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Polarized absorption spectra of HoFe3(BO3)4 single crystal in the range of 8500–24500 cm–1 were studied as
a function of temperature beginning from 2 K. The ground and excited electron states of Ho3+ were identified.
The abrupt changes of the spectra at the reorientation phase transition at 4.7 K were observed. The exchange 
splitting of some excited states were revealed and measured. They changed at the reorientation phase transition. 
Several vibronic transitions were observed. The splitting of absorption lines corresponding to the C2 local sym-
metry of the Ho ion was not observed. Moreover, spectra of some absorption bands correspond to splitting in the 
cubic crystal field. There are some absorption lines, whose polarization can not be explained both in D3 and C2 
local symmetries. Some lines appear or disappear as a result of the transition from the easy axis to the easy plane 
state of the crystal. All these observations testify to the substantial changes of the local magnetic and structural 
properties in the excited states of the Ho3+ ion and to the strong influence of the magnetic moments orientation
on the polarization of the electron transitions. 

PACS: 78.40.Ha Absorption and reflection spectra: visible and ultraviolet, nonmetallic inorganics; 
71.70.–d Level splitting and interactions. 

Keywords: f–f transitions, Ho3+ ion, excited states, local properties.

1. Introduction

A number of the rare-earth ferroborates with the com-
mon formula RFe3(BO3)4 (where R is the rare-earth ele-
ment) belong to the class of multiferroics — the materials 
which possess the interrelated magnetic, electric and elas-
tic ordering (see, e.g., [1–7]). In recent years these com-
pounds attract a growing interest in view of their manifold 
potential applications. A wide variety of magnetic proper-
ties of the ferroborates is conditioned by the coexistence 
and mutual influence of two magnetic subsystems: iron 
and rare-earth (RE). 

Investigation of magnetic and magnetoelectric proper-
ties of the HoFe3(BO3)4 single crystal showed that it also 
refers to multiferroics [4–6]. In this crystal the considera-
ble electric polarization in magnetic field [6], the giant 
magnetodielectric effect and the spontaneous polarization 
in the region of magnetic ordering [4] were found. It 
should be noted that the giant magnetoelectric polariza-

tion was also detected in alumoborate of holmium 
HoFe3(BO3)4 at the absence of magnetic ordering [8–10]. 

HoFe3(BO3)4 crystal, as many of the ferroborates, 
undergos the structural phase transition from R32 to P3121 

4
3( )D  symmetry. The temperature of the transition depends

strongly on the method of crystal growing: it amounts 427 K 
for the powder samples obtained by the solid-state synthesis 
[11] and 360 K for single crystals grown from a solution-
melt [12]. Magnetic properties of HoFe3(BO3)4 were studied 
in Refs. 13, 14 and summarized and theoretically analyzed 
in Ref. 15. It was shown that the strong polarization effect of 
the Fe sublattice on the Ho3+ ions leads to the simultaneous
ordering of both magnetic subsystems at TN = 38 K. The 
competition between the Fe and Ho anisotropies results in a 
spontaneous spin-reorientation phase transition from the 
easy plane to the easy axis state at Tsr = 4.7 K. Neutron dif-
fraction measurements [13] showed that in the both phases 
the magnetic structure is quite complicated and deviates 
from the collinear one. Later on the base of the resonant and 
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nonresonant x-ray scattering studies [16] it was supposed 
that in the easy-plane state magnetic moments of Ho form a 
basal plane spiral propagating along the C3 axis. 

For the present, there are only few studies of optical 
spectra of Ho3+ ion in ferro- and alumoborates. It should 
be noted a study of Ho3+-doped YAl3(BO3)4 crystal in a 
wide spectral and temperature range [17], room tempera-
ture studies of HoAl3(BO3)4 [18] and the high-resolution 
spectroscopy of HoFe3(BO3)4 in the infrared region [12]. 
Up to now, there is no detailed spectroscopic studies of 
the holmium ferroborate in the visible region. 

The subject of the present work is the low-temperature 
absorption spectrum of the HoFe3(BO3)4 single crystal 
and its transformation as a result of the spontaneous spin-
reorientation phase transition. The special attention is 
given to selection rules and their correlation with the lo-
cal symmetry of the Ho3+ ion. 

2. Experimental details 

HoFe3(BO3)4 single crystals were grown from a bismuth 
trimolibdate solution-melt with a nonstoichiometric compo-
sition of the crystal forming oxides and with saturation tem-
perature of Tsat ≈ 960 °C. The width of the metastable region 
was about 10–12 °C. Quasi-binary solution-melt formula 
was 75 mass % (Bi2Mo3O12 + 3B2O3 + 0.5Ho2O3) + 
+ 25 mass % HoFe3(BO3)4. In this solution-melt the trigonal 
HoFe3(BO3)4 was in the high-temperature phase and crystal-
lized at least up to T ≈ 900 °C. The solution with a mass of 
100 g was prepared in a platinum crucible. It was kept for 
8–10 h at T = 1100 °C for homogenization with perma-
nent mixing by a reversibly rotating platinum rod. The 
crystals were grown on seeds. The temperature of the 
solution-melt was decreased to T = Tsat + 7 °C. The plati-
num rod with four seeds of the size ~1 mm3 was dipped 
into the solution, and rotation of rod with 30 revolutions 
per minute was switched on. After 10 min exposition the 
temperature was decreased to T = Tsat – 7°C. Further the 
temperature was lowered at a rate of 1–3 °C/24 h. The 
total duration of the crystal growth was 14 days. Isomet-
ric crystals with size about 7–10 mm were grown. For 
optical measurements a plate with the thickness of 85 µ 
was used. 

The absorption spectra were measured with the light 
propagating normally to the C3 axis of the crystal for the 
light electric vector E parallel (the π spectrum) and per-
pendicular (the σ spectrum) to the C3 axis. The spectral 
resolution was approximately equal to 1.5 cm–1. 

For the temperature measurements of absorption 
spectra a liquid-helium cooled cryostat was used. It had 
an internal volume filled by the gaseous helium where 
the sample was placed. Magnetic field was created by a 
superconducting solenoid with the Helmholtz type coils. 
The superconducting solenoid with the sample was 
placed in the liquid helium and measurements in the 
magnetic field were fulfilled at T = 2 K. 

3. Results and discussion 

As mentioned, the HoFe3(BO3)4  crystal has structural 
phase transition from R32 to P3121 4

3( )D  symmetry above 
the room temperature [11]. At this transition, the local 
symmetry of RE ion decreases from D3 to C2 one. Howe-
ver, for the beginning we restrict ourselves to the D3 sym-
metry. Electron states in crystals of the axial symmetry 
have such characteristic as the crystal quantum number μ. 
For the states with the integer momentum in trigonal crys-
tals it has the values [19]: μ = 0, +1, –1. Additionally, in 
the uniaxial crystals the electron states can be described in 
a first approximation by the | , JJ M± 〉  wave functions of 
the free atom. Between the values of μ and MJ there is the 
following correspondence [19]: 

 
 
 
 
The corresponding irreducible representations in D3 

symmetry are given in (3). In the , JJ M±  wave func-
tions approximation, magnetic moment of the state is 

,B Jm gM= µ  where g is the Landé factor of the free ion. 
The ground multiplet of the Ho3+ ion is 5I8 and, corre-
spondingly, g = 1.25. According to Ref. 13, the Ho3+ ion in 
HoFe3(BO3)4 crystal has m = 5 µB at T = 2 K. Then MJ = 4 
but not 8 (m =10 µB), as it was possible to expect, and the 
ground state has the E symmetry according to (1) and (3). 
In the same approximation the splitting of the ± MJ doublet 
in magnetic field is 

 2 2CM B J B B
B

mE g H gM H H∆ = µ = µ = µ
µ

. (4) 

Here gCM is the Landé factor of the ± MJ doublet in the 
, JJ M±  wave functions approximation. Thus, gCM = 

= 2gMJ = 10. According to [15] in the low-temperature easy-
axis state the Fe–Ho exchange field is 25 kOe. Then from (4) 
we find the exchange splitting of the Ho3+ ion in the ground 
state in the , JJ M±  function approximation: ΔE = 
= 11.7 cm–1. Such value of the exchange splitting permits us 
to consider that at T = 2 K only transitions from the lower 
component of the ground-state exchange splitting are ob-
served. 

At the conversion from a free atom to that in octahedron 
and further to the D3 symmetry position, the studied states of 
the Ho3+ ion are transformed in the following way: 

1 21J T A E= → → + ,  (5) 

( )2 12J E T E A E= → + → + + , (6) 

( ) ( )2 1 2 2 2 13J A T T A A E A E= → + + → + + + + , (7) 

( ) ( )1 1 2 1 2 14J A E T T A E A E A E= → + + + → + + + + + , (8) 

Mj = 0 
µ  = 0 
  A1 

 ±1  ± 2  (±3)1,2  ±4  ± 5 (±6)1,2  ±7  ± 8   (1) 
 ±1  1       0  ±1  1        0  ±1  1    (2) 
  E    E   A1,A2    E    E   A1,A2    E    E   (3) 
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( ) ( )1 2 2 15 2 2J E T T E A E A E= → + + → + + + + , (9) 

1 2 1 26 2J A A E T T= → + + + + →   

 ( ) ( )1 2 2 12A A E A E A E→ + + + + + + , (10) 

1 1 28 2 2 2J A E T T= → + + + →   

 ( ) ( )1 2 12 2 2 .A E A E A E→ + + + + +  (11) 

There is no total equivalence between presentations (1)–(3) 
and (5)–(11) for the splitting of states in crystals. The cor-
respondence of one of them to the specific crystal depends 
on the strength of the uniaxial anisotropy. Only number of 
states and their degenerations are identical. 

3.1. Transitions 5I8 → 5F3 (F band), 5F2 (G band), 
 3K8 (H band) 

Let’s begin from 5I8 → 5F2 (G) transition. Absorption 
spectrum of the G band consists of three lines (Figs. 1, 2), 
that corresponds to splitting of the 5F2 multiplet in D3 crys-
tal field (6); the further splitting by C2 symmetry field is 
small and not observed. If the ground state has E symmetry, 
then, according to (6) and selection rules of Table 1, the 
absorption lines should have polarizations πσ, σ, πσ. If the 
ground state is A1 then they should have polarizations σ, 0, σ 
and polarizations σ, π, σ at A2 ground state. Comparing this 
with Figs. 1 and 2, we infer that the ground state has E 
symmetry in agreement with the above conclusion. 

In the F and H bands (Figs. 1–3) mainly transitions into 
the E type states and in the separately standing A2 and A1 
type states (F1 and H1 lines, respectively) are observed. 
Thus, even splitting due to the D3 crystal field is almost not 
observed, but only the splitting due to the cubic component 
of the crystal field occurs. However a small splitting of the 
F3 line (Figs. 2, 4) and some lines in the H band (Fig. 3) are 
noticeable. If the splitting of F3 line was due to A1 or A2 type 

state, then the additional line would have σ polarization ac-
cording to the selection rules of Table 1. However, both lines 
have πσ polarization, and we can suppose that the exchange 
splitting of the excited F3 state takes place. From Fig. 4 we 
find that this splitting is 6 cm–1. Polarizations of additional 
lines in the H band correspond to A type states. A small split-
ting between E and A type states makes the (1)–(3) logic 
questionable. The observed spectra of the F and H bands are 
close to that in the cubic symmetry. 

Absorption lines in the F and G bands practically do 
not shift as a result of the reorientation phase transition 
(see Figs. 1, 2) and only slightly shift in the H band. Ab-
sorption lines, appearing with the increasing temperature 
(Figs. 1, 2), permitted us to estimate positions of some of 
the lowest energy levels (Table 2). They were confirmed 
also by the spectra of another absorption bands. There are 
some transitions from excited states of the ground multiplet 
which have π polarization: Fπ and Gπ (Figs. 1, 2). Energies 
of these transitions correspond to transitions from the Gr4 
and Gr5 states into the F2 and G2 states, respectively. The π 
polarization corresponds to A1–A2 transitions (Table 1). We 
could infer that the initial states are of the A symmetry. 
However, the excited states have (E+A) and E symme-
tries, respectively (Table 2). The discussed lines are ob-
served after transition of the crystal into the easy-plane 
state. Therefore, it is possible to suppose that the unex-
pected polarizations are connected with the reorientation 
of the magnetization and (or) with the substantial change 
of the local symmetry in the corresponding excited states. 

Fig. 1. Absorption spectra of transitions 5I8 → 5F3 (F band) and 
5F2 (G band) in π polarization. 

Table 1. Selection rules for electric dipole transitions in D3 
symmetry 

 A1 A2 E 

A1 – π σ(α) 
A2 π – σ(α) 
E σ(α) σ(α) π, σ(α) 

 

Fig. 2. Absorption spectra of transitions 5I8 → 5F3 (F band) and 
5F2 (G band) in σ polarization. 
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Vibronic states FV1 and FV2 (Figs. 1, 2) have E sym-
metry according to polarization of the corresponding ab-
sorption lines and selection rules of Table 1. Such vibronic 
states can be obtained in combination of F2 and F3 elec-
tron states of the E symmetry with any vibrations in the D3 
local symmetry. On the basis of comparison with the data 
of infrared and Raman experiments [20,21], we infer that 
the vibronic states are repetitions of the electronic transi-
tion F2 by vibrations 84 and 120 cm–1 of the E symmetry. 
Vibronic transition FV3 occurs from one of the lower ex-
cited states. Polarization of the vibronic transition FV3 (see 
Figs. 1, 2) corresponds to A1–A2 type transition according 
to Table 1. The vibronic state of the A type can be obtained 
in combination of the excited E state only with the E vibra-
tion: E×E = A1+A2+E. Thus, FV3 is the transition from the 
Gr4 state (Table 2) to the vibronic state F2+120 cm–1. In 
Refs. 20, 21 the collective vibrations in the ground electron 
state were studied, while we deal with the local vibrations 
in the excited electron state. Therefore, some differences 

Fig. 3. Polarized absorption spectra of transition 5I8 → 3K8 (H 
band) at 2 K. 

Fig. 4. The second derivative of the σ-polarized absorption spec-
trum of the 5I8 → 5F3 transition (F band) at 2 K. 

Table 2. Parameters of transitions and states. Energies of tran-
sitions (E) are given at 2 K. ΔEC and ΔE⊥ are the exchange split-
ting in the easy-axis and easy-plane states, respectively 

State Level E, cm–1 
Polari-
zation 

Sym-
metry 

ΔEC, 
cm–1 

ΔE⊥, 
cm–1 

5I8 Gr1 0 – E   
 Gr2 9 – A   
 Gr3 12 – E   
 Gr4 16 – A   
 Gr5 21 – E   
 Gr6 47 – A   
 Gr7 58 – A2   
 Gr8 67 – A?   

5I6 A1 8604 π, σ    
 A2 8618 π, σ    
 A3 8649 π, σ    
 A4 8671 π, σ    
 A5 8686 π, σ    
 A6 8697 π    
 A7 8711 π, σ    
 A8 8722 π, σ    

5I5 B1 11175 π, σ E   
 B2 11195 σ A   
 B3 11217 σ A   
 B4 11238 π, σ E   
 B5 11245 σ A   
 B6a 11258 π, σ E   
 B6b 11263 π, σ E 5  
 B7 11273 π, σ E   

5F5 D1 15403 σ A1 ?   
  D2 15423 π, σ E   
 D3 15434 π, σ E   
  D4 15449 π, σ E   
  D5 15482 σ A   
  D6 15510 σ A   
 D7 15568 π, σ E   

5S2 E1 18392 σ A1   
 E2 18399 π, σ E   
 E3 18416 π, σ E   

5F4 E4 18502 π, σ E   
 E5 18507 σ A   
 E6 18526 π, σ E 6 0 
 E6a 18532 π, σ E   
 E7 18563 σ A   
 E8 18582 π ?   
 E9 18592 π, σ E   

5F3 F1 20474 σ A2   
 F2 20511 π, σ E + A   
 F3 20568 π, σ E + A 6  
 FV1 20595 π, σ E   
 FV2 20631 π, σ E   
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between energies of the vibrations obtained in the Raman, 
IR and optical experiments are possible. 

3.2. Transitions 5I8 → 5F5 (D band), 5I5 (B band) 
 and 5G5 (J band) 

Excited states of these transitions have J = 5. Majori-
ty of lines of the D band, except Da and Db ones 
(Fig. 5), are easily identified at T = 2 K in the D3 sym-
metry approximation (Table 2) basing on their polariza-
tions, and they correspond to the total (9) decomposition. 
The Da and Db lines are, probably, the exciton-magnon 
ones (magnon in the Fe sublattice), at least the Db line, 
whose distance of 23.7 cm–1 from the D7 line is equiva-
lent to 34 K. Indeed, a peak of the two-magnon Raman 
scattering was observed at approximately 52 cm–1 in 
some ferroborates [22]. The Da line can be also the con-
sequence of the D2 line exchange splitting. 

As a result of the spin-reorientation transition at 4.7 K 
all transitions (except D5) shift in different directions 
(Fig. 5). These shifts reflect both changes of energies of 
the ground and excited states which can not be separated. 
Appearance of the D1 line in π polarization and the split-
ting of the D1 and D6 lines after transition to the easy-
plane state (Fig. 5) are unexpected phenomena since D1 
and D6 states are singlets. The only possible assumption is 
that, first, two nonequivalent positions of the Ho3+ ions 
appear in the D1 and D6 excited states and, second, polari-
zation of transitions into these states is mainly governed by 
the Ho magnetic moment orientation rather than by the crys-
tal environment. In Fig. 5 there are also spectra at T = 2 K in 
the magnetic field H || b just after the spin-reorientation 
transition to the same easy-plane state as that at 4.7 K with-
out the magnetic field [15]. These spectra are practically 
identical to those after the temperature-induced reorientation 
transition (Fig. 5). Thus, the spectra are totally defined by 
the Ho magnetic moment orientation. According to [15], 
the easy-plane state in H || b is the one domain state. Con-
sequently, the observed splitting of the D1 and D6 states 
can not be connected with the difference of the Ho3+ states 
in domains and domain walls. Indeed, increase of the mag-
netic field H || b does not eliminate the splitting of the 
states. The nonequivalent positions can be referred to the 
inverse twins on the one hand and to the boundaries be-
tween them on the other hand. Additionally, the unusual 
behavior of the D1 line polarization testifies to the strong 
change of the local symmetry in the D1 electron state in 
the easy-plane state of the crystal. Figure 6 demonstrates 
transformation of the π-polarized spectrum of the D7 line 
in the region of the spin-reorientation transition. These 
spectra testify that in some temperature range two magnet-
ic phases coexist. 

State Level E, cm–1 
Polari-
zation 

Sym-
metry 

ΔEC, 
cm–1 

ΔE⊥, 
cm–1 

5F2 G1 20997 σ A1   
 G2 21055 π, σ E   
 G3 21090 π, σ E   

3K8 H1 21295 σ A1   
 H2a 21304 σ A   
 H2 21309 π, σ E   
 H3 21316 π, σ E   

 
H4 

21325 π, σ 
E + 
A 

  

 H5 21344 π, σ E   
 H6a 21358 σ A   
 H6 21362 π, σ E   
 H7a 21385 σ A   
 H7 21389 π, σ E   

5G6+ I1 21968 σ A   
5F1 I2 21986 σ A   

 I3 22014 π, σ E 4.8 10.7 
 I4 22054 π, σ E   
 I5 22074 σ A   
 I6 22094 π, σ E   
 I7 22178 π, σ E 8  
 I8 22202 σ A   
 I9 22224 π, σ E   
 I10 22238 σ (?) A   
 I11 22292 σ A   

5G5 J1 23844 π, σ    
 J2 23866 π, σ  5.0 4.6 
 J3 23897 π, σ    
 J4 23914 π, σ    
 J5 23950 π, σ    
 J6 23966 π, σ    
 J7 24007 π, σ    
 

Fig. 5. Polarized absorption spectra of the 5I8 → 5F3 transition 
(D band). 
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The reorientation transition at 4.7 K weakly influences 
the B band spectrum (see Fig. 7). The absorption lines are 
mainly identified in the D3 local symmetry approximation 
(Table 2). The B2 line has a weak π polarization, however 
there is no other possible identification than that given in 
Table 2. The splitting of the B6 line is probably the ex-
change splitting (Table 2). 

Number of lines in the absorption spectrum of the 
J band (Fig. 8) corresponds to the splitting in the D3 
symmetry but their polarizations do not correspond to 
this symmetry. In particular, there are no purely σ-po-
larized lines corresponding to E → A type transitions 

(see Table 1). This is one more indication of the changes 
of the local properties in the excited states. After transi-
tion into the easy-plane state some lines shift and J4 and 
J6 lines disappear. The J7 line is split into three compo-
nents, probably due to the crystal field and exchange 
interaction. The J2 line is split by the exchange field. In 
the easy-axis state the splitting is a little larger than that 
in the easy-plane state (Table 2). 

3.3. Transition 5I8 → 5I6 (A band) 

Absorption spectra of this band (Fig. 9) contain 8 lines, 
while according to (10) there should be 9 lines. Moreover, 
there should be 5 σ-polarized lines corresponding to transi-
tions from the E type into the A type states (see (10)). A6 line 
has practically π polarization that corresponds to the A1↔A2 
transitions (Table 1). Thus, symmetries of the excited states 
of the A band can not be identified that testifies to the specif-
ic local properties in the excited states. 

Fig. 6. Temperature variation of a fragment of the π-polarized 
absorption spectrum of the 5I8 → 5F5 transition (D band). 

Fig. 7. Polarized absorption spectra of the 5I8 → 5I5 transition 
(B band). 

Fig. 8. Polarized absorption spectra of the 5I8 → 5G5 transition 
(J band). 

Fig. 9. Polarized absorption spectra of the 5I8  → 5I6 transition 
(A band). 
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3.4. Transition 5I8 → 5S2+5F4 (E band) 

The states 5S2 and 5F4 are good separated in these spectra 
(Fig. 10) and their polarizations mainly correspond to the 
splitting (6), (8) and to the selection rules of Table 1. The E8 
line is an exception. It should have the σ polarization, corre-
sponding to the E→A type transition, but it has π pola-
rization corresponding to A1↔A2 type transition. However it 
acquires the σ polarization in the easy-plane state (Fig. 10). 
Rather substantial shifts of lines are observed as a result of 
the reorientation transition (Fig. 10). The E6 line demon-
strates the exchange splitting in the easy-axis state which 
disappears in the easy-plane state (Fig. 10, Table 2). 

3.5. Transition 5I8 → 5G6+5F1 (I band) 

Number and polarizations of lines in this band correspond 
to the splitting in the D3 symmetry according to (5), (10) and 
Table 1, but it is impossible to separate 5G6 and 5F1 states 
(Fig. 11). The I3 state splits in the exchange field of the iron. 

This splitting substantially changes as a result of the reorien-
tation transition in the crystal (Fig. 11 and Table 2). The I1 
and I3 lines appreciably shift in opposite directions as a result 
of the reorientation transition. The I2 line disappears but the 
I4 and I6 lines strongly increase in the σ polarization after 
transition into the easy-plane state (Fig. 11). 

4. Conclusions 

Polarized absorption spectra of HoFe3(BO3)4 in the 
range of 8500–24500 cm–1 were studied as a function of 
temperature beginning from 2 K. The threshold changes of 
positions and intensities of some absorption lines at the 
reorientation phase transition at 4.7 K were observed. Se-
veral vibronic transitions were observed, which correspond 
to the local vibrations in one of the excited states. Energies 
of the lowest states of the ground multiplet were found 
(Table 2). They rather well correspond to those given in 
Ref. 23, but appreciably diverge from those given in Ref. 15. 
The exchange splitting of some (but not all) excited states 
were revealed and measured. They changed at the reorienta-
tion phase transition. Basing on the Ref. 15 data, the ex-
change splitting of the ground state was estimated in the 
| , JJ M± 〉  wave function approximation as being equal to 
11.7 cm–1. It was not measured experimentally since tran-
sitions from the upper component of the ground-state ex-
change splitting were not observed. Similar phenomenon 
was earlier took place in the Nd0.5Gd0.5Fe3(BO3)4 crystal: 
only some transitions of such kind were observed [24]. 

The crystal field splitting of states revealed a number of 
peculiarities. In particular, the splitting corresponding to 
the C2 local symmetry of the Ho ion was not observed. 
Moreover, spectra of some absorption bands correspond to 
splitting in the cubic crystal field. Description of states in 
terms of the | , JJ M± 〉  wave functions was found to be not 
enough suitable for the studied crystal in contrast to some 
other crystals with the axial symmetry such as, e.g., 
TbFe3(BO3)4 [25]. This is, apparently, connected with the 
weak axial anisotropy of the Ho3+ ion that reveals also in a 
very low temperature of the reorientation phase transition 
to the easy-axis state. There are some absorption lines, 
whose polarization can not be explained both in D3 and C2 
local symmetries. Some lines appear or disappear as a re-
sult of the transition from the easy axis to the easy-plane 
state of the crystal. All these observations testify to the 
substantial changes of the local magnetic and structural 
properties in the excited states of the Ho3+ ion and to the 
strong influence of the magnetic moments orientation on 
the polarization of the electron transitions. In the easy-
plane state the crystal actually loses axial symmetry. 
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Fig. 10. Polarized absorption spectra of the 5I8 → 5S2 +5F4 transi-
tions (E band). 

Fig. 11. Polarized absorption spectra of the 5I8 → 5G6 +5F1 tran-
sitions (I band). 
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