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The Cu-Pd  alloy Cu3Pd has been inves t igated  by  Jones  
& Sykes (1939) and  by  Jones  & Owen (1954). I t  was 
shown tha t  a t  t empera tures  above about  460 ° C. CuaPd 
has a disordered face-centred cubic lattice, whereas the  
slowly cooled alloy is in the  ordered s ta te  and  has a face- 
centred te t ragonal  lat t ice (~'" phase) in which the  ar- 
r angement  of a toms is different  f rom tha t  in Cu.~Au bu t  
of which the  detai led s t ructure  was no t  known.  If, how- 
ever, the  ordered s t ructure  be considered in te rms of the  
disordered face-centred cell then,  as the  cooling proceeded,  
i t  was found tha t  the  axial ratio c/a diminishes from 
un i ty  for the  disordered s tate  to 0-985 below about  
270 ° C. 

We have s tudied the  s t ructure  of the  o~" phase of 
Cu-Pd  alloys in th in  or ienta ted  films by  electron diffrac- 
t ion and  in single crystals by X-rays.  

Fig. l(a) shows an electron-diffraction pa t t e rn  of a 
th in  alloy film conta in ing 25 a tomic% Pd, which was 
rapidly cooled from 230 ° C. after  slow cooling from 
450 ° C. in several hundred  hours. The pa t t e rn  resembles 
tha t  of the  par t ia l ly  ordered CusAu alloy containing anti-  
phase domains  (Raether,  1952), and  more  closely t h a t  
of CuAu I I  (Ogawa & ~;a tanabe ,  1954), but  in the  present  
case the spli t t ing of superlat t ice reflexions is more  com- 
plex. In  order to explain the  pa t t e rn  in Fig. l(a), we 
consider a complicated two-dimensional  ant i -phase do- 
main  s t ructure  as shown in Fig. 2(a). This s t ructure  can 
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be t hough t  of as formed from the  e lemental  face-centred 
te t ragonal  lat t ice in which the  a toms arrange themselves 
as in the  ordered s t ructure  of CusAu but  in which the 
two kinds of stepshift,  ~½(al-t-a~) and  ±½(a3±al)  , 
occur a t  every  Math a tom and M1th a tom along the z 
and  x directions respectively (ap a~ and  a s are the 
fundamen ta l  latt ice vectors in the  x, y and  z directions 
respectively).  The former type  of shift (the first kind of 
out-of-step) is identical  wi th  tha t  in the  part ial ly ordered 
s tate  of CusAu (Guinier & Griffoul, 1948), and  tha t  in 
CuAu I I  (Johansson & Linde, 1936), but  the  la t ter  (the 
second k ind  of out-of-step) has no t  so far been found. 
The two kinds of one-dimensional  ant i-phase domains, 
character ized by  the  two kinds of step-shift,  are not  
independent ,  bu t  are associated wi th  each other. Thus 
a two-dimensional  ant i-phase domain  s tructure is formed 
and  the  large uni t  cell, out l ined by  the  thick lines in 
Fig. 2(a), has an or thorhombic  s y m m e t r y  (the lattice 
constants  are 2Mla 1, a 2, and  2Msas). The te t ragonal  axis 
of the  e lemental  te t ragonal  cell lies along the  z direction. 

The s t ructure  ampl i tude  of this proposed model  can 
easily be calculated, and  the  in tens i ty  distr ibut ion in 
reciprocal space is der ived as shown in Fig. 2(b). In  this 
figure circles correspond to the  in tens i ty  weight  due to 
three  kinds of two-dimensional  ant i -phase domain  struc- 
ture,  in each of which the  te t ragonal  axis coincides with 
one of three original cubic axes. I t  is to be pointed  out 
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Fig. 1. (a) Electron-diffraction pattern of thin alloy film containing 25 atomic% Pd; {100}cub" and {ll0}cub" reflexions show 

complex splitting. Weak spots are also seen between them. 
(b) Oscillation X-ray photograph of (ll2)cub" reflexion for the alloy of 22 atomic% Pd; [ll0]cub" is vertical; unfiltered 

Fe radiation. Only one kind of separation is seen. 
(c) Stationary-crystal X-ray photograph of (210)cub" reflexion for the alloy of 27 atomic% Pd; [001]cub" is vertical and 

[100]cub" is 35 ° from beam direction; unfiltered Cu radiation. Two kinds of separation are clearly shown. 
(d) Oscillation X-ray photograph of (310)cub" reflexion for the alloy of 27 atomic% Pd; [001]cub. is vertical; unfiltered 

Fe radiation. The arrows show the weak splitting spots. 
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Fig. 2. (a) Two-dimensional anti-phase domain structure. Full 

and open circles represent Cu and Pd atoms respectively. 
M 1 ---- 4 and M a ---- 3 are chosen in this model. Out-of-steps 
occur at places indicated by arrows. 

(b) Intensity distribution in reciprocal space, h, lc and l 
refer to the original cubic system. The superlattice reflexions 
shown by small open circles represent the splitting from the 
reciprocal-lattice points (100)tet ., (010)tet" and (ll0)tet.; 
full circles represent the splitting from the other lattice 
points, (O01)tet ., (101)tet" and (0ll)tet .. 

t ha t  there are two kinds of separat ion in the  spli t t ing 
of the  superlatt ice points, corresponding to the  values of 
M 1 and M 3. The pa t te rn  in Fig. l(a)* coincides well wi th  
the  hk plane of zero level. 

For the  X-ray  studies, single crystals in the  fully 
ordered states were obtained by slow cooling from 400 ° C. 
to 200 ° C. in four months .  We took oscillation photo-  
graphs and sometimes a series of s tat ionary-crystal  photo- 
graphs, keeping ei ther  the  [100] or the  [110] direction 
of the  original cubic lattice as the  vertical  axis. Fig. 
l(b, c, d) shows some examples of the  photographs  for 
two single crystals. For  the  alloy of 22 a tomic% Pd, 
the  spli t t ing of each superlatt ice reflexion can well be 
in terpre ted  by assuming the  presence of one-dimensional  
ant i-phase domains,  characterized by  the  first k ind  of 
out-of-step and  lined up along the  te t ragonal  axis wi th  
the  length  M a_~ 7. On the  other  hand,  the  photographs 

* In Fig. l(a) satellites are observed around the normal 
spots, including the direct spot, as in the case of CuAu II  
(Ogawa & Watanabe, 1954). Their origin seems, however, not 
to be explained from the present model alone. 
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of the  alloy containing 27 atomic % Pd are explained by 
the  in tensi ty  distr ibut ion in reciprocal space as s h o ~  in 
Fig. 2(b), and  therefore both  kinds of anti-phase domains 
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Fig. 3. Variation with composition of the lengths of anti-phase 
domains. Open and full circles represent the values of M 1 
and M a obtained by X-ray study, and open and full squares 
are those obtained by electron-diffraction study respectively. 
Crosses are the values of M a obtained by Schubert et al. 
(1954). 

are confirmed to exist along the  x and z directions wi th  
the  lengths M 1 _ 4 and  M3--~ 3 respectively. 

The spli t t ing of superlatt ice reflexions becomes more 
dist inct  with  the  durat ion of annealing, as if the  observed 
structure were a stable one for the  a "  phase. In  Fig. 3 
the  values of M 1 and M 8, obta ined by X-ray as well as 
electron-diffraction studies, are p lo t ted  as a function of 
composition. They are, in general, no t  integers and de- 
crease wi th  the  increasing concentra t ion of Pd. 

Recent ly  some invest igators have reported the dif- 
ferent results for the  superstructure of the  a "  phase. 
Geisler & Newkirk  (1954) have concluded from the 
Debye-Scherrer  pa t te rn  t ha t  the  ordered Cu4Pd alloy 
possesses a superstructure of the  modified Ni4Mo type,  
entirely different from tha t  described above. Their model  
cannot,  however,  explain the  diffraction pat terns  of single 
crystals shown in Fig. 1. On the  other hand,  the powder 
pa t te rn  obtained by  t h e m  can be explained by the model  
of one-dimensional  ant i-phase domains characterized by 
the first k ind  of out-of-step as well as by the model  of 
the  two-dimensional  ant i-phase domain structure as 
men t ioned  above. Schubert ,  Kiefer & Wilkens (1954) 
have reported,  also using powder specimens, tha t  the  
alloys containing 18.5-25 a tomic% Pd possess an anti-  
phase domain  structure,  which corresponds to the first 
k ind of out-of-step in the  present  case, and tha t  the  
ordered alloys containing 25-29 a tomic% Pd have a 
more complicated structure.  As shown in Fig. 3, the 
values of M 3 obtained by t h e m  agree well with  the present  
results. 

A detai led report  will short ly be published elsewhere. 

R e f e r e n c e s  

GEISLER, A . H .  & NEWKIRK, J . B .  (1954). J. Metals, 
N.Y.  6, 1076. 

GUINIER, A. & GRIFFOUT,, R. (1948). Rev. M~tall. 45, 
387. 

JOB~SSON, C .H .  & LINDE, J . O .  (1936). Ann.  Phys., 
Lpz. 25, 1. 

JO~ES, :D. M. & OWEN, E . A .  (1954). Proc. Phys. Soc. 
B, 57, 297. 

35* 



512 S H O R T  C O M M U N I C A T I O N S  

JoNEs, F . W .  & SYKES, C. (1939). J .  Inst.  Met. 65, 419. 
OG~WA, S. & WATer ,BE,  I). (1954). J .  Phys.  Soc. Japan,  

9,  475 .  

I~AETHE*R, H.  (1952). Z. angew. Phys.  4, 53. 
SCHUBERT, K., KIEFER, B. & WIT,~.NS, M. (1954). 

Z. Naturforsch. 9a, 987. 

Acta Cryst. (1955). 8 ,  512 

Photographic  intensi ty  scales  for use  wi th  three -d imens iona l  data. B y  H .  J .  G m ~ m r r r . T ~ - W ~ . ~ s , *  
Department of Chemical Crystallography, University College, Gower Street, London W.C.  1, England 

(Received 29 Apri l  1955) 

Measurements  of the  intensi t ies  of X - r a y  diffraction 
m a x i m a  on higher  layer  lines, whether  on oscillation or 
Weissenberg photographs,  mus t  be corrected for a 
number  of effects. The Lorentz  and  polarizat ion correc- 
t ions have  now been combined wi th  the Cox-Shaw factor  
(Cox & Shaw, 1930) in a single char t  (Cochran, 1948; 
K a a n  & Cole, 1949) and  will not  be considered here. This  
note,  which deals specifically wi th  oscillation photo- 
graphs,  is concerned wi th  two aspects of the obl iqui ty  
correction, which has  been discussed by  Bullen (1953), 
Qurashi  (1953) and  W h i t t a k e r  (1953). Firs t ,  oblique in- 
cidence al ters  the shape of the  spot and  increases its 
area,  thus  decreasing the blackening of the spot as vn, 
the  incl inat ion of the  diffracted beam to the equator ia l  
layer ,  increases. Secondly, when a fi lm-pack (Robertson, 
1943) is used, oblique incidence increases the rat io of the 
intensi t ies  in higher layers  recorded on successive films 
because the p a t h  length  in the films t raversed by  the 
diffracted beams increases as vn increases. 

I f  I 0 and  I are the  intensi t ies  of the incident  and  
t r ansmi t t ed  beams respect ively, /z  is the  effective absorp- 
t ion coefficient and  t the  thickness  of the film, then  the 
film factor  for the  n t h  layer  is given b y  

R~ = (I0//)n = exp (~ut see vn), (1) 
so t h a t  

R o = (Io/I)o = exp (~ut) (2) 
and  

loge (Rn/Ro) = I~t [see vn--1] . (3) 

(For the double-coated X - r a y  film now in general use, 
/~t ~ 1, so t h a t  for the n t h  layer  line Rn ~ exp (secun), 
and  Rn/R o ~ 2.7 for Vn ---- 60 °, which shows how rap id ly  
the  in tens i ty  falls off on the highest  layers of successive 
films in a film pack.) 

Corrections of this  type,  though tedious, can be applied 
numerical ly .  I t  is, however,  a ma t t e r  of common ex- 
perience t h a t  large errors are liable to arise in the  visual  
es t imat ion  of intensi t ies  when  spots of unequal  size and  
shape are to be compared;  the greatest  diff icul ty which 
in pract ice a t t ends  the measurement  of oscillation photo- 
graphs is the  change in size and  shape of the spots on 
higher  layers  due to oblique incidence. 

I t  is cus tomary  to es t imate  the intensit ies wi th  a scale 
prepared b y  choosing a suitable reflexion on the zero layer  
and  recording a series of increasing exposures of this 
reflexion on the  same film, and  then  assuming t h a t  the 
reciproci ty  law holds. This method  suggests a very  simple 
exper imenta l  technique for dealing wi th  bo th  the prob- 
lems int roduced b y  oblique incidence. 

Suppose an  in tens i ty  scale is made wi th  a pack of three 
films, S~, $9 and  H a, and  an  oscillation photograph  of the 
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crystal  is recorded on a p a c k  of three similar films, 
C1, C2 and  Ca. Then (writing S 1 for the  in tens i ty  of the 
reflexion hld on the  film S~) we have,  for a n y  reflexion on 
the  zero layer,  

( C ' 1 / $ 1 ) o  = ( G ' , / S ~ ) o  = ( C ' 3 / S a ) o  - 

However ,  if th is  zero-layer in tens i ty  scale is used to 
measure intensi t ies  on higher layer  lines, 

(Cl),J(S~)o > (C~)n/(S~)o > (Ca),J(Sa)o, 

and  numerical  corrections mus t  be applied. 
If, however, the  complete upper  half  on an  oscillation 

photograph  hav ing  a few reflexions on each layer  be 
used to prepare an  in tens i ty  scale f i lm-pack- -as  has  been 
done in Fig. 1 b y  using only one of the  two screens on 
a Weissenberg c a m e r a - - t h e n  scales consisting of spots 
of the correct sizes and  shapes are available for every 
layer,  so t h a t  visual comparison is ve ry  much  easier. 
Fur ther ,  since 

(cl/$1)~ = (c~/s2)n = (Ca/S~)n, (4) 

the  need for numerical  corrections to compensate  for the  
increased film factor  for higher layers is el iminated.  

Al though equat ion (4) shows t h a t  the  values of Rn are 
not  in fact  required when this  technique is employed,  
t hey  can be obta ined exper imenta l ly  from such a mult i -  
layer  scale, since Rn = (SJS2)n = ($2/$3)n. Some values 
are given below to indicate the  magni tude  of the obl iqui ty  
effect and  the  accuracy obtained. The observations should 
sat isfy equations (1), (2) and  (3) ; thus  if loge Rn is p lo t ted  
against  sec vn, a s t ra ight  line should be obta ined whose 
slope is equal to /~t, and thus  gives R o, the  cus tomary  
film factor for X-rays  incident  normal ly  upon a film-pack. 
For  I lford ' Indus t r ia l  G' film the results  shown in Table 1 
were obta ined from the set of scales to which Fig. 1 
belongs. 

Table 1 
R. (calc.) 

^ 

n rn sec vn Rn (obs.) tzt=1"20 /zt=1"15 

0 0 1.00 3.33 3.20 3.05 
1 6.6 1-01 3-33 3.35 3-18 
2 13.8 1.03 3.33 3.44 3-27 
3 20-8 1.07 3.64 3.61 3-42 
4 28.4 1.14 4.00 3-92 3-69 
5 35.1 1-22 ~ 4-00 4-34 4-08 
6 45.8 1.43 5-00 5-60 5.21 
7 57.0 1.84 7.50 9.06 8.25 

This gives a value of R0 ~> 3, a ra ther  high figure which 
has, nevertheless,  been found on several occasions for 
this  film. I t  can be seen from the values of Rn(calc.) 
shown in the table that there is an apparent departure 


