15. 5, 1967

Contribution to the X-Ray Diffraction Methods
for Precision Determinations of Polycrystal
Lattice Parameters

The purpose of our present study was to establish the
effect of local film shrinkage on the accuracy of the lattice
parameter determinations using the peak, line-width mid-
point and centroid points of the X-ray diffraction line
profile on the photometrical curve, and also to point out
that it is advisable to employ, in the case of photographic
recording tool, the radiation wave-lengths corresponding
to the line-width mid-point and centroid of the incident
Spectral distribution in the lattice parameter calculations
from line-width mid-point and centroid of photometrical
line profile, instead of commonly used in such calculations
Peak wave-lengths.

(1) Examination of X-ray film shrinkage. As is known,
the non-uniform film shrinkage when processed yields an
essential error in precision determinations of lattice para-
meters3, The use of the local shrinkage factor ¢; makes it
Possible to reduce considerably errors as compared to
those obtained when using the mean film shrinkage
factor o, ,,.

We examined the variations of the film shrinkage
factor along the length of a film strip. For this purposc,
the fiducial marks were scratched along the equatorial
line of the film strip and also along the line parallel to it
and 2 mm distant from the strip edge, using a special
slitted pattern-rule. The spacings between the fiducial
marks symmetrical about the central hole of the film
were measured using comparator ISA-2 with accuracy of
0.005 mm, by the red light. Each film strip was measured
3 times. All the measurements before film processing
were performed at a time, the temperature variations
when measuring not exceeding 0.5°C. All the films were
Processed simultanecusly. A portion of the films was
dried after 5 min water rinsing and the rest after 1 h
rinsing. The films dried, the spacings between the fiducial
marks were measured at the same temperature as before
film processing.

The analysis of the experimental data obtained indi-
cated the absence of any regularity in the film shrinkage
variations along the strip. Also, the values of shrinkage
factors determined along the film strip equatorial line
are not the same as those determined along the strip
near its edge for equal spacings between the fiducial
marks. The rinsing time affects the film shrinkage factor
as well,

The data obtained make it evident that any averaging
in the film shrinkage factor determinations are inadmis-
sible because the film shrinkage variations along the film
Strip are not regular and may be affected by many
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random factors, in particular by changes in the film
processing conditions. Therefore, in precision determina-
tions of the lattice parameters it is necessary to establish
the local shrinkage factors, that is the shrinkage factors
for each particular Debye ring and not for the given
X-ray photograph as a whole, the measurements being
made strictly along the film strip equatorial line. This
last condition is not taken into account int,

{2} Determination of local shrinkage factors on X-ray
diffraction photographs. A special device (Figure) was
constructed for the determination of the local shrinkage
factors on X-ray diffraction photographs. 2 films — one
processed and the other unprocessed before the exposure
— are placed together into the groove made in the cover?®.
Pinholes serving as fiducial marks are pierced by means
of a pin (2) of 0.08 mm diameter near the Debye rings of
substance under investigation in such a way that the
spacing between one pair of marks (inside) be a little less
and that between the second pair (outside) a little greater
than the Debye ring diameter, the work being carried
out by the dark-red light. The spacings between the
marks are measured on a processed film using the com-
parator, at the temperature the film was exposed in the
X-ray camera. The spacings between the corresponding
marks on the second film after its exposure, processing
and drying should be measured at the same temperature.
The comparison is made in Table I of the aluminium
lattice parameters calculated from X-ray diffraction
photographs taken with CuX-radiation employing both
the local and the average film shrinkage factors. The data
show that in all the cases the standard deviations are
greater for the parameters calculated with the average
film shrinkage factor than for those calculated with the
local one, the differences between parameters determined
by the above 2 methods being greater at middle & angles
than at high ones {see Table I, No. 1, 5, 9 for 422 ¢, and
No. 4, 8, 12 for 333 o).

(3) Determination of the cristalline lattice parameters
using the different points of the X-ray diffraction line
profile on the photometrical curve. As mentioned above,
3 methods of lattice parameter estimations are compared:
from the positions of the peak, line-width mid-point and
centroid of the X-ray diffraction line profile on the photo-
metrical curve using the wave-lengths corresponding to

1 Wave-lengths corresponding to the incident spectral distribution
centroid have been employed, for example, in 2 for the diffracto-
meter method of X-ray diffraction pattern recording.

2 J. Tavror, M, MAck and W. GarrisH, Acta Cryst. 77, 1229 (1964).

# M. E. STRAUMANIS, Acta Cryst, 73, 818 (1960).

4 F. 1. Bocukagv, Zav, Lab. 5, 591 (1965).
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Table I.
No.  hki 1 1" Gloc 6° aA Aa ! I Ga g A da

1 422 a4 127.590 127.721 68.760 4.04858 0.00001 127.590 127.682 68.766 404828 0.0001g
2. 422 oy 125,402 125.532 69.124 4.04862 0.00003 125.402 125.492 69,131 4.04843  0.00003
3 333 ey 52.073 52,123 81.332 404858 0.00001 52.673 52,110 81.334 404856 0.0001g
4 333 o 46.108 46.164 82,323 4.04860 0.00001 46,108 46.141 82,327 4,04856  0.0001g

a = 4.04859 1 0.00002 a = 4.04846 -1 0.00013

Goorr = 4.04862 4 0.00002 Acorr = 4.04849 -+ 0.00013

red = 4.04925 L 0.00002 Greq = 404612 + 0.00013
5 422 ¢, 127.601 127.733 68.753 4.04855 0.00007 127.601 127.693 68.765 404836  0.00014
6 - 422 oy 125.372 125.502 69.129 4.04865 (.00003 125.372 125.462 69.136 4.04845  0.00005
7 333y 52.091 52.141 81.329 4.04866 0.00004 52.091 52,128 81.331 4.04864  0.00014
8 333 oty 46,011 46.067 82.339 4.04861 0.00001 46,011 46.044 82.343 4,04856  0,00006

a = 4.04863 + 0.00005 a = 4.04850 -+ 0.00012

agerr = 4.04865 L+ 0.00005 Beors = 4.04853 L 0.00012

Greq = 4.04928 - 0.00005 pgy = 4.04916 -+ 0.00012
g 4220, 127.673 127.805 068.746 4.04893 0.00011 127.673 127.765 68,753 4.04874  0.00003
10 422004 125,384 125.514 69.127 4.04870 0.00012 125.384 125.474 69.134 4.04851  0.00020
11 333, 52.163 52.213 81,317 4.04884 0.00002 52.163 52,201 81.318 4,04882 0.00011
12 333, 46.132 46.188 82.319 4.04881 0.00001 46.132 46.165 82.323 404878  0.00007

a = 4.04882 4 0.0000%
Geory = 4.04885 £ 0.00009
req = 4.04948 £ 0.00009

a = 4,04871 -+ 0.00014
Reorr = 4.04874 - 0.00014
Qreq = 4.04937 -4- 0.00014

gy = 1.00072, 6y = 1.00103, 0, = 1.00104, 0, = 1.00096, 04 = 1. 00122, ¢ = 19°C

the equivalent points of the incident spectral distribution
employed.

X-ray diffraction patterns were obtained from 99.99 9%,
purity aluminium powder. During preparation and
exposure of the samples, precautions were taken to
minimize the effect of the factors distorting the X-ray
diffraction line profile such as the block size, the lattice
parameter variations$, instrumental factors etc. The
aluminium powder was recristallization-annealed for 1 h
at 350°C with subsequent cooling in the furnace.

X-ray powder photographs were taken with CuK,-
radiation and a Preston-type powder camera RKF-86
of 86.15 mm diameter having the beam-limiting aperture
0.2 + 3 mm. The X-ray unit URS-70 with the tube BSV-2
was used operating at the 35 kV voltage and 18 mA
current intensity. The tube focus-to-specimen distance
was 160 mm. The specimens were prepared by coating a
layer of aluminium powder on a strip of paper with a
small amount of an adhesive and clamped in place so that
they accurately fit the cylindrical surface of the X-ray
camera (i.e. the focusing circumference).

Fiducial marks were pierced on the films before
exposure in the way deseribed in section (2).

X-ray powder photographs after film processing and
drying were measured on the microdensitometer MPh-4
having logarithmical converter and automatic strip-chart
recorder type EPP-30M2. The microdensitometer carriage
motion rate was chosen minimal and that of the strip
chart was 9600 mm/h. The density maxima corresponding
to the X-ray diffraction lines were recorded on the dia-
gram chart together with the fiducial marks density peaks.

The spacings between the pin-marks on the X-ray
diffraction photograph were measured on the comparator
immediately after microdensitometer photographic den-
sity measuring to avoid the possible film temperature
variations. Each photograph was measured 5 times. The
spacings on the diagram chart were measured with sliding
calipers to an accuracy of 0.1 mm.

To determine the Debye ring diameters, to the spacings
between inside pin-marks on the photograph were added

the distances {rom a pin-mark to one or another point
selected on the diffraction line profile peak, line-width
mid-point or centroid, measured on the diagram chart
and converted into the photograph distances by appro-
priate calculation®. I.ocal conversion scale factors esti-
mated from the spacings between the pin-marks located
on either side of the doublet were used for both doublet
positions {on each side of the central hole of the film).

As a peak-point of diffraction line profile, an intercept
was taken of the diagram chart line profile with the
straight line that passes through the mid-points of chords
traced parallel to the background line. Tracing the back-
ground line, the amount of doublet separation was taken
into account: with a sufficiently separated doublet, the
background lines for each doublet component were
traced and with a close doublet the common background
line for both components was traced.

The diagram chart linc profile centroid position was
determined from the well-known formula

Z"‘I,' Xi
Xc - 1=1n
2
1=1

where X is an abscissa of the elementary interval cen-
troid and I; is its ordinate. The number of intervals, #,
was chosen between 30 and 35.

The CuK-radiation wave-lengths used in lattice para-
meter calculations from the line profile peak were taken
from 7.

To obtain the wave-lengths corresponding to the mid-
point and centroid of spectral distribution employed, the

’

5 G. V. Davypov, G. F. BeLvaEva and P. DZEKANOVSKAYA, Phys.
Stat. Sol. 72, K 29 {1965).

¢ Ja. M. GOLOVCHINER, Zav. Lab. 6, 710 (1964),

7L, I, MirkiN, Spravotchnik po rentgenostrukturnomu analizu
polikristallov, F.M.L. (1961),
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Table IT
No. Line-peak Line-width mid-point Centroid
kRl Gos alk Aa 6° alA Aa 6° ak Aa

1 422 oy 68.752 4.04867 0.00003 68.748 4.04883 0.00003 68.747 4.048911 0.00010
2 422 oty 69.122 4.04868 0.00004 69,122 4.04883 0.00003 69.127 4,04870 0.00009
3 333 oy 81.331 4.04859 0.00005 81.324 4,04872 0.00008 81.316 4.04885 0.00004
4 333 0y 82.323 4.04860 0.00004 82,318 4.04880 0.00000 82.320 4.04878 0.00003

@ = 4.04864 -+ 0.00004
Agory = 4.04867 4 0.00004
Breq = 4.04930 4 0.00004°

a = 4.04880 -+ 0.00005
Acorr = 4.04883 + 0.00005
Apeq = 4.04945 - 0.00005

a = 4.04881 4 0.00008
cory = 404884 + 0,00008
peg = 4.04947 4 0.00008

® The B-angle values are the arithmetic means determined from 4 X-ray photographs. * Temperature during exposure ¢ = 19°C,

spectral distribution curve was approximated as a triangle Table III.
having the altitude I,,. One obtains from the triangle
the relations: No.kkl  ©° Line-width Centroid
Ai(y-1 mid point
Agyp = 1p + __i?._..__l_ s .
2{y+1) aA da 2] aA da
24i(y-1
e = dp + —~—§--~Q}—~1—) N 1. 422¢, 68.748 4.04878 0.00009 68.747 4.04880 0.00012
o+ ) 2. 4224, 69.122 4.04868 0.00001 68.127 4.04854 0.00014
where Jap is the line-width mid-point wave-length, i is 3. 333w, 81.324 4.04866 0.00003 81.316 4.04874 0.00006
. o . 4, 3330, 82.318 4,04864 0.00005 82.320 4.04863 0.00005
the centroid wave-length of spectral distribution employed,
41 is spectral line breadth, and y is asymmetry index®. a = 4.04869 -4 0.00006 a = 4.04868 4 0.00012
The following wave-lengths were calculated from the Boopy = 404872 4 0.00006  a,,, = 4.04871 -+ 0.00012

above formulae:
Aaya, = 1.54053A, A,y = 1.544394, A4 = 1.540544,
Aoy = 1.54441A .

The errors due to the oblique incidence of rays on the
film and those due to specimen absorption were eliminated
by the proper relative positions of the film and specimen
in the camera®.

The vertical and horizontal divergence corrections were
not employed, believing that with the instrumental ge-
ometry chosen they can be neglected 0.

The correction of lattice parameters for refraction and
their reduction to the temperature 25°C were made by
the formulae

Gpurr = @ (1 + &),
Gred = Georr [1 + & (250 - 8],

where § = I — R, R is the refractive index, # is the
temperature of exposure; o is the coefficient of thermal
expansion.

The lattice parameters calculated by use of the 3 above
methods are given in Table II. The comparison of the
data obtained by different methods show that the para-
meter values estimated from the X-ray line breadth mid-
point precisely coincides with those estimated from line
centroid, whereas the parameters estimated from the line
peak differ considerably from the centroid parameters.

It should be noted that the aluminium lattice para-
meter calculated in the present work from the diagram
chart line profile centroid with the use of corresponding
wave-length and with due regard for local film shrinkage
was consistent with the value obtained in ! accurate to
0.00004.

The lattice parameter values estimated from centroid
and line-width mid-point of diffraction line profile but
with the use of the wave-length corresponding to the
Spectral distribution peak are listed in Table III. As is
evident from these data, in this case as well, the para-

@,y = 4.04935 £ 0.00006 @, = 4.04934 £ 0,00012

meters estimated by the above 2 methods coincide
precisely. However the parameter values from Table II1
differ considerably from those from Table II. Moreover,
the standard deviations for the lattice parameter values
given in Table IIT are somewhat greater than those in
Table I1.

In conclusion, it should be noted that, with the use of
the technique outlined in the present article, the X-ray
diffraction method with photographic film records makes
it possible to determine the lattice parameters of poly-
crystals to the sufficient accuracy employing relatively
simple and not tedious calculations?2,

Buisoast. Jan cnocoG onpefeneHust JOKansHoro koahgu-
UMEHTA YCAlKu PEHTIEHOBCKOH IUTIEHKH. 3KCIepUMEHTANbHO
COMIOCTABEHBl TP cniocofa OmpelefeHUst MapameTpoB: MO
MAKCHMYMY, 110 CepeAMHEe INHPHHBI M MO LEHTPY THMKEeCTH
(oTomerpryeckoi kpusoi. [1py 3ToM U151 pacyera napameTpoB
NPHMEHANNCE BEYNCISHHbIe HamMu 2Rk 8ot CuK-nanyye-
HUSA, COOTBETCTBYIOUIME CEPEAHHE IMPUHEL B LIEHTPY TSHKECTH
KPHBOHl CIIEKTPAILHOr0 PACHpeae/ICHUA,
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