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CU Kp X-RA Y POWDER DIFFRACTION PATTERNS 

RESOLUTION INCREASE 

Riassunto - Aumento della risoluzione di difrattogrammi di polveri a raggi x 
con radiazione CuKp. La risoluzione di un diffrattogramma di polveri a raggi x può 
essere aumentata eliminando gli effetti strumentali dai profili dei picchi. La funzione 
strumentale è stata determinata sperimentalmente usando un campione di polvere 
«standard" privo di difetti reticolari. È stato usato come standard un campione di 
silicio ed alcuni profili di sostanze cristalline sono stati rappresentati mediante la 
convoluzione della funzione del picco del silicio con una lorentziana. Il metodo viene 
usato per risolvere alcuni riflessi sovrapposti. 

Abstract - A resolution improvement of the x-ray powder diffractometer pat
tern may be obtained removing the in strumentai effects from the peak profiles. The 
instrumental function was determined experimentally through a «standard" powder 
sample free from line broadening causes. A silicon specimen was used ~s standard 
and several CuKp crystalline phases peak profiles were fitted by a convolution of 
the silicon peak function and a lorentzian curve. The first attempts to resolve overlap
ping reflections give much better results than one could expect from usual procedures. 

Key words - X-ray Powder Diffraction Pattern, Resolution Increase, Convolu
tion, Profile Fitting, Standard Sample Method. 

INTRODUCTION 

In the last few years several attempts have been made to im
prove the information obtainable from x-ray powder diffraction 
patterns. 
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The aim of this research is to implement on a personal com
puter (Olivetti P 6066) a profile fitting method for an accurate deter
mination of peak positions and integrated intensities. The method 
(HUANG and PARRISH, 1975; G. WILL et alo, 1983) allows to remove 
the effects of the apparatus geometry and of x-ray line distribution 
in order to enhance the resolution, as well as, to quantify the physical 
properties of crystalline powdered samples as the size of crystalline 
coherent domains, the distribution of crystallite size, the nature and 
extent of lattice imperfections. 

A mathematical approach to determine instrumental aberrations 
turns out to be very difficult in routine x-ray powder diffraction 
analysis. To evaluate instrumental function experimentally it should 
be sufficient to have a well crystallized substance whose peaks are 
free from broadening causes like the ones deriving from the physical 
characteristics of the powder sample. In this case the peak profile 
function represents a good approximation of instrumental effects. 

Using a silicon powder as a standard, the peak profiles of some 
crystalline substances (quartz and fluorite) were represented by the 
convolution of the silicon peak function with a lorentzian curve. 

METHOD 

The observed powder diffraction peak profile can be expressed, 
according to D. TOUPIN (1973), as the convolution: 

Y (2 t?) = A (2 t?) * S (2 t?) (1) 

where A represents the instrumental function and S the actual dif
fraction effect of the powder sample. 

The function A, as a whole, is not dependent on the specimen, 
so we may valuate it experimentally using as a standard a well 
crystallized powder sample, free from strains and other broadening 
causes; KLUG and ALEXANDER (1974). In this case the function S is 
compatible with the identity in the convolution and the peak profile 
is determined only by the function: 

Y (2 t?) = A (2 t?) (2) 

To select a standard powder sample we have represented the 
Cu ~ peak profile of some well crystallized substances as silicon, 
quartz, and fluorite by semiempirical functions, BERTI CARRARA LEONI 
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(1984); it turns out that the half width at half maximum (HWHM) 
of the calculated profiles is related to the Bragg angle by: 

a (2 tJ) = k + k1tgtJ (3) 

where k changes with the diffractometer geometry (different slits 
etc.), while k1 seems slowly dependent on the sample and decreases 
from fluorite to silicon (Fig. 1). 
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Fig. 1 - Silicon, quartz and fluorite FWHM values plotted agaist the tgt?, solid lines 
are computed by the equation: FWHM = k + k l tgt? 

This suggests a method to derive the instrumental and the ac
tual diffraction effects separately using the silicon as a «standard» 
specimen. In fact for crystalline phases as silicon the experimental 
peak profiles can be expressed by the semplified representation: 

Y (2 tJ) = A (2 tJ) + B 

where B is the background. 

• 
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EXPERIMENT 

The intensity of the peak profiles were measured by a PW 1730 
Philips automatic X-ray diffractometer on line with a personal com
puter Olivetti P 6066. The apparatus was equipped by a graphite 
ANR 2-202 GVW 7038 focusing monochromator. The operating con
ditions during the measurements were as follows: broad focus Cu 
X-ray tube supplied by 40 Kv-20 mA (take off angle 6° with a focal 
spot dimension of 0,2 x 12 mm); the divergence slits of 1 ° and 4° 
width were used in the 2 lJ regions 18° -;.. 74° and > 74° respective
ly; the focusing slit 0.2 mm. wide. The counting time was chosen 
in such a way to have statistical counting errors smaller than 2.5% 
on the maximum of each peak. 

Crystal fragment of quartz, fluorite and synthetic powdered 
silicon (BHD silicon of the British Drug Houses L.T. chemical divi
sion) were used. 

AlI the samples were placed in the agate mortar and ground 
by hand with an agate pestle until final traces of grittness had disap
peared. Powder sample with a granulometry < lO Il- were selected 
for silicon and quartz by decanting the powder in distilled water. 

To test the method, two diffraction peaks of fluorite (311, 531) 
were studied using silicon as standard. In order to semplify the 
calculation we chose to represent approximatively the silicon peak 
profiles by a single lorentzian curve. So each fluorite profile was 
mathematically represented by a convolution of two lorentzian curves: 

Y (2 O) A*S + B (4) 

where the lA and Is are proportional to the integrated intensities; 
UA' Us the half widths to half maximum and 2 lJM 2 lJs the peak 
positions of the lorentzian curves. The parameters were adjusted 
by a least-square fitting method using 101 experimental points and 
minimizing the quantity X2 = 1:i Wi (IObs'i - Icaly where W i = lIIobs'i 
is the statistical weigth. The starting values of the parameters were 
chosen as folIows: the product lA . Is and 2 {JA = 2 lJs are the max
imum and the position of the experimental peak respectively, Us is 
the value U - UA where U is the fluorite HWHM manualIy determin-
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ed from experimental peak and (fA the HWHM of a silicon peak 
profile in the same angular region collected with the same measure 
setting. The parameter B may be independently determined from 
intensity measurements at ± 1 ° from the maximum of each peaks 
and linearly interpolated in this range. 

The figures 2, 3, 4a, and 5a show the best fitting of the ex
perimental 311, 531 silicon and fluorite peak profiles; figures 4b and 
5b show the contribution of S to the calculated fluorite profiles in (4). 

At low angle (2 () = 25°) S function vanishes in the fluorite 
representation by equation (1) and the peak profiles are compatible 
with instrumental shape; see figures 6a and 6b for 111 silicon and 
fluorite profiles which appear to be undiscernible. 

The results were applied a) to increase the resolution of a 
powder diffraction pattern using an artificial mixture consisting of 
silicon and fluorite (43.9% and 56.1 % of the total weight, respective
ly) see figures 7 and 8; and b) to resolve overlapping profiles of 
quartz in the angular region around 60 degrees see figures 9. In 
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Fig. 2 - Silicon 311 profile used to determine the instrumental function A: experimen
tal points (crosses) and solid curve computed from profile fitting. X2 = 555. 
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Fig. 3 - Silicon 531 profile used to determine the instrumental function A: experimen
tal points (crosses) and solid curve computed from profile fitting. X2 = 170. 

the last case an accurate determination of 203, 031 quartz peaks 
is very difficult by usual procedures. An estimate of the increased 
resolution may be extracted from the following table: 

Peaks 

212 

203 

031 

Theoretical Bragg angle 
and intensity (*) 

2 {} 1/1212 

60.48 

60.83 

60.98 

1.33 

0.83 

Bragg angle and intensities 
determined by this method 

2 {} IIlm 

60.48 

60.84 

60.98 

1.23 

0.92 

(*) BORG I.Y., SMITH D.K. (1969) pago 741 and PARRISH W., MACK M. (1963). 

CONCLUSIONS: 

The method of profile fitting implemented on a personal com
puter and using a silicon specimen as a standard produces good 
results. 
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Fig. 4 a - FIorite 311 profile: experimental points (crosses) and solid curve computed 
from profile fitting (A *S convolution). X2 = 491. 
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Fig. 4 b - Fluorite 311 depurated profile estimate. 
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Fig. 5 a - Fluorite 531 profile: experimental points (crosses) and solid curve computed 
from profile fitting (A *S convolution). X2 = 125. 

I 

1000 

o 
97.45 

x 
x 

XX 
x x 

x x 
x 

x 

x 

97.75 98.05 

Fig. 5 b - Fluorite 311 depurated profile estimate. 
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Fig. 6 a - Silicon 111 profile experimental points. 
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Fig. 6 b - Fluorite 111 profile experimental points. 
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Fig. 7 - Silicon and Fluorite mixture; (a) overlapping profiles in the 2 " region around 
50 degree: experimental points (crosses) and solid curve computed from profile 
fitting. Xl = 262; (h) depura ted profiles estimate. 
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Fig. 8 - Silicon and Fluorite mixture overlapping profiles in the 2 {} region around 
98 degree: (a) experimental points (crosses) and solid curve computed from pro
file fitting. X2 = 111; (b) depurated profiles estimate. 
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Fig. 9 - Quartz overlapping profiles (212, 203, 031): (a) experimental points (crosses) 
and solid curves computed from profile fitting. X2 = 145; (b) depurated pro
files estimate. 
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The knowledge of instrumental function A is very helpful in 
resolving overlapping profiles. The resolution is greater than the dif
fractometer pattern so to exploit the full potentialities of powder 
diffraction methods bettero Further developments of this research 
require extreme care in the standard specimen selection. 
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