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Abstract

A method of finding the mosaic spread of a single crystal is proposed by
working with secondary extinction. With the mosaic spread of a crystal obta-
ined by this method, the mosaic spread of another crystal is measured using a
double axis single crystal diffractometer by Caglioti’s method. The mosaic
spread of the same crystal is also measured with a powder diffractometer by
Epstein’s method for the sake of the comparison of two methods.

2 of

272749 mosaic spread & F4 5t B WA E AdsgT. o] & A4
A e A A2 mosaic spread & EFAFL o] & B E 1 AN
mosaic spread & 4% WAAHA FAE o] &3t Caglioti o Plez FR3H
% AT HAAA Y B AP LU FAE o] 83 Epstein o] & A
g3t F7hA P& 2 e o2 AR +Y3q.

1. Introduction

The monochromating crystal is the most
important part of a neutron diffractometer.
As is well known, the intensity and the re-
solution of the spectrum from the sample of a
diffractometer depend on the reflectivity of
the monochromating crystal, the collimation
divergences, and the dispersion parameter.
The reflectivity of the single crystal for the
monochromator has been discussed in con-
nection with the mosaic spread and the collim-
ation or the secondary extinction!"®. The

relations among the resolution or the intensity
of neutron diffractometer, the mosaic spreads
of crystals involved and the angular diverge-
nces of the collimations were studied” ¥,
using the method proposad by Sailor et al'®.
It is essential to know the mosaic spread of
the monochromator to be used, when a neu-

tron diffractometer is planned to build. The
various ways of measuring the mosaic spread
of a single crystal can be found from the ab-
ove mentioned works™ .

In all but Epstein’s case'™ which will be

* Presented in the abbreviate form at the meeting of Korean Physical Society on Sep., 8, 1972
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discussed in Sec. 2.3 and Sec. 3.3, to mea-
sure the mosaic spread, a double axis single
crystal diffractometer with a monochromator
of known mosaic spread has to be used. Since
we do not have any crystal with known mo-
saic spread, a method of finding the mosaic
spread of a crystal with relatively small sec-
ondary extinction is proposed in Sec. 1. The
mosaic spread of a NaCl (200) crystal is me-
asured by this method. This crystal is put as
the monochromator in a double axis single
crystal diffractometer mechanism'’ to meas-
ure the mosaic spread of a copper crystal(111)
by Calioti’s method®>. The measurement of
the mosaic spread of the copper crystal is also
carried out by recent Epstein’s method!®>.

2. Theoretical

About the mosaic spread of a single crystal,
there have been some misunderstanding as
pointed out by Hamasaki®>. The value of
experimentally determined mosaic spread is
the so called effective mosaic spread, B/,
which is different from the real mosaic spread.
B’ is such a quantity that the crystal reflect-
ivity is approximated to being proportional to
exp (—4%/(8')®). Here, 4 is the deviation of
a mosaic block from the mean orientation of
the crystal plane. But p/ will be mainly tre-
ated since it is not difficult to convert B/ to
real mosaic spread.
The meaning of symbols appearing in this
paper are as follows;
ai: the horizontal angular divergence of the
first collimator defined by the width of
one of its channels devided by the length

az: the corresponding value for the second
collimator to ai,

a3 :the corresponding value for the third

collimator to ai,

Bi’: the effective mosaic spread of the first

crystal,

B2’ the corresponding value for the second
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crystal tofy’,
a: the dispersion parameter.

(1) The Measurement of the Mosaic Sp-
read from the Secondary Extinction Coeff-
icient.

We can define the secondary entinotion co-
efficient, E,, as I,=E,I. where l.and I, are the
calculated and observed diffraction intensity
As discussed by
Hamilton!® 17, E, can be approximated to exp
(-KI,) when E,> 0.7.

respectively from a crystal.

1
13472
Here, K=——(381r)3—/2172 (1)

where
A : the wavelength of neutrons,
A : the cross section of the specimen,
V : the volume of the unit cell.
It is proposed here to measure the g’ of a
crystal, whose structure is exactly known,
from the obtained value of E, when £,>0.7.

(2) Caglioti’s Method

Caglioti ef al® discussed the Full Width at
Half Maximum (FWHM) of the intensity dis-
tribution from a single crystal sample in a
diffractometer with three different Soller co-
llimators. There are two ways of moving the
second crystal and the detector, that is, one-
to-two coupling and just rocking the crystal
with fixed detector. Since there is not much
difference between these two cases, let us take
the case of rocking. The formula for FWHM
of the diffraction curve for this case has been
worked out as follows; '

(FWHM)?2= (82! )2+ { s’ (1?4817 D)D)

—2aaztas?(ai®+2(81)?

+a*(as*(ar’az?+a:2(Bi')?

+a?(B/ DD +ar’a? (B DI/ Z (2)
where

Z=as® (a1’ +a:?+4(B1 D2t az?(ar®*+4(81)?

—4aar?(a®+2(p1 DD +4a?*(ar ez’
+a2 (1’ )2+ ast (1)),
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(3) Epstein’s Method

Epstein ef al'®> devised the way of finding
out the mosaic spread of a crystal without
having any other crystal of known mosaic
spread. They put the crystal in question as
monochromator to assemble a powder diffrac-
tometer. The formula by Caglioti ef al”> for
the FWHM of diffraction pattern from the
sample in a powder diffractometer is as follows

FWHM=[as’az*+a%as*+a2’as’

4401 D¥ a2+ as®) —4aar?(ar?
+2(,31')2) +4a2(a12a22+a12(131’)2
+a (BT (ar+ad+4E DD B

Since B is not known it is used as a para-
meter to obtain the best fit of the equation
(3) to the experimental data. The FWHM is
nearly linear in the region, 1<{a<{2. The slope
of this line and the minimum value of FWHM
can be used as criteria to the curve fitting.

3. Experimental and Result

The crystal in question was a disk with the
radius of 3 inches and the thickness of 1/2
inch. The face of the crystal was approxim-
ately parallel to (111) plane. The experiment
was carried out at one of the radial beam port
of TRIGA Mark-II reactor with a double axis
neutron diffractometer consisting of BNL-W-
34 monochromating mechanism and US-1 dif-
fractometer installed in 1965'%>. The reactor
was operated at th power of 250 KW during
the experiment. Soller collimators were made

K L
s o] Lo iiall/
& @ o [° .74:76 o

. Drawing of Soller collimator

of 0. 1mm thick stainless steel plates using the
technique of Bally ef @l'®’. The thinnest spa-
cers used are 1mm thick. Care was taken
to keep parallel every plates together while
these collimators were mading. The drawing
of the collimator is shown in Fig. 1.

(1) The Determination of 8’ and a;

Following the method discussed in Sec. 2.1,
the measurement to find the mosaic spread of
the NaCl crystal (200) was carried out. The
value of K in Eq. (1) was found to be 0. 015¢cm?
and that of Bi/ turned out to be 2. 9X1074
This value was very small as usual with ionic
crystals. It is well known that the effective
angular divergence of a collimator is slightly
different from the value determined from its
dimensions because of the total reflection and
the transparancy at the collimator wall. The
effective divergence of collimators, a’s,
were measured by the method of Sailor!s>
from the rocking curve of our NaCl (200)
crystal at the wavelength of 0.975 A. The
results and the calculated divergences for
collimators used in the experiment are shown

in table 1,

Table 1. Angular divergences of collimators

length| width divergence effective

(mm) | (mm) | from dimensions' divergence
300 1 0.0033 0.0035
300 2 0. 0066 0. 0069

(2) Caglioti’s Method

A double axis single crystal diffractometer
was assembled by putting the NaCl crystal,
whose mosaic spread had been found to be
2.9%10™, as the monochromator and putting
the crystal in question at the sample position.
and az were 0.0035,
0.042, and 0.0069 respectively in the experi-
ment. The rocking curve of the sample taken

The values of a1, a2,
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Fig. 2 Rocking curve of Cu (111)crystal with
0.975 A neutrons

with Caglioti’s condition using the monochr-
omatic neutrons of wavelength of 0. 975A from
NaCl crystal is shown in Fig. 2. The value of
B:’, which was obtained from the FWHM of
the rocking curve, was 0.0031+0.0003. This
value was converted to be 0. 002810. 003 using
the method of Hamaskil®.

(3) Epstein’s Method

Two powder diffractometers were set up
with different a’s of 0.0035 and 0. 0069 using
the same crystal of question as the monochr-
omator in both cases. The values of a2z and a3
are the same with the case of Sec. 3.2 respe-
ctively. The experimental FWHM’s of various
reflections were taken from three polycrystall-
ine samples (NaCl, CaF,, Ni) at the wavelengths
of 0.975 A and 1.304 A using above two diff-
ractometers. The results are shown in Fig. 3
and Fig. 4 respectively with the dispersion
parameters. The series of values of FWHM's
with certain B/ were calculated by Eq. (3)
varying ¢ with a IBM330 digital computer.

Each one of these series was fitted to the

FWHM
min.
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40+
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g x NaCl A=1304
20— T oNi A=0975
10 f~
1 1 1
! 2 3 g

Fig. 8. Experimental FWHM’'s' ¢;=0.0035 a.=
0.042, «=0.0067 The continuouscurve is
one of theoretical curve.
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Fig. 4. Experimental FWHM’s. 2,=0.0069, a*=
0.042 as=0.0067. The continuous curve is
one of theoretical curve.

experimental data of different conditions(Fig.
3,4). The above series of values of FWHM’s
were plotted against a’s and the slopes were
taken from these graphs in the range of 1<a

<2. These slopes vs. (8/)’s are shown in
Fig. 5 as the curve, slope. The FWHM’s for

each g, at the point where the experimental
FWHM is minimum, have been calculated by
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Fig. 5. Illustration of the method to find the
values of

Eq. (4) varying)g)’)’s and are also shown in
Fig. 5 as the curve, tan (FWHM) min.
Upper and lower limit of possible slope and
minimum of the curve were evaluated from the
experimental data. These possible regions de-
fined a probable region for p;/ for every one
of these graphs. The intersection of the four
regions defined g,/ with dependable accuracy
on the width of this intersection. The proce-
dure is described in Fig. 5. The value of Bi/
obtained is 0.00294-0.001 and the real mosaic
spread converted from this value becomes
0. 00263-0. 001 which is equivalent to 1040.5
min. arc.

4. Conclusion

The errors in the measurement of g/ by
Caglioti’s method on which our method is

“F—V;Q,{—M(AFWHM) as dis-

cussed by Rauch'® if the error of B,/ is ign-
ored. On the other hand, the degree of acc-
uracy in the measurement of g,/ by Epstein’s
method can not be predicted theoretically be-
cause it is determined by the width of the

based, is Af' =

intersection of the four regions as mentioned
in Sec. 3.3.

It can be imagined that the accuracy. for
Epstein’s method is better than for our method
method is though the accuracy of Epstein’s
probably. Even favorable, this method is more
complicated to work with than our method.
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