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The effect of La®**, Ce*', Pr®’, sSm®’, Eu*’, Gd**, Tb*’, Dy**, Ho*', Er®, Tm*, Yb*', and Lu®" impurities on
the Nd** optical centers in fluorite crystals is investigated. The mechanism of the impurity effect and
the structure of the optical centers of the investigated crystals are discussed.

AS has been previously shown, rare-earth TR*" ions
are distributed in fluorite crystals (CaF,) over several
types of centers of different structure.»? Each type of
center has its own set of energy levels, and correspond-
ingly its characteristic absorption and luminescence
spectrum.

Energy level schemes of three types of Nd** centers
in CaF, provisionally denoted by L, M, and N, have
been cited in'¥, A comparison with EPR data made it
possible to associate the L centers with those of tetra-
gonal symmetry, and the N and M centers with two cen-
ters of orthorhombic symmetry.

In™ it was shown that the relative concentrations of
the different types of centers depend on the general con-
centration of the TR*" impurity and on the equilibrium
temperature. In addition, the effect of an admixture of
extraneous trivalent ions on the relative concentrations
of certain TR*' centers was noted. This effect was in-
vestigated experlmentally in CaF,—Nd**® and
CaF,—Er®'l® crystals into which yttrium fluoride, YFs,
was introduced as the ‘‘extraneous’’ impurity.

It turned out that in the presence of the YF; impurity
the intensities of the absorption lines of the L, M, and
N spectra in CaF.—-Nd®* crystals are redistributed, and
systems of new lines appear in the spectra. In the spec-
tra of CaF,—Er’*—Y®" crystals, unlike those of
CaF,—Nd*, there occurs only a redistribution of inten-
sities of the lines present in the spectra of CaF,—Er**
crystals.

The authors of® assume that Y* * replaces the TR*
in complex centers. The symmetry of the centers re-
mains the same, but the energy levels of the TR**
change. Thus, for example, the energy levels of Nd*" in
in centers of Nd—Y composition differ from the corre-
sponding Nd®*" levels in Nd—Nd centers; this leads to
the appearance of systems of new lines. The absence of
new lines in the absorption spectra of Er®*in
CaF.~Er*—Y®' crystals apparently indicates that the
energy levels of Er®* in complex Er—Y centers are
close to those in Er—Er centers.

In this work we investigate the rules governing the
effect of the TR*" on the equilibrium of centers and the
optical spectra of Nd** in fluorite crystals.

THE INVESTIGATED CRYSTALS

CaF,—Nd* crystals with an admixture of other TR*"
were grown 1n a fluorinating atmosphere by a method
presented in'. In all cases the concentration of NdFs
amounted to 0.1 wt. % and that of TRF3—0.05 wt. %

CaF,—NdF;3' 0.1 wt. % crystals served as a standard.
All the crystals were synthesized under strictly the
same conditions.

ABSORPTION SPECTRA

The absorption spectra of the crystals were recorded
at 77°K on a DFS-12 spectrometer and a PGS-2 spectro-
graph, and at 4.2°K on a PGS-2 spectrograph. Our main
attention was given to the investigation of changes in the
Stark structure of the group corresponding to the Ig/z
— *F;/, transition (A =~ 8600 A) whlch had prev1ously
been studied in detail in CaF,—Nd** crysta.ls

Absorption spectra were also obtained for the groups
of lines corresponding to the tran51t10ns To/2 ozPl/z
(x ~ 4300 A), and ‘Iok — *Fs/z, 2Ho/z (A ~ 8000 A).

Figure 1 shows the absorption of Nd** at 77°K corre-
sponding to the *Iy» — *Fs/2 transition in the presence
of TR* impurities, the spectra being arranged in order
of increasing atomic number of TR*".

It is seen that the TR® impurities lead to the appear-
ance in the absorption of Nd** of lines located in a regu-
lar manner relative to the lines of the M and N centers.
A redistribution of the intensities of the lines present in
the CaF.—Nd>* spectra occurs in the case of

FIG. 1. Absorption spectra of CaF,—Nd>*~TR?" crystals at 77°K
(%15, = *F, , transition).
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CaF,—~Nd*'— Pr3+ Starting with Gd** there appear in the
absorption of Nd** new lines at 8641 and 8658 A whose
position does not change on going over to Tb*’, Dy*’,
Ho®', Er*", Tm®", Yb*", and Lu®*; their intensity in-
creases from Gd** to Lu®".

On going over to spectra obtained at 4.2°K the des-
cribed picture is even more pronounced.

The effect of y irradiation on the spectra of some
TR*' in CaF; has been communicated previously. ® The
effect of TR** impurities on the Nd — Nd** transition
in y irradiation is known from!®. In this work along
with investigations of the Can—Nd3+ TR?* crystals,
these crystals were also investigated after y irradiation.

The absorption spectra of y-irradiated CaF,—Nd*'—
TR crystals (Fig. 2) constitute a superposition of
CaF,—-Nd**—TR®" spectra and the spectra of y-irradiated
CaF,—Nd* crystals. In y irradiation the effect of the
second impurity on the Nd** spectra is only manifested
in the intensity of certain lines. The spectra of y-ir-
radiated CaF,—Nd** crystals are interesting because in
these spectra there appear lines which coincide in their
position and structure with lines in the absorption spec-
tra of unirradiated CaF,—Nd**—(Gd*" ... Lu®") crystals.
In the *lgn — *Fa/a group such lines are those occurring
at 8641 and 8658 A.

DISCUSSION OF THE RESULTS

Having considered the experimental data, we have
reached the conclusion that in CaFz~Nd*—TR®" crystals
the Nd** ions are replaced by other TR*' ions in the M
and N centers. We shall denote centers which contain
both Nd** and TR* by M’ and N’ respectively. Clearly,
the magnitude of the splitting between the Nd** levels in
M and M’ and N and N’ centers depends on the similar-
ity of the properties of the corresponding TR*" ion and
those of Nd**. Figure 3 shows the dependence of the

4,rel units

FIG. 3. Dependence of the magnitude of the splitting of the M and
M' lines (Ay = 8605 A) on the reciprocal of the ionic radius of TR3*.

—TR® CRYSTALS (TYPE 1) 319

FIG. 2. Absorption spectra at 4.2°K (*1,,, = *F;,, transition)
of CaF,—Nd3**-TR3* crystals (a, e) and of v irradiated

' CaF,—Nd3**-TR3* lerystals (b, ¢, and d).

magnitude of the splitting between the Nd** levels in M
and M’ centers on the reciprocal of the ionic radius of
the second impurity (the ionic radii follow the data of
Zachariasen). It is clearly seen that the magnitude of
the splitting increases linearly with increasing differ-
ence between the ionic radii. However, this dependence
is destroyed on going over to Tm**, Yb®', and Lu®" ions.
It follows that it is impossible to reduce the dependence
of the splitting to a sole dependence on the principal
properties of the ion—its charge and radius.

As is seen from Fig. 1, the lines of the M and N cen-
ters split in the presence of extraneous TR*" jons into
two (or more) components, a fact which confirms the
previously proposed model for the M and N centers as
consisting of more than one Nd ion.

It has been established in!™ that the 8641 and 8658 A
lines belong to the same optical Y, center. It has also
been shown ' that these centers must be referred to
centers with a simpler structure than that of the M and
N centers. The unaltered position of these lines on
going from one TR* impurity to another indicates that
they do not depend on the specific nature on the second
impurity ion. Hence we concluded that the intensity of
the lines of the Y' centers can serve as a measure of
their concentration.

It follows from the results which we have obtained
that not all TR®" ions form with Nd** Y,-type centers
to an equal extent. Thus the ions La*’, Ce**, Pr*’, sm*’,
and Eu®’ do not form such centers, while the probability
of formation of Y, centers by the remaining ions in-
creases with decreasing ionic radius of the second im-
purity. We relate the formation of Y, centers with the
localization of TR® ions possessing excess positive
charge near the simpler Nd*' centers (in the second or
third coordination sphere).

In yiew of the fact that the same lines (at 8441 and
8658 A) appear in CaF»,—Nd** crystals after y irradia-
tion, we have assumed that in this case Y, centers are
produced as a result of the localization of a hole near a
simple Nd** center.

It thus turns out that the appearance of excess posi-
tive charge in the second or third coordination sphere
leads only to a change in the symmetry of the crystal
field which is independent of the chemical nature of the
charge carrier.



320 Yu. K. VORON’KO, R. G. MIKAELYAN and V. V. OSIKO

The authors express their gratitude to N. E. Kask and

L. S. Kornienko for a useful discussion of the results of
the work, V. B. Aleksandrov for assistance in carrying
out the experiment, and S. A. Lavrukhin for participa-
tion in growing the crystals.

M. J. Weber and R. W. Bierig, Phys. Rev. 134,
A1492 (1964).

V. V. Osiko, In: Rost kirstallov (Growth of Crys-
tals), v. 5, p. 303, AN SSSR, 1965.

*Yu. K. Voron’ko, A. A. Kaminskii, and V. V. Osiko,
Zh. Eksp. Teor. Fiz. 49, 420 (1965) [Sov. Phys.-JETP
22, 295 (1966) ).

*V. V. Osiko, Fiz. Tverd. Tela 7, 1289 (1965) [Sov.
Phys.-Solid State 7, 1043 (1965)].

*Kh. S. Bagdasarov, Yu, K. Voron’ko, A. A. Kamin-
ski, L. V. Krotova, and V. V. Osiko, Phys. Status Solidi
12, 905 (1965).

®Yu. K. Voron’ko, A. A. Kaminskil, and V. V. Osiko,
Zh. Eksp. Teor. Fiz. 50, 15 (1966) [Sov. Phys.-JETP
23, 10 (1966)].

"Yu. K. Voron’ko, V. V. Osiko, V. T. Udovenchik,
and M. M. Fursikov, Fiz. Tverd. Tela 7, 267 (1965)
[Sov. Phys.-Solid State 7, 204 (1965)].

8Yu. K. Voron’ko, A. A. Kaminskil, and V. V. Osiko,
ZhETF Pis. Red. 2, 433 (1965) [JETP Lett. 2, 269
(1965)].

°V. A. Arkhangel’skaya and P. P. Feofilov, Optika i
spektroskopiya 20, 169 (1966).

Yu. K. Voron’ko and R. G. Mikaelyan, Izv. AN SSSR,
Neorganicheskie materialy (Inorganic Materials),

(in press).

Translated by Z. Barnea
53



