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The new orthorhombic meta–oxoborates RE(BO2)3 (≡ REB3O6) (RE = Dy–Lu) have been syn-
thesized under high-pressure and high-temperature conditions in a Walker-type multianvil appara-
tus at 7.5 GPa and 1100 ◦C. They are isotypic to the known ambient pressure phase Tb(BO2)3,
space group Pnma. In contrast to Dy(BO2)3, which was also obtained in small amounts under high-
temperature conditions, the preparation of the higher orthorhombic homologues RE(BO2)3 (RE =
Ho–Lu) was only possible using high-pressure. The meta-oxoborates RE(BO2)3 (RE = Dy–Er) were
synthesized as pure products, whereas the orthorhombic phases with RE = Tm–Lu were only obtained
as byproducts. With the exception of Yb(BO2)3 it was possible to establish single crystal data for all
compounds. The results of temperature-resolved in-situ powder-diffraction measurements, DTA, IR-
spectroscopic investigations, and magnetic properties are also presented.
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Introduction

The class of oxoborates has been investigated ex-
tensively in the past decades, owing to their struc-
tural aspects and interesting physical properties, e. g.
NLO (non-linear optics) and fluorescence [1 – 4]. In
the system RE2O3–B2O3 the fundamental series of
compounds with the molar ratios 1:1 [5 –23], 1:3 [24 –
33], and 3:1 [16] were recently extended by composi-
tions 2:7 [34], 1:5 [35], ∼ 8.7:4 [36, 37], and 13:4 [38].
Using high-pressure as an additional parameter, it was
possible to enlarge the range of attainable composi-
tions by the ratios 2:3 [39, 40] and 1:2 [41 – 43] with
the formulas RE4B6O15 (RE = Dy, Ho), α-RE2B4O9
(RE = Eu, Gd, Tb, Dy), and β -RE2B4O9 (RE = Dy). In
the last months, the meta-oxoborates (1:3) especially,
were examined again by Held et al. [32] and Schleid
et al. [31 – 33]. In these investigations, the mono-
clinic phase Gd(BO2)3 (≡GdB3O6; a = 973.4(8), b =
802.7(5), c = 629.6(5) pm, β = 126.84(1)◦) [29, 44]
marked the end of a series of well characterized mo-
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noclinic meta-oxoborates RE(BO2)3 (RE = La, Nd,
Sm, Gd). Recently, Schleid et al. synthesized the meta-
oxoborate Tb(BO2)3 and solved its orthorhombic crys-
tal structure (Pnma, a = 1598.97(9), b = 741.39(4),
c = 1229.58(7) pm) [31]. Tb(BO2)3 was obtained by
the reaction of metallic terbium, Tb4O7, and TbCl3
with an excess of B2O3 in gastight sealed platinum
ampoules at 950 ◦C after three weeks. Interestingly,
Held et al. were able to synthesize the monoclinic
polymorph of Tb(BO2)3 using a homogenized powder
mixture of Tb4O7, H3BO3, and PbO in a molar ratio
of 1.1 : 87.9 : 11.0 at 940 ◦C in a covered platinum
crucible with the in-situ generated lead borate act-
ing as a flux [32]. Additional experiments by Schleid
et al. showed that of the higher rare earth homo-
logues (Dy–Lu) only the dysprosium compound can
be synthesized under the mentioned conditions. Less
is known about the higher homologues of the meta-
borates REB3O6 (RE = Ho–Lu). In 1975, Tananaev et
al. synthesized these compounds starting from RE 2O3,
B2O3, and Na2O as a flux-material [28]. On the basis
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Empirical formula DyB3O6 HoB3O6 ErB3O6

Molar mass [g·mol−1] 290.93 293.36 295.69
Crystal system orthorhombic
Space group Pnma (Nr. 62)
Powder diffractometer Stoe Stadi P
Radiation Cu-Kα1 (λ = 154.06 pm)
Powder diffraction data
a [pm] 1592.4(1) 1590.0(4) 1589.1(2)
b [pm] 739.7(1) 739.3(2) 737.6(1)
c [pm] 1225.0(1) 1223.1(4) 1219.1(1)
Volume [nm3] 1.443(1) 1.437(1) 1.429(1)
Single crystal diffractometer Enraf-Nonius Kappa CCD
Radiation Mo-Kα (λ = 71.073 pm)
Single crystal data
a [pm] 1593.0(2) 1591.9(2) 1587.6(2)
b [pm] 740.2(2) 739.5(2) 738.0(2)
c [pm] 1226.4(2) 1223.3(2) 1218.9(2)
Volume [nm3] 1.446(1) 1.440(1) 1.428(1)
Formula units per cell Z = 16
Temperature [K] 293(2) 293(2) 293(2)
Calculated density [g·cm−3] 5.345 5.412 5.501
Crystal size [mm3] 0.07×0.04×0.03 0.08×0.02×0.02 0.06×0.04×0.02
Detector distance [mm] 40.0 40.0 40.0
Exposure time per deg [sec] 215 105 180
Absorption coefficient [mm−1] 20.60 21.90 23.43
F(000) 2064 2080 2096
θ Range [◦] 3.0 to 32.5 3.0 to 37.5 3.0 to 32.0
Range in hkl −22/+24, ±27, ±23,

−9/+11, ±12, ±10,
±18 ±20 −18/+17

Scan type ϕ /ω
Total no. reflections 21671 37456 17570
Independent reflections 2793(Rint = 0.0962) 4012(Rint = 0.0988) 2637(Rint = 0.2056)
Reflections with I > 2σ(I) 2397(Rσ = 0.0523) 3524(Rσ = 0.0489) 1568(Rσ = 0.1512)
Data / parameters 2793 / 197 4012 / 197 2637 / 161
Absorption correction numerical (HABITUS [52])
Goodness-of-fit (F2) 1.047 1.058 0.960
Final R indices [I > 2σ(I)] R1 = 0.0351 R1 = 0.0294 R1 = 0.0560

wR2 = 0.0628 wR2 = 0.0560 wR2 = 0.887
R Indices (all data) R1 = 0.0470 R1 = 0.0374 R1 = 0.1284

wR2 = 0.0654 wR2 = 0.0580 wR2 = 0.1068
Extinction coefficient 0.00031(5) 0.00061(5) 0.00007(5)
Larg. diff. peak a. hole [e·Å−3] 2.38 / −2.32 2.85 / −4.80 3.28 / −3.27

Table 1. Crystal data and struc-
ture refinement for RE(BO2)3

(RE = Dy, Ho, Er).

of X-ray powder patterns and IR-spectra, they postu-
lated the presence of three complementary structures
subdivided into the groups REB3O6 (RE = Y, Ho, Er,
Tm), REB3O6 (RE = Yb, Lu), and REB3O6 (RE = Dy).
No further information about these higher homologues
is available.

Using high-pressure/high-temperature conditions of
7.5 GPa and 1000 ◦C, we were able to synthesize
the isotypic higher homologues of the orthorhombic
phases RE(BO2)3 with RE = Dy–Lu from the start-
ing materials RE2O3 and B2O3 in a 1:3 molar mix-
ture without use of a flux or an excess of any of
the components. We obtained the orthorhombic meta-
oxoborates as single phase products for RE = Dy–Er.

However, the compounds with RE = Tm–Lu were only
obtained as byproducts of new high-pressure phases,
which remained unidentified until now. Following to
the pressure-homologue-rule [45], we were able to
transform the structure of the lower homologues with
smaller rare earth cations into that of their higher ho-
mologue Tb(BO2)3. A similar behaviour was observed
for the normal pressure modification of α-CaB4O7,
where the new high-pressure modification β -CaB4O7
is isotypic to the structure of its higher homologue
SrB4O7 [46].

In this work, we report on the syntheses, crystal
structures, and properties of the new orthorhombic rare
earth meta-oxoborates RE(BO2)3 with RE = Dy–Lu.
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Empirical formula TmB3O6 YbB3O6 LuB3O6

Molar mass [g·mol−1] 297.36 301.47 303.40
Crystal system orthorhombic
Space group Pnma (Nr. 62)
Powder diffractometer Stoe Stadi P
Radiation Cu-Kα1 (λ = 154.06 pm)
Powder diffraction data
a [pm] 1582.6(3) 1579.1(3) 1576.7(3)
b [pm] 736.8(3) 735.2(2) 734.9(2)
c [pm] 1216.4(3) 1214.0(3) 1211.7(3)
Volume [nm3] 1.418(1) 1.410(1) 1.404(1)
Single crystal diffractometer Enraf-Nonius Kappa CCD
Radiation Mo-Kα (λ = 71.073 pm)
Single crystal data
a [pm] 1581.6(2) 1576.7(2)
b [pm] 736.2(2) 734.7(2)
c [pm] 1216.2(2) 1211.5(2)
Volume [nm3] 1.416(1) 1.403(1)
Formula units per cell Z = 16
Temperature [K] 293(2) 293(2)
Calculated density [g·cm−3] 5.579 5.744
Crystal size [mm3] 0.07×0.05×0.02 0.05×0.03×0.02
Detector distance [mm] 45.0 30.0
Exposure time per deg [sec] 60 350
Absorption coefficient [mm−1] 24.99 28.06
F(000) 2112 2144
θ Range [◦] 3.0 to 33.0 3.0 to 30.0
Range in hkl −22/+24, ±22,

−11/+10, −9/+10,
−15/+18 −16/+17

Scan type ϕ /ω
Total no. reflections 10413 32640
Independent reflections 2837(Rint = 0.1126) 2192(Rint = 0.0974)
Reflections with I > 2σ(I) 1888(Rσ = 0.1176) 1794(Rσ = 0.0481)
Data / parameters 2837 / 197 2192 / 197
Absorption correction numerical (HABITUS [52])
Goodness-of-fit (F2) 0.905 1.057
Final R Indices [I > 2σ(I)] R1 = 0.0430 R1 = 0.0282

wR2 = 0.0720 wR2 = 0.0457
R indices (all data) R1 = 0.0866 R1 = 0.0439

wR2 = 0.0812 wR2 = 0.0491
Extinction coefficient 0.00102(7) 0.00030(3)
Larg. diff. peak a. hole [e·Å−3] 3.24 / −3.59 1.89 / −1.99

Table 2. Crystal data and struc-
ture refinement for RE(BO2)3

(RE = Tm, Yb, Lu).

Experimental Section

According to eq. (1), the starting materials for the syn-
theses of orthorhombic RE(BO2)3 (RE = Dy–Lu) were a 1:3
molar mixture of B2O3 [from H3BO3 (99.8%, Merck, Darm-
stadt) fired at 600 ◦C] with the rare earth oxides RE2O3 (RE=
Dy–Lu; 99.9%).

RE2O3 +3B2O3
7.5GPa−−−−−→
1000 ◦C

2RE(BO2)3(RE = Dy–Lu) (1)

The starting materials were compressed and heated via mul-
tianvil assemblies. Details of the construction of the assem-
blies can be found in references [19] and [47 – 49]. For the
syntheses of RE(BO2)3 (RE = Dy–Lu), the 18/11 assemblies
were compressed within 3 h to 7.5 GPa and heated to 1000 ◦C

in the following 8 min. After holding this temperature for
6 min, the samples were cooled down within another 10 min.
After decompression, the recovered experimental octahedra
were broken apart, and the samples carefully separated from
the surrounding boron nitride. The compounds RE(BO2)3
(RE = Dy–Er) were obtained as single phase, crystalline
products (yield: 75 mg per run). The substances are air- and
humidity–resistant and crystallize as long, thin, colourless
needles. The orthorhombic phases RE(BO2)3 of thulium, yt-
terbium, and lutetium were obtained as byproducts of new
phases, which have not been characterized in detail until now.
Compared to the orthorhombic phases, the part of the new
unknown phases rises from the thulium to the lutetium com-
pound.
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Table 3. Atomic coordinates and isotropic equivalent dis-
placement parameters Ueq [Å2] for Dy(BO2)3 (space group
Pnma). Ueq is defined as one third of the trace of the ortho-
gonalized Uij tensor.

Atom Wyckoff- x y z Ueq
Position

Dy1 4c 0.17179(3) 1/4 0.93356(3) 0.00667(9)
Dy2 4c 0.12063(3) 3/4 0.00762(3) 0.00660(9)
Dy3 4c 0.04828(3) 1/4 0.58840(3) 0.00689(9)
Dy4 4c 0.12747(3) 3/4 0.73076(3) 0.00668(9)
B1 8d 0.2823(4) 0.9295(9) 0.8146(5) 0.006(2)
B2 8d 0.9429(4) 0.9265(9) 0.6543(5) 0.006(2)
B3 8d 0.0313(5) 0.059(2) 0.8217(5) 0.010(2)
B4 8d 0.1534(4) 0.9228(9) 0.4824(5) 0.007(2)
B5 8d 0.1095(5) 0.0767(9) 0.1437(5) 0.009(2)
B6 8d 0.2577(4) 0.9329(9) 0.1285(5) 0.006(2)
O1 4c 0.1596(4) 3/4 0.5392(4) 0.006(2)
O2 8d 0.2818(3) 0.0632(5) 0.8987(3) 0.0071(8)
O3 8d 0.9307(3) 0.0585(5) 0.5683(3) 0.0053(7)
O4 8d 0.0483(3) 0.9351(6) 0.1229(3) 0.0069(8)
O5 8d 0.3709(3) 0.9263(6) 0.7655(3) 0.0069(8)
O6 8d 0.1848(3) 0.0340(6) 0.0775(3) 0.0073(8)
O7 4c 0.0636(4) 1/4 0.8024(4) 0.007(2)
O8 4c 0.2247(4) 3/4 0.1398(4) 0.009(2)
O9 8d 0.0965(3) 0.9604(6) 0.8776(3) 0.0076(8)
O10 8d 0.1643(3) 0.0654(6) 0.5644(3) 0.0059(7)
O11 4c 0.0774(4) 1/4 0.1065(4) 0.008(2)
O12 4c 0.2547(4) 3/4 0.8555(4) 0.008(2)
O13 4c 0.0491(4) 1/4 0.3969(4) 0.007(2)
O14 8d 0.0211(3) 0.9771(6) 0.7093(3) 0.0071(8)
O15 8d 0.2235(3) 0.9787(6) 0.7300(3) 0.0079(8)

Crystal Structure Analysis

The powder diffraction data of the orthorhombic
RE(BO2)3 (RE = Dy–Lu) compounds were collected
on a STOE Stadi P diffractometer with monochroma-
tized Cu-Kα1 radiation. The diffraction patterns were
indexed with the program ITO [50] on the basis of
an orthorhombic unit cell. The lattice parameters (Ta-
ble 1 and 2) were obtained from least–squares fits of
the powder data. The correct indexing of the patterns
was confirmed by intensity calculations [51], taking
the atomic positions from the structure refinements
for RE(BO2)3 (RE = Dy–Er, Lu). The lattice para-
meters, determined from powders and single crystals,
tally well. For indexing of the orthorhombic phases
RE(BO2)3 (RE = Tm–Lu), found as byproducts, only
corresponding reflections were used.

Small single crystals of RE(BO2)3 (RE = Dy–Tm,
Lu) were isolated by mechanical fragmentation and
examined by Buerger precession photographs. Single
crystal intensity data were collected from regularly
shaped colorless crystals (rods) at room temperature

Table 4. Atomic coordinates and isotropic equivalent dis-
placement parameters Ueq [Å2] for Lu(BO2)3 (space group
Pnma). Ueq is defined as one third of the trace of the orthog-
onalized Uij tensor.

Atom Wyckoff- x y z Ueq
Position

Lu1 4c 0.17332(2) 1/4 0.93655(3) 0.0083(2)
Lu2 4c 0.12124(2) 3/4 0.01004(3) 0.0086(2)
Lu3 4c 0.04861(2) 1/4 0.58923(3) 0.0087(2)
Lu4 4c 0.12806(2) 3/4 0.73580(3) 0.0081(2)
B1 8d 0.2821(4) 0.930(2) 0.8157(6) 0.010(2)
B2 8d 0.9439(4) 0.927(2) 0.6540(6) 0.007(2)
B3 8d 0.0334(4) 0.059(2) 0.8241(6) 0.008(2)
B4 8d 0.1512(4) 0.921(2) 0.4836(6) 0.009(2)
B5 8d 0.1101(4) 0.076(2) 0.1423(6) 0.009(2)
B6 8d 0.2587(4) 0.933(2) 0.1287(6) 0.008(2)
O1 4c 0.1568(4) 3/4 0.5445(5) 0.008(2)
O2 8d 0.2820(2) 0.0681(6) 0.8993(3) 0.007(2)
O3 8d 0.9322(3) 0.0622(6) 0.5693(4) 0.009(2)
O4 8d 0.0485(3) 0.9327(6) 0.1213(4) 0.009(2)
O5 8d 0.3713(3) 0.9265(6) 0.7655(3) 0.007(2)
O6 8d 0.1860(2) 0.0357(6) 0.0758(3) 0.008(2)
O7 4c 0.0675(4) 1/4 0.8047(5) 0.011(2)
O8 4c 0.2242(4) 3/4 0.1400(5) 0.008(2)
O9 8d 0.0973(3) 0.9551(6) 0.8807(4) 0.010(1)
O10 8d 0.1626(3) 0.0682(6) 0.5641(3) 0.008(1)
O11 4c 0.0774(4) 1/4 0.1036(5) 0.009(2)
O12 4c 0.2543(4) 3/4 0.8598(5) 0.008(2)
O13 4c 0.0475(4) 1/4 0.3998(5) 0.008(2)
O14 8d 0.0238(3) 0.9733(6) 0.7111(4) 0.008(2)
O15 8d 0.2221(3) 0.9763(6) 0.7309(3) 0.008(1)

by use of an Enraf-Nonius Kappa CCD, equipped with
a rotating anode [Mo-Kα radiation (71.073 pm)]. A
numerical absorption correction (HABITUS [52]) was
applied to all data. All relevant information concern-
ing the data collections is listed in Tables 1 and 2.
According to the systematic extinctions 0kl with k +
l 	= 2n and hk0 with h 	= 2n, the space groups Pn2 1a
(No. 33) and Pnma (No. 62) were derived. The cen-
trosymmetric group was found to be correct dur-
ing the structure refinement. The starting positional
parameters were deduced from an automatic inter-
pretation of direct methods with SHELXS-97 [53].
The structures of RE(BO2)3 (RE = Dy, Ho, Tm, Lu)
were successfully refined with anisotropic displace-
ment parameters for all atoms with SHELXL-97 [54]
(full-matrix least-squares on F2). The structures of
RE(BO2)3 (RE = Er) could only partially be refined
with anisotropic displacement parameters due to the
low quality of the single crystals obtained. Final dif-
ference Fourier syntheses revealed no significant resid-
ual peaks in all refinements (see Tables 1 and 2).
The parameters for the single–crystal structure mea-
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Atom U11 U22 U33 U12 U13 U23

Dy1 0.0098(2) 0.0057(2) 0.0045(2) 0 −0.0000(2) 0
Dy2 0.0112(2) 0.0052(2) 0.0034(2) 0 −0.0002(2) 0
Dy3 0.0095(2) 0.0062(2) 0.0049(2) 0 0.0000(2) 0
Dy4 0.0098(2) 0.0059(2) 0.0043(2) 0 0.0002(2) 0
B1 0.003(3) 0.007(3) 0.009(2) 0.001(2) 0.001(2) 0.002(2)
B2 0.006(3) 0.007(3) 0.004(2) 0.000(2) 0.000(2) 0.000(2)
B3 0.013(3) 0.013(3) 0.005(2) −0.002(3) 0.001(2) 0.001(2)
B4 0.012(3) 0.005(3) 0.004(2) −0.003(2) −0.001(2) 0.001(2)
B5 0.015(3) 0.006(3) 0.006(2) 0.001(2) −0.001(2) −0.003(2)
B6 0.010(3) 0.006(3) 0.003(2) −0.003(2) 0.000(2) 0.000(2)
O1 0.009(3) 0.004(3) 0.006(2) 0 0.000(2) 0
O2 0.013(2) 0.003(2) 0.006(2) −0.000(2) −0.002(2) −0.001(2)
O3 0.005(2) 0.005(2) 0.006(2) 0.001(2) −0.002(2) 0.000(2)
O4 0.009(2) 0.007(2) 0.005(2) −0.002(2) −0.000(2) −0.000(2)
O5 0.007(2) 0.011(2) 0.003(2) −0.001(2) 0.000(2) −0.003(2)
O6 0.011(2) 0.008(2) 0.002(2) 0.000(2) 0.001(2) −0.002(2)
O7 0.006(3) 0.008(3) 0.008(2) 0 −0.001(2) 0
O8 0.011(3) 0.006(3) 0.010(3) 0 0.000(2) 0
O9 0.009(2) 0.010(2) 0.004(2) 0.002(2) 0.002(2) 0.001(2)
O10 0.005(2) 0.007(2) 0.006(2) 0.004(2) −0.002(2) −0.001(2)
O11 0.014(3) 0.006(3) 0.003(2) 0 −0.001(2) 0
O12 0.012(3) 0.008(3) 0.003(2) 0 0.002(2) 0
O13 0.012(3) 0.005(3) 0.003(2) 0 0.002(2) 0
O14 0.009(2) 0.010(2) 0.003(2) 0.001(2) −0.000(2) −0.002(2)
O15 0.010(2) 0.011(2) 0.003(2) 0.001(2) −0.001(2) 0.000(2)

Table 5. Anisotropic dis-
placement parameters [Å2]
for Dy(BO2)3 (space group
Pnma).

Atom U11 U22 U33 U12 U13 U23

Lu1 0.0081(2) 0.0084(2) 0.0084(2) 0 0.0002(1) 0
Lu2 0.0101(2) 0.0080(2) 0.0076(2) 0 0.0000(2) 0
Lu3 0.0077(2) 0.0092(2) 0.0092(2) 0 0.0000(2) 0
Lu4 0.0082(2) 0.0079(2) 0.0081(2) 0 0.0001(2) 0
B1 0.009(3) 0.010(4) 0.010(4) 0.001(3) −0.001(3) −0.002(3)
B2 0.007(3) 0.008(3) 0.005(3) −0.002(3) 0.003(3) 0.001(3)
B3 0.009(3) 0.009(4) 0.007(4) −0.002(3) 0.001(3) −0.002(3)
B4 0.007(3) 0.011(4) 0.009(4) 0.004(3) −0.001(3) 0.002(3)
B5 0.007(3) 0.010(4) 0.009(4) −0.003(3) 0.002(3) −0.005(3)
B6 0.009(3) 0.006(4) 0.009(4) 0.001(3) −0.004(3) 0.001(3)
O1 0.005(3) 0.008(3) 0.011(3) 0 −0.002(2) 0
O2 0.004(2) 0.012(2) 0.006(2) −0.002(2) −0.003(2) 0.000(2)
O3 0.008(2) 0.010(2) 0.008(2) 0.003(2) 0.000(2) 0.000(2)
O4 0.011(2) 0.006(2) 0.008(2) −0.001(2) −0.003(2) −0.002(2)
O5 0.008(2) 0.009(2) 0.005(2) 0.001(2) 0.001(2) 0.000(2)
O6 0.005(2) 0.010(2) 0.008(2) 0.002(2) −0.001(2) −0.001(2)
O7 0.006(3) 0.008(3) 0.018(4) 0 0.007(3) 0
O8 0.009(3) 0.009(3) 0.007(3) 0 0.003(2) 0
O9 0.009(2) 0.007(2) 0.014(2) 0.001(2) −0.003(2) 0.002(2)
O10 0.010(2) 0.008(2) 0.006(2) 0.001(2) −0.001(2) 0.001(2)
O11 0.007(3) 0.010(3) 0.011(3) 0 −0.003(3) 0
O12 0.009(3) 0.010(3) 0.005(3) 0 0.002(2) 0
O13 0.005(3) 0.008(3) 0.010(3) 0 0.002(2) 0
O14 0.008(2) 0.011(2) 0.005(2) −0.001(2) 0.000(2) −0.003(2)
O15 0.008(2) 0.011(2) 0.005(2) 0.000(2) 0.000(2) 0.000(2)

Table 6. Anisotropic dis-
placement parameters [Å2]
for Lu(BO2)3 (space group
Pnma).

surements are listed in Tables 1 and 2. The com-
pounds are isotypic, therefore the positional parame-
ters (Table 3 and 4), anisotropic displacement para-
meters (Table 5 and 6), interatomic distances (Table 7,
8, 9, 10, and 11), and angles (Table 12 and 13) were

listed only for the component with the largest rare
earth cation (Dy(BO2)3) and with the smallest rare
earth cation (Lu(BO2)3) of the presented series. Fur-
ther details of the crystal structure investigations for
all compounds may be obtained from the Fachinforma-
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B1–O2 142.8(7) B2–O3 145.1(7) B3–O4 143.9(8) B4–O1 146.0(7)
B1–O5 153.5(8) B2–O5 151.1(7) B3–O7 152.3(7) B4–O2 146.0(8)
B1–O12 148.7(7) B2–O13 145.5(7) B3–O9 144.3(8) B4–O3 148.3(8)
B1–O15 144.3(7) B2–O14 146.6(8) B3–O14 151.4(7) B4–O10 146.8(7)


 147.3 
 147.1 
 148.0 
 146.8
B5–O4 145.4(8) B6–O6 151.7(8)
B5–O5 152.7(7) B6–O8 145.9(7)
B5–O6 148.2(8) B6–O10 147.0(8)
B5–O11 145.4(7) B6–O15 143.9(7)


 147.9 
 147.1 
 over all distances 147.4

Table 7. Interatomic B–O dis-
tances [pm] calculated with the
single crystal lattice parame-
ters in Dy(BO2)3 (Standard de-
viations in parentheses).

B1–O2 143.3(9) B2–O3 144.1(8) B3–O4 145.3(8) B4–O1 146.2(8)
B1–O5 153.2(8) B2–O5 150.4(8) B3–O7 152.2(8) B4–O2 146.9(8)
B1–O12 149.2(8) B2–O13 146.0(8) B3–O9 143.7(8) B4–O3 146.9(8)
B1–O15 143.8(8) B2–O14 147.8(8) B3–O14 151.4(8) B4–O10 146.5(9)


 147.4 
 147.1 
 148.1 
 146.6
B5–O4 145.5(8) B6–O6 151.6(8)
B5–O5 152.1(9) B6–O8 145.5(8)
B5–O6 147.2(8) B6–O10 146.7(8)
B5–O11 145.6(8) B6–O15 144.0(9)


 147.6 
 147.0 
 over all distances 147.3

Table 8. Interatomic B–O dis-
tances [pm] calculated with the
single crystal lattice parame-
ters in Lu(BO2)3 (Standard de-
viations in parentheses).

Dy1–O2a 227.3(4) Dy2–O9a 226.2(4) Dy3–O10a 231.7(4) Dy4–O15a 228.2(4)
Dy1–O2b 227.3(4) Dy2–O9b 226.2(4) Dy3–O10b 231.7(4) Dy4–O15b 228.2(4)
Dy1–O7 235.7(6) Dy2–O4a 228.2(4) Dy3–O13 234.9(5) Dy4–O14a 240.1(4)
Dy1–O6a 239.1(4) Dy2–O4b 228.2(4) Dy3–O3a 236.2(4) Dy4–O14b 240.1(4)
Dy1–O6b 239.1(4) Dy2–O8 231.9(6) Dy3–O3b 236.2(4) Dy4–O1 240.4(5)
Dy1–O9a 255.1(4) Dy2–O6a 249.0(4) Dy3–O14a 254.3(4) Dy4–O9a 243.1(4)
Dy1–O9b 255.1(4) Dy2–O6b 249.0(4) Dy3–O14b 254.3(4) Dy4–O9b 243.1(4)
Dy1–O11 260.0(6) Dy2–O12 283.6(6) Dy3–O7 263.6(5) Dy4–O12 253.9(6)


 242.3 
 240.3 
 242.8 
 239.6

 over all distances 241.3

Table 9. Interatomic Dy–O dis-
tances [pm] calculated with the
single crystal lattice parame-
ters in Dy(BO2)3 (Standard de-
viations in parentheses).

Lu1–O2a 222.0(4) Lu2–O9a 220.7(4) Lu3–O10a 225.9(4) Lu4–O15a 222.8(4)
Lu1–O2b 222.0(4) Lu2–O9b 220.7(4) Lu3–O10b 225.9(4) Lu4–O15b 222.8(4)
Lu1–O7 230.9(6) Lu2–O4a 222.1(4) Lu3–O13 229.5(6) Lu4–O14a 234.1(4)
Lu1–O6a 231.6(4) Lu2–O4b 222.1(4) Lu3–O3a 230.8(4) Lu4–O14b 234.1(4)
Lu1–O6b 231.6(4) Lu2–O8 226.1(6) Lu3–O3b 230.8(4) Lu4–O1 236.2(6)
Lu1–O11 252.6(6) Lu2–O6a 246.6(4) Lu3–O14a 254.2(4) Lu4–O9a 236.4(5)
Lu1–O9a 256.7(4) Lu2–O6b 246.6(4) Lu3–O14b 254.2(4) Lu4–O9b 236.4(5)
Lu1–O9b 256.7(4) Lu2–O12 277.8(6) Lu3–O7 262.8(7) Lu4–O12 249.3(6)


 238.0 
 235.3 
 239.3 
 234.0

 over all distances 236.7

Table 10. Interatomic Lu–O
distances [pm] calculated with
the single crystal lattice param-
eters in Lu(BO2)3 (Standard
deviations in parentheses).

tionszentrum Karlsruhe, 76344 Eggenstein Leopolds-
hafen, Germany (fax: (+49)7247-808-666; e-mail:
crysdata@fiz-karlsruhe.de), on quoting the depository
number CSD-413582 for Dy(BO2)3, CSD-413584 for
Ho(BO2)3, CSD-413583 for Er(BO2)3, CSD-413586
for Tm(BO2)3, and CSD-413585 for Lu(BO2)3.

Results and Discussion

The crystal structures of orthorhombic RE(BO2)3

(RE = Dy–Lu) compounds contain strongly corru-
gated oxoborate layers, built up of corner-sharing BO 4-
tetrahedra, which spread out perpendicular to [100]
(Fig. 1). The Fundamental Building Block (FBB)

Table 11. Comparison of the O(5)–B distances [pm] in
RE(BO2)3 (RE = Dy–Tm, Lu).

Dy(BO2)3 Ho(BO2)3 Er(BO2)3 Tm(BO2)3 Lu(BO2)3

O5–B2 151.1(7) 150.8(4) 151(2) 153(2) 150.4(8)
O5–B5 152.7(7) 153.4(4) 154(2) 154(2) 152.1(9)
O5–B1 153.5(8) 153.8(4) 153(2) 151(2) 153.2(8)


 152.4 
 152.7 
 152.7 
 152.7 
 151.9

of the B–O-structure is built up around two three-
coordinate oxygen atoms O [3], which represent a rare
feature of bridging of BO4-tetrahedra in oxoborate
chemistry. Figure 2a gives a view of the FBB approx-
imately along [010], and Fig. 2b along [100]. Pre-
cisely, starting from a three-coordinate oxygen atom
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Table 12. Interatomic angles [◦] calculated with the single
crystal lattice parameters in Dy(BO2)3 (Standard deviations
in parentheses).

O2–B1–O15 109.9(5) O3–B2–O13 107.6(4) O4–B3–O9 115.2(5)
O2–B1–O12 112.0(5) O3–B2–O14 106.0(5) O4–B3–O14 110.3(5)
O15–B1–O12 106.0(5) O13–B2–O14 110.7(5) O9–B3–O14 107.9(5)
O2–B1–O5 107.4(5) O3–B2–O5 111.8(5) O4–B3–O7 110.0(5)
O15–B1–O5 108.5(4) O13–B2–O5 110.3(5) O9–B3–O7 107.5(5)
O12–B1–O5 113.0(5) O14–B2–O5 110.3(4) O14–B3–O7 105.5(5)


 109.5 
 109.5 
 109.4

O1–B4–O2 110.5(5) O11–B5–O4 110.2(5) O15–B6–O8 114.5(5)
O1–B4–O10 107.2(4) O11–B5–O6 107.5(5) O15–B6–O10 106.4(5)
O2–B4–O10 110.3(5) O4–B5–O6 107.0(5) O8–B6–O10 111.3(5)
O1–B4–O3 110.1(5) O11–B5–O5 113.1(5) O15–B6–O6 106.9(5)
O2–B4–O3 109.7(4) O4–B5–O5 107.4(5) O8–B6–O6 102.8(5)
O10–B4–O3 109.1(5) O6–B5–O5 111.5(5) O10–B6–O6 115.0(4)


 109.5 
 109.5 
 109.5

 over all angles 109.5

Table 13. Interatomic angles [◦] calculated with the single
crystal lattice parameters in Lu(BO2)3 (Standard deviations
in parentheses).

O2–B1–O15 109.6(5) O3–B2–O13 107.9(5) O4–B3–O9 115.4(6)
O2–B1–O12 112.0(6) O3–B2–O14 106.4(5) O4–B3–O14 109.9(5)
O15–B1–O12 105.8(5) O13–B2–O14 109.6(5) O9–B3–O14 106.3(5)
O2–B1–O5 107.0(5) O3–B2–O5 111.5(5) O4–B3–O7 110.2(5)
O15–B1–O5 108.9(5) O13–B2–O5 111.0(5) O9–B3–O7 108.4(5)
O12–B1–O5 113.4(5) O14–B2–O5 110.3(5) O14–B3–O7 106.2(5)


 109.5 
 109.5 
 109.4
O1–B4–O2 110.7(5) O11–B5–O4 110.1(5) O15–B6–O8 115.2(6)
O1–B4–O10 106.9(5) O11–B5–O6 106.7(6) O15–B6–O10 106.4(5)
O2–B4–O10 109.7(5) O4–B5–O6 107.5(5) O8–B6–O10 111.3(5)
O1–B4–O3 110.2(6) O11–B5–O5 113.2(6) O15–B6–O6 106.9(5)
O2–B4–O3 109.5(5) O4–B5–O5 106.9(5) O8–B6–O6 102.5(5)
O10–B4–O3 109.9(5) O6–B5–O5 112.2(5) O10–B6–O6 114.6(5)


 109.5 
 109.4 
 109.5

 over all angles 109.5

Fig. 1. Crystal structure of the orthorhombic RE(BO2)3 com-
pounds (RE = Dy–Lu).

O[3], three BO4-tetrahedra are linked together at this
atom. At a time, two of these BO4-tetrahedra build

Table 14. Cycle-class sequences of RE(BO2)3 (RE = Dy–Tm,
Lu) [55 – 58].

Ring Size n 3 4 5 6 7 8 9 10 11
RE(BO2)3 24 12 48 96 176 252 368 908 1928

Fig. 2. Fundamental Building Block of RE(BO2)3 (RE = Dy–
Lu), view approximately along (a) [010], (b) [100].

up a three-membered ring, each with an additional
BO4-tetrahedron, such that the three built up three-
membered rings form a nearly equilateral triangle.
These triangles are linked on one side via three remain-
ing corners of the inner three BO4-tetrahedra, and on
the other side via the free corners of the outer BO4-
tetrahedra (Fig. 3). The FBB-piles are linked to corru-
gated layers via the O(10)-atoms on two further cor-
ners of the triangles. To examine the ring sizes in the
structure topologically, we calculated the cycle class
sequences for RE(BO2)3 (RE = Dy–Tm, Lu), speci-
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Fig. 3. Linkage of the Fundamental Building Blocks in
RE(BO2)3 (RE = Dy–Lu) along [010].

Fig. 4. Coordination spheres of RE3+ (gray spheres) in the
crystal structure of RE(BO2)3 (RE = Dy–Lu).

fying the relative abundance of BnOn ring sizes (for
n = 3 – 11) per unit cell [55 – 58]. The results are given
in Table 14.

The RE3+ (RE3+ = Dy3+–Lu3+) ions are positioned
between the layers. Each of the four crystallographi-
cally different RE3+ cations is coordinated by eight
oxygen atoms (Fig. 4). In the case of RE 3+ = Dy3+,
the bond-lengths in the coordination polyhedra vary
between 226 and 284 pm (Table 9). For Ho(BO 2)3,
Er(BO2)3, Tm(BO2)3, and Lu(BO2)3 (Table 10) the
bond-lengths lie in the range 226 – 282, 226 – 282,
222 – 282, and 221 – 278 pm, respectively.

The B–O bond-lengths in RE(BO2)3 (RE = Dy–
Tm, Lu) vary between 143 – 154 (Dy(BO 2)3), 144 –

Table 15. Comparison of the lattice parameters [pm] and vol-
umes [nm3] of RE(BO2)3 (RE = Tb–Lu).

Compound a b c V
Tb(BO2)3 [33] 1598.97(9) 741.39(4) 1229.58(7) 1.458
Dy(BO2)3 1592.4(1) 739.7(1) 1225.0(1) 1.443(1)
Ho(BO2)3 1590.0(4) 739.3(2) 1223.1(4) 1.438(1)
Er(BO2)3 1589.1(2) 737.6(1) 1219.1(1) 1.429(1)
Tm(BO2)3 1582.6(3) 736.8(3) 1216.4(3) 1.418(1)
Yb(BO2)3 1579.1(3) 735.2(2) 1214.0(3) 1.410(1)
Lu(BO2)3 1576.7(3) 734.9(2) 1211.7(3) 1.404(1)

Fig. 5. Plot of the lattice parameters of the rare-earth meta-
oxoborates RE(BO2)3 (RE = Tb–Lu).

154 (Ho(BO2)3), 140 – 155 (Er(BO2)3), 143 – 155
(Tm(BO2)3), and 143 – 153 pm (Lu(BO2)3). The av-
erage B–O bond-length of each compound with the
values 147.4 (RE = Dy) (Table 7), 147.5 (RE = Ho),
147.5 (RE = Er), 147.2 (RE = Tm), and 147.3 pm
(RE = Lu) (Table 8) correspond to the known average
value of 147.6 pm for oxoborates [59]. The O–B–O an-
gles in the BO4-tetrahedra vary between 102.8 – 115.2 ◦
for Dy(BO2)3, 102.7 – 114.8◦ for Ho(BO2)3, 100.8 –
116.1◦ for Er(BO2)3, 102.3 – 116.1◦ for Tm(BO2)3,
and 102.5 – 115.4◦ for Lu(BO2)3. The B–O bond-
lengths in the OB3-groups around the three-coordinate
O(5)-atoms of the compounds vary between 151 –
154 pm for RE(BO2)3 with RE = Dy–Tm, and 150 –
153 pm for Lu(BO2)3 (Table 11). According to the
linkage of the FBBs along [010] in all isotypic com-
pounds (Fig. 3), the decrease of the lattice parameter b
is much lower than the decrease in the other two axes.
This is caused by the contraction along a and c, but not
b, in accordance with the shrinking radius of the RE 3+

cations due to the lanthanoid contraction (Table 15 and
Fig. 5).

For further clarification, we calculated bond-valence
sums for RE(BO2)3 (RE = Dy–Tm, Lu) with the
bond-length/bond-strength and CHARDI concept (Ta-
ble 16) [60 – 62]. The formal ionic charges of the
atoms, acquired by the X-ray structure analysis,
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ΣV ΣQ ΣV ΣQ ΣV ΣQ ΣV ΣQ ΣV ΣQ
Dy1 +2.96 +2.97 Ho1 +2.94 +2.97 Er1 +2.93 +3.01 Tm1 +2.90 +3.02 Lu1 +2.83 +3.05
Dy2 +3.28 +2.94 Ho2 +3.24 +2.93 Er2 +3.26 +2.98 Tm2 +3.24 +2.88 Lu2 +3.17 +2.92
Dy3 +2.90 +3.03 Ho3 +2.85 +3.01 Er3 +2.86 +2.96 Tm3 +2.85 +3.00 Lu3 +2.53 +2.98
Dy4 +3.09 +2.98 Ho4 +3.06 +2.98 Er4 +3.08 +2.97 Tm4 +3.09 +2.98 Lu4 +3.00 +2.99

B1 +3.05 +3.04 +3.03 +3.06 +3.05 +3.06 +3.11 +3.10 +3.05 +3.06
B2 +3.06 +3.06 +3.04 +3.06 +3.04 +3.10 +3.03 +3.01 +3.06 +3.02
B3 +3.00 +2.98 +2.98 +2.98 +3.00 +3.00 +2.99 +2.99 +2.98 +3.02
B4 +3.08 +2.98 +3.09 +3.00 +3.02 +2.95 +3.10 +3.01 +3.09 +2.97
B5 +2.99 +3.06 +2.99 +3.05 +2.99 +3.05 +3.03 +3.05 +3.02 +3.05
B6 +3.06 +2.93 +3.06 +2.91 +3.11 +2.88 +3.09 +2.89 +3.07 +2.90

O1 −1.94 −1.94 −1.93 −1.89 −1.94 −1.95 −1.90 −1.83 −1.91 −1.88
O2 −2.17 −2.19 −2.12 −2.14 −2.07 −2.07 −2.17 −2.18 −2.12 −2.15
O3 −1.96 −1.97 −1.99 −2.01 −1.96 −2.00 −1.97 −1.98 −2.00 −2.05
O4 −2.15 −2.19 −2.12 −2.17 −2.11 −2.14 −2.17 −2.23 −2.11 −2.20
O5 −1.98 −1.80 −1.97 −1.80 −1.96 −1.76 −1.98 −1.76 −2.01 −1.83
O6 −2.09 −2.01 −2.08 −2.01 −2.05 −1.94 −2.08 −1.98 −2.09 −2.02
O7 −1.94 −1.85 −1.96 −1.91 −1.98 −1.93 −1.82 −1.68 −1.90 −1.68
O8 −2.04 −2.02 −2.07 −2.06 −2.01 −1.96 −2.12 −2.11 −2.05 −2.04
O9 −1.96 −1.96 −1.95 −1.97 −1.96 −1.97 −1.98 −2.01 −1.91 −1.97
O10 −2.00 −1.98 −1.98 −1.97 −2.07 −2.12 −2.01 −1.99 −2.00 −2.02
O11 −1.82 −1.86 −1.83 −1.88 −1.91 −2.01 −1.84 −1.87 −1.81 −1.83
O12 −1.84 −1.70 −1.82 −1.70 −1.86 −1.75 −1.80 −1.61 −1.80 −1.65
O13 −2.02 −2.04 −2.00 −2.03 −1.99 −2.03 −2.06 −2.13 −1.99 −2.04
O14 −2.08 −2.03 −2.05 −2.01 −2.01 −1.94 −2.08 −2.06 −2.01 −2.01
O15 −2.19 −2.18 −2.16 −2.19 −2.24 −2.26 −2.19 −2.19 −2.16 −2.19

Table 16. Charge distribution
in RE(BO2)3 (RE = Dy–Tm,
Lu) calculated with the bond-
length / bond-strength concept
(ΣV) [60,61] and the CHARDI
concept (ΣQ) [62].

are in agreement within the limits of the con-
cepts. Additionally, we calculated MAPLE values
(Madelung Part of Lattice Energy) [63 – 65] for
RE(BO2)3 (RE = Dy–Tm, Lu) to compare them with
MAPLE values from the binary components RE 2O3

(RE = Dy–Tm, Lu) and the high-pressure modifica-
tion B2O3–II [1/2·RE2O3 (RE = Dy (15247 kJ mol−1),
Ho (15275 kJ mol−1), Er (15350 kJ mol−1), Tm
(15517 kJ mol−1), Lu (15589 kJ mol−1)) + 11/2·B2O3–
II (21938 kJ mol−1)] [66]. The deviation of the calcu-
lated values are in the range between 0.03 and 0.13%
(Table 17).

In-situ powder diffraction and thermoanalytical mea-
surements

To investigate the high–temperature behaviour of
the new phases RE(BO2)3 (RE = Dy–Er), tempera-
ture dependent in-situ X-ray diffractometry was per-
formed on a STOE powder diffractometer Stadi P (Mo-
Kα ; λ = 71.073 pm) with a computer-controlled STOE
furnace. An electrically heated graphite tube held the
sample capillary vertical with respect to the scatter-
ing plane. Bores in the graphite tube permitted un-
obstructed pathways for the primary beam as well as
for the scattered radiation. The temperature measured
by a thermocouple in the graphite tube was kept con-

Table 17. MAPLE values [kJ·mol−1] of RE(BO2)3 (RE =
Dy–Tm, Lu) in comparison with the MAPLE values
[kJ·mol−1] of the binary oxides RE2O3 (RE = Dy–Tm, Lu)
and the high-pressure modification B2O3-II, and their devia-
tion [%].

Compound calculated MAPLE from Deviation
MAPLE binary oxides

Dy(BO2)3 40581 40530 0.13
Ho(BO2)3 40577 40544 0.08
Er(BO2)3 40610 40582 0.07
Tm(BO2)3 40680 40665 0.04
Lu(BO2)3 40712 40701 0.03

stant within 0.2 ◦C. The heating rate between differ-
ent temperatures was set to 22 ◦C/min. For temper-
ature stabilization, a time of three minutes was al-
lowed before starting each data acquisition. Succes-
sive heating of the phases RE(BO2)3 (RE = Dy, Ho) in
the range of 900 – 1000 ◦C lead to decomposition into
the high-temperature modification µ-DyBO3 [5] and
molten B2O3 for Dy(BO2)3. Ho(BO2)3 decomposes at
approximately 900 ◦C into the high-temperature modi-
fication µ-HoBO3, the room temperature modification
π-HoBO3, and molten B2O3. Fig. 6 shows the results
for orthorhombic Dy(BO2)3 (top) and Ho(BO2)3 (be-
low). Subsequent cooling leads to complete transfor-
mation into room temperature modifications π-REBO3
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Fig. 6. Temperature-dependent X-ray
powder patterns following the decom-
position reaction of Dy(BO2)3 (top) and
Ho(BO2)3 (below).

Fig. 7. Differential thermal analysis curves of RE(BO2)3

(RE = Dy–Er).

(RE = Dy, Ho) at 600 ◦C. These results were con-
firmed by thermoanalytical measurements, which were
performed with a combined DTA-TG-thermobalance
(TGA 92-2400, Setaram, heating rate: 10 ◦C min−1)

between room temperature and 1000 ◦C. While heat-
ing, broad endothermic effects occur in the DTA be-
tween 970 – 1000 ◦C for Dy(BO2)3, 960 – 990 ◦C for
Ho(BO2)3, and 940 – 980 ◦C for Er(BO2)3 (Fig. 7),
due to the decomposition of the compounds into the
high-temperature modifications µ-REBO3 (RE = Dy–
Er) and molten B2O3.

Infrared spectroscopy

The infrared (IR) spectra of RE(BO2)3 (RE = Dy,
Ho, Er) were recorded on a Bruker IFS66/v spec-
trometer scanning a range from 400 to 4000 cm−1.
The samples were thoroughly mixed with dried KBr
(5 mg sample, 500 mg KBr) in a glove box under
dried argon atmosphere. Fig. 8 shows the section 400 –
2000 cm−1 of the infrared spectra of the dysprosium,
erbium and thulium compound. The absorption peaks
between 790 and 1150 cm−1 are those typical for the
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Fig. 8. IR spectra of RE(BO2)3 (RE = Dy–Er).

tetrahedral borate group BO4 as in YBO3, GdBO3,
or TaBO4 [67 – 69]. Between 1300 and 1400 cm−1,
around 1200 cm−1, and below 790 cm−1, we observe
absorptions, which are normally typical for triangu-
lar BO3-groups as in LaBO3 [70, 71] or EuB2O4 [72].
Since BO3-groups are absent in the investigated com-
pounds, the absorptions could be assigned to the corre-
sponding OB3-vibrations. Analogous geometrics and
similar force parameters in the OB3-group recommend
this assignment, as it is valid also for β -ZnB4O7 [73],
β -CaB4O7 [46], and Na3[B6O9(VO4)] [74]. Addition-
ally, the absorption spectra reported by Weir et al. [75]
for SrB4O7 [76] and PbB4O7 [77], which also exhibit
OB3-groups next to BO4-groups, show similar absorp-
tion bands as RE(BO2)3 (RE = Dy, Ho, Er). The ex-
istence of six crystallographically independent BO4-
units in the structure of Dy(BO2)3, in combination
with OB3-groups, render a detailed assignment of the
broad bands more difficult. In the upper range (4000 –
2000 cm−1) no absorption bands due to hydrogen
(OH) could be found. A comparison of our IR-spectra
to those obtained by Tananaev et al. for their struc-
turally as yet uncharacterized meta–oxoborate poly-
morphs [28] did not show any correspondence.

Magnetic measurements

The magnetic susceptibilities of polycrystalline,
powdered samples RE(BO2)3 (RE = Dy–Er) were de-
termined with a MPMS SQUID magnetometer (Quan-
tum Design, Inc.) in a temperature range 2 to 300 K
with magnetic flux densities up to 5.5 T. The powders
were enclosed in silica tubes and fixed at the sample
holder rod. The samples were cooled to 2 K in a zero

Table 18. Magnetic properties of RE(BO2)3 (RE = Dy, Ho,
Er): µexp, experimental magnetic moment; Θ , paramagnetic
Curie temperature (Weiss constant); M, magnetization at 2 K
and 5.5 T; g×J, theoretical saturation magnetization.

Compound µexp/µB µexp/µB Θ [K] M [µB*RE atom−1] g× J
Dy(BO2)3 11.1(1) 10.65 −1(1) 6.7(1) 13.3
Ho(BO2)3 10.2(1) 10.61 −6(1) 5.9(1) 12.5
Er(BO2)3 9.4(1) 9.58 −10(1) 4.9(1) 10.8

Fig. 9. Temperature dependence of the inverse magnetic sus-
ceptibility of Dy(BO2)3, Ho(BO2)3, and Er(BO2)3 measured
at an external flux density of 1 T. The low-temperature be-
haviour is shown in the inserts.

magnetic field and slowly heated to room temperature
in the applied external field.

The temperature dependences of the inverse mag-
netic susceptibilities of Dy(BO2)3, Ho(BO2)3 and
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Fig. 10. Magnetization vs. external magnetic flux density
of Dy(BO2)3, Ho(BO2)3, and Er(BO2)3 measured at 2 and
50 K.

Er(BO2)3, measured at an external magnetic flux den-
sity of 1 T, are displayed in Fig. 9. The three oxob-
orates show Curie-Weiss behavior above 50 K with
the experimental magnetic moments listed in Table 18.
These are close to the theoretical values for the free
RE3+ ions [78]. The Curie temperatures (Weiss con-
stants) were obtained by extrapolation of the 1/χ vs

T data to 1/χ = 0 (data from 50 K to room tempera-
ture). Zero-field and field-cooling measurements have
also been carried out from 2 to 40 K at an external
flux density of 0.002 T. For all compounds, the zero-
field and field-cooling data were rather identical and
there was no hint for magnetic ordering. The paramag-
netic Curie temperatures (Weiss constants) are slightly
negative for the three meta-oxoborates, indicating very
weak magnetic coupling.

The magnetization vs external magnetic field depen-
dence for Dy(BO2)3, Ho(BO2)3 and Er(BO2)3 is linear
for 50 K (Fig. 10), as expected for a paramagnetic ma-
terial. At 2 K, we observe a strong increase of the mag-
netization with no tendency for saturation in the high-
est obtainable field of 5.5 T. The experimental magne-
tizations have reached roughly half of the theoretical
g× J values [78]. Thus, the external field causes a par-
tially parallel spin alignment.

Conclusions

In this paper, we have described the synthesis of
the new rare-earth meta-oxoborates RE(BO2)3 (RE =
Dy–Lu) via multianvil high-pressure techniques from
RE2O3 (RE = Dy–Lu) and boron oxide B2O3. These
compounds extend the series of well characterized or-
thorhombic meta-oxoborates [32], which were not at-
tainable under normal-pressure conditions with the ex-
ception of Dy(BO2)3. In-situ powder diffraction mea-
surements showed that the substances RE(BO2)3 (RE =
Dy–Er) are stable up to 970 ◦C, 960 ◦C, and 940 ◦C, re-
spectively. The compounds RE(BO2)3 (RE = Dy–Er)
exhibit paramagnetism.
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