THE STUDY OF SILVER NANOPARTICLESIN BASIS OF SLATER FUNCTIONS
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Abstract. One of the variant of the molecular orbitals methdtde semi-empirical Wolfsberg — Helmholz method
was used in order to investigate the propertieth@fsilver nanoparticles. For construction of molac orbitals of
Ag;e are used 5s-, 5p 5p-, and 5p- valence Slater atomic orbitals of silver aton& Rnalytic expression of the
basis Slater functions were defined. The orbitatrgies, ionization potential, the total electroeicergy and
effective charge of atoms of silver nanoparticlesrevcalculated by solution of equations of molecualbitals
method. The results indicate that the;Aganoparticles are soft, electrophile and statdhlaisonductive material.
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1. Introduction

The silver nanoparticles have wide range of apptioa such as in the preparation of different
transmitters, in electronics, for diagnostics ofimas diseases in medicine, in the chemical
processes as a catalysts and its application fieidsexpanding[1l]. The study of electronic
structure of the nanoparticles by quantum mechamiethods has a great importance[2, 3]. It is
obvious that the size dependent structural and getier properties of nanoparticles are
determined by the number of atoms in the nanopestic The shape of Agnanoparticles is
considered as a sphere and the size of nanopartale be calculated by the following formula
given in Ref.[4].
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The calculated size of Ag by the formula (1) is obtained<D,8 nm. The visual model
of nanoparticles Ag was established and the cartesian coordinatiesoafis were calculated in
molecular coordinate system(Fig. 1).

2. Methodology

The semi-empirical Wolfsberg — Helmholz(WH) metheds used in order to investigate
the properties of the silver nanoparticles. The Wethod is a simple semi- empirical variant of
the molecular orbital(MO) method [2, 5- 10]. In M@e state of the electron is described with
one electron wave function so-called moleculartatbMolecular orbitals can be represented as
linear combinations of atomic orbitals of atomsahopatrticles:
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where, - G the unknown coefficientsy, - valence atomic orbitals of silver atoms. We uthe

real Slater type atomic orbitals (STO’s) as basiscfions. In the quantum-mechanical
investigation of the properties of molecules andaparticles the exponential type orbitals
(ETO’s) has great importance [11-12]. Gaussian tyftals (GTO’s) and STO'’s are the most
commonly used ETO'’s. It is reasonable to use STi®&lence electronic approximation. The
STO’s have been used in many calculations oveyehes.[13-20]:
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The quantityé was calculated by formula (10) given in Ref. [213, (6, 9) - are real spherical
harmonical functions given in Ref. [22].

Fig 1. The theoretical visual model of silver naaxzle

For the creation of molecular orbitals of Aganoparticles are taken 4 valence atomic orbitals
5s, 5B, 5p, 5pc from each silver atoms. The analytic expressimnthese atomic orbitals are
considered as following:
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Agis has 16*1=16 valence electrons. They are situategight low energetic levels. The
quantities G are found by solving the following system of eduas given in Ref.[9]:

Z (Hp —&S5,)Cq =0 (8)
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are the matrix elements of effective Hamiltonian

Sy = I Xp XAV (10)

are the overlap integrals.
Thus, in order to solve the system of equations(@& must know numericat o and

Spq values[2, 3]. As the expression for the Hamiltonia unknown, it is not possible to

calculate the values JHprecisely. So need to estimate them by severgswane of which
based quantum chemical semi-empirical WH methoctoAding WH method each diagonal



matrix elements are guessed equal to ionizatioanpial of valence state of the given atoms|2,
3]. The non-diagonal elements are calculated byat@wing formula given in Refs.[6, 7]:

H,q = 05LK S, (H,, +Hg) (11)

As can be seen overlap integrals have great impaetan the calculation by WH method. In
order to calculate the overlap integrals, the ailyexpressions given in Refs. [23- 28] can be
used. To calculate the overlap integrals by thesendlas the quantum numbers of atomic
orbitals N, /,m, & - exponential parameters and the cartesian comanof atoms should be

included. The calculations indicate that analytexgbressions and the created computer program
for overlap integral are usable for any of quantwmbersn,/,m. In order to calculated

matrix elements we use the following values of zation potential of 5s and 5p valences state
of silver atoms:

(5s| Ag |5s) =-0.789736a.u.
(Gp| Ag |5p) =-0.278332au.

By solving the system equations (8) the valuesrbital energiesg,, total electronic
energy E = ZZ &, ionization potential ; and coefficients<C, in the WH approach could

be found. The effective charge (in a.u.) of anrafoin the nanoparticle can be calculated by the
formula given in Refs. [2,3,28].

Gu=n3-2 n), ICy [ (12)

i qOA
heren;=1 for the Ag atoms.

3. Results and Discussions

Total electronic energy E = -15.027638 a.u.
lonization potential | = 19.771994 eV

The values of orbital energies (a.u.)
i=12,.,16 i =17,18,...,32 | i=33,34,.. ,48 | i=49,50,... ,64
-1.17083: -0.36152¢ -0.25586! 0.33768:
-1.08391! -0.34167! -0.24413: 0.38134:
-1.06629! -0.33895! -0.214241 0.46255:
-1.01461 -0.33887! -0.20408! 0.53664
-0.83791: -0.32752 -0.157771 0.61487:
-0.83193: -0.31739! -0.12748: 0.62791(
-0.78171! -0.31670° -0.07397- 0.64055:
-0.72660: -0.31267: -0.07047! 0.75282!
-0.68417. -0.31207: -0.06436! 0.86878!
-0.55760° -0.30646t 0.00255! 0.97138:
-0.54177: -0.30317! 0.00512i 1.00816t
-0.49386¢ -0.29494 0.05807. 1.09705!
-0.49089: -0.28139 0.06085! 1.14484:
-0.48350! -0.28107 0.06713! 1.26142:
-0.46180: -0.27255! 0.18593 1.31176:
-0.39519! -0.26814: 0.19000: 1.37974




Effective charges of atoms and coordinates

N | Effective Coordinates (a.u.)

charge of ato X Y 7
1 0.257275 -5.03929687 -2.098277136 -2.31674846
2 0.257295 2.705200717 5.273547414 -0.180223252
3 0.257286 5.637206455 1.525236358 1.028937388
4 0.387377 2.580667716 | 1.011740873 -3.033484071
5 0.262163 4.730458807 | -3.028967623 -0.790397164
6 0.280563 4.183666335 -2.054019733 4.15955342
7 0.387397 1.118094702 2.002600264 3.409842076
8 0.262116 -2.124922285 | 5.152529305 1.055620331
9 0.280535 -0.680717416 | 4.908508873 -3.803207622
10 | 0.387392 -3.602329655 | 0.378247732 1.940352661
11 0.262127 -0.723179579 | -2.423045597 5.077885093
12 | 0.280534 1.53649913 -5.728612544 1.960251485
13 | 0.387382 -0.096300482 | -3.392645561 -2.31674846
14 | 0.262172 -1.882432532 | 0.299653991 -5.343051569
15 | 0.280542 -5.03929687 | 2.873953328 -2.31674846
16 0.257269 -3.303337069 | -4.700449944 1.468166606

The 16 valence electrons of Agnanopatrticles are placed in the first eight eeticdevels two
by two. The ionization potential is equal &9 with negative signl o, = -3 =19.7719938 eV.

The value of band gap can be calculated@sdz o ~ Euouo HETE, Eumo = €=
18.61748619eV, is the energy of the lowest uno@lipiolecular orbital and the,,,, = &5 iS
the energy of the highest occupied molecular dsbito = 1.154508 eV. Strength of the

1
material is calculated ag = — (5 - ) =0.577254 eV. As can be seen;Ag
2 VLUMO “HOMO 1

nanoparticles are soft, semi-conductive mate#g,,, has negative sign, therefore, pare

electrophilic. The stability of Ag nanoparticles can be expressed by the formula
AE(Agys) = Eny, —8LE,,, . When the material is not stabid=(Ag,,) >

stableAE(Ag,,) < 0 E,y,

,ut when material is

=-15.027638 a.uis total energy ofe,, =-1.833982 a.u is total
energy of Ag moleculesAE(Ag,,) < 0Agie Nanoparticles are stable.

The accuracy of the results came from the papebéeas checked by the test calculations of the
Ag, molecule using the other methods. Comparisondbelts of different methods for Ag2 is
given in the following table.

N Obje Methods Number of
ct J electrons using Enowmo €Lumo | p (&) Eg V)
in calculations
1 Ag WH (STO’s) 2 -24.952815 -16.769817 24.9528 8.18299¢
2 A, Ab Initio (GTO’s) 94 -4.425674 4.172199 4.4257 ®B73
3 Ag, Extended Hukkel 22 -9.114572 -6.630959 9.1146 2.483613
(GTO’s)

As seen from tha table there are differences irctteulations. These differences occur because
of the type, and number of the basic functionsl, e variety of the electrons which were used
in the calculations.

4. Conclusion



The semi-empirical WH method was used in ordernestigate the properties of the silver

nanoparticles. STO'’s are used as atomic orbifidie. results of the calculations indicate that
STO’s are useful in investigation of properties ©B&noparticles in valence electronic

approximation. The computer calculations were cdrdat by authors’ own computer program

in Delphi Studio system under the operating sysW¥mdows. The orbital energies, ionization

potential, the total electronic energy and effextoharge of atoms of silver nanoparticles were
calculated. The results of calculations show thlvesinanoparticle are soft, electrophile and
stabile semi-conductive material.
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