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We report a Raman scattering study of single-crystalline homometallic oxyborate Mn2OBO3, a compound re-
alizing a one-dimensional ribbon-structure. Phonon excitations as a function of temperature and light polariza-
tion are compared to lattice dynamical calculations, giving evidence for a strong coupling between lattice and 
magnetic degrees of freedom. Furthermore, a broader feature with a distinct structure emerges at low tempera-
tures. Based on our theoretical analysis, we assign this signal to specific two-magnon scattering processes related 
to high energy flat-band magnon branches. 
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1. Introduction

The interplay of lattice, spin, charge, and orbital de-
grees of freedom in strongly correlated electron systems 
yields a large number of interesting phenomena. Particu-
larly, low-dimensional spin systems exhibit rich phase dia-
grams and unconventional magnetic properties owed to 
magnetic frustration. The underlying competing interac-
tions are based on the lattice geometry of local moments 
with antiferromagnetic exchange interactions. The ground 
state of such systems is characterized by a large degenera-
cy, preventing the formation of a conventional ordered 
state down to low temperatures. The interaction of the 
magnetic system with other degrees of freedom can lift this 
degeneracy. If the resulting ground state is long range or-
dered, flat magnon branches may be observed as a finger-
print of the competing interactions.  

The large family of warwickites with the chemical for-
mula M 

2+M 

3+OBO3 (M 

2+ and M 

3+ are di- and trivalent
metals, respectively) has attracted great interest and was 
studied for more than two decades [1–16]. The crystal lat-
tices of these oxyborate compounds consists of low-dimen-

sional units, namely ribbons of MO6 edge-sharing 
octahedra. The presence of transition metal ions in such 
low-dimensional structures may lead to nontrivial magnet-
ic structures. A big diversity of possible combinations for 
M 

2+ and M 

3+ positions opens up an opportunity to study
intriguing electronic and magnetic properties caused by the 
interaction between lattice and electronic subsystems. 

There are only three homometallic warwickites, Fe2OBO3, 
V2OBO3 and Mn2OBO3, with M 

2+ and M 

3+ being the same
metal ions in different valence states [17]. Fe-warwickite is 
well studied up to now: it evidences a charge ordering tran-
sition around TCO = 340 K with an accompanying ortho-
rhombic-to-monoclinic structural transition [14] and a mag-
netic transition around Tc = 155 K [2]. At the same time Mn-
warwickite has not been studied thoroughly and its physical 
properties are still under debate. 

Initially Mn2OBO3 was grown and structurally charac-
terized by R. Norrestam, et al. [5]. Specific heat and mag-
netic susceptibility measurements [8] revealed an antifer-
romagnetic transition at quite high Néel temperature of 
104 K and weak ferromagnetic behavior below 70 K. 
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However, it was later shown that the magnetic transition 
temperature in Mn2OBO3 is significantly lower, with TN = 
= 26 K, and that all other reported features are related to 
impurity phases [12]. Subsequent thorough experimental 
studies (electron spin resonance (ESR), magnetization, and 
thermoelectric power) [11] provided evidence for an intrin-
sic character of both phase transitions at 105 and 26 K. In 
view of these results, a revised phase diagram has been 
proposed. The possibility of a fast electron transfer be-
tween the M 

2+ and M 

3+ cations was suggested in the tem-
perature range down to ~ 105 K, together with an inhomo-
geneous (short range) AF ordering of M 

2+ and M 

3+ pairs 
at temperatures between ~ 110 K, and finally long range 
AF order around ~ 30 K. 

Nevertheless the magnetic structure of Mn2OBO3 has 
not been analyzed properly due to the complexity of the 
crystal structure and many inequivalent superexchange 
pathways presented in the network [12]. Only very recently 
a theoretical analysis of the magnetic structure was reported 
and exchange interactions were estimated [16]. In order to 
verify the phase diagram and the magnetic structure of Mn 
homometallic warwickite, we present a Raman spectroscop-
ic study of single crystalline Mn2OBO3 covering a wide 
temperature range from 7 to 295 K. The role of the lattice 
system in the behavior of magnetic system in Mn2OBO3 
is one of the focus points of our experimental investiga-
tions. Our lattice dynamic calculations support 
magnetoelastic coupling between lattice and the magnetic 
subsystems. At low temperatures we observe a structured 
magnetic excitation which we assign to two-magnon scat-
tering with the contribution of weakly dispersive magnon 
branches. 

2. Experiment 

High-quality single crystals of Mn2OBO3 have been 
grown using the flux technique. Details of the growth of 
the samples and their characterization are given in Ref. 16. 

Raman scattering experiments were performed in quasi-
backscattering geometry, using a λ = 532-nm solid-state 
laser. The laser power was set to 7 mW with a spot diameter 
of approximately 100 μm to avoid heating effects. All meas-
urements were carried out in an evacuated closed-cycle cry-
ostat (Oxford/Cryomech Optistat) in the temperature range 
7–295K. The spectra were collected via a triple spectrometer 
(Dilor-XY-500) by a liquid nitrogen cooled CCD (Horiba 
Jobin Yvon, Spectrum One CCD-3000V). Measured speci-
mens were in the form of thin black plates up to 15 mm long 
and with a cross-sectional area of less than 1.0×0.5 mm. The 
polarization configuration of the Raman spectra is denoted by 
(eies). Laboratory axes X, Y, and Z were chosen to be parallel 
to the a, b, and c axes of the crystal, respectively. 

3. Results and discussion 

The homometallic warwickites Fe2OBO3 and Mn2OBO3 
have a monoclinic crystal structure at ambient temperature 
[3,5]. Note that the choice of the axes and their unit cell 
values differ slightly in the literature (see for example 
Ref. 12). In our paper, we adopt the choice of the P21/n 
group (#14, Z = 4) with the lattice parameters a = 9.2919 
Å, b = 9.5311 Å, c = 3.2438 Å, and β = 90.733° according 
to Ref. 12. The structure of Mn-warwickite, shown in 
Fig. 1, is described by a herringbone array of infinite rib-
bons extending along the c axis. The ribbons are construct-
ed from four chains of edge-sharing MnO6 octahedra. All 
ribbons are coupled by corner-sharing and trigonal planar 
BO3 groups. M 

3+ and M 

2+ ions occupy two inequivalent 
crystallographic positions, site Mn(1) (within inner chains 
of ribbons) and site Mn(2) (within outer chains), respec-
tively. The presence of strong Jahn-Teller distortion with 
an axial elongation of Mn(1)O6 octahedra suggests a 
charge disproportionation into M 

3+ and M 

2+ ions and 
23

z
d  orbital ordering at the Mn(1) site. Recent high tem-

perature x-ray diffraction experiment has revealed the re-
tention of charge ordering up to high temperatures [19]. 

Fig. 1. (Color online) Extended unit cell image of Mn2OBO3. Green colored planes mark the ribbon-like elements (a). Structure of an 
individual ribbon (b). Intrinsic vibrational modes of the free [BO3]3− complex (c). 

(a) (b) (c) 
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The monoclinic (P21/n, Z = 4) crystal structure with all 
atoms at the 4e site symmetry leads to the following 84 vibra-
tional modes: Г = 21Ag + 21Au + 21Bg + 21Bu. Note that only 
the Ag and Bg modes are Raman-active, leaving 42 expected 
modes. The corresponding Raman tensors are given by: 

0 0 0
0 0 , 0 .

0 0 0
g g

b d f
A c B f e

d a e

   
   = =   
   
   

 

Figure 2 compares polarized Raman spectra of Mn2OBO3 
at T = 295 and 7 K. The sharpness of the observed phonon 
modes indicates the high quality of our single crystal. In the 
frequency region of 25–1500 cm−1, 34 phonon modes can 
be identified. 

In the phonon spectra of Mn2OBO3 the internal BO3 
modes and the external lattice modes which include rota-
tions and translations of the BO3 unit translations of two 
metal ions and O(1)2− ion connecting Mn(1)3+ inside the 
ribbons can be separated (Fig. 1(a)). In addition, all oxygen 
ions in warwickite form edge-shared octahedra around the 
transition metal ions (Fig. 1(b)). The isolated [BO3]3− ani-
on has a planar structure with D3h symmetry. It is well known 
that planar XY3 molecules possess six internal degrees of 
freedom consisting of two one-dimensional A1′ and A2″ and 
two E′ two-dimensional irreducible representations (IRP) of 
the D3h group. Their standard notation ν1, ν2, ν3, and ν4 
[18,19] and characteristic vectors of displacements are pre-
sented in Fig. 1(c). We assign phonon modes of the [BO3]3− 
unit in accordance with Ref. 19 as follows: 939 cm−1 (ν1, A1′), 
765 cm−1 (ν2, A2″), 1260 cm−1 (ν3, E′), and 672 cm−1 (ν4, E′). 
Moreover, only A1′ and E′ modes are Raman active, A2″ and 
E′ modes are active in IR [18,19].  

The octahedral cluster XY6 with Oh symmetry has 15 vi-
brational degrees of freedom grouped into six modes ν1 (A1g), 
ν2 (Eg), ν3 (T1u), ν4 (T1u), ν5 (T2g), ν6 (T2u) [19]. Within the 
framework of the crystal, however, octahedral molecular 
complexes are bound via common corners, edges or faces. 
Therefore, a direct assignment of internal XY6 modes to the 
crystal vibrational representation is not straightforward. 

Overall, the assignment of phonon modes and their 
symmetry analysis from the experimental spectra is ham-
pered by the low intensity of some lines and a possible 
leakage from forbidden polarizations. In addition, the 
structural BO3 and MnO6 units have common ions that are 
involved in vibrations. In order to assign the symmetries 
and eigenvectors of the observed optical phonon modes, 
we compute the Γ-point phonon modes by adopting shell-
model lattice dynamical calculations implemented in the 
General Utility Lattice Program (GULP) package [20].  

The temperature evolution of the spectra measured in ZZ 
scattering geometry in the frequency region of 25–725 cm–1 
is shown in Fig. 3. To get more insight into the phonon 
dynamics, we analyze the temperature dependence of the 
phonon line parameters. Phonon lines were fitted with 
Lorentzian profiles over the whole investigated tempera-
ture range and results are presented in Fig. 4 where the 
temperature dependent parameters of representative pho-
non modes (154 and 428.7 cm–1) are plotted. With de-
creasing temperature several distinct features show up. 
First, upon cooling from room temperature some modes 
undergo a hardening followed by a saturation in frequency 
for temperatures around T* ≈ 100 K and a softening upon 
further cooling. Most phonon modes have anomalies at 
TN = 23 K: a change in the frequency slope or a further 
hardening towards lower temperatures. Two phonon modes 
at 108 and 604 cm–1 show an unexpected softening with 
decreasing temperature. In addition, the linewidths of some 
phonons show an anomalous behavior (see for example 
Fig. 4(c)) with a substantial deviation between the mod-
elled anharmonicity and the experimental data, and should 
therefore be regarded as strong evidence for a relaxation 
mechanism different from multiphonon states. Finally, the 
integrated intensity of phonons shows a behavior that can-
not be described in terms of pure lattice contrac-
tion/extension with temperature changing and anharmo-
nicity (see Fig. 4(e), (f)). Summarizing, our observation of 

Fig. 2. (Color online) Polarized Raman spectra of Mn2OBO3 at 
295 and 7 K. The inset shows the laboratory axes relatively to the 
sample shape. 

Fig. 3. (Color online) Temperature dependence of the Raman 
spectra of Mn2OBO3 measured in the ZZ scattering geometry. 

Low Temperature Physics/Fizika Nizkikh Temperatur, 2019, v. 45, No. 9 1225 



V. Gnezdilov et al. 

phonon peculiarities at characteristic temperatures T* and
TN correlates with earlier observations and we consider a 
coupling of lattice and spin degrees of freedom as the ori-
gin for the deviations from anharmonicity in Mn2OBO3. 
This conclusion is underlined by our lattice dynamical 
calculations, which show that the main contribution to the 
vibration in the region of external lattice modes stems 
from magnetic ions, which have features near the temper-
ature of magnetic ordering. As an example we present in 
Table I the normalized eigenvectors for the ions that give 
the main contribution to the phonon mode at 154 cm–1

(see Fig. 4(a), (c), (e). 
Figure 5(a) zooms into the low-energy regime. A two-

peak structure with maxima around 81 and 92 cm−1 is ob-
served at T = 7 K. It has larger linewidths than the previ-
ously discussed phonon modes. The first band has an 
asymmetric line shape that can be further decomposed into 
two bands. This observed structure can be attributed to 
two-magnon Raman scattering, arising from a double spin-
flip process involving neighboring sites. In compounds 
with complex lattice structure, several magnetic ions per 
unit cell, and competing magnetic exchange interactions 
the two-magnon Raman spectrum is expected to comprise 
a few bands [26]. In the case of Mn2OBO3, which can be 

regarded as a mixed antiferromagnet, one should expect the 
presence of three bands in the two-magnon spectrum corre-
sponding to the creation of pair excitations on neighboring 
Mn ions in the combination Mn2+–Mn2+, Mn3+–Mn2+

and Mn3+–Mn3+.
With increasing temperatures these excitations merge 

into a single maximum at ~ 25 K, undergo a softening and 
damping, and then disappear into a diffusive background at 
temperatures above 150 K. This temperature amounts to 
6.5 TN (see Fig. 5(b) and (c)). The survival of the zone 
boundary magnon to exceptionally high temperatures with 
respect to TN reflects the fact that in low-dimensional spin 
systems magnetic excitations are scaled by an exchange 
coupling constant J while the classical Néel ordering is 
caused by interplane or interchain interactions. 

Table 1. The main contributions of ions to the phonon mode 
at 154 cm–1 in the Raman spectra of Mn2OBO3. The normalized
eigenvectors are shown for representative ions in 4e Wyckoff 
positions 

Ion 
Normalized eigenvectors 

x y z 

Mn1 
Mn2 
O4 

0.08 
–1.12

0.0 

–0.04
–0.13
0.21 

0.30 
–0.12

0.0 

Fig. 4. (Color online) Temperature dependence of the frequency 
(a), (b), linewidth (c), (d), and integrated intensity (e), (f) for two 
phonon lines. Dashed lines in (c), (d) correspond to anharmonic 
fits using 0( ) [1 /(exp ( / ) 1)]0T d k Tj BΓ = Γ + ω −  [21–23] with dj 
being a mode dependent fit parameter. 

Fig. 5. (Color online) Temperature dependent low-frequency 
Raman spectra of Mn2OBO3 (a). Temperature evolution of the 
two-magnon response in the Raman spectra of Mn2OBO3 (b) and 
its integrated intensity (c). 

1226 Low Temperature Physics/Fizika Nizkikh Temperatur, 2019, v. 45, No. 9 

154

155

156

429.0

429.5

2

3

4

2

4

6

8

0 50 100 150 200 250 300

0.8

0.9

1.0

0 50 100 150 200 250 300

0.6

0.8

1.0

F
re

qu
en

cy
, c

m
–1

(a) (b)

(c)

 F
W

H
M

, c
m

–1

(d)

In
t.

 i
nt

en
si

ty
, a

rb
. u

ni
ts

Temperature, K

(e)

TN T*

(f)

TN T*



Magnetic and structural correlations in the warwickite Mn2OBO3 

Next we turn to the polarization properties of the two-
magnon scattering. In our experiment the two-magnon 
signal was observed with approximately the same intensity 
both in parallel and crossed scattering configurations. This 
fact is not surprising and can be attributed to the skewed 
exchange paths with contributions both parallel and per-
pendicular to the crystallographic axes. 

The antiferromagnetic structure of Mn2OBO3 has been 
identified in the neutron diffraction experiment [12]. The 
magnetic cell is doubled compared to the crystallographic 
one in accordance with the observed (1/2 0 1/2) propaga-
tion vector of the magnetic structure. In Ref. 12 the P21/n 
space group is assigned to the paramagnetic phase. It 
was found that magnetic symmetry can be described by 
the Pc21/c (#14.80) Shubnikov group with unitary sub-
group P21/c and c-antitranslation. The connection between 
magnetic and structural lattice constants is as follows: 
am = –a + c; bm = b; cm = a + c. The 16 magnetic ions are 
distributed within the magnetic cell among four independ-
ent 4e positions (sublattices) with the initial coordinates: 
Mn2+(1) (–0.3860, 0.3836, 0.1713); Mn2+(2) (–0.8860, 
0.3836, 0.6713); Mn3+(3) (–0.1953, 0.4028, –0.0252); 
Mn3+(4) (–0.6953, 0.4028, –0.5252) [12]. The Mn(1) and 
Mn(2) positions and Mn(3) and Mn(4) positions are con-
nected to each other by the antitranslation (am + cm)/2, 
respectively. 

To analyze the magnetic order in Mn2OBO3 in detail 
we introduce linear combinations of the Fourier trans-
formed spins –( ) ( ) ( )( ) e ni Ri i i

n
n

α α α∑ ks s k s= =  of the Mn(i) 

sublattices. Here i = 1, 2, 3, 4 enumerates the 4e Wyckoff 
sites and index α is the number of  Mn ion at the respective 
site (our numbering is sequential to the application of e, 2y, I, 
and my symmetry operations to the starting coordinates of 
Mn ions at their respective position). 

 

( ) ( ) ( ) ( ) ( )
1 2 3 4

( ) ( ) ( ) ( ) ( )
1 1 2 3 4
( ) ( ) ( ) ( ) ( )
2 1 2 3 4
( ) ( ) ( ) ( ) ( )
3 1 2 3 4

1/4( );

1/4( );

1/4( );

1/4( ).

i i i i i

i i i i i

i i i i i

i i i i i

+ + +

+ − −

− + −

− − +

F s s s s

L s s s s

L s s s s

L s s s s

=

=

=

=

 (1) 

The Cartesian components of combinations (1) at k = 0 
transform in accordance with irreducible representations 
(IRP) at the Γ-point of the space group P21/c (see Table 2). 

Here F(i) represents the ferromagnetic moment of the 
sublattices i and L(i) are the antiferromagnetic vectors. The 
magnetic order parameters of a ground state for the known 
magnetic group must belong to its Γ1 irreducible represen-
tation. Therefore the nonzero magnetic order parameters 
for each sublattices in Mn2OBO3 should be ( ) ( )( )

1 1, ,i ii
yx zL F L . 

The antiferromagnetic state arises due to presence of the 
antitranslation which provides opposite signs of magnetic 
order parameters on the Mn2+(1) and Mn2+(2) sublattices 
and on the Mn3+(3) and Mn3+(4) sublattices. 

The type of exchange order (e.g., the type of magnetic 
order in Heisenberg approximation) can be analyzed by 
consideration of the permutation symmetry of the magnetic 
moments. The permutation symmetry accounts for just the 
mutual orientation of magnetic moments and does not fix 
its overall direction in space. Respective permutation 
modes (1) are listed with the corresponding IRP in right 
column of Table 2. In accordance with experimental data 
of Ref. 12 the main magnetic order parameter in each 
sublattice is a ferromagnetic moment F directed along the 
unique axis b. We will restrict our consideration to Hei-
senberg nearest neighbor approximation and omit small 
canting ( ) ( )

1 1,i i
x zL L  caused by Dzyaloshinsky–Moriya interac-

tions. Thus, the magnetic ground state of  Mn2OBO3 can 
be described as nonzero entities ( )i

yF  for each sublattice 

with the conditions F(1) || –F(2) ||F(3) || –F(4) || b-axis and 
F(1) = –F(2) and F(3) = –F(4). 

We proceed further with a detailed analysis of the ex-
change topology in Mn2OBO3. The main magnetic build-
ing blocks in Mn2OBO3 are one-dimensional structural 
units — infinite ribbons running along the am + cm-di-
rection (see Fig. 1 and Fig. 6). A ribbon consists of four 
chains of edge shared (MnO)6 octahedra. Two chains of 
Mn3+ (3d4 S = 2) ions are sandwiched by two chains of 
Mn2+ (3d5 S = 5/2) ions which are disposed at the ribbon’s 
edge. The intraribbon exchange interactions feature a trian-
gular topology of the Mn ions mutual arrangement, resulting 
in a highly frustrated magnetic ground state. A small varia-
tion of the Mn–Mn distances in the triangles partially re-
moves this frustration. However, the model estimation of the 
intraribbon exchange interactions [16] reveals all of them to 
be antiferromagnetic. The Mn–O–Mn bonding angles be-
tween Mn3+(1, 2) and Mn2+(3, 4) sublattices also bring 
in some degree of uncertainty about the estimated exchange 
values. A close inspection of these angles shows that in re-
spective edge shared (Mn3+O6)–(Mn2+O6) octahedra one of 
the Mn–O–Mn bond angles is smaller than 95°, while an-
other one is larger. A strong deviation of bond angles 

Table 2. Magnetic modes or basis functions of the irreducible 
representations of the unitary subgroup P21/c in Mn2OBO3. Indi-
ces x, y, z indicate the nonzero Cartesian components of the vec-
tors (1) with y || b and z || c. The transformation of permutation 
modes (1) are presented on the right column 

 Mn(i) i = 1, 2, 3, 4 

h e 2y I my Magnetic modes 
Permutation 

modes 

Γ1 1 1 1 1 ( ) ( )( )
1 1, ,i ii

yx zL F L  ( )iF  

Γ2 1 –1 1 –1 ( )( ) ( )
1, ,ii i

x zyF L F  ( )
2
iL  

Γ3 1 1 –1 –1 ( ) ( ) ( )
2 3 2, ,i i i

x y zL L L  ( )
1
iL  

Γ4 1 –1 –1 1 ( ) ( ) ( )
3 2 3, ,i i i

x y zL L L  ( )
3
iL  
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around a critical average value, at which the exchange in-
teraction can change the sign, is the main source of uncer-
tainty. In general six exchange integrals are sufficient to 
describe intraribbon magnetic order (see Fig. 6). We adopt 
the same enumeration of exchange integrals as in Ref. 16 
by assigning them in accordance to the Mn–Mn distances.  

Structurally, Mn2OBO3 consists of two ribbons that are 
inclined to each other (see Fig. 1). The interribbon nearest–
neighbor exchange interactions are realized through inter-
actions between Mn(3,4) and Mn(1,2) sublattices. Here, 
every Mn2+ ion at the ribbon edge interacts with triangles 
of Mn3+ ions from the neighboring ribbon via the only 
Mn–O–Mn pathway that is involved in building corner-
shared octahedra. This topology is also a source of frustra-
tion, as Mn3+ triangles include either two ions from 
Mn3+(1) and one ion from Mn3+(2) sublattices or vice ver-
sa. However, the interribbon Mn–Mn distances do exceed 
3.5 Å and in model calculations [16] three antiferromag-
netic interribbon exchange interactions are weaker than 
intraribbon ones. One can conclude that magnetic ordering 
in Mn2OBO3 can be described in a minimal model with 
nine nearest–neighbor exchange interactions. Notice the 
absence of the intra sublattice exchange interactions as a 
special structural feature of Mn2OBO3. 

Sixteen magnetic ions define the spin dynamics of 
Mn2OBO3 with sixteen spin wave branches. Within the 
Heisenberg approximation and a collinear antiferromagnet-
ic structure two out of sixteen magnon branches must be 
gapless Goldstone modes. The highest intensity of a two-
magnon scattering process forms from the spectral region 

of spin waves with a high density of states. Such a region 
is usually found at the boundary of the Brillouin zone. 
However, in the case of dispersionless spin-waves, so 
called flat-band modes, the contribution can be detected all 
throughout the Brillouin zone, even from the Γ-point [27]. 

To elucidate the origin of the two-magnon signal in 
Mn2OBO3 we perform a calculation of the spin-wave spec-
trum in Heisenberg nearest–neighbor approximation using 
the above described magnetic structure adopted from 
Ref. 12. The calculations have been done in linear spin-
wave approximation with the help of the SpinW code [28]. 
As a starting point we choose the values of exchange inte-
grals obtained by model estimation in Ref. 16. Our calcula-
tions find that the high frustration caused by the same anti-
ferromagnetic sign of this set of exchange integrals (here 
we use notation JAF > 0) leads to a ground state instability. 
The strongest impact comes from the frustration along 
Mn2+(1)– Mn3+(3) ferromagnetic bonding, whereas J3 > 0 
is antiferromagnetic. We assume that the reason for the 
wrong estimation of the J3 exchange is the large variation 
in Mn–O–Mn bond angles. The ground state stability can 
be restored once J3 becomes ferromagnetic. In the follow-
ing calculations we use the exchange integrals: J1 = 3.58 
K, J2 = 1.28 K, J3 = –6.07 K, J4 = J5 = 4.47 K, J6 = 4.63 
K, J7 = –2.14 K, J8 = 0.42 K, and J9 = 0.58 K. Except for 
the sign of J3 and J7, the absolute values of this set of ex-
change integrals are slightly smaller than those reported in 
Ref. 16. The corresponding calculated spin-wave disper-
sions of Mn2OBO3 are shown in Fig. 7. 

The most striking feature of the calculated spin-wave 
spectrum is the small dispersion of the high energy (flat-
band) spin-waves. At the Γ-point eight doubly degenerate 
spin-waves appear at 40.2, 40.56, 46.46, and 47.72 cm–1. 

Fig. 6. (Color online) The crystallographic and magnetic structure 
of a ribbon in Mn2OBO3. The manganese ion positions are shown 
as Mn3+(1) in red; Mn3+(2) in pink; Mn2+(3) in dark blue; 
Mn2+(4) in light+blue. The indicated magnetic structure is in 
accordance with neutron diffraction data [12] with ferromagnetic 
moments of the sublattices F(1) || –F(2) ||F(3) || –F(4) || b-axis. The 
experimentally observed canting of the magnetic moments in 
Mn(3) and Mn(4) sublattices are omitted. The enumeration of 
exchange interaction is the same as in Ref. 16. 

Fig. 7. Spin-wave dispersions in Mn2OBO3 along high symmetry 
lines calculated in the nearest-neighbor Heisenberg approxima-
tion. All spin branches are doubly degenerate due to the presence 
of an antitranslation symmetry element in the Shubnikov group. 
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Their absolute energies as well as their energy difference 
correlates well with the double peak feature seen at 81.4 
and 91.6 cm–1 in the two-magnon spectrum shown in par-
allel polarization in Fig. 5. Furthermore, the different 
symmetry of these branches allows combining them to 
contribute to cross-polarized two-magnon scattering as 
observed in our experiment. The appearance of flat-band 
modes can be connected with the specific quasi-one-
dimensional ribbon chain topology of the Mn2OBO3 crys-
tal structure. Recently, flat-band spin dynamics have been 
uncovered in the saw-tooth spin chain compound 
Fe2O(SeO3)2 [25].  

In summary, we have measured polarized Raman scat-
tering spectra of single-crystalline homometallic oxyborate 
Mn2OBO3 in the temperature range of 7–295 K. This 
compound is a realization of a one-dimensional ribbon 
structure along the c-axis. Long-range magnetic order is 
established below TN = 23 K and yields pronounced pho-
non anomalies. Besides anomalies in optical phonons, we 
have observed excitations of high intensity related to the 
long-range magnetic order. We assign them to two-
magnon signals, connected to the specific form of the one-
magnon spectrum of the magnetic ribbon lattice with a set 
of dispersionless spin-wave branches. The minimal set of 
exchange coupling constants has been estimated based on 
Raman data and results of linear spin-wave calculations. 
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Магнітні та структурні кореляції 
у варвікіті Mn2OBO3 

В. Гнезділов, Ю. Пашкевич, В. Курносов, 
О.В. Журавльов, D. Wulferding, P. Lemmens, 

Н.В. Казак, Ю.В. Князєв, С.Г. Овчинников 

Досліджено раманівське розсіювання в монокристалі го-
мометалічного оксиборату Mn2OBO3 — сполуки, в якій реа-
лізується одномірна стрічкова структура. Температурна та 
поляризаційна залежності фононних збуджень у порівнянні з 
розрахунками динаміки ґратки свідчать про сильний зв’язок 
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V. Gnezdilov et al. 

між ґратковими та магнітними ступенями свободи. Широка 
спектральна особливість з виразною структурою виникає, 
крім того, при низьких температурах. Ґрунтуючись на теоре-
тичному аналізі, цей сигнал віднесено до специфічних проце-
сів двомагнонного розсіювання, що пов’язаний з високо-
енергетичними магнонними вітками з «плоскою» дисперсією. 

Ключові слова: геометрична фрустрація, двомагнонне рама-
нівське розсіювання, оксиборат. 

Магнитные и структурные корреляции 
в варвиките Mn2OBO3 

В. Гнездилов, Ю. Пашкевич, В. Курносов, 
А.В. Журавлев, D. Wulferding, P. Lemmens, 
Н.В. Казак, Ю.В. Князев, С.Г. Овчинников 

Исследовано рамановское рассеяние в монокристалле 
гомометаллического оксибората Mn2OBO3 — соединения, в 

котором реализуется одномерная ленточная структура. 
Температурная и поляризационная зависимость фононных 
возбуждений в сравнении с расчетами динамики решетки 
свидетельствуют о сильной связи между решеточными и 
магнитными степенями свободы. Широкая спектральная 
особенность с отчетливой структурой возникает, кроме того, 
при низких температурах. Основываясь на теоретическом 
анализе, этот сигнал отнесен к специфическим процессам 
двухмагнонного рассеяния, связанным с высокоэнергетиче-
скими магнонными ветвями с «плоской» дисперсией. 

Ключевые слова: геометрическая фрустрация, двухмагнон-
ное рамановское рассеяние, оксиборат.
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