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The modified a-synthesis employs the coefficient 
~mod----(]rN]~--]Fpl~--Zf~}Fp and contains all the 
peaks of Table 1 with the elimination, however, of 
the known atoms and the known background, i.e., 
the peaks 1.1, 1-2, 1.3, 1.4 and 2.1. The isomorphous 
~-synthesis employs the coefficient 

and gives only the peaks under term III  viz., the 
required peaks 3.1, with only the peaks in 3.2, 3.3 and 
3-4 as background. The anomalous a-synthesis does not 
exist for centrosymmetric structures. 

5. The fl-class and the F-class 

We will now briefly outline the properties of the 
other types of syntheses. The fl-class of syntheses 
employs the coefficient (1/F~)]FN[ 2 which is the same 
as (1/Fp)[Flv[ ~, while the F-class employs the co- 
efficient [FNI 2 exp i0¢e. (It is to be noted that  exp lap 
is just plus or minus unity in the present case.) The 
detailed results are not given here to conserve space. 
The most interesting result is that  the isomorphous 
fl-synthesis gives only the structure with no back- 
ground at all in the case of a centrosymmetric struc- 
ture. The coefficient/?is of equation (37) Part II now 
reduces to 2FQ since exp i2~v----1, and the synthesis 
gives just the structure alone. The weights are, how- 
ever, doubled with respect to the non-centrosymmetric 
case. The anomalous fl-synthesis does not exist. The 
F-synthesis has properties intermediate between those 
of c~ and ft. 

6. Comparison of centrosymmetric  and 
non-centrosymmetric  cases 

I t  is worthwhile to compare the properties of the 
various syntheses in the centrosymmetric and non- 
centrosymmetric cases. Two important features emerge 
in this connection. The first is that  the number of 
distinct background peaks is much less in the centro- 

symmetric case as compared with that  in the non- 
centrosymmetric case. The reason for this is that  the 
Patterson of the latter contains many fewer peaks 
than the former. Since the background peaks arise 
because of the modulation of the non-origin peaks 
of the Patterson with the peaks of the deconvoluting 
agent, the background is considerably reduced in the 
centrosymmetric case. This particular point is best 
appreciated by considering the #is-synthesis. Whereas 
with a non-centrosymmetric crystal the above syn- 
thesis gives the structure against a small background, 
for a centro-symmetric crystal it gives just the struc- 
ture and the background is nil. 

The second point to be noted is that  the ratio of 
the strengths of the unknown atoms to known atoms 
is higher when centrosymmetry is present than when 
it is not present. This again is due to the fact that  all 
the non-origin peaks of the Patterson, except those 
at _+ 2rj, are double peaks. An exact result can be 
obtained in the case of the a-synthesis. Here the ratio 

~2 works out to be 2S~fQ~/(S~÷2Sp)fp~ in the centro- 
Spfqj/(S~-~-Sp )fpj in the non-centro- symmetric and 2 2 ,.~ 

symmetric case, which leads to an increase by a 
factor of 2 when the number of P atoms is small 
(i.e., Sp ~ SN). In the case of fl- and F-syntheses also 
there is an increase in the strength, but the exact 
value is not worked out here. I t  is found that  the value 
depends on the approximations employed in working 
out the modulus, phase, reciprocal etc., syntheses. 
Higher-order approximations are being worked out in 
this laboratory and these will be presented in a later 
part. 

The author is indebted to Prof. G. N. Ramachan- 
dran for helpful discussions. 
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General expressions are derived for the absorption corrections required in evaluating the intensities 
of beams diffracted from large crystal blocks. 

1. Introduction 

An account of the absorption corrections used in 
evaluating the intensities of beams diffracted from 

crystal specimens is given in the new edition of Vol. II  
of the International Tables for X-ray Crystallography 
(1959). Formulae are included for the absorption cor- 
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rections required with most of the commonly used 
experimental arrangements. Amongst these are two, 
particularly useful in the field of neutron diffraction, 
in which a narrow beam falls on a large crystal block; 
in one the diffracted beam is reflected from the 
extended face of the block and in the other it is trans- 
mitted through the block. Unfortunately the formulae 
given in the International Tables for X-ray Crystallo- 
graphy (1959) are of restricted application since they 
have been developed only for the special case in which 
the normal to the crystal face is in the plane of the 
incident and diffracted beams. In this paper formulae 
are derived for the general case in which the plane of 
the incident and diffracted beams makes any angle 
with the normal to the surfaces of the block. 

The symbols used in § 2 and § 3 correspond, as far 
as possible, with those used in the International Tables 
for X-ray Crystallography (1959) for the special cases. 
The effect of absorption will be expressed by a quantity 
Ac (International Tables for X-ray Crystallography, 
1959, p. 291) which is given by 

where 
1 i A~ = ~ exp { - l a (p+q)}dV,  (1) 

tt is the linear absorption coefficient, 
p and q are the lengths of the paths, in the crystal, 

of the incident and diffracted beams respectively, 
So is the cross-sectional area of the incident beam, 
dV is a volume element in the crystal, at a depth x 

below the surface, such that  dV= (area of surface 
of crystal irradiated) × dx. 

2. Reflection f rom extended face of crystal block 
I t  will be assumed that  both the reflecting crystal 
planes and the plane of the incident and reflected 
beams are inclined to the face of the block at general 
angles. The directions of the following are represented 
in the stereogram, Fig. 1 : 

M, the normal to the reflecting plane, 
N, the normal to the plane containing the incident 

and reflected rays, 
Q, the normal to the crystal surface in the direction 

pointing away from the block, 
I, the incident beam, 
R, the reflected beam. 

The stereogram is used to determine ~, the angle I ^ Q, 
and fl, the angle R ^ Q, in terms of the angles 0, ~ and v 2, 
where 

0 is the Bragg angle, 
q~=Q^M is the angle between the normal to the 

reflecting planes and the normal to the crystal 
face, 

~ = Q ^ N  is the angle between the normal to the 
plane containing the incident and reflected rays, 
and the normal to the crystal face. 

~N 

Fig. 1. S te reogram used  to  de te rmine  the  angles a and  fl in  
t e rms  of the  angles O, q0 and  ~0 for reflect ion f rom the  ex- 
t ended  face of a c rys ta l  block.  

In spher~al triangle QMN, cos QMN=cos  ~p/sin ~. 

Also cos QMN-- cos (QMI + ½n) - - sin QMI 

.'. cos Q2gI-- +_ [1 - (cos  2 y~/sin 2 q~)]½. 

Whence, from triangle QIM, 

cos a = cos q~ sin 0 + cos 0 (sin 2 q~- cos 2 yJ)½. (2) 

And, since QMR= g-Q3~I,  from triangle QMR we 
obtain 

cos fl = cos ~ sin 0 ~ cos 0 (sin 2 q~- cos ~ y~)½. (3). 

I t  is easily shown that  in equations (2) and (3) the 
upper signs are required when fl > a and the lower 
signs when fl < c~. 

Equation (1) can now be written as 

A~ = -So o eXp {-/Lx (seca +sec fl)}'S°seca'dx 

_ seo ~ • [ 1 -  exp  { -  ~t  (sec ~ + sec ~)}1, 
- / ~  (sec ~ + see 8) 

where t is the thickness of the block, i.e. 

[ 2 cos ~. sin 0 

Ne ---- (5) 
cos ~. sin 0 + cos 0 [sin e ~ -  cose ~fl]½~ " 

/t 1+ 
cos ~ sin 0 ~ cos 0 [sin s ~ -  cos 2 F]~] 

When the crystal is of sufficient thickness to give 
negligible transmission the numerator of the right- 
hand side of equation (5) becomes unity. If, in addi- 
tion, yJ = ~-g and fl > a we find that  equation (5) reduces 
to the equation for the special case given in the 
International Tables for X-ray Crystallography (1959) 
(equation (6), p. 291). 
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3. Transmission through crystal block 
of t h i c k n e s s  t 

Aga in  we consider  the  case in which  bo th  the  ref lect ing 
c rys ta l  p lanes  a n d  the  p lane  of the  inc ident  and  
ref lected beams  are  incl ined a t  genera l  angles to the  
~ace of the  block.  

Angu la r  re la t ionships  are  ind ica ted  in Fig.  2. 
N,  M,  Q, I ,  R,  0 a n d  y~ are  def ined as in § 2. 
Q' represen ts  the  n o r m a l  to the  surface f rom which 

the  t r a n s m i t t e d  b e a m  emerges.  
Q ^ M,  the  angle  be tween  the  n o r m a l  to the  ref lect ing 

planes  a n d  the  n o r m a l  to the  c rys ta l  face, is now 
def ined as (½~- -9 )  in order  to conform wi th  the  
n o m e n c l a t u r e  a d o p t e d  in the  International Tables 
for X-ray Crystallography (1959) (§ 5-3.4). 

I n  spher ical  t r iangle  QMN, cos QMN = cos F/cos 

Q R 

n~ M 'z 

^ l .  ^ , . ' . co s  QMI= cos ( -2~-  QM.N) = sin Q2~h ~ 

= [1 - ( c o s  ~ ~ / c o s  ~' 9 ) ]  ½ 

(the choice of the  posi t ive  sign to precede the  root  is 
easi ly justif ied).  

Whence ,  f rom t r iangle  QIM, 

cos c¢ = sin 9 sin 0 + cos 0 (cos ~' 9 - c°s~ v2)½- (6) 

_4a~d, since RMQ =QMI, f rom t r iangle  MRQ' we 
obta in  

cos fl = cos 0 (cos ~' 9 - c°sg' Y~)½ - sin q~ sin 0 . (7) 

E q u a t i o n  (1) now becomes 

i.e. 

A C  

exp { - # t  [cos 0 [cos2 

Fig. 2. Stereogram used to determine the angles a and /~ in 
terms of the angles 0, ~ and yJ for transmission through a 
crystal block. 

Fo r  the  special  case v 2 = ½st, equa t ion  (8) reduces  to 
equa t ion  (8) on p. 291 of the  International Tables for 
X-ray Crystallography (1959). 
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Ac = So oeXp { - # ( x s e c a + [ t - x ]  secfl)}Soseca.dx 

_ seo ~ exp {--  ~t sec t~} [ 1 - - e x p  {--  ~t (sec ~ - - s e c  t~)}] 
-- ~ ( ~  ~ / - - ~  t~) 

9 -- c°s~ ~] ½ -  sin-~-sin-O -- exp - / x t  • cos O[eos 2 ~ -- cos 2 ~o]½ + sin 9-  sin 0 

(1 oos 0 [°os  oos   10+sin o) 
cos 0 [cos 2 9 -- e°s2 ~]½Zs--~n-~ sin 


