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INTRODUCTION 

It is well known that silver in oxide glasses exists as 

various chemical states, such as isolated or oxide-ion 

coordinated Ag+ ions, clusters consisting of several Ag+ 

ions and Ag atoms, and nanoparticles having a size 

approximately more than 1 nm [1]. These species have 

various optical features depending on their electronic 

structure. For examples, silver nanoparticles have a 

strong absorption around 400 nm, assigned to the surface 

plasmon resonance of the nanoparticles. On the other 

hand, the Ag+ ion has an emission in the near-UV region 

whereas the clusters emit bright luminescence from 

near-UV to visible regions depending on the type of the 

clusters. 

Another interesting phenomenon of silver doped in 

glasses is the strong interaction with other ions, which 

are codoped in the glasses, such as rare earth and multi 

valent metal ions. Particularly, the enhancement effects 

of the silver species on the luminescence of the rare earth 

ions has received much attention. The proposed 

mechanisms for the enhancement effects are classified 

into two types; one is the enhancement due to the surface 

plasmon resonance of the Ag nanoparticles [2], and the 

other is the energy transfer mechanism from the Ag+ ions 

and clusters or Ag nanoparticles to the rare earth ions [3, 

4]. However, it has been still controversial. 

In this report, we studied the luminescence 

behaviors of silver and rare earth ion-codoped glasses. 

The relationship between the chemical states of the silver 

and the luminescence behaviors of the rare-earth ions 

were investigated. 

EXPERIMENTAL PROCEDURES 

In the present study, we chose Dy3+ as a rare earth 

ion because the ion has several absorption bands in the 

wavelength range from near-UV to the visible region. In 

addition, Dy3+ ion has some emission bands in the visible 

region, which can be applied for luminescence materials. 

Aluminoborosilicate glasses with a composition, 

40SiO2･10B2O3･25Al2O3･25Na2O+0.5Dy2O3 in mol%, 

were prepared by a conventional melting-cooling method 

at 1600°C in alumina crucibles. The glass was annealed 

at 600°C for 1 hour and cut to the size of approximately 

10 x 10 mm2 and 1 mm in thickness. Both sides and all 

edges were optically polished. Silver was incorporated 

into the glasses through the ion exchange method. The 

polished glasses were immersed in AgNO3-NaNO3 

mixed molten salts with compositions of 0.01, 0.05, 0.1, 

1.0 mol% AgNO3 at 400°C for 48 hours. The 

concentration of the incorporated silver were 0.200, 

0.523, 0.880, 6.08 mol/cm3, respectively. Absorption and 

emission spectra were measured with spectrophotometers, 

Hitach U-3000 or U4100 and JASCO FP-6500, 

respectively. 

RESULTS AND DISCUSSION 

Figure 1 shows the absorption spectra of 

Dy3+-doped glasses before and after the ion exchange in 

the 0.1 mol% AgNO3 molten salt. The red shift of the 

absorption edge in the spectrum of the glass after the ion 

exchange is attributed to the absorption due to the Ag+ 

ions and clusters consisting to Ag+ ions and Ag atoms. 

However, no absorption due to the Ag nanoparticles was 

observed in the visible region, indicating that the 

nanoparticles were not formed in this glass. No 

absorption band was also observed in the glass after the 

ion exchange even in the molten salt with the highest 

AgNO3 concentration, i.e., 1.0 mol% AgNO3. 

Table 1 shows the appearance of the 

Ag-ion-exchanged glass without Dy3+, Dy3+-doped glass 

without ion exchange, and Dy3+-doped, 

Ag-ion-exchanged glasses, and these glasses irradiated 

with Hg lamps at 254 nm and 365 nm. All the glasses 

were transparent and colorless. With the irradiation at 

254 nm, however, the Ag-ion-exchanged glass without 

Dy3+ and Dy3+-doped, ion-exchanged glass had blue and 

white luminescence, respectively. The Dy3+-doped glass 

without ion exchange slightly emitted yellow light. On 

the other hand, with the excitation at 365 nm, 

Dy3+-doped, ion-exchanged glass emitted bright yellow 
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Figure 1. Absorption spectra of Dy3+-doped glasses 

before and after ion exchange in the 0.1 mol% AgNO3 

molten salt. 
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luminescence whereas the Dy3+-doped glass had only 

slight yellow luminescence. No emission was observed 

for the ion-exchanged glass without Dy3+ ions. These 

photos suggest the strong interaction between the silver 

and dysprosium ions in the absorption and emission 

processes. 

Figure 2 shows the emission spectra of Dy3+-doped 

glasses ion-exchanged in AgNO3 molten salts with 

various concentrations under the excitation at 240 nm. 

The spectrum of the Dy3+-doped glass without ion 

exchange is also shown for comparison. In these spectra, 

three characteristic emission bands are observed, i.e., 

relatively sharp emission band at 575 nm, broad bands 

around 300 nm to 450 nm, and a band at 350 nm with 

fine structure, which is observed only for the spectrum of 

the glass without ion exchange. The emission band at 

575 nm is assigned to the f – f transition, 4F9/2 → 6H13/2, 

of Dy3+. The broad emission bands at 300 nm to 450 nm 

are assigned to the species concerned with silver, and the 

last one is assigned to the d – f transition of Dy3+. The 

broad emission bands assigned to the silver species 

consist of at least two peaks at 320 nm and 400 nm. The 

relative intensities of these bands varied with the Ag 

concentration in the glasses whereas the total intensity of 

these bands decreases with the Ag concentration; the 

bands disappeared in the spectrum of the glass with the 

highest Ag concentration. The emission band at 320 nm 

is assigned to the Ag+ ion while the band at 400 nm is 

considered to be due to a dimer of Ag+. On the other 

hand, the intensity of the emission band at 575 nm 

assigned to the f – f transition in the spectra of the glasses 

having moderate concentration of Ag is very high. It is 

noted that the 575-nm band is not observed in the 

spectrum of the glass without ion exchange and the 

intensity is very small in the spectrum of the glass with 

the highest Ag concentration. Taking account that Dy3+ 

ion has various absorption bands and excited levels 

around this energy region, these results strongly suggests 

that there is an energy transfer process from silver to 

Dy3+. In fact, comparing the intensities of the Ag+ 

emission band at 320 nm as shown in Fig. 3, the band for 

the glass without Dy3+ is more intense than that for the 

Dy3+-doped glass. This means that the emission 

efficiency of the band assigned to the Ag+ is caused to be 

decreased by the energy transfer from Ag+ to Dy3+ as 

illustrated in the inset of Fig. 3. 

CONCLUSIONS 

Dy3+-doped aluminoborosilicate glasses was 

prepared and silver was incorporated into the glasses 

through ion exchange in AgNO3-NaNO3 mixed molten 

salts with various AgNO3 concentrations. Emission 

spectra in the UV and visible regions were measured. 

From the variation in the spectral feature with the Ag 

concentration in the glasses it was supposed that the 

energy transfer from Ag+ to Dy3+ is the origin of the 

emission enhancement of the 575-nm band assigned to 

the Dy3+ f – f transition. 
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Table 1 Appearance of glasses under the visible 

light and excitation at 254 nm and 365 nm. 

Ion exchange1) Ag  Ag 

Dy3+ doping2)  Dy3+ Dy3+ 

Under the 

visible light 

   

Excitation at 

254 nm 

   

Excitation at 

365 nm 

   

1) “Ag” means that the glass was ion-exchanged in 

0.01 mol% AgNO3 molten salt. 

2) “Dy3+” means that the glass was doped with 0.5 

mol% Dy2O3. 
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Figure 2. Emission spectra of Dy3+-doped glasses 

ion-exchanged in x mol% AgNO3 molten salts (x = 

0.01, 0.05, 0.1, 1.0) under the excitation at 240 nm. 
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Figure 3. Comparison of the emission spectra of 

Ag-ion-exchanged glasses with and without Dy3+ ions. 

The energy diagrams indicates the energy transfer from 

Ag+ ions to Dy3+ causing the enhancement of the 

emission due to the Dy3+ f – f transition. 
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