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Abstract
A set of mica glasses containing copper ions were synthesized using melt quenching technique with the chemical composi-
tion  Na(1 − X)CuxMg3AlSi3O10F2, where X = 0, 0.05, 0.07, and 0.1. The samples were crystallized at temperatures obtained 
by differential thermal analysis (DTA) data. X-ray analysis confirmed the crystallization of mica  (NaAl3Si3O11),  MgF2 and 
pyrope  (Mg3Al2Si3O12). Transparent glass ceramic with nano-sized crystal < 15 nm was obtained after heat treatment at 
550°C/4 h+650°C/0.5 h. The characteristic peaks of Fourier transform infrared spectroscopy (FTIR) for glass and glass 
ceramic were due to the  SiO4 group. The optical properties were investigated using ultraviolet-visible (UV-Vis) absorption 
spectra. The optical band gap energies for glasses were also calculated, revealing Eopt =1.9 for X = 0 and increased to 3.45 eV 
for X = 0.1, i.e., located in the semiconductor range. The photoluminescence (PL) properties and CIE chromaticity diagrams 
of the as-prepared mica glasses and transparent glass ceramic revealed variation in color from pale purple to blue and light 
blue. These results indicate that the prepared mica materials can be used in different applications.
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Introduction

Flouromica glass ceramics can be seen as promising materi-
als for different engineering and medicine applications. They 
are characterized by easy machinability, biocompatibility, 
and high dielectric constant.1,2 They are also heat-resist-
ant above 800°C and have low porosity.3 These properties 
mainly depend on the structure and morphology of the mica 
crystals.4 Mica, which is a layered silicate mineral, can be 
seen as a 2D sheet.5 It usually takes the shape of a hexagonal 
sheet array. Any form has a complete cleavage that is very 
thinly peeled off.6 Two-dimensional nanosheets have a pro-
pensity to display isotropic properties. This is because their 
vertical and planar physical and chemical properties differ 
from those of nanostructures in other dimensions (i.e., 0D, 
1D, and 3D).7,8 The 2D nanosheet structure is broadly used 
in applications such as insulation,9 electronics, catalysis, 

sensing, and solar cell technology.10–13 On the other hand, 
fluoride glasses have important benefits. They are character-
ized by high transparency in the infrared (IR) region of the 
spectrum and low phonon energies. These properties qualify 
them to be used for amplification of light in telecommunica-
tions  systems14; however, their chemical durability is low. 
Oxyfluoride glass ceramics combine the optical properties 
of fluoride glasses with the simplicity of forming and treat-
ment of conventional oxide glasses.14,15 Luminescent oxy-
fluoride glass ceramics have recently attracted the interest 
of researchers, owing to their excellent luminous efficiency 
as well as energy-saving and eco-friendly properties.16 
Luminescent oxyfluoride glass ceramics can convert most 
exciting energies into visible emissions, and therefore  have 
important applications in lighting, display devices, and opti-
cal communication.17,18

Low cost, excellent luminescence efficiency, adjustable 
emission colors, low toxicities, and great photo-stability 
are all advantages of transition metal ion-based nanophos-
phors.19,20 Among these, copper ion is a competent activa-
tor, producing green and blue emissions in light-emitting 
devices.21,22 The luminescence of  Cu+ ion corresponds to the 
 3d94s1→3d10 transition, the 4s outer electrons are sensitive 
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to the neighboring structure. This results in strong deviation 
of the luminescence properties of  Cu+ with different glass 
structures.23

Copper ion probably exists as metallic Cu, cuprous  Cu+, 
or cupric  Cu2+ in the silicate glass matrices.24 Electrical, 
optical, mechanical, and chemical properties as well as the 
glass-forming ability of the glass system can be affected by 
the valence state of copper.25,26 During the crystallization 
process, the formation of copper nanoclusters were expected. 
The absorption bands at characteristic surface plasma reso-
nance in the visible region and optical nonlinearity are dis-
played by these nanocrystals.27–29 Consequently, doping 
glass ceramics with copper ions in different oxidation states 
is extremely beneficial for use in electrical memory switch-
ing devices.24

Herein, we prepare oxyfluoride glass ceramics based on 
mica structure doped with different concentrations of copper 
oxide. The effect of gradual replacement of Na with Cu ions 
on the structural  Na(1-X)CuxMg3AlSi3O10F2 and luminescent 
properties was investigated. Also, the effect of heat treatment 
to obtain transparent glass ceramic was adjusted. Powder 
x-ray diffraction (XRD), Fourier transform infrared (FTIR) 
analysis, absorption optical studies, and photoluminescence 
(PL) spectroscopy were used in this investigation. Accord-
ing to the findings, the produced transition metal ion-doped 
phosphors could be beneficial in both light-emitting and 
display systems.

Experimental

Preparation of Glasses

Glasses were prepared with the chemical composition based 
on the stoichiometric formula  Na(1 − X)CuxMg3AlSi3O10F2, 
listed in Table I. The starting raw materials include labora-
tory reagent-grade  Na2CO3, CuO,  MgCO3,  MgF2,  Al2O3 and 
 SiO2; about 25 g of glass was prepared from each composi-
tion, which were denoted as X0, X0.05, X0.07, and X0.1 
according to the amount of copper oxide added. The accu-
rately weighed batches were placed in a platinum crucible 
and melted in an electric furnace at 1400–1500°C for 1 h. 
The crucible was rotated every 15 min to reach complete 
mixing and homogeneity. The melts were poured onto a cold 
stainless-steel plate to ascertain their glassy nature.

Crystallization of Glasses

Crystallization was performed according to the data obtained 
from differential thermal analysis (DTA) measurements 
that were carried out using a model Q600 SDT device. The 
applied heating rate was 10°C/min with alumina as a blank 
reference material. Both glass transition and crystallization 
temperatures were used to design a suitable heat treatment 
program for the prepared glasses.

X‑ray Diffraction Analysis (XRD)

The prepared glass–ceramics were subjected to powder x-ray 
diffraction using Ni-filled Cu-Kα radiation using Bruker 
D8 to identify crystalline phases formed by thermal heat 
treatment.

Optical UV–Visible Near‑Infrared (NIR) Absorption 
Studies

UV-visible absorption spectra were detected for all glass 
samples. Highly polished glasses of equal thickness (2 mm 
± 0.1 mm) were scanned in the range of 200–1000 nm using 
a recording spectrophotometer (JASCO V-630, Japan).

Fourier Transform Infrared (FTIR) Absorption 
Spectra

The FTIR absorption for the prepared glasses were meas-
ured at room temperature in the range 4000–400  cm-1 by an 
infrared spectrophotometer (JASCO FT/IR-300E, Japan), 
using the KBr disc technique. Two milligrams of powdered 
glass were mixed with 200 mg of KBr and the mixture was 
subjected to a load of 5 tons/cm2 in order to produce clear 
homogeneous discs. The IR absorption spectra were meas-
ured immediately after preparing the desired discs. The same 
measurements were repeated for glass ceramic samples.

Luminescence Properties

PL was measured at room temperature using spectrofluor-
ometer (Jasco FP-6500, Japan). The light source was a xenon 
arc lamp (150 W), and the excitation and emission slit band 
widths were both 5 nm.

Table I  The stoichiometric 
chemical composition of 
different Cu-doping glasses in 
moles

Sample symbol Na2O MgF2 MgO Al2O3 SiO2 CuO

X0 0.5 1 2 0.5 3 –
X0.05 0.45 1 2 0.5 3 0.05
X0.07 0.43 1 2 0.5 3 0.07
X1 0.40 1 2 0.5 3 0.1
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CIE 1931 Chromaticity Diagram

Any color with its hue, saturation, and luminance can be 
specified by the tristimulus values X, Y, and Z. Chromaticity 
coordinates are calculated from the spectral power distribu-
tion of the light source and the CIE color-matching functions 
in the range 380–370 nm at intervals of 5 nm. The tristimu-
lus values for a non-monochromatic light source with spec-
tral relative power P(λ) are given  by30–32:

where X, Y, and Z are the tristimulus values, which give the 
power for each of the three primary colors to match with 
the color of P(λ), and from the tristimulus values the color 
chromaticity coordinates x and y can be determined using 
the following  expression30,31;

All the multichromatic wavelengths are expected to lie 
within the area of the chromaticity diagram. The lumines-
cent intensity of the emission spectral measurements can 
be characterized using the CIE 1931 chromaticity diagram. 
These chromaticity coordinates are not linearly independ-
ent of each other, since they follow that x + y + z = 1 for 
all colors; it is therefore only necessary to quote two of the 
chromaticity coordinates, and these can of course be plotted 
on a normal two-dimensional graph.

Results and Discussion

Differential Thermal Analysis (DTA)

Differential thermal analyses (DTA) of un-doped and Cu-
doped glasses are shown in Fig.  1. DTA thermograms 
revealed a broad endothermic effect corresponding to glass 
transition (Tg) at 598–600°C followed by a significant exo-
thermic peak at 680–700°C corresponding to crystallization 
temperature (Tc). A slight decrease in both Tg and Tc were 

(1)X = ∫ P(�)x(�)d�

(2)Y = ∫ P(�)y(�)d�

(3)Z = ∫ P(�)z(�)d�

(4)x = X∕X + Y + Z

(5)y = Y∕X + Y + Z

(6)z = Z∕X + Y + Z

observed after adding CuO. This decrease can be attributed 
to a decrease in viscosity by replacing  Na+, which has an 
ionic radius of ~ 1.8 Å, with  Cu2+, which has a smaller ionic 
radius of ~1.35 Å, through an increase in temperature.33 This 
replacement will facilitate the mobility of ions leading to a 
slight decrease in both Tg and Tc as well as enhancing the 
degree of crystallization,34,35 as will be shown later by XRD.

X‑ray Powder Diffraction

The prepared glasses were exposed to two different heat 
treatment schedules. The first consists of one step at 
750°C/4 h; this temperature covers the exothermic peak 
range so it will provide a complete picture about the devel-
oped crystallized phases. The second program consists of 
two steps, one at 550°C/4 h and the second at 650°C/0.5 h, 
for studying the effect of heat treatment at nucleation tem-
perature for a long period, which will induce a large number 
of nuclei, followed by heat treatment at the onset tempera-
ture of the crystallization peak to obtain the smallest-sized 
crystals of the desired phase. This schedule aims to obtain 
transparent glass ceramic. The XRD analysis of the samples 
after the two heat treatment programs is displayed in Figs. 2 
and 3.

XRD after heat treatment at 750°C/4 h (Fig. 2) revealed, 
in general, crystallization of mica  (NaAl3Si3O11),  MgF2, 
and pyrope  (Mg3Al2Si3O12), where the XRD Bragg peaks 
are matched with ASTM cards no. 46-0740, 1-1196, and 
89-1490 in that order. Gradual replacement of  Na+ with Cu 
ions lead to enhancement the crystallization of both mica 
and pyrope while  MgF2disappeared. This is mirrored by 
increasing the intensity of XRD peaks correspond to mica 
and pyrope; while XRD peaks corresponding to  MgF2 van-
ished. This can be explained as follows: with increasing CuO 

Fig. 1  DTA thermograms for as-quenched glasses with different Cu 
additions.
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the viscosity of the glass decreased and the mobility of ions 
increased, so  Mg2+ of  MgF2 reacted more easily with the 
remaining  Al3+ and  Si4+ to obtain pyrope phase.

Unlike the expected results, a small shift in d-spacing to 
higher values is observed by increasing the addition of Cu 
ions. If Cu ions, which have a small ionic radius of ~ 1.35 Å, 
replace Na ions, with a higher ionic radius of ~ 1.8 Å, in its 
position in the mica structure, the expected result is a shift 
in d-spacing toward smaller values. However, the contrary 
is observed, which means that Cu ions are not included in 
the mica structure, and the increase in d-spacing is due to 
greater development of the crystal structure as a result of 
the enhanced crystallization process with an increase in Cu 
ions.36 On the other hand, no copper-bearing phases are 

detected by XRD, which may be due to the reduction of 
copper ions during heat treatment by  F− to copper metal, 
which was ejected out to the surface of the sample.

The XRD spectra of samples heat-treated at 
550°C/4 h+650°C/0.5 h are illustrated in Fig. 3, which 
reveals the same behavior of the sample heat-treated at 
750°C for 4 h but with higher Bragg peak intensity, indicat-
ing an increase in the degree of crystallization. This can be 
attributed to the fact that the crystallization process is car-
ried out in bulk mode (homogeneous nucleation), not surface 
mode, so heat treatment at 550°C/4 h enhanced the pre-crys-
tallization step, i.e., formation of a huge number of nuclei, 
and after increasing the temperature to 650°C for only 0.5 h, 
the development of crystallized phases with small size is 
obtained. There are no observed shifts in d-spacing, as in 
samples heat-treated at 750°C/4 h, due to the limited growth 
of the crystals through this heating schedule. Consequently, 
this program is successful in producing transparent glass 
ceramic as shown in Fig. 4, where the visual appearance 
of the as-prepared glass (X0) and that after heat treatment 
at both 550°C/4 h+650°C/0.5 h and 750°C/4 h is shown. 
The as-prepared glass looks yellowish transparent and after 
550°C/4 h+650°C/0.5 h looks whitish transparent, while 
after 750°C/4 h it appears opaque.

In both heat treatment programs cited above, increasing 
XRD intensity with a gradual increase in CuO is observed. 
This may be due to the transition metal ions that are com-
monly used as crystal stimulators for controlled crystalliza-
tion processes, giving rise to huge numbers of nucleation 
centers in the original glass.24

Using the Debye-Scherrer formula, the average crystallite 
sizes are determined from the most intense XRD peaks, as 
follows: D = kλ/B cosΘ where D is the particle size, k is a 
constant, λ for Cu is 1.54 Å, B is the full width at half maxi-
mum, and 2Θ=4°. The crystallite size is in the nanoscale, 
recorded as ~15 nm, 14 nm, 13 nm, and 11 nm for X0, X0.5, 
X0.07, and X0.1, respectively. The decrease in crystal size 
with increased CuO addition is due to the role played by 

Fig. 2  XRD analysis of glass ceramic samples after heat treatment at 
750°C/4 h.

Fig. 3  XRD analysis of glass ceramic samples after heat treatment at 
550°C/4 h+650°C/0.5 h.

Fig. 4  Visual image of (a) X0 glass as quenched, (b) after heat treat-
ment at 550°C/4 h then at 650°C/0.5 h, and (c) after heat treatment at 
750°C/4 h.
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CuO as nucleating agent; as CuO increases, the number of 
nuclei increases, preventing further crystal growth.

Fourier Transform Infrared (FTIR) Absorption Data

Infrared spectroscopy is a very valuable analytical technique. 
It gives convenient evidence about structural building units 
in various oxide glasses.37 Figure 5 shows the FTIR absorp-
tion spectra of the prepared glasses. The main structural 
unit in the prepared glass is  SiO4. Therefore, most of the 
bands that appear are due to silicate group networks. The 
vibrational bands of silicate chains are active in the spectral 
region between 400  cm− 1 and 1600  cm− 1.38 Peaks owing to 
water or hydroxyl (OH) and silanol (SiOH) group vibrations 
can be seen in the NIR spectral region from 2000  cm− 1 to 
4000  cm− 1.38 Molecular water vibrations are responsible for 
the tiny peak at around 1636  cm− 1. Water and OH vibra-
tions are responsible for the two tiny peaks at 2934  cm− 1.39 
Molecular water vibrations are responsible for the large 
peak at the IR band at 3440   cm− 1.The small curvature 
at 1400  cm− 1 is due to the carbonate group. The peak at 
1042  cm− 1 is due to Si-O-Si asymmetric stretching. The 
peak at 710  cm− 1 is due to symmetric stretching of the Si-O-
Si group. The peak at 473  cm− 1 is due to bending vibrations 
of Si-O-Si and O-Si-O linkages.40 It can also be attributed 
to MgO or  Na2O.39

The FTIR absorption spectra after heat treatment at 
750°C/4 h are shown in Fig. 6. The small shift in band posi-
tions is due to changes in the bond strength, which is caused 
by strain in the chemical bonds. Consequently, the shift in 
band positions can be attributed to the formation of differ-
ent phases causing distortions of the  SiO4 tetrahedra. The 

band at 1430  cm− 1 splits into two small bands at 1446  cm− 1 
and 1540  cm− 1. The band at 1042  cm− 1 shifts to a lower 
wavelength at 1027  cm− 1. The peak at 710 is shifted to 790 
 cm−1and a peak appears at 695  cm− 1. The peak at 473  cm− 1 
shifts to 470  cm− 1.

It appears from the results that the progressive additions 
of copper oxide do not affect the FTIR absorption bands for 
either glass or glass ceramic. This may be due to the very 
small amount of copper added to the prepared glasses. This 
confirms the presence of CuO in the interstitial position and 
not in the main structural units in the mica glass ceramic 
lattice.40

Optical Absorption Measurements

UV-radiation excites valence electrons in the irradiated 
material and complicated photoreaction processes led sub-
sequently to the formation of irradiation-induced defects. 
Defects are generated in ppm concentrations and occur in 
pairs of positive hole centers (HC) with negative electron 
centers (EC). While the extrinsic defects are connected to 
dopants or impurities, the intrinsic defects arise from the 
glass matrix itself. The formation of defects may result in 
transmission changes but also in changes in the refractive 
properties of the material.41 Between many transition ions, 
the dissolution of minor amounts of copper ions in glass 
matrices makes the glasses colored and strongly affects the 
structural and optical properties.42

Copper is usually found in glasses as  Cu+  (3d104s0) or as 
 Cu2+ ion  (3d94s0). The sample is light blue in color, and the 
optical spectrum shows a broad absorption with a maximum 
around 800 nm (Fig. 7). The broadness of the d-d transition 
band is caused by Jahn-Teller distortion of  Cu2+  (d94s0).43 

Fig. 5  FTIR absorption spectra of the as-prepared glasses.

Fig. 6  FTIR absorption spectra of prepared glass ceramics heat-
treated 750°C/4 h.
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At 250 nm, the base glass produces a prominent band. UV 
absorption peaks between 285 nm and 320 nm, with a large 
curve of about 420 nm, followed by a very broad band with 
nearly the same intensity and position as the peak at 750 nm, 
which is linked to octahedrally coordinated  Cu2+ ions.38 As 
the mol% of CuO is increased from 0.05 to 0.1 in the glass 
samples, the main UV absorption band at 750 nm becomes 
higher and sharper. The existence of electron-trapped cent-
ers, such as  SiO4 and oxygen-related hole centers, causes 
an increase in the absorption at wavelengths < 300 nm.44 
The UV absorption edges of copper-doped glass samples 
red-shifted as the CuO doping concentration increased.23

Optical Band Gap Energy

The absorption coefficient α at the absorption curve's edge is 
used to calculate the optical band gap energy of the prepared 
glasses. The absorption coefficient is calculated using the 
formula  below45:

For each sample, A is the absorbance and t is the thick-
ness in cm. The following equation describes the relation-
ship between α and the photon energy of incident radiation, 
hv46:

where B is a constant, Eopt is the energy of the optical band 
gap, and r is an index, taking the values (2, 3, 1/2, or 3/2) 
corresponding to indirect allowed, indirect forbidden, direct 
allowed, and direct forbidden transitions, respectively.47 The 

� =
2.303A

t

�h� = B(h� − Eopt)
r

optical band gap values are calculated by extrapolating the 
linear region of the (αhν)1/2 vs. hν plots (Fig. 8). The value 
of Eopt obtained is 1.9 eV for the Cu-free sample, X0. The 
gradual addition of Cu ions leads to a gradual increase in 
Eopt to 2.58 eV, 3.02 eV, and 3.45 eV for X0.05, X0.07, and 
X0.1, respectively. It is observed that the optical band gap 
(Eopt) is increased with an increase in CuO content. The 
optical band gap (Eopt) is proportional to the compactness 
of the network structure. The glass network becomes more 
compact as the average number of bridging atoms increases, 
resulting in an increase in the optical band gap.47 Cu ions 
form stronger connections with oxygen in this glass compo-
sition than Na ions do. Subsequently, a more dense texture 
appeared in the X0.1 sample than in X0.07 and X0.05, with 
lower CuO content. As a result, the substitution of CuO for 
 Na2O in this glass composition increases the optical band 
gap (Eopt). From a different perspective, the drop in optical 
band gap energy corresponds to a decrease in phonon-assis-
tant indirect transitions.48 The optical band gap (Eopt) values 
for all glasses are in the semiconductor region in general.

PL Behavior of the Glasses

PL emission spectra of glasses and glass ceramics at room 
temperature after heat treatment at 550°C/4 h+650°C/0.5 h, 
excited at λex= 315 nm are shown in Figs. 9 and 10.

The PL emission spectra of the glasses (Fig. 9) revealed 
that copper-free glass exhibited six bands, as follows:

(a) Three intense bands at 326 nm, 404 nm, and 465 nm 
(in the range of UV, violet, and blue, respectively).

Fig. 7  UV-visible absorption spectra of the as-prepared glasses.
Fig. 8  Optical band gap energy for glasses with different Cu addi-
tions.
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(b) Two broad bands at 546 nm and 625 nm (in the range 
of green and orange).

(c) Very small band at 822 nm (NIR range).

Adding CuO led to a change in this behavior, where two 
very intense bands at 467 nm (blue) and 512 nm (green) 
appeared in the X0.05 sample. This intensity decreased with 
the increased addition of CuO. Small kinks appeared in 
only the X0.07 sample at both 423 nm (indigo) and 562 nm 
(green).

The PL emission spectra of the transparent glass ceramic 
after heat treatment at 550°C/4 h+650°C/0.5 h are shown in 
Fig. 10a, b. Both X0.07 and X0.1 glass ceramics revealed the 
same behavior, where three intense bands at 466 (blue), 421 
(violet), and 566 nm (green) appeared and three kinks at 395 
(violet), 449 (blue), and 480 nm (blue) also appeared; the 
intensity decreased with increased CuO addition, as shown 
in Fig. 10a. The copper-free glass ceramic depicted almost 
the same PL spectra as its parent glass but with lower inten-
sity. The X0.05 glass ceramic revealed highly intense bands 
at both 467 (blue) and 512 nm (green) the same as its parent 
glass but with higher intensity, as shown in Fig. 10b.

It is observed that copper-free mica glass and glass 
ceramic revealed a wide PL emission spectrum, from UV 
range (326 nm) to the NIR range (822 nm), and visible emis-
sion at violet (404 nm), blue (465 nm), green (546 nm), and 
orange (652 nm). We can consider that pure mica glass 
exhibited PL properties over a wide range; these results are 
matched with other previous studies.49

It is known that Cu ions have strong luminescence inten-
sity in the visible light region among different transition 
metals.50–52 The luminescence of  Cu+ ions corresponds to 
the  3d94s1→3  d10 transition, and the 4s outer electrons are 
sensitive to the surrounding structural environment. This can 
result in a strong variation in the luminescence properties 
of  Cu+ with the glass matrix.23 Gradual addition of CuO 
results in a significant change in PL emission, where the 
predominant luminescence is due to the CuO addition. The 
change in luminescence spectra indicates the transformation 
of luminescence centers or changes in their concentrations.53

Copper can exist as ions, atoms, charged or neutral nano-
sized molecular clusters (MCs), and nanoparticles.53 PL 
emissions of copper-doped mica glasses reveal two main 
emission peaks located at 467 nm and 512 nm; compared 
with the literature,23 these values are red-shifted (~450 nm 
and 505 nm,  respectively23). The red shift occurs because 
the increased concentration of CuO reduces the distance 
between the  Cu+ ions and increases the possibility of over-
lapping of the S excited state. As a result, the S excited 
state is very close to the ground state, causing the red-shift 
effect.23  Cu+ ions isolated in the visible area can emit lumi-
nescence with a wavelength of approximately 467 nm. The 
peak at 512 nm is due to the high concentration of CuO, 
which lead to a decrease in the distance between two  Cu+ 
forming  Cu+-Cu+ ion pairs.23 The luminescence of the  Cu+ 
ion can be explained in two ways. The luminescence of  Cu+ 
ion monomer and  dimer54 is one of them. A side from  Cu+ 

Fig. 9  The photoluminescence spectra of as-quenched glasses.

Fig. 10  The photoluminescence spectra of glass ceramic after heat 
treatment at 550°C/4 h+650°C/0.5 h (a) for samples X0, X0.07, X1.0, 
and (b) for sample X0.05.
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ion luminescence in an eight-coordinated cube and a six-
coordinated octahedral.55 Another explanation is due to the 
relationship between them. The  Cu+ ion monomer is thought 
to occupy the centers of the eight-coordinated cube, while 
the  Cu+ ion dimer is thought to occupy the six-coordinated 
octahedral.23 The emission intensity of  Cu+ ions increased 
first and then declined as the  Cu+ ion quantity increased, 
reaching a maximum at X = 0.05. Concentration quenching 
occurs at this optimal concentration. Increasing the CuO 
addition leads to the appearance of two kinks at 423 nm and 
562 nm in X0.07 and more broad bands in X0.1. The reason 
for this phenomenon may be due to when the concentration 
of CuO is high, the isolated  Cu+ ions transfer energy to the 
 Cu+-Cu+ ion pairs.23

After heat treatment, noticeable changes in PL properties 
were observed. All samples, except X0.05, revealed PL emis-
sion spectra similar to cooper-free mica glass ceramic; i.e., 
the effect of copper was not noticeable. These results can be 
interpreted as follows: During heat treatment, the reduction 

process of  Cu+ due to the presence of  F− and electrons was 
increased. Consequently, all  Cu+ was transformed into neu-
tral MCs, which were ejected from the bulk sample to the 
surface.56,57

Figure 11a and b show the CIE chromaticity diagrams 
which give the change in color with CuO addition in the 
glass and glass ceramics, respectively. The variation in 
color from pale purple to blue and light blue indicates 
that these prepared mica materials can be used in different 
applications.

Conclusions

Mica-based glasses in a  Na(1 − X)  CuxMg3AlSi3O10F2 sys-
tem were synthesized by an ordinary melting technique. The 
effects of different amounts of copper oxide on the optical 
and PL properties of mica glasses and glass ceramics were 
investigated. X-ray diffraction illustrated crystallization of 
mica  (NaAl3Si3O11),  MgF2 and pyrope  (Mg3Al2Si3O12). As 
the addition of CuO was increased from 0.05 to 0.1, the char-
acteristic UV absorption bands become higher and sharper. 
Progressive additions of CuO did not affect the intensity or 
position of the peaks in the FTIR spectra for either the glass 
or glass ceramic. CIE chromaticity diagrams revealed vari-
ation in color from pale purple to blue and light blue, thus 
indicating that the prepared mica materials can be used in 
different applications.
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