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Abstract—The polarized optical absorption spectra in the region of a series of the f–f transitions of Nd3+ ions
in the Ho0.75Nd0.25Fe3(BO3)4, Nd0.5Gd0.5Fe3(BO3)4, and NdFe3(BO3)4 crystals at 90 K have been compared.
The spectral features related to the difference in the local environment of Nd3+ ions in these crystals have
been established. In the region of the transition 4I9/2 → 4G5/2 + 2G7/2 of Nd3+ ions in the
Ho0.75Nd0.25Fe3(BO3)4 crystal, the appearance of some absorption lines at the structural transition R32 →
P3121 around ~200 K due to the local symmetry variation has been found. The intensity of these lines
smoothly increases with a decrease in temperature from the transition point. The temperature dependence of
the lattice parameters of the Ho0.75Nd0.25Fe3(BO3)4 crystal has been measured. It has been found that, at the
transition temperature, the lattice parameter a changes stepwise, which is indicative of the occurrence of a
first-order phase transition. The lattice parameter c changes smoothly.
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1. INTRODUCTION
Ferroborates RFe3(BO3)4, where R is Y or a rare-

earth (RE) element, have a hantite-like structure. The
RE ferroborates attract great attention of researchers
because such crystals are often multiferroics [1–3].
The NdFe3(BO3)4, Nd0.5Gd0.5Fe3(BO3)4, and
Ho0.75Nd0.25Fe3(BO3)4 crystals investigated here
belong to the materials of this type, as was demon-
strated by studying their magnetic, magnetoelastic,
and magnetoelectric properties [3–5]. The combina-
tion of the physical characteristics and chemical sta-
bility of borates with a hantite structure allows them to
be used in optical and optoelectronic devices [6–8], in
particular, for adding and multiplying laser radiation
frequencies [9, 10].

The optical properties of RE ions, specifically, the
f–f transitions, are determined by the symmetry of
the local environment of an ion. At high temperatures,
RE ferroborates crystallize in a trigonal structure
(sp. gr. R32) [10–14]. The unit cell contains three for-
mula units. Rare-earth ions are located at the centers
of RO6 trigonal prisms with the D3 local symmetry.
Fe3+ ions occupy sites with the C3 symmetry in oxygen
octahedra. These octahedra form helicoidal chains
along the crystallographic C3 axis. As the temperature

decreases, some RE ferroborates with small radii of
the RE ion undergo a structural transition to the phase
with sp. gr. P3121 [10–12]. This leads to a decrease in
the local symmetry of the RE ion to C2 and the occur-
rence of two nonequivalent sites of Fe3+ ions. As was
shown in the study of the Raman scattering spectra in
the Ho0.75Nd0.25Fe3(BO3)4 crystal in the temperature
range of 10–400 K [15], at a temperature of 203 K, the
displacement-type structural transition R32 → P3121
occurs.

In [16], the optical absorption spectra were exam-
ined and the electronic structure of Nd3+ ions in the
NdFe3(BO3)4 crystal at a temperature of 50 K was
established. In [17], the electronic structure of Nd3+

ions in the Nd0.5Gd0.5Fe3(BO3)4 crystal at a tempera-
ture of 40 K was determined using the analysis of the
polarized optical absorption and magnetic circular
dichroism spectra. According to the data reported in
[16, 17], the R32 spatial symmetry of the NdFe3(BO3)4
and Nd0.5Gd0.5Fe3(BO3)4 crystals is retained to helium
temperatures. The room-temperature optical
absorption spectra and the Judd–Ofelt parameters
for the Nd0.5Gd0.5Fe3(BO3)4 crystal [18] and the
113
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Fig. 1. Optical absorption spectra for the
Ho0.75Nd0.25Fe3(BO3)4 crystal at T = 90 K in the π and σ
polarizations.
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Table 1. Selection rules for the electric dipole transitions in
the D3 symmetry

E1/2 E3/2

E1/2 π, σ(a) σ(a)
E3/2 σ(a) π
NdFe3(BO3)4 and Ho0.75Nd0.25Fe3(BO3)4 crystals [19]
were obtained.

In this study, we carry out a comparative study of
the absorption spectra of Nd3+ ions in NdFe3(BO3)4,
Nd0.5Gd0.5Fe3(BO3)4, and Ho0.75Nd0.25Fe3(BO3)4 crys-
tals in order to elucidate the effect of local symmetry of
the Nd3+ ion and weaker lattice distortions caused by
the replacement of the Nd3+ ion by other RE ions.

2. EXPERIMENTAL
The crystals to be investigated were grown using a

flux technique. The Nd0.5Gd0.5Fe3(BO3)4 single crys-
tals were grown from the K2Mo3O10-based f lux using
the procedure described in [18, 20]. The
Ho0.75Nd0.25Fe3(BO3)4 and NdFe3(BO3)4 crystals were
grown from the Bi2Mo3O12-based f lux [19, 21]. The
stoichiometric composition of the grown crystals was
determined from the ratio of the RE oxides used in the
synthesis. The samples for measurements were
~0.2-mm-thick plates with the crystallographic C3
axis lying in the sample plane.

The absorption spectra were recorded on an auto-
mated double-beam spectrophotometer based on an
MDR-2 monochromator. The optical slit width
during the spectral measurements was 0.2 nm in the
range of 500–600 nm and 0.4 nm in the range of 600–
1000 nm. The samples were cooled in a nitrogen gas
continuous-flow cryostat. The temperature was main-
tained with an accuracy of ~1 K. The absorption spec-
tra were measured during propagation of the linearly
polarized light along the normal to the C3 crystal axis
at the light wave vector E parallel (π polarization) and
perpendicular (σ polarization) to the crystal C3 axis.

X-ray scattering measurements were carried out
using a 4-circle diffractometer in a vertical scattering
geometry at wiggler beamline X21 at Brookhaven
National Laboratory’s National Synchrotron Light
Source. The lattice parameters were determined by
measuring the (600) and (006) Bragg peaks as a func-
tion of temperature at a photon energy of 10 keV and
with a LiF(200) analyzer crystal.

3. RESULTS AND DISCUSSION
The optical absorption spectra of the

Ho0.75Nd0.25Fe3(BO3)4, Nd0.5Gd0.5Fe3(BO3)4, and
NdFe3(BO3)4 crystals were measured at T = 90 K in
the π and σ polarizations. Figure 1 shows the absorp-
tion spectra of the Ho0.75Nd0.25Fe3(BO3)4 crystal. The
spectra contain broad bands corresponding to the d–d
transitions in Fe3+ ions and narrow lines of the f–f
transitions in Nd3+ and Ho3+ ions. The d–d absorp-
tion bands of Fe3+ ions were subtracted from the total
spectra. The absorption coefficients were reduced to
the molar concentration of Nd3+ ions. The Nd3+ ion
concentration in the NdFe3(BO3)4 crystal is
PHY
8.34 mol/L. In the Nd0.5Gd0.5Fe3(BO3)4 and
Ho0.75Nd0.25Fe3(BO3)4 crystals, we have CNd = 4.17
and 2.085 mol/L, respectively [19].

The spatial symmetry of the NdFe3(BO3)4 and
Nd0.5Gd0.5Fe3(BO3)4 crystals at 90 K is R32. The local
symmetry of Nd3+ ions is D3. For ions with a half-inte-
ger moment in the D3 symmetry, there are the states of
two types: E1/2 and E3/2. The states of a free atom with
half-integer total moment J split in a cubic crystal field
and, then, in a D3 symmetry field as

(1)

(2)

(3)

(4)
At the D3 symmetry of the local environment of a RE
ion, the electric dipole transitions between the states
occur according to the selection rules (Table 1). As was
shown in [16, 17], all the investigated transitions are
electric dipole. When the symmetry of the local envi-
ronment changes from D3 to C2, the difference
between the states E1/2 and E3/2 vanishes and the tran-
sitions become allowed in both the π and σ polariza-
tions. This is observed in the investigated
Ho0.75Nd0.25Fe3(BO3)4 crystal, since its spatial sym-

= → → +3/2 1/2 3/23/2 ,J G E E

= → + → + +3/2 3/2 1/2 1/2 3/25/2 ( ),J E G E E E

= → + +
→ + + +

1/2 3/2 3/2
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Fig. 2. Absorption spectra of the transition 4I9/2 → 4F3/2

(R) of Nd3+ ions in the π and σ polarizations for the
Ho0.75Nd0.25Fe3(BO3)4 (NdHo), Nd0.5Gd0.5Fe3(BO3)4

(NdGd), and NdFe3(BO3)4 (Nd) crystals at T = 90 K.
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Fig. 3. Absorption spectra of the transition 4I9/2 → 4F5/2 +

2H9/2 (S) of Nd3+ ions in the π and σ polarizations for the

Ho0.75Nd0.25Fe3(BO3)4 (NdHo), Nd0.5Gd0.5Fe3(BO3)4

(NdGd), and NdFe3(BO3)4 (Nd) crystals at T = 90 K.
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metry at temperatures below 203 K is P3121 [15] and

the local symmetry of the environment of RE ions is
C2. The number of lines (1–4) does not change upon

this local symmetry lowering, since in the D3 sym-

metry the Nd3+ ion states are already split to doublets
by the crystal field. The interpretation of the
absorption bands and identification of lines of the f–f
transition of Nd3+ ions in the NdFe3(BO3)4 and

Ho0.75Nd0.25Fe3(BO3)4 crystals were performed by

comparing with the spectra of the
Nd0.5Gd0.5Fe3(BO3)4 crystal [17].

Splittings ΔE of the electron multiplets of Nd3+

ions in the crystal field obtained from the experimen-
tal data are given in Table 2. The difference between
the level splitting in the investigated crystals points out
the difference between the even crystal field compo-

nents in the region of the Nd3+ ion in these crystals. In
particular, in most excited multiplets, the splitting ΔE
increases in the sequence Ho0.75Nd0.25Fe3(BO3)4,

Nd0.5Gd0.5Fe3(BO3)4, and NdFe3(BO3)4. The absorp-

tion spectra (Figs. 2–6) show a relative broadening of
absorption lines in the Ho0.75Nd0.25Fe3(BO3)4 and

Nd0.5Gd0.5Fe3(BO3)4 crystals as compared with
PHYSICS OF THE SOLID STATE  Vol. 63  No. 1  2021
NdFe3(BO3)4, which is apparently due to the inhomo-

geneity of the local environment of Nd3+ ions.

The integral intensities of the f–f transitions of

Nd3+ ions in the investigated crystals at a temperature
of 90 K are given in Table. 3. They were obtained by
integrating the π- and σ-polarized absorption bands
(Figs. 2–6) and the subsequent averaging of the inten-
sities according to the relation for uniaxial anisotropic
crystals in the form (2Iσ + Iπ)/3. At 90 K, in the

Ho0.75Nd0.25Fe3(BO3)4 crystal, the local symmetry of

Nd3+ ions is C2 and the integrated intensity of a sum of

all the transitions is noticeably higher than in the other
crystals under study, in which the local symmetry is D3

(Table 3). The higher intensity of the transitions corre-
sponds to the larger odd crystal field component, due
to which the f–f transitions become resolved.

Transition 4I9/2 → 4F3/2 (R band). Figure 2 shows the

absorption spectra of the crystals under study in the

region of the R (4I9/2 → 4F3/2) transition of Nd3+ ions at

T = 90 K. Lines R1 and R2 are identified as transitions
from the lower component of the splitting of the
ground state (Gr1); the positions of levels R1 and R2
are given in Table 2. The line Gr3–R1 corresponds to
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Table 2. Positions of the energy levels of Nd3+ ions in the Ho0.75Nd0.25Fe3(BO3)4, Nd0.5Gd0.5Fe3(BO3)4, and NdFe3(BO3)4

crystals at T = 90 K

State
Transition 

(Level)

Ho0.75Nd0.25Fe3(BO3)4 

E, cm−1

Nd0.5Gd0.5Fe3(BO3)4 

E, cm−1

NdFe3(BO3)4 

E, cm−1

State in the D3 

symmetry [17]

Gr1 0 0 0 E1/2

Gr2 75 79 71 E3/2

4I9/2
Gr3 161 148 143 E1/2

Gr4 216 219 219 E1/2

Gr5 345 327 321 E3/2

Gr3−R1 11227 11205 11196
4F3/2

Gr2−R1 11318 11276 11272

R1 11386 11355 11342 E1/2

R2 11437 11418 11416 E3/2

ΔER 51 63 74

Gr3−S1 12228 12215 12212

S1 12399 12363 12354 E1/2

S2 12447 12431 12436 E1/2

S3 12477 12451 ~12450 E3/2

4F5/2 + 2H9/2
S4 12493 12477 12474 E1/2

S5 12562 12537 12531 E1/2

S6 − − − E3/2

S7 12633 12604 12597 E1/2

S8 12704 12687 12688 E3/2

ΔES 305 324 334

Gr3−A1 13211 13190 13182

A1 13365 13335 13324 E1/2

A2 13385 13350 13340 E3/2

4F7/2 + 4S3/2
A3 ~13436 ~13403 ~13408 E1/2

A4 ~13442 ~13412 ~13414 E1/2

A5 ~13503 13472 13470 E1/2

A6 ~13510 ~13481 ~13475 E3/2

ΔEA 145 146 151

Gr4−D1 16740 16711 16704

Gr5−D3 16785 16780 16784

Gr2−D1 16878 16850 16849

D1 16956 16930 16923 E1/2

Gr2−D2 17009 16992 16996
4G5/2 + 2G7/2

Gr2−D3 17051 17028 17030

D2 17082 17070 17065 E1/2

D3 17130 17107 17105 E3/2

D4 17227 17208 17205 E1/2

D5 17274 17250 17252 E1/2

D6 17313 17297 17297 E1/2

D7 17356 17335 17332 E3/2

ΔED 400 405 409

Gr3−E1 18733 18724 18726

Gr2−E1 18819 18792 18796

E1 18894 18873 18867 E1/2

4G9/2
E2 18924 18908 18904 E1/2

E3 ~18951 18954 ~18952 E3/2

E4 19026 19011 19010 E1/2

E5 19077 19065 19065 E3/2

ΔEE 183 192 198
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Fig. 4. Absorption spectra of the transition 4I9/2 → 4F7/2 +

4S3/2 (A) of Nd3+ ions in the π and σ polarizations for the

Ho0.75Nd0.25Fe3(BO3)4 (NdHo), Nd0.5Gd0.5Fe3(BO3)4

(NdGd), and NdFe3(BO3)4 (Nd) crystals at T = 90 K.
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Fig. 5. Absorption spectra of the transition 4I9/2 → 4G9/2

(E) of Nd3+ ions in the π and σ polarizations for the
Ho0.75Nd0.25Fe3(BO3)4 (NdHo), Nd0.5Gd0.5Fe3(BO3)4

(NdGd), and NdFe3(BO3)4 (Nd) crystals at T = 90 K. In

the π spectra in the parenthesis, the intensities of lines E2

and E4 (cm–2 mol–1 L) are indicated which were obtained
by the decomposition of the spectra into components of

the Lorentzian shape.
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the transition from the Gr3 sublevel of the ground state
to the R1 level and the line Gr2–R1, to the transition
from Gr2 to R1. Based on this, we obtain the position
of components of splitting of the ground state Gr2 and

Gr3 of Nd3+ ions in the investigated crystals (Table 2).
The energies of the components of splitting of the

ground state 4I9/2 given in Table 2 were determined by

averaging the values obtained from the positions of the
corresponding transitions from Table 2. The symme-
tries of the components of splitting of the ground state
Gr1, Gr2, and Gr3 were determined in [17] (see
Table 2). The R2 transition is forbidden in the π polar-
ization by the selection rules in the D3 local symme-

try (Table 1), while in the Ho0.75Nd0.25Fe3(BO3)4 crys-

tal, there is line R2 in the π-polarized absorption spec-
trum (Fig. 2). This follows from the C2 local symmetry

of Nd3+ ions in this crystal at 90 K. The relative energy
shift of the analogous absorption lines in the crystals
under study (Fig. 2) suggests the difference between
even crystal field components in the region of

Nd3+ ions.

Transition 4I9/2 → 4F5/2 + 2H9/2 (S band). The

absorption spectra in the region of the S (4I9/2 →
PHYSICS OF THE SOLID STATE  Vol. 63  No. 1  2021
4F5/2 + 2H9/2) transition are shown in Fig. 3. The S6

line, which was observed in [17] at 6 K, is detected at a

temperature of 90 K in none of the crystals. The posi-

tions of the components of splitting of the states 4F5/2

and 2H9/2 are given in Table 2. The S3 band forbidden

by the selection rules in the D3 symmetry in the π
polarization is observed in the absorption spectrum of

the Ho0.75Nd0.25Fe3(BO3)4 crystal (Fig. 3), where neo-

dymium is in the C2 position. Line Gr3–S3 behaves

similarly. Consequently, the Gr3 state has the E1/2

symmetry (Tables 1 and 2).

Transition 4I9/2 → 4F7/2 + 4S3/2 (A band). Figure 4

shows the absorption spectra in the region of the A
(4I9/2 → 4F7/2 + 4S3/2) transition. In the NdFe3(BO3)4

and Nd0.5Gd0.5Fe3(BO3)4 crystals, line pairs (A1, A2),

(A3, A4), and (A5, A6) are almost indistinguishable.

However, in the Ho0.75Nd0.25Fe3(BO3)4 crystal, the

pair (A1, A2) is split and both lines become active in

the π polarization.
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Fig. 6. Absorption spectra of the transition 4I9/2 → 4G5/2 +

4G7/2 (D) of Nd3+ ions in the π and σ polarizations for the

Ho0.75Nd0.25Fe3(BO3)4 (NdHo), Nd0.5Gd0.5Fe3(BO3)4

(NdGd), and NdFe3(BO3)4 (Nd) crystals at T = 90 K.
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It should be noted that lines A3 and A4 in

the σ-polarized absorption spectrum of the

Ho0.75Nd0.25Fe3(BO3)4 crystal are much more intense
PHY

Table 3. Integral intensities of the f–f transitions ((2Iσ
Nd0.5Gd0.5Fe3(BO3)4, and NdFe3(BO3)4 crystals at T = 90 K

Transition 4I9/2 ↓ E, cm−1
Ho0.75Nd0.25

P3121

R 4F3/2 11350 6

S 4F5/2 + 2H9/2 12400 23

A 4F7/2 + 4S3/2 13350 188

B 4F9/2 14600 1

D 2G7/2 + 4G5/2 17000 218

E 4G9/2 18900 39

F 2K13/2 + 4G7/2 19400 4

Σ 802
than in the NdFe3(BO3)4 and Nd0.5Gd0.5Fe3(BO3)4

crystals (Fig. 4). The parity-forbidden f–f transitions
are allowed due to the odd crystal field components.
Consequently, such a difference between the absorp-
tion intensities can be explained by the larger value of
the odd crystal field component in the
Ho0.75Nd0.25Fe3(BO3)4 crystal.

Transition 4I9/2 → 4G9/2 (E band). In the E (4I9/2 →
4G9/2) transition (Fig. 5), line E3 in the D3 symmetry is

forbidden in the π polarization, but it is not observed
in the Ho0.75Nd0.25Fe3(BO3)4 crystal either. Note a sig-

nificant increase in the intensities of lines E2 and E4 in
the π-polarized absorption spectrum of the
Ho0.75Nd0.25Fe3(BO3)4 crystal (Fig. 5) (the line inten-

sities are shown in the figure). This can be attributed to
the greater noncentrosymmetricity of the local envi-

ronment of the Nd3+ ion in this crystal in this elec-
tronic state.

Transition 4I9/2 → 4G5/2 + 2G7/2 (D band). The

absorption spectra in the region of the D (4I9/2 →
4G5/2 + 2G7/2) transition of Nd3+ ions in the investi-

gated crystals at 90 K are shown in Fig. 6. The posi-
tions of the components of splitting of the excited

states 4G5/2 and 2G7/2 are given in Table 2. The D5 tran-

sition in the Ho0.75Nd0.25Fe3(BO3)4 crystal is very weak

in both the π and σ spectrum (Fig. 6); therefore, its
position was determined by the factorization of the π
spectrum into Lorentzian components. Line d1 can be
interpreted as either the Gr2–D5 or Gr3–D7 transi-
tion. The D3 transition is forbidden in the π pola-
rization in the D3 symmetry by the selection rules

(Table 1), but in the Ho0.75Nd0.25Fe3(BO3)4 crystal, it

is clearly seen in the π spectrum (Fig. 6), which follows
from the local C2 symmetry of neodymium ions in this

crystal at 90 K.
SICS OF THE SOLID STATE  Vol. 63  No. 1  2021

 + Iπ)/3) in Nd3+ ions in the Ho0.75Nd0.25Fe3(BO3)4,

(2Iσ + Iπ)/3, cm−2 mol−1 L

Fe3(BO3)4 
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R32 (D3)

NdFe3(BO3)4 

R32 (D3)

01 448 516

31 1618 1540

8 1297 1439

31 67 87

8 2046 2412

9 390 436

91 450 506

8 6315 6936
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Fig. 7. Optical absorption spectra of the transition 4I9/2 →
4G5/2 + 2G7/2 (D) of Nd3+ ions in the π and σ polarizations

for the Ho0.75Nd0.25Fe3(BO3)4 crystal at T = 130 and

210 K.
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In the region of transition D, we studied the optical
absorption spectra of the Ho0.75Nd0.25Fe3(BO3)4 crys-

tal as a function of temperature. Figure 7 shows the π-
and σ-polarized spectra at temperatures of 130 and
210 K, respectively, below and above the temperature
of the structural transition P3121 → R32 (the local sym-

metry change C2 → D3). Based on the measured optical

absorption spectra of the Ho0.75Nd0.25Fe3(BO3)4 crystal

in the temperature range of 90–300 K, we plotted the
temperature dependences of the integral intensities Iπ
and Iσ of the D transition in Nd3+ ions in the π and

σ polarizations, respectively (Fig. 8). In the obtained
dependences, there are no pronounced features in the
region of the structural transition (T = 203 K [15]).
However, the different temperature behaviors of the
intensity in the π and σ polarizations are indicative of

a change in the local environment of the Nd3+ ion
upon temperature variation, at least, in the excited
state.

To determine the temperature dependences of the
intensities of individual lines of band D, the obtained
spectra were decomposed into Lorentzian compo-
nents. In the spectra shown in Fig. 7, one should pay
attention to the behavior of the two lines, D3 and Gr5–
D3. The disappearance of line D3 in the π polarization
with increasing temperature is related to the change in

the local symmetry of Nd3+ ions from C2 to D3. Line

D3 is a transition from the lower component of the
ground state splitting and its intensity should decrease
with increasing temperature. Line Gr5–D3 is a transi-
tion not from the lower component of the ground state
splitting and its intensity should increase with tem-
perature, as it happens in the σ polarization with lines
Gr4–D1 and Gr2–D1 (Fig. 7 and inset in Fig. 8). The
disappearance of line Gr5–D3 in the σ polarization
with increasing temperature (Fig. 9) is related to the
PHYSICS OF THE SOLID STATE  Vol. 63  No. 1  2021
local symmetry change during the structural transi-
tion. The transition Gr5–D3 becomes forbidden in the
D3 symmetry in the σ polarization. According to the

selection rules in the D3 symmetry (Table 1), this for-

biddenness is implemented for the transitions between
the E3/2 states. Based on Table 2, we may conclude that

this is a transition to the D3 level. The difference
between the energies of lines D3 and Gr5–D3 yields
the position of the Gr5 level with the E3/2 symmetry in

group D3 (Table 2). Line Gr5–D3 (E3/2–E3/2), accord-

ing to the selection rules (Table 1), is allowed also in
the π spectra of the Nd0.5Gd0.5Fe3(BO3)4 and

NdFe3(BO3)4 crystals, but is very weak (Fig. 6).

Figure 9 shows the temperature dependence of the
intensity of line D3 in the π polarization, which
decreases both due to a decrease in the population of
the Gr1 level with increasing temperature and, mainly,
due to the local symmetry change from C2 to D3. The

same figure shows the intensity of line Gr5–D3 in the
σ polarization. In this dependence, the intensity
growth caused by an increase in the population of the
initial Gr5 state with increasing temperature competes
with the intensity drop due to the local symmetry
change from C2 to D3. It can be seen from the tempera-

ture dependences of the intensities of lines D3 and
Gr5–D3 that they disappear at a temperature of
~200 K, which is in good agreement with the struc-
tural transition point obtained in [15].

In addition, we investigated the change in the crys-
tal lattice parameters of the Ho0.75Nd0.25Fe3(BO3)4

crystal as a function of temperature (Fig. 10). It turned
out that the lattice parameter a changes stepwise at the
temperature of the structural transition, which points
out the occurrence of a first-order transition. At the
same time, the lattice parameter c changes smoothly.
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Fig. 9. Temperature dependences of intensities of lines D3

and Gr5–D3 of the D band of Nd3+ ions and positions of
the soft structural mode line [15] in the

Ho0.75Nd0.25Fe3(BO3)4 crystal.
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For completeness, Fig. 9 shows the change in the posi-
tion of the line of a soft structural mode in the
Ho0.75Nd0.25Fe3(BO3)4 crystal as a function of tem-

perature from [15]. The soft mode position also
changes stepwise. Attention is drawn to the fundamen-
tal difference between the temperature variations in
the structural (lattice and soft mode) parameters and
the intensity of absorption lines f–f in the region of
the structural transition (Figs. 9, 10). This difference
originate from the different nature of the discussed
parameters. The structural parameters are mainly
related to the even component of the crystal field,
while the intensity of the f–f transitions is related
entirely to the odd component. It follows from the
temperature dependences of the intensity of the f–f
transitions shown in Fig. 9 that the odd crystal field
component of the lower symmetry does not appear
stepwise during the structural transition, but smoothly
PHY
increases from zero as the temperature decreases from
the structural transition point.

4. CONCLUSIONS

The polarized absorption spectra of the Nd3+ ion in
the Ho0.75Nd0.25Fe3(BO3)4 crystal were measured and

compared with the spectra of the Nd3+ ion in the
Nd0.5Gd0.5Fe3(BO3)4 and NdFe3(BO3)4 crystals at

90 K. Electronic transitions were identified and their
energies and intensities were determined. Splittings of

the excited electron multiplets of Nd3+ ions in a crystal
field were established. The difference between multi-
plet splittings in the investigated crystals suggests the
difference between the even crystal field components

in the region of the Nd3+ ion in these crystals. At 90 K,
the integral intensity of a sum of all the transitions in
the Ho0.75Nd0.25Fe3(BO3)4 crystal is noticeably higher

than in the other examined crystals, which points out
a larger odd crystal field component, due to which the
f–f transitions become allowed.

The absorption spectra of the transition 4I9/2 →
4G5/2 + 2G7/2 in the Ho0.75Nd0.25Fe3(BO3)4 crystal were

measured as a function of temperature in the range of
90–300 K. In the spectra of this crystal at tempera-
tures below the structural transition point, the lines
forbidden in the D3 symmetry appear due to the low-

ering of the local symmetry of Nd3+ ions. A similar
phenomenon is observed in all the investigated
absorption bands.

The change in the crystal lattice parameters of the
Ho0.75Nd0.25Fe3(BO3)4 crystal with temperature was

studied. It turned out that the lattice parameter a
changes stepwise at the temperature of the structural
transition, which suggests the occurrence of a first-
order transition. At the same time, the lattice parame-
ter c changes smoothly. The position of a soft struc-
tural mode also changes stepwise. The temperature
variations in the structural (lattice and soft mode)
parameters and the intensities of the f–f absorption
lines appearing below the structural transition are fun-
damentally different. The structural parameters are
mainly related to the even crystal field component,
while the intensity of the f–f transitions is entirely
related to the odd component. According to the
obtained temperature dependences of their intensities,
the odd crystal field component of the lower symme-
try does not appear stepwise during the structural
transition, but smoothly increases from zero as the
temperature decreases from the structural transition
point.
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