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Abstract
Rods of silver (Ag)-dysprosium (Dy3+) co-doped in silica xerogels were synthesized via sol–gel method. The doped
matrices, as a function of Dy3+ ions concentration, were characterized using ultraviolet-visible and near-infrared (UV–VIS-
NIR) and photoluminescence (PL) spectroscopy. The formation of fine spherical Ag nanoparticles was confirmed by the
field-emission scanning electron microscopy (FE-SEM). In addition to the surface plasmon resonance (SPR) bands of Ag
nanoparticles centered at 423 nm, the UV–VIS-NIR spectra revealed absorption peaks due to Dy3+ active centers. From the
photoluminescence results, three emission peaks at 477, 518 and 576 nm were observed when the samples were excited by
350 nm source. The results from the CIE chromaticity diagram gave an indication of the white light emissivity at the
excitation wavelength of 350 nm and thus these samples can be a promising candidate for white light emitting applications.

Graphical abstract

CIE diagram of the photoluminescence spectra of Ag-Dy3+ co-doped silica xerogels
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1 Introduction

Recently, sufficient work has been devoted to enhance
white light emitting diodes (LEDs) pours into the benefits
of high efficiency, higher brightness, environmental
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friendliness, lower energy consumption, and lengthen the
life-time compared to conventional lighting systems.
Resulted in recent advancements in lighting sources,
white LEDs have demonstrated significant potential for
use as indicators in a wide range of equipment, besides
the wide range of local applications. White LEDs are
commercial productions by combining blue and yellow
bad effects including color change and minimizes light-
ening on the long way. The reason of this is the decay of
the individual substance vary. For this reason, there is a
lot of interest in developing single-component phosphors
that emit white light on exposing to ultraviolet light
[1, 2].

Rare earth (RE) ion-containing functional materials
have enormous potential for use in display technology,
lamp phosphors, and white light sources. These materials
are widely used as monochromatic devices because of
their intense emission capability, flexible emission colors
with different activators, and high thermal and chemical
stability. As optical materials capable of emitting in the
visible and near-infrared ranges, the absorption and
emission of various trivalent REs’ f-f or f-d transitions
has got considerable attention. According to their
remarkable photoluminescence in a variety of matrices,
trivalent dysprosium (Dy3+) ions are important active
centers. Because their emission wavelength is highly
dependent on the type of host matrix, the emission colors
produced can be used to produce both blue and yellow
emissions, which is useful for white light generation. To
produce overall white light, the yellow-to-blue emission
intensity ratio (Y/B) can be adjusted. Generally speaking,
Dy3+ has three visible emission peaks: the blue one
around 480 nm caused by the 4F9/2 →

6H15/2 electronic
transition, the yellow one around 575–580 nm caused by
the hypersensitive 4F9/2 →

6H13/2 transition (J= 2), and
the red one around 670 nm caused by the 4F9/2 → H11/2

transition. The hypersensitive transition of Dy3+ ion can
be significantly influenced by the surrounding environ-
ment, and thus variable ratio of Y/B emission intensities
can be adapted through appropriate host matrix selection
[3, 4].

Combining lanthanide ions with noble metals like
silver or gold proved to be an efficient way of increasing
the photoluminescence of REs in various types of glasses.
First, the improved photoluminescence performance was
due to the influence of Ag nanoparticles with 420 nm
absorbance on local surface plasmon resonance (SPR).
This optical phenomenon was explained as a collective
excitation of conduction band electrons that produced
high electromagnetic fields near Ag nanoparticles,
increasing excitation efficacy and radiative decay rate,
and thus efficiently increasing lanthanide ion absorbance
coefficient. Others, on the other hand, explained

photoluminescence enhancement as classical energy
transfer from non-plasmonic very fine molecule-like Ag
particles or isolated Ag+ ions to lanthanide ions [5].
Several methods have been used to synthesize elements
such as Ag co-doped with lanthanide elements, including
the sol–gel method, which gives advantages such as
almost well organized and good dopant dispersion [6].

The recent research focus on the preparation of Ag-Dy3+

co-doped silica matrices, and studying the surface plasmon
resonance effects of Ag nanoparticles on the Dy3+ ions
properties in the direction of white LED applications.

2 Experimental part

2.1 2-1 liquid samples

A 50 ml as a starting solution of ~5.0 × 10−3 mol\l silver
nitrate in water was prepared. (0.0425 g of AgNO3, purity
>99%in 50 mL deionized H2O). then 25 mL of that
solution was taken and add it to another 100 mL of H2O
(now ~1.0 × 10−3 mol\l).In another hand a solution of 1%
sodium citrate (0.5 g of C6H5O7Na3, purity >99% in
50mLof H2O) was prepared. Then 62.5 mL solution of
AgNO3 was Heated until it begins to boil at 97 C. At a
moment of boiling add 2.5 mL of 1% sodium citrate
solution drop by drop, as soon as boiling commences. We
Continue heating for 9 min until color change is evident
(pale yellow) Fig. 1a, then the solution was removed from
the heating source and the absorption spectrum is taken
after the solution is cooled [7]. Dysprosium chloride
hexahydrate (DyCl3.6H2O, 99.9% from Aldrich) was
used as the source of Dy3+ ions. A different concentration
of Dy3+ solutions was prepared by dissolved DyCl3.6H2O
in deionized water to obtain 1.0 × 10−1 mol\L; then this
concentration was reduced to (2.0 × 10−2, 35 × 10−3,
55 × 10−3, and 125 × 10−4) mol\L by dilution equation
(see Fig. 1b).

2.2 2-2 bulk samples

The Ag-Dy+3 co-doped silica xerogels were prepared
under optimum conditions: pH= 1.5, molar ratio (R) of
TEOS:Ethanol:H2O= 1:5:10 at room temperature. TEOS
(purity >98%) and absolute Ethanol (C2H5OH) were
mixed. For Ag-Dy3+ co-doped, a DyCl3 solutions, with
different Dy3+ ions concentrations and Ag NPs solution,
were added to the mixture of TEOS and absolute EthOH
before the hydrolysis and denoted as sol(Ι), then left for
10 min on a magnetic stirrer to be homogenized. The
mixture of deionized water and absolute EthOH denoted
as sol(Π) was slowly added to the sol(Ι) for the hydro-
lysis. The final solution was left for 30 min on a magnetic
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stirrer at room temperature, and for 2 h under magnetic
stirrer at 60 °C. After this step, 0.5 mL of N,N-dime-
thylformamide was added. The resultant solution was
poured in a closed glass tube and kept under room tem-
perature (Fig. 1d).

2.3 Characterization of the synthesized samples

X-ray diffraction (XRD) analyses were utilized for
examination of the obtained materials structure by means
of a Philips X-ray diffractometer, model-6000, supplied
by Shimadzu with Cu Kα radiation(λ= 1.5406 Å) pow-
ered at 40 kV and 30 mA in the 2θ range from 5° to 80°.
Ultraviolet-visible-near-infrared (UV–Vis-NIR) optical
absorption spectra of the synthesized materials were
recorded by a Centra-5 UV–VIS Spectrometer, which
used a double beam (tungsten lamp and deuterium lamp)
as a pumping source. Field Emission-Scanning electron
microscope (FE-SEM) produces images of a sample were
obtained by means of a—(Inspect F 50 FE- SEM)was
performed on the prepared samples at the optimum con-
ditions were studied in order to confirm the formation of
nanoparticles. A fluorescence spectrophotometer SHI-
MADZU RF-5301PC Spectrofluorophotometer, Japan, in
the EM wavelength range (200–900) nm, with a Xenon
CW lamp as an excitation source, was employed for the

recording of photoluminescence (PL) excitation and
emission spectra of the synthesized samples.

3 Results and discussions

3.1 Results of chemical reduction method

In order to investigate the phase structure of synthesized Ag
nanoparticles (NPs), the XRD pattern in Fig. 2 shows two
diffraction peaks at 29° and 32° corresponding to the
crystalline structure of silver having [200] and [111] plane,
respectively [8, 9].

The surface plasmon resonance was observed and deter-
mined by UV–Visible spectrometry. Figure 3 shows the
absorption spectrum of Ag NPs prepared by chemical reduc-
tion method at 5 min reduction period after boiling point and
concentration of 5.0 × 10−3 M. The peak of the surface plas-
mon resonance absorbance band was observed at 423 nm.

The particle size of the Ag NPs was estimated by the FE-
SEM. Firstly, a glass microscope slide was coated (coat-
drop method) by silver nanoparticles colloidal. From the
first look at the FE-SEM image, a uniform distribution of
silver nanoparticles observed in the form of nanosphere
with particle sizes ranging from 26.43 to 54 nm as shown in
Fig. 4.

(a)     (b) 

(c)     (d) 

Fig. 1 (a) Ag NPs solution at
concentration 5.0 × 10−3 mol/L,
and 9 min reduction period, (b)
DyCl3 solutions at different
concentrations of Dy3+, (c) In
doped silica xerogel, and (d)
Ag-Dy3+ co-doped in silica in
gel phase

Journal of Sol-Gel Science and Technology (2023) 106:553–560 555



3.2 Result of dissolving process

Eight absorption bands of Dy3+ ions were observed at the
room-temperature absorption spectra of the prepared DyCl3
solutions at different concentrations of Dy3+ ions and
located at 317, 352, 365, 374, 446, 750, 810 and 911 nm as
shown in Fig. 5. The absorption band at 317 nm can be
assigned to the 6H15/ 2→

4M17/2 and 6P3/2 Dy
3+ ion transi-

tions. The bands at 352, 365 and 446 nm, are related to the
6H15/2→

4I13/2,
4F7/2,

6H15/2→
4M15/2,

6P7/2 and 6H15/

2→
4I11/2 transitions of Dy

3+ ions, respectively. The bands
at 750, 810 and 911 nm are ascribed to the 6H15/2→

6F3/2,
6H15/2→

6F5/2 and 6H15/2→
6F7/2 transitions of Dy3+ active

ions, respectively [2, 3, 10–12]. It is clear that the absor-
bance increased as Dy3+ concentration increases, and this is
due to the increasing contribution of these ions in the
absorption process according to Beer-Lambert law.

The photoluminescence spectra of Dy3+ excited with
source 350 nm at room temperature are shown in Fig. 6.
These spectra are composed of two peaks, 577 and 481 nm,

which are attributed to the transitions 4F9/2→ 6H13/2 and
4F9/2→ 6H15/2 [11, 13]. As the Dy3+concentration
increased, there was a significant change in the position or
shape of the peaks.

Ag
 (2

00
) 

Ag
 (1

11
) 

Fig. 2 The X-ray pattern of Ag NPs synthesized at 9 min reduction period and 5.0 × 10−3 mol\L concentration
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Fig. 3 The absorption spectrum
of Ag colloidal which is
prepared by chemical reduction
method at 9 min reduction
period and 5.0 × 10−3 mol\L
concentration

Fig. 4 The FE-SEM image of Ag NPs synthesized at concentration
5 × 10−3 mol\L and 9 min reduction period after boiling
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Fig. 5 The absorption spectra at
different concentrations of Dy3+

ions in DyCl3 solutions
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Fig. 6 The photoluminescence
spectra of Dy3+ ions at different
concentrations in DyCl3
solutions
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Fig. 7 The absorption spectra of
silica xerogels Ag-Dy+3 co-
doped with different
concentrations of Dy+3 and Ag
at 5.0 × 10−3 mol\L
concentration and (9 min)
reduction period
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3.3 Result of sol–gel technique

The absorption spectra of Ag-Dy3+ co-doped in silica xer-
ogels exhibits band detected at 213 nm is attributed to the
formation of defects in the silica matrix, with absorption
bands ranging from 210 to 250 nm [14]. The SPR abortion
band of Ag NPs is centered at 429 nm [15, 16]. These five
absorption bands of Dy3+ ions are located at 354, 575, 686,
810 and 911 nm and observed. The bands at 354 and 575
are related to the 6H15/2→

4I13/2,
4F7/2 and 6H15/2→

6F3/2.
The bands at 686, 873 and 979 nm are ascribed to the 6H11/

2→
4F9/2,

6H15/2→
6F7/2 and 6H15/2→

6F11/2 transitions of
Dy3+ ions. The peak of each band is increased as a result of
a corresponding increase of concentration. This is due to the
fact that the probability of absorption process is increased as
the contribution of Ag-Dy3+ in the silica host increases
according to Beer-Lambert law (see Fig. 7).

Simultaneous blue, yellow and green emissions are
detected at 477, 576 and 518 nm, respectively, by the
photoluminescence (PL) spectra of Ag-Dy3+ co-doped
silica xerogels excited by 350 nm, as shown in Fig. 8.
The blue emission detected at 475 nm originates from the
magnetic dipole transition with parity of 4F9/2→ 6H15/2,
whereas the yellow emission seen at 575 nm is caused by
the 4F9/2→ 6H13/2 hypersensitive electric dipole transition.
Photoluminescence intensity decreases at high concentra-
tion of Dy3+ due to the effect of aggregation of these ions in
the structural pores of the silica matrix. Therefore, the
surface plasmon resonance band of Ag NPs will improve
the emission of Dy3+ throughout the energy transfer and
hence the possibility of obtaining emission of white light
will increase too. In other words, the interpretation of the
obtained emission white light can be attributed to the
combined influences of the quantum size effect of very
small Ag NPs and their SPR in conjugation with active
centers of Dy3+ [17–19].

3.4 Evaluation of white light emission

The white light emissivity of the prepared samples was
evaluated using CIE chromaticity program and based on
the data of photoluminescence (PL) spectra. It appears to
be a curved triangle that contains all of the visible colors.
The chromaticity diagram is obtained by choosing PL
spectra from the worksheet or the active graph. Multiple
PL spectra can be chosen and each PL spectrum corre-
sponds to a point in the chromaticity diagram. Figure 9
shows the best performance of chromaticity for white
light observed at excitation wavelength (λex) of 350 nm
with the coordinates at about (0.333, 0.333) for all con-
centrations of Dy3+ ions.

From the chromaticity diagram, it can be noticed that
both the x- and y-axis are ranging from 0 to approximately
0.8. Wavelength range of 380–700 nm trace around the
curved edge. White surrounds the central point, called B,
shows the typical screen range. The screen triangle’s cor-
ners where the full intensity of red, green and blue is likely
to occur. A common claim for a good screen is that red
should be around (0.735, 0.265), green should be around
(0.274, 0.717), and blue should be around (0.167, 0.009).

4 Conclusions

The sol–gel method was successfully used to prepare a
transparent medium hosts from Ag-Dy3+ co-doped silica
xerogels. The effect of SPR band of Ag NPs will improve
emission of Dy3+ ion to obtain white light. When exposed
to UV light at 350 nm, an appropriate mixture of green,
yellow and blue emissions produced from Ag-Dy3+ co-
doped silica xerogel that emits white light. Based on CIE
calculated chromaticity coordinates, it is a promising can-
didate for white LED applications.
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