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ABSTRACT: The K3Sb4BO13 material undergoes an uncommon symmetry increase on cooling, 

from triclinic symmetry at room temperature to monoclinic symmetry at low temperature. The first-

order phase transition is accompanied by the shrinkage of the unit cell resulting in the 

transformation of every pair of head to tail triangular BO3 groups into one B2O6 unit featuring the 

unique edge-sharing BO4 tetrahedra. This is the first material with B2O6 units formed through 

temperature lowering and exhibiting a B-O anionic framework composed uniquely of isolated 

edge-sharing BO4 tetrahedra. Several techniques including single crystal XRD experiments, 

Raman, 11B MAS-NMR spectroscopies and, for the first time, B K-edge EELS spectroscopy were 
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used to evidence the rare and discrete B2O6 units. The complete transformation of BO3 units into 

B2O6 units makes the K3Sb4BO13 compound the perfect candidate to extract information about 

B2O6 units whose signal can be unambiguously assigned. 

 

INTRODUCTION 

Among about 4000 entries of boron-oxygen compounds in ICSD database, only a few of them 

present a B-O anionic framework containing the rare edge-sharing (es-) BO4 tetrahedra forming 

the B2O6 units (Fig. 1). At first, the high pressure condition appears to be a key condition to form 

the B2O6 units. Indeed, the majority of borates with (es-) BO4 tetrahedra, discovered by Huppertz 

et al., were synthesized at high pressure and high temperature1–16 with the first one published in 

2002.4 Similarly, -Ba3[B10O17(OH)2] was synthesized at high pressure through hydrothermal 

reactions at 500 °C and 1000 bar.17 Unexpectedly, in 2010, the first borate KZnB3O6 obtained under 

ambient pressure was prepared18 showing that high pressure is not mandatory for the formation of 

(es-) BO4 tetrahedra. Thereafter, several borates were synthesized under atmospheric environment: 

Ba4Na2Zn4(B3O6)2(B12O24) in 201319 and Li4Na2CsB7O14
20 and BaAlBO4

21 in 2019. Meanwhile, 

-CsB9O14 was obtained under the vacuum-sealed condition.22 Only twenty-five compounds 

among thousands of borates were found containing the (es-) BO4 tetrahedra. The exceptional rarity 

of this connection mode is explained by the unfavorable formation of the B2O6 unit. Indeed, 

according to Pauling’s third rule, the electrostatic repulsion of BB between two BO4 tetrahedra 

is much higher when polyhedra adopt the edge-sharing rather than the corner-sharing connection 

mode.23  

 



3 

 

 

 

Figure 1. B-O anionic framework of borates containing edge-sharing BO4 tetrahedra from isolated 

B2O6 unit seen in LT-K3Sb4BO13 material to the most complex boron framework. B2O6 unit is 

displayed as the central unit of the boron framework. B2O6 units, BO4 tetrahedra and triangular 

BO3 groups are represented in red, orange and yellow, respectively.  

 

In the search of new ionic conductor in oxyborates,24,25 we focus our work on the K3Sb4BO13 

(KSBO) material which adopts the triclinic symmetry at room temperature. Its structure can be 

described by the stacking of 2D layers of (Sb3O9)n alternatively separated by Sb2O10 dimers and 

triangular BO3 groups along the c direction, forming 1D tunnels filled by the mobile K+ ions (Fig. 
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2b)26 that can be replaced, via ion exchange reaction, by the Rb+ ions.27 The K3Sb4BO13 material 

undergoes an unusual phase transition upon cooling characterized by a symmetry increase, from 

triclinic P-1 space group at room temperature to monoclinic C2/m space group at low temperature 

(LT). For phase transitions induced by a change in temperature, the most symmetrical phase is 

generally the stable phase at high temperature. Indeed, at high temperature the Hamiltonian of a 

system usually has a higher degree of symmetry. At low temperatures, the appearance of an order 

normally reduces the symmetry. We observe here the opposite in the case of the KSBO material. 

Over 2480 phase transitions classified according to symmetry changes, only 10 % correspond to a 

symmetry increase upon cooling.28 The phase transition observed in KSBO material is not only 

uncommon but it is accompanied by the transformation of every pair of head to tail triangular BO3 

groups into one B2O6 unit featuring the unique edge-sharing BO4 tetrahedra (Figure 2). The Figure 

1 shows the B-O anionic framework of the borates from the literature containing the B2O6
 unit. 

Taking the basic B2O6 unit as the central unit, there exists six different nodes to which the B-O 

blocks can be linked: two nodes from the common edge and four external nodes.20 The boron 

framework is varied by replacing the six nodes with different types of B-O blocks. The B-O blocks 

may be linked to two external nodes (Co7B24O42(OH)22H2O10 or BaAlBO4
21), four external nodes 

(HP-MB2O4 M = Ni1,  Fe2, Co3, M4B6O15 M = Dy4, Ho5, HP-La3B6O13(OH)6, -M2B4O9 M = Y7, 

Sm8, Eu9, Gd9, Tb9, Ho8, KZnB3O6
18, Ba4Na2Zn4B18O36

19 and Li4Na2CsB7O14
20) or a combination 

of two nodes from the common edge and two external nodes (α-Ba3[B10O17(OH)2]17). The case 

where all the six available nodes are linked to B-O blocks is encountered in HP-CsB5O8
11

, HP-

MB3O5 with M = K12, Rb13, Tl14, (NH4)15, Cs0.4(H3O)0.6
16 and -CsB9O14

22. The LT-KSBO is the 

first material presenting the unique structural feature where none B-O block is linked to the B2O6 

unit. The characterization of this particular isolated B2O6 unit is highly important for providing a 
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specific coordination fingerprint which could be used for example in borate glasses. Consequently, 

Raman, 11B MAS-NMR and B K-edge EELS spectra were used to evidence the isolated B2O6 units 

in the LT-K3Sb4BO13 material. The spectra are systematically analyzed by comparing them with 

those obtained above the phase transition temperature featuring the isolated BO3 units.  

 

Figure 2. Structures of KSBO material at 200 K, form  (a) and 250 K, form  (b) with layers 

representation. Bond lengths (Å) and angles (°) in the edge-sharing BO4 tetrahedra of the α-form 

and in the pair of head to tail triangular BO3 groups of the -form. 

 

EXPERIMENTAL SECTION 

Synthesis. Single crystals of the K3Sb4BO13 compound were grown in platinum crucible in air 

by slow cooling at 3 °C h−1 rate from 1050 to 700 °C and then faster down to room temperature at 

300 °C h−1 rate. The starting materials K2CO3 (Prolabo, 98.0%), Sb2O3 (Aldrich, 99.9%) and 
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B(OH)3 (Merck, 99.8%) were manually ground in a 5 : 2 : 15 ratio. The obtained single crystals 

were then washed intensively and several times with water to dissolve excess boron products.27 

 

X-Ray crystallographic study. Single crystal X‐ray diffraction data of K3Sb4BO13 were 

collected at T = 200 and 250 K with a Bruker-Nonius Kappa CCD diffractometer using graphite 

monochromated Mo Kα radiation (λ = 0.71073 Å). Data for the selected crystal were corrected for 

absorption using JANA200629 within the analytical option based on the crystal morphology and 

optimized with X-SHAPE software.30 The structures were solved with the ShelXT structure 

solution program using direct methods and refined with the ShelXL by a full-matrix least-squares 

technique on F2 with WinGX interface.31,32 All atoms were refined with anisotropic thermal 

parameters except O3 and O7 atoms whose thermal parameters were refined isotropically at T = 

200 K. Bond valence sums (BVS) were calculated with JANA2006 using the formula, bond valence 

= exp((Ro − R)/B), where R is the bond length and Ro and B are tabulated in ref. 33. Crystal data, 

data collection and results of the final refinements for the structures at T = 200 and 250 K are listed 

in Table S1. 

 

Differential Scanning Calorimetry (DSC). DSC measurements of the single crystals (6.8 mg) 

were performed on a TA instrument (DSC Q20 V24.11 Build 124, New Castle, DE, USA) using 

cooling and heating rates of 5 K min−1. 

 

Raman spectroscopy. The Raman spectra were recorded from ten single crystals of K3Sb4BO13 

on a micro Raman Renishaw Invia Reflex. The excitation was a 514 nm line of an argon laser with 

a power on the samples of 15 mW. The grating at 2400 grooves by millimeter provided a spectral 
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resolution smaller than 3 cm−1. To cool the single crystals, from ambient down to 173 K, the 

microscope was equipped with a liquid nitrogen cooling stage Linkam Scientific THSM600-PS. 

All spectra were very similar at T = 173 K (below the phase transition temperature) and at T = 295 

K (above the phase transition temperature) demonstrating the reproducibility of the results. One 

representative spectrum was selected at both temperatures. 

 

Solid-state NMR. 11B Solid State Nuclear Magnetic Resonance (NMR) was carried out on a 

Bruker Avance III 800 MHz spectrometer using a 3.2 mm LT-MAS DNP probe. Spectra were 

acquired with a single pulse excitation of 2 s with a radio-frequency field strength of 30 kHz. 

MAS speed was 10 kHz. The repetition time was set to 1 s. Spectra were referenced using the signal 

of an B(OH)3 aqueous solution at 19.6 ppm. The 11B background signal from the probe was 

removed by subtracting an experimental spectrum of an empty rotor. Spectral fitting was done by 

using the dmfit freeware.34 

 

EELS spectroscopy. Scanning/Transmission Electron Microscopy (S/TEM) experiments were 

performed on a probe corrected Themis Z G3 (Thermo Fisher Scientific). Electron Energy Loss 

(EELS) spectra were obtained with a GIF Quantum ERS 966 imaging filter (Gatan) equipped with 

an additional direct electron detection camera K2 Summit (Gatan) that can be inserted in front of 

the classical CCD camera. The amount of boron in the material is quite low (< 5 % at.). The K2 

camera was therefore used in counting mode to obtain a high signal to noise ratio and the spectra 

were acquired at a low dispersion (0.5 eV/channel) to get intense enough B K-edge while 

maintaining energy resolution (1 eV for zero-loss FWHM).  
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Around twenty crystals were selected with a binocular before being gently crushed in ethanol in 

an agate mortar. A drop of this solution was then deposited on a copper grid covered with a thin 

holey carbon film. A cryo sample holder (Model 2550, Fischione) was used to characterize the 

sample first at ambient temperature and then at low temperature (96 K). Energy dispersive X-ray 

(EDX) analysis confirms the composition of the single crystals (Figure S1). EELS spectra were 

acquired in STEM mode under these conditions: 300 kV accelerating voltage, 100 pA beam 

current, 30 mrad convergence semi-angle, 70 mrad collection semi-angle. The spectra were 

integrated on spectrum images area. A power law was used to subtract the background; plural 

scattering was not removed. Pixel size and dwell times were chosen to have enough signal while 

limiting the radiation damage that can induce the degradation of BO4 groups into BO3 groups.35,36 

 

RESULT AND DISCUSSION 

 

Thermal analyses and X-ray diffraction study. Single crystals of the KSBO material were 

synthetized by flux crystal growth.27 The compound at room temperature crystallizes in the triclinic 

system with centrosymmetric space group P-1.26 The occurrence of a thermal phase transition in 

KSBO was confirmed by differential scanning calorimetry (DSC) measurements (Fig. 3). The DSC 

curves for the single crystals exhibit a single exothermic peak at 194 K during the cooling process. 

This peak corresponds to the transition to the low-temperature phase. In contrast, the DSC traces 

of KSBO exhibit an endothermic peak at 210 K during the heating process. The relatively large 

thermal hysteresis of ca. 16 K and the distinct peak indicate a first-order phase transition. The 

crystal analyses of KSBO were performed at 200 K (low-temperature phase called form ) and at 

250 K (high temperature phase called form ). The compound at 200 K crystallizes in a monoclinic 

space group C2/m indicating a symmetry increase in comparison with the room temperature 
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structure,26,27 with unit cell parameters of a = 12.2032(5) Å, b = 7.4881(6) Å, c = 13.0698(19) Å 

and  = 101.636(6)°. When the temperature was increased, a structural phase change occurred 

(Figure S2, Table S2). The crystal structure at 250 K shows that KSBO crystallizes in the same P-

1 space group as that at 295 K27 but with slightly different unit cell parameters. The cell parameters 

at 250 K are a = 7.1168(8) Å, b = 7.2114(10) Å, c = 13.2218(7) Å,  = 81.923(7)°,  = 99.760(7)° 

et  = 117.098(12)°. Note that further data collections at 200 K and again at 250 K on the same 

single crystal give, respectively, the monoclinic and triclinic structures, confirming the reversibility 

of the phase transition. The structures of the low and high temperature phases are very similar with 

2D layers of (Sb3O9)n alternatively separated by Sb2O10 dimers and B-O blocks along the c 

direction, forming 1D tunnels filled by the K+ ions (Figure 2). There are two noticeable differences. 

First, the potassium sites of the high temperature phase located in the layer of the Sb2O10 dimers 

are split, as observed for the room temperature structure.27 This is related to the mobility of the K+ 

ions in the 1D tunnels formed by the SbO6 octahedra. By decreasing the temperature, the mobility 

of the K+ ions is reduced and consequently, the sites are not split anymore. Secondly and more 

importantly, the B-O blocks are altered from high to low temperature phase. Indeed, each pair of 

head to tail triangular BO3 groups is transformed into one B2O6 unit featuring the unique (-es) BO4 

tetrahedra. In contrast to previously reported ambient and high pressure borates, because the B2O6 

unit is located on a centre of inversion (2/m site symmetry), both B-O bond lengths inside the B2O2 

ring, as well as both B-O bond lengths outside the ring, are equal (Figures 2 and S3). The geometry 

of the (-es) BO4 tetrahedra is nonetheless consistent with other borates containing the same 

structural motif. As a common feature, the like-charges repulsion will push the positively charged 

B3+ cations apart in the (-es) polyhedra to minimize the electrostatic potential. Thus, the B–O bond 

lengths inside the B2O2 ring (B-O = 1.575(9) Å) are larger than those outside the B2O2 ring (B-O 
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= 1.411(8) Å), the average B-O bond length of 1.493 Å being slightly higher than the averaged 

bond length of a BO4 tetrahedron (1.476 Å).37 In parallel, the O-B-O angle within the B2O2 ring is 

remarkably reduced 86.833(3)° compared to the ideal value of 109.48°. The O-B-O bond angle 

outside the B2O2 ring is close to the ideal value, about 110.9(2)°. The considerable shrinkage of the 

O-B-O angle within the planar B2O2 ring is the factor most responsible for the significant expansion 

of the B···B interatomic distances. Indeed, the B···B bond length inside the (-es) tetrahedra of LT-

KSBO is 2.288(16) Å which is the largest value found in the borates containing this structural motif 

(Fig. S2). Bond-valence sum (BVS) calculation confirms that all the atoms in the compound, at 

low and high temperature, adopted normal valence states (Figure S4, Table S3). 

 

 

Figure 3. DSC curves of KSBO recorded at the rate of 5 K min-1 during a cooling–heating (blue-

red lines) cycle. 

To investigate the structural change in detail and, in particular, to better understand the 

transformation of (-es) BO4 tetrahedra into a pair of head to tail planar BO3 triangles, we study the 

structural distortions implied by the phase transition from C2/m to P-1 space group using 

AMPLIMODES, a computer program available on the Bilbao Crystallographic Server.38,39 The 

analysis consists in decomposing the symmetry-breaking distortion present in the distorted 
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structure into contributions from different symmetry-adapted modes. Given the high- and the low-

symmetry structures, AMPLIMODES determines the atomic displacements that relate them, 

defines a basis of symmetry-adapted modes, and calculates the amplitudes and polarization vectors 

of the distortion modes of different symmetry frozen in the structure. The mode decomposition 

applied to the phase transition of KSBO gives two different modes, GM1+ and GM2+ with an 

amplitude of 0.9313 and 1.0604 Å, respectively (Tables S3-S6). Surprisingly, the primary mode, 

GM2+, has an amplitude only slightly higher than the secondary mode GM1+. The Figure 4 

represents the polarization vectors of GM1+ and GM2+ modes (see also animated Figure S5). In 

the GM2+ distortion, the magnitude of the displacement of B and O12 atoms is much larger than 

that of all other atoms. B atoms are pushed back from each other, moving towards the triangles 

formed by O2, O11 and O12 atoms. O12 atoms of the common edge move along a+b and -a-b 

directions so as to separate both triangles from each other. These movements are clearly related to 

the transformation of the B2O6 unit into a pair of triangular BO3 groups. In order to accompany the 

transformation, nearby octahedra rotate with a smaller magnitude. In the GM1+ distortion, the B 

atoms displace in the (ab) plane in order to move away from each other. All oxygen atoms of the 

B2O6 unit are also repelled from their symmetric counterpart in order to slightly enlarge the 

triangles and to move them away from each other. As for the GM2+ distortion, the displacements 

of the oxygen atoms of nearby octahedra have a much smaller magnitude. These results provide a 

clear view of the moving mechanisms relative to the deconstruction and the reorganization of the 

B2O6 unit into two planar BO3 triangles. The volume of the triclinic cell at T = 250 K (V = 593.79 

Å3) is higher, as expected, than the volume of the monoclinic cell at T = 200 K in the triclinic 

setting (Vtric = 584.88 Å3). The lattice expansion, associated with the temperature increase (Figure 

S6), widens the interatomic distances, in particular the distances between neighbor B atoms and 
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O12 atoms of the common edge, and results concurrently in the phase transition and the 

transformation of a B2O6 unit into two BO3 units. 

 

 

 

 

 

 

 

Figure 4. Polarization vector of the distortions corresponding to the modes GM1+ (a) and GM2+ 

(b) in KSBO. The scale of the displacement vectors has been enlarged. Potassium atoms are 

omitted. 

 

Raman spectroscopy. The Figure 5 shows the Raman spectra of the KSBO single crystals above 

(295 K) and below the phase transition temperature (173 K). Although the wavenumbers were 

scanned up to 4000 cm–1, no Raman band was recorded above 1300 cm–1. Below 850 cm–1, bands 

of complex bending and stretching vibrations of the lattice, including the metal ions, are visible. 

There are clearly some similarities between both spectra which originate from the close structural 

relationship. In contrast to the region below 850 cm–1, the regions above 850 cm–1 is particularly 

modified due to the phase transition resulting in the transformation of two BO3 groups into one 

B2O6 unit. Indeed, the bands in the range 900-1300 cm–1 (inset Fig. 5), because of the atomic masses 

(a) (b) 
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of the different elements in the K3Sb4BO13 material, can only correspond to modes involving the 

stretching of B-O bonds. Depending on the oxygen coordination of boron, wavenumbers are 

expected between 850 and 1100 cm–1 for BO4 groups40,41 and between 1200 and 1450 cm–1 for BO3 

groups41,42. Since the structures above and below the phase transition temperature exhibit only 

isolated BO3 and B2O6 groups, respectively, at high temperature, the Raman bands, denoted at 

1004, 1218 and 1244 cm–1, could be assigned to the BO3 groups while, at low temperature, the 

Raman bands, denoted at 960, 1069, 1090 and 1107 cm–1, could be assigned to the B2O6 units. In 

the HP-borates studied by Huppertz et al., two Raman-active ranges (1253−1271 and 1431−1444 

cm−1) have been assigned to modes of edge-sharing BO4 tetrahedra.43 No such Raman-active modes 

at the corresponding wavelengths could be detected in LT-KSBO. Raman bands attribution is 

strongly dependent upon the structure and the interconnecting metal cations. However, Raman 

spectra for LT and RT-KSBO confirm well that both the BO4 and BO3 groups are present in the 

compound depending on the temperature. 

 

Figure 5. Raman spectra of KSBO single crystals at 173 and 295 K in the range of 100–1600 cm-1. 
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Solid-state NMR. The 11B MAS NMR spectrum of KSBO acquired at room temperature reveals 

a single site (Figure 6). The isotropic chemical shift is 16.7 ppm, the quadrupolar coupling constant 

CQ is 2.6 MHz and the asymmetry parameter  for quadrupolar is 0. Such values are typical for 

BO3 units.44 From 220K to 180K, the BO3 line progressively vanishes whereas a new line grows 

at lower frequency. In accordance with transition temperature of KSBO, this new line is attributed 

to B2O6 units. Note that because of the shrinkage of the unit cell, the isotropic chemical shift 

depends on the temperature. Thus, the BO3 line shifts from 16.7 ppm at 298K to 15.7 ppm at 200K. 

The B2O6 line shifts from 1.3 ppm at 200 K to 2.0 ppm at 100 K as well. This agrees well with the 

1.75 and 2.4 ppm values previously reported for HP- KB3O5 and KZnB3O6, respectively.12 At 100 

K, the shape of the B2O6 line does not present any effect of second-order quadrupolar interaction.  

On the contrary, it can be adequately fitted with a single Lorentzian line with 1.0 ppm of full width 

at half maximum. This suggests a low quadrupolar coupling constant. By using the SATRAS 

method,45 we estimated the quadrupolar product ( 𝐶𝑄 = 𝐶𝑄
√1 +

2

3
⁄  with 0 ≤  ≤ 1 ) to be 320 

kHz.  This value agrees well with the value below 500 kHz reported for La3B6O13(OH)6 but is 

lower than the 1.2 and 0.8 MHz values reported for HP- KB3O5 and KZnB3O6, respectively.12 For 

KSBO, the low value of the quadrupolar product does not reflect the strong distortion of the BO4 

tetrahedra. One possible explanation could be related to the specific position of the B2O6 unit 

located on a centre of inversion. Moreover, because the quadrupolar product is too low to explain 

the linewidth of the B2O6 unit, we associate the width with a distribution of isotropic chemical shift 

due to a gradient of temperature within the sample. The present 11B NMR data agree reasonably 

well with those of previous studies,6,12 and allows in the case of KSBO, where there exist only 

B2O6 units depending on the temperature, the unambiguous assignment of the B2O6 signal. 
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However, further works are needed to allow corner- and edge-sharing BO4 tetrahedra to be clearly 

discriminated by 11B NMR. 

 

 

Figure 6. 11B MAS NMR spectra of KSBO at various temperatures. 

 

EELS spectroscopy. Boron K-edge EELS spectra of KSBO compound are given in Figure 7. At 

room temperature, the B K-edge of KSBO presents two main features common in borates 

containing BO3 groups: an initial intense peak (peak A) followed by a broader peak.35,36,46 The 

peak A, around 193.2 eV, is assigned to a transition of B 1s to 2pz (π*) orbital. The broad peak C, 

centered 10 eV higher in energy, is assigned to transitions of B 1s electrons to unoccupied B-O 

sigma antibonding (σ*) orbitals of e’ symmetry. The weak peak B (around 197.5 eV) arises from 

a dipole-forbidden transition from B 1s → a1′ (σ*) states but weakly allowed by distortion.  

For phases containing regular BO4 groups with small angular and bond variations from an ideal 

tetrahedron, the B K-edge EELS spectrum exhibits mainly two bands B and C.35,36,46 The band B 

is assigned to transitions of B 1s electrons to unoccupied sigma antibonding (σ*) states of t2 

symmetry (peak around 198 eV) and a1 symmetry (weaker peak at 200 eV). The band C (around 

203 eV) is assigned to transitions of B 1s electrons to the unoccupied σ* orbitals of a1 and t2 
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symmetry.35,36,46 The spectrum at low temperature (96 K) of KSBO exhibits one peak A and two 

bands B and C (Figure 7). The peak A is caused by electron-beam damage during data acquisition 

involving conversion of part of BO4 to BO3 groups.35,36,46 In contrast to B K-edge EELS spectra of 

borates containing regular tetrahedra, the band B of LT-KSBO exhibits a distinct peak at ca. 196.7 

eV below this usually found at ca. 198 eV and a peak similarly intense at ca. 200.2 eV. This results 

from the highly distorted BO4 tetrahedra containing two short (2 x 1.411 Å) and two long B-O 

distances (2 x 1.575 Å) with B-site symmetry C2. The distortion causes the loss of degeneracy of 

the σ* (t2) orbital and peak broadening.36,46,47 Because σ* antibonding levels for long bonds are 

expected to be closer to the bottom of the conduction band than σ* antibonding levels for short 

bonds,47 the peak at ca. 196.7 eV could be assigned to the longest B-O distance in the BO4 

tetrahedron and the peak at ca. 200.2 eV could be assigned to the 1.411 Å distance. Highly distorted 

tetrahedra are generally obtained in borates containing B2O6 units due to the repulsion of boron 

atoms which deviate the O-B-O angles from the ideal value, increases B-O bond lengths inside the 

B2O2 ring and decreases those outside the B2O2 ring (Figure S3). One can expect to obtain similar 

B K-edge EELS spectra for other borates containing B2O6 units to that obtained for LT-KSBO. 

Due to the particularity of the distorted tetrahedra composing the B2O6 units, the presence of a 

broad intense B band in the B K-edge EELS spectrum is a motive to investigate the existence of 

this rare structural motif. 
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Figure 7. Experimental EELS B K-edge spectra for KSBO at 96 and 295 K. 

 

CONCLUSION 

K3Sb4BO13 undergoes a reversible phase transition with the formation, at low temperature, of the 

isolated edge-sharing BO4 tetrahedra. The temperature lowering involves a lattice compression 

which, in particular, shortens the B···B and B···O distances of each pair of planar BO3 triangles 

units and leads to the formation of B2O6 units. In the search of a specific fingerprint of the B2O6 

unit using different techniques such as Raman, 11B NMR and B K-edge EELS spectroscopies, it 

appears that the latter could be used to evidence the B2O6 units. Despite the fact that B K-edge 

EELS is not suitable to provide a specific fingerprint of the B2O6 unit, it could provide a 

characteristic signal of the distorted tetrahedra forming the B2O6 unit, which is the common feature 

shared by borates containing this special structural motif.    
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Upon temperature lowering, the K3Sb4BO13 compound undergoes a phase transition which 

results in the transformation of every pair of head to tail BO3 units into one B2O6 unit, featuring 

the edge-sharing BO4 tetrahedra, extremely rare in the borate chemistry. The K3Sb4BO13 forms, 

below and above the phase transition temperature, are characterized by single crystal X-Ray 

diffraction, as well as Raman, 11B MAS-NMR and B K-edge EELS spectroscopies. 

 

 

 

 


