z ;  wi th  z = ½ .  
2A1 2(b): ~ , ~ , z ;  ~ , ~ , ½ + z ;  wi th  z = 0 .  
2A1 2(a): 0, 0, z; 0 , 0 , ½ + z ;  wi th  z ---- 0. 
6A1 6(e): x , y , z ;  y , x - - y , z ;  y , x , ~ , , z ;  x ,y ,  ½+z; 

y, y--x, ½+z;  x--y, x, ~ + z ;  
wi th  x----y----½, z----¼. 

Comparison between calculated and  observed inten- 
sities is shown in Table 1. The agreement  residual  is 
R ---- 0-06. 

The structure of WA16 is a close-packed layer  s t ructure  
wi th  four types  of layer  s tacked in the  order 

A B A ' C A B A ' C .  

Layers  A and  A' contain bo th  a lumin ium and  tungs ten  
atoms,  layers B and  C consist ent i rely of a luminium 
atoms.  The interatomic distances are given in Table 2. 

An alloy of composition MeAl6 is reported in the  
l i terature  (see Wachtel l ,  1952). An X - r a y  powder photo- 
graph  obtained b y  us from this  al loy was ve ry  similar to 
t h a t  of WA16 : there were only sl ight differences in relat ive 
intensi t ies  of some of the lines. The two crystal  structures,  
therefore, are probably  identical  or a t  least  ve ry  similar. 

Table 2. Interatomic distances in WA15 

Number and kind Interatomic 
Atom of neighbours distance (A) 

A1 in layer A or A'  3 A1 in same layer 2-83 
3 W in same layer 2-83 
3 A1 in layer B 2.75 
3 A1 in layer C 2-75 

mus t  be even. Assuming t h a t  the  volumes occupied b y  
individual  a toms in an  al loy are not  grea t ly  different from 
those occupied b y  these a toms in elements, the  number  
of a toms per  cell in the (~ phase is approx imate ly  12. 
This suggests t h a t  the  ideal composit ion of the ~ phase 
is WA15 wi th  two formula uni ts  per  cell, r a ther  t h a n  
W ~ d ,  as would appear  from the phase diagram. 

The calculated dens i ty  of the sample is 5-71 g.em. -a. 
The value obta ined exper imenta l ly  on a small  q u a n t i t y  
of powder was ~ ---- 5.5 g.cm. -3. 

Spat ial  considerations rule out  space group D~. The 
choice of space group is therefore reduced to the centre-  
symmetr ic  C~a and  non-centrosymmetr ic  C~. 

Packing  considerations lead to two simple possible 
atomic ar rangements  in close-packed layers,  one centre- 
symmetr ic  and  another  non-centrosymmetr ic .  In tensi t ies  
of X- r ay  reflexions were calculated for both.  Comparison 
wi th  observed intensit ies showed good agreement  for the 
non-centrosymmetr ic  space group C~-P63, and  large 
di~cr0pancies for the centr0symm0tric ~truetur0. 

Assuming a close-packed layer  structure,  atomic posi- 
t ions are:  

A1 in layer B or C 6 A1 in same layer 2-83 
2 _41 in layer A 2-75 
2 A1 in layer A" 2.75 
1 W in layer A 2.75 
1 W in layer A'  2-75 

W in layer A or A'  6 A1 in same layer 2-83 
3 A1 in layer B 2.75 
3 A1 in layer C 2-75 
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