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OZET

NANOYAPILI iKiLi METAL ALASIMLARIN OZELLIKLERI

Berk ONAT

Bu Tez cahismasinda, Gomiilii Atom Yontemi (GAY) kullanilarak Cu-Ni alasimlar icin
yik yogunlugu tammlamalar1 yeniden diizenlenmis ve bu tamim Kkullanmilarak yan
deneysel ¢ok cisimli model potansiyeller iiretilmistir. Cu ve Ni saf elementleri i¢in yiik
yogunlugu tamimi, 3d valans elektron yogunluguna 4s elektron yogunlugunun katkisi
eklenerek saglanmistir. Potansiyel fonksiyon parametrelerinin ayarlanmasi icin uyumlu
parcacik siiriisii optimizasyon (APSO) yonteminden yararlamilmg, yontemin hesaplama
siiresinin kisaltilmasi icin ise MPI tabanh paralel dagitik algoritmalar kullamilmstir.
Ayrica, APSO yoénteminde yerel minimum durumlarindan kacimlmasim saglayan 'Elit
Ogrenme' siireci paralel programlama algoritmalar: yardimiyla hem dagitik mimaride
gelistirilmis hem de birden fazla sayida alimarak yakinsama hizinin arttirilmasi
saglanmistir. Potansiyel fonksiyonlarimin hem saf Cu ve Ni, hem de Cu-Ni alasimlarn icin
egri ayarlanarak belirlenmesinde orgii sabiti, hacim modiilii, elastik sabitler, bosluk
olusturma enerjisi, ikili bag uzunlugu ve enerjisi gibi deneysel ve ilk-ilke degerleri
kullamlmistir. Uretilen potansiyellerin sinanmasi icin ise saf Cu, Ni ve cesitli Cu-Ni
alagmmlarmin  6zellikleri hesaplanmistir. Bu 6zellikler; erime sicakhiklari, alasim
olusturma entalpisi, titresim termodinamik fonksiyonlari, denge durumu érgii yapilari,
alasim bosluk olusturma enerjisi, istifleme hatasi ve ¢atlak olusma enerjileri ile (100) ve
(111) yiizeylerinde Cu ve Ni ekatomlari icin hesaplanan bir ¢ok difiizyon engel
degerleridir.
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ABSTRACT

THE PROPERTIES OF NANOSTRUCTURED BINARY METAL ALLOYS

Berk ONAT

In this Thesis, a new semi-empirical and many-body type model potential for Cu-Ni
alloys was developed using embedded atom method (EAM) formalism based on a
modified charge density profile with an improved optimization technique. In the
process, the charge density profile for pure Cu and Ni elements was modified by
incorporating the 4s charge density contribution within the optimization. The adaptive
particle swarm optimization (APSO) method was utilized to search the parameter space
of the EAM functions. The technique was further optimized by implementing MPI
based parallel algorithms. The potential was furnished by fitting to experimental and
first-principle data for Cu, Ni, and Cu-Ni binary compounds, such as lattice constants,
cohesive energies, bulk modulus, elastic constants, diatomic bond lengths, and bond
energies. The generated potentials were then tested through computing a variety of
properties of pure elements and the alloy of Cu, Ni: the melting points, alloy mixing
enthalpy, vibrational thermodynamical functions, equilibrium lattice structures,
vacancy formation, stacking and interstitial formation energies, various diffusion
barriers on the (100) and (111) surfaces of Cu and Ni, and the growth mechanisms of Ni,
Cu nanostructures on the Cu(111) surface both using molecular dynamic (MD)

simulations and total energy calculations.
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