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Visually estimated intensities from powder photographs of the fl and y phases in the system inditun- 
tin have been used to check the simple structures previously proposed for these two alloys. I t  is 
found that  the tetragonal body-centred structure with two atoms per cell reported for the fl phase 
is incorrect, although the correct structure has not yet been deduced. The y phase is confirmed as 
having a structure with primitive hexagonal packing as Fink, Jette, Katz & Schnettler suggested. 
In this phase each atom is surrounded by six others at a distance of 3.21 A and by two others at 
a distance of 2.99 A. 

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

The sys tem i n d i u m - t i n  has been invest igated by  Valen- 
t inct  (1940), b y  Fink,  Je t te ,  Ka tz  & Schnett ler  (1945), 
and  b y  Rhines,  Urquha r t  & Hoge (1947). This sys tem 
is characterized b y  four phases with the following 
approximate  composition l imits  in weight % (equals 
roughly atomic %) Sn at 20°C. (Rhines et al., 1947): 

0-3, ~ 14-27, y 75-88, and 5 94-100. 

The ~ phase has  the  structure of indium,  body-centred 
te t ragonal  wi th  two atoms per cell, and  the (~ phase 
the s tructure of white  tin, body-centred tetragonal  
with four a toms per cell. 

T h e  ~6 p h a s e  

The fl phase was reported by  Valent iner  (1940) to have  
a te t ragonal  F latt ice with four a toms per cell, and  
this  was confirmed by  0 r l ami inde r  in Klemm,  Klemm,  
H o h m a n n ,  Volk, Orlamiinder  & Kle in  (1948). F ink  
et al. (1945) pointed out tha t  a smaller  I lat t ice wi th  
two atoms per cell could be chosen in place of Valen- 
t iner 's  larger iv lattice, and  confirmed the structure 
as being of this  type.  I n  none of these papers do the  
authors  give in tens i ty  da t a  to ver i fy  the one structure 
tha t  is possible for a te t ragonal  I lat t ice with two atoms 
per cell. 

We have  taken  a powder photograph using Cu K ~  
radiat ion (Cu K ~  t = 1.54050 A) of fine filings of the fl 
phase with composition 24.37 atomic % (24.99 weight 
%) Sn, and  we have es t imated the intensit ies visual ly  
on a scale of 10. Table 1 gives these intensit ies along 
with the  measured spacings, the  Miller indices based 
on the  te t ragonal  I lattice, and the spacings calculated 

* l~ow at the Department of Chemistry, McGill University, 
Montreal, Quebec, Canada. 

Table 1. fl-InSn- X-ray powder data 
Indexed on the (incorrect) tetragonal I lattice, Z = 2, for 

composition 24.37 atomic % Sn; a = 3-463 A, c -- 4-382 A 
(Fink et al., 1945). 

1obj. 20 ° (Ou) dme~. (h) h~Z d¢~¢. (h) 

10 33.15 2.70 101 2-717 
3t 36"85 2.44 110 2-449 
5 41.35 2.18 002 2-191 
1¼ 53-15 1.722 200 1.732 
6~ 56.40 1-629 112 1"633 
5½ 63.70 1.459 211 1-460 
2 69.30 1-354 202 1-358 
5 69.90 1.344 103 1-346 

¼ 77.90 1.225 220 1-224 
87.60 1-113 301 1.116 

1½ 89.70 1"092 ~ 004 1-096 
310 1.095 

4 92.80 1"064 ~ 222 1.069 
( 213 1-063 

2 100.90 0"999 114 1-000 
2 103.80 0.979 312 0.9796 
1½ 110-70 0-936 321 0-9382 
1½ 112.60 0.926 204 0-9258 
1 116.70 0-905 303 0.9057 
3 130.20 0.849 105 0-8496 
3~ 137.60 0-826 411 0.8249 
3½ 141.40 0-816 ~ 224 0.8164 

[ 330 0-8162 
5½ 146.70 0.804 ~ 402 0-8052 

t 323 0-8025 
6~: 166.20 0-776 { 420314 0.77440"7745 

No~: 
The intensity and spacing of only the ~1 component have 

been recorded for the last reflection for which al and a~ are 
clearly resolved. 

on the cell dimensions of F ink  et al. (1945) for this  
composition. If  the structure is the  simple one proposed 
by  the previous authors,  the  sharp in tens i ty  changes 
from one powder reflection to the  nex t  can be due 
only to mult ipl ic i ty .  A brief examina t ion  of Table  1 
shows tha t  no simple relat ionship exists between the  
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observed intensities and  the  mult ipl ic i ty  of this 
diatomic te t ragonal  I s t ruc ture :  the  002 reflection, for 
example,  with mult ipl ic i ty  2, has an  observed intensi ty  
of 5, whereas the  200 reflection, with mult ipl ici ty 4, 
has  an observed in tens i ty  of only 1~. The conclusion 
is then  t h a t  f l-InSn does not  have  a te t ragonal  
I lat t ice with two a toms per  cell as previously proposed. 
Our a t t emp t s  to find another  s t ruc ture  for which the  
calculated intensities agree with the  observed have  not  
been successful, and  the  solution of this problem must  
awai t  fur ther  investigation.  

The  7 phase  

The 7 phase was s ta ted  by  Valent iner  (1940) to have  
a t e t ragona l  body-cent red  s t ruc ture  similar to t h a t  of 
white tin.  F ink  et al. (1945) showed t h a t  the  observed 
powder  reflections do not  conform to the  ext inct ion 
conditions required by  the  t in s t ructure ,  and  t h a t  the  
agreement  of Valent iner ' s  calculated spacings with the  
measured  was not  sat isfactory.  They  re-indexed the  
powder  p a t t e r n  in a fully sa t is factory way  on a primi- 
t ive hexagonal  lat t ice wi th  one a tom per cell. They  
pointed out  t h a t  'a  simple hexagonal  s t ruc ture  is 
unusual  and  the  t rue  s t ruc ture  of the  7 phase m a y  be 
one t h a t  is merely based on this ' .  They were unable 
to ver i fy  this simple s t ruc ture  by  means  of in tensi ty  
measurements  because of the  ' spo t ty  character  of the  
lines'. 

We have  t aken  powder  photographs  with Cu K ~  
radia t ion  of fine filings of the  7 phase of composition 
81.25 a tomic % (81.75 weight  %) Sn, and  have  es t imated 
the  intensities visually on a scale of 10. One photo- 
g raph  exposed about  t en  t imes longer t h a n  normal  
showed no lines in addi t ion to those which index 
well on the  simple hexagonal  cell of F ink  et al. (1945); 
this mus t  therefore be the  correct uni t  cell of 7-InSn.  
Table 2 gives our observed intensities, our measured  
spacings compared with  those calculated on the  cell 
dimensions of F ink  et al. for this composition, and  the  
intensities calculated for a s t ruc ture  with one a tom 
per cell in a simple hexagonal  lattice. The sa t i s fac tory  
agreement  between Icalc. and  Iobs. is proof t h a t  the  
s t ruc ture  of ~-InSn is indeed one with primit ive 
hexagonal  packing,  as the  work of F ink  et al. suggested. 

I n  this simple s t ruc ture  each a tom is surrounded by  
eight others a t  the  corners of a hexagonal  b ipyramid,  
six in one plane a t  a distance of 3.21 A, and two 
direct ly above and  below at  a distance of 2-99 A. 
In  comparison,  each a tom in white t in is surrounded 
by  a dis tor ted t e t r ahedron  of four neighbours a t  a 
distance of 3.02 A, and  by  two more a t  3.17 A;  and 
each a tom in indium, which has  a dis torted cubic 
close-packed s t ructure ,  is surrounded by  four  others 
a t  3.24 A, and  by  eight more a t  3.37 A (Wyckoff,  
1951). I f  the  fl phase had  the  te t ragonal  body-centred 
s t ructure  first  assigned it, each a tom would be sur- 
rounded  by  eight others  a t  the corners of a r ight  prism 

Table 2. 7 - InSn :  X - r a y  powder data 

Hexagonal, P6/mmm, Z ---- 1, for composition 81.25 atomic 
% Sn; a = 3.211 A, c ---- 2-992 A (Fink et al., 1945). 

lobs. 20 ° (Cu) dmeas. (A) hkil dcalc. (A) Icalc. 

2½ 30"05 2"97 0001 2"992 4"0 
10 32-35 2.77 1010 2-781 11.0 
10 44-55 2.03 10il 2.037 12.] 
4½ 57.35 1.604 1120 1.606 4.0 

½ 62-20 1.490 0002 1.496 1.1 
7 66"00 1.413 i121 1.415 6.0 
3½ 67.35 1.388 2020 1.390 2.9 
5 71-70 1.314 10i2 1.317 5.2 
5 75.45 1-259 2021 1.261 4.7 
4 89-55 1.094 1122 1.095 3.7 
4 94.25 1.051 2130 1-051 3.5 
4 98.35 1.018 2022 1.018 3.5 
0 (101.20) - -  0003 0.9973 0.6 
7 101-90 0.992 21.31 0.9916 7.1 
3½ 110.20 0-939 1013 0.9388 3.7 
1½ 112-45 0-927 3030 0.9270 1-9 
4½ 120.60 0.887 3031 0.8854 4-1 
7½9 t 126"80 0"861 2132 0"8600 6"3 
59 t 130"20 0.849 1123 0"8472 3"3 
59 t 143"10 0.812 2023 0"8104 4"6 
2(x t 146.40 0.805 2240 0-8028 2.5 
6c~ 1 154-80 0.789 3032 0.7879 6-9 
6c~ 1 165"10 0.777 2241 0.7753 11-8 

Notes: 
(a) Where ~t and c~ 2 are clearly resolved, the intensity and 

spacing of only the 91 component have been recorded; such 
reflections are marked a 1. For these reflections the stated 
value of Icalc. equals two-thirds that actually calcnlated, the 
assumption being that 91 has twice the intensity of 92" 

(b) Icalc. iS given by 
l+cos  ~ oO 

/calc. ----- z~p sin9 " 0 co:0 A T K ,  

where K is a constant and the other letters have their usual 
crystallographic meanings. The absorption factor A was 
calculated in the manner of Henry, Lipson & Wooster (1951). 
In the temperature factor T = exp[--B(sinO/).fJ, the 
variable B was chosen as 3 A ~. In order to place Ioalc. on the 
same scale as /obs., and to give the best overall agreement 
between the two sets of values, K was arbitrarily chosen as 
1/1340. 

a t  about  3.28 A, and  by  four  others a t  the  corners of 
a square a t  3.46 A. 

One of us (R.M.S.) is grateful  to the  Consolidated 
Mining and  Smelt ing Company  for f inancial  suppor t  
dur ing the  course of this work. 
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