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The angular variation of the gyromagnetic factor of the r 7  level o f Dy3+ in 
CaF2  has been measured at 35 GHz. The data have been fitted with a spin 
Hamiltonian which includes linear and cubic terms in the magnetic field. 
This gives an estimated valué o f A =  9.5 ± 0.4 cm_l for the energy splitting 
between the ground P 8  quartet and the next f 7  excited doublet.

1. INTRODUCTION

WHEN ions of Dy3+ are diluted in a crystalline 
environment of cubic symmetry, the ground 6Hlsn  
state of the free ion is split in to three r 8  quartets and 
two doublets of r 7  and T6  symmetry. Bierig and 
Weber found the ground state to be a T8  quartet for 
Dy3+ in C aF j . 1  Using the ̂ -valúes of the resonance 
lines within the T 8  levels they have estimated x  =  0 . 6  

(x being the ratio between the fourth and sixth order 
terms o f the crystal field Hamiltonian). According to 
Lea, Leask and Wolf2  (LLW), a quartet Tg and the 
doublet T 7  are the ground and first excited states 
respectively.

Several papers (see Table 2 for references) indícate 
tliat for this system, the energy gap between these 
two levels is of only a few cm " 1 and they are both 
split in the presence of a magnetic field. At the same 
time, some mixing between tliem is also induced by 
llie Zeeman interaction, the largest effects being ob- 
lained for large magnetic field. Due to the anisotropic 
nature o f the Zeeman splitting of the r 8  level, its 
adinixing with the doublet r 7  will produce a small 
angular variation in the position of the EPR line for 
lilis state . 3

* Under the tenure of a Scholarship from Comisión 
Nacional de Energía Atómica.

The angular dependence of the EPR field can be 
expressed in terms of linear combinations of spherical 
harmonics transforming like the T, irreducible repre- 
sentation of the Oh symmetry group. Retaining terins 
up to 4th order we get:

=  A w

/15

+  3 +  5 sen40 eos 40).

In the (001) plañe this expression reduces to:

x [ 1 — 5 sen2  0 +  ^  sen4  0] [l(b)]

where 0 is the angle between the direction of the mag­
netic field and the 1 0 0 1 1 crystal axis.

The spin Hamiltonian for a P 7  doublet ( 5  =  1/2) 
in cubic symmetry, can be writtcn as : 4

M =  g(3S-H+ A p 3 [SXH ¡  +  S yH? +  S2H /

- \ \ H \ 2S ‘Fí ] + t í ^ U l f S - Í I  ( 2 )
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wncre we have retained up to cubic terms in the mag- 
nc l ic fields.

Transforming this Hamiltonian to a system where 
tiic z axis is parallel to  the magnetic field and taking 
iii diagonal part we can evalúate the constants of 
equation (1) in terms of the spin Hamiltonian param- 
eiers:

* - hm - - íh-a
and

gfiHo + PH % B = hv
with

H" o  — uV47T

2. EXPERIMENTAL RESULTS

Measurements of the angular variation of the 
resonante field for the ^ 7  doublet were performed at 
4.2 K. using a conventional EPR spectrometer operating 
at 2-Band 6  =  35.181 GHz).

The experimental results are plotted in Fig. 1 and 
from a mínimum square fitting procedure of the data 
witli equation [ l(b)] we obtain:

H 0 =  (3372 ± 2 ) G

K  =  9.8 ± 0.4 G

ur equivalently

g + B p H 20 = 7.45'±0.01

A = - 2 .1 8  ± 0.08 cm2.

3. THE r 8- r 7 ENERGY GAP
c.

From the energy shift of the r 7  due to the mixing 
wiih the ground r 8, as obtained by third order pertur- 
liation theory in the Zeeman interaction, we get:

A = + (9 l2 )g X M l2/A )2(M22- ( H 3 ) M 33)

B = ~ te j(M l2lA)2(M22 +3AÍ33 + lOAÍn)

g  =  2gjM n

where g j = 4/3 is the Landé factor for the State
and M u  , M 22, and M 33 are given by

u lx = <r,a"i/,ir7o"> aí33 = <r8xiy2ir8\> 

m 22 = < r8K |/ , i r 8K> 1 m 12 =  < r7a"iyz i r 8»').

From the wave functions of LLW for x  =  0.6 the 
valúes o íM n ,M 22 andAf3 3  can be calculated. These 
quantities can also be identified (provided they have 
been obtained from low field experiments) with the 
experimental parameters: £p7 , P and Q defined by 
Ayant et al. , 6  the relation being

M u  =  gv7l2gj M 22 -- P M 33 =  Q.

Both calculated and experimental valúes for these 
quantities are tabulated for comparison in Table 1.
From these relations and the experimental g, P, and 
Q, we get:

A  =  ( - 5 1 .3 +  1.0XMn /A ) 2  cm2  (3)
and

B = (— 17.1 ± 0.1)(AÍ1 2 /A ) 2  cm2. (4)

M n  was then calculated exactly from LLW’s wave 
functions. To this valué we assigned an aibitrary dis­
persión margin of 2  per cent, similar to that found for 
M u ,M 22 andA/3 3 , as shown in Table 1. From 
equation (3) and the valué o í A  obtained in our ex- 
periment we get:

A =  £ ( r 7 ) - £ - ( r 8) =  (9.5 + 0.4) cm ' 1 

for the energy splitting A.

Using this valué of A we estímate the field depen- 
dent isotropic contributions to theg  factor as:

B fH *  | 0 _band =  -0 .0 1 8  + 0 . 0 0 2

and
B /W x -b a n d  =  - 0 . 0 0 1  

for 35 and 9 GHz, respectively.

The difference between our valúen =  (7.45 ± 0.01) 
for Q-band, and that of 7.47 ± 0.03 given by Low 7  

for X-band, is consistent with these estiniations.

4. CONCLUD1NG REMARKS

The £’( r 7) — £’( r g) splitting has also been 
determined from other experiments and the valúes 
provided by these methods are given in Table 2. A 
large discrepancy between our result and that of Low 
can be observed. In order to examine this discrepancy 
we have recalculated this splitting by direct diagonai- 
ization of the P 7—Pg Zeeman matrix using the ex­
perimental data of Low , 8  obtaining A = 9.2 cm - 1  

instead of the 7.3 cm - 1  valué quoted in that paper. 
Presumably this difference is due to the neglect of



Tahle 1. Energy splitting A  = E(r7) — E(Pa)
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Method Experimental valué 
(cm -1)

Reference

i.ik íiiity  of 
1 l’R line- 8.5 ± 1.0 1

1 íif li field EPR 7.3 ± 0.2 8

Huorescence 8 9
i'-lactor aniso- 
uopy 9.5 ± 0.4 This paper

i hcimolumin- 
Oí^ciice 8.3 ± 1.0 1 0

•Cooi] 0 1  j  gnj
Table 2. Results fo r  the matrix elementa 

as used in this paper

Matrix
clcment

Theor. valué 
x  = + 0.600 Exp. valué Ref.

M n 2.833 2.80 ± 0 . 0 1 7
2.82 + 0 . 0 2 1

M ,, 5.029 5.14 ± 0 . 1 0 8

5.25 ±0.30 1

m 33 0.960 0.986 ± 0.02 1

Al 12 1.965 - -

FlG. 1. Angular variation of the £>-band EPR line of 
the f 7  level for Dy3+ in CaF2. Units in Gauss.

the Zeeman mixing of the r 7 - r 8  levels in their calcu- 
lations since the valué A =  7.3 cm _ 1  is consistent with 
this assumption. As a final remark we should mention 
that by complete diagonalization of the crystal field 
and Zeeman interaction within J  -  15/2 for H  =
3400 G, we were able to observe that the presence of 
the remaining T8  and T6  states affect our results in 
only 1 - 2  per cent which justil'ies the neglect o f these 
levels in our third order perturbations calculations.
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