Author’s Accepted Manuscript

E

Cluster perturbation theory for calculation of ®
S GONDENSED MATTER

electronic properties of ensembles of metal
nanoclusters

Yaroslav V. Zhumagulov, Andrey V. Krasavin,
Vladimir A. Kashurnikov

vailabl orine a
ScienceDirect

www.elsevier.comvlocate/physb

PII: S0921-4526(17)30884-0
DOI: https://doi.org/10.1016/j.physb.2017.11.015
Reference: PHYSB310502

To appear in:  Physica B: Physics of Condensed Matter

Received date: 29 June 2017
Revised date: 1 November 2017
Accepted date: 2 November 2017

Cite this article as: Yaroslav V. Zhumagulov, Andrey V. Krasavin and Vladimir
A. Kashurnikov, Cluster perturbation theory for calculation of electronic

properties of ensembles of metal nanoclusters, Physica B: Physics of Condensed
Matter, https://doi.org/10.1016/j.physb.2017.11.015

This is a PDF file of an unedited manuscript that has been accepted for
publication. As a service to our customers we are providing this early version of
the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting galley proof before it is published in its final citable form.
Please note that during the production process errors may be discovered which
could affect the content, and all legal disclaimers that apply to the journal pertain.


http://www.elsevier.com/locate/physb
https://doi.org/10.1016/j.physb.2017.11.015
https://doi.org/10.1016/j.physb.2017.11.015

Cluster perturbation theory for calculation of electronic
properties of ensembles of metal nanoclusters

Yaroslav V. Zhumagulov®, Andrey V. Krasavin®, Vladimir A. Kashurnikov?®

% National Research Nuclear University MEPhI Kashirskoye shosse 31, Moscow, 1154009,
Russian Federation

Abstract

The method is developed for calculation of electronic properties of an ensem-
ble of metal nanoclusters with the use of cluster perturbation theory. This
method is applied to the system of gold nanoclusters. The Green’s func-
tion of single nanocluster is obtained by ab initio calculations within the
framework of the density functional theory, and then is used in Dyson equa-
tion to group nanoclusters together and to compute the Green’s function as
well as the electron density of states of the whole ensemble. The transition
from insulator state of a single nanocluster to metallic state of bulk gold is
observed.

1. Introduction

Ensembles of metal nanoclusters are characterized by unique physical
and chemical properties. These properties differ from the properties of both
bulk metals and individual atoms, and currently are studied with particular
intensity due to numerous potential applications in physics, chemistry, and
engineering. Existing universally accepted numerical methods of studying
the electronic structure of many-body systems, such as density functional
theory (DFT) and quantum Monte Carlo algorithms (QMC), encounter seri-
ous difficulties associated with the need to take into account a large number
of elements of a system, since individual nanoclusters of the ensemble do
not form an ordered structure as a whole. Therefore, for correct simulation
of such ensembles it is necessary to consider systems containing hundreds
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