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Table 2. Experimental and theoretical Bk values for RbC1 at 300 °K (,~2) 

BRb Bcl 
Theoretical Experimental Theoretical Experimental Reference 

2.31 2.28+0.1 2.38 2.44+0.1 Jarvinen & Inkinen (1967) 

temperatures in steps of 20°K from 20 to 300°K. In order 
to check the accuracy of the values we have calculated, 
comparison is made in Table 2 between the theoretical and 
the available experimental value of Bk (Jarvinen & Inkinen, 
1967) for RbCI at 300°K; the good agreement is highly en- 
couraging. The errors involved and their effect on (u2)k 
values (possibly 2%) have been adequately dealt with 
(Reid & Smith, 1970) and hence no detailed discussion 
need be made here. 

In conclusion, our results are in conformity with the 
predictions (Scheringer, 1973) namely that for a given fixed 
number of atoms in the unit cell, the bigger the difference 
between the masses, the greater the tendency for the heavy 
(light) atom to have the smaller(larger) amplitude. 

The author wishes to thank Professor P. W. M. Jacobs 
for his kind interest and encouragement. 
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The formula for the optimum scanning ratio, g [Werner, S. A. (1972). Acta Cryst. A27, 665-669] in equa- 
torial-plane, neutron-diffraction experiments has been experimentally verified. This ratio gives the correct 
coupling between the detector and crystal motions such that the diffracted beam always enters the detector 
on its centerline. 

Introduction 

In the course of measuring the Debye-Waller factor of 
potassium metal at various temperatures, we have en- 
countered difficulties in isolating the elastic Bragg scatter- 
ing from the thermal diffuse scattering (TDS). Even at 
liquid-helium temperatures, the contribution of TDS to 
the integrated intensities of high-index reflections is sub- 
stantial owing to the large zero-point energy in potassium. 
From the slope of a plot of In [Inkt. sin 20hkl] VS. (h 2 + k 2 -t- 12) 
(where lhk~ is the integrated intensity, and 20nk~ is the scat- 
tering angle corresponding to the hkl reflection) our initial 
measurements at 7-2 °K made with a large detector aper- 
ture gave an equivalent Debye temperature about 10 de- 
grees higher than that obtained from the measured frequency 
distribution (Cowley, Woods & Dolling, 1966).* We be- 
lieve this discrepancy is primarily due to the increasing con- 
tribution of TDS to the integrated intensities with increas- 
ing scattering vector.]" 

* The calculated Debye temperatures based on the neutron 
measurements of the phonon dispersion in K (Cowley et al., 
1966) agree with the specific heat capacity measurements 
(Martin, 1965) to within about 1.5 degrees at 7.2°K where 
Oo-  85 °K. 

I" This effect, of course, is not easily isolated from problems 
connected with extinction. 

The effects of TDS can be reduced by narrowing the 
detector aperture. However, it is necessary that the detector 
accept all of the Bragg-scattered neutrons for every angular 
setting of the crystal as it is rotated through a given reflec- 
tion. In order for this to be accomplished the detector and 
crystal motions must be coupled together in such a way 
that the centerline of the diffracted beam remains aligned 
with the centerline of the detector. 

A formula for this optimum coupling was given in a 
paper by one of the present authors (Werner, 1971). Al- 
though we have not yet fully resolved the problem of the 
contribution of TDS to the measurement of the Debye- 
Waller factor in °K, we have verified that the suggested 
optimum-scanning prescription is correct. 

Under the assumption that the mosaic distributions of 
both the monochromator (M) and the sample (S) are Gaus- 
sian, and the transmission of the collimator between M and 
S is also Gaussian, the optimum scanning ratio is: 

e2[1 + 3a + 2a 2] + 2r/~a z 
g =  r/2 +cz2(1 +a)2+aZtl2 , (1) 

and the width of the rocking curve (FWHM=2-36a) is 
given by 

o" = [r/~ + e~(1 + a) 2 + a2r/211/2. (2) 
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Here r/s and r/M are the mosaic spread parameters of the 
sample and monochromator  respectively, ~1 is the Gaus- 
sian width parameter for the collimator, and 

tan Os 
a =  + -tan 0~-" (3) 

Os and 0M are the nominal Bragg angles of the sample and 
monochromator;  t he '  - '  sign is appropriate for the parallel 
side and the '  + '  sign for the antiparallel side of the incident 
beam. The expression for g given by equation (1) is only 
strictly valid for a point sample since spatial effects can be- 
come important for large crystals [see Fig. 6 and the dis- 
cussion of it by Werner (1972)]. 

Experimental results 

The expression for g requires that if the crystal is rotated 
by an angle Aq~ in sweeping a Bragg reflection, the detector 
should be moved by the angle A? =gA~, and that this coup- 
ling depends on the scattering angle through equation (3). 
This optimum coupling can be experimentally determined 
in the following way: the sample is rotated to a Bragg re- 
flection such that the crystal angle is say ~Pl. The detector, 
with a very narrow aperture, is swept through the dif- 
fracted beam and the location of the maximum is deter- 
mined to be say 71. The crystal is then rotated off the center 
of the reflection to an angle ~P2 (where the intensity with the 
detector wide open has fallen to about ½ of its peak value). 
The detector with a narrow aperture is then again swept 
through the diffracted beam, and the location of the maxi- 
mum is determined to be 72. The optimum scanning ratio 
for this reflection is then 

72 - -  7x A7 

This procedure is then repeated at a series of reflections. 
The results of such a series of measurements on potassium 
at 77 °K are shown in Fig. 1. The parameters r/s, r/M, and ~t 
were determined by fitting equation (2) to the width of the 
rocking curves (taken with a wide-open detector) for various 
reflections as shown in Fig. 2. The solid curve shown in 
Fig. 1 is the result of using these parameters and plotting 
g vs. a as given by equation (1). 

Conclusion 

The agreement between the measured scanning ratio g and 
the calculation are excellent. These measurements were 
done on a cylindrical sample (0.8 cm diameter with [001] 
vertical) placed in an incident beam of 1.2 cm width; con- 
sequently, the point-sample assumption under which equa- 
tion (1) was derived does not limit its usefulness. Measure- 
ments on other crystals (Fe and Si) have been carried out 
with results similar to the ones reported here. The predic- 
tion that the optimum mode of scanning is seldom an co 
scan or a 0-20 scan is borne out by these results. 

We wish to thank the staff of the Phoenix Memorial 
Laboratory, University of Michigan, for making their reac- 
tor facilities available to us. One of us (P.P.) would like to 
thank the Ford Motor Company for a research fellowship 
under which this work was carried out. 
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Fig. 1. A comparison ofthe measured optimum scanning ratio 
g with the expression given in equation (1) for various re- 
flections in a single crystal of potassium at 77°K. The scat- 
tering angle is given by a= +_ tan Os/tan 0M. A copper (200) 
monochromator was used with 0M = 17.4 °. 
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Fig. 2. Result of a least-squares fit of the expression for the 
width of a rocking curve a given by equation (2) to the 
measured widths of various reflections in a single crystal of 
potassium at 77 °K. The parameters obtained from this fit- 
ting process and used to calculate the solid curve of Fig. 1 
are: IlM = 0.0785 deg., r/s = 0"0709 deg., and ~1 = 0.1833 deg. 

References 

COWLEY, R. A., WOODS, A. D. B. & DOLLING, G. (1966). 
Phys. Rev. 150, 487-494. 

MARTIN, D. L. (1965). Phys. Rev. 139, 150-160. 
WERNER, S. A. (1971). Acta Cryst. A27, 665-669. 
WERNER, S. A. (1972). Acta Cryst. A28, 143-151. 


