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PEAK SHAPE STUDY IN X-RAY POWDER DIFFRACTOMETRY 

Riassunto - Studio dei profili dei picchi in diffrattometria di polvere a raggi-X. 
I profili di diffrazione di alcuni riflessi del silicio metallico (radiazione Cu Kp) rac­
colti con un diffrattometro di polvere, sono stati rappresentati utilizzando tre diversi 
modelli matematici: (a) somma di tre Lorentziane; (b) somma di una Gaussiana e 
due esponenziali; (c) somma di una Gaussiana e due Lorentziane. 

Nella regione angolare compresa tra 20° e 100° (2 0) ed in particolare per valori 
angolari < 50° il modello (b) sembra essere più adatto a rappresentare il profilo 
di un picco di diffrazione. Il modello (b) è stato usato per rappresentare i profili 
dei riflessi di altre sostanze cristalline come galena, fluorite, e quarzo con diverse 
granulometrie. 

Per quarzo, fluorite e silicio, nell'intervallo 20° -;- 100° (2 0) i valori di FWHM 
(larghezza a metà altezza dei picchi) variano linearmente con la tangente dell'angolo 
di Bragg; tra queste sostanze il silicio è quella che presenta un minore incremento 
dei valori di FWHM all'aumentare dell'angolo di Bragg. 

I valori di FWHM per i picchi del quarzo con differente granulometria mostrano 
sistematici incrementi per granulometrie < 2 1-'-. 

Abstract - Silicon Cu K~ X-ray powder diffraction profiles have been 
represented using three different analytical models: (a) sum of three Lorentzians; 
(h) sum of a Gaussian and two exponentials; (c) sum of a Gaussian and two Lorentzians. 

Model (b), mathematically less simple, seems to be more accurate than the other 
ones for peak profiles representation, particularly at 2 0 < 50°. Model (b) was al so 
used to represent peak profiles of fluorite, galena and quartz oJ different granulometry. 

For quartz, fluorite and silicon the peak FWHM (full width at half maximum) 
values calculated using the model (bl change linearly with the tg 0 (the Bragg angle); 
among these substances, silicon shows a minor increase of FWHM values. 

Peak FWHM values for quartz of different granulometry show small but systematic 
broadening effects for grain size < 2 1-'-. 

Key words - X-rays powder diffractometry, Cu Kp peak profiles, FWHM -
Bragg's angle relationship. 
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INTRODUCTION 

The single Lorentzian or Gaussian is generally not recognized 
to be an adequate analytical description of the peak shape in X-ray 
powder diffractometry. MALMROS and THOMAS (1977) and YOUNG et 
al. (1977) showed that the peak profile may be approximated by a 
modified Lorenz function. CATTAX and Cox (1977) introduced an in­
termediate Lorentz function to represent silicon Cu ~ reflections. 
Satisfactory analytical descriptions of line profile shape were also 
obtained by the convolution of suitable functions (KLUG and ALEX­
ANDER, 1974) or more simply overlapping several Lorentzians (TAUPIN, 
1973; PARRISH et al., 1983), Gaussian and two exponentials (BERTI et 
al., 1984). This paper reports on the representation, using a personal 
computer program, of the 111 , 220, 311, 400, 422 and 531 Cu Kp 
peak profiles of silicon according to three different mathematical 
models: a) sum of three Lorentzians; b) sum of a Gaussian and two 
exponentials; c) sum of a Gaussian and two Lorentzians. Model b) 
was used to represent Cu Kp peak profiles of other crystalline 
substances: fluorite (111,220, 311,422,531 reflections), quartz (101 , 
112,213 reflections) and galena (111,200,311,422 reflections). The 
relationship between the Bragg angle and the FWHM (full width at 
half maximum) of quartz, silicon and fluorite peaks and also the 
dependence of FWHM on the powder grain size (far quartz samples) 
were investigated. 

SPECIMEN PREPARATIONS 

Crystal fragments of quartz, fluorite, galena and powdered 
silicon (BDH silicon of the British Drug House Ltd Chemical Divi­
sion) were used. Each sample was placed in the agata mortar and 
hand-ground with an agata pestI e until final traces of grittiness had 
disappeared. Powder samples with granulometry < lO [L were 
selected for silicon, quartz and fluorite by decanting the powder in 
distilled water; for quartz, powder samples with granulometry < 
32 [L, < 16 [L and < 2 [L were also selected. 

No granulometric control was performed on the galena sample; 
galena was chosen because it underwent mechanical deformations 
on grounding which may be partially readsorbed by heating. This 
made it possible to verify the proposed mathematical representa-
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tions also on peaks more or less affected by lattice distortion 
broadening. 

MEASUREMENT OPERATING CONDITIONS 

The diffraction peak intensities were measured by a PW 1730 
Philips automatic X-ray diffractometer on line with an Olivetti P 
6066 personal computer which was also used for data processing. 
The diffractometer was equipped with a graphite AMR 3-202 GVW 
7038 focusing monochromator. The operating conditions during the 
measurements were as follows : 

- broad focus eu X-ray tube supplied by 40 KV-20 mA; K~ 

radiation 
- take-off angle 6° with a focal spot dimension of 0.2 x 12 mm 
- divergence and scatter slits 1 ° and 4° wide in the 2 8 region 

18° -;- 74° and > 74° respectively; the geometry of the diffractometer 
includes Soller slits 

- focusing sIit 0.02 mm wide. 
Each reflection was collected sampIing 2.00° (2 8) wide range 

with a scanning step of 0.02°. The counting time was chosen in such 
a way as to have a statistical counting error smaller than 2.5% on 
the maximum of each peak. 

PEAK-PROFILE FUNCTIONS 

Three different representations were used to represent 
mathematically the peak profiles: 

a) Sum of three Lorentzian curves (3 L representation) 

Y (28) 
3 Iicrt 

Ti crf + (28 - 28i)2 
+B (1) 

where t, cri and 2 8 i are the maximum intensity value, the half 
width at half maximum and the angular position respectively of the 
« • .iesima» lorentzian. 

b) Sum of a Gaussian and exponential curves (G2E representa­
tion) 
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Y (2E» = IG e-(2e-2eG)2/d2 + le-bI2e·hl + B (2) 

IG, d and 2 E>G are the maximum intensity value, half width at half 
maximum and the peak position of the gaussian; I and h represents 
the maximum value of the exponential curves and their position 
respectively. Equation 2 differs from that proposed by BERTI et al. 
(1984) since the exponentials are cut at 2 E> value of the maximum 
of the gaussian function. 

c) Sum of a gaussian and two lorentzian curves (G2L represen­
tation). 

Y(2E> (3) 

Symbols as in equations (1) and (2). 
For each representation the nine parameters were calculated 

by a best fitting procedure minimizing the function: 

where Y (2 E>;)o and Y (2 E>;)c are the observed and calculated in­
tensity values respectively, W; = l!Y (2 E>;)o the statistic weight 
associated with each observed intensity value and n the measured 
points number. 

The background B was measured at ± 10 from the maximum 
of each peak and linearly interpolated in this range. Figures 1 (a, 
b, c), 2 (a, b, c) and 3 (a, b, c) show the 111, 311 and 531 peak pro­
files of silicon respectively (in each figure the labels a, band c mark 
in order the model (3L), (G2E) and (G2L)); the functions used to 
describe the peak profiles together with the observed and calculated 
line profiles are also sketched. Table 1 lists the parameter values 
for each model adjusted by the least square fit procedure. 

In Table 2, for the silicon 111,220,311,400,422 and 531 reflec­
tions the maximum intensity, the 2 E> position of the maximum and 
the FWHF values resulting from the calculated diffraction profiles 
are given. 

Figures 1, 2, 3 and the parameter values reported in table 1 
show that the proposed mathematical representations are equivalent; 
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Fig. 1 - Silicon 111 reflection; observed (crosses) and calculated (continue lines) peak 
profile together with the pure utilized functions. (a), (b) and (c) pictures refer 
to (3L), (G2E) and (G2L) representations respectively. 
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Fig. 2 - Silicon 311 reflection; observed (cross es) and calculated (continue lines) pea k 
profile together with the pure utilized functions . (a), (b) and (c) as in fig. 1. 
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Fig. 3 - Silicon 531 reflection; observed (crosses) and càlculated (continue lines) peak 
profile together with the pure utilized functions. (a), (h) and (c) as in fig. 1. 
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in fact peak profiles may be described in each modei by the sum 
of a symmetric centraI function (Gaussian or Lorentzian), whose in­
tegraI is generally more than 70% of the experimentai peak area, 
and two Iaterai functions representing the peak tails . 

At 2 e values dose to 90° a single Lorentzian function seems 
to be sufficient to represent peak profiles as shown in Fig. 4 which 
pictures the silicon 531 peak profile obtained by using a single Lorent­
ziano This suggests that at 2 e near 90° three Lorentz functions (3L 
model) appear to be redundant; Fig. 3a shows only one of severai 
possibie cases . 

.: 1 
" . i 1 

I \ 

t 
i 

I 
98.52 
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i 
f 
\ 

98~72 

Fig. 4 - Silicon 531 reflection. Peak profile obtained using a single Lorentzian (X2 

= 190, number of points 101). 

The intensity, 2 e and FWHM values of the silicon peaks (Tabie 
2) computed according to the three representations prove to be 
simiIar; however, a comparison of X2 values shows that modei G2E 
is more satisfactory than the others, particuIarly at low values of 
2 e « 50°)_ 

Model G2E was used to represent the peak profiles of some 
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fluorite quartz and galena reflections too. Table 3 reports the 
calculated intensity, 2 e and FWHF values of such reflections 
together with the X2 values. 

Four series of data for quartz are presented; the first series 
refers to powder samples with a grain size < 2 [L, the second, third 
and fourth ones to powder samples with a grain size < lO, < 16 
and < 32 [L respectively. Fig. 5 (a and b) shows the galena peak 
profiles before and after heating at 250 0 C far 16 h. 

1111 1 

Fig. 5 - Galena 111 reflection. Peak profiles resulting from G2E representation. (a) 
and (h) pictures refer to galena samples hefore and after heating the powder 
at 250 0 C for 16 h respectively. 
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FWHM - BRAGG'S ANGLE RELATIONSHIP 

For silicon, quartz and fluorite it turns out that the peak FWHM 
values calculated using the G2E function in the 2 E> range of 20° 
-;- 100°, are related to Bragg's angle by: 

FWHM = K + K'tgE> 

For these substances the peak FWHM values against the tgE> 
are plotted in Fig. 6; values of K and K' computed by a least square 
method are al so reported; K assume almost the same value for all 
the studi ed substances (its value presumably depending on the dif­
fractometry geometry), while the K' value seems to vary decreasing 
from fluorite to silicon. 
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0 .5 tg€l 

K :: 11.02 
KJ :: 9 .82 
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Owing to the presence of lattice-deformation broadening, peak 
FWHM values of natural galena show an irregular behaviour; 
however, after heating, FWHM values tend to change linearly with 
the Bragg angle for this substance as well. 
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FWHM values calculated on quartz powders of < 32 fJ. and < 
16 fJ. are very similar one to each other and somewhat smaller than 
those calculated on quartz powder < lO fJ. and < 2 fJ., the increase 
of FWHM values being systematic on quartz powder of < 2 fJ.. 

Thus FWHM of quartz peaks seem to suggest that peak broaden­
ing due to grain size effects become observabIe beginning from 
powders < 2 +- lO fJ.. 

CONCLUSIONS 

In X-ray powder diffracrometry, peak profiles may be 
mathematically described with sufficient accuracy as the sum of 
several functions; for Cu K~ reflections, at Ieast, the sum of three 
functions (three Lorentzians, a gaussian and two exponentiaIs or a 
Gaussian and two Lorentzians) in the 2 e range 20° +- 100° seem 
to be sufficient to represent peak profiles. At 2 e values dose 90° 
a satisfactory description of peak profiles may be obtained even by 
a single Iorentzian. 

Although at 2 e < 50° the G2E peak functions generally seems 
more accurate than the other two modeIs, typical quantities of a 
diffraction peak as maximum intensity, 2 e position and FWHM 
values calculated through the three proposed modeIs tourn out to 
be similar. In the 2 e range of 20°-100° the FWHM values of silicon, 
quartz and fluorite peaks are linearly related to the Bragg's angle 
trigonometric tangent. The FWHM-tge relationship suggest a method 
for experimental determination of the in strumentaI function of a 
diffractometer. Indeed the peak-shape of crystalline substances whose 
reflections show small FWHM values (low K' values in the FWHM­
tge relationship) may represent a good approximation of the in­
strumentaI effects. 

As regards the peak broadening due to powder granulometry, 
the experimental data collected on quartz point out that small but 
systematic broadening effects are observed for grain size < 2 fJ. and 
perhaps also for grain size < lO fJ.. 
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