
2222 MgNa3H(PO4)2 

Table 2. Selected geometric parameters (,~,, °) 
Na(1)--O(1 i) 2.325 (4) Na(2)---O(4 vi) 2.464 (1) 
Na(1)--O(1 ii) 2.863 (3) Mg----O(l ii) 2.040 (3) 
Na(1)---O( I i|i) 2.740 (4) Mg---O( ! vm) 2.040 (3) 
Na(l)--O(2") 2.782 (4) Mg---O(2 ~) 2.117 (3) 
Na(1)---O(2 ~v) 2.395 (3) Mg----O(2 vi) 2.117 (3) 
Na(1)----O(3) 2.321 (4) Mg--O(4) 2.127 (2) 
Na(1)---O(4) 2.579 (3) Mg---O(4 ~x) 2.127 (2) 
Na(1)---O(4 ~) 2.656 (3) P----O(1) 1.518 (3) 
Na(2)----O(2) 2.477 (1) P---O(2) 1.534 (2) 
Na(2)----O(2 ~i) 2.477 (1) P---O(3) 1.566 (2) 
Na(2)----O(3 i~) 2.537 (2) P---O(41~) 1.528 (2) 
Na(2)----O(3 v~) 2.537 (2) H----4)(3) i .221 (2) 
Na(2)--O(4) 2.464 (1) 
O( 1 ii...)?--Mg---O(2 vi) 88.5 (1) O( 1 )---P.--O(4 iv) 111.0 (3) 
O(lVm)---Mg--O(4 tx) 88.8 (1) O(2)--P--O(3) 107.6 (3) 
O(2~)---Mg---O(4) 85.4 (1) O(2)---P--O(4 iv) 111.2 (1) 
O(1)---P--4)(2) 110.9 (3) O(3)---P---O(4 ~v) 108.4 (3) 
O(I)--P---O(3) 107.7 (2) 

Symmetry codes: (i) x, y -  1, z; (ii) 1 -x ,  1 -y ,  -z;  (iii) 2 -x ,  1 -y ,  1 - z; 
(iv) 1 - x, 1 - y, 1 - z; (v) 1 +x, y, z; (vi) -x,  1 - y, -z;  (vii) x - 1, y, z; 
(viii) x - 1, y - 1, z; (ix) -x,  -y,  -z.  

The intensities of the reflections were measured at the X-ray 
laboratory of  Okayama University, Japan. Data collection, cell 
refinement and data reduction: AFC/MSC Diffractometer Con- 
trol Program (Rigaku Corporation, 1991). Structure solution: 
TEXSAN (Molecular Structure Corporation, 1985). Structure 
refinement: RSFLS4 (Sakurai, 1971). Geometric calculations: 
CCPC (Kawamura & Kawahara, 1980). Molecular graphics: 
ORTEP (Johnson, 1971), ATOMS (Dowty, 1992). Preparation 
of material for archive: LISTHKL (Yamakawa & Kawahara, 
1994). 

Lists of structure factors, anisotropic displacement parameters and 
complete geometry have been deposited with the IUCr (Reference: 
OH1084). Copies may be obtained through The Managing Editor, 
International Union of Crystallography, 5 Abbey Square, Chester CH 1 
2HU, England. 
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Abstract 
The structure of the title compound, CsLiB6Olo, com- 
prises eight-coordinate Cs atoms and four-coordinate Li 
atoms, and an anion network of chains formed from 
B307 groups. The Cs and Li atoms occupy alternate 
sites in the channel along the c axis. 

Comment 
Borate crystals are of interest for the generation of 
coherent UV light because of their superior nonlin- 
ear optical properties. Various nonlinear optical bor- 
ate crystals [/%BaB204 (BBO) (Chen, Wu, Jiang & 
You, 1985), L iB305 (LBO)  (Chen  et al., 1989) and 
CsB305 (CBO)  (Wu et al., 1993)] have  been  found  
to date. Recent ly ,  we  d i scovered  a new  borate crystal,  
CsLiB6Ol0 (CLBO)  (Sasaki et al., 1995; Moi l ,  Kuroda,  
Nakaj ima,  Sasaki & Nakai ,  1995), which  has a differ- 
ent  space group (12~2d) c o m p a r e d  with L B O  (Pna21) 
and C B O  (P212121). C L B O ,  L B O  and C B O  conta in  
the same basic unit  in the borate ne twork .  It consis ts  
o f  a s i x - m e m b e r e d  ring in wh ich  two o f  the B a toms 
are threefold  coord ina ted  and the third B a tom is four- 
fold coord ina ted  by O atoms.  The  borate ne twork  o f  
C L B O  surrounds e igh t -coord ina te  Cs a toms and four- 
coord ina te  Li atoms.  
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The  title c o m p o u n d  can be g r o w n  f rom s to ich iomet r ic  
me l t  and also f rom solut ion.  Large  h igh  qual i ty  crystals  
can be ob ta ined  more  readi ly  than those o f  LBO,  C B O  
and BBO.  A super large C L B O  crystal  with  d i m e n s i o n s  
o f  13 x 12 x 1 0 c m  was g r o w n  in 12 days by means  o f  
the top - seeded  Kyropou los  m e t h o d  (Sasaki  et al., 1995). 

N _/ 
B ( 2 ) ~  (3) 

O ( 1 ) ~  

g B(2 u') 

Fig. I. Perspective view showing the coordination geometry of the 
Li atoms in the borate anion framework. Symmetry codes: (iii) 
x, ½-Y, ¼-z;(viii) 1 -  y, x, --z; (ix) ½+x, ½+y,z-- ½. 

under an air ambient. The chemical formula of the obtained 
compound was determined by using inductively coupled 
plasma spectrochemical analysis. 

Crystal data 

CsLiB6Ol0 Mo Ka  radiation 
Mr = 364.7 A = 0.71073 
T_etragonal Cell parameters from 25 
I42d reflections 
a = 10.494 (1) ,~ 0 = 23.5-24.0 ° 
c = 8.939 (2) ,~ # = 3.798 m m - i  
V = 984.4 ~3 T = 298 K 
Z = 4 Sphere 
Dx = 2.461 Mg m -3 0.31 mm (radius) 

Colourless 

Data collection 
Rigaku AFC-5R diffractom- 

eter 
w/20 scans 
Absorption correction: 

refined from A F  
(DIFABS; Walker & 
Stuart, 1983) 
Train = 0.876, Tmax = 1.00 

2520 measured reflections 
2463 independent reflections 

1260 observed reflections 
[I > 3o'(/)1 

Rint = 0 .017  
Omax = 40  ° 
h = 0 ---~ 13 
k = 0 ---~ 18 
l = 0 ---~ 16 
4 standard reflections 

monitored every 150 
reflections 

intensity decay: none 

+t ",~ 

Li ) +c  

Fig. 2. Molecular packing in the crystal showing the three-dimensional 
framework built up from triborate groups. 

Experimental 

Crystals of the title compound were grown by the top- 
seeded Kyropoulos technique in a platinum crucible by 
using a vertical cylindrical electric furnace. Starting materials 
were prepared from a mixture of Cs2CO3, Li2CO3 and 
B203 powders. Crystal growth was carded out at 1121 K 

Refinement 

Refinement on F 
R = 0.023 
wR = 0.035 
S = 2.37 
722 reflections 
43 parameters 
w = 1/cr2(F) 
(A/o')max < 0.01 

mpmax -- 1.23 e A, -3 
mpmin = - 1 . 3 3  e A, -3 
Extinction correction: 

secondary 
Extinction coefficient: 

5.625 × 10 -6 
Atomic scattering factors 

from Cromer & Waber 
(1974) 

Table 1. Fractional atomic coordinates and equivalent 
isotropic displacement parameters (,~2) 

Beq = (87r2/3)~i~jUija~ af  ai.aj. 

x y z Beq 
Cs 0 0 0 2.396 (4) 
O(1) 0.7982 (3) 1/4 1/8 1.94 (5) 
0(2) 0.8022 (1) 0.4434 (1) -0.0059 (2) 1.12 (2) 
0(3) 0.6029 (1) 0.3557 (2) 0.0698 (2) 1.09 (2) 
B(1) 0.5242 (3) 1/4 I/8 0.81 (4) 
B(2) 0.7325 (2) 0.3508 (2) 0.0602 (3) 0.99 (3) 
Li 0 0 1/2 1.32 (6) 

Table 2. Selected geometric parameters (~,, o) 

B(1)--O(2') 1.467 (2) B(1)--O(3) 
B(2)--O(I) 1.389 (2) B(2)--O(2) 
B(2)--O(3) 1.363 (3) Li--O(3 i') 

O(2')---B(1)---O(2 ~) 109.4 (2) o(3iv)--Li----O( 3 v~) 
O(2 i )----B(1 )---0(3) 106.67 (8) 0(3 iv )----Li-----4)( 3 vii ) 
O(2i)---B(1)---O(3 i i i)  111.30(9) O(3V }---Li------O(3 vi ) 
O(2 ii }----B( 1 )---0(3) 111.30 (9) 0(3 v)---Li--O(3 vii) 
O(2 ii )----B ( 1 )------0(3 iii ) 106.67 (8) O(3 vi )----Li------O( 3 TM ) 
O(3}---B(I )---0(3 iii ) i 11.5 (2) B(2)----O( I )--B(2ii!.) 
O(2)--B(2}----O(3) 122.7 (2) B(2)--O(2)--B(I TM) 

1.469 (2) 
1.352 (3) 
1.962 (2) 

95.81 (3) 
95.81 (3) 
95.81 (3) 
95.81 (3) 

142.9(1) 
120.5 (3) 
122.0 (2) 
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O(2)--B(2)--O(1) 117.4 (2) B(2)----O(3)--B(1) 123.6 (2) 
O(3.)--B(2)---O(1) 119.8 (2) B(2)----O(3)--Li 'x 123.9 (1) 
O(TV)--Li--O(3 v) 142.9 (1) B(1)---O(3)---Li ix 112.4 (1) 

Symmetry codes: (i) y, x - ½, ¼ + z; (ii) y, 1 - x, - z ;  (iii) x, ½ - y, ¼ - z; 
(iv) ½ - x ,  ½-Y,  ½+z;(v) x -  ½ ,Y-½,½+z ; (v i )  Y - ½ , ½ - x ,  ½ - z ;  
(vii) ½ - y, x - ½, ½ - z; (viii) 1 - y, x, - z ;  (ix) ½ + x, ½ + y, z - ½. 

The  structure was solved by heavy-a tom Patterson methods  
(Beurskens  et al., 1992) and expanded  by Fourier  techniques  
(Beurskens  et al., 1992). All a toms were refined anisotropi-  
cally. All computa t ions  were per formed  using TEXSAN crys- 
tal lographic software (Molecular  Structure Corporat ion,  1992). 

The authors wish to thank Dr S. Sato, X-ray Research 
Laboratory, Rigaku Corporation, for making the four- 
circle X-ray diffractometer at their disposal. 

Lists of structure factors and anisotropic displacement parameters have 
been deposited with the IUCr (Reference: OH1076). Copies may 
be obtained through The Managing Editor, International Union of 
Crystallography, 5 Abbey Square, Chester CH1 2HU, England. 
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