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It is shown that when both a characteristic line of the X-ray spectrum and its nearby continuum are 
incident on the sample, the crystal monochromator efficiency derived by Ruland is decreased. 

In a radial distribution analysis, small corrections in 
the experimental scattered X-ray intensity become im- 
portant when the data are extended to high k values, 
where not only does the intensity fall, but so does the 
relative magnitude of the information-carrying oscilla- 
tions. These corrections become particularly crucial 
when the high-angle-normalization method is used, 
since important quantities of the radial distribution 
function, such as the density and coordination number, 
depend directly on the accuracy of the normalization. 

Use of a crystal monochromator in the diffracted 
beam does not guarantee that Compton processes at 
high angle can be neglected. Although the mono- 
chromator is effective in removing the Compton scat- 
tering produced by the energy band to which it is tuned, 
it is less effective in removing Compton-scattered radia- 
tion produced from the high-energy shoulder of the 
incident beam. 

An estimate of the 'Compton downscattering' con- 
tribution to the observed intensity necessitates know- 
ledge of E(2), the intensity of the incident beam as a 
function of the wavelength. The incident beam wave- 
length profile can, in general, be approximated, as is 
shown in Fig. 1, by a sharp peak of height E0 and of 
width A20, and a fiat shoulder lying at wavelengths 
shorter than 20 with a height Es. We ignore the part of 
the continuum that lies at longer wavelengths, since we 
do not expect the Compton scattering produced in this 
range to pass through the monochromator. In normal 
diffraction experiments, 20 is the wavelength, usually a 
characteristic line in the X-ray spectrum, to which the 
monochromator is tuned. The shoulder has a cut off 
at 21 which arises either from a cut off in the excitation 
energies of the electrons incident on the anode of the 
X-ray tube, or from the use of a metal filter in the inci- 
dent beam. 

Following Ruland (1964) the Compton profile, i.e. 
the distribution of wavelengths of the modified 
scattered radiation, produced by a delta-function in- 
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cident beam of wavelength 2' can be represented by a 
profile function of form: 

1 h [ 2 - 2 ' - A 2 c ~  for 2 > 2 '  
A2 A2 \ I 

0 for 2 < 2 ' ,  (1) 

where A2c is average change in the photon wavelength 
and A2 is the width of the Compton profile (Ruland, 
1964). Note that this distribution is zero for wave- 
lengths less than that of the incident beam. This is be- 
cause it is unlikely from conservation of energy for 
a scattered photon to have more energy than the inci- 
dent photon. We take the profile distribution to be 
normalized so that 

l 1 = h i 
A2 -Sac 

(2) 

where f~,c(k) is the Compton scattering factor for the 
material under investigation and k is the total mo- 
mentum transfer between the incident and scattered 
photons. 

The total Compton intensity per unit wavelength 
downscattered from the white-radiation shoulder to 
wavelength 20 is given by: 

Ec°(2°)= Es lii l-£ h ( 2°- 2 ' -  A2c) 

~ - ~  -3-£h ~ 2  du. (3) 

For any profile function which decays with wavelengths 
away from the center of the profile, and for which the 
integral has converged at the upper limit, the profile 
width and position are lost in the integration and we 
have the simple result that the total downscattered 
Compton radiation is: 

Eco(2o) = Esfi,¢(k) . (4) 

However, if the integral has not converged, such as 
in the case where 20-  21-  A2c ~ d2, we can approximate 
the long wavelength side of the distribution with a 
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Lorentzian. The total downscattered Compton inten- 
sity per unit wavelength becomes for ;t0- A 2 c -  2z > A2e: 

-~ 3 ~  . (5) 

The total observed downscattered intensity, IcD(k), is 
approximately the downscattered Compton intensity 
per unit wavelength evaluated at 2o times the mono- 
chromator bandpass width, b, or: 

Ico(k)=bEcD(;to). (6) 

To obtain the total observed incoherent intensity, we 
must also consider the incoherent intensity arising from 
the characteristic line. The total Compton scattered 
intensity produced by the peak at )to isfi,¢(k)EoA2o, but 
the observed intensity is decreased by a factor O(k), the 
monochromator efficency (Ruland, 1964). Hence, the 
total observed incoherent Compton scattered intensity 
is the sum of these two components, or: 

Ic(k) = Q(k)EoA ;tof ~,¢(k) + b Esf  ~,¢(k) 

{ × ~ + 1  t an -  1 (7) 
zc A;t ' 

which can be written in the more convenient form: 

Ic(k) = EoA;tof~.c(k) (Q(k) + CD ) (8) 
where 

EoA2oESb{ 1 { Ao-AAc-A1) CD - ½+ --re t a n - l \  ' . (9) 

Under usual operating conditions, the argument of the 
arctangent term is large, and 

Esb (10) 
CD"' EoA2o " 

In this case, the term CD is simply the ratio of the total 
power from the continuum contained in segment of 
length b to the total power in the characteristic line. 

The net effect of this downscattering contribution is 
to make the monochromator less efficient by adding 
to Q(k) an almost constant term, CD. As long as the 
band pass, b, is wider than A;t0, this contribution be- 
comes smaller with decreasing b. If the incident beam 
is monochromatic, the downscattering does not enter; 
however, the loss in intensity required to make the in- 
ddent beam monochromatic may not be worthwhile, 
In some cases, it may be better to maintain the full in- 
tensity of a polychromatic incident beam and make 
this correction to the data. 
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Fig. 1. The incident beam and Compton-scattered wavelength 
profiles. 

The magnitude of the constant CD can be estimated 
by examining an experimentally determined wave- 
length distribution emitted from an X-ray tube under 
normal operating conditions. Such spectra are shown 
in International Tables for X-ray Crystallography (1962). 
We find that the power from the continuum contained 
in a segment of a length typical for a monochromator 
bandpass (b=0.02 A) is ~ 10% of the energy in Kcq/2 
doublet, thus CD~O.I. For large scattering vectors 
(k ~ 15 A -  1), this compares with the value of Q(k) = 0.2 
m this range deduced from Ruland's curves. Thus, the 
Compton downscattering effect is about 50 % of the 
value of Q(k) and cannot be neglected. When using 
X-ray tubes that are contaminated by the tungsten 
filament, the ratio of the continuum to the Ku compo- 
nent is increased, making downscattering corrections 
even more important. 
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