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slight shortening of the  second disorientation spacing, 
then  a change towards  (3) would t ake  place. The 
probabi l i ty  of occurrence of two adjacent  disorienta- 
tions is equal  to p2(1 - p )  and  it is, in fact,  found t h a t  
improved agreement  over an  increased range of p can 
be obtained by  adding a fur ther  term,  0.03p~(1 - p ) ,  to 
the  r ight -hand side of (2). 

This paper  is published by  permission of the  Director 
of the  Atomic Energy  Research Establ ishment .  The 
au thor  is also indebted to Dr  R. E. Frankl in  for a copy 
of her second paper  prior to publication. 
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I t  was previously reported (Bacon, 1950) tha t  accurate 
measurements of the position of the (1230) line for 
different graphites indicated an apparent slight variation 
of the a dimension. At  the same time, however, measure- 
ments of the (1231) line gave a constant a value, sug- 
gesting that,  in accordance with theoretical work (Brad- 
burn, Coulson & Rushbrooke, 1948), the true a dimension, 
for this range of graphites, is constant. 

The anomalously low values of a obtained from the 
(hkiO) lines can be explained in exactly the same way as 
the displacement shown by Warren (1941) to occur in the 
maxima of the (hk) bands in random-layer structures. All 
the graphites examined in the work referred to above were 
imperfectly crystalline, the degree of disorder between 
neighbouring layers being such that  the intensity of 
(hkiO) reflexions in reciprocal space always falls off much 
less rapidly along the c* axis than perpendicular to it. 
This is illustrated in Fig. 1, which shows schematically 
the reciprocal space in the neighbourhood of an (hkiO) 
point. 

The case of the least-crystalline sample, A1, of those 
previously measured may  be considered semi-quanti- 
tatively. The breadth of the (11~0) line leads to an 
estimated layer diameter, b, of 1500 A. (although the line 
broadening is too small for this to be determined ac- 
curately). The shape of the (11~4) line for this sample is 
in agreement with the hypothesis (Franklin, 1951) of 
a random distribution of oriented and disoriented layers, 
and indicates a fraction 0.2 of disorientations (Bacon, 
1951). Using these figures it is found tha t  the intensities 
of the streak at  Q0 and Q (Fig. 1) have fallen only to 90 
and 83 % of the intensity a t  the equator. Consequently, 
the displacement of the maximum of the (11~0) line will 
be almost as large as for a random-layer structure having 
layers of the" same diameter. 

AC4 

Warren (1941) shows tha t  the displacement in the 
latter case is such tha t  the difference between the true 
and apparent  spacings is given by 

0.16A 
A d = d  - -  

b sin O' 

where d is the true spacing. Applying this equation to 
the (11~0) line of the sample A 1, we find tha t  the 
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Fig. 1. OPo=~,= A " 

difference between the true and apparent  values of the 
lattice parameter,  a, is 0.0007 A. This is exactly equal to 
the experimental difference between the apparent a values 
given by the (1120) lines of A 1 and of a much more highly 
crystalline graphite, A 3 (Bacon, 1950). 

The precise agreement is, of course, fortuitous, but  it 
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is of interest  to note t ha t  anomalously small values of a 
can be accounted for in this  way,  even when three- 
dimensional order is, as in this  case, relat ively highly  
developed. 

This note is published wi th  the approval  of the 
Director of the Atomic Energy  Research Establ ishment .  
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A method for the  determinat ion of the unit-cell dimen- 
sions of non-cubic substances has been described by  
Bacon (1948). The object of this  communicat ion is to 
draw a t ten t ion  to some more general applications of the 
same simple principles which have been in use in this  
laboratory.  

I. The simplest way  of obtaining corrected interplanar  
spacings of a non-cubic substance is to mi~ i t  wi th  a 
suitable cubic s tandard.  Wha teve r  method  of extra- 
polation is employed for the cubic lat t ice spacings, the 
extrapolat ion curve can be used directly to give the 
correction to be placed on the values obtained for the 
in terplanar  spacings of the intervening non-cubic lines. 
F rom these spacings the  unit-cell dimensions m a y  be 
calculated as suggested by  Bacon (1948). 

I I .  An extension of this  simple procedure was sug- 
gested by  J a y  (1942.) who showed tha t ,  provided the 
reflected rays  come from the outer layers of the specimen 
(thus necessitat ing the use o f  a thicker  and  denser 
specimen for materials  of lower absorption), a very  
near ly  l inear extrapolat ion could be obtained by  plot t ing 
cubic latt ice spacings against  cos 2 0/sin 0. This function 
gives extrapolat ions which are, in effect, pract ical ly in- 
distinguishable from those obtained wi th  the funct ion 

1 [c°s2 O ~ _ ~ )  ~-~+ 
as suggested by  Nelson & Riley (1945) and  b y  Taylor  & 
Sinclair (1945). These functions, on extrapolat ion,  tend to 
inf ini ty as 0 -~ 0, and direct use for correcting low-angle 
spacings, especially at  values of 0 lower t han  t ha t  for the 
cubfe line of lowest spacing on the film, is limited. If, 
however, (Aa/a) x 100 x sin 0, where Aa = a 0 -- a, is plot ted 
against  cos 2 0, as indicated in Fig. 1, a curve, A, is 
obtained which reaches a finite value a t  cos 2 0-- 1. F rom 
this  curve a 'percentage correction'  curve, B, is deduced 
b y  dividing the ordinate for selected points on A by  the 
value of sin 0 for these points, which are themselves 
convenient ly chosen so t h a t  sin 0---0.1, 0.2, 0.3, etc. (i.e. 
cos ~ 0=0.99,  0.96, 0.91, etc.). The curve A also provides 
a check on the accuracy of the prel iminary cubic extra- 
polation, and is often very  near ly  linear. 

I I I .  Occasionally the ' in ternal  s t anda rd '  is one of the 
components of a mixture,  and is not  cubic. In  this  case 
the in terplanar  spacings of the s tandard  substance can be 
used to obtain a curve of (Ad/d)sin 0 plot ted against  
COS 2 O. 

IV. I f  the curve of (Ad/d) sin 0 is obtained for some 
non-cubic substances and  i t  does not  pass through the 
origin bu t  intersects the vertical axis above or below 
zero, a t  cos ~ 0 - 0, this  result  m a y  be useful for es t imat ing 
solid-solution effects in compounds where the in terplanar  
spacings for the pure compound are known to a sufficient 
degree of accuracy. Thus Ad/d= Ad~Jd+ Ad2/d and the  
intercept  represented by  Ad 1/d is the  magni tude  of the  
solid-solution effect, whilst  (Ads/d) sin 0 would give an  
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Fig. 1. Curve A :  the relationship of (Aa/a)× 100 × sin 0 to 
cos 2 8 for a specimen containing MgO. Curve B: the curve 
of percentage spacing error against cos 2 0 derived from 
curve A. The individual points correspond to sin 0---- 0.2, 0-3, 
0"4, etc. (i.e. cos 2 0----0.96, 0.91, 0.84, 0-75, etc.). 

almost  l inear curve through the origin if  plot ted against  
cos 9" O. Small amounts  of solid solution have been 
est imated in rhombohedral  oxides and calcites b y  this  
method,  a l though i t  is not  suitable if  there are marked  
axial-ratio changes. 

V. In  cases where only low- to medium-angle reflexions 
are suitable for measurements  a correction can be applied 
by  another  simple procedure. The line separat ion is 
mult ipl ied by  the interplanar  spacing for each of the 
s tandard  lines and the product  is plot ted against  the  
separat ion distance itself, as in Fig. 2. In te rp lanar  
spacings corresponding to the intervening lines are found 
by  reading the value of the product,  distance x spacing, 
and dividing the product  by  the distance. 

VI. A similar method frequently used for fiat fllm~, bu t  
of general application, is to draw a graph of the re- 


