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Abstract

The structural, electronic and optical properties of both rare earth

fluoride PrF3 and Sry75Prgos5Fe o5 were studied using density
functional theory plus both the local spin density approximation
(LSDA) and (LSDA +U) formalism, implemented in the code
Wien2k. Electronic properties such as the band structures and the total
state densities were calculated. It is found that PrF3 and
Sry.75Prg 95F2 95 exhibit a conductive energy-gap for the spin up and

an insulating for the spin down from both approximations. Optical

properties derived from the dielectric function &(®), such as the
refractive index n(w), the absorption coefficient a(w), the reflectivity
R(®) and the spectrum L(w) which represents the electron energy loss

(Electron Energy Loss Spectroscopy, EELS) are studied for the first
time for Sry 75Prg 95Fs 95.

1. Introduction

The rare earth or lanthanide family includes the atoms of the

periodicals classification ranging from lanthanum (Z = 57) to lutetium

(Z = 71) with the electronic structure: [Xel4f Ngs? where N varies from

0 to 14. Rare earth ions occur in divalent or trivalent form. They have
more important optical properties than neutral atoms when used as

active ions in crystalline matrices for luminescence studies. These ions
are mainly in trivalent form: the 6s electrons and one 4f N electron of

the neutral atom have disappeared. The 4f N electrons are responsible
for the optical and magnetic properties of the lanthanide ions. As the
electrons of this layer are shielded from the crystalline environment by
the outer layers, 4f electrons are well localized and there is a strongly

electron-electron correlation.

The DFT is not adapted to study all systems and especially rare earth
doped materials in its wusual form and both LDA and GGA
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approximations. To take into account these strong correlations, it is
essential to use approximations beyond the LDA or GGA, such as the self
interaction correction (SIC) [1] method, hybrid functional [2], DFT + U
[3-7], etc. The latter will be used in the present work, to study the strong
correlated fluorides doped rare earth [1]. The DFT + U approximation
was introduced for the first time by Anisimov [3, 4]. In this
approximation, a corrective potential is added to the standard LDA and
GGA functions to describe the repulsions between strongly correlated
electrons located at the same site (3d in transition metal oxides, 5f in
actinide oxides and 4f in the lanthanides). According to the Anderson
model [8], the electrons are separated into two subsystems. The first one
represents the localized electrons d or f electrons for which Coulomb d-d
(f-f) interaction should be taken into account. In the second, the
delocalized s, p electrons could be described by using an orbital

independent one-electron potential (LDA).

TRF; trifluorides such as LaFz, PrF; and CeF; isomorphs of the
mineral tysonite have excellent electrical performances due to the high
mobility of the F~ ion in these materials [9]. As such, they offer
numerous application possibilities in electrochemical energy storage and
in micro lonic devices: batteries and accumulators, pressure sensors,

specific electrodes, etc.

The structure of natural tysonite was initially determined by Oftedal
[10] and then by Schlyter [11]. It crystallizes in the hexagonal system
with the space group P63/mcm (Z = 6) according to Oftedal [10] and

P63/mmc  (Z=2) according to Schlyter [11]. The TRFy
(TR = La, Ce, Pr, Nd) have been the subject of numerous studies with
often contradictory results. The high number of converging results for the
trigonal symmetry and the space group P3cl suggest that this group is

the most likely [11-19]. The miniaturization of laser sources is a subject at

the heart of research and 1s related to the development of
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nanotechnologies. Praseodymium appears to be the most suitable rare
earth for obtaining RGB (Red-Green-Blue) micro-sources used for image
reconstruction by projection. Indeed it presents four interesting
transitions for the realization of these micro-sources around 480, 520, 600
and 630 nm [20].

The fluorides strongly substituted in Praseodymium M;_, Pr, Fy_,
(x = 35%) (M = Ca, Ba, Sr) [21-23] have been widely studied

experimentally in order to determine the spectroscopic properties of the

Praseodymium ion in these materials. The present work consists in
providing additional or complementary information on Pr3* doped SrF,

using the Wien2k code [24].

First, the structural properties such as the equilibrium parameter,
the compressibility modulus and its derivative are calculated. Then we
present the electronic properties such as the band structures and the
total and partial state densities using the two approximations LSDA and
LSDA + U. Then we evaluate the optical properties derived from the

dielectric function €(®), such as the refractive index n(w), the absorption
coefficient a(w), the reflectivity R(w) and the spectrum L(w) which

represents the electron energy loss (Electron Energy Loss Spectroscopy,
EELS).

2. Calculations Details

The calculations have been performed using the full potential
augmented linearized plane waves (PF-LAPW) method implemented in
the Wien2k code [24] within the framework of the Density Functional
Theory (DFT) [25]. LSDA exchange-correlation functions and the
combination of LSDA with Hubbard term (LSDA + U) are used. The

latter takes into account the exchange and correlation effects of the 4f
states of praseodymium. In the augmented linearized plane wave method

(FP-LAPW), space is divided into two regions: a region consisting of non-
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overlapping spheres surrounding the atomic sites (Muffin-tin spheres)
and an interstitial region located between the spheres. Kohn and Sham
wave functions are developed in terms of spherical harmonics inside

Muffin-tin spheres for a maximum value of /., =10 and in Fourier
series in the interstitial region with a cut-off radius Ry K .« =7
(where Rpyp is the smallest Muffin-tin radius and K, ,, is the largest

wave vector in the Brillouin zone). The iteration process is repeated until

the total energy calculation converges to less than 0.1 mRyd. The number

of k-points in the first Brillouin zone has been taken equal to 900 for
PrF3 and 1000 for Sri_, Pr, Fy .. The solid solutions M;_, Pr, Fy,,

(x = 35%) (M = Ca, Ba, Sr) are obtained using the Bridgman technique
by mixing the fluorides MF, (Fluorine) and TRF5 (Tysonite). Despite the

difference between the two structures, there is a high reciprocal solubility

of MFy (Fluorine) and TRF; (Tysonite) and a wide range of fluorine type

solid solutions is obtained when the concentration of Praseodymium x is
less than 50% [26]. The mixed fluoride Sr;_, Pr,F, , was modeled for a

selected composition (x = 0.25), by repeated super-cells of 13 atoms: the

Pr atoms occupy the 8 vertices of the cube (0, 0, 0), the Sr atoms occupy
the faces middles (0.5, 0.5, 0), (0.5, 0, 0.5) and (0, 0.5, 0.5) and the F atoms
occupy the 8 tetrahedral sites (0.25, 0.25, 0.25); (0.25, 0.75; 0.25); (0.75,
0.25, 0.25); (0.75, 0.75, 0.25); (0.25, 0.25, 0.75); (0.25, 0.75, 0.75); (0.75,
0.25, 0.75) and (0.75, 0.75, 0.75). The Fi atoms located at (0.5, 0.5, 0.5)
compensate the excess charge. The Hubbard term is applied only to the 4f

states of Praseodymium and is taken to be 5eV [27].

3. Results and Discussions

3.1. Structural properties

3.1.1. PrF,

Praseodymium trifluoride PrFs crystallizes in the hexagonal tysonite
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structure and adopts the space group P3cl. In this structure, two

parameters are optimized a, and the report ¢/a. Calculations show that

the minimum energy corresponds to the values: a = 6.877 A and

¢ =7.178 A. The parameter c is in agreement with that of the references

[26] and [27]. The parameter “a” is also close to the reference [26] but

differs by 41% from the results reported by Saini et al. [27] (6.877 A

versus 4.085A). The compressibility modules and their derivatives are
calculated for the first time. The values obtained are B = 153.756 GPa
and B’ = 4.766 (Table 1).

o

Table 1. Calculated lattice constants (A), Ryt and bulk modulus (GPa)

in both PI'F3 and SI‘O.75 PI'O.25 F2.25

Lattice constants A
Materials Bulk Modulus (GPa) Rumr
Theoretical Exp. Theoretical Ex
Present Others Present Others p.
a=6.877 | c=7.1783 | a=6.87" | c=4.08" | a=6.987" | 153.756 109.262 / | Pr:2.26
PrF; c=7.172" F:2
1261
Pr:23
Sro.25Pro.75F2.05 a= 5.6667 / a=5.81° | 109.262 / /
Sr:2.17
F:2.04

aRef. [26], "Ref. [27], cRef. [28]

3.1.2. Sr0_75 Pr0_25F2,25

The compounds Sryrs Prgos Foo5 are obtained by mixing in
stoichiometric proportion the fluoride SrF, with the trifluoride PrFj.

Srg 75 Prg o5 Fo 95 crystallizes in the cubic structure and adopts the space

group Pm3m. The parameter that corresponds to the minimum energy is

equal to 5.66 A (Table 1) which is close to the experimental value found
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by J. Meuldijjk et al. [28]. The compressibility modules and their
derivatives are calculated for the first time and are equal to:
B =109.262GPa and B’ =5.546 (Table 1). To our knowledge, no

theoretical calculations have been performed on these compounds.
3.2. Electronic properties

We calculate the band structure of the compounds PrF; and
Srg 75 Prgos Fo o5  using both approximations: local density spin

approximation LSDA and Coulomb-corrected local spin density
approximation LSDA + U. The last one is used to note the Hubbard term

U influence on the f-states.

3.2.1. PrF;

3.2.1.1. Band structures

Figure 1 shows the band structures for both spin up and down. This
figure exhibits a clear difference between the spin up and down band

structures for each approximation.
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Figure 1. Band structure of the PrF; compound using LSDA and
LSDA + U approximations.

For the spin up (LSDA), the f-states are on the Fermi level giving to
an incorrect metallic character. For spin down, the unoccupied f-states
are at 1.2eV above the Fermi level and the occupied f-states are found

around 4.8 eV. A direct energy gap of 5.39 eV (Table 2) is observed at T

point. With the DFT + U approach, for the spin up, the f states are also
on the Fermi level maintaining a metallic nature. While for the spin
down, the f-states are pushed from the Fermi level leading to a direct gap
of 5.21eV (Table 2) at I point comparable to that obtained with LSDA.
This indicates the influence of this approach for treating the strongly
correlated 4f electrons. Although the LSDA removes the f-states from the

Fermi level, it is unable to elevate the degeneration of these states.

The gap obtained with the DFT + U approach differs from that of
reference [27] (5.21 versus 6.69 eV ). This is due to the difference between

the values of the crystalline parameter ¢ used (7.18 versus 4.08 A).
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Indeed, it 1s well known that the gap is inversely proportional to the

crystalline parameter [29].
3.2.1.2. Density of state (DOS)

The total density of state (DOS) (up and down) using both LSDA and
LSDA + U approximations is shown in Figure 2. The conduction band is
made by both Pr-f and Pr-d. The Pr-f present sharp peaks and are highly
localized while the Pr-d form a broad band. The valence band is
constituted by both Pr-p and F-p. One can notice that, for the spin up
there is no appreciable difference between the two approximations. On
the other hand, for the spin down, the density is zero at the Fermi level

for both approximations giving rise to an insulating nature in PrFjs.
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Figure 2. Total state density of the compound PrF; using approximations
LSDA and LSDA + U.
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3.2.2. Srg 75Prg 25F2 25

3.2.2.1. Band structures

The band structures of the Sry 75 Prgos Fo o5 were calculated along
the lines of high symmetry in the first irreducible Brillouin zone using
both approximations LSDA and LSDA + U (Figure 3). With LSDA, for
spin up, we notice that both valence and valence bands overlap leading to
a metallic behavior. For spin down, a semiconductor character is observed
with a direct energy-gap of 3.0eV at the point I' (Table 2). Using
LSDA + U, for spin up, we can see that some energy levels have been

shifted away from the Fermi level but there is a small overlap between
the valence and the conduction bands giving rise to a metallic nature. On

the other hand, LSDA + U, for spin down, shows that the energy-gap is
also direct (I'-T) of 5eV (Table 2). It is well known that fluorides (host

matrix) doped rare earth ions leads to materials with a gap smaller than
that of the host matrix. Indeed the rare earth ions energy levels are

located in the forbidden band of the host matrix: SrF; energy-gap is
around 11.75eV [30-32] and it is equal to 5eV for Sryr5 Prgos Fo o5
(LSDA + U).

Table 2. Band energy gap in both PrF3 and Srg 75 Prg o5 Fs o5

Band gap (eV)

Materials Theoretical
Present Other
LSDA LSDA+U

Spin-up | Spin-down | Spin-up | Spin-down

PI’F}
Metal 5.39 Metal 5.21 6.69"

Sro.25Pro7sFa2s | Metal 3.00 Metal 5.00 /

aRef. [27]
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We notice that the LSDA + U do not exhibit a significant influence

on the 4f electrons in the spin up channel.
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Figure 3. Band structure in Srg75 Prgos Foo5 using LSDA et

LSDA + U approximations.
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3.2.2.2. Density of state

Using LSDA approximation, for the spin-up, the Pr-f states are
centered around the Fermi level and for the spin-down these states are
grouped in the interval [1-1.7] eV (Figure 4). For both spin states, the top
of the valence band is occupied by the Fi-p states and in the lower bands
are found the Sr-d states. In the conduction band, we find the Pr-d and
Sr-d states. Except for the f bands, the position of the other states does
not depend on the nature of the spin. The curves obtained by LSDA + U
for spin up have the same behavior as those obtained by LSDA. The
position of all states (except f) remains unchanged for both spin states.
On the other hand, the Pr-f states are between 1.26 and 1.64 eV. The
splitting of the f levels is often found in rare earths when using
LSDA + U [31]. Figure 4 shows that the f states intensity using LSDA
are more important than that obtained with LSDA + U around the
Fermi level. Indeed the shift of f states with LSDA + U naturally leads

to a decrease in the density of states.
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Figure 4. Total Density of state in Sr 75 Pry o5 Fy 95 using LSDA and
LSDA + U approximations.

3.3. Optical properties

The optical properties of PrF; and Sry7s Prgos Foo5 are studied

using both LSDA and LSDA + U approximations in the energy range
from O to 40 eV. Optical properties derived from the dielectric function

g(w), such as the refractive index n(w), the absorption coefficient o),
the extinction coefficient k(w), the reflectivity R(w) and the spectrum
L(w) which represents the electron energy loss function (Electron Energy

Loss Spectroscopy, EELS) will also be investigated.

3.3.1. PrF;

3.3.1.1. Real part of the dielectric function

Figure 5.1 shows the variation of the two components €;,, and €.,

as a function of the incident photon energy using both LSDA and
LSDA + U approaches. The static values ¢€;,,(0) and ¢€;,,(0) are 197

(LSDA) and 51 (LSDA +U) and 185 (LSDA) and 83 (LSDA +U),

respectively (Table 3). One can notice that the values obtained with LSDA
are greater than those obtained with (LSDA + U). This can be explained

by the fact that PrF3 exhibits a metallic character (LSDA). The curves

€1 () are almost similar for both approximations with some differences in
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the range [0-6] eV. Both components of & (w) decrease from the static
value €(0); €;,, is cancelled and becomes negative in the interval [0.13-
0.99] eV with LSDA and [0.12-0.53] eV with LSDA + U, with depths of -
—23.8 (a.u) with LSDA and -2.22 (a.u) with LSDA + U. While for €.,

it is cancelled and becomes negative in the interval [0.22-1.57] eV with
LSDA and in [0.28-1.2] eV with LSDA + U with depths of —22.33 (a.u)
with the LSDA and -4.16 (a.u) with LSDA + U. Then both components

€1y and €., increase to reach the following maximum values:

For €, :5.06eV (LSDA) and 4.2eV (LSDA +U) and for
€., : 5.14eV (LSDA) and 4.43eV (LSDA +U). We notice that the
maxima obtained by the LSDA + U approximation are slightly shifted

towards the low energies. In the spectral region [6-40] eV, the curves with
both approximations LSDA is LSDA + U are almost similar. The first
peak is at 8.97eV (gy,,) and 9.20 eV (g,,). After this peak, a decrease

is observed and €;,, cancels and becomes negative in the interval [12.07-
14.21] eV, and in [11.87-13.67] eV for &;,,. Then & (®) increases again
and reaches a second maximum localized around 21.09 eV for €;,, and
21.17 eV for €,,. Again €;(0) cancels and takes negative values in both
intervals [23.51-32.59] eV for €;,, and [23.08-33.14] eV for €;,,. It should

be remembered that electromagnetic waves cannot propagate in these

spectral regions [33].
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Figure 5.1. Real part of dielectric function of PrFs.
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3.3.1.2. Refractive index

The variation of the refractive index n(w) as a function of the
incident photon energy is shown in Figure 5.2. The static values of n,, (0)
are: 16.60 (LSDA) and 8 (LSDA + U) and those of n_,(0) are: 15.75
(LSDA) and 10.75 (LSDA + U) (Table 3). It can be seen that the values
obtained by (LSDA + U) are smaller than those obtained by LSDA in

accordance with the results found for the dielectric constant at zero
frequency (Table 3). In the spectral region [0-6] eV, differences related to
the shift of peaks obtained with LSDA towards high energies with respect
to LSDA + U for both components of the refractive index are observed. It
is also noticeable that the curves have the same behavior for both
approximations in the interval [6-40] eV. n, (®) undergoes rapid

decreases for the energies: 12.71 eV, 24.13 eV, and n, (o) for the
following energies: 11.93 eV, 23.35 eV and 24.67 eV. These values should

correspond to the maximum absorption values (Figure 5.4).
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Figure 5.2. Refractive index of PrFj.

3.3.1.3. Reflectivity

Figure 5.3 shows that the reflectivity curves are almost identical for
both approximations. The peaks are grouped in two domains: the first
extends from 2 to 20 eV and contains many peaks; the most intense is

located at about 13.0 eV (30%). In the second domain, ranging from 20 to
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40 eV, there are also a number of peaks; the most intense is situated
around 25 eV (45%). Note that these values correspond to frequencies

where €;(®) is negative. A high reflectivity would prevent the waves from

penetrating into the material and therefore will not be able to propagate
[29]. The zero frequency reflectivity values obtained with LSDA + U
(68%) are lower than those obtained with LSDA (85%). This may be due
to the f states at Fermi energy indicating a metallic compound. Based on

the spectra, a difference between the components R,, and R, in the

spectral intervals [0-7.5] and [24-33] eV 1is observed indicating the

anisotropy and/or birefringence of the material in these areas.
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Figure 5.3. Reflectivity of PrFs.
3.3.1.4. Absorption

The absorption spectra o(w), illustrated in Figure 5.4, show three

bands. The first one is located in the spectral range [0-8.0] eV. In this
region, the intensity of the first peak near 0.45 eV is even greater with
LSDA than with LSDA + U (18 x10* vs 8.6 x10*). Beyond 8 eV, the
curves obtained with both approximations are almost identical. The
second band is located around 12 eV and finally the third one, which

contains the most intense peak, is found around 24 eV (the x-direction),
but in the z-direction there is a double peak (23.35 and 24.67 eV).
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Figure 5.4. Absorption of PrFs.

3.3.1.5. Electron energy loss function

We remember that the electron energy loss function L(w) is defined

as the energy lost during the inelastic interaction of fast electrons with

1 _ &)

2

her
(@ e

the medium and is given by the relation Im

€, (w) and ey9(w) are real and imaginary part of the dielectric constant

g(w).

The electron energy loss as a function of the incident photon energy is
presented in Figure 5.5. Three energy bands are reported for the two
components L,, (o) and L,,(®): the first one ranges from 0 to 3 eV, for
L,,(®) in which we notice that the intensities are almost equal with a
slight shift of the peak towards the high energies of the LSDA compared
to the LSDA + U. The second band is between 8 and 27 eV, there is no
difference between the two approximations and the most intense peak is
located at about 14.35 eV. The third band containing the main peak (33.0
eV) extends from 27 to 40 eV. It can be seen that the peak intensity
calculated with LSDA + U is slightly higher than that calculated with
LSDA. For L,,(®), there are also 3 bands. In the first [0-3] eV, the

intensity obtained with LSDA + U 1is slightly higher than that obtained
with LSDA with always a shift of the peak towards high energies
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compared to LSDA + U. Between 3 and 40 eV the curves are almost
identical for both approximations. The maximum peaks in the second and
third spectral region are found around 14 eV and 33 eV, respectively. The
values of the main peaks (33 eV) represent plasma excitation and

correspond to zero values of the real part of the dielectric constant €;(w)

and a low value of the imaginary part €9 (®) [34].

] 2z LSDA i i
] ;zz LSDA+U PrF3

6 J—xxLsbA ' PrFg
XX LSDA+U

~

L(w) (a.u)
w
L(o) (a.u)

34 @5 10 15 20 25 30 4

10 20 30 40 10 20 30 40
Photon energy (eV) Photon energy (eV)

Figure 5.5. Energy Loss function of PrFs.
3.3.2. Srg 75Pr¢,25F2 25

3.3.2.1. Real part of the dielectric function

The variation of the real part of the dielectric constant €;(®) as a

function of the energy of the incident photon using the two approaches
LSDA and LSDA + U is illustrated in Figure 6.1. The static values &;(0)
are equal to 8.52 (LSDA + U) and 21.96 (LSDA) (Table 3). It is noted that
the value obtained with LSDA + U is smaller than that obtained with
LSDA (metallic nature). The shape of the curves &;(®) is almost the same
for both approximations, with some differences in the range [0-6] eV
where there is a slight shift towards the high energies of LSDA + U
compared to LSDA. From the static value, €;(®) decreases and reaches a
first minimum at 0.16 eV with the LSDA + U and 0.18 eV with LSDA,

then increases to the following maximum values: 2.01 eV (LSDA), 2.63 eV
(LSDA +U), 5.07 eV (LSDA) and 5.53 eV (LSDA + U). In the spectral
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region [6-40] eV, the curves are almost identical. It is observed that a first
minimum value is obtained for an energy equal to 15.16 eV; & (®) is
negative in both spectral intervals [24-24.82] eV and [25-32] eV. It is well

known that when & (®) is negative, the electromagnetic waves cannot

propagate, consequently, the reflection coefficient is expected to reach a

maximum value leading to a strong reflection in this spectral region [33].

) v L) v L] hd
Sty 75Pro ocF LSDA
4 0,757'0,25" 2,25 LSDA+UI
2.
= -
«
é 0 n ]
. i
2 | VV/
_2_ 15- J
- & p
0-
_4 0,00 025 BSD' 075 |- ' . T -
0 10 20 30 40

Photon energy (eV)

Figure 6.1. Real part of dielectric function of Srg 75 Pry 95 Fy 95.

3.3.2.2. Refractive index

The variation of the refractive index n(w) is presented in Figure 6.2.

This figure clearly shows that the static values obtained by LSDA + U
(3.84) are smaller than those obtained by LSDA (6.79) (Table 3). We also
notice that both curves have the same behavior for both approximations
in the interval [6-40] eV. On the other hand, in the energy band [0-6] eV
there are differences related to the shift of peaks obtained with
LSDA + U to higher energies with respect to LSDA. We can see that
n(®w) undergoes rapid decreases for energies: 11.46, 14.98 and 25.22 eV
which correspond to maximum absorption. The static values of the real

part of the dielectric function €,(0) and of the refractive index n(0)

refraction of the three compounds are listed in Table 3.
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Table 3. Static values of €;(0) and n(0) in PrF; and Srg 75 Prg o5 F5 95

£1(0) n(0)
Materials
LSDA | LSDA+U LSDA LSDA+U
XX 77 XX /A XX 77 XX 77
PrF; 197 | 51| 185 | 83 | 165 | 15.75| 8 | 10.75
Sr0_75Pro_25F3_25 21.96 8.52 6.79 3.84
T ¥ T v T v T
— LSDA
Srg 7ePrg osF
0,757 '0,25" 2,25 LSDA+U“

Refractive index

10 20 30 40

Photon energy (eV)

Figure 6.2. Refractive index of Sry 75 Prg o5 Fs o5.

3.3.2.3. Reflectivity

From the spectrum in Figure 6.3 it is clear that the values of
reflectivity at 0 eV obtained with LSDA + U are lower than those
obtained with LSDA. For high energies the curves are almost similar. The
maximum peak is located at 25.78 eV (49%). We notice that this value is

found in the spectral range [25-32] eV where €;(0) is negative.
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Figure 6.3. Reﬂectivity Of SI‘O.75 Pr0_25 F2.25.

3.3.2.4. Absorption

The absorption spectrum (Figure 6.4) shows three bands: the first, in
the spectral range [0-5] eV, presents three peaks, the most intense is
positioned at 2.60 eV (LSDA) and 3 eV (LSDA + U), the second is found

around 0.23 eV (LSDA), 0.15 eV (LSDA + U) and the third is located at
about 2.16 eV (LLSDA), 2.80 eV (LSDA + U). Our calculated results are in

agreement with the experimentally reported data of reference [35]. In
this region we can see that there is a shift of the curves obtained with
LSDA + U with respect to LSDA to high energies. The second energy
band from [5-19] eV contains two main peaks: the first at 11.46 eV and
the second (the most intense) at 14.98 eV. In the third band [20-40] eV,
there are two peaks with the strongest peak in the whole spectrum
around 25.22 eV. We notice that in the spectral region [5-40] eV, both
spectra obtained with both approximations are almost similar. This
clearly means that the f-states do not exhibit a great influence on the

spectra in the high energy regions.
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Figure 6.4. AbSOI‘ptiOD Of SI'O.75 PI‘O.25 F2.25.
3.3.2.5. The electron energy loss function L(w)

The energy loss spectrum is shown in Figure 6.5 which reveals that in
the interval [0-6] eV both spectra show differences related to the shift of
peaks obtained with LSDA + U with respect to LSDA. In the spectral
region [6-40] eV, the curves with both approximations LSDA and
LSDA + U are almost identical. The most intense peak is around 33.23
eV. This result is in agreement with the plasma oscillation frequencies

€,(w). Indeed, this peak occurs around energies for which the imaginary

part of the function reaches its minimum and the real part cancels [34].
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Figure 6.5. Energy Loss Function of Sry 75 Pry a5 Fy 95.

4. Comparison

From the Figure 7, it is clear that the optical curves in both SrFy
(mBJ) [30] and Srg 75 Prg 95 F 95 (ILSDA + U) have a common properties
in the interval [0-11]. The figure reveals that Srg75 Prgos Fy o5 has
additional peaks in the SrFy; band gap. The presence of these peaks
shows the decrease of the doped fluoride Sry 75 Prg o5 Fy 95 energy-gaps.
We remind that SrF,; is a wide energy-gap [30-32] insulator whereas
Srg 75 Prg a5 Fs o5 1s also an insulator with a smaller gap. In the spectral

range [11-40] eV, the curves are almost identical with shifts in energy.

Wide-gap materials and especially fluorides-type MFy are widely used in

spectroscopy as host matrices for rare earth ions [36] and investigated
with various applications as laser spectroscopy [37-40], temperature

sensors [41, 42], quantum information processing [43, 44], etc.
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Figure 7. Comparison.
5. Conclusion

The lattice parameters and the compressibility modules at
equilibrium have been calculated. The electronic properties study, using
LSDA and LSDA + U, showed that PrF; is a metallic compound for the
spin-up from both approximations and an insulator material for the spin-
down. Sry 75 Prgos Fy o5 shows also a metallic material for the spin-up
from both approximations while for the spin-down this compound exhibits
an insulating energy-gap. The value gap for spin-down for both
compounds and for both approximations are very close but the LSDA
cannot elevate the f-levels degeneration unlike LSDA + U.

Srg 75 Pro o5 Fo 05 gap is smaller than the gap of the no-doped fluoride

SrFy. This is due to the fact that the praseodymium energy levels are
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within the band gap of the host matrix SrF,. Optical properties such as
the dielectric €(w) as well as the properties derived from it were also

calculated. These calculations have shown that in the spectral range [11-
40] eV the curves are almost identical but with energy shifts. On the
other hand in the spectral range [0-11] eV the curves obtained for

Srg 75 Prg o5 Fo 95 show additional peaks compared to those of SrF,

indicating the inter-band transitions of praseodymium in this spectral

range.
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