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Electron paramagnetic resonance, electron-nuclear double resonance, and optical spectroscopy of the tetrag-
onal YB** center in KMgR are reported here. The results of these experiments allow us to conclude that a
previously given structural model as well as the interpretation of the optical spectrum of this center are
incorrect. A model is presented and experimentally and theoretically justified. In particular, the values of the
hyperfine and transferred hyperfine interaction parameters were determined as well as an experiment-based
energy-level scheme. Its parametrization is performed by including simultaneously the crystal field and the
spin-orbit interaction within the’F term. Furthermore, a theoretical analysis of the transferred hyperfine
interaction(THFI) parameters is presented. It is further shown from optics and from microscopic calculations
of the THFI parameters thaj;, andg, have opposite signs and that the rule of correspondence between the
cubic g factor and§=%(gx+ gy+g,) does not depend on the relative magnitude of the cubic and low-
symmetry crystal field acting on the rare-earth ion.

INTRODUCTION on the ratio of theBY and BY crystal-field parameters.
Knowledge of the wave functions unambiguously determines
Ternary fluoride crystals with the perovskite structuretheg factors. This in turn enables to obtdjor to verify) the
ABF; (A*,B2%) are very interesting because on the onecoordination of the nearest surrounding of the ion within the
hand they find extensive practical applications and on thdéramework of the point-charge model. When a distortion of
other hand they are convenient model hosts for transitiothe crystal lowers the CF from cubic to lower symmetry and
metal (TM) or rare-earth(RE) impurity ions when the if this perturbation is small in comparison with the cubic
magneto-optical properties of these ions are investigated:ontribution, then for RE ions with an odd numberfaflec-
These crystals possess two different host cation sitési®8  trons the rule of the average factor §=3 (gx+ gy+9,)
six coordinated whereaA™ has coordination number 12 =g.,, applies’ Using this relation to obtaifj from the ex-
(which is rather uncommon In principle impurity cations perimental results in conjunction with analytical solutions for
can be introduced on both sites. This dissimilarity in coordi-the isotropicg factor of the cubid’s andI'; Kramers dou-
nation leads to essentially differing crystal fields and thusblets obtained on the basis of the point-charge model allows
often to importantly modified magnetic and optical proper-us to reach conclusions about the coordination of the RE ion
ties of the suitably chosen impurities. Note that even theand to predict the structural model of the paramagnetic cen-
mere definition of the structural model, i.e., the detailed lo-ter (PC). This rule provides a basis for a coherent analysis of
cation of the impurity ion and its exact surrounding is inthe coordination of a RE ion from electron paramagnetic
general not a simple problem. To a certain degree the REesonancg EPR experiments. The EPR study of ¥bin
impurities are exceptions as the shielding of the unfilledKMgF; (Ref. 3 is a typical example of this approach. Com-
4f-shell electrons by the closeds®nd 5 shells consider- parison between the experimentally determined valug of
ably reduces the effects of the crystal fi¢leF). Its interac-  with theoretical predictions obtained as described above al-
tion energy is significantly less than the one of the spin-orbilowed us to conclude that the observed cubic and trigonal
interaction with the result that the crystal field does notPC’s correspond to Y8 ions on octahedral sitege., sub-
scramble the scheme of the free ion energy spectrum. Whestituting a Md* ion), whereas the tetragonal Yb PC was
considered as a perturbation it will in first order lower or found to be located on a 12-fold coordinated Kost cation
remove the (2+ 1)-fold degeneracy of the multiplets and site. Detailed structures of the PC’s were further proposed in
slightly mix (in second-order perturbation thepstates with  the paper by Abraharet al®> The symmetry lowering was
differentJ. Basic patterns of the splitting of the RE ion mul- attributed to the formation of K ion vacancies adjacent to
tiplets in a cubic crystal field are given by group theory andthe RE ion: one vacancy on a trigonal axis would produce
for levels transforming according to different irreducible rep-the trigonal PC whereas two vacancies in adjacent positions
resentationgIREP), the basis states are completely definedon one common tetragonal axis would give the tetragonal
by symmetry. If more than one level transforms according taPC. A subsequent electron-nuclear double resonance investi-
the same IREP then their respective wave functions depenghtion(ENDOR) (Refs. 4—6 allowed us to confirm the mod-
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els of the cubic and the trigonal PC. mator was used as an excitation source. As the transitions are
But the model of the tetragonal PC led to an inconsistenalmost merely electroniGresonance excitatiorihe lumines-
interpretation of the optical spectra of ¥bin KMgF;.” In  cence and excitation spectra were recorded by using time
particular, the conclusion had been reached that the CF oplelayed (stroboscopig detection. The spectral lines of the
erating on the RE ion at the Ksite was extremely small. different PC's were further discriminated by using the modi-
Further, the results published in Refs. 3 and 7 yielded severdied phase-modulation methd@i*! The essence of modifica-
contradictory conclusions which did not agree with the givention consisted in the followind? The excitation light beam
model. They were: was modulated by a symmetrical square wave. The lumines-
cence signal observed at the output of the photomultiplier
. . was subjected to a linear integral transformation which con-
contradiction to the results of the weak crystal-field sisted in the multiplication of the signal by a Walsh function
~ model; _and its integration over the modulation period. Note that the
(i) the EPR spectra show a doublet structure on the highgg 5| procedure consists in multiplication by a harmonic
field lines Hiz) and a superhyperfine structure fynction and subsequent integration over the modulation pe-
(SHFS on the low-field onesK 1 z). The model’  riod. By varying systematically the time shitof the Walsh
cannot account for the former structure and the lattekynction one obtains a value= Xo Where the result of trans-
one can be explained by other models; formation is equal to zero. By entering this value into an
(iii)  a significant difference is observed between the splitappropriate transcendental equation one obtains numerical
ting of the %Fs, multiplet for the cubic and trigonal values of the lifetime of the luminescence. This transforma-
Yb3"PC(~ 1000 cm!) on one side and the tetragonal tion was realized as a hardware setup with the aid of a se-
PO (~75 cm %) on the other side. quential filter based on switched capacitbtsThe Walsh
function determines the shape of the reference signal and the

A recent experimental ENDOR investigatfopresented ~Parametex—its time shift.
preliminary results of the tetragonal ¥bcenter in KMgh
crystals which showed that in this case the*YIsubstitutes EXPERIMENTAL RESULTS
for a Mg?* ion and not for a K one. For this situation the
guestion of whether the averagdactor rule can be applied
needed to be reinvestigated. The angular dependence of the EPR spectrum of the te-

Our previous optical investigation of cubic Ybions in  tragonal YB* center is shown in Fig. 1. It was recorded with
CsCak (Ref. 9 (12-coordinatefishowed that the CF of this H being rotated in &001) plane. Note further the presence of
center is not weak. It is even comparable with the CF ofsome lines of the cubic and the trigonal centers. The high-
rare-earth fluorides. field EPR lines formed a resolved doublet structure between

The present paper gives the results of a detailed investi¥=0° (Hllz) and 9=10° whereas the low-field lines, ob-
gation of the tetragonal Y& PC in the single-crystal host served forHL z, presented partly resolved SHFS. In the situ-
KMgF; by EPR, ENDOR, and optical spectroscopy. Theseations where ENDOR was observed on the lines the
results unambiguously demonstrate that contrary to the pranagnetic-field angle could be aligned to better than 0.05°.
posed modél’ the tetragonal PC has an octahedral surroundThe inserts of the figure present the details of the low-field
ing. The compensation of the excess positive charge is rea(HL z) and high-field Hllz) EPR spectra of the isotopes
ized by a nonmagnetic oxygen ion which substitutes for one'’*173vb3*, The hyperfine structure of the high-field EPR
of the fluorine ions in the nearest-neighbor octahedron. Thénes clearly shows significant second-order effects. The ab-
resulting tetragonal crystal field is very high and is compa-sence of SHFS on the low-field EPR lin@ge inset Fig. llis
rable to the one observed for cubic and trigonaf¥®C's in  due to modulation broadening as the weak signals obliged us
this same host matrix. Then, we show tlgatandg, have to work with a high magnetic-field modulation amplitude.
opposite signs. We further extend the above-mentioned ruléhe EPR parameters of this center together with those ob-
of the correspondence betwegdefined above and the cubic tained by Abrahanet al2 on this PC and the analogous re-
g factor. sults for the cubic one are given in Table I. The dashed lines
in Fig. 1 present the angular dependence of the EPR spec-
trum calculated with our parameters.

Another type of cubic YB" spectrum further was found

KMgF;:Yb®" single crystals were grown by the Czo- (labeled “cuB” in Fig. 1). We assumed that this center con-
chralski method under a helium atmosphere. Ytterbium wasisted of an YB' ion substituting for a K ion because this
inserted into the melt as YQFr Yb,0;. EPR and ENDOR  PC had properties similar to those observed by us on# Yb
spectra were recorded @t=4.2 K on a homebuilt EPR and PC in CsCag*
ENDOR spectrometer based on an E 110 Var&band Most of the ENDOR experiments were carried out on the
equipment and on an EPR-231 spectrometer modified by adven YB* isotope. Nearly all the spectra were obtained on
joining an ENDOR attachment. The EPR spectrum of omnithe high-field EPR lines, despite the weak intensity of the
present MA™ was observed in all samples. latter. Figure 2 shows representative ENDOR spectra. A de-

Optical spectra were recorded on a computerized spedailed analysis of the spectra and their angular dependence
trometer(600 lines/mm grating, 4 nm/mm inverse linear dis- (Fig. 3) yielded that the Y&' ion substitutes for a Mg ion
persion. A cooled photomultiplier formed the detector and and that the local compensation of the excess positive charge
the light of a xenon lamp dispersed by a prism monochrois provided by a nonmagnetic impurity anion which replaces

(i) the experimentalg factor is highly anisotropic in

EPR, ENDOR

EXPERIMENT
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FIG. 1. EPR spectra of Y& in KMgF, with H in a (001) plane.T=4.2 K, »v=9.265 GHz. Insets show the hyperfine structure of the
EPR spectra of Y& in KMgF; for H parallel and perpendicular to the tetragonal axis of the complex. The dashed lines indicate the
experimental splitting of the hyperfine transitions. The theoretical curves of the angular dependence of the EiBslweeslinesof the
tetragonal YB" ion were obtained by using the data of Tablesée text

one of the six fluorine neighbors. The Discussion sectiorwhereS=10=1, the quantitiesA() are the THFI tensors,

presents arguments showing that the PC consists of gbels the nucleigh=5.254 54.

[YbOF5]*~ unit (Fig. 4—where its principal axes are de-  The one-particle nuclear Hamiltoniai) was averaged
fined. This PC has locaC,, symmetry and thus no inver- over the electron variables up to second-order perturbation
sion center. The local symmetry of the idRg (i=1,...,4) is  theory and then diagonalized. General expressions for the
Cs and isCy, for F5 and the oxygen ion. Thus the trans- ENDOR transition frequencies were obtained for arbitrary
ferred hyperfine interactiofTHFI) tensors have five and two orientations of the magnetic field with respect to the crys-
independent components, respectively. The ENDOR spectitallographic axes by using the selection rules for ENDOR
were described by the standard THFI spin Hamiltonian transitions(see also Ref. 15

vi=[a7C{+(biCo+ Cs)?+(Ca+biC?1Y2  (2)
H=pBHgS+ >, (SANY—p Hg, 1), 1
AHg Ei( £ Ao e @ wherei=F; ,F, ,F3 ,F,,

TABLE I. EPR parameters of Y& in KMgF,. The values of the hyperfine interaction paramefesse
in 10%cm™, §=3 (g,+29.). The negative sign of thg factor for cubic YB* was determined theoreti-

cally (Ref. 1.
Ground
9y a1 g state 1A, A, 173, A,
|1.070(1)| |4.4303)  3.31 I, |281.05)| [11662)| |74(1)| [3442)| *
1.070 —4.430 -2597 T b
|1.078 |4.377 3277 I, ¢
(—)2.584 I's 684.7 188.5 ¢

&This work. Experiment.
®This work. From optics and microscopic calculation of the THFI paramésems text
‘Reference 3.
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FIG. 2. ENDOR spectra of Yi in KMgF,. The magnetic field
was rotated in th€001) plane, T=4.2 K, »=9.265 GHz.

Clzlgg[MAl—ﬂ(M)(A2A3—A4A5)]—,8ng,fH]sinﬂ,
CZ=[95[MA2M(M)A1A3]]sinﬂ,
cs=[[MAa—u(M)AlAZJ—ﬂngEH]cosﬁ,
c4=[95[MA4M(M)A1A5]]sinﬂ,

a;3=C0Sp, a4=Ssing,

by z=*sing,

b, 4= £ cose,
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FIG. 4. Fragment of the structure of KMgF

S(S+1)—M?

m-(M)= 2gBH

g=(g{ cog 9+g7 sir? 9)22.

The plus and minus signs i ; ,b; ; refer toF; ;andF,,
respectively;d, ¢ are the polar anglesyl is the magnetic
quantum number of the electron spin. The THFI tensor of
Fg is characterized byA;=A, and A,=A5=0. Then, the
expressions for the ENDOR transition frequencies simplify
to

v(Fg)=(C3cog &+ C3sir? 9)*2 3

Since the ENDOR spectra were investigated \titiparallel
to (00D the expressions Eq&) were simplified by adopting
e=0°.

The experimental THFI parameters were obtained by the
least-squares method with the aid of E¢®. and (3). The
obtained parameters are given in Table Il together with the
results for the cubic Yb' in KMgF;,* for convenient com-
parison. The signs of the THFI parameters were determined
according to Zaripov, Meiklyar, and Falfhby taking into
account the fact that the signs gf and g, are mutually
opposite(see Discussion sectipn

Additional confirmation of the correctness of the THFI
parameter determination and of the model of the complex
was obtained by the numerical simulation of the line shape

TABLE II. The experimental values of the THFI parametéts
(in MHz) and B (in 10" *T) of the first fluorine shell of YB" in
KMgF;. The results for the cubic center of ¥bin KMgF; are
given for comparison.

Fi_a Fs Cubid
Frequency (MHz)
Ay —24.603) 57.635) 29.211
FIG. 3. Angular dependence of the ENDOR lines of the firstAz 24.483) 57.635) 29.211
fluorine shell withH in an (001) plane. Experimental data points: Aj 2.183) 23.31) 11.416
O—F ; A—F 3 ; ¢, O—Fy, , +< distant fluorine. The the- A, 0.02)
oretical curves were obtained by using the data of Tabledlid Ag 2.843)
and dashed lines favi = + 3, respectively. The dotted line repre- B —-3.24 —-15.4 (—)6.42

sents the fluorine Larmor frequency as a function of the orientation

of the magnetic field.

%Reference 4.
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FIG. 5. Experimental and simulatédashed ling EPR spectra
of Yb3' in KMgF; for HL z, T=4.2 K, »v=9.265 GHz.

of the low-field EPR line forH1 z. Figure 5 demonstrates
the good agreement reached between the calculated and the
observed spectrum.

1 L 1 " |

9600 10200 10800
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The near-infrared luminescence spectrum obtained from a FIG. 6. Luminescence spectra of ¥bin KMgF; at T=300 K
KMgF3:Yb®* crystal is shown in Fig. @) (recorded at room (a), T=77K (b) and T=4.2K (b); excitation spectrum af
temperatureand Fig. §b) (at 77 K). The transitions which =77K (c). Optical transitions corresponding to the tetragonal PC
correspond to the tetragonal ¥bPC are labeled by arrows. center are marked by arrows. Numbering of the spectral lines cor-
The optical-absorption spectrum of thétransitions was not responds to the numbering of the transitions in Fig. 7.
observed, due to the low concentration of*Yhons in our
crystals. But the excitation spectrum of Yhllowed to ob-  orbit interactioné were obtained according to the procedure
tain them[Fig. 6(c)]. described by Bespaloet al!® Thereby the best fit of the

The analysis of the spectra showed that the emission lindsvel scheme and thgvalues was obtained in a least-square
labeled 1,2,3,4 in Figs.(8) and @b) were due to transitions sense. During this fitting process it became clear that the
from the lower Stark level of the exited multipl&E, of the ~ model of the tetragonal PC is only possible if the crystal field
Yb3" to the four Stark components of the ground multipletacting on the YB' is very strong, and that the measurgd
2F,,. The spectral components labeled 4, 5, and 6 in thdactors have opposite signs. The theoretical values of the
excitation spectruniFig. 6(c)] corresponded to transitions energy levels, the factors and the symmetry labeled wave
from the lower levels ofF,, to the three Stark components functions obtained according to this procedure are given in
of 2F,,. Comparison of the luminescence and the excitationTable lll. The standard deviation did not exceed 5 énThe
spectra yielded that line 4 was an electronic transition betheoretical values of the crystal-field parameters and of the
tween the same energy levels in emission as well as in alspin-orbit interaction constant are given in Table IV together
sorption. The indexing of the spectral lines given in Figs.with the corresponding quantities of the cubic and the trigo-
6(a)—(c) corresponds to the labeling of the transitions on thenal Yb** PC’s®
experimental energy level diagram of ¥b(Fig. 7).

In order to interpret the transitions within tH& term DISCUSSION
. . 1 B -
(configuration 4% we constructed an energy matrix which
included the spin-orbit interaction of the ¥bion, the crys- The tetragonal Y& PC was only observed in crystals

tal field and the Zeeman interaction with an external magwhich had been doped by ¥0,. This fact and the following
netic field. The form of the tetragonal crystal-field potential arguments show that most probably aA”Qon substitutes

written in standard notation is for one of the fluorine ions in the nearest-neighbor coordina-
tion shell. As shown in Table IV the crystal-field potential of
Hc(Cyqp) = BIVI+BIVI+ B3V, +BVR+BeVe. the tetragonal PC corresponds to a highly distorted cubic

structure, in opposition to the trigonal PC. This distortion is
The V|l are standard harmonic polynomidlsThe Cartesian conditioned by the very powerful tetragonal CF created by
coordinate frame shown in Fig. 4 was used for tfehble  the excess negative charge of the nearest-neighbor oxygen
wave function. The crystal-field parameters and the spinion compensating the charge of the3bThe large splitting
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r ST Ty \ . 1 7 1 7 7
11131 4 11179 11172 °Ty Ftﬁii =+0.9910 E,ii +0.1332 §,+E
2 S . 1
Fsp2 9 \ +0.005515; =5 ),
2.
ot — 'l \ 10500 °T;  where in the statels); M ;)J labels the total angular momen-
4 10376 4—-// 10409 tum of the given multiplet, and ; is its projection on th&
L T 10200 31 axis of the PC. The fact that the ratiog(A,/g,A,|) are
close to ong0.998 for1"Yb3* and 0.891 for'”3Yb®", see
- Table |) also confirms that the influence of the other, higher
5 123456 lying, J states can be neglected. If the two functions are
2 . constructed as linear combinations of cubic stitese ob-
& ‘ r, D tain
3 1062 1100 1006 7T
o 1]
- 1 1 10— 1 ir— 1
Fg+5)=-0.84297 T =) —0.53793 g ==
700 2 2 2
Fond 7
402 Tse Ts Ty L
e +
- = P +0.00551T ¢ =5
T,
- Ir 105 T, In this representation it becomes evident that the contribution
. 0 3 é 0 Ty of the cubic doubletl’s is dominant. As this one is the

lowest level for the octahedral PC this fact is a decisive
Trigonal Cubic Tetragonal evidence that the investigated optical transitions indeed be-
long to the tetragonal PC whereby the3Ykions are sitting
on the octahedral site of the KMghost matrix.
The residual difference between the experimental and the
calculated values of thgfactors(Table Ill) can be explained
by covalency effects which were neglected in the calculation
of the CF parameters. The calculation of gpéactors with
ire above functions gave different signs prandg, (Table

FIG. 7. Experimental energy-level diagrams for the ground
(?F») and the excited ¥ s,) multiplets for YB* of cubic (Ref.
19), trigonal (Ref. 19, and tetragonal symmetry in KMgHin
cm 1). The transitions observed in the optical spectiy. 6) are
represented by the arrows.

of the cubic quartet and the energy shift of the doublet level
due to the tetragonal CF demonstrate the important deviatio -
from cubic symmetry of the latter for the tetragonal PC. This g}f“bI —2.667 for}“t;] (tlﬁef. D]d 'I;hufs th%qle Olf thef[ aalgrage
can be assessed by inspecting the energy-level diagram Fi Jactor-agrees wi € modet of an Thion located in a
7. This figure further shows that contrary to Antighal.” a asically octahedrql position, con'trary. o the cpnclusmn
CF of comparable strength with respect to the one of th(%]eached beforé As in the present situation the variant of a

cubic and trigonal Y& PC is obtained for the tetragonal RE igh crystal field applies, the rule of the averagéactor is
ion center. probably more general than initially formulated. Indeed, it

Very strong mixing of the cubic wave functions is ob- does not depend on the relative magnitude between the cubic

served in the basis functions of the Kramers doublets of th%nd the low-symmetry CF components acting on the RE ion.

tetragonal PC. For instance, the wave functions of the lowe utitis necessary to take into account the true signs ofthe
Kramers doubletT s display the following structure: actors, which are not always known. When only the abso-

lute signs of they factors are taken to evaludiethen incor-
1 L rect conclusions are obtained from this réle.

TABLE il Energy levels (cm™) and g factors of Y5 in The theoretical calculation of the THFI parametarsvas
KMgFs. carried out by including all the bonding mechanisms
developed'~2°for the RE ion-fluorine couples. We took into
account not only the ground configuration but in addition

I). By taking this into account we obtaingg= —2.597

Symmetry properties and

) g factors of energy levels Experiment Theory excited ones of the RE ions. Knowledge of the true distances
3 o 11175 11172 between the RE and the fluorine ions is of central importance
Ty 10500 10504 in the aforementioned calculations. Note that the detailed
T 10200 10207 structural deformation of the complex is unknovsave its
7 or 1006 1013 tetragonal symme_tby This is true too fc_)r the distances be-
2 Zrtﬁ 200 ) tween YB" andF;_-. They can be estimated, however, by
w7 comparing the obtained THFI parameters with results from
L 105 106 the cubic PC with the aid of the following known relations. It
T 0 0 is established thdt = (h/§8)A is a true tensor, unliké and
9,(*T1e) [1.079 0.992 that any nonsymmetric second-rank tensor can be decom-
g, (") |4.43( —4.496 posed into a symmetric and an antisymmetric part. By using

appropriate transformations it is possible to obtain from the
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TABLE IV. Crystal field (B]) and spin-orbit interactioé) parametersin cm Y of Yb®* in KMgFs.

Symmetry & BY B BS BS B B3 B: BS  Ref.
Tetragonal 2904 850 39 1274 -1 137 this
work

40 —185 —6050 -10 -90 30 a

Trigonal -63 —-176 —5568 42 246 389 b
2903 —278 —221 5450 —-42  -220 490 ¢

Cubic 311 9 a
2900 334 4 c

%Reference 7.
bReference 6.
‘Reference 19.

former part the isotropi¢urely covalentcontribution to the
THFI, called in the followingBs. Comparison of theBg

values obtained for Yb —F,_, and YI** —F;, respectively,
with the corresponding quantity from the cubic %bcenter

by Falin et al® were utilized. The following theoretical co-
valency parameter values produced best convergence with
the experimental quantities: forgEy,s=0.025, y4¢,=
—0.05, ’Y4f'rr:0'051 Ysds™ Vsdo = 75dw:0; for 'T (I

(Table 1) allowed us to identify the THFI parameter set =1..4)7y41s=0.01, y4,= — 0.05, y41,.=0.05, ys4s=0.05,
which corresponds to the strong local deformation. Assum-,  _

ing that the YB' substitutes for a host Mg ion and is

displaced towards the 20 then an increase of the distance

between the impurity ion and;F, is expected with a con-

difference in ionic radius between Mig and YB'* [r3/}
=0.87A, ry;=0.63A (Ref. 26]. The appreciable gain of

Y5de= — 0.3, v54-=0.3. The covalency parameters for the
6s and & shells were tak_en equal tgyy , whereas:_ysp was
always set to zero. Previously determiffecadial integrals

/ | were used. The #5d interaction parameter§?, G2, and
comitant reduction of the covalency of these bonds. An adgs

ditional reason for the increase of these distances is the IarQﬁmeterG3= 2359 cnt

given by Starostiret al3! and the 4-6s interaction pa-

! from Goldschmid® were applied
for Yb3".
In Table V are collected the numerical contributions ob-

covalency observed for the bond tg Ean be explained by tained from the various mechanisms of the3YHluorine
the important difference between the tetragonal®'Yb interaction which were included. These are: the dipole-dipole
ground-state wave function and the one of the cubic PC. Ougontribution including multipole correctionsd(_4); the ef-
results further prove that the tetragortldr F5) and the cu-  fect of overlap and covalencyH(;); the processes of elec-
bic THFI parameters are explained by the same set of covaron transfer into the emptycband 6 shell (Hsqye); the
lency parameters. Therefore it is possible to conclude thagffects of mixing of the 4 and 5 states by the field of the
the smallest distance between®tand F is determined by virtual hole on the fluorine atomH,,) and by the odd crys-
the sum of the two ionic radiire=1.33A (Ref. 26], i.e.,  tal field (Hogqseid; the sum of the effects of spin polariza-
R(Yb** —F_5)=2.2A, to be compared with the distance tion of the 5 and 5 shells Hse .54, Hss .65, Hsp—6p)
between sites of 1.987 A, in the undistorted lattice. —(Hspinpola)- The sum of all these contributions and the
The overlap integrals were evaluated with Hartree-Foclexperimental values of the corresponding THFI are given in
wave functions of YB"?" and of fluorine®® The electron the last two columns of this table. Note that the theoretical
transfer energies, the radia$ 55d functions and 8, 6s, 6p  calculations only give good agreement with the experiment
functions, the 4-5d and 4f-6s interaction parameters taken for the situation when the signs of andg, are mutually
from Refs. 6, 29, and 30 were used. The mixing of the fluo-different.
rine 1s and X shells was taken into account as well. The As shown in Table V, the theoretical model used for the
reduced matrix elemenw/(*Wi andV{) for Yb®" calculated determination of the THFI parametefs yields quite satis-

TABLE V. Theoretical values of the THFI parameteks(in MHz) for the first fluorine shell of Y&' in
KMgF; (see text for details

Ha.a Has Hsa,es Hon H odd field H spin polar Total Exper.

Fs

Ay(A,) 163 31 0 03 25 15 237 23.30

As(A) 76 532 0 54 -84 ~1.2 56.6 57.63
Fis

A -31.3 —-3.8 11.9 —-2.3 0 1.0 —24.5 —-24.60

A, 16.2 21.4 —-26.0 16.2 0 -2.3 25.5 24.46

Aj -3.3 0.9 2.4 1.4 0 0.8 2.2 2.18
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