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Classic Rietveld method

Quantification of Mannitol polymorphs
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Classic Rietveld method

IF

All phases in the mixture are known

All phases are crystalline

All crystal structures are known

THEN

‘ZMV algorithm’ (1) can be used to relate the Rietveld scale factor
to the phase concentration

(1) Hill R.J. and Howard C.J. (1987) J. Appl. Crys. Vol 20, 467-474.



Classic Rietveld method
ZMV calibration constant
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W = weight %
S = Rietveld scale factor
Z = No. of formula units in unit cell
M = molecular mass of formula unit
V = unit cell volume

If the crystal structure of a phase is not known,
then the ZMV calibration constant is unknown

ZMV is a calibration constant which eliminates the need to measure:
• instrument calibration constant
• sample mass absorption



Classic Rietveld method
internal standard

A possible solution is to add an internal standard (spiking)

However, if there is more than one phase with an unknown or only
partially known structure, these phases will be considered as a single group

= no information about the individual phases



Quantification of phases with
Partial Or No Crystal Structures (PONKCS)

An individual unknown or partially unknown crystalline phase can be 
quantified through PONKCS method, if:

the phase is available as pure specimen
(or major phase in specimen → known impurities that can be quantified with the 
internal standard method)

a synthetic mixture can be prepared in which the amounts of unknown 
and an internal standard are known

the unknown phase in the ‚experimental‘ mixture does not vary too 
much from the pure specimen, used to derive the intensities



PONKCS method

Crystalline (and even amorphous) phases can be fitted through:
• (hkl) phase if the phase can be indexed (Pawley/Le Bail fit)
• peak phase if the phase cannot be indexed

→ Result: list of peaks described by peak position and intensity

This replaces structure information in Rietveld refinement
• peak position and intensity fixed
• group of peaks scaled as a single entity within Rietveld refinement

ZMV constant is unknown and has to be provided through calibration



PONKCS method
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Calibration through the preparation of a mixture containing known
amounts of unknown (α) and standard material (s)
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all known

(ZMV)α has NO physical meaning



PONKCS method
TOPAS input file

xo_Is
phase_name Fluorite_pks
MVW( 394.583, 1.0000, 52.404 )
CS_L(csflu, 260.92396)
peak_type fp
scale @ 0.9927054493

xo !pos1 28.27558263
I !int1 265.680902
xo !pos2 32.76196554
I !int2 1.270499308
xo !pos3 42.23070081
I !int3 1.017909015
xo !pos4 47.00863
I !int4 912.6184579
etc

Fixed intensities and 
positions, from fitting the 

pure ‚unknown‘ phase

Refinable 
scale factor

ZMV, through calibration



PONKCS method

Allows the quantification of compounds, where the classic Rietveld 
method fails.
Amorphous phases, disordered phases, or phases with unknown 
crystal structures can be quantified with the same accuracy and 
precision as crystalline phases

Important application areas: 
Quantification of

• Phases with unknown structure, e.g. new polymorphs

• Phases with partially known structure, e.g. C3S (!)

• Disordered materials, e.g. clay minerals

• Amorphous materials



PONKCS method

Scarlett, N.V.Y. & Madsen, I.C. (2006)
Quantification of phases with partial 
or no known crystal structure
Powder Diffraction, 21(4), 278-284



Example*:

3-phase mixture
corundum

zincite
fluorite

* Nicola V.Y. Scarlett & Ian C. Madsen, CSIRO Minerals



PONKCS
3-phase mixture – round robin

IUCr CPD Round Robin on 
quantitative phase analysis

Data available from: 
http://www.iucr.org/iucr-
top/comm/cpd/QARR/index.html

Madsen I.C., Scarlett N.V.Y., 
Cranswick L.M.D. and Lwin T. 
(2001) “Outcomes of the IUCR CPD 
Round Robin on Quantitative Phase 
Analysis: Samples 1a to 1h”, 
J.Appl. Cryst, 34, 409-426.

For corundum, no crystal structure 
information was used
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PONKCS
3-phase mixture – round robin

PONKCS

corundum as hkl phase

corundum as peak phase

‚classic‘ Rietveld

Bias = difference between
weighed and measured values



Example*:

Nontronite
Anisotropic line broadening

* Nicola V.Y. Scarlett & Ian C. Madsen, CSIRO Minerals



PONKCS
Nontronite

Nontronite 

Component of nickel laterite

Important source of nickel which substitutes for iron in its structure

Na0.3Fe2(Si,Al)4O10(OH)2.nH2O 
Smectite (swelling) clay

Smectite (= paracrystalline mineral), exhibiting turbostratic stacking



PONKCS
Nontronite
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PONKCS
Nontronite
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Nontronite 100.00 %

Calculated pattern using the only published
structure of nontronite (Manceau et al., 1998)



PONKCS
Nontronite

(ICDD 34-842)

Peak positions OK
Relative intensities not



PONKCS
Nontronite

Pawley fit (isotropic) to get a list of peaks with relative intensities
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PONKCS
Nontronite

2Th Degrees
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Corundum 49.78 %
Nontronite_hkl 50.22 %

Mixture with corundum to determine calibration constant



PONKCS
Nontronite

The resultant phase model has been applied to a series of
6 mixtures of known composition



Example:

Slag in Cement
amorphous content



PONKCS
Quantitative Analysis of BFSlag

BFSlag can be described 
via Pawley / Le Bail or 
single peak fitting



PONKCS
Quantitative Analysis of BFSlag

E.g. Pawley fit strategy:
Choose arbitrary space group 
and lattice parameters to allow 
for a couple of peaks 
Allow for extreme line 
broadening

Refined PONKCS
model for BFSlag



Round Robin VDZ 2006/7
Quantitative Analysis of BFSlag

Preliminary results PONKCS:
(5 repeated analyses)

25.1 (2)

67.2 (2)

71.7 (2)



Round Robin VDZ 2006/7
Quantitative Analysis of BFSlag

Accuracy and Precision (values in wt. %, SD in brackets/1σ)

Every sample measured 5 times (D4 ENDEAVOR, LynxEye Detector)

Reference values:

• sample 1: 25,0 wt.% 

• sample 2: 67,0 wt.%

• sample 3: 72,0 wt.%

BFSlag
Sample 1

BFSlag
Sample 2

BFSlag
Sample 3

Measurement 1 25,0 67,2 71,7
Measurement 2 25,1 67,3 71,9
Measurement 3 24,7 67,0 71,6
Measurement 4 25,1 67,3 71,9
Measurement 5 25,3 67,0 71,5
Mean 25,1 67,2 71,7
SD 0,2 0,2 0,2



Pharma example:

Isotibolone in tibolone

See poster:
„Quantitative phase analysis of isotibolone in tibolone
raw material using the Scarlett-Madsen method“
Selma Gutierrez Antonio et al.



www.bruker-axs.com



Anisotropic line broadening
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