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Abstract: Improving the optical properties of copper oxide nanoparticles (CuO NPs) in tellurite glass is crucial for the 
development of efficient solid state laser. In this work, we report the results of structurally-induced transitions in melt-quench 
synthesized CuO NPs integrated Er2O3 doped multicomponent tellurite glasses. Based on the predecessors’ work, we optimized 
the components of such glasses to observe its effects on the structural, physical and optical properties of the glasses were 
characterized using density, XRD, HTEM, FTIR, UV–vis-IR absorption and PL spectroscopy. The variations of physical 
properties are measured and the hardness of the glasses is performed by using Vickers Microhardness. XRD analysis confirmed 
the amorphous nature of the prepared glass sample. The presence of CuO NPs is verified by using HRTEM with lattice spacing 
0.23 nm at (111) plane orientation inside the glass matrix. FTIR spectrum shows that the glasses are made up of [TeO4] and 
[TeO3] structural units. Absorption spectra of glasses consisted of seven significant bands from the ground sate 4I15/2 to the 
excited states 4F7/2, 

2H11/2, 
4S3/2, 

4F9/2, 
4I9/2, 

4I11/2 and 4I13/2 are attributed to excited states around 488, 522, 545, 652, 799, 973 
and 1530 nm, wherein 4I15/2 to 4I9/2 transition in Er3+ disclosed the highest intensity. The decrease in bonding parameter 
increases the formation of more covalent bond in the glass network. Appreciable changes have been observed in the 
photoluminescence emission intensity with the change in Cu NPs concentration in the medium. Down-conversion emission 
spectra under 380 nm excitation shows four peaks centered at 408, 530, 550, and 660 nm. Meanwhile, up-conversion emission 
spectra under excitation 980 nm shows three peaks centered at 530, 550, and 660 nm. The enhancement in the luminescence is 
attributed to the localized electric field in vicinity of nanoparticles, while, the quenching effect is responsible from the large 
formation of multipoles interaction that leads to the energy transfer from RE ions to NPs. Intense green emission obtained from 
the proposed glasses could be a potential gain medium for solid-state laser medium. 
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1. Introduction 

The use of tellurite glasses as a host material is demanded 
due to their distinct optical properties compare to other oxide 
glasses. It has high linear and non-linear refractive indices, 
high gain density, low glass transition, wide transparency 
window, low phonon energy environment to minimize the 
non-radiative losses, good thermal stability and high 

chemical durability [1]. Moreover, tellurite glass has Te-O 
bond that can break easily which make them a promising host 
for the heavy metal or rare earth ions (REIs) [2]. The latter 
feature is critical for RE-doped glasses when it comes to 
application point of view, where it is absolutely essential to 
achieve population inversion in lasers or up-conversion 



2 Zahra Ashur Said Mahraz et al.:  Structural and Optical Properties of Er3+ Doped Tellurite Glass with  
Copper Oxide Nanoparticles Embedment 

emissions. These types of inorganic oxide glasses are suitable 
for wide range of applications including the solid state lasers, 
sensing devices, light emitting diodes (LED), fibre optics and 
so on [1-3]. 

Because of the rich electronic shell structure, the RE 
dopants can yield significant emissions in the visible and 
near-infrared spectral regions which contributes to easy 
pumping, tunable dye laser. Therefore, these glasses are 
usually called as activated glasses where they are capable of 
emitting radiation (luminescence) after being excited, which 
is responsible for the emission wavebands [4]. Hence, REIs 
will have capability of coloring glass through absorptive 
transitions together with a set of states capable of emitting 
light. Tellurite glasses doped REIs such as Nd3+, Sm3+ [5, 6], 
Yb3+, Eu3+, Tb3+, and Pr3+ [7-9] ions are also investigated for 
their lasing action in the visible and near infrared regions and 
their superior optical and structural properties are manifested. 
Amongst various REIs, Er3+ ion is one of the interesting 
candidates because it has well separated energy states, broad 
range of emission characteristics and emits intense green and 
red light. Although the optical response of REIs in tellurite 
glasses are comparably better than many of other glassy 
candidates, the emission intensity and quantum efficiency of 
these materials yet to be improve [7]. 

In recent years, modifications on RE-doped tellurite glass 
system by combining with transition metal ions have 
attracted great attention owing to their properties that leads 
toward worldwide applications [3]. Transition metal ions 
serve as structural probes for the environment of the dopant 
for glass, since they are characterized by partially filled d-

shell and are strongly related with the magnetic, electrical 
and optical features of glasses [10]. With the addition of 
nanoparticles (both silver and gold NPs) [11-14] the up-
conversion emissions of E3+ doped tellurite glasses could be 
improved, although some reports on the quenching of up-
conversion luminescence by metal NPs could be found [15, 
16]. The origin of the observed enhancements is somehow 
controversial as it sometimes attributed to (i) an energy 
transfer (ET) process from metal species to RE ions [17], (ii) 
a local field enhancement around the rare earth ions due to 
presence of metallic NPs (iii) NPs removes the OH radical 
groups and results in better quantum efficiency of RE ions 
[18]. Recently, transition metal oxide such as copper oxide 
(CuO) are of considerable interest due to its behavior that can 
exist in two valence states in the glass system; the 
monovalent Cu1+ (3d10) and the divalent state Cu2+ (3d9) 
where Cu2+ ions present as the stable element [19]. Addition 
of CuO NPs into the glass network makes the glass 
electrically good semiconductor and super-paramagnetic [9]. 
CuO NPs attracts huge attention due to its remarkable cost 
effective compare to silver and gold NPs as well as superior 
electrical/thermal conductivity than other noble metals [20]. 
CuO NPs doped glasses have sparked interest in the field of 
materials science due to their enormous potential for various 
applications such as lighting systems, optical fibres and 
photonic waveguides [21]. Therefore, a better understanding 
of the luminescence behavior of Er3+ ions in vicinity of CuO 

NPs is essential especially considering their importance for 
the real time applications. Driven by this idea, we aimed to 
study the effect of CuO NPs on physical, structural and 
optical properties of Er3+ doped tellurite glasses. The up-
conversion (UC), down-convesion (DC) and nearinfrared 
emissions were collected and variation of the spectral 
intensity by addition of the CuO NPs were studied and 
discussed associated with the energy transfer mechanism of 
such glasses. 

2. Experimental Methods 

The glass composition of (69–x)TeO2–10ZnO–10MgO–
10Na2O–1Er2O3–(y)CuO (where x = 0.05, 0.10, 0.25, 0.50, 
1.00 and 1.50 mol%) are synthesized using melt quenching 
technique in several batches of 15g. The required 
composition consist of high quality of raw materials (as listed 
in Table 1) were mixed for 30 minutes to produce 
homogenous mixture and the mixtures were melted in a 
crucible at 900°C for 30 minutes into the furnace. 
Throughout the process, the melt were stirred frequently. 
Then, the melt was poured very fast on a metal plate in 
another furnace and annealed for 3 hours at 300°C in order to 
prevent crystallization and eliminate internal stress. The 
sample was left until the temperature decreased slowly to 
room temperature. Finally, the samples were cut and polished 
for the characterizations process. 

The hardness of the materials was performed using HMV-
2 series Shimadzu Micro Hardness Tester. The load is set to 
980.7 m Newton and applied slowly by pressing the indenter 
at 90°  into the sample surface. Perkin Elmer FTIR 
spectrometer was used to determine chemical identification 
of the sample in the range of 400 to 4000 cm-1. The 
absorption spectra were recorded using Shimadzu UV-3600 
Plus UV-Vis-NIR spectrophotometer meanwhile the 
emission spectra were recorded from 300–700 nm 
wavelengths using Horiba FluoroMax-4 Photoluminescence 
spectrophotometer. Archimedes principle is used to measure 
the density of the glass by using Prescisa Balance XT 220A. 
Distilled water is used as the immersion liquid. The density 
measurement of the glass given by, 

� = 	 ��
��		�
 	��� −	��� + 	��                  (1) 

where �� refers to the weight of the sample in air whereas, 
�� 	signifies weight in immersion liquid and the density of the 
immersion fluid (distilled water = 1 g ��	�) and density of 
air (0.001 g ��	�) represent by �� and	��. 

The value of density from above equation is necessary to 
determine the molar volume �� by using stated equation as 
below, 

�� =	��                                        (2) 

where M refers to the molecular weight of the sample 
calculated to determine the composition of the glass. The 
ionic packaging density is calculated by, 
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Where Vi is packing density parameter (m3/mol) and xi is 
molar fraction (mol%). Vi can be calculate using the 
following equation, 
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3

π   = +    
                    (4) 

Where NA, rM and ro refer to Avogadro’s number (mol-1), 
ionic radius of metal and ionic radius of oxygen respectively. 

The refractive index of the glass samples are calculated by, 

��	�
���� = 1 −	� !

�"                              (5) 

where #$  is the glass optical band gap. Furthermore Molar 
refractivity %� can be defined as, 

��	�
���� 	���� = 	%�                              (6) 

The polarizability of the glass, αe can be calculated by, 

%� =	 &� 	'()*+                               (7) 

where ()  is the Avogadro’s number. The following 
expression is suggested by Mott and Davis to determine the 
optical band gap energy, Eg, 

*	�,� = 	-	�ℎ, − #$��	/	ℎ,                    (8) 

where - is a constant, n = ½ for direct transition, n = 2 for 
indirect transition. In many crystalline and non-crystalline 
semiconductors, the α�,� exponentially dependence on ℎ, . 
This exponentially dependence known as Urbach rule given 
by, 

*	�,� = - exp 345 67                            (9) 

where Eu is Urbach energy. The absorption spectra used to 
determine the nephelauxetic ratio (β) and bonding parameter 
(δ) given by, 

β = 
58
5�                                       (10) 

where ,9 is the wavenumber (cm-1) of specific transitions in 
host matrix and ,� is a corresponding wavenumber (cm-1) of 
the same transitions in aqua ion system. Nephelauxetic effect 
indicates the expansion of electron cloud due to the expanse 
of nearly filled shell because of transfer of ligands towards 
the core of central RE ions [22]. The bonding parameter can 
be expressed using the following formula, 

δ = 
�	:;
:;                                     (11) 

where <̅ is average value for specific transitions. The field 
environment of the host network determines the bonding 

parameter of the glass [23]. 

Table 1. Nominal compositions of the studied glasses. 

Glass 
Composition (mol%) 

TeO2 ZnO MgO Na2O Er2O3 CuO 

S1 68.95 10.0 10.0 10.0 1.0 0.05 
S2 68.90 10.0 10.0 10.0 1.0 0.10 
S3 68.75 10.0 10.0 10.0 1.0 0.25 
S4 68.50 10.0 10.0 10.0 1.0 0.50 
S5 68.00 10.0 10.0 10.0 1.0 1.00 
S6 67.50 10.0 10.0 10.0 1.0 1.50 

3. Results and Discussions 

3.1. Density, Molar Volume and Ionic Packaging Density 

Measured values of all the physical parameters of the 
synthesized glass samples are tabulated in Table 2. As the 
ions and ionic group are tightly packed together in the glass 
structure, the density must be considered. All glass samples 
are shown to have high density values ranging from 4.914 – 
4.934 gcm-3. Figure 1 shows the variation of density and 
molar volume of the synthesized glasses with concentration 
of CuO NPs. It is evident that the density increases 
nonlinearly with increase in CuO NPs content, while molar 
volume decreases nonlinearly with CuO NPs content. The 
increase of CuO NPs concentration caused an increase of 
non-bridge oxygen (NBO) ratio in network, and led to a 
compact structure [24]. It is generally expected that density 
and molar volume sare inversely related to each other and the 
same is reported in the present investigated glasses. This 
behaviour also reported by previous [25]. Addition of CuO 
NPs decreased the molar volume related to the reduction of 
total volume [26]. Decrease in molar volume signified the 
reduction of interatomic spacing in the network [27]. The 
incorporation of CuO NPs into the glass network increased 
the hardness of the glass from 262 – 349 GPa. The decreases 
of free volume by addition of CuO NPs provide fewer voids 
in the glass, hence improved the compactness of the prepared 
glass [28]. The refractive index, molar refractivity and 
polarizability were enhanced from 2.42 – 2.763, 16.775 – 
18.298 cm3/mol and 6.649 – 7.253×10-24 cm3 respectively. 
Glasses with lower band gap energy become more compact 
and have high refractive index [29]. The formations of TeO3 
and TeO3+1 create more NBO, thus reorganized the network 
structure of the tellurite glass and leads to the increased in the 
polarizability. The NBOs has higher polarizability than BOs 
and make the glass become polarized [28]. Larger ionic 
radius of Cu2+ (0.73Å) than Te4+ (0.66 Å) affect the refractive 
index. Besides, Cu2+ (3.75 Å) have lower field strength (field 
strength = Z/r2 where Z and r is oxidation number and ionic 
radius respectively) than Te4+ (9.18 Å). Thus, Cu2+ ions are 
easily to polarized [24]. 

The variations of ionic packing density in the proposed 
glass samples are enlisted in Table 2. The ionic packaging 
density slightly increases with the increment of CuO NPs 
contents up to 0.1 mol% and reduced at 0.25 mol%. 
Reduction of Vt could be describe using atomic radius of 
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an atom. Cu2+ (0.73 Å) have larger ionic radius that Te4+ 
(0.66 Å) and higher tendency to fit the excess volume. 
Thus, the glass compactness decreased. Furthermore, 
increase in molar volume lead to the reduction of Vt. Split 

behavior the value turn back to increase with addition of 
CuO NPs above 0.25 mol% due to the CuO NPs 
completely filled the space of excess volume. Thus, the 
glass becomes more compact. 

Table 2. Various physical and optical properties of glasses with different concentrations of CuO NPs. 

Properties 
Glass Sample 

S1 S2 S3 S4 S5 S6 

Physical Properties       
Density, �	 (g cm-3) 4.914 4.916 4.905 4.926 4.930 4.934 
Molar volume, VM (cm3 mol-1) 26.919 26.899 26.935 26.782 26.677 26.575 
Hardness (GPa) 262 272 324 345 349 337 
Refractive index, n 2.442 2.498 2.537 2.595 2.654 2.763 
Molar refractivity, RM (cm3/ mol) 16.775 17.108 17.355 17.582 17.829 18.298 
Polarizability, αe (× 10-24 cm3) 6.649 6.781 6.879 6.969 7.067 7.253 
Ionic packaging density, Vt 0.464 0.465 0.463 0.466 0.466 0.467 
Optical properties       
Energy band gap, Eg (eV) 2.85 2.64 2.53 2.36 2.20 1.94 
Urbach energy, Eu (eV) 0.12 0.14 0.16 0.17 0.18 0.19 

 

 

Figure 1. Variation of density and molar volume with different concentration 

of CuO NPs in the prepared glass system. 

 

Figure 2. CuO NPs concentration (mol%) dependent XRD patterns of S5 

glass sample. 

3.2. XRD and HRTEM 

Figure 2 shows the XRD patterns of the prepared S5 glass 
sample containing 1.0 mol% CuO NPs. That presence of a 
broad hump at about 15-35° indicates the non-crystallinity of 

this sample, and absence of any crystalline phase. In general, 
a glass is supposed to be a random arrangement of molecules 
and below the transformation region; the molecules are much 
less mobile. The diffraction lines of metallic CuO particles 
are not observable due to either small concentration of CuO 
NPs in the crystalline phase, and/or large scattering and 
absorption of heavy metal tellurite oxide, which probably 
annihilate any other weaker signal. Although the diffraction 
patterns of metallic NPs are rarely observed in some oxide 
glasses, in general, the absence of latter lines in XRD profile 
could not credit the lack of NPs formed within this matrix. In 
order to confirm the formation of CuO NPs in these tellurite 
glasses, HRTEM imaging technique is employed. 

Figure 3 shows HRTEM images of 1.0 mol% CuO NP (S5). 
By analyzing the HR-TEM image, the average distance 
between the crystal planes is estimated for the crystalline metal 
species. The presence of crystalline CuO NPs was confirmed 
by the measurement of lattice spacing with 0.23 nm attributed 
well to the spacing between (111) plane of CuO NPs as shown 
in Figure 3(a). This result matched with the JCPDS card No. 
00-001-1117. The presence of CuO NPs is in the glass matrix 
has face centred cubic symmetry which is proven by Fast 
Fourier Transformation (FFT) as shown in Figure 3(b). 

 

Figure 3. (a) HRTEM image of CuO NPs (b) corresponding FFT image. 

3.3. FTIR 

Figure 4 displays the IR transmissions spectra for all glass 
samples. The band assignments are shown in Table 3. The 
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present results displays are in the same manner with previous 
studies. Five significance bands are observed. Hence the IR 
absorption spectra are as follows. The observed IR band at 
453 – 460 cm-1 is assigned to the Te-O-Te linkages where 
bending vibration happened while the band located at 588 – 
602 cm-1 can be ascribed to the TeO4 stretching vibrations 
with BO [30]. Breakdown of Te-O-Te linkages from TeO4 
unit into TeO3 unit with the embedment of CuO NPs change 
the structure of the glass along with the addition of NBO 
[32]. The observed bands at 708 – 722 cm-1 are due to the 
TeO3 bending vibration with NBO [31]. The non-existence of 
tellurite oxide, TeO2 assignment in FTIR spectra shows that 
the bridging oxygen of tellurite oxide, TeO2 is completely 
converted to non-bridging oxygen. Moreover, the bands at 
1627 – 1641 cm-1 corresponds to the M-OH bending 
vibration. Further addition of CuO NPs causing the 
absorption peaks intensity of OH stretching vibration become 
smaller at 3472 – 3494 cm-1. The smaller the difference in 
electronegativity between ions, the weaker the absorption 

peaks [32]. 

 

Figure 4. FTIR spectra as a function of varying CuO NPs concentrations. 

Table 3. Band assignment of glass with silver nanoparticles. 

Sample CuO (mol%) 

FTIR Shift (cm-1) 

Te-O-Te (Bending 

vibration) 

TeO4 (Stretching 

vibration) 

TeO3 (Bending 

vibration) 

M-OH (Bending 

vibration) 

OH (Stretching 

vibration) 

S1 0.05 453 609 708 1627 3472 
S2 0.10 453 602 722 1641 3494 
S3 0.25 460 602 722 1641 3494 
S4 0.50 460 602 715 1639 3479 
S5 1.00 460 602 715 1641 3472 
S6 1.50 460 615 715 1641 3479 

 

3.4. Optical Absorption Spectra 

The optical absorption spectra of Er3+ doped tellurite glass 
with CuO NPs are presented in Figure 5. It can be seen the 
absorption spectra consist of seven transitions that are 
observed from the ground sate 4I15/2 to the excited states 4F7/2, 
2H11/2, 

4S3/2, 
4F9/2, 

4I9/2, 
4I11/2 and 4I13/2 are attributed to excited 

states around 488, 522, 545, 652, 799, 973 and 1530 nm. The 
increment of CuO NPs enhanced the absorption of the glass 
and resulting the appearance of broad absorption peak due to 
the characteristic of CuO NPs. Electronic transition of Cu2+ 
occur around the near infrared (NIR) region at more than 600 
nm [33]. The presence of broad peak corresponds to the spin 
allowed transition from 2Eg →  2T2g energy levels in 
octahedral symmetry of divalent Cu2+ ions in these glasses 
[30]. Three wider peak are expected to presence attributed to 
2BIg → 2A1g, 

2BIg → 2B2g and 2BIg → 2Eg transitions. The broad 
peak of Cu2+ are due to the overlapping of the three transition 
overlapped forming single band and are in agreement with 
the other finding [34]. 

Absorption spectra are used to determine the optical band 
gap in the glass samples. The study of optical band is 
significant for predicting the wavelength of light that will be 
absorbed by the sample material. Energy band gap, Eg are 
obtained from extrapolating the straight line of plots of 
(αhʋ)1/2 versus photon energy (hʋ) at (αhʋ)1/2 = 0. Urbach 
energy, Eu can be determine from the inverse of the 
calculated gradient, 1/m that are obtained from the slope of 

absorption coefficient ln (α(ʋ)) versus photon energy (hʋ). 
The strong dependence of Eg with the increase of CuO NPs 
content is shown in Figure 6. The decrease in energy band 
gap is attributed to the decrease in average bond energy. 
Increase of more NBOs than BOs in the glass system 
lowering the average bond and leads to the decreasing of Eg. 
Larger number of NBO produce more negatively charged 
ions signifies more of localized electrons in the glass network 
and allowed the electron to easily jump from valence band to 
conduction band [28]. 

 

Figure 5. Absorption spectrum of studied glass. 
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Figure 6. The dependence of Eg and Eu of studied glass. 

Generally, the band tailing (a measure of the defect states or 
materials disorder) in the forbidden optical energy band gap 
that exists in the glass and amorphous materials are 
characterized in terms of the Urbach energy. High value of the 
Eu indicated the strong disorder of the glass due to the 
extension of the localized states within the band gap where the 
glass have larger tendency to transform the weak bonds into 
defects. In contrast, the minimum Eu indicated less disorder 
and compactness. The Eu of the studied glass was found to 
increase with increasing CuO NPs concentrations. This 
indicates the disorder in the glass increase as a result of high 

number of extension of the localized states between gaps [27]. 
The nephelauxetic effect is known as the expansion of 

electron cloud which is caused by the overlapping of the metal 
and ligand orbitals. The bonding parameter (δ) is related to the 
nature of the RE-O bond where the positive value depicts the 
covalent nature while negative value shows the ionic nature. 
Table 4 summarized the average nephelauxetic ratio and 
bonding parameter of the prepared glass samples. The bonding 
parameter exhibits negative sign indicates the bonding in the 
prepared tellurite glass network is ionic bonding between the 
Er3+ ion and the ligands. where the ionic nature gradually 
decrease with the addition CuO NPs. Increasing of CuO NPs 
contents lead to the rise of covalent character resulting from 
the upward shift in δ values. Conversely, the calculated value 
of nephelauxetic ratio present opposite trend with the addition 
of CuO NPs. This result is in agreement with the previous 
finding [35]. The β values decreased due to the decreasing 
effective positive charge of Er3+ ions by attracting electron 
from ligands resulting expansion of d-orbital of Er3+ ions. 
Larger electron cloud formed and overlapping between d-
orbital of Er3+ ions and ligand orbital leads to the reduction of 
interelectronic repulsion between Er3+ ions and ligand, thus 
increases the covalent bonds [36]. Therefore, the lower the 
values of β, the greater the formation of electron cloud, the 
higher the value of δ and brings to the enhancement of the 
covalent bond between Er3+ and the surrounding ligand [1]. 

Table 4. Nephelauxetic ratio and bonding parameter of Er3+ doped tellurite glass with CuO NPs embedment at different absorption transition. 

Characteristic 

Transition (cm-1) 

CuO NPs Concentration (mol%) 

0.05 0.10 0.25 0.50 1.00 1.50 Aquo [28] 
4F7/2 → 4I15/2 20491 20491 20449 20449 20491 20491 20450 
2H11/2 → 4I15/2 19157 19157 19157 19157 19157 19157 19150 
4S3/2 → 4I15/2 18348 18348 18348 18348 18348 18348 18350 
4F9/2 → 4I15/2 15313 15313 15313 15313 15313 15313 15250 
4I9/2 → 4I15/2 12500 12500 12500 12484 12453 12453 12400 
4I11/2 → 4I15/2 10266 10266 10256 10245 10235 10235 10250 
4I13/2 → 4I15/2 6622 6618 6613 6618 6613 6609 6600 
<̅ 1.0024 1.0024 1.0018 1.0016 1.0016 1.0015 1 
∆ -0.241 -0.237 -0.181 -0.160 -0.156 -0.152 0 

 

3.5. Optical Emission Spectra 

Figure 7 represents down-conversion (DC) luminescence 
spectra of Er3+ ion under excitations 380 nm. Four distinctive 
emission spectra centered at 408, 530, 550 and 660 nm allocated 
respectively to 4F3/2 → 4I15/2, 

2H11/2 → 4I15/2, 
4S3/2 → 4I15/2 and 4F9/2 → 4I15/2 transitions. Obviously, the intensity of green band at 550 

nm is higher than green bands at 530 nm and with other blue and 
red bands. It can be observed that as the intensity of CuO NPs 
content increased, the intensity of emission spectra decreased. 
This result is similar with the result obtained by J. A. Jimenez in 
copper–samarium–aluminophosphate glasses due to the energy 
transfer between excited state of Er3+ → Cu2+ that act as reverse 
process from enhancement in PL intensity [21]. Besides, the 
quenching effect is responsible from the large formation of 
multipoles interaction that leads to the energy transfer from RE 
ions to NPs [25]. 

 
Figure 7. Down-conversion photoluminescence spectra with different 

concentrations of CuO NPs. 
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Figure 8 shows the characteristic Up-conversion (UC) 
emission spectra for all samples upon 980 nm excitations. 
The PL spectra exhibits three emissions peaks centered at 
530, 550 and 660 nm attributed to the indicated emission 
transitions 2H11/2 →  4I15/2, 

4S3/2 →  4I15/2 and 4F9/2 →  4I15/2, 
respectively. It is found that, further addition of CuO NPs 
causing the emissions to diminish. The luminescence 
quenching due to the energy transfer (thermal energy 
dissipation) from the excited Er3+ ions to the CuO NPs [28]. 
Furthermore, CuO NPs has electronic configuration of 
[Ar]3d

9 which has one unpaired electron. Thus, CuO NPs 
considered as para magnetism [38]. The energy transfer due 
to nucleation and large amount of NPs aggregates around 
Er3+ ions causing overlapping of electric field. As a result, 
local field effect mediated energy transfer from CuO NPs to 
Er3+ decreased. The transfer of energy due to the 
transformation of singlet to triplet states [36]. Previous study 
reported, an EPR signal are detected using Electron 
Paramagnetic Resonance (EPR) spectroscopy for all samples 

that indicates the paramagnetic behaviour of Cu2+ ions [19]. 
This result also in agreement with the result obtained by S. 
Suresh et al. that display same spectral behavior [30]. 

 
Figure 8. Up-conversion photoluminescence spectra with different 

concentrations of CuO NPs. 

 
Figure 9. Partial energy level diagram for Er3+ ions in tellurite glass for down-conversion with CuO NPs in the vicinity. 

Partial energy level diagram of Er3+ ions incorporated with 
CuO NPs are schematically illustrated in Figure 9 and Figure 
10 to describe the mechanisms involved in the emission 
process. Figure 9 displays energy transfer of down-
conversion emissions spectra through ground state absorption 
(GSA), energy transfer (ET) and non-radiative decay (NR) 
processes. Upon laser excitation, the ions from the ground 
state, 4I15/2 are excited to the 2H9/2 energy level via GSA. 
Then, NR decays populate to the lower excited states 4F3/2, 
(2H11/2, 

4S3/2) and 4I9/2 levels and the energy loss disappeared 
in form of heat throughout this process [39]. Then, radiative 
decay from 4F3/2 → 4I15/2 responsible for the blue emission 

located at 408 nm. The green emissions at 530 and 550 nm 
originate from the transitions 2H11/2 → 4I15/2 and 4S3/2 → 4I15/2, 
respectively. The transition from 4F9/2 → 4I15/2 attributed to the 
red emission at 660 nm. However, luminescence quenching 
is obtained due to the ET from Er3+ ions to CuO NPs. The 
transfer of energy due to the high number of clustering of 
CuO NPs around Er3+ ions resulting overlapping of the 
electric field [36]. The energy transfer producing more 
energy into heat [37]. Figure 10 shows the up-conversion 
emission spectra at 530, 550, and 660 nm. The first incident 
photon of 980 nm excitation wavelengths is stimulated and 
absorbed by Er3+ ions. Then, the Er3+ ions are promoted to 
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4I11/2 (4I15/2 → 4I11/2) energy level. In ESA process, Er3+ ions 
absorb photons and excited to higher excited states 4F7/2 (

4I11/2 
→ 4F7/2) [22]. The NR decay from 4F7/2 to 2H11/2 and from 
2H11/2 to 4S3/2 populates these level and leads to the green 
emission. The other transition via 4S3/2 to 4I9/2 brings to the 
red emissions. 

 
Figure 10. Partial energy level diagram for Er3+ ions in tellurite glass for 

up-conversion with CuO NPs in the vicinity. 

4. Conclusions 

The present investigation was interested in preparing the 
Er3+ doped tellurite glass with CuO NPs embedment, which 
has been prepared by melt quenching technique. The 
incorporation of CuO NPs changes the structure of the glass 
with the addition of more NBOs. The variations of physical 
properties with the addition of CuO NPs signify the glass 
becomes more compact. The presence of crystalline CuO 
NPs in the glass network is confirmed using HRTEM image. 
The absorption spectrum reveals seven prominent peaks that 
enhanced with the addition of CuO NPs. The disorder in the 
glass increased with the decrease of energy band gap and 
increase in Urbach energy. The intensity quenching in both 
down- and upconversion spectra is attributed to the energy 
transfer from Er3+ ions to CuO NPs. Furthermore, the intense 
of green band PL emission may be contributed as a 
promising material toward the development of laser and 
photonic devices. 

5. Recommendation for Further Study 

Analytical techniques such as XRD, FTIR, HRTEM, UV-
Vis absorption and PL emission spectroscopy have been used 
and showed that structural and optical characteristics of 

proposed glass system has improved by addition of Cu NPs. 
However, there are many characteristic analysis which are 
not provided yet due to some limitations. The prepared glass 
can further be investigated through Raman spectroscopy, 
Nuclear-Magnetic Resonance (NMR), and Electron-Spin 
Resonance (ESR). Studied glass may be examined by 
addition of other dopants in order to increase the absorption 
and emission cross-sections of Er3+ ions. 
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