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OF N A N  OPO R 0 US M 0 LEC U LA R R AS I? D - 
P R 0 D U C ED 13 Y T RI S - 2,2' - B 1 I M I 1) A ZO I, A T E  C 01 I I 

MAK~~fO'I'At)OKORO1, TAKUMASA SHIOMI I ,  TOMOKO SHIROMIZUI. 
KIYOSIII ISOBE2, KElJI MA'rSUMOTO1 AND KAZtJHIRO NAKASU.II3 
Dcpartinent of Chemistry I and Department of Material Scicnce-2 Faculty of 
Science, Osaka Cily IJnivci.sity, Sumiyoshi-ku. Osaka 558. Japan; Department 
o f  Chemistry, F ~ ~ l t y  of Science, Osaka University. Toyonaka. Osaka 560, 
Japan3 

Abstract The [Co1I1(Hbiin)3] (I) (Hhim = 2,2'-biimidakolate rnorio;inion) is 
syiithesizetl and its crystal structurc is characterizcd by X-ray crystal an$ysis. 
(Crystal data: monoclinic, C2/m (No. 12), F W =  970.71, ( I  = 17.144(5) A, 11 = 
30.34 l(6) A, c = 16.422(5) A, p = 104.38(2)", V = 8274(3) A3, Z = 8) 
The crystal stmcture comprises assemblies of two-dirnensional honeycomb shcct 
sti-uctures built up  by alternate arrangements of A and A binary optical isomers of 
the building block 1. The two-dimensional sheets are forincd by comp1cinent;iry 
intcrmolecular hydrogen bonds of Hbim- ligaiids containing the building block 
- 1 .  Interestingly, two-dirnensional sheets is stacked along c axis to  form the 
microporous crystal with large channels. 

INTRODUCTION 

Research on microporous solids has focused largely on inorganic materials siicli 
;I% zeolites. pillared clays and othcr laycred materials. Extended arrays based on networks 
cuch  ;is AIB2 and ThSi2 have cvokcd wide Particular networks i n  this 

I'ainily arc predicted to have unusual nicchanical, thermal ;md electrical propcrtics, 
cspccIally whcn thcy contain large open features. Although syntheses of fragments of 

(Ircsc prototypcs have been achieved, extensions to three-dimensional networks by 
conventional synt hcsis have been difficult to realize. One approach to rational dcsign of 
such networks with these fragments has been achieved by tising the coordinating 
pwpcrt ics. thc geoiiictry. and thc composition o f  transition metal complcxes which are 
nnturally predisposed to form a certain array of several well categorized solid ones. A 
goal of this reseach has bcen thc dcsign of new materials with specific properties such as 
selcctivc actsorption and catalytic a c t i ~ i t y . ~ , ~  The tools of inolccular synthesis of 
coordination compounds would he useful t o  engineer new types of microporous solids 
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23648221 M .  TADOKORO r r f  

constructed by transition metal ions. Here we report the design based on a modular 
approach and the crystal stritcture of an organic solid of a building block [ColI1(Hbiin)-j] 

(1) (Hhim = 2,2'-biimidazolate monoanion) with extended channels (diameter about I8 
A) .  Extended channels result from the stacking of the layers along the c axis. These 
layers are built up by the alternate arrangement of enantiomers of the A and A types, and 

these channels are filled with solvent molecules of methanol o r  cthyl acetate. 

EXPERIMENTAL 

Crvstal Structure 
The crystal data of [Co(Hbini)j] (1) are as follows: formula, C36H30Co2N240, 

m o m ~ / i u r c .  space group C2/m (No. 12), pcLilc = 1.558 g/cm- I ,  M o - K a  radiation, h = 

0.71069 A, 6.0 < 28 < 50", 5981 reflections were col!ected, o f  which 2080 unique 
reflections ( I o  > 30 (10)) were used for refinement (294 parameters), converging to R = 

0.129 and X1,. = 0.190. The structure of complex 1 was solved hy heavy-atom Patterson 

methods6 and expanded using Fourier techniques. All non-hydrogen atoms were refined 
anisotropically. All hydrogen a t o m  were fixed in calculation. All calculations were 
performed using the teXsan7 crystallographic software package. The final atomic 
coordinates of compound I are given in Table 2. All solvent molecules i n  the channel can 

not be calculated because of severely disorder of these molecules. 

FIGURE 1 2D honeycomb sheet structure built up by alternate arrangements of 
A and A optical isomers of the building block 1 along the c axis. 
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NANOPOROUS MOLECU LAR-BASED SOLID [823]/237 

TABLE 1 Selected bond lengths (A) and angles (deg) for compound (1);l. 

Distances 
CO( 1 )  - N(l) 1.92( 1) C o ( l ) - N ( I )  1.92(1) 
CO( 1) - N(3) .93(1) CO( 1) - N(3) 1.93( 1)  
CO( 1) - N(6) .96( 1 )  Co( l ) -N(6 )  1.96(1) 
Co(2) - N(7) .92( I )  Co(2) - N(7) I .92( I ) 
Co(2) - N(9) .92( 1) Co(2) - N(9) I .92( I )  
Co(2) - N( 1 1)  .92( 1 )  Co(2)-N(11) 1.92(1) 

Angles 
N( 1 )  - Co( 1 )  - N (  1) 90.7(7) N( 1 ) - CO( 1) - N(3) 82.5(5) 
N( 1 )  - Co( 1 )  - N(3) 93.9(5) N( 1 )  - CO( 1) - N(6) 94.5(5) 
N ( I ) - C o ( I ) - N ( 6 )  171.7(5) N ( l ) - C o ( l )  -N(3)  93.9(5) 
N ( I ) - C o ( l ) - N ( 3 )  82.5(5) N ( I ) - C o ( l ) - N ( 6 )  171.7(5) 
N( 1 )  - CO( 1) - N(6) 94.5(5) N(3) - CO( I )  - N(3) 174.9(8) 
N(3) - CO( I )  - N(6) 93.2(5) N(3) - Co(1) - N(6) 90.6(5) 
N(3) - CO( I ) - N(6) 90.6(5) N(3) - CO( 1) - N(6) 93.2(5) 
N(6 ) -Co( l ) -N(6 )  81.1(7) N(7)-Co(2)-N(7)  174.1(8) 
N(7) - Co(2) - N(9) 81.1(6) N(7) - Co(2) - N(9) 94.8(6) 
N(7) - Co(2) - N( 1 1 )  91.2(6) N(7) - Co(2) - N( 1 1 )  93.2(6) 
N(7) - Co(2) - N(9) 94.8(6) N(7) - Co(2) - N(9) 8 I .  l(6) 
N(7) - Co(2) - N( 1 1 )  93.2(6) N(7) - Co(2) - N(l I )  91.2(6) 
N(9) - Co(2) - N(9) 92.4(9) N(9) - Co(2) - N( 1 1 )  91.9(6) 
N(9) - Co(2) - N( 1 1) 173. I(6) 
N ( 9 ) - C o ( 2 ) - N ( l I )  91.9(6) N ( I l ) - C o ( 2 ) - N ( l I )  84.2(9) 

173.1(6) N(9) - Co(2) - N( 1 I )  

a Estimated standard deviations are given in parentheses. 

RESULTS AND DISCUSSION 

Crystal Structure of complex 1 
A crystal of complex 1 suitable for X-ray analysis was obtained by 

recrysrallization from a mixture of ethyl acetate-MeOH. An ORTEP view of complex 1 is 

shown in Figure 2 with the numbering scheme of non-hydrogen atoms. The selected 
bond distances and angles of complex 1 is given in Table 1 .  The crystal of complex 1 
consists of trisbiimidazolate mononuclear Co(ll1) complexes ([Co( tlbiin)3J), ; ~ n d  some 

ethyl acetate and methanol molecules. Some ethyl acetate and methanol molccules are free 
from the coordination to the cobalt ion and would be captured i n  the crystal spacc with 
large hexagonnl cavities produced by six [Co(Hbim)3] building blocks. These solvent 

molecules in  cavities can not be determined because of the large thermal vibration and 
disorder. 

The complex of [Co(Hbim)j] (1) contains thc Co(II1) atom coordinated by three 

bidentate Hbim- ligands through the lone pairs of the imine nitrogen a t o m  of the 
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938/[524] M .  TADOKORO ef ul. 

TABLE 2 
Darameters (A2). 

Fractional atomic coordinates and equivalent isotropic displacement 

atom X Y z Beq 
Cof I ) 0.0000 0.3353f 1 )  0.0000 4.437) 

0.0000 
0.0350(8) 
0. I300(8) 
0. I 107(7) 
0.23 1 S(7) 

0.035( I ) 
0.020 I(8) 
0.0790(8) 

0. I899( 10) 
0.0696( 10) 

0.180( I )  
0.0579(9) 
0.07 I6(9) 
0.158(1) 
0.236( 1 )  
0.000( 1 ) 
0.06 1 ( I  ) 

0.1 129(9) 
0. I548(9) 

0.04 I (  1)  
0.026( 1) 

0.01 I l(9) 
0.158(1) 
0.089( 1 ) 
0.1 36( I ) 

0. I3 18( 10) 
0. I49( 2) 
O.074( 2) 
0.1 18( I )  
0.127( 1 ) 
0.034( I ) 

0.3349( I j 
0.2909(4) 
0.2466(4) 
0.332S(4) 
0.301 l(5) 
0.4426(8) 
0.3843( 4) 
0.33 16(4) 
0.290 I (5) 
0.29 I 1 ( 5 )  
0.2505(6) 
0.38 18(4) 
0.4SS4(5) 
0.3545(6) 
0.3332( 6) 
0.2644( 6) 
0.2365(5) 
0.2780(5) 
0.3019(5) 
0.39 18(9) 

0.4569( 10) 
0.4239(5) 
0.3281(7) 
0.3502( 7) 
0.3025(6) 
0.2794( 7) 
0.2449(8) 
0.2698(7) 
0.3857(6) 
0.4308(7) 
0.4 199(7) 

0.5000 
-0.0662( 7) 
-0.0854(8) 
0.0634(7) 
0.078 l(8) 
-0. I40( 2) 

-0.069S( 8) 
0.4353(9) 

0.4 1 50( 10) 
0.5650(9) 
0.590( I ) 

0.567 I(9) 
0.587 I(8) 
0. I29( I )  
0.142( 1 )  
-0.135( 1) 
-0.145( 1) 

-0.0374(9) 
0.0353(9) 
-O.l46( 1 )  
-0.085( 1 ) 

-0.0366(9) 
0.3S4( I )  
0.3S9( I )  
0.465( 1) 
0.534( I )  
0.658( 1) 
0.642(2) 
0.639( 1 ) 
0.651(1) 
0.539( 1) 

5.82( 9) 
4.8(3) 
5.5(3)  
4.9(3) 
5 3 4 )  

1839)  
4.9(3) 

6.9(4) 
9.7(5) 
5.9(4) 
6.2(4) 
6.1(5) 
6.6(5) 
5.7(5) 
5.7(4) 
4.4(4) 
4.4(4) 
7.810) 
8.1(7) 
4.5(4) 
7.9(6) 
7.0(5) 
6.7(5) 
6.3(5) 

10.q 8) 
10.2(8) 
6.3(5) 
6.6(5) 
6.5(5) 

5.6(4) 
8.0(5)  

irnidazole rings. The Co-N lengths of [Co(Hbim)3]- have similar distances ot one 
another and fal l  i n  the range of I .92( I )  - I .96( 1 )  p\. The coordination geometry is a 
distorted octahedron. The. distortion is mainly resulted from small N-Co-N bite angles 
(the range of 81 O to 84") which are lsgcr than N-Ni-N bite angles (the range o f  78" to 79" 
of [NifHbirn)j]- crmiplexes).* This conies from the difference in the distances between 

nitrogens of Hbim- ligands and a metal ion, bccause the distortion of  the 2.2'- 
biimidazolate ligand in complex 1 is similar to that in [Ni(Hbim)3]-. 
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NANOPOROUS MOLECULAR-BASED SOLID [825]/139 

The most important interaction found in the crystal structure of [Co(Hbim)31 (I) is 

inkmnolecular hydrogen bondings to form the rnicroporous crystals along the c axis 

produced by stacking of the 2D-huneycornb sheet structures. The 2D-honeycomb sheet 
structures ate built up by thc complementary hydrogen bonding of NH-N type of the 
building block between the alternate arrangement of A and A optical isomers of each three 
building blocks of [Co(Hbim)3] (1) in the alternate arrangement: N(2)-N(4)*: 2.76( I )  A; 
N(5)-N(S)*: 2.62(4) A.; N(8)*-N( 10): 2.66(2) A; N( 12)-N( 12)": 2.7O( I )  A.  'l'lic 2D- 
honeycomb sheets stack along the c axis to create the channel structures with thc diarnctcr 
of the cavity of about 17 A. The layers between 2D-sheets are separated by about -4.0 
(the mean value of the shortest interlayer C-C distances). Such channeI structure is kept 

intact even if MeOH and ethyl acetate molecules in the ciystal lattice are removed. 
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