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Quantum Study of the effect of light on
the structural, energetic and
thermodynamical properties of some
Metal Oxides

Abstract

In this research, the structural, electronic, and thermodynamical
properties of some metal oxides (zinc oxide, titanium oxide, iron
oxide, manganese oxide) were studied using the basic set (3-21Q)
within the quantum method B3LYP based on the density functional
theory DFT. The calculations were performed using the Gaussian09
program and the GaussView6 modeling program.

This can be summarized as follows:

Finding the optimized geometric structures in both the ground and
excited states, calculating some electronic and thermodynamic
properties and comparing the dissociation energies and the energy
gape of the studied oxides .Where it shows:

* A small change in the bond lengths of the molecules after
exposure to light.

* A change in the dissociation energy which lead to changing the
cohesion of atoms within the molecules forming metal oxides as a
result of exposure to light.

* A change in the energy gap which lead to changing the electrical
conductivity of the studied oxides as a result of exposure to light.

» We also found that iron oxide has the ability to store thermal
energy and re-issue it in the form of a thermal spectrum, which
contributes to raising the temperature of the surrounding
environment

Key Words: density functional, dissociation energy, energy gap ,
Fluorescence , Phosphorescence.
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-48162.6871 -48162.6229 | 166.3824x10° | -48163.119

Zn Singlet

Atom | State | SM Ei Hiot Stot Gtot
(eV) (eV) (eVIK) (eV)
Singlet 1 -2027.8938
@) Triplet 3 -2030.7600 - 2030.6958 157.9232x10° -2031.1667
Singlet 1 -22988.7061
Ti Triplet 3 -22990.5414 -22990.4772 | 172.1216x10° | -22990.9903
Doublet 2 31150.4264
Mn Quartet 4 31152.6569
Sextet 6 31156.0079 -31155.9437 | 179.8464x10° | -31156.4799
Singlet 1 34201.8304
Fe Triplet 3 34203.3055
Quintet 5 34205.8806 -34205.8164 | 178.5952x10° | -34206.3486
Singlet 1 40822.5468
Ni Triplet 3 40825.8156 -40825.7514 | 174.5669x10° | -40826.2719
1
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Excited Singlet State

‘ 1.72A .

Excited Triplet State
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Loy | DAY | Dkl | AdE

De (eV) 3.3977 | 3.2299 | 29758 | -493 | -12.41

€omo -6.6865 | -6.4687 | -5.6562 | -3.25 | -15.40
(eV)

€ uvo (V) | -3.7734 | -3.8896 | -0.6579 | +3.07 | -82.56

Eqgap (V) 2.9100 | 2.5790 | 4.9983 | -11.68 | +71.47
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K, (Debye) 6.4543 | 6.6514 | 2.3035 +3.1 -64.34
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Oazid (3) Jsaall Wl ¢ Ladg il Jlshl (3) JSal cpn A5y daalaY) 55l

1.750A

17504 17504

Ground State Excited Singlet State Excited Triplet State
S J
e
sgpuall il Jo pguall il M

Alatly Lol D) LFer03 wiallaass¥ Biiual) duvigh ) :(3) <)

LAEMANg dgalal) BGal)

& S adll (5) Jsaadl mass , Fe203 wsallaass¥ (p,) bl AU a5e
Al Al ) Al sl Al A b lgde Jgenal

sgpall aupil) Jd FerOs aaaliaassy dugasty) pailadl) 3(3) sl

NE T

sgpall Gaal | (%) sehdl) A

Jé
Lualdl) Gaatll [ Al sl | Al | Ay
sguall Byl Bhd | sl | sl

Loy LA | ekl | As

De (eV) 14.75 14.37 15.73 -2.57 6.64

€.omo (8V) | -9.1478 | -5.2642 | -5.6339 | +2.26 | +9.44
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€ o (V) | -2.8342 | -3.3932 | -3.1859 |+19.72 | +12.40
Egp(eV) | 231 | 187 | 2448 |-1904| 5.62
M, (ebye) 1 0.23 039 | -77 | -61

t b Lo daadls (3) Jgandl (3) UK e il eyl
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Al Al 6 el 8l aa dpala) B)lal Al 8 ) Al 5 )lhe vie
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alids) G @llyy (0.44 eV) Lgin Gl ol axi Ll Alal & jslandl)
2 e e paisl (alisdls (€ Homo) @l AL Jsida ks lae el
) @) ehaall cian GudayeSl A3 o ) (€ Lumo) @lig SSYL i
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paial Galiails (€ Homo) wlis AL Jsde s Jlae el (mliail Cuy
Cind GpnhyeSl) et of ¢l (€ Lumo) lig sSYL Jondia e sl
GOl sy (5.62%) ke shad) Jaall Gase 8l ) @l 8 ehaal)
<400 5eS 4,080 )

Al b QU S e pe LalaY) sl Alall 3 QU] S ale 4)laey
SVl 38 Ly SW 2151 o 6l (0.77 Debye) lagin Gl o aas L)
43l Ly Fe203 yoall ansl Ayl leas Jally QUaY) S a5e ol
G QLY Sl aje ae AN sl A 8 QY] Sl e 4l de
el 8 Ly SW 2 1saY) o &1 (0.61 Debye) Lagin @l o aa Al Allal)
Fe20s waall aunsl dglaiin) leais by GlasY) Al e (adlis )
Mn203 Juiiall asSsl 4-1

3hs ) 2255 (MN203) seiaiall 2S5V pppprpion ) Labeaia¥) Bills s
Gl gi) amgs AnlaY) 1Y) sl Al &1l Gles & WS (0.047 eV)
Bl dedy V) plid) Al dlh ded dlhes Sy (04939 eV)
Mg aidy oK Ml eguiall (el Jarial) Syl o) a5 paliaial)
rdsidnal) aalsdU  shiaal) Jlaall (2 e g dlsiil) Al 4 \8a -2

O Bl Gim Augyaall Apaeall 2l Sl il a8 (4) Jsaall mas
g el drineall 2ulSY) S asl Ml @l dila ) @l poal) 1Sl
A e Kl Ay paal) dinead) €Y B il anl any Loy Kl
LSSl AUl das 8y

(eV) falsh &g AL §)aka duug piall dpidnal) aualsdU dlsinl) 48U :(4) Jgaal)

Oxide ZnO TiO> FexOs Mn203

De(eV) 3.39 13.14 14.75 11.98
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Aad) 3 dug aad) Episedd) 2l jshad) Jadll Gape 3l d3jlhe o LS
Lnad) 2wl (Eg) Lsbaaall Jlaall il 23 (5) Jsaadl Jiar dus Ll
Slly slae Jlae e Ala JBl elley Sainiall Sl o Jaadly Ay paal)
ol Bl S aanltl oSyl ey laiy AL daedl) 2SY) SS) 4l

il S AL L) a3l (gl A ) Aimal) 2aslSY1 G slanall Jladll

OsASNL Bata duwgyial) dpial) aaalshU ghiaadl Jlaadl (e ddla 1(4) Jsaad)

(eV) ks
Oxide ZnO TiO> Feo0O3 Mn203
Eq(eV) 3.39 13.14 14.75 11.98
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1S3 LS al 4D 5ytal) Al slaol o ol (63 il el olimaly 8D,

s la
O Ay paal) dpianal) aaalsdd (BV) o dia (Hio) 4 40yl ad :(8)dsaad)
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" sguall (il da (Y0) L) dpesi
Metal ' 5 5
: 2 il Llal) Alal) ) .
Oxide | <= o oy | PO ASI | B A
~ Byl Byl
ol o ? Talad) AN
asalay) 45N
ZnO | -50196.6 | -50195.6 | -50196.2 | -2.099*1073 | -.0851*103
TiO, | -27064.9 | -27063.1 | -27062.6 | -6.739*103 | -8.551*103
Fe,O3 | -74518.3 | -74517.5 | -74519.2 | 0.993*10° | 1.210*10°
(V) @ duia Ll 3alsOU (Stor), Al Ay Y 2 :(9)Jgaa
sguall (il da (Yo) el dpei
- - \ -~ - N
Metal | 2wl o ] ] Aal | Al
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. - Byl 8kl
daalay) A3l ., .
aalal) | A
ZnO | 2.301%10% | 2.3*10% | 2.4*10° | +0.651 | +4.867
TiO, | 2.672*10° | 2.7*10% | 27*10° | 2170 | 4.752
Fe,Oz | 3.348*10% | 3.1*10% | 3.1 *10° | -5.884 | -8.004
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J8
Metal . . . . . Al adlal)
Oxid el | s Aal | sl Alad) . .
X1de i o i 3Gl 3Gl
syl Aaalaly) A A

aalal) | A
ZnO | 150%103 | 140.1*103 | 139.3 *10% | -6.913 | -7.478
TiO, | 270*10% | 237.1*107 | 187.1*103 | -12.278 | -30.783
Fe,Os; | 460103 | 517.7%10% | 617.3*10° | 12.335 | 33.953
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