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Fig. 1. The structure of Ti~+xS 4 viewed down the a axis. 
Sulphur atoms are drawn as larger circles, completely filled 
Ti 1 sites as small black circles, and partly occupied Ti sites 
as crosses. The unit cell is drawn in projection with broken 
lines. 

The t i t an ium a toms are each dis tant  2.45 /~ from six 
sulphurs at  the  corners of a near ly  regular  octahedron,  
and have an addi t ional  metal  2.86 /~ away as a seventh 

neighbour  th rough  the centre of an octahedral  face. In  
each octahedron there  are six S-S distances of 3-43 /~ 
(the a axis length) and  six of 3-48/~. The Ti -Ti  dis tance 
in metall ic t i t an ium is 2.90 A, and  it is possible t ha t  some . 
form of meta l - to-meta l  bonding exists between ad jacen t  
oc tahedra  sharing a face parallel to (0001). The two sul- 
phur  a toms have different environments ,  S z is a t  the 
centre of a trigona] prism of t i t an ium atoms,  whilst  $2 
is at  the centre of an octahedron.  

Many of the sesqui-selenides and  -tellurides of the  
t ransi t ion metals  m a y  perhaps be regarded as the  'aver- 
aged mean '  of the closely related C6 and  B8 structures.  
TiS 2 has the  C6 ar rangement ,  whilst  in the  high-tempera-  
ture  form of TiS the B8 grouping is modified by  regular  
s tacking disorders (Hahn & Harder ,  1956). The non- 
stoichiometric t i t an ium 'sesquisulphide'  therefore rep- 
resents a t ransi t ional  or in termedia te  s t ructure  between 
the two. 

The wri ter  desires to t h a n k  Mr F. K.  McTaggart  for 
kindly placing the specimens at  his disposal. 
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Massalski & Bar re t t  (1957) have recent ly  shown tha t  
t e rna ry  Cu-Zn-Ga  alloys wi th  the  body-centered cubic 
s tructure,  in the region of the equil ibrium diagram where 
this h igh- tempera ture  s t ructure  can be re ta ined by a 
rapid quench, can be subsequent ly  t ransformed by  cold 
working.  

Three such alloys, falling along the  line of constant  
va lence-e lec t ron:a tom ratio (e/a = 1.476), have been 
subjected to cold work after quenching from the  b.c.c. 
region, and the  latt ice parameters  of the t ransformat ion 
s t ructure  are repor ted  in this note.  

The alloys were obtained from mater ia ls  of 99.98- 
99.99% puri ty ,  cast in 'Vycor '  tubing,  homogenized at  

Table 1. Lattice parameters 

* Presently at the Department of Physical Metallurgy, 
The University, Birmingham 15, England. 

Composition (atomic %) 
. ^ . Lattice 

Alloy* Cu Zn Ga" parameter (A) 
1 Ga 54.9 42-5 2.6 3-730=]=0-002 
2 Ga 57.4 37.5 5.1 3-7174-0.002 
D5 65.07 23-67 11.26 3-705± 0.002 

* Alloy designations are the same as those used by Mas- 
salski & Barrett (1957). 

800 ° C. and quenched in brine. Their  composit ion is given 
in Table 1. X- ray  pat terns  were obtained wi th  mono- 
chromat ized Cu K a  radiat ion in a G . E .  X- ray  diffrac- 
t ion unit .  After  filing at  room tempera ture ,  and immedia te  
X- ray  exposure, lines of a t ransformat ion  s t ructure  were 
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o b s e r v e d  in a d d i t i o n  to  l ines  of t h e  u n t r a n s f o r m e d  b.c .c .  
p h a s e .  T h e  n e w  l ines  c o r r e s p o n d e d  to  a h e a v i l y  f a u l t e d  
c lo se -packed  h e x a g o n a l  s t r u c t u r e  in a l loys  n e a r  t h e  
C u - G a  b i n a r y  axis ,  g r a d u a l l y  c h a n g i n g  in to  a f a u l t e d  
s t r u c t u r e  s h o w i n g  b o t h  t h e  f a c e - c e n t e r e d  cub ic  a n d  close- 
p a c k e d  h e x a g o n a l  c h a r a c t e r i s t i c s  n e a r  t h e  C u - Z n  b i n a r y  
axis  (Massalski  & B a r r e t t ,  1957). 

I n  Tab l e  1 are  s h o w n  l a t t i ce  p a r a m e t e r s  of t h e  t r ans -  
f o r m a t i o n  s t r u c t u r e  c a l c u l a t e d  f r o m  t h e  311 re f l ec t ions  
of D e b y e - S c h e r r e r  p a t t e r n s ,  i n d e x e d  as f .c.c.  

:Defo rmat ion  f a u l t i n g  causes  sh i f t s  of c e r t a i n  re f l ec t ions  
in t h e  f.c.c.  D e b y e - S c h e r r e r  p a t t e r n  ( P a t e r s o n ,  1952) 

b u t  i t  was  f o u n d  t h a t  in  t h e  case of b i n a r y  C u - Z n  a l loys  
(Massalski  & B a r r e t t ,  1957) l a t t i c e - p a r a m e t e r  v a l u e s  
cou ld  be e s t i m a t e d  w i t h  r e a s o n a b l e  p rec i s ion  u s i n g  t h e  
a s s u m p t i o n  t h a t  t h e  311 r e f l ec t ion  r e m a i n e d  p r a c t i c a l l y  
u n s h i f t e d  b y  t h e  p r e sence  of f au l t s .  
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A t o m i c  s c a t t e r i n g  f a c t o r s  for  Me+.  * B y  EDGAR L.  EICHHOR~¢, The California Institute of Technology, Pasa- 

dena, California, U . S . A .  (Received 30 July 1957) 

F o r  t h e  h e a v i e r  e l e m e n t s  t h e  ear l ies t  s c a t t e r i n g  c u r v e s  
were  a p p r o x i m a t e d  b y  J a m e s  & B r i n d l e y  (1931) w i t h  an  
i n t e r p o l a t i o n  m e t h o d  b a s e d  u p o n  t h e  T h o m a s - F e r m i  
t r e a t m e n t  in w h i c h  t h e  a t o m i c  e l e c t r o n  c loud  is con-  
s ide red  in t e r m s  of a d e g e n e r a t e  gas.  T h e  s c a t t e r i n g  c u r v e s  
for  m o l y b d e n u m  h a v e  n o t  been  c o r r e c t e d  s ince ;  h o w e v e r  
in 1955 a c c u r a t e  se l f - cons i s t en t  wave - f i e ld  d a t a  for  t h e  
m o l y b d e n u m  m o n o v a l e n t  p o s i t i v e  ion b e c a m e  ava i l ab le  
t h r o u g h  t h e  w o r k  of t h e  H a r t r e e  school  in C a m b r i d g e .  
T h e  p r e s e n t  c o m p u t a t i o n  of t h e  n e w  s c a t t e r i n g  c u r v e  
(Table  1 a n d  F ig .  1) is b a s e d  u p o n  t h e  se l f - cons i s t en t  

* Contr ibut ion No. 2218 from the Gates and Crellin Labo- 
ratories of Chemistry.  This invest igat ion was suppor ted  by 
research grant  No. H-2143 from the  National  Hear t  Ins t i tu te ,  
Nat ional  Ins t i tu tes  of Heal th ,  U.S. Public Heal th  Service. 

f ie ld d a t a ,  c a l c u l a t e d  b y  R i d l e y  (1955) on  t h e  C a m b r i d g e  
E .D .S .A .C .  c o m p u t e r .  

I t  w a s  d e c i d e d  to  u n d e r t a k e  t h e  p r o g r a m m i n g  of t h e  
ca l cu l a t i on  of s c a t t e r i n g  c u r v e s  f r o m  wave - f i e ld  d a t a  in 
gene ra l  f o rm ,  so t h a t  o t h e r  e l e m e n t s  cou ld  be  c o m p u t e d  
also. T h e  d ig i ta l  c o m p u t e r  a t  C . I . T . ,  a n  E l e c t r o D a t a  
D a t a t r o n ,  w a s  u t i l i zed  for  th i s  p u r p o s e .  T h e  n u m e r i c a l  
i n t e g r a t i o n  of exp re s s ions  of t h e  f o r m  

f oo p~ (r) . sin 4nar. dr 
o 4~aar 

(where  Pj(r) is t h e  r ad i a l l y  d e p e n d e n t  p a r t  of t h e  w a v e  
f u n c t i o n  for  shell  j a t  d i s t a n c e  r (in B o h r  un i t s )  f r o m  t h e  
nuc leus ,  a n d  a = s in 0/).) is ca r r ied  o u t  b y  a c u r v e - f i t t i n g  
p r o c e d u r e ,  t h e  a c c u r a c y  of w h i c h  is of t h e  s a m e  o rde r  as 

sin 0 
× 10 - s  

;t 
(cm.) f (Mo +) 

0.00 41.00 
0.02 40.85 
0.04 40-44 
0.06 39-77 
0.08 38.93 
0.10 37.95 
0.12 36.90 
0-14 35.81 
0.16 34.71 
0.18 33.62 
0.20 32.53 
0.22 31.51 
0.24 3O.52 
0.26 29.58 
0.28 28-68 
0"30 27"83 
0"32 27"01 
0"34 26-25 
0"36 25-55 
0"38 24"84 
0"40 24" 21 
0-42 23"59 
0"44 23"03 

T a b l e  1. Atomic scattering factors for Me + 

sin 0 × 10 -s  

(cm.) 

0.46 
0.48 
0.50 
0.52 
0.54 
0-56 
0.58 
0.60 
0.62 
0.64 
0.66 
0.68 
0.70 
0.72 
0.74 
0.76 
0.78 
0.80 
0.82 
0.84 
0.86 
0.88 
0.90 

f(Mo +) 

22"48 
21"96 
21"47 
21"01 
20'56 
20"14 
19-71 
19"32 
18.92 
18"54 
18"16 
17.80 
17"43 
17.07 
16.73 
16"38 
16"04 
15"70 
15"38 
15"04 
14"71 
14"39 
14"09 

sin 0 × 10 -s 

(cm.) 

0-92 
0-94 
0.96 
0.98 
1.00 
1.02 
1.04 
1.06 
1-08 
1.10 
1.12 
1.14 
1.16 
1.18 
1.20 
1-22 
1.24 
1-26 
1.28 
1.30 
1.32 
1.34 
1.36 

f (Mo +) 

13.78 
13.48 
13.17 
12.89 
12-59 
12.32 
12.04 
11.76 
11.51 
11.25 
11.01 
10.75 
10.53 
10.30 
10.09 

9-87 
9.67 
9.46 
9-28 
9.10 
8-93 
8.75 
8.59 

sin 0 -----~- × 10 -s 

(cm.) 

1.38 
1.40 
1.42 
1.44 
1.46 
1.48 
1.50 
1.52 
1.54 
1.56 
1.58 
1.60 
1.62 
1.64 
1.66 
1.68 
1-70 
1.72 
1.74 
1.76 
1.78 
1.80 

f(Mo +) 

8.43 
8.26 
8.13 
7.98 
7.86 
7.73 
7-62 
7-48 
7.38 
7.26 
7.16 
7.06 
6.98 
6.88 
6.80 
6-71 
6.63 
6.55 
6-47 
6.41 
6.33 
6.26 


