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2.1. INTRODUCTION 

This chapter explains the detailed description of  the experimental techniques used in 

the present thesis such as preparation of glasses, measurement of Physical properties, 

X-ray diffraction (XRD), Fourier transform infrared (FT-IR), optical absorption, 

photoluminescence and decay measurements of  Dy
3+

, Sm
3+

, Eu
3+

, Tb
3+

 and Er
3+

 ions 

doped in Zinc Alumino Bismuth Borate (ZnAlBiB) glasses. Selection of glass 

composition for the study is a prime task because the optical properties of glass 

depend on the glass structure, glass composition, optical quality, thermo-optical and 

thermo-mechanical properties and chemical durability. The knowledge of energy level 

positions and spectral intensities helps to understand the spectral properties of rare 

earth ions in any host. These optical properties will provide the information to 

estimate/understand/predict the lanthanide-ligand-radiation, ion-ion and ion-host 

interaction mechanisms. 

2.2. GLASS PREPARATION  

The oldest established method of producing an amorphous solid is to cool the molten 

form of the material as quick as possible. The distinguishing feature of the melt 

quenching process of producing amorphous material is that the amorphous solid is 

formed by the continuous hardening (i.e. increase in viscosity) of the melt. After 

number of trails, the author prepared Zinc Alumino Bismuth Borate Rare Earth doped 

glasses with different concentrations of RE
3+

 ions (RE = Dy, Sm, Eu, Tb and Er), with 

the chemical composition (in mol %) given below. 

20ZnO - 8Al2O3 - (12-x) Bi2O3 - 60B2O3 – x Dy2O3,       x = 0.5, 1.0, 1.5, 2.0, 2.5    

20ZnO - 10Al2O3 - (10-x) Bi2O3 - 60 B2O3 - x Sm2O3, x = 0.1, 0.5, 1.0, 1.5, 2.0, 2.5  

20ZnO - 8Al2O3 - (12-x) Bi2O3 - 60B2O3-x Eu2O3,         x= 0.1, 0.5, 1.0, 2.0, 2.5 

20ZnO - 10Al2O3 - (10-x) Bi2O3-60 B2O3 - xTb2O3,      x=0.1, 0.5, 1.0, 1.5, 2.0, 2.5, 3  

20ZnO -10Al2O3 - (10-x) Bi2O3 - 60 B2O3 - x Er2O3,     x=0.1, 0.5, 1.0, 2.0. 

Analytical reagents of ZnO, Al2O3, Bi2O3, B2O3, Dy2O3, Sm2O3, Eu2O3,Tb2O3 

and Er2O3 were used as starting materials for the preparation of the glass systems. 

After being well grounded in an agate mortar with a pestle, fully mixed reagents of 
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about 10g batches were taken in a crucible and were kept in an electric furnace at a 

temperature of 1200
o
C for (30min-1Hr). The melt was stirred for homogeneous 

mixing of all the constituents. When the melting process was completed, then the 

liquid was air quenched in between two brass plates. The clear, bubble free glasses so 

prepared were annealed at 400
0
C for (1Hr-2Hrs)in order to make them free from 

thermal strains produced inside the glasses during the quenching process. Finally, the 

annealed glass samples were cut and polished with different grades of emery powder, 

for measuring physical and optical properties. 

2.3. PHYSICAL PROPERTIES 

       Certain physical parameters such as thickness, refractive index, density of glass 

and concentration of RE
3+

 ions are essential for the spectroscopic investigations of the 

prepared glasses doped with rare earth ions. These parameters are useful for the 

determination of experimental oscillator strengths ( expf ) which are the measure of 

absorption band intensities of different RE
3+

 ions in any matrix. 

2.3.1. Thickness (l) 

       The thickness (l) for RE
3+

ions doped titled glasses were measured using a screw 

gauge having least count value of ±0.01mm.  

 2.3.2. Refractive index (n) 

     The refractive indices (n) of titled glasses were measured with Brewster's angle 

method using He–Ne laser (650 nm line) with an accuracy ±0.01. 

2.3.3. Density (d)  

      High sensitivity single pan electrical balance with an accuracy of ±0.0001g was 

used to determine the densities (d) of titled glasses by using the Archimedes’ 

principle. Water was used as an immersion liquid for the determination of loss of 

weight of the glass. The densities were calculated using the formula 

    
  

     
                                                     (2.1) 
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Where 1w is the weight of the glass in air, 2w is the weight of the glass in water and 

    density of water, 1.00 g/cc. 

2.3.4. RE
3+

 ion concentration (N) 

The RE
3+

 ion concentrations (N) (mole liter
-1

) were determined with the help 

of the following formula. 

1000
MW

d

m

m
N

tot

re            (2.2) 

Where rem   is the rare earth salt mass, totm  is the total mass of the composition, d  is 

the density of the glass and MW  is the molecular weight of the rare earth salt. The 

concentration determined in mole litre
-1

 can be converted into ions cm
-3

 by 

multiplying with the Avogadro’s number (NA). The values of densities, refractive 

indices and concentrations of RE
3+

 ions doped glasses that are investigated are 

collected in Table 2.1.  

Table 2.1. Certain physical properties of RE
3+

 ions - doped ZnAlBiB glasses 

Glass systems 
Thickness (l) 

(cm) 

Density (d)  

(g/cm
3
) 

 

Refractive 

index (n) 

Concentration 

(N) (mol/lit) 

Dy
3+ 

doped ZnAlBiB glasses 

ZnAlBiBDy05 0.153 4.030 1.800 0.046 

ZnAlBiBDy10 0.152 4.020 1.800 0.092 

ZnAlBiBDy15 0.152 4.020 1.800 0.138 

ZnAlBiBDy20 0.153 4.010 1.800 0.184 

ZnAlBiBDy25 0.152 4.010 1.800 0.231 

Sm
3+ 

doped ZnAlBiB glasses 

ZnAlBiBSm01 0.153 3.935 1.798 0.034 

ZnAlBiBSm05 0.153 3.935 1.800 0.172 

ZnAlBiBSm10 0.153 3.924 1.802 0.228 
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ZnAlBiBSm15 0.153 3.917 1.804 0.519  

ZnAlBiBSm20 0.153 3.911 1.807 0.695 

ZnAlBiBSm25 0.153 3.904 1.809 0.872 

Eu
3+ 

doped ZnAlBiB glasses 

ZnAlBiBEu01 0.151 4.034 1.798 0.033 

ZnAlBiBEu05 0.151 4.028 1.80 0.166 

ZnAlBiBEu10 0.151 4.020 1.802 0.332 

ZnAlBiBEu20 0.151 4.000 1.804 0.667 

ZnAlBiBEu25 0.151 3.998 1.807 0.791 

Tb
3+ 

doped ZnAlBiB glasses 

ZnAlBiBTb01 0.150 3.932 1.799 0.034 

ZnAlBiBTb05 0.150 3.914 1.797 0.171 

ZnAlBiBTb10  0.150 3.891 1.795 0.341 

ZnAlBiBTb15  0.150 3.868 1.793 0.511 

ZnAlBiBTb20  0.150 3.846 1.791 0.680 

ZnAlBiBTb25  0.150 3.823 1.699 0.849 

ZnAlBiBTb30 0.150 3.813 1.697 0.924 

Er
3+ 

doped ZnAlBiB glasses 

ZnAlBiBEr01 0.152 3.906 1.821 0.034 

ZnAlBiBEr05 0.152 3.905 1.819 0.170 

ZnAlBiBEr10 0.152 3.904 1.816 0.342 

ZnAlBiBEr20 0.152 3.901 1.811 0.689 
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From the evaluation of refractive index (n), density (d), rare earth ion concentration 

(N), the following various other physical properties were measured using the relavent 

expressions collected from literature [122 - 129]. 

Polaron radius  rp (Å) = 
 

  
 

  
 
 
 

                                                    (2.3) 

Inter nuclear distance,         
 

 
 
 

                (2.4) 

Field Strength, F (cm
2
) =

 

   
                                                   (2.5) 

Where Z is the charge of ion; Z=3e; e is the electron charge. 

Reflection loss     [
     

     
]
 

                                              (2.6) 

Dielectric constant (ε) =                                                   (2.7) 

Molar Refractivity     [
      

      
]
 

 
                                        (2.8) 

Where   is the average molecular weight. 

Optical dielectric constant 
   

  
   ε                                     (2.9) 

Molecular electronic polarizability factor   
 

  
 

 

[
      

      
]                   (2.10) 

Optical basicity      ∑
    

   
                                                                   (2.11) 

Where Zi  is the total oxidation number of the cation i, ri is the ratio of the cation i with 

respect  to the total number of oxides and υi is the basicity moderating parameter. The 

value of υi for the cation is 1.36 (           where    is the Pauling electronegativity. 

2.4. GLASSY NATURE 

                  In order to check the amorphous nature of the prepared glasses, the XRD spectral 

measurement were taken up for an undoped ZnAlBiB glass using XPERT-PRO 

diffractometer with Cu-Kα1 radiation (           ) in the 2θ angle range 5° - 70° 
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with a step size 0.02° s
-1

 and is shown in Figure 2.1. The XRD spectrum shows a 

broad hump which is continuous in appearance. It is well known that, an amorphous 

material with short range order will always give a featureless broad hump. Hence the 

prepared ZnAlBiB glasses have amorphous nature. 

 

Figure 2.1. XRD pattern of ZnAlBiB glass. 

2.5. FT-IR ANALYSIS 

Fourier transform infrared (FT-IR) technique was used to identify different molecular 

bonds present in ZnAlBiB glasses. The FT-IR spectrum for 1 mol% of Sm
3+

 ions 

doped ZnAlBiB glass has been recorded with a spectral resolution of 4 cm
-1

 using 

Perkin-Elmer Spectrum II FT-IR spectrophotometer in the wave number range 500-

4000 cm
-1

 following KBr Pellet technique to identify the presence of functional 

groups and is shown in Figure 2.2. 
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Figure 2.2. FT-IR spectrum of 1 mol% Sm
3+

 ions doped ZnAlBiB glass 

(ZnAlBiBSm10). 

The FT-IR spectral vibrations in the present glass are categorized into five well 

defined infrared active modes observed around 3438, 2925, 1384, 1020 and 672 cm
-1

. 

The broad bands are due to various combinations of high degeneracy vibrational 

states, thermal broadening of the lattice dispersion and mechanical scattering of 

samples [130]. The conventional broad band observed at 3438 cm
-1

 is due to the 

hydroxyl groups of O-H stretching vibrations. A band observed around 2925 cm
-1

 is 

an indication of the existence of hydrogen bonding. An absorption band at 1384cm
-1

is 

attributed to the B-O stretching vibrations of various network containing planar six 

membered borate groups in BO3 units [131]. The peak position around 1020 cm
-1

 

confirms the stretching vibration of BO4 groups in diborate group [132] and broad 

band at 672 cm
-1

 is due to the oxygen bridges between two trigonal boron atoms and 

are attributed to B-O-B bending vibrations [133]. These FT-IR spectroscopic analysis 

results are comparable to other samarium doped alkali/alkaline earth metal oxides 
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[134]. It is well known that, the OH‾content present in glasses can be estimated 

through FT-IR spectral measurements. Estimation of OH‾content is important as it 

can increase the non-radiative decay losses and decrease the quantum efficiency of the 

prepared glasses. The low intensity of OH‾ band observed at 2925 cm
-1

 indicates that 

the present glasses possess low OH‾ content. The OH‾ content in a glassy materials 

can be estimated using the equation    
   

  
  

 

 
, where    is the highest transmission, 

   is the transmission of the glass at 3000 cm
-1

 and   is the glass sample’s thickness 

[135]. The OH‾ content estimated for the titled glass is 65.20ppm which is lower than 

the LBTAF (120.00ppm) [136], GeS2 (175.5ppm) [137] and LHG-8L (128ppm) 

glasses [138]. 

2.6. OPTICAL ABSORPTION SPECTRA 

The optical absorption spectra of the glasses prepared in the present work were 

recorded at room temperature in the spectral wavelength range covering 300– 2700 

nm with a spectral resolution of 0.1 nm using JASCO Model V–670 UV-vis-NIR 

spectrophotometer(Figure 2.3). A schematic diagram of the optical spectrophotometer 

arrangement in the equipment is shown in Figure 2.4 [139]. The light beam emitted 

from the light source is reflected by the mirror M1 and directed into the 

monochromator. Deuterium lamp D2 is used as a light source from 200 nm to light 

source switching wavelength (whose initial value is 350.5 nm) and halogen lamp WS 

from light source switching wavelength 1100 nm, which are interchanged 

automatically according to the wavelength range. The light beam coming from the 

monochromator is passed through the stray-light cut off filter F, reflected by mirror 

M2 and then split by the half mirror into the sample and reference beams. Each beam 

passes through the respective cell to photo diode detector. Figure 2.5 shows the 

electrical system. In the electrical system of the spectrophotometer, the main control 

element is a microcomputer CPU which controls the light source lighting, light source 

switching, filter switching, wavelength scan, CRT display, keyboard and printer. 

The sample and the reference beams are detected by photodiode detectors. These 

beams are then logarithmically converted and their difference is obtained by a 

differential amplifier. Some amount of the signal is then added so that the signal zero 

and level zero may correspond to Absolute zero. The signal passes through the 



 

64 
 

amplifiers 1 and 2. Amplifier 1 serves to finely adjust the signal level and amplifier 2 

serves to apply a GAIN up to 10-fold to the signal. Then, after A/D-converter the 

signal is read by the CPU. The resolving power of the instrument is 0.1nm. 

 

Figure 2.3. Photograph ofJasco Model V-670 UV-vis-NIR spectrophotometer.

 

 

Figure 2.4. Schematic diagram of the optical system of the spectrophotometer. 
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Figure 2.5. Schematic diagram of electrical system of the spectrophotometer. 

 

2.7. EMISSION MEASUREMENTS AND DECAY MEASUREMENTS 

2.7.1 (a) . Horiba Jobin-Yvon fluorolog-3 spectrofluorimeter 

The emission, excitation and decay measurements of Dy
3+ 

ions doped 

ZnAlBiB glass samples were recorded on a Horiba Jobin-Yvon Fluorolog-3 

spectrofluorimeter [140] with Xe continuous (450W) and pulsed (35W) lamps as 

excitation sources. The photograph of the instrument Horiba Jobin-Yvon Fluorolog-3 

spectrofluorimeter and its optical layout are shown in Figure 2.6& Figure 

2.7respectively. The beam of light emitted by Xe-source is being filtered by excitation 

monochromator that allows a single wavelength of light to reach the sample. In the 

sample compartment, the sample responds to the incoming radiation. The resulting 

radiation is filtered by an emission monochromator that feeds the signal to a 

photomultiplier detector. 
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Figure 2.6.  Photograph of Horiba Jobin-Yvon flouorolog-3 Spectrofluorimeter 

 

 

 

 

 

 

 

 

Figure 2.7.  Optical layout of Horiba Jobin-Yvon Fluorolog-3 spectrofluorimeter. 

The  fluorescence  decay  curves  that  gives  the information about the lifetime of 

excited states of RE
3+

 ions in any host composition can be obtained by controlling the 

emission wavelength upon the given excitation wavelengths. The lifetime of the 

excited level can be simply determined by finding the first e-folding times of the 

decay curve. 
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2.7.1 (b). Schimadzu RF-5301 PC type spectrofluorophotometer 

The emission, excitation and decay measurements of Sm
3+

 , Eu
3+

 , Tb
3+

  and Er
3+

 ions 

in ZnAlBiB glass samples were recorded on a Schimadzu RF-5301 PC 

Spectrofluorophotometer (Figure 2.8). Using 410 nm CW laser as an excitation 

source, the time-resolved photoluminescence (PL) measurements were carried out 

using a home-built setup. The emission from sample was coupled into a 

monochromator (ActonSP2300) coupled to CCD (charge coupled detector) through 

the appropriate lenses and filters. For time-resolved PL measurements, a frequency 

generator (5Hz),lock-in amplifier, digital storage oscilloscope and a monochromator 

(ActonSP2300) (Figure 2.9) coupled to a photomultiplier tube (PMT) were employed. 

A laser scanning confocal microscope (Olympus, BX51) equipped with XY-piezo 

stage and excited with 410 CW laser was used to record PL images given by the 

ZnAlBiB glasses (Figure 2.10 & Figure 2.11).  

 

 

Figure  2.8. Photograph of Schimadzu RF-5301 PC Spectrofluorophotometer. 

 

 


