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Abstract

Theoretical study using (Density Functional Theory) DFT method with B3LYP functional
and the 3-21G(d,p) basis set had been implemented of calculating molecular structure
properties of Magnesium — Zinc spinel ferrite having the chemical formula
(Mg1xZnxFe,0,4). DFT had been used to optimize molecular structure, electronic state
(HOMO-LUMO) , and electronic properties ( ionization potential, electronegativity, electron
affinity, electrophilic, hardness, and softness) are calculated. Theoretical electronic IR
spectrum were computed and plotted . UV-Vis spectrum calculated and plotted of this
molecule. Dipole, Quadrupole, and Traceless Quadrupole moments were calculated. The
Mullikan and Natural Bond Orbital (NBO) distribution of Mg;.xZn«Fe,O, compound are also
computed by DFT. All these properties had been calculated using Gaussian09 program with
Gauss view 5.08 program by using (Density Functional Theory) DFT method with 3-
21G(d,p) basis set.
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Introduction

ferrites are a type of ceramic compound
and sintered material and they are with
magnetic properties used in many types of
electronics devices[1] . Ferrites are
composed of iron oxides with other metals
in chemical combination. they known as(
ferrimagnetic materials ) and (ferrites) ,
and they are electrically nonconductive
material therefore ferrites are electrical
insulation and mainly used in high
frequency devices[2][3] .the important
properties of ferrites are hard, brittle,
polycrystalline, iron containing, and gray
or black. Electrical resistivity for ferrites is
so high therefore eddy current losses is
very low at high frequencies .There are
three types of ferrites due to their structure
are : spinel , hexagonal ,and garnets
ferrites, and there are two types of ferrites
due to their (magnetic coercivity) ,soft
and hard

ferrites have high coercivity. Figure (1)

ferrites have low coercivity

shows soft and hard ferrites and their

hysteresis loops[4][5].
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Fig.(1) Hysteresis loop for (a) soft
ferrites and (b) hard ferrites [6]

Manganese-Zinc Ferrite

Manganese-Zinc Ferrite is a cubic spinel
ferrite. The general formula for spinel
ferrites are AB,O, where A and B
represent cation sites for tetrahedral and
octahedral respectively Fig.(2) , and also
the formula may be written as MeO Fe,0,
where Me is a divalent metal cation for
example Mn, Co, and Zn and the formula
of Mn-Zn feriite is( Mg1-xZnxFe;04) [7][8]
. The structure of spinel ferrites like the
structure of the mineral spinel MgAl,O, ,
and ther are different distribution of
cations : normal ,mixed, and inversed
spinel  ferrites. Mn-Zn has high
permeability in RF region , high resistivity
,mechanical hardness ,and chemical
stability. The sintering temperature about
1350 °C for Manganese-Zinc Ferrite to

attain the preferred manipulate on
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octahedral and tetrahedral sites for the
Mg?* ions distribution [9][10][11].
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Fig.(2) The unit cell structure for spinel
ferrite [6]

Density Functional Theory (DFT)

Density functional theory DFT is a
ground state theory and one of the
essential  and  successful  quantum
mechanical methods in physics and
chemistry , and has lengthy been the best
method of electronic structure calculations
in solid stat physics fields. DFT had been
used to calculate electronic structure
basically the ground state of (many body
systems),  specifically  atoms, and
molecules .The characterization of a many
electron systems can be determined via the
usage of functional, ( functions of another
function), which in this situation is the
spatially established electron density.The
name density functional theory refer to
using functional of the electron density.
Methods of electronic structure had been
used to find approximate solutions of

Schrodinger equation of  N-interacting

electrons which are move in an, external
and electrostatic potential . DFT is the
famous and flexible methods in
computational physics ,and since the
1970s it is very popular in solid-state
physics calculations.

There are many approximations were used in
DFT and computational costs were became so
low comparison with other traditional

methods. [12][13][14]

Overview of DFT

e The

Equation

Schrodinger

Schrodinger equation gives important
informations for many phenomena in
complex systems. Wavefunction defines
stationary electronic state and used to
satisfy time -independent Schrodinger
equation for N-particles interacting [15]:

HY = EY (1)

H : Hamiltonian operator which describes
both the kinetic and potential energies of

electrons and nuclei.

E : the energy of an electron which it is at
a (distance r ) from a nucleus of Z-charge.

¥ . The wavefunction depends on the

electron coordinates .
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For Many electrons (atoms/molecules)
[16]:
electrons 1 2 nuclei 4 2
H= ) Viz + ) Vi +
i 2m, A 2m,
electrons  nuclei 2 electrons 2 nuclei 2
-eZ e e zZ,Z
DIED) Y Y
i A riA i>] rij A>B rAB
)
where
electrons hZ . . .
3 v is the kinetic energy of the
. 2m,
electrons

nuclei 2

3 h v % is the kinetic energy of the
A 2m

A

nuclei

electrons  nuclei _ eZZ N . .
>y is the electrostatic
i A riA

interaction between the electrons and the

nuclei

electrons 2 . . i i
3 is the electrostatic interaction

i>i T

between the electrons

nuclei 2
e°2,Z,

is the electrostatic-interaction

A>B rAB

for the nuclei.

The solution of the Schrodinger equation
with Heee 1S the electronic wavefunction
¥ eec and the electronic energy Eejec. The
total energy Ei is then the sum of Egc
and the constant nuclear repulsion term
Enuc.
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e Born-Oppenheimer

Approximation

If the nuclei are constant and do not
moveing, therefore their kinetic energy
must be zero. Potential energy is constant
because it depend on
The

equation ( 2 ) reduces to the so-known

[17][18]:

repulsion of

nucleus-nucleus. Hamiltonian in

electronic Hamiltonian

electrons 2 elctions nucki 2 ceetons 2 nucki 2
- -¢Z e 62,2,

#lelzzgvﬁz ¥ “+Zr—+z—r 3)

The solution of Schrodinger equation for

H, is the (electronic wavefunction) v

el
,and the (electronic energy) E¢. The (total
energy) Eiw: Is sum of Eg and the constant

(term of nuclear repulsion) Eyc :

H Y -—E¥

el el el

(4)

Etot = Eelec +Enuc

(5)
e Variational Theorem

If asystemin w , state, then ( expectation
value of energy) [18] [19]:
I LIje*l |:| el k3 el d T

E

) (6)

J.lPE*IlPeIdT

The variational principle states that " the
energy of any guess wavefunction must be
larger than or equal to the true energy
calculated with the accurate wave
function; the closer the guess to the true

wave function, the lower the energy based
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on the guess wave function. The guess
wave function that produces the lowest
energy is thus the best approximation to
the true wave function"[20 ].In other
words, the ground state energy is a
functional of the number of electrons N

and the nuclear potential Vex[18] [19]:
Eo= E[N; Vext] (7)

e The

Approximation

Hartree-Fock

If the ground state wavefunction w , is an

antisymmetrized product of N-
orthonormal spin orbitals v i(x), for N

electrons the Slater determinant[21][22] :

i) 7)) 1 (%)

. 7i0G) 7)) 7,(Xy)
"W(XI‘XZ’K‘XN):K . "(8)

1ixy) 7)) 7 (Xy)

Where rows represent electrons, and
columns correspond to orbitals. In
Hartree-Fock approximation the

orthogonal orbitals v ; are found the
energy is minimize for this determinantal

formof v ,:
"EHF:min(\P H|:—>N)E[‘I" HF] " (9)
e The Electron Density

The electron density is the important
quantity in DFT. It's definition is the
integral over the coordinates of spin of all
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electrons and over all but one of the(

spatial variables)(x=r,s) x1,x2,..xN

p(r) = N [ [lpGe,xz,.x0)l
XmdXZ..dXN (10)

where p(r) calculate the probability of any

of N-electrons within volume element dr.

e Thomas-Fermi model

the Kkinetic energy based on (uniform
electron gas) was proposed in 1927 and it is
consider as a first density functional theory
[23]:

[p()] =3 B [ p*f3 (r)dr Trecan)

the (nuclear-nuclear ) potential and the
(electron-electron) potential for the classical

expression represent the atom's energy [23]:

Tre [pM)] = = a2 [p*s (Fdr -

p(r) ;1 p(r1)p(r2)

The energy is given absolutely in terms of
electron density.

e The Hohenberg-Kohn Theorems.

The Hohenberg-Kohn theorems had been
related to a system that consist of electrons
have been moved under the influence of an
(external potential).First theorem state that
[24]" Vex(r) is

determined (within a trivial additive constant)

the external potential
by the electron density p(r)"Second theorem

state that[24]" the functional Fpk[p] that
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delivers the ground state energy if and only if
the input density is the true ground state
density"The two theorems are give the
essential statement of (density functional
theory) DFT.

Computational Details

Density Functional Theory methods has
been performed by using the Gaussian 09
and Gauss view 5.08 program9 [25]. the
geometric optimization of ZnMgFe,04
molecules have been performed with
B3LYP/3-21G(d,p) basis set .B3LYP has
been used to calculate the electronic
properties for molecule such as (electronic
energy  gaps,
potentials). HOMO, The highest occupied
and the LUMO, the
Orbital

electronic

states, and ionization
molecular orbital
lowest Unoccupied Molecular
have been used to calculate
potential (IP) and electron affinities (EA)

[26] [27]:

IP = - Exomo (13)

EA=-ELumo (14)

The chemical potential (), defined as" a
measures of the escaping tendency of an
electronic cloud, and this factor equals the
slope of the Energy versus N (number of
electrons) at external potential v(r) "[28][29]:

_[9E

u-gﬁwﬂ (15)
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The electronegavity x was calculated as
[27][28]:

u= —x =—({P+ EA)/2
The hardness defined as

(16)
"the second
derivative of electronic energy with
respect to the number of electrons N, for a

constant external potential v(r)" [27] [ 28 ]

9%E 1 [6#

1
”-zbﬁwﬂ—zaJwﬂ a7

The hardness has been calculated as [
30][31]:

n=((P—-EA)/2 (18)
that mean hardness equal half of the

energy gap (Eyomo — Erumo)-

the softness
[31][32]:

Electrophilic index defined" as a measure

is has been calculated as

(19)

of energy lowering due to maximal

electron flow between donor and

acceptor". Electrophilic index ® given

as[31] [32]:
_
w="1 (20)
The electric dipole polarizability is define
as "a measure of the linear response

of the electron density F,and represents a

second-order variation in the
energy"[33][34]

0%E
a=- (aFaan) a, b=X, )2 @1
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Polarizability < a > was given by the
equation [33][34]:

1
<a>=< (ocxx + ay, + ocZZ) (22)

Where

Oy < Uy < 0y, @ eigenvalues of the

polarizability tensor.

Figure (4) HOMO the energy of the
Result and Discussion highest occupied molecular

Molecular Geometry

Figure (3) shows the geometric
optimization of ZnMgFe,O, molecules
by using DFT method. Figures (4) and
figures (5) had been showed Enomo and

ELumo -

Figure (5) LUMO the energy of the

lowest unoccupied molecular orbital.

Electronic Properties

Table (1) shows the calculated values of
HOMO and LUMO and energy gap
between them, and electronic properties
Figure (3) the geometric optimization of IP, EA, % 1, S and w. all properties
ZnMgFe,04 molecules are computed by using DFT/B3LYP 3-
21G(d,p) method .
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Table(l) HOMO, and

Electronic properties (IP,EA,x, 1, S, and

LUMO,

W) measured in eV units

Enomo -5.64421
ELumo -2.5243
Eg 3.119913
IP 5.644213
EA 2.5243
X 4.084257
n 1.559957
S 0.320522
w 5.346672
IR spectra

Figure (6)has been showed The IR spectra
.Harmonic vibrational frequencies are
computed using B3LYP level using the 3-

21G(d,p) basis set.

IR Spectrum

Figure (6) IR spectra

peaks in fig.(6) are due to the spinel
structure and is attributed to the
intrinsic  vibrations of octahedral
coordinated metal ions in the spinel
structure. Infrared spectra has been

occurred when the absorb frequencies for
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molecules are characteristic of
molecular structure. All these absorption
has been occurred at resonant frequencies.
That's the radiation

mean absorbed

frequency matches vibrational

frequencies.

The UV-Visible spectrum

Figure (7) shows UV-Visible spectrum
, the spectra computed by an excited
states calculation. UV-Vis spectrum is
correspond to the excitation of a molecule
state to

with

from the electronic ground

electronically  excited  states
simultaneous excitations of vibrational,
The DFT/B3LYP method

using basis set 3-21G which used to

rotational

determine the first three low-lying excited
the UV-V
absorption spectra of the title compound at
TD-DFT(C-PCM)/ 3-21G. The calculated

results wavelength are performed .

states for investigate IS

UV-VIS Spectrum
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Dipoles moments

Dipoles moments in all types such as

Dipole, Quadrupole, Quadrupole,

Traceless Quadrupole moments this
shown in table (2) The dipole moment is
in addition an important physical property.
Dipole moments have been occured when
there is a separation of charge. They can

occur between two ions in an ionic bond

or between atoms in a covalent bond,
electronegativity has been asised by dipole
moments . The larger the difference in
electronegativity, the larger the dipole
moment. the size of the dipole moment is
affected by the distance between the
charge separation ,and The dipole moment
is a measure of the polarity of the

molecule.

Table(2) dipole moments of ZnMgFe,O,

Dipole moment (field independent basis, Debye):

Y=3.47 Z7=2.923
X= 4.0793 Tot =6.1065
91 2
Quadrupole moment (field independent basis, Debye Ang):
XX= 83.3492 YY= 83.1071 ZZ= 65.1417
XY= 1.9102 YZ= 2.6506 XZ= 1.6525

Traceless Quadrupole moment
(field independent basis, Debye Ang):

XX= 6.1499

YY= 5.9078

Z27=12.0576

Atomic Charge Distributions

A (Natural Bond Orbital) NBO has been
bond with

maximum electron density.

calculated orbital  together

The Mullikan and Natural Bond Orbital
(NBO) of ZnMgFe204
compound are computed on B3LYP
The
calculated values of the charges are listed
in Table (3).The charge distribution of the

distribution

method using 3-21G basis set.

title compound shows that the iron ‘Fe”,
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Zinc”Zn” and Magnesium “Mg “atoms
are positive charges due to the presence of

electronegative Oxygen'
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Table(3) The Mullikan charges of
ZnMgFe,O, calculated by the B3LYP
method with 3-21G basis set

Atom Mullikan (NBO)
Atomic Charges
Charges
1 Fe 0.517911 0.295470
20 -0.198584 -0.078252
30 -0.381857 -0.115433
4 0 -0.459444 -0.157870
50 -0.414641 -0.269697
6 Fe 0.282938 0.159775
7 Mg 0.378364 0.135628
8 Zn 0.275314 0.030379
Conclusion

1.The Density Functional Theory (DFT)
method with B3LYP/3-21G level has been

found a good results in calculation
geometrical  parameters, fundamental
vibrational  frequencies and exciting

energies in comparison with experimental
data .

.The HOMO (an electron donor) and
LUMO
energies gave values of energy gaps of
ZnMgFe,;0O4 the theoretical

(an electron acceptor ) defferent

calculation
using Gaussian 09 programs obtained Egq
(3.119 eV).

. The UV-VIS and IR spectrum using DFT
methods have a good agreements with

experimental results.

131

4. Atomic charge distribution show that the

increasing distance, compound with
ferrites group showed the higher dipole

moment.

References

[1] KimW. C., Kim.S.J, Uhm.Y.R and
Kim C.S. (2001), IEEE Transactions on
Magnetics ,Vol. 37, July, P.2363.

[2] Callister, W. D. (1991), Materials
science and engineering: An introduction.
Hoboken: Wiley.

[3] Goldman, A. (2006), Modern ferrite
technology. New York: Springer US.

[4] K.,Shashimohan
A.L.,Chakrabarty, D.K and biowas A.
B., (1981), Phys, Stat.sol.

(a) 68,97

[5] Tsushiokita, F. Saito, T. Toyoda, and
H.

Koinuma , Jpn. (1998), J. Appl. Phys.
37, 3441

[6] Sanpo N. (2014 ) , Solution Precursor
Plasma Spray System, Springer Briefs in

Seshan

Materials,
[7] Nakamura T., Okano Y.. (1997),
Electromagnetic Properties of Mn-Zn
Ferrite. Journal de Physique.lV Colloque, ,
07 (C1), pp.C1-101-C1-102.
[8] Tsushiokita, F. Saito, T. Toyoda, and
H.

Koinuma (1998), Jpn. J. Appl. Phys.
37, 3441



Wasit Journal for Science & Medicine

2017: 10(2): (122-134)

[9] Brabers V. A. M . and Klerk J.
(1977), J. de Physique 4,207
[10] Farag S.A., ahmed M. A, hammed

S. M. , and Moustafa A. M., (2001),
Cryst. Res.

Technol.36,85

[11] Mulay V. N ., Reddy K. B,
devender V. Reddy, P. V.
(1992),Venugopal Reddy, Phys

.Stat.Sol.(a) ,130,397

[12]Furche F. and Rappoport D. (2005),
Fluctuation-dissipation theorem density
functional and
Computational Chemistry, 16 93-128

[13] Parr R. G.,and Yang W., (1989),

Density- Functional Theory of Atoms and

theory, Theoretical

Molecules, Oxford University Press:New
York,

[14] Dreizler R. M. and Gross E. K. U.
,( 1990), Density Functional Theory: An
Approach to the

Quantum Many-Body Problem(Springer-
Verlag, Berlin,).

[15] Liboff R. 1. (2003) , Introdutory
quantum mechanics , Addison-Wesley

Publishing Company.

[16]
Computational

David C. (2001).
Chemistry: A Practical

Young
Guide for Applying Techniques to Real-
World Problems. John Wiley & Sons, Inc.

N.I.
Theory:

[17] Kohanoff J.
(2003),

,Gidopoulos
Density  Functional

132

Basics, New Trends and Applications and
Volume 2, Part 5, Chapter 26, pp 532-568
[18] Koch W.
M.C.(2001), A Chemist’s
Density  Functional
Edition Wolfram, Copyright Wiley-VCH
Verlag GmbH.

and Holthausen
Guide to

Theory. Second

[19] Nesbet R. K. ( 2003) ,Variational
Principles and Methods In Theoretical

Physics and Chemistry.(New York:

[20]http://people.chem.ucsb.edu/kah
n/kalju/
chem126/public/gm_varprinc.htmi(l

nternet)

Cambridge U.P.)

[21]  Sherrill C.D. (2000), An
Introduction to Hartree-Fock Molecular
Orbital Theory .

[22] Slater, J.C. (1929): Phys. Rev. 34,
1293-1322

[23] N. H. March (1992). Electron
Density Theory of Atoms and Molecules.

Academic Press.

[24] Sharma B. l.,and R. K. (2016) ,
Basic concepts of Density Functional

Theory: Electronic structure calculation,

IOP Publishing, Journal of Physics:
Conference Series 765.
[25] Frisch, G.Trucks, H.Schlegel,

Scuseria,


http://people.chem.ucsb.edu/

Wasit Journal for Science & Medicine

2017: 10(2): (122-134)

M.RobbJ.Cheeseman,G.Scalmani,V.Bar
one
,B.Mennucci,.Petersson,H.Nakatsuji,M.
Caricato,
H.Hratchian,A.l1zmaylov,J.Bloino,G.Zh
eng,J.Sonnenberg,M.Hada,M.Fhara,K.
Toyota,R.Fukuda,J.Hasegawa,M.lIshida,
T.Nakajima,Y.Honda,O.Kitao,H.Nakali,
T.Vreven,J.Montgomery,J.Peralta,F.Og
liaro,M.Bearpark,J.Heyd,E.Brothers,K.
Kudin,V.Staroverov,R.Kobayashi,J.Nor
mand,K.Raghavachari,A.Rendell,J.Bur
ant,s.lyengar,J. Tomasi,M.Cossi,N.Rega,
J.Millam,M.Klene,J.Knox,J.Cross,V.Ba
kken,C.Adamo,J.Jaramillo,R.Gomperts
,R.Stramann,O.Yazyev,A.Austin,R.Cam
mi,C.Pomelli,J.Ochterski,R.Martin,K.
Morokuma,V.Zakrzewski,G.Voth,P.Sal
vador,J.Dannenberg,S.Dapprich,A.Dani
els,0.Farkas,J.Foresman,J.Ortiz,J.Ciosl
owski, and D.Fox, (2009).Gaussin an 09

,Rev.,A.,02,(Gaussian Inc.,PA,

Wallingford ,CT.

[26] Demetrio A. Da Silva, V.
Coropceanu,

D. Fichou et al. ,(2007)., Phil. Trans. R.
Soc. A,

365, 1435-1452

[27] Mohammed W.M. and Aboud,H.I.
(2013),Study of The Electronic Properties

For  CyanobenzeneMolecules  group:
B3LYP Density Functional Theory
Calculations,  Journal of  Babylon

133

University/Pure and
Science/No.(7)/Vol.(21) .

[28] Nickel B. Fiebig M., Schiefer S.
,M.Gollner, Huth M., Erlen C.
and.Lugli P ,Phys. ,(2008)., Stat., Sol.,

3,526-533

Applied

[29] Al-Amiedy D H. ,Zeyad Z. A. , Al-
R. Kh (2014) ,
Structural,

Yasari Calculating

Electronics Structures,
Electronic Properties and IR Spectra of
Pentacene Molecule, International Journal
of Advanced Research in Physical Science

(NARPS) Volume 1, Issue 1, , PP 1-9

[30] Chandrakumar K.and Sourav P.(
2002), “The
Functional Theory Based

Concept of Density
Descriptors and its Relation with the
Reactivity of Molecular Systems: A Semi-
Quantitative Study”,

Int. J. Mol. Sci, 3: 324-337.

[31] Al-Amiedy D H. ,Zeyad Z. A. , Al-
Yasari R. Kh (2014) ,DFT calculation of
Electronic properties, IR spectra, and
NMR spectrum of tetrabromopentacene
molecules, Journal  of  Chemical,
Biological and Physical Sciences, MAY
2014 — JULY 2014, Vol. 4, No. 3; 2434-

2444,



Wasit Journal for Science & Medicine

[32] Pearson R. (2005) Chemical
hardness and density functional theory”.J.
Chem. Sci.,117(5): 369-377.

[33] Abbood H. 1.(2014), Density
Functional Theory Calculations of Di-
amino naphthalene ,Journal of Babylon
University/Pure and Applied
Science/No.(3)/Vol.(22) .

[34] Mohi A. T. (2014) , Density
Functional Theory Calculations for
Diaminonaphthalene  Molecules group,
J.Thi-Qar Sci. Vol.4 (4).

134

2017: 10(2): (122-134)



