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ABSTRACT 

In this article, a theoretical analysis to measure the band composition, 

optical properties and density of states (DOS) of rutile titanium dioxide 

was conducted via the castep simulation program. Calculations of the 

first principles were carried out using the super cell (1x1x1) process. The 

first computation of 𝑇𝑖𝑂2 concepts was studied by density functional 

theory (DFT) with a generalized gradient approximation from Perdew-

Wang's 1991 (GGA-PW91), local density approximation (LDA) for 

exchange-correlation energy functional, and (LDA)+U method, 

implementation of coulomb interactions btween 𝑈𝑑  of (𝑇𝑖3𝑑) atom  and 

𝑈𝑝 of (𝑂2𝑝 ) atom.All experimental values are agreed with our results. 

The results for LDA and GGA-Pw91 indicated weaknesses in the 

estimation and far from the experimental results for the properties of the 

𝑇𝑖𝑂2 rutile under analysis, except for the energy band difference, 

although the estimation data (LDA) + U was in accordance with the 

experimental values. The optical properties of rutile 𝑇𝑖𝑂2 was obtained 

using several methods of exchange correlations, well in accordance with 

experimental findings and other theoretical evidence. 

1. Introduction 
𝑇𝑖𝑂2 is a wide bandgap semiconductor, with three 

common shapes; Rutile, anatase, and brooket [1] 

Titanium dioxide  𝑇𝑖𝑂2 is considered one of the 

important industrial materials, and it has various wide 

uses such as synthetic fibers and plastics, due to its 

distinct physical and chemical properties of high 

chemical and physical stability, non-toxicity and low 

cost [2]. In addition, it has a strong potential for use 

as nonlinear optical material [3], in dye-sensitized 

solar cells [4], gas sensors [5] and complex random 

access memories [6]. For 𝑇𝑖𝑂2 the most amportant 

phases are the rutile and anisate structures. Their 

structural, electrical and optical properties have been 

experimentally measured using various methods [7-9] 

and their electronic structures and optical properties 

have been theoretically studied in the context of 

powerful density functional-theory (DFT) 

approaches. [10-12] it is apparent that electronic 

structures need to be measured specifically since they 

are the starting point for the first-principle 

measurement of other physical and chemical 

properties. However, their energy differences, 

including that of other semiconductors and insulators, 

are underestimated by local density approximation 

(LDA) and generalized gradient approximation 

(GGA) [13, 14,15] relative to experimental values. 

Further approximations, for example scissor 

approximations, are also important in order to adjust 

differences in order to equate measured results to 

experimental results. In the other hand, even 

advanced approaches, such as GW, sometimes 

overestimate energy gaps [16, 17]. It is however 

highly desirable or essential to consider the electronic 

structures and physical properties of 𝑇𝑖𝑂2 and related 

materials in terms of a nuclear-free, secure DFT 

approach [18]. 

2. Theoretical Details 
2.1 Density functional theory (DFT) 

In comparison to the electronic form of structure 

based on the wave function, it is understood that the 

DFT approach is based on the density principle. 

Owing to its imperfect existence, several 

improvements were made to this hypothesis. 

Centered on the approximation of born-oppenheimer 

and of Hartree-Fock theories [HF] and variational 

theorems, the DFT-theory was introduced. The 

Hohenberg-Kuhn scientist theory [HK] [19] which 
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allows for the density of the energy of any electronic 

device to be expressed: 

𝐸 = 𝐸(𝜌) … . (1) 

Where is ρ the electron density. 

This approach emerged because of a significant error 

in the Hartree-Fock system, which in principle 

ignored the contrary spin effect. Instead of the wave 

function, the electronic density function is used which 

transforms from a multi-particle system dilemma into 

a monopoly system and the number of variables 

accessing the quantitative equations is diminished.  

The major purpose of (DFT) calculating the energy 

association between atoms on the basis of the 

principles of quantum mechanics [20] in 1927, the 

fundamental theory (DFT) emerged in the hands of 

two physicists (Thomas and Fermi) who mostly 

worked on a mathematical model to estimate the 

electric distribution of atoms. Through this, the 

experiment demonstrated the ability to measure the 

kinetic energy of a device that approximates the 

electric distribution. Therefore, this model yielded 

bad results and remained unused until the scientist 

(Kohn) came along and produced an application for it 

[21]. 

2.2 The Local Density Approximation (LDA) 

It is considered one of the most commonly used 

approximations in solid state physics because of the 

inability of the (kohl-sham) method to provide an 

unknown function for the relationship of exchange-

correlation, and because there is no expression for 

this concept, several approximations such as LDA 

have been put in order to solve this problem. The two 

scientists (kohl-sham) presented this approximation 

in 1965, according to which this approximation treats 

the heterogeneous electron system as a locally 

homogeneous system. The energy correlation 

equation is given as follows [22]. 

       𝐸𝑥𝑐
𝐿𝐷𝐴(𝜌) = ∫ 𝜌(𝑟) 𝜀𝑥𝑐

𝐿𝐷𝐴(𝜌(𝑟)) d𝑟3  … (2) 

Where, 𝜀𝑥𝑐
𝐿𝐷𝐴 is the 𝑋𝐶 energy per particle of 

homogeneous electron gas of density𝜌(𝑟). 

The exchange-correlation energy is written using the 

spin theory as 

𝐸𝑥𝑐
𝐿𝑆𝐷𝐴(𝜌 ↑, 𝜌 ↓) = ∫ 𝜌(𝑟)𝜀𝑥𝑐 (𝜌 ↑ (𝑟), 𝜌 ↓ (𝑟))𝑑𝑟3  

…. (3) 

Knowing that there are two parts of the energy 

exchange-correlation 

𝜀𝑥𝑐 = 𝜀𝑥(𝜌)+𝜀𝑐(𝜌) …. (4) 

Where energy exchange is 𝜀𝑥(𝜌) and the correlation 

energy is 𝜀𝑐(𝜌) 

Dirac concluded that the energy density of exchange 

[23] is𝜀𝑥(𝜌) 

Where 

         𝜀𝑥(𝜌) =
−0.4582

𝑟𝑠
 𝑎𝑢   …(5)  

          𝜀𝑐(𝜌) =
−0.44

𝑟𝑠+7.8
    …. (6)  

          𝜌 = (
4𝜋𝑟𝑠

3

3
)−1  … (7)  

The density, in particular, is expressed in the form of 

the least quantitative dimension 𝒓𝒔 which is the radius 

of the sphere known as the Wigner-Seitz radius, 

which is an electron's average orbital. 

2.3 The Generalized Gradient Approximation 

(GGA) 

The precision of the LDA effects in the condensed 

content is reasonable, but it fails in situations where 

the density is subject to sudden changes as in the 

particles. The GGA approximation is a correction of 

the LDA and exceeds it in precision taking into 

account the density gradations [24, 25] in which the 

word energy is written in the form 

𝐸𝑥𝑐
𝐺𝐺𝐴(𝜌 ↑ (𝑟), 𝜌 ↓ (𝑟)) = ∫ 𝑓𝑥𝑐

𝐺𝐺𝐴(𝜌(𝑟)  ∆𝜌(𝑟)) 𝑑𝑟3 

….(8) 

2.4 Hubbard-U scheme 

The Hubbard-U method is known to be one of the 

commonly used methods for the treatment of errors 

resulting from LDA and GGA measurements, 

developed by Asimov and others[26] Based on this 

method the term coulomb repulsion energy was used 

in the LDA + U method of exchange-correlation 

[27,28]. 

𝐸𝐿𝐷𝐴+𝑈[𝜌(𝑟)] = 𝐸𝐿𝐷𝐴[ 𝜌(𝑟)] + 𝐸𝑢[𝜌(𝑟)] − 𝐸𝑐𝑑   
…(9) 

The first term 𝐸𝐿𝐷𝐴[𝜌(𝑟)] applies to standard LDA 

energy, the second term 𝐸𝑢[𝜌(𝑟)] reflects energy 

from Hubbard and the last component 𝐸𝑐𝑑  is double 

count correction energy based on Castep's simulation 

program [29]. There would be a double 

miscalculation for the related cases owing to 

Hubbard's additional term; thus, the term "double 

counting" 𝐸𝑐𝑑  must be subtracted from the total 

energy LDA representing electronic interactions 

using a mean field process. 

3. Results and Discussion  
In this study, several local approximations have been 

used, such as GGA-Pw91, LDA, and it is understood 

that the energy gap is reduced inside these 

approximations, that the calculation of DFT + U 

made the value of the energy gap more appropriate 

compared to others, and what the results showed is 

proof of that and the explanation is due to U energy. 

The initial parameters used to design tetragonal rutile 

𝑇𝑖𝑂2 geometry are a = b = 4.594 𝐴0 and c = 2.959 𝐴0 

[30], respectively. For geometry optimization, to 

achieve a system with minimal total energy. Using 

the Broyden-Fletcher-Goldfarb-Shenno (BFGS) 

algorithm, the cutoff energy 400 eV and Monk horst-

Pack (MP) grid of size 4x4x3 is used to research the 

electronic properties of rutile𝑇𝑖𝑂2; Ultra soft pseudo-

potential has been used for several benefits accounts 

as it is a modified formula for pseudo-potential 

conservation of Norm. Table.1.tabulates the lattice 

parameter values determined using LDA, GGA + 

Pw91 and LDA + U. 
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Table 1: Band gap Energy and Lattice rutile 𝑻𝒊𝑶𝟐 parameters determined by LDA, GGA-Pw91, LDA+U 

and compared with experimental parameters [30, 31]. 
Band gap 

𝑬𝒈( 𝐞𝐕) 
V(𝑨°𝟑

) c/a c(𝑨°) a(𝑨°) Functional 

 

1.817 eV 

 
60.474859 

 
0.645 

 
2.930081 

 
4.54319 

LDA-PZ  
 

Present 

work 
 

1.826 eV 

 

63.791335 

 

0.642 

 

2.973321 

 

4.631908 

GGA-Pw91 

 

3.297eV 

 

62.010144 

 

0.676 

 

3.049550 

 

4.505345 

LDA+ U 

Ud = 8eV , Up =3eV 

1.800 eV   
0.641 

 
2.9090 

 
4.535 

LDA    [32] 
 

1.7 eV   

0.637 

 

2.9140 

 

4.563 

LDA  [33] 

1.64 eV   

0.638 

 

2.9674 

 

.6558 

GGA-Pw91[34] 

1.77eV   
0.639 

 
2.9713 

 
4.65 

GGA-PBE[35] 

2.58 eV   

0.657 

 

3.004 

 

4.574 

LDA+U [36] 

3.1eV 62.449 0.644 2.959 4.594 Expt [30,31] 
 

The band differences of rutile 𝑇𝑖𝑂2 for LDA-CA-PZ, 

GGA-Pw91, and LDA+U Are respectively 1.817, 

1.826, and 3.297 eV. The value of GGA-Pw91 and 

LDA is reduced because of the energy of correlation 

[37]. However, the outcome is the same as for 

[38].The findings of the LDA + U accounts were 

consistent with the results of the experimental 

accounts [31].Table.2 these figures are compatible 

with experimental and other statistical values with a 

slight percentage difference. Calculated average bond 

lengths between titanium (𝑇𝑖) and oxygen (𝑂) atoms 

of rutile 𝑇𝑖𝑂2 are reported in Table 2. The lattice 

parameters from LDA + U results tend to be more 

compatible with experimental findings[30] than 

others, which are less than 1 percent error compared 

to LDA and GGA-Pw91, Different lengths of Ti-O 

bonds are possible with ranges from 1.93281 to 

1.99824 𝐴0,The experimental Ti – O bonds in the 

rutile 𝑇𝑖𝑂2 process range from 1.95 to 1.98 𝐴0 [39]. 

As opposed to the experimental values, the 

equilibrium bonds resulting from our measurements 

are in hasty agreement. The equilibrium Ti – O bonds 

in rutile 𝑇𝑖𝑂2 recline in the range between 1.94865 

and 1.96530 𝐴0 according to our DFT + U 

calculations. 

 

Table 2: Interatomic distances and Milliken population of LDA, GGA-Pw91 and LDA+U measured as 

opposed to experimental rutile 𝑻𝒊𝑶𝟐[39]. 

Exp[56] LDA+U 

Ud=8eV , Up=3eV 

GGA-Pw91 LDA functional 

Length 

(𝑨°) 

population Length 

(𝐴°) 

population Length 

(𝐴°) 

population Length 

(𝐴°) 

band 

1.9561 0.77 1.96530 0.77 1.95983 0.76 1.93281 O4—Ti1 

1.9561 0.77 1.96530 0.77 1.95983 0.76 1.93281 O3—Ti1 

1.9561 0.77 1.96530 0.77 1.95983 0.76 1.93281 O1—Ti2 

1.9561 0.77 1.96530 0.77 1.95983 0.76 1.93281 O2—Ti2 

1.9561 0.31 1.94865 0.25 1.99824 0.26 1.95180 O1—Ti1 

1.9561 0.31 1.94865 0.25 1.99824 0.26 1.95180 O4—Ti2 

1.9561 0.31 1.94865 0.25 1.99824 0.26 1.95180 O3__Ti2 

1.9561 0.31 1.94865 0.25 1.99824 0.26 1.95180 O2__Ti1 
 

The determined band configurations of rutile 𝑇𝑖𝑂2 

along the BZ rutile symmetry lines are shown in 

fig.1.The band difference measured by the LDA and 

GGA is 1,817 and 1,826 eV, respectively as shown in 

Fig.1.are directly at G and are smaller than the 

experimental energy gap[31] but similar to other 

recent calculations[40,41].We have not observed a 

substantial difference in the structure obtained by 

implementing the LDA or GGA methods, both of 

which is less than the reality of the band gap by 

around 44%, and this is predicted from the LDA and 

GGA measurements that minimize the experimental 

energy gap for insulators and semiconductors in 

general. Estimate in the LDA+U method allows us to 

better understand the effects of both Up, Ud is 

consistent with LDA+(Ud+Up) measurements, 

Where Ud is set to 8 eV and Up is between 3 and 9 

eV. The Fermi amount is determined to zero and 

when we set the values of Up = 3 eV, Ud = 8eV we 

obtained the results of Erg = 3.297eV in accordance 

with the experimental findings [31] as seen in Fig.1. 
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Fig. 1: Structure of the energy band computed by (a) GGA-Pw91 (b) LDA(c) LDA+ (Ud=8eV+Up=3eV). 

 

The PDOS of the 𝑇𝑖𝑂2 rutile is given in Fig.2. (Fermi 

energy is set at zero energy, (𝐸𝑓= 0 eV) As we all 

know, the Valence Band (VB) and the Conduction 

Band (CB) are both 𝑂2𝑝states and 𝑇𝑖3𝑑 states in 

rutile𝑇𝑖𝑂2. We can see that 3𝑑 states of  𝑇𝑖add as 

much as possible to the CB bottom where the VB 

edge has the prominent 𝑂2𝑝 character in the PDOS of 

pure rutile 𝑇𝑖𝑂2.The PDOS of pure rutile TiO2 in the 

dicated distribution of electrons should be highly 

local, but due to the combination between 𝑇𝑖3𝑑 and 

𝑂2𝑝 as we can see from the PDOS. The Ti–O bond 

shows primarily ion bond with some Covalent bond 

properties. The VB has a bandwidth of 6.0 eV 

Compatible with the 5.4eV experiment [42].Chart.3. 

Displays the complete state density (TDOS) and the 

partial state density (PDOS) obtained for the rutile 

𝑇𝑖𝑂2 The Fermi (𝐸𝑓) amount is 0 eV. By and wide 

the valence band consists of four major regions, the 

deep region is mostly originated from the state of 𝑂2𝑠, 

the middle region is mostly derived from the state of  

𝑇𝑖3𝑝 and the state of  𝑂2𝑠, and the shallow region is 

mostly developed from the state of 𝑂2𝑝. The 

conductor band is governed by the condition of  𝑇𝑖3𝑑 

.Table 2. Display these areas in more depth, Fig .2. 

Plays TDOS and PDOS of Rutile 𝑇𝑖𝑂2 using LDA, 

GGA+Pw91 and LDA+U methods. 
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Table 3: Contribution of the PDOS to the sum obtained from the Density functional theory  of the rutile 

𝑻𝒊𝑶𝟐. 

Conduction  band Valence band peak Functional 

Shallow region Middle region Deep region 

Dominted by states 

of  𝑻𝒊𝟑𝒅 

-6.1 to 0 eV Mainly 

originated from 

𝑂2𝑝 

-33.1 to -32.1 eV and 

-18.2 to-15.5 eV Mainly originated 

from 𝑇𝑖3𝑝 ,𝑂2𝑠 respectvely 

-56.4 to – 55.8 eV 

Mainly originated 

form 𝑇𝑖3𝑠 

 

LDA 

Dominted by states 

of  𝑻𝒊𝟑𝒅 

 

-5.9 to 0 eV 

originated 

form 

𝑂2𝑝 

-33.95 to-32.35 eV and 

-18.3 to -15.7 eV 

Mainly originated 

form 𝑇𝑖3𝑝,𝑂2𝑠 

respectively 

-57.55  to -56.2 eV 

Mainly 

originated 

form 𝑇𝑖3𝑠 

 

 

GGA 

Dominted by states 

of  𝑻𝒊𝟑𝒅 

-6 to 0 eV 

Mainly originated 

form 

𝑂2𝑝 

-34.25 to-33.5 eV and 

-19.2 to -14.8 eV 

Mainly originated 

form 𝑇𝑖3𝑝,𝑂2𝑠 

respectively 

-58.1 to -56.3 eV 

Mainly originated 

from 𝑇𝑖3𝑠 

LDA+ U(Ti8 

+O3) 
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Fig 2: The calculated (a) total density of state, (b) combined partial density of state, using functional LDA, 

GGA-pw91, LDA+U. 
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3.2 Optical properties 

Using the Density Theory System (DFT), the optical 

properties of the rutile 𝑇𝑖𝑂2 were investigated using 

the LDA, GGA-Pw91 and LDA + U functions Fig.3. 

Illustrating the absorption peaks at which the 

absorption peaks are located away from the visible 

region, meaning that the rutile absorbs the visible and 

catalytic low. Low light, the major absorption rate of 

these functions ranges from 36 eV to 38 eV. 
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Fig 3: Absorption coefficients of rutile TiO2 using (a) LDA, (b) GGA-Pw91, (c) LDA+U. 
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Table 4: computation absorption coefficient edge and 

main absorption peak of the rutile 𝑻𝒊𝑶𝟐 that result 

through the use of various exchange –correlations. 

Other 

Ref 

Large 

absorption 

peak (eV) 

Optical edge 

absorption 

(eV) 

functionality 

present 

work 

36 1.817 LDA 

38 1.826 GGA-Pw91 

37 3.297 LDA+U 

[43] 37 1.773 LDA 

[44] 37.5 1.861 GGA-PBE 

[45] 36.5 1.854 LDA 
 

5. Conclusions 
In this paper, we studied the crystal structure, optical 

properties and energy band gap of the rutile 𝑇𝑖𝑂2 

compound and performed the first principle study. 

These investigations were performed using the 

functional density theory in the LDA, GGA-PW91 

approximations and the LDA + U estimate. where the 

ultra-soft pseudo potentials was one Good methods 

for describing the electronic and optical properties of 

the rutile 𝑇𝑖𝑂2 were the results extracted for the range 

gaps calculated from the application of these 

functions (0.1817, 0.1826 and 3.297) eV respectively, 

and among these results it was found that the 

evaluation (LDA + U) is consistent with the 

experimental results More than other methods were 

used, but for the rutile TiO2 Lattice constants, the 

results for the functions (LDA, GGA + Pw91 and 

LDA + U) used were close to each other and 

consistent with the experimental results at a very low 

error rate, for total density of states The partial 

density of states of the rutile 𝑇𝑖𝑂2 was verified and it 

turned out that the valence band was formed from the 

orbitals  𝑇𝑖3𝑠,  𝑇𝑖3𝑝,  𝑂2𝑠, 𝑂2𝑝 where the 𝑂2𝑝 orbital 

state of oxygen was controlling the top of the valence 

band, but on the other side of Fermi Level in 

conduction band, it was observed that the state of the  

𝑇𝑖3𝑑  orbital state of titanium was dominant. The last 

part of this study that has been studied, and which 

relates to the optical properties called absorption 

through the obtained results. The absorption starts 

from the ultraviolet light region (3.1eV) and peaks at 

(37eV) where the energy loss function is the lowest. 

References 
[1] Lance, R. A. (2018). Optical Analysis of Titania: 

Band Gaps of Brookite, Rutile and Anatase. 

[2]Dashora, A, Patel, N., Kothari, D. C., Ahuja, B. L, 

& Miotello, A. (2014). Formation of an intermediate 

band in the energy gap of TiO2 by Cu–N-codoping: 

First principles study and experimental evidence. 

Solar energy materials and solar cells, 125, 120-126. 

[3] Gayvoronsky, V., Galas, A., Shepelyavyy, E., 

Dittrich, T., Timoshenko, V. Y., Nepijko, S. A.,...& 

Koch, F. (2005). Giant nonlinear optical response of 

nanoporousanatase layers.Applied Physics B, 80(1), 

97-100.  [  

[4] M. Grätzel, “Dye-sensitized solar cells”, J. 

Photochem.Photobiol. C: Photochem.Rev. 4 (2003) 

145. 

[5] Du, X., Wang, Y., Mu, Y., Gui, L., Wang, P., & 

Tang, Y. (2002). A new highly selective H2 sensor 

based on TiO2/PtO− Pt dual-layer films. Chemistry 

of materials, 14(9), 3953-3957.  

[6] Kim, S. K., Kim, W. D., Kim, K. M., Hwang, C. 

S., &Jeong, J. (2004). High dielectric constant TiO 2 

thin films on a Ru electrode grown at 250 C by 

atomic-layer deposition. Applied Physics Letters, 

85(18), 4112-4114.  

[7] Matsumoto, Y., Murakami, M., Shono, T., 

Hasegawa, T., Fukumura, T., Kawasaki, M., 

...&Koinuma, H. (2001). Room-temperature 

ferromagnetism in transparent transition metal-doped 

titanium dioxide. Science, 291(5505), 854-856.  

[8] Hong, N. H., Ruyter, A., Prellier, W., & Sakai, J. 

(2004). Room temperature ferromagnetism in 

anataseTi 0.95 Cr 0.05 O 2 thin films: Clusters or 

not?. Applied physics letters, 85(25), 6212-6214.  

[9] Griffin, K. A., Pakhomov, A. B., Wang, C. M., 

Heald, S. M., & Krishnan, K. M. (2005). Intrinsic 

ferromagnetism in insulating cobalt doped anatase 

TiO 2. Physical review letters, 94(15), 157204.  

[10] Hohenberg, P., & Kohn, W. (1964). 

Inhomogeneous electron gas. Physical review, 

136(3B), B864.  

[11] Chiodo, L. (2010). Maria Garcia-Lastra J.; 

Iacomino A.; Ossicini S.; Zhao J.; Petek H.; Rubio A. 

Phys. Rev. B, 82, 45207.  

[12] Kang, W., &Hybertsen, M. S. (2010). 

Quasiparticle and optical properties of rutile and 

anataseTiO 2. Physical Review B, 82(8), 085203.  

 [13] Asahi, R., Taga, Y., Mannstadt, W., & Freeman, 

A. J. (2000). Electronic and optical properties of 

anataseTiO 2. Physical Review B, 61(11), 7459.  

[14] Perdew, J. P., & Wang, Y. (2018). Erratum: 

Accurate and simple analytic representation of the 

electron-gas correlation energy [Phys. Rev. B 45, 

13244 (1992)]. Physical Review B, 98(7), 079904.  

[15] Perdew, J. P., Burke, K., &Ernzerhof, M. (1996). 

Generalized gradient approximation made simple. 

Physical review letters, 77(18), 3865.  

[16] Cardona, M., &Harbeke, G. (1965). Optical 

properties and band structure of wurtzite-type crystals 

and rutile. Physical Review, 137(5A), A1467.  

 [17] Tang, H., Levy, F., Berger, H., &Schmid, P. E. 

(1995). Urbach tail of anataseTiO 2. Physical Review 

B, 52(11), 7771.  

[18] van Schilfgaarde, M., Kotani, T., &Faleev, S. 

(2006). Quasiparticle self-consistent g w theory. 

Physical review letters, 96(22), 226402.  

[19] Zhang, Z., & Wang, P. (2012). Optimization of 

photoelectrochemical water splitting performance on 

hierarchical TiO2 nanotube arrays.Energy 

&Environmental Science, 5(4), 6506-6512. 

[20] Sakthivel, S., &Kisch, H. (2003). Daylight 

photocatalysis by carbon‐modified titanium 

dioxide.AngewandteChemie International Edition, 

42(40), 4908-4911.  



  
 

  
Tikrit Journal of Pure Science Vol. 26 (3) 2021 

 

82 

[21] Hohenberg, P., & Kohn, W. (1964). 

Inhomogeneous electron gas.Physical review, 

136(3B), B864. 

[22] Perdew, J. P., Chevary, J. A., Vosko, S. H., 

Jackson, K. A., Pederson, M. R., Singh, D. J., 

&Fiolhais, C. (1992). Atoms, molecules, solids, and 

surfaces: Applications of the generalized gradient 

approximation for exchange and correlation. Physical 

review B, 46(11), 6671 

[23]Martin, R. (2004). Electronic Structure–Basic 

Theory and Practical Methods, Cambridge Univ. Pr., 

West Nyack, NY 

[24] Perdew, J. P., Burke, K., &Ernzerhof, M. (1996). 

Generalized gradient approximation made simple. 

Physical review letters, 77(18), 3865.  

[25] Wu, Z., & Cohen, R. E. (2006). More accurate 

generalized gradient approximation for solids. 

Physical Review B, 73(23), 235116.  

[26] Anisimov, V. I., Zaanen, J., & Andersen, O. K. 

(1991). Band theory and Mott insulators: Hubbard U 

instead of Stoner I. Physical Review B, 44(3), 943.  

[27] Liechtenstein, A. I., Anisimov, V. I., &Zaanen, 

J. (1995). Density-functional theory and strong 

interactions: Orbital ordering in Mott-Hubbard 

insulators. Physical Review B, 52(8), R5467.  

[28] Segall, M. D., Lindan, P. J., Probert, M. A., 

Pickard, C. J., Hasnip, P. J., Clark, S. J., & Payne, M. 

C. (2002). First-principles simulation: ideas, 

illustrations and the CASTEP code. Journal of 

physics: condensed matter, 14(11), 2717.  

[29] Clark, S. J., Segall, M. D., Pickard, C. J., Hasnip, 

P. J., Probert, M. I., Refson, K., & Payne, M. C. 

(2005). First principles methods using 

CASTEP.ZeitschriftfürKristallographie-Crystalline 

Materials, 220(5-6), 567-570.  

[30] Umebayashi, T., Yamaki, T., Itoh, H., &Asai, K. 

(2002). Analysis of electronic structures of 3d 

transition metal-doped TiO2 based on band 

calculations. Journal of Physics and Chemistry of 

Solids, 63(10), 1909-1920.  

[31] Amtout, A., &Leonelli, R. (1995). Optical 

properties of rutile near its fundamental band gap. 

Physical Review B, 51(11), 6842.  

[32] Mahmood, T., Cao, C., Ahmed, R., Saeed, M. 

A., & Ahmed, M. (2014). Comparative study of 

structural and electronic properties of TiO2 at GGA 

and GGA+ U level. Journal of Optoelectronics and 

Advanced Materials, 16, 117-122.  

[33] Cho, E., Han, S., Ahn, H. S., Lee, K. R., Kim, S. 

K., & Hwang, C. S. (2006). First-principles study of 

point defects in rutile Ti O 2− x. Physical Review B, 

73(19), 193202. 

[34] Mahmood, T., Cao, C., Zafar, A. A., Hussain, T., 

Ahmed, M., Saeed, M. A., ...& Khan, W. S. (2014). 

Elastic, electronic and optical properties of 

baddeleyite TiO2 by first-principles. Materials 

science in semiconductor processing, 27, 958-965. , 

 [35] Yin, W. J., Chen, S., Yang, J. H., Gong, X. G., 

Yan, Y., & Wei, S. H. (2010). Effective band gap 

narrowing of anataseTiO 2 by strain along a soft 

crystal direction. Applied physics letters, 96(22), 

221901.  

[36] Park, S. G., Magyari-Köpe, B., & Nishi, Y. 

(2010). Electronic correlation effects in reduced rutile 

TiO 2 within the LDA+ U method. Physical Review 

B, 82(11), 115109. 

 [37]Perdew, J. P., & Levy, M. (1983). Physical 

content of the exact Kohn-Sham orbital energies: 

band gaps and derivative discontinuities. Physical 

Review Letters, 51(20), 1884.  

[38] Labat, F., Baranek, P., Domain, C., Minot, C., 

&Adamo, C. (2007). Density functional theory 

analysis of the structural and electronic properties of 

Ti O 2 rutile and anatasepolytypes: Performances of 

different exchange-correlation functionals. The 

Journal of chemical physics, 126(15), 154703.  

[39] Burdett, J. K., Hughbanks, T., Miller, G. J., 

Richardson Jr, J. W., & Smith, J. V. (1987). 

Structural-electronic relationships in inorganic solids: 

powder neutron diffraction studies of the rutile and 

anatase polymorphs of titanium dioxide at 15 and 295 

K. Journal of the American Chemical Society, 

109(12), 3639-3646.  

[40] Yang, K., Dai, Y., & Huang, B. (2007). Study of 

the nitrogen concentration influence on N-doped 

TiO2 anatase from first-principles calculations. The 

journal of physical chemistry C, 111(32), 12086-

12090.  

[41] Shao, G. (2008). Electronic structures of 

manganese-doped rutile TiO2 from first principles. 

The Journal of Physical Chemistry C, 112(47), 

18677-18685.  

 [42] Kowalczyk, S. P., McFeely, F. R., Ley, L., 

Gritsyna, V. T., & Shirley, D. A. (1977). The 

electronic structure of SrTiO3 and some simple 

related oxides (MgO, Al2O3, SrO, TiO2). Solid State 

Communications, 23(3), 161-169.  

[43] Samat, M. H., Ali, A. M. M., Taib, M. F. M., 

Hassan, O. H., &Yahya, M. Z. A. (2016). Hubbard U 

calculations on optical properties of 3d transition 

metal oxide TiO2. Results in physics, 6, 891-896.  

[44] Mahmood, W. (2015). Structural, elastic and 

optical properties of Ag-doped rutile TiO2.In 

Advanced Materials Research (Vol. 1101, pp. 66-69). 

Trans Tech Publications Ltd.  

[45] Mahmood, T., Cao, C., Khan, W. S., Usman, Z., 

Butt, F. K., & Hussain, S. (2012). Electronic, elastic, 

optical properties of rutile TiO2 under pressure: A 

DFT study. Physica B: Condensed Matter, 407(6), 

958-965.  

 

 
 



  
 

  
Tikrit Journal of Pure Science Vol. 26 (3) 2021 

 

83 

  نظرية باستخدام  TiO2 Rutile دراسة التركيب الكتروني والخصائص البصرية
 (DFT) الوظيفية الكثافة

 احمد ثابت شحاتة, غالب مردان عبدالهادي رافع عبدالله منيف ,
 العراق ، كركوك ، كركوك جامعة ، العلوم كلية ، الفيزياء قسم

 

 الملخص
كسيييا ال ي ياقيوم الرو ييي  و   أ اقيلا (DOS) والخصييا ا الرصيرية وكاافيياا ال يا اال ركيي  ال زمي  ليية ،  يم اجيراء   لييي  قيير  ل يييا  في  ذي ا الم ا

  ميا اراسية ال سيا  ا وم لمفياذيم .(1x1x1)  يم اجيراء  سياراا المريااو ا وليت راسي خاام عمليية الخليية الفا  ية .Castep عبير برقيامم م اةيا 

TiO2   ة قيريية الةاافية الوييفييةبواسي (DFT)  ريي  ال يارا المعميم راسي عمام  Perdew-Wang's 1991 (GGA-PW91)   ريي  الةاافية و  
 Ti (Ud)  قفي   فاعلاا كوليوم عليت ميااراا الاايية ا رعياا ميو  ييا وم(LDA+U)  ري ة  لوييفة ال اقة  اا العلاقة الم راالة, و (LDA) الم لية

غيير م واف ية ميع  الق يا م  GGA-Pw91 و LDA قاك  وافق جيا الق ا م  بيو جميع ال يم ال جريبية ميع ق ا جقيا   ولةيو ق يا م( وكاقا ذUP) Oول ر 
كاقيا م واف ية ميع ال ييم   (LDA + U)  يم ميييييييال اقية ، عليت الييييييرغم مييييو أو ال فييييييجو قييا ال  ليي  ، راسي اقاء  TiO2 ال جريبيية لخصيا ا الرو يي 

ييا للق ييا م  وال ريياامراسيي خاام العايييا مييو  ييرق ا ر را يياا  Rutile TiO2  جريبييية   ييم ال صييوم علييت الخصييا ا الرصييرية ليييال ، رشييك  جيييا وف ل
 .ال جريبية وا الة القيرية ا خرى 

 

 


