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CsSc[B,P3011(OH)s] was obtained by hydrothermal synthesis and represents the first alkali-metal scandium
borophosphate containing boron with coordination numbers 3 and 4. The crystal structure was determined from
single-crystal X-ray data: orthorhombic, space group Pnna (No. 52), a = 13.0529(15) A, b = 18.3403(17) A, ¢ =
10.3838(12) A, Z = 8. The crystal structure contains the oligomeric unit [B;P301:(OH)3]*~ in which a central borate
tetrahedron is open-branched by two (OH)PO; tetrahedra and cyclobranched by one PO, tetrahedron and a trigonal-
planar (OH)BO, by sharing common apexes. The borophosphate oligomers together with the ScOg octahedra are
condensed to form layers. Simultaneous difference thermal analysis and thermogravimetry revealed the stepwise
decomposition of the compound in the temperature range between 333 and 973 K. Partly dehydrated samples do
not show any substantial rehydration behavior. The crystal structure of CsSc[B,P30,1(OH)] is discussed in connection
with structural motifs of related borates and borophosphates.

Introduction

For further classification of borates, fundamental building

Borates have been a subject of interest for many decade$!ocks (FBBs) with certain numberl) of borate units are

because of their rich structural chemistry and their potential
applications™ such as nonlinear optiés.They exhibit
complex structurésand tend to crystallize in noncentrosym-
metric space groupsin general, the B atoms reveal two
kinds of coordination modes, either triangular or tetrahedral.
The BG; and BQ groups favor condensation via common
corners to form polynuclear anionic units including iso-
lated clusterd? 10 infinite chains?'*13 sheet$;'4 8 and
frameworks?1%-23
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determined, which then allow a simple grouping into mono-,
di-, tri-, tetra-, penta-, and hexaborates and higher. It was
found that even though there exists a considerable number
of theoretically possible FBB5pnly a few are realized in
borate crystal structures. For instance, the FBB of pentabo-
rates N = 5) always consists of one B@etrahedron as well

as at least one ®; ring that is formed by adjacent BO
and/or BQ units (Figure 1¥* This general principle can be
overcome by introducing PQetrahedra as shown in Figure
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Table 1. Crystal Data and Refinement Parameters for
CSSC[&PgOn(OH)g]

empirical formula CsSc[P:011(OH)3)
temperature (K) 295
radiation,/ (A) Mo Ka, 0.71073
space group Pnna(No. 52)
unit cell parameters:
a(h) 13.0529(15)
b (A) 18.3403(17)
c(A) 10.3838(12)
V (A3) 2485.8(5)
z 8
w (mm1) 3.94
pcalc (Q/cn¥) 2.773
RUWR2 [l > 20(1)] 0.044/0.115
RUwR2, all data 0.049/0.121

3R1= 3 (IFo| — [Fel)/Y|Fol; WR2 = { J[W(Fo? — FA)Hy [W(Fo?)?} 12,
wherew = 1/[04F,?) + (0.0700P)2 + 7.26P] with P = maxFs? +
2F /3.

0.02 and a counting time of 460 s/step. The lattice parameters of
CsSc[BP;011(OH)] were determined by using lanthanum hexaboride
(LaBg) as the internal standard, and the WinCSD program package
was used for least-squares refineméhts.

Single-Crystal Structure Analysis. A suitable colorless single
crystal of CsSc[BP;0,,(OH)s] with the dimensions 0.2 0.1 x
0.4 mn? was selected for single-crystal XRD analysis. The data

Figure 1. FBBs in pentaborates (a) §B10]°~ (one BQ tetrahedron and with index ranges of-18 < h < 15, -11 < k= 11,14 =< | =<

four BOs groups), (b) [BO11]7~ (two BO, tetrahedra and three B@roups), 9, and 8 < 20 < 61° were collected on a Rigaku AFC7 (Mercury
and (c) [8012]°" (three BQ tetrahedra and two B{yroups). An example CCD) diffractometer equipped with graphite-monochromated Mo
for a pentameric FBB in borophosphates: (d) [BgRP®~ (one BO, Ka radiation ¢ = 0.710 73 A) at a temperature of 295 K. The

tetrahedron and four PQetrahedra). crystal structure was solved in the space grBapa(No. 52) with

the progranSHELXby direct methods (program packagénGX).26

. Subsequent difference Fourier analysis unequivocally located the
1d, which then leads to the large group of bOrophOSphateSatomic coordinates of all of the atoms including H. In Table 1, the

with new con(_jensapon_patterns of co_mplex_anlons. Here we crystallographic data and refinement parameters are summarized.
report on our investigations on scandittaikali-metal boro-  The final fractional atomic coordinates and equivalent/ isotropic
phosphates, in particular on the respective cesium compoundyisplacement factors are listed in Table 2.

exhibiting a new type of a pentameric oligomer with three-  Chemical Analysis.The chemical composition of CsScJBO::-

and fourfold-coordinated boron extending the patterns given (OH);] was confirmed by inductively coupled plasma optical

in Figure 1. emission spectroscopy on a Varian Vista RL spectrometer with
radial plasma observation. The sample was dissolved in an acid
Experimental Section solution (chloronitrous acid), and the results of three measurements

. . were averaged. The ratio was found to be Cs:Sc:PB!.68:8.61:
Synthesis of CsSc[BP;011(OH)g]. The title compound was 17 543 99 (wt %), which is in good agreement with the chemical
prepared under hydrothermal conditions. Single crystals of CSSC- o4 obtained from the single-crystal structure refinement, Cs:
[B2P3011(OH);] used for the structure determination were isolated Sc:P:B= 25.58:8.65:17.88:4.16 (Wt %).
from a sample synthesized hydrothermally from a mixture of 0.2500 |5 Spectroscopy.A mixture of 1.5 mg of CsSC[B:011(OH)3]
g of SGO; (99%, ABCR), 1.009 g of CsOH (99%, Alfa Aesar),  5n4 150 mg of KBr (Merck, Uvasol for IR spectroscopy) was
0.6043 g of HBO; (99.9%, Alfa Aesar), and 2.8126 g ofPO; ground and pressed with a pressure of 2010 N/cn? to a

(85%, Merck) in the molar ratio Cs:Sc:B:R 3:1:4:10. The pH — yanqharent tablet. The IR spectrum was recorded on a Bruker
value was adjusted to 1 by the addition of 1.0 mL of HCI (37%). spectrometer (IFS 66v/S; Globar (MIR), KBr, DTGS detector;

T_h(_a mixture wasothen transferred to a 10 mL Teflon autoclave program Opus/IR 3.0.3) in the wavenumber range 400 cnt .
(filling degree 30%), treated under autogenous pressure at 443 KThe observed broad IR absorption band at 3200 ‘cuiearly

for 10 days, cooled down to 333 K, and kept there for 12 h before j,qjcates the presence efOH groups in the crystal structure of
cooling down to room temperature. The reaction product was CsSC[BP;01(OH)d].

separated by filtration, washed with hot water/acetone, and dried Thermal Analysis. Simultaneous constant rate thermogravimetry

in air at 333 K. The product consisted of transparent platy crystals (TG) and difference thermal analysis (DTA) was performed on a

with dimensions ranging from 0.1 to 0.4 mm. Netzsch STA 449 in a glovebox filled with argon. The powdered
Powder X-ray Diffraction (XRD). The powder XRD data were
collected on a STOE Stadi MP diffractometer equipped with a (25) Akselrud, L. G.; Zavalii, P. Y.; Grin, Y.; Pecharski, V. K.; Baum-
primary-beam germanium monochromator. The radiation used was(26) Czla)rtlr;er, B; V\ll_?]elfAel. IEI\C/Iater. IISCi.fgégnslle%?é??:(%)lSSﬁ.ld G
— : ; a) Farrugia, LJ. Appl. Crystallogr , 837. eldrick, G.
Cu Kay (}f 1'5.40 60 A). Th.e powdered Sampleiwas filled in a Acta Crystallogr.199Q A46, 467. (c) Sheldrick, GSHELXL-97, a
glass capillary with a 0.3 mm inner diameter. Continuous scan data computer program for crystal structure refinemehtniversity of

were collected in the @ range of 5-110¢° with a step width of Gattingen:  Gitingen, Germany, 1997.
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Table 2. Atomic Coordinates % 10%) and Equivalent/Isotropic
Displacement Parameters{A 10%) for CsSc[BP;011(OH)3]

Wyckoff
atom position X y z U Uiso
Cs 8e —3610(1) —3839(1) 6086(1) 38(1)
Sc 8e —6143(1) —2316(1) 5021(1) 15(1)
P1 8e —5650(1) —1326(1) 2194(1) 16(1)
P2 8e —1592(1) —1316(1) 2282(1) 15(1)
P3 8e —3639(1) —1895(2)  5005(1) 17(1)
B1 8e —3642(4) —1180(5) 2718(6) 15(3)
B2 8e —3708(4) —464(7)  4782(7) 19(3)
01 8e —3673(3) —1092(3) 5543(4) 21(2)
02 8e —2688(2) —2258(3)  5493(3) 21(1)
03 8e —945(3) —646(3)  1828(3) 23(1)
04 8e —2714(2) —1135(3) 1918(3) 21(1)
05 8e —3608(2) —1828(3) 3527(4) 16(2)
06 8e —4582(2) —2286(3) 5463(3) 22(1)
o7 8e —1233(3) —1943(3)  1504(4) 25(2)
08 8e —1466(2) —1397(3) 3732(3) 18(2) ) )
09 8e —3722(2) —507(3)  3474(4) 20(2) Figure 2. Borophosphate complex {BsO11(OH)s]*" in the compound
010 Se —6182(3) —555(3)  2133(4) 25(2) CsSc[BPs011(OH)s] containing a central B@ tetrahedron (B1) open-
011 8e —4506(2) —1218(2)  1825(3) 18(1) branched by two (OH)P&xetrahedra (P1 and P2) and cyclobranched by
012 8e —5766(2) —1603(3)  3543(3) 21(1) one PQ tetrahedron (P3) and a trigonal-planar (OH}B(@®2) by sharing
013 8e —6130(3) —1776(3)  1163(3) 22(2) common apexes (displacement ellipsoids are drawn at the 50% probability
014 8e —3727(3) 179(4)  5396(4)  32(2) level).
H3 8e —1034 —326 2270 28
H10 8e —6188 —405 2923 29
H14 8e —3730 505 4854 39 Table 3. P—0O and B-O Bond Distances in CsSc{B;O11(OH)],

) Standard Deviations in Units of Last Decimal in Brackets p@notes
@ Uiso values of the H atoms were kept at e of the O atoms to which Terminal, Gy Bridging, and @y Hydroxyl O Atoms)
they are attached.

atom—atom A
tact d

sample was placed in an open @b PtRh crucible (Netzsch) and comac
then heated at 2 K/min to 1273 K in a continuous argon flow (200 P1 :83( i'igggig
mL/h, Messer-Griesheim 99.999% purified with ALPHAGAZ O2- Ol 1.555(3)
Free-System). After cooling with the same rate, the slightly sintered —010oH 1.577(5)
powder was examined by powder XRD. For examination of the P2 —On 1.482(6)
. . —08& 1.522(4)
rehydration behavior, a new sample was heated under the same —Ody 1.548(4)
conditions up to 583 K. The obtained product was then exposed to —030n 1.562(5)
atmospheric moisture for several days and reheated to 1273 K in a P3 —02 1.497(4)
continuous argon flow. All measurements were corrected by :8& iggggig
buoyancy. —Olyr 1.576(6)
B1 —O5 1.457(1)
—01Ly 1.462(6)
Results —09, 1.466(1)

- 1.47

Crystal Strycture. The crystal structure of CsScfBsO11- B2 ,8‘11”‘{% 1_342%
(OH)3] contains a novel complex anion, {B0;;(OH)s]*, —O% 1.361(8)
which is built of a central borate tetrahedron open-branched ~Ol 1.397(1)

by two (OH)PQ tetrhedra and cyclobranched by one,PO

tetrahedron and a trigonal-planar (OH)B@oup by sharing A respectively. This is in accordance with the trend observed
common apexes, as shown in Figure 2. All of the atoms of g, pure phosphate?.
the oligomeric unit represent independent crystallographic  The oligomeric units are interlinked via common O corners
sites. The bond distances within the oligomeric unit are listed of ScQ; octahedra. By this, each scandium octahedron {5cO
in Table 3. The lengths of the bridging-# bonds (B- is surrounded by six phosphate tetrahedra belonging to four
Oyy) for the borate tetrahedron (B1) range from 1.457(1) to different borophosphate oligomers (Figure 3). The lengths
1.470(6) A. In the case of the trigonal-planar boron unit, of the Se-O bonds range from 2.058(5) to 2.166(5) A. As
the bridging B-O bonds (B-Oy,) are notably shorter, with  shown in Figure 4, two borophosphate anions are connected
1.361(8) and 1.397(1) A. The shortestB bond is observed  to four ScQ octahedra, resulting in the formation of a cavity.
for the terminal B-OH, with 1.342(1) A. A detailed analysis of this cavity (Figure 5) reveals similari-
The shortest PO distances are found for the terminal [i€S to @ common secondary building unit (SBU) encountered
P—O bonds (P-O)) in the phosphate tetrahedron (P3) and " zeo_lltesz,8 which can be described as a hexagonal prism
the hydrogen phosphate groups (P1 and P2), varying from6__6 in S_BL_J nomen_cla;ure. The sho'rtest mter_atomlc
1.4821(6) to 1.522(4) A. The bridgingF® bonds (P-Ok,) distance within the cavity is 3.25 A (3805). The Cs ions
are in the range from 1.540(4) to 1.576(6) A, and the two 27) Baur, W. H.Acta Crystallogr.1974 B30, 1195.
P—OH (P1 and P2) bond lengths are 1.562(5) and 1.577(5) (28) http://topaz.ethz.ch/IZA-SC.
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Figure 5. Details of the cage formed by six four-membered rings

Figure 3. Linkage of six (OH)PQtetrahedra to one Sg@ctahedron via (acclording to zeqlite nomenclature) and two six-membered ringsd(@B&-
common corners shared with four surrounding borophosphate oligomeric **O5) = 3.25 A in the crystal structure of CsSefBO11(OH)].
units.

Figure 6. Crystal structure of CsScpB:0:11(OH)s] (view along [100]):
layers of interconnected borophosphate anions and Sctahedra linked

. . via hydrogen bonds. The €sons (large red spheres) are located in between
Figure 4. Cavity formed by four Sc@octahedra and two borophosphate e layers.

anions [BP;011(OH)3]4 in the crystal structure of CsScfB;011(OH)g).

structured endothermic effect is observed with maxima (513,
583, and 723 K) coinciding with the individual steps of the
mass loss. At 1113 K, an exothermic effect occurs without
a change in the sample weight. The powder XRD pattern of
the decomposition product shows sharp reflections that could
not be assigned to any known crystalline phase or a phase
mixture. A sample that was heated to approximately the end
of the second TG step at about 583 K did not show any
rehydration behavior. For details, see the Supporting Infor-
mation.

are situated above and below the six-membered rings with
four contacts to neighboring O atoms [3.1813)334(4)
A] of the rings (Figure 5). The borophosphate oligomers
together with the Scpoctahedra are condensed to form
layers running parallel (001), as shown in Figure 6. The Cs
cations are located in between the layers. Hydrogen bonds
O—H---0 with O---O distances of 2.66, 2.76, and 2.83 A
(angles (G-H---O) of 169, 174, and 179) are formed
between the layers.

Thermal Behavior. The TG curve of CSSc[B;0:1(OH)3]
reveals a stepwise mass loss during heating, which iSDiscussion
completed at about 973 K with an overall mass loss of 6.3
wt %. Assuming that only water is released under the chosen In the course of our systematic investigation on the
experimental conditions, a value of 5.2 wt % (1.5 mol of existence of alkali-metal scandium borophosphates, three
H,O per formula unit) is expected. During heating, a broad different compounds were synthesized and structurally

7506 Inorganic Chemistry, Vol. 46, No. 18, 2007
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Figure 7. Anionic partial borophosphate structures in compounds with r(Mm)/A
element combinations MNa, K, Rb, and Cs) and M (Al, Ga, In, V, and
Fe): (@) MM"'[BP,O7(OH)3]; (b) M'M"[BP,Og(OH)] (SPR: P1); (c) Figure 8. Structure map for the known borophosphates of the general
M!'MIBP,Og(OH)] (SPG: P2y/c). All three anionic partial structures are ~ formulas MM"[BP,O7(OH)3], M'M"[BP,0g(OH)] (SPR: P1), M'M"I-
built up from a common FBB [BfD;(OH)3]3~. [BP20g(OH)] (SPG: P24/c), and CsSc[BP:011(OH)3] (monovalent as well

as trivalent cations in the molar ratio 1:1).

characterized by single-crystal XRD data: KSciBg _

(OH)],2° RbSc[BROg(OH)],® and CsSc[BPsO11(OH)].3 [BP,O;(OH);] (C2/c; Figure 7a)}* and MM" [BP,0g(OH)]

The borophosphates KSC[@g(OH)] and RbSC[BEOg- (Pl; Figure 7b)2,9'30’35WhiCh all consist of the same FBB as
(OH)] were found to be isotypic to KFe[BBg(OH)] the borophosphate trimer [B81] (Figure 7a).

(triclinic, P1),32 which belongs to the group of borophos-  In the crystal structure of N"[BPO,(OH)],** the
phates with B:P= 1:2. On the other hand, CsS¢BO1+- anionic partial structure (Figure 7a) consists of an unbranched
(OH)g] exhibits a new crystal structure with B:@ 2:3,  tetrahedral triple [BEO/(OH)s]*", built of a dihydrogen
although the molar ratio of the educts and the reaction Porate tetrahedron sharing common corners with two hy-

conditions used for the preparation of all three compounds drogen phosphate tetrahedra. This unit is present in all
were kept invariant. Attempts to synthesize lithiunand members containing sodium. Condensation of such units

sodium-scandium borophosphates ended up with phosphates"’lccomp""rlied by the Iogs of one molecule gOHper unit
only. can lead to the formation of either open-branched four-

. o (o i
The anionic partial structure of ASc[BBg(OH)] (A = membered rings [B0.(OH)]™ (Figure 7b) or single

ol PR . .
K, RbY°*is built up from two unbranched tetrahedral triples C;/IhamS“[BPZOS(OH)] (Figure 7c). Examples with a higher

Fi - d . b hed f b egree of condensation are unknown for the combination
(_ igure 7a) an comp_mse; an open-branched four-membereq; i\ gq far but can be realized using 1! 36 Mo 1M1 37
ring [B2P4O16(OH),]® (Figure 7b), which is formed by

aIterpatmg hydrogen bora,te and phgsphate tetrahedra_‘ by(33) (a) Engelhardt, H.; Borrmann, H.; Kniep, R.Kristallogr.—New Cryst.
sharing common corners with two additional open-branching Struct. 200Q 215, 203. (b) Kniep, R.; Koch, D.; Hartmann, .

phosphate tetrahedra. The resulting three-dimensional frame- ~ Kristallogr.—New Cryst. Struct2002 217, 186. (c) Mi, J. X.; Zhao,

. . X . J. T.; Huang, Y. X.; Deng, J. F.; Borrmann, H.; Kniep, R.
work contains channels running along [100] filled with K Kristallogr.—New Cryst. Struc002 217, 171. (d) Mi, J. X.; Huang,
or Rb'", respectively. Y. X.; Deng, J. F.; Borrmann, H.; Zhao, J. T.; Kniep, R.

. . . Kristallogr.—New Cryst. Struct.2002 217, 169. (e) Mi, J. X
With the successful synthesis of the scandium compounds ~ Borrmann, H.; Huang, Y. X.; Mao, S. Y.; Zhao, J. T.; Kniep, R.

i i ini Kristallogr.—New Cryst. Struct.2003 218 171. (f) Mi, J. X,
ur:der conS|dera|t|on, the group of borophosphatels containing Borrmanh. H.. Mao. S, Y.. Huang, Y. X.. Zhang, H.: Zhao, J. T.
M' as well as M' species (M= Na, K, Rb, Cs; M' = Al, Kniep, R.Z. Kristallogr—New Cryst. Struc2003 218 17. (g) Kniep,

. . . . . (h) Engelhardt, H.; Kniep, RZ. Kristallogr.—New Cryst. Structl999
21 members, which are ordered in Figure 8 according to their 214, 443. (i) Mao, S. Y.: Li, M.-R.; Wei, Z.-B.; Mi, J.-X. Zhao, J.-T.

cationic radii. Three types of borophosphate anions were Wuji Huaxue Xueba@004 20, 53.

| d b d for the k M b h hat (34) (a) Koch, D.; Kniep, RZ. Krlstallogr.f'NeW Cryst. Struct1999 214,
already observed for the known orophosphates, 441. (b) Huang, Y. X.; Mao, S. Y.; Mi, J. X.; Wei, Z. B.; Zhao, J. T.;
namely, MM'"'[BP,Og(OH)] (P2,/c; Figure 7(:)?;3 MM - Kniep, R.Z. Kristallogr.—New Cryst. Struct2001, 216, 15. (c) Mi,
J. X.; Huang, Y. X.; Mao, S. Y.; Borrmann, H.; Zhao, J. T.; Kniep,
R. Z. Kristallogr.—New Cryst. Struct2002 217, 167. (d) Huang, Y.

(29) Menezes, P. W.; Hoffmann, S.; Prots, Yu.; KniepZRKristallogr.— X.; Mi, J. X.; Mao, S. Y.; Wei, Z. B.; Zhao, J. T.; Kniep, RZ.
New Cryst. Struct2006 221, 251. Kristallogr.—New Cryst. Struc2002 217, 7. (e) Zhang, L. R.; Zhang,

(30) Menezes, P. W.; Hoffmann, S.; Prots, Yu.; KniepZRKristallogr.— H.; Borrmann, H.; Kniep, RZ. Kristallogr.—New Cryst. Struct2002
New Cryst. Struct2006 221, 253. 217, 477. (f) Boy, l.; Cordier, G.; Eisenmann, B.; Kniep, R.

(31) Part of this paper was presented at the 13th Vortragstagung, Fachgruppe Naturforsch. B: Chem. Sci998 53, 165.
Festkoerperchemie und Materialforschung, Aachen, Germany, 20.09- (35) Mao, S. Y.; Li, M. R.; Huang, Y. X.; Mi, J. X.; Wei, Z. B.; Zhao, J.

22.09.2006. Menezes, P. W.; Hoffmann, S.; Prots, Yu.; Knief.R. T.; Kniep, R.Z. Kristallogr.—New Cryst. Struct2002 217, 3.

Anorg. Allg. Chem200§ 32, 2131. (36) Kniep, R.; Will, H. G.; Boy, |.; Rohr, CAngew. Chem., Int. Ed. Engl.
(32) Boy, I.; Cordier, G.; Eisenmann, B.; Kniep, R. Naturforsch. B: 1997, 36, 1013.

Chem. Sci1998 53, 165. (37) Menezes, P. W.; Hoffmann, S.; Prots, Yu.; Kniep, R., in preparation.
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the anionic partial structure (Figure 9b) consists of a trigonal-
planar borate unit that is connected to three phosphate
tetrahedra. The only known example for an oligomeric
templated borophosphate containing boron in coordination
3 and 4, respectively, is given by §81.N,],VO(PO;(OH),-
(B30s0OH)-4H,0 (P2,/c)*>containing an oligomer (Figure 9d)
built of a trimeric hydrogen borate group (OH)Bs and four
hydrogen phosphate groups ((OH¥PQOThe trigonal-planar
borate unit in this oligomer is connected to two borate
tetrahedra, which are further connected to four hydrogen
phosphate groups. In the crystal structure of the title
compound, CsSc[;0:1(OH)g], the trigonal-planar borate
unit is attached to one borate and one phosphate tetrahedron,
as shown in Figure 9c. This arrangement of polyhedra was
already predicted for boratebut never observed.

Figure 9. Borophosphate complexes (B:P 1) containing boron in the -ConSideri-ng the structural similarity of indium and scan-

coordina'tion numbers 3 and 4 (see the tex't for references): ¢HBRD14) dium (see Figure 8), Seve_ral attempts _have already been made

(one PQ tetrahedron and one B@roup); (b) C5[BP30;12] and V5[BP:0O17] to prepare a corresponding cesitindium borophosphate

(three PQ tetrahedra and one B@roup); () [GH12Nz]2VO(POy(OH)s- containing the novel oligomer, but despite all efforts, they
(B3O30H)-4H,0 (four PQ tetrahedra, two B@tetrahedra, and one BO

group); (d) CsSc[BP:011(OH)s] (three PQ tetrahedra, one borate tetra- were unsuccessful up to now.
hedron, and one B{group). Conclusions

or M"38 and result in a helical anigBP,0g]3". For all of The first approach for the classification of the known
these MM borophosphates under consideration, the coor- borophosphate crystal structures in 1998 led to the conclusion
dination number of boron and phosphorus is 4 (Figure 7). that hydrated borophosphates with a molar ratio B:FL

For the title compound (also with B:R 1), a completely are exclusively built of borate and phosphate tetrahedra and
different anionic partial structure is observed containing 40 Mot contain boron in trigonal-planar coordinatf6n.
boron in coordination numbers 3 and 4, respectively. Up to Interestingly, we ascertained that the predicted principles does
now, the occurrence of mixed coordination for boron was Nt hold for our novel borophosphate (templated borophos-
only reported for compounds with B:P 1 containing  Phates are notunder consideration). In Csg§B:,(OH)d],

complex chain aniod&4! and the trigonal borate unit e BiP ratio is less than 1 (B:R 1) and we do observe
exclusively bonded to borate species. BO; units, which are furthermore linked not only to borate

Considering borophosphates containing triangular borate SPECES but also to a phosphate tetrahedron. Moreover, this
units with B:P< 1, only four members are reported so far: arrangement of polyhedra in CsSef8O.1(OH)] was

: Iready predicted for boratélsut never observed. This itself
Cos[BP3014],%2 Cry[BP5012], % Vo [BPsO1]* (prepared viaa 2 ; X i
solid-state route), and the templated compoungHaN,]- proves that CsSc[f;01:(OH)3] is a special compound with

VO(POy(OH)4(B30:0H)-4H,0) (CsH1N, = DABCO)S regard to the structural building principles of borates and
(Figure 9). In Cg[BP;0y4] (SPG: P2,/c),* the anionic partial borophosphates.
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