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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.
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. POLYMORPHISM IN DENSE FLUIDS

Liquid - liquid (first order) phase transition (LLT) in Phosphorous
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Are there LLTs present in other systems ?
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. POLYMORPHISM IN DENSE FLUIDS

Liquid - liquid (first order) phase transition (LLT) in N, and CO, (theory)
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The DAC is needed to achieve these P-T conditions
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. CRYSTALLINE vs FLUID DIFFRACTION EXPERIMENTS

X ray DIFFRACTION PATTERNS
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. EXPERIMENTAL ISSUES

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

'’ Periodic Table of the Elements HEE

3 4 B hydrogen B poor metals 5 3] 7 &8 g 10
Be alkali metals B nonmetals B CIN]|O F | Ne

T 3 [ | alkali.e.arth metals B noble gases = ) - = = =
Mg B transition metals B rare earth metals A silP |s cl | Ar
Ca|Sc|Ti |V |Cr|Mn|Fe |Co|Ni |CulZn |Ga|Ge|As| Se| Br | Kr

= Very weak diffraction signal

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

The diffracted signal is truncated by the DAC aperture

=» Loss of information at high Q (low r)
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Q=(4n/)) sin(6)

Use:
=» larger aperture (Boehler-Almax anvils)

=»smaller wavelength

33.17 0.3738

33.17 0.3738 35 10.1
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. EXPERIMENTAL CHALLENGE USING XRD

Potassium
P=3.1GPa, T=530K

sample

A given point of detector
sees the contribution from
sample + diamonds + air
Diamond contributions:
elastic and inelastic scattering
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. HOW TO REDUCE BACKGROUND

=» Use smaller/perforated anvils

Anvils are more fragile:

limits P-T range i Y

~ip 0

=» Use energy-dispersive XRD
Long acquisition time

S(Q) has to be reconstructed

= Use a multichannel collimator

ADD 2019, ILL, Grenoble, France

Intensity (arb. Units)

SO|gnard et aI RSI (2010)

0 2 4 & 8 10 12 14 16 18 20
Momentum transfer Q (A ')

Tsuji et al, RSI (1989)

X-ray

The European Synchrotron | E



. THE MULTICHANNEL COLLIMATOR (SOLLER SLITS)

X ray techniqgues

Image Plate
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Our strateqy: om?
Couple DAC with
Multi-Channel Collimator
to reduce Compton diffusion of diamonds

ADD 2019, ILL, Grenoble, France



. THE MULTICHANNEL COLLIMATOR (SOLLER SLITS)

Sample

<€ >
Diamonds

Contributions

The diamond contributions is drastically reduced
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. THE MULTICHANNEL COLLIMATOR (SOLLER SLITS)
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The “depth of field” along the beam is:
d(26) ~w,/sin(26)

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

The European Synchrotron | SRF

ADD 2019, ILL, Grenoble, France



. MCC (SOLLER SLITS) AT ID27

PE detector

downstream block /

Upstream block
X-ray

« Setup initially designed for the Paris-Edinburgh press.
« Upstream block: 75 slits of 50 yum at 50 mm of the sample

« Downstream block: 75 slits of 200 ym 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
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. MCC EFFECT WITH THE DAC

Na, :CO, crystalline sample = MAR CCD
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. MCC EFFECT WITH THE DAC

CO, sample at 7.8 GPa, 710 K — MAR 345 IP

30s 300 s
Without MCC With MCC
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. MCC EFFECT WITH THE DAC

CO, sample at 7.8 GPa, 710 K — MAR 345 IP

Without MCC With MCC
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. MCC EFFECT WITH THE DAC

CO, sample at 7.8 GPa, 710 K — MAR 345 IP

\ / R Fluid CO,

Diamond
anvils

-
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The Compton signal of the anvils is reduced by a factor of 100 at 20 nm4,
and by more than 400 at 80 nm~1
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. DATA ANALYSIS

=» The measured signal Im*a5(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. —
0.98 — 10 um |
90‘96— 20 pm |4
= The procedure has been modified to take gj’ﬁﬁi: :m:ul
. . . 40 um
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= 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 H, / D, (Z=1)

Z — 1 PE detector

Perkin-Elmer Flat panel
Ex-rays=20 or 33 KeV

T from 50 to 300 K
using ID27 cryostat
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. 1) FLUID H, / D, (Z=1) — INFLUENCE OF THE ENERGY
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. 1) FLUID H, / D, (Z=1)

300 K
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= S(Q) becomes more structured with pressure
= The First-Sharp Diffraction Peak (FSDP) shifts withPand T
= Compares very well with neutron diffraction at P=0
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. 1) FLUID H, / D, (Z=1)
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=>» Isotopic shift of the Q,, between H, and D, 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 H, up to Mbar range seems

very encouraging (signal/background ratio will only be reduced by a factor 5)
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. HORIZONTAL LASER HEATING SYSTEM

Not possible to rotate the DAC or insert additional devices (Soller slits)

bt
........
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. VERTICAL LASER HEATING SYSTEM
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- Th‘e syste cn ro;[ate — Single crystal XRD
- Additional devices can be introduced (Soller slits) — Liquid structures*
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. XRD @ HP: VERTICAL LASER HEATING (A=1pm)

EXAMPLE: SINGLE CRYSTAL COUPLED WITH LASER HEATING
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. MELTING CURVE AND STRUCTURE FACTOR OF N,

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
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. ADVANCED SAMPLE LOADINGS

Confinement of N, in boron doped diamond micro-heaters (YAG absorber)
machined using femto-laser and fast ion beam techniques

Hot spot

.

e |

Homogeneous and stable heating conditions in the megabar regime

R
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. MELTING CRITERIA

Melting criteria: appearance of
X-ray diffuse scattering of N,
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. MELTING LINE

ol DL | HDL / 1 Incontrast with literature data:
- Cg_N' we do not opserve a maximum
ool F1Uid N2 1 int he melting curve which would
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sop — ] of afirst-order phase transition
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. STRUCTURE FACTOR OF N,
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. 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 CO,, H, 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.

= CO, and YAG Laser heating are now feasible



http://www.esrf.eu/
/high-pressure-school

Hands-on!
High pressure school at the ESRF.
17-21" June 2019

This school aims to give an introduction to high pressure research at
synchrotron radiation facilities and to present the unique opportunities in this
field with the ESRF-EBS (Extremely Brilliant Source) upgrade. It comprises
lectures covering the basic principles of SR techniques used to explore matter
at extreme conditions. The new capabilities of the EBS machine and the
upgraded beamlines will be also presented in detail. Lectures will be
completed with “hands-on™ step by step practicals. We would like to promote
a lively exchange between experts in the field and our future user community
on instrumental developments to exploit the EBS upgrade.

Be ready! for the restart of the ESRF-EBS and next generation synchrotrons!

The EBS, together with beamline upgrades and technical advancements in
high pressure instrumentation. will offer new and unique research
opportunities for studies at extreme conditions.

1. Increase in brilliance % more flux to study highly diluted and low Z elements

2.  Lower horizontal emittance # smaller beamsizes to probe matter at multi Mbar
3. Higher coherence fractions % for better imaging

We will train you! in high P and high/low T techniques including the
diamond anvil cell (resistively heated. laser-heated and cryogenic cooled), the
autoclave, the Paris-Edinburgh press and the Large-volume-press. Lectures

will be held in the moming. In the afternoon, small groups of 5 people will be
trained in one technique step by step throughout the week.

Pre-registration will be opened early 2019 at the ESRF website.

Maximum 30 participants for practicals, 70 for lectures.
All participants are invited to present a POSTER.

Costs: estimated 250 € (i dation and Is included)

Confirmed invited speakers / lectures:

Denis Andrault Koen De Hantsetters

T Gleb Pokrovski
Daniel Braithwaite Nadegs Hilares Jean-Phillipe Perrillat
Leonid Dubrovinsky Tetsuo Irifune Chrystele Sanloup
Jochen Geck Stefan Klotz Ihva S
i ergeev
Yann Le Godec Yoshio Kono Thomas Sheppard
Federico Aiace Gorelli Pau{LoZeyreI Laurent Truche
Nicolas Guignot Marion Louve i
b e Guillaume Morard ey

Main-Organizers: A. D. Rosa, G. Garbarino, J. Jacobs, Eva Jahn, Sonya Girodon

Co-o

: V. Svitlyk, D. Sifre, R Torchio, L. Henry, N. Sevelin, J-L. Hazemann

rganizers
In-house Speakers: S. Pascarelli, F. Wilhelm, A Chumakov, C. Sahle, M. Hanfland, L. Paolasini, W. Chrichton, D. T le. . M. M
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