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X-RAY STUDIES ON THE TEXTURE OF CRYSTALS

A New Method Using Internal Reflections and Its Applications
to Lithium Fluoride

By V. M. PADMANABHAN
(Department of Physics, Indian Institute of Science, Bangalore-3)

SUMMARY

The paper describes a new method of studying crystalline texture, em-
ploying internal reflections. It consists in obtaining internal reflection
from a wedge-shaped crystal whose thickness varies from top to bottom
and determining the variation of integrated reflection with thickness
which was shown theoretically by Ramachandran to be different for
perfect and mosaic crystals. Experiments were performed with ground,
etched and chilled crystals of lithium fluoride and observations were found
to be in accordance with the theoretical predictions. Crystals of lithium
fluoride, grown from melt, were thus found to be nearly perfect in

structure.
1. INTRODUCTION

In spite of all the careful attention that has bfaen given to the subject
of crystalline texture, there is still no adequate c{assgﬁcatlon of texture types
nor any method of stating or measuring quantitatively the features which
define a given crystal texture. In their attempts to_study the performance
X-ray monochromator, Evans, Hirsch and Kellar (1948)
iation of intensity of reflected beam with the surface

tréatment. Guinier and Tennevin (1949) were able to assess the degree of

i i ing the reflections from a family of
erfection of certain crystals by studymg_ :
grystal planes, using divergent white -radiation. Wooster and Macdonald

integrated intensity of X-ray reflection for

: : the absolute 1
(1948) investigated in calcite and other crystals. They observed

more than one wavelength 1

of a concentrating
investigated the var
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that such studies give some indication of the extent 1o Wthl’! the textu .
departs from that of a perfect crystal. However, their studies w:rre nor
conclusive as they themselves indicated. In recent Yyears, the efiect o

rotion on the intensities of X-
igig [:heoretically and experimentally. Bragg reflections (X-rays reflected
from a crystal surface) have been- discussed by Hirsch and Ramachandran
(1950). For Laue reflections (X-rays refiected through a cry_stal slab), _the
experiments of Borrmann ( 1948) have shown that the absorpn.on coefficient
is greatly reduced for X-rays incident at the Bragg angle. This fact can be
explained theoretically on the basis of the dynamical theory of X-ray reflections
has been shown by Laue (1950), Ramachandran and Kartha (1952), Hirsch
(1952) and Zachariasen (1952). Ramachandran (1952 b, unpublished) has
also worked out the integrated values for the reflected and transmitted beams
for perfect and mosaic crystals for an internal reflection. These develop-
ments suggest a new method of investigating the texture of a crystal. In
all the previous studies, which were made on reflection from the surface planes
and not from the interior, the emphasis has invariably becn on the measure-
ment of the absolute integrated reflection, as this is known, from theory to
be much larger for a mosaic crystal than for a perfect crystal. Absolute
measurements are invariably difficult and it would be preferable to have a
method :w!lereby measurements made on a single photograph could be used
for obtaining the necessary information. For instance, the angular breadth
of {he Bragg reflections could be used as an indication of the degree of per-
f;:::::hc;r;l g;zsaicitgy 4;f [h:[ crystal _(e.g., Ehrenlm:crg, E’wald and Mark, 1928;
The present ig;estigazion i:riaaeggm t?ﬁ tt? Cllmlq'ue y rﬁther .Compllcated.
been shown by Remachandran (19525 the g, SomSlemin. A
an firterns] flerfion, [ andran (1952 b), theory predicts that in the case of
of tiss chessal would’ blc ;cg:xanon of the mt_f.egrated refection with thickness
e By gl e different .fo'r mosaic aqd *perfect crystals. Conse-

' perimentally determining this variation one could judge the
texture of the crystal. In actual practice, the intensity variation i
graphically, recorded in a single photograph b mak}" e o T
shaped crystal plate, so that the thickness vari y ing use of a wedge-
full details are given in Secti M WAESS frqm top to bottom. The

ection 2. Lithium fluoride was chosen for the

stud ] ' |
Y as 1t had a conveniently low linear absorption coefficient

34 cm.™") for Cu Ka radiation. (=

L 4

2. EXPERIMENTAL DETAILS

A Sh '
carer tube with Cy target was used as the source of X-rays. Fig. |

gives a horizontal section
! of the experim -
(0°15% 3 mm.) kept close to the wie e Al arrangement. S is a slit

rays reflected by crystals has been studiéd
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made either vertical or horizontal. After passing through a series of

apertures A A, the X-ray beam fell on the crystal C, the distance between
the slit and the crystal being ‘130 cm.

The crystal used was a cleavage plate (010) of LiF and the (100) planes
used for obtaining the reflections were normal to the surface and vertical.
One face of the crystal was ground at an angle so that the wedge tapered
from bottom to top, the thickness varying from about 2 10 0-3 mm. The
crystal was mounted on a goniometer rotating about a vertical axis and the
angle through which the crystal was rotated could be read with the help of
a graduated disc. In all the experiments carried out, symmetrical internal
reflections were obtained from the 200 planes as shown in Fig. 1. The
distance of the film from the crystal was 4-0 cm. and the film was always kept
normal to the reflected beam. Photographs were taken first with the slit
vertical and they showed some interesting effects (Fig. 2 on Plate 1)
which are discussed in the next section. The outline of the Bragg ref'lec.tion
was a tapering triangle, in all cases, although peculiar intensity variations
were found inside it according to the texture of the cFystaI.. ]_"hese photo-
graphs were not suitable for the measurement of intensity variations because
of (a) the vertical spread and the consequent overlap of the elifect from
regions of varying thickness and (b) that one had t_o find the mteg_rated
intensity of a slice of the triangle parallel' to the base in ord-er to ob'otam tpe
intensity corresponding to a particular thickness. | For studying the 1nte:;131ty
variations with thickness, the slit was made hon.zontal.. The‘ Bragg rede?}
tions were obtained in the form of slightly tapering strips (.Flg. 2e) an '1t
the slit was long enough, as in the present casc, the mt_ensny. atdap)i; [:Egl
along the centre of the strip would actually repreant ;‘l;e mtigrtatemri: thuI;
for the corresponding thickness ‘of the crysta:. . g tO‘SitUI; The
obtained could be conveniently subjected to 2 m:crgp otome ;l -y ay;vedge
specimen used for the study was a plate which was first gdmu}?ot:; s were;
Both surfaces were ground on fine cmery powder and p stap
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" . h .
oed as described above using bot et
:;;:il;een was then partially etched and theﬂ f ulg ?tzgei i’;d t;heefi)l{l[; cicliad
, obtain
repeated in each case. The photograpns .\ Thes
;?eiiml;n showed that the crystal was nearly pfzrfect (iee tig;eiin;?saic by
‘ in liquid air (so as to T
crvstal was subsequently dipped In liqui : : , |
su)c(lden cooling) and photographs were taken with this specimen also

The film obtained with the horizontal slit were run through “’f 1;;?;?;
photometer and the curve so obtained was converted _mto a true tllTer i
scale by making use of standard intensity marks obtained cmf ano el
(from the same packet) by giving varying exposures .for the surface t
from the same crystal. The results are plotted in Fig. 3.
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Fig. 3. Log p — t curves. Continuous lines are drawn from

: theory, circles with
central dot represent the experimental points.

3. DiscussioN OF RESULTS

(1) Pl:lotographs with Slit Vertical—Fig. 2 on Plate I IS a typica]
reproduction (positive) of the internal reflection of the four different cases:



X-Ray Studies on the Texture of Crystals
(a) ground, (b) partially etched

3

e _ , (¢) fully etched and (d) chilled crystal. Tt
1s interesting to note that in the case of the ground crystal (@) only the edges

appear 1 the reflection without much intensity at the centre. The obvious
reason for this is that the grinding has made the two surfaces highly mosaic,
so that most of the reflection occurs in a very narrow region of thickness
close to the two surfaces. If this were 0, then the separation between the

two lines in the reflection can readily be shown to be 2t sin @ corresponding
to a thickness 7. This was in fact verified to be true.

The existence of the relatively weak reflection at the centre suggests
that the bulk of the crystal is nearly perfect. That this is really the case is
also shown by Figs. 2 (b) and (¢). In both of these, the central region is
recorded. While the edge appears with slightly larger intensity than the
interior in the partially etched crystal [Fig. 2 (b)], the edge is not at all notice-
able in the fully etched crystal [Fig. 2(c)]. In this case the entire triangle
is of fairly uniform intensity, except for local irregularities.

Finally Fig. 2 (d) which is obtained with the fully etched. crystal dipped
in liquid air, is not appreciably different from Fig. 2 (¢) opt:euned before the
chilling treatment. However, it was found that after Chlllng the abs:olute
intensity increased showing that a certain degree .Of mosaicity was intro-
duced. The surfaces of the chilled crystal was again ground and a photo-
graph was taken (not reproduced). It was observed that jche_edg'es appeared
with more intensity than the interior indicating that the llguld air treatment
did not make lithium fluoride crystal ideally mosaic but only introduced a small
amount of disorientation.

(ii) Photographs with Slit Horizontal. —The thickness intensity cu:;es
obtained for the four cases are shown in Fig. 3. The curves have beten nlls-
placed vertically so that they do not overlap. Ea.ch curve represten stoha);
the relative measurements made with a single spegmen andtlr;o ?tt szgs pas

lute intensity. Consequently,
n made to measure the abso '

?jﬁow that a curve higher up corresponds to a case which had'larferaz:.l;sgc:ggﬁ
intensity. The same symbols (a), (b), (c), (d), gs f1n th:m;:::fdlionug t;; st
. indi four cases. Beftore ‘

een used to indicate the o
?l?; e+:e§pe.rimental results, the theory of these cases has been conside

The formulz for the variation of the integrated reﬂecti(i')ln (gz x:t};gtshzl;:k-
" - Jeally mosaic and perfect crystal are (Ramachandran, -
ness for an 1 y - -
Py

F, (perfect)
opa e® {I, (kP/G) — 1 +0/ Jo (x) dx},
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where
P =ptly, k=XplXsp G= X 0,/ CX 4,

Here p is the absorption coefficient, y == COS 6?, Xo,, Xo; are the }'eal and
imaginary parts of the Fourier component of midex zero of 4 7 times t‘he
polarisability, Xz, X4 the coefficients corresponding to the (200) _reﬂf:ctlon
and C polarisation factor. For large values of P/G, as are met with in the

present study 7G J, (x) dx —1 so that the formula for the perfect crystal
0

reduces to
ppaeFly (JP), where j = CX /X,

 Making use of similar considerations we may work out the intensity
variation with thickness for a ground crystal. As was deduced in the pre-
vious section, most of the intensity is contributed only by two narrow strips
close to the two surfaces. Assuming that the strips are of uniform thickness
throughout the crystal, and that the intensity is entirely due to the X-rays
reflected from them, it is clear that the only parameter affecting the reflected
intensity, which varies with thickness, is the path #/y through the crystal.
This leads to a factor (P = ut/y) due to absorption, so that the integrated
reflection in the case is

poae".

In Fig. 3, the con_tim.lous curves are drawn from theory, while the experi-
ment§l dz}ta are indicated by points. The data are plotted on a semi-
logal:lthrmc scale, viz., log p vs. r. Taking first the ground crystal (a), theory
predicts that the points should lie on a straight line of slope — uf/y. It is
found that the points lie close to the theoretical straight line whose slope
c?lculated from the data for » and ¥ is 16-1. Thus the explanation men:
goned earlier for the origin of the edges being bright in Fig. 2 (a) is con-
rmed. The data for both partially and fully etched crystal approxi-
mate _to the curve for p,. The value of the constant j was obtained from
zﬁel;meg: as follows. “}f’ P1 and. p. are the intensities corresponding to P
rl :“ T}n palpy = e” '_.P_‘J Io (jP:)/1, (jP,) from which J can be obtainec;

b the other quantities are known. Actually the log p values f
Iosz » zzl;;i) ;) ]250217. ftior th; /fully etched crystal were used. which gazz

2)/ 1o 1) = > or jP,/jP, = 3. Usinga table 1
: of B i

'Il'l‘}l'l(:);;]hl:s re;hfces to finding the value of x for which I, (3x)TISStEL)ﬁTC5ninS
© Ol j Comes out to be 0-88. The theoretical cur‘v(} v "
es have been

e 0 -

It will i '
will be noticed that the experimental resylts with the fully etched cryst l
rysta
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(c) fall very close to the theoretical curve indicating that the crystal is nearly

perfect in structure. Those with the partiall -
. y etched crystal (b) d
from theory. This is to be expected. ystal (b) deviate

‘ As has becrf pointed out by Ramachandran (1952), the study of the
Integrated reﬂt?ctlon of a perfect crystal using internal reflections gives one
an idea of the imaginary component (X,;,) of the structure factor. In our case
we have found j = 0-88 from experiment. It is Interesting to compare this
with what is to be expected from the theory of Honl (1933) regarding the
anomalous dispersion of X-rays. Writing / to be total atomic scattering
factor for frequency w,, then f=fo+ Af' +iAf", where f, is the
atomic scattering factor for frequencies high in comparison with any atomic
absorption frequency and is independent of incident frequency, while Af”’
and Af” are the real and imaginary parts of f that depend on frequency.
Considering Af" in which we are primarily concerned the contribution to this
by all the other elctrons except the k-electrons is negligible at the frequencies
usually used for crystal analysis. Also, for small sin 8/, the contribution
of the k-electrons is not likely to vary appreciably. Consequently Af” is
practically a constant independent of fsin 6/A). Further in LiF, both the
structure amplhitudes Fgeo and Fago are equal to 4f,; + 4/ so that one thus
obtains X, = X,; for the 200 reflection of LiF. Hence j= Cx/r, = C.
The polarisation factor is equal to 1 for perpendicular component .'.—{n'd
0-71 (cos 29 for the parallel component, so that the mean value for j 1s
0-85. This agrees well with the experimentally dedu.ced value of 0-88.
thus verifying the correctness of the theoretical deductions made from the

dynamical theory of Ewald by Ramachandran.

Considering lastly the chiiled crystal, the points do not lie close to the
theoretical curve. This again agress with what was deduced from the

photographs obtained with a vertical slit, namely that the crystal is partially

mosaic. | |
4. CONCLUDING REMARKS

fers a new method of determining the

herwise of a crystal. Unlike the various metﬁods ‘suggested
etk fection in this method occurs in the interior of the
idea of the degree of perfection of the crystgl as a
face layers alone. Another great advantage is that

ve | 1t a single photo-
nly on relative intensities on
m aments need be made o i B
- 1‘16::1&::1r no absolute measurements arc necessary. It woulc:) et;: woa?e
grl?'? tan «tend these studies to other crystals and attempts are g m
while to ¢

in this direction.

The present investigation thus o

perfection
earlier, the bulk of the re

whole and not of the sur
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