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Interdisciplinary Program of Biomedical, Mechanical & Electrical Engineering, The 
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Pukyong National University 

 

Abstract 

A series of Dy
3+

 doped Gd10V2O20 phosphors were synthesized by the 

high-temperature solid state reaction at 1200 °C. The crystal structure, morphology, and 

luminescence properties are investigated. The phase purity of the samples is confirmed 

by the X-ray diffraction analyses. The concentration-dependent luminescence properties 

are studied in the range from 0 to 70 mol % under the ultraviolet excitation at 355 nm, 

which shows the optimum doping concentration is 3 mol %. The Gd10V2O20 phosphor 

shows strong emission intensity at 575 nm, which is assigned to the spin-forbidden 

transition of 
4
F9/2 → 

6
H13/2. Temperature-dependent emission spectra were recorded under 

the 266 nm excitation in the temperature range from 10 to 480 K. The decay curves of 

Dy
3+

 ions in the Gd10V2O20 lattices are also studied. The emission intensity ratio of 
4
F9/2 

→ 
6
H15/2 (blue, 482 nm) and 

4
F9/2 → 

6
H13/2 (yellow, 572 nm) and phosphor thermal 

sensitivity of Gd10V2O20:Dy
3+

 are systematically investigated. 
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Shala Bi 
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요    약 

1200 °C의 고온 고상 법으로 Dy3+ 이온이 도핑 된 Gd10V2O20 형광물질을 합성하여 형광특성을 

연구하였다. 결정구조와 결정상은 X선 회절 분석으로 확인하였다. 355 nm의 자외선으로 시료를 

여기 하였으며 Dy3+ 이온의 농도는 0 ~ 70 mol % 이었다. 이 중 최적 도핑 농도는 3 mol%임을 

확인하였다. Gd10V2O20:Dy3+가 방출하는 가장강한 형광은 4F9/2 → 6H13/2 스핀금지 전이에 의한 황색 

575 nm 형광 이었으며 다음이 4F9/2 → 6H15/2 전이에 의한 청색 482nm 형광이었다. 온도 범위 10 ~ 

480 K에서 온도 의존 형광특성 및 형광의 동역학 특성을 조사하였다. 575 nm 형광의 수명 시간은 

농도가 1.0에서 70 mol %까지 증가하는 동안 153에서 20 s까지 짧아졌다. Dy3+ 이온의 농도와 

온도 변화에 따른 형광특성 변화를 조사하였다. 특히 청색 형광 482 nm 와 황색 형광 575 nm 의 

상대적 변화를 체계적으로 조사하였다. 
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1.  Background 

Solid state lighting (SSL) is a new technology used to generate artificial white 

light by using semiconductor diode (LEDs) which produce light in the visible 

range with the following of electric current inside the diode 

(electroluminescence). SSLs are mainly categorized in to three major groups 

according to the semiconducting materials used for its manufacturing, which are 

the polymer, organic and inorganic light emitting diodes [1]. 

1.1.  Introduction to luminescence 

The essence of luminescence is the conversion of energy, that is, the process of 

converting absorbed energy into light energy. Luminescence has two basic 

features:[2] (1) it is unbalanced radiation superimposed on the basis of thermal 

radiation, and after the material absorbs the external energy, it emits a portion of 

the total radiation that exceeds the equilibrium radiation (thermal radiation). (2) 

When the external excitation source stops the excitation of the material, the 

emission process will continue for a while, which is the "afterglow phenomenon". 

Fluorescence is generally less than 10
-8

 s, and phosphorescence is greater than 

10
-8

 s. 
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Figure 1-1 The main physical process of luminescence, M: matrix; S: sensitizer; A: activator; in the 

matrix. 

 Figure 1-2 The energy transfer from sensitizer to activator, S: ground state of sensitizer; S*: 

excited state of sensitizer; A: ground state of activator; A1*, A2*: excited state of activator. 
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The main physical processes in the luminescence process include the 

following steps: 

A. When the material is excited by an external excitation source, both the 

matrix lattice and the luminescent center absorb certain energy. 

B. Matrix pass absorbed energy to activate the agent A, make the activator of 

the outermost electron transition from the ground state to the excited state, stay 

electronics from the excited state to ground state, will release energy in the form 

of radiation, which produces light. In addition, after absorbing energy matrix, 

can produce electronic - hole pair in the matrix, the electron and hole could be 

migrated and bound on the luminescence center, while the electrons return to 

ground state or electrons and holes of the composite will release energy in the 

form of light. 

C. The sensitizer S transfers the absorbed energy to the activator A in whole or 

in part by means of energy transfer, thereby enhancing the energy absorption of 

the activator, thereby improving the luminous efficiency. 

D. When the electron is excited to transition to the excited state, the final return 

to the ground state will also be accompanied by a part of the non-radiative 

transition, the energy is lost in the form of heat, and fluorescence quenching 

occurs, which will result in a decrease in luminous efficiency. 
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1.1.1.  Working principle and history of a light emitting 

diode 

White light emitting diodes, also named as White LEDs, a new lighting source 

is composed of light emitting diode and phosphor which can be effectively 

excited by the light emitting diode. White LED greatly exceeds the luminous 

efficiency of traditional lighting systems, bringing new functions to lighting 

systems and greatly enhancing the way we use light. The significant advantages 

and great application prospect of white LED to make it the research focus of the 

world. 

The first light emitting diode reported in the literature was formed by a 

Russian scientist Oleg Vladimirovich Losev in the year of 1927. After the word 

war, most of the attention is diverted to the infrared light emitting diodes, 

prominently developing of gallium arsenide (GaAs) [3]. In 1962, an American 

scientist Nick Holonyak Jr developed for the first time a practical light emitting 

diode that has the emission in the visible region (red light). Gallium arsenide 

phosphate (GaAsP) is a new developed light emitting diode (LED) which emit a 

poor red light which works up to milli-Ampere current [4]. At last at the year of 

1992, the brightness blue light emitting diode (GaN) was formed by Shuji 

Nakamura of Nichia Corporation. The present technology improved to a great 

extent after then, which wok with nearly one Ampere current are common 

nowadays. The development of gallium nitride (GaN) brings an outstanding 

scientific advancement in the field of the light emitting diode. Before the 

development of GaN, the bright light emitting diodes were only achievable for 
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the emitting range of yellow to infrared. The discovery of GaN leads the research 

to achieve blue, green and white light emitting diodes (LEDs). 

1.1.2.  Advantages of white light emitting diodes 

Compared with traditional lighting sources, the white LED has some obvious 

advantage, as follows: 

 Fast switching, can reach nanoseconds, high color rendering index 

(CRI>80); 

 Can be used for an extensive of correlated color temperatures (2700 K-6000 

K); 

 No ultraviolet and infrared radiation causes fading of colored objects; 

 Wide operating temperature range (-20 
o
C-85 

o
C); 

 No pollution and safety, environmentally friendly properties; 

 White LEDs are not harmful to the environment during production and use. 

chemicals that eliminate the pollution of mercury Hg to the human body and the 

surrounding environment; 

 High luminous efficiency (the year 2014: about 140 lm/W; the future is 

expected to 2020 exceed by 200 lm/W); 

 Low energy loss, low voltage (<4 V); 

 Low current (<700 mA); 

 Long lifetime: white LEDs can last up to tens of thousands of hours and are 

the longest life source; 

 No filament blowing problem; 
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 Lumen efficiency can still be maintained above 70% after prolonged use; 

 Wide spectral range, white light LED spectral range can cover the entire 

visible region; 

 Small size, lightweight, can be made into an array or wrappable components, 

easy to design; 

Table 1-1 The comparisons of main technical indicators between w-LEDs and another light source 

1.1.3.  White light emitting diodes implementation 

White LEDs can be used as general lighting devices, so they are attracted 

much attention. In general, there are three options for using LED chips to make 

white light, are as follows: 

1) Three primary colors of light emitted by three red, green, and blue 

Light source Mechanism 

Light 

effect 

/m/W 

CRI 

Color Temp 

/K 

Life expectancy/h 

Incandescent 

lamp 

Thermal 

luminescence 
15 100 2800 1000 

High pressure 
mercury lamp Aerial discharge 50 45 3300-4300 6000 

Tricolor 

fluorescent 

lamp 
Aerial discharge 93 80-98 All series 12000 

LED 

Electron 

complex 

luminescence 

140 >80 2700-6000 25000-50000 
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monochromatic LED chips are mixed to generate white light. 

2) By adjusting the mixing ratio of the three primary colors of red, green and 

blue phosphors, three kinds of phosphors are simultaneously excited by 

ultraviolet, near ultraviolet or blue LED chips, and red, green and blue light 

are combined to obtain white light. 

3) A yellow phosphor is coated on the blue LED chip, and the blue light 

emitted by the chip is complementarily mixed with the yellow light emitted 

by the phosphor to form white light. 

 

Figure 1-3 Three methods of generating white light. (1) red + green + blue-LEDs; (2) UV-LED 

+ RGB phosphors; (3) blue-LED + yellow phosphor. 
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1.2.  Light emission mechanism in rare earth doped 

phosphor 

1.2.1.  4f-4f transitions 

In the trivalent Re
3+

 doped phosphors, the 4f-4f electronic transition is 

prominent in which 4f electrons are moved between various levels of energy of 

the same rare earth ions[5]. This type of electronic transitions is parity forbidden 

according to the selection rules of parity, which pronounce that the transition of 

electrons cannot occur between those energy levels which have the same 

parity[6]. hence the energy levels of the 4f orbital have similar parity, therefore 

its 4f-4f electronic transition is forbidden. Actually, this transition is occurring 

due to the relaxation produced in the form of electron vibrations and an 

unbalanced crystal field applied from the phosphors host[7]. 

However in the trivalent ions of lanthanide series, the 4f electrons are shield 

by the 5s and 5p electrons from the extrinsic fields, therefore the effect of the 

host crystal field on it is negligible. Therefore, every trivalent lanthanide ions are 

individually characterized by its own energy levels independent from the effect 

of host materials, therefore the 4f-4f transition provides a narrow absorption and 

emission band, as shown in Figure 1-4. 
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Figure 1-4 The PLE and PL spectra, and UV-vis DRS of K2Gd(PO4)(WO4):0.005Dy3+. 

It is clearly seen that in the diagram that the excitation spectrum is a narrow 

band ranging from 200 nm to 500 nm have a maximum peak at 355 nm. In the 

PLE spectrum, two sharp bands at 273 and 313 nm are from 
8
S7/2 - 

6
I11/2 and 

8
S7/2 

- 
6
P7/2 transitions of Gd

3+
 ions, respectively. Other bands at 324, 350, 364, 388, 

426, 450 and 472 nm are originating from 
6
H15/2 - 

4
P3/2, 

6
H15/2 - 

6
P7/2, 

6
H15/2 - 

6
P5/2, 

6
H15/2 - 

4
I13/2, 

6
H15/2 - 

4
G11/2, 

6
H15/2 - 

4
I15/2, and 

6
H15/2 - 

4
F9/2 f-f transitions of Dy

3+
 

ions[8]. 

Dieke and his co-worker made this trivalent rare earth-transition identification 

in the 1960s[9], their diagram (Dieke diagram) shown in Fig. 1-5 used to identify 

transitions which are based on their own energies. 
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Figure 1-5 Energy levels diagram of the free trivalent ions of the lanthanide series [8]. 

1.2.2.  4f-5d transitions 

A multiple numbers of divalent and trivalent rare earth ions, such as Eu
2+

, Ce
3+

, 

Er
3+

, and Pr
3+

, which can be directly excited from the 4f ground state having 4f
n
 

configuration to a 5d excited state having 4f
n-1

d
1
 configuration which can be 

either emit through 4f-4f intra band transition or a 5d-4f transition. However, 

unlike to the transitions of the multiple states of the 4f
n
 configuration that is 

strongly forbidden with the selection rule, the transitions from 4f to 5d are 

allowed the transition. Moreover unlike to the 4f state that is independent from 

the effect of outside crystal field effect of the host, the 4f to 5d transition are 

strongly dependent on the crystal field effect and vary over a long spectral range 

that is from UV to infrared region, because the 5d states of the activators are 

diffused and well overlap with the orbital of ligand[10]. 
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Fig. 1-7 presents the schematics affect of the host lattice crystal field on the 

activator energy state that is the 4f
7
 and 4f

6
5d

1
 of the divalent Eu

2+
 ions[10]. Fig. 

1-6 clearly illustrate that the emission of the activators changes from the UV line 

emission to the band emission of the visible light region by increasing the effect 

of the host lattice crystal field. 

 

Figure 1-6 The schematics effect of the host crystal field on the 4f-5d energy level of the 

divalent Eu2+ ions. 

Therefore it is to be more liked that to search a host in which the 4f-5d 

transitions of the activator leads to an absorption spectra cover the UV, near UV 

or blue region and having the respective emission in the visible range (430 nm to 

700 nm). the activator candidates having this type of transition are divalent Eu
2+

 

and trivalent Ce
3+

 ions[10]. That is why the maximum of the phosphors used for 

the application of light emitting diode having these two ions as activators. 
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1.2.3.  Luminescence properties of the Dy
3+

 ions 

Dysprosium ions (Dy
3+

) is a single-doped matrix that produces white-emitting 

rare earth activator ions. the luminescence lines of Dy
3+

 are in the 470 to 500 nm 

region due to the 
4
F9/2→

6
H15/2 transition, the 

4
F9/2→

6
H15/2 transition is a magnetic 

dipole transition[11-14], which is less affected by the crystal field environment; 

And in the 570 to 600 region duo to the 
4
F9/2→

6
H13/2 transition. the 

4
F9/2→

6
H13/2 

transition is an ultra-sensitive transition of the electric dipole, which is greatly 

affected by the crystal field environment. Achieved by adjusting the intensity 

ratio of yellow light to blue light, the color of the luminescence is close to 

white[15]. 

A lot of research shows, there are two, three or four emission peaks in the 

emission spectrum of Dy
3+

 ion-activated luminescent materials, which are 

located at about 485, 575, 660 and 755 nm. The blue emission around 485 nm is 

attributed to the transition from 
4
F9/2→

6
H15/2, the yellow-green emission around 

575 nm is attributed to the transition from 
4
F9/2→

6
H13/2, the red emission around 

660 nm is attributed to the transition from 
4
F9/2→

6
H11/2, and the brownish red 

emission around 775 nm is attributed to the transition from 
4
F9/2→

6
H9/2[16-18]. 

Figure 1-7 shows energy level diagram of Dy
3+

 ions. Dy
3+

-activated white 

luminescent materials have low preparation cost, appropriate color rendering 

index and related color temperature, great thermal stability and chemical stability, 

and high quantum efficiency, they have broad application prospects as potential 

single-phase white light emitting phosphors. 
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1.3.  Scopes and outline of this thesis 

The aims of this study are to design novel Dy
3+

 and Sm
3+

 rare earth ion doped 

phosphors and investigate the optical properties and their application in optical 

temperature sensing. This general will be described as the following: 

In Chapter 2, we introduce a novel Dy
3+

-activated Gd10V2O20 Vanadate 

phosphor, which has been successfully synthesized by a solid-state method and 

suggests Dy
3+

 doped phosphors as optical thermometry materials. The Dy
3+

 

excitation and emission spectroscopy techniques were used to analyze the 

luminescence properties of phosphors and to determine the crystallographic 

position of Dy
3+

 in the phosphor matrix. Measurement the dependence of the 

luminescence properties and decay time of Dy
3+

 on temperature, and 

acquaintance the thermal stability of phosphors. 

In Chapter 3, we proposed a novel white light emitting phosphor 

Gd10V2O20:Dy
3+

 codoped with Sm
3+

, to improving the color-rendering index (Ra) 

owing to a red component contribution. 

Finally, Conclusions and summary are listed. 
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2.  Synthesis and Luminescence Properties of 

color-tunable Dy
3+

-activated Gd10V2O20 phosphor 

2.1.  Introduction 

Recently, the trivalent RE ion, dysprosium (Dy
3+

), has drawn much attention 

due to its unique photoluminescence (PL) emission and potential application in 

optical temperature sensors[19]. Generally, Dy
3+

 ions have two dominant 

emission bands in the blue (460-500 nm) and yellow (560-600 nm) regions. The 

blue emission corresponding to 
4
F9/2 - 

6
H15/2 transition is the magnetic transition, 

which is insensitive to the local environment, whereas the yellow emission 

corresponding to 
4
F9/2 - 

6
H13/2 transition is the hypersensitive electric dipole 

transition (ΔL=2, ΔJ=2) and its intensity is strongly affected by the crystal field 

around Dy
3+

 ions. Therefore, the color-tunable emissions are expected to be 

realized in Dy
3+

 ions doped materials by changing the yellow-to-blue intensity 

ratio[20]. Guo et al. reported that the emission color of the Dy
3+

-activated 

Li8Bi2(MoO4)7 phosphors can be changed from yellow to white through 

modifying the Y/B ratio[21]. Furthermore, Liu et al. also demonstrated that the 

emission color of Dy
3+

 activated NaY(WO4)2 phosphors can be tuned from 

greenish blue to yellowish green[21]. It is noted that most of the studies on the 

color-tunable emissions of Dy
3+

 ions were mainly carried out either by adjusting 

the Dy
3+

 ion concentration or choosing different host lattices. However, there are 

few investigations on the excitation wavelength dependent emission. 

In this paper, the Dy
3+

-activated Gd10V2O20 phosphors were synthesized by the 

high-temperature solid-state method. The photo-luminescence (PL) properties, 
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ET mechanism between Dy
3+

 ions in Gd10V2O20 phosphors, and chromatic 

properties were investigated. The PL properties at different temperature were 

also analyzed. 

2.2.  Experimental Section 

2.2.1.  Sample preparation 

Dy
3+

 doped Gd10V2O20 with various Dy
3+

 concentrations of x=0, 0.01, 0.02, 

0.03, 0.05, 0.07, 0.1, 0.15, 0.2, 0.3, 0.5 and 0.7 were synthesized via the 

high-temperature solid-state method. The specific operation steps are as follows: 

A．Raw material is weighted 

Turn on the electronic balance and preheat for a few minutes, after the 

electronic balance is stabilized, according to the appropriate stoichiometric ratio, 

the starting materials, Gd2O3 (Aldrich, 99.9%), V2O5 (Aldrich, 99.9%), Dy2O3 

(Aldrich, 99.9%). 

B．mixture the starting materials 

All the starting reagents were mixed in stoichiometric ratios and ground in an 

agate mortar to obtain the homogeneous mixture. 

C．Previous calcining 

Starting reagents were grounded thoroughly in an agate mortar with ethanol, 

the mixture was calcined at 600 °C for 6 h in a crucible in the atmosphere, and 

then cooling to room temperature. 

D．Ground and calcination again 
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After cooling to room temperature, grounded thoroughly again in an agate 

mortar with ethanol, then the homogenous mixture was calcined at 1200 °C for 

12 h in a crucible in the atmosphere. Thus, a series of the xDy
3+

 doped Gd10V2O20 

phosphors were successfully obtained as cooling down to room temperature. 

Raw materials
Mixing

Mixture Precursor
Prev calcining

GroundCalcinate

SampleMasurementApplication

 

Figure 2-1 The preparation process of the high-temperature solid-state method 

2.2.2.  Characterization 

In this work, the crystal phases of the Gd10V2O20:Dy
3+

 samples were identified 

by using an X-ray Rigaku D/Max diffractometer(XRD) operating at 40 kV, 30 

mA equipped by Cu Kα radiation (λ= 1.5405 Å). A 450 W Xe lamp dispersed by 

a 25 cm monochromator (Acton Research Corp. Pro-250) was used as a light 

source for excitation and emission spectra. The luminescence signal was detected 

using a photomultiplier tube (PMT) (Hamamatsu, R928, Shizuoka, Japan) 

mounted on a 75 cm monochromator (Acton Research Corp. Pro-750). The third 
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harmonic (266 nm or 355 nm) of a pulsed Nd: YAG laser was introduced as an 

excitation source for luminescence decays which were digitized and saved by 

means of a 500 MHz Tektronix DPO 3054 oscilloscope. For low-temperature 

measurements, the samples were placed in a closed-cycle helium cryostat in the 

variable-temperature range (7 - 300 K). 

2.3.  Results and Discussion 

2.3.1.  Morphology and composition 

Figure 2-2 shows the XRD patterns of Dy
3+

 co-doped Gd10(1-x)V2O20 (x=0, 0.01, 

0.02, 0.03, 0.05, 0.07, 0.1, 0.15, 0.2, 0.3, 0.5 and 0.7) samples synthesized by 

high-temperature solid-state reaction method. Which are well indexed to the 

standard card (PDF # 22-0296) without any impurities phases. No evident peak 

shift in the XRD patterns is observed even at Dy
3+

 content of 70% indicating the 

introduction of activated Dy
3+ 

impurities does not cause significant changes to 

the crystallinity. 
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Figure 2-2 XRD patterns of Gd10V2O20:x% Dy3+ (x = 0-70) and the PDF standard card 

 

Figure 2-3 Typical granular morphology of Gd10V2O20:0.05Dy3+ with the size distribution in the 

range of 5 μm and 1 μm 

The scanning electron microscopy (SEM) image of a representative sample is 

shown in Figure 2-3, exhibiting irregular distribution-like morphology with a 

particle size of about 1 um. 
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2.3.2.  Emission, excitation spectra and decay curves 
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Figure 2-4 PL emission spectra of the Gd10V2O20:x Dy3+ (x=0, 0.01, 0.02, 0.03, 0.05, 0.07, 

0.1, 0.15, 0.2, 0.3, 0.5 and 0.7) phosphors excited at355 nm. 
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Figure 2-5 Intensity of Gd10V2O20:x Dy3+ (x=0, 0.01, 0.02, 0.03, 0.05, 0.07, 0.1, 0.15, 0.2, 0.3, 

0.5 and 0.7) phosphors with different Dy3+ doping concentration. 



 

20 

 

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.00

0.01

0.02

0.03

0.04

0.05

0.06
6

H13/2
4
F9/2

In
te

g
ra

te
d

 i
n

te
n

si
ty

 (
a.

u
.)

Concentration (mol%)

 

 

6
H15/2

4
F9/2

 

Figure 2-6 Two emission peaks integral ratio of Gd10V2O20:x Dy3+ (x=0, 0.01, 0.02, 0.03, 0.05, 

0.07, 0.1, 0.15, 0.2, 0.3, 0.5 and 0.7) phosphors emission intensity with different Dy3+ doping 

concentration. 

The PL emission spectra of Dy
3+

-activated Gd10V2O20 phosphors for different 

Dy
3+

 ion concentrations at an excitation wavelength of 355 nm are shown in 

Figure 2-5 It is found that the PL profiles were similar and the position of 

emission peaks did not vary with the Dy
3+

 ion concentration. However, the 

intensity of each emission increased gradually with increasing the Dy
3+

 ion 

concentration, which reaches its maximum value when x=0.03. Then, the 

intensity decreased with further increment of Dy
3+

 ion concentration owing to the 

concentration quenching caused by the resonant ET between Dy
3+

 ions. 

Figure 2-6 shows the integral ratio of Gd10V2O20:x Dy
3+

 (x=0, 0.01, 0.02, 0.03, 

0.05, 0.07, 0.1, 0.15, 0.2, 0.3, 0.5 and 0.7) phosphors emission intensity with 

different concentrations. 

The luminescence decay time of the phosphor means that the time interval 
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between the phosphor excitation and the detection of emitted the light. There are 

two common forms of attenuation, exponential decay, and non-exponential 

decay. 

(1)  Exponential decay 

Where I0 is the luminous intensity at the moment of excitation stop,t is time,  

is the decay lifetime, the is the time at which the luminescence intensity is 

reduced to 1/e times its initial intensity. In a discrete luminescence center system, 

the luminescence intensity I(t) after the termination of excitation with a short 

pulse follows the exponential function formula:
1
 

       )/exp()( 0 tItI       (2-1) 

(2)  Non-exponential decay 

Where t is time, I(t) is the luminous intensity at t time after the excitation 

cutoff, and τaverage is the average decay lifetime. Generally, the non-exponential 

decay occurs when the thermal activation energy migrates during the 

luminescence. 










0

0

)(

)(

dttI

tdttI

average      (2-2) 
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Figure 2-7 The decay curves of Gd10V2O20:x Dy3+ (x=0, 0.01, 0.02, 0.03, 0.05, 0.07, 0.1, 0.15, 

0.2, 0.3, 0.5 and 0.7) phosphors (λex = 355 nm) (λem = 573 nm) and (b) lifetimes of phosphors 

with different Dy3+ doping concentration 
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Figure 2-7 shows the PL decay curves of the 
4
F9/2-

6
H13/2 transition for the 

Gd10V2O20:x Dy
3+

 (x=0, 0.01, 0.02, 0.03, 0.05, 0.07, 0.1, 0.15, 0.2, 0.3, 0.5 and 

0.7) phosphors under 266 nm of excitation wavelength and 572 nm of emission 

wavelength. It is clear that the decay curves revealed a single exponential shape 

that can be well fitted by the above expression. From Eq. (2-2), the t0 values for 

x= 0.01, 0.03, 0.05, 0.07, 0.1, 0.15, 0.2, 0.3, 0.5 and 0.7 were estimated to be 

about 153, 145, 140, 122, 100, 98, 92, 88, 80, 72 and 20 μs (see Figure 2-7), 

respectively. It is evident that the lifetime decreased slightly with the increment 

of Dy
3+

 ion concentration upto x=0.05, and then decreased sharply with further 

increment of Dy
3+

 ions concentration due to the concentration quenching. 
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Figure 2-8 (a) PL spectra of the Gd10V2O20:x Dy3+ ( x = 0, 0.01, 0.02, 0.03, 0.05, 0.07, 0.1, 0.15, 

0.2, 0.3, 0.5 and 0.7) phosphors (λex = 266 nm), (b) calculated emission intensities of the host 

lattice and Dy3+ ions at different Dy3+ doping concentration, (c) PLE spectra of the Gd10V2O20:5 

mol% Dy3+ 

Figure 2-8 (a) shows the PL spectra of Dy
3+

-activated Gd10V2O20 phosphors at 

different Dy
3+

 concentrations. With the excitation at 266 nm, a broad band 

centered at 455 nm can be observed in pure phosphor. After doping Dy
3+

 into the 
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lattice, two emission peaks at 483 and 575 nm which originate from the 

4
F9/2→

6
H15/2 (blue emission) and 

4
F9/2→

6
H13/2 (yellow-green emission) transitions 

of Dy
3+

 ions can be found. With increasing the Dy
3+

 ion concentration, the 

intensity of Dy
3+

 emissions increases gradually and reaches its maximum value 

at point x=0.05. Then, the intensity decreases with further increasing the Dy
3+

 

concentration owing to the concentration quenching caused by the resonant ET 

between Dy
3+

 ions. However, the host emission decreases gradually with 

increasing the Dy
3+

 concentration due to the energy transfer from host to the 

Dy
3+

 ions, as shown in Figure 2-8 (b)[22-24].  

The PLE spectra of Gd10V2O20:5 mol% Dy
3+

 samples are shown in Figure 2-8 

(c), illustrates a broad charge transfer band centered at 310 nm from 240 to 350 

nm. The broad band can be ascribed to a charge transfer from VO4
2-

 group to 

Dy
3+

. 

2.3.3.  Temperature dependent properties of the 

Dy
3+

-activated Gd10V2O20 phosphors 

An important parameter for phosphors is the luminescence quenching on 

temperature since the luminescence materials may work at different environment, 

or suffer from hard temperatures during the preparation of the devices. 

Comprehensive understanding of the temperature dependent deterioration and 

quenching should be beneficial to the improvement of the phosphor performance 

by the material design. 



 

26 

 

400 500 600

0.0000

0.0005

0.0010

0.0015

0.0020

0.0025

 10 K

 30 K

 50 K

 70 K

 100 K

 130 K

 160 K

 190 K

 220 K

 250 K

 280 K

 300 K

 330 K

 360 K

 390 K

 420 K

 450 K

 480 K

 Wavelength (nm)

 

In
te

n
si

ty
 (

a.
 u

.)

 

Figure 2-9 Temperature dependent emission spectra of emission spectra (λex = 266 nm) of the 

Gd9.99V2O20: 1.0 mol% Dy3+ sample 

Figure 2-9 shows the temperature dependent emission spectra of the 

Gd9.99V2O20: 1.0 mol% Dy
3+

 in the region of 330~680 nm under the excitation of 

266 nm in the temperature range from 10 K to 480 K. The emission spectra 

exhibit broad band with the maxima at around 455 nm together with sharp lines. 

The broad band emission is due to the charge transfer transition from the 2p 

orbital of the O
2-

 ligand to the 5d orbital of the d
0
 vanadium metal ion. And the 

line emissions at 483 nm and 573 nm can be ascribed to the Dy
3+

 
4
F9/2→

6
H15/2 

and 
4
F9/2→

6
H13/2 transitions respectively[35-36]. With the increase of temperature, 

the broad band emission is quenched due to the energy transfer and thermal 

quenching effect. The emission intensity of Dy
3+

 increases firstly due to the 

increase of the energy transfer rate from 10 K to 300 K and then decreases due to 

the thermal quenching effect. 



 

27 

 

 

0 50 100 150 200 250 300 350 400 450 500

0

2

4

6

8

10

D
y

3
+
 I

n
te

n
si

ty
 (

a.
 u

.)

 Temperature (K)

 

H
o

st
 I

n
te

n
si

ty
 (

a.
 u

.)
Gd

10
V

2
O

20
:1%Dy

3+

0.0

0.5

1.0

1.5

2.0

2.5

3.0

 

 

Figure 2-10 Calculated integral emission intensity of the vanadate group and Dy3+ emission 

band. 

To further study the temperature dependent photoluminescence performance, 

the calculated integral emission intensity of vanadate group and Dy
3+

 emission 

intensity of the Gd9.99V2O20: 1.0 mol% Dy
3+

 samples are investigated in the 

temperature range from 10K to 480 K, as shown in Figure 2-10. The emission 

intensity of vanadate group increases with the increase of temperature, the 

maximum emission intensity of vanadate group appears at x = 70 K, when the 

temperature is higher above 70 K, the emission intensity of vanadate group 

decreases due to the energy transfer and thermal quenching effect. At low 

temperature, the Dy
3+

 emission intensity increases with increasing temperature 

and reaches maximum at room temperature. Above the room temperature, the 

Dy
3+

 emission intensity decreases with the increase of temperature which is due 
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to thermal quenching effect. 
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Figure 2-11 (a)The decay curves (λex = 266 nm) (λem = 421 nm) the Gd9.99V2O20: 1.0 mol% 

Dy3+ sample and (b)calculated lifetime of phosphors with different low-temperature dependent 

Figure 2-11 (a) is the decay curves at 421 nm of the Gd9.99V2O20: 1.0 mol% 
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Dy
3+

 under the excitation of 266 nm with different temperature from 10K to 

300K. The lifetime decreases with the increasing of temperature and also 

decreases with the increasing of Dy
3+

 ions doping concentration. The calculated 

lifetimes with a different temperature for the Gd9.99V2O20: 1.0 mol% Dy
3+

 

samples were displayed in Figure 2-11 (b). 

3.  Synthesis and Luminescence properties of 

5mol%Dy
3+，x Sm

3+
-activated doped Gd10V2O20 

3.1.  Introduction 

Under the excitation of ultraviolet light, white light can be obtained by single 

doped Dy
3+

. The two main emission bands of Dy
3+

 are located at blue light 

region 460–500 nm (
4
F9/2 →

6
H15/2) and yellow light region 550–600 nm (

4
F9/2 → 

6
H13/2)[25]. There is also the same problem in this combination of blue and 

yellow, which is the lack of red light. Co-doped Sm
3+

 can be used to supplement 

the emission of the red light region, because of Sm
3+

 
4
G5/2→

6
HJ/2 (J = 5, 7, 9) 

emissions in the orange-red region. However, the Sm
3+

 ion has weak absorption 

in the UV region[26]. Only a few articles have been reported on Dy
3+

 and Sm
3+

 

co-doped phosphors[27-31]. Energy transfer is often found in the multi-doped 

phosphors, such as Dy
3+

→Sm
3+

[27-31], Ce
3+

→Tb
3+

[32], Eu
2+

→Mn
2+

[33], and 

Eu
2+

→Tb
3+

→Sm
3+

[34]. Dy
3+

 can transfer energy to Sm
3+

, because there is an 

overlap between the emission spectrum of Dy
3+

 and the excitation spectrum of 

Sm
3+

 as well as excited state of Dy
3+

 (
4
F9/2) slightly higher than that of Sm

3+
 

(
4
I19/2). 
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In this paper, the Dy
3+

 and Sm
3+

activated Gd10V2O20 phosphors were 

synthesized by the high-temperature solid-state method. The photo-luminescence 

(PL) properties, ET mechanism between Dy
3+

 and Sm
3+

 ions in Gd10V2O20 

phosphors, and chromatic properties were investigated. 

3.2.  Experimental Section 

3.2.1.  Sample preparation 

5mol%Dy
3+

,x Sm
3+ 

doped Gd10V2O20 doped Gd10V2O20 with various Sm
3+

 

concentrations of x=0.01, 0.03, 0.05, 0.1 were synthesized via the 

high-temperature solid-state method. The specific operation steps are as follows: 

A．Raw material is weighted 

Turn on the electronic balance and preheat for a few minutes, after the 

electronic balance is stabilized, according to the appropriate stoichiometric ratio, 

the starting materials, Gd2O3 (Aldrich, 99.9%), V2O5 (Aldrich, 99.9%), Dy2O3 

(Aldrich, 99.9%)，Sm2O3 (Aldrich, 99.9%). 

B．mixture the starting materials 

All the starting reagents were mixed in stoichiometric ratios and ground in an 

agate mortar to obtain the homogeneous mixture. 

C．Previous calcining 

Starting reagents were grounded thoroughly in an agate mortar with ethanol, 

the mixture was calcined at 600 °C for 6 h in a crucible in the atmosphere, and 

then cooling to room temperature. 
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D．Ground and calcinate again 

After cooling to room temperature, grounded thoroughly again in an agate 

mortar with ethanol, then the homogenous mixture was calcined at 1200 °C for 

12 h in a crucible in the atmosphere. Thus, a series of the 5mol%Dy
3+

,x Sm
3+ 

doped Gd10V2O20 phosphors were successfully obtained as cooling down to room 

temperature. 

Raw materials
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Prev calcining

GroundCalcinate

SampleMasurementApplication

 

Figure 3-1 The preparation process of the high-temperature solid-state method 

3.2.2.  Characterization 

In this work, the crystal phases of the 5mol%Dy
3+

,x Sm
3+ 

doped Gd10V2O20 

samples were identified by using an X-ray Rigaku D/Max diffractometer(XRD) 

operating at 40 kV, 30 mA equipped by Cu Kα radiation (λ= 1.5405 Å). A 450 W 

Xe lamp dispersed by a 25 cm monochromator (Acton Research Corp. Pro-250) 

was used as a light source for excitation and emission spectra. The luminescence 
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signal was detected using a photomultiplier tube (PMT) (Hamamatsu, R928, 

Shizuoka, Japan) mounted on a 75 cm monochromator (Acton Research Corp. 

Pro-750). The third harmonic (266 nm) of a pulsed Nd: YAG laser was 

introduced as an excitation source for luminescence decays which were digitized 

and saved by means of a 500 MHz Tektronix DPO 3054 oscilloscope. 

3.3.  Results and Discussion 

3.3.1.  Structure, morphology and composition 

Figure 3-2 shows the XRD patterns of 5mol%Dy
3+

,x Sm
3+ 

doped Gd10V2O20 

(x=0.01, 0.03, 0.05, 0.1) samples synthesized by high-temperature solid-state 

reaction method. Which are well indexed to the standard card (PDF # 22-0296) 

without any impurities phases. No evident peak shift in the XRD patterns is 

observed even at Sm
3+

 content of 10 mol% indicating the introduction of 

activated 5mol%Dy
3+

,x Sm
3+  

impurities do not cause significant changes to the 

crystallinity. 
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Figure 3-2 XRD patterns of Gd9.95-xV2O20:5% Dy3+，x%Sm3+ and Gd9.95V2O20:5% Dy3+ phosphors. 

The PL emission spectra of 5mol%Dy
3+

, xSm
3+ 

doped Gd10V2O20 phosphors 

for different Sm
3+

 ion concentrations at an excitation wavelength of 266 nm, 

Figure 3-3 shows four strong emission peaks a 483, 575, 600, and 647 nm, which 

corresponds to the 
4
F9/2 →

6
H15/2, 

4
F9/2 → 

6
H13/2, 

4
G5/2 → 

6
H7/2, and 

4
G5/2 →

6
H9/2 

transitions of Sm
3+

, respectively. With the increasing of Sm
3+

 concentration, the 

luminescence intensity increased first and then decreased, and the optimum 

concentration is x = 0.05. 
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Figure 3-3 Emission spectra of Gd9.95-xV2O20: 5mol%Dy3+, xSm3+ phosphors 

To further confirm the energy transfer from 5mol%Dy
3+

, xSm
3+ 

doped 

Gd10V2O20 phosphors, the emission spectra of Gd9.95-xV2O20: 5mol%Dy
3+

, xSm
3+

 

and the decay curves of Gd9.95-xV2O20: 5mol%Dy
3+

, xSm
3+

 were investigated. 

Under the excitation at 352 nm, the emission spectra of Gd9.95-xV2O20: 

5mol%Dy
3+

, xSm
3+

 (x = 0.01, 0.03, 0.05 and 0.1) are shown in Figure 3-3, which 

originate from the 
4
G5/2 → 

6
H9/2 transition of Sm

3+
 ion. When the Sm

3+
 

concentration is 0.05, it can be observed that the intensity of emission peak 

achieves highest. Then, with the increase of Sm
3+

 concentration, the luminous 

intensity gradually decreases. The lifetime decay curves of Gd9.95-xV2O20: 

5mol%Dy
3+

, xSm
3+

 (x = 0.01, 0.03, 0.05 and 0.1)  monitored at 573 nm and 605 

nm are depicted in Figure 3-4 and Figure 3-5. The decay curves are analyzed 

based on the following double-exponential equation: 
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Where I and I0 are the luminescence intensities at time t and 0, A1 and A2 are 

fitting parameters, and τ  and τ  are lifetimes for exponential components, 

respectively. The average lifetime could be evaluated by the following equation: 
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Figure 3-4 Decay curves of Gd9.95-XV2O20:5% Dy3+，x%Sm3+ at 573 nm. 

 

               τ             τ   

                              (3-1) 



 

36 

 

0.0 0.5 1.0 1.5 2.0

 Time (ms)

 

In
te

n
si

ty
 (

a.
 u

.) Gd
10

V
2
O

20
:5%Dy

3+
,x%Sm

3+

 1.0 mol%

 3.0 mol%

 5.0 mol%

 10.0 mol%

 

ex=266 nm em=605 nm

 

Figure 3-5 Decay curves of Gd9.95-XV2O20:5% Dy3+，x%Sm3+ phosphors at 605 nm. 

The fitting results τ calculated by equation (2) are 140, 105, 99 and 58 ms for 

5mol%Dy
3+

, xSm
3+ 

doped Gd9.95-XV2O20 (x = 0.01, 0.03, 0.05 and 0.1) respectively. 

With the increase of Sm
3+

 concentration, the decay times of 5mol%Dy
3+

, xSm
3+ 

doped Gd9.95-XV2O20 decrease gradually. All these results provide evidence for the 

energy transfer from Dy
3+

 to Sm
3+

 in the Gd10V2O20 host. 
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3.3.2.  Energy transfer 
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Figure 3-6 The schematic diagram of energy transfer 

Figure 3-6 gives the schematic diagram of energy transfer from 5mol%Dy
3+

, 

xSm
3+

 doped Gd10V2O20 (x = 0.01, 0.03, 0.05 and 0.1). It can be seen that the 

excited state of Dy
3+

 (
4
F9/2) slightly higher than that of Sm

3+
 (

4
I19/2), which means 

energy transfer can occur through the non-radiative process. The radiative way of 

energy transfer is due to the spectral overlap of the Sm
3+

 excitation and the Dy
3+

 

emission[38]. 
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Figure 3-7 The CIE chromaticity diagram of Gd9.95-XV2O20:5% Dy3+，x%Sm3+ (x = 0-10). 

In Figure 3-7 Commission International de L’Eclairage (CIE) diagram shows 

emission color of the 5mol%Dy
3+

, xSm
3+ 

doped Gd10V2O20 (x = 0.01, 0.03, 0.05 

and 0.1) sample can be turned from the yellow to the red region with the increase 

of Sm
3+

 doping concentration. 
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4.  Conclusion and acknowledgment 

4.1.  Conclusion 

In this work, a series of Dy
3+

 co-doped Gd10V2O20 is synthesized by the 

conventional high-temperature solid-state method. And their photoluminescence 

properties were investigated deeply.  

Concentration-dependent excitation spectra, emission spectra, fluorescence 

color, and lifetime decay curves were measured and the optimum doping 

concentration of Dy
3+

 co-doped Gd10V2O20 lattice was 3mol%. 

Relative and absolute sensitivities of Dy
3+ 

co-doped Gd10V2O20 are 

temperature dependent under the 266 nm excitation in the temperature range 

from 10 K to 480 K are investigated. 

Dy
3+

 and Sm
3+

activated Gd10V2O20 phosphors were synthesized by the 

high-temperature solid-state method. The photo-luminescence (PL) properties, 

ET mechanism between Dy
3+

 and Sm
3+

 ions in Gd10V2O20 phosphors, and 

chromatic properties were investigated. 
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