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Table 6 (cont.) 

C(2)- "H(3)5652 
H(1)- "H(2)5443 
H(1)" "H(2)5541 
H(2)" "H(3)565z 
H(2)" "H(4)5651 
H(3)" "H(4)5642 
H(3)" "H(4)5651 

2.9~1 (20) 
2"5q8 (20) 
2"991 (25) 
2"699 (25) 
2.818 (32) 
2.622 (27) 
2.634 (31) 

I would like to thank Dr Walter C. Hamilton for the 
facilities put at my disposal and for his helpful advice. 
I am also indebted to Sam J. La Placa for his invaluable 
assistance during the most critical phase of the exper- 
iment and to Prof. Ivar Olovsson for his interest in this 
work. 
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The crystal structure of Hcio4.2½H20 has been determined from three-dimensional single-crystalX-ray 
diffraction data recorded at - 188 °C. The structure is monoclinic with space group P21/c and contains 
eight formula units. The cell dimensions are a = 10.960, b = 7.132, c = 15.167/~, fl= 124-55 °. The structure 
contains H20 molecules and H30 + ions interlinked by hydrogen bonds to form infinite helices. These 
helices form layers both by hydrogen bond interlinkage and by hydrogen bonding to the perchlorate 
ions. The two independent perchlorate ions show only minor deviations from tetrahedral symmetry, 
and the mean C1-O distances are 1"435 and 1.439 A. 

Introduction 

This work is part of a systematic study of the hydrates 
of strong acids being carried out at this Institute aimed 
at investigating the hydration of the proton in the solid 
state. In HBr. HzO (Lundgren, 1970), HC1. H20 (Yoon 
& Carpenter, 1959), HC104.H20 (Lee & Carpenter, 
1959; Nordman, 1962), H2SO4. H20 and H2504.2HzO 
(Taesler & Olovsson, 1968, 1969) the proton occurs as 
an H30 + ion, whereas H5 O+ has been found in 
HC1.2H20 and HC1.3H20 (Lundgren & Olovsson, 
1967a, b), HC104.2H20 (Olovsson, 1968), 
H/SO4.4HzO (Kj/illman & Olovsson, 1971), and in 

HAuCI4.4HzO (Williams & Peterson, 1969a). The in- 
vestigations of HC104.3H20 (Alml~Sf, 1971) and 
HBr.4HEO (Lundgren & Olovsson, 1968) have indi- 
cated the existence of H70 +. The latter compound has 
also been suggested to contain H904 + ions. The present 
investigation of HC104.2½H20 is based on single- 
crystal X-ray diffraction data recorded at - 188°C .  

Experimental 

A solution with the molar ratio H20" HC104 =2.50 was 
prepared by diluting analytical grade perchloric acid 
(ca. 73 %) with distilled water and analysed by titration 
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with sodium hydroxide. Samples were sealed in glass 
capillaries of diameter 0.2-0.3 mm and wall thickness 
about 0.02 mm. The compound showed a pronounced 
tendency to supercool so the samples had to be seeded 
with quartz powder and treated with liquid nitrogen to 
induce crystallization. 

Single crystals were grown using the zone-melting 
technique in a Weissenberg camera modified for low- 
temperature work (Olovsson, 1960). During this proce- 
dure the melting point was found to be in good agree- 
ment with the value -32-8 °C reported by Mascherpa 
(1965). Equi-inclination Weissenberg photographs, 
layers 0 < I < I 0 ,  were taken both at - 5 0 ° C  and 
- 188 °C using unfiltered Cu K radiation and employ- 
ing the multiple-film technique with five films. The two 
data sets showed only minor differences, apparently 
caused by the difference in thermal motion at the two 
temperatures, and only data recorded at the lower 
temperature were used. 1987 independent reflexions 
were recorded, corresponding to 89 % of the reflexions 
within the copper reflexion sphere; 216 of these were 
too weak to be measured. The relative intensities were 
estimated visually by comparison with an intensity 
scale. The whole data set was estimated twice and the 
mean values of the intensities were used. The data were 
corrected for the Lorentz and polarization effects and 
for absorption (cylindrical specimen). The linear ab- 
sorption coefficient for Cu Ke radiation is 54.6 cm -1, 
and the radius of the crystal was 0.012 cm. The inten- 
sities were not corrected for secondary extinction ef- 
fects. 

The unit-cell dimensions were determined from 
quartz-calibrated zero-layer oscillation photographs. 
Data were collected from three crystals, rotated around 
[100], [101] and [I 10] and the cell dimensions were fitted 
to the measured 0-values by a least-squares procedure. 
Parameters used were asioz=4"9131 /~ at 25°C, 
2(CH K~I) = 1.54051, 2(Cu K~2) -- 1.54433, 2(Cu Kfl) = 
1.39217 A.. 

The cell dimensions (with e.s.d.'s in the least signi- 
ficant digit) at - 188 °C are; 

a =  10.960 (3) A 
b =  7.132 (1) 
c=15.167 (2) 
/3=124.55 ° (1) 
V=976.5/~3. 

The density was estimated to be 1.92 g.cm -3 at - 8 0  °C 
by determining the volume and weight of the poly- 
crystalline mass in a number of sealed glass tubes. As- 
suming eight formula units in the cell the calculated 
density at - 188 °C is 1.979 g.cm -3. 

Space  group and structure determinat ion 

The diffraction symmetry and systematic absences sug- 
gest the space group P2~/c (No. 14 in International 
Tables for X-ray Crystallography, 1952). The coordi- 
nates of the chlorine atoms were determined fi'om a 

three-dimensional Patterson synthesis and those of 
oxygen from electron-density maps based on the 
chlorine positions. 

Coordinates and individual isotropic thermal par- 
ameters for the heavy atoms and scale factors for the 
eleven layers were refined in a series of least-squares 
calculations. The function ~w(lFol-lFc[) 2 was min- 
imized using the full-matrix program LALS. After two 
cycles of refinement the discrepancy index R =  
Y lFol- IFcl I/YlFol for observed reflexions was 0.14. An- 
isotropic thermal parameters were then refined to- 
gether with an overall scale factor. The inter-layer scale 
factors were set to the values obtained in the isotropic 
refinement. The total number of parameters increased 
from 71 to 136 and the R value dropped to 0.095 after 
two more cycles of refinement. 16 strong reflexions with 
low 0 values and Fol ~ IFcl were then given zero weight 
in all further calculations. These were probably subject 
to secondary extinction and some might also have been 
incorrectly measured because of spot deformation. 
Further series of refinement, first isotropic and then 
anisotropic, lowered R to 0-081. The shifts in the posi- 
tional parameters were all less than 0.5a, but some of 
the thermal parameters increased significantly. 

In order to locate the hydrogen atoms a three-dimen- 
sional difference Fourier synthesis was calculated using 
only data with sin 0/2 less than 0.5 A -1. Peaks with 
heights between 0-4 and 0.6 e.~ -3 were found at ex- 
pected hydrogen atom positions. Another peak of 
height 0.4 e./~k -3 was  also found but was situated close 
to a chlorine atom and could be definitely excluded as a 
possible hydrogen atom position. When the hydrogen 
atoms were included with fixed coordinates and fixed 
Debye-Waller factors of 3.0 A. 2, the R value in the final 
anisotropic refinement decreased to 0.075. The param- 
eter shifts in the final cycle were all less than one tenth 
of the corresponding estimated standard deviations. 
The weighting scheme used in the final cycle was 
w=(7.2+lFol+O.O171Fo12) -~ for observed and w=0  
for unobserved reflexions. An analysis of the weighting 
scheme suggested that these weights were suitable. 

The atomic coordinates and thermal parameters with 
e.s.d.'s from the final refinement are listed in Tables 1 
and 2. Observed and calculated structure factors are 
listed in Table 3. 

Table 1. Atomic coordinates with estimated standard 
deviations (× 10 4) 

x y z 
Cl(1) 2762 (1) 1661 (1) 942 (1) 
O(11) 3143 (4) 2589 (5) 306 (3) 
O(12) 1313 (4) 860 (5) 241 (3) 
O(13) 3809 (3) 175 (4) 1562 (2) 
O(14) 2766 (4) 2997 (5) 1654 (3) 
CI(2) 7491 (1) 3067 (1) 1708 (1) 
O(21) 6463 (4) 4397 (4) 932 (2) 
0(22) 8681 (4) 4084 (4) 2632 (3) 
0(23) 8090 (4) 1917 (4) 1267 (3) 
0(24) 6792 (4) 1879 (5) 2066 (3) 
O(1) 112 (3) 4992 (4) 1266 (2) 

A C 27B - 3 
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Table  1 (cont.) 

x y z 
0(2) 1485 (3) 2888 (4) 2930 (2) 
0(3) 4394 (3) 3612 (4) 4077 (2) 
0(4) 5701 (3) 1164 (4) 3735 (2) 
0(5) 8628 (3) 1855 (4) 4516 (2) 

Hydrogen coordinates from the difference maps (x 103) 

x y z 
911 66 377 

H30(1) + 945 420 61 
74 414 186 

H20(2) 140 159 271 
73 298 308 

331 311 365 
H30(3) + 492 277 385 

424 479 367 

H20(4) •502 111 295 
563 998 398 

H20(5) 754 167 416 
886 318 467 

The a tomic  scat ter ing factors  used were those given 
for  neu t ra l  C1 and  O in International Tables for X-ray 
Crystallography (1962) and  the spherical  scat ter ing fac- 
tor  for  hyd rogen  p roposed  by Stewart ,  D a v i d s o n  & 
S impson  (1965). All  calculat ions were  carr ied out  on 
the C D C  3600 compu te r  in U p p s a l a  us ing p r o g r a m s  
described by L iminga  (1967a). 

Description of the structure 

The s t ructure  is shown in Figs. 1-3. Bond  distances and  
angles are listed in Tables  4 and  5 and  are i l lustrated in 
Figs. 4 and  5. The correct ions  to the b o n d  distances for  
anisot ropic  the rmal  r iding m o t i o n  are all less t han  
0.011 A.  Assuming  independen t  mot ion ,  the corre-  
spond ing  correct ions  are less than  0.026 A.  Since inter-  
layer  scale fac tors  were refined these correct ions  are 
ra ther  uncer ta in .  Only  uncor rec ted  values are therefore  
listed. S t a n d a r d  deviat ions o f  the distances a n d  angles 
have  been es t imated  f r o m  the errors  in the a tomic  co- 
ordinates  ob ta ined  in the f o r m  of  a va r i ance -cova r i ance  
mat r ix  f r o m  the final cycle o f  ref inement.  The  uncer-  

Table  2. Thermal parameters with e.s.d.'s ( z  104) 

The form of the temperature factor is exp (-flllhZ-- .. .  -f112hk--...). 

fill fl22 fl33 ill2 ill3 fl23 
CI(1) 15 (1) 18 (2) 13 (1) 0 (2) 14 (1) - 1  (1) 
0(11) 60 (4) 55 (6) 24 (2) - 1 9  (8) 45 (5) - 5  (6) 
0(12) 32 (4) 61 (6) 36 (2) - 9  (8) 17 (5) 6 (6) 
0(13) 32 (4) 29 (5) 18 (2) 12 (7) 19 (4) 3 (5) 
0(14) 46 (4) 52 (6) 24 (2) 20 (8) 43 (5) - 4  (5) 

C1(2) 15 (1) 20 (2) 11 (1) 1 (2) 13 (1) 2 (1) 
0(21) 36 (3) 44 (5) 17 (2) 11 (7) 19 (4) 4 (5) 
0(22) 31 (4) 46 (6) 19 (2) - 1 3  (7) 17 (4) - 9  (5) 
0(23) 47 (4) 49 (6) 24 (2) 3 (8) 43 (5) - 1 2  (5) 
0(24) 42 (4) 61 (6) 26 (2) - 3 0  (8) 33 (5) - 4  (5) 

0(1) 24 (3) 33 (5) 16 (2) 4 (6) 11 (4) - 1  (5) 
0(2) 33 (4) 30 (5) 21 (2) - 4  (7) 27 (4) - 2  (5) 
0(3) 24 (4) 51 (5) 18 (2) 0 (7) 23 (4) 3 (5) 
0(4) 22 (4) 35 (5) 15 (2) - 7  (6) 16 (4) - 5  (5) 
0(5) 22 (4) 32 (5) 16 (2) 7 (6) 13 (4) 2 (5) 

\ 

Fig. 1. A stereoscopic pair of drawings showing the hydrogen bond system. Covalent bonds are filled. Full lines represent O-O 
distances corresponding to normal hydrogen bonds and broken lines represent bifurcated hydrogen bonds. Only one half of 
the unit cell is drawn in the c direction. For notation, see Fig. 4. 
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T a b l e  3 .  Observed and calculated structure factors 

T h e  t h r e e  c o l u m n s  a r e ,  i n  o r d e r ,  l ,  1 0 1 F o l ,  1 0 1 F d .  U n o b s e r v e d  r e f l e x i o n s  a r e  m a r k e d  w i t h * ,  t h e  v a l u e s  o f  Fo g i v e n  c o r r e s p o n d  t o  
h a l f  t h e  m i n i m u m  o b s e r v a b l e  i n t e n s i t i e s .  S t r o n g  r e f l e x i o n s  e x c l u d e d  f r o m  t h e  r e f i n e m e n t  a r e  m a r k e d  w i t h * * .  
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Fig. 2. A stereoscopic pair of drawings showing the packing of the structure. Four unit-cells are drawn, two in the a and two in 
the b direction. 

tainties in the cell dimensions have also been taken into 
account. 

Table 4 .  Bond distances with e.s.d.'s x 10 3 

The distances have not been corrected for thermal motion. 

Covalent bonds 
CI(1)-O(11) 
C1(1)-O(12) 
C1(1)-O(13) 
C1(1)-0(14) 

C1(2)-O(21) 1.432 (3) 
C1(2)-O(22) 1-456 (3) 
C1(2)-O(23) 1.431 (3) 
C1(2)-O(24) 1.440 (4) 

Hydrogen bonds 
1-414 (4) A 0(1) . . .  0(5) 
1.436 (3) 0 (1 ) . . .  0(5') • • 
1.449 (3) O(1). . .  0(2) 
1-439(3) 0(3) . .0(2)  ~ (~) *(~) 

0(2) .. O(22) "" 
O(3) 0(4) 
0(3) 0(24) 
0(3) O(13) 
0(4) O(13) 
0(5) 0(4) 
0 ( 4 ) "  O(11) 
0 ( 5 ) "  O(12) 

2-634 (4) A 
2.555 (5) 
2.565 (4) 
2.677 (5) 
2.819 (5) 
2.493 (4) 
2.750 (5) 
2-860 (5) 
2.812 (4) 
2-762 (4) 
2.852 (4) 
2.876 (5) 

The water molecules are bonded together by hydro- 
gen bonds to form infinite helices. The helices, which 
run in the b direction, are interconnected by rather 
short hydrogen bonds to form layers parallel to (102-) 
(see Fig. 2). 

& 

Fig. 3. The hydrogen atom positions found from the difference 
maps, and the corresponding hydrogen-bond system. The 
orientation is the same as in Fig. 4. 

Table 5. Angles with e.s.d.'s x 10 

Angle 
0(11)-C1(1)-0(12) 108.1 (2) ° 
0(11)-C1(1)-0(13) 110.7 (2) 
0(11)-C1(1)-0(14) 109"0 (2) 
O(12)-C1(1)-O(13) 109.0 (2) 
O(12)-C1(1)-O(14) 110.5 (2) 
0(13)-C1(1)-0(14) 109.5 (2) 

0(21)-C1(2)-0(22) 108.6 (2) 
0(21)-C1(2)-0(23) 110.6 (2) 
0(21)-C1(2)-0(24) 111-1 (2) 
0(22)-C1(2)-0(23) 109.7 (2) 
0(22)-C1(2)-0(24) 107.9 (2) 
0(23)-C1(2)-0(24) 108-8 (2) 

0(5) . . . .  0(1)" 
0(5) . . . .  o(1). 
0(5') • - .0(1).  
0(1) . . . .  0(2)" 
0(1) . . . .  0(2). 
0(3) . . . .  O(2)" 
0(2) . . . .  O(3)" 
0(2) . . . .  0(3).- 
0(4) . . . .  0(3). 
0(2) . . . .  0(3)" 
0(4). o(3). 
0(24) 0(3). 
0(3). 0(4). 
0(3). 0(4). 
0(5). 0(4). 
0(3). 0(4). 
0(5). • 0(4). 
0(11)- -0(4). 
o(1). .0(5). 
0(4). .O(5). 
0(4)" -0(5)- 
0(4)" -0(5). 
0(1)" •0(5) • 
O(1') ,0(5) -  

• .0(59 
-0(2) 
.0 (2)  
.0(3) 
• 0(22) 
.0(22) 
.0(4) 
-0(24) 
.0(24) 
.O(13) 
.O(13) 
.O(13) 
.0(5) 
.O(13) 
• o ( 1 3 )  
.0(11) 
"0(11) 
"0(13) 
.o(1') 
-o(1) 
-o(1') 
• O(12) 
"O(12) 
"O(12) 

Angle 
88.9 (1) ° 

125.0 (2) 
113-1 (2) 
110.1 (2) 
111-3 (1) 
103.4 (1) 
110"0 (2) 
78.0 (1) 

125.7 (2) 
130-9 (2) 
67"5 (1) 
68"6 (1) 

116"8 (2) 
106.9 (1) 
116"9 (2) 
131-4 (2) 

82.4 (1) 
101"1 (1) 
91-1 (1) 

119.7 (1) 
104.7 (1) 
99"7 (1) 

125"4 (2) 
115"1 (1) 
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Hydrogen atoms 
There are twelve hydrogen atoms available for hy- 

drogen bonding in the asymmetric unit. The inter- 
atomic distances and angles indicate twelve possible 
O - H . . . O  hydrogen bonds. The dimensions of the 
CIO 4 group (see below) and the occurrence of some 
rather short distances between water molecules (2.49- 
2.63 A) indicate that the protons of the two indepen- 
dent HC104 molecules have been transferred to water 
molecules. The normal hydrogen bond distance be- 
tween neutral water molecules is about 2.76 A. Since 
some of the hydrogen peaks were not well resolved in 
the difference maps, the assignment of hydrogen atoms 
to the bonds has been based partly on chemical con- 
siderations. 

The hydrogen-bond distances around O(1) and 0(3) 
indicate that the protons originating from HCIO4 are 

2.56 

2.82 

2.57 

113' 

2.85 

2.88 

;11. 

-,.l~.fiT" " / 2.82 

2.5 

2.81 

-125" I~',~ " ~ l l ~  117" 

100 ° 

115" 

110" 

Fig. 4. Hydrogen bond distances and angles. 

108.10 f ~  

lO8 8 ~ / h l O . ~  • " ~.~ / " \ 

/ 
L. 

Fig. 5. Bond distances and angles within the perchlorate ions. 
The orientaticn is the same as in F ig . .  

bonded to these water molecules. Making this assump- 
tion it is possible to assign the hydrogen atoms to the 
hydrogen bonds in a unique way. This assignment is in 
good agreement with the difference maps and is shown 
in Fig. 3, where the positions of the hydrogen atoms 
are those found in the difference maps. The O-H dis- 
tances thus obtained are in the range 0.94-1.05 A and 
the H - O - H  angles vary between 100 and 111 °. 

The bonding coordination of the different molecules 
merits detailed description. O(1) is pyramidally sur- 
rounded by three water molecules at rather short dis- 
tances (2.56, 2.57 and 2.63 A) and constitutes one of 
the two independent oxonium ions in the structure. 
0(3) on the other hand has four neighbours at hydro- 
gen-bond distances, two water molecules and two per- 
chlorate oxygen atoms. The distances are 2.49, 2.68, 
2-75 and 2.86 A respectively. The bond angles around 
0(3) strongly suggest a bifurcated hydrogen bond from 
0(3) with O(13) and 0(24) as acceptors (see Table 5). 
This is also supported by the difference maps inwhich one 
hydrogen peak appears between the lines 0(3). • • O(13) 
and 0 ( 3 ) . . .  0(24) (see Fig. 3). 0(3) is thus the donor of 
three hydrogen bonds, one of which is bifurcated. The 
bond O(3). . .O(4) is very short, 2.49 A. In this short 
bond the conditions for a single minimum potential, 
symmetric or asymmetric, may be fulfilled. The corre- 
sponding peak in the difference maps is very diffuse, 
although closer to 0(3) than 0(4). No definitive infor- 
mation can be obtained in this case, however. In similar 
structures of hydrates of strong acids the distances be- 
tween the two water molecules in such a closely bonded 
pair vary between 2.40 and 2.50 A. (Lundgren & Olovs- 
son, 1967a, b; Olovsson, 1968; Williams & Peterson, 
1969a, b; Kj/illman & Olovsson, 1971). In these cases 
the most appropriate description of a pair of water 
molecules plus a proton is an HsO + ion with a symme- 
tric or slightly asymmetric hydrogen bond. The coor- 
dination around the two ends of the HsO + ion is then 
approximately the same. In the present case, however, 
at one end 0(3) has a pyramidal environment (two 
normal and one bifurcated hydrogen bond), whereas 
0(4) has an approximately tetrahedral coordination. 
0(4) acts as donor in two hydrogen bonds and as ac- 
ceptor in at least one. Since 0(4) would be a very poor 
hydrogen bond acceptor if it were part of a symmetric 
HsO + ion the best description of the aggregate 
[H20(3)-H-..O(4)H2] + is thus H30+H20 rather than 
HsO +. 

0(2) has a pyramidal coordination. The molecule 
accepts two hydrogen bonds and acts as donor in one 
bond. One of the hydrogen atoms is evidently not en- 
gaged in hydrogen bonding. 

0(5) has a normal tetrahedral environment. It ac- 
cepts two short bonds from the symmetry-related 
H30(1) + ions and donates two hydrogen bonds to 
HzO(4) and O(12). 

An interesting feature is the arrangement of two 
H30(1) + ions and two H20(5) molecules across a centre 
of symmetry. These are connected by short hydrogen 
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bonds (2.56 and 2.63 A) to form an almost perfect 
square (angles 89 and 91°). The arrangement is also re- 
quired by symmetry to be perfectly planar. 

The bonding situation in the present compound in 
no way resembles that in HC104.H20 or in 
HC104.2H20 so a detailed comparison would be of 
little relevance. 

The perchlorate ions 

The structure contains two independent perchlorate 
ions bonded to the water chains bY hydrogen bonds 
with lengths between 2.75 and 2.88 A. No other O. • • O 
distance is shorter than 2.96 A. 

The mean values of the uncorrected C1-O distances 
in the two C1Oi- ions are 1.435 (2) and 1.439 (2) A. 
These are in good agreement with the results from 
HC104.2H20 (Olovsson, 1968), HC104.3H20 (Alml/Sf, 
1971), and N2HsC104.½H20 (Liminga, 1967b), where 
the mean values of the uncorrected distances are 
1.438 (3), 1.437 (2) and 1.431 (2) A. 

The eight independent C1-O distances show signi- 
ficant differences although none is sufficiently serious 
to challenge the assumption that the protons of HC104 
have been transferred to water molecules. In 
HC104.2H20 and HC104.3H20, it is found that the 
C1-O distances are correlated with the hydrogen-bond 
coordination around the perchlorate oxygen atoms. 
Oxygen atoms accepting two hydrogen bonds have the 
longest C1-O distance in both cases, followed by those 
accepting one hydrogen bond. No such conclusions can 
be drawn in the present case, however, since the oxygen 
atom with the shortest C1-O distance [O(11), 1.414 (4) 
A], apparently accepts a hydrogen bond. 

The authors are greatly indebted to Mr H. Karlsson 
for his skilled assistance in the preparation of the crys- 
tals and in the X-ray work. 

This work has been supported by grants from the 
Swedish Natural Science Research Council and  the 
Malmfonden-Swedish Foundation for Scientific Re- 
search and Industrial Development, which are hereby 
gratefully acknowledged. 

References 

ALML6r, J. (1971). Acta Cryst. To be published. 
International Tables for X-ray Crystallography (1952). Vol. I. 

Birmingham: Kynoch Press. 
International Tables for X-ray C~ystallography (1962). Vol. 

III. Birmingham: Kynoch Press. 
KJ~.LLMAN, T. & OLOVSSON, I. (1971). To be published. 
LEE, F. S. & CARPENTER, G. B. (1959). J. Phys. Chem. 63, 

279. 
LIMINGA, R. (1967a). Aeta Chem. Stand. 21, 1206. 
LIMINGA, R. (1967b). Aeta Chem. Scand. 21, 1217. 
LUNDGm~N, J.-O. (1970). Aeta Cryst. B26, 1893. 
LUNDGm~N, J.-O. & OLOVSSON, I. (1967a). Aeta Cryst. 23, 

966. 
LUNDGREN, J.-O. & OLOVSSON, I. (1967b). Aeta Cryst. 23, 

971. 
LUNDGm~N, J.-O. & OLOVSSON, I. (1968). J. Chem. Phys. 49, 

1068. 
MASCrmRPA, G. (1965). Rev. Chim. Min. 2, 379. 
NOlUgMAN, G. E. (1962). Aeta Cryst. 15, 18. 
OLOVSSON, I. (1960). Ark. Kemi, 16, 437. 
OLOVSSON, I. (1968). J. Chem. Phys. 49, 1063. 
STEWART, R. F., DAVIDSON, E. R. & SIMPSON, W. T. (1965). 

J. Chem. Phys. 42, 3175. 
T~SLER, I. & OLOVSSON, I. (1968). Acta Cryst. B24, 

299. 
T~SLER, I. & OLOVSSON, I. (1969). J. Chem. Phys. 51, 

4213. 
W~LtAMS, J. M. & PETERSON, S. W. (1969a). J. Amer. Chem. 

Soe. 91, 776. 
WILLIAMS, J. M. & PETERSON, S. W. (1969b). Aeta Cryst. 

A25, Sl13. 
YOON, Y. K. & CARPENTER, G. B. (1959). Acta Cryst. 12, 17. 

Acta Cryst. (1971). B27, 904 

Die Kristallstruktur von et-Li3BO3 

VON FRANK STEWNER 

Institut f i ir  Anorganische und Analytische Chemie der Universitiit, Giessen, Bundesrepublik Deutschland 

(Eingegangen am 1. April 1970) 

e-LiaBO3 is monoclinic," space group P2x/c with four molecules in a unit cell of dimensions a = 3.265, 
b=9.180, c=8.316/~, fl= 101.05 °. The structure was solved by conventional Patterson and electron- 
density synthesis. Least-squares refinement on three-dimensional data yielded a residual R= 5.7%. The 
results reveal an unusual type of framework containing 'single' BOa triangles [d(B-O)= 1.376 A]. The 
lithium atoms, linking the BO3 groups, show a very distorted tetrahedral coordination by oxygen 
[d(Li-O) = 1"99 A]; two of the lithium atoms have a fifth oxygen at 2.5 A. The structure contains large 
holes and (Li-O)3 rings. 

Einleitung 

Mehrere Alkalimetallborate sind bereits an Einkri- 
stallen untersucht worden, bislang sind jedoch die 

Strukturen von 'kationenreichen' (Hoppe, 1967) Bo- 
raten unbekannt. Dargestellt wurde bisher yon Zintl & 
Morawietz (1938) Na3BO3 sowie von Rollett & 
Bouaziz (1955) Li3BOa, das nach Lehmann & Wrckel 


