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Outline: 
 

 TOPAS Introduction 

 TOPAS Interface  

 Profile fitting 

• Fitting with analytical functions 

• Convolution based approaches and Fundamental Parameters 

• Empirical determination of instrument funtions 

• Whole Powder Pattern Decompostion 

• Obtaining information about micro structure 

• Anisotropic Refinement models 

• Determining Degree of crystallinity with Peaks phases 

• Determining Degree of crystallinity with hkl phases 

 

 

 

 

 

 

 

 

 

 
 

  



 Quantitative Analysis with Rietveld  

• Introduction   

• Corrections 

• Examples: 

Round robin example with preferred orientation 

 Cement sample 

 Mixture of minerals, ... 

•PONKCS 
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TOPAS 
TOtal Pattern Analysis Solutions 

 Generalized software for profile and structure analysis  
 Seamless integration of all currently employed profile fit techniques and 

 related applications 

 Single Line Fitting  

 Indexing  
(LSI, LP-Search) 

 Whole Powder Pattern Decomposition 
(Pawley, Le Bail) 

 Ab initio structure determination 
(Simulated annealing, charge flipping, Fourier analysis) 

 Structure refinement 
(Rietveld) 

 Quantitative phase analysis 
(Rietveld, PONKCS) 
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TOPAS Interface: 
GUI and Launch mode  

 TOPAS has a graphical user-interface (GUI) and a text based 
(Launch)mode 

• GUI supports most Profile fitting and Rietveld applications 

• Beginners should use this mode of operation. 

 

 

 LAUNCH MODE 

• More features for advanced users 

• For structure solution 

• For automation or batch operation 
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TOPAS GUI:  
User Interface 
 

 
     Parameter window 

with  instrument and 
structure information 
 

 
    Fit window 

 
  wt.% for each phase 

 
 
 

   Measured curve 
   Calculated curve 
   Difference curve 
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TOPAS GUI: 
Parameter Window 

 Import raw data files 
  

 

 Data files will be displayed  
    in treeview. 

 

Instrument  settings have  
to be entered, if Fundamental 
Parameters (peak type FP) is 
used 

 

Add a peak phase (for profile 
fitting), an hkl-phase (for 
lattice parameter refinements) 
or load a structure (for 
quantitatve Rietveld 
refinements)  

 Parameter values   Toggle any parameter between Fix and   
   Refine in „Code“ column 
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TOPAS GUI: 
Fit window 

Start Refinement (Step by 
step) 

 

Refinement until convergence 

 

Residual of the Refinement at 
every refinement step 

 

 

 

graphical output of the residual 
as a functions of interation 
number 

Launch mode on/off 
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Profile Fitting Methods 
How do you describe a Peak? 

 A peak may be described by the following peak parameters: 

 background (Due to air scatter, fluorescence, overlapping peak 
tails, diffuse scatter) 

 Position (integral intensity depends more on weight fraction, atomic 
position or other relevant physical parameters than intensity 
maximum)  

 Intensity 

 Line width (FWHM) 

 Shape (How fast does the intensity drop off?) 

 Asymmetry (FWHM, Left and Right) 
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Profile Fitting Methods 
Analytical approach 

 Analytical Profile Fitting 

• Characterized by peak shape functions (PSFs) with an explicit 
and relatively simple mathematical form which can be 
differentiated analytically with respect to each of the refined 
parameters 

• Most common are the Gaussian, Lorentzian, sums of Gaussians 
or Lorentzians Voigt, pseudo Voigt (PV) and PearsonVII 
functions (PVII) 

• Convenient to use 

• Large number of parameters required to fit profiles well over 
the whole 2θ range pattern frequently leading to  

o Correlation problems 

o Loss of uniqueness 

o Instability of the refinement procedure 
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Analytical approach 
Example: CeO2 

File: C:\Topas 4.2\tutorial\CeO2\CeO2.raw 
 

• Import the raw file and 
zoom on the main low 
angle peak 

• Open Peak Details 
window (F3)  

• Choose SPVII (Split 
Pearson VII) peak type 
and drop a peak on the 
main peak with the 
mouse. This adds a Peaks 
Phase 

• Start refinement (F6) 

• Get peak parameters 
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Profile Fitting Methods 
Convolution based methods 

 

 Direct Convolution Approach 

•Discrimination of instrument and sample contributions:  
Y(2q) = (W x G) x S,  where I = (W x G) 

  W: Emission profile    G: Instrument contribution   S: Sample contribution 

 

TOPAS offers 3 direct convolution approaches: 

1.   Empirical parametrization of line profile shapes by convolution of 
      appropriate functions 

 • Profile parameters have NO physical meaning 

2. Explicit discrimination of instrument and sample contributions:  
 Measured Instrument Function 
 • Sample related profile parameters have physical meaning: Size/strain/... 

3.   Explicit discrimination of instrument and sample contributions: 
      Calculated Instrument Function 

 • All profile parameters have a physical meaning 

    Fundamental Parameters Approach (Peak Type FP) 
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Convolution approach 
Empirical parametrization 
 
 Convolute any appropriate functions to achieve a best fit 

• Minimize the number of functions / function parameters to 

• minimize parameter correlation 

 

 An excellent approach for all profile fit applications using any instrument, if micro-structure 
information is NOT of interest (Refined profile parameters have NO physical meaning) 

 Knowledge of the most common contributions to line profile shapes and their dependence 
on angle helps: 
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Convolution approach 
Empirical parametrization Examples 
 

Virtually any peak shape and angle dependence 

can normally be described using a minimum 

number of (refineable) profile parameters 
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Convolution approach 
Exercise: Empirical parametrization 
 

 Use Peak type FP for any convolution 
based approach  

 For the empirical approach make sure 
that no instrument parameters are 
used (uncheck all)  

 Add Peaks Phase, uncheck crysize and 
select “Additional Convolutions” 

 “Add a Convolution”  

 Select a predefined Convolution 
function, define a 2Th dependency and 
set Value to refine 

 Add several convolutions until you 
achieve a good fit 

 Trial and Error approach 

 

 

File: C:\Topas 4.2\tutorial\misc\Lab6_a1.raw 
Emission profile: CuKa2.lam 
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Convolution approach 
Measured instrument function approach 

Step 1: Determine an instrument function 
 
 Obtain data from a suitable standard: 
  Reflection: LaB6 (SRM 660a) 
  Transmission: Si (SRM 640a) 
• Convolute any appropriate functions to achieve a best fit 
(Empirical parameterization!) 
 
• The number of functions / function parameters is irrelevant, the more the 

better! 
• Fix all refineable profile parameters and save an instrument file 

 
Step 2: Refine the actual data using the instrument function 
 

• Load the instrument file 
• Refine on micro-structure parameters as required 
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Convolution approach 
Measured instrument function 

File: C:\Topas 4.2\examples\GADDS LaB6 long scan.raw 
Emission profile: CuKa2.lam 
Determine instrument function 

Determination of Gadds instrument parameters using "LaB6 long scan.raw"
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• Any “slit width” or “function” under the 
Divergent beam tab or any additional 
convolution can be refined to get the best 
possible fit for the instrument peak shape. 

• No limit to number of functions or paramters, 
the more the better the fit. 

• After refining LaB6 these parameters they are  
set to “fixed” and used as an empirical 
instrument function for refinement of unknown 
samples. 

  

    

 
 

Convolution approach 
Measured instrument function 

Use an “unknown” sample with identical  instrument settings  
File: C:\Topas 4.2\examples\GADDS Anatase 5pc Rutile.raw 
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W G 

S 

Y(2q) = (W x G) x S 

Emission Profile

tan( )q

- 0 +

Slit Width

- 0 +

Target

- 0 +

Horizontial
Divergence

 cot( ) q
2

- 0 +

Axial
Divergence

SL  cot( )
2

q

- 0 +

Strain

STR tan( )q

- 0 +

Crystallite Size

1 / cos(2 ) CSq

- 0 +

Absorption

sin(2 ) / ABq

- 0 +

Final Profile

- 0 +

Convolution approach 
Calculated Instrument Function 
Fundamental Parameters 
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Implemented only for Bragg-Brentano Geometry 
Notation for slit settings: 

Instrument parameter notation in TOPAS  in Divergent beam tab: 

RS:    Receiving Slit (entered in mm) 

FDS:    Fixed Divergence Slit (entered in degrees) 

VDS Length:  Variable Slit (mm correspond to beam width on sample) 

Full Axial Model: enter primary and secondary Soller slit sizes here   
 

 

Parafocussing Geometry: 
Error because fo flat 
specimen 

Errors because of axial 
and equatorial 
divergence 

Convolution approach 
Calculated Instrument Function 
Fundamental Parameters 



06/05/2014 21 

Single Line Fitting 
Choose an Emission Profile 

 
 Predefined emission profiles for most 

common sealed tube systems and 
radiations are predefined in the 
directory c:\topas3\lam\ 

 The default profile Cuka2.lam has 2 
lines, Cuk1 and Cuk2. 

 If a residual of the k line is visible 
for measurements with Ni filter and 
very intense peaks, an emission line 
with 1.39222A can be added and its 
intensity be refined. 

 For data with very sharp peaks the 
profile Cuka5.lam will give slightly 
better refinements. 

 Check the „For LAM cursor“ box to 
visualize the emission profile with 
the cursor 
 

 For optics that may distort the 
wavelength spectrum (e.g. Goebel 
mirrors, Polycaps), the emission 
profile can be refined. 

File: C:\Topas 4.2\tutorial\misc\Lab6_1.raw 
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Modeling the background in TOPAS 
 

 

 Most backgrounds can be fitted with a 
polynomial function (Chebychev 
Polynomial) and relatively few 
parameters 

 The 1/x function is used to fit the rise the 
background at low angles caused by 
scatter from the direct beam 

 Too few (<3) or too many parameters 
(>6) can be a source for serious errors, 
especially if broad peaks are present 

 If an amorphous halo is present, it can 
often be fitted by entering a peak phase 
with a single peak 
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Entering instrument parameters in 
TOPAS 
 

 
 Highlight the instrument item in the treeview 

below the scan file 
 In the tab „divergent beam“  the slit sizes for 

Bragg-Brentano geometry are entered in either 
mm or degrees. 

 Radius depends on measurement circle of 
diffractometer 

• D4, D500, D5000: 200.5mm 
• D8: usually 217.5 or 250mm 

 For Point detector: Check the use column for 
point detector and enter settings for receiving  
and divergence slit 
 

 For Linear PSDs (LynxEye and Vantec-1) check 
here and enter angular 2 range and divergence 

 Soller slits sizes are entered under Full Axial 
model  
Default size for D8: 2.5° 
Default size for D4: 4° 
 

 Instrument settings can be saved, loaded or 
made a default setting 
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FPA Example for LaB6 (111) 
Single line fitting: Exercise  
 

File: C:\Topas 4.1\tutorial\misc\Lab6_a1.raw 
Emission profile: CuKa2.lam 
Background order 3 
Radius: 217 mm 
Divergence: 0.5° 

Receiving slit: 0.1mm 

Soller slits: 2.3° 

W    W x GEq x GAx   (W x GEq x GAx) x S 

   
Crystallite size was refined 
(approx: 1300 nm) 

Only Emission profile 
(Uncheck crystallite size) 

Instrumental peak width 

Advantages of FPA: 
- Identical instrument contribution to every peak 
- Fewer parameters: Faster, more stable computation 
- No parameter turn-on sequence for refinements 
- Average crystallite size/strain for each phase 
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Profile Fitting in TOPAS 
Peaks Phases 

Adding a Peaks Phase will add a phase 
without any position or intensity 
constraints 
This is typically used to determine 
accurate peak positions for Indexing, 
peak areas or micro-structural 
parameters 
Select  the Peak Details window (F3) 
 
Several Peak Types are available 
 
FP: Fundamental Parameters 
 
PV: Pseudo Voight function 
PVII: Pearson VII function 
SPV: Split Pseudo Voight function 
SPVII: Split Pearson VII function 
 
The second column allows display of 
position, area, crystallite size or strain at 
the peak  
 
Select the peak type SPVII and click 
with the mouse near the peak maxima 
of your scan 

File: C:\Topas 4.1\tutorial\misc\quartz.raw 
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Profile Fitting in TOPAS 
Peaks Phases, Peak types 

Select SPVII peak type and click near 
the maximum of the three peaks with 
the mouse. 
Run the Refinement 
 
Select individual peak display 
 
The third peak has almost 50% more 
intensity than the others, even though 
the maximum intensity is visually 
lower 
Also note the considerably higher 
asymmetry 
 
This is caused by parameter 
correlation and can be avoided by 
using constraints that ensure the same 
peak width for all peaks 

File: C:\Topas 4.1\tutorial\misc\quartz.raw 
Emission profile: CuKa2_analyt.lam 
Background order 3 
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Profile Fitting in TOPAS 
Peaks Phases, Constraining parameters 

68.968.868.768.668.568.468.368.268.16867.967.867.767.667.567.467.367.267.1
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To change the value of a whole column to the 
same, click on the upper right corner of the grid 
 
Type identical start value for FWHM and M 
 
Select Codes tab and enter the parameter names 
for FWHM and M 
 
Run the Refinement again 
  
The peaks now have identical shapes and correct 
intensities  

File: C:\Topas 4.1\tutorial\misc\quartz.raw 
Emission profile: CuKa2_analyt.lam 
Background order 3 
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Profile Fitting in TOPAS 
Peaks Phases, Fundamental parameters as an intrinsic 
constraint 

Change the Peak type to FP 
Enter Instrument parameters for that scan. 
 
Instrumental contribution to all peaks is identical 
 intrinsic constraint, however anisotropic effects 

can be refined individually 
 
Difference between instrumental width and 
measured width is caused by microstructure such 
as size broadening or strain 
 

File: C:\Topas 4.1\tutorial\misc\quartz.raw 
Emission profile: CuKa2_analyt.lam 
Background order 3 
Radius: 217.5mm 
Receiving slit 0.1mm 
FDS 1° 

4°Soller slits 
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Profile Fitting in TOPAS 
Peaks Phases 

Hide peak sticks in display 
Save Peaks as an input file or dif file 
  
Create Indexing Range for Indexing single phase samples 
Creates an duplicate range with identical instrument 
parameters but hkl phase  

File: C:\Topas 4.2\tutorial\misc\quartz.raw 
Emission profile: CuKa2_analyt.lam 
Background order 3 
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Profile Fitting in TOPAS 
Peaks Phases, Calculating Areas for crystallinity 
determination 

• Add two peak phases, rename them amorphous and crystalline 
• Use one SPV peak for the amorphous hump 
• Select crystalline and insert a peak for each reflection (Verify that 
you are not fitting the background with these peaks otherwise use 
symmetric functions or constraints) 
•Highlight Miscellaneous and Calculate Degree of Crystallinity 

File: C:\Topas 
4.2\tutorial\doc\m2a.raw 
Emission profile: CuKa2_analyt.lam 
Background order 1 
1/x function 
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Profile Fitting in TOPAS 
hkl Phases for Lattice Parameter Refinement 
 

• Add an hkl phase 
• Enter a space group number or symbol or pick a group from the 
space group editor  
• Enter approx. lattice parameter (5.4 for CeO2) and set to refine 
• Enter instrument parameters 
• Check zero error correction under Corrections 
• Run refinement 

File: C:\Topas 4.2\tutorial\ceo2\ceo2.raw 
Measurement circle radius: 173mm 
Emission profile: CuKa5.lam 
Background order 3, 1/x function 
Divergence: 1°, Receiving slit: 0.1mm 

Soller slits: prim. 5.1°, sec. 8.6° 
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Profile Fitting in TOPAS 
hkl Phases for Lattice Parameter Refinement 
 

• Refined lattice parameter  
• Refined average crystallite size (Scherrer equation) 
• Peak list with intensities under the hkl Is tab 
 

File: C:\Topas 4.2\tutorial\ceo2\ceo2.raw 
Measurement circle radius: 173mm 
Emission profile: CuKa5.lam 
Background order 3, 1/x function 
Divergence: 1°, Receiving slit: 0.1mm 

Soller slits: prim. 5.1°, sec. 8.6° 
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Profile Fitting Methods in TOPAS 
Exercise: Refine Lattice parameter of Ibuprofen 
 

Obtain space group and start values for lattice 
parameters from EVA 

File: C:\Topas 
4.1\tutorial\Examples\ibuprofen\ibuprofen.raw 
Emission profile: CuKa1.lam (Vario Data) 
1mm Capillary data with LynxEye detector 
  
 



Peak Shape corrections 
Absorption in low density or loosely packed samples 

 Identical Ibuprofen samples 
measured with identical scan 
parameters but different 
sample holders 

 Flat low background holder 

 Low background holders with 
0.4mm deep cavity 

 PMMA holder with 1mm depth 

 For low density samples 
absorption correction is 
necessary   

 

 

34 

0
5
0
0

2
0
0
0

4
0
0
0

7
0
0
0

1
4
0
0
0

C
o
u
n
ts

 (
S

q
u
a
r
e
 R

o
o
t)

4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40

2Theta (Coupled TwoTheta/Theta) WL=1.54060

File: C:\Topas 4.2\examples\Ibuprofen D2.raw 
Emission profile: CuKa2.lam 
Try out Absorption correction 
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Profile Fitting Methods in TOPAS 
Exercise: Determine degree of crystallinity in 
Ibuprofen testmixture 
 

Obtain degree of crystallinity  of testmixture 
D2.raw (assume that all excipients are amorphous 
and Ibuprofen D2.raw scan is 100% crystalline) 

File: C:\Topas 4.2\Examples\testmixture D2.raw 
and          …\Ibuprofen D2.raw 
Emission profile: CuKa2.lam  
D2 Phaser with 141mm radius 
2.5°primary Soller and 4°secondary soller 
Lynxeye with 2.5°opening 
Both scans were collected with identical conditions
 ` 
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Microstructural information 
Size and Strain 
 

TOPAS default (in GUI) 

 

Size/Strain Component functions (Double Voight Approach) 

 

CrySize_L:  lor_fwhm = 0.1 λ/ cs1 cos(Th); 

CrySize_G: gauss_fwhm = 0.1 λ/ cs2 cos(Th); 

 

Strain_L:  lor_fwhm = str1 Tan(Th); 

Strain_G:  gauss_fwhm = str2 Tan(Th); 

 

cs1, cs2, str1, str2: Refineable parameters, arbitrary parameter names! 
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Microstructural information 
Size/Strain 
 

File: C:\Topas 4.2\tutorial\misc\Lab6_1.raw 

D 

D L 

Lvol:  Volume weighted mean column height 
Size is shape dependent: Simple relationship for 
cubes and spheres but not anything else 
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Microstructural information 
Size/Strain 
 

Common assumption: 

- Lorentzian part is Size broadening and Gaussian part is Strain. 

 

Better:  

-Model each broadening mechanism with Voight functions (Balzar and 
Ledbetter 1995)  

-If the data is measured in large range, the component can still be 
separated by angular dependencies (tan for strain and 1/cos  for size) 

-If any Gaussian size broadening is present, it will lead to better fit 

-Size distribution can be attempted in Launch Mode by calculating the 
integral breadth of Lorentzian (Cauchy) size contribution. Works in 
simple cases and if instrumental function is well known. 
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Anisotropic Refinement Models 
Anisotropic shifts, broadenings and peak assymmetries 
 

General Considerations 

In most applications, the objective is primarily to improve the fit, 
with an expectation to improve indexing, structure determination and 
structure refinement 

Anisotropic micro-structure parameters can be derived 

 Example functions 

•  Spherical harmonics (Popa, 1998) 

• 2nd rank tensors (Le Bail & Jouanneaux, 1997) 

 • Multi-dimensional distribution of lattice metrics (Stephens, 1999) 

 

TOPAS Tutorial Examples:   

• Norbonane Fitch & Jobic, 1993   

• LT-ZrMo2O8 Allen et al., 2003    

• NaBenzo R. Dinnebier et al., 1999  

• Clay S. Hillier, 2003  

• SerpMix1 M. Raudsepp, 2004 

File: C:\Topas 4.2\tutorial\anisoLS\... 
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Anisotropic Refinement models 
 
 

 Keywords that can be hkl dependent 

 

 th2_offset E   (anisotropic peak shifts - macrostrain) 

 scale_pks E   (preferred orientation) 

--------------------------- 

  lor_fwhm E   (anisotropic line width) 

  gauss_fwhm E  (anisotropic line width) 

  hat E   (anisotropic line width) 

  one_on_x_conv E  (anisotropic line asymmetry) 

  exp_conv_const E (anisotropic line asymmetry) 

  circles_conv E  (anisotropic line asymmetry) 

  user_defined_convolution 
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Anisotropic Refinement models 
 
 

 Example: Spherical harmonics 

Anisotropic line width 

prm p1 0.01 min 0.0001 

spherical_harmonics_hkl sh1 

sh_order 2 

lor_fwhm = sh1 p1 / Cos(Th); 

 

  Anisotropic line asymmetry 

prm p2 0.01 min 0.0001 

spherical_harmonics_hkl sh2 

sh_order 2 

circles_conv = sh2 p2 / Cos(Th); 

 

p1, sh1, p2, sh2: Refineable parameters, arbitrary parameter 
names! 
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Anisotropic Refinement models 
 
 

Example:  
Set C:\Topas 4.2\tutorial\anisoLS\clay.inp in Launch mode 
Run the Refinement 
Edit the text file in text editor, uncomment Spherical_harmonics_hkl 
lines and run again  

spherical_harmonics_hkl   sh 

sh_order  8  

exp_conv_const = (sh-1) / Sin(Th); 
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The Rietveld method 

 is a standard-less full-profile approach to quantitative phase analysis 
 uses every datapoint as a unique observation and least square methods to minimize the 

difference between calculated and measured intensities 
 Residual of Least Square Refinement  
 R = Σ wi(yi – yci)

2 

 
 
Rietveld Analysis requires:  
 The crystal structure data for every phase in a mixture (unit cell and atomic positions)  
 a model for the peak shapes and widths and a model for any aberrations 
 a model for the background 

 
 The relative masses of all phases contributing to the diffraction pattern can be derived from 

the refinement using the simple relationship: 

 Wr = Sr (ZMV)r / t St (ZMV)t 

   Wr is the relative weight fraction of phase r in a mixture of t phases 
 S is the scale factor derived from Rietveld refinement 
 Z is the number of formula units per unit cell 
 M is the mass of the formula unit (atomic mass units) 
 V is the volume of the unit cell (Å3 ).  

 
 



06/05/2014 44 

Data collection  
 

Measurement parameters: 

  
 Depend on sample properties: Determine peak width with a short test scan  

• Adjust step size for sufficient amount of data points (6 data points above FWHM) 
• Adjust time/step for sufficient counting statistics (at least a few thousand counts on the most 

intense peaks for basic quantitative analysis) 
 

 Typical measurement parameters for analysis of mineral samples:  
• With Point detector: 
• 1° divergence slit 
• 4° Soller slits 
• 0.02 step size and at least 1 sec/step 

 
• With 1-D detector:  
• 0.3° divergence slit and anti-airscatter screen 
• 4° Soller slits 
• 0.015 step size and at least 0.1 sec/step 
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Data collection 
General sample preparation requirements 
 

 

 Good mixing, powder sample should be representative for bulk sample 
(no segregation) 

 Smooth flat surface 

 Sufficient particles to cover the x-ray beam area  

 Sample thickness should be sufficient for correct intensities (infinite 
thickness for correct intensities)  

 For low density materials thin layers will result in more accurate peak 
positions (transparancy effect), often better for indexing 

 Sufficient number of particles for good statistics (increase number of 
measured particles by rotation) 



Sample Preparation 
Powder Diffraction Basics  

Diffraction of an ideal powder 

Diffraction of a small number  
of crystallites ("spotiness effect") 

Diffraction of textured materials 



Sample Preparation 
Powder Diffraction Basics  

 

• Accurate, reproducible diffraction intensities require small 
crystallite size 

 typical intensity reproducibility for Quartz (113) reflection with CuK: is 

 15-20 m 5-50 m  5-15 m  <5 m 

 18.2% 10.1% 2.1% 1.2% 
 

• The number of crystallites diffracting is related to size 

 diameter  40 m 10 m 1 m 

 crystallites / 20mm3 597.000 38.000.000  3.820.000.000 

 number diffracting 12 760  38.000 

 

Smith, 1992 
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General Sample preparation requirements 
Sufficient Grinding 

 Powder preparation 

• Reduce particle size with mortar and pestle (or automatic mill) to  
smaller than 10 m to increase number of crystallites and avoid 
spotiness effect 

• Wet grinding with alcohol in MrCrone Mill is ideal for many geolocial 
samples.  

• Too coarse grinding also effects preferred orientation 
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General requirements 
Sufficient Grinding 
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Rietveld Refinement 
Corrections 
 

 Highlight corrections 
 Use either Zero Error or Sample 

displacement as a peak shift 
correction 
 

 Always Check Lorentz- Polarization 
correction 
 

• Type in the Bragg angle of the 
monochromator 

• Type 0, if no monochromator is 
present (Ni-filter, Sol-x detector) 
 

 Depending on the sample you may 
refine Absorption correction 
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Using the correct structure file 
Phase identification 

 

 Correct phase identification is often more difficult than performing the actual 
Rietveld refinement. 

 Use EVA and any complementary data that are available  (e.g. XRF, EDX, 
thermal analysis, etc) to correctly identify all phases. 

 Try to find the corresponding structure file in a database, not all structures are 
known. 

 For complex samples with clays, a clay fraction may be necessary to correctly 
identify and quantify all phases  in the sample. 

 Quantitative Rietveld results are always normalized to 100%  If any phases 

are missed or mis-identified, it will lead to errors in the other phases as well. 

 If amorphous phases are present, they can sometimes only be detected by 
using an internal standard. 
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Using the correct structure file 
Structure databases 
 

 

 Inorganic crystal structure database 
(ICSD) available at  www.nist.gov or 
at http://icsdweb.fiz-
karlsruhe.de/index.php  
 

 Bruker-AXS structure database (a few 
hundred minerals) 
 

Free databases: 
 www.crystallography.net  

 
 

 American Mineralogist Crystal 
structure database 
http://rruff.geo.arizona.edu/AMS/am
csd.php  
 

 Min-Chryst 
http://database.iem.ac.ru/mincryst/  
 

 Search for the structure in Google 
 

 Some structures in free data bases 
may have to be reformatted, if they 
do not conform to the standard CIF 
format.   
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Structure files 
Entering the structure into TOPAS 
 

 
 Highlight the scan file in the parameter window (the window 

below or in the context menu (right mouse click) allow 
several options for entering structures. 
 

 Add Structure: Enter a structure manually (lattice parameters 
and atomic positions). This is sometimes required if the 
structure is only known from a journal.  

    
 Load STR(s): Load a structure file from the Bruker database  

 
 Load CIF(s): The Crystallographic Interchange Format is a 

standard format for structures. Most databases or 
publications have this format for crystal structures. 

 Note that not every structure file in cif format that is found 
online, loads without problems. Occasionly, cif files have to be 
modified in a text editor to load correctly 

 
 Load INP: Load a structure in Input file format (typically from 

TOPAS refinements) 
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Structure files 
Example: Chlorite 
Unit cell parameters 
 

 
 Values in red are refinable parameters 

(double click on the code column will 
change the state to „Fixed“) 

 Constraining the lattice parameters 
and crystallite sizes to reasonable 
values helps with the refinement, 
especially for impurity phases or 
phases with broad peaks. 

 Average crystallite size values for most 
minerals are typically above 30 nm 
and below 1000nm. Clays phases may 
require smaller crystallite sizes to fit 
broad peaks. 
 
 
 
 

 Entering the weight of an internal 
standard in % allows quantification of 
amorphous materials 
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Structure files 
Example: Chlorite  
Atomic sites 
 

 For quantitative mineral analysis the 
atomic sites (x,y,z) of the phase are 
never refined. 

 In solution phases such as Chlorite the 
occupation factors for the Mg/Fe 
substitution may be refined. 

 The x, y or z positions in blue color 
designate special positions for this unit 
cell.  

 The atom or ion must be part of the 
drop down list in the atom column (with 
imported cif files this could lead to an 
error message) 
 
 

 Parameter names like „p“ or „s“ have to 
be unique within a TOPAS project. If 
not, it will lead to this error message  
rename parameters  
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Quantitative Rietveld Analysis 
Exercise: Round-Robin example 

14012010080604020

10,000

8,000

6,000

4,000

2,000

0

-2,000

-4,000

-6,000

-8,000

-10,000

-12,000

Brucite 34.79 %

Corundum 23.19 %

Fluorite 22.15 %

Zincite 19.87 %

File: C:\Topas 4.1\tutorial\qparr\cpd2.raw 
Measurement circle radius: 173mm 
Emission profile: CuKa5.lam 
Background order 3, 1/x function 
Divergence: 1°, Receiving slit: 0.3mm 

Soller slits: prim. 4.6°, sec. 4.6° 

LP factor: 26.6  (graphite monochromator) 

 

Corundum, Brucite, Fluorite and Zincite Structures 

in str format in same directory Preferred Orientation for Brucite 

Highlight Preferred Orientation in 
Brucite structure  

Toggle Code column  to Refine and 
Run Refinement again 
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Quantitative Rietveld Analysis 
Exercise: Round-Robin example 

Refined Lattice parameters and 
crystallite size for each phase 

Residuals and Goodness of Fit  

You may try to further improve 
the fit by introducing strain 

Save your results in a TOPAS 
project file (.pro) 
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Quantitative Rietveld Analysis 
More Examples: 

Cement Clinker 
File: C:\Topas 4.1\tutorial\qa\8486.raw 
Measurement circle radius: 217.5mm 
Emission profile: CuKa2.lam 
Divergence: 1°, Receiving slit: 0.2mm 

Soller slits: prim. 4°, sec. 4° 

LP factor: 0  (Nickel filter) 

Structures: C3Smono_nishi.str, C3acub.str, 
C2sbmu.str, C4af.str, CaO.str, Periclase.str 

Aggregate with 11.4% Zincite as internal standard 
File: C:\Topas 4.1\tutorial\Examples\Aggregate\aggregate with 11.4ZnO.raw 
Measurement circle radius: 217.5mm 
Emission profile: CuKa2.lam 
Divergence: 0.3°, LynxEye detector with 3° opening 
Soller slits: prim. 4°, sec. 4° 

Structures: determine phases with Eva and use structures in c:\topas 4.1\structure database\ 

Iron Oxides 
File: C:\Topas 4.1\tutorial\examples\Iron oxides 
iron oxides.raw 
Measurement circle radius: 217.5mm 
Emission profile: CuKa2.lam 
Divergence: 1°, Receiving slit: 0.2mm 

Soller slits: prim. 4°, sec. 4° 

LP factor: 0  (Sol-x detector) 

Structures: in same directory 

Natural Granodiorite 
File: C:\Topas 4.1\tutorial\examples \cpd-gronodiorite\granodio.raw 
Measurement circle radius: 173mm 
Emission profile: CuKa2.lam 
Divergence: 1°, Receiving slit: 0.3mm 

Soller slits: prim. 4.6°, sec. 4.6° 

LP factor: 26.6  (graphite) 

Structures: in same directory, Quartz, Feldspar, Albite, Biotite, less Chlinochlore, Hornblende, Zircon 
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Quantitative Rietveld Analysis 
More Examples: 

Paint panel 
File: C:\Topas 4.1\tutorial\Examples\Paint\paint panel.raw 
Measurement circle radius: 217.5mm 
Emission profile: CuKa2.lam 
Divergence: 0.3°, LynxEye detector with 3° opening 
Soller slits: prim. 4°, sec. 4° 

Structures: determine phases with Eva and use structures in c:\topas 4.1\structure database\ 

Shale sample 
File: C:\Topas 4.1\tutorial\Examples\Shale\Shale D4 06mm div 4dg soller 3dg LE_10pc 
ZnO.raw 
Measurement circle radius: 201.5mm 
Emission profile: CuKa2.lam 
Divergence: 0.3°, LynxEye detector with 3° opening 
Soller slits: prim. 4°, sec. 4° 

Structures: determine phases with Eva and use structures in c:\topas 4.1\structure database\ 
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General error sources and trouble shooting:  
 
 

- Check crystallite size of all phases for reasonable values. (it should not 
converge to zero or infinity), Constrain with min and max values. 
 

-Check visually by highlighting the individual phase names, if trace phases 
are really present.  
 

- Avoid correcting for preferred orientation when peaks of different phases 
are overlapping and both phases have preferred orientation (always try to 
minimize preferred orientation by better sample preparation) 
 

- For complex multiphase sample, release parameters subsequently. 
 
- Use internal standard to refine for displacement error, then fix it and only 
refine lattice parameters of other phases. 
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Corrections for non-ideal powder samples 
Texture or preferred orientation 

Slate Tile, as an example for strong texture 

Illite, Kaolinite, Quartz 

 
 Preferred orientation of needle or plate-like 

crystallites can often be corrected with the 
March-Dollase function 

 For minerals with multiple cleavage 
directions a spherical harmonics correction 
can be applied. 
 

 Acceptable limits of preferred orientation 
corrections should ideally be tested with a 
standard mixture 
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Correction for non-ideal powder samples 
Texture or preferred orientation 

 Unground sample 
 Comparison of slate tile 

and ground slate 
(Calculated Illite 
patterns are highlighted) 

 The (001) directions of 
Illite, Kaolinite and 
Paragonite were 
corrected with the 
March-Dollase model for 
both sample 
 
 
 

 Ground sample 
 
 Preferred Orientation is 

too severe to be 
corrected with March 
Dollase model 

 Samples measured with 
Vantec-1 detector 
0.1sec/step 

 
 



Preferred orientation correction 
Spherical harmonics correction using too many parameters 

 Negative peak 
intensities as a 
result of using the 
spherical harmonics 
correction for 
preferred orientation 
for Kaolinite 
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Kaolinite 19.01 %

Quartz 1.39 %

Chlorite IIb 12.69 %

Corundum 15.91 %

Illite 35.30 %

Nontronite_hkl 15.69 %



06/05/2014 64 

Corrections for non-ideal powder samples 
Large grains lead to spotiness effect and Micro absorption 
(demonstrated with area detector and weighted test mixture) 

 Coarse powder of 
Albite, Microcline 
and Quartz (some 
grains are larger 
than 50m) 
 
 
 

 Identical Powder, 
wet ground in 
Micronising Mill for 
30 minutes 
 

 Gadds data at 25cm 
sample-detector 
distance 
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Corrections for non-ideal powder samples 
Large grains, spottiness effect, Micro absorption 
 

Unground sample 
 
Weighted compositions: 
 

 
 
 
 

 For both samples, 
preferred orientation for 
Albite and Microcline were 
refined   
 
 

Ground sample 
 Gadds data at 25cm 

sample-detector distance 

Albite 29.64 wt.% 

Microcline 36.63 wt.% 

Quartz 33.73 wt.% 



06/05/2014 66 

Corrections for non-ideal powder samples 
Micro absorption 
Brindley correction 

Weighted compositions: 
 

 
 
 
 

 Larger Quartz grains of 
50m were assumed. 

Albite 29.64 wt.% 
Microcline 36.63 wt.% 

Quartz 33.73 wt.% 

     Note that the error 
would be 
considerably larger 
for phases  with 
higher absorption 
contrast! 



06/05/2014 67 

Corrections for non-ideal powder 
samples 
 

 Preferred orientation effects 
• March Dollase 
• Spherical harmonics 

 Micro absorption 
• Brindley correction for spherical particles 

 Surface roughness 
• Correction according to Pitschke or Suortti  

 Corrections for these effects are available in TOPAS, but it is best to avoid or 
minimize these effects by good sample preparation! 

 -  Flat samples with powder grain sizes below approx. 5m. 
-  If possible, minimize preferred orientation by using back or side  loaded 
sample holders 
 



Quantifying Amorphous Phases 
Traditional Rietveld Method 
 



Quantifying Amorphous Phases 
Traditional Rietveld Method 

Benefits 

 Requires no standards or 
calibration 

 More than one amorphous phase 
can be analyzed 

Limitations 

Direct method 

Cannot correct for microabsorption 
errors 

Some amorphous material will not 
have a representative crystal 
structure 

• Available crystal structures (with 
long-range order) may not 
accurately represent material 
which only has short-range order 
(e.g. glasses). 
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Quantifying Amorphous Phases 
Internal Standard Method 

 The sample is "spiked" with a known mass of standard material and 
the QPA normalized accordingly 

 The weight fractions of the crystalline phases present in each sample 
are estimated using the Rietveld methodology 

 Concentrations to be corrected proportionately according to: 

 

 

where Corr(W) is the corrected weight percent, STDknown the weighed concentration 
of the standard in the sample and STDmeasured the analyzed concentration 

 The amount of amorphous material Wamorphous can then be derived 
from: 
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Quantifying Amorphous Phases 
Internal Standard Method 

71 

Phase Wt.% in spiked sample  Wt.% in original sample Wt.% det. without standard 

Diopside 4.98 5.52 4.82 

Forsterite 6.40 7.09 5.43 

Anorthite 7.18 7.95 9.11 

Volcanic glass 71.76 79.45 80.64 



Quantifying Amorphous Phases 
Internal Standard Method 

Benefits 

 Indirect method 

 The Internal Standard Method is 
enabled in many Rietveld analysis 
packages 

Limitations 

Only the sum of all amorphous and 
unidentified phases can be reported 

Cannot correct for microabsorption 
errors 

The sample is contaminated  

The standard addition process is 
laborious (weighing, mixing), and not 
feasible in industrial, automated 
sample preparation environments 

The method relies upon obtaining a 
standard of appropriate absorption 
contrast to prevent the introduction 
of a microabsorption problem 
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Quantifying Amorphous Phases 
PONKCS Method 

 Phases with Partial Or No Known Crystal Structure are characterized 
by measured rather than calculated structure factors 

 Follows the same general form as that used in the Rietveld Method 
but now includes all crystalline and amorphous phases characterized 
by either calculated or empirical structure factors  

 For all phases  using empirically derived structure factors ZMV 
"calibration constants" must be derived, e.g. via an internal standard 
s  

 

 

 A one time calibration per phase with a single standard mixture is 
usually sufficient 
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Quantifying Amorphous Phases 
PONKCS Method 

Benefits 

The amorphous phase is included in 
the analysis model 

More than one amorphous phase 
can be analyzed 

Potential to minimize errors related 
to microabsorption, when ZMVs have 
been calibrated for all phases 

• Consider to use the PONKCS 
methodology also for all 
crystalline phases with known 
crystal structures are known 

• It is highly recommended to 
create a database with "PONKCS 
phases"; such a database can be 
used in full analogy to crystal 
structure databases 

Limitations 

 Direct method 

 Requires availability of a standard 
mixture to derive an empirical 
ZMV 
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Quantifying Amorphous Phases 
PONKCS Method-walk through for Compritol 
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 Scan of pure 
Compritol 

 Step 1: try to find a 
“unit cell” that will fit 
the scan. If not 
enough peaks are 
present for LSI 
algorithm, try LP 
search 

 Step 2: after getting 
a satisfactory fit, fix 
all peak intensities 
and uncheck “Delete 
hkls on refinement” 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Compritol 
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 Scan of pure 
Compritol 

 Step 1: try to find a 
“unit cell” that will fit 
the scan. If not 
enough peaks are 
present for LSI 
algorithm, try LP 
search 

  Step 2: after getting 
a satisfactory fit, fix 
all peak intensities 
and uncheck “Delete 
hkls on refinement” 
and LP search 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Compritol 
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 Scan of 50% mix of 
Compritol and known 
standard 
(Corundum) 

 Step 3: replace scan 
of pure compound 
with known mixture 

 Step 4: Constrain all 
lattice parameters 
and crystallite size 
values with 
reasonable limits and 
refine scaling factor 

 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Compritol 
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 Scan of 50% mix of 
Compritol and known 
standard 
(Corundum) 

 Step 3: Empirically 
determine a value for 
“mass” to match the 
known concentration 
of the mixture 



Quantifying Amorphous Phases 
PONKCS Method-walk through for 
Compritol 
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 Step 4: Once that 
value is known, save 
the hkl_Compritol 
phase (in .inp 
format). It can now 
be used like a normal 
structure in any 
other mixture 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Prosolv 
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 Scan of pure Prosolv 

 Step 1: try to find a 
“unit cell” that will fit 
the scan. If not 
enough peaks are 
present for LSI 
algorithm, try LP 
search 

 Step 2: after getting 
a satisfactory fit, fix 
all peak intensities 
and uncheck “Delete 
hkls on refinement” 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Prosolv 
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 Scan of pure Prosolv 

 Step 1: try to find a 
“unit cell” that will fit 
the scan. If not 
enough peaks are 
present for LSI 
algorithm, try LP 
search 

 Step 2: after getting 
a satisfactory fit, fix 
all peak intensities 
and uncheck “Delete 
hkls on refinement” 
and LP search 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Prosolv 
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 Scan of 50% mix of 
Prosolv and known 
standard 
(Corundum) 

 Step 3: replace scan 
of pure compound 
with known mixture 

 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Prosolv 
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 Scan of 49.1% mix 
of Prosolv and known 
standard 
(Corundum) 

 Step 3:Once that 
empirical value is 
known, save the 
hkl_Compritol phase 
(in .inp format). It 
can now be used like 
a normal structure in 
any other mixture 

 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Klucel 

84 

 Scan of pure Klucel 

 Step 1: try to find a 
“unit cell” that will fit 
the scan. If not 
enough peaks are 
present for LSI 
algorithm, try LP 
search 

 Step 2: after getting 
a satisfactory fit, fix 
all peak intensities 
and uncheck “Delete 
hkls on refinement” 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Klucel 
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 Scan of pure Klucel 

 Step 1: try to find a 
“unit cell” that will fit 
the scan. If not 
enough peaks are 
present for LSI 
algorithm, try LP 
search 

 Step 2: after getting 
a satisfactory fit, fix 
all peak intensities 
and uncheck “Delete 
hkls on refinement” 
and LP search 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Klucel 
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 Scan of 50% mix of 
Klucel and known 
standard 
(Corundum) 

 Step 3: replace scan 
of pure compound 
with known mixture 

 



Quantifying Amorphous Phases 
PONKCS Method-walk through for Klucel 
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 Scan of 60% mix of 
Klucel and known 
standard 
(Corundum) 

 Step 3:Once that 
empirical value is 
known, save the 
hkl_klucel phase (in 
.inp format). It can 
now be used like a 
normal structure in 
any other mixture 

 



Quantifying Amorphous Phases 
PONKCS Method-Test mixture  
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 Test mixture 

- 39% Ibuprofen 

- 18.7% Prosolv 

- 18% Compritol 

- 24.24% Klucel 

 Background was 
determined on pure 
Ibuprofen sample to 
avoid correlation 
effects with broad 
excipient peaks 

 Ibuprofen structure 
was also refined on 
pure sample to 
minimize preferred 
orientation effects  

no further correction 
necessary 
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Industrial application: Cement + flyash 
Rietveld refinement with TOPAS, only crystalline 
components 
 

- LynxEye Detector  

- 0.3° divergence, 4° Soller slits 

- 0.02°/step, 0.2sec/step  

- Measurement time: 9 minutes 

 

 

    A high order polynomial function was 
necessary to fit the background, which is 
an indication for amorphous material in the 
sample. 
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Industrial application: Cement and  flyash 
Determination of amophous component 
Method 1: spiking the sample with an internal standard 
 

    The elevated background is modeled with high-
order polynomial function.  

 
The sample is spiked with an known amount of an 
internal standard. 

 Background was fitted with 
high-order polynomial 
function   

 8.27 wt% Zincite was added 
to the sample as an internal 
standard 
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Industrial application: Cement + flyash 
Determination of amophous component 
Method 1: spiking the sample with an internal standard 
 

 Phase amounts and amorphous content in original sample is calculated in the  TOPAS 
software 
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Industrial application: Cement + flyash 
Determination of amophous component 
Method 2: Modeling the background with „amorphous 
structure“ 
 

    The elevated background from the amorphous component is not modeled with a 
polynomial but mostly with an amorphous “structure”. This was achieved by using a 
normal quartz structure with very small crystallite size and adjusting the lattice 
parameters to fit the amorphous halo.  

 This standard less method works reliable and can be automated easier but should be 
checked for each sample type with the internal standard method. 

 

 Background from 
0-order 
polynomial 
function 

 Background from 
amorphous 
component 
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