X-ray diffraction of shocked platinum

UR
LLE
15000
Range of 1l liquid Pt
< predicted melt observed
2100000 Liquid curves Shotk
5
©
(]
o
g 5000 Previous work - fcc |
. e At e Shock-ramp
= o 0%
0 - p]atipum Hugopiot* | | -
10° 10" 102 10°
Pressure (GPa)
Mary Kate Ginnane APS Division of Plasma Physics
University of Rochester Spokane, WA
Laboratory for Laser Energetics October 17-21, 2022




Platinum remains face-centered cubic when shock-ramped to 530 GPa. Results of shock
experiments agree with previous work™ and further constrains shock-melting to 383 < P < 500 GB,Q-

LLE

e Platinum is used as a pressure standard in static and dynamic compression experiments due to its
stability as a face-centered cubic crystal over wide pressure-temperature states.

¢ Recently, a solid-solid phase transformation was predicted to occur in platinum between 35 < P < 300 GPa.
X-ray diffraction measurements observe platinum to remain in the face-centered cubic (fcc) phase when
shocked ramped up to 530 GPa

e There are significant disagreements of the platinum melting curve that are magnified when extended to the

Hugoniot. Solid fcc platinum was observed on the Hugoniot at 275 GPa and fully melted at 500 GPa, in
agreement with previous work'.

*Sharma, S. M., et al. Rev. Lett.124, 235701. (2020).
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We investigated two aspects of the platinum phase diagram: the melt curve and a
possible solid-solid phase transition

UR
LLE
15000 — Z-machine velocity history?
Theo Velocity dispersion and a
—Burakovsky - decrease in contrast suggest
- - Jeong 4r a phase transition at
. —_ 150 GPa
— --=-Liu L 1 \
X 10000 -| Experiment € 3f
=
o —Patel -
| .-
= Geballe P X
‘.C-U' velocity dispersion 6 2 - ]
3 * event (SNL) o
o [ —____ Initial shock i
E > 1 compression to 7
() 5000 85 GPa ]
= [ 22757 |
Qs 0 M T T RS SR R
____-—— = ! 3050 3100 3150 3200 3250 3300 3350
------- _ Time (ns)
Hugoniot'
0 —_— L N
10" 102 103 A velocity dispersion event was observed in platinum

within the pressure region of a predicted solid-solid

Pressure (GPa) phase transition (35 < P < 300)

fcc: face-centered cubic

rhcp: randomly disordered hexagonal close packed
1. S. Crockett, LANL

2. C. Seagle, SNL

OCHESTE B 000

[

MELIORAJy




Platinum was compressed using specifically designed laser pulses and targets to
access different P-T states uR
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The powder x-ray diffraction image plate platform (PXRDIP*) records the
diffraction pattern of the compressed sample
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VISAR* tracks a particle or free surface velocity to infer the pressure in the
sample at the time it is probed with x-rays
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The crystal structure and density of the compressed solid platinum is obtained

from the x-ray diffraction pattern UR
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Shock-ramp Results

We observed face-centered cubic platinum in the region of the Sandia experiment

and no evidence of other solid structures LR
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Shock Analysis

A single broad diffraction line, seen among the ambient platinum,

is the signature
of diffuse scattering from a liquid
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Shock Analysis

The data was fit to a series of Gaussian functions to identify liquid scattering*
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XRD Results

Observation of Pt melt at 500 GPa extend previous Hugoniot measurements at
380 GPa of fcc platinum
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Summary/Conclusions

Platinum remains face-centered cubic when shock-ramped to 530 GPa. Results of shock
experiments agree with previous work™ and further constrains shock-melting to 383 < P < 500 GB,Q-

LLE

e Platinum is used as a pressure standard in static and dynamic compression experiments due to its
stability as a face-centered cubic crystal over wide pressure-temperature states.

¢ Recently, a solid-solid phase transformation was predicted to occur in platinum between 35 < P < 300 GPa.
X-ray diffraction measurements observe platinum to remain in the face-centered cubic (fcc) phase when
shocked ramped up to 530 GPa

e There are significant disagreements of the platinum melting curve that are magnified when extended to the

Hugoniot. Solid fcc platinum was observed on the Hugoniot at 275 GPa and fully melted at 500 GPa, in
agreement with previous work'.

*Sharma, S. M., et al. Rev. Lett.124, 235701. (2020).




