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2.1. Introduction  

This chapter explains the experimental techniques used in the present thesis such as 

preparation of glasses, X-ray diffraction (XRD), Fourier transform infrared (FT-IR), 

optical absorption, photoluminescence and decay measurements of Nd3+, Pr3+, Ho3+ 

doped Zinc Alumino Bismuth Borate (hereafter, ZnAlBiB) glasses and Dy3+, Sm3+ ions 

doped in Oxy-fluoroborate (hereafter, OFB) glasses. Selection of a glass composition for 

the study is an important task because the optical properties of glass depends on the glass 

structure, glass composition, optical quality, thermo-optical and thermo-mechanical 

properties and chemical durability. The knowledge pertaining to energy level positions 

and spectral intensities helps to identify the spectral properties of rare earth ions in any 

host. These optical properties will give the information to understand the different 

mechanisms which occurred due to lanthanide-ligand-radiation, ion-ion and ion-host 

interactions. 

2.2. Glass preparation  

The glasses used in the present thesis work were prepared by the conventional melt 

quenching technique. In this method amorphous solid is obtained by the continuous 

hardening of the melt. After a number of trails, the author prepared Zinc Alumino 

Bismuth Borate (ZnAlBiB) glasses doped with different concentrations of Nd3+, Pr3+ and 

Ho3+ ions and Oxy-Fluoroborate (OFB) glasses doped with different concentrations of Dy3+ 

and Sm3+ ions with the following molar compositions  

20 ZnO + 10 Al2O3 + (10-x) Bi2O3 + 60 B2O3 + x Nd2O3 

 (Where x=0.5, 1.0, 1.5, 2.0 and 2.5 mol %) 

20 ZnO + 10 Al2O3 + (10-x) Bi2O3 + 60 B2O3 + x Pr2O3      

(Where x=0.1, 0.3, 0.5, 1.0 and 2.0 mol %) 

20 ZnO + 10 Al2O3 + (10-x) Bi2O3 + 60 B2O3 + x Ho2O3  

(Where x=0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 mol %) 

15 ZnO + (5-x) Al2O3 + 10 BaF2 +10 CaF2 + 60 B2O3 + x Dy2O3  

(Where x=0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 mol %) 

15 ZnO + (5-x) Al2O3 +10 BaF2 + 10 CaF2 + 60 B2O3 + x Sm2O3  

(Where x=0.1, 0.5, 1.0, 1.5, 2.0 and 2.5 mol %) 
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Analar reagent grade chemicals such as ZnO, Al2O3, Bi2O3, BaF2, CaF2, B2O3, Nd2O3, 

Pr2O3, Ho2O3, Dy2O3 and   Sm2O3 were used as starting materials to prepare these glasses. 

For the sake of simplicity, these glasses are designated according to the doped rare earth ions 

Nd3+, Pr3+, Ho+, Nd3+, Dy3+ and Sm3+ as ZnAlBiBNd, ZnAlBiBPr, ZnAlBiBHo, OFBDy and 

OFBSm respectively. The chemicals used for the preparation of the glass samples were 

analar in grade with high purity. About 8g of the batches of composition were taken and 

grounded thoroughly in an agate mortar to obtain homogenous mixture. The 

homogeneous mixture was then taken into an alumina crucible and heated at 1200oC in 

an electrical furnace for 30-60 min until the homogeneous melt was obtained. This melt 

was then poured quickly on a pre-heated brass mould and pressed quickly with another 

brass mould to obtain circular shaped glass samples with uniform thickness. The glass 

samples thus prepared were annealed at 400°C for 1-4 hr in order to make them free from 

thermal strains.  

2.3. Physical parameters  

Certain physical parameters such as thickness, refractive index, density and concentration 

of RE3+ ions are essential for the spectroscopic investigations. These parameters are 

useful for the determination of experimental oscillator strengths (fexp) which are the 

measure of absorption band intensities of different RE3+ ions in any matrix.  

2.3.1. Thickness (l)  

The thickness (l) for all the glasses doped with rare earth ions were measured using a 

screw gauge of least count 0.01mm. All the glass samples prepared for the thesis work 

are having a uniform thickness of 1.5±0.01 mm. 

 2.3.2. Refractive index (nd)  

The refractive indices (nd) of all the glasses used in the present investigation were 

measured with Brewster’s angle method using He-Ne laser (632.8 nm line). The 

refractive indices for all the systems are given in Table 2.1. 
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2.3.3. Density (d)  

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

determine the densities (d) of the glasses used in the present investigation by using the 

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

weight loss of the glass. The densities were calculated using the formula and are given in 

Table 2.1.  

d = ��
�����

                                                                                                                      (2.1) 

Here is the W1 weight of the glass in air, W2	is the weight of the glass in water. From the 

estimated values of density and refractive index, various other physical parameters were 

measured by using the relevant expressions given in Ref. [1] and are given in their 

respective chapters. 

2.3.4. Rare earth (RE
3+

) ion concentration (C)  

The RE3+ ion concentrations (C) (mole liter-1) were determined with the help of the 

following formula. [82] 

C = ��
����

× �
�� × 100                                                                                                     (2.2) 

Here MRE	is the rare earth salt mass, Mtot	is the total weight of the chemical 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 (N).  

From the experimentally measured densities and refractive indices, different 

physical properties such as Average molecular weight, (M	���)(g), Molar Volume (Vm) 

(cm3/mol), Mean atomic volume (g/cm3/atom), Dielectric constant (ϵ), Optical dielectric 

constant (ϵ − 1 = P � 
�!), Reflection losses (R %), Molar refraction (Rm) (cm-3), Polaron 

radius (rp) (Å), Interionic distance (ri) (Å), Molecular electronic polarizability (α) (10-
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23cm3), Field strength (F) (1015cm-2) and Optical basicity (ᴧ # ) of ZnAlBiB & OFB 

glasses have been evaluated by using the following relevant equations [82]. 

Polaron radius,	r% = 	 &
'() *+, -�//                                                                                      (2.3) 

Interionic distance, r0 =	1&
+2

&/3
                                                                                     (2.4) 

Field strength, F	 = 5
67�                                                                                                   (2.5) 

The reflection loss from the glass surface was computed from the refractive index by 

using Fresnel’s formula [82] 

R = 89:�&
9:;&<

'
                                                                                                                    (2.6) 

The dielectric constant was calculated from the refractive index of the glass using the 

following expression [82] 

ϵ = n�'                     (2.7) 

The molar refractivity (RM) for each glass was calculated from the following relationship 

[82] 

R� = 8(9:��&-
(9:�;&)<

' �>
�                      (2.8) 

Here n�  is the refractive index of the glass at 589.3nm, M>  is the average molecular 

weight of the glass and d is the density of the glass. 

The optical dielectric constant 1ϵ − 1 = P � 
�!2  was calculated from the measured 

refractive index at 589.3 nm using the following expression [82] 

P � 
�! = 	ϵ − 1 = n�' − 1          (2.9) 

Here ϵ	is the dielectric constant. 

The molecular electronic polarizability factor (α) was determined using the formula [82] 

α = &
(@AB

/ )
89:��&
9:�;&<                   (2.10) 

Here n� is the refractive index and N is the rare earth ion concentration. Refractive index 

is a critical parameter in the control of mode profile and can affect the performance of an 

optical fiber amplifiers [83].The higher refractive indices observed for the present glasses 
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under investigation makes them as promising materials for optical fiber with more 

numerical aperture (NA) values. When a glassy material is used as a core of the optical 

fiber, then the light gathering capacity of an optical fiber i.e. numerical aperture (NA) can 

be calculated by using the following formula 

NA=n√2∆              (2.11) 

Where ∆ is the fractional refractive index change,  ∆= 9�9DEF::GHI
9  

The NA values for the present glasses are evaluated for a typical value of ∆=0.01 [84] 

and are found to be in the range 0.13 to 0.50. Since the glasses under investigation have 

good NA value, they are said to be quite suitable as core material in an optical fiber. 

From the average molecular weight of the glass, the densities and the total number of 

ions, the mean atomic volume (g/cm3/atom) can be determined. It is possible to calculate 

the theoretical value of optical basicity, which is given by [85] 

Λ # = ∑ 5G6G
'LG

, 	Where	γ0 = 1.36(x0 − 0.26)0             (2.12) 

Here  Z0 is the oxidation number of the cation	i, r0 is the ionic ratio with respect to the 

total number of oxides γ0  is the basicity moderating parameter and is given from the 

Pauling electro negativity	x0. The optical basicity denotes the average electron donating 

power of the medium to the oxide atoms present in that medium. Increasing/decreasing in 

optical basicity values indicate increasing/decreasing covalency in the cation-oxygen 

bonding. 

Table 2.1  

Measured density and refractive indices of Nd3+, Pr3+, Ho3+ ions doped ZnAlBiB glasses 

and Dy3+, Sm3+ ions doped OFB glasses. 

S. No Name of the Glass System Density (d) (g/cm
3
) Refractive index (nd) 

1.  ZnAlBiBNd  Glass System 

2.  ZnAlBiBNd05 3.298 1.806 

3.  ZnAlBiBNd10 3.290 1.805 

4.  ZnAlBiBNd15 3.282 1.804 

5.  ZnAlBiBNd20 3.273 1.803 

6.  ZnAlBiBNd25 3.265 1.802 
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 ZnAlBiBPr  Glass System 

7.  ZnAlBiBPr01 3.771 1.804 

8.  ZnAlBiBPr03 3.767 1.803 

9.  ZnAlBiBPr05 3.763 1.802 

10.  ZnAlBiBPr10 3.753 1.801 

11.  ZnAlBiBPr20 3.733 1.800 

 ZnAlBiBHo  Glass System 

12.  ZnAlBiBNd01 3.936 1.819 

13.  ZnAlBiBNd05 3.934 1.817 

14.  ZnAlBiBNd10 3.932 1.815 

15.  ZnAlBiBNd15 3.929 1.813 

16.  ZnAlBiBNd20 3.927 1.811 

17.  ZnAlBiBNd25 3.924 1.809 

 OFBDy Glass System 

18.  OFBDy01 3.379 1.609 

19.  OFBDy05 3.395 1.607 

20.  OFBDy10 3.414 1.605 

21.  OFBDy15 3.433 1.603 

22.  OFBDy20 3.452 1.601 

23.  OFBDy25 3.471 1.599 

 OFBSm Glass System 

24.  OFBSm01 3.385 1.619 

25.  OFBSm05 3.399 1.617 

26.  OFBSm10 3.418 1.615 

27.  OFBSm15 3.436 1.613 

28.  OFBSm20 3.454 1.611 

29.  OFBSm25 3.472 1.599 
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2.4. XRD Spectral Analysis 

The glassy nature of the samples prepared for the present work was confirmed by the X- 

ray diffraction (XRD) patterns (Fig 2.1 & Fig 2.2). 

 

Fig 2.1: XRD spectrum of an un-doped ZnAlBiB glass 
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Fig 2.2: XRD spectrum of an un-doped OFB glass 
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The XRD measurement were taken up by using  XPERT-PRO diffractometer with CuKa 

radiation (k=1.54°A) in the 2θ angle range 0° - 80° with step size 0.02° s-1. Fig 2.1 & Fig 

2.2 show the XRD patterns of undoped ZnAlBiB and OFB glasses respectively Absence 

of sharp peaks in the XRD pattern indicates that there is no long range structural order, 

which confirms the glassy nature of the samples. 

2.5. FT-IR Spectral Analysis 

2.5.1. For un-doped ZnAlBiB Glass 

The FT-IR spectrum for an undoped 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 400-4000 cm-1 following KBr Pellet technique to identify the 

presence of various functional groups present in the prepared glasses. Fig.2.3 shows the 

FT-IR spectrum recorded for an undoped ZnAlBiB glass.  
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Fig 2.3: FT-IR spectrum of an un-doped ZnAlBiB glass 
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As shown in Fig. 2.3, the Characteristic IR absorption band observed at 3444 cm-1, can be 

attributed to the fundamental vibrations of OH¯  group. It is well known that the presence 

of OH¯  content increases the non-radiative losses and then decreases the quantum 

efficiency of rare earth doped materials. As shown in Fig. 2.3, relatively less intensity 

observed for OH¯  band indicates that the ZnAlBiB glasses possess low OH¯  content. The 

coefficient of OH¯  vibration (αOH) at 3000 cm-1 is used as a measure of the OH¯  content 

[86]. In glassy materials, the content of OH¯  can be estimated using the equation, 

 αWX = ln 1Z[
Z\

2 /l                                                                                                          (2.13) 

Here ‘To’ is the highest transmission, ‘TD’ is the transmission of the glass at 3000 cm-1 

and ‘l’ is the thickness of the glass sample. The OH¯  content estimated for ZnAlBiB host 

glass using the above expression is 65.48 ppm  which is found to be smaller than LBTAF 

(123.00 ppm) [87], GeS2 (175.5 ppm) [88] and LHG-8L (128ppm) glasses [89]. 

Relatively less content of OH¯  in ZnAlBiB glasses indicates that these glasses are quite 

suitable for efficient lasers with less non-radiative loss. The peak identified at 2937 cm–1 

is attributed to hydrogen bonding. The absorption peaks in the FT-IR spectra can be 

divided into three main groups in the ranges 1600-1200 cm-1, 1200-800 cm-1 and 700-400 

cm-1 corresponding to the asymmetric stretching relaxation of the B-O bond stretching of 

trigonal BO3 units, B-O stretching of the BO4 units and B-O-B linkages or vibrational 

modes of network modifier, respectively. The absence of the absorption band at 806 cm-1 

is the characteristic peak of boroxyl ring which indicates that, there is no boroxyl ring 

formation in the prepared glasses [90]. The absorption band appeared around 1389 cm-1 is 

due to the asymmetric stretching vibrations of B-O and B-O¯  bond in trigonal BO3 units. 

The IR absorption peaks observed at around 1200-1400 cm-1 are the characteristic of =B-

O-B≡ linkage with one of the boron in tetrahedral coordination [91]. Hence in the present 

ZnAlBiB glass system, there is a growth of BO4 tetrahedral units at the expense of 

triangular BO3 units. The peaks observed in the range 1017-1100 cm-1 corresponds to 

presence of tri, tetra, penta borate and diborate groups belonging to BO4 groups. At the 

same time the glass structure also contains varying amounts of penta, meta, pyro borate 

units (peaks around 1374-1562cm-1) of BO3 groups [92]. The peaks at 618-650 cm-1 may 
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be assigned to Bi-O bending vibrations in BiO6 units [93, 94]. The band assignments for 

FT-IR spectrum of an un-doped ZnAlBiB glasses are given in Table 2.2. 

Table 2.2: The FT-IR band positions (cm–1) and their assignment in un-doped ZnAlBiB 

glass 

Band Positions (cm
-1

) Assignments 

3444 OH Stretching Vibrations 

2937 Hydrogen Bonding 

1389 B-O Stretching containing planar 6 membered borate groups 

1024 B-O bonds Stretching vibrations in BO4 units 

907 Progressive change of boron coordination number from BO3 

to BO4 units 

679 BiO3 and BiO6 group vibrations. 

 

2.5.2. For Un-doped OFB glass 

The FT-IR spectrum for an un-doped OFB glass has been recorded using a Thermo 

scientific make Nicolet-380 spectrometer. Fig 2.4 shows the FT-IR spectrum of un-doped 

glass in the region 400–4000 cm-1 which is used to know the functional groups involved 

and the local structure present in un-doped OFB glass. The bands and their assignments 

are given Table 2.3. The FT-IR spectral absorption peaks can be divided into three main 

groups in the range 400–700   cm-1, 800-1200 cm-1 and 1200–1600 cm-1 related to B-O-B 

linkages or vibrational modes produced by a network modifier or metal oxygen bonds, 

the asymmetric stretching relaxation of the B-O bond stretching of trigonal BO3 units 

and B-O stretching of the BO4 units respectively. The bands observed in the region 1600 

to 4000 cm-1 are due to hydrogen bonding and stretching vibrations of OH groups. The 

band observed at 401cm-1 is attributed to metal oxygen bond vibrations of Ca-O, Al-O, 

Ba-O [95, 96]. This band also signifies the presence of fluorine in the glass matrix.  The 

absorption band at 451 cm-1 related to the “isolated” AlO4
 tetrahedral groups [97]. The 

band at 550 cm-1 attributed to Al2O3 that enters the glass network mainly as both AlO6 

octahedral in modifying position and also as AlO4 tetrahedral groups [98].  
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Fig 2.4: FT-IR spectrum of an un-doped OFB glass 

The presence of stretching vibrations of B-O-B linkages is confirmed by the band 

observed at 609 cm-1. The band at 673 cm-1 attributed to the combined B-O stretching 

vibrations of tetrahedral BO4 units and AlO4 tetrahedral groups [97, 99].The band at 887 

cm-1 is due to the B-O stretching vibrations in BO4 units from di-borate groups [99]. The 

peak observed around 1382 cm-1 is attributed to the asymmetric stretching modes of BO3, 

BO2O
- borate triangles and various networks consisting six membered borate planar 

groups [99, 100]. The B-O bond stretching vibrations of borate units in which boron 

atoms are co-ordinated with three oxygen atoms leads to the formation of a band around  

1623 cm-1 [101, 102]. The bands at 2843 and 2917 cm-1 are attributed to hydrogen 

bonding in the present OFB glass. The Characteristic infrared absorption band at 3433 

cm-1 can be assigned to the fundamental vibrations of OH¯  group. As mentioned earlier 
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in this chapter, the large amount of OH¯  content present in a glass leads to more non-

radiative losses in the glass matrix and decreases the efficiency of the materials doped 

with rare earth ions. From Fig.2.4 it can be seen that, the intensity of OH¯  band in OFB 

glasses is low. The coefficient of OH vibration (αOH) at 3000 cm-1 is used as a measure 

for the OH¯  content in a glass [86] which can be calculated from the equation 2.13. For 

an un-doped OFB glass, the estimated value of OH¯  content is found to be 16.73 ppm , 

which is smaller than OFPrG (25ppm), OFPrGC04 (30ppm), ZnAlBiB (65.48ppm) [103], 

OFPrGC24 (32 ppm) [104], LBTAF (123.00 ppm) [88],  LHG-8L (128ppm) [90], KBS 

(133 ppm) [89] and GeS2 (175.5 ppm) systems [105]. Comparatively, a smaller amount 

of OH¯  content present in OFB glasses indicates that these materials are aptly suitable for 

efficient visible lasers. 

Table 2.3: 

The FT-IR band positions and their assignments in an un-doped OFB glass 

Band Positions (cm
-1

) Assignments 

401 Metal oxygen bond vibrations (Ca-O, Al-O, Ba-O) 

451 Stretching vibrations of AlO4 tetrahedral groups 

550 Stretching vibrations of AlO6 octahedral groups 

609 Bending vibrations of O-B-O linkages 

673  Combined vibrations of BO4 and AlO4 

887 B-O bonds stretching vibration in BO4 tetrahedra from diborate 

groups 

1062 B-O bonds stretching vibrations in BO4 units 

1384 B-O Stretching containing planar 6 member borate groups 

1623 Stretching vibrations of BO3 triangles 

2843 Hydrogen Bonding 

2917 Hydrogen Bonding 

3433 Fundamental stretching of OH group 
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2.6. Optical Absorption Spectral measurements 

2.6.1. For ZnAlBiBNd glasses 

The absorption spectra of all the ZnAlBiBNd glasses were recorded from 400-

1000 nm wavelength range on a Perkin-Elmer Lambda 950 UV-vis-NIR 

Spectrophotometer (Plate 2.1), having double beam and double monochromator 

facility. The instrument is equipped with a Photomultiplier tube (model R 6872) as a 

detector to acquire data in UV-vis region with resolution ≤ 0.05 nm. The technical 

specifications of the spectrophotometer are shown in Table 2.4. The block diagram of this 

instrument is shown in and Fig 2.5 respectively. 

Table 2.4 

Certain technical specifications Perkin Elmer Lambda 950 UV-vis-NIR 

spectrophotometer 

 

Item Specification 

Principle Double-beam and double-monochromator UV-vis-NIR 

spectrometer with ratio-recording facility controlled by a personal 

computer.  

Optical system SiO2 coated Holographic grating monochromator (Reflective 

type) with 1440 lines/mm, UV-vis blazed at 240 nm and 360 

lines/mm NIR blazed at 1100 nm with littrow mounting 

Detectors UV/vis - Photomultiplier R6872  

NIR - Peltier cooled PbS detector  

Source Pre-aligned tungsten halogen and deuterium lamps suitable for 

various ranges in the electromagnetic spectrum 

Wavelength range 175-3300 nm 

UV-vis resolution ≤ 0.05 nm 

NIR resolution ≤ 0.20 nm 
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Plate 2.1: Photograph of Perkin Elmer Lambda 950 UV
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Photograph of Perkin Elmer Lambda 950 UV-vis-NIR spectrophotometer

: Optical layout of Perkin Elmer Lambda 950 UV-vis-NIR spectrophotometer
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NIR spectrophotometer 

 

NIR spectrophotometer 
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The whole working wavelength range of the spectrometer is covered by two 

independent light sources namely deuterium (DL) and halogen (HL).  For the operational 

range from visible (Vis) to near-infrared (NIR) regions of the electromagnetic spectrum, 

the mirror M1 reflects radiation from the halogen lamp onto M2 mirror. At that time M1 

mirror blocks the radiation coming from deuterium lamp. For ultraviolet (UV) range, M1 

mirror is raised to allow the radiation from the monochromator slewing. Radiation 

coming from the source lamp for the after reflected/transmitted by M1 mirror falls on M2 

and gets reflected to fall on M3 and falls subsequently on M4 through an optical filter on 

the filter-wheel assembly (FW). The filter wheel is driven by a stepping motor in 

synchronization with the monochromators. Depending on the wavelength being 

produced, suitable optical filter is employed in the direction of beam path to pre-filter the 

radiation before it enters the monochromator. Whenever monochromator is slewing, that 

automatically changes the filter suitable. The radiation reflected by mirror M4, passes 

through the slit assembly (SA) and falls on M5 and reaches to grating table G1. The 

collimated radiation strikes either UV/Vis or NIR grating depending on the required 

current wavelength range. The radiation dispersed by the grating produce a a spectrum. 

The rotational arrangement provided for the gratin table G1 helps in selecting the desired 

part of the spectrum and reflects it to mirror M5 and then through the exit slit. The exit 

slit restricts the spectrum segment to a near monochromatic radiation beam. The exit slit 

of monochromator I acts as the entry slit of for monochromator II. The radiation is 

reflected by M6 mirror to the grating table G2 and then back through M6 mirror via exit 

slit to M7 mirror. The rotational position of grating table G2 is synchronized as per to 

that of grating table G1. The radiation coming out from the exit slit exhibit high spectral 

purity with extremely low stray radiation content. In the UV/Vis and NIR range a choice 

is provided between a fixed slit width, a servo slit and a slit program. When the servo slit 

is selected, the slit widths change automatically during scanning to maintain constant 

energy at the detector. From M7 mirror, the radiation beam is reflected via toroid mirror 

M8 to the chopper assembly (C). When the chopper rotates, a mirror segment, a window 

segment and two dark segments are brought alternately in the direction of the radiation 

beam. The beam passing through window segment, and subsequently through M9 mirror 

gets reflected by M10 mirror to create the reference beam (R). The reflected beam from 
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M10 mirror also creates a sample beam (S). When a dark segment is in the beam path, no 

radiation reaches the detector, giving a dark signal to the detector. The radiation passing 

alternately through the sample and reference beams is reflected by mirrors M11, M12, 

M13 and M11’, M12’, M13’ respectively. Mirror M14 is rotated to select the required 

detector. A photomultiplier tube (PMT) detector is used in the UV/Vis range, while a lead 

sulfide (PbS) detector is used in the NIR range. Detector change is automatic during 

monochromator slewing.  At the cell plane, each radiation beam is approximately 12 mm 

high. The width of the radiation beams is dependent on the slit width. At a slit width of 5 

nm each radiation beam is approximately 4.5 mm wide. To permit minimum sample 

volumes to be measured in micro cells, the height of the radiation beam must be reduced 

in the active cell area. A common beam mask (CBM) is mounted between the slit 

assembly (SA) and mirror M7. This mask restricts the cross-section of both the sample 

beam and the reference beam in the respective cell area. The radiation beam can be 

reduced from the maximum height of 11.7 mm to 0.0 mm in 50 steps. During all 

scanning operations, the monochromators stop slewing while a filter, source, or detector 

change is in progress. The spectrometer scans from higher to lower wavelengths. There is 

an optional depolarizing filter (DP) accessory, which can be swung into the beam. 

2.6.2. For ZnAlBiBPr glasses 

The optical absorption spectra of the all the ZnAlBiBPr glasses were recorded using a 

double beam Varian Cary 5E UV-vis-NIR spectrophotometer in the wavelength range 

400-2200 nm with a spectral resolution of ±0.1nm. The block diagram of Cary-5E 

spectrophotometer is shown in Fig 2.6. This spectrophotometer contains double beam and 

double pass monochromator system with good resolving power and high photometric 

efficiency in the UV-vis and NIR regions. It is possible to carry out accurate spectral 

measurements due to its high sensitive dual microprocessor based system. The double 

pass monochromator isolates the selected wavelengths from the incident light beam. 
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Fig 2.6: Optical Layout of Varian Cary 5E UV-vis-NIR spectrophotometer 

2.6.3. For ZnAlBiBHo glasses 

The optical absorption spectra of the all the ZnAlBiBHo glasses were recorded using a 

double beam JASCO V-670 UV-vis-NIR spectrophotometer in the wavelength range 

350-2500 nm with a spectral resolution of ±0.1nm (Plate  2.2). 

2.6.4. For OFBDy glasses 

The optical absorption spectra of the all the OFBDy glasses were recorded in the spectral 

wavelength range 300-1800 nm with a spectral resolution of ±0.1nm using JASCO model 

V-670 UV-vis-NIR spectrometer (Plate  2.2). 

2.6.5. For OFBSm glasses 

The room temperature optical absorption spectra of all the OFBSm glasses were recorded 

by using JASCO model V-670 UV-vis-NIR spectrometer in the spectral wavelength 

range 350-2000 nm with a spectral resolution of ±0.1 nm. (Plate  2.2). 
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A schematic diagram of the optical spectrophotometer arrangement in the equipment is 

shown in Fig. 2.7. 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 W 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 M3 into the sample and reference beams. 

Each beam passes through the respective cell to photo diode detector. Fig 2.8 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 ABS zero. The signal passes through the 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. 

 

Plate 2.2: Photograph of JASCO model V-670 UV-vis-NIR spectrometer 
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Fig 2.7: Schematic diagram of the optical system of the JASCO model V-670 UV-vis-

NIR spectrometer  
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Fig 2.8: Schematic diagram of electrical system of the JASCO model V-670 UV-vis-NIR 

spectrometer  
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2.7. Excitation, Emission and Lifetime spectral Measurements 

2.7.1. For ZnAlBiBNd glasses 

For ZnAlBiBNd glasses the luminescence spectral measurements were carried out at 

room temperature using JOBIN YVON Fluorolog-3 spectrofluorimeter using a 6 W 

power diode laser (SDL-980-LM-6000T) with CW operating mode as radiation source 

with wavelength 808 nm. The beam divergence of the diode laser used is < 2.5 mrad. The 

emission signals in NIR region were detected by using InGaAs detector equipped with 

electronic data storage assembly. 

2.7.2. For ZnAlBiBPr glasses 

The emission spectra for ZnAlBiBPr glasses were recorded at room temperature by 

exciting the samples with 445nm wavelength using Hitachi F-3010 fluorescence 

spectrophotometer. 

2.7.3. For ZnAlBiBHo glasses 

The photoluminescence emission and excitation spectra for all ZnAlBiBHo glasses were 

recorded at room temperature using Schimadzu RF-5301 PC Spectrofluorophotometer 

(Plate 2.3). The time-resolved photoluminescence (PL) measurements were carried out 

using home-built setups with 980 nm (CW laser) laser as an excitation source with 1W 

power. The emission from sample was coupled into a monochromator (ANDOR SR-

500i-B2) (Plate 2.4) coupled to InGaAs detector through the appropriate lenses and 

filters.  

2.7.4. For OFBDy glasses 

The emission and excitation spectra for all the OFBDy glasses were recorded at room 

temperature using RF-5301 PC Spectrofluorophotometer (Plate 2.4) with a spectral 

resolution 0.5 nm. The time-resolved photoluminescence (PL) measurements were 

carried out using home-built setups with 410 nm (CW laser) laser as the excitation 

source. The emission from sample was coupled into a monochromator (Acton SP2300) 
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coupled to CCD (charge coupled detector) through the appropriate lenses and filters 

(Plate 2.5). For time-resolved photoluminescence, a frequency generator (5 Hz), lock-in 

amplifier, digital storage oscilloscope and a monochromator (Acton SP2300) coupled to a 

photomultiplier tube (PMT)  were employed. The confocal photoluminescence images 

were recorded for these glasses by using a modified laser scanning confocal microscope 

(Olympus, BX51) equipped with XY-piezo state and excited with 410 nm CW laser 

(Plate 2.6). 

2.7.5. For OFBSm glasses 

RF-5301 PC Spectrofluorophotometer was used to record the photoluminescence 

excitation and emission spectra for all the OFBSm glasses at room temperature. Using 

410 nm CW laser laser as an excitation source, the time-resolved photoluminescence 

(PL) measurements were carried out using a home-built set up. The emission from 

sample was coupled into a monochromator (Acton SP2300) coupled to CCD (charge 

coupled detector) through the appropriate lenses and filters (Plate 2.5).  

 

Plate 2.3: Photograph of Schimadzu RF-5301 PC Spectrofluorophotometer 
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For time-resolved PL measurements, a frequency generator (5 Hz), lock-in amplifier, 

digital storage oscilloscope and a monochromator (Acton SP2300) coupled to a photo 

multiplier 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 OFBSm glasses (Plate 2.6).  

 

Plate 2.4: Photograph of ANDOR SR-500i-B2 

 

Plate 2.5: Photograph of Acton SP2300 coupled with lenses and photomultiplier tube 
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Plate 2.6: Photograph of modified laser scanning confocal microscope (Olympus, BX51) 

equipped with XY-piezo stage 

 


