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Abstract

This paper the spectroscopic properties of boron glasses 4SrO * 7B2O3:RE3+ (RE = Eu3+, Pr3+, Nd3+) is described. The absorption and luminescence spectra are presented. The early known absorption band of Eu3+, Pr3+, Nd3+ are registered. The luminescence of 4SrO * 7B2O3:Pr3+ (laser pump), 4SrO * 7B2O3:Eu3+ (light emitting diodes pump) is investigated. All absorption and luminescence lines has been indicated. 
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1. Introduction. 

Many works is devoted to the investigation and searching of  new laser glasses [1,2,3].  The interest to the laser glasses has increased in a recent 10 years because of  appearance and  application fiber lasers and amplifiers in a digital information technologies [4,5].  One of the main parameters of laser glasses, which is direct influence on a term of work of glass laser  - is the temperature refractive index of glasses (Т. It was shown, that boron glasses has a worse thermooptical properties then phosphate and fluoride glasses [6], but it has negative or zero (the effect of thermofocusing is absent) temperature dependence of refractive index  [6]. It is typical for the glasses which contains cation – modificator with large ion radius and small charge especially.  The aforesaid information lead to result that boron glasses having limited application (in comparison to industrial and commerce glasses), but have excite science investigation interest.

This paper is devoted to the investigation of spectroscopy properties of 4SrO * 7B2O3:RE3+ (RE = Eu3+, Pr3+, Nd3+) glasses and continued the cycle of works in investigation of crystallization system SrO - B2O3 and optical properties of new single crystal 4SrO * 7B2O3:RE3+  [7,8].

2. Experiment.

For the experiments were used samples:

1. 4SrO * 7B2O3:Pr 3 + ((=7 mm, the doping concentration C1Pr 3 + =  1.7*1020 cm-3, N2Pr 3 + =  3.5*1020 cm-3); 

2. 4SrO * 7B2O3: Nd3 + ((=2 mm, CNd 3 + = 1.04*1021  cm-3); 

3. 4SrO * 7B2O3: Eu3 + ((=7 mm,, CEu3 + = 1.7*1020  cm-3). 

The glass samples for the investigation has been prepared in such way. The boron and strontium oxides in relation 4:7 have been melted in resistance furnace at 1030 - 1050оС in the platinum crucible. The melt was mixed by platinum stirrer, activited by the doping in oxides form and homogenise during 3 hours.  After the homogenisation a melt was casted in the ceramical mould  and glassed.  The sample has been annealed during 4 hour at the temperatures from 800о С to 600о С to decrease the temperature strain. The ingot has been mechanically processed to obtain the polished samples.  

The absorption and luminescence spectrum with the pumping in the most intensive absorption lines has been investigated. For the investigation of absorption spectra of 4SrO * 7B2O3:Pr3+ glass the spectrophotometers Shimadzu UV 3101 PC and DFS – 456 has been applied. For the investigation of absorption spectra of 4SrO * 7B2O3:Eu3+ the spectrophotometer DFS – 456 with FEU 62 as photodetector has been applied.  As a pump sources the high brightness LED. EP 2036 - 150B  (Paralight Corp) has been used.  The investigation of 4SrO * 7B2O3:Pr3+ luminescence on the spectrophotometer MDR 23 with Ar+ - laser application at the room temperatures has been studied. 

3. Results

3.1 The spectroscopy of 4SrO * 7B2O3:Pr3+
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The absorption spectra of  4SrO * 7B2O3:Pr3+ is presented on fig. 1.

A – glass sample  4SrO * 7B2O3

B  - glass sample 4SrO * 7B2O3:Pr3+ (C1Pr 3 + =  1.7*1020 cm-3)

С  - glass sample 4SrO * 7B2O3:Pr3+ (N2Pr 3 + =  3.5*1020 cm-3)

Figure 1. The absorption spectra of 4SrO * 7B2O3:Pr3+ glasses.

The absorption spectra of 4SrO * 7B2O3:Pr3+ glass sample consist of 8 nonhomogenuos nonstructural broad absorption band.  All bands belong to early known electronical transition of Pr3+  ions. The energy diagram with all absorption transition on the Fig. 2. is represent. The Table 1 presents the electronic transition in accordance with wavelength of absorption radiation. The greatest intensity has 3H4 ( 3F2 and 3H4 ( 3F3+4 lines. The absorption lines 3H4 ( 3P2, 3H4 ( 3P1, 3H4 ( 3P0  is also very intensity.  The absorption band (max = 482 nm  (3H4 ( 3P0 ) is in good spectral agreement with Ar+ - laser radiation and may be used for efficient luminescence pump.
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Figure 2. The energy diagram of the Pr3+ ion.

Table 1. The electronic transitions of  the Pr3+ - doped 4SrO * 7B2O3 glass sample.

	№
	(, nm
	Transition

	1
	443
	3H4 ( 3P2

	2
	470   
	3H4 ( 3P1

	3
	482   
	3H4 ( 3P0

	4
	585   
	3H4 ( 1D2

	5
	1005 
	3H4 ( 1G4

	6
	1504 
	3H4 ( 3F2

	7
	1909 
	3H4 (3F3 + 3F4

	8
	2520 
	3H4 ( 3Н6


The luminescence of  4SrO * 7B2O3:Pr3+ glass sample with Ar+ - laser pump in absorption line, that correspond to the transition 3P0 (3H4 has been investigated. MDR 23 as a monochromator  was used. On Fig. 3. The luminescence spectra of  4SrO * 7B2O3:Pr3+ sample is presented .
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Figure 3. The luminescence spectra of  4SrO * 7B2O3:Pr3+  glass sample.

The registered luminescence spectra consist of three nonstructural nonhomogenous broad spectral bands. The greatest intensity has line  (max = 606 nm. The contour of this line has complex character, with three extreme points. That may be explained by overlapping of three luminescence lines corresponding to the transitions   1D2 (3H4  ((max=  595 nm),  3P0 (3H6 ((max=  606 nm ), 3P0 (3F2 ((max=  624 nm ). The less intensity transition 3P0 (3F3 ((= 702 nm), 1D2 (3H6  ((=  824 nm), 1D2 (3F2  ((=  877 nm) was registered in additionally. 

3.1 The spectroscopy of  4SrO * 7B2O3:Nd3+

For the investigation of  4SrO * 7B2O3:Nd3+ glass sample absorption spectra the spectrophotometer Shimadzu UV 3101 PC  was applied.  The absorption spectra of  4SrO * 7B2O3:Nd3+ in a range 200 – 2600 nm on Figures 4, 5 is represented.  The shortwavelength edge of  4SrO * 7B2O3:Nd3+ glass sample correspond to 200 nm. 14 absorption band, which correspond to the known electronical transition of Nd 3+  ions  has been registered. The most intensive are 4I9/2 ( 2K13/2 +2G7/2 +4G9/2,  4I9/2 ( 2G7/2 +4G5/2, 4I9/2 ( 4F7/2 +4S3/2, 4I9/2 ( 4F5/2 +2H9/2,  4I9/2 ( 4F3/2. Besides absorption line 4I9/2 ( 2K13/2 +2G7/2 +4G9/2 is an interest for laser pump of luminescence (second harmonic of YAG: Nd 3+).  It is necessary to note the absence of absorption on the wavelength of most frequently used Nd 3+  laser channel 4F5/2 ( 4I11/2  (( = 1064 nm). It is a favorable differences of 4SrO * 7B2O3::Nd3+ from neodimium - doped silicate laser glasses. The energy diagram with all registered electronic transitions on the Fig. 6. is represent. The Table 2 presents the electronic transition in accordance with maximum wavelength of absorption radiation. 
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Figure 4. The absorption spectra of  4SrO * 7B2O3:Nd3+ glass in a range 200 – 1000 nm

[image: image5.png]T, % 100

70

50

30

10

13

500

1200

1500

1800

2100

2400

2700

A, nm




Figure 5. The absorption spectra of  4SrO * 7B2O3:Nd3+ in a range 900 – 2700 nm.

Table 2. The electronic transitions of  the Nd3+ - ions in 4SrO * 7B2O3: Nd3+  sample.

	№
	(, nm
	Transition

	1
	345
	4I9/2 (4D1/2  + 4D3/2 +4D5/2

	2
	377
	4I9/2 ( 2P3/2

	3
	425
	4I9/2 ( 2P1/2 +2D5/2

	4
	458
	4I9/2 ( 4G9/2 + 4G11/2

	5
	471
	4I9/2 ( 2K15/2 +2D3/2

	6
	520
	4I9/2 ( 2K13/2 +2G7/2 +4G9/2

	7
	574
	4I9/2 ( 2G7/2 +4G5/2

	8
	620
	4I9/2 ( 2H11/2

	9
	676
	4I9/2 ( 4F9/2

	10
	736
	4I9/2 ( 4F7/2 +4S3/2

	11
	794
	4I9/2 ( 4F5/2 +2H9/2

	12
	871
	4I9/2 ( 4F3/2

	13
	1554
	4I9/2 ( 4I15/2

	14
	2408         
	4I9/2 ( 4I13/2
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Figure  6. Energy diagram of Nd3+ ions in 4SrO * 7B2O3 glass matrix. 

3.1 The spectroscopy of  4SrO * 7B2O3:Eu3+
The investigation of absorption spectra of 4SrO * 7B2O3:Eu3+ glass sample on the DFS 456 spectrophotometer in a spectral range 300 - 1100 nm has been studied. The spectra of  4SrO * 7B2O3:Nd3+ on Figures 6 is represented. 
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Figure 7. The absorption spectra of  4SrO * 7B2O3:Eu3+ in a spectral range 430 – 570 nm and energy diagram of Eu3+ - ions with absorption electronic transitions.

Three absorption lines 7F0(5D2, 7F0(5D1, 7F0(5D0, which correspond to known Eu3+ - ions electronic transition has been registered. The absorption band 7F0(5D0 is less intensity, but is in good spectral agreement with second harmonic of YAG:Nd3+ radiation and may be used for efficient pump of  4SrO * 7B2O3:Eu3+  luminescence. The luminescence spectra of  4SrO * 7B2O3:Eu3+ glass simple on the DFS 456 spectrophotometer  has been investigated. As a pump source has been used the high brightness EP 2036 - 150B Paralight Corp light emitting diode, which has a good spectral agreement with absorption lines 7F0(5D0   ((max=  485 nm). The luminescence spectra of  4SrO * 7B2O3:Pr3+ glass sample on Fig. 8. is presented .

[image: image8.png]E10°
1
sm

27

24 o

21 o

18 4

15 ]

124

4
s
s
2 ‘D
¥ Do
x Fiz
Gun 2
* oy 2"
*Kisn
= Gon
.

12 3 456 7 8 9 10 1 121314




Figure 8. The luminescence spectra of  4SrO * 7B2O3:Eu3+ glass sample.

Five nonhomogenuos nonstructural broad absorption band has been obtained: 5D0( 7F0 ((max=  586 нм), 5D0( 7F1 ((max=  600 нм), 5D0( 7F2 ((max=  620 нм), 5D0( 7F3 ((max=  658 нм), 5D0( 7F4 ((max=  705 нм).
Conclusion.

The paper is devoted to the investigation of 4SrO * 7B2O3:RE3+ (RE = Eu3+, Pr3+, Nd3+) glasses spectroscopy properties. The absorption and luminescence spectra with the pumping in the most intensive absorption lines has been investigated. 

The absorption spectra of  4SrO * 7B2O3:Pr3+ consist of  8 nonhomogenuos nonstructural broad absorption band. The lines  3H4 ( 3F2 and 3H4 ( 3F3+4 are most intensity. The band (max = 482 nm  (3H4 ( 3P0) is in good spectral agreement with Ar+ - laser radiation and has been used for luminescence pump. The luminescence spectra of  4SrO * 7B2O3:Pr3+ consist of three nonstructural nonhomogenous broad spectral bands: 1D2 (3H4  ((max = 595 nm),  3P0 (3H6 ((= 606 nm ), 3P0 (3F2 ((= 624 nm), 3P0 (3F3 (( = 702 nm), 1D2 (3H6  (( =  824 nm), 1D2 (3F2  (( = 877 nm). The most intensity line are  ( = 606 nm. 

The absorption spectra of  4SrO * 7B2O3:Nd3+ in a spectral range 200 – 2600 nm has been investigated. 14 absorption band of Nd 3+  ions  has been registered. The most intensive are 4I9/2 ( 2K13/2 +2G7/2 +4G9/2,  4I9/2 ( 2G7/2 +4G5/2, 4I9/2 ( 4F7/2 +4S3/2, 4I9/2 ( 4F5/2 +2H9/2,  4I9/2 ( 4F3/2. The absorption line 4I9/2 ( 2K13/2 +2G7/2 +4G9/2  is in good spectral agreement with YAG: Nd 3+ second harmonic.

The absorption spectra of 4SrO * 7B2O3:Eu3+ glass sample in a spectral range 300 - 1100 nm has been studied. Three absorption lines 7F0(5D2, 7F0(5D1, 7F0(5D0, which correspond to known Eu3+ - ions electronic transition has been obtained. The absorption band 7F0(5D0 is in good spectral agreement with second harmonic of YAG:Nd3+ radiation. The luminescence spectra of  4SrO * 7B2O3:Eu3+ glass sample with LED pumping has been investigated. Five nonhomogenuos nonstructural broad absorption band 5D0( 7F0 ((max=  586 nm), 5D0( 7F1 ((max=  600 nm), 5D0( 7F2 ((max=  620 nm), 5D0( 7F3 ((max=  658 nm),5D0( 7F4 ((max=  705 nm) has been obtained. 
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