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Abstract 

Diffraction experiments with resonant y-radiation 
were performed on a single crystal of silicon at room 
temperature. The high energy resolution of the M6ss- 
bauer effect was used to separate elastically and 
inelastically scattered radiation. A special experi- 
mental setup is described, which in addition allows 
the determination of the total thermal diffuse scat- 
tered intensity. Inelastically scattered radiation was 
observed in the whole investigated angular range. In 
the vicinity of Bragg reflections the ratio of the 
integrated intensities of inelastically to elastically 
scattered radiation was in very good agreement with 
the results of calculations using different computer 
programs based on first-order thermal diffuse scatter- 
ing theory for a wide range of chosen scan lengths. 
The measured ratios of the elastically scattered radi- 
ation of different Bragg reflections were used to deter- 
mine the temperature factor B. 

I. Introduction 

The precise determination of the thermal diffuse scat- 
tered (TDS) part of the diffracted radiation from a 
crystal is of great importance for the structure 
determination, since this contribution exhibits also a 
maximum value at the exact Bragg position and an 
error in the consideration of the integrated intensity 
can lead to an incorrect temperature factor B which 
may cause errors of the mean atomic coordinates or 
of the charge density due to the atomic scattering 
factors. In ordinary X-ray diffraction experiments an 
accurate determination of this TDS contribution is 
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usually performed using theoretical models mainly 
based on the long-wavelength approximation. Several 
computer programs (Stevens, 1974; Helmholdt & Vos, 
1977; Kurittu & Merisalo, 1977) are available which 
allow the calculation of integrated TDS intensities 
from the elastic constants taking into account the 
anisotropy of the elasticity. Experimentally the 
extraordinary high energy resolution of the M6ss- 
bauer effect can be used to separate elastically and 
inelastically scattered radiation from crystals not con- 
taining M6ssbauer isotopes (O'Connor & Butt, 1963; 
Albanese, Ghezzi, Merlini & Pace, 1972; Albanese & 
Deriu, 1979) offering the possibility to test these theo- 
retical calculations if special care is taken for the 
intensity measurements. In addition, the temperature 
factor B can be determined either directly from the 
elastically scattered intensities or with some assump- 
tions concerning the TDS from the inelastically scat- 
tered intensities. M6ssbauer diffraction on silicon was 
used to determine the reflecting power (Ghezzi, Mer- 
lini & Pace, 1969; Kashiwase & Minoura, 1983) and 
the dependence of the TDS intensities on both the 
reflecting angle and the temperature (Albanese et al., 
1972). Whereas the temperature and angle depen- 
dence of TDS is in good agreement with the prediction 
of the lattice wave theory (Warren, 1969), an evalu- 
ation of the fraction of the TDS intensities on the 
total intensities was not possible with reasonable 
accuracy (Ghezzi et al., 1969) because (i)the quality 
of the crystals was not known with high accuracy and 
(ii) an experimental separation of the TDS contribu- 
tion to the background could not be performed. 

It is the aim of the present paper to show that 
several improvements of the experimental setup allow 
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a very precise determination not only of the elastically 
and inelastically scattered radiation, but also of the 
TDS included in the background. Therefore an 
experimental test of the calculated TDS contributions 
is possible and in spite of the long measuring times 
caused by the low activity of Mrssbauer  sources, 
which limit the number of measured reflections, B 
can be evaluated, if the crystal quality is known. 
Silicon was selected since commercially single crys- 
tals with a high degree of perfection are available, 
which allow the application of the dynamical theory. 
Furthermore, the elastic constants which have to be 
used in the computer programs and the atomic scatter- 
ing factors needed to calculate diffracting powers are 
known with high accuracy and recently Robertson & 
Reid (1979) and Reid & Pirie (1980) performed 
ab initio calculations of intensities of the total phonon 
scattering and Debye-Waller  factors. 

In § II a description of the experimental setup is 
given. The results for the elastically and inelastically 
scattered intensities are presented and discussed in 
comparison with theory in § III. 

II. Experimental details 

The general setup of a M6ssbauer diffractometer is 
similar to that of an ordinary X-ray diffraction experi- 
ment with the exception that the X-ray tube has to 
be exchanged for a M6ssbauer source (O'Connor  & 
Butt, 1963; Albanese et al., 1972). To obtain a rigid 
connection between the source [57Co Rh, 100 mCi 
(1 Ci = 37 GBq)], the crystal and the resonant absor- 
ber (57Fe Rh) and to avoid unwanted movements of 
source, crystal and absorber against each other a 
special two-circle goniometer was constructed 
(Fig. 1). The 3' quanta passing through the absorber 
were counted by means of a Si(Li) detector with an 
energy resolution of 300 eV at 14.4 keV. The distance 
between source and crystal was 155 mm, that between 
crystal and counter 95 mm. The detector was fixed in 
position, the source and the crystal could be rotated. 
In addition, the crystal could be rotated about + 15 ° 

c 

Fig. 1. Schematic drawing of the experimental setup. (S Mrss- 
bauer source, moved with different velocities, C orystal, 
A resonant absorber, D detector.) 

in two vertical planes, perpendicular to each other. 
Thus, in a limited range an operation similar to that 
of a four-circle goniometer was possible. By means 
of multilayer shieldings (lead, brass, aluminium) the 
background count rate with the source mounted on 
the goniometer was reduced to 0.02 counts s -I. The 
source area was 2.0 x2.5 mm and the primary beam 
was collimated with a slit collimator made of pure 
aluminium (99.999%). The resulting divergence was 
0.65 ° in the horizontal and 1.4 ° in the vertical direc- 
tion. The counter aperture was 10 mm in diameter 
which corresponds to a divergence of 3.45 °. 

To separate the elastically scattered from the 
inelastically scattered radiation at least two measure- 
ments are necessary. One with the resonance condi- 
tions fulfilled, the other out of resonance. In most of 
the experiments described in the literature (Albanese 
et al., 1972; Bfirnighausen, 1975) the absorber is 
removed for the measurement out of resonance. The 
photoelectric absorption coefficient of the absorber 
has therefore to be determined separately. To avoid 
this additional uncertainty the goniometer was con- 
structed in such a way that all measurements could 
be performed with the absorber fixed in front of the 
counter. Since the same area of the absorber was 
always illuminated the inhomogeneities of source and 
absorber (Ghezzi et al., 1969) did not affect the 
measured intensities. This kind of measurement has 
the disadvantage that the source has to be moved 
with defined velocities and that the count rate for the 
measurement out of resonance is decreased but offers 
the possibility of increasing the accuracy. 

For the source-absorber combination chosen in the 
present experiment, resonance condition is obtained 
with the source velocity set to zero. The experimental 
linewidth was determined in transmission geometry 
( F =  0.79 mm s-I). The measurements out of reson- 
ance were performed with v = 3-50 mm s -I, far away 
from the resonance conditions. As a further improve- 
ment of the standard experimental setup both a 
counter with high energy resolution (300 eV) and the 
necessary electronic equipment were selected, to 
allow an energy-dispersive mode of registration. In 
the selected energy window of 14.4+ 0.4 keV for each 
angle (Fig. 2) a smooth energy dependence can be 
assumed for all radiation components contributing 
to the count rate (e.g. Compton scattering of the 
high-energy components of the source, cosmic and 
electronic background) with the only exception of the 
14-4 keV (A =0-8602 A) MiSssbauer radiation. The 
first contribution, in the following called background, 
was determined by performing linear regression on 
both sides of the energy window and a Hermite inter- 
polation inside the window. After subtracting this 
contribution the remaining count rate could be fitted 
to a Gaussian distribution function and by integration 
the intensity for a selected source velocity, I~(0), was 
determined. For each measured angle the elastic 



fraction of the diffracted radiation is given by 

with 
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P(O =0) was determined in transmission geometry 
without a crystal, reducing the primary intensity Io 
by means of a collimator ( 0 - - 2 . 0  mm) situated in 
front of the counter. The integrated elastic intensity 
was therefore (Albanese et al., 1972) 

Ie,(O)=p(O)Io(O) (3) 

and the inelastic intensity 

/ine,(0) = [ 1 - p(0)]/o(0). (4) 

To check the two selected source velocities (v = 0 and 
v = 3.5 mm s- ' )  and the goniometer setup with regard 
to mechanical stability, one of the reflections (400) 
was measured additionally with the source moved 
with constant acceleration. Data acquisition was per- 
formed at the same time with two different multichan- 
nel analysers, one switched in pulse-height-analysis 
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Fig. 2. Si 400 reflection. Inelastic (A), elastic (x) and total (El) 
intensity. Full curves calculated by means of Gaussian distribu- 
tion functions. Background (+), full curve: linear regression. 
Hatched and cross-hatched area: total integrated TDS intensity. 
Cross-hatched area: integrated TDS intensity included in the 
background. 

Table 1. Comparison of the elastically scattered frac- 
tion p ( O) for the 400 reflection of Si for the two different 

measuring methods used 

Source  m o v e d  wi th  c o n s t a n t  a c c e l e r a t i o n  I, wi th  c o n s t a n t  ve loc i t i es  
I I .  

o p(o) 
(°) I II 

17-97 0-79 (8) 0.79 (1) 
18.30 0.91 (6) 0.898 (9) 
18-47 0-91 (6) 0-888 (9) 
18-64 0.92 (5) 0.916 (8) 

mode (PHA), the other in multichannel-scaling mode 
(MCS). The PHA results were used for the back- 
ground determination. From the MCS results P 
(equation 2) was determined. No energy shift or line 
broadening was observed for the scattered radiation 
compared with the results obtained in transmission 
geometry without a crystal. Linewidth and lineposi- 
tion are therefore very accurate. For all investigated 
scattering angles the elastically scattered fraction p(0) 
was in agreement for these two different measuring 
methods (Table 1). To save measuring time and to 
increase the accuracy all further experiments were 
performed only with the two constant source 
velocities v = 0 . 0 0 m m s - '  and v = 3 . 5 0 m m s - ' .  
Nevertheless, the time necessary to investigate one 
reflection was between 2 and 4 months. 

A dislocation-free silicon single crystal, supplied 
by Wacker company (Burghausen), was cut perpen- 
dicular to the [100] axis. The overall dimensions of 
the plane parallel plate were 12 x 10 x0.2 mm. Thus 
the illuminated area was always smaller than the 
crystal surface. 

All measurements were performed at room tem- 
perature. The diffractometer was driven in a 0-20 
scan. 

III. Results and discussion 

Measurements in symmetric Bragg geometry were 
performed for the reflections 400, Fig. 2, and 800. In 
the angular range between these reflections the 
amount of inelastically scattered radiation was evalu- 
ated (Fig. 4). In addition the 511 reflection Fig. 3, was 
accessible in the same geometry. 

A. Elastically scattered intensity 

The lineshape of the angular dependence of the 
elastically scattered radiation was approximated by 
a Gaussian distribution function (Fig. 2). For all 
reflections the calculated width at half maximum was 
in complete agreement with that following from the 
divergence of the primary beam. The integrated scat- 
tered intensity was obtained by integration of the 
Gaussian function. To determine the temperature fac- 
tor B a computer program was written by which the 
theoretical values for the integrated elastic intensities 
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could be calculated from the dynamical theory (Bat- 
terman & Cole, 1964), taking into account the Prins 
correction by numerical integration. From the large 
number of atomic scattering factors reported in the 
literature those given in Table 2 were selected to 
calculate the structure factors. To correct these struc- 
ture factors for dispersion the values given in Interna- 
tional Tables for X-ray Crystallography (1968) were 
interpolated for the wavelength of the M6ssbauer 
radiation. Using these corrected structure factors, B 
was varied until agreement was achieved between the 
measured and the calculated ratio of the integrated 
intensities of the 400 to the 800 reflection. In all 
calculations the linear absorption coefficient was set 
to 26-06 cm -~. As an additional test the 511 reflection 
was investigated. The measured and calculated reflec- 
tion coefficients are compared in Table 3 and are in 
very good agreement. 

The value of B obtained by this fitting procedure 
is clearly dependent on the value of the atomic scatter- 
ing factor. It is in very good agreement with the one 
given by Aldred & Hart (1973a, b) using the Pendel- 
16sung method (Table 2). 

In spite of the good agreement with the Pendel- 
16sung method, the procedure of determining B from 
M6ssbauer diffraction experiments has the disadvan- 
tage that for a further increase of the accuracy of the 
B value a larger number of reflections must be investi- 
gated, resulting in an unreasonable long measuring 
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Fig. 3. Si 511 reflection• Symbols as described in Fig. 2. The broken 
line is only a guide for the eye. 

Table 2. Temperature factor B determined using differ- 
ent atomic scattering factors in comparison with 

literature (T = 295 K) 

References 

Aldred & Hart (1973b), exp. 
Graf, Schneider, Freund & Lehmann (1981), exp. 
Fehlmann (1979), exp. 
Robertson & Reid (1979), theor. 
Present work 

B(A 2) 
0.4613 (27) 
0-450(11) 
0.4515 (27) 
0.5192 
0.466 (41) (~) 
0"422 (41) (") 
0.444(41)(? 
0"436 (41) (") 

Scattering factors taken from: (a)Aldred & Hart (1973a), exp.; (b) Yin & 
Cohen (1982), theor.; (c)Wang & Klein (1981), theor.; (d) International 
Tables for X-ray Crystallography (1974), theor. 

Table 3. Measured and calculated reflection coeffi- 
cients (IBragg / Io) using B = 0-466 A 2 

Measured Calculated 
Reflection ( x 10 -6) ( x 10 -6) 

4 0 0 9-027 (4) 9.028 
5 I ! 3-878(5) 3.803 
8 0 0 1.613(!) 1.613 

time due to the low activity of the currently available 
M6ssbauer sources. 

B. Inelastically scattered intensity 

Corresponding to the high energy resolution of the 
M6ssbauer effect, the part of the scattered radiation 
exhibiting an energy shift greater than 10 neV can be 
considered as inelastically scattered. In the whole 
angular range of the present investigation this inelasti- 
cally scattered intensity was observable (Fig. 4), 
whereas an elastically scattered component was only 
detectable in the small angular range around the exact 
Bragg positions determined by the divergence of the 
primary beam. As described above, the background 
(Fig. 2) was always separated and the TDS intensity 
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I 
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.02 t..~ ~""-- -~  

I i 

15 20 25 

8-0-0 

i I I 

30 35 40 

0 [Deg] , 
Fig. 4. Angular dependence of  the inelastically scattered radiation 

of Si in the direction between the 400 and the 800 reflections. 
Symmetric Bragg case, 0-2 0 scan. (Elastically scattered radiation 
• . , . )  
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could be determined independently with an accuracy 
higher than the one reported in other Mrssbauer  
diffraction experiments. The angular dependence of 
this inelastically scattered intensity in the angular 
range between the 400 and the 800 reflection is shown 
in Fig. 4. Since the inelastic intensity profile was in 
agreement with the TDS theory and the measurements 
were performed at room temperature it was assumed 
for the following that this intensity was caused by 
TDS only. However, this assumption will have to be 
verified by measurements at different temperatures. 

A determination of the TDS intensity contributing 
to the measured total intensity of Bragg reflections is 
not possible in ordinary X-ray experiments due to 
the limited energy resolution. Therefore, it is 
necessary to estimate the TDS intensity by means of 
theoretical models. Most of these models are based 
on the long-wavelength approximation and are 
limited to first-order phonon scattering processes. 
Analytical methods to calculate the TDS contribution 
(Willis, 1969; Lucas, 1969) neglect the anisotropy of 
the elasticity and approximate the illuminated volume 
in reciprocal space either by a sphere or a cylinder. 
Different computer programs (Stevens, 1974; Kurittu 
& Merisalo, 1977; Helmoldt & Vos, 1977) are avail- 
able which take into account an anisotropy of the 
elasticity and perform the integration in reciprocal 
space numerically. In addition, an estimation of the 
second-order TDS contribution is possible with the 
program of Stevens (1974). The elastic constants 
necessary for these calculations were taken from 
McSkimin & Andreatch (1964). 

To compare the calculated results with the experi- 
ment for different scan lengths the total integrated 

+_ _ _ _ _ ?  

.010 " ' ~  " I 1  / . i  
,,,~z ' ~  .~. . . .~ 

/ 
/ 

.OOl 

,i0 ' 210 ' 310 
15206 Scan-length +[Deg] , 

Fig. 5. Dependence of the ratio of the integrated total TDS 
intensity (I~r°~s) to the Bragg intensity (IBr,gg) on the scan length 
for the 400 reflection of Si. [] Measured; - -  numerical calcula- 
tions for first-order TDS after Stevens (1974), Helmholdt & Vos 
(1977) and Kurittu & Merisalo (1977); . . . .  for first- and second- 
order TDS after Stevens (1974); analytical calculations 
( - - -  --  spherical, - - - cylindrical approximation) after Willis & 
Pryor (1975) for first-order TDS, -----" after Robertson & Reid 
(1979) (spherical approximation). For details see text. 

TDS intensity was normalized to the measured 
integrated elastic intensity. This ratio was further 
converted from the dynamical to the kinematical 
approximation by using the theoretical extinction 
coefficient for a plane parallel plate of a perfect crystal 

rt°t /IBragg (Figs. 5,6). The measured and called .tTDS/ 
rt°t /IBragg on the scan length was in dependence of "TDS/ 

very good agreement with that calculated by means 
of the three computer programs, which were in com- 
plete agreement for the investigated angular interval. 
For scan lengths greater than 3.0 ° the observed devi- 
ation for the 800 reflection (Fig. 6) can be explained 
only partly by the neglect of higher-order phonon 
scattering contributions as indicated by the calculated 
second-order TDS dependence. Most of the observed 
deviation seems to be due to the limited applicability 
of the long-wavelength approximation, since for an 
illuminated volume of this size phonon wave vectors 
are essential for which the dispersion relation is no 
longer linear (Weber, 1977). 

Robertson & Reid (1979) calculated the total 
phonon cross section for different reflections of 
silicon using the experimentally obtained B value of 
Aldred & Hart (1973b) for an illuminated volume of 
1/4000 of the Brillouin zone. Taking into account the 
experimental geometry by the formula given by Reid 
(1973) good agreement was only obtained for a small 
interval of the scan length (Figs. 5, 6). This must 
mainly be due to the spherical approximation for the 
illuminated volume used in their calculations because 

/ t o t  / • a similar shape of the dependence of ~TDS/'Bragg on 
the scan length was obtained from the analytical 
model, where the same approximation of the illumi- 
nated volume was used. Taking a value of 
6.427 km s -~ for the sound velocity in silicon, esti- 
mated after Willis & Pryor (1975) for both approxima- 
tions of the illuminated volume, the TDS contribution 
is overestimated by the model of Willis for the 400 
reflection (Fig. 5), whereas the TDS contribution is 
more precisely given for the 800 reflection, if the 
cylindrical approximation is used (Fig. 6). 

T .08 
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.04 
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~ , . . .  
EI~ . . . . . . . . .  

. - ' ~  
... .  •""" ~, , .~ , - '~  ~ . ~ . ~  

¢. • ~-'"" +""" ............._... • .-.-" " "  ~ 

~ ~......- " ~  

, z?Zo + 
/ / ~ E I  ° 

Scan-length [Deg] 
Fig. 6. l~r~s/IBragg for the 800 reflection of Si. Symbols as 

described in Fig. 5. 
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Table 4. TDS correction factor a for a chosen scan length of  1.8 ° 

Calculated 

Numerical Analytical 

St a H&V b K&M c Lu d W&Pe 
Reflection Measured s c 

4 0 0 0.0042 (4) 0.0039 0.0039 0-0039 0.0061 0.0068 0.0075 
8 0 0 0.021 (4) 0-0257 0-0252 0.0252 0.0247 0-0318 0.0281 

Calculated after: (a) Stevens (1974); (b) Heimholdt & Vos (1977); (c) Kurittu & Merisalo (1977); (d) Lucas (1969); (e) Willis & Pryor (1975), s spherical 
approximation, c cylindrical approximation. 

Following this comparison an estimation of the 
TDS intensity with high accuracy is possible by means 
of these different computer programs, if care is taken 
that for the experimental geometry the scan length is 
limited in such a way that the long-wavelength 
approximation is valid. 

Since experimentally the background could be sep- 
arated from the TDS contribution (Fig. 2), the TDS 
contribution to the background under the Bragg peak 
(I~Ds) could be determined offering the possibility 
of measuring the TDS correction factor c~= 
tt°t -I~-DS)/I In Table 4 a is compared for a *TDS Bragg" 

chosen scan length of 1.8 ° with the calculated correc- 
tion factors using the above described methods. 
Whereas the values of a, calculated by the three 
computer programs agree with the measured ones, 
the values obtained from the analytical approxima- 
tions given by Willis & Pryor (1975) and by Lucas 
(1969) overestimate the TDS contribution. 

In addition, an attempt was made to determine the 
temperature factor B from the inelastic intensities to 
obtain further information about the analytical 
approximation of the TDS theory (Willis, 1969). From 
at least two reflections with parallel scattering vectors 
S, B can be evaluated, with the following assump- 
tions: (i)the harmonic approximation is valid and 
(ii) the first-order TDS is the most dominant contribu- 
tion. The integrated first-order TDS intensity is 
obtained from (Willis, 1969) 

ITDS = ~ dO dO (5) 

with the differential TDS cross section 

do-(q) S 2 
dO q2 ]Fo(S) 2 e-2Bs2 

~-~ Ej(q) cos 2 flj(q) 
X 2 (6) 

j =  I /)J 

(Fo structure factor for B = 0, q phonon wave vector, 
Ej(q) energy of mode j of q, vj velocity of mode j, flj 
angle between S and mode j of q). Since the direction 
of S was fixed flj(q) was constant. By calculating the 
ratio of the TDS intensities of the two reflections the 
summation over the polarization states was elimi- 

nated. The reciprocal space for the integration was 
approximated either by a sphere or a cylinder. The 
measured data were corrected for the influence of the 
second-order TDS by means of the program TDS2 
(Stevens, 1974) and the TDS-background contribu- 
tions were subtracted. Using the structure factors 
given by Aldred & Hart (1973a) from the ratio of the 
resulting integrated diffuse intensities of the 400 to 
the 800 reflections, B = 0.41 (8) and B = 0-43 (8) ,~2 
were obtained for the spherical and cylindrical 
approximations of the illuminated volume, respec- 
tively. For both approximations for the illuminated 
volume, the B values are slightly smaller than those 
obtained from the elastically scattered radiation. This 
might be due to the simplifications which were in- 
volved in this analytical model (e.g. only one atom 
per unit cell, neglect of the anisotropy of the elasticity, 
approximations for the illuminated volume). 

For the 511 reflection the shape of the TDS intensity 
under the Bragg peak (Fig. 3) is completely different 
to those obtained for both the 400 and 800 reflections. 
The observed behaviour can be explained by the 
presence of the 422 reciprocal-lattice point near to 
the surface of the Ewald sphere. For the scattering 
geometry used this lattice point can only influence 
the inelastically scattered intensity, but not that scat- 
tered elastically. 

In summary, the diffraction of M/Sssbauer radiation 
can be used to perform measurements with such high 
accuracy that an experimental test of the predictions 
of lattice-dynamical models is possible. 

The authors would like to thank Professor Tschirf, 
Ing. Schreiboeck and Mr Vogler for many helpful 
discussions and for the manufacture of the 
goniometer. 
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Abstract 

M6ssbauer diffraction experiments have been per- 
formed on a LiNbO3 single crystal at room tem- 
perature for scattering angles between 14.5 and 40.5 °. 
A large contribution of inelastically scattered 
intensity was detectable for all scattering angles. 
Radiation damage caused by the high-energy com- 
ponents of the radiation emitted by the 57Co M/Ass- 
bauer source was observed. An attempt was made to 
estimate the temperature factor B from the measured 
inelastically scattered radiation assuming that first- 
order thermal diffuse scattering (TDS) is dominant. 
Both the TDS contribution to the integrated intensity 
within the Bragg peak and the ratio of the integrated 
first-order TDS included in the Bragg peak to that 
included in the background were calculated with 
various programs from the elastic constants and com- 
pared with the experimental values. 

I. Introduction 

Ferroelectrics like LiNbO3 are of great interest for 
technical as well as scientific reasons. A comprehen- 
sive review of the properties of LiNbO3 is given by 
R/iuber (1978). Whereas extensive X-ray investiga- 
tions (Abrahams, Reddy & Bernstein, 1966; Fujimoto, 
1982), neutron scattering investigations (Chowdhury, 
Peckham & Saunderson, 1978) and some M/Assbauer 
experiments on 57Fe-doped crystals (Lauer, Pfannes 
& Keune, 1979; Pfannes, Lauer, Keune, Maeda & 
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Sakai, 1980; Date, Gonser & Keune, 1979; Date, Joag, 
Engelmann, Keune & Gonser, 1981) have been repor- 
ted, to our knowledge no measurements have been 
performed by means of Mrssbauer diffraction. With 
this method the extraordinary high energy resolution 
of the Mrssbauer effect can be used to measure both 
the elastically and the inelastically scattered radiation 
from crystals not containing M/Assbauer isotopes. 
Therefore, it is possible to determine both the contri- 
bution of thermal diffuse scattering (TDS) to the 
intensities of Bragg reflections and the temperature 
factor B as demonstrated for a silicon single crystal 
(Krec & Steiner, 1984). 

A direct determination of the temperature factor B 
from ordinary X-ray diffraction experiments is not 
possible (Lehmann, 1980). Abrahams et al. (1966) 
determined a mean value for B of 0.496/~2 from 
measurements of 247 reflections. Fujimoto (1982) 
obtained for a single crystal parallel to the hexagonal 
Z direction, the polar axis of LiNbO3, a B value of 
0.385/~2. Since these values are not in good agree- 
ment and also, an experimental proof of the applica- 
bility of TDS correction programs for such rather 
complicated structure types is desirable, Mrssbauer 
diffraction experiments were performed on a single 
crystal of LiNbO3 cut perpendicular to the piezoelec- 
tric Y axis to obtain additional information on the 
lattice dynamics. 

In § II a short description ofthe experimental setup 
and the crystal orientation is given. The results for 
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