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INTRODUCTION 

 

 

1. Motivation for choosing the topic and carrying out the doctoral research 

 Glass has become a symbol of modern society, constantly evolving with special qualities 

such as high mechanical resistance to strong impact and stability at large temperature differences. 

Obtaining glass is a continuous process through which the development of the manufacturing field 

is closely correlated with the needs and daily concerns so that we enjoy the beauties of glass at 

every step, from tempered glass to optical fibers obtained from glass that allow the transmission 

of light signals at speeds of 111Gbyte/s. 

2. Objectives of the doctoral thesis: 

a. Impurification of lead-borate glasses (PbO 2 ) with nickel oxide (Ni 2 O 3 ) in order to improve 

the optical and magnetic properties and obtain the physicochemical stability of the system; 

b. Based glasses impregnated with iron oxide (Fe 2 O 3 ) regarding the study of physicochemical 

properties, X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR), 

ultraviolet-visible spectroscopy (UV-VIS), electron paramagnetic resonance spectroscopy 

(EPR), as well as acetylene adsorption on the surface of the samples; 

c. Impurification of lead-borate glasses (PbO 2 ) with palladium in order to improve optical and 

mechanical properties, study carried out through experiment but also through molecular 

modeling with advanced chemistry-specific programs; 

d. Impurification of lead-borate glasses (PbO 2 ) with palladium and alumina to improve heat 

resistance, anti-corrosion and electrical insulation properties by X-ray diffraction, FTIR 

spectroscopy, UV-VIS spectroscopy. 

3. Organization and structure of the doctoral thesis 

The doctoral thesis entitled "Impurity States in Two-Dimensional Systems" is structured in 

two main parts, the first part includes the theoretical notions of the specialty, and the second 

highlights the original contributions and is developed over seven chapters. 

 Chapter 1 entitled “ The current state of knowledge in the field of impure vitreous 

glasses ” presents general aspects regarding vitreous oxide materials, generalities, presents the 

method of undercooling melts and concepts regarding the structure of the vitreous state. 
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 Chapter 2 entitled "Methods for investigating the structural, optical, and magnetic 

properties of impure glass samples ". This chapter presents the equipment used to determine the 

properties of the obtained systems and a classification of the physical analysis methods used in the 

doctoral thesis is made, namely X-ray diffraction, IR spectroscopy, RES spectroscopy, UV-VIS 

spectroscopy, determination of the optical gap energy and molecular modeling.  

 Chapter 3 entitled " Glasses and glass-ceramics based on lead impregnated with nickel 

oxide " synthesizes the structural, optical, spectroscopic and magnetic properties of glasses and 

glass- ceramics  with  the composition  xNi 2 O 3 ·(100-x)[3B 2 O 3 ·PbO 2 ] with  x=5- 50 mol % 

Ni 2 O 3 .  

X-ray diffraction  investigation  reveals the  amorphous nature of samples with x ≤20 %  

Ni 2 O 3 and the presence of crystalline phases NiO and Ni 3 B 2 O 6 in samples with x ≥ 30 mol% 

Ni 2 O 3 . 

IR analysis demonstrates that increasing the Ni 2 O 3 content of the samples results in the 

formation of BO-Ni bonds, orthoborate and [NiO 6 ] structural units. By investigating with FTIR 

spectroscopy it was observed that acetylene can be adsorbed on the glass surface, reacting with 

water in the glass network resulting in acetaldehyde and acetic acid on the surface of the samples. 

An important observation from the analysis of the UV-Vis spectrum of the nickel-lead-

borate glass-ceramic system is that nickel ions absorb light in the region of 250 - 1000 nm. It was 

found that the value of the optical band energy (gap energy) varies between 4.21 and 4.34 eV . 

increasing the Ni2O3 content in the composition range 10 ≤ x ≤ 30 mol% Ni 2 O 3 occurs an 

enhancement of the resonance line at g~2.21, due to Ni +2 ions . This EPR resonance line was not 

observed for samples with x=5 and 50 mol% Ni 2 O 3 . 

The glass-ceramic sample x=30% Ni 2 O 3 effective magnetic moment per nickel ion 

becomes larger than that of the samples with x<30% mol Ni 2 O 3 suggesting a superparamagnetic 

behavior. This hypothesis is supported by the magnetization versus magnetic field variation and is 

due to the formation of crystalline phases of NiO and Ni 3 B 2 O 6 . 

Chapter 4 entitled “ Iron Oxide-Doped Lead-Based Glasses and Glass-Ceramics ” 

presents a new system for applications in solar cells and the adsorption of small molecules, such 

as acetylene, on iron-lead-borate glasses and glass-ceramic surfaces. In this regard, glasses and 

glass-ceramics for the system xFe 2 O 3 · (100-x)[3B 2 O 3 · PbO 2 ] with x=5-50mol% Fe 2 O 3 were 

synthesized by the melt quenching method and characterized to obtain information about the 
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structural correlations and the relationship between the structure and the physical properties of 

these materials. The effect of adding iron ions in the host matrix together with the effect of the 

matrix on the paramagnetic behavior were investigated using X-ray diffraction (XRD), Fourier 

transform infrared spectroscopy (FTIR), ultraviolet-visible spectroscopy (UV-Vis) and electron 

paramagnetic resonance (EPR) spectroscopy. The XRD pattern for the prepared samples shows 

their glassy nature only for x≤30mol% Fe 2 O 3 . For samples containing 40 mol% Fe 2 O 3 , the 

presence of the crystalline phase a-Fe 2 O 3 embedded in the - an amorphous matrix. IR data suggest 

that the addition of high iron(III) oxide content to the host matrix leads to gradual conversion into 

[PbO 4 ] , [PbO 3 ] , [BO 4 ] , [BO 3 ] structural units and the formation of [FeO n ] structural units 

through changes in the Pb-OB and Pb-O-Pb bending vibrations. 

UV-Vis data show that adding a higher concentration of Fe 2 O 3 produces a gradual shift 

in absorption to the longer wavelength side, indicating absorption light from 295 to 1050 nm and 

a decrease in the bandgap energy. 

The EPR spectra show resonance signals at g~4.3 and g~2 indicating the presence of ions 

Fe +3 in sites with distorted octahedral symmetry and as well as in clustered formations containing 

both Fe +3 and Fe +2 ionic species. 

 Chapter  4  entitled "  Palladium - doped  lead- based  glasses  and  glass- ceramics " 

summarizes the structural, optical, spectroscopic and adsorption properties of glasses and glass-

ceramics with the composition xPd•(100-x) [3B 2 O 3 •PbO 2 ] that were synthesized in the 

composition range 5 ≤x ≤40% mol Pd. The chapter also includes density functional calculations 

on ethylene adsorption on small clusters of Pd n , n=1-6 applied for two types of π and di-σ 

adsorption depending on the cluster size, C 2 H 2 Pd n , by molecular modeling using the Gaussian 

program. 

 Chapter 6 entitled " Glasses and glass-ceramics based on lead impure with aluminum 

oxide and palladium " synthesizes the structural, optical, spectroscopic properties of glasses and 

glass-ceramics with the composition xPd_Al 2 O 3 •(100-x) [3B 2 O 3 •PbO 2 ] that were synthesized 

in the composition range 5 ≤x ≤50% mol Al 2 O 3. By adding small amounts of aluminum oxide  

( Al 2 O 3 ) and boron trioxide (BO 3 ), glasses resistant to sudden temperature variations are 

obtained and are used in the manufacture of laboratory vessels. The alumina introduced into the 

glass provides high thermal stability and a high specific surface. These glasses have a very high 

chemical resistance and a low expansion coefficient. Among the most famous glasses obtained by 
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doping with aluminum oxide, we mention: Jena, Pyrex or Duran. Aluminum oxide is well known 

as a glass-ceramic material for its excellent properties such as high heat resistance, excellent anti-

corrosion properties and good electrical insulation. Aluminum oxide glass-ceramics are used in 

the manufacture of wear-resistant parts as well as electrical insulators and furnace linings. For 

example, its dielectric property in electronics makes this material suitable as an insulator in 

integrated circuits. 

The general conclusions, personal contributions and proposals for future research 

directions are contained in Chapter 7 entitled "General Conclusions" , systematically presenting 

the most important conclusions and personal contributions drawn from the research undertaken. 

 The exploitation of the obtained results was materialized by the elaboration of a number of 

2 articles , published in ISI journals: "Acetylene adsorption on the iron-lead-borate glassy and 

vitroceramic surface", " Nickel-lead-borate glasses and vitroceramics with antiferromagnetic NiO 

and nickel-orthoborate crystalline phases " and the oral presentation entitled " Adsprbtion of 

acetylene on lead-based glass and glass-ceramic surfance doped with nickel and palladium " during 

an international conference held in Timişoara, TIM 24 Physics Conference, June 1, 2024 

The experimental part took place in the laboratories of the Department of Physics & 

Chemistry within the Faculty of Materials and Environmental Engineering at the Technical 

University of Cluj-Napoca, located on Muncii Boulevard no. 103-105. 
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PART I: THEORETICAL NOTIONS OF SPECIALTY 

CHAPTER 1. CURRENT STATE OF KNOWLEDGE IN THE FIELD OF IMPURIFIED 

GLASS SYSTEMS 

 

1.1. Vitreous oxide materials 

1.1.1. Structure of B 2 O 3 glass 

 Glass is defined as an “inorganic fusion product that has been cooled under rigid conditions 

without crystallizing . ” Glass or vitreous materials can also be defined as “amorphous solids 

without periodicity in the arrangement of atoms” or “noncrystalline solids obtained by freezing a 

cooled liquid .” The term noncrystalline solid suggests the idea that glasses cannot be classified 

either in the category of crystalline materials such as quartz or sapphire or in the category of 

liquids. In general, they are defined as solids that have a locally uniform geometric arrangement 

at short distances , but the periodic arrangement is absent at long distances . In other words, the 

atomic arrangement in glasses is intermediate between that of crystalline materials and liquids. 

 

1.1.2. Melt subcooling method 

 

 The most commonly used method for preparing oxide glasses is to undercool the melts, i.e. 

to cool them below the solidification temperature without causing nucleation and consequently 

crystallization. This results in a kind of "freezing" of the melt, so that, in general, the disordered 

structure existing in the melts (in the liquid state) is preserved in the solid state of the glass.[3] 

This method consists of melting the mixture of raw materials obtained according to the 

oxide chemical composition, maintaining the melt for a determined period of time at a well-

established equilibrium temperature and cooling it rapidly. In research laboratories, cooling of the 

samples is achieved by pouring the melts onto a copper or stainless steel plate (or molds of the 

desired shape), which is at room temperature (or lower temperatures) and sometimes by applying 

another plate of the same nature. 
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CHAPTER 2. METHODS FOR INVESTIGATING ROPTHE OPTICAL AND 

MAGNETIC STRUCTURAL PROPERTIES OF IMPURIFIED GLASS SAMPLES 

 

 

2.1. X-ray diffraction 

X-ray diffraction is one of the most reliable methods to determine whether a material is 

crystalline or amorphous, which allows obtaining information about the local and intermediate 

order of the structure. The information obtained from X-ray scattering differs depending on its 

type. Elastic scattering provides, by studying the angular dependence of the scattered radiation 

intensity, information about the spatial distribution of the scattering centers, while inelastic 

scattering provides information about the dynamics of the system.[12] 

The position of this very broad maximum is not necessarily the position of the most intense 

maximum in the diffractogram of the same sample in the crystalline state. 

 

 

Fig. 2.1. Modification of the diffraction image following amorphization: 

a. diffractogram of a polycrystalline material; b. diffractogram of the same material in the 

amorphous state – the dotted curves represent the initial maxima, from the crystalline 

sample, broadened following amorphization to the point of overlap 
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2.2. Infrared Spectroscopy (IR) 

 IR spectroscopy has found wider application in recent decades in the analysis of the 

structural properties of impure glasses. It is not only applied to crystalline substances, but is also 

used in the investigation of non-crystalline phases. IR absorption spectra are used for research into 

the structure of glasses for both qualitative and quantitative analyses. 

The basic principle of IR spectroscopy consists of irradiating the sample and measuring 

the absorption of the rays as they pass through it. 

Infrared radiation is invisible radiation, characterized mainly by its caloric properties, 

having been discovered in 1800 by FH Herschel. They have wave numbers between approx. 1.3•10 

4 cm -1 and 0.3•10 2 cm -1 . The energies of infrared radiation have values between approx. 0.003 

eV and 1.6 eV. 

 

2.3. Ultraviolet and Visible Spectroscopy (UV-VIS) 

 

       Ultraviolet-visible spectroscopy involves the absorption of light radiation in this range by 

molecules of organic and inorganic substances, absorption which results in the promotion of 

electrons in the σ, π or n orbitals from a low energy state to an excited state (richer in terms of 

energy). Due to the energies involved, transitions also occur between vibrational and rotational 

levels, so that the spectra in question are actually electronic vibrational and rotational spectra 

characterized by broad bands. The ultraviolet range includes radiation with wavelengths ranging 

from 100-380 nm, and the visible range includes radiation with wavelengths ranging from 380-

780 nm. Another significant range is that between 200 - 300 nm, called quartz ultraviolet 

(ultraviolet), for which the vast majority of UV spectrometers are built, and the 380 - 800 nm 

range, in which substances that appear colored to the human eye absorb.          

          

2.4. Determination of the optical gap energy 

In amorphous materials, the absorption due to band-to-band transitions that determine the 

optical gap energy was interpreted by Davis and Mott . The expression for the absorption 

coefficient, α, as a function of the light wave energy, hν, is as follows: 

 

α = α 0 /hν (hν – E g ) 
n =B(hν – E g ) 

n            (2.10) 
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where α is the absorption coefficient, α 0 /hν=B is a constant, E g is the optical gap energy. Quite 

frequently this relationship gives a fairly satisfactory description of absorption in this range of 

wavelength values. 

The absorption coefficient, α, can be determined from the relationship α=2.303A/d, where 

A is the absorbance and d is the sample thickness. [21-23] 

The band gap energy E g is obtained by plotting (αhv) n as a function of the photon energy 

(hν) (where n takes different values depending on the optical transitions that occur, as follows: n=2 

for the direct allowed transition, n=1/2 for the indirect allowed transition, n=1/3 for the indirect 

forbidden transition and n=2/3 the direct forbidden transition) and extrapolating the linear portion 

of the curve for (αhν) n = 0. 

Experimental E g if expressed in eV can be calculated from the formula: 

 

E g =1240/λ                                          (2.11) 

 

2.5. Electron Spin Resonance Spectroscopy (ESR) 

Electron spin resonance (ESR) or electron paramagnetic resonance (EPR) is the study of 

molecules containing unpaired electrons by observing the magnetic fields at which they resonate 

with monochromatic radiation. These names are equivalent and simply emphasize different aspects 

of the same phenomenon that requires the presence of a kinetic moment in the sample under study. 

This kinetic moment can be spin and is due to the unpaired electrons of the atoms and molecules 

of the studied systems or to an orbital corresponding to the p, d or f orbitals of atoms in the gaseous 

state or being part of different molecules [23]. Therefore, ESR spectroscopy is a physical method 

of analysis that is based on the absorption of energy from the microwave range by a system of 

paramagnetic ions (containing unpaired electrons) placed in a magnetic field. The property of some 

bodies to magnetize when introduced into a magnetic field is called paramagnetism [24]. 

 

2.6. Molecular modeling 

To evaluate the integrative potential of physicochemical transformations, experimental 

investigation techniques such as X-ray diffraction, FT-IR, UV-VIS, NMR and RES spectroscopies 

are used, as well as molecular modeling techniques. Theoretical, molecular modeling techniques 
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for evaluating the integrative potential of physicochemical transformations are based on Ab Initio 

calculations, density functional theory (DFT methods) and semi-empirical methods. From such 

combined studies, the geometric structure of molecules or molecular clusters is obtained, as well 

as their properties such as: dipole, quadrupole moments, etc., rotational constants, partial atomic 

charges, energies and shapes of molecular orbitals, ionization energies and of course vibrational 

spectra, UV-VIS, IR, RES, NMR. Different conformers of molecules can be analyzed, 

intermolecular interactions, solution-solvent interactions or molecule-adsorbent layer interactions 

can be studied. The study of intra- and intermolecular hydrogen bonds is also one of the main 

objectives of such studies. 

From a theoretical point of view, we pursue studies in which we determine the optimal 

exchange and correlation functionals to be used in the calculation of various molecular properties 

by DFT methods. We are also interested in determining basis sets that perform as well as possible 

both in terms of the accuracy with which molecular properties are calculated and in terms of the 

required computational resources. Finally, we are interested in the development of hybrid methods 

for calculating molecular structure and properties, combinations of semiempirical (fast) and non-

empirical (highly accurate) methods that offer a good compromise in theoretical studies of 

molecules with a large number of atoms. [27] 
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PART II: ORIGINAL CONTRIBUTIONS 

CHAPTER 3. LEAD-BASED GLASS AND GLASS-CERAMICS IMPURIFIED WITH 

NICKEL OXIDE 

 

3.1.Introduction 

Lead oxide glasses have the ability to form stable glasses due to the dual role played by 

lead ions. Thus, lead ions can play both the role of modifier of the glass network when the Pb-O 

bonds present a predominant ionic character, and, respectively, the role of glass former when 

providing structural units [PbO 4 ] and Pb-O bonds with a predominantly covalent character [36]. 

It is generally accepted that only Ni +2 ions with the 3d 8 electronic configuration are stable 

in glasses under  normal  atmospheric  conditions [37].  Thus, nickel usually occurs in glasses as  

Ni +2 ions which can exist in tetrahedral and octahedral coordination sites, depending on the 

composition of the host glasses [38]. In general, in glasses, Ni +2 ions strongly favor octahedral 

coordination over tetrahedral coordination because the former has a particularly high crystal field 

stabilization energy. On the other hand, the different colors of glasses containing nickel are mainly 

caused by the appearance of two color centers, namely the structural units [NiO 6 ] and [NiO 4 ], 

and a change in the equilibrium between these centers can be recognized. The equilibrium between 

the two color centers depends on the composition of the glass [39]. 

 

3.2. Experimental procedure 

For the preparation of lead borate glasses doped with nickel oxide and associated glass-

ceramics , H 3 BO 3 , PbO2 and Ni 2 O 3 of high purity [33]. The samples were synthesized by 

melting appropriate amounts of raw materials at 1150 0 C using an electric furnace, in a sintered 

corundum crucible. After 10 minutes, the molten material was quenched at room temperature by 

pouring onto a stainless steel plate. 

The obtained materials were characterized by X-ray diffraction using a Shimadzu XRD-

6000 diffractometer, with a graphite monochromator for Cu-Kα radiation (λ=1.54Å), at room 

temperature. 

FT-IR spectra of the glasses were obtained in the spectral range of 350-2000 cm -1 with a 

JASCO FTIR 6200 spectrometer using the standard KBr bead disk technique. The spectra were 

obtained with a standard resolution of 2 cm -1 . 
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UV-Visible absorption spectra of powdered glass samples were recorded at room 

temperature in the range of 250-1050 nm using a Perkin-Elmer Lambda 45 UV/VIS spectrometer 

equipped with an integrating sphere. These measurements were made on glass powder dispersed 

in KBr pellets. The band position validity is ±2nm. 

 

EPR measurements of powder samples were performed with a Bruker ELEXSYS 500 X-

band spectrometer (9.52 GHz ). Spectra were measured in the temperature range 110-300 K using 

a variable temperature accessory. EPR spectra processing was performed by software. EPR spectra 

were recorded using equal amounts of samples. 

 

Magnetic susceptibility measurements were performed using a Faraday balance in the 

temperature range 80 - 300 K.  The  measurements were performed on samples with a mass of 

11.7 . 10 -3 to 19.4 . 10 -3 g.[41] 

 

 

3.3. Results and discussions 

3.3.1. Investigation by X-ray diffraction 

The X-ray diffraction patterns of the samples  xNi 2 O 3 ·(100-x)[3B 2 O 3 ·PbO 2 ] with  

x=5-50 mol% Ni 2 O 3 are shown in Fig. 3.1. Figure 3. 1.a) does not display distinct diffraction 

peaks confirming the amorphous nature of the samples with doping between 5≤ x≤ 20mol% Ni 2 

O 3 . For the sample x=30mol% Ni 2 O 3 , the XRD diffractogram shows the presence of crystalline 

phases Ni 3 B 2 O 6 and NiO with weak crystallinities (Fig. 3.1.b). When the Ni 2 O 3 content is 

increased to 50 mol%, the crystalline phase Ni 3 B 2 O 6 with good crystallinity was found to coexist 

with the crystalline phase NiO with rhombohedral lattice.[42] 
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Fig. 3.1.a): XRD diffractograms of the system xNi2O3 · ( 100 - x )[3B2O3 · PbO2 ] in which 

x = 5-50mol% Ni2O3 
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Fig.3.1.b) The XRD diffractogram shows the presence of the crystalline phases Ni 3 B 2 O 6 

and NiO 
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3.3.2. FTIR spectroscopy 

Figure 3.2. reveals the FTIR infrared absorption spectra of the glass-ceramic system xNi 2 

0 3 ( 100 -x)[3B 2 O 3 · PbO 2 ] in where x=0-50 mol % Ni 2 0 3 . 
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Fig.3. 2 FTIR spectra of xNi 2 0 3 · ( 100 -x)[3B 2 O 3 · PbO 2 ] glass / glass ceramics where 

x =5-50 mol % Ni 2 0 3 

The presence of new IR bands located at ~600, ~630, ~695 and ~1254cm -1 in the 

x=50mol% sample suggests the presence of the Ni 3 B 2 O 6 crystalline phase, in agreement with 

the XRD data. The IR bands located at lower wavenumbers correspond to the in-plane and out-of-

plane BO bending vibrations, and the last band is assigned to the asymmetric B-O stretching 

vibrations present in the triangular [BO 3 ] orthoborate units [62]. 

 As the Ni 2 O 3 concentration increases to 50 mol%, it is observed that the intensity of the 

IR bands due to the [BO 4 ] stretching vibrations increases, while progressive changes in the 

intensity of the boroxol rings and the [BO 3 ] structural units can be observed. These structural 
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changes indicate the gradual transformation of the nickel ion environment from the tetrahedral to 

the octahedral environment and the formation of orthoborate structural units, in agreement with 

the XRD data. [63-65] 

 In short, the addition of a higher content of Ni 2 O 3 results in the reduction of the amount 

of BOB bonds due to the gradual transformation into orthoborate structural units, which decreases 

the connectivity of the lead-borate network. The accommodation of the host network with oxygen 

atoms can be achieved by the formation of [NiO 6 ] structural units. 

3.3.3 UV-VIS spectroscopy 

Pb +2 ions with the 6s 2 electronic configuration absorb strongly in the ultraviolet region 

with an absorption band centered at 310 nm, due to the allowed parity of the 6s 2 - 6sp 

transition.[66] 

Divalent nickel in octahedral coordination gives a spin-allowed absorption band located at 

~425nm corresponding to the 3a 2g (F)→3t 1g (P) transition and a very weak spin-forbidden 

transition 3a 2g (F)→1e g ( D) centered at ~780nm, accompanied by a very weak yellow glass color. 

Tetrahedrally coordinated Ni + 2 ions exhibit intense UV - Vis absorption bands at approximately 

620nm and 1040nm [67-68]. 
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Fig.3.3. UV-VIS spectra of xNi203 · ( 100 -x)[3B203 · PbO2 ] glasses / glass-ceramics 

where x= 5-50 mol % Ni203. 
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The UV-Vis of the studied lead borate host glass exhibits a strong absorption band in the 

UV region without visible and infrared maxima, as shown in Fig. 3.3. By increasing the nickel 

oxide content of the samples up to 30 mol%, absorptions centered at ~430, ~750 and ~950 nm 

were observed in the UV-Vis. The increase in the intensity of the UV-Vis band located between 

450 and 500 nm suggests the increase in the concentration of bonding oxygen ions. This is also 

accompanied by an increase in the band gap, consistent with the energy data of the optical gap.  

 

3.3.4. Optical gap energy 

Figure 3.4. shows the indirect dependence of the band gap energy on the nickel oxide 

content of the prepared glasses and glass-ceramics. It is found that the band gap energy value varies 

between 4.21 and 4.34 eV. An increase in the optical gap energy is observed in the samples with 

x=10 and 30% mol Ni 2 O 3 . The indirect band gap energy becomes higher due to the decrease in 

the concentration of unbound oxygen ions. 
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Fig.3.4. Graphs of ( αhν
 ) 2 versus hν for the xNi 2 O 3 system · ( 100 - x)[3B 2 O 3 · PbO 2 where 

x = 5-50mol% Ni 2 O 3 . Linear extrapolation of the optical range energy, E g 
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3.3.5. EPR spectroscopy 

 

Figure 3.5.a shows the EPR spectra of samples from the system xNi 2O 3 ( 100 -x)[3B 2O 3 

· PbO 2 ] where x varies between 10% and 50% Ni 2 0 3 . These spectra were recorded in the X-

band, at room temperature. 

EPR spectra , xNi 2 O 3 ·(100-x)[3B 2 O 3 · PbO 2 ]  It exhibits two broad absorptions located 

at g≈2.21 and g≈8, respectively . [73] 

The first EPR absorption, namely the one located at g≈2.21, appears only in the spectra of 

samples with x=15% and x=30% Ni 2 O 3 . The intensity and linewidth of this EPR resonance line 

are influenced by the Ni 2 O 3 content of the samples. No EPR line centered at g≈2.21 was observed 

for x=5%, 10% and 50 % Ni 2 0 3 . 

 

  

Fig.3.5.a) EPR spectra of the system xNi 2 O 3 • (100-x)[3B 2 O 3 • PbO 2 ] where x = 

10 , 20 and 50 mol% Ni 2 0 3 

 

EPR studies on oxide glasses containing nickel ions have shown that these ions always 

appear in their 2+ valence state, regardless of the nickel compound used as the starting material. 
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As mentioned, the EPR spectra of Ni 2+ ions in oxide glasses consist of a single asymmetric 

resonance line normally located at g ≈ 2.10–2.38. This has been observed for Ni 2+ ions in silica 

glasses, soda-boric glasses, lithium fluoroborate glasses, zinc phosphate glasses, sodium phosphate 

glasses, lead-borate glasses, and nickel-strontium-borate glasses [74–80]. In the case of lithium 

bismuth borate glasses [76] an EPR absorption located at g ≈ 2.70 has been recorded. The large 

deviation from normal g values that occurs for lithium bismuth borate glasses is due to spin-orbit 

coupling and the influence of the microneighborhood of Ni 2+ ions and b. the superexchange 

interactions between Ni ions (via nonmagnetic O 2- ions ) which decrease the resonant field and 

increase the value of the g factor. 

The above-mentioned behavior of nickel ions suggests that their most stable valence state 

in oxide glasses is 2+. Thus, regardless of their initial valence state imposed by the raw material 

used for sample preparation, an intense reduction/oxidation process will transform these ions into 

their 2+ valence state. 

 

 Fig.3.5.b) Temperature dependence of EPR spectra for sample x=15mol% Ni 2 O 3 . 
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All of these ion species are paramagnetic and can provide EPR spectra at room temperature. 

These spectra typically consist of a single broad absorption line with relatively similar g values, 

ranging from 2.10 to 2.38 [73]. Because of this, assigning the EPR signal to a specific nickel ion 

valence state based on the g value alone is very difficult, if not impossible. 

Figure 5a shows that by increasing the nickel(III) oxide content of the samples from x=15% 

to x=30%, the linewidth of the EPR resonance line at g ≈2.21 decreases slightly. As is known, the 

linewidth of the EPR signal is influenced by several mechanisms leading to line broadening 

(dipole-dipole interactions, increased structural disorder) or line narrowing 

(exchange/superexchange interactions). Depending on the doping level of the EPR active ions, 

some of these mechanisms may become predominant. In our case, the narrowing of the EPR signal 

with increasing Ni 2 O 3 content of the samples is due to the increase in the intensity of 

superexchange interactions between paramagnetic nickel species (mainly Ni 2+ , but also Ni 3+ and 

Ni + ).[75] 

Figure 3.5.b shows the EPR spectra recorded for the sample x = 15 mol% Ni 2 O 3 at 

different temperatures between 110 K and room temperature (RT). The temperature evolution of 

these spectra reveals a dramatic decrease in the intensity of the resonance line from g≈2.21 

accompanied by a shift to lower magnetic fields. This evolution confirms our hypothesis that most 

of the nickel ions present in the studied samples are in the 2+ valence state and that the other nickel 

species (clusters/nanoparticles of Ni 3 + , Ni + and Ni 0 ) are present in small amounts, since it is 

well known that with decreasing temperature only due to EPR absorption (absorption of Ni 3+ and 

Ni 2+ Ni 2+ ). The ions progressively reduce their intensity until it disappears at lower temperatures 

[33]. 

 

3.3.6 . Magnetic susceptibility measurements 

To obtain additional information about the magnetic behavior of nickel-lead-borate glasses 

and glass-ceramics, magnetic susceptibility measurements were performed. Fig. 6 shows the 

temperature dependence of the inverse magnetic susceptibility of xNi 2O 3(100-x)[3B 2O3•PbO 2 ] 

samples with different nickel(III) oxide contents. Based on the EPR data presented above, we 

observe that the magnetic behavior of the nickel-lead-borate samples is due to the presence of 

magnetic Ni 2+ ions, since the host lead-borate glass matrix was found to be diamagnetic. [33] 
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The magnetic data presented in Fig.3.6. show that the magnetic susceptibility of the studied 

samples increases with increasing their Ni 2 O 3 content . This can be correlated with the increase 

in the number of magnetic Ni 2+ ions that appears with increasing Ni 2 O 3 added to the lead-borate 

host matrix. 

Using the experimental magnetic susceptibility data of the studied samples (Fig. 3.6), we 

determined several important magnetic parameters such as: the paramagnetic Curie temperature 

 ( p ), Curie constant (C ) and effective magnetic moment on nickel ions ( eff ). The values 

obtained for the above-mentioned parameters are listed in Table 3.1. 

 

Fig.3.6. Temperature dependence of the mutual magnetic susceptibility of the system 

xNi 2 O 3 (100-x)·[3B 2 O 3 PbO 2 ] with x=5-30 mol% Ni 2 O 3 
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3.3.7 . Adsorption of acetylene on the nickel-glass surface 

 

The study on the adsorption of acetylene on the glassy powder sample with x = 20 mol%  

Ni 2 O 3 was investigated by FTIR spectroscopy. The FTIR spectra of the sample with x=20mol% 

Ni 2 O 3 recorded before and after the surface contact with C 2 H 2 are represented in Fig. 3.8. 

            

 

 

Fig. 3.8. FTIR spectra of the sample x=20 mol% Ni 2 O 3 and of the sample surface 

in contact with C 2 H 2 . 

After adsorption of acetylene on the glass surface, in the presence of water (IR bands 

located at approximately 1640 and 3430 cm -1 ), acetylene was converted to acetaldehyde, CH 3 

CHO . The increase in intensity of the IR bands centered at approximately 645, 945, 1630, 2850 

and 3430 cm -1 can be attributed to vibrations of acetaldehyde. Some of the acetaldehyde was 

converted by oxidation to acetic acid. The IR bands located at ~1025, ~1340, ~1375, ~1474, ~1535 

and ~2925cm -1 can be attributed to adsorbed acetate groups. A mechanism can be proposed to 

explain the formation of acetaldehyde and acetic acid in the reaction of acetylene with water in the 

presence of O 2 : 

C2H2 + H 2 0 → CH 3 - CH = O 

CH3 - CH=0 +1/2O 2 → CH 3 ­ COOH 



Impurity states in two-dimensional systems 

24 
 

CHAPTER 4. LEAD-BASED GLASS AND GLASS-CERAMICS IMPURIFIED WITH 

IRON OXIDE 

 

4.3. Results and discussions 

4.3.1. XRD diffraction 

The XRD diffraction patterns of the synthesized samples xFe 2 O 3(100-x)[3B2O3 · PbO 2 ] 

with x≤30mol% Fe 2 O 3 shown in Fig. 4.1. do not show distinct diffraction peaks confirming the 

amorphous nature of these samples. In the sample with x =40% Fe203, the XRD patterns reveal 

two large halos with characteristic peaks assigned to the standard data of the rhombohedral 

crystalline phase α- Fe203 

 

Fig.4.1. XRD patterns of the system xFe 2 O 3 · ( 100-x)[3B 2 O 3 · PbO 2 ] 

where x=20-50 mol % Fe 2 O 3 . 

 

 

The sample with x=50mol% Fe 2 O 3 shows a broad peak centered around 2θ =21 0 

overlapping with the characteristic peaks corresponding to the crystalline α- Fe 2 O 3 phase . The 
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presence of diffraction halos in the small angle range shows that the diffraction peak intensities 

characteristic of the crystalline α- Fe 2 O 3 phase are low, suggesting either low crystallinity, low 

crystal size, or the presence of amorphous Fe 2 O 3. Consequently, the small-sized α- Fe 2 O 3 

nanoparticles from the host matrix were successfully synthesized using the melt quenching method 

in the absence of any heat treatment.[80] 

 

4.3.2. FTIR spectroscopy 

Fig. 4.2. illustrates the FTIR spectra of iron-doped lead-borate glasses and glass-ceramics 

in the xFe2O3 system · ( 100 - x ) [ 3B 2 O 3 · PbO2 ] with x= 5-50mol % Fe 2 O 3 In the FTIR 

spectrum of Fe 2 O 3 , the bands located at approximately 470 and 510 cm -1 are assigned to Fe-O 

vibrations. The IR band located at approximately 580 cm-1 is associated with Fe-O vibrations in 

the [FeO 4 ] structural units . 

 

 

Fig.4.2. FTIR spectra of the system xFe 2 O 3 · ( 100-x)[3B 2 O 3 · PbO 2 ] 

where x = 5-50mol% Fe 2 O 3 . 
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4. 3.3. UV-Vis spectroscopy 

 

The UV-VIS absorption data of xFe 2 O 3 ∙( 100-x)[3B 2 O 3 ∙PbO 2 ] glasses and Fe 2 O 3 ∙ 

( 100-x) [3B 2 O 3 ∙PbO 2 ] glass-ceramics with x=5-50mol% Fe 2 O 3 are shown in Fig. 4.3. host. 

Pb +2 with 6s 2 electronic configuration absorbs strongly in the ultraviolet region with an 

absorption band centered at 310 nm due to the parity allowed 6s 2 -6sp transition [90]. 

Iron ions usually exist in glass as both Fe +2 ions in octahedral coordination and Fe +3 ions 

mainly in tetrahedral coordination, but some in an octahedral site. The Fe +2 ions have the 3d6 

electronic configuration with a single allowed spin transition t2g → eg which is assigned to 970nm. 

The Fe +3 ion has the 3d 5 configuration for which no spin-allowed transitions are possible and only 

weak bands can appear at a short wavelength corresponding to only a single spin-forbidden 

transition, such as the 325-520nm and 700nm region [91]. 

 

Fig.4.3. UV-VIS spectra of the system xFe 2 O 3 · ( 100-x)[3B 2 O 3 · PbO 2 ] 

where x = 5-50mol % Fe 2 O 3 
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4. 3.4. Optical gap energy 

The direct and indirect gap energy, E g can be calculated from the curves obtained from the 

UV-VIS absorption spectra, Fig. 4. 4a and 4.4b by plotting (αhν) 1/2 and (αhν) 2 respectively.  versus 

the photon energy, hν and extrapolating the linear part of the curves to meet the hν axis at (αhν) 1/2 

→ 0 and (αhν) 2 → 0, respectively [22]. From Fig. 4.4c, it can be observed that the compositional 

evolution of the gap energy for both direct and indirect transitions decreases with increasing Fe 2 

O 3 content up to 50 mol%. 

 

 

Fig.4.4.a Graphs of the system (αhν ) 1 /2 and b) (αhν) 2 versus hν for 

xFe 2 O 3 · (100-x)[3B 2 O 3 · PbO 2 ] where x=5-50mol% Fe 2 O 3 

 

 

The values for the direct gap energy range gradually from 0.85 to 2.25eV, while for the 

indirect range, the values vary from 1.94 to 2.82eV with increasing content up to 50mol% Fe 2O 3 

suggesting semiconductor behavior. 
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Fig.4.4.b Linear extrapolation of the optical range energy (E g ) of the system 

xFe 2 O 3 · (100-x)[3B 2 O 3 · PbO 2 ] where x=5-50mol% Fe 2 O 3 

 

4.3.5. EPR spectroscopy 

Fe +3 exhibits room temperature EPR resonance lines centered at approximately g~4.3 and 

2. The resonance line located at approximately g~4.3 has been detailed for a variety of strongly 

distorted neighborhoods, such as the rhombic or tetragonal symmetries of isolated Fe +3 ions [89]. 

The signal located at approximately g~4.3 is assigned to Fe +3 as a lattice former, while the 

resonance line centered at approximately g~2 is assigned to octahedral Fe +3 ions as a lattice 

modifier. 

The resonance line located at approximately g~2 has been attributed to Fe +3 ions arranged 

in octahedral symmetry sites, with low crystal fields, or associated in magnetic clusters. Fe +2 

species are also present along with Fe +3 ions, but are EPR silent at room temperature.[95] 

The intensity of the resonance line located at approximately g~2 decreases strongly with 

increasing Fe 2 O 3 content up to 50 mol% Fe 2 O 3 . This decrease is due to the destruction of the 

configuration in the vicinity of the iron ions located in magnetic clusters and/or the conversion of 

Fe +3 to Fe +2 ions. On the other hand, the decrease in the line width with increasing iron oxide 
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content shows that the dipolar interactions between the iron ions responsible for this line decrease. 

In this case, Fe( III) located in an octahedral site surrounded by negatively charged oxygen coming 

from the nearby [PbO4] or/and [BO4] tetrahedral units , in agreement with IR data. 

 

Fig.4.5. EPR spectra of the system xFe 2 O 3 · ( 100-x)[3B 2 O 3 · PbO 2 ] 

where x =5, 10, 20 and 50 mol % Fe 2 O 3 

 

The intensity and width of the resonance line located at about g~4.3 gradually increases 

with the iron(III) oxide content up to 50 mol% Fe 2 O 3 . This structural evolution can be explained 

by considering that Fe( III ) replaces the lead and/or boron atoms covalently bonded to four oxygen 

atoms in a distorted tetrahedron. The [FeO 4 ] tetrahedra require charge compensation as a network 

former, for example, by lead cations disrupting the tetrahedral symmetry. 

Consequently, Fe(III) ions involving randomly distorted units have the ability to impose a 

certain order in its vicinity and to produce the destruction of the configuration in the vicinity of 

iron ions.[97-100] 
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4. 3.6. Acetylene adsorption Molecules on the surface of the samples 

Transition metals, as well as their oxides, sulfides, and carbides, are unique in their ability 

to catalyze chemical reactions, primarily due to the multiplicity of low-energy surface electronic 

states that can readily donate and/or accept electrons in the process of bond formation and bond 

breaking. Transition metal oxides are widely used as catalysts in the petroleum, chemical, and 

environmental industries as heterogeneous catalysts and catalytic supports [90]. 

We  studied  the  adsorption  of  acetylene,  C 2 H 2 on  powder  samples with x = 20 and 40 

mol % Fe 2 O 3 . 

 

 

Fig.4.6.a FTIR spectra of samples with x=20 mol% Fe 2 O 3 and a sample surface in 

contact with C 2 H 2 

 

Fig. 4.6. shows comparative IR spectra of the samples and a surface of the samples in 

contact with C 2 H 2 . A simple inspection of the IR data suggests that the structure of the samples 

was successfully modified by adsorption of C 2 H 2 . The adsorption of acetylene on glass and glass-
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ceramic surfaces demonstrates that these materials have a band edge position suitable for 

photocatalytic reactions of a large number of organic molecules [101-103] 

 

 

 

Fig.4.6.b FTIR spectra of samples with x=40 mol% Fe 2 O 3 and a sample surface in 

contact with C 2 H 2 

 

For the sample with x=20mol% Fe 2 O 3 some changes occur  in  the  FTIR  spectra  after 

C 2 H 2 adsorption . The new IR bands centered at approximately 655, 760, 1385, and 1960 cm -1 

can be attributed to acetylene vibrations [27]. The IR peaks located at approximately 1660 and 

1710 cm -1 are characteristic absorptions of the carbonyl stretch. In the presence of water, some of 

the surface acetylene is converted to acetaldehyde, CH 3 CHO .[80] After C 2 H 2 adsorption , the 

increase in the intensity of the IR bands centered at approximately 1067 and in the region between 

1165 and 1800 cm -1 can be due to acetic acid vibrations [26]. A mechanism for the observed 

products can be proposed as follows: 

C2H2 + H2O → CH3 - CH = O 

CH3 - CH=O + 1/2O 2 → CH 3 - COOH 
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The π system of acetylene can react directly with iron metal, yielding a wide range of 

acetylene complexes. The presence of IR bands located at approximately 470, 668, 1754 and 1976 

cm -1 is attributed to vibrations in the HFe-C≡CH complexes. Then, absorption bands centered at 

approximately 677, 700, 876 and 1540 cm -1 are attributed to vibrations in Fe(CH=CH) [92]. These 

π products are the most common in transition metal reactions. Subsequent rearrangements after 

the initial coordination vary depending on the electron pair acceptor, leading to its characteristic 

products.[104] 

 

4.4. Conclusions 

Glass and glass ceramics of the system, xFe 2 0 3 ( 100-x)[ 3B 2 O 3 · PbO 2 ] were 

synthesized in the interval of composition 5≤x≤50mol % Fe 2 0 3 . XRD analysis reveals that 

increasing the Fe 2 O 3 content above 30 mol% determines the development of the α-Fe 2 O 3 

crystalline phase in the host matrix. 

IR data show that increasing the Fe203 content causes unit conversions structural units 

[BO4 ] → [ BO3 ] and [PbO4 ] →[PbO3 ] . The excess oxygen ions will be accommodated in the 

matrix by forming structural units [FeO n ] with n=4 and 6. 

The broadening of the UV-VIS bands located in the regions between 295 and 1050 nm 

when the concentration of Fe 2 O 3 increases in the lattice matrix by up to 30 mol% suggests their 

applications as solar cells. 

The EPR spectra of Fe +3 ions show two well-defined lines at effective g values of g~4.3 

and g~2.0 which are considered as the signature of their presence in a glass and glass-ceramic host 

matrix. The intensity of the resonance lines depends on the concentration of Fe 2 O 3 in the host 

matrix. 
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CHAPTER 5. PALLADIUM-DOPED LEAD-BASE GLASS AND GLASS-CERAMICS 

 

5.3. Results and discussions  

5.3.1. XRD diffraction 

  

 X-ray diffraction patterns of the system xPd•(100-x) [3B 2 O 3 •PbO 2 ] where x= 20-40% 

mol Pd are shown in Fig. 5.1. They indicate two broad halos characteristic of the amorphous 

structure. 

 Photoemissions from the Pd (3d) ground state have been observed in the X-ray diffraction 

spectrum. Several peaks are found for the immobilized palladium states.[109] 

 

 

 

Fig.5.1 XRD diffractograms of the xPd•(100-x) [3B 2 O 3 •PbO 2 ] system 

where x= 20-40 mol% Pd 
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5.3.2. FTIR spectroscopy 

 Fig.5.2. illustrates the FTIR spectra of lead borate glasses doped with palladium and 

aluminum oxide and glass-ceramics in the system xPd•(100-x) [3B 2 O 3 •PbO 2 ] where x= 5-40% 

mol Pd . 
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Fig. 5.2. FTIR spectra of the system xPd•(100-x) [3B 2 O 3 •PbO 2 ] where x= 5-50% mol Pd 

 

 For the bands in the IR spectrum at x= 5-20% it decreases from 1380 cm -1 to 1066 cm -1 

due to  the  glassy  spectrum of  B 2 O 3 and is  attributed to  the  B-O-B stretching  vibration of the  

[BO 4 ] group. It is observed  that  with  increasing  concentration  this band decreases from 1380  

cm -1 to 1164 cm -1 . 

 The existence of a shoulder at 1625 cm -1 that remains constant is attributed to some 

palladium species: Pd 2 , Pd 3 , Pd 4 , Pd 5 and Pd 6 that remain constant throughout the impurity at 

1623 cm -1 .[62-64] 

 

 

5.3.3. UV-VIS spectroscopy 

The UV-Vis absorption data of glasses with the composition xPd •(100-x)[3B2O 3•PbO 2 ] 

where x= 5-40 mol% Pd are presented in figure 5.3. 

A simple inspection of the spectrum (fig.5.3.) suggests structural changes in the UV-VIS 

bands indicating that the lead ions occupy different local sites in the host matrix. By increasing the 

lead content and up to 20% palladium ions in the host matrix, the absorption band edge gradually 

shifts towards higher wavelengths, then increasing the palladium content implies a decreasing 

trend towards lower wavelengths. 

The most important UV-VIS bands are: the band located between 250 nm and 295 nm 

originating from the host glassy matrix, another band in the ultraviolet region is the one located at 

300 nm and the last wavelength is the one located between 300 nm and 34 0 nm . 
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The intensity of the first UV-VIS absorption band remains almost unchanged by increasing 

the lead content up to 30 mol% Pd, after which it gradually decreases. 

 

 

Fig. 5.3 UV-VIS spectra of the system xPd•(100-x) [3B 2 O 3 •PbO 2 ] where x= 5-40% mol 

Pd 
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5.3.5. Adsorption of acetylene molecules on the surface of samples  

 

The main industrial use of carbide is to obtain acetylene, by reacting it with water 

(carbide = calcium acetylide reacting with water produces acetylene and calcium hydroxide):  

CaC 2 + 2H 2 O →CH ≡CH + Ca(OH) 2 ↓ 

In the presence of palladium Pd or Pd +2, ethene is formed: 

 CH≡CH + H2 →CH2 = CH2 

 

Fig. 5.5.a) FTIR spectra of the xPd•(100-x) [3B 2 O 3 •PbO 2 ] system sample with Pd powder, 

before adsorption 

 

 

Fig. 5.5.b) FTIR spectra of the sample of the system xPd•(100-x) [3B 2 O 3 •PbO 2 ] with Pd 

powder, after adsorption 
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Fig. 5.5.c) FTIR spectra of the xPd•(100-x) [3B 2 O 3 •PbO 2 ] system sample 

with x= 40% mol Pd, after adsorption 

  

 

5.3.6.Molecular modeling 

5.3.6.1.Introduction 

Investigations on the adsorption of ethylene have been carried out on metal surfaces. When 

ethylene is adsorbed on a metal surface, C 2 H 4 undergoes hydrogenation and dehydrogenation 

processes. Ethylene can be molecularly adsorbed on a metal surface in two ways: 

a. π , if ethylene interacts with a single metal atom; 

b. di-σ, if ethylene interacts with two metal atoms. 

In the calculations performed, adsorption verifies the Pauli principle, according to which there 

cannot be two electrons with the same configuration, there being a Coulomb interaction of 

attraction between two electrons, or repulsion between four electrons. 

 We have performed a DFT study of the interaction of ethylene with a palladium surface, 

in which 1-6 Pd atoms are present in the cluster, the two types of adsorption π and di –σ being 

present in the analysis. The activation of the C-H bond of ethylene is analyzed with respect to 
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either one Pd atom or two Pd atoms. A primary aspect of the calculations is the geometric 

optimization of ethylene, C 2 H 4 with respect to the clusters, Pd n . The advantage is that the 

interaction between ethylene and the cluster can be highlighted by calculations, which describe the 

molecular properties of the cluster, the adsorption and the activation of the C-H bond by one or 

more palladium atoms. 

  

5.3.6.2. Calculation method 

The DFT (Density Functional Theory) method is used to determine the geometries of 

adsorption energies and transition states for C 2 H 4 – Pd n systems , with n=1-6 palladium atoms. 

The Gaussian program, applied at Babeş-Bolyai University, Cluj-Napoca, Faculty of Physics, has 

the possibility of representing molecular orbitals resulting from linear combinations of Slater 

orbital types and solving the Khon-Sham equation. [116] 

The adsorption energies were calculated with the expression: 

E ads = 𝐸𝐶2 𝐻4 /𝑃𝑑𝑛
− (𝐸𝑃𝑑𝑛 

− 𝐸𝐶2 𝐻4
) 

where E Pdn – is the energy of the cluster Pd n and 𝐸𝐶2 𝐻4
 the energy of ethylene, and 𝐸𝐶2 𝐻4 /𝑃𝑑𝑛

the 

total energy of the impurity cluster of the adsorbent system. The system will be stable if the 

adsorption energy E ads it is negative. 

 

5.3.6.3. Clusters Pd n , n= 1-6 

3.a. For  a  single  palladium  atom,  the  degeneracy  between  the  lowest  series  of  the 

palladium atom, from the d 9 to →d 10 level, was calculated to be 26 kmol/mol. 

3.b. For two palladium atoms the calculations to determine the singlet and triplet states for 

the two palladium atoms are slightly different. In the singlet case, with the Pd-Pd atom distance of 

2.74 Å, the binding energy is -25 kmol/mol, at the vibration frequency of 187 cm -1 , and for the 

triplet, with the Pd-Pd atom distance of 2.56 Å, the binding energy is -29 kmol/mol, at the vibration 

frequency of 213 cm -1 . The triplet state is more stable by 4 kmol/mol , the Pd-Pd bond length is 

shorter and the vibration frequency is higher. 

3.c. For n=3 , Pd 3 the triangular geometry D 3h is more stable than the linear one 𝐷∞ℎ. 

Small cluster analysis shows that compact structures are more stable than open structures, so that 
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triplet spin states are more stable than singlet spin states. Cluster geometries depend on the cluster 

size and on structure determinations obtained by different methods. 

3.d . For n=4, Pd 4 these clusters present spin and triplet ground states. The strength of the 

Pd-Pd bond decreases with cluster size. The energy band calculation for the Pd structure is 0.37 

electrons per s orbital and 9.63 electrons per d orbital. The Mulliken populations show a decrease 

in electrons from the s shell to the d shell. 

3.e . In the Pd(C 2 H 4 ) cluster, electron donation and acceptance processes occur due to 

the interaction of ethylene with the transition metal. Donation involves a transfer of electrons from 

the 𝜋ethylene orbital to the unoccupied metal orbitals, while electron acceptance populates the 

ethylene π orbital with electrons from the unoccupied metal orbital. Both electron donation and 

acceptance are attractive interactions. The Pauli-type repulsion is due to the interaction between 

the occupied orbitals of ethylene and the transition metal. The first consequence of the donation 

and acceptance processes is the weakening of the CC bond. The CC bond length increases from 

1.34 Å in the gas phase to 1.4 Å in the complex.[117] 

The formation of Pd-C bonds produces a small hybridization of the carbon atom from sp 2 

to sp 3 . The dihedral angle between the HCC and the CC-Pd plane increases from 90 ͦ to 98 ͦ . For 

complete sp 3 hybridization this angle must be 120 ͦ . The ground state of the complex is singlet 

with a binding energy of -39 kcal/mol. For ethylene the total charge transfer is an acceptance of 

0.07 electrons, and the donation to the metal is less than 0.01 electrons. [118] 

  

 

Fig. 5.3.7 Different transition states for CH bond activation for Pd 2 a )end -on b)side –on 

perpendicular c)side-on parallel 

Indeed, the Pd -C 2 H 4 – π complex is more stable at -39 kcal/mol than the free molecules 

in the ground states, while Pd 2 - C 2 H 4 –π is more stable at -23 kcal/mol. Three transition states 

were investigated (Fig.5.3.7). In the end-on approach, the Pd-Pd axis is perpendicular to the CH 
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bond and only one Pd atom is involved in the interaction. The other Pd atom is kept at a distance 

from the ethylene. 

 

5.3.6.5. Adsorption of ethylene on Pd clusters (n=3-6) 

 

 Ethylene adsorption on Pd n clusters (n=3-6) was studied for the two adsorption modes π 

and di-σ. It was surprisingly found that the structure of the cluster associated with the di-σ 

adsorption mode changes. For Pd n clusters (n=3-6), the bond between the two Pd atoms involved 

in the absorption is broken, fig. 5.3.8. Ethylene induces a reconstruction of the cluster: from the 

triangle to the linear Pd 3 structure and from the tetrahedron to the planar Pd 1 structure . Similar 

effects were suggested by Panks and others for the adsorption of H 2 on metal surfaces[116-120] 

 

      

Fig. 5.3.8. Distorted clusters Pd4 (a), Pd5(b), Pd6(c) in di-σ-type adsorption of ethylene 

 

In fig. 5.3.8. it is observed that the Pd-Pd distance decreases with the cluster size. 

Therefore, this effect of decreasing the distance between the Pd atoms will correspond to a total 

relaxation of the surface. The structural effect associated with the π adsorption mode is smaller 

and determines an increase in the bond length between the atom involved in the adsorption and the 

nearest neighbor. In the case of adsorption on a transition metal surface there is a tendency for the 

metal atoms involved in the adsorption to be pushed out of the surface. 

 

For the distortion of adsorbed ethylene we found the same orientation as for the dimer, but 

a higher distortion, of the rehybridization type for the di-σ adsorption mode. The CC bond length 

is longer and is of the di-σ type. Tab.5.3.10 presents the spin state of the complexes, C 2 H 2 Pd n . 

In di-σ adsorption, the reaction between ethylene and the cluster can be described as an additive 
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oxidation reaction in which the π bond of ethylene is broken and σ bonds between two Pd atoms 

and the carbon atom are formed. Therefore, the di-σ complexes are of the singlet type except for 

the C 2 H 2 Pd 6 complex where the ethylene distortion is lower. The ethylene distortion is lower in 

π adsorption, where the cluster spin is not perturbed. 

 

 

Fig.5.3.9 Ethylene π and di –σ adsorption energy for clusters, C 2 H 2 Pd n 

 

   

 

                 

 

Fig.5.3.10. Energy surfaces, HOMO type for C 2 H 2 Pd n clusters , n=1-6 
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CHAPTER 6. LEAD-BASE GLASS AND GLASS-CERAMICS DOPED WITH 

ALUMINUM OXIDE AND PALLADIUM 

 

6.3. Results and discussions 

 6.3.1. XRD diffraction 

 X-ray scattering diffractograms of the system xPd_Al 2 O 3 •(100-x) [3B 2 O 3 •PbO 2 ] 

where x= 30-50% mol Al 2 O 3 are shown in Fig.6.1. indicate two broad halos characteristic of the 

amorphous structure. The X-ray diffraction patterns show the same symmetry of the initial lattice. 

When palladium is doped in the porous glass, the peaks are placed at greater distances. 

 The oxidation of palladium causes the shift of the X-ray lines, Kα1 - shifts observed in 

the samples with x= 30% and x=50%. One cause would be the effect produced by the simultaneous 

involvement of the 4d and 5s electrons in the chemical bond. 

 Since the energy of the X-ray line is the difference in energies of the corresponding levels 

E(Kα1)=E(1s)-E(2p 5/2 ). In Fig. 6.1 it is found that the displacement of the X-ray produces changes 

in the internal electronic energy levels. 

 

 

Fig.6.1 XRD diffractograms of the system xPd_Al 2 O 3 •(100-x) [3B 2 O 3 •PbO 2 ] 

where x= 30-50 mol% Al 2 O 3 
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In tab. 6.1. d - the distance between the planes of the system network was calculated xPd_Al 2 O 3 

•(100-x) [3B 2 O 3 •PbO 2 ] where x= 30% mol Al 2 O 3 using the Origin 2025 program, by the 

interpolation method, using the Braag diffraction law, where n=1 and ƛ =1.504 Å: 

 

6.3.2. FTIR spectroscopy 

 

 Fig.6.2. illustrates the FTIR spectra of lead borate glasses doped with palladium and 

aluminum oxide and glass-ceramics in the system xPd_Al 2 O 3 •(100-x) [3B 2 O 3 •PbO 2 ] where 

x= 5-50% mol Al 2 O 3 . 

  

 

 

Fig. 6.2 FTIR spectra of the system xPd_Al 2 O 3 •(100-x) [3B 2 O 3 •PbO 2 ] 

where x= 5-50% mol Al 2 O 3 

 



Impurity states in two-dimensional systems 

45 
 

 

For the spectra with x=5-50% a band at 1050 cm -1 is observed which is attributed to the 

stretching vibration of the BO bond in the groups in which the B atom is tetra-coordinated. For 

x=50% the band at 1050 cm -1 shifts to 1150 cm -1 , a shift due to the influence of aluminum on the 

BO bond in the [BO 4 ] units. 

 

 For the spectra with x = 10%  a band is  observed  at 1200 cm -1 , in  the  spectrum  with  

x= 30% it moves to 1255 cm -1 presenting a shoulder at 1205 cm -1 . This band appears in the 

vitreous B 2 O 3 spectrum at 1225 cm -1 and is attributed to the stretching vibration of the B-O-B 

bond in groups in which boron is tri-coordinated, [BO 3 ]. For aluminum concentration x= 50% the 

intensity of the band at 1220 cm -1 is higher than that at x=30%, so at high concentrations of 

aluminum oxide tri-coordinated boron atoms predominate, [BO 3 ]. 

Samples doped with alumina with a concentration of x=5-40% produce large changes 

present in the graphs. For example, the band at 1555 cm -1 disappears, which proves the absence 

of the Al-OH bond. 

The low-energy bands shift to high-energy ones: 892, 622 and 490 cm -1 , this shift being produced 

by a strong Al-O bond corresponding to high stability, when the glasses are doped with 

aluminum.[123] 

 

  

6.3.3. UV-Vis spectroscopy 

  

 UV-Vis absorption data of glasses with the composition xPd_Al 2 O 3 •(100-x) [3B 2 O 3 

•PbO 2 ] where x= 5-50% mol Al 2 O 3 are shown in Figure 6.4. The band located at ~300 nm is 

attributed to Pb +2 ions . 

By increasing the palladium ion content up to 30 mol%, the intensity of this band increases. 

 With the increase of the aluminum oxide content in the host matrix, a gradual shift of the 

UV-VIS absorption bands located in the region between 340 nm and 450 nm towards longer 

wavelengths is observed, suggesting an increase in the number of unbound oxygen atoms in the 

host matrix. A possible explanation for this behavior is that lead ions are incorporated into the host 

matrix structure as network formers through the [PbO 4 ] and [PbO 3 ] structural units. Then, by 
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increasing the high concentrations of aluminum oxide, they behave as network modifiers and as a 

result, the network continuity is interrupted and a large number of unbound oxygen atoms are 

formed. 

  

 

Fig. 6.3 UV-VIS spectra of the system xPd_Al 2 O 3 •(100-x) [3B 2 O 3 •PbO 2 ] 

where x= 5-50% mol Al 2 O 3 
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CHAPTER 7. GENERAL CONCLUSIONS 

 

          The bottles of nickel-lead-borate and glass-ceramics with the composition xNi 2 0 3 (100-x ) 

[ 3B 2 O 3 · PbO 2 ] in which x=0-50 mol% Ni 2 0 3 were synthesized by the melt quenching method. 

The obtained samples were investigated by XRD, FTIR, UV-Vis and EPR spectroscopy and 

magnetic susceptibility measurements. 

IR analysis indicates the gradual transformation of nickel ions from tetrahedral to 

octahedral sites  and the  formation of  orthoborate  structural units by  increasing the  content  of 

Ni 2 O 3 of the samples. 

UV-VIS optical absorption spectra of nickel-lead-borate systems reveal broad and strong 

bands due to nickel ions in the range of 375 - 1000 nm . The changes in the optical gap energy 

value with increasing Ni 2 O 3 content can be understood from the point of view of the structural 

changes that occur in the glasses and glass-ceramics studied. 

The EPR spectra obtained for nickel-lead-borate glass/glass-ceramics show two broad 

resonance lines, one located at g≈2.21 due to Ni 2+ ions, the other located at g≈8 due to blocked 

nickel clusters. Their intensity and line width depend on the Ni 2 O 3 content of the samples. The 

intensity of the resonance lines decreases with decreasing temperature. 

The effective magnetic moments of the nickel-lead-borate glasses were found to be in the 

range between 3.27 and 3.44 B. The large value of the magnetic moment of the x=30% Ni 2 O 3 

sample, eff = 4.32 B , suggests the presence of a strong antiferromagnetic interactions in the host 

lattice due to the formation of crystalline NiO and Ni 6 B 2 O 6 phases . EPR and magnetic 

susceptibility data suggest a superparamagnetic behavior of nickel-lead-borate glass-ceramics with 

x ≥ 30 mol% Ni 2 O 3 . 

Glasses and glass-ceramics of the system xFe203 · ( 100-x)[ 3B 2 O 3 · PbO 2 ] were 

synthesized in composition range 5≤x≤50mol % Fe 2 0 3 . XRD analysis reveals that increasing the 

Fe 2 O 3 content above 30 mol% determines the development of the α-Fe 2 O 3 crystalline phase in 

the host matrix. 
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