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İzmir Institute of Technology İzmir Institute of Technology
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ABSTRACT

INVESTIGATION OF ELECTRONIC, VIBRATIONAL, MECHANIC

AND CHEMICAL PROPERTIES OF 2D-DLHC CuI CRYSTAL

The branch of material science and nanotechnology has recently seen the emer-

gence of a remarkable class of materials known as 2D materials. These materials have

unusual features and behaviours because of their special two-dimensional structure that

separates them apart from bulk materials. One of the characteristics of 2D materials are

related to their capacity to handle large mechanical deformation without fracture. Since

the discovery of graphene, researchers have discovered and created an extensive range of

additional 2D materials with a variety of chemical compositions and topologies. These

materials can be used for energy storage, sensing, catalysis and biomedical applications.

In this thesis, electronic, vibrational, mechanic and chemical properties of single-

layer CuI were investigated by using density functional theory (DFT) based first-principles

calculations. It is shown that the CuI structure crystallizes in a hexagonal lattice by energy

and geometry optimizations. The vibrational properties of the material were examined

by phonon and Raman calculations and the structure found to be dynamically stable and

there were four Raman active modes. The electronic band dispersions and corresponding

density of states showed that the single-layer CuI crystal has semiconductor nature with

direct band gap. Strain calculations were performed to examine the mechanical strength

of the CuI crystal. Effect of biaxial strain on the electronic band structure of CuI crystal

was investigated in the range of ±5% and the direct band gap behaviour did not change.

Biaxial and uniaxial strain calculations have shown that it is resistant to high stresses.
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ÖZET

İKİ BOYUTLU CuI KRİSTALİNİN ELEKTRONİK, TİTREŞİMSEL,

MEKANİK VE KİMYASAL ÖZELLİKLERİNİN İNCELENMESİ

Son zamanlarda (2B) iki boyutlu malzemeler olarak bilinen dikkate değer bir

malzeme sınıfının ortaya çıkışı, malzeme bilimi ve nanoteknolojik çalışmalar için ilgi

görmüştür. Bu malzemeler, onları yığın malzemelerden ayıran özel iki boyutlu yapıların-

dan dolayı alışılmadık özelliklere ve davranışlara sahiptir. İki boyutlu malzemelerin

özelliklerinden biri, yüksek mekanik deformasyonlara karşı kırılma olmaksızın dayan-

abilme kapasiteleridir. Grafenin keşfinden sonra, araştırmacılar, çeşitli kimyasal bileşimler

ve topolojilere sahip çok çeşitli iki boyutlu malzemeler sentezlediler. Keşfedimiş yeni

malzemeler, sektörde, enerji depolama, algılama, kataliz ve biyomedikal uygulamalarda

kullanılabilir.

Bu tezde, tek katmanlı CuI’nın yapısal, elektronik, titreşimsel ve mekanik özel-

likleri, yoğunluk fonksiyonel teorisi (DFT) kullanılarak incelenmiştir. Öncelikle CuI

kristalinin altıgen bir yapıda kristalleştiği, enerji ve geometri optimizasyonları ile göster-

ilmiştir. Malzemenin titreşimsel özellikleri fonon ve Raman hesaplamaları ile incelenip,

yapının dinamik olarak kararlı olduğu ve gama noktasında 4 adet Raman aktif modunun

olduğu anlaşılmıştır. Elektronik bant dağınımları ve karşılık gelen durum yoğunluğu

grafikleri, tek katmanlı CuI kristalinin doğrudan bant aralığı ve yarı iletken doğasına sahip

olduğunu göstermiştir. CuI kristalinin mekanik dayanımını incelemek için germe hesapla-

maları yapılmıştır. Çift eksenli gerilimin, CuI kristalinin elektronik bant yapısı üzerindeki

etkisi ±5% aralığında incelenmiştir ve doğrudan bant aralığı davranışı değişmemiştir. Çift

eksenli ve tek eksenli germe hesapları, bu malzemenin yüksek gerilmelere karşı dayanıklı

olduğunu göstermiştir.
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CHAPTER 1

INTRODUCTION

Copper iodide is an inorganic compound with the formula CuI. Also known as

coprous iodide in the literature. Copper iodide which has a white color, can also be seen in

skin color in some samples. CuI occurs in nature as a rare mineral. The mineral is called

marshite has a reddish-brown color. Copper iodide has been synthesized over the years

using a variety of methods. The first large-scale synthesis of copper iodide has been known

and studied for so long that it is difficult to pinpoint an exact date. Copper iodide was

probably first synthesized in the early 19th century. Bulk copper iodide was synthesized

by heating iodine and copper in concentrated hydriodic acid65.

Extensive research has been conducted to better investigate the behavior of copper

iodide and its potential in fields such as electronics, optoelectronics10, photovoltaics88,

and heterogeneous catalysis87. Investigation of copper iodide’s crystal structure, phase

transitions, and thermal properties, which are essential in predicting its performance and

behavior under various circumstances, has required a large investment of research time.

Additionally, different synthetic pathways and growth methods have been investigated to

modify copper iodide’s physical features, enabling the fine-tuning of its properties to match

certain application needs. Using bulk copper iodide particles in nanoscale electronics and

composite materials has been used new applications thanks to the ability to tune their

morphology, size, and surface properties70,106,44,61,20.

The crystal structure, phase purity and lattice characteristics was ascertained us-

ing X-ray diffraction (XRD)7,40,42. It is possible to learn more about the morphology,

particle size distribution, and surface characteristics of the produced copper iodide by

using scanning electron microscopy (SEM)106,97,64 and transmission electron microscopy

(TEM)40. The identification of chemical bonds and functional groups in the material can

be investigate easier by spectroscopic methods like Fourier-transform infrared (FTIR) and

Raman spectroscopy.40,86

In 2004, Novoselov and his colleagues discovered graphene which the first isolated

2D material77. Researchers have been interested in atomic scale-thick materials due to

their potential as building blocks for quantum devices. Because of quantum effects in 2D,

electronic behavior differs from that in 3D, bringing remarkable qualities that must be

investigated.
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Since the emergence of remarkable electrical and mechanical properties in graphene

in comparison to its bulk forms, researchers have been focused on the exploration of

outstanding physics in graphene27. The sp2 hybridization between the C atoms that form

the hexagonal lattice provides high in-plane stiffness, Young’s modulus, and strength54,

when the bonds between the delocalized electrons in pz orbitals lead to the Dirac cone

formation at the Fermi level, where charge carriers behave like massless fermions at

low-excitations, revealing graphene’s high electrical and thermal conductivity76,75,9. As a

consequence of these remarkable characteristics of graphene has provided the way for the

development of more compact and advanced devices that can be used in a wide range of

technology applications such as nanoelectronics46,58, sensor for chemical53,110,6 physical99,

and biological sensors104,98 detection, drug delivery39,93,108,69,59 and energy storage114.

Graphene’s optical response changes depending on where it is in the electromag-

netic spectrum81. Within the visible range, the single-layer graphene sheet is transparent,

absorbing 2.3% of the incident light via interband transitions and reflecting less than 0.1%

of the transmitted light73. Due to the van Hove singularity in graphene, excitonic state gen-

eration around 4.6 eV, in which charge carriers are highly associated with binding energy

around 0.6 eV, is observable in the high energy ultra-violet range48. Despite the fact that

graphene can be used as a transparent conductor100,30 or photodetector102,14 in light-based

device applications, the optical gain within the relaxation process of excited electrons is

insufficient in light emission due to the lack of band gap, which directs researchers to

investigate ultra thin structures of semiconducting 2D materials and also motivates the

discovery of functionalized derivatives of graphene, such as graphane22,90, graphone112,45

and fluorographene83,74.

Apart from unique features of graphene, one of the disadvantages is the absence of

band gap. Especially optoelectronic devices need 2D materials with band gap. In 2010, the

synthesis of monolayer MoS2 has created a new excitement in the 2D world after graphene

because monolayer MoS2 is both semiconductor and has a direct band gap which provides

luminescence character91. After synthesizing MoS2, its electronic, mechanical and optical

properties were investigated for use in new types of technological devices.

Comparing the mechanical properties of graphene and MoS2, it was determined

that graphene is much more durable than MoS2. Graphene has a strength of 130GPa,

while MoS2 has a strength of 26GPa78,101. There is also a big difference between MoS2

and graphene when comparing electrical conductivity. While the electrical conductiv-

ity of graphene is above 1000S/m, despite applying metal addition MoS2, its electrical

conductivity is about 330S/m105,25. The discovery of graphene is considered to be revo-
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lutionary in materials science. Due to their extraordinary qualities and numerous uses in

various branches of science and technology, two-dimensional 2D materials have attracted

enormous attention in recent years.

Among these materials, 2D copper iodide has come to be recognized as a very

promising option, displaying fascinating properties for applications in optoelectronics33,29,60,

energy storage68 and catalysis. With its layered arrangement of copper and iodine atoms,

2D copper iodide has a unique crystal structure that makes it possible to build ultrathin,

atomically flat sheets with interesting features that set them apart from their bulk counter-

parts. The electrical and optical characteristics of these atomically thin layers, also known

as nanosheets or nanoscale flakes, can be modified by varying their size, thickness, and

surface chemistry89.

Advanced techniques, such as atomic force microscopy AFM84, scanning electron

microscopy SEM85, can be used to characterize the 2D copper iodide. High-resolution

topographic images from an AFM was made it possible to measure the thickness and

homogeneity of the nanosheets. The shape, crystal structure, and lattice arrangement of

the 2D copper iodide nanosheets were shown by SEM and TEM107,109. It was reported that

able to evaluate the effectiveness and consistency of the produced nanosheets using these

characterization techniques, laying the groundwork for additional property investigation.

Through the use of methods including spectroscopic analysis and electrical trans-

port measurements, the electronic characteristics of 2D copper iodide were examined.

To test the charge carrier mobility, conductivity and threshold voltage of the nanosheets,

field-effect transistor (FET) devices were made4. The vibrational modes and optical

characteristics of 2D copper iodide was also studied using spectroscopic methods like

Raman spectroscopy and photoluminescence spectroscopy86,57. These investigations were

provided crucial information for the application of nanosheets in electronic and opto-

electronic devices by illuminating their electronic behavior, band structure, and excitonic

characteristics63.

It was investigated the possibilities of 2D copper iodide as a platform for catalysis

and energy storage material67. The nanosheets are attractive candidates for use in energy

storage systems like batteries and supercapacitors due to their distinctive structural features

and large surface area. Through the use of galvanostatic charge-discharge tests and cyclic

voltammetry, the electrochemical performance of 2D copper iodide was assessed72. In

order to explore 2D copper iodide’s potential as a catalyst, its catalytic activity was also be

measured in a variety of reactions, including electrocatalysis and heterogeneous catalysis24.

Due to their distinct qualities and potential for a wide range of applications, double-
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layered honeycomb (DLHC) formations have received a lot of interest lately. A noteworthy

example of such a substance is copper iodide CuI from the DLHC which was synthesized

in 2021. The structural image of the DLHC CuI is also simulated in the Fig1.171. The

utilization of copper iodide in fields like energy storage, ion conduction and electrochemical

catalysis is made possible by the enormous interlayer spacing that the DLHC structure of

copper iodide offers94.

Figure 1.1. Reconstructed 2D h-CuI crystal based on tilt experiments on the top row

and an ab initio optimized structure in bilayer graphene encapsulation

Advanced methods such X-ray diffraction XRD, high-resolution transmission

electron microscopy HRTEM, and scanning tunneling microscopy STM can used to

characterize the structural properties of DLHC copper iodide. The DLHC copper iodide

samples’ crystal structure, lattice properties, and level of structural disorder can revealed

by XRD examination. The visualization of lattice defects and their distribution inside

the material can made possible by HRTEM and STM imaging, allowing for a thorough

knowledge of the defect-induced structural changes.

In conclusion, the development of DLHC copper iodide, which offers possibilities

such as improved light absorption and carrier mobility for nanotechnology. DLHC copper

iodide shows significant promise for optical sensing and other technologies.
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CHAPTER 2

THEORETICAL BACKGROUND AND METHODOLOGY

Although the macro systems can be defined with Newtonian physics, the much

smaller scales have quantum effects. These systems can be described by quantum mechan-

ics using the Schrödinger equation,

ĤΨ(RA; ri) = EΨ(RA; ri) (2.1)

where Ĥ is the Hamiltonian operator, E is the energy eigenvalue of that quantum

state. Ψ(RA; ri) is the wave function. The Hamiltonian is given in Eq. 2.2. The first two

terms are the kinetic energies of the nuclei and electrons, respectively, while the third

term is the electron-nucleus Coulomb interaction. The fourth term is the electron-electron

Coulomb interaction, and finally the last term is the nucleus-nucleus Coulomb interaction.

Ĥ =−
∑
i

�
2

2me

∇2
i −

∑
A

�
2

2MA

∇2
A − 1

4πε0

∑
i,A

ZAe
2

| ri −RA |

+
1

2

∑
i �=j

1

4πε0

e2

| ri − rj | +
1

2

∑
A �=B

1

4πε0

ZAZBe
2

| RA −RB |
(2.2)

The dummy indices i and j are used for electrons and the dummy indices A and

B are used for nucleus. The ZA and ZB are the nuclear charges. The MA and MB are

nuclear masses, the r and R are spatial coordinates of the corresponding electron and

nuclei, respectively. The me is the electron mass. The e is the electron charge. The � is the

Planck constant, and the 1/4πε0 is the so-called Coulomb constant.

Except for simple systems, such as hydrogen-like systems, or single particles,

solving Schrödinger equations when the quantity of interacting particles grows, finding

a solution becomes a formidable task. The Schrödinger equation is nearly impossible to

solve for systems with plenty of electron-electron interactions. As a result, several methods

are employed to approximate the solutions.

The first model that links the energy of a system to its density is the Thomas

Fermi model. By considering electrons as a homogeneous electron gas and ignoring their

unique movements and interactions, the Thomas-Fermi model, developed in the 1920s,

transformed our knowledge of atoms and solids. The Thomas-Fermi methodology offers a

computationally efficient way to determine electron concentrations and related properties,

offering important insights into the behavior of complicated quantum systems92. Despite
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having some drawbacks, the Thomas-Fermi model served as a foundation for the creation

of more precise quantum mechanical models and is still a key idea in condensed matter

physics.

T [n] = CF

∫
n5/3(r)dr (2.3)

where CF is the Fermi coefficient and n(r) is the electron density. Including electron-

nucleus and electron-electron interaction terms makes the total energy of the system;

T [n] = CF

∫
n5/3(r)dr − Z

∫
n(r)

r
dr +

1

2

∫ ∫
n(r1)n(r2)dr1dr2

| r1 − r2 | (2.4)

Minimizing the Eq.2.4 gives the ground state energy of the system;

N =

∫
n(r)d3r (2.5)

where n(r) is the electron density.

2.1. Density Functional Theory

Density Functional Theory (DFT) has emerged as a powerful and indispensable

tool in the fields of condensed matter physics, materials science, chemistry and biology,

due to the fact that some studies in the experimental environment are close to impossible,

the conditions are challenging and there is a lot of time loss. Utilizing electron density,

DFT saves time for researchers to know the structural, vibrational, optical, electronic and

mechanical properties of materials, thanks to its rapid access to results. Since DFT is a

versatile tool, it is used very efficiently in the field of nanotechnology and in application

studies. With the continuous development of DFT, it has become easier for us to understand

materials at the atomic and molecular scale, and has enabled the design of materials with

new unique properties.

DFT accurately identifies materials electronic band structure using electron density

distribution. It provides information for fundamental properties such as energy levels,

binding energies66, charge transfers96 between materials and magnetic behaviour19. This

information is invaluable for understanding and predicting material properties such as

catalysis and behaviour of functional materials. DFT deserves great praise for being

able to accurately calculate the dynamic stability of materials. Using the computational

techniques, researchers can dynamically evaluate materials by examining phonon band

structures5. This method allows to understand how materials respond to high strength13.

The ability of DFT to predict these properties has made a great contribution to the field of
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materials science, making it possible to discover new materials required for a wide range

of applications from the construction industry to energy technology companies.

This section will give a comprehensive overview of density functional theory,

covering its foundational ideas, practical uses and significant ideas.

Figure 2.1. DFT approach to a many-body system

2.1.1. Hohenberg-Khon Theorems

Density Functional Theory is based on the Hohenberg-Kohn theorems, which were

formulated in 1964 by Pierre Hohenberg and Walter Kohn. These theorems give theoretical

basis for the use of DFT in the investigation of the electronic structure and characteristics

of atoms, molecules and solids. The fundamental rules governing the relationship between

the electron density and the total energy of a system are established by the Hohenberg-

Kohn theorems37. The ground-state electron density in a many-electron system alone

determines the external potential, according to the first Hohenberg-Kohn theorem. In other

words, there is a 1:1 relationship between the electron density and the external potential.

This suggests that the ground state of the system is completely characterized by electron

density. According to the second Hohenberg-Kohn theorem, an electron density’s unique

function represents the ground-state energy of a system. This theorem implies that the

ground-state energy will be equal for two electron concentrations that produce the same

external potential.

E = < ψ0 | H | ψ0 >= T [n] + Vint[n] + EII

∫
d3rVext(r)n(r)

T [n] + Vint[n] = FHK [n],

(2.6)
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where T[n] is the kinetic energy of electrons, Vint is the energy of electron-electron

interactions, and EII is the nuclei-nuclei interaction. FHK[n] is a constant which represents

to the total kinetic energy of electrons.

2.1.2. Kohn-Sham Equations

According to these theorems, the ground-state energy is a special function of the

electron density and the ground-state electron density uniquely determines the external

potential. The system is initially generally represented by a collection of non-interacting

electrons travelling in an effective potential to solve the Kohn-Sham equations. The

exchange-correlation potential, which considers the electron-electron interactions not

explicitly considered in the Kohn-Sham equations, is combined with the external potential

to form the effective potential.

The Kohn-Sham equations include a group of related self-consistent equations. A

single-electron orbital or wave function, referred to as a Kohn-Sham orbital is described by

each equation47. These orbitals are established by minimizing the total energy functional

about the orbital coefficients. To minimize a set of eigenvalue equations must be solved

with the eigenvalues standing for the orbital energies. The Kohn-Sham equations are often

solved iteratively in practice. Starting with an initial estimation of the electron density, the

technique solves the Kohn-Sham equations to generate another set of orbitals.

It is significant to note that the choice of exchange-correlation functional, which

approximates the genuine exchange-correlation potential, affects the accuracy of the

findings produced from the Kohn-Sham equations. The Kohn-Sham equations offer a

useful method for resolving the many-body Schrödinger equation within the context of

density functional theory. The Kohn-Sham equations allow for the determination of the

electronic structure and characteristics of diverse systems by projecting the interacting

electron system onto a system of non-interacting electrons in an effective potential. This

equation which allow for the study of complex materials and molecules at the atomic and

molecular levels, have shown to be an effective tool in computational materials science,

chemistry, and condensed matter physics despite their approximations.

Kohn-Sham method is defined as;

EKS = T [n] +

∫
d3rVext(r)n(r) + EH [n] + Exc[n] + EII , (2.7)

where EH[n] is called the Hartree energy and given by the following formula,
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Figure 2.2. Self-Consistent Flowchart

EH [n] =
e2

2

∫
d3rd3r′

n(r)n(r′)
| r − r′ | . (2.8)

The Schrödinger like equation of non-interacting electrons is,

ĤKSψi(r) = εiψi(r), (2.9)

where HKS and εi are effective Kohn-Sham Hamiltonian and energy eigenvalues, respec-

tively. ψi(r) are the single-particle wave functions or Kohn-Sham orbitals. Spin operators

are not taken into account to simplify the equation. Kohn-Sham orbitals and ground-state

electron density functional relation is given by,

n(r) =
N∑
i=1

| ψi |2, (2.10)

and the effective Hamiltonian is,

ĤKS(r) = −1

2
∇2 + VKS(r), (2.11)
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in which the effective Kohn-Sham effective potential, VKS(r),

VKS(r) = Vext(r) + VH(r) + Vxc(r), (2.12)

that is the total of the external, Vext(r) Hartree, VH(r) and exchange-correlation, Vxc(r)

potentials, respectively.

In many scientific disciplines, especially quantum mechanics and computational

physics, the self-consistent approach is a essential method. This effective strategy entails

working through a series of equations until a reliable solution is found. The self-consistent

method captures the interdependence of variables and enables a more accurate description

of complex systems by adding feedback between the solution and the problem itself as

seen in Fig2.241. Through this iterative process, the solution is gradually improved and

eventually converges to a self-consistent solution that satisfies all constraints and equations.

The self-consistent method has found widespread use in a variety of fields, including

modeling of fluid dynamics and electromagnetism as well as calculations of electronic

structure in materials science and quantum chemistry. The self-consistent approach has

developed into a crucial instrument for researching and comprehending complicated

phenomena in the natural sciences due to its capacity to control intricate interactions and

maximize solutions.

2.1.2.1. Exchange-Correlation Functionals

In Density Functional Theory, exchange-correlation functionals play a significant

role in order to examine the electronic structure of atoms, molecules and solids by using

computational techniques47,79. In a system with many electrons, the exchange and correla-

tion effects that result from these interactions are roughly represented by these functionals.

Therefore using the correct approximation of exchange correlation energy for a material is

of importance.

Local Densiy Approximation (LDA): According to the local density approxima-

tion, the system has been divide into volumes with constant electron densities15.

ELDA
xc [n] =

∫
n(r)εhomxc [n(r)]d3r (2.13)

where εhomxc is the exchange-correlation energy density of homogeneous electron gas of

an electron density, n(r). LDA functional is effective in systems like metals where the
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electron density fluctuates gradually. However, cohesive energies are typically overstated

while lattice dimensions are typically underestimated.

Generalized Gradient Approximation (GGA): The electron concentrations in

the generalized gradient approximation do not remain constant between divisions but rather

change with a gradient80.

EGGA
xc [n] =

∫
fGGA(n(r),∇n(r))d3r (2.14)

where possible electron density, n(r), the gradient of the electron density, ∇n(r). GGA

functions effectively with systems that have rapidly fluctuating electron densities, in

contrast to LDA.

2.1.3. Hellman-Feynman Theorem

The Hellmann-Feynman theorem is named after Henry C. Hellmann and Richard P.

Feynman who independently formulated the theorem, it establishes a connection between

the derivative of the total energy of a system with respect to an external parameter and the

expectation value of the derivative of the Hamiltonian.

The computing efficiency of the Hellman-Feynman theorem is one of its main

advantages. The theorem provides the determination of the derivative of the energy directly

from the eigenstates and eigenvalues of the Hamiltonian, avoiding the need to solve the

Schrödinger equation for various parameter values. Additionally, the Hellmann-Feynman

theorem establishes a relation between the energy and the forces associated with the

system34. The theorem connects the derivative of the energy with respect to the particle’s

position to the inverse of the force applied by taking the parameter to be the particle’s

position. Through this relation , it is possible to calculate forces, examine potential energy

surfaces and run molecular dynamics simulations.

∂E

∂λ
= 〈∂Ĥ

∂λ
〉 (2.15)

where ∂E
∂λ

is the derivative of the total energy E with respect to an external parameter λ,

〈∂Ĥ
∂λ

〉 is the expectation value of the derivative of the Hamiltonian Ĥ with respect to the

same parameter λ.
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2.1.4. Hybrid Functionals

Electronic band structures of materials can be estimated with DFT calculations

by using LDA and GGA approaches, but the experimentally observed electronic bandgap

may not be perfectly approximated. By using hybrid functions it is possible to bypass

the disadvantages of standard exchange-correlation functionals. These functionals are

appropriate for a variety of systems because they provide a balanced performing of

exchange and correlation effects. B3LYP11,55,12, PBE02,23, and HSE0636,35,52 are a few

examples of hybrid functionals. Exchange-correlation energy by HSE;

EHSE
xc = aEHF,SR

x (ω) + (1− a)EPBE,SR
x (ω) + EPBE,LR

x (ω) + EPBE
c (2.16)

where EHF,SR
x corresponds to the contribution from short-range HF exchange, EPBE,SR

x

and EPBE,LR
x refers to short- and long-range parts of the PBE exchange energy, and Ec is

the PBE correlation energy.

Figure 2.3. Schematic of HSE and GGA approaches according to the experimental result
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2.2. Computing Phonons

Lattice vibration’s quantum mechanical description is referred to as a "phonon" in

this context. A material’s vibrational characteristics is plotted as its phonon band dispersion

via the Brillouin zone. Atomic displacements will produce forces that return the system to

equilibrium, much like in a simple spring and these oscillations will follow Hooke’s law;

F = −kx (2.17)

where k is the spring constant, and x is the distance between atom and equilibrium position.

In this section, methodology of phonon band dispersion calculations in DFT is discussed.

In density functional theory, computations are performed at absolute zero tem-

perature (0 K), which means that the solution does not inherently include information

about vibrations. Nonetheless, as mentioned earlier, when an atom is displaced from its

equilibrium position, a restoring force is generated and this force can be calculated. This

approach is commonly known as the small displacement method. The force constant matrix

is obtained by perturbing the position of an atom by a small amount within a suitably

large supercell. The number of atoms to be displaced depends on the system’s symmetry.

For each displacement, the Hellman-Feynman forces are calculated, and a force matrix is

constructed. At low temperatures, the potential energy of a crystal can be expressed using

the following equation:

Uharm = Eeq +
1

2

∑
lsα,l′tβ

φlsα,l′tβυlsαυl′tβ (2.18)

where Eeq is the total energy of the crystal at equilibrium positions, υls is the displacement

of atom s in unit cell l, α, and β denotes the direction of the displacement in cartesian

coordinates, φlsα,l′tβ is the force constant matrix. Differentiation of the harmonic energy in

Eq. 2.18 relation between the forces and the displacements can be deduced. The relation is

linear, as Flsα is found to be;

Flsα = −
∑
l′tβ

φlsα,l′tβυl′tβ (2.19)

After solving the dynamical matrix, it is to compute the eigenvalues, which cor-

respond to the phonon frequencies for each phonon branch. The total number of phonon

branches can be determined by considering the total number of degrees of freedom in the

crystal, which is 3N for a system composed of N atoms in the primitive cell. Among these

branches, 3 are classified as acoustical, while (3N-3) are considered optical. Acoustical
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branches represent in-phase atomic motions, while optical branches depict out-of-phase

motions of the atoms. The vibrational characteristics were calculated using the PHON50,5

and PHONOPY algorithm51,49.

2.3. Computational Parameters

In this thesis, structural optimizations and electronic band dispersions were studied

using first-principles calculations within the density functional theory, employing the

Vienna Ab initio Simulation Package51,49. The Perdew-Burke Ernzerhof (PBE) variant of

the generalized gradient approximation (GGA) was utilized to approximate the exchange-

correlation potential. Additionally, the plane-wave projector-augmented wave potentials

were employed.

In calculation performed here, the energy cutoff value was set at 500 eV, the

kinetic energy cutoff at 10−5 eV. The DFT-D3 approach of Becke-Johnson was used

to approximate the van der Waals (vdW) interaction32. The Bader method was used

to determine the transfer of charge between atoms. Vacuum separation of 15 Å was

chosen along the z-axis to prevent interactions with neighboring cells. A 12 × 12 × 1

k-point mesh was used for the structural optimization of the basic unit cell, and it was

doubled for calculations involving the density of states to ensure greater accuracy. The

Heyd-Scuseria Ernzerhof (HSE06) functional was used to calculate better assumptions

of electrical properties because GGA understates the band gap. The cohesive energy per

atom was obtained with the given formula;

Ecoh =
nCuECu + nIEI − Esys

ntot

(2.20)

where nCu and nI are number of atoms per unitcell for Cu and I respectively. Single atom

energies for Cu and I atom are provided by ECu and EI , respectively. ntot refers to the total

number of atoms in a unit cell. For the calculation of Raman spectra, the zone centered

vibrational modes were calculated using small-displacement methodology. The corre-

sponding Raman activity of each phonon mode was obtained through the derivative of the

macroscopic dielectric tensor using the finite-difference method. Also strain calculations

were performed as biaxial and uniaxial direction.
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2.4. Mechanical Properties of Materials

The mechanical properties of a material are related to the physical properties of

that material under external forces. Materials can be subjected to strain or deformation,

especially in the experimental environment. Thanks to the mechanical properties, it can be

understood how the materials will react to such external influences. Some of the important

mechanical properties are durability, hardness, ductility, toughness, tiredness resistance.

Durability is the strength of a material to withstand permanent deformation under an

applied external force. The resistance of a material to scratching is called hardness. The

ability of a material to undergo plastic deformation without fracture is called ductility.

Toughness is related to the energy absorption capacity of a material before it fractures.

Studying the mechanical properties of materials is important for the aerospace, automotive

and construction industries.

2.4.1. Elastic Constants

Elastic constants are physical parameters related to the elastic behaviour of ma-

terials. These constants are calculated by examining the relationship between the stress

applied to a material and the resulting strain. Young’s modulus (E), shear modulus (G) and

Poisson’s ratio are examples of the most fundamental elastic constants. Young’s modulus is

related to the stiffness of a material in the axial direction and expresses the ratio of stress to

strain along the axis. Shear modulus is the ratio of shear stress to shear strain and measures

the resistance to shear deformation. Poisson ratio expresses the ratio of lateral strain to

longitudinal strain. It gives information about the shrinkage and expansion properties of

the material according to the applied stress. The determination of elastic constants for

materials that require reliable elastic behavior is particularly important in the engineering

field.

2.4.1.1. Young Modulus

Young’s modulus which is measuring the hardness of a material is an essential

mechanical property. Young’s modulus, also called elastic modulus or modulus of elasticity.
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This concept was first introduced by Thomas Young and named after this scientist. Young’s

modulus measures the ratio of stress to strain under tensile and compressive strain.

Mathematically, Young’s modulus (E) is calculated by dividing the stress (σ)

applied to a material by the resulting strain (ε):

E =
σ

ε
(2.21)

Young’s modulus is expressed in units of pressure, such as pascals (GPa). In the

elastic deformation region, the slope of the stress-strain curve is related to Young’s modulus.

For example, steel has a high Young’s modulus and is highly resistant to deformation. But

if we consider the same situation for rubber material, it has low Young’s modulus and

shows high flexibility.

2.4.1.2. Poisson Ratio

The Poisson’s ratio is a dimensionless parameter that quantifies the lateral con-

traction or expansion of a material that is subjected to axial stress. This concept was first

named by French mathematician and physicist Simeon Poisson at the beginning of the 19th

century.

Poisson’s ratio (ν) is defined as the negative ratio of the transverse or lateral strain

(εlateral) to the axial or longitudinal strain (εaxial):

ν =
εlateral
εaxial

(2.22)

If Poisson ratio value is between 0 and 0.5 indicates when material has axial tensile

strain, it shrink laterally but when material has compressive strain, it expands laterally

expands. On the other hand, a negative Poisson’s ratio between -1 and 0 is observed in a

few special materials known as auxetic materials, which expand laterally under tension and

shrink laterally under compression. The atomic or molecular structures of the materials

determine the Poisson ratios. For example, metals have a very regular structure so Poisson

ratios are around 0.3. Polymers have an irregular structure so Poisson ratios are close to

0.5. Also, materials with a higher Poisson ratio are more ductile, while materials with a

lower ratio are more brittle.
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2.4.2. Elastic Constants in 2D Limit

Two important elastic constants such as Young’s modulus and Poisson’s ratio were

mentioned in previous sections, but these elastic constants need to be redefined if a 2D

material is to be analysed. This section discusses how to use these two elastic constants for

2D materials.

2.4.2.1. In-plane Stiffness

When the modulus of elasticity is considered for the 2D limit, it is called in-plane

stiffness. Since there are no periodic boundaries in the out-of-plane direction in 2D

materials, in-plane stiffness must be related to in-plane stress and strain. Therefore, the

equation in 2.21 should be redefined as:

Cxx =
σxx

εxx
(2.23)

where the directions xx and yy indicate special directions in the 2D crystal structure. If we

think for a hexagonal structure, these directions refer to ZZ and AC directions. In-plane

stiffness value is the same for each direction in the isotropic materials. The reason is that

the interatomic bonding symmetry of the crystal structure. But if we consider the same

situation for anisotropic materials, there are different in-plane stiffness values in different

directions. The fact that the resistance of the material is not the same in all directions is an

advantage for nanotechnology applications.

In atomic limit dimensions, in-plane stiffness is calculated depending on the rela-

tionship between applied strain and strain energy. Strain energy is the change in the total

energy of a material due to applied strain. these elastic constants are calculated in the

linear elastic region, the strain energy formula is as follows :

ES = c1ε
2
xx + c2ε

2
yy + c3ε

2
xy (2.24)

where ES is the strain energy, defined by the relationship between the energy of the relaxed

structure and the energy of the strained structure. The coefficient ci are calculated by the

formula :

Cx =
1

A0

(
2c2 − c23

2c1

)
(2.25)
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Cy =
1

A0

(
2c1 − c23

2c2

)
(2.26)

where A0 is the strain free area in the structure.

It is possible to calculate in-plane stiffness with the elastic parameters calculated

using the elastic tensor. Elasticity tensor has a dimension of 6x6 as seen in the form ;

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

C1111 C1122 C1133 C1123 C1131 C1112

C2211 C2222 C2233 C2223 C2231 C2212

C3311 C3322 C3333 C3323 C3331 C3312

C2311 C2322 C2333 C2323 C2331 C2312

C3111 C3122 C3133 C3123 C3131 C3112

C1211 C1222 C1233 C1223 C1231 C1212

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

where Cijkl is the elastic constants have some symmetry properties such as ;

Cijkl = Cjikl, Cijkl = Cijlk, Cijkl = Cklij . The number of independent constants

reduces to 21 for this reason. At the same time this number is the maximum number of

independent elements.This number can vary from 3 to 21 depending on the symmetry of

the material.

The elasticity tensor form for isotropic materials is ;

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

C11 C12 C12 0 0 0

C12 C11 C12 0 0 0

C12 C12 C11 0 0 0

0 0 0 C33 0 0

0 0 0 0 C33 0

0 0 0 0 0 C33

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

where C33 is calculated with C11 and C12 by the relation ;

C33 =
C11 − C12

2
(2.27)

C11 =
E(1− v)

(1 + v)(1− 2v)
(2.28)

C12 =
Ev

(1 + v)(1− 2v)
(2.29)

E is the modulus of the elasticity and ν is the Poisson ratio. E, which is the modulus of

elasticity used for 3-dimensional structures, can be correlated with the in-plane stiffness by

using the effective thickness of the 2D structure. The effective thickness,he is calculated
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by adding the layer thickness of the material and the interlayer space. Then C and E are

related by the formula ;

C = Ehe (2.30)

By using the equation 2.28, 2.29 and 2.30, C can rewrite in terms of elastic constants

as ;

C = heC11[1−
(
C11

C12

)2

] (2.31)

This elastic tensor can be calculated directly by DFT. It is also possible to calculate

Poisson ratio using elastic tensor as seen follow equation ;

v =
C12

C11

(2.32)

It has been mentioned so far about elastic mechanical constants and how to calculate

Poisson ratio and in-plane stiffnes by using DFT calculations. In the next section, other

mechanical parameters such as ultimate strength are mentioned, using the strain-stress

relationship.
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Figure 2.4. A general strain-stress curve demonstrating elastic and plastic regions

20



CHAPTER 3

FIRST PRINCIPLE INVESTIGATION OF 2D CuI CRYSTAL

Followed by the successful synthesis of ultra-thin form of C atoms, namely

graphene, in 200428,77, two-dimensional (2D) materials have become the potential candi-

dates for the applications in nanotechnology. Apart from the various types of 2D materials

synthesized up to date, recent experiments demonstrated the synthesis of ultra-thin ma-

terials in the form of double layer hexagonal crystal (DLHC), such as single-layers of

MnSe1, AlSb82, and CuI71. Among the DLHC single-layer structures, CuI was reported to

be stable when sandviched between graphene oxide layers at low temperatures, although

its layered bulk form was known to occur at elevated temperatures between 645 K and 675

K71.

Bulk copper iodide refers to a solid compound composed of copper and iodine

atoms, existing in a crystalline form. When copper salts interact with iodide ions in

aqueous solutions, it results in the formation of bulk copper iodide. This compound

exists as a crystalline solid and can adopt different crystal structures, including zincblend-

CuI, wurtzite-CuI, and cubic-CuI38. Bulk copper iodide has a high ionic conductivity,

which is one of its most remarkable properties and makes it a possible candidate for use

as an electrolyte in batteries and other electrochemical devices95. The maximum hole

conductivity for optically transparent p-type semiconductors was observed in the zinc

blende Γ phase of copper iodide31. Additionally, studies have shown that its low thermal

conductivity is advantageous for thermoelectric applications because it enables effective

heat to electricity conversion103. Due to its high electromagnetic spectrum absorption

coefficient in the visible range, bulk copper iodide has recently attracted increasing interest

for usage in photovoltaic components like solar cells16. Bulk copper iodide has also been

researched as a potential component for LEDs since it possesses satisfying luminous113.

Since 2D copper iodide has unusual physical and chemical characteristics, it has been

the subject of extensive research. The distinctive electrical characteristics of 2D copper

iodide are one of its main advantages. Furthermore, the 2D copper iodide has high carrier

mobility, enabling fast and low-resistance movement of electrons and holes. This makes it

a suitable material for high-speed transistors, essential for electronic devices.17. The use

of 2D copper iodide in catalysis is another potential use. The substance is an excellent

catalyst for many different processes such as improving CO adsorption on Cu because of

21



its huge surface area and high surface energy56. The CuI crystal, which was synthesized

recently in the 2D DLHC phase has an in-plane bond as well as an out-of-plane bond

structure71. Additionally, DLHC-CuI is a promising candidate for use in nanoelectronics

and nanomechanics due to its excellent mechanical properties and ease of synthesis.

Changes in the strain of a material can lead to changes in the electronic or structural

state of that material. It was investigated single-layer MoS2 photodetectors that are

transparent and flexible under the influence of biaxial strain26. In another study, it was

explored the intercoupling between strain and magnetic property as it relates to half-

fluorinated single layers of BN, GaN, and graphene. For half-fluorinated BN, GaN, and

graphene sheets, first-principles calculations show that the energy difference between

ferromagnetic and antiferromagnetic couplings strongly rises with strain62. Until now,

halogens have been used many times in semiconductor technology, but they are less

common than other semiconductors. The strain-related changes in the electronic and

structural properties of CuI, which is a halometal, especially in the 2D-DLHC phase have

been wondered and this subject has been examined in this article.

In the present work, the structural, electronic, vibrational, and mechanical prop-

erties of single-layer DLHC form of CuI were investigated by means of first-principles

calculations. The paper was organized as follows; the results for the structural Sec. 3.1,

vibrational Sec. 3.2, and the electronic properties Sec. 3.3 of single-layer CuI are discussed.

The Sec. 3.4 is devoted to the strain properties of single-layer CuI exposed to external

uniaxial strain. Finally, the Sec. 3.5 includes our conclusions.

3.1. Structural Properties

The top and side views of the crystal structure of single-layer CuI is shown in

Fig. 3.1(a). The single-layer of CuI consists of two Cu layers sandviched between the

upper and lower I layers. The optimized crystal structure reveals the two in-plane lattice

parameters to be equal to each other, a=b=4.08 Å, as a result of the in-plane isotropy of the

structure. The Cu-I bond lengths are calculated for the two directions such as in-plane (dip)

and out-of-plane (dop), which are found to be 2.59 and 2.67 Å, respectively. The thickness

of single-layer CuI, which is defined as the distance between the outer most atoms in the

lattice, is calculated to be 3.85 Å. As compared to the structural parameters of DLHC

structure of the experimentally realized AlSb (a=b=4.24 Å)8, CuI exhibits a smaller lattice

as a result of smaller atomic radii of Cu and I atoms as compared to those for Al and Sb.
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Table 3.1. For the single-layer of CuI and bulk CuI; optimized in-plane lattice param-

eters, a, b, c; the bond length between Cu and I along the in-plane and

out-of-plane directions, dCu−I
ip and dCu−I

op ; the amount of charge donated

by a Cu to I atoms, ρCu−I ; calculated cohesive energy per atom, Ecoh; the

work function, φ; electronic band gap energy, Egap.

a b c dCu−I
ip dCu−I

op ρCu−I φ Ecoh Egap

(Å) (Å) (Å) (Å) (Å) e (eV) (eV/atom) eV

DLHC-CuI 4.08 4.08 - 2.59 2.67 0.3 4.50 3.05 1.83

Bulk-CuI(Zincblende) 4.22 8.45 7.31 2.58 2.59 0.3 2.19 3.16 1.29

Bulk-CuI(Wurtzite) 4.21 4.21 6.95 2.58 2.59 0.3 2.72 3.16 1.34

The cohesive energy of single-layer CuI, which is calculated using the Eq.2, is found to be

3.05 eV/atom which is lower as compared those of well-known single-layer materials such

as graphene has 7.74 eV21 and MoS2 has 4.98 eV3. Moreover, according to Bader charge

analysis when single-layer CuI is formed, each Cu atom donates 0.3 e while each I atom

receives 0.3 e. The work function of the CuI layer is also calculated using the formula, Φ

= EV - EF , where EV is the vacuum energy, in which electrons are supposed to behave

as free-electrons, and EF is the Fermi energy. The work function is found to be 4.50 eV

which is lower than those of graphene (4.60 eV)111 and MoS2 (5.15 eV)18.

3.2. Vibrational Properties

The dynamical stability of single-layer CuI is investigated by performing phonon

band dispersion calculations thorught the BZ and the obtained result is presented in the Fig.

3.1(b). It appaers from the phonon dispersions that single-layer CuI is dynamically stable

as a free-standing layer as revealed by the non-imaginary phonon frequencies. Apart from

the three acoustical phonons, there exists nine optical phonon branches three of which

are non-degenerate. In order to investigate the dynamical properties of single-layer CuI

in detail, first-order off-resonant Raman spectrum is calculated and four Raman active

phonon modes are shown in the Fig. 3.1(c). The lowest frequency Raman active phonon

mode is calculated to be at 37 cm−1 which is a doubly-degenerate vibration along the

in-plane directions. It stems from the out-of-phase vibration of top and bottom Cu-I pairs.

The two of the three Raman active modes are found to be non-degenerate and are found to

be at frequencies 107 and 152 cm−1, respectively. The phonon mode having frequency

107 cm−1 arises from the out-of-phase vibration of Cu and I atoms residing at either top or
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Figure 3.1. (a)Top and side view ML-DLHC CuI.(b)Phonon band structure of

CuI.(c)Raman spectrum of ML-DLHC CuI and Phonon forces of ML-CuI

bottom layer along the out-of-plane direction. Similarly, the phonon mode at 152 cm−1 has

an out-of-plane vibrational characteristic in which the top and bottom Cu-I pairs vibrate

out-of-phase with respect to each other while the Cu and I atoms at the same plane also

vibrate oppositely. The another doubly-degenerate phonon mode is calculated to have a

frequency of 121 cm−1 and it stems from the opposite vibration of top and bottom Cu-I

pairs along the in-plane directions.
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Figure 3.2. (a)Electronic band structure of CuI, HSE band structure and Partial DOS

graph of CuI. (b)Conduction band minimum (CBM) and the valence band

maximum (VBM) at the Γ point

3.3. Electronic Properties

The electronic properties of single-layer CuI are investigated by means of its

electronic bands and the corresponding partial density of states (PDOS). As shown in

Fig. 3.2(a), single-layer CuI exhibits a direct band gap semiconducting behavior with an

electronic band gap of 3.24 eV. The valence band maximum (VBM) and the conduction

band minimum (CBM) are found to reside at the Γ point of the BZ. The insets show the

atomic orbitals dominating and contributing to the VBM and CBM states. Apparently,

the VBM state is dominated by the px and py orbitals of I atom while relatively less

contribution of Cu-d orbitals are calculated. The CBM state is shown to be dominated by

the I-s orbitals with a tiny contribution from the Cu-pz orbitals. In addition, the effective

masses of the charge carriers corresponding to the VBM and CBM states are calculated and

the results are listed in Table I. The electron and the hole effective masses are calculated to

be 0.53 and 0.66 m0, respectively which are comparable to those calculated for single-layer

MoS2 (0.54 and 0.44 m0 for the electrons and holes, respectively)43.
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Figure 3.3. Strain–Stress graph by uniaxial directions and phononic stability of primi-

tive cell CuI.

3.4. Strain-dependent properties

Strain changes the electronic properties of the material in experimental or theoreti-

cal calculations. That’s why strain tests are very important, especially for 2D materials.

The change in the electronic band structure of CuI depending on the biaxial strain between

%-5 and %+5 is shown in Fig.3.4(a) in the calculation of biaxial strain from %-5 compres-

sive to %5 tensile, the change in electronic band structure was calculated for the hexagonal

primitive cell. In the strain calculation applied from %-5 compressive to %5 tensile for

the hexagonal CuI primitive cell, it is seen that the VBM band edge does not change
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Figure 3.4. Biaxial Strain dependent on the electronic band structure of DLHC CuI.

much. In addition, when increasing strain, it is understood that the second dispersion

of the conduction band, approaches to the conduction band minimum point. Also in the

Fig.3.4(b), the band gap increase is shown graphically. While a rapid increase was found

from %-5 strain to the unstrained state, the increase towards %5 tensile strain decreased.

Even %3 strain reached saturation point. A rectangular primary unit cell with the armchair

(AC) and zigzag (ZZ) orientations orientated along the a and b vectors, respectively, is

taken into consideration in order to model the uniaxial strain.The valence maximum and

conduction minimum points of unstrained CuI were examined at Γ point for the rectangular

brillouin zone and there is no shifting from the gamma point. At the same time, the direct

band gap is not disturbed in the rectangular cell calculation. When uniaxial strain is applied

in the AC orientation, the valance band maximum point is found at Γ. In calculations

for rectangular supercell (2×4×1) CuI, a significant decrease is observed for pressure at

%5 strain in ZZ orientation as shown in Fig.3.3(a). Therefore, a shift has occurred in the

structure of the material. Afterwards, the pressure value continues up to %17. There is

a sharp drop in pressure value at %20 strain. When the material is examined elastically,

ruptures have started in its structure. The pressure value of the material after fracture is

very close to the pressure value at %1 strain. As shown in Fig.3.3(b) AC orientation strain
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Figure 3.5. Strain dependent Raman spectrum of DLHC CuI

calculations were made up to %21. The highest pressure value was seen at %13 strain.

While the sharp decrease in pressure was observed in %20 for AC direction, %21 strain

was also observed in ZZ direction strain calculations and elastic rupture was also observed.
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3.5. Conclusion

In conclusion, the structural, vibrational, electronic and mechanical properties of

monolayer CuI crystals were calculated by density functional theory. The phonon band

dispersion calculations reveal the dynamical stability of free-standing single-layer CuI

which is found to possess four Raman active phonon modes in its vibrational spectrum.

Structural optimization calculations showed that the lattice parameter of CuI is 4.08 Å.

The fact that this value is the same in both axes of the material indicates that DLHC CuI

has an isotropic structure. We compared lattice parameters for monolayer and bulk phases,

lattice parameter of monolayer is lower than bulk phases. There are two different bond

types between Cu and I as in-plane and out-of-plane. The charge transfer in the DLHC

CuI structure is 0.3 electrons from the Cu atom to the I atom, as in the bulk phases. Also

this result showed that the material has an ionic character. Local potential of the h-CuI

structure was investigated and work function was found as 4.50 eV. This value is the same

for both sides because the structure has a symmetrical geometry. Work function values of

zincblende and wurtzite bulk phases were calculated as 2.19 eV and 2.72 eV, respectively.

When the cohesive energies of DHLC CuI and bulk CuI are compared, the cohesive energy

of monolayer CuI was calculated less than bulk phases. The electronic band dispersions

showed that the single-layer CuI crystal has semiconductor nature with direct band gap

which was calculated as 1.83 eV. The fact that the CuI has a direct band gap showed that

it has the ability to luminescence. In addition, at the conduction band minimum and the

valence band maximum points in the electronic band structure, the contribution of iodine

atoms is dominant for electronic structure.

The effect of an external biaxial strain on the electronic band structure of CuI was

investigated within a strain range from -5% to +5% and it showed that direct band gap

behaviour does not change. We further investigated the elastic properties of single-layer

CuI by means of both elastic and phononic instabilities under uniaxial tensile strains. It

was found that in both zigzag and armchair orientations the elastic instabilities occur over

the strain of 19% indicating the soft nature of CuI layer. In addition, the stress-strain

curve along the ZZ direction reveal that single-layer CuI undergoes a structural phase

transition between the 4% and 5% tensile uniaxial strains as indicated by a sudden drop of

the stress in the lattice. Morever, the phonon band dispersions showed that the phononic
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instability occurs at much smaller strain along the AC direction 8% than that of along the

ZZ direction 14%. For ZZ and AC orientations, Raman calculations were performed for

structures which have uniaxial strain from 0% to 5%. Strain calculations showed that the

degenerate Raman active mode split as the amount of strain increased.
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CHAPTER 4

OVERALL DISCUSSION

This master’s thesis primarily used DFT-based first principles calculations to

investigate and characterize an unique ultra-thin crystal type. This was motivated by the

exceptional physics of electrons in low dimensions. A brief introduction about bulk and

2D materials is given in the first chapter, and the DFT approach is covered in the second

chapter.

CuI is a novel 2D material that is suggested in the study from Chapter 3 and is both

structurally and dynamically stable. Electronic band dispersions demonstrate that DLHC

CuI is an direct band gap semiconductor with a tunable band gap which is changed by

strain.

Through this thesis study, it was investigated how the electronic, magnetic, phononic,

mechanical and chemical properties of an ultra-thin crystal structure can be calculated with

the DFT method. Although the thesis work is focused on CuI, the experience gained here

will be able to reliably realize the theoretical predictions of similar crystal structures.
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