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Abstract—Emission, luminescence excitation spectra and 
photoluminescence spectra at high pressure of LiNbO3 crystal doped 
with 0.5% Pr3+ are presented. Hydrostatic pressure up to 135kbar was 
applied with a diamond anvil cell (DAC). We observed the small red 
shift of the luminescence related to 1D2→3H4  transition equal to 
0.08nm/kbar. Additionally, at higher pressure, the 1D2 emission was 
considerably quenched and its lifetime was shortened. This was 
explained as being due to the decrease of the energy of the exciton 
bound to the Pr3+ ion with increasing pressure and nonradiative  
depopulation of the 1D2

 
 state.  

 
Recently, there has been a rapid growth of interest in the 
study of spectral properties of RE doped LiNbO3 crystals, 
[1-11]. The interest in Pr3+  ion is due to its ability to emit 
V-UV photons, due to interconfigurational 4f15d1→4f2 
transitions, and green and red photons related to the 
intraconfigurational transitions 3P0→3HJ  and 1D2→3HJ in 
the 4f2 electronic configuration, respectively. In oxides, 
we have mainly observed the VIS and IR emission related 
to the 3P0→3HJ and 1D2→3HJ, 1D2→3FJ, and 1D2→1G4 
transitions, respectively, whereas in LiNbO3:Pr3+

   , only 
the red and IR luminescence related to transitions from 
the 1D2  state is observed [10, 11]. The lack of the 
3P0→3HJ emission in Pr3+ in LiNbO3 has been related to 
the existence of the Pr3+ trapped exciton (PTE) [12].The 
first approach to the high pressure spectroscopy of 
LiNbO3:Pr3+ was demonstrated in our previous papers 
[13, 14]. In paper [13] we focused on structure analysis of 
sharp line emission. We described PTE in the LiNbO3 as 
a system where the Pr3+ ion captured a hole ( forming the 
Pr2+) which bound an electron at Rydberg states, [14]. In 
LiNbO3 the energy of PTE is a little bit smaller than the 
energy of the 3P0 state of the Pr3+. In paper [14] it was 
found that pressure diminishes the energy of PTE that 
quenches the Pr3+ luminescence. Additionally, it was 
found that at high pressure under CW Ar laser excitation 
with 488 nm, the 1D2→3H4 luminescence was 
accompanied by broad band emission with its maximum  
at the wavelength longer than 900nm. This luminescence 
was tentatively attributed to the recombination of PTE. 
Although the existence of PTE in LiNbO3:Pr3+
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 has been 
proved, the effect of radiative recombination of PTE was 

not well evidenced. Since at high pressure and room 
temperature the emission of LiNbO3:Pr3+

The LiNbO

 is very week, 
the observed broad band luminescence could be also an 
artifact related to DAC emission. Therefore, we decided 
to repeat the experiments using new more sensitive 
equipment which, additionally, allows to control 
simultaneously the luminescence and luminescence 
kinetics. 

3 doped with 0.5at% Pr3+ and 0.8at% Yb3+

Measurements of the luminescence excitation spectrum 
were made using a spectrofluorimeter FluoroMax-4P 
TCSPC produced by Horiba. The excitation source in this 
system was a 150Watts Xenon lamp which makes it 
possible to measure luminescence excitation in the 220-
850nm range. Fluorescence intensity is measured by 
using a monochromator and a photomultiplier R928 Side-
on.  

 
was grown by the Czochralski method in I.T.M.E. 
Laboratory in Warsaw. The details of sample preparation 
were described in our previous paper [13].  

The experimental setup for luminescence kinetics is a 
laser system which consists of a PL 2143 A/SS laser with 
10Hz frequency and the parametric optical generator PG 
401/SH. The laser generates 30ps pulses of the 355nm 
wavelength and the pump PG generator produces light 
pulses ranging from 220 to 2200nm. The output energy at 
the 320nm wavelength was 20μJ. The emission signal 
was analyzed by the spectrometer 2501S (Bruker Optics) 
equipped with a 50 grooves/mm grating and a 
Hamamatsu Streak Camera model C4334-01 with a final 
spectral resolution of about 0.47nm. Time resolved 
luminescence spectra were collected by integration of 
streak camera pictures over time intervals, whereas 
luminescence decays were collected by the integration of 
streak camera pictures over the wavelength intervals.  
High hydrostatic pressure was applied in a diamond anvil 
cell (DAC) Merrill Bassett type with silicone oil 
(polydimethylsiloxane) as a pressure-transmitting 
medium. The pressure was measured by the shift of the 
R1
 

 photoluminescence line of ruby. 

Ambient pressure excitation spectrum of emission 
monitored at  618nm (16181cm-1

High pressure luminescence and time resolved spectra of 
LiNbO

) is presented in Fig. 1.  
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Fig.1. Ambient temperature luminescence excitation spectrum monitored 

at 16181cm-1 of the LiNbO3:Pr3+

The spectrum consists of sharp lines in the spectral region 
19000cm

. 

-1–22000cm-1 related to 3H4→3P0, 3P1, 3P2 
transitions and the broad band extended between 
24000cm-1 and 34000cm-1. The broad band structure was 
decomposed into two Gaussian bands peaked at 30400 
cm-1 and 27360cm-1, related to charge transfer (CT) 
transition and creation of PTE. From luminescence 
excitation spectrum presented in Fig.1 one notices that the 
sample is more effectively excited through the band in 
24000cm-1–32000cm-1 region than through the f-f 
transition in the spectral region 19000cm-1–22000cm-1

In Fig. 2(a) the luminescence spectra of LiNbO

. 

3:Pr3+

 

 
obtained at different pressures are presented. The sample 
was excited with a wavelength of 320nm (Yag:Nd pulsed 
laser and OPG system). All spectra were recorded at 
room temperature.  

 
Fig. 2. (a) Time resolved luminescence spectra under pressure: time 

acquisition 0–200µs, emission from 1D2

Actually, in Fig. 2(a) time resolved luminescence spectra 
are presented, where acquisition was done in time from 0 
to 200µs after excitation.  

 state. (b) Streak camera picture 
for spectral region 550nm–850nm. (c) Streak camera picture for the 

spectral region 650nm–950nm. 

The spectra in Fig. 2(a) consist of sharp lines related to 
1D2→3H4 transition in the spectral region 680nm–580nm 
(14700cm-1–17250cm-1) and the sharp lines in the region 
910nm–700nm (11000cm-1–13300cm-1) related to 
1D2→3F2,3,4, 3H6
One can recognize three lines related to the 

 transitions.  
1D2→3H4

The selected original pictures obtained from the streak 
camera at ambient pressure are presented in Fig. 2(b)–(c). 
In Fig. 2(b) we have the spectrum obtained in the region 
from 550nm to 850nm, where the 

 
transition; 608.1nm, 619.4nm and 637.8nm labelled in 
Fig. 2(a) by numbers 1, 2 and 3, respectively.  

1D2→3H4 luminescence 
is detected. Figure 2(c) obeys the spectral region between 
650nm and 950nm, which corresponds to weaker 
luminescence related to the 1D2→3F2,3,4, 3H6

One notices that both emissions decay in the same way, 
which confirms the assumption that they both come from 
the same initial state; the 

 transitions. 
Both pictures were collected in the time scale after pulse 
(30ps) excitation from 0 to 200µs after pulse. In Figs. 
2(b) and (c) the red curves show the spectra, whereas the 
green curves show the luminescence decays. 

1D2

0 50 100 150 200
1

10

100

1000

  i
nt

en
sit

y 
(a

rb
. u

ni
ts

) 

time  (µs)

22 kbar
47 kbar

0 kbar

67 kbar
100 kbar
135 kbar

 

 

. We have not obtained any 
broad band luminescence in the red spectral region for all 
considered pressure at room temperature, which could be 
attributed to PTE recombination. 

 
 

Fig. 3. Luminescence decay curves under different pressures for 
luminescence monitored at 16181–15674cm-1 (618–638nm) that 

corresponds to 1D2-3H4  Pr3+

 
 emission. 

When pressure increases, the emission lines shift mainly 
to the red region. The respective pressure shifts of the 
lines related to 1D2→3H4 transition are 0.081nm/kbar, 
0.089nm/kbar and 0.080nm/kbar for the lines peaked at 
608.1nm, 619.4nm and 637.8nm, respectively. When 
pressure increases, the intensity of luminescence 
decreases. This effect is accompanied by faster 
luminescence decay. The decay of luminescence related 
to 1D2→3H4

 

 transition obtained at different pressures is 
presented in Fig. 3. The effective emission decay time 
decreases from 25µs at ambient pressure to 3µs at 
135kbar. 
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The shorter luminescence decay is related to the 
nonradiative dexciation of the 1D2 state of Pr3+ 
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through 
the PTE state. This process is described by 
configurational coordinate diagrams presented in Figs. 
4(a) and (b).  
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Fig. 4. Configurational coordinate diagrams representing the energetic 

structure of Pr3+ ion and PTE. At ambient pressure and energy of the 1D2 

state below energy of PTE (a) and at high pressure and the 1D2 

 

state 
above energy of PTE (b). 

The black parabolas in the diagrams represent the 
electronic energies of the ground state of the Pr3+: the 3H4 
state, the luminescent state 1D2 and the 1G4 state, which 
energy is just below of the 1D2. The red parabolas 
represent the electronic energy of PTE states. The 
abscissa axis in Figs. 4(a) and (b) represents the average 
distance between Pr3+ and O2- ions; R. Since the hole 
captured at Pr3+ attracts the O2- ligands, minimum of the 
parabola corresponding to the PTE  appears for the 
smaller quantity of R than minima of the parabolas 
representing the localized states of the Pr3+. The diagram 
in Fig. 4(a) corresponds to ambient pressure. Here PTE 
state is above the emitting state of Pr3+; 1D2 state and 
radiative transition from 1D2 state to the ground state 3H4 
is possible (transition represented by solid arrow). In Fig. 
4(b) a high pressure situation is presented. Here the PTE 
state is below the 1D2 state and emission from the 1D2 
state is quenched. The deexcitation of the Pr3+ takes place 
by the nonradiative processes through the PTE state. In 
Fig. 4(b) the nonradiative deexciation pathway is 
presented by dashed arrows. One notices that 
nonradiative depopulation of the PTE state is much faster 
when respective activation energy Enr is smaller. The 
effective luminescence decay time depends on radiative 
depopulation rate, pr and nonradiative depopulation rate 
pnr

                                
, while  

                                                          (1)
      

and the nonradiative depopulation rate pnr increases when 
the energy of PTE decreases and causes energy Enr  

As a result, luminescence decays faster and the respective 
luminescence decay time is shorter. For pressures higher 
than 135kbar, no luminescence related to Pr

to 
decrease [see Fig. 4(b)].  

3+

  

 was 
observed. 

In conclusion, the photoluminescence spectra of 
LiNbO3:Pr3+ obtained at different pressures are presented. 
At ambient conditions one observed effective 
luminescence related to radiative transitions from the 1D2 
state of Pr3+. When pressure increases, the intensity of 
luminescence decreases and simultaneously the emission 
lifetime is shortened. These effects were attributed to the 
nonradiative recombination of PTE which energy 
decreases with increasing pressure. For pressure larger 
than 135kbar, the luminescence of Pr3+ 

 
was not observed.  
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