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Transition Metal Ions:   Cr3+, Ti3+, Mn2+,...

Motivation.
In

tr
od

uc
tio

n

-
 

Luminescent devices:   lasers, scintillators, organic,...     ☺

- Usually impurities    .

- Pure materials are usually not luminescent at RT      /

-
 

Pure or concentrated would provide more emission     ☺

-
 

No general rule to predict a priori wheter a material will be 
luminescent or not     /

-
 

No general rule to predict accurately the optical (in particular 
photoluminescence) spectrum      /



Twofold aim:

1-
 

Study
 

of
 

the
 

mechanisms
 

governing
 

photoluminescence
 

(PL) in 
transition-metal ions.

z Non-radiative de-excitation in impurities

� Non-radiative de-excitation in concentrated materials

Structure-spectra correlations

Objectives.
In

tr
od

uc
tio

n

2-
 

Induction
 

of
 

new
 

PL phenomena.
� Photoluminescence at low temperature or room temperature.

� Spectrum transformations. Changes in electronic configuration.



z Impurities: PL in Ca1-xSrxF2: Mn2+ and BaF2: Mn2+

� Pure transition-metal ions: MnF2

Spectrum-structure corr.: A2BMF6 : Cr3+ fluoroelpasolites

Strategies.
In

tr
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n

Correlations
 

between
 

optical
 

phenomena
 

and
 

structure

-
 

Temperature
 

dependence
-

 
Pressure

 
experiments

-
 

Single-crystal
 

pressure
 

experiments
-

 
Effect

 
of

 
grain

 
size

 
reduction

 
(milling)

-
 

Structural
 

and
 

optical
 

characterization
 

(correlations)
-

 
Pressure

 
experiments
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Experimental.
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Adaptation of spectroscopic techniques to high pressure.

- Time resolved

- Emission

- Excitation

- PL lifetime
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New

 
pressure-induced

 
photoluminescence

 phenomena
 

in Mn2+

 
and

 
Cr3+ materials

Ca1-x
 

Srx
 

F2
 

: Mn2+
 

and
 

BaF2
 

: Mn2+
 Fluorites

Non-radiative phenomena
 

in impurity
 

systems
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band
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Dexter-Klick-Russell
 

model. Spectroscopic
 

study. 
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Intensity
 

quenching. Activation
 

energy, Ea
 

.
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Variation
 

of
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and
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x or
 

a.
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z Ca1-xSrxF2: Mn2+ and BaF2: Mn2+ fluorites:
·

 

Non-radiative processes

 

are volume

 

dependent
·

 

A unique

 

expression

 

dependent

 

on

 

T and

 

V describes the

 

series PL 
·

 

We

 

have

 

induced

 

PL in non-PL materials

 

of

 

the

 

series at

 

HP

·

 

10Dq

 

varies

 

as RCr-F
-3.3

 

instead

 

of

 

RCr-F
-5

·

 

Stokes shift

 

increases

 

with

 

the

 

Cr local volume
· Rb2

 

KCrF6

 

experiences

 

ESCO upon

 

increasing

 

P

·

 

Milled

 

MnF2

 

to

 

nanometric scale

 

increases

 

the

 

PL quenching temperature
·

 

We have not obtained PL at RT at low pressure

☺We

 

have

 

induced
 

and explained
 

a novel RT

 

PL

 

at

 

HP in pure Mn2+

 

compound

MnF2

� A2BMF6 : Cr3+ fluoroelpasolites

Electronic states mixing
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