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ABSTRACT

Linearly polarized absorption spectra and magnetic circular dichroism (MCD) spectra of ErFez(BOs3), single
crystal were measured in the range of 9000-23000 cm ~! at 90 K. The absorption spectra of f-f transitions were
decomposed into the Lorentz shape components and intensities of the components were found. MCD spectra
permitted us to measure the Zeeman splitting of some transitions and so to determine changes of the Landé factor
along the Cj axis of the crystal during these transitions. Optical and magneto-optical properties of f-f transitions
in the ErFe;3(B0O3), crystal were compared with those in the ErAl;(BO3),4 crystal. Substantial difference of the
properties connected with the difference of the Er®* ions local symmetry in two crystals was revealed. Large
splitting of one of the f-f transitions without magnetic field, which is not possible for the Kramers doublets, was
observed. It was explained by appearance of two absorbing centers due to the local decrease of symmetry in the

excited state. Appreciable difference of the local vibrations energy in some excited states was revealed.

1. Introduction

In the high temperature phase ferroborates of the RFe3(BO3), type
(R-rare earth (RE) metal) have huntite-like structure with the trigonal
space group R32 (D7). The Er®™ ion is a popular active ion used in solid
state lasers. For example, laser generation was obtained in the
YAI3(BOs), crystal with Er®™" ions as admixture [1-3]. The huntite-like
structure has no center of inversion. Therefore, crystals of this type can
be used as nonlinear active media as well [4,5]. ErFe3(BO3),4 crystal, the
same as a number of other ferroborates, undergoes the structural phase
transition to the lower space symmetry P3,21 (D;) with the tempera-
ture decrease. After this transition, the local symmetry of the RE ion
decreases from D3 to C, one. Deviation of the ErFe3(BO3)4 space sym-
metry from the R32 one was so small that it was not identified by the X-
ray diffraction measurements [6]. From the heat capacity measure-
ments it was found out, that the first order structural phase transition to
lower symmetry occurs in the ErFe3(BO3)4 at 433-439 K [7]. Magnetic
properties of the crystal are highly anisotropic [8,9], and temperature
dependence of its paramagnetic magnetization deviates from the Curie-
Weiss law.

A number of ferroborates of the RFe3(BO3),4 type reveal multiferroic
properties [10], that is, they have magnetic and electric polarizations
simultaneously. However, the ErFe;(BOs); crystal has very small

* Corresponding author.
E-mail address: malakha@iph.krasn.ru (A.V. Malakhovskii).

https://doi.org/10.1016/j.jmmm.2018.06.057
Received 23 April 2018; Received in revised form 15 June 2018; Accepted 19 June 2018
Available online 20 June 2018

0304-8853/ © 2018 Elsevier B.V. All rights reserved.

electric polarization in magnetically ordered state [10] in contrast to
the ErAl;(BOs3), crystal, which reveals rather large electric polarization
in magnetic field [11]. Below 30-40K all RE ferroborates are magne-
tically ordered. In particular, the ErFe;(BO3)4 crystal becomes easy
plane antiferromagnetic at Ty = 38K [8,9,12].

Magnetic circular dichroism (MCD) of f-f transitions in solids is
widely studied. We will mention only works devoted to the Er®™ ion.
For example, the MCD was studied in the erbium containing glasses
[13-16] and in the crystals [17,18]. The MCD can help to find the
Zeeman splitting, when it is not resolved in the spectrum directly [19].
Additionally, the MCD can help to identify electronic states. The
paramagnetic MCD of the parity forbidden f-f transitions gives also
information about the nature of the f-f transitions allowance [19].
Temperature dependences of the integral paramagnetic magneto-op-
tical activity (MOA) of f-f absorption bands in the ErFe3(BOs3)4 and
ErAl;(BO3), single crystals were measured and analyzed in Ref. [7].

The f-f transitions are partially allowed due to deviation of the local
symmetry of a RE ion from the centrosymmetrical one. Therefore,
properties of the f-f transitions are very sensitive to small local distor-
tions. In the present work we studied spectra of absorption and MCD of
f~f transitions in the ErFe;(BO3), crystal and compared them with the
corresponding spectra in the ErAl;(BOs)4 crystal, which has the same
structure, but higher local symmetry of the Er** ions. Indeed, we
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revealed substantial differences both in the absorption and MCD spectra
of the discussed crystals.

2. Experimental details

ErFe;(BO3), single crystals were grown from the melt solution as
described in Ref. [9]. As grown-up crystals had the size of
5 x 5 x 7mm°. As mentioned above, the ErFe;(BOs)4 crystal belongs
to the trigonal symmetry. The lattice constants of the ErFe3(BO3), are
[6]: a = 9.566(4) Z\, ¢ =7.591(3) A. The unit cell contains three for-
mula units. At the temperature of the measurements (90 K) the crystal
has P3,21 (D4) space symmetry. All Er®* ions are in positions of only
one type. They are located in the center of trigonal prisms with the C,
symmetry composed of six oxygen ions. The FeOg octahedrons form
three mutually independent helicoidal chains, which run parallel to the
C5 axis.

As mentioned above, the Er®* ions are located in the C, positions,
however, the crystal as a whole remains the trigonal one.
Correspondingly, absorption spectra were obtained for three polariza-
tions: when the light propagated normally to the C;3 axis of the crystal
1) for the light electric vector f) parallel (st polarization) and 2) per-
pendicular (o polarization) to the Cs3 axis and 3) for the light propa-
gating along the C; axis (a polarization). Optical slit width (spectral
resolution) was 0.2 nm in the region of 300-600 nm and 0.4 nm in the
region of 600-1100 nm.

The MCD spectra were recorded with the light propagated along the
trigonal axis of the crystal in the magnetic field of 5kOe also directed
along the Cs3 axis. The circular dichroism was measured by the di-
chroism spectrometer described in Ref. [20] and based on modulation
of the light wave polarization with the piezoelectric modulator. The
MCD was obtained as a half difference of the circular dichroisms at
opposite magnetic fields. Thus, the natural circular dichroism was ex-
cluded. The sensitivity in measuring of the circular dichroism was
10~ %, and the spectral resolution was the same as that at the absorption
spectra measuring. The sample was put in a nitrogen gas flow cryostat.
Accuracy of the temperature measuring was ~1K. Thickness of the
ErFe;(BO3), samples was ~ 0.2 mm.

3. Results and discussion

Linearly polarized absorption and MCD spectra of the ErFe;(BO3),
were measured at T = 90K for f-f absorption bands: *I;5,, — *I11 2 (A
band), 4[9/2 (B band), 4F9/2 (D band), 483/2 (E band), 2H11/2 (F bal'ld)
and *F, 2 (G band), (see Figs. 1-7). Identification of f-f absorption bands
was made according to Kaminskii [21]. Within the limits of the ex-
perimental error the absorption spectra of the crystal in the o and a
polarizations coincide, that testifies to the electric dipole character of
the transitions. Absorption spectrum of the ErFe;(BO3), crystal (Fig. 1)
consists of narrow bands corresponding to f-f transitions in Er®* ions
and of wide bands corresponding to d-d transitions in Fe** ions (°A; —
*T, and ®A; — *T, transitions in the cubic crystal field notation). At
E ~ 22900 cm ™! a comparatively strong d-d transition °A; — *A,*E
[22] observes. At E ~ 25000 cm ~ ! the strong absorption caused by the
interatomic Fe-Fe (Mott-Hubbard) transitions begins. These transitions
overlap the f-f transitions. The d-d absorption bands were approximated
by the Gauss functions and subtracted from the total spectra. Thus, the
f-f absorption spectra were obtained. MCD of the d-d transitions ap-
peared to be too small to be observed (Fig. 1). The f-f absorption spectra
of the ErFe;(BO3)4 and also measured earlier absorption spectra of the
ErAl3(BO3)4 [23] were decomposed on components of the Lorentz
shape and their intensities were determined (see Table 1).

In ErAl3(BO3), all transitions, both from the lowest level and from
the upper levels of the ground multiplet, were identified basing on their
polarizations and the selection rules presented in Table 2 for the D3
local symmetry [23]. In the Cs local symmetry of the Er’* ion in
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ErFe3(BO3), there is only one irreducible representation, E; /5, for states
with the half-integer moments, and consequently all transitions can
have all polarizations. Therefore, identifying transitions in ErFe3(BO3),,
we based on the comparison of the ErFe3(BO3)4 absorption spectra with
those of ErAl3(BO3), [23]. The results are shown in Figs. 2-7 and
Table 1. The capital letters indicate transitions from the ground state
and the lower case characters indicate transitions from the upper states
of the ground multiplet or vibronic transitions. The total splitting of the
excited multiplets in the crystal field, found from the absorption spectra
(Figs. 2-7), are shown in Table 3. The splitting of some excited states
are appreciably different in ErFe3(BO3)4 and in ErAl3(BO3),. This means
that the crystal field is different not only in these crystals, but also in
different electron states of the same crystal.

Transitions from the upper components of the ground multiplet
permitted us to find position of these components (Table 1). They are
close to those presented in Ref. [24]. It is necessary to emphasize that
positions of the ground multiplet sublevels (Table 1) obtained from
different transitions are appreciably different. Dispersions of these va-
lues are shown in Table 1 in brackets. From this fact, we can conclude
that the electron transition have an influence on the local properties of
the crystal not only in the excited state but also in the initial one. Ac-
cording to the perturbation theory, electron transitions occur as a result
of mixing of initial and final states by the time-dependent perturbation
caused by an electromagnetic wave. Therefore, during the electron
transition, the initial state of the ion and its interaction with the en-
vironment also changes and can have an influence on the energy of the
state. Manifestations of this phenomenon were earlier revealed also in
Refs. [19,25].

If a single absorption line is split on two components in magnetic
field directed along the light propagation, then MCD can be written in
the form:

Ak = kpy @ (w, wo + Awg)—Kp—p(w, wg—Awg) 0

Here k. and k,,— are amplitudes of (+) and (—) circularly po-
larized absorption lines; ¢ are form functions of (+) and (—) polarized
lines. If the Zeeman splitting Aw, is much less than the line width, then:

2

Here k,, = kpp+ + k- is the amplitude of the line not split by the
magnetic field and ¢ = (k,;+—ky—)/ky. The first term in (2) is the
paramagnetic MCD and the second one is the diamagnetic MCD. The
Zeeman splitting Awy is the measure of the diamagnetic MCD. The fine
structure of the MCD spectra (Figs. 1-7) is due to the diamagnetic ef-
fect, but integral of the MCD spectrum over multiplet gives the integral
paramagnetic MCD of the multiplet (the integral of the diamagnetic
part is evidently zero). Temperature dependences of the integral para-
magnetic MCD in ErFe3(BO3), were studied in Ref. [7].

For the MCD written in the form (1), it is easy to show [19] that the
diamagnetic effect Awg is negative if signs of 0k/dw and Ak (w) coincide,
and vise versa. However, it is more convenient to find signs of Awg
comparing absorption (k) and 0Ak/dw spectra. Signs of extremums of
the latter function at positions of absorption lines give signs of the
diamagnetic effect [19]. Thus, we found signs of the diamagnetic effects
of the f-f transitions from the experimental MCD spectra (Figs. 2-7,
Table 1). If absorption and MCD spectra of a transition are spectrally
good resolved, it is possible to find the value of the Zeeman splitting
Aw,, using the absorption and MCD spectra. For the absorption line of
the Lorentz shape (as in our case) it is [19]:

Ak = kycp(w, wy) + kpAwydp (w, wy)/dwy

Awy = 2Akd"’
k

lew—awol 3)

Here Akg, and w,, are the value and position of extremums of the
diamagnetic MCD of the line, respectively, and k,, is amplitude of the a-
absorption of the line. The splitting of the Kramers doublets in magnetic
field H directed along the Cj3 axis of a crystal is given in the form:
AE = ugzg-H, where g is the effective Landé factor in the Cs-direction.

m
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Fig. 1. a-polarized absorption spectra (k) and MCD spectra (Ak) of ErFe;(BO3)4 at 90 K.

Therefore, for the transitions between the Kramers doublets
2hAwy = ugHAg (@]

Here Agc is the difference of the effective Landé factors gc of states
taking part in the transition. These values were found for the good
resolved lines (see Table 1). Signs of Ag¢ correspond to signs of Awg. The
purely m-polarized lines have, evidently, no MCD.

In the axial crystals the electron states can be described in a first
approximation by IJ, +M;) wave functions of the free atom, where J and

Corresponding values of Agcy, were found in Ref. [23] (see Table 1) for
some transitions in ErAl3(BOs)4, for which values of Mj; could be
identified. This approximation cannot be strictly applied to the Er-
Fe3(BO3)4 crystal, since the local symmetry of the Er®* ion in this
crystal is C,. However, found values of Agcy can be used as some
guideline, since the ErFe3(BOs), crystal as a whole has trigonal sym-
metry. Just due to this circumstance it was possible to measure MCD.
All obtained characteristics of the transitions are presented in Table 1 in
detail. However, we shall pay attention on some features in all ab-
sorption bands.

M; are the total moment and its projection respectively. In this ap-
proximation it is possible to find the Landé factors of the Kramers
doublets along the C3 axis, gcy, theoretically. They are evidently equal
to: gy = 28M, where g is the Landé factor of the free atom.
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Fig. 2. Absorption (k), MCD (Ak) and derivative of the MCD (dAk/dE) spectra of s 2 —> I o transition (A band) at 90 K. Inset (1) shows absorption of ErAl3(BO3).
Inset (2) shows MCD spectrum of lines a5, Al and a7 in ErFe;(BO3), in the increased scale.
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Fig. 3. Absorption (k), MCD (Ak) and derivative of the MCD (dAk/dE) spectra of 4115/2 — 419/2 transition (B band) at 90 K.
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3.1. Transition *I;5,,— *I;1,» (A band) 3.2. Transition *I;5,, — *Io,» (B band)

Al and A2 lines, being o-polarized in ErAl;(BOs3),, appeared in B2 and B4 lines appeared in ErFe3(BOs3), in t-polarization, but their
ErFe3(BO3)4 in m-polarization, however intensity of the Al line in o- intensity in o-polarization substantially decreased (Fig. 3, Table 1).
polarization strongly decreased (Table 1). Strong in ErAl;(BO3), mt-po- Signs of Agc of transitions B2, B3 in ErFe3(BO3),4 are opposite to those in
larized line a7, identified as vibrational repetition of the transition from ErAl3(BO3)4, while in ErAl3(BO3), the experimental and theoretical
the Gr4 level, strongly decreased in ErFe3(BO3)4 but became o polar- values are close to each other (Table 1). Value of Agc of the b4 tran-

ized (Fig. 2, inset 1) and, correspondingly, the MCD appeared (Fig. 2, sition is close to the theoretical one for ErAl;(BO3)4 (Table 1).
inset 2, Table 1). Signs of the Agc of transitions A3 and a9 in Er-
Fe3(BO3), are opposite to those in ErAl3(BO3)4 (Table 1).
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Fig. 4. Absorption (k), MCD (Ak) and derivative of the MCD (dAk/dE) spectra of “Iis o —> “Fy ,» transition (D band) at 90 K. Inset shows comparison of ErAl;(BO3),4 and
ErFe;(BO3), m-polarized absorption spectra.
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Fig. 5. Absorption (k), MCD (Ak) and derivative of the MCD (dAk/dE) spectra of 4115/2 — 453/2 transition (E band) at 90 K.

3.3. Transition *I;5,, — *F5,5 (G band)
Transition G4 was very weak in ErAl3(BOs3)4 (Table 1). In Er-

Fe3(BOs3), it is not observed at all (Fig. 7). Transitions gl and g2 from
excited levels are also much weaker in ErFe3(BO3),4 (Table 1).

3.4. Transition 4115/2 — 453/2 (E band)

E2 and e2 lines appeared in st-polarization and e3 line appeared in
o-polarization in ErFe;(BO3), (Fig. 5, Table 1). Intensity of the vibronic

line e4, being the vibrational repetition of the E1 transition, strongly
increased in ErFe;(BO3), as compared with ErAl3(BOs), (Table 1). This
line gives energy 103 cm ™! of one of the local vibrations in the excited
E1 state. This value is close to 109 cm ™! found from the optical spectra
of ErAl3(BO3),4 [23], but rather far from that found in ErFe3(BOs),4 [26]
from the Raman scattering measurements: 181 and 84 cm ~'. The cause
of such discrepancy is that the Raman scattering studies collective vi-
brations (phonons) of the crystal in the ground electron state, while the
optical absorption measurements give local vibrations in the optically
excited states.
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Fig. 6. Absorption (k), MCD (Ak) and derivative of the MCD (dAk/dE) spectra of “Is 2 —> 2Hy, 2 transition (F band) at 90 K. Inset shows comparison of ErAl;(BO3),
and ErFe3(BO3)4 7t- and o-polarized absorption spectra in the region of f10 and f11 lines.
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Fig. 7. Absorption (k), MCD (Ak) and derivative of the MCD (dAk/dE) spectra of 4115/2 — 4F7/2 transition (G band) at 90 K.

A splitting of the E2 line in ErAl;(BO3), was very small (< 5 cm™Y)
and was found only in the natural circular dichroism spectrum [27]. In
ErFe;(BO3), this splitting is much larger (10 cm™ 1Y) and is seen directly
on the absorption and MCD spectra (Fig. 5). The splitting of the Kramers
doublets is impossible in CF of any symmetry. We refer this splitting to
the existing of two kinds of absorbing centers. The discussed splitting is
observed only on one transition. Consequently, this phenomenon occurs
only in the definite excited state and has the local character. In the
huntite structure with R32 space symmetry the rare earth ions occupy
three equivalent positions with the D3 local symmetry in the unit cell.
At the lower space symmetry P3;21 the local symmetry of the rare earth
ions decreases to C, one, but positions remain equivalent. However it is
known, that the unit cell of the huntite structure can have also the C2
space symmetry [28]. In a number of alumoborates such modification
of the crystals was revealed experimentally in the ground electron state
[29]. The unit cell of the huntite structure in the C2 space symmetry is
twice as large and it has four RE ions in C; symmetry positions and two
RE ions in C, symmetry positions. Of course, the local distortions in the
excited state do not strictly correspond to the C2 symmetry, but can be
similar to it.

3.5. Transition *I;5,5 —2Hy; 5 (F band)

Additional line f3a (Fig. 6), which can be referred to the transition
Gr6 — F2, appeared, but f5 line disappeared as compared with
ErAl3(BO3)4 (Table 1). F4 line appeared in s-polarization. Additional
line f7a was resolved. It can be referred to the transition Gr4 — F5. Line
f10 was observed in ErAl;(BOs3), only in m-polarization, but in Er-
Fe3(B0O3), it is mo-polarized (Table 1, Fig. 6, inset). Energies of lines f10
and f11 are larger than energies of all transitions from the ground state.
This is possible only if the lines correspond to electron-vibrational
(vibronic) transitions. Purely mn-polarization of these lines in
ErAl3(BO3), indicated, according to the selection rules from Table 2,
that the transitions occurred not from the ground state E;,,. We sup-
posed that f10 and f11 lines are vibrational repetitions of the transitions
Gr2 — F5 and Gr2 — F6. Then we obtain energies of vibrations 115 and
121 cm™?, respectively (Table 1). The existence of the discussed lines
would be not surprising, if these lines were not so strong in contrast to
the usual f-f vibronic transitions from the ground state. (Compare
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intensities of the discussed lines (Table 1) with those of the e4 line
especially in ErAl3(BO3)4.) Additionally, the purely electron origins of
these vibronic transitions are not observed. This situation resembles
that occurred for the d-d transitions in 3d compounds, when practically
only vibronic transitions allowed by odd vibrations are observed. Weak
vibronic f-f transitions occur from the ground state while the discussed
ones - from the excited states. Thus, the intensive vibronic transitions
occur between two excited states and we can suppose that the local
environment of the Er®* ion in these excited states is close to the
centrosymmetrical one and that the electron-vibrational interaction
with the odd vibrations, which allows the f-f transitions, takes place and
is strong. In addition, it is worth noting that energies of the same vi-
brations, found from vibronic transitions f10, f11 and e4, are appreci-
ably different (see Table 1). It happens so, since we deal with the local
vibrations in different excited states.

3.6. Transition 4115/2 i 4F9/2 (D band)

d4, d7, D1 and D3 lines (Fig. 4) appeared in m-polarization and D4
and D5 lines strongly increased in s-polarization in ErFez(BOs)4 as
compared width ErAl;(BO3), (Table 1). A new line d10 appeared. It is
possible to suppose that this line is due to the transition Gr2 — D4 from
the excited level Gr2 (48 cm™!) of the ground multiplet. Purely st-po-
larized in ErAl3(BOs)4 line d5 (Table 1) became mo polarized in Er-
Fe3(BO3)4 (Fig. 4, Table 1). Correspondingly, this transition revealed
some MCD (Fig. 4, Table 1).

si-polarized lines d8 (Table 1) and d9 (Fig. 4 inset, Table 1) observed
in ErAl3(BOs3), disappeared in ErFe3(BO3)4s. As mentioned above, -
polarization in ErAl;(BO3), means that the transition occurs not from
the ground state. Additionally, transition d9 is certainly vibronic one
similar to the f10 and f11 transitions. Intensity of transitions f10 and
f11 is of the same order of magnitude in ErFe3(BO3)4 and ErAl;(BO3),.
On the contrary, the d9 transition has the extraordinary large pure -
polarized intensity in ErAl;(BO3), (Fig. 4, inset, Table 1), but totally
disappears in ErFe;(BO3)4. Therefore, we can conclude that, in contrast
to ErAl;(BOs)4, local environment of the Er®* ion in ErFe3(BO3), in the
initial and final states of the transition d9 is substantially non cen-
trosymmetric, and allowance of f-f transitions by odd vibrations oc-
curred in ErAl3(BOs3), is substituted by static odd distortions.
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Energies of states (E), experimental changes of the Landé factors along the C; axis during transitions (Agc) and the same values found theoretically in the IJ, +M;)

function approximation for ErAl3(BO3)4 (Agcm)-

Multiplets Levels E(cm™) E(em™ Y Intensity (cm ™~ 2) Agc Agem

(Transitions) ErAl;(BO3)4 ErFe3(BO3)4 [27]
[27] ErAl3(BO3)4 ErFe3(BO3)4 ErAl3(BO3)4[27] ErFe3(BO3),
e o T o

“Lisya Grl 0 0

Gr2 46 44 (35-47)
Gr3 104 106 (91-114)
Gr4 122 139 (127-147)
Gr5 160 178 (175-182)
Gré 233 231 (221-242)
Gr7 263 267 (259-275)
Gr8 293 297

“L1/2(A) Al 10,153 10,146 no 120 10.4 26.3 (=)

A2 10,207 10,215 no 36 60.3 47.8 (-) —-7.12

A3 10,220 10,242 2.43 111 37.4 73.9 (+) =)

A4 10,252 10,276 116 106 201 80 (=) —2.51

A5 10,290 10,307 76.2 220 70.4 172 (=) -19.7

A6 10,299 10,323 89.8 259 138 317 (-) —14.5

al(Gr6 — A6) 10,061 no 25.9 30 no no

a2(Gr4 — A2) 10,091 no 81.7 no no no no no
a3(Gr4 — A3) 10,098 10,096 no 146 small small (=)

a4(Gr3 — A2) 10,113 10,109 no 24 small small

a5(Gr4 — A4) 10,135 10,134 no 134 no 93.2 =) (+)

a6(Gr3 — A4) 10,142 no 89.5 no 46.6 no

a7(Gr4 — A2 + 84(Ay)) 10,172 10,162 130 no 19.4 30 no —-12.4 no
a8 10,190 10,182 no 9.95 no 12.7

a9(Gr3 — A6) 10,201 10,197 18.3 62.9 93.5 83.3 - +14.7

al0(Gr2 — A5) 10,244 10,261 no 45.6 43.8 118 (+) (+)

*Io/2(B) Bl 12,396 12,363 26.3 12.1 25.3 8.9 =)
B2 12,444 12,433 no 174 20.7 47.5 +11.3 ) +13.4
B3 12,483 12,475 92.2 36.7 28.3 160 -10.8 +2.88 —-12
B4 12,534 12,522 no 163 61 108 +7.33 +3.67 +9.06
B5 12,564 12,561 99.3 125 77.3 188 (+) +2.13 )
b1(Gr6 — B3) 12,253 no 4.35 235 no no —-20.2 —4.76
b2(Gr8 — B5) 12,283 12,191 31.2 21.4 no 15.6
b3(Gr6 — B4) 12,300 no no 20 no no
b4(Gr5 — B3) 12,323 12,277 no 28 no 28.6 -22.3 —5.89 -7.23
b5(Gr4 — B3) 12,364 12,339 no 192 no 65.1 +10.6 +4.6 —-14.4
b6(Gr3 — B3) 12,375 12,359 38.1 no no (=)
b7(Gr5 —B5) 12,407 12,386 no 48.7 6.1 53.1
b8(Gr4 — B5) no 12,414 no small 31.1 49.7

“Fo,5(D) D1 15,231 15,226 no 600 153 402 +13.5
D2 15,279 15,269 498 151 210 380 +)

D3 15,313 15,314 no 293 224 577 +2.94

D4 15,337 15,333 15.8 491 344 350 (=) (+)

D5 15,357 15,352 75.6 392 399 616 (=) —2.36

d1(Gr7 —D1) 14,964 15,010 no 6.09 14 61

d2(Gré — D2) 15,040 15,042 173 108 157 35.2

d3 15,090 15,076 23.3 26.8 no 42.5

d4(Gr3 —D1) 15,119 15,096 no 106 272 350

d5(Gr5 — D3) 15,147 15,155 260 no 240 230 no —9.42 no
d6(Gr5 — D4) 15,173 15,170 no 141 no 103

d7(Gr3 —D3) 15,198 15,202 no 464 99.6 206

ds 15,218 no 90.2 no no no no no no
d9 15,383 no 396 no no no no no no
d10(Gr2 — D4) 15,285 no no 277 86.8

S35 (E) El 18,322 18,260 18.6 197 36.1 66 +10.1 -17.6
E2a 18,380 18,315 no 198 39.8 114 +7.14 +11.5 +9.6
E2b 18,385 18,325 no 198 56.3 232 +6.9
el(Gr3 —E1) 18,224 18,169 38.7 16.2 11.8 13.1 +7.38 -11.3 +11.2
e2(Gr2 — E1) 18,274 18,225 no 75.4 12.1 17.8 -8.33 =) -16
e3(Gr2 —E2) 18,332 18,283 35.1 no 22.3 21.6 no
e4 (E1 + 103) 18,429 18,363 12.8 8.4 6.22 49.1
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Table 1 (continued)
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Multiplets Levels E(cm™Y) E(cm™ 1Y) Intensity (cm ™) Agc Agem
(Transitions) ErAl3(BOs), ErFes(BO3)s [27]
[27] ErAl3(BOs)4 ErFes(BO3)4 ErAls(BO3)4[27] ErFes(BO3),
T o T o
2Hy1/2(F) F1 19,138 19,047 197 3721 576 2911
F2 19,174 19,100 245 709 1018 1198 (+)
F3 19,224 19,132 no 1008 no 657 =)
F4 19,236 19,140 no 1605 439 1632 (+)
F5 19,267 19,172 20.7 198 89.9 741 (-) (+)
F6 19,282 19,193 69.1 380 62.6 102 (-) =)
f1 18,828 18,763 no 91.3 no 40.3 (+)
f2 18,853 18,811 no 94.4 no 30.3 (+)
f3a no 18,858 no no 17.6 436 =)
f3 18,969 18,884 85.3 781 135 367 - (+)
f4(Gr3 —F1) 19,019 18,942 79.2 612 33.3 926 +7.27 (+)
f5(Gr5 — F3) 19,065 no 114 no no no no no no
f6(Gr5 — F4) 19,081 18,998 163 no 209 no no
£7(Gr2 —F1) 19,092 19,008 no 964 no 2189 -) -)
f7a(Gr4 — F5) no 19,028 no no no 1009
f8(Gr3 — F5) 19,159 19,070 183 289 194 2456 (-)
fo(Gr2 — F4) 19,187 no 498 no no no no
f10(Gr2 — F5 + 115) 19,335 19,241 16 no 65 22.8 (+)
f11(Gr2 — F6 + 121) 19,370 19,268 150 no 175 no no
“Fy/5(G) Gl 20,481 20,399 1137 344 1568 213
G2 20,509 20,431 184 217 48.6 254 (-) )
G3 20,597 20,500 no 361 144 220 (-) +2.1
G4 20,615 ~20510 40.1 8.34
g1(Gr8 — G4) 20,328 20,219 6.72 253 6.22 51.8 (-)
§2(Gr7 — G4) 20,352 20,241 227 270 108 149 (-)
§3(Gr3 — G1) 20,403 20,301 23.6 201 28.7 178 (-)
g4(Gr3 — G2) 20,436 20,355 153 359 618 286 (+) -8.58
¢5(Gr2 — G2) 20,463 20,387 no 291 no 229 (-) -5.9
§6(Gr2 — G3) 20,548 20,453 580 no 405 no no
87(Gr2 — G4) 20,571 20,467 no 244 no 357 +1.8 +3.43
Table 2 ErFe3(BO3)4 and in ErAl3(BOs)4. This means that the crystal field is
Selection rules for electric dipole transitions in D3 symmetry. different not only in these crystals, but also in different electron states
E E of the same crystal. The MCD spectra permitted us to measure the
1/2 3/2 L. ey .
Zeeman splitting of some transitions and so to determine changes of the
E12 x, o(a) o(a) Landé factor along the Cs axis of the crystal during these transitions.
Ea/a o(a) T Optical and magneto-optical properties of f-f transitions in the
ErFe3(BO3), crystal were compared with those in the ErAl;(BOs)4
crystal with the higher local symmetry of the Er** ion. In particular,
Ta]?le, 3 . . . . the pronounced changes of the transitions polarization, intensity and
Splitting (AE) of the excited multiplets in the crystal field. s - i . . .
the Zeeman splitting (including its sign) occurred. Intensive f-f vibronic
Symbol Excited state AE (em™h) transitions, corresponding to the electron transitions from the upper
components of the ground multiplet, were revealed. Large splitting of
ErAl;(BO3), ErFes(BO3), .. . . .
[27] one of the f-f transitions, which is not possible for the Kramers doublets,
was found out. It was explained by appearance of two absorbing centers
A :In/z 146 177 in the excited state due to the local decrease of the symmetry in the
B 419/2 168 198 excite state. In particular, this can be the local change of the space
D Foys 126 126 .
E Sy 63 65 symmetry P3;21 to the structure similar to the C2 space group. In the
F 2H11 e 144 146 unit cell of this structure there are two non equivalent positions of the
G “Fyn 134 111 Er** ion. Appreciable difference of the local vibrations energies in

4. Summary

Linearly polarized absorption and MCD spectra of ErFe;(BO3),
single crystal were measured in the range of 9000-23000 cm ~ ! at 90 K.
The absorption spectra of f-f transitions were decomposed into the
Lorentz shape components and intensities of the components were
found. Positions of the ground multiplet levels obtained from the dif-
ferent transitions are appreciably different. This means that the electron
transition have an influence on the local properties of the crystal not
only in the excited state but also in the initial one. The total splitting of
some excited multiplets in the crystal field are appreciably different in
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excited states S, o and °Hy, /2 Was revealed.
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