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The structure was solved by the Patterson method using 
SHELXS86 (Sheldrick, 1985). All H atoms, located by dif- 
ference Fourier synthesis, were left riding with the distances 
to their parent atoms constrained; a global isotropic displace- 
ment parameter was refined. The full-matrix least-squares re- 
finements were carded out using SHELX76 (Sheldrick, 1976). 
Molecular graphics were produced using ORTEPII (Johnson, 
1976). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates, complete geometry, including H-atom geometry, 
least-squares-planes data and torsion angles have been deposited with 
the IUCr (Reference: PAl086). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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parallel to the a axis. No evidence of increased conduc- 
tivity in two higher-temperature phases has been found 
for this compound. 

Comment 
A study of three polymorphs of Cs[C2B9HI2] in the 
temperature range 293-323 K has been reported previ- 
ously (Rius, Romerosa, Teixidor, Casab6 & Miravitlles, 
1991). The structure at 299 K has been described as a 
distorted hexagonal close-packed arrangement of anions 
with Cs + cations at the octahedrally coordinated sites. 
With increasing temperature, a transition to a conduct- 
ing phase occurred between 471.8 and 495 K, associated 
with a change in the anion packing arrangement about 
Cs + from distorted octahedral (3', 13 phases) to tetrahe- 
dral (c~ phase, conducting) and disorder of the Cs + ions 
along the c axis of the tetragonal cell. The structure 
of Cs[CBn0Hl3], (I), at 293 K was determined in order 
to investigate the effects of slight changes in the elec- 
tronic configuration, symmetry and H-atom geometry of 
the carborane anion on the structure and conductivity of 
the carborano caesium salts, while keeping the overall 
charge and carborane cage geometry constant. 
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Abstract 
The unit cell of the room-temperature phase of 
Cs[CB10H13], caesium 8,9:10,11-di-#-hydro-undeca- 
hydro-7-carba-nido-undecaborate(1-), is found to be 
very similar to that of '7-Cs[C2B9HI2] at 299 K reported 
previously [Rius, Romerosa, Teixidor, Casab6 & Mi- 
ravitlles (1991). lnorg. Chem. 30, 1376-1379], but the 
packing of the carborane anion cages around the Cs + 
ions is distorted further from ideal octahedral geome- 
try and the uncapped pentagonal faces of the cages lie 
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Fig. 1. A PLUTO (Motherweil & Clegg, 1978) plot of the [CBn0HI3]- 
anion with the atomic numbering scheme. This anion displays 
internal mirror symmetry, in contrast to [CeBgHn2]-, which has 
only one bridging H atom on the pentagonal ring. 
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The structure of  the [CB10H13]- anion is shown in 
Fig. 1. The cell parameters of Cs[CB10Ci3] at 293 K 
[monoclinic,  P21/a, a = 12.162(1), b = 10.647(1),  
c = 7 .985(1 )A ,  /3 = 92.441 (5) °] are intermediate 
between those of  7- and /3-Cs[C2B9Hl2]. The unit- 
cell parameters and positional parameters for the Cs ÷ 
ions and geometric centres of  the carborane cages for 
the three structures with respect to the P21/a cell are 
given in Table 1. Fig. 2 shows that the octahedral 
packing geometry around the Cs + ions in Cs[CBl0H13] 
is more distorted from the ideal than in ")'-Cs[C2B9HI2]. 
Average bond lengths for the carborane cage and C s . . . B  
contact distances for Cs[CBl0Hl3] are given in Table 
2. The principal difference in the two structures is 
the al ignment  of  the uncapped pentagonal faces of  the 

(a) 

(b) 

Fig. 2. PLUTO (Motherwell & Ciegg, 1978) plots of the unit cells 
for (a) Cs[CB10HI3] and (b) 3'-Cs[C2B9H12] (Rius, Romerosa, 
Teixidor, Casab6 & Miravitlles, 1991) showing upper and lower 
triangular faces of the distorted octahedral caesium environments. 
Atoms are shaded in accordance with Fig. 1. 

carborane cages with respect to the channels  of  the Cs ÷ 
ions and the pseudo-hexagonal  axis in Cs[CBloH13], 
shown in Fig. 2. In 7-Cs[C2B9HI2] the uncapped 
pentagonal faces of  the cages are tilted with respect to 
these channels and all three cell axes. The orientation of  
the uncapped cage faces could not be determined from 
the powder  diffraction data for/3-Cs[C2B9H12]. 

An investigation of  the two higher-temperature phases 
of  Cs[CB10H13] has revealed no substantial increase in 
conductivi ty with increase in temperature (Romerosa,  
1992). Indexing the powder  diffraction data for these 
phases has not yet proved possible, as substantial 
and systematic overlap of  reflections results from the 
pseudo-sphericity of  the carborane anions (Rius, unpub- 
lished results). 

These results indicate that slight changes in the elec- 
tronic configuration or H-atom geometry of  the carbo- 
rane anion modify the conductivi ty of  the carborano cae- 
sium salts to a significant extent, and that the orientation 
of  the pentagonal faces of  the anion with respect to the 
cations may be an important factor in determining the 
solid-state behaviour  of  the salts. 

Experimental 

The title compound was prepared according to the method of 
Knoth (1971 ). 

Crystal data 

Cs[CB10HI3] Mo Ko~ radiation 
Mr = 266.11 A = 0.71073 ,~, 
Monoclinic Cell parameters from 25 
P2 j / a reflections 
a = 12.162 (1) A, 0 = 11.96--20.70 ° 
b = 10.647 (1) A, # = 3.47 mm-J 
c = 7.985 (1) ,~ T = 293 K 
/3 = 92.441 (5) ° Rectangular block 
V = 1033.1 (3) A, 3 0.37 × 0.35 × 0.2 mm 
Z = 4 Colourless 
Dx= 1.71 M g m - 3  

Data collection 

Enraf-Nonius CAD-4 
diffractometer 

w scans 
Absorption correction: 

empirical (~ scan) 
Tmin = 0.513, Tmax = 
1.000 

2188 measured reflections 
1978 independent reflections 

Refinement 

Refinement on F 
R = 0.042 
wR = 0.051 
S = 2.47 

1879 observed reflections 
l/ _> 2.5a(1)1 

Rint = 0.011 
0ma~ = 26.2 ° 
h = 0 ---~ 14 
k = 0 --, 13 
l =  -9 - -~  9 
3 standard reflections 

frequency: 60 min 
intensity decay: -4 .7% 

(A/o-)max = 0.001 
Apmax = 0.447 e A -3 
m p m i n  = -0.911 e ,~-3 
Extinction correction: none 
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1879 ref lect ions 
142 parameters  

w = 9.3387/[ tr2(F)  
+ 0 .000176(F)  2] 

A tomic  scat ter ing factors 
f rom International Tables 
for  X-ray Crystallography 
(1974, Vol. IV) 

We wish to thank the DGICYT for financial support 
under project No. PB 92-0010 and a scholarship for 
CRW. We also thank Milagros Mejfas Mufios at ICMAB 
for assistance with the X-ray data collection. 

Table 1. The unit-cell parameters, Cs + ion position 
and centre of  the anion in Cs[CB~oHI3] and fl- and 
y-Cs[CzB9HI2] referred to a unit cell with P21/a 

setting 

y-Cs[C2BgH,2] ~ Cs[CB,oH,3] h /3-Cs[C,BgH,,] u 
Cell parameters (,~, ') 
a 11.222 (4) 12.162 (1) 12.15 (2) 
b 10.696 (4) 10.647 (1) 12.55 (2) 
c 8.360 (3) 7.985 (1) 6.90 (2) 
fl 92.62 (2) 92.441 (5) 90.0 (I) 

Cs ~ position 
x 0.5106 (1) 0.51065 (3) 0.508 (8) 
y 0.2591 (1) 0.24381 (3) 0.241 (6) 
z 0.2428 (I) 0.15785 (4) 0.111 (3) 

Geometric centre of  anion 
x 0.2482 0.2427 (5) 0.28 
y 0.1231 0.0916 (5) 0.061 
: 0.7692 0.7063 (7) 0.65 

References: (a) Rius, Romerosa,  Teixidor, Casab6 & Miravitlles 
(1991); (b) this work. 

Table 2. Average carborane-cage bond lengths and 
Cs'"B contact distances (,~) 

B--B ..... ~ 1.785 (8) B9"-'Cs"' 3.752 (6) 
B---Ca ,c rag  e 1.66 (I) B3"'Cs" 3.767 (6) 
B5---Cs' 3.695 (5) BI l"-Cs' 4.014 (6) 
B2---Cs" 3.728 (5) BI0"-Cs 4.083 (6) 

I I Symmetry codes: (i) 1 - x, - y,l - z; (ii) 2 - x, - ,  + .v, I - -" (iii) 
I I x , y ,  l + z ; ( i v )  x - ~ , ! - y ,  l + : ; ( v )  x - , , -  .v, : .  

Table 3. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (~2) for Cs[CB lolls3 ] 

Ueq = ( l / 3)EiEjUoa, aT a,.a ). 

x y z Ueq 
Cs 0.51065 (3) 0.24381 (3) 0.15785 (4) 0.0414 (3) 
B1 0.2495 (4) -0.0280 (5) 0.8123 (7) 0.032 (3) 
B2 0.1615 (4) -0.0199 (5) 0.6295 (7) 0.035 (3) 
B3 0.1323 (4) 0.0688 (5) 0.8111 (8) 0.034 (3) 
B4 0.2555 (5) 0.1254 (5) 0.9028 (7) 0.031 (3) 
B5 0.3630 (4) 0.0692 (5) 0.7798 (7) 0.032 (3) 
B6 0.3043 (5) -0.0197 (5) 0.6061 (7) 0.033 (3) 
C7 0.1246 (4) 0.1338 (5) 0.6194 (7) 0.036 (3) 
B8 0.1745 (5) 0.2254 (6) 0.7683 (8) 0.031 (3) 
B9 0.3267 (5) 0.2286 (5) 0.7691 (8) 0.033 (3) 
BI0 0.3582 (5) 0.1342 (6) 0.5796 (8) 0.038 (3) 
BII 0.2195 (5) 0.0899 (6) 0.4917 (7) 0.041 (3) 

The  H a toms  were  located f rom d i f fe rence  Four ier  maps.  The  
posi t ions  o f  the 11 non-br idg ing  H a toms  were  refined and the 
posi t ions  o f  the two br idging  H a toms  were  fixed wi th  Uiso = 
1.25 × Ueq(C,Bparem) for  all H a toms.  

Data  col lec t ion  and cell re f inement :  CAD-4 Express Oper- 
ating Software ( E n r a f - N o n i u s ,  1992). Data  reduct ion:  MolEN 
(Fair, 1990). St ructure  solut ion:  MULTANll /84 (Main,  Ger- 
main  & Wool f son ,  1984). Structure  ref inement :  SHELX76 
(Sheldr ick,  1976). Molecu la r  graphics:  PLUTO (Motherwel l  
& Clegg,  1978). 

Lists of structure factors, anisotropic displacement parameters, H- 
atom coordinates and complete geometry have been deposited with 
the IUCr (Reference: NA1091). Copies may be obtained through The 
Managing Editor, International Union of Crystallography, 5 Abbey 
Square, Chester CH1 2HU, England. 
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Abstract 
The title compound, 2C21H38N[Be(C6C1204)2], con- 
tains complex anions formed by two 3,6-dichloro- 
4,5-dihydroxy-3,5-cyclohexadiene- 1,2-dionato residues, 
tetrahedrally coordinating to beryllium through depro- 
tonated hydroxy O atoms, and hexadecylpyridinium 
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