Automatizéta rentgendifrakcijas interpretacija, izmantojot rentgenstaru Pareto metode
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Kristala struktiiras noteikSana, kas atbilst eksperimentalai rentgendifraktogramai, ir sarezgits
uzdevums, 1pasi, kad saskaras ar zemu kvalitates eksperimentalajiem datiem. Tas biezi notiek
augstspiediena eksperimentos, kas tiek veikti, izmantojot dimanta laktas Stinas, kur tadi jautajumi ka
paraugu piesarnojums, nevienmériba, neliela parauga izmérs un spiediena efekti var ietekmét datu
integritati. Lai risinatu So problému, parastais pieejas veids ir izmantot ab initio atomiskas simulacijas,
lai identificétu vairakus zemu energijas kandidatu struktiiras, kuras péc tam manuali parbauda pret
eksperimentalajiem rentgena staru difrakcijas raksturiem.

USPEX programmatiira, evolucionars algoritms kristala struktiiras prognozeéSanai, izmanto Pareto
optimizaciju, lai meklétu stabilas struktiiras, kas optimizé dazadas materialu ipasibas, piemé&ram,
cietibu vai kop€jo magnétizaciju. Nesen USPEX koda tiek integréta iesp€ja optimizet atskiribu starp
modela un rentgenstaru difrakcijas datiem gan pulvera, gan monokristalu difrakcijai, nemot véra ari
entalpiju.

Metode tika parbaudita ar KTaWOs normala spiediena apstak]os un ar NaNs pie 50 GPa gan pulvera,
gan monokristala gadijuma, attiecigi. Pirmaja gadijuma, neskatoties uz to, ka materiala eksperimentala
struktiira ir nesakartota, USPEX veiksmigi atrada labako periodisko tuvinajumu péc 40 paaudzem.
Otraja gadijuma USPEX atrada pareizo struktiiru péc 12 paaudze€m, demonstrgjot tas efektivitati un
precizitati, prognozgjot kristala struktliru zem augsta spiediena, izmantojot rentgenstaru difrakcijas
datus.
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Determining the crystal structure corresponding to an experimental X-ray diffraction pattern is a
complex task, especially when faced with low-quality experimental data. This happens frequently in
high-pressure experiments conducted within diamond anvil cells, where issues such as sample
contamination, inhomogeneity, small sample size, and pressure effects can compromise the data
integrity. To address this, a common approach involves utilizing ab initio atomistic simulations to
identify a range of low-energy candidate structures, followed by manual verification against
experimental X-ray diffraction patterns.

The USPEX code, an evolutionary algorithm for crystal structure prediction, uses Pareto optimization
to look for stable structures which optimize various materials properties, such as hardness or total
magnetization. Recently, USPEX has integrated the optimization of the agreement with provided
X-ray diffraction data alongside enthalpy for both powder and single-crystal diffraction patterns.

The method has been tested on KTaWO; at ambient pressure and on NaNs at 50 GPa for the powder
and the single-crystal case, respectively. In the first case, despite the experimental structure of the
material is disordered, USPEX succeeded in finding the best periodic approximation after 40
generations. In the second case, USPEX found the right structure after 12 generations, showcasing its
efficiency and accuracy in X-ray guided crystal structure prediction under high-pressure conditions.
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