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ABSTRACT

The theoretical studies of Nanosilver molecules AgePMMA nanocomposites by DFT calculations haverbe
performed using Gaussian 09 program with GUI (GieghJser Interface), called Gauss view 5.08. Tharacterization
of programs are such as, optimized geometricalmpaters, vibrational frequencies, total energy, Eipnoments, frontier
orbital energies [HOMO and LUMO], energy gaps &tmm the results, it is found that the values adrgg gaps decrease
with increasing additives ratio, and are in agregmeith experimental results. Also, the theoretipabperties of all
spectral properties (UV-VIS & FTIR) of nanosilvendh nanocomposites results are in good agreemert thi

experimental results.
KEYWORDS: Silver Nano Particles, Nano Composites & GaussthRidgram
INTRODUCTION

Quantum mechanics is a mathematical descriptioglexftrons' behavior, which can harbinger the mdéecor
atomics in their individual position and precisé@hythe single electron system. The quantum mechkathéyeloped by
Schrodinger and Heisenberg stated that all chentoamhputers and methods depend on the solved vajai a
(Schrodinger [1, 2]).

In 1926, Austrian physicist Erwin Schrodinger folated an equation to use to describe, how the guastate
of a wave function changes in time [3]? As well@Gaussian 09 program Methods; a modeling progrard teselucidate
the electronic structure by chemists, chemical memyis, biochemists, physicists and others for rekdn established and
emerging areas of chemical interest. Starting ftbe basic laws of quantum mechanics, the developmwiequantum
mechanical methods, such as Gaussian is a newampb@ased on both experiments and molecular magtdchniques
[4, 5]. It calculates all of Polarizabilityw) describes the molecule's ability for polarizatiso it determines the linear
response of the electron density, in the preseficnanfinite seminal electric field F, and starfds a second order

variation in the energy. [6]
9%E
<= (), =2 M
The mean polarizability is evaluated by using theation:
1
<> 5 (K + Xy +X5,) (2)
Wherex,,, x, % are the eigen values of the polarizability tensor
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While, the total energy of a system is the sunotditkinetic and potential energy at the optimiatdicture that
the total energy of the molecule must be at theekiwalue, because, the molecule is at the equitibpoint; this means

that the resultant of the effective forces is zero.

The ionization potential (IP) for a molecule is thmount of energy required to remove an electromfan
isolated atom or molecule, and expressed as theyemifference between the positive charged enéigit) and the

neutral By according to the following relation [7,8]:
IP=E @ E @ (3

The electron affinity (EA) of a molecule or atontl& energy change, when an electron added toetlteath atom
to form a negative ion, and expressed as the erdiffgyence between the neutral energy E (n) aednitgative charged

energy E (-), according to the following relati@j.[
EA=E (n)-E (- 4)

In molecular orbital (MO) theory within the limiiah of Koopman theorem, the orbital energies of frioatier

orbitals are given by:
IP = -ghomo (5)
EA =-¢eumo (6)
Where eyomo is the energy of the highest occupied moleculantaltband g yvo is the energy of lowest
unoccupied molecular orbital. A molecule with higfiemical potential will accept electrons from a ecoile with lower
chemical potentiaElectronic chemical potential K, defined as [7, 9].
0E
K. Gov (7)
Where, v is the potential due to nuclei.

Electronic chemical potential, related experimdptato two known quantities, ionization potentig® land

electron affinity EA, as in the relationship [9].
Kr-y~=(IP+EA)/2 (8)

The electronic and chemical potential is the qigntvhich measures the escaping tendency of elestimm a
species in its ground state. A molecule with higjernical potential will accept electrons from a ncole with lower

chemical potential.
The hardness is defined as a measurement of molecule resistarite change or deformation [10].

-2 Gy ©

In terms of ionization potentials, IP and electedfinities EA, the hardness is half of the energp ¢hetween two

frontier orbital's [7, 10].

. _|IP—EA| (20)

2

The hard molecule has a large energy gap and themedecule has a small energy gap. In quantumrtheo
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changes in the electron density of the system trésuh the mixing of suitable excited state wavediions with the

ground state wave function.

A small energy gap means small excitation energigbe manifold of excited states. Therefore, soflecules
with small energy gaps and their electron dendignge more easily than a hard molecule, and dtietpsoft molecules

will be more reactive than hard molecules
The difference between HOMO and LUMO known as eyeap, which is given in equation [11, 12]
Egap= Enomo — ELumo (11)

So, it indicates the capability of electronic triéings from occupied orbital's to unoccupied onEke energy gap

is a parameter to determine the molecular electriaasport property, because it is a measureeuftiedn conductivity.
Experimental Works

Running Gauss views, it is easy to build molecstanctures. The first and principle condition ofyalectronic
structure calculation is to obtain the optimizedmetry of the sample; all calculations are used Option and then Freq
i.e. Option for vibrational frequency. The methab tprovides to set either ground state calculatiprexcited state
calculation. The Vibrational frequency calculati@guires setting ground state calculation. OnceDth& method is set,
then additional field appeared to select DFT fworai, by default, the B3LYP functional.

RESULTS AND DISCUSSIONS
HOMO/LUMO

Study of molecular orbitals can provide much useftdrmation about electronic structures, and idedy used in
the analysis of chemical reactions. The frontietemalar orbital energies were obtained using the¥836-311G (d, p)
level for Density Functional Theory (DFT) methodittwstandard split-valence B3LYP/6-311G (d, p) basgt, using

Gaussian 09 [13] program package with no imperativéhe geometry.

The optimized molecular structure, HOMO and LUM@ anportant in determining such properties as modéac
reactivity and the ability of a molecule to absdight. The figure (1) shows HOMO and LUMO for AgNPRshilst the

table (1) shows the total energy, dipole momerd,tae silver nanoparticles molecular orbital

Figure 1: HOMO and LUMO for AgNPS
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Table 1: The Total Energy, Dipole Moment, and the B/er Nanoparticles
Molecular Orbital Obtained by using B3LYP/6-31.G (D, P)

Total energy (a.u) -31058.054
Enomo (eV) 4.294598
ELUMo(eV) -2.25914
Dipole moment (D) 0.1396
AE= EHOMO-ELUMO (eV) 2.04

The HOMO and LUMO energies give values of energysgaf AQNPs. The theoretical calculation by Gaussia

09 programs obtainedy§2.04 EV) and these results are in good agreenvéttisthe results of researcher [14, 15] where
they obtained [(2.06 EV).

Whilst the figure (2) to (6) shows HOMO and LUMOr fdifferent concentration of nanosilver doped with
PMMA polymer, whilst the table (2) shows the eneggyp values.

Figure 3: HOMO and LUMO Levels for Ag-PMMA (10%)
Molecules from B3LYP Density Fuwtional Theory
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Figure 4: HOMO and LUMO Levels for Ag-PMMA (15%)
Molecules from B3LYP Densityunctional Theory

Figure 5: HOMO and LUMO Levels for Ag-PMMA (20%)
Molecules from B3LYP Densityunctional Theory

Figure 6: HOMO and LUMO Levels for Ag-PMMA (25%)
Molecules from B3LYP Density Fctional Theory

Table 2: The Total Energy, HOMO, LUMO Energies, andEnergy Gap of Nano
Composite at the DFT/B3LYP Method with 6-311G (D, PLevel

-5.1526 - 0.1374 5.02 0%
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-4.25 -0.4783 3.77 5%
-4.584 -0.9732 3.611 10%
-3.436 -0.0303 3.41 15%
-3.3605 -0.1265 3.23 20%
-4.613 -1.6664 2.95 25%

Table (2) showsthe energy band gap for (~-PMMA) nanocomposites was decreased from 'EV, with the

increasing percentage weighftthe nanosilver to 2.9EV. These results are considerecasinggood agreement with the

experiment [15].

UV-Visible Spectrum

The chemical quanturnomputations were do with electronic propertynquiry. The DF’ / B3LYP method

using a basic set 6-311G (d, p), wa®d to determine the first three -lying excited states fcinvestigating the UV-Vis

absorption spectra of the title compound a-DFT (C-PCM) / 6-311G (dp). The calculated results wavelenis carried

out and compared with observed experimental waggh. The figure (7) showed UWisible experimental and theoretic

curve of AgNPs

absorbance

PRt

wave length nm

» Expermental
@ Therotical

Figure 7: Experimental and Theoretical Electronic Spectra for Agnp

From the figure (7)the theoretical calculation of AgQNPs pres one peakn 400 mm, which is considered as

excellent agreements with experimental re, as the peaks appear in 403 miRile the experimental U-Vis spectrum

has been observed RMMA and nanocompositeas shown in figure (8he theoretical calculations were performed

adding nanosilver percentageRMMA polymers, leadingo much smaller red shift. The experimental andibgcal U\-

Vis spectra use Gaussian 09 progranesause, it gives better results agreemerdpmparison with experimental resu

One of the reasons the difference between the empetal values ar the theoretical predictions may, the TD-DFT

calculations do not evaluate the spirit splitting; the values are averagd6, 17].
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Figure 8: The Theoretical and Experimental Absorption Spectrum
IR Spectra

The observed and calculated vibrational frequenelesgside relative intensitieprobability assignments at
B3LYP/6-311G (dp) level of the title compound are gi\ in Table (3). \rational frequencies simulated for PMMA a
AgNPS-PMMA compound withhie unscaleB3LYP/6-311G (d, p)force field are slightly greater than the obser

values, as shown in figures (9-a), (949-c) and (9-d).

These differences can be rectified by scaling thmilated wav numbers with appropriate factor. It is neces:
to scale down the calculated harmonic frequenadesmiprove the calculated vali, in agreement with experimen
values. The different scale factors can be un different regions of vibrations to obtain a betgreement between t
experimental andomputed frequencies. The vibrational frequer were calculated aB3LYP/€6-311G (d, p) with the
molecule when coupled with the deploymof the measured frequencids. B. Wilson was the work of Wilson (70) t

appropriate theory to calculate thibration frequencie
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Figure 9: Theoretical FTIR Spectrum and Experimental of Agnps ancAg-PMMA
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Table 3: Theoretical andExperimental FTIR Results of PMMA and Ag-PMMA Nanocomposites
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Vibrati . Theoretical | Experimental Research
Sration ypes Functional group »
of PADMA results result results
28623 2024.83
CH_, CH_
Stretching vibration Nidel mde&illes
rang cm _CH3_ 283214 2049.91,2094.81
=0 1565.00, 172097 | 172187, 167731
968.79,948434, | 986.18,1062.43,
. . Model molecules co 097.95, 1022, 1105, 130,77
Bending vibration - .
rang cm-1 1238.9
CH:1 720393, 774327 749.48, 1480
Vibrati ; Theoretical | Experimental Research
Torulion (el Functional group ®
AgPADMA resalts result results
(H_, CH; 186029, 183348 | 2004.81 2949.91 2025208
Stretching vibration Model mol ] _CHa 285021, 2776.86 102483 2851.64 20382990
e b 0 156597 | 16773L1L8, | 17001780
= 1239.77, 1269.45
1105.24, 086.18,1062.43, 070-1300
€0 1124.29,094,682, 123977
; , Model molecules 1216
Beading vibration | g cm] TNAT,TILIL, | 79.48,1466 | TNTW,
_CHy_ 13866, 1380,1353,1368,)
1393.76,1449.% 19

The FTIR spectra of PMMA and nanocomposites hawetyywes of vibration stretching and bending.

The bonds CH, CH3 and C=0 had stretched vibratiodes, while bending vibration appears in the C-H @n
O. From the results, it can be noted that the #te@m data comparable with experimental data arepatible with results
of literature [17, 15, 13].

Some Electronic Properties

In this section, we calculate some electronic priige for polymer and nanocomposites molecules grasing
DFT methods. These properties included the iorimagiotential 1P, electron affinity EA, electro né&gay y, chemical
hardnesd], softness S and electrophilic index The table (4) shows some electronic propertiethefnanocomposite
studied.

Table 4: Shows Some Electronic Properties of the Macomposite which Studied

No. of molecular LieV) EsieV) K (gV) 1 (eV) 5 &V) @ [eV)
%0 513526 0137 -1.30758 1645 0.1994 1395
5 425 0.4783 -1.36415 1.888 0265 1482
10%4 4384 0.8732 -1.14332 1.805 0.I77 2138
1504 3438 0030 -1.73317 1.703 0,104 0882
2004 3.361 0.127 -1.61688 1.617 0305 0939
1509 4.613 1655 -3.1387 1473 0339 3344

Dipole Moments and Polarizability

Table (5) shows the values of the total dipole matnand average polarizability for nanocompositedecules
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group, calculated by DFT - B3LYP/6-311G (d, p) noeth

The reactivity of the molecule, therefore, the ralver molecules group is more reactive than PMNVES lthe
largest value of average polarizability, and inisre reactive with small energy gap than the other®ipole moment and

average polarizability.

Table 5: Calculated Dipole MomentM (Debye), Component OfAi ( | = Xx, Yy, Zz ) and
Average Polarizability A> in Atomic Unites for Nanocomposites Molecules

BILYP/6-31C(p.d)
No. of I . " e et
Molecules

0% 74793 5.9104 6.0486 -2.7924 £.9039
3% 113992 | -65082 | -1.2793 -0.1182 66338
10% 8.1364 38670 | 16.0237 22721 | 166396
15% 46130 1.3813 4.2320 -3.0346 5.5369
20% 56448 -10955 | -BAD4R -1.5206 9785
13% 561 0.1749 70971 0.0834 70993

CONCLUSIONS

» The Density Functional Theory (DFT) method with B3/6311G (d, p) level presented a good result & th
calculation of geometrical parameters, fundamevitaiational frequencies and exciting energies imparison

with experimental data.

e The HOMO and LUMO energies gave values of energysgd AgNPs, the theoretical calculation by Gaussia
09 programs obtained;E£2.04 EV).

+ HOMO and LUMO for different concentration of naresr doped with PMMA polymer, using DFT methods
showed the energy band gap for (Ag -PMMA) nanocasitps were decreased from 5.02 eV, with the inangas
percentage weight of the nanosilver to 2.95 EV.seheesults considered as a good agreement withiimxqreal

results.
e The UV-VIS and FTIR results using DFT methods fgabd agreements with experimental results.
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