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Principles of X-Ray diffraction

There is two types of solid material:

- Amorphous: Atoms are randomly arranged in a define volume

- Crystalline: Atoms are arranged in a regular pattern in a define volume.
This pattern is a repetition of a given smaller pattern called the “unit cell”

http://www.scielo.org.ve/scielo.php?pid=S0255-69522001000200009&script=sci_arttext

http://www.nano.drexel.edu/research/projects/cdc

http://www.nano.drexel.edu/research/projects/cdc

Glass OM
HRTEM 



The unit cell

Always defined by three axes: a, b & c which help defining the h, k ,l plans
c

a



X-Ray diffraction

Moreover, the electronic configuration of the atoms respond differently 
to the incident wavelength given rise to differences in intensities.



X-Ray diffraction

Therfore for a given structure, a single pattern of reflections is possible

Pyrite Pyrite Cu
a [Å],5.41700 a [Å],5.72500
b [Å],5.41700 b [Å],5.72500
c [Å],5.41700 c [Å],5.72500
alpha [°],90.00000 alpha [°],90.00000
beta [°],90.00000 beta [°],90.00000
gamma [°],90.00000 gamma [°],90.00000
Volume [Å^3],158.95580 Volume [Å^3],187.64040
Assumed Crystal System,Cubic Assumed Crystal System,Cubic
Crystal System,Cubic Crystal System,Cubic

Bigger unit cell = higher d values



X-Ray diffraction

c

b

a

Plans 111

d = (√(a2 + b2)) /2

d = 3.83 A

Minus the atomic radius of Fe
(0.64A)
d = 3.19 (approx)



X-Ray diffraction
• In a classical powder diffraction pattern the sample is a mixture of mineral and the 

diffractogram reflects the addition of the single phase patterns. 

1 phase

3 phases 12 phases

7 phases



Principles of Rietveld refinement

From wikipedia:
• Rietveld refinement is a technique 

devised by Hugo Rietveld for use in the 
characterisation of crystalline materials. 
The height, width and position of the 
reflections can be used to determine 
many aspects of the materials structure.

• The Rietveld method uses a least 
squares approach to refine a 
theoretical line profile until it 
matches the measured profile.



Principles of Rietveld refinement

The base parameters were:
•The peak shape
•The peak width
•The preferred orientation

The initial publi can be found here:
http://www.ccp14.ac.uk/ccp/web-mirrors/hugorietveld/xtal/paper2/paper2.html



Rietveld refinement in highscore
The Highscore plus interface

1. Open Highscore
2. Open spc1.asc
3. Select spc1 in Scan list tab



Rietveld refinement in highscore
The Highscore plus interface

The List Pane (most 
important navigation 
part), it controls the 
object inspector

The scan

The object inspector 
provide important 
informations



Rietveld refinement in highscore
The Highscore plus interface

The scan tab allow to select the spectrum.
In the corresponding object inspector, you can 
modify the name, the color the starting/ending 
positions of the scan. 



Rietveld refinement in highscore
The Highscore plus interface

The Anchor scan data tab (very important) 
provides the actual numerical data of the 
displayed graph.
Right click on the list allows to copy the data 
that you can paste in excel 



Rietveld refinement in highscore
The Highscore plus interface

Structure plot allows to visualize the structure of the refined compound.  
Refinement control is the most important tab for quantification.
The pattern tab is used when doing a characterization of the peaks.
We will use those 3 tabs a lot.
Fourier Map and distances and angles do not interest us.
The quantification tab is a joke.



Rietveld refinement in highscore

• In Highscore go to help and type Rietveld



Rietveld refinement in highscore

• 2nd in the help list: the parameters



Rietveld refinement in highscore

• We can change a lot of parameters but 
many of them MUST not be change. 

• Don’t allow a parameter to change without 
knowing what it physically means. 
Changing some parameters will create 
crazy phases fitting perfectly but falsely 
the data. 



Rietveld refinement in highscore
• The parameters we can change are here:

Order of steps

parameter

Shift steps

Activation box

Switch/unswitch
after used.



Rietveld refinement in highscore
• Meaning of the parameters:

Modify the scale of each phase to better fit
Flatten the background to get rid of amorphous
Shift the spectrum to correct systematic error
Modify the lattice parameters
Add background to correct small angle uncertainties

Modify peaks intensity to allow pref orient of plates

Variation of the 2 other halfwidth coefficients

Vary degree of freedom of atoms in the structure
Unvolontary absorption of radiations (e.g. from Cu)
Due to interference between diffractions

Modify the “gaussianity” of the peaks

Variation of the principal halfwidth coefficient

Modify atom positions
Modify site occupancy and general displacement



Rietveld refinement in highscore:

To start a refinement we need a good 
characterization of the phases.

Ideal with the dbs
w/o:

Building a reference library.



Building a reference library

Several websites compile XRD data on reference minerals:
•The American  Mineralogist Crystal Structure Database -free

http://rruff.geo.arizona.edu/AMS/amcsd.php
•The Mincryst Database (russian acad. of sci.) -free

http://database.iem.ac.ru/mincryst/index.php
•ICSD –not free anymore…

http://www.fiz-karlsruhe.de/icsd_home.html

Also any published structure can be added to your reference library



Building a reference library

Lets take some, the first example concerns 
zeolite minerals.

1. Go to 
http://rruff.geo.arizona.edu/AMS/amcsd.php

2. Search Faujasite – 4 records matching
3. Lets go to the first one (Baur, 1964).
4. The data represents the position of the 

atoms in the structure and the occupations 
when there is substitutions.

5. Click on Download CIF data
6. Open with X’Pert
7. The phase appears in the refinement 

control tab under the name global.
8. Rename it in the object inspector
9. Check the validity of the phase:
By simulating pattern  Do not close the widow



Building a reference library
Lets take some, the first example concerns zeolite 

minerals.
1. Go to 

http://rruff.geo.arizona.edu/AMS/amcsd.php
2. Search Faujasite – 4 records matching
3. Lets go to the first one (Baur, 1964).
4. The data represents the position of the atoms in 

the structure and the occupations when there is 
substitutions.

5. Click on (view text file) beside Download CIF 
data 

6. Go back
7. Click on Download CIF data
8. Open with X’Pert
9. The phase appears in the refinement control tab 

under the name global.
10.Rename it in the object inspector
11.Check the validity of the phase:
By simulating pattern  

Do not close the widow



Building a reference library

10. Check the pattern with the XRD data from the database and the CIF 
text file for the formula.

11. By right-clicking on the name of the phase in the refinement control tab 
we can select “add all phases to reference database” which add the 
phase in your personal database.

12. Lets add more minerals in the dbs.
Sodalite from ballirano (last in the list)
Cancrinite from Fechtelkord (first in the list)
Fayalite from Birle et al (first)
Augite from Bindi (first) Do not close the widow



Building a reference library
13. The particular case of the plagioclase.
Plagio are published with a C-1 unit cell 

which is not a standard space group.
1. Search for Andesine
2. download CIF file: not a Pg !!

3. we need to enter the data manually.

4. Ensuite right click on the phase and 
select “ standardize phase” We now get a 
Pg

5. Add file to references 
Do not close the widow



Building a crystal structure library

We should have 6 minerals

Copy them in a single window
(right click � copy to …)

Then Save file As
Struct_Ex1 in .CRY format

If not done, “add all phases to reference 
library”



Rietveld refinement in highscore:

EXERCICE 1

Quantification of homogeneous nucleation of 
hyper alkaline solution



EXERCICE 1

1. Open spc1



EXERCICE 1

1. Go toTreatment � Search Peaks �
Accept



EXERCICE 1
1. Go to analysis � Search and Match � Execute 

Search and Match � Search � OK



EXERCICE 1
1. Do the phase characterization



EXERCICE 1
1. Go to File � Insert � Select Struct_Ex1�

Select the 3 phases of interest



EXERCICE 1
1. Phases are now in the Refinement Control Tab

2. Let’s look at the parameters. Open the 
automatic Rietveld steps, deselect all except 
the first one. Then click more, disc icon and 
name Ex1



Exercise 1
1. We are testing the effect of the first param

2. Run rietveld: That modified the peak intensities

Evolution of the calculated profile

Evolution of the %

Evolution of the 
agreement indices

Difference plot

Important infos

Peaks assignment



Exercise 1
1. We are testing the effect of adding bkgd and zero shift

2. Edit � undo Rietveld (or Crtl+Z)

3. Edit autom. Rietveld steps, add flat bkgd and zero shift

Big improvement 
of the GOF



Exercise 1
1. Now the most important: the lattice param

2. Edit � undo Rietveld (or Crtl+Z)

3. Edit autom. Rietveld steps, add lattice parameter

MUCH BETTER



Exercise 1
1. Adding more bkgd doesn’t improve much cause we already have a flat 

bkgd
2. Edit � undo Rietveld (or Crtl+Z)

3. Edit autom. Rietveld steps, add more background



Exercise 1
1. The halfwidth parameter account geometrically for the width of the peaks, 

in reality it represents the size of the crystallites (on a coherent domain).
2. Edit � undo Rietveld (or Crtl+Z)

3. Edit autom. Rietveld steps, add W halfwidth

Modified a lot the 
Faujasite %, 
because the 
faujasite is very 
small (50nm - TEM 
checked).



Exercise 1
1. Will the variation of site occupancies and Biso modify the quanti

2. Edit � undo Rietveld (or Crtl+Z)

3. Edit autom. Rietveld steps, add site occ and Biso

We have now a pretty 
good fit, except for 
some reflections



Exercise 1
What did we do?

1. Right click on mineral list � show refined values/constraints

2. This gives the deviations operated on the phases for each parameter.

And the constraints



Exercise 1
What did we do?

1. Click on show selected phase profile icon 

2. Select the phases. We can see the part of each phase in the calculated 
profile



Exercise 1
What did we do?

1. In the anchor scan data tab appear the numerical values of the scan.

2. Right click � copy list � past in excel or origin
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Exercise 1
How to check ?
1. Close and open spc1 again
2. Insert sod, canc fau + augite structure
3. Run Rietveld
4. Look at the individual phase

Too much deviation in B



Exercise 1
If we look at the structures before and after

B
ef

or
e
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te
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augiteCANSODFAU



Exercise 1
How to check ?
1. Close and open spc1 again
2. Insert sod, canc fau + fayalite structure
3. Run Rietveld
4. Look at the individual phase

The refine values are fairly good

It gives 16.2% fayalite
Which correspond to nice 
reflections 



Exercise 1
If we look at the structures before and after

B
ef

or
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af
te

r

fayalite

That look good!

HOWEVER, the sample we analyzed is 
the product of the precipitation at room 
temperature of Si, Al, Na, Cs and Sr. 

There is not a single chance that 
fayalite would:

1. Precipitate at room temperature
2. Form in the absence of Fe. 

In any case, Rietveld is a 
mathematical module that requires 
YOU to do the perfect work of peak 
characterization. Rietveld wants to fit 
anything you feed it with.



Exercise 1
If we look at the spectrum before and after
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Exercise 2
Open spc2
Insert structure 2 and.. try to make it good…





Misc. tips

• Removing background.
– Highscore plus not very good, use manual 

removing for better quality.
Be careful, Rietveld doesn’t like negative 

values.

– Possible to remove in excel or origin if bkgd
acquired separately.

– Other softwares



Misc. Tips
If spectra acquired at the synchrotron, there is often a particle size effect. It produces 

overflows (pixel saturation in the detector). Using masks allows to get rid of such 
overflows.

Example.

The main Qz reflection is overestimated



Misc. Tips
In order to correct from that I assumed my quartz to standard, i.e. having a constant 

100/011 peak intensity ratio equal to 4.67. With the raw file we have I100/011= 9.91

Value reflects counts

New data
masked

unmasked



Misc. tips

• Correcting from systematic displacement
– Particularly useful (needed) when using synchrotron-XRD.
– Sometimes the LaB6 is bad leading to a bad calibration (as it 

was the case last time).
– This gives that: Observed reflection for Qz

Theorical reflection
Observed reflection for Qz

Theorical reflection

“Low” angles

high angles



Misc. tips

• X’Pert has a function for that.
• Open spc 3
• Do peak search and search and match.
• Assign Quartz
• See the unmatching
• Go to correction systematic error. In select standard choose SiO2 

and accept polynomials. 
• Go back to slect stds, slect none and hit recall polynomials, select 

SiO2- ok, then correct, check with Quartz standard



Misc. tips

• To add your own std
• Open the Qz Antao file and simulate pattern, then search peaks, 

then fit profile (both in treatments)
• Go to correction systematic error. In select standard choose add

new stad, name it and OK


