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New glass system of neodymium – doped zinc soda lime silica glass has been synthesized for the first
time by melt-quenching of glass waste soda lime silica (SLS) with zinc oxide (ZnO) as precursor glass
and Nd2O3 as dopant. In order to examine the effect of Nd3+ on the structural and optical properties,
the prepared sample of structure [(ZnO)0.5(SLS)0.5](Nd2O3)x (x = 0, 1, 2, 3, 4 and 5 wt%) was characterized
through X-ray diffraction (XRD), Fourier transform infrared (FTIR) spectroscopy, UV–Vis spectroscopy
(UV–Vis) and the photoluminescence (PL). XRD pattern justifies the amorphous nature of synthesized
glasses. FTIR spectroscopy has been used to observe the structural evolution of ZnO4 and SiO4 groups.
The UV–Vis-NIR absorption spectra reveals seven peaks centered at excitation of electron from ground
state 4I9/2 to 4D3/2 + 4D5/2 (�360 nm), 2G9/2 + 2D3/2 + 2P3/2(�470 nm), 2K13/2 + 4G7/2 + 4G9/2 (�523 nm),
4G5/2 + 2G7/2 (�583 nm), 4F9/2 (�678 nm), 4S3/2 + 4F7/2 (�748 nm) and 4F5/2 + 2H9/2 (�801 nm). PL spectra
under the excitation of 800 nm display four emission bands centered at 531 nm, 598 nm, 637 nm and
671 nm corresponding to 4G7/2 ?

4I9/2, (4G7/2 ?
4I11/2, 4G5/2 ?

4I9/2), (4G5/2 ? 4I11/2) and (4G7/2 ?
4I13/2,

4G5/2 ?
4I11/2) respectively.

� 2016 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

The need for novel environmental glass system as luminous
material has urged the investigation of several possible hosts for
glass doping Nd3+ [1–3] after decades since lasing in Nd-doped
glass by Snitzer [4]. Nd3+ ions are often used as dopant for lasing
action with high efficiency for room temperature operation. Most
of the applications of Nd3+ ions are because it can functionalize
in both amorphous and crystalline state for developing solid state
lasers [5] with valuable properties of 4f shell transitions [6].
Normally, Nd is doped into glass host matrices such as borate,
phosphate silicates and fluorides [7]. Among other conventional
host, silicate is a promising material for Nd host glass because of
its optical and mechanical features [8]. Considerable works have
been reported to fabricate neodymium-doped silica glass using
melt-casting [9], vapor deposition [10] and sol gel [11].

Despite that, based on the ideas of Nd doped glass, a glass –
based zinc silica (ZnO-SLS) will be developed by utilizing soda lime
silicate (SLS) as silica sources, zinc oxide (ZnO) and neodymium
oxide (Nd2O3). Significance literature evidences has led to selection
of SLS glass as host component [12–14]. Pioneering work has led to
this project on the properties of physical, structural and optical
properties of zinc soda lime silica (ZnO-SLS) [15–17], however,
no extensive investigation has been performed on structural and
luminescence of Nd doped ZnO-SLS properties yet.

As a crucial advantage, synthesis of ZnO together with SLS
waste glass is cost effective compared to other semiconductors
[18] due to its potential in optoelectronics particularly ultraviolet
emitting devices [19]. In fact, the combination of rare earth ions
with a wide band gap semiconductor is considered as a new class
of material. In this work, a detailed yet revealing study of the struc-
tural, luminescence and optical of (ZnO)0.5(SLS)0.5 glass and Nd3+

doped [(ZnO)0.5(SLS)0.5] is reported.
Experimental

The starting material was soda lime silica glass, commercial
ZnO powder (Sigma Aldrich, 99.9%) and Nd2O3 powder (Alfa Aesar,
99.9%). The precursor glasses with composition in weight% of
[(ZnO)0.5(SLS)0.5] (Nd2O3)x (x = 0, 1, 2, 3, 4 and 5 wt%) were pre-
pared by using melt-quenching in water method. For each batch,
starting material of 30 g were ball milled together at 300 rpm for
48 h until fully mixed and melted in alumina crucible at 1400 �C
for 2 h. The glassy frit produced was finely ground and sieved into
63 lm in size. The powdered glass was cast into pellet form of
10 mm diameter mold. The amorphous phases of powders were
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Fig. 2. FTIR evolution of [(ZnO)0.5(SLS)0.5](Nd2O3)x.

400 500 600 700 800
0.14

0.16

0.18

0.20

0.22

0.24

0.26

0.28

0.30

0.32

0.34

4F5/2 + 2H9/2

4S3/2 + 4F7/2

4F9/2

4G5/2 + 2G7/2
2K13/2 + 4G7/2+ 4G9/2

2G9/2 + 2D3/2+ 2P3/2

Ab
so

rp
tio

n 
in

te
ns

ity
 (a

.u
)

Wavelength (nm) 

 undoped
 Nd 1 wt%
 Nd 2 wt%
 Nd 3 wt%
 Nd 4 wt%
 Nd 5 wt%

4I9/2→

4D3/2 + 4D5/2

Fig. 3. UV–Vis absorption of [(ZnO)0.5(SLS)0.5](Nd2O3)x.
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evaluated by X-ray diffraction diffractometer (XRD; X’pert X-ray
Diffractometer, Phillips) using with Cu Ka radiation. The samples
were scanned between (2h) = 4� and the end of angle was 90�.
Analysis by infrared spectrometer in the region 400–4000 cm�1

was recorded for all the samples using Fourier transform infrared
spectroscopy (FTIR; Perkin Elmer). UV–Visible spectra for samples
were then measured by using UV–Vis spectrophotometer (UV–Vis;
UV–Vis-NIR, Shimadzu). The photoluminescence spectra were
measured by using Photoluminescence spectrophotometer
(PL; LS 55, Perkin Elmer).

Results and discussion

XRD analysis

Fig. 1 shows the X-ray diffraction pattern of the undoped and
Nd doped glass samples. Both the investigated undoped and Nd
doped glass samples show neither sharp peak nor crystalline pat-
tern. The broad peak centered at 31.9� clearly indicated that the
glass samples are fully amorphous.

FTIR spectral analysis

The infrared spectra of amorphous undoped (ZnO)0.5(SLS)0.5 and
(Nd2O3)x [(SLS)0.5(ZnO)0.5] at room temperature are shown in Fig. 2.
The vibration frequencies at 460 cm�1 region of the infrared spec-
trum is due to bending mode vibrations of O–Si–O [17,20] and
Si–O–Si [17]. The vibration frequencies at 750–770 cm�1 region
confirmed the presence of Si–O–Zn bonds which indicates the pos-
sibility of existed network formation between ZnO4 and ZnO3

group in precursor host [17]. A peak at 654 cm�1 indicates the
presence of Si–O–Nd [21]. The peak observed at approximately
700–820 cm�1 is assumed to be related to symmetric Si–O–Si
stretching or vibrational of ring structures [20] and bridging oxy-
gen between tetrahedra [17]. The region at approximately
980 cm�1 explains the formation of asymmetric SiO4 [17,22]. The
peak at 1180 cm�1 explained the position of Si–O–Si, TO and LO
asymmetric stretching bonding [20]. The absorption band at
1638 cm�1 indicates C@C stretching. This band is expected to van-
ish in dense glass [20].

UV–Vis absorption

Fig. 3 displays the UV–Vis absorption spectra of undoped and
Nd doped glasses with different Nd3+ concentrations at room tem-
perature. The UV–Vis absorption spectra of the undoped and Nd
doped glass powders were recorded in the range of 200–800 nm.
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Fig. 1. XRD pattern of [(ZnO)0.5(SLS)0.5](Nd2O3)x.
All the doped glass samples absorption lines are due to 4f3–4f3

transition of the Nd3+ ions.
The UV–Vis absorption peaks exist when the f orbital of Nd3+

has interaction with the neighboring O2� ions. The sharpness of
the peaks is due to f–f transition of the increasing Nd3+ doping.
While no features are observed for the undoped glass sample, the
Nd doped powder spectra exhibit Nd related absorption peaks at
360 nm, 470 nm, 523 nm, 583 nm, 678 nm, 748 nm and 801 nm.
This phenomenon occurs as Nd3+ enter the lattice of ZnO-SLS, the
f orbital is split into the ground and various excited energy levels.
All these peaks correspond to excitation of electrons from the
ground state 4I9/2 to 4D3/2 + 4D5/2 (�360 nm), 2G9/2 + 2D3/2 + 2P3/2
(�470 nm), 2K13/2 + 4G7/2 + 4G9/2 (�523 nm), 4G5/2 + 2G7/2

(�583 nm), 4F9/2 (�678 nm), 4S3/2 + 4F7/2 (�748 nm) and
4F5/2 + 2H9/2 (�801 nm).

Furthermore, for Nd3+ ion, 4I9/2 ? 4G5/2 + 2G7/2 is the hypersen-
sitive transition. It confirms the selection rule DS = 0, DJ 6 2,
DL 6 2 by displaying an intense absorption peak. The intensity of
the hypersensitive transition is due to ion-ligand bonding environ-
ment [23] and the covalency of Nd–O bond [24].
Optical absorption

The optical absorption of both undoped and Nd doped glass
samples was characterized by UV–Vis absorbance measurements
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Fig. 5. PL emission (kexc = 800 nm) of [(ZnO)0.5(SLS)0.5](Nd2O3)x.
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to confirm the optical band gap energy (Eopt) of the samples. From
the UV–Visible results, Tauc plots are drawn by using the equation
suggested by Mott and Davis relation for Eopt [25]:

aðmÞ ¼ Bðhm� EoptÞn=hm ð1Þ
where a is the absorption coefficient as a function of photon energy,
Eopt is the optical band gap, B is a band tailing parameter constant
and n is an index that can be obtained to assume types of transition.

ðahmÞ1=2 ¼ Bðhm� EoptÞ ð2Þ
The band gap is fitted by extrapolating the linear region of the

plot (ahv)1/2 versus hm. As shown in Fig. 4, the bandgap for
undoped (ZnO)0.5(SLS)0.5 and [(ZnO)0.5(SLS)0.5](Nd2O3)x glass sam-
ples are 3.02, 2.92, 3.03, 3.00, 3.05 and 3.04 eV respectively.

At first, the band gap decreases from undoped up to doped sam-
ple of 1 wt% Nd. Such a reduction is due to generation of non-
bridging oxygen and bonding defect from replacement of Zn2+ with
Nd3+. This results in broadening of band tailing or impurity band
and finally reaches and merges with the bottom of the conduction
band. At 2 wt% the band gap then increases due to an increase in
carrier density of the host. The increase in band gap can be under-
stood by the Burstein–Moss effect. However, at 3 wt% the band gap
decreases because carrier density of the host is saturated due to
excess Nd doping. At this concentration, Nd acts as carrier traps
instead of electron donors [26,27]. Furthermore, it should be noted
that at very high carrier densities, due to 4 wt% and 5 wt% doping,
for material with semiconductor nature (ZnO), the electron and
electron-impurity scattering could cause the band gap narrowing
and widening effect. The first part comes from the electron-
impurity interaction. The second part arises from the columbic
interaction between the carriers and results in the band gap shift
[28–30].

Photoluminescence

Fig. 5 shows the PL emission of Nd doped glass samples with
different doping concentrations measured at room temperature.
The PL spectrum was measured under an excitation wavelength
of 800 nm. It is interesting to note that, four emission bands were
centered at 531 nm, 598 nm, 637 nm and 671 nm corresponding to
4G7/2 ?

4I9/2, (4G7/2 ?
4I11/2, 4G5/2 ?

4I9/2), (4G5/2 ?
4I11/2) and

(4G7/2 ?
4I13/2, 4G5/2 ?

4I11/2) respectively. The results are con-
firmed with previous studies on telluride optical properties [5]
and PbO–GeO2 glass [31] and lithium magnesium borate glass [1].

As shown, the emission intensity can be tremendously
enhanced with the increasing Nd3+ doping concentration in the
[(ZnO)0.5(SLS)0.5](Nd2O3)x glass samples up to 3 wt% Nd doping
and quenches afterward. The quenching in the luminescence
intensity is due to Nd cluster in SiO2 matrix [32], decreasing dis-
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Fig. 4. Plot of (ahm)1/2 versus hm for [(ZnO)0.5(SLS)0.5](Nd2O3)x.
tance in Nd3+ and Zn2+ and the promotion of multi-phonon relax-
ation [1].
Conclusions

Neodymium doped zinc soda lime silica of structure [(ZnO)0.5
(SLS)0.5](Nd2O3)x (x = 0, 1, 2, 3, 4 and 5 wt%) glasses have been syn-
thesized successfully by using melt-quenching technique. From
characterization studies, XRD measurements indicate the amor-
phous phase of both undoped and doped glasses. FTIR measure-
ments indicate the presence of main structural of the host
material, ZnO4 and SiO4 groups. UV–Vis absorption shows seven
bands absorption peaks related to the presence of Nd3+. The
increases and decreases of optical band gap are due to structural
amendment, Burstein–Moss effect and band gap narrowing and
widening effect. The PL spectra display distinctive red, orange
and green emission with potential upconversion ability related to
telecommunication and solid state lasers.
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