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INTRODUCTION – WHY DO WE CARE?

Simple molecular fluids are largely present in the Universe (giant 
planets) under extreme P-T conditions.

Neptune/Uranus
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POLYMORPHISM IN DENSE FLUIDS

Katayama et al, Nature (2000)
Monaco et al, PRL (2003)
Katayama et al, Science (2004)

Are there LLTs present in other systems ?

Liquid - liquid (first order) phase transition (LLT) in Phosphorous
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POLYMORPHISM IN DENSE FLUIDS

The DAC is needed to achieve these P-T conditions

Boates et al, PNAS 2012Bonev et al, PRL 2009

N2 CO2

Liquid - liquid (first order) phase transition (LLT) in N2 and CO2 (theory)
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CRYSTALLINE vs FLUID DIFFRACTION EXPERIMENTS

Q=(4/) sin()  (Å-1)

 Sharp Bragg peaks  Broad diffuse peaks

X ray DIFFRACTION PATTERNS

Crystals (ordered) Fluids (disordered)
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EXPERIMENTAL ISSUES

Low Z systems & small sample size (typ.  80 x 20um)

 Very weak diffraction signal

 Need a very bright X ray source (synchrotron)
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EXPERIMENTAL ISSUES

Q=(4/) sin()
WC 
seat

2max

E(keV) (Å) 2max (°) Qmax(Å
-1)

33.17 0.3738 25 7.28

33.17 0.3738 35 10.1

60 0.2067 25 13.16

60 0.2067 35 18.28

The diffracted signal is truncated by the DAC aperture

 Loss of information at high Q (low r)

Use:

 larger aperture (Boehler-Almax anvils)

smaller wavelength
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EXPERIMENTAL CHALLENGE USING XRD

• A given point of detector 

sees the contribution from

sample + diamonds + air

Diamond contributions: 

elastic and inelastic scattering
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Potassium

P=3.1GPa, T=530K
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Q (nm-1)
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HOW TO REDUCE BACKGROUND

 Use smaller/perforated anvils

Anvils are more fragile:

limits P-T range

 Use energy-dispersive XRD

Long acquisition time

S(Q) has to be reconstructed

 Use a multichannel collimator

Tsuji et al, RSI (1989)

Soignard et al, RSI. (2010)
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X ray techniques

Our strategy:

Couple DAC with 

Multi-Channel Collimator

to reduce Compton diffusion of diamonds

G. Weck, G Garbarino et al., Rev. Sci. Instrum. 84 p 063901 (2013)

Ar @ 1GPa

Room T

External and internal heaters: important improvement in Temperature metrology

THE MULTICHANNEL COLLIMATOR (SOLLER SLITS)
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Sample

Diamonds

Contributions

The diamond contributions is drastically reduced

THE MULTICHANNEL COLLIMATOR (SOLLER SLITS)
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THE MULTICHANNEL COLLIMATOR (SOLLER SLITS)

The “depth of field” along the beam is:

d(2)  w1/sin(2)

Covered angle= 60° (Horizontal) x 16° (Vertical). At 33 KeV, Qmax=145 nm-1

d(2)

w1=50 µm
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MCC (SOLLER SLITS) AT ID27

ADD 2019, ILL, Grenoble, France
Morard et al. RSI 82 (2011)

Upstream block 

downstream block 

X-ray

• Setup initially designed for the Paris-Edinburgh press.

• Upstream block: 75 slits of 50 μm at 50 mm of the sample

• Downstream block: 75 slits of 200 μm at 200 mm of the 

sample

• Angle between each slits = 0.8°.

• Total covered angle = 60°.

• Define with the X-ray beam a volume seen by the Detector

cryostat

MCC

PE detector



MCC EFFECT WITH THE DAC

No SS

With SS

Na0.5CO2 crystalline sample – MAR CCD
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MCC EFFECT WITH THE DAC

Without MCC With MCC
30 s 300 s

CO2 sample at 7.8 GPa, 710 K – MAR 345 IP
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MCC EFFECT WITH THE DAC

Without MCC With MCC

CO2 sample at 7.8 GPa, 710 K – MAR 345 IP
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MCC EFFECT WITH THE DAC

Without MCC With MCC
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The Compton signal of the anvils is reduced by a factor of 100 at 20 nm−1, 
and by more than 400 at 80 nm−1

CO2 sample at 7.8 GPa, 710 K – MAR 345 IP

ADD 2019, ILL, Grenoble, France



DATA ANALYSIS

 The measured signal Imeas(Q) is analyzed

using the method described in [Eggert et 

al, PRB 2002] to obtain S(Q) and g(r). The 

method also allows to extract the density.

 The procedure has been modified to take

into account the transmission of the MCC:

 TMCC depends on Q and the sample

thickness t, which varies with pressure. t

was thus included as a fit parameter.
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1) FLUID H2 / D2 (Z=1)

 Perkin-Elmer Flat panel

 EX-rays=20 or 33 KeV

 T from 50 to 300 K 
using ID27 cryostat

cryostat

PRL

MCC

PE detectorZ=1
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1) FLUID H2 / D2 (Z=1) – INFLUENCE OF THE ENERGY

33 KeV

20 KeV  Fluid H2

Empty cell

P=3.3 GPa
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1) FLUID H2 / D2 (Z=1)

300 K

S
(Q

)

Q (nm-1)

0.23 GPa, 60 K

2.42 GPa, 200KNeutron 
diffraction 
at P=0

Q (Å-1)
S
(Q

)-
1

 S(Q) becomes  more structured with pressure
 The First-Sharp Diffraction Peak (FSDP) shifts with P and T
 Compares very well with neutron diffraction at P=0

Weck et al, PRB 91 p 180204 (2015)ADD 2019, ILL, Grenoble, France



 Isotopic shift of the Qm between H2 and D2 due to density effect

 Pseudotransition between two liquids, possibly due to a change in the zero-point 

motional renormalization of the interaction from anharmonic to harmonic

 Extension of the experimental studies in liquid H2 up to Mbar range seems 

very encouraging (signal/background ratio will only be reduced by a factor 5)

1) FLUID H2 / D2 (Z=1)
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HORIZONTAL LASER HEATING SYSTEM

Not possible to rotate the DAC or insert additional devices (Soller slits)
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VERTICAL LASER HEATING SYSTEM 

- The system can rotate → Single crystal XRD

- Additional devices can be introduced (Soller slits) → Liquid structures
ADD 2019, ILL, Grenoble, France



Courtesy Prof. Sebastien Merkel, Univ. Lille, France

XRD @ HP: VERTICAL LASER HEATING (=1m)

EXAMPLE: SINGLE CRYSTAL COUPLED WITH LASER HEATING
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MELTING CURVE AND STRUCTURE FACTOR OF N2

Motivation:

- Ab initio prediction of a liquid-liquid phase transition at P~90 GPa

- Different experimental melting curves reported (Raman, Speckle)

- Observation of a maximum in the melting curve

- No structural data in the liquid state

Challenges:

Nitrogen:

-is a light element

-does not absorb YAG radiation 
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ADVANCED SAMPLE LOADINGS

30 m

Hot spot

Confinement of N2 in boron doped diamond micro-heaters (YAG absorber)

machined using femto-laser and fast ion beam techniques

Homogeneous and stable heating conditions in the megabar regime

ADD 2019, ILL, Grenoble, France Weck et al, PRL 119 p 235701 (2017)



MELTING CRITERIA

Melting criteria: appearance of

X-ray diffuse scattering of N2 Melting curve of N2

ADD 2019, ILL, Grenoble, France Weck et al, PRL 119 p 235701 (2017)



MELTING LINE

In contrast with literature data:

we do not observe a maximum 

in t he melting curve which would 

correspond to a LDL to HDL

transition up to 120 GPa

At P>120 GPa , we observed a 

strong increase of the slope of 

the melting curve indicative

of a first-order phase transition 

in the solid

ADD 2019, ILL, Grenoble, France Weck et al, PRL 119 p 235701 (2017)



STRUCTURE FACTOR OF N2

The absence of discontinuity 

in the evolution with pressure

of the first peak of the 

structure factor confirms the 

absence of LDL to HDL transition

ADD 2019, ILL, Grenoble, France Weck et al, PRL 119 p 235701 (2017)



CONCLUSIONS

We have implemented and tested a multichannel collimator for 

angle-dispersive x-ray diffraction with the DAC.

Large reduction of anvil signal which is necessary for quantitative 

studies of low-Z liquids at  P>20 GPa.

First measurements of the liquid structure factor of CO2, H2 and 

alkali metals at HP using resistive heating or cryostat. 

The analysis procedure from [Eggert et al, PRB 2002] has been 

updated to account for the transmission of the MCC. Allows to 

extract S(Q), g(r) and density at the same time.

This new set-up will also be useful for glasses, amorphous 

materials and even crystalline samples at very HP.

 CO2 and YAG Laser heating are now feasible 



http://www.esrf.eu/

/high-pressure-school


