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INTRODUCTION
The Rietveld method, known for over 50 years 

(Rietveld, 1967), was conceived to perform the structural 

analysis of poly-crystalline (powder) compounds by 
neutron diffraction. From the second half of the 1980s, 
it was also used for quantitative phase analysis (Bish 
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and Howard, 1988) and later also for microstructural 
investigation (e.g., Dutta et al., 2003) by X-ray diffraction. 
Quantitative phase analysis using the Rietveld method 
(Hill and Howard, 1987; Bish and Post, 1993; Young, 
1995; Gualtieri, 2000; Altomare et al., 2017) has now 
become an important procedure for the characterization 
of both natural and synthetic materials.

The quantitative phase analysis can be performed 
both on fully crystalline multiphase material as well as 
when an additional amorphous phase is present. A large 
number of examples of the application of this method, 
in several fields, are available in the open literature, but 
an exhaustive discussion of them goes beyond the scope 
of this communication. However, the selection hereafter 
reported could be considered as well representative for 
the different fields (and may represent a starting point for 
those who wish to deepen their knowledge on the use of 
the method): Clays (Ufer et al., 2008), Cultural Heritage 
(Siano et al., 2002; Ballirano and Maras, 2006), Advanced 
Ceramic Materials (Leoni et al., 1998), Traditional 
Ceramic Materials and Glass-Ceramic (Lutterotti et al., 
1998; Gualtieri et al., 2014), Cementitious Binders (De la 
Torre et al., 2001; De la Torre and Aranda, 2003; Gualtieri 
et al., 2006; Valentini et al., 2011), Photocatalytic 
Materials (Tobaldi et al., 2014), Metals (Zhou et al., 
2012), Pharmaceuticals (Iyengar et al., 2001; Colombo et 
al., 2014), Zeolitic Tuffs (Gualtieri, 1996; Snellings et al., 
2010).

Nowadays, various academic, industrial, and professional 
laboratories can offer to customers quantitative phase 
analysis by the Rietveld method. Although specific 
guidelines for X-ray powder diffraction measurements, 
based on the UNI-EN recommendations (e.g., UNI EN 
13925-1: 2006; UNI EN 13925-2: 2006; UNI EN 13925-
3: 2005), are already existing, no universally accepted 
validation protocol for the assessment of the quantitative 
phase analysis quality is currently available.

In this letter, we focus on the principal elements that 
an analytical report of quantitative phase analysis, based 
on the Rietveld method, should contain, as well as some 
best-practice guidelines for sample preparation and data 
collection procedure. Reliability and quality of the data 
can be easily ascertained if a defined protocol is followed 
in any given laboratory. 

DESCRIPTION OF THE ANALYTICAL PARAMETERS
A quantitative phase analysis report, based on the 

Rietveld method, should always specify:
1) If an internal standard has been used. If this is the case, 

it is necessary to indicate its origin, nature, certification (if 
any), and the weight fraction (wt%) added to the sample. 
It is always assumed that both the standard and the sample 
have been efficiently ground and homogenized, after mild 

drying to remove adsorbed water; drying and grinding 
conditions should be reported.

2) The experimental set-up: i) X-ray (or neutron) 
diffraction geometry (reflection or transmission); ii) 
sample holder type; iii) optics (e.g., fixed or variable 
slits, focusing mirror, monochromator type, and filter on 
incident or diffracted beam); iv) detector type (e.g., point 
det., linear or areal).

3) Radiation type and wavelength.
4) Data collection conditions: °2q range, step size, 

time per step; for a standard data collection with Cu-Kα 
radiation, it is recommended to collect data at least within 
the 3-80 °2q range.

5) Sample loading procedure (e.g., top, side or back 
loading), and whether sample rotation or other methods, 
aimed to minimize the preferred orientation effects, 
are used; for transmission geometry with capillary, the 
diameter of the capillary and its nature (glass, quartz, 
kapton, etc.) should be given as well.

6) If specific corrections have been applied to the 
preliminary data before the treatment (e.g., smoothing or 
Ka2 stripping).

7) The software used for the Rietveld refinement.
8) The structural models used for the full-profile fit 

refinement (giving the sources: literature reference, 
database or phase code) and the list of the refined/not-
refined parameters, with special attention to the unit-cell 
parameters and to the atomic displacement parameters 
(Uiso or Biso).

9) If a correction for preferred orientation effects (e.g., 
March-Dollase function, or spherical harmonics) has been 
applied.

10) The agreement factors (McCusker et al., 1999). For 
example:

 R profile (R-pattern o Rp)

R weighted profile
(R-weighted-pattern o Rwp)

 (Goodness of fit)

where:

wi=1/yo,i or 1/s2(yo,i); N is the number of observations, 
P is the number of parameters; yi(obs) is the observed 
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intensity at step i; yo,i and yc,i are the i-th point of the 
observed and calculated pattern, respectively.

11) The graphical output of the Rietveld full-profile 
fit should be shown (or a segment which contains, at 
least, one of the main Bragg peak of each crystalline 
phase); calculated pattern, calculated background curve 
(in particular in the presence of an amorphous phase), 
observed-calculated difference curve, and graphical 
markers of the peak positions for each crystalline phase 
should be shown as well.

Figure 1 shows, as an example, the Rietveld full-
profile fit obtained using the GSAS suite (Larson and Von 
Dreele, 1994) and the graphic interface EXPGUI (Toby, 
2001) for a natural raw material. More in detail, the 
diagram shows: i) the observed profile (red crosses), the 
calculated profile (solid green line), and the differences 
curve between observed and calculated profiles (solid 
pink line). Furthermore, Figure 1 shows, using different 
colors, the graphical markers of the Bragg peak positions 
of each crystalline phase (from the bottom: quartz, illite, 
plagioclase, kaolinite and microcline). The plot could also 
be given in logarithmic scale, to better enhance the low-
intensity (or high-angle) signals.

12) A table with the numerical results of the quantitative 
refinement, with the refined weight fraction of each 
crystalline phase and its relative standard uncertainty 

(usually given in brackets after the last significant digit). 
As an example, an analytical report of quantitative 

phase analysis obtained by the Rietveld method can be 
downloaded from http://fibers.unimore.it/?page_id=877 
(accessed on April 2019).

It is recommended to check and confirm the absence 
of significant correlations between the refined parameters, 
as they could affect the quantitative estimation of the 
weight fraction per each phase. If systematic correlations 
are detected, it is recommended to limit the number of 
variable parameters, and/or imposing physical constraints 
on those that can be considered as “well-known” or 
measured against certified analytical standards.

The aforementioned analytical details (# 1-12) can also 
be integrated with the indication of possible corrections 
for surface roughness effects (in reflection geometry) 
or for beam attenuation/absorption (in transmission 
geometry).

With a modern diffractometer and with an adequate 
data collection strategy, the signal/noise ratio should 
be good enough to detect crystalline phases even with 
concentration of 0.5-1 wt%.

In order to check and improve the accuracy of the 
quantitative estimation, it would be a good practice to 
repeat the measurements, possibly preparing the sample 
in different ways. Frequently, a series of measurements is 

Figure 1. Example of a graphical output of a Rietveld full-profile fit for quantitative phase analysis of a natural raw material (radiation: 
Cu-Kα; further details in the text).
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a simple way to reduce (or even eliminate) issues related 
to low counting statistics, graininess (Dinnebier and 
Billinge, 2008), and preferred orientations effects.

Finally, to avoid the fictitious quantification of phases 
trough peaks that merge with the background curve, it 
is recommended to provide, in the report, the average 
crystallite size for each phase.

With this contribution, which should not be considered 
either definitive or mandatory, we would like to open 
the way towards the formulation of a more general 
protocol, encompassing also indications for the analysis 
of others compounds (e.g., molecular-organic materials) 
that require a different approach such as, for example, 
corrections for transparency and beam overspill at low 
angle (Matulis and Taylor, 1992).
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