High-throughput database for the surface properties of elemental solids
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=  Work function and surface energy can explain surface phenomena such as crystal Methods: RZ,; = 0.936 .“,F;‘t/
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= A comprehensive/standardized database of these properties is needed to develop is the Fermi energy and V4. is the electrostatic :'34 Q.
a general model for such phenomena and screen for optimal functional materials. potential at the vacuum region of the slab. f@* 0P
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" We modelled @ for metals using linear regression with . . .
Methods: , o _ . . Fig 5. (top) Linear regression
T, a Pauling electronegativity to metallic radius ratio X/R.  \yith X/R provides an
Esiap—EpuikMsiab .,BB Npp 1
= For facets: yry, = -slab__bulics , =FE -y excellent model for average
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] ] O 1.00 Fig 6. Work function of fcc metals vs number
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05 calculations are confirmed in experiments. Npp = NppRa/Rpr f@
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Fig 1. (top) Reconstruc’Fiop energy data (2-13% difference). = @ compared well to experimental values obtained
for the fcc (3elcgzliﬁicrp'ss'”r%'l;?cw' from polycrystalline specimens (Cbggf;,). DFT values
i, 110 =Vi10 o are on average lower. °
| r=0.966 ‘ /?/'v‘ = Results of different functionals compared well with Fig 7. (top) ®HT provides an
0 SEE=0.269 L our values (r>0.9 with LDA, GGA-PBE and RPBE). estimate for experimental
—~2.5] sy T ?’09; ° ¢ =  Most systems follow Smoluchowski smoothing? values of polycrystals (D)
.‘,{ J for work function when plotting ®,; against the number of broken bonds.
o = X/Ris an excellent descriptor for ® (metals). This ratio is analogous to the charge
S k to distance (Q /R) ratio of Gauss’s Law for the potential of a conducting sphere. /
Fig 2 (top). Wulff shapes of Fe (left), Hf (center) and Pt CO N CI us | ons \
(right) with an MMI of 1 (top) and MMI>1 (bottom). / _ .
3 . HT . " We developed new method of comparing calculated values of work function
_EXP 5 Fig 3. (left) The calculated y"* provides an excellent estimate b 9 ‘ . [ val btained f | |
k y="" (JIm<) for 7EXP measured using a sessile drop technigue. (Ppr1) and surface energy (Yri) to experimental values obtained from polycrystals
(P01y) and liquid surface tension measurements (y**) by using a weighted
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Fig 4. Schematic of the high-throughput infrastructure. Dashed Database includes: ur data was validated using previous . and experimenta .Va Ues a.n OlIowS
blocks represent work flow steps performed in parallel. «  Surface properties of over 142 well-known trends such as reconstruction and Smoluchowski smoothing.
P kWe developed a model to predict ® for metals using atomic parameters. /
crystals of over 72 elements.
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