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Two novel hydrated borates were synthesized under mild solvo- taining the first example of the large isolated ring tetrade-
thermal conditions. One is hydrated rubidium borate, Rb,B70s- caborate anion of [BO.o(OH)e]*".

(OH)s, which contains the first example of the isolated chain Heptaboraté was synthesized by the reaction ofBOs
heptaborate anion, [B;0s(OH)sJ>~. The other is hydrated diethyl- with Rb,CO; with a B/Cs molar ratio of 3 under mild
enetriamine borate, [(C4H1sN3)J2[B14O20(OH)g], which contains the solvothermal conditionS:

first example of the largest isolated ring tetradecaborate anion, 170°C

[B14O20(OH)eJ*. 7H,BO; + Rb,CO;, ——

Rb,B,O4(OH); (1) + 8H,0 + CO,! (1)

Borate compounds have considerable mineralogical and Tetradecaborati can be prepared by the reaction of H
industrial importancé? They exist as polyborate anions BOz with C4H13N3s (diethylenetriamine) under mild solvo-
composed of B@planar triangle 4) and BQ tetrahedron  thermal conditions:

(T) groups. These BOand BQ groups may combine via .

common oxygen atoms to form isolated rings and cages or 14H,BO, + 2C4H13N3&

polymerize into infinite chains, sheets, and networks. Many [(C,H,NLLIB 1,0,(OH)d (1) + 16H,0 (2)
examples of isolated polyborate anions containing one to six

borons exist in mineral and synthetic borates, such as The main absorption bands of Fourier transform infrared
metaborates [B(OH)", diborates [BO(OH)?", triborates  gpectra are assigndhn |, 3441 and 3385 cnit (OH), 1430
[BsOs(OH)4 ", tetraborates [BOs(OH)*", pentaborates  ang 922 cm! (BOs), and 1109 and 810 cré (BOy); in I,
[BsOs(OH)dl ™, and hexaborates [B;(OH)e]*".* However, 3401 cnit (OH, NH), 1627 et (NH,), 1384 and 945 cnit
isolated boron oxoanions having more than 6 borons are rare(go,), and 1062 and 818 cm (BOy).

and no previous examples have 7 or 14 boroBishubert et The solid-staté!’B MAS NMR spectral data with chemical

al. reported two nonaborates, [C(MEs[BsO1(OH)s] and  shifts (recorded on a Bruker Avance-300 spectrometer with
[CsHsN]3[BgO12(OH)g], which contain the first examples of

the isolated nonaborate anion, ofB(OH)g]3".4 It was (6) All reagents used in the synthesis were analytical grade. A mixture of

; ; ; 0.462 g of RBCO;s, 0.748 g of HBO3, 5.0 mL of GH13N3, 3.0 mL
reported that the mineral ammonioborate contains an unusual byridine (GHeN), and 1.0 mL of HO was sealed in a Teflon-

example of a large isolated anion,fB,(OH)g]*~,° but it lined stainless steel autoclave, heated at %Q@or 7 days, and then
has not be prepared in a Iaboratory to date. This Com- cooled to room temperature. The resulting colorless transparent crystals

. d ib h hesi d | f | were recovered by filtration, washed by cold deionized water, and
munication describes the synthesis and crystal structures o dried in a vacuum dryer to a constant mass at room temperature (48.6%

two new borates, hydrated rubidium borate;BiDs(OH)s . yield based (f)n EBO3). f f f

FAi 1 i : 7) A mixture of 4.43 g of HBOs;, 2.0 mL of GHisN3, 2.0 mL o
(1), containing .the first exam;z)le of the |solateq chain tetraethylenepentamine g8,3Ne), 5.0 mL of pyridine, and 0.1 mL
heptaborate anion of f[®y(OH)s]2~, and hydrated diethyl- of H,O was sealed in a Teflon-lined stainless steel autoclave, heated
enetriamine borate of [(Bl15N3)]2[B14020(0OH)¢] (1), con- at 170°C for 7 days, and then cooled to room temperature. The

resulting solid powders were collected and washed thoroughly with
absolute alcohol. The mixture of 0.94 g of obtained solid powders,

* Corresponding author. E-mail: liuzh@snnu.edu.cn. 1.02 g of HBO3, 5.0 mL of pyridine, and 0.1 mL of pO was sealed
(1) Grice, J. D.; Burns, P. C.; Hawthorne, F.Can. Mineral.1999 37, in a Teflon-lined stainless steel autoclave again, heated at@%6r
731. 7 days, and then cooled to room temperature. The resulting colorless
(2) Schubert, D. MStruct. Bonding2003 105, 1. transparent crystal§ were recovered by filtration, washed by absolute
(3) Touboul, M.; Penin, N.; Nowogrocki, Golid State ScR003 5, 1327. alcohol, and dried in a vacuum dryer to a constant mass at room
(4) Schubert, D. M.; Visi, M. Z.; Knobler, C. Bnorg. Chem200Q 39, temperature (31.4% yield based ogHzsN3). Anal. Caled: C, 12.25%;
2250. H, 4.59%; N, 10.72%. Found: C, 12.22%; H, 4.54%; N, 10.44%.
(5) Merlino, S.; Sartori, FSciencel971, 171, 377. (8) Li, J.; Xia, S. P.; Gao, S. YSpectrochim. Actd995 51A 519.
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Figure 1. Structure ofl, drawn at the 50% probability level.
Figure 2. Asymmetric unit structure ofl , drawn at the 50% probability
a spinning speed of 10 kHz and NaBHs the internal  level.
standard): 51.4, 75.8, 84.1, and 93.0 ppm lfaand 56.4,
72.8, 83.0, and 90.0 ppm fdt. These observations are
consistent with the fact that each of the two borates has
four kinds of different coordinated environments of boron o O
atoms. op)
The simultaneous thermogravimetric analysigferential
thermal analysis (TGADTA) curves ofl (carried out under
a N\, atmosphere) indicate that there is a weight loss of 9.58%
between 200 and 75T, which corresponds to the loss of
five hydroxyl groups (calcd 9.46%). In the DTA curve, the
endothermic peaks at 296.2 and 68%are related to the
dehydration and melting of the solid phase. The simultaneous
TGA—DTA curves ofll (carried out under an air atmo-  [B;0¢(OH)s]>~ groups are also connected to one another
sphere) show that it has a weight loss of 37.83% betweenthrough O-H---O hydrogen bonds, forming a three-
150 and 950°C, which corresponds to the loss of six dimensional framework with channels along hendb axes,
hydroxyl groups and the organics, and can be compared within which the R cations are located. There are eight and
the calculated value of 37.82%. This explanation is con- nine oxygen atoms around the rubidium ions (Figure 3). Rb1
formed by the DTA curve. The endothermic peak appearing is close to two oxygen atoms [012A and O13A] from BO
at 303.8°C is related to the dehydration of the hydroxyl (OH) and six oxygen atoms [O1, O1A, O4, O6A, O7, and
groups, and the exothermic peak appearing at 4002 09A] from the B-O—B bridge. Rb2 is close to four oxygen
due to the oxygenolysis of organics, _ atoms [O11A, O12A, O14A, and O14B] from B@H) and
Single-crystal X-ray structures efandll are shown in five oxygen atoms [02, OSA, O6B, O7, and O8A] from the

Figures 1 and 2.The crystal structure of incorporates B—O—-B bridge. Obviously, O7 and O12A are the two
isolated [BOg(OH)s]?~ polyborate anions and two rubidium bridging oxygen atoms between Rb1 and Rb2.

ions (Figure 1). The new [y(OH)s]?~ heptaborate anion . .

consists of three six-membered rings in which five trigonal The crystai_structure oft cpn3|sts of Iarzg+e |sglated
BO,(OH) [B3, B4, B5, B6, and B7] units and two tetrahedral [B1402o(OH)e]*" polyborate imon and [BlsHys]*" cations
BO, [B1 and B2] units are linked by common oxygen atoms. (Flgure 2),' The [540,20(0'_')6] group, a Iarge 16-membered
The three six-membered rings are linked through their fing c'onS|st|ng Qfe'gh,t boron atoms and eight oxygen atoms
vertexes [BL and B2] to form chain heptaborate anion with .|nternal dimensions of 7.424& 5.685 A could be
[B/0s(OH)<J2". In the triangular borons, the-BD bonds vary ~ considered as two [@i(OH)s] clusters linked by two
from 1.333 to 1.395 A and the mean-® distance is 1.362 ~ common oxygen atoms [O15 and O15A]. Each of thejg-
A. In the tetrahedral borons, the-BD bonds vary from 1.420  (OH)s] clusters consists of the three six-membered rings in

to 1.500 A and the mean-BO distance is 1.476 A. The Which two trigonal BQ [BS and B6] units, three trigonal
BO,(OH) [B3, B4, and B7] units, and two tetrahedral BO

(9) All data for the crystals were collected on a Bruker Smart-1000 cCD [B1 and B2] units are linked by vertical oxygen atoms. In

Figure 3. Coordination environments of Rb atomslin

diffractometer with graphite-monochromated MaKadiation ¢ = i
0.710 73 A). Crystal data (208 K) fdr (CSD No. 415591). kB the triangular borons, theﬁ)_bonds yary from 1.323 to
Rb,014, M, = 475.65, monoclinicP2y/n, a = 8.047(3) Ab = 11.785- 1.390 A and the mean BO distance is 1.356 A. In the
g)oé c - 213-9153842 f}_ﬁ - 105,974541;(I=)]12R819-4(8)0§55 = é’z tetrahedral borons, the-BO bonds vary from 1.431 to 1.499

on = 1. , Inalr Indices g , = 0. , Wi . .
Z70.0778. Crystal data (298 K) foll (CCDC No. 277579 A and the mean BO distance is 1.466 A. The [BO;
gsgsglg§4§e%@ l\fr;é%?é.g, n)ioncicgrlziczF;Z?i/g,l a\=/9_-413651($5)1/l1,g (OH)g]*~ groups are held together through a—B---O
AS 7= (2’)G(')°F_on,:'2 = (1.0)45,'ﬁﬁn_a|R 'indic(es’[' 2 Eo(|)], hl( :) hydrogen—bond system, forming athreg-dimensional str'ucture
0.0604, wR2= 0.1301. with the larger channels along theaxis, between which
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the [C,N3H15)?" cations are intercalated and interact with the because all of the terminal hydroxyls prevent them from

[B14020(OH)e]*~ anions by the N-H---O hydrogen bonds.  spreading further connectio&To our knowledge, [B:Oao-
The structures of [BO(OH)s]*~ and [B;Og(OH)s]?~ have (OH)s]* is the largest isolated ring polyborate anion

certain similarities, as shown in Figures 1 and 2. The synthesized in a laboratory. Although a few even larger

[B14020(OH)s]*~ anion could be regarded as being composed polyborate anions, such as #Bss(OH)4, U0,

of two [B;Og(OH)s]?~ units through the dehydration of four {B16024(OH)g} 16,14 and [Mny(C04)(V10B26074Hg)] 2015

hydroxyl groups £ O13H and—O11H). According to the  ere discovered previously, none of them are isolated boron
classification of polyborate anions proposed by Hélland oxoanions.

Christ and Clark! the shorthand notation for fBg(OH)s]?~

is 7:5A+2T, isolated, and that for [BOz(OH)e]* is 14: Acknowledgment. This work was financially supported
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