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The frequency o4 andE4 modes of MnE*~ in cubicABF; (A: K; B: Mg, Zn andA: Rb, Cs;B: Cd, C3
perovskites has been derived through density functional calculations ogABE™®" clusters which repro-
duce the experimental impurity-ligand distariRg. Both frequencies are found to experience a drastic decre-
ment on passing from KMgEMn?" (Aw,=556cm !, hwg=456cm!) to CsCdiR:Mn?* (fwa
=317 cm !, Awg=239 cm 1) despite the fact thaR, increasesonly by 5%, leading tceffectiveGrineisen
constantgcalled y4 and yg) around 3.0 along the series. This figure is 60% higher than the usiintiGen
constanty, calculated for agiven systentike KMgF;:Mn?" or KZnF;:Mn?* when hydrostatic pressure is
applied. For supporting this relevant result the valug/gfor Cri;®~ in a fluoroelpasolite has been calculated
as well. The obtained valug,=2.1 is close to the experimental ongs= 1.9) derived in KNaGak:Cr* by
combined optical and Raman measurements. As a salient feature, the increase of the Stokes sift when
increases observed along tA@F;:Mn?" series is now well explained through the bigger variationé\gf
and E4 frequencies induced by the chemical pressure in comparison to those coming from an hydrostatic
pressure on a given system. The difference betwgerand y, is discussed through a simple model that
emphasizes the role played by the coupling of the MnFcomplex to the lattice. The influence of chemical
and hydrostatic pressures upon the luminescence efficiency is also briefly discussed. Attention is addressed to
the method of calculating impurity-associated @gisen constants using clusters. Recent results 8h @r
several cubic chloroelpasolites that support the present conclusions are briefly discussed as well.
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[. INTRODUCTION pressurg producing thesamevariation AR, in the impurity-
ligand distance. The equivalence between a hydrostatic and a
The presence of a transition-metd@M) impurity in an ~ chemical pressure has been demonstrated experimentally as

insulating material leads to the appearance of physicochemfar as electronic properties are concerned. For instance, the
cal properties which are absent in the pure host lattice anf€Pendence of Idq uponR, has been measured experimen-

: ; - lly either by means of a hydrostatic pressure on a given
ggﬁlagg :ﬁi?;;g:s?ﬁg?%ggf:z de:)cphegsr; :tléﬂisri[;rl%si; bped lattice or thrcgg%h different host lattices containing the
tainly more complex than a pure one, it was first pointed out ar\‘r;veritli\/rllgN complex.
by Sugano and Shulméthat theelectronic propertiesiue to
an impurity in aninsulating lattice can be understood to a 10Dg=KR.", 1)
good extenionly on the basis of théLy complex formed it tyrns out thassimilar values of the exponent are derived
by the impurityM and theN nearest anionsThis relevant throughboth procedures.
conclusion means that, in thermodynamic equilibrium, a pure  As regards the local vibrations associated with a given
electronic parameteP,, related to the impuritylike the en-  impurity, they cannot, however, be understaody in terms
ergy of an optical transition or thg facton depends, in a of the MLy complex. For instance, in @ mode of vibration
good first approximation, only on the equilibrium impurity- the ligands dalsointeract with the first host lattice cations
ligand distancer, as well as on the temperatufeThis idea  (Placed along the metal-ligand directionshose nature is
is correct providedi) the active electrons of the complex are only modified when' the host lattice changes. Therefore the
localized inside theM L, complex and(ii) the electrostatic ETECtS of_lthe ch_err?lcal prers]sure O{t(H_Nfcomplr]ex r?r?j not
potential Vg, due to the rest of the lattice upon the active necessarily equivalent to those arising from the hydrostatic

- . S . ressure on a given doped compound when the vibrations
electrqns, IS esseptlally fIat. inside the cgmplex region. B.Ot ssociated with an impurity are concerned. This idea can also
conditions are fulfilled for divalent and trivalent TM impuri- po - ¢ importance in the case of parametésach as the

ties placed substitutionally in cubic insulating lattices. Stokes shift or the Huang-Rhys factpgepending on the
When the TM impurity is located in sites of lower symmetry, coupling between an excited electronic state and the local
it is, however, necessary to include the effectsvaffor a  viprations!?=" Along this line the effects of both kind of

proper understanding of the center. pressures upon the luminescence quenching also deserve an
If apart from temperature a paramelgy only depends on  investigation.

Re, AP variations can thus be obtained using either a hy- Searching to explore these attractive questions, the varia-
drostatic pressure or a change of the host lattdeemical  tion of the A,y and E; frequencies associated with the
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MnFs*~ complex in cubicABF; (B=divalent elementfluo-

roperovskites is derived in the present work through density
functional theory(DFT) calculations on clusters centered at

Mn?". Results for KBF;:Mn?" (B: Mg, Zn) and
ABF;:Mn?* (A: Rb, Cs;B: Cd, Ca are reported. For com-

parison purposes the effects of a hydrostatic pressure on the

systems KMgk:Mn?" and KZnk;:Mn?* are also explored.
The ensemble ofcubic fluoroperovskites doped with
Mn?* can be considered asodel system&2° where the
impurity-ligand distance has been determined throtigbe
independentmethod<>?2® Moreover, recent DFT calcula-
tions on 21-atom clustef$lead to values of the equilibrium
impurity-ligand distancéR, which are coincident, within ex-

perimental uncertainties, with those derived from electron

paramagnetic resonancEPR),?? optical® and extended
x-ray absorption fine structur€EXAFS)?! data at ambient
pressure.

Experimental information on vibration modes coupled to
the first excited state of Mn#~ in fluoroperovskites comes

from the low-temperature optical spectfaFor instance, in

PHYSICAL REVIEW B65 064441

FIG. 1. Cluster of 21 atoms used in the ADF calculation of
ABF;:Mn?" systems.

fluoroperovskites, the Gneisen constany, for Cri;~ in

KMgF3;:Mn?* a mode of 570 cm! frequency has been re- the elpasolite lattice ¥CrF; has been calculated in the
vealed in the high-resolution emission spectrum. Althoughpresent work as well.

that frequency is close to that of the L@ode of the pure
lattice, that mode has been associ4terth a local or reso-
nant mode because its value is shifted to 540 tim the
absorption spectrum.

The substitution of a host lattice by another doleemical
pressure on the complekeads to variations of botlw; (i
=A,E) and R, parametergtermed asA.w; and A R, re-
spectively, and thus it allows one to define asffective
Gruneisen parametey| through the expression

y_c:Acwi &
'OARe o

)

Comparison of thiseffective constantyS with the actual
Gruneisen parametely; corresponding toa given doped

Il. THEORETICAL

The properties due to M -doped fluoroperovskites have
been calculated by means of finite clusters. As the boundary
condition, the surface atoms of the cluster are fixed at their
experimental host lattice positions. This procedure provides a
reasonable insight into the properties associated withman
purity provided (i) the active electrons are localized in a
small region compared to the cluster size @myimpurity-
induced local relaxations are important only in a domain
whose size is again smaller than that of the cluster. For the
present work MngAgB4®* clusters(Fig. 1) have been used.
As previously discussetd, this cluster reasonably fulfills the
two conditions for the six fluoroperovskites. In particular,
less than 5% of the charge associated with unpaired electrons
is found to reside outside the Mg complex

compound can thus be used for describing in a simple way Calculations of the ground-state energy for different val-
the differences between chemical and hydrostatic pressureges of the metal-ligand distand® have been carried out
Particular attention is paid through this work to the varia-ysing the Amsterdam density function@DF) code® and

tion of the Stokes shiftEg) associated with théT,;—°A;
luminescent transition of Mnf~ along the fluoroperovskite
series that has been studied experimentdliguch experi-

the generalized gradient approximati@@GA) by means of
the Becke-Perdew function#l*! The effects of the electro-
static potential due to the rest of the ions not included in the

mental results show thdg increases as far as the actual MnFgAgM4!" cluster have been considered in all the calcu-
value ofR, increases along the series. Moreover, an analysigtions. The basis set of the best quality in the ADF code has

of such results indicates that the average valueypf(i

been employed. More details can be found elsewfiere.

=A,E) along the series can be around 3 indeed. This figure It has recently been shown that using MAEB'®" clus-

is higher than theusual values ofy; measured for a given
compound. In this sense tteveragey value derived from
thermal expansion d&t®?’ for pure KZnk and CsCaf is

ters the obtaine®, values for the series of M -doped
fluoroperovskites coincide, within the experimental uncer-
tainties, with those derived from the analysis of the experi-

equal to 1.1. Moreover, the Gmaisen parameters associatedmental isotropic superhyperfine constdqt, the 1@q pa-

with the localA,y and E4 modes of KNaGak:Cr* have

rameter, and available EXAFS resulfsFor calculating the

been derived through combined optical and Raman measuréscal A;, and E4 frequencies through the MgRgBgl"

ments under pressuf@The obtained resultéy,=1.85 and

cluster, it has been assumed, in a first approximation, that

ve=2.1) point out that even in the case of the stretchingonly the ligand displacements are involved in the corre-
modes the Groeisen parameters are clearly smaller than 3sponding normal coordinates. This assumption is quite rea-

Therefore, for supporting the study carried out on MHFin

sonable in the case of elpasolite latti¢egereA;; andE,
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modes of the complex are alSdattice modes ak=0), but  cluster size. Al given R value, termedg, the equilibrium
can only be taken as a first step in the case of perovskites. R, distance is just determined by the condition
description ofA;4 andE, modes is given in Ref. 32.

In the self-consistent solution of Kohn-Sham equatfdns JE(R,Rs=RY)
the initial potential used in the step,V,, leads to a final JR
potentiaIVI, once such equations are solved. The initial po-
tential Vin +1 employed in then+1 step is taken as and then the force constakj, and frequencyw,, corre-

) ) spondingto a given equilibrium distancB,, are just given
he1=(1=&)Vyt+eVy, 3 by

=0 (5)
R=R,

where the mixing coefficient is usually taken equal to 0.2.
In the calculations on BF;:Mn?* (B: Mg, Zn) and ka=6M_ wi=
ACdR;:Mn?" (A: Rb, C39 the convergence was perfect and

reached for an error parameter of the ADF code equal to

1076, Problems were found however, to achieve a propeyvhereML means the mass of one of six _Iigand ions. _Once
convergence in the case &CaF;:Mn2* (A: Rb, C9 sys- the value ofw, for different R, distances is knowny, is

tems. In these two systems convergence was obtained usi§gSily derived. At zero pressurls is taken equal to the

an error parameter bigger than>300 ¢ and ¢ lying be- ~ €Xperimental value in the perfect host lattice. For the present

tween 0.06 and 0.35. Moreover, fR< R, convergence was SYStems this assumption is reasonable as the relaxation of the
reached only wherR,—R<8 pm. This situation could be ligand shell is smaller than 4.5% and, as discussed in Ref.

related to the presence of ap “ghost orbital” lying in the 23, an estimation based on the theory of elasticity leads to a
antibonding @ orbital region of MR* as pointed out by relative variation of the third neighbors distance smaller than

other worker$*35 In view of these facts the present analysis9-7%- _
is based mainly on results obtained for thBR:Mn2* (B: A similar procedure to that followed for Mgf~ in fluo-

Mg, Zn) and ACdF,:Mn2* (A: Rb; C§ systems. The main ropegc_)vskites has been used f_or caIc_uIat'yrAgn the case of
trend emerging from these results is, however, followed byCFs” N the KsCrFy elpasolite lattice where two close
those coming from calcium perovskites as indicated later. complexes do not share any common ligand. According to a
For the whole analyzed systems, we have verified that thB"€V10US 1¥¥0rk3' calculations are carried out on a
fitting of the E(R) curve by polynomials of different degree CTFeKsKe™™ cluster centered at the chromium ion.
leads essentially to theamevalues of second and third de- It IS worth noting that a differentand, in general, incor-
rivatives atR=R,. HereR is the fluoride coordinate along "€CU value ofy, is obtained when the surface atoms are kept
the (100) directions. fixed at a distanc®; (which can correspond to the perfect
The volume dependence of a vibrational frequengyof host latticg from the central cation angGOnIy the ligands are
a given system is quantified through the associatethGru allowed to foI.Iow_a?n. external pressq’ﬂe. The constant cal-
eisen parametey; . For an octahedral molecule the volume culated by thlsartlflmal procedure will be hereafter_ der_10ted
is just determined by the metal-ligand distaie and then PY a(f). The difference betweem,(f) and ya is dis-
v; is defined by the relation cussed in Sec. ll1D.

9’E(R;Rs=R%)

R=R,

_r?Lwi B 1 dLw; @) I1l. RESULTS AND DISCUSSION
YOV T 3 0LR,

A. Vibrational frequencies for MnF ¢*~ in perovskites

Thus the Graeisen parametey; plays a key role for under- The R dependence of the ground-state eneEf\R), ob-
standing the effects of an hydrostatic pressure uppnAt-  tained for the MnEKgMgg!®" cluster in KMgR and the
tention has to be paid, however, to the calculationypf(i MnFsCs;Cds'®* cluster in CsCdEare both portrayed in Fig.
=A,E) for MnFs*~ embedded in a lattice. To get an insight 2. It can be noticed that the curvature around the minimum at
into y; (i=A,E) by means of calculations on a cluster, oneR,=2.057 A for the former system is much higher than that
has to determine the changes experience®pwpnd thew; corresponding to the latter one whose minimum appears at
(i=A,E) when the cluster size is modified, but its geometryR,=2.156 A.

is frozen. In the cluster depicted in Fig. 1 the size is con- The values of calculateds, and wg frequencies for
trolled by the distanc®s between the impurity and sB**  KBF;:Mn?* (B: Mg, Zn) and ACdR;:Mn?" (A: Rb, C9

ions lying in (100 directions. In the perfect host lattice at together with the corresponding equilibrium distances are
zero pressureRs is equal to the perovskite lattice parameter displayed in Table I. For comparison purposesRevalues

a. When the cluster size is changed, for a giRyvalue the  derived? from the experimental isotropic superhyperfine
position of the 14 “surface” ions of the cluster is taken to be constantA are also shown. As previously pointed Stithe

that corresponding to a perovskite lattice wit=Rg. calculatedR, values by means of 21-atom clusters agree
Through this approximation, the ground state endt@yf the  with those derived from the analysis of experimental data
cluster depends only on the and Rg variables From the  within experimental uncertainties.

E(R,Rg) function the equilibrium metal-ligand distané¥, The reported values in Table | indicate that the replace-
or the w, frequency can be derived faach valueof the  ment of a fluoroperovskite lattice by another one leads to
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R(A) CsCak is equal to 551 and 449 cm, respectively, which
195 2 205 2.4 215 22 means a variation adnly 18%.
-380.1 ————— i 1 4418 For the studied systems in Table | the frequengyof the
, i ] symmetric mode is found to be bigger than that of the Jahn-
Teller mode, which also exhibits a stretching character.
Qualitatively, this trend can simply be understood looking at
the vibrations in @M Lgmolecule assuming two-body central
forces®° Let us consider th€, (~x%—y?) coordinate of
the E; mode. The two adjacent ligands placed initially at
(Re,0,0) and (R.,0) are moved toR.+ 6,0,0) and ((R.
] —6,0), respectively. Thus the distance between both ions is
1 4422 keptin first orderif |5|<R. at variance with what happens
1 for the A;y mode. Therefore, there is no contributionde
1 aza from this ligand-ligand force constant.
] Vibrations associated with the impurity are reve&fdd
high-resolution luminescence spectra of KMgMn?* and
KZnF;:Mn?". In both cases a clear replica of a mode whose
frequency is 570 cmt for KMgF;:Mn?" can be observed.
In view of the results of Table I, that mode could be ascribed
FIG. 2. Calculated ground-state energy for KMgRn?* and  in a first approximation to the symmetric vibration of F
CsCdR:Mn?* for different values of the Mi-F~ distanceR  ligands. On passing from KMgFMn?* to KZnF;:Mn?*
Note that the origin of theR coordinate corresponding to the experimental frequency of such a mode experiences a
CsCdR:Mn?* is shifted by 0.10 A with respect to that for 30-cm * redshift which is smaller than that calculated in
KMgF3:Mn?*. Table I. It is worth noting that the increase Ry (termed
AR,) on going from KMgk:Mn?" to KZnF;:Mn?" is cal-
remarkable changes af, andwg frequencies. For instance, Culated to be equal to 3 pm. This figure is consistent &ith
R, for CsCdR:Mn2* is found to be only 5% higher than Vvalues derived the experiment&l provided theexperimen-
that for KMgF;:Mn2*, while the associated, frequency is ~ tal uncertaintiesare taken into account. AR, is actually
calculated to be 43% smaller. A similar variation is found for closer to 1 pm, one would expect a redshift fap, around
the Jahn-Teller frequencywe. Systems for whichR, 30 cm ‘when KMgF; is replaced by KZnf.
>2.12 A are found to possess, and wg values much No direct measurements have been carried out in the case
smaller than those Corresponding to B& : ,\/lnzJr of the Jahn-Teller frequenQyE . The calculated wWge values
(B:Mg, Zn). This trend is not altered by the results onin Table I exhibit, however, a trend which is certainly com-
RbCak:Mn?* (R,=2.125A) and CsCafFMn?* (R, Parable to the estimations reportééf for KMgFs:Mn**
—2.155 A) obtained, however, under worse technical condi{Re=207 pm, #iwg=390cm) and RbMnk (R,
tions. In both casedw, would lie in the 310-350 cmt =212 pm,fiwg=280 cm ).

-380.2 |
-380.3 |

-380.4 |

Energy (eV)
(A®) ABieug

-3805 |

-380.6

-380.7 ! —— 4424

205 2.1 215 22 225 23
R(A)

domain.
Comparing the results displayed in Table 1 for B- Grlineisen constanty, for KBF 3:Mn?2* (B:Mg, Zn) and
CsCdR:Mn?" and KMgF;:Mn?* y5=3.2 and y£=2.85 K3CrFg

values are derived. This result already points out that the Changes of theA;4 frequency ofa given KBF3:Mn2*
effective Grineisen parameterg; and yg can attain values system B:Mg, Zn) produced by a modification of the equi-
very close to 3 indeed. librium distance have also been studied. The main results
The calculated variation ofw, along the series of collected in Fig. 3 indicate thadw,/dR, is negative and
ABF;:Mn?* systems is certainly bigger than that experi- thus v is positive. This situation is usually found for
enced by the LQ frequency of the corresponding host stretching modes of molecules and crysf&€? Acoustic
lattice?” For instance, the LQfrequency for KMgk and bending modes in silicon lead, however, to negative values

TABLE I. A;4 andE, vibration frequencies for Mit -doped fluoroperovskites. The equilibrium distances
obtained from ADF calculations and from the experimedtalalue are also included.

Equilibrium distanceR, (A) Frequenciegcm ™)
Lattice Lattice parametegid)  From ADF calc.  From exptA, Ay modew,  E; modewg
KMgF, 3.973 2.057 2.07 556 456
KZnF; 4.054 2.086 2.08 454 387
RbCdR 4.400 2.127 2.12 353 285
CsCdR 4.464 2.156 2.14 317 239
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FIG. 3. Variation off. w, along the series of cubic fluoroperovs- 800 : : : ‘ g
kites doped with MA". Calculated hydrostatic pressure effect on 195 200 205 210 215 220 225
hoa for KBF;:Mn?t (B=Mg,Zn) systems is also showed for R (pm)
comparison.

.. 442 hich s i i FIG. 4. Calculated Stokes shift values for two differentalues,
of the Grineisen constart,” which is in turn responsible 1 g g jine) and 3(C line), respectively. Experimentds values for

for the negative thermal expansion coefficient below 150 Kgifterent host lattices are also shown for comparisén. KMgFs.

As a salient feature, it can be noticed that for the samex: kznF,. ¥: RbCdF,. B: RbCaF. ®: CsCaf.
AR, value the variatiolA% w, obtained for a given com-
pound doped with MA" under hydrostatic pressure is cer- responding Stokes shif strongly depends upon the; (i
tainly smaller than through the replacement of the host lat— A,E) frequencieg*!® Therefore, one can expect that the
tice. Morg precisely, the Gneisen constany, is fg)kll’ld to big difference betweeny, and 75 obtained through the
be prachcﬂly equal to 1.8 for both KMgEMn™" and  ,eqent calculations plays an important role for explaining
KZnF;:Mn systems..lt |szvxorth noting Fhat2u+smg th‘?. SaMethe variation of E; measured through the series of cubic
procedure as for KMgEMn™" and KZnk:Mn®" the Grin- ¢ 5roperovskites doped with Mii. As shown in Fig. 4, the

. 37 . -
eisen constany, for Cri”" in the KsCrF elpasolite has oy herimental Stokes shiftincreases as far 4, increases in
also been calculated. The obtained vajye=2.1 is close t0  hq fluoroperovskites series.

. n . 28 ;
the experimental oney,=1.9) derived by Dolaret al“" in Theoretically, the Stokes shift fat® or d® ions placed in

3 . X P
K;NaGafg:Cr*". It is worthwhile to remark that ifys iS  |attices like elpasolites or perovskites can simply by
derived from the calculated potential curve for the cluster,iiten!3.15 ag

with the six surface ionfixedat the lattice positions at zero

pressure, then it is found thag (f ) =1.1. Why they, value Ec=E«(A)+EgE) @)
obtained through a reasonable calculation is higher than s s S
ya(f) is analyzed in Sec. IIl. D. whereE(A) andE(E) denote the contribution arising from

In the present calculations on KMgMn?" or the coupling of the first electronic excited state with the sym-
KZnF3:Mn®*, it is found that when the cluster size is metric and the Jahn-Teller mode, respectively. The expres-
changed by a quantitgRs, then the relative variation un- sjon of E(i) (i=A,E) in terms of the corresponding cou-
dergone by the metal-ligand distance is given OR./R.  pling constant,V;, and the w; (i=A,E) frequency is
=b(ARs/R), where b=0.87. This figure means that formally the same for both modég12.15
ligands follow the motion of outer ions rather closely. In the

case of the KCrF; elpasolite,b is found to be 0.4, suggest- V2

ing that the local compressibility of CgE~ is bigger than Eq(i)= —'2=28iﬁwi, (8
that of the whole lattice. A similar situation has been fotind Mio;

in MgO:CP*.

whereS; is the associated Huang-Rhys factor. Asutofor
the “T,4 state of Mng*~, it has been showr' that its

C. Stokes shift for Mn?*-doped fluoroperovskites dependence oR, around 212 pm can be described by
The luminescence due to MgF complexes in fluorides
comes onl§**#®from the first excited statéT,,. The cor- V,=C;R, M. 9)
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The exponents, andng are found to be very similat for (k; 2) K 2

MnF¢*~ as well as for Cr§®~. Moreover,ny=n+ 1, where ] ’

the exponenin reflects the dependence of 1§ upon R, ——
through Eq.(1). Microscopically, the strong dependence of ° °
10Dq uponR, in complexes like Mng*~ has been shown to " X %
be related to the & 2s(F) hybridization in the antibonding M L .

2 222 2 4 146,47
€ (~x"—y*",32°—r") orbital. FIG. 5. Simple model representing three ato(is impurity

On. these bases, th&. dependence O,fE,S found metal atom:L, ligand atom; ands, “surface atom”) connected by
expen_rnentall§79 has to .be related to the variations of fre- , o springs with parametersee text k,g andk’,g’, respectively.
quencies along the series and also to Redependence of , (j=m s) represents the position of atam

the coupling constantg, andVg. Calculated values dE
as a function ofR, by means of Eqs(6)—(8) are also in-  D. Difference betweeny$ , ¥, and yA(f ): Insight through
cluded in Fig. 4. According to the analysis performed in Ref. a simple model

15, the employed values &f, and Vg for KMgF;:Mn2*
(Re=206pm) are V,=95cm Ypm and Vg
=75 cm /pm. As to the exponents, andng involved in

The main differences between the three quantitigés
va, andya(f) discussed in this work can be rationalized by

the R, dependence c., the valuesi,=6 andng=5.5 are  Mmeans of a simple unidimensional model described in Fig. 5.
£ S’ A E In it, the atom at the origin representing the impurity is

15 H ] 2+
used.” The frequencies for KMgf:Mn”_ are taken equal to joined by an anharmonic spring to the ligandwhich in turn

hwa=550 cm ! and A wg=450 cm 1. For simulating their 1-"~ . .
variation along the fluoroperovskite series, it has first beel® joined to the surface atom by a different spring. The po-

assumed thayy and yg are equal to the Gneisen constant ;[ﬁn“;: ?ﬁ:ggrgc;hztiﬁtggi'r?]dIUd\;\r/]r%th §>S<ternal force act-
va=1.8 calculated for BF;:Mn?* (B:Mg, Zn) systems. It 9 Py
can be seen in Fig. 4 that the calculated valueS aflerived 1 1
from the latter assumption fail to reproduce the trend experi- ~ E= S k(x —Xy— Ro)?+ K (Xs=xL— Ry)?+Fxs
mentally observed® In fact, the derivedE values, obtained
assumingys= yg= 1.8, do not give rise to a significant in- 1 1

i - ——g(x —xm—Rp)3—=g'(xs—x —Rp)3. (12
crease of the Stokes shift whéy increases, but rather to a gIViLTAMT R0/ T g sTALT Mo
slow decrement. As shown also in Fig. 4, this big discrep- N .
ancy is, however, overcome by putting=y2=3, as de- Herex_ andxs mean the position of the ligand and surface
rived from the present calculations in Sec. Il A. This rel- &0m, respectively, while the position of the impurity atom is

evant result can easily be rationalized through Egsand  fixed atxy=0. The constantk andg (k' andg’) are in-
(8), implying that a contribution likeE(A) should be pro- volved in the harmonic and anharmonic terms of the first

(second spring, whileRy and R}, are the equilibrium posi-
tions associated with the two isolated springs. For each value
of the forceF, the equilibriumx{ and xg values are deter-

portional toRZA where the exponer, is given by

PA=67YA—2nA (100 mined in a first approximation by the conditions
if the host lattice chemical pressure is modified, while k' (x§—X{—Rg)+F~0, (13
k(xf—Rg)— k' (x&—xF—R})~0. 14)
DA= 675 2N (11) (X{—=Ro) —k'(Xxs—X_~Rp) (

The force constank, associated with such an equilibrium

when a hydrostatic pressure is applied on a given compoun&©Sition is given by

Therefore, ifny=6 and y,=1.8, thenp,=—1.2, which 9E

means that an applied hydrostatic pressure on a system like kA:( )X .

KMgF3;:Mn?* would lead to aslow increaseof E¢(A). By -

contrast, when the chemical pressure along the fluoroperovs-

kite series is varied it turns out that the calculated va)lﬁe Therefore the chang&k, experienced by the force constant

=3 leads top,=6 and thus to an important increase®f  k, whenx¢ is varied is just given by

whenR increases. This agreement can thus be viewed as an

experimental proof, though indirect, of the conclusions in , R

Secs. Il A and 11l B. Therefore, for Mg~ in fluoroperovs- Aka=—| g+ 9"} 7| AXL. (16)

kite lattices, the changes i,y and Eg frequencies due to ) _ )

the chemical pressure appear to be bigger indeed than thode the calculation ofy,(f) the only variable isx, and the

coming from an hydrostatic pressure on a given compoundforceF has to be applied on the atdmin order to modifyxy
The results gathered in Fig. 4 also predict that the Stokewhile the atomS is kept fixed at the perfect host lattice

shift of a system like KMgg:Mn?* would be little affected ~ position termedk?. In such a case Eq13) is not valid and

by an applied hydrostatic pressure. Further experimentahe involved variation ok, termedAKk,(f) is simply given

work is desirable to explore this prediction. by

k
e ﬁ=k+k’—(g+g’w)(xf—R0). (15
L

XS: XS
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Aka(f)=—(g—g")Ax{. (17)  the case of MfA"-doped fluorite lattice§>! where the first

. e _ excited state has a long lifetime the critical value Ag
This fact stresses that&x; >0, then the anharmonic energy =0.07, while for F center® A,=0.25. In the case of

of the first spring decreases while that of the second ONRIn2*_doped fluoroperovskites wheR, increases botlE
increases. Comparison between E@s5) and (17) clearly  gnqE  increase, leading to a small increasefofilong the

shows that for the _sgmAx‘E variation Aka(f)<Aka pro-  series. More precisel®® A=0.033 for KMgR:Mn2",

videdg’ is not negligible. while A =0.039 for RbCdg:Mn?*. Therefore, in these sys-
Let us now focus on the variation undergonekay(called  tems, an increase of the chemical pressure leads to a slight

Acka) when the host lattice is modified. As a first approxi- gecrement of A favoring the existence of luminescence

mation, we can assume that relaxation effects are importarﬂhrough the whole series as thevariation ison|y of 15%.

only for the ligand shell, while the surface atom remains at According to the present results, the effects of a hydro-

its host lattice position. In this case the value of static pressure upoh would also be different to those com-
S2E ing from chemical pressures. For instance, considering the
kA:<7) . results onEg gathered in Fig. 3, aincreaseof A up to A
IX{ XL:Xh ~0.05 can be expected for KMgRMn?* when the applied
Xs=Xg pressure makeaR./R.=—10%. Although this figure is

higher thanA =0.033 measured at ambient pressure, it is,
however, smaller than .= 0.07 as derivet! from the results
on Mr?’*-doped Srk and Bak, and thus luminescence
g would be in principle not fully quenched. Further experimen-
1+ ) W) (Xt — RO)J’ (18 tal work about this matter is desirable.

for each lattice is also given by E@l4). Therefore, if the
host lattice is changed, then

!

Acka=Ack' —gA,

which means thaeven in the harmonic approximaticthe IV. FINAL REMARKS
replacement of a host lattice by another one can lead to o ) -
variations of the force constak} ask’ is modified. If the Variations of theA;, and Eg4 frequencies of Mng*

complex (simbolized by atomé/ and L) is, however, only along the series of cubi&BF; perovskites are calculated to
weakly coupled to the rest of the lattice and tus<k, itis e much bigger than those coming from a ngrostatic pres-
possible that, for the samex®, Ak, is comparable tavk, ~ Sure applied on a given system like KMg#n“" and those
defined in Eq.(16). This would occur whem k’ <gAx¢ corresponding to the LQfrequency of the host lattic¥.
assuming thatg’k/(gk') can be taken as a constant. A These results allow one to understand the experimental in-
simple analysis of experimental ¥ih-F~ distances in fluo- crease of the Stok_es shift associated with the MnFunit
roperovskites through Eq(14) leads, however, tok’/k when the host lattice parametarincrease¥ and also the
~0.5, pointing out the existence of ’a significe{nt Couplingnature of vibrations observétin the high-resolution optical

. 2+ . H
between the complex and the lattice for the present cases. ectra on .lBF3'Mn _(B.Mg, Zn). According to th?
the case of alkali halides or perovskitds, decreasé&?’ present findings, such vibrational modes have a dominant

when the lattice parameterincreases. Ax{ also increases Iolcal fh"’;{;"_ﬁger S|m|Iar| o th"’:jt fomijnd for Eﬁr n
following a, it turns out that the two contributions in E{.8) quso |t|e ' d It was (Iearg pointed out by Sturget atvi- |
have the same sign and thisk,> Ak, . rational modes involved in progressions seen in optica
spectra of transition-metal impurities exhibit a local or
quasilocal character. The conclusions reached in this work
thus support that view. The distinct role played by local and
The influence of chemical or hydrostatic pressures upotost lattice modes is also well seen in experiméns the
the luminescence efficiency deserves some discussion. Sinocenradiative decay in M@iO,:Cr**. In a first step such a
the first work by Dexteret al,*® it is known that the lumi- decay is found to involve the excitation of local modes. This
nescence quenching is partially governed byAhgarameter energy islater transferred to the vibrational modes of host
defined by lattice.
Despite the present study accounting for the main trends
A= Es (19 displayed by optical spectra &BF;:Mn?" systems, the in-
fluence of cluster size and the addition of further sReify
to the description oA, andEy; modes deserve a supplemen-
Qary investigation.
The present findings can also be useful for understanding
the Stokes shiftand its dependence on hydrostatic or chemi-

E. Quenching of the luminescence in MAt-doped fluorides

whereEg means the energy difference between the emittin
first excited state and the ground one. In the case of'Mn
an octahedral fiel& is given in a first approximation by

_ cal pressuresof other & impurities in high-symmetry lat-

=10B+6C— : X T .
Ee=10B+6C~10Dq, 20 fices where the impurity is sixfold coordinatétf® Recent
whereB andC are the usual Racah parameters. experimental data on €&f in several cubic

An increase of\ favors the lack of luminescené&**The  chloroelpasolite®¥ reveal that the Jahn-Teller ener@yy in
critical value A, where luminescence disappears dependsthe “T, first excited state decreases whendoes. AsE 7 is
however, on the electronic structure of the excited state. Ijust equal>'>*3%5%t0 Schwe, such a variation is thus quali-
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tatively similar to that derived focubic fluoroperovskites impurity. The comparison between the experiméfitand
doped with Mg ™. calculatedy, for CrR3~ in elpasolites supports the use of

The relevance of knowing thR, dependence of param- simple clusters for deriving reasonable values of i@isen
eters likeEg or §; (i=A,E) in order to explain the pressure- constants in the case of impurities in insulating lattices.
induced variations of optical properties has recently beeWhen the Graeisen constant of th&; mode is computed
pointed ouf According to the analysis carried out in Sec. from the potential energy curve calculated with all ions fixed
I C, one would expecf-!®that S, and Sz would decrease except the ligands, then the obtained value could, however,
when a hydrostatic pressure is applied provided pressuree significantly smaller than the right one. It is worth noting
does not favor a distortion of the initial geometry. In that using Eqs(16) and(17) a ratioya(f )/ya close to 0.5 is
Cs,NaScC}:Cr* where CrC{>~ remains cubic under pres- obtained even i)’ <g providedg’/g~k’/k holds. This idea
sure,S, and Sg are recently foun®f to experience a decre- can thus explain in a simple way the results discussed in Sec.
ment when pressure increases. By contrast, idllB and also the value ofy,=0.91 reported in Ref. 35 for
Mg,SiO,:Cr** the average Huang-Rhys factor of the emis-CrF;®~ in K,NaGak:Cr’", which can be compared to the
sion band is found to incredSavhen pressure goes from to experimental valui& y,=1.9.

9 to 12 GPa. This increase has been ascfbiedthe appear- From the present results it can be expected that in systems
ance of bigger distortions on the G/ unit induced by the containing impurities like Cii, Ag?*, or Ri¥" where the
hydrostatic pressure. Jahn-Teller coupling can occur in tlygound staté® chemi-

Usually, when twopure compounds contain isoelectronic cal and hydrostatic pressures can also lead to different situ-
complexes with the same ligand, vibrational frequencies inations. Work along this line is now under way.
crease with the metal oxidation st&feNevertheless, the
frequency derived for KMgfMn?" is quite comparable to

that for compound¥*’ involving FeR®~ units. It is worth ACKNOWLEDGMENTS

noting, however, that wheR, is closer to the sum of ionic Fruitful discussions with Dr. F. Rodjuez are acknowl-
radii of F~ and Mrf™ (212 pm, then w, is certainly edged. The authors are indebted to Dr. R. Valiente for infor-
smaller and close te-400 cm ! as estimateld for RbMnF;. mation about optical experiments on,B&ScCk:Cr*™ un-

This comparison stresses once more the relevant effects thader hydrostatic pressure. This work has been supported by
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