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High-pressure spectroscopy studies on crystal fields and local structures of Br in GdCl,
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The pressure dependence of 20-K luminescence and excitation spectra ‘foloRs in GdC} has been
studied up to 60 kbar. The variations of the Slater paramé&tgrghe spin-orbit coupling parametés; , and
the crystal-field parameteBﬁ with pressure were evaluated from the observed crystal-field energy levels as a
function of pressure. Based on the continuous variations of the crystal-field parameters with pressure, we
focused on a discussion of the anomalous behavior itEhecrystal-field splittings for Fr" in GdCl, and the
local structure of Pr" at GE™ in GACk. The present results for Pr: GdCl; indicated that the anomalod®,
crystal-field splittings are described reasonably by an orbitally correlated crystal-field model. The local struc-
ture around substitutional ®r ions in GdC} was discussed quantitatively within the superposition model.
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[. INTRODUCTION This means that the intrinsic CF parameters for a given ion-
ligand pair arise from a similar physical origin, regardless of
When a dopant ion is substitutionally incorporated into athe host lattice, and that they are nearly transferable. Thus,
crystal, a mismatch in ionic size results in local distortionsthe superposition model can be used to deduce the local
around the dopant ion. The local distortions can be especiallgtructure(nearest-neighboring ligand positioreround lan-

large when charge-compensating codopants are required {ganige jons in host crystals, provided tiEtandBy(R) are
incorporate a dopant ion into a host lattice. The basic prObbbtained experimentally

lem of understanding the structural distortions accompanying . SO . -
. 2 ) High pressure, which is a useful technique for gaining
a dopant in substitution has stimulated much research, most . ° . . ; . o
of which has focused on the analysis of electron paramad-ns'ght into CF interactions, can be used to obtain the intrin-
netic resonance spectra of paramagnetic dopant ions in hoSic CF parameterB(R) and their distance dependentgs
crystalsl.“‘ because of its ability to continuously tune interionic dis-
The well-known superposition modél provides a rea- tances. High-pressure spectroscopic and structural measure-
sonable alternative approach for studying crystal-figl) ments of lanthanide ions in several host crystals have
and local distortion effects of lanthanide dopants, because #@chieved the CF interaction strength as a function of
can relate local bond lengths and angles to spectroscopicaltyistance.® An initial attempt was made within the superpo-
determinable CF parameteer of lanthanides. This model sition model to study the local distortions around nin
advantageously allows th& parameters to be separated into CaFCl using high-pressure luminescence spectrosCdpry: _
physical and geometric contributions according to couraging results were obtained and suggest that high-
pressure investigations of local distortions of optically active
o impurity ions will be fruitful.
Bg= > B(RLK(O, @), (1) Although the considerable success of a conventional one-
L electron CF model has been achieved in rationalizing elec-

) . o tronic structures of lanthanide ions in crystals, it is well
where the sum is over the nearest-neighboring ligdntts |\ o\wn that certain lanthanide multiplets.g., ‘D, of PP~

pated at the coordinqte&,(,@,_,(b,_) reIaFive_to the dopant 2H,,, of Nd®", and °D, of EW®') show anomalous CF
ion, and the geometrik,,(®, ,®, ) coordination factors are  gyjitiings and are not reasonably described by the conven-
known angular functions of the ligand ions. The parametergiona) one-electron CF model. An enormous amount of
Bi(RL), usually referred to as physical parts or intrinsic CFeffort'!~*8indicated that such anomalous CF splittings occur
parameters, absorb all the physical contributions from then “standard” CF analyses due to the neglect of two-electron
ligands and depend only on the ligand type and the interionigorrelation crystal-fieldCCP effects. The largely increased
distanceR, . A power-law exponent is commonly used to number of new parameters has hindered the wide application
express the distance dependence of the intrinsic CF pararaf the CCF model to a practical lanthanide system that can
eters: B (R) =By (Ro) (Ro/R)%, whereR, is an arbitrarily — only provide a limited number of experimental data.

fixed reference distandeFor the special case of the electro-  In this paper, we consider the effect of pressure on the
static point-charge model, is equal tok+1. Once the in- energy-level structure and local structure of Pin GdCk.
trinsic CF parameters for a given lanthanide ion are deterWe begin by measuring luminescence and excitation spectra
mined in several host crystals based on a given type odf PrP":GdCl as a function of pressure. Energies of 28 CF
coordinating ligands, it becomes possible to make reasonabgnergy levels are determined up to 60 kbar and analyzed with
predictions of CF interactions for the lanthanide ion in otherconventional CF theory to obtain tHEE parameters as a
host systems with the same type of coordinating ligandsfunction of pressure. We show that the conventional one-
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electron CF theory is unable to account f@, CF splittings *H, 1D, w "
of PP* in GACk. We propose a simple model, by analogy to
previous studie$*® on ?Hy;;, CF splittings of Nd* and 0 bar rs

> .
D, CF splittings of Ed" based on correction factors to the é e il T Y ~i‘,12"
reduced matrix elements, to explain th®, CF splitting of < | Kbar , '
Pr*. We also use the superposition model to determine the ‘ '
local structure of substitutional Pt ions in the GdGJ 16400 10600 16800
lattice. Wavenumber (cm™!) (¢) 12345678
‘ ; ;
Il. EXPERIMENT AND RESULTS 'Dz — °H,y (b) it
> | 38kbar I's
Single crystals of GdGlgrown by the standard Bridgman 3 re” S5H
technique contained a concentration of 1 mol % PrHigh § I i
pressure was generated by a gasketed diamond-anvil ceZ ‘ : Te
(DAC) and spectroscopic ofpolychlorotrifluoroethylengas 16200 16400 16600
the pressure transmitting medium, and determined by the Wavenumber (cm™!)

ruby R;-line redshift. For low-temperature measurements, 5 L o L

the DAC was mounted in a closed cycle refrigerator. The 3F'G' 1. (8 20-K "H,—"D, excitation spectra andb) "D,

PR+ luminescence was dispersed by a double spectrometa? Ha luminescence spectra of PrGdCl at 1 and 38 kbarc) A

and detected with a photomultiplier tube using the photorrchématic transition diagram.

counting technique. An Ar laser and a dye laser were em-

ployed as excitation sources. In the present study, two Ar where the free-ion HamiltoniarHg,) primarily contains the

laser lines of 472.7 and 488.0 nm and tunable dye lasegoulomb repulsion interaction and spin-orbit coupling.

wavelengths from Rhodamine 6G were selected to directlyligher-order interactions, such as the electrostatic and mag-

excite the®P;, 3P,, and 1D, levels, respectively, of Bf in netically correlated configuration interactiottsare consid-

GdCk. ered usually in a more accurate model description. The Cou-
All high-pressure luminescence and excitation spectra ofomb interaction and spin-orbit coupling are parametrized

PP*:GdCL were measured at20 K. Sixteen groups of With a set of Slater parametefg or F* (k=2,4,6) and one

luminescence lines were observed over a spectral range frofPin-orbit coupling parametefy. In the one-electron CF

11500 to 21 000 cm! and are assigned t6P0,1—>3H4—61 approximation, the CF HamiltoniarH(p) is expressed by

%F,_, and 'D,—3%H,_g, 3F, transitions. Upon excitation

to either the3P, or 3P, levels, the luminescence frofD,

was extremely weak. When the dye laser excitation source Hee= > Bgcék),

was used to directly excite thD, multiplet, much stronger kq

'D,—3%H,_g and 'D,—3F, luminescence transitions were

observed. The dye laser wavelengths were adjusted at eaglherec

pressure to compensate for pressure-induced changes in

energy of the'D, multiplet. The®H,— 1D, excitation spec-

trum under pressure was performed by monitoring th

ID,(I';))—3H4(T,) luminescence line varying between

B P s, T DIESeNalh® symmety o P at G it n Gl (Ret. 20,
4 2 2 4 . P . The experimental data shown in Figga29 were used to

at 1 kbar and 38 kbar are shown in Fig. 1 with a SChematICevaluate thred, , one s, . and fourBX parameters using a

transition diagram. Since there is a very similar feature of th(? f.k’ h‘”d’ | ] P 4 9 h

Pr* spectra in isostructural trichlorides such as La@efs. east-squares-fit method. In ‘our fitting -procedures, the

7 and 8, all the observed luminescence and excitation line igher-order Interactions were also takoen 2|nto account and

were unambiguously assigned with the CF energy levels. E _he corresponding parameters,3,y,M",P") were held

; +. i
ergies of most of CF energy levels were determined gene g:seﬂ g;glelr Pi .LaFCI3 value$ for_ all ce;lculatlons OI our It
ally based on two and/or three different luminescence transi- = - b system. For a comparison of our present results

+. ; ; +.
tions. The energies of 28 measured CF energy levels fofrOr Pr**:GdCl with previous resulfSfor PP*:LaCl, both

PP*:GdCk as a function of pressure between ambient presg;1mb|ent pressure values for the evaluated parameters are

sure and 60 kbar are summarized in Fi . summ_ari_zed in Table |. .
9@ Variations of these parameters with pressure were ob-

tained using the same fitting approach. The standard devia-
tion o remained nearly constantr&8.8 cmi ! at ambient

Energy levels of lanthanide ions in solids are described bypressure ang=9.4 cn * at 60 kba). The Fy and {4+ pa-

{9 are the spherical tensor operators and whose ma-
6 elements can be calculated exactly. According to the re-
quirement of a site symmetry, some CF parameters are left in
®H - and there are four nonzero CF paramenigsBj, B,
anng in the D 5, site symmetry that approximates to the site

Ill. CALCULATION OF CF ENERGY LEVELS

the free-ion Hy) and CF Hamiltonian K cp): rameters showed a nearly linear reduction with pressure,
which is ascribed to an increased nephelauxetic effiect
H=Hg+Hcg, details, cf. Refs. 7 and 16The relative decreasesky, F,,
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FIG. 2. (a)—(c) Energies of the CF energy levels as a function of pressure fdr.@dCkL. Empty circles, squares, and triangles denote
the identification results from th&,, 3P,, and D, transitions, respectively. The energies for all the CF energy levels are shown here with
respect to thé’H,(I'g) ground state.

Fe, and {4 up to 60 kbar are—0.7(1)%, —0.6(1)%, system and consistent with the previous observAtiion
—0.5(1)%), and—0.3(1)%, respectively. The reduction in Pr™ in LaCl; and PrC}, all of which are within the expec-
the average Slater parametét$ with pressure is twice as tation of the central-field covalency mechanism describing
large as the spin-orbit coupling parametgr in our present the nephelauxetic effeét'®
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TABLE |. Parameters (cm') for PP in GACk and LaC} at ambient pressure with statistical uncertainties given in parentheses. The
number of CF energy levels included in the fits is givenNyyand o denotes the standard deviation (chh between experimental and
calculated energies of the energy levels. Values for the higher-order interaction parametéfs @tBk are held fixed at their Br:LaCl,
values @=22.81 cm?', B=—676 cm' !, y=1453 cm'*, M°=1.72 cm' %, andP?=266 cm 1).8

Pr*:LaCly PP*:GdCh

F,/F? 304.12)/6842245) 298.5/67163 303(0)/6817523) 302.91)/6815323)
F,/F* 46.076)/5017065) 43.92/47829 45.99)/5008365) 45.969)/5005098)
Fg/F® 4.4789)/3296566) 4.104/30212 4.466)/32877137) 4.4679)/3288466)
Las 746(1) 753 7461) 7451)

B3 1187) 107 1068) 102(18)

BY —334(12) —459 —460(20) —485(32)

BS —668(17) —747 —741(29) —724(43)

BS 44212 480 47719 46524)

N 29 45 45 28

o 55 9.6 9.1 8.8

Ref. 8 23 This work This work

The four CF parameterIS('f| of PP in GACk varied lin-  the D, multiplet splits into three CF energy levdly, I's,
early with pressurgFig. 3). The Bg and Bg parameters andI'g and its discrepancy between the experimental and
showed strong increases in their absolute values with slopeg@lculated energies just for its three energy levels is already
of —2.28 cm Y/kbar and 2.14 cm'/kbar, respectively. The responsible for 23% of the overall standard deviatiorat
B3 and B3 parameters decreased in their absolute values @mbient pressure, and remained nearly constant up to 60
rates of 0.90 cm/kbar and —1.54 cmi Y/kbar, respec- Kbar(Fig. 4).

tively. Like the D, multiplet of PP*, such as, for example, the
2H,4;, multiplet of N&®* or the °D, , multiplets of Ed™,
IV. ANOMALOUS D, CRYSTAL-FIELD SPLITTINGS anomalous CF splittings that are persistent from host to host

also hold. There is a great deal of interest in identifying how
As well known, CF splittings in théD, multiplet of PP* the conventional CF model may be improved to deal with
in many compounds are simulated poorly in comparison witithese anomalous multiplets. There are two major theoretical
the other multiplets in the framework of the conventionalstrategies. The first one is to extend the one-electron CF
one-electron CF modéf.In our present Br:GdCL system, model to a two-electron CCF modIThe second is to con-
sider interactions between the ground configuratiofNj4

800 — . - . and excited configurations {4~ nl) of lanthanide ions and
B§ to extend the set of basis wave functions in CF
600 | § calculationst?2® Unfortunately, both strategies are impracti-
1 cable in the CF calculations because a large number of new
400 | .
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FIG. 3. Variations of the CF parametds§ for Pr**: GdCl, with FIG. 4. Variations of théD, CF splittings for Pt*:GdCk with
pressure. Error bars given at ambient pressure represent the statigessure. Solid and dashed lines denote the experimental and calcu-
tical errors only. lated data(using the CF parameters in Fig), 3espectively.
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CF parameters is introduced. In the CCF strategy, enormous TABLE Il. 'D reduced matrix elements for the LCGF and
efforts to reduce the number of CCF parameters and t&F U™ operators k=2,4) of P#*. The values for||U™®||) are
search for a subset of the parameters particularly effective itgken from Ref. 26.

dealing with the anomalous multiplets of lanthanide ions

have led to the orthogonal CCR-function CCF, spin- <||V(22)||> 11/70,/70 (||V(1)||> — 421470
correlated crystal-field, and orbitally correlated crystal-field(/|U®l[) —11/42/6 (U@ 2/105,/55

(LCCF) models. A more detailed discussion of these models

has been given by Reid and Newntdn. tem and considerably reduces the discrepancy of the anoma-

In addition, an empirical model that considers adjusting 1 . o .
the reduced matrix elements of the one-electron CF Hamill-OUS D, multiplet. When the LCCF effect Is included in CF

" . 4
tonian with a constant multiplicative factor has been pro_calculatlons, the conventional CF parametaf!,s and By

- ~1
osed to deal with the anomalodsl,;,, multiplet of Nd#*  change f_rom 106(6) crrf a_nd —339(13) cm* 10
gnd the 5D,, multiplets of 4t in vparious host 81(14) cmi and —374(24) cmi?, respectively, and the
compound<®? other CF parameterkE 6) remain nearly unchangédThe

Our present B : GdCl, results for the'D, CF splittings ~ absolute valug foB3 decreases by a factor of 0(26) and
and their variations with pressure provided the opportunity tgncreases fciBo by a factor of 1.10L2). Our empirical model
gain insight into the CCF effect on the anomaldis, mul-  Used in P#":GdCl; and the LCCF model considered in

tiplet of PR*. Let us first take a close look at energy matrix P :LaCls show a similar result.

elements of its three CF energy levels in the one-electron CF N principle, the LCCF potential can kbe aEPTOkXimlflteW
model: rewritten by substituting the operato@{”+ (bk/Bg) V(Y

(LCCF) for the one-electron tensor operat@<’ in the con-

2 2 ventional one-electron CF potentidkr= 3, ,BXC¥ , where
_ 2 aBqtq
E(I'y)= 5\/;30“2 'D|[u®]| 2 'D) b'a are the LCCF parameters and were derivef,
=1.8(1) cm! and bg=4.5(2.3) cm?, for PP*:LaCl
1 (Ref. 11). One can also understand that the contributions of
L R4£2 1011 @52 1
+2\/;3Bo<f DJUt[[* *D), the LCCFV{” operators result in a change of the conven-

tional CF parameterB'a , a decrease @3 and an increase of

2 2 |Bg| for PP*:LaCl;. Furthermore, we evaluated tH® re-

E(I's)=— g\[gB(Z)(fz 'D|[u?)||f* D) duced matrix elements of the LCCN™ operators k
=2,4) using formula1l) of Ref. 11. Their values are given

1 \F 4 1 @6z 1 together vv_ith those of the conventional one-electronGt#
+3VgeBolf DI|U™][f= D), operators in Table II. It is clear from Table Il that the LCCF

V(2) operator reduces the contribution of the CF) opera-
1 tor due to the opposite sign fa3(f? *D||V?)||f2 D) and
E(Tg) = —\ﬁsaf? Ip||u@)]|f2 D) B3(f2 D||U@)||f2 D), and the LCCF V®) operator
5 V3 increases the contribution of the CE®*) operator due
4 1 to the same sign for by(f2 D||[V#)||f2 ID) and
—§\/;383<f2 IDIU@|[f2 D), (20  BYf?'D||UW||f2 D). We therefore expect that our em-
pirical correction factors andy are physically equivalent to
where(f? 1D||UM||f2 D) (k=2,4) are the reduced matrix the LCCF effect.
elements. Based on EQZ) and using the same empirica| We further note that a.f42'4f15d1 Configuration interac-
model proposed by Faucher and Co-Work%?gand used in tion via the odd-rankk CF terms contributes to thg:)z CF
Nd®*" and EG*, we can introduce two constant multiplica- splittings and eliminates the discrepancy between the experi-
tive factorsx andy for k=2 andk=4, respectively, to elimi- ment and the conventional one-electron CF model descrip-
nate the discrepancy in tH®, CF splittings for P¥*:GdCl,  tion in the case of B :LaCl; (Ref. 12. The physical con-
at not only ambient but also high pressure. When a signifinection between the LCCF effect and this configuration
cant admixture ofD, with 3P, (0.94'D,)+0.303P,)) via  interaction is also clear because the matrix elements of the
both an intermediate coupling and a Gfnixing was taken LCCF V(¥ (k=even) operators are related explicitly to the
into account, the factors were found fer=0.6(2) andy  Matrix elements of odd-rankd =1 and U**) operators:
:13(1) in the whole pressure range of 60 kbar. Burdick and RiChardeﬁ applled the 6-function CCF
An attempt will be made to find out the physical linkage model in the analyses of ambient pressuré"F&dCk and
of the empiricab( andy factors to the CCF effect. In effect, Pr3+:LaCI3 data and obtained an improvement of their fits in
the x and y factors introduced into théD, multiplet are  the anomalous'D, CF splitting simulation by using two
equivalent to including the additional CF operators that readditional s-function CCF parametefDj= —2.8(1.9) and
duce the conventionaké 2) rank CF contribution by a fac- Dg=6.0(2.2) for P#":GdCk and D5=—0.9(1.3) andDj
tor of 0.4 and increase the=4 rank CF contribution by a =4.6(1.0) for P¥*:LaCl;]. We can also expect that our em-
factor of 0.3. Yeung and Newm&rapplied the LCCF model pirical x and y factors are related to theiDS and Dé
to PP*:LaCl; and observed that it is remarkable in this sys-s-function CCF parameters.

125106-5



CHUNMAO LI, KEVIN L. BRAY, AND YONGRONG SHEN PHYSICAL REVIEW B 67, 125106 (2003

. 3= Ro |
By=-B4(Ry)| (35c080 —30c0og0 +3)| —
4 Ra
3[R\
+E(R_E) ’

3_
BS=§B6(RO){ (231 co80 — 315 coé0 + 105 co0 — 5)

o (Rol_5(Ro|]
Ra) 2\Re

Bo__ 2 By(Ry)| 2 'rF@(RO °, 65( ROH
=—— Si — Ccos6o| —| |,

® 32231 > ° Ra Re

FIG. 5. Coordination polyhedron of Clligand ions around ©)

Pr* in GdCk. where the deviative anglé is only involved int. Sinces

i 6~1 and is thus neglected in our followin
Furthermore, the constant factors=0.6(2) andy is small, cos ! ! 9 n ou wing

=1.3(1) over a wide range of_pressure indicate that the CC Isﬁuss:zr\]/ious high-pressure luminescence studlesn
effect should have a similar distance dependence as the one-,, . — .
electron CF effect. In contrast, a CCF analjsfer the effect " :LaCk, the intrinsic CF parameter8,(Ro) and their
of pressure on the energy levels of Ndin LaCl, showed a  distance dependenceg of Pr*-CI” ion pairs have been
strong pressure dependence for the orthogonal G,  reliably determined for B,(Ro)=235(18) cm* and
parameter. Li and Reld pointed out that the CCE,opera-  Bgs(Ro)=267(28) cm* with a reference distance dRy
tors do not include the LCCF contributions for the Psys- ~ =295.4 pm, and,=8(2) andts=6(2). Whenthese values
tems discussed by Yeung and Newntamnd that the con-  are transferred to Pf-CI~ ion pairs in P#*:GdCl, the lo-
tributions from the CCFy3o, andgjy operators to the CF cal structure around the substitutionaf Prat GE* sites in
splittings in the 'D, multiplet would tend to cancel each GdCl, characteristic of three local structure parameRis
other, because their reduced matrix elements’@p have Rk, and®', can be obtained using E¢B) and the observed
similar magnitudes and opposite signs. These facts illustrat€F parameter8g, BS, andBg (Fig. 3.

different CCF effects that influence thdH,,,, multiplet of Our calculated results for the local structure parameters
Nd** and the'D, multiplet of PP*. are shown in Fig. 6. The host structure parameRys R,
and ®" (Fig. 5 of GdCk under pressure were studied ex-
V. LOCAL STRUCTURE perimentally using a high-pressure single-crystal x-ray-

_ _ ) diffraction techniqu® and their variations with pressure are
GdCl; belonging to a class of anhydrous trichlorides hasg sy shown in Fig. 6. By comparing the calculated and ex-

the hexagonal Uttype structurdspace group 176:6s/m  periemental results, we find similar variations with pressure
or Cgy).?" G’ cations position at 2l) sites: of the local and host structure parameters with average off-
(2/3,1/3,5/4;1/_3,2/35/4)_and Cl anions at 6k): sets of RIE_RE:~4_9 pm, RIA_ RRZNZ_G pm, and®'
(x,y,1/4;y,x+y,1/4,x+y,x,1/4). A cation coordination —@"=~ —0.25°. The offsets are expected to exist and are
polyhedron consists of nine Clanions (Fig. 5, six of attributed to local distortions due to the mismatch in ionic
which, referred to as apical ligand ions, are located at th&ize between B¥ and Gd* ions. The similar variations
upper and lower corners of a tricapped trigonal prism with arfurther indicate that once lanthanide ions are substitutionally
interionic distanceR, from the cation, and three of which, incorporated into host lattice crystals, the local surroundings
referred to as equatorial ions, are located on the mirror planground the central ions distort completely. In other words,
at the distanc®g from the cation. In a spherical coordinate one can reasonably assume that local distortions remain con-
system, the coordinates of these ligand ions are expressed stant under pressure.
(Ra,0,®) for the three upper apical ionsRf,7— 0@,d) We can further observe that the two distance distortions
for the three lower apical ions witlb=(2n—1)#/3 (n  are positive and that the distance distortion is larger for the
=1,2,3), and asRg,#/2,®) with ®=5+2(n—1)#/3 (n equatorial than the apical bond lengths. The positive distance
=1,2,3) for the three equatorial ionsrepresents the devia- distortions are due to larger substitutionaf Pions relative
tive angle of the equatorial ion relative to the normal of ato substituted host Gd cations in GdGJ. It is experimen-
rectangular face of the trigonal prisffrig. 5 and has an tally known that the equatorial bond is clearly softer than the
absolute value less than 1°. apical (see Fig. 2 for the equatorial and apical bond lengths
According to the superposition modgtq. (1)], the total as a function of pressure in LaGlIPrCk, and GdC}, as
CF contributions from these nine CI ligands to the CF pa-well as Fig. 3 for the ratio of the equatorial bond length to
rametersBj, BS, andBg of PP in GACl are given by the apical Rg/R,) as a function of the ratio of the lattice
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300 VI. CONCLUSION
295 | . We have measured luminescence and excitation spectra of
E Pr*:GdCk up to 60 kbar. The Slater parametéts, spin-
& 290 1 orbit coupling parametet,;, and crystal-field parameters
e | | B3, Bj, BS, BS were determined as a function of pressure.
g [ Alarge deviation between the calculated and experimental
S a0l i crystal-field splittings of thé'D, multiplet for PP* was ob-
& served to exist within a conventional one-electron crystal-
275 | . field model. We showed that the deviation was primarily due
to a neglect of correlation crystal-field effects and that em-
270 ‘ ‘ pirical corrections of the reduced matrix elements can be
43.5 ‘ ‘ used to more accurately describe the crystal-field splittings in
—_ R !D,. A detailed discussion of our results indicates that the
¥ a30l | empirical corrections are physically equivalent to orbitally
e - correlated crystal-field effects.
= 425l -t We also used the superposition model to characterize the
& ) local structure of substitutional r ions at Gd* sites in
< woolo GdCl;. We further found that angular distortions and unequal

0 20 40 80 80 distortions in the apical and equatorial nearest-neighbor
ligand bond lengths are present. More generally, our present
results illustrate the potential of crystal-field theory and high-

FIG. 6. Variations of the distances and angles ot'PGdClL pressure spectroscopy for quantifying the local structure
under pressure. Superscriptndh denote the local and host lattice around dopants upon incorporation in host lattices and for
structural parameters. The experimental dataRr RY, and®"  developing structure-property relations in optical materials.
are taken from Ref. 8.

Pressure (kbar)
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