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It does not appear useful to apply a similar analysis 
to other than first-row anions. The compounds are not 
so well described by the ionic model and complications 
arise from anion-anion bonding. For example, no 
simple pattern emerges from a comparable analysis of 
S 2- radii. It might be mentioned, however, that the 
behaviour of H-  closely parallels that of N 3-. 

Conclusions 

The main conclusions to be drawn from the results 
described in this paper are: 

(1) it is not a satisfactory procedure to assume 
constant radii for anions, even in an isostructural series 
of compounds; 

(2) variations of apparent anion radii can be 
correlated in an understandable way with Madelung 
potentials at anion sites; 

(3) Madelung potentials at anion sites in simple 
crystal structures depend on the size (but not the 
charge) of the cations; 

(4) to predict bond lengths in crystals, it is in general 
better to use empirical bond length-bond strength 
correlations (Brown, 1977) than to use tables of ionic 
radii. 

This work was supported by a grant (DMR78- 
09197) from the US National Science Foundation. 
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Abstract 

A theoretical comparison of the fl synthesis of 
Ramachandran & Raman [Acta Cryst. (1959), 12, 
957-964] with the weighted 7' and weighted 2F o - F~ 
syntheses shows that, for partially known structures, 
the ratio of peak heights of the unknown atoms to those 
of the background is the same in all the syntheses. The 

0567-7394/79/050779-07501.00 

fl synthesis contains more background peaks than 
either the 7' or 2F o -- F c syntheses. The 2F  o - Fc 
synthesis suppresses the peaks of wrongly positioned 
atoms most effectively and the 7' is the least effective. 
The syntheses which approach most closely the true 
electron density are the weighted 2F o - F c synthesis for 
non-centrosymmetric structures and the weighted 7' for 
centrosymmetric ones. 

© 1979 International Union of Crystallography 
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Notation 

F N = structure factor of the complete structure 
F e = structure factor of the known atoms 
FQ = structure factor of the unknown atoms 
F w = structure factor of the wrongly positioned atoms 
F t = structure factor of all atoms included in a Fourier 

synthesis 
(PN, (/gp, (Pl = phases of F N, Fp, F,  respectively 
fN,, fP,, fQ,, f~,----- scattering factors of the N, P, Q and I 

atoms 
~'N = ~--~/= I f~2i, similarly for Z v, Z o and Zt  

Z e S,p 
0 2 __ S N '  j~21- $ 1  

Xp,, xq, = positions of the P and Q atoms 

Introduction 

When part of a crystal structure is known, there are 
many methods which make use of this information to 
determine the remainder of the structure. In particular, 
the a, t ,  y, a ' ,  fl' and y' syntheses have been proposed 
by Ramachandran & Raman (1959) and Srinivasan 
(1961); see also Ramachandran & Srinivasan (1970). 
Of these, the a, fl and y' syntheses are the most worthy 
of consideration. 

The Fourier coefficients of the a, fl and y' syntheses 
are: 

a synthesis I FNIZFe, 

flsynthesis I FNI2/F *, 

y' synthesis I FNI exp i~0p, 

where F* = complex conjugate of  Fp. 
The a synthesis is a convolution of the Patterson 

function with the known part of the structure. Unlike 
the fl and y' syntheses, it does not give the electron 
density if Fp --- F N and hence is expected to be less 
useful. This was confirmed in a recent comparison of 
the a and y' syntheses by Nixon & North (1976). It is 
also less capable of suppressing peaks at wrong atomic 
sites than the fl synthesis (Raman & Lipscomb, 1963; 
Kalyanaraman, Parthasarathy & Ramachandran, 
1969; see also Ramachandran & Srinivasan, 1970)and 
so will not be considered further in this paper. 

The y' synthesis is the conventional synthesis used 
when part of the structure is known, usually weighted 
according to Woolfson (1956) or Sim (1959). The fl 
synthesis, on the other hand, has not been so widely 
used. There are several reports that it is superior to the 
y' (for example, Kartha, Ramachandran, Bhat, Mad- 
havan Nair, Raghavan & Venkataraman, 1963; 
Chacko & Mazumdar, 1969; Ramachandran & 
Srinivasan, 1970) in that the peaks at the unknown 
atomic sites are almost of the same size as peaks at the 

known sites. For non-centrosymmetric structures, the 
y' synthesis gives peaks at unknown sites of no more 
than half the weight of known peaks (Luzzati, 1953). 
However, this is not a valid criterion for the effec- 
tiveness of the syntheses. The peak heights at known 
atomic sites can be altered at will by adding a multiple 
of Fp to the Fourier coefficients. For example, a 
synthesis with (21FNI -- IF, I) exp icpe as coefficients 
has approximately the same peak heights at both 
known and unknown atomic positions. It is commonly 
used partly for this reason and its relationship to the ~,' 
synthesis is obvious. 

A better measure of the effectiveness of a Fourier 
synthesis to reveal the unknown part of the structure is 
the height of the required peaks above the background. 
In addition, it is desirable or even necessary for the 
synthesis to suppress peaks at the sites of wrongly 
included atoms. Both of these criteria will be considered 
in the following theoretical comparison of the t ,  y' and 
2 F  o -- F c syntheses. 

The fl synthesis 

For the sake of completeness, the results of the analysis 
of the fl synthesis due to Raman (1959) will be 
reproduced here. 

Using the relationship 

F N =  Fp + F Q, (1) 

the Fourier coefficients of the fl synthesis can be 
expressed in terms of Fp and F o as: 

IFN 12 IFQI z 
- Fp + F 0 + F~ exp 2i~Op + - -~p . (2) 

Taking the Fourier transform of each of the terms in 
(2), it is clear that the fl synthesis contains peaks of 
approximately equal weight at the sites of both the P 
and Q atoms. The last two terms in (2) contribute 
largely to the background. 

The positions and weights of the background peaks 
can be determined by regarding the Fourier transform 
of F~ exp 2Rop as the convolution of the transforms of 
F~ and exp 2iqp. Similarly, I Fo. 12/F * is the Fourier 
transform of the convolution of the syntheses with 
coefficients IFolZ and 1/F*. Table 1 gives the peaks 

Table 1. Positions and  strengths o f  peaks  in the 
exp 2i~op and 1/F* syntheses 

Synthesis Peak positions Scattering power 

e x p  2i~o e xp~ + xpi feifpy / ~'t, 
all i andj 

1 Xp, fpi/Sp 
F"~p xl"' + xe, + xp, -fp,fp,f~,J,S,~ 

i c  k;j=t=k 
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present in the exp 2itpe and 1/F* syntheses to a first 
approximation according to Raman (1959). 

This leads immediately to the peaks in the fl 
synthesis, to the same approximation, as set out in 
Table 2. 

with 

X _ 
2iFNI IFpI 

,SQ 

The y' synthes is  

In order to compare the ?' synthesis directly with the fl 
synthesis, it is derived in the following way. Fig. 1 
shows geometrical relationships among the three 
structure factors F N, F e and F e. From the cosine law, 

IFQI2= IFul 2 + IFpI 2 -  21Ful iFpI cosa, (3) 

where a =  tps-  ~0 e. The only unknowns in (3) are I FQI 2 
and cos a. When they are replaced by their expectation 
values, (3) becomes 

(IFQI 2) = IFNI 2 + IFel 2 -  21Ful IFel (cos a), (4) 

where 

(IFQI 2) = ,S o (Wilson, 1942), 

and 

/ ,(x) 
(cos a ) - - -  (Sim, 1960), 

Io (X)  

Table 2. Peaks in the fl synthesis for  a non-centro- 
symmetric structure 

Term Position Scattering factor Type 

Fp x m fet known 

FO xoi fQi wanted 

F~0 exp 2i(0p xel + xpj- XQ~ fm feJQk/Se  background 
all i,j, k 

IF012 xei + x o j -  XQk feifOJQk/ Se background 
j C : k  

F/~ Xpi fPi 270/27e known 
x m - Xvi + Xpk -fmfplfPk 270/272 background 

i ~ j ; j  --/: k (known) 

Now put 

I r NI 2  = + FQ)(F* + (s) 

and the coefficients of the weighted ?' synthesis can be 
obtained from (4) and (5) as 

IFNI (COS a) exp itpp= F e + F,,~ + F* 
2itpp exp 

2 2 

IFQle--(IFQI 2) 
+ (6) 

2F * 
It is clear from this that the weighted y' synthesis will 

contain peaks at the sites of the unknown atoms, but of 
only half the weight of the known peaks. However, a 
comparison of (6) with the fl synthesis coefficients in 
(2) shows that the terms giving rise to the backgrounds 
of the two syntheses are virtually the same. What is 
more important to notice is that the ratio of the weights 
of the Q peaks to the background is exactly the same in 
both syntheses. The inclusion of (IFQ[2> in the final 
term in (6) removes the origin peak from the I FQI 2 
Patterson function and this, in turn, removes the peaks 
in the bottom two rows of Table 2 from the synthesis. 
Thus, the weighted 7' synthesis contains the peaks 
shown in Table 3. 

In order to give the P and Q peaks the same weight, 
the 7' synthesis can be altered to 

(21FNI (cos a) -- IFel) ex p itpp 

= F e + FQ + F~ exp 2itpe + 
IFQI2--<lFQI 2> 

r,* 
• (7) 

This is normally referred to as the 2F o -- F~ synthesis. 
The peaks it contains are shown in Table 4 to the same 
approximation as that used for the fl synthesis. The 
ratio of peak weights of the Q atoms to the background 
is identical in both the fl and weighted 2F o -- F~ 
syntheses, but the latter contains fewer background 

Table 3. Peaks in the weighted ?' synthesis f o r  a non- 
centrosymmetric structure 

Term Position Scattering factors Type 

FP xpt fm known 

½Fo XQi ½fo, wanted 

½~ exp 2itpe xpt + Xpy -- xQk feifl,:fQJ227p background 
all i, j, k 

IF012- (IFo12) xe i+ x o j -  x¢k fv,folfv~/2 Zp background 

2F* j 4=k 

Table 4. Peaks in the weighted 2F o - F o synthesis 
f o r  a non-centrosymmetric structure 

Term Position Scattering factor Type 

Fp xm fei known 

Fo xoi foi wanted 

exp 2i(o v xvi + x v j -  xek fmfvJOk / X v background 
all i,j, k 

IF012-- (IFol2) Xe, + xoj-- xo~ f e , f oJok /Sp  background 

F* j v ~ k  
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Table 5. T h e  s c a t t e r i n g  f a c t o r s  o f  p e a k s  in v a r i o u s  F o u r i e r  s y n t h e s e s  e x p r e s s e d  as a rat io  o f  t hose  o f  the  corres -  
p o n d i n g  p e a k s  in the  t rue  e lec t ron  d e n s i t y  

For the weighted syntheses, the weighting factor, w, is different for centrosymmetric and non-centrosymmetric structures. 

Synthesis 

weighted y' 

weighted 2F o - F c 

Coefficients Peak Non-centrosymmetric 
2 2 IFul 2 P xllol 

F* Q X] 2 2 2 W (1 - ol)xtltrt 
P 1 

I FNI W e t ' i  a X~I2 
w l - x~,12 

P 1 
21F#w e '~'t -- F t Q x ] 

w 1 - # ,  

P 1 
nlFulw e t~'t- (n -- I)F 1 Q nx]/2 

W 1 - nx~/2 

P 0 
IVulw e ~', - F, Q Z]/2 

W -X,V2 

weighted nF o -- (n -- 1) F c 

weighted F o - F c 

Centrosymmetric 

2x] 
2 2 2 (1 - 2o,) xlltrl 

(1 + X])12 
#, 

(. 1 - X])12 

#, 
2X] 
- X  ~, 

1 - n /2 ( l  - X]) 
nx] 

1 - n /2 ( l  + X]) 

- ( 1  - X])/2 

- (1  + X])12 

peaks. It is interesting that it has an exact relationship 
with the fl synthesis, obtained from (2) and (7) as 

(21FNI (cos a ) -  lEvi) exp itp e 

= I F N I 2 / F ~  --  ( I F e l Z ) / F ~ , .  (8) 

Note that the fl synthesis automatically gives a properly 
weighted known-atom Fourier. 

T h e  f l  s y n t h e s i s  w i t h  w r o n g  a t o m s  

Kalyanaraman, Parthasarathy & Ramachandran 
(1969) have investigated the effect of including wrong 
atoms in the fl synthesis (see also Ramachandran & 
Srinivasan, 1970) and their results are repeated here. 

Using the relationship 

F , =  F p  + F w, (9) 

where Ft  is the structure factor of all the atoms included 
in the fl synthesis, the coefficients of the fl synthesis are 
now 

1 
I F N I Z / F * =  F e + F 0 + - - ~ - ( F e F ~  + IF01Z-- Fj, F~,  

- - F Q  F * ) .  (10) 

The peaks in this synthesis can be obtained by taking 
the Fourier transform of each term, making use of the 
peaks in the I / F *  synthesis in Table 1. The scattering 
factors of the peaks at the sites of the P, Q and W 
atoms are presented in Table 5 compared with the 
corresponding peaks in the F N synthesis, i.e. the true 
electron density. Clearly, the peaks of the wrongly 
included atoms are considerably suppressed and this is 
an important characteristic of the fl synthesis. 

T h e  y' s y n t h e s i s  w i t h  w r o n g  a t o m s  

The y' synthesis may be derived in the same manner as 
previously. Fig. 1 shows the relationships among the 
structure factors involved. In addition to the relation- 
ships (1) and (9) we have 

FQ = F w + F~ .  (11) 

The cosine law in Fig. 1 gives 

IF~IZ=IFN I z +  IFtl 2 - 2 l F u l l F 1 1 c o s f l ,  (12) 

where fl = ¢PN -- ~PI" When the unknowns I F~ 12 and 
cosfl  are replaced by their expectation values, (12) 
becomes 

(IF~I z) = IFul z + IF112- 21Ful IF, l (cosf l ) , (13)  

where 

( IFbl  2) = S u - S t (Wilson, 1942), 

Fp 
Fig. 1. Geometrical relationships among the structure factors FN, 

Fe, Fo, Fw, F I mentioned in the text where tt = tp N - ~pp and fl = 
tpN-- ~01. 
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and 

with 

( c o s f l ) -  - -  
~q(x)  

Io(X) 
(Sim, 1960), 

21GI IFrt 
X - -  . 

L'N-- S 
I 

Equation (13) can now be rearranged to give the 
coefficients of the weighted 7' synthesis as 

IFNI (cos f l )  exp itpt= I F N I 2 / 2 F  * - (IF~I2)/2F * 

+ F I / 2 .  (14) 

As before, this is closely related to the fl synthesis and 
so a direct comparison is possible. The first term on the 
right hand side of (14) is the fl synthesis itself. As this 
gives rise to all the required peaks and virtually all the 
background, it is obvious that the ratio of the weights 
of the Q peaks to the background is exactly the same 
for both syntheses. The second term removes some of 
the background peaks entirely as well as removing 
some density from the sites of the P and W atoms. The 
third term adds both P and W peaks to the synthesis at 
half weight. It is this third term which prevents the 
wrongly included atoms from being strongly 
suppressed in the weighted y' synthesis. Clearly, wrong 
atoms will always reappear in the 7' synthesis with at 
least half weight. In this respect, the fl synthesis is 
obviously superior. The peaks at the sites of the P, Q 
and W atoms can easily be obtained from those in the fl 
synthesis and are shown in Table 5. 

In order to give the P and Q peaks approximately the 
same weight, the weighted 2Fo --  F~ synthesis can be 
used. This is derived from (14) to give 

That is, the Q peaks have doubled in weight and some 
of the background peaks have disappeared altogether. 
This also happens with the weighted y and the 
weighted 2Fo  - -  F e syntheses, which become respec- 
tively 

I%12- (IFQi2> 
IFNI w s p =  F e + FQ + 2Fp , (17) 

and 

(21FNIw- I F ~ l ) s ~ : F 2 ~  + 2FQ + 
[~[2-- ([FQ[2) 

G 
(18) 

where se  is the sign o f F  e and the weighting factor, w, in 
the centrosymmetric case is tanh(½X) (Woolfson, 
1956) with X defined in (4). 

In all of these syntheses, the ratio of the weights of the 
Q peaks to the background peaks is the same, but the fl 
synthesis contains more background peaks. 

Practical results 

Some calculations were carried out on a one- 
dimensional crystal structure to test the predictions of 
the theory. Typical results are presented in Fig. 2 which 
shows the ,6, 7' and 2Fo  - Fc syntheses for a ten atom 
structure. Of the ten atoms used in the calculation of 
F I, nine were correctly positioned and one was wrong. 
The fl and 2Fo - F c syntheses are very similar when 
their backgrounds and densities at the Q and I4' peaks 
are compared. However, actual calculation of the r.m.s. 
deviation of the background from the mean showed 
that the fl synthesis always had the greater background 

(2 IFNI (cos fl> -- IF I I  ) exp iq~, 

= I F N I 2 / F  * - - ( I F ' Q I 2 > / F  *. (15) (a) 

It is identical to the fl synthesis with the removal of 
some background peaks due to the (IF~I 2) term. This 
term also subtracts density from the W peaks so the 
2 F  o - F c synthesis suppresses wrongly included atoms (b) 
more than the fl synthesis. This can be seen from the 
peak weights in Table 5. 

Centrosymmetric structures 

In addition to the results already mentioned, Table 5 
also presents results for centrosymmetric structures. 

If the structure is centrosymmetric, the F~ exp 2i(ae 

term in (2) becomes FQ and the fl synthesis is then 

IFNI 2 IFQI 2 
- - - F v  + 2Fo. + ~ (16) 

G G 

 JA3A 
IV v vv- u 

(c) 

v v v ~ v - ~ v v I 

I I I I I I I I I  I I 
P p  p w P p p p p  p Q  

Fig. 2. A ten atom, non-centrosymmetric, one-dimensional struc- 
ture. The positions of the P, Q and I4" peaks are shown. (a)fl 
synthesis; (b) y' synthesis; (c) 2Fo - F c synthesis. 
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of the two. The density at the W peak is greater in the 
~/ synthesis than either the fl or 2 F  o - -  F c and the Q 
peak is much smaller. It is clear from Fig. 2 that the 
greater density of the Q peak in both the fl and 2 F  o - -  

F~ syntheses is achieved only by increasing the back- 
ground and spurious peaks in proportion. That is, the 
signal to noise ratio is the same in both the y' and 2 F  o 

- -  F~ syntheses if the W peak is ignored. 

D i s c u s s i o n  

A comparison of equations (2), (6) and (7) shows that, 
for each of the three syntheses fl, y' and 2 F  o - -  F e, the 
ratio of the terms giving rise to the required peaks and 
the background peaks is the same. Tables 3 and 4 
indicate that both the y' and 2 F  o - F ~  syntheses 
contain approximately P Q N  background peaks while 
Table 2 shows the fl synthesis contains p3 additional 
background peaks to the same approximation. For 
centrosymmetric structures, the Q peaks have twice the 
weight in relation to the background than for non- 
centrosymmetric for all three syntheses. Also, there are 
fewer background peaks in the centrosymmetric case - 
approximately pQ2 for the y' and 2 F  o - -  F c syntheses 
and p3 + p Q 2  for ft. 

The synthesis which suppresses the peaks of wrongly 
included atoms most effectively is the weighted 2 F  o - -  

F~. The final term in (15) subtracts density from the 
sites of both P and W atoms as well as removing some 
background peaks from the fl synthesis, which is the 
other term. This is also true for centrosymmetric 
structures, although in this case so much density is sub- 
tracted from the W peaks that they become negative in 
both the fl and 2 F  o - F ~  syntheses. The y' synthesis is 
the least effective at suppressing wrong atoms as seen 
by (14). The final term adds density to the P and W 
peaks making sure that the W peaks always appear 
with at least half weight. In addition, the required peaks 
never appear with more than half weight in this 
synthesis. This is not so for centrosymmetric structures 
where the minimum density of the W peaks is zero and 
the required peaks have a maximum density equal to 
the P peaks. 

The syntheses which approach the true electron 
density most closely are the weighted 2 F  o - F c 

synthesis for non-centrosymmetric structures and the 
weighted 7' for centrosymmetric. In both cases they are 
better than the fl synthesis as defined in (2), in that they 
contain fewer background peaks. Deisenhofer & 
Steigemann (1975) report that the 2 F  o - F ¢  synthesis is 
better than either the y' or the 3 F  o - 2 F c  syntheses in 
protein refinement. In addition, Jack, Ladner & Klug 
(1976) report that the 2 F  o - F ~  synthesis gave clear 
indications of wrongly placed atoms in the refinement 
of yeast phenylalanine transfer RNA. It is clear from 
the analysis in this paper why this should be so. If a 

computer is used to interpret maps at atomic resolution 
as proposed by Main & Hull (1978), it is important 
that the 2 F  o - -  F c synthesis be used rather than the y' 
for non-centrosymmetric structures. This ensures that 
the P and Q peaks are of comparable weight and the W 
peaks are suppressed to approximately zero density. 
When the 2 F  o - -  F c synthesis is calculated for a 
structure with centrosymmetric projections, the 
coefficients corresponding to the projections should be 
calculated as for the y' synthesis. 

When only a small part of the structure is known, a 
single heavy atom for example, the 2 F  o - - F  c synthesis 
will not offer any advantage over the y'. It will merely 
double the density everywhere except at the heavy 
atom position. Also, it is important that the observed 
and calculated structure factors should be on the same 
scale and this is not easy to achieve with sufficient 
accuracy until most of the structure is known. (Note 
that the fl synthesis is much less sensitive to errors in 
scale.) The 2 F  o - -  F ¢  synthesis is best for Fourier refine- 
ment when the absolute scale of F o is accurately 
known. Not only will it suppress wrong peaks and 
show the missing atoms, but it will also move 
inaccurately placed atoms to their true positions. This 
can be seen in Fig. 3 which shows an atom on the left 
compared with the true electron density on the right. 
The density corresponding to the categories W, P and 
Q is marked. If the synthesis suppresses the W density 
completely and shows the Q density on the same scale 
as P, the atom will appear in the synthesis in its true 
position. If the W density is halved and the Q density is 
on only half the scale of P as in the y' synthesis, the 
resulting electron density will show a broad peak whose 
centre is mid-way between the old and the true atomic 
positions. This is a well-known property of the y' 
synthesis. 

In general, the synthesis with n F  o - ( n  - 1)F~ as 
coefficients can be expressed as 

nlFul (cos/3)  exp i~o,- (n - 1)F~ 

n ( I F u l Z - ( I F ~ 1 2 ) )  ( n - 2 )  

2F~' 2 
(Fp + Fw), (19) 

with peaks as shown in Table 5. If n is not necessarily 
an integer, a value can be chosen which gives the P and 
Q peaks the same weight and reduces the density at W 

Fig. 3. The P, Q and W electron density corresponding to an 
inaccurately positioned atom. The atomic peak consists of areas 
W and P; the true electron density is given by areas P and Q. The 
dashed line shows the peak given by the y' synthesis. 
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peaks to zero. From Table 5, this value of n is seen to 
be 2/Z 2 for non-centrosymmetric and 2/(1 + ,~2) for 
centrosymmetric structures. The use of this obviously 
depends upon knowing or obtaining an estimate of the 
quantity Z 2, the proportion of correct to total scattering 
power included in the structure factor calculation. It 
can be seen from (19) that different values of n alter the 
density at the P and W peaks but do not change the 
density at the Q peaks in relation to the background. 

The fl synthesis is sensitive to small values of I Fzl 
since these give rise to very large coefficients. 
Ramachandran & Ayyar (1963) (see also Ramachan- 
dran & Srinivasan, 1970) have proposed an empirical 
weighting scheme to deal with this. However, the 
weighting scheme does not increase the useful infor- 
mation in the synthesis beyond what is shown in this 
paper. The weighted 2F o -- F c and weighted 7' 
syntheses are therefore a little easier to use than the fl 
synthesis. 

The theory presented here is a little optimistic in that 
atoms wrongly included in the 2F o -- F c and 7' syn- 
theses are not suppressed by as much as is predicted 
However, the comparison with the fl synthesis is valid 
since the same approximations in the theory apply to 
all the cases considered. 
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Abstract 

Accurate theoretical intensities are presented for the 
phonon scattering at 295 K for Si. The one-phonon and 
n-phonon cross sections are shown for the principal 
symmetry directions and the total phonon scattering 
contours for a section of the (10i) plane. Previous 
total phonon calculations have been confined to 
materials of simpler structure and to a coarser mesh of 
wavevectors. The Si cross sections show general 
features which are expected to be seen in a wide variety 
of materials. These include the behaviour of the scat- 
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tering near forbidden reflexions, the behaviour in three 
essentially different kinds of zones and the behaviour 
close to Bragg peaks. Results are also presented for the 
temperature dependence of the harmonic Debye- 
Waller factor. 

Introduction 

In spite of the widespread interest in X-ray scattering 
from Si, accurate kinematic phonon X-ray scattering 
intensity calculations have not been reported even 
though reasonable lattice dynamical models have been 
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