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Laue equations

Rietveld fit

Structure factor

Software:

Fit2D
Dioptas

GSAS
GSAS-II

Crystal structure database 
(American Mineralogist database)

Single crystal data reduction
(multipurpose – inorganic)



https://unimi2013-
my.sharepoint.com/:f:/g/personal/marco_merlini_unimi_it/Ig
BIU_djZpY9RIiK8yWpamc-AfOLTVCYGXyDZZ_HBo-
uf1s?e=F3jIrf

https://unimi2013-my.sharepoint.com/:f:/g/personal/marco_merlini_unimi_it/IgBIU_djZpY9RIiK8yWpamc-AfOLTVCYGXyDZZ_HBo-uf1s?e=F3jIrf


1. Installing GSAS-II: Overview — GSAS-II v5.6.0 documentation

https://advancedphotonsource.github.io/GSAS-II-tutorials/install.html


Dioptas - Clemens Prescher

https://www.clemensprescher.com/programs/dioptas


AMCSD – RRUFF – Comprehensive Database of Mineral Data

https://www.rruff.net/amcsd/


1.1) Monochromators

Crystal (e.g. Si111)

White beam

Monochromatic beam

θ
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1.1) Monochromators
θ

At which theta angle should be set a Si111

monochromator to get 30keV ?

- Need Bragg’s law and crystallographic (unit cell) 
parameters of crystalline silicon
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1.1) Monochromators
θ

Bragg’s law:    2dhkl senθ = (n)λ

E=hυ=hc/λ
E(keV)=12.4 / λ(Å) 

12.398…
12.39841930…

30 keV :   λ = 0.41328 Å



1.1) Monochromators
θ

Bragg’s law:    2dhkl senθ = (n)λ

Silicon:  cubic, a= 5.43102 Å

1/d2=(h2+k2+l2)/a2 d111 = 3.13560 Å



1.1) Monochromators
θ

Bragg’s law:    2dhkl senθ = (n)λ

Θ=3.7786°
λ = 0.41328 Å

d111 = 3.13560 Å



1.1) Monochromators

θ

Double parallel monochromators



1.1) Monochromators

Laue geometry
monochromator

Or single monochromator for 
specific purposes (i.e. two
beamlines on single source)

θ



1.1) Monochromators

Courtesy of A. Lausi & P. Lotti



1.2) Calibration of beamline parameters



1.2) Calibration of beamline parameters

XPRESS @ Elettra





Monochromatic X-Ray beam



Sample 
(High pressure / High temperature Diamond Anvil Cell)



Area detector



1.2) Calibration of beamline parameters



1.2) Calibration of beamline parameters

x

y

d

wl

- Wavelenght
- Sample to detector distance
- X,Y detector coordinate system (beam centre)
- Detector tilt



1.2) Calibration of beamline parameters

- Calibration against a powder (single 
crystal) reference sample with well known
lattice parameter

- Operation normally done by beamline
staff, but users should know how to do

- Standards: Silicon, LaB6, CeO2…..

- Software: FIT2D, Dioptas



1.2) Calibration of beamline parameters

Fit2D





- Silicon NIST collected at XPRESS beamline (Elettra)

- Pilatus 6M area detector

- Approximate sample to detector distance: 250 mm (from uncalibrated motor
position)

- Beam energy:  ̴̴ 25 keV (i.e.   ̴̴ 0.495 )

- Pixel size: 0.172x0.172 mm

- Using Fit2D and Dioptas to calibrate experimental geometry and 
integrate powder diffratcion from samples







Integration of sample XRPD 





1.3) Use of unit cell volume for determination 
of bulk properties: thermal expansion

Thermal expansion: α = 1/V (∂V/∂T)
= ∂lnV/∂T

Determination of unit cell volume at
different temperatures



«Hystorical» (2005) beamline setup for HT X-ray powder
diffraction @ GILDA beamline (CRG beamline – ESRF, now
LISA beamline)





Monochromatic X-Ray beam



Area detector



Sample 
High temperature gas blower



Example: thermal expansion of stannite, Cu2FeSnS4

- Ore mineral for tin, together with cassiterite 
SnO2

- Important structure in material science 
together with kesterite, Cu2ZnSnS4 (for 
photovoltaic application) 

- In the last decade increase of publication on 
synthesis of these materials. The knowledge of 
structural behaviour as function of 
temperature, chemistry, etc… is relevant for 
stabilization of phases with specific properties



• Example of Rietveld fit of stannite at 
variable temperatures and determination 
of thermal expansion

• Use of GSAS and GSAS-II software



Data collected @ MCX beamline (Elettra)

High resolution powder diffraction

Sample 
High temperature gas blower



Single peak fit: fast, useful for preliminary
information on unit cell

Full profile fit: more accurate lattice 
parameter determination. It allows also
structural and microstructural analysis, 
quantitative analysis…

Rietveld fit



Rietveld fit
Simulation of powder pattern 
Least square minimization on experimental pattern

Refinable parameters:

Unit cell
Scale factor
Crystal structure
Peak shape
Background

Other parameters (i.e. preferred orientation….)



Information needed:

1) Experimental pattern

2) Wavelenght

3) Crystal structure (unit cell, symmetry and atomic coordinates)

(eventually other parameters, i.e. instrumental resolution…)



http://www.minsocam.org/msa/Crystal_Database.html





Unit cell and spacegroup



Atomic coordinates

Atomic displacement
parameters



CIF: 
formatted Crystallographic
Information File



Calculation of powder pattern

Bragg’s law + structure factor

Calculation of diffraction angle as function
of hkl (Miller index) + calculation of intensity

of each diffraction

2dhkl senθ = (n)λ



Intensity of diffraction: function of atomic species and structure
Structure factor

fj = atomic scattering factor

rj= atomic position vector (i.e. atomic coordinates)

S = scattering vector (s1-s0)   s1: direction of diffracted beam
s0: direction of primary beam









Simulation of diffraction:

Sum of simulated peaks

Peak position (bragg’s law) + peak scale factor (Structure factor) + peak shape



h1 k1 l1 h2 k2 l2

Peak position: bragg’s law



h1 k1 l1 h2 k2 l2

Peak position: bragg’s law

* *

Scale factor (proportional to squared structure factor)



h1 k1 l1 h2 k2 l2

* *

Peak shape (i.e. gaussian, lorentian, pseudo-Voigt, etc…)

* *











Linear thermal expansion: α = 30.4*10-6 (K-1)

α = 1/V (∂V/∂T)= ∂lnV/∂T



Peak profile FWHM (Full width at Half Maximum)

+ profile shape (i.e. Gaussian, Lorentian)



Pseudo-Voigt: Gaussian (G)  +Lorentian (L)

GU, GV, GW and LX, LY  describe the 
variation of FWHM of a Gaussian and a 
Lorentian as function of 2theta angle







From GSAS manual



Example: estimation of crystallite size in cubic ZrO2 
(nominally 5 nm by TEM)

- Determination of experimental broadening using a 
standard (i.e. LaB6, Silicon)

- Profile fitting of ZrO2 (using GSAS-II software, which has
implemented the deconvolution of sample broadening
from instrumental broadening)













2) Intensity of diffraction: function of atomic species and structure

Structure factor



Intensity of diffraction: function of atomic species and structure

Structure factor

- Use of intensity for quantitative analysis and for structure determination



Quantitative analysis:

Stannite Cu2FeSnS4 – Rietveld fit – few peaks not fitted





SnO2







96 % Stannite

4 % SnO2



Structure determination / refinement












Summary
- Accuracy (and precision) in geometrical parameters (i.e. peak position, lattice parameter) is function of 

calibration
- Synchrotron experiments (especially in Bragg-Brentano – transmission -geometry) can result in improved

accuracy compared to laboratory sources



Summary
- Accuracy (and precision) in geometrical parameters (i.e. peak position, lattice parameter) is function of 

calibration
- Synchrotron experiments (especially in Bragg-Brentano – transmission -geometry) can result in improved
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Summary
- Synchrotron high resolution beamlines: improved angular resolution compared to laboratory sources

- Accurate determination of microstructural parameters (i.e. crystallite size, microstrain)



Summary
- Synchrotron high resolution beamlines: improved angular resolution compared to laboratory sources

- Accurate determination of microstructural parameters (i.e. crystallite size, microstrain)



Summary
- Synchrotron diffraction with tunable energy – high energy can result in minimization of absorption effects. 

Useful for structure determination of sample with atomic species with significant different atomic numbers
- Diffraction in complex environments
- Large experimental space for ad-hoc experimental setup



Summary

Rietveld fit of complex structural intergrow of different domain in 
high pressure phase

LVP – Large Volume Press @ ESRF ID06 beamline

- Synchrotron diffraction with tunable energy – high energy can result in minimization of absorption effects. 
Useful for structure determination of sample with atomic species with significant different atomic numbers

- Diffraction in complex environments
- Large experimental space for ad-hoc experimental setup







3) EXAMPLE of crystal structure determination from single crystals at «extreme conditions»

High-pressure and high-temperature



Diamond anvil cell

Diamond culet diameter max pressure

1 mm 2 GPa
0.6 mm 20 GPa
0.3 mm 60 Gpa
0.125 mm > 100 GPa



Force: 

screws

Gas under pressure 
(0-200 bar)
and expanding
metallic membrane



pinhole

Fast shutter

MAR-555 flat panel
detectorRotation

3 – experimental

ID09A beamline @ ESRF (Grenoble, France)
European Synchrotron Radiation Facility

Beam size: from 60x60 to 5x5 μm2



Diamond Anvil Cell (DAC)  +/- resistive heating +/- laser heating

P max:  «routine»  1.5 Mbar – possible experiments up to 6 Mbar
T max: cryostat + resistive: 5-1000 K;  laser heating: up to 6000 K

X- ray diffraction
(powder, single crystal)

X-ray scattering

X-ray spectroscopy



Dubrovinsky et al., HPR 2010

Portable laser heating system for single 
crystal diffraction





Incoming laser beam



Mirror and lens



Mirror



Diamond Anvil Cell







Single crystal laser heating
+ rotation of all the stage 
for single crystal diffraction
data collection in situ @ 
HP/HT





Single crystal diffraction

In-situ growing of post-perovskite 
@ 150 Gpa & 2000 K

perovskite

post-perovskite



Crystal data

Formula sum Fe1 Mg1 O1 Si1
Crystal system orthorhombic

Space group C m c m (no. 63)

Unit cell a = 2.477(7) Å

b = 8.03(2) Å

c = 6.109(13) Å

Cell volume 121.51(50) Å3

Z 16

Pearson code oC20

Atomic coordinates and isotropic displacement parameters (in Å 2)

Atom Wyck. Occ. x y z U

Mg1 4c 0.703 0 0.25346 1/4 0.0149

Fe1 4c 0.297 0 0.25346 1/4 0.0149

Si 4a 0 0 0 0.0126

O1 4c 0 0.91453 1/4 0.0187

O2 8f 0 0.64244 0.44277 0.0130

Post-perovskite,

struttura a 
140 Gpa e 2000K



FeCO3
(Experiment with L. Dubrovinsky,
In-situ laser heating single crystal)



Fe4C3O12   

Fcalc

Fobs
1116 obs
151 refined parameters
R(obs) 7 %
R(all)  8 %

Solved and refined in P1,
pseudo symmetry 
elements which suggests 
possible HT R3c 
symmetry

Dataset collected at 1Mbar and ambient T



Complex structures of metals @ High Pressure



Na oP8 structure determined at 118 GPa

MnP type structure

Single atomic species, but
binary compound type
structure

Fcalc

F obs



Na – host-guest structure P > 125 GPa



- Single crystal diffraction on crystals with size down to 
0.005x0.005x0.005 mm  (almost routine) and even less

- Possibility to have structural information from single crystal data at
non ambient conditions, not only with static measurements (i.e high 
pressure) but also during dynamic processes (i.e. variable magnetic
field, temperature, etc) on second time scale



3) EXAMPLE: Diffraction tomography

ESRF, ID15A

Courtesy of Marco Di Michiel



Experimental setup

• Monochromatic beam

• Continuous translation and 
rotation of the sample

• Diffraction data collection during
translation and rotation

Energy 90 KeV
(ʎ) 0.137 Angstrom

Sample to detector distance 1.00/1.40 m

Data collection Continuous rotation



COSA SI OTTIENE?
• 2D diffraction

• Integration  from 2D to 1D powder pattern

• «Elaboration» of pattern (synogram)

• «Slices» 

Courtesy of Laura Leone



METEORITE from museum collection

Pyroxene and olivine Kamacite (Fe–Ni alloy)



METEORITE from museum collection

Pyroxene and olivine Kamacite (Fe–Ni alloy)



Archaeological sample: ceramic
from northern Africa, Roman period
(apx. 2000 year ago)

Quartz (SiO2)

Calcite (CaCO3)

Different
granulometry

and calcite 
distribution



Archaeological sample: ceramic
from northern Africa, Roman period
(apx. 2000 year ago)

Quartz (SiO2)

Missing calcite in external portion
of ceramic:

«Sandwitch» preparation
With different clay composition

Different
granulometry

and calcite 
distribution



Commercial softwares (i.e. scientists and engeneer
working full time for software development,
maintainance and upgrades) for single crystal data
reduction from area detectors work much better than
in-house written codes

XDS, Crysalis, etc… are normally available at
synchrotron beamlines and universities/research
center



Single crystal X-ray diffraction is the primary technique for 
determining atomic-scale structures of materials.

It provides precise information on the arrangement of atoms within a 
crystal, which is essential for understanding material properties.



High pressure and temperature can induce new atomic arrangements.

Many structures formed at high pressures are 
unquenchable, meaning they revert to their 
original form when pressure is released, 
making in situ studies essential for accurate 
structure determination.

DIAMOND ANVIL CELL

These conditions are critical for discovering new phases 
and structures, especially those that are unquenchable 
and exist only under these non ambient conditions.



The Development of the Diamond Anvil Cell (DAC)
The DAC was developed in 1958, revolutionizing high-pressure research.

History



History



History



History



Becke line in CaCO3

CaCO3 – CaCO3-II phase transition

Single crystal to single crystal

@ 1.5 GPa

History:
Optical view
of single 
crystal to 
single crystal
transition



History



History



History



Becke line in CaCO3

CaCO3 – CaCO3-II phase transition

Single crystal to single crystal

@ 1.5 GPa

History



CaCO3 CaCO3-II
Becke line in CaCO3

CaCO3 – CaCO3-II phase transition

Single crystal to single crystal

@ 1.5 GPa

History



Leo Merrill (PhD student – advisor prof.  William Bassett)

1969

Miniaturized Diamond Anvil Cell for single crystal diffraction
(the “Merrill-Basset” cell…)

Designed for structure determination of calcite-II structure

Powder X-Ray diffraction: low resolution in ‘60 / ’70 for ab-initio experimental structural determination

Single crystal diffraction with pyston DAC only on Buerger precession camera 



Leo Merrill – William Bassett
1969
Miniaturized Diamond Anvil Cell for single 
crystal diffraction
(the “Merrill-Basset” cell…)
Designed for structure determination of 
calcite-II structure



1975:    CaCO3-II  structure determination

Merrill-Basset DAC

Distortion of calcite structure;

Tilted CO3 groups



Systematic Single Crystal Investigation Using DACHistory



History



The Merrill-Bassett DAC became a standard tool for laboratory-based high-
pressure research. It was used for accurate equation of state determinations 
using laboratory X-ray sources.

ETH-DAC (Miletich)











Evolution of Single Crystal Diffraction Techniques: 
Transition from laboratory to synchrotron sources for single crystal diffraction

APS (USA)



APS (USA)



Na oP8 structure determined at 118 GPa

MnP type structure

Single atomic species, but
binary compound type
structure

Fcalc

F obs

ESRF (GRENOBLE)



Reciprocal space reconstruction – hk0

P=10 GPa P=60 GPa
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Beamline and Detector Advancements
Evolution of beamlines and detectors has enhanced data quality.

o Mar345 (image plate detector)
o MarCCD (charge-coupled device)
o Flat panel detectors (e.g., Mar555, Perkin-Elmer)
o New generation detectors like Pilatus



Petra-III (Hamburg) – flat panel detector Esrf (Grenoble) – flat panel detector



Esrf, ID15b – Dectris (CdTe)

Elettra, XPRESS – Dectris (Silicon)



CaCO3-III:  impossible to index completely the X-ray powder pattern

Bridgman, 1939
Davis, 1964
Merrill & Bassett, 1972
Liu & Mernagh, 1990
Fiquet et al., 1994
Smyth & Ahrens, 1997
Suito et al., 2001
Catalli & Williams, 2005
Hagiya et al., 2005

Even the determination of the unit cell was controversial
(without structure determination)

Crystal structure determination in 2012:

New generation of x-ray detectors at syncrotron sources

Example of contribution of single crystal diffraction at syncrotron
to determine structure after multiple phase transition



CaCO3-III:  impossible to index completely the X-ray powder pattern

Bridgman, 1939
Davis, 1964
Merrill & Bassett, 1972
Liu & Mernagh, 1990
Fiquet et al., 1994
Smyth & Ahrens, 1997
Suito et al., 2001
Catalli & Williams, 2005
Hagiya et al., 2005

Crystal structure determination in 2012:

New generation of x-ray detectors at syncrotron sources



1-

2-

3-

4-

Microdiffraction from polycrystal sample Phase transitions, 
chemical reactions

2nd order transition (i.e. martensitic)

As 1) with twinning

1st order, with volume dicontinuity

Decomposition, chemical reactions

3-4) : single crystal domain size very small; Most interesting for Earth’s mantle mineralogy



CaCO3-III Multiple domains

Possibility to identify a crystal lattice for 
main domain and integrate intensity with 
resonable peak separation from nearly
overlapping ones

Possible use of merged diffractions from 
different domain with different
crystallographic orientation for structure
solution (increase of reciprocal space
coverage)



CaCO3-III Multiple domains

Possibility to identify a crystal lattice for 
main domain and integrate intensity with 
resonable peak separation from nearly
overlapping ones

Possible use of merged diffractions from 
different domain with different
crystallographic orientation for structure
solution (increase of reciprocal space
coverage)



Triclinic CaCO3-III

a=6.281(1) Å b=7.507(2) Å c=12.516(3) Å α=93.76(2)° β=98.95(2)° γ=106.49(2)°

Z=10 (50 atoms in the unit cell)

Triclinic (pseudo monoclinic) CaCO3-IIIb

a=6.144(3) Å b=6.3715(14) Å c=6.3759(15) Å α=93.84(2)° β=107.34(3)° γ=107.16(3)°

Z=4 (20 atoms in the unit cell)

Two different
structures
observed in the 
2-10 GPa range



High-resolution and high-flux X-ray synchrotron diffraction of CaCO3 at high pressure

Data collected at ID09A beamline (ESRF – Grenoble, France), june 2015

CaCO3

CaCO3-II

CaCO3-III

0.3 GPa

1.7 GPa

2.2 GPa



*

*
*

***

*

*
*

*

*

**

*

***
**

CaCO3-II

*

CaCO3-III

CaCO3

4 6 8

Very complex X-ray powder pattern of CaCO3-III, with large number of weak diffraction peaks

*

*
*

*
*



Rietveld (not Le Bail) fit of “CaCO3-III”
Using both CaCO3-III and CaCO3-IIIb 
phase, resulting in apx 50 % (wt) each.
-No extra peaks
-Possible cohexistence of these phases?

High resolution powder diffraction with multianvil press on CaCO3
The two determined structures can index «completely» the XRPD



Rietveld fit using CaCO3-III and CaCO3-IIIb simultaneously. Apx. 50% phase proportion

Almost impossible to determine ab-initio unit cell with powder data only



The cohexistence of two different structures is confirmed by high resolution XRPD from sample 
in DAC – Rietveld (not Le Bail) fit .  This explain the complexity of experimental XRPD and the 
impossibility to fully understand the crystallography of this system with only powder technique.



Single crystal diffraction after multiple phase transition at HP can be 
successfully applied for complex structure determination



Study of the structural evolution of dolomite Ca(Mg,Fe)(CO3)2 at extreme pressures

The compression of dolomite transform the structure
into a denser structure with tilted carbonate goups
and the possibility to create complex superstructures, 
with large unit cell parameters – similar to CaCO3-III

Merlini et al., PNAS, 2012



Dolomite CaMg(CO3)2 at 1 Mbar

P1, 80 atoms in the unit cell



At Mbar pressures, change in crystal chemistry. Sp2 to sp3 hybridization
of carbon in C-O bonds and formation of tetrahedral groups
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Dolomite at core/mantle boundary,  115 GPa after heating at mantle temperatures

Ca(Mg,Fe)(CO3)2

Dolomite ambient pressure

Merlini et al., 2017

New unpredicted structures
with ring-carbonate 
tetrahedral groups



Fe-magnesite-II  (Chariton et al., 2020) Dolomite-IV (Merlini et al., 2017)



HP - low T:  isosymmetric transition (high-low spin Fe)

HP - high T:  red-ox reactions; new Fe3+ carbonates

Boulard et al., JGR 2012

Fe4(CO4)3 + hpFe3O4 + C

Lavina et al., 2010

FeCO3 siderite 



Stabilization of (Mg,Fe)CO3 at mantle pressures and temperatures: 130 GPa annealing at 2700 K

sample

Chemical reaction with formation of 
multidomain sample;

Single crystal data for the larger domains





Unit cell dimensions
a = 9.822(3) Å
b = 3.9023(13) Å
c = 13.154(5) Å
beta = 108.02(3) °

Cell volume 479.44(30) Å3

Then….. Structure solution!



Carbonate with new chemical formula, 
unknown at low pressure, with trivalent iron

Mg2Fe3+
2C4O13

(Mg2Fe2+
2C4O12)    @ low P

C 1 2/c 1 (no. 15)

Unit cell dimensions a = 9.822(3) Å

b = 3.9023(13) Å

c = 13.154(5) Å

β = 108.02(3) °

Cell volume 479.44(30) Å3

Z=8

Atoms in the unit cell: 168

P= 130 GPa

CO4 groups – truncated tetrahedral chains



Crystal data
Formula sum C4 Fe2 Mg2 O13
Crystal system monoclinic
Space group C 1 2/c 1 (no. 15)
Unit cell dimensions a = 9.822(3) Å

b = 3.9023(13) Å
c = 13.154(5) Å
β = 108.02(3) °

Cell volume 479.44(30) Å3

Z 16
Pearson code mC84
Formula type N4O4P13
Wyckoff sequence f10e

Atomic coordinates and isotropic displacement parameters (in Å 2)

Atom Wyck. Occ. x y z U
Mg1 8f 0.299 0.88478 -0.02538 0.41144 0.0217
Mg2 8f 0.261 0.66154 -0.48586 0.33561 0.0173
O1 8f 0.80537 0.30718 0.28354 0.0159
O2 4e 1/2 -0.19830 1/4 0.0185
O3 8f 0.93831 0.80183 0.30257 0.0064
O4 8f 1.00092 -0.37512 0.58752 0.0073
O5 8f 0.81759 -0.52368 0.62268 0.0106
O6 8f 0.81245 -0.42400 0.45742 0.0089
O7 8f 0.91026 -0.87915 0.54143 0.0181
C1 8f 0.88391 -0.55002 0.54753 0.0064
C2 8f 1.08276 -0.46856 0.69702 0.0068
Fe1 8f 0.701 0.88478 -0.02538 0.41144 0.0217
Fe2 8f 0.739 0.66154 -0.48586 0.33561 0.0173

Fe1 O7 1.746
O3 1.802
O6 1.886
O5 1.907
O4 1.922
O7 1.950
O1 2.076

Fe2 O6 1.831
O1 1.928
O3 1.962
O5 1.984
O2 1.985
O7 2.024
O1 2.046
O5 2.056
O3 2.257

Refinement without
constraints

ADPs refinement
with sensible values



C1 O4 1.236

O7 1.305

O6 1.308

O5 1.351

C2 O1 1.183

O3 1.291

O2 1.361

O4 1.515

Tetrahedrally coordinated CO4 carbon unit





Unit cell dimensions
a = 19.2330(18) Å
b = 2.5820(13) Å
c = 9.550(11) Å
b = 118.39(3) °

Cell volume 417.21(50) Å3

No idea about chemical composition: 
an other carbonate? A decomposition product? Mg rich? Fe rich?



Second phase: new class of iron oxide, Fe13O19



F calc vs Fobs

Fe13O19  @ 135 GPa

Independent reflections:

158

Refined parameters:

48

R obs:
5.2 %

R all

7.44 %



Mg0.3Fe0.7 C O 3

Mg2Fe2C4O13 +   Fe13O19 + C

Red-ox reaction

Fe 3+ C 0

oxidation reduction











2010: crystal structure determination in-situ at simultaneous high-pressure 
and high-temperature conditions of the deep Earth, with single crystal

diffraction techniques, synchrotron radiation and portable laser heating
system coupled with diamond anvil cell

ruby

43(1) GPa dolomite
(not heated)

            dolomite 
(molten at 2600(100) K)

Compact laser heating devices
which can rotate simultaneously
with the diamond anvil cell to 
perform single crystal diffraction
@ HP/HT

«Portable laser heating system for single crystal diffraction» 
Dubrovinsky et al., HPR 2010



Single crystal diffraction at D’’ conditions and growth of a 
single crystal of post-perovskite

5 (five!) minutes of experiment – in-situ single crystal
diffraction and direct observation of the perovskite –
post-perovskite transformation

perovskite

post-perovskite



Crystal data

Formula sum Fe1 Mg1 O1 Si1
Crystal system orthorhombic

Space group C m c m (no. 63)

Unit cell a = 2.477(7) Å

b = 8.03(2) Å

c = 6.109(13) Å

Cell volume 121.51(50) Å3

Z 16

Pearson code oC20

Atomic coordinates and isotropic displacement parameters (in Å 2)

Atom Wyck. Occ. x y z U

Mg1 4c 0.703 0 0.25346 1/4 0.0149

Fe1 4c 0.297 0 0.25346 1/4 0.0149

Si 4a 0 0 0 0.0126

O1 4c 0 0.91453 1/4 0.0187

O2 8f 0 0.64244 0.44277 0.0130

Post-perovskite,

Crystal structure at
140 GPa e 2000K

2010: test experiment on 
post-perovskite
State of art: 
five minutes data 
collection @ HT/HP; 
structure solution and 
refinement, using in-situ 
data Single crystal

diffraction
spots
@ 140 Gpa & 
2000 K







Resistively heated DAC – stable temperature 
and good quality of diffraction data



High-pressure and temperature studies of Na₂CO₃



High-pressure and temperature studies of Na₂CO₃

Incommensurate peaks



High-pressure and temperature studies of Na₂CO₃

Beta-phase

alpha-phase
2 Gpa – 800 °C



High-pressure and temperature studies of Na₂CO₃

Beta-phase
(1.5 Gpa, 600 °C)

alpha-phase
2 Gpa – 800 °C

gamma, incommensurate (1 Gpa)
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