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Abstract

LiCaAlFg (LiCAF) and LiSrAlF, (LiSAF) crystal hosts doped with trivalent positive lanthanide ions (Ln**) were
studied via defect simulation techniques and crystal field parameter calculations. Depending on the ratio of ionic radius
of the dopant to the host divalent cation, the luminescent ions can occupy the Sr** (or Ca?*) site or the AI**. When the
dopant enters at the divalent cation site, charge compensation is needed that changes drastically the starting symmetry
of this site. However, when the AI** site is preferred, no charge compensation schemes are involved, but nevertheless the
lattice is distorted since the sizes of the Ln** ions are bigger than the AI** ion. The actual positions of the first
neighbours of the Ln" ion were input in the crystal field parameters equations, through which the conclusions on site
symmetry of the optically active ion have been drawn and these results allows the prediction of possible optical activity

based on the possibility of the 4f-4f transitions.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction

Research on laser crystals having tuneable
monochromatic activity has received much atten-
tion due to the applicability of lasers in human
surgery, in laser technology, as well as due to
fundamental knowledge [1-3]. The very narrow
emission lines of the lanthanide trivalent ions
(Ln3*)-doped crystals make such media of special
interest [4-7].
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In order to predict the reliability of producing
this kind of material, structural modelling has been
developed in our group [8-12].

Recently, Ce-doped LiCaAlFs (LiCAF) and
LiSrAlF¢ (LiSAF) appeared as good candidates for
tuneable solid-state lasers in the UV-region [2]. Our
aim in this work is to study Ln** (Ce, Nd, Eu, Yb)
doping these structures by a combination of the
defect simulation technique and crystal field theory.

2. Defect simulation technique

The defect calculations were performed based
on empirical potential fitting [13] and Ilattice
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Table 1
Interatomic potentials for LiCaAlFs and LiSrAlFg
Interaction ~ AleV olA CleVA®  k/eVA~?
Li core F 44383  0.2714 0.0 -
shell
Al core F 1400.00  0.2571 0.0 -
shell
Ca core F 3400.00  0.2661 0.0 -
shell
Sr core F 3400.00  0.2906 0.0 -
shell
F shell F 911.69  0.2707 13.80 -
shell
F core F - - - 24.36
shell

energy minimisation, embodied in the general
utility lattice program (GULP) [14], in which
materials are described in terms of ions interacting
through effective potentials. The potentials were
fitted to the structure of the LiCaAlF¢ and LiS-
rAlF¢ crystal (atomic positions and lattice
parameters). This procedure is described in detail
in [12]. In Table 1, the potential parameters used in
the present simulations are presented, with the
dopant-lattice potentials being taken from [12].
Defects are modelled using the Mott-Littleton
approximation [15-17] in which a spherical region
of lattice surrounding the defect is treated explic-
itly, with all interactions being considered (region
I) and more distant parts of the lattice are treated
as a dielectric continuum (region II).

3. Crystal field parameters

The interaction between the Ln** ion and the
ligand (L) ions in the first sphere of co-ordination
is described in the Judd Ofelt theory by the ham-
iltonian Her = £y, B" ) 118,19]. The Cé’” are the
so-called Racah spherlcal tensors, which accounts
for the angular part of the interaction related to
the Ln** ion. The B’; are the crystal field parame-
ters, which accounts for the radial and angular
part of the Hcg related to the ligand ions.
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B" JO)
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The simple overlap model (SOM) is an alternative
way of describing the Ln**-L interacting charge
(ge) which appears in the J-O theory, g being a
charge factor. The SOM assumes that this inter-
acting charge is located in small regions around
the mid point of the Ln**—L distance, is modulated
by the overlap integral (p) between the Ln** and L
wavefunctions, being written as pge. The standard
overlap p, is that of the nearest ligand ion (R,) and
the overlap of the other ligand ions are assumed to
be inversely proportional to the Ln**—L distance
(R) as follows: p = py(Ro/R)" [20-22]. The values
of p, and n are taken from Jorgensen [23]. With
those arguments, the connection between the J-O
theory and SOM is B(SOM) = p(2/(1 + o))
B‘(J 0).

This simple overlap model is indeed a descrip-
tion of a mean field potential created by the
modulated charge pge and can be interpreted as an
alternative way of taking into account shielding
effects, because the spread of the 4f wavefunctions
is limited by the 5s and 5p closed shells, then the
overlap integral, as well as chemical bond effects,
because the pge is a sharing charge between the
Ln** and L ions.

4. Results and discussions

Table 2 gives the solution energies for the lan-
thanide dopants in LICAF and LiSAF, calculated
as described in [12]. These show the energetically
favoured locations and charge compensation
mechanisms for the dopants and this information
is then used to calculate the B’; values, in that it
predicts the site symmetry of the substitution site.
It is seen that the different dopants are predicted
occupy different sites with different charge com-
pensation mechanisms in LiCAF and LiSAF, and
for example, in the case of Eu** and Nd** in Li-
CAF, there are two possible sites that might be
occupied.

Tables 3 and 4 show the values of the B}
parameters calculated for the Ln*":LiCAF and
LiSAF crystals in that order. The choice of
showing only ¢ = 0 components is due to fact that
a nonvanishing B} value indicates that the site
occupied by the Ln®* ion is not an inversion
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Table 2
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Solution energies for Ln*" dopants in LiCaAlFs and LiSrAlFg, taken from [12]

Defect Ma 1M(“a/$r_1/2 V(/‘/d M(.Za/Sr_Vlli M(.‘,a/Sr_Fi, Ml:i._VCI‘/a/Sr
Ln** at Ln** at F! at F at F! at
(£100) 00x1) (174 1/4 0) (172 112 0) (3/4 172 0)
LiCaAlF;
Ce 3.96 2.41 2.35 1.89 1.97 2.11 2.15 145
Nd 3.56 2.44 2.35 1.90 1.95 2.08 2.59 1.90
Eu 2.95 2.50 2.40 1.92 2.59 2.09 2.11 1.92
Yb 2.37 2.59 2.46 1.97 2.11 2.12 2.10 5.25
LiSrAIF;
Ce 3.64 2.81 2.88 2.34 1.99 1.96 1.99 2.36
Nd 3.27 2.92 2.97 2.46 2.28 5.45 2.01 2.48
Eu 2.71 3.10 3.11 2.59 2.39 2.12 2.13 5.29
Yb 2.18 3.31 3.29 2.80 2.89 2.55 2.27 nc
Lowest energy solution schemes are highlighted. ‘nc’ means that the calculation did not converge.
Table 3 Table 5
B3 values of the Ln*":LiCAF B! values of the Ew:LiCAF and LiSAF
Parameters Ln3* Loy + ¥, Loc, + ¥, |Bﬁ1| Eu’*:LiCAF Eu**:LiSAF
B(—’) Ce 7273 _ [(Ca+vLi)] [Sr+F'(2)]
Nd 122.06 293.87 |B2| 270 164
Eu 141.99 269.96 |B3| 93 170
Yb - 191.74 |B2| 166 168
|B3| 1136 756
|BY| 40 190
|B3| 53 310
4
Table 4 B3| 122? 321
B} values of the Ln*":LiSAF |4 )
: |BS| 445 141
Parameters Ln** Lng +F'(2) Lng +F'(3) Lny |BS| 27 135
B Ce 35281 250.70 - B3| 3308 2090
Nd - ~254.83 - |BS] 531 337
Eu  163.93 99.99 - |83 118 245
Yb - - -22.99 |BS] 131 237
|BS| 312 44

centre. Indeed, all values of B’; are nonzero, indi-
cating that the Ln** site symmetry is rather low
(see Table 5). This then implies that the 4f-4f
transitions are allowed by electric dipole mecha-
nism. As one can readily note, the Ce**:LiCAF
and Yb**:LiSAF do not have very high values of
B3, especially in the Yb case. This means that in
both cases the site symmetry is close to an inver-
sion centre, indicating that those crystals may not
be very effective as laser materials. For the sake of
comparison, the experimental value of B} compo-
nent of Nd:LiYF,, which is an important laser
material, is 421 cm™! [24].

In Table 5 the B’; values of both Eu-doped
systems are given. The high value of B is an
indication that a site symmetry involving a C,
element is the most probable one.

5. Conclusions

We have studied the Ln** (Ce, Nd, Eu and Yb)
LiCaAlFs and LiSrAlF¢ systems by computer
modelling and crystal field theory. By analysing
the B’; values the spectroscopic behaviour of
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Ln**:LiCAF and LiSAF could be predicted. A
very important prediction has been that doping
with Ce** and Yb3* may not have strong optical
activity, because B} is small (specially Yb**), when
compared to the B} value of the Nd:LiYF4, which
is an important laser crystal. All nonzero B’; values
indicate that the site symmetry is low, which is
good for optical purposes, for all cases whose B}
values are not low.
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