A novel synthesis route to rare earth polyboratest
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The proposed two-step preparation route for rare earth
polyborates, i.e. dehydration of boric acid in the presence of
rare earth oxide at low temperature followed by careful
annealing at 700 °C, led to, for the gadolinium case, a new
gadolinium pentaborate (GdBsOy) that can not be prepared
by conventional high-temperature reaction.

The structura chemistry of boratesis characterized by avariety
of discrete and condensed BO3 and BO,4 groups;! as a general
rule, the tendency to form polyborates is increased by
decreasing cation valence.2 This promotes stability and a wide
variety of polyborate structures with 1+ and 2+ valence cations
have been produced. The rare earth borates, on the other hand,
usually consist of isolated borate anions (BOz or BO,) or low
polymerized borate groups; thus, inthe Ln,Os—B,03 (Ln = rare
earth) system3 only three compounds, oxyborate,45 orthobor-
atef and metaborate,” have been identified; the more borate-rich
phases remain unknown. Recently, we found that, in the flux of
boric acid, hydrated rare earth polyborates are formed by the
reaction of boric acid and rare earth oxides at low temperature.
Subsequent annealing of the hydrated polyborates yields
anhydrous rare earth polyborates. We describe herein our
exploratory syntheses in this area.

The synthesis of hydrated gadolinium polyborate was carried
out in a sealed Teflon autoclave at 260 °C for 5 days, starting
from H3BO3 and Gd,O3 in a20: 1 ratio. The product 1, isolated
by dissolving the excess boric acid in water, consists of
colorless well-crystallized polycrystals. Chemical analysis
(ICP) reveals that the approximate atomic ratio Gd: B is about
1:6.2, and the IR spectrum indicates the presence of both BO3
and BO,4 groups in this compound. Fig. 1a shows the X-ray
diffraction pattern of 1. Structural analysis using X-ray powder
diffraction techniques® established that the product 1 is a
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Fig. 1 X-Ray powder diffraction patterns (a) of the hydrated gadolinium
polyborate H3GdBO;, (1) and (b) of the anhydrous gadolinium polyborate
GdBsOg (2) after annealing at 700 °C for 5 days.

T Electronic supplementary information (ES|) available: crystallographic,
TGA/DTA, IR and XRD profile fits for H3GdBgO1> and GdBsOs. See
http://www.rsc.org/suppdata/cc/b1/b102045p/
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hydrated gadolinium polyborate with the composition
H3GdBsO12; it crystallizeswith arhombohedral structurein the
space group R3c with lattice constants a = 8.4076(2) and ¢ =
20.7427(5) A. The synthesis reaction is:

12H,BO, + Gd,0, —22C 5 2H.GdB,O,, + 15H,0 (1)

H3GdBgO1, is stable at low temperature and decomposes at
high temperature. X-Ray powder diffraction studies carried out
at high temperatures indicate that the decomposition of
HzGdBeO1»> occurs at about 650 °C; it transforms to an
amorphous form between 650 °C and 700 °C. During the
decomposition, significant weight loss (6.04 wt%) was ob-
served via TGA. Therefore, the decomposition reaction is
essentially the dehydration of H3GdBgO;,. Careful annealing at
700 °C for 5 days resulted in another new phase (2) as shownin
Fig. 1b.

The structural study by X-ray powder techniques established
that 2 is a rare earth pentaborate GdBsO,. It crystalizes in a
body centered tetragonal cell (a = 8.2439(4), ¢ = 33.6671(2)
A) in the space group 14,/acd.® The basic borate fragments in
GdBs0Og are B,Og and BOs units. The B4Oy is a common
structure unit in many borates. For example, isolated and 1D
chains of B4Og are present in borax (Nag[B4O0s(OH)4]-8H,0)
and Nay[ B4Og(OH)3] respectively.! In the structure of GdBsO,
the B4Og units form 1D chains by sharing the oxygen atoms of
the BO,4 groups (Fig. 2); the 3D-polyborate framework is
composed of 1D chains linked by additional BOz groups. Fig. 3
shows an overview of the structure of GdBsOy, where the
triangles and tetrahedra represent BO; and BO, groups
respectively. The decomposition reaction of HsGdBgO1, isthen
expressed as:

2H,GdB40;, —2®C 3 5GdB,0, + 3H,0+B,0; (2)

The expected weight loss from egn. (2) is 6.473 wt%, which
agrees reasonably well with that observed in the TGA study
(6.04 wt%). Moreover, GdBsOg is not stable at higher
temperatures; further annealing at 900 °C yielded gadolinium
metaborate and another unknown phase. Therefore, this com-
pound cannot be synthesized by conventional high temperature
solid state reaction.

Fig. 2 One-dimensional chain formed by B4Og groups in the structure of
GdBsOy.

DOI: 10.1039/b102045p

Thisjournal is© The Royal Society of Chemistry 2001



r‘.‘\ %
3 3
PPAR
MDA ru X

&&&&

Vad

Fig. 3 A projection of the crystal structure of GdBsOg (2); triangles and
tetrahedra represent BO3 and BO, groups.

In summary, athough polyborateisanimportant resource for
functional materials, such as nonlinear optical and luminescent
materials, our knowledge of rare earth polyborates was limited
duetotheinstability of these phasesat high temperatures. Inthis
communication, we have demonstrated that careful dehydration
of a hydrated rare earth polyborate may lead to the anhydrous
rare earth polyborate. We believe that the proposed preparative
strategy will be very useful in exploiting new polyborate
materials for rare earth systems.
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