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The electronic absorption spectra of K2CoF4, RbzCoF4, K2Mg(Co)F4, and RbzMg(Co)F4 have been measured in polarized 
light and at low temperatures. Analyses of all of the main spectral features have been made using the complete d7 tetragonal 
spin-orbit matrices in the weak-field formalism. These analyses provide, unambiguously, the signs of Dt in every case 
and the sign of Ds for all but K2Mg(Co)F4. It is concluded that K2CoF4 (Ds = 195 cm-1, Dt = 10 cm-I), RbzMg(Co)F4 
( D s  = 230 cm-1, Dt = 20 cm-I), and RbzCoF4 ( D s  = 335 cm-1, Dt = 30 cm-1) have axially elongated fluoride octahedra 
with the magnitude of the distortion increasing from K2CoF4 to RbzCoFe. The distortion in KzMg(Co)F4 (IDS[ = 60 cm-1, 
Dt = -10 cm-1) is an axial compression, in agreement with the known crystal structure of K2MgF4. The transitions to 
the components of 4T2g occur via magnetic and electric dipole mechanisms and it is probable that the detailed understanding 
of the spin-orbit structure of this state will require consideration of the dynamic Jahn-Teller effect. 

Introduction 
With the considerable increase in our understanding of the 

detailed properties qf paramagnetic ions in exactly cubic 
environments, attention has turned in recent years to the optical 
and magnetic properties of compounds with symmetries lower 
than cubic. For a study of transition metal ions in sites of 
tetragonal symmetry, the series of fluorides crystallizing with 
the K2NiF4 structure represent highly attractive systems, since 
both the factor group symmetry and paramagnetic ion site 
symmetry are D4h. 

K2CoF4 and RbzCoF4 have the K2NiF4 structure and both 
are two-dimensional antiferromagnets2 whose magnetic 
properties have been studied extensively.3-7 K2MgF4 and 
RbzMgF4 also have the same structure and are ideal host 
crystals for Co*+ for use in spectroscopic studies. 

There have been two reports of optical absorption mea- 
lsurements of K2CoF4. Tiwari, et al.,8 reported the unpolarized 
room-temperature electronic absorption spectrum but failed 
to include in their analysis the tetragonal component of the 
crystal field. Maisch9 extended this work by measuring the 
three possible polarized spectra at low temperatures. He was, 
however, unable to arrive at an unambiguous assignment, based 
on the tetragonal matrices of Jesson, although one of his 
alternatives gave closer agreement with the results of Folen, 
et al.5 

The present paper presents the results of a spectroscopic 
study of the tetragonal fluorides K2CoF4, K2Mg(Co)F4, 
Rb2CoF4, and RbzMg(Co)Fs. By collating spectral in- 
formation from all four materials, an unambiguous assignment 
of the spin-allowed bands has been made, permitting a rational 
discussion of the significance of the appropriate crystal field 
parameters. 

Theory for d337 Ions in a Tetragonal Crystal Field. The 
matrices for the tetragonal field were published by 
Perumareddilo in the strong-field representation, without 
spin-orbit coupling, and Jessonl 1 has made available the 
complete matrices in the weak-field scheme, both with and 
without spin-orbit coupling. With the inclusion of spin-orbit 
coupling, the crystal field matrix factors into two 30 X 30 
matrices, transforming as the F6 and r7 representations of the 
D4h‘ double group. 

Two parameters are required to specify the tetragonal part 
of the field. Following their definition by Moffitt and 
Ballhausen,l2 the use of Ds and Dt has become established. 
In the limit of the point charge formalism, expressions for Dq 
and Dt may be combined to give the simple relation 

where Dqny and Dqz are the cubic crystal field parameters of 
the ligands in the xy plane and on the fz axis of the octa- 
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Table 1. First-Order Energies for Quartet States of the d7  
Configuration in a Tetragonal Field 

__I- ____ I 

Tetragonal state and energya 

&erguson, Wood, arid Guggenheim 

1 I spectrophotometcr and matched elan-Taylor prisms were used 
in the sample and reference compartments for the polarized spectra. 
The crystals were cooled by boil-off of liquid helium In a d i m  flow 
tubc 

he absorption spectra in the range 
easured at temperatures from 10 

to 300 K and for a, 0, and x polarizations. The results are 
given 111 Figures 1-4 f5r u and a polarizations. 'The absorption 
bands are relatively weak and their behavior on cooling, i.e., 
the narrowing of the bands and the reduction of intensity, is 
typicai of vibronically inaiaced spectra. 

In terms of their gros ures it is clear that the spectra 
of K K!oF;J, R~?COFA?, ax zMg(Co)F4 are closely related. 
They show large splittin the visible band (>I000 can-') 
and high dichroic ratios (up to '7:1)? whereas both of these 
features are innch less pronounced for KzMg(Co)F4, con- 
sidered separately below. 

Detailed examination of the polarized spectra including the 
a polarizations shows that the visible bands are electric dipole 
transitions while the infrared band has significant magnetic 
dipole character. 

T'rorn Figure B we expect to see transitions to five quartet 
states, i x S 9  4E$, 4B2g, 4Blg, 4Egc, and 4Agb. The strong bands 
in the visible region are obviously the tetragonal components 
of 'Tig(Oh), split to first order by SGDs - 5/4Dtl. The weak 
and broad band around 15,000 em-1 in KCoF3ls (4A2g(Oh)) 
is not split by the tetragonal field, and, therefore, the cor- 
respondingly weak ad bands in the same region of the 
spectra Of K2COF4, b2Mg(Co)F4 are assigned 
eo the upper state 4 h). The 4T&(Oh) state appears not 
lo be split by the onal field and i t s  two tetragonal 
components 4Egb  and 4 h g  are assigned to the broad bands near 
7000-7588 cm- 1~ A summary of some of the relevant spectral 
data is given in Table 11. 

From Table H we can obtain estimates of the tetragonal field 
parameters. The small splitting of the 4Tzg(e)h) state means 
that Dt is small and we set an upper limit for lDil of 40 cin-1. 
The splitting between 4Egc and 4 A Q  is then approximately 
160.~/. Estimates of Bq are obtained from. the separation 
between the infrared band and the broad band assigned to 4Wlg. 
T e set of parameters is g 

n to 4'Ihg(Oh). Transit 
s There is a considera 
structure in the band associated with the transitions to the 
components of @Pzg(Oh) and, from comparisons between a, 
B, and T spectra, it is clear that the structure is magnetic dipole 
in origin. The spectra are shown in Figures 5-7. 

In addition to the magnetic dipole fine structure some of 
the broad-band intensity comes from a vibrationally induced 
electric dipole mechanism because, as shown in Table I T ,  there 

4A 1ODq + 9B - 6Ds + 10Dt 
l0Dq -t 9B - 35/4Dt  4T,b 

4 1 4 2  4B, 2ODq - 3B - 2Ds -t 15Dt 

4T 2 {."E$ 10Dq - 3 8  -. 2Ds -t. 25/4Df 
10 Dq - 3B - ~ D s  + 15Dt 

+r ia  {a::, ; ~ D s  + 5Dt 

a The energy of 4A2B has been set to zero. If "Ea is the ground 
state, then 3Ds -- 5Df must be added to each energy. 

hairoil, respectively. i t  follows that Dt will have the same sign 
as  Dq in a tetragonal Geld of six fluoride ions if there is an 
axial elongation, and it will have opposite sign if the distortion 
is an axial compression. This sign convention has been vised 
by most workers, although Perumareddi*o has used the opposite 
convention. 

The first-order energies for the quartet states are given in 
Table I, Note that the splitting of the 4T2g(Qh) state depends 
on Dt alone and that of 4Tig(Oh) almost entirely on Ds. 

It i s  implicit in our treatment that no effect of the tetragonal 
field on either the interelectron repulsion energies or the 
spin-orbit coupling is considered and values of these quantities 
appropriate to the cubic field case are used in calculations. 
The prime interest is the investigation of the variation of the 
energy levels of Co2+ with respect to the crystal field pa- 
rameters Dq, Ds, and Dt. 

It is instructive to set the spin-orbit coupling constant to 
zero eo show the behavior of the quartet energy levels as 
functions of Ds and Dt. The sensitivity t u  Ds and Dt of the 
state splittings is then easily seen and an appropriate selection 
of values is shown in Figure 1. We note that the orbital nature 
of the g ~ o u n d  state depends in opposite ways on Ds and Dt. 

Nature of the Tetragonal ~ ~ ~ ~ o ~ t ~ ~ n .  The compounds 
isoseructural series K2MF4, WbzMFrr (M = Mg, Zn, 

Mn, Fe, CO, Ni, Cu) crystallize in the tetragonal space group 
j/,17. Gornplete crystal structures have been determined only 
the case of the four compounds M2MgF4,13 K2WiF4114 

K2CuF4,15 and K2MnF416 and correspond to an axial com- 
pression of about 1% in the first three cases and an axial 
elongation, also about 1%, for K2MnF4. It is not possible 
therefore to make any a prior dictions concerning the sense 
of the tetragonal distortion in CQF4, M2COF4, Or Rb2Mgti-4. 
If the presence of the cobalt ion in the lattice of kMgF4 does 
not disturb the local structure significantly, the distortion in 
this host will be one of axial compression. 
~~~~~~~~~~~~ Section 

K,COFA, RbzCoF4$ and KbzMg(Co)Fj were grown by the method 
given by Birgeneau, et ~ 1 . 1 7  Crystals of M2Mg(Co)F4 were grown 
by slow cooliiig from a melt containing KF, MgF2, and CoFz. 

All measurements of absorption spectra were made with a Cary 

Table 11. Positions. intensities, and remperatuie Dependence of Spin-Allowed Bands for Tetnagonal Cobalt Fluorides 
Rb 2i\/Ig(CojF, _ _ ~ - _ _ -  R.b,Mg(Co)F, M,COF, Cubic and free 

ion parent Positiona finb f W " 1 f l "  Position fl, f3,OlflO Positiofi 

01 7,600 i 50 2.9 I .4 7,400 i 50 3.3 
"7',g("F) (i' 7,500 i 50 4.6 1.1 7,140 t 50 5 .0 1.1 7,300 i 50 

n 7,605 i 30 2.2 I .4 7,400 i 50 2.4 1.4 7,400 i 50 
01 

4 k  A,, 1 a 15,750 i 150 14,900 r. 1SO 15,200 i 500 
77 

22 1.7 19,720 t 60 24 1.7 20,080 i so 
19,120 i 60 
20,080 + 80 

20,070 i; 30 

20,070 ?; 30 
O1 d 20,500 i 100 

4T,g(4P) q 20,500 i 100 
7 l  19,120 i 411 13 1.8 ;9>11.5 * 20 13 18,760 i 20 

19,800 i 20 
20,200 i 20 
18,180 i 20 

24 22 

a Franck-Condon maxima (cm-I) at 10 K. TJriits of 
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is a temperature-dependent contribution to the oscillator 
strength and fa # f. at low temperatures. 

From Table I1 we see that the absorption intensity is an- 
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Table 111. Approximate Crystal Field Parameters (cm-l) - 
K,CoF, Rb,Mg(Co)F, Rb,CoF, 

Dq 820 765 780 
IDS I 200 230 300 
IDt I <40 <40 <40 

77-1- I 
-100 0 100 

(Dt = -100crn") (b) (Dt;+IOOcm-') -e 
L--- ~~~~ 

Figure 1 .  Energies of quartet statcs of the d 7  configuration in a 
tetragonal crystal field with zero spin-orbit coupling: 
cm- ' ,  Ds = k500 cm-I;  (b) Dq = 7.50 cm-I, D t  = 1100 cm-'. 

(a) Dq = 750 

5 3 0  
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isotropic withfv/f, = 2. This suggests that this ratio reflects 
the relative magnetic dipole transition intensities to the orbital 
degenerate (E) and nondegenerate (B2) components. If 
spin-orbit coupling is neglected, it is a simple matter to 
calculate the magnetic dipole intensity ratios (./a) for the 
alternate ground states 4Azg or 4Ega. These ratios are 0 and 
2, respectively, so that this simple model suggests that the 
ground state is predominantly 4Ega in character and hence, 
from Table I, Ds is positive. 

Another feature which is apparent from the spectra in 
Figures 5-7 is that in the series K2CoF4, Rb2Mg(Co)F4, and 
Rb2CoF4 the Franck-Condon maxima of the u- and a- 
polarized spectra become increasingly separated, and at the 
same time there is a large increase of the u / r  intensity ratio 
in the low-energy tail of the band (see Table IX of ref 19 for 
D4h and D4h' selection rules). Since the orbital character of 
the 4Ega ground state is essentially unaffected through this 
series, the observations can only be understood if there is an 
increasing tetragonal splitting of the 4Tzg state (increasing loll), 
coupled with an increasing 4Egb character of the lower energy 
component. It follows therefore that the 4B2g state lies above 
4Egb and hence Dt is positive and it increases in a corresponding 
way to the increase of Ds. 

These conclusions are based on a simple consideration of 
the magnetic dipole selection rules in the absence of spin-orbit 
coupling. It remains to show that a complete (spin-orbit) 
calculation of magnetic dipole intensities cfa, fc, and &) 
substantiates these conclusions. These were calculated using 

%QUARTET CHARACTER 
I I ,!IO <' 

10-25 
751100 

, -  
IO 20 30 40 

W A V E N U M B E R  (cm-'x IO3) 

Figure 2. Polarized absorption spectra of K,CoF, and the energy levels, calculated using the parameters Dq = 825,Ds = 195, D t  = 10, and r = 

-490 (all in cm-'). Electron repulsions: ' G  = 16,300, 4P = 13,150, , P =  18,950, ,H = 20,450, 'F = 33,200, 'D = 443750 123700 I (all in cm-I). 112,700 27,100 
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W 
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-1 a 

\ 
% QUARTET CHARACTER '\ 

I 

1 10-20 
75- 100 

I \  

WAVENUMBER (c rn~ ' x IO31  

Figure 4. Polarized absorption spectra of Rb,CoF, and the energy levels calculated using the parameters Dq = 745, Ds 
in cm-I), with the others given in Figure 2. 

335, and Dr = 30 (all 

the complete d7 configuration for the final set of parameters, 
arrived at below, for the three materials K2CoF4, Rb2CoF4, 
and RbzMg(Ce)F4. The results are given in Table IV along 
with the experimental values. It is clear that the experimental 
oscillator strengths and intensity ratios are dominated by the 
magnetic dipole contributions and the conclusions reached by 
the neglect of spin-orbit coupling are correct. 

Spin-Orbit Structure. The degenerate FS spin-orbit 
components in the cubic field are split in 8411' to give a total 
of six Kramers doublets for the 4T&(Oh) state. Three of these 

belong to I'G and three to P'7 o f  D4h'. Transitions from the 
I'6 ground state should appear in all polarizations for I'6 excited 
states and only in a and P polarizations for r7 excited states. 
These rules strictly apply only to RbzMg(Co)F4 because 
detailed analysis of the spectra of the pure materials requires 
consideration of the magnetic symmetry in the antiferro- 
magnetic phase and we prefer not to consider this complication 
at the present time. 

There are four sharp lines which occur at 4398 can-1 (a, a,  
n), 6481 cm-1 ((r, a, T ) ,  4746 cm-1 (a,  n), and 7027 cm-1 (a ,  
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T) in the spectrum of RbsMg(Co)F4. These are then assigned 
to r6, r6, r7, and F7, respectively. Attempts were then made 
to account for the positions of these lines using the tetragonal 
spin-orbit matrices. However, although the correct relative 

WAVENUMBER ~ ~ " x I o ' )  

8 + --..A__-__- 
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L-_ ~~ _. __ -~ . ---i 
1100 1200 1300 1400 

WAVELENGTH (nm) 

Figure 5 .  Polarized absorption spectra of K,CoF, in the 4T,g(Oh) 
region a t  30 K (a) and 6.5 K (u,  n). 

ordering of the states can be duplicated, it is impossible to fit 
their energy spacings with a single set of parameters. As it 
is known from the work of Sturge20 the 4T2g state of Co2f is 
subject to dynamic Jahn-Teller instability and it seems likely 
that a somewhat analogous situation applies in the present 
materials. A quantitative understanding will have to await 
the use of other techniques, such as MGD, not presently 
available to us. 

The polarization ratios of the zero phonon lines contain 
information about the orbital characters of the excited states 
associated with each line. We note from Figure 5-7 that the 
ratio u/7r of the lowest energy pair of lines increases sharply 
through the series K2CoF4, RbMg(Co)F4, and Rb2CoF4. Now 
the magnetic dipole polarization of the transition 4Ega - 4Egb 
is u so it follows that 4Egb lies below 4B2g, Dt is positive, and 
it increases in magnitude through the series, as concluded 
earlier. 

The 4Tig(4P) Region and Nearby Doublet States, It is 
apparent from Figures 2-4 that the separation between B- and 
7r-polarized components increases in the series K2CoF4, 
RbzMg(Co)F4, and RbzCoF4. We can account for this varying 
separation by using different values of the tetragonal parameter 
Ds, as shown in Figure 8. The value of Ds for each case is 
then fixed by the observed separation. 
On closer examination of the spectra in Figure 8 we note 

the ?r-polarized main band is made up of two components, 
whose relative intensities vary through the series K2CoP4, 
RbsMg(Co)F4, and Rb2CoF4. This intensity variation can 
be easily understood by consideration of the spin-orbit mupiing 
between the quartet state and the doublet states which arise 
from the 2G term. Examination of the calculated wave 
functions shows that the quartet-doublet character of the states 
in this spectral region is very sensitive to the value of the 
tetragonal field parameter Ds. The quartet character changes 

WAVENUMBER (cm-'x io3) 

8.0 7.5 7.0 6.5 
I 

L I I I I 1 
1200 I300 1400 1500 1600 

WAVELENGTH (nm) 
Figure 6.  Polarized absorption spectra of Rb,Mg(Co)F, in the ,T2$(Oh) region at 10 K. The CY spectrum is the same as n. 
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Table IV. Theoretical Magnetic Dipole Oscillator S trengtlas" of 
the Transitions to 4B,g and 

K,CoF, 2.5 1.6 1.60 4.6 2.2 2.1 

Rb ,CoF, 2.4 1.4 1.76 5.0 2.4 2.0 

a fu and f, in units of IO-'. Calculated using the values oC the 
parameters given in Table V. The refbct iw index was taken to be 
unity. 

Table V. Crystal Field Parameters for Tetragonal Ccbalt Fluorides 

Rb,Mg(Co)F, 2 4  1.5 1.62 - 2  

Dq, em-' Ds, cni" Dt, cm-' K =D.dDt 
K,CoF, 825* 15 194 * 10 l o t  5 12-41 
Xb,Mg(Co)F, 780 2 10 230 f 10 20 i 5 9-16 
Rb ,CoF, 745 * 15 335 2 2 0  30i 5 9-14 

W A V E h d W B E R  (cm xlO', 
8 0  7 5  70 6 5  

4 

v1 t 
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-\;.-- 
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1200 I300 I400 1300 

bVAV E L E N GT H I n rn ) 

Figure 7. Polarized absorption spectra of Rb,CoF in the 'TZg(Oh) 
region at 6 K (a) and 10 M (u, n). 

in the same way as is experimentally observed and this is shown 
in Figures 2-4 by the vertical lines at the top of each diagram. 
The positions of the lines give the calculated energies, and the 
lengths of the lines indicate the approximate amount of quartet 
character. The crystal field parameters which were used for 
these calculations are collected in Table 'V. 

The tetragonal components of the 2P term occur on the 
high-energy side of the spin-allowed band, in the region near 
21,000 cm-1. This relatively narrow absorption band carries 
between 2 and 5% of the intensity of  the spin-allowed band 
to be compared with a calculated quartet contamination of 
7-8% by spin-orbit coupling. It is clear that the intensity of 
this spin-forbidden band comes from spin-orbit coupling 
between the doublet and quartet states. The intensity analysis 
can be taken a step further by examining the polarization sf 
the bands. The highest energy component is 2P(I'6) and an 
examination of its wave function shows that the majority of 
the quartet contaminations come from the u-polarized quartet 
states at 20,153 cm-1 (70% %/2) and 19,776 cm-I (67% 4P3/2) 
rather than the .Ir-polarized state at 18,763 cm-1 (18% W p ,  
6% 4P3/2, 70% 4P5p). We expect that the absorption intensity 

associated with this $tale will he strongly u p o l m i d ,  in 
agreememi with the marked LT polarization of the high-energy 
side of the band (see Figurcs 2-4, 8)  Ry a similar analysis 
the transition to 2P(r7>, which Iics iowesr, should be T po- 
larized, in agreement with experiment. The Intermediate 
2P(k6$ component should occur in both o and ii polariiatioa, 
again in agreement with experirnerik 

Wb2CoF4. From an analysis of their absorption spectra it has 
been possible 10 obtain reasonable precise valucs for the 
parameters Dq, D.Y? and Dt* The signs of D g  a d  Dt have bem 
deterrnrined from the spectral infoimaiion aioire and, to our 
knowledge, this IS the firqt time titat a spectral assignnient of 
any tetragonal 36 complex has beel; made in which 3s- 
sumptions of sign havc not beer) made 

The next step is lo see whetha- the quantities in B'able V 
are physically reasonable. The absolute magnitudes of  Dq 
cluster around eke value of 775 t 15 6;m ' oLta:nd tor KChF3, 
indicating that the environment of the cobalt ion in all of these 
materials is similar, as expected. "P'bci~ relative magnitudes 
are also in the cxpected inverse or&[ of the respcetive lattice 
parameters, where known. Thus, K2d 'oFo has smaller lattice 
parameters4 and therefore a lcltger Dq t h ~ n  Rb2CoF4 and 11 
is reasonable to expect that Rh2MgF4 has a ma1lr.r kunt cell 
(larger Dq)  than Rb2CoF4, just as KzMgFii ha9 a smaller unit 
cell than M2CoF4.13 

From the definition of Dq :- 1/6Z,"e;54 it foI4ows that 
DqzjDqxy = (x/z)'  end if we thcw dehine x j z  -< I 'I- 3 we can 
W T l k  

Dt := 4/7h3qx,(l - (x/?)~] % -'/7DqX,,(Sk3) 

Crystal Field ~~~~~~~~~~ for K2CfBF4, ~~2~~~~~~~ Fr, and 

From the vaiues of J3r in Table %I wc calculate rhai (a? 
surning Dqx4 = 800 cm-1 in each case) ~7 -r -0.0044, -0.8084, 
and -0.0126 for K2CoF4, Rb2Mg(Go)P4, and Rb2CoF4, re- 
spectively. This crystal field analysis then lead\ us to the 
conclusion that there is a tctragonal elongation oi thc ocla- 
hedron in each case ranging from about 0 ~ 5 %  ~ Q T  K2CoF4 to 
just over I% for Rb2CoF4 The magnitudes of fbese prcclicted 
distortions are very simlar to the hiown distortions mentioned 
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We are unable to define the sign of Ds from the experimental 
data, so we assume that it has the same sign as Dt. The sign 
of Dt indicates that the tetragonal distortion is a cornpression 
of the octahedron and this conclusion is entirely consistent with 
the crystal structure of K2MgF4. 
Concluding Remarks 

From the point of view of crystal field theory the materials 
studied here most closely approach “ideal” systems. The D4h 
site symmetry is crystallographically exact and all six ligands 
are similar. It is therefore not too surprising that physically 
meaningful parameters have been derived from the spectral. 
data. The structure of K2MgF4 is known to have an axial 
compression of the fluoride octahedron and an analysis of the 
spectrum of Co2+ in this material shows that the CoF& 
octahedron has a similar distortion. We note also that a r m n t  
analysis21 of the spectrum of K2NiF4 shows that the NiF64-- 
octahedron has an axial compression, in agreement with the 
known crystal structure.14 We therefore have some degree 
of confidence in the conclusion reached from the analyses of’ 
the spectra of K2CoF4, RbzMg(Co)F4, and RbzCoF4; Le., they 
comprise a class of crystals along with K2MnF4, having the 
K2MF4 structure, with axially elongated fluoride octahedre. 

“Ideal” though the fluorides are, the assignment of numerical 
values to the crystal field parameters Dq, Ds, and Dt is not 
an entirely trivial matter and it requires the use of a great deal 
of spectral data relating to energies and polarization to reach 
an unambiguous conclusion. Our treatment differs from othur 
studies in the literature in that no assumptions whatever hem 
been made regarding the signs of either Ds or DE (relative LO 
Dq). It is usual, for instance, to relate immediately the sign 
of Dt to the sense of the distortion (Dubicki and Day,22 
PerumareddP), but in this work there was no possibility of 
making such an assumption. 
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Figure 9. Polarized absorption spectra of K,Mg(Co)F, a t  10 K for 
the 4T,g(4P) region at  10 K. 

above. The relative magnitude of the distortions in the two 
pure materials is supported by the magnetic measurements 
of Breed, et al.? which show that the susceptibility of RbzCoF4 
is much more anisotropic than that of K2CoF4. 

The large positive values of the ratio K differ from those 
predicted theoretically, but the difficulties encountered in 
proposing good radial wave functions can easily account for 
the difference. 

KzMg(Co)Fa The absorption spectrum, in the 4T~g(oh) 
region, is given in Figure 9 and it can be seen that the ani- 
sotropy of the absorption intensity is much less than in the 
spectra of the other tetragonal fluorides. The separation 
between the a- and 9-polarized band centers is only about 400 
cm-1 and we derive an estimate for lDsl of -60 cm-1. 

Unfortunately, the poor quality and small size of the crystals 
of K2Mg(Co)F4 (not grown by H. J. G.)  made measurements 
in the near-infrared region very difficult. However, although 
the overall broad band could not be measured accurately, we 
were able to measure the positions and polarizations of five 
zero phonon lines. They are at 6935 cm-1 (a >> a), 7010 cm-1 
(T), 7087 cm-1 (a > a), 7153 cm-1 (a > T), and 7220 cm-1 
(a). 

The polarizations of the two lowest energy lines are highly 
significant and they are in marked contrast to the polarizations 
of the analogous lines in the spectra of the other materials. 
They suggest that DE is negative and therefore of opposite sign 
to the other cases. We then carried out calculations of the 
magnetic dipole intensities with the following values of the 
crystal field parameters: Dq = 800 cm-1, Ds = f 6 0  cm-1, Dt 
= A10 cm-1. The polarization ratio of the lowest (r6) 
spin-orbit component is not very sensitive to the sign of Ds 
but it is very sensitive to the sign of Dt. For Ds = 60 cm-1 
and Dt = 10 cm-1 a/n = 3.8, while for Ds = -60 cm-1 and 
Dt = -10 cm-1 a/a = 6. The predicted order of spin-orbit 
states for the latter set of parameters is r6, r7, r6, I’6, I’7, r7, 
but the last r7 state carries a vanishing magnetic dipole in- 
tensity. The observed polarizations are consistent with the 
theoretical order of energy levels, but the energy spacings are 
not in agreement and we conclude that the latter are probably 
complicated by the dynamic Jahn-Teller effect. 


