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Crystal structure of dibarium pentaborate chloride, Ba2B509Cl 
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Abstract 
B5Ba2C109, orthorhombic, Pnnl (No. 34), a = 11.6358(9) Â, 
b = 11.583(1) Â, c = 6.6823(7) Â, V = 900.6 Â3, Z = 4, 
Rgt(F) = 0.020, wRresfF2) = 0.054, T= 293 K. 

Discussion 
Dibarium pentaborate chloride is isostructural to Ca^sOeBr 
[2,3] and EU2B5O9X (with X = CI, Br) [4,5]. The structure con-
sists of Ba2+ cations, Cl~ and B5O93- anions. The pentaborate 
group is formed by a series of three corner-linked [BO4] tetrahe-
dra, additionally two neighbouring tetrahedra each are bridged by 
one planar [BO3] group ([BC>3]:[B04]=2:3). Using the descrip-
tion for polyanions in anhydrous borates introduced in [6] and 
modified in [7], the borate polyanions ("fundamental building 
block") in BazBsOgCl can be depicted as 2D3T:<D2T>^D2T>. 
Sharing common oxygen atoms, the main structure unit is com-
posed of the pentaborate groups to form wave-like, infinite chains 
of [BO4] tetrahedra parallel to the c axis. The chains are interlinked 
along the a and b axis via [BO3] groups of the pentaborate units. 
The result is a three dimensional framework of [B5O9] parts with 
large channels, in which the CT anions are placed in maximum dis-
tance. The CT is separated from the anionic [B5O9] ̂  structure part 
by Ba2+ cations, which coordinate the chlorine in form of a dis-
torted tetrahedra The [ClBat] tetrahedra are linked to another 
four ones to form the cationic part [ClBa2]«+ of the structure. 
Both symmetrically independent Ba2+ cations are surrounded by 
seven oxygen and two chlorine atoms. The interaction between 
the Ba2+ cations and the next neighbourhood seems to be spa-
tially limited because of the special arrangement of the [B5O9]«-

and [ClBa2] ,̂+ framework. 

Table 1. Data collection and handling. 

Crystal: 

Wavelength: 
μ· 
Diffractometer, scan mode: 
2θααχ· 
N(hklìmnswai, JVfhklJunique'· 
Criterion for /obs, N(hkl)gc 
N(param)nñno¡'· 
Programs: 

colourless prism, 
size 0.24 χ 0.24 χ 0.24 mm 
Mo Ka radiation (0.71073 Â) 
90.17 cm"1 

Enraf-Nonius MACH3, ω/20 
61.04° 
8152,2740 
/obs > 2 a(Idbs), 2636 
156 
MolEN [8], SHELXL-97 [9], ATOMS [10] 

Source of material 
The dibarium pentaborate chloride was synthesized using the 
method described for S^BsOgCl [1], Single crystals with 
dimensions up to 2 χ 1 χ 1 mm3 were grown from BaCh flux in a 
temperature range between 1273 Κ and 1173 K. 
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Table 2. Atomic coordinates and displacement parameters (in Â2). 

Atom Site X y ζ Un ί/22 ί/33 U12 υ 13 1/23 

Ba(l) 4c 0.26853(2) 0.98071(2) 0.99472(3) 0.0115(1) 0.0081(1) 0.0062(1) 0.00000(7) 0.0007(1) -0.00107(8) 
Ba(2) 4c 0.45669(2) 0.74525(2) 0.64915(5) 0.0074(1) 0.0122(1) 0.0071(1) 0.00046(7) -0.00069(8) -0.00127(8) 
Cl(l) 2b 1/2 0 0.7676(3) 0.0135(7) 0.0132(6) 0.0280(7) -0.0028(6) 0 0 
Cl(2) 2a 1/2 1/2 0.5056(4) 0.0121(6) 0.0132(6) 0.0389(8) -0.0004(5) 0 0 
0(1) 4c 0.1928(3) 0.7608(2) 0.0558(4) 0.006(1) 0.009(1) 0.003(1) 0.002(1) -0.0012(9) 0.0000(8) 
0(2) 4c 0.2486(3) 0.1201(3) 0.3082(4) 0.019(1) 0.005(1) 0.005(1) -0.003(1) 0.000(1) 0.0001(9) 
0(3) 4c 0.0620(3) 0.7083(3) 0.7995(4) 0.006(1) 0.019(1) 0.008(1) -0.003(1) -0.003(1) 0.004(1) 
0(4) 4c 0.2335(2) 0.8179(3) 0.7125(4) 0.006(1) 0.009(1) 0.003(1) -0.0017(9) 0.0017(8) 0.0006(9) 
0(5) 4c 0.2064(3) 0.0850(2) 0.6498(4) 0.016(1) 0.006(1) 0.005(1) -0.001(1) 0.002(1) -0.001(1) 
CK6) 4c 0.0757(2) 0.7954(3) 0.4781(5) 0.007(1) 0.020(1) 0.005(1) -0.001(1) -0.001(1) 0.003(1) 
0(7) 4c 0.3941(3) 0.7687(3) 0.0958(4) 0.005(1) 0.015(1) 0.011(1) -0.001(1) -0.0004(9) 0.0016(9) 
0(8) 4c 0.2695(3) 0.7299(2) 0.3922(4) 0.012(1) 0.006(1) 0.003(1) 0.001(1) 0.0004(9) 0.0005(9) 
0(9) 4c 0.2258(3) 0.9303(3) 0.4063(4) 0.021(2) 0.004(1) 0.006(1) -0.001(1) 0.0011(9) -0.0004(9) 
B(l) 4c 0.2850(4) 0.7129(4) 0.1779(6) 0.006(2) 0.008(2) 0.004(2) 0.001(1) -0.001(1) -0.000(1) 
B(2) 4c 0.2262(4) 0.0420(4) 0.4626(5) 0.007(2) 0.007(2) 0.002(2) 0.001(1) -0.000(1) 0.001(1) 
B(3) 4c 0.1861(4) 0.7288(4) 0.8432(6) 0.008(2) 0.007(2) 0.004(2) -0.000(1) 0.000(1) 0.001(1) 
B(4) 4c 0.0108(4) 0.7484(3) 0.6289(7) 0.006(2) 0.010(2) 0.005(2) 0.002(1) -0.002(2) -0.001(1) 
B(5) 4c 0.2014(3) 0.8187(3) 0.4986(7) 0.004(2) 0.005(2) 0.006(1) -0.001(1) 0.004(2) -0.001(1) 

References 
1. Peters, T. E.; Baglio, J.: Luminescence and structural properties of alka-

line earth chloroborates activated with divalent europium. J. Inorg. Nucl. 
Chem. 32 (1970) 1089-1095. 

2. Lloyd, D. J.; Levasseur, Α.; Fouassier, C.: Etude structurale d'une nou-
velle famille d'halogenoborates. C. R. Acad. Sci. Paris 274 C (1972) 
1684-1687. 

3. Lloyd, D. J.; Levasseur, Α.; Fouassier, C.: Structure Cristalline du 
Bromoborate CaîBsOsBr. J. Solid State Chem. 6 (1973) 179-186. 

4. Machida, K. I.; Adachi, G.-Y.; Noritake, Y.; Nobutami, K.; Shiokawa, J.: 
Crystal structure europium(II) bromoborate. Inorg. Chem. 19 (1980) 
3807-3811. 

5. Machida, K.-L; Adachi, G.-Y.; Moriwaki, Y.; Shiokawa, J.: The crystal 
structure and luminescence properties of europium(H) haloborate. Bull. 
Chem. Soc. Japan 54 (1981) 1048-1051. 

6. Burns, P. C.; Grice, J. D.; Hawthorne, F. C.: Borate minerals. I. Polyhedral 
clusters and fundamental building blocks. Can. Mineral. 33 (1995) 
1131-1151. 

7. Becker, P.: A contribution to borate crystal chemistry: Rules for the occur-
rence of polyborate anion types. Z. Kristallogr. 216 (2001) 523-533. 

8. Fair, K.: MolEN. An interactive intelligent system for crystal structure 
analysis. Enraf-Nonius, Delft, The Netherlands 1990. 

9. Sheldrick, G.M.: SHELXL-97. A program for refining crystal structures. 
University of Göttingen, Germany 1998. 

10. Dowty, E.: ATOMS V 3.5. Kingsport, Tennessee, USA 1996. 


