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Motivation



Nanoparticles in Catalysis

Catalysis	occurs	on	metallic	nanoparticles	
that	are	supported	e.g.	on	an	oxide

Conventionally,	different	facets	are	modelled	
individually	using	a slab	model

Wide	range	of	catalytic	reactions

Oxygen	Reduction	
Reaction:
O2+2H2à 2H2O

Predicting	the	Oxygen-Binding	Properties	of	Platinum	
Nanoparticle	Ensembles	by	Combining	High-Precision	Electron	
Microscopy	and	Density	Functional	Theory
J.Aarons et	al	Nano	Letters 2017 17 (7),	4003-4012	

ADF	STEM:	2.5D	atomic	coordinates

Z	coordinates	approximated	by	
optimising	 force	field	model	in	1D

Investigate	NP	using	
Molecular	Dynamics	
simulations	and	
annealing	approach

These	datasets	are	then	
passed	to	us	for	analysis	
in	ONETEP

Real	nanoparticles	are	not	strongly	
faceted



ONETEP in general
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Insulators in ONETEP: Overall picture



NGWFs



Density Kernel

K ! 3KSK� 2KSKSK

ELNV = tr [(3LSL� 2LSLSL)H]



Nearsightedness of Electronic Matter

W. Kohn, Phys. Rev. Lett. 76, 3168 (1996)

⇢(r, r0) = 0 when |r� r0| > rcut

⇢(r, r0) ⇠ e��|r�r0| ! 0 as |r� r0| ! 1



EDFT in ONETEP
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Some preliminaries…
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FOE instead of Diagonalisation
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It gets easier with temperature…f(") =
1

1 + e("�µ)�
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Entropy
si = filn(fi) + [1� fi]ln(1� fi)

S = tr[K ln(K) + [I�K] ln(I�K)]
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Density Kernel Sparsity









Density Kernel Sparsity



Finding the Chemical Potential

�Ne = Ne � trace
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Finding the Chemical Potential 2
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x+ c
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Validation



Scaling



Scaling



Conclusion


