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ABSTRACT 

MAX-phase materials are a new type of material class. These materials are 

potentially technologically important as they show unique physical properties due to 

the combination of metals and ceramics. In this project, spectroscopic ellipsometry in 

the spectral range of 0.06 eV – 6.0 eV was used to probe the linear optical response 

of MAX-phases in terms of the complex dielectric function ε(ω) = ε1(ω) + iε2(ω). 

Measured data were fit to theoretical models using the Lorentz and generalized 

oscillator models.  Data from seven different samples of MAX-phase materials were 

obtained using two ellipsometers. Each sample dielectric function was determined, 

including their infrared spectrum. 
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1. INTRODUCTION 

 In recent decades solid-state physics has become one of the most dynamically 

developing branches of physics. The theory of band structures in crystals has 

successfully explained many phenomena and physical properties of the solids. 

 A connection between features of the objects and its electron configuration 

emphasizes an importance of the optical methods in fundamental studies of the 

solids. An analysis of the optical spectra of different systems from infrared to 

ultraviolet frequencies provides a variety of information about the electronic 

properties of bulk samples and thin layers.  

 One of the optical methods used in solid-state physics and the studies of 

phenomena occurring in the thin layers is ellipsometry. An important advantage of 

this method lies in the possibility to determine, under certain conditions, the complex 

dielectric function of the examined material. The next stage of research is to analyze 

the 휀 (𝜔) function and fit it to a theoretical model establishing a connection with the 

electronic transitions in the band structure. 

 The objective of this thesis is to provide reliable spectroscopic data and to 

start the analysis of the dielectric function of MAX-phase materials. These materials 

are a new type of material class. MAX is a formula where M means early transition 

metal, A is an element from group A and X means carbon or nitrogen. Optical 

properties of that kind of materials are expressed by the complex dielectric function 

휀 (𝜔).  

 In this project optical properties of several MAX-phase materials were 

determined. The real and imaginary parts of dielectric function have been measured 

by using spectroscopic ellipsometry. After that, the data analysis was started using 

the theoretical Drude-Lorentz model in order to identify electronic transitions and 

electrical conductivity. 

 Firstly, basic theory is defined. Secondly, the samples are detailed and 

measurement procedure is characterized. Then, obtained results are described and 

discussed. 
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2. THEORY 

 

2.1 Optical properties 

 

Conductive materials, such as metals, show non-zero electrical conductivity 

coefficient, which has a major impact on their optical properties. Describing the 

behaviour of electromagnetic wave in conductive materials needs to take into 

consideration additional conditions to those in dielectric media which solution of 

Maxwell equations must satisfy for this type of material. 

For this purpose, we consider the influence of magnetic field as:  

 

where 𝛻 is the Nabla operator, H is the magnetic field intensity, D is the electric 

displacement and J is the current density. 

There are also known the constitutive relationships: 

 

 

where ε0 is vacuum permittivity, εr is the relative permittivity (or dielectric constant) of 

the given material and E is the electric field intensity. 

 If we assume that in a material there is a monochromatic wave propagating 

with wavelength equal to λ such as: 

 

where ω = 2πc/λ  is the angular frequency and c the speed of light in vacuum. 

Generally: 

∇   × 𝐻      = 𝜎𝐸  − 𝑖𝜔휀0휀𝑟𝐸  = −𝑖𝜔휀0  휀𝑟 +
𝑖𝜎

𝜔휀0
 𝐸  = −𝑖𝜔휀0휀𝑟 𝐸  . 

 

where 휀𝑟  is a complex dielectric function (휀𝑟 =  휀1 + 𝑖휀2). 

 

Also it can be written in terms of a complex conductivity as:  

∇   × 𝐻      = 𝜎 𝐸  , 𝜎 =  𝜎1 + 𝑖𝜎2  ⟶  𝜎 = 𝜎 − 𝑖𝜔휀0휀𝑟 , 
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So we get: 

 

Now, it is possible to calculate real part of dielectric function: 

 

As well as the imaginary part: 

 

 

 

 

 

 

2.2 Fresnel equations 

 

The Fresnel equations, deduced by Augustin-Jean Fresnel, describe the 

behaviour of light when moving between media of differing refractive indices [4]. The 

reflection of light that the equations predict is known as Fresnel reflection. 

When light moves from a medium of a given refractive index N0 into a second 

medium with refractive index N1, both reflection and refraction of the light may occur. 

 

Fig. 1The reflection and transmission of the light between two phases[3]. 
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The electric field of the light can be divided into two components, Ep (parallel) 

and Es (perpendicular). The refractive angle φ1 is given by Snell’s law written below: 

N0sinφ0 = N1sinφ1 , 

By using the continuity conditions for the tangential components of the electric field 

and magnetic field at the interface, and the fact that the frequency is the same in 

media 0 and 1, the Fresnel equations can be derived [3,14]. Fresnel equations give 

the reflection coefficients of the s-component and p-component of the electric field 

according to: 

𝑟𝑠 =
𝐸𝑟𝑠

𝐸𝑖𝑠
=

𝑁0 𝑐𝑜𝑠𝜑0 − 𝑁1 𝑐𝑜𝑠𝜑1

𝑁0 𝑐𝑜𝑠𝜑0 + 𝑁1 𝑐𝑜𝑠𝜑1
 

𝑟𝑝 =
𝐸𝑟𝑝

𝐸𝑖𝑝
=

𝑁1 𝑐𝑜𝑠𝜑0 − 𝑁0 𝑐𝑜𝑠𝜑1

𝑁1 𝑐𝑜𝑠𝜑0 + 𝑁0 𝑐𝑜𝑠𝜑1
 

 

 

 

 

2.3 The complex index of refraction 

 

Fresnel’s equations are used to describe the reflection of light by a plane 

interface between two media with different refractive indices. The assumptions made 

are that, the incident light is described by a monochromatic plane wave and that the 

media are homogeneous and isotropic, such that the optical properties of the material 

can be described as scalar functions. The media can then be described by the 

complex refractive index 𝑛 . 

 

where n is the index of refraction and k is the extinction coefficient. The complex 

refractive is related to ε through: 

ε1 = n
2
 – k

2
 

ε2 = 2nk 

n is a ratio of the light velocity c and v – the phase velocity of radiation of a specific 

frequency in a specific material while k is called the extinction coefficient. 
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2.4 The complex dielectric function 

 

The interaction between the electromagnetic wave and matter consists with three 

parts [14]. One of them is the reaction with free electrons. It can be described as 

below: 

 

where m is a mass of electron, ne is a free electron concentration and ωp is a plasma 

oscillation:  

 

The electromagnetic waves interact not only with the free electrons, but also with 

crystal structure and valence electrons, what is the reason of the interband 

transitions. 

All of above give us the whole complex dielectric function [14]: 

휀  𝜔 = 1 + 𝜒𝑓𝑒 + 𝜒𝑣𝑒 + 𝜒𝑐𝑠 

where 𝜒𝑓𝑒  is interaction with free electrons, 𝜒𝑓𝑒  is interaction with valence electrons 

and 𝜒𝑓𝑒  is interaction with crystal structure. In other way: 

휀  𝜔 =  휀∞ −
𝜔𝑝

2

𝜔2 + 𝑖𝜔𝛾
+  

𝑓𝑗

𝜔𝑗
2 − 𝜔2 − 𝑖𝜔Γj

𝑛

𝑗=1

+  
𝐴𝑘𝜔𝑇𝑘

2

𝜔𝑇𝑘
2 − 𝜔2 − 𝑖𝜔Γk

𝑚

𝑘=1

 

where: 

휀∞ −
𝜔𝑝

2

𝜔2+𝑖𝜔𝛾
 is Drude’s part describing the interaction with free electrons 

 
𝑓𝑗

𝜔 𝑗
2−𝜔2−𝑖𝜔Γ j

𝑛
𝑗 =1   is describing interband transitions 

 
𝐴𝑘𝜔𝑇𝑘

2

𝜔𝑇𝑘
2 −𝜔2−𝑖𝜔Γk

𝑚
𝑘=1  is describing the interaction with crystal structure 

In this report the complex dielectric function was modelled by Drude-Lorentz 

oscillator model and Drude-TOLO oscillator model, which are described in section 

5.1. 
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2.5 Ellipsometry 

 

Ellipsometry is a versatile and powerful optical technique for the investigation 

of the dielectric properties (complex refractive index or dielectric function) of thin films 

and bulk samples. 

It has applications in many different fields, from semiconductor physics to 

microelectronics and biology, from basic research to industrial applications. 

Ellipsometry is a very sensitive measurement technique and provides unequalled 

capabilities for thin film metrology [3]. As an optical technique, spectroscopic 

ellipsometry is non-destructive and contactless. 

Upon the analysis of the change of polarization of light, which is reflected off a 

sample, ellipsometry can yield information about layers that are thinner than the 

wavelength of the probing light itself, even down to a single atomic layer or less [11]. 

Ellipsometry can probe the complex refractive index or dielectric function tensor, 

which gives access to fundamental physical parameters and is related to a variety of 

sample properties, including morphology, crystal quality, chemical composition, or 

electrical conductivity [8]. It is commonly used to characterize film thickness for single 

layers or complex multilayer stacks ranging from a few angstroms or tenths of a 

nanometer to several micrometers with an excellent accuracy. 

The name "ellipsometry" stems from the fact that the most general state of 

polarization is elliptic. The technique has been known for almost a century, and has 

many standard applications today. However, ellipsometry is also becoming more 

interesting to researchers in other disciplines such as biology and medicine [8]. 

These areas pose new challenges to the technique, such as measurements on 

unstable liquid surfaces and microscopic imaging. 

 Basic principle of ellipsometry is illustrated below. The polarization state of 

incoming light is known. The interaction of the light with sample changes polarization 

state, usually into elliptical. Analysis of that change can show more about optical 

properties of the sample. 
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Fig. 2 Change of polarization of light interacting with sample[5] 

 

The ratio of amplitude changes and the shift in phase changes for the p- and s-

polarized components, which are often indicated with tan ψ and Δ, respectively. 

These parameters are defined by introducing the complex reflectance ratio ρ 

according to the relation as below [3, 11]: 

𝜌 =
𝑟𝑝

𝑟𝑠
= 𝑡𝑔 𝜓 ⋅ 𝑒𝑖Δ  

This is the fundamental equation of ellipsometry. Tan ψ is the amplitude ratio upon 

reflection: 

𝑡𝑔 𝜓 =

 
𝐸𝑟

𝑝

𝐸𝑖
𝑝  

 
𝐸𝑟

𝑠

𝐸𝑖
𝑠 

 

And Δ is the phase shift (difference):  

Δ = 𝛿𝑟 − 𝛿𝑖 . 

 

Assuming a bulk sample free of roughness of any overlayer the ellipsometric ratio 

gives the pseudo-dielectric function as, 





























2

222

1

1
tan1




 iia senn  

where na is the refractive index of the ambient and i is the angle of incidence. 
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2.6 MAX phases 

 

MAX phases are compound with formula Mn+1AXn,where n is 1, 2, or 3, M is an 

early transition metal element, A is an A-group element and X is C or N. MAX phases 

are layered hexagonal structures [1,9]. Figure 2 compares the unit cells of 211, 312 

and 413 phases, respectively [10]. In each case near close-packed layers of M atoms 

are interleaved with layers of pure group A-element, with the X-atoms filling the 

octahedral sites between the former. The A–group elements are located at the centre 

of trigonal prisms that are larger than octahedral sites and thus better able to 

accommodate the larger A-atoms. The main difference between the structures shown 

in Fig. 2 is the number of M-layers separating the A – layers; in the 211’s there are 

two, in the 312’s three and in the 413’s four. 

 

Fig. 3 Unit cells of: a) 211, b) 312 and c) 413 compositions [10] 
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3. SAMPLES 

 

3.1 Overview 

 

Samples described in this report were provided by Drexel University, 

Philadelphia. Below is the table presenting formulas of distinct samples including type 

of the phase. 

 

Table 1. List of samples and phases 

Number Formula Composition 

1 Cr2GeC 211 

2 Nb2AlC 211 

3 NbTiAlC 211 

4 Ti2AlC 211 

5 Ti2AlN 211 

6 Ti2SC 211 

7 Ti3GeC2 312 

 

Some of the surfaces of the samples were smaller than light beam used in 

ellipsometer [Fig. 3c ].  

 
 (a)      (b)    (c) 

 
Fig. 4 Photos of samples: a) Cr2GeC b) Ti2AlC c) NbTiAlC 

 

Most of the samples were looking like Cr2GeC [Fig. 3a ]. The biggest one was of 

Ti2AlC shown in Figure 3b. 
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3.2 Preparation to measurement 

 

All the samples had to be well prepared to measurements. This process 

started with polishing the surface using the abrasive paper with 3 micrometres grains 

and corresponding 3 µm liquid diamond suspension. Next step was to decrease the 

diameter of grains (and liquid diamond) to 1 µm. After final polishing (with 0.25 µm 

liquid diamond) all the samples were cleaned with distilled water and highly 

pressured nitrogen. 

  Polishing process was proceeded with Buehler’s polishing machine with 260 

rpm rising to 310 rpm. 

 Some samples, which had smaller area than the light beam of the IR 

ellipsometer showed spectra with a characteristic displacement on the plots. The 

reason was the interaction between the light and sample mounting, which appeared 

to be reflecting in the infrared range. A solution of this problem was to glue a scatter 

paper around the sample surface. It allowed significantly decreasing influence of the 

mounting on the IR results. 
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4. MEASUREMENTS 

 

 

4.1 Ellipsometric measurements 

 

All seven samples were measured using two ellipsometers, one working in 

infrared range and one working in UV-VIS range as is described below. Thus, the 

data were obtained in the range of 0.06 eV to 6.00 eV. Then the model was fitted as 

shown in Figure 3. 

 

 

Fig. 5 Fitting model to ellipsometry data [6] 

 

After a sample is measured, a model can be constructed to describe the 

sample. The model is used to calculate the predicted response from Fresnel’s 

equations which describe each material with thickness and optical constants.  If these 

values are not known, an estimate is given for the purpose of the preliminary 

calculation. The calculated values are compared to experimental data. Any unknown 

material properties can then be systematically varied to improve the match between 

experiment and calculation using a fitting algorithm. 
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4.2 UV-VIS measurements 

 

The samples in ultraviolet and visible spectral range were measured using J.A. 

Woollam Variable Angle Spectroscopic Ellipsometer (VASE). This instrument is 

shown in Figure 4. 

 

 

Fig. 6 VASE Ellipsometer 

VASE Ellipsometer has the following features: 

 vertical sample mount (V-VASE) 

 computer-controlled angle of incidence goniometer 20° - 90° 

 single or double chamber monochromator 

 spectral range 190 - 1700 nm 

 extended NIR to 2200 nm 

 Auto-Retarder (V-VASE) 

 computer-controlled 150 mm or 200 mm XY mapping 

 computer-controlled 350 mm x 400 mm mapping 

 manual 25 mm or 50 mm XY translation 

 200 µm focused beam option 

 cryostat (4.2 to 470K) 

 heat cell (up to 300°C) 
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4.3 IR measurements 

 

To acquire data in the infrared range, measurements were performed using 

the J.A. Woollam IR Variable Angle Spectroscopic Ellipsometer (IR-VASE) shown in 

Figure 5. 

 

 

Fig. 7 IR-VASE Ellipsometer [5] 

IR Ellipsometer has got following features: 

 Rotating Compensator Technology 

 vertical sample mount 

 spectral range: 333 to 7900 wavenumbers 

 resolution: 1cm-1 to 64 cm-1 

 computer-controlled angle of incidence goniometer 30° - 90° 

 cryostat (4.2 to 700K) 
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5. RESULTS AND DISCUSSION 

 

5.1 Used models 

 

Measured data were fitted using the dielectric function of the Drude-Lorentz 

model according to the procedure described in section 4.1, using an air/substrate 

system. Through finding and examining resonances connected with interband 

transitions it was possible find a number of resonances and determining its 

parameters such as: center energy E, amplitude A and broadening Γ.  

During analysis of the data, dedicated VWASE32 software was used. In this 

application, the dielectric function is given by following formula [6]: 

 

where m is a number of oscillators. 

 In infrared part analysis TOLO oscillator model was used instead of Lorentz. 

This factorized model describes an IR-active phonon resonance with significant 

anharmonic coupling effects seen in multiple-phonon materials [6]. The model 

contains two broadening parameters Bto and Blo, which are associated with the nth TO 

phonon and nth LO phonon resonance, respectively. Equation of the oscillator is 

given below: 

 

 

 

 

5.2 UV-VIS-IR results 

 

The figures in this section show the complete measured spectra for all the 

samples introduced in chapter 3. After measurement, the fitting to model was 

performed. Also very noisy data was cut for clearity purposes. To have a more clear 

view on data, it was divided due to formulas of the samples. 
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5.2.1 Cr2GeC 

 

Fig. 8 Experimental DELTA and PSI spectra of Cr2GeC 

 

Fig. 9 Experimental real and imaginary parts of the pseudo-dielectric function of Cr2GeC 

 

 

Fig. 10 Optical constants of used Drude-Lorentz model of the pseudo-dielectric function of Cr2GeC 

In the Table 2 there are listed the parameters of the three Lorentz oscillators used for 

the dielectric function of this sample: It was not possible to obtain reliable data in the 

mid infrared range that match the data in Fig. 7.  
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Table 2. Lorentz oscillators’ parameters of Cr2GeC 

Oscillator E i [eV] Ai Γ i [eV] 

1 0.0 52.63 1.5 

2 1.68 1.67 0.72 

3 4.64 298 5.71 

 

ε∞ was estimated to be 0.14918±0.19 

 

 

 

 

 

5.2.2 Nb2AlC 

 

Fig. 11 Experimental DELTA and PSI spectra of Nb2AlC 

 

 

Fig. 12 Experimental real and imaginary parts of the pseudo-dielectric function of Nb2AlC 
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Fig. 13 Optical constants of used Drude-Lorentz model of the pseudo-dielectric function of Nb2AlC 

In the Table 3 there are listed parameters of used Lorentz oscillators: 

 

 

Table 3. Lorentz oscillators’ parameters of Nb2AlC 

Oscillator E i [eV] Ai Γ i [eV] 

1 0.0 20.70 0.58 

2 1.58 52.6 2.86 

3 2.73 12.3 1.44 

4 6.62 189 9.2 

 

ε∞ was estimated to be 0.70452±0.11 

 

 

5.2.3 NbTiAlC 

 

Fig. 14 Experimental DELTA and PSI spectra of NbTiAlC 
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Fig. 15 Experimental real and imaginary parts of the pseudo-dielectric function of NbTiAlC 

 

 

Fig. 16 Optical constants of used Drude-Lorentz model of the pseudo-dielectric function of NbTiAlC 

Through used software, data is shown in table below. In the Table 4 there are listed 

parameters of used Lorentz oscillators: 

 

Table 4. Lorentz oscillators’ parameters of NbTiAlC 

Oscillator E i [eV] Ai Γ i [eV] 

1 0.0 17.00 0.42 

2 1.46 110.38 3.93 

3 2.61 6.53 0.95 

4 7.61 947.5 13.35 

 

ε∞ was estimated to be -2.4143±0.878 
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5.2.4 Ti2AlC 

 

Fig. 17 Experimental DELTA and PSI spectra of Ti2AlC 

 

Fig. 18 Experimental real and imaginary parts of the pseudo-dielectric function of Ti2AlC 

 

 

Fig. 19 Optical constants of used Drude-Lorentz model of the pseudo-dielectric function of Ti2AlC 

In the Table 5 there are listed parameters of used Lorentz oscillators: 
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Table 5. Lorentz oscillators’ parameters of Ti2AlC 

Oscillator Ei [eV] Ai Γi [eV] 

1 0.0 8.89 0.13 

2 1.14 133.30 5.15 

3 2.45 2.62 0.73 

4 5.76 382.10 8.19 

 

ε∞ was estimated to be -0.7519±0.25 

 

 

 

5.2.5 Ti2AlN 

 

 

Fig. 20 Experimental DELTA and PSI spectra of Ti2AlN 

 

 

Fig. 21 Experimental real and imaginary parts of the pseudo-dielectric function of Ti2AlN 
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Fig. 22 Optical constants of used Drude-Lorentz model of the pseudo-dielectric function of Ti2AlN 

In the Table 6 there are listed parameters of used Lorentz oscillators: 

 

Table 6. Lorentz oscillators’ parameters of Ti2AlN 

Oscillator E i [eV] Ai Γ i [eV] 

1 0.0 1.44 0.27 

2 0.21 3.79 0.11 

3 2.18 5.88 1.34 

4 4.65 34.61 3.70 

5 1.08 51.38 2.93 

 

ε∞ was estimated to be 1.2344±0.127. 

 

5.2.6 Ti2SC 

 

Fig. 23 Experimental DELTA and PSI spectra of  Ti2SC 
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Fig. 24 Experimental real and imaginary parts of the pseudo-dielectric function of Ti2SC 

 

 

Fig. 25 Optical constants of used Drude-Lorentz model of the pseudo-dielectric function of Ti2SC 

In the table 7 there are listed parameters of used Lorentz oscillators: 

 

Table 7. Lorentz oscillators’ parameters of Ti2SC 

Oscillator E i [eV] Ai Γ i [eV] 

1 0.0 1.43 0.03 

2 1.99 0.00 7.42 

3 1.05 11.56 1.42 

4 4.95 110.93 1.86 

5 0.34 85.89 6.23 

 

ε∞ was estimated to be 1.7809±0.101 
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5.2.7 Ti3GeC2 

 

Fig. 26 Experimental DELTA and PSI spectra of Ti3GeC2 

 

 

Fig. 27 Experimental real and imaginary parts of the pseudo-dielectric function of Ti3GeC2 

 

 

Fig. 28 Optical constants of used Drude-Lorentz model of the pseudo-dielectric function of Ti3GeC2 

In the Table 8 there are listed parameters of used Lorentz oscillators: 
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Table 8. Lorentz oscillators’ parameters of Ti3GeC2 

Oscillator E i [eV] Ai Γ i [eV] 

1 0.0 16.35 0.19 

2 1.11 19.84 5.62 

3 0.88 3.06 0.55 

4 3.93 114.93 5.51 

5 1.63 105.19 12.58 

 

ε∞ was estimated to be 1.2098±0.537 

 

 

 

 

5.3 The electrical conductivity 

 

Every time, the first oscillator with zero value at Ei is connected with Drude’s part of 

the model. The table below shows a comparison of the values of the parameters Ai. 

and Γ i. These parameters are related to the electrical conductivity of the samples. 

 

Table 9 Parameters related to the electrical conductivity 

Number Formula Ai Γ i [eV] 

1 Cr2GeC 52.63 1.5 

2 Nb2AlC 20.70 0.58 

3 NbTiAlC 17.00 0.42 

4 Ti2AlC 8.89 0.13 

5 Ti2AlN 1.44 0.27 

6 Ti2SC 1.43 0.03 

7 Ti3GeC2 16.35 0.19 
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5.4 IR results 

 

5.4.1 Cr2GeC 

 

Fig. 29 Experimental DELTA and PSI spectra of Cr2GeC 

 

 

Fig. 30 Experimental real and imaginary parts of the pseudo-dielectric function of Cr2GeC 

 

 

Fig. 31 Optical constants of used TOLO-Drude model of the pseudo-dielectric function of Cr2GeC 

Through used software, data is shown in table below. In the Table 10 there are listed 

parameters of used TOLO oscillators: 
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Table 10. TOLO oscillators’ parameters of Cr2GeC 

Oscillator Amp Eto [cm-1] Bto [cm-1] Elo [cm-1] Blo [cm-1] 

1 21.15 534.99 71.49 867.13 0.01 

2 6.20 611.46 23.69 777.52 253.08 

3 8.81 720.09 39.89 508.05 685.73 

 

 

 

 

 

5.4.2 Nb2AlC 

 

Fig. 32 Experimental DELTA and PSI spectra of Nb2AlC 

 

 

Fig. 33 Experimental real and imaginary parts of the pseudo-dielectric function of Nb2AlC 
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Fig. 34 Optical constants of used TOLO-Drude model of the pseudo-dielectric function of Nb2AlC 

In the Table 11 there are listed parameters of used TOLO oscillators: 

 

Table 11. TOLO oscillators’ parameters of Nb2AlC 

Oscillator Amp Eto [cm-1] Bto [cm-1] Elo [cm-1] Blo [cm-1] 

1 6.94 848.87 60.49 812.03 663.39 

 

 

 

 

 

5.4.3 NbTiAlC 

 

Fig. 35 Experimental DELTA and PSI spectra of NbTiAlC 
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Fig. 36 Experimental real and imaginary parts of the pseudo-dielectric function of NbTiAlC 

 

 

Fig. 37 Optical constants of used TOLO-Drude model of the pseudo-dielectric function of NbTiAlC 

Through used software, data is shown in table below. In the Table 12 there are listed 

parameters of used TOLO oscillators: 

 

Table 12. TOLO oscillators’ parameters of NbTiAlC 

Oscillator Amp Eto [cm-1] Bto [cm-1] Elo [cm-1] Blo [cm-1] 

1 56.32 796.66 80.33 740.96 69.935 
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5.4.4 Ti2AlC 

 

Fig. 38 Experimental DELTA and PSI spectra of Ti2AlC 

 

 

Fig. 39 Experimental real and imaginary parts of the pseudo-dielectric function of Ti2AlC 

 

 

Fig. 40 Optical constants of used TOLO-Drude model of the pseudo-dielectric function of Ti2AlC 

In the Table 13 there are listed parameters of used TOLO oscillators: 

Table 13. TOLO oscillators’ parameters of Ti2AlC 

Oscillator Amp Eto [cm-1] Bto [cm-1] Elo [cm-1] Blo [cm-1] 

1 13.67 829.34 60.72 761.6 492.29 
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5.4.5 Ti2AlN 

 

Fig. 41 Experimental DELTA and PSI spectra of Ti2AlN 

 

 

Fig. 42 Experimental real and imaginary parts of the pseudo-dielectric function of Ti2AlN 

 

 

 

 

5.4.6 Ti2SC 

 

Fig. 43 Experimental DELTA and PSI spectra of  Ti2SC 
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Fig. 44 Experimental real and imaginary parts of the pseudo-dielectric function of Ti2SC 

As seen above, no phonon response was noticed. 

 

 

5.4.7 Ti3GeC2 

 

Fig. 45 Experimental DELTA and PSI spectra of Ti3GeC2 

 

 

Fig. 46 Experimental real and imaginary parts of the pseudo-dielectric function of Ti3GeC2 

 

As well as previous sample, no phonon response was noticed. 
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6. SUMMARY AND CONCLUSIONS 

 

The real and imaginary parts of the dielectric function of several MAX-phase 

materials have been measured by spectroscopic ellipsometry in the photon energy 

range of 0.06-6.5 eV at room temperature. The observed spectra were noisy at the 

borders of the energy range, but finally it allowed obtaining relatively reliable data 

about this new kind of materials.  

There are other reports about studies of the dielectric properties of bulk MAX-

phases [1,2]. Several results were compared with these in mentioned reports and 

showed good agreement with them in most cases.  

The analysis of the optical constant of such a material was started using 

Drude-Lorentz model. Analysis resulted in usually 4-5 interband transitions at 

energies, which are listed in adequate tables in section 5.2. In the infrared spectra of 

some samples features were noticed and could be attributable to some unknown 

overlayer. Exceptions are only Ti2AlN, Ti2SC and Ti3GeC2 samples, where no visible 

phonon response was observed. What is more, some oscillators show that, there are 

more responses, which appear at our noisy scope. That can be useful in a future 

work with optical properties of MAX-phase materials. 
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