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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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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 
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Fig. 1. Atomic scattering factors for Me+. Circles: present work; crosses: James & Brindley. 

t ha t  obta ined wi th  Simpson's Rule.  This approach has 
the  advan tage  of be t te r  adap ta t ion  to computer  operat ion 
in tha t  it is independent  of the use of equal integrat ion 
intervals.  The program developed by us will also take  
care of difficulties ment ioned  in the  footnote to the paper 
by Berghuis et al. (1955), i.e. the  conversion of radial  dis- 
tances given on a logari thmic scale and  the conversion 
of dependent  variables of the  type  Q ( r ) - - - P ( r ) . f ( r ) ,  
where f(r)  is an exponential  funct ion of r. This is achieved 
by the overlay of a special sub-routine.  

In  the  present  case the atomic scat ter ing factors were 
calculated for Me + a t  intervals of 0-02 in a up to a = 1.80 
corresponding approximate ly  to the radius of the Ag 
K-radia t ion  limiting sphere. In  essence the same checking 
methods  were applied as described by Berghuis et al. 
(1955) in their  paper.  

The total  scat ter ing factor was compounded  from the 
different shells, by first calculating the contr ibutions per 
electron per shell, and then  mul t ip ly ing the value found 
by the number  of electrons in the shell. Since the electron 
contr ibut ion is computed  to four decimal places, mul- 
t iplication wi th  the shell mult ipl ic i ty  factor, reduces the 
accuracy  one decimal place. In  summing the contribu- 

tions of the  nine shells, roundlng-oft  errors take care of 
another  decimal place, so tha t  the  final f -curve is given 
to two decimal places. Me + has the following distr ibution 
of electrons over the shells: 

(18) ~" (28) 2 (2p) 6 (38) 2 (3p) 6 (3d) 1° (48) 2 (4p) 6 (4d) 5. 

I t  has been pointed out  by  various au thors  tha t  a t  larger 
values of a the difference in scat ter ing value is insigni- 
ficant between the  e lement  in the  ground s ta te  and the  
monovalen t  ion. I t  is expected tha t  the influence of the  
(Ss) 1 electron would die away  near  a = 0-35 and we m a y  
therefore safely compare the present  values of Me + 
scat ter ing factors above a - - - 0 . 4  to those of James  & 
Brindley.  I t  can be seen from Fig. 1 tha t  the difference 
is considerable, and of the general order of 5 %, the  J a m e s -  
Brindley curve being consistently lower in the  region 
above a = 0.4. 

The self-consistent field da ta  computed  by Ridley  do 
not  take into account  spin-exchange energy or relativistic 
corrections. I t  is not  expected tha t  such corrections would 
great ly alter the scat tering curve,  bu t  t hey  have  never-  
theless been scheduled for computa t ion  and  will be 
reported on at  a later  date.  

The au thor  is indebted to Professors Herber t  Jehle  
and  Ludwig Bie rmann  for advice and helpful corre- 
spondence. 
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