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Abstract

Quasicrystals are material with perfect long-range order, but no three-dimensional translational
periodicity. They are typically binary and tenary metallic alloys. Metropolis Monte Carlo rules
were used for the study of configurational settings of Mackay icosahedrons clusters with
compositionsAdlgCu,Fe,, Al,;Cuq gFesand Al;,Cuq4Fe; .Fhi-aims code was used to study the
Total energies, Cohesive energies and Harmonic vibrations of the clusters. It was found that the
position of iron and copper were found at vertex 9 and 5 respectively with the transition
probability of 1.0022354058 and 0.9301126399 for the first Mackay shells. Also with packing
techniques the second and third clusters were formed. -2.68638.6363293350eV,
-843443.1972839070eV and -1101611.5411331500eV wer e obtained from the result of geometry
optimization of AlgCu,Fe,, Al,,Cu,yFes and Als,Cu,4Fe; with default Fhi-aims setting. With
highest basissize 62, it was found that the total energy of the clustersare -268652.3373186230 eV,
-843492.9531392190eV and -1101676.4791576700eV. For the cohesive energy per atom, it was
found that AlgCu,Fe;, Al,,CuyoFes and Als,Cuq4Fe; clusters have 2.7eV, 3.1eV and 3.4eV
respectively withHOMO-LUMO gaps of 0.41594094 €V,0.09191654 eV and 0.09281146 eV
.However the result of finite difference method for the calculation of infrared spectra for the
clusters, shows that; AlgCu,Fe,, Spectra have peaks at 94.2, 120.9, 136.5, 157.5, 173,193.9,
207.6 and 328.9 cm?, Al,,Cu,,Fes spectra have peaks at 51.3, 66.4, 77.6, 112.2, 161.4, 171.6,
196.9, 231.5, 288.9, 331.8 and 470.1cm™* and Als,Cu,,Fe, havepeakat 38, 64, 99 135, 162, 232,
239, 286, 313, 335, 460, 496, and 516 cm™*. Also the range of the frequency spectra for the clusters
increases as the number of the atoms increases in the cluster. The result of the spectra were
compared with the result in the literature.

Keys: Quasicrystals, Icosahedron, Metropolis Monte Carlo, Cahésiergy, IR-spectrum and
Zero-Point-Energy

1.0l ntroduction

On the discovery of quasicrystal, the international union of dlygtaphy has redefine the term
crystal to mean “any solid having essentially discrete diffsacliagram”, thereby shortening the
essential attribute of crystallinity from position spaad-ourier space [1]. Thus it is possible to

obtain an infinitely extended crystal structure by aligning buildioghs called unit-cell until the

space is filled up. In 1985, Dan shechtman, Blech, Gratia€ahd discover quasi-crystals [2]are



well ordered but aperiodic intermetallics. These are tylgidahary and ternary metallic alloys

often containing(60—-70) percent aluminum which exhibit unusual physical properties, such as

low friction, low adhesion, high hardness and high wear resis@nce[

Quasicrystals present a unique structural features to swdamee that is quite unsual because;
they are neither periodically ordered like crystals nasrdisred like amorphous solid. They have a
well define discrete group symmetry like crystal which ae compatible with allowed
crystallographic symmetry such as 5, 8, 10 or 12-fold symmetsp #tange about quasicrystals
is that many of their mechanical-physical properties are quitauahbg the standard of common
metals. Some of these properties aresurface related [3].

Clusters are usually used to describe aggregates of d@bainare too large to be referred to
asmolecules and too small to resemble small pieces of cry@hasters generally do not have the
same structure or atomic arrangement as a bulk solid[4]eCsustay be classified as metallic or
nonmetallic according to the atoms they are made of inges@mae metallic character persists
from small clusters to bulk matter of the same composifitoms are easily classified as metallic,
nonmetallic or semiconducting purely in terms of their ionizatioenq@ls [5]. Developments in
nanoscale science enable scientists to atomically engineaharatterize clusters of any size
and composition. The importance of these developments lies in ththdaatlusters offered a
novel class of materials with electronic, catalytic and magpebperties that are different from
the bulk.

There are many work done in the quasicrystal among which indlededrk of Quiquandon [6]
on quasicrystal and approximant structures in Al-Cu-Fe,suggestaedabahedral phase both via
sysyematic introduction of atomic jumps preserving most aitti@ic local environments and via
long-range atomic diffusion. Feridoun [3], proposed that study of qqyatal is very important
especially for the surface scienties becouse of some straogerties observed which are not
observed in metals such as low surface energies and ceefiaf friction, good oxidation and
corrosion resistance and high hardness. Also they are avaltabieost and non-toxic”. Jurgen
Hafner [7], reported on the nucleation of Pb layers on ilé-$urface of icoasahedral known as

starfish. Keisuke [8] reported the different models in describing gugstial cluster starting from
the work of Shechtman [2] Stephens [9] and Elser [10] and shggested that clusters join

together under some constraint to maintain orientational @ueda [11] reported the discovery

of an algorithm for building a perfect 2D Penrose tiling by élbaules, which is apparently
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inconsistent with Penrose’s theorem, which states that Petilingecannot be build by local
rules. Jeong [12]extended Onoda’s work and developed an algoritiihefgrowth of a perfect
3D decagonal quasicrystal that consists of a periodic stackiBB éfenrose tilings. Olami [13]
proposed a growth model for a pentagonal quasicrystalline tiling byraes, generating highly
ordered quasicrystals with limited disorder in a tile arrarayd.

However, information about the vibrational spectra of quastaly is very poor and mainly based
on the result of experimental investigations. There have begthoeé theoretical studies devoted
to the analysis of vibrational spectra of quasicrystals. Inobtigem, the general properties of the
vibrational behaviour of quasicrystalline objects were discueselD quasiperiodic chain [14]
The second study was on vibrational spectra and some thermodyprapecties of a number of
2D quasicrystals of octagonal and decagonal types [15].The tag@mthe vibratial spectra of an
icoasahedral quasicrystal [16].

Quasicrystal was identified as non-toxic, low cost, corrosioisteese and good oxidation,
demand for subtituting this alloy to requires further investigatirthisfmaterial especially in our
locality, as nigeria being a country with abundunt minerabue®s. The work aimed at
constructing the icosahedral clusters using Mackay model bfsfiedl.Metropolis Monte Carlo
approach was used to determine the best configuration for tested cluster. Geometry
optimization was used for each shell. Total energiesahdsive energy per atom were calculated
at different basis size. Harmonic vibration of each cluster usiitg tlifference for the IR spectra
was calculated using FHI-aims [17] which uses Density kamalt Theory (DFT) as a main
production technique to determine electronic and structural propefréeduster with icosahedral
composition AICuFe.

2.0 TheoreticalBackground

2.1  Calculation of thevibration and vibrational free energy of clusters

The dynamic behavior of a cluster is described by set of cwiedj18];

Ml ty (1)
which are treated as time dependent variable. The pawittén the cluster are assumed to

interact via binary potentiak, which depends only on their relative position;



v, (r17) = w11 = 1) @
The total potential energy of the clustgrjs assumed to be given by the summation of binary

interactions over all the pair particles in the cluster;

Vp(ry ..1y) = Zi>j vp(lri - 7”;|) (3)
where the dependence of the potential energy on the clostigguration has been emphasized.
The configuration of a cluster which minimizes the poteetigrgy function can be denoted by the
set of coordinates

(A A o 4)
denoted by mean static position of N particle within the aluste

Assuming that;

u =r —r’lu <<t -r? |0, 01,..N ®)
the displacement of particles from their equilibrium posiiom small, one can expand the total

potential energy of the cluster in Tylor series up to the secaat as;

d?v
Vi (reay) = v, (17 = 1) #1723 D UU P = (6)

i a.B . dri”drjﬂ
where ¢ and [ denote the Cartesian component of (X,Y and Z) of vectohe flrst
derivatives ofv, with respect to atom coordinate are assumed to vanislsthée cluster is

assume to be minimum potential energy configuration and shisell known as harmonic
approximation and it serves as starting point for calculatiasiuster normal mode of vibration
(i.e a set of linear combination 6f;, .... uy) variables or eigenmodes each of which correspond
to a vibration of the system with single frequency). The Hamiltonian qirtitidem when written
in terms of normal mode coordinates represent a set of indepdrademinic oscillation whose

both quantum and classical dynamic are well known. Thereldre6 such oscillations with

characteristic frequency., with p=1,..3N —6 . Six degree of freedom that does not

represent vibrations is the three rotations and three ttamstd the whole system. Once a set of



eigenfrequencies are calculated one can proceed to ¢altéaHelmholtz free energy of the
cluster F which is given as;

F =-K,TInZ (7)
where K is Boltzmann constant T is temperature and Z is quantuntigrafiunction of the

system of 3N-6 independent oscillators. Equation 7 can be erprés term of eigenmodes

frequencies as;

hw,

3N-6 ha) 3N-6 T
Favy+ 2, =P+ KaT X IniL-ep™ ] ®)
p=1 p=l
where
Vo =v[r’,.. gl (9)

The above equation is the minimum of classical potential gr&rghe cluster (ground state
energy). The sum of the first two terms in equation 8asgmts the quantum ground state of the

cluster, E, calculated in the harmonic approximation. At constant temyesathe state which

represents the thermodynamical equilibrium of the systemesotte which minimizes the
Helmholtz free energy. (NB even at zero temperatureclinger free energy has a quantum
zero-point energy contribution). Thus even at zero temperaturbairaddynamical equilibrium
state of the cluster need not to be the same as tleevdtath minimizes the classical potential
energy of the cluster [18].

2.2MonteCarlo

Monte Carlo method is a common name for a wide varietytathastic techniques.These
techniques are based on the use of random numbers and probshtigyics to investigate
problems in areas as diverse as economics,material scienodear physics and flow of traffic.
In general, to call something a "Monte Carlo" method, all yadne do is use random numbers to
examine your problem [19].

221 MetropolisMonteCarlo

Metropolis Monte Carlo is a method that generates configuraticoréing to the desired

statistical mechanics distribution.The method is used to stggylibrium properties of the



system, its the step-by-step method for finding the configuramoording to the iterative
procedure. For an initial configuratiom ¢ old), generate a new configuratiap(,: new) by
randomly changing the positions of atoms or groups of atoms (cal€dmove" and are
performed on dihedral angles in internal coordinates) andiaeathe potential energy or total

energy of the new configuratio&(n), the new configuration is accepted or rejected by conputing

the energy differences as [19].

AE = E(n,,) - E(n) (10)
and evaluate transition probability
o) =2 )= min{1, &) (12)
n

B\

AE <0 : always accept new configuration.

AE >0 : reject the configuration

repeat the the for another sampling untill the right configurasiéound.
2.2 Density Functional Theory
Density Functional Theory (DFT) is a quantum mechanical tgdenused in physics and
chemistry to investigate the structural and elecronic pr@seoti many body sysyems. DFT has
proved to be highly successiful in describing structural #&xtrenic properties in a vast class of
materials, ranging from atoms, molecules, clusters and bulk tpleasrystals and complex
extended systems [20]. DFT has become a substitute of tradiitr@thod of describing electronic
structure such as Hatree-fock theory and its descendem${T replace the many-body electronic
wavefuction with electronic density as the basis quantity).
Hohenberg and Khon [21] demonstrated the ground-state wavefuctios fiorm of density. For
many-electron Hamiltonian

H=T+U+V (12)

with ground state wavefuctiodV, the kinetic energy T, electron-electro interaction U and

external potential V. The charge densipyr) as;

() = [ 19t ) B ---dry (13)



considering a different Hamiltonian which the external poa¢kd not differ with V such that
V -V #constant, then the total energy is
E=(WI|H'|Y)<(W|H'|W)=(W|H +V' -V |¥) (14)
that is
E'<E+[(V(r)-V/(np(r)dr (15)
The total energy
El7(N]=(WIT+U +V [¥) = (V[T +U [W) +(W|V |¥) = F[7(r)] +ff7(r)V(r)dr (16)
Thus DFT reduces the N-body problem to the determination edien@ntional functions(r)
which minimizes a functionaE[7(r)] .

Khon and Sham [22] reformulated the problem in a more familiar fordhopened the way to
practical applications of DFT [23-25]. For a system of intengcéind non-interacting body have
the same ground state charge dengify) and thus is the sum over one-electron orbial24,
26]:

n(r)=2z|W (r)f (17)

. N . . . .
where i runs from 1 teE, the value of¥, is the solution of the schrodinger equation as;

2

02+ ()W (r) = W (r) (18)
2m

the equation is solve using variational property of endfgyan arbitrary variation of th&, r ()

, the variation of E must vanish. This translates into drmaition that the functional derivative

with respect to the, of the constrained functional.
E'=E-ZA,(J¥ (W (Ndr-4)) (19)

where the lagrange multipliersl, must vanish [27]:

oE . %E _g (20)
oW () W(r)
the fluctuation energy is written as
E=Tn()]+ Euln(n)]+E[n(r)] +jf7(r)V(r)dr (21)



The first term is the kinetic energy of non-interactingtns, the second term (Hatree energy)
is the electrostatic interaction between clouds of chéngeahird term is the exchange-correlation

energy and the fouth term is the external potential. Hence eq{&&ipoan be written as;
(— TP +V,y (1) +V, [ +V ()W, (1) = Z A, (r) (22)

2.3 Exchange correlation Functional

2.3.1 Generalized Gradient Approximation Functional

In generalized gradient approximation (GGA), the exchange-atioelpotential is treated as a
function of both electron density as well as the gradietiteodensity. The exchange-correlation

functional in GGA has the form;

0&
fo = =2 _|dr[e,. tn 96 1y %o on(r,o 23
L=, [drle, 42 naD 71.,07(r,0) (23)
where the term in the bracket is the exchange -correlationtitas;
65 0&
d\/ff = g XC + XC 24
XC[’?] [ XC 6,70' ,76|:|,70']I',0' ( )

2.3.2 Generalized Gradient Approximation + Vander Waal (GGA+vdW)

Vandar Waal forces are the residual attractive or repulsrees between molecules or clusters
that do not araise from a covalent bond or electrostatic interacti@ms or ionic group with one
another.

Nowadays it is well known that most popular exchange functionaksrgty show unsatisfactory
performance for vdW forces, which inherently araise due to nonloo&lations [28]. In order to

test if the lack of vdW forces is indeed responsible foruhderestimation in the two body
interaction we use a simpl€,R™ correction for the DFT total energies. TARBR™® correction
method was early proposed for correcting HF calculation [29]spedifically applied to DFT
[30-32]. certainly theC,R™® pairwise scheme is a simple one for incorporation dispersion

interaction into DFT calculations in contrast to other approachdh.tWs approach the pairwise

vdW interaction €, ) is calculated by
Egp = —2 i fdamp(Rj’ R?)Cﬁij RJ_G (25)

where Cy; are the dispersion coefficients for an atom paifj, is the interatomic distances,



R} is the sum of equilibrium vdW distances for the pair andgiag function. The damping

function is needed to avoid the divergence of Bié term at short distances and reduces the

effect of the correction on covalent bonds [28].

3 Methodology

Fhi-aims(Fritz Haber Institue ab-initio molecular simulatiea computer program package for
computational material science based on quantum-mechanistl pfinciples. The main
production method is density functional theory(DFT) to computetdts# energy and derived
guantities of molecular, cluster or solid condense mattés lectronic ground state. In addition
FHI-aims allows to describe electronic single quasipartixtatations in molecules using different
self-energy formalisms, and wave-function base moleculat emergy calculation based on
Hartree-Fock and manybody perturbation theory [33].

The focus here is on density functional theory(DFT) in thallend semi-local (generalized
gradient) approximations but an extension on hybrid functional, dafmek theory, and
MP2/GW electron self-energies for local energies andtekdgtates is possible with the same
underlying algorithms. An all electron/full-potential treatmehattis both computationally
efficient and accurate is achieved for periodic and clggemetries on equal footing, including
relaxation and ab initio molecular dynamics [34]. The constmaif transferable, hierarchical
basis set is demonstrated, allowing the calculation to range dualitative tight-binding like
accuracy to meV-level total energy convergence with lsetisTogether with scalar-relativistic
treatment, the basis sets provide access to all elemeots fight to heavy. Both
low-communication parallelization of all real-space grid basgadrihms and a scalapack-based,
customized handling of the linear algebra for all matrix dpera are possible, guaranteeing
efficiencient scaling (CPU time and memory) up to masgiparallel computer syaytem with
thousand of CPUs [34].

3.1 Building of Cluster

The convex regular icosahedron is the more common and is usef@iyed to simply as the
regular icosahedron, one of the five regular Platonic solids,sanepresented by its Séifli
symbol [3, 5], containing 20 triangular faces, with 5 faces meatiognd each vertex.

The geometry (i.e coordinate of the vertices ) of the firstkdg shell Icosahedron was obtained

from [35]. A lattice constant of 2.83A was applied and the atwere randomly assigned to the
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vertices . The Fhi-aims Metpolis monte carl (equation 10 and 1iyas implimented to find th
most stable monomgsee table table 1 an(for Monte Carlo moves of Copper and iron in f
mackay shell) The original coordinates and the and moable monomer are given in t
appendix 1 table A-CHowever in case of the second Mackay shell thireeshell were packe
and three additional atoms were added. And in #ise of third shell one additional first Mack
shell was addedto the second. For second andNfaakay shell eac time Fh-aims Metropolis

monte carlo was applied for the most stable mon@seshown in figure.

42-atoms 55-atoms

Figure 1: Icosahedral Clusters (a) AlgCuyFe, (b) Aly;CuqgFes (c) Al3,Cuq4Fe;an image produce using
Jmol

3.2 Geometry Optimization

The parameterexchange functionalpbet+vdW), spin ¢ollinear),default_initial_moment(hund)
and zero-Order-regular-approximationwere  kept fixed while the  paramet
Occupation-type-gaussian, charge-mix-paramsc_accuracy_rho, SC_accuracy_etot,
SC_accuracy_eev, sc_accuracy forces and relax_geometry Bfgs were optimized. The abo
procedure was repeated for each cluand each time, total energy and total cpu time \
recorded as shown in table 3/&nother optimizations wasun for the optimize parameters -
each cluster

3.3 Effect of Basis Size

After obtaining the converge geometry, the calcotatof basis size was employed for
optimized structure. Each element has differenistses. For aluminum there are sixteen basis

of which four are minimal basis, eigtier, twelve tier, and sixteentier,, for Copper ther ar
twenty one basis size of which 6 are minimal,tier,, 16 tier, and 21tier, and lastly Iron ther
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are twenty five basis size of which 6 minimal fi#r,, 18 tier, and 25tier,. The procedure were

repeated for metallic alloy and for each time the totalggneas recorded.

3.4 Calculation of Cohesive Energy
The free atom total energy of Aluminum, Copper and Iron were autaising Fhi-aims. The

cohesive energy per atom was obtained from equation 26

cohesive —

E e =+ (B ~ Z(E, +DE,, +CE,) (26)

where N =a+b+c, E,, = total energy of the clustekg,, E, and E, = toatal energy of

free atom of aluminum, copper and Iron respectively and a, kt ard number of aluminum,
copper and iron in the cluster.

3.5 Harmonic Vibration

with the optimized geometry, finite different calculationsweamployed using fhi-aims. from the
control.in file; relax_geometry bfgs 1.0E-5, default_initial_moment (hund) anzbra were
commented and the vibration runs. for each cluster the above preseakirepeated and the files
contains the informations for IR, Normal mode, zero point enesay further analized using

molden molecular viewer.

4 Result

4.1 Metropolis Motecarlo Configuration of First Mackay Shell

Table 1: Configuration Setting for Iron using M etropolisMonte Carlorule

TotalEnergy(eV) [Time (s) No.Scc [Relax AE (eV) u(O,n,,)
position steps
position_1 | -268650.1969095(2179.2928702 56
position_2 |-268650.215575722102.0919098 |58 -0.018666227 1.018841524
position_3 -268650.48678874{2150.2268423 149 -0.28987923¢ 1.336266109¢
position_4 -268650.30493113(1692.9867040 |50 -0.10802162¢ 1.114071840:
position_5 -268649.99448588{2151.8068568 63 0.20242362%| 0.816748861
position_6 -268650.12884884/1087.2284796 45 0.068060657|0.934203805¢
position_7

-268650.08399534P752.87210973 |72 (0.112914165/0.893227327
position_8 -268650.50127224{2904.44212744 91 -0.3043627421.355760758:
position 9 -268650.199142417 [2000.717 |8324 |55 -0.002232911 [1.0022354058
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position_1(-268650.12997249(1377.55 6088 49 0.06693701 |0.935254111:
position_17-268647.40759488(166.622 1292 |1 2.789314622z| 0.061463325]
position_12-268650.344105532466.03 (10356 |66 -0.14719602 (1.158581057+
position_1: no no no no

Table 2: Configuration Setting for Copper using M etropolis Monte Carlorule

Total Energy(eV) [Time (s) [No.Scc Relax | AE(eV) u(O,n,,)
position steps
Position_1 | -268650.544046304947.617 19858 | 106
Position_2 -268649.94638013(3443.839 14221 83 0.597666176¢ 1.817871254:
Position_3 | -268650.1986779§1752.1867319 |53 0.345368324 1.412510086¢
Position_4 | -268650.35443676¢3504.84314004 67 0.18960954E | 1.208777532:
Position 5 |-268650.616495889 [2124.901 (8865 |54 -0.072449582 0.9301126399
Position_6 -268650.2194278013104.06211923 68 0.324618507 | 1.383502748
Position_7 -268650.215901242140.7189409 60 0.32814505¢€ | 1.388390356:

4.2 Optimization of Key

Parameters

Table 3: Optimized Parameter s of A|8Cu4Fel of the First Mackay Shell of | cosahedron using pbe+vdW

Parametel Optimized value Total Energy(eV) Time(s)
occupation_type Gaussi: 0.09 -268652.01393716: 5585.381
charge_mix_parar 0.03 -268651.96497541 1875.837
SC_accuracy_rhi 0.0001 -268651.96497570: 5670.222
SC_accuracy_ee 0.0000001 -268651.96497541 3902.412
SC_accuracy_etc 0.0001 -268651.96497570 5669.814
Ssc_accuracy_force 0.00001 -268651.96497570: 5643.033
relax_geometry 0.0000001 -268651.96497556! 18716.622

Table 4: Optimized Parametersof Al,,Cu,,F& of the Second Mackay Shell of | cosahedron using pbet+vdw

Parametel Optimized value Total Energy(eV) Time(s)
occupation_type Gaussi: 0.05 -843492.1173893! 530.257
charge_mix_parar 0.001 -843490.33285647 3872.506
SC_accuracy_rhi 0.0001 -843490.33283611 525.857
SC_accuracy_ee 0.00001 -843490.33283611 517.3
SC_accuracy_etc 0.00001 -843490.33283611 517.656
Sc_accuracy_force 0.0001 -843490.33283611 522.025
relax_geometry 0.000001 -843494.33285647 4872.506

12




Table 5: Optimized Parametersof Al,,Cu,,Fe, of the Third Mackay Shell of | cosahedron using pbe+vdW

Paramete! Optimized value Total Energy(eV) [Time(s)
occupation_type Gaussit 0.1 -1101678.019761 9120.53
charge_mix_parar 0.003 -1101675.877149¢ 1016.232
sc_accuracy_rhu 0.000001 -1101677.304956! 8744.018
SC_accuracy_ee 0.00001 -1101677.304956! 8090.038
SC_accuracy_etc 0.0001 -1101677.767524¢ 8744.018
SC_accuracy_force 0.0001 -1101677.304956! 8090.038
relax_geometry 0.00001 -1101678.019761! 9120.53
4.3 Calculation of Basis Size of the Clusters
Table 6: Single Point Calculation for Different Basis Size of the Clusters
Basis size ENErgY.s aoms ENergY.-aoms ENerYss aoms
16 -268638.636329335 | -843443.197283907 |-1101611.541133150
30 -268652.013937177 | -843492.117399206 |-1101675.414617740
46 -268652.295914754  -843492.853139219 | -1101676.379157670
62 -268652.337318623 |-843492.953139219 |-1101676.479157670

4.4 Evolution of Cohesive Energy with increase in number of cluster of AlCuFe

guasicrystal

Table 7: cohesive energy tablefor the cluster susing pbe+vdW exchange functional

Composistio [Total Energy(eV Exchang Cohesive Energy(e'
AlgCu,Fe,; [-268652.33731862: Pbe+vdW 2.7

Al,,CuyoFes F843492.95313921! Pbe+vdW\ 3.1

Al;,Cuqy Fe, F1101676.479157671  |Pbe+vd\W 3.4
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4.5 Evolution of Ir-Spectra with increasein number of atoms
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4.6 Discussion
Table 1 and 2 showed the result of the configuration setisimgy Metropolis Monte Carlo rule

equation 10 and 11. In Tablel, it was observed that the best positieiron element in structure

is at position, and in table2 the best position of copper wagpaision, for each table, column

five shows the probability of finding the element in the positiRacking ofAlgCu,Fe,, was used

for bulding of Al,,Cu,oFesand Al;,Cu,4Fe; clusters. three atoms was added for the bulding
ofAl,,CuqoFes.

Table 3,4 and 5 shows the results for number of pre-selectioaluds for optimization of each
cluster with the exchange functional GGA+vd{be+ vdw— correction—hirshfeld) . It was
observed that the optimized values for each cluster is differertbdbe different composition of
the cluster and the result shows that the higher the nurhlbéoras in the cluster the lower the

total energy. From the single point calculation in Table &a$ depicted that lowest energy is
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found by increasing the number of basis size.

Table 7 shows the evolution effect of cohesive energy of theeclastl hence cohesive energy
increases as the number of atoms increases in the cldeteever the structure with 55 atoms
have the most stable surface and its icosahedral strustuneaintained. Highest Occupy
Molecular Orbital to Lowest Unoccupied Molecular Orbital (MO-LUMO) gap is another
sensitive quantity used to prove the stability of the atre¢tthis energy gap depends on the
material. for Al,Cu,Fe , Al,.CuFe and Al,,Cu,Fe, the HOMO-LUMO gap are 0.41594094
eV,0.09191654 eV and 0.09281146 eV respectively,this shows that HOMDLgAp decreases
with increase in number of atoms in the cluster.

Figure. 3,4 and 5 showed the Infrared(IR) spectrum of ckis#,Cu,Fe , Al,.CuFe, and

Al,Cu,Fe, respectively. it was observed that peaks are appeauiffatent positions;

AlgCu,Fe,, spectra have peaks at 94.2, 120.9, 136.5, 157.5, 173,193.9, 207.6 and828.9 ¢
Al,,Cu,oFes spectra have peaks at 51.3, 66.4, 77.6, 112.2, 161.4, 171.6, 1965, 28819,
331.8 and 470.1cthanddl,,Cu,,Fe, have peak at 38, 64, 99 135, 162, 232, 239, 286, 313, 335,
460, 496, and 516 cAlso the range of the frequency spectrum for the clusters iesreashe
number of the atoms increases in the cluster. Figure 6ssti@comparision of our work with
that of Rudenko and similar behaviour are observed [16]. on thehathd the zero point energies
of the clusters are 0.39179912 eV, 1.49361724 eV,and 2.06408161 eV respeaciivélghows
that the zero poit energy is depends on the number of atdims atuster (see Fig.6).

However, position of pure ir spectrum of Al, Cu and Fe wepented in our last seminar and
hence the peaks appear at positions; FblzCu,Fe; Aluminum 136c¢nt, copper
94cm'157cmtand 207crit. For Al,Cu,Fe ; copper 112ci,231cniand 288crit, Fe

161cm'and 33icritand Al 171cri.For Al,Cu,Fe,; copper 135cm, 232cm' 239cnt',Fe

99cnit, 162cm‘and 335crit and Al 376crit and the remaining were due to the cluster formation
in each cluster.

5.0Conclusion

In this work, configurations setting, ground state cohesive enerdyharmonic vibration of
Al,Cu,Fe , Al,Cu,Fe and Al,Cu,Fe, cluster were reported.Fhi-aims Metropolis Monte
Carlo rule was used for constructing icosahedral clusters. &gowmptimization was used on

each cluster after optimizing the parameters. Effect ofodms size on each cluster was also
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reported. evolution of cohesive energies with number on at@apletted. IR spectrum of each
composition was calculated using finite difference, the graphtefsity against frequency was

presented. Homo-Lomo energy gap, zero point energy results wepedented for each cluster.
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