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ABSTRACT 

The electronic absorption spectrum of the crystals of [Co(N0,),(4,4’-bpy),,~], 

(4,4’-bpy = 4,4’-bipyridine) was recorded at room temperature. Eight absorption 

bands appeared at about 6808,7246,83 12,125184,18302,20709,21594 and 24389 
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cm-’. The experimental results agree with the value calculated with the ligand 

field theory (LFT) and the radial wave function of the non-free Cobalt(I1) ion. As 

a result, the d-d transition spectrum of the title complex is explained 

satisfactorily. 

INTRODUCTION 

Crystal engineering of supramolecular architectures sustained by coordinate 

covalent bonds[’,21 or hydrogen bonding, represents a rapidly expanding field that 

offers potential for rational development of new classes of functional solids. 

Rational design of solid state architecture has become a particularly interesting 

topic, and an important subject 

the design and synthesis of new supramolecular structures. The studies of 

spectroscopic properties and the relation between their structures and 

spectroscopic responses are very limited. However, the electronic absorption 

spectra of complexes are the basis for studies of electronic structure, and the 

spectroscopic properties may act as a bridge to link the crystal structure and the 

electronic structure. Recently, we have been interested in the structure and 

spectroscopic properties of supramolecular architectures. Here, we report the 

spectroscopic properties of [Co(N0,),(4,4’-bpy) Jrn, which is a 

noninterpentrated molecular ladderL7] , and an open framework infinite ladder of 

the clathrate compound reported by Pierre Losier and Michale J. Zaworotko[’] , 

which is well explained. 

Previously, research work focused mostly on 

EXPERIMENTAL 

The complex crystal of [C0(N0,),(4,4’-bpy),,~]~ was prepared as follows: a 

solution of [Co(N0,),]~6H20(0.290g, 1 .O mmol) in MeOH (20 ml) was added to 

a solution of 4,4’-bpy(0.23g, 1.5 mmol) in MeCN(20 ml). After the solution was 

left to stand at room temperature for 3 hours, red crystals were obtained. 
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Elemental analysis was carried out with a Perkin-Elmer 240 C and found: 

C: 42.75, H: 2.61, N: 16.91, Calc. for C,,H,,N,O,Co C: 43.17, H: 2.88, N: 

16.78%. 

The electronic absorption spectrum(diffuse reflection spectrum) of 

[Co(N03),(4,4’-bpy),,,], crystals was measured at room temperature in the reign 

200-2500 nm with (HITANCHI) V-34100 UVNIS made by ANHUI 

INSTITUTE OF OPTICS AND FINE MECHANICS CHINESE ACADEMY 

OF SCIENCE. The results measured and the computer resolution of overlapping 

electronic absorption bands are curved and shown in Figure 1. 

RESULTS AND DISCUSSION 

In the crystal structure of [C0(N0,),(4,4’-bpy),,~], , the coordination number 

of the Cobalt(I1) ion is seven; three N atoms come from 4,4’-bpy, the bond 

length of Co-N is approximately 2.143A. The other four 0 atoms are provided by 

NO,. The length of two Co-0 bonds is 2.1276A, and the other two Co-0 bonds 

are 2.436A. The Cobalt(I1) ion geometry is a slightly distorted five-angle 

bipyramid with 4,4’-bpy occupying two axial positions[81 , this structure is clearly 

shown in Fig. 2. Two long Go-0 bonds (2.436A) were considered as one shorter 

bond(”. The data of the structure is listed in Table 1. N( I)-Co-N(3) is chosen as 

the Z axis. One N atom and three 0 atoms are in an approximate flattened plane, 

shown in Fig. 2. As a result, the approximate symmetry o f  the crystal structure 

of [Co(N0,)2(4,4’-bpy),.,I, is c2tL 
In ligand field theory, we had suggested a non-free ions wave function radial 

scaling theory for which a program package(PLFT) had been developed. The 

radial wave function of Co(I1) can be written in double I; (‘o~12) as, 

R(r, Q) = C~”2[0.509614STO(t;l ) + 0.65000STO(I;,)] 

= a,STO(<,) + a,STO(I;2> 
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FIG.1. The electronic absorption spectra of the title complex. 

<,= 5.9068( 1 -0.23500Q-0.221 60R2) 

r2= 2.3250(1-1.52803C2+0.396771C22) 

C= 1-0.662498 { 0.479689-[2(r,r,)’”/(<,+1,)17) 

where C2 is the so-calied scale of non-freedom, which is the parameter variable to 

describe the deviation-free ion. It is given by the expression: 

R = Np/Ru2 = KNp/[r2( 1-t/2)2] 

where N is the number of ligand ions, and R is the average bond length (A). K = 

0.393427, t is the ratio of dipole length and bond length, i.e. t = l/r ; p is the 

dipole moment of the ligand ion (in debye). 

U can be estimated by the atomic parameter method: 

U = I&qa/( r,++ rc-) 
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FIG. 2a. Molecular structure of the complex. 

PIG. 2b. Coordinate structure of [Co(N03),(4,4'-bpy) & 
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TABLE 1. 
The structural data of the crystal. 

B(deg.) I 0.0 90.5 

'p(deg.) I 0.0 0.0 270.07 0.0 117.35 180.4 
* Two weak Co-0 bonds were modified as one bond to fit our theory model by 

consideration of the same bond strengths.["] 

TABLE 2. 
The crystal field parameters of the crystal. 

ji (Debye) 1.05450 a1 0.53653 

C2 (Hartree) 0.15804 a2 0.68433 

A 0.85 <r2>(a.u.) 2.42674 

p(2) 1.4891 5 <r4>(a.u.) 14.96945 

p(4) 1.83746 <~---~>(a.u.) 4.48531 

6, 5.65473 B (cm-') 895 

r 2  1.78657 C (cm-') 3100 

t 0.03956 L d  (cm-9 414 
- 

where B and C are Recah's parameters, t;3d represents spin-orbital coupling 

constant, and p(2)and p(4) are polarization factors defined by us. 

where & = 1.442, q is the ratio of the charge and the radius of the center ion, a is 

the electronic polarization rate of the ligand ion., and r,' and rc- represent the 

radii of the positive and negative ion, respectively. 

According to Table 1, the environment of Co(II), the coordinate system we 

have taken, and the original data file can then be set up. The parameters of the 
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crystal field and the electronic energy of the crystal can be calculated by using 

the PLFT. The calculated values are listed in Table 2 and Table 3. The observed 

values in Table 3 represent the resolved absorption. 

From the observed d-d transitional spectrum (Fig. 1 .), five strong absorption 

peaks lying at 8312,12518,18302,20709,21594 cm-' are observed. They are 

assigned as transitions of 4A(4T2gc , t2(3Tl)e) -+ 4A(4Tlgx, te2(3A2)), 

4A(4A2g , t3) -+4A(4Tlgx, te2(3A2)), 4A(4Tlgx ,t2(3Tl)e) --+4A(4T1gx, 

te2(3A2)), 4A(4Tlgz, Q(3Tl)e) -+4A(4Tlgx, te2(3A2)),"A(4Tlgy ,t2(3Tl)e) -+ 
4A(4T1 gx, te2(3A2)) respectively. In addition , one much weaker absorption 

peak is observed at 24389 cm-' , which is assigned as transition 4A(2Tlg 

,t2(1T2)e) -+4A(4Tlgx, te2(3A2)). The transition from the ground state 

4A(4Tlgx) to state(2Tlg) has a much weaker absorption strength, about one 
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154 LI, XU, AND ZHANG 

hundredth of that of the normal d-d transition band, due to the forbidden spin 

rule. 

From Table 3, the results calculated agree well with the experimental values. 

At first, it means that the guest molecule has nearly no effect on the crystal field, 

because the distance between it and the central metal ion is too long. For this 

reason, a satisfactory result was obtained under the central potential field 

approximation, and the ideal model structure of the crystal that we have taken. 

Agreement with the electronic structure and the crystal structure is embodied. 

ACKNOWLEDGEMENTS 

The authors are grateful to Mrs. Liu Hongpu, for the assistance with the 

electronic absorption spectrum measured. This work was partly supported by the 

NATIONAL NATURE SCIENCE FOUNDATION OF P. R. CHINA. 

REFERENCES 

1. Roson R., Abrahams B. F., Batten S. R., Gable R. W., Hoskins B. F., J. Liu 
Supramolecular Architecture. ACS. Washington, DC, 1992: Chapter 19. 

2 .  Fujita M., Kwon Y. J., Washizu S., Ogura K. J. Am. Chem. SOC. 1994; 116: 
1151. 

3. Schaeffer W., Dorsey W., Skinner D. and Chrisuan C. J. Am. Chem SOC. 
1957; 74: 5870. 

4. Williams F. J. Am. Soc. 1957; 79: 5876. 

5. Brown B. and Lingafelter E. Acta Crystallorgr. 1963; 16: 733. 

6. Lipkowski J., Sgarabotto P. and Andreetti G. Acta Crystallogr. Sect. B. 
1982; 38: 416. 

7. Aakeroy C. B., Seddon K. R. Chem. SOC. Rev. 1993; 397; Desiraju G. R., 
Crystal Engineering. The Design of Organic Solids. Elsevier, Amsterdam, 
1989; Angew. Chem. 1995; 107: 2541; Angew. Chem. Int. Ed. Eng. 1995; 
35: 231 1; Etter M. C. Acc. Chem. Res. 1990; 23: 120. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
1
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



COBALT CLATHRATE COMPOUND 155 

8. Losier P. and Zaworotko M. J. Angew. Chem. Int. ed. Engl. 1996; No. 
23/24: 35. 

9. Brown I.D., Shannon R. D. Acta Cryst. 1973; A 29: 266. 

10. Yongfeng Zhang and Jianmin Li J Struct. Chem.(China)l983; 2: 189. 

11. Yongfeng Zhang and Jianmin Li J. China Univ. Sci. Technol. China 1982; 
12: 74. 

12. Jianmin Li, Cunwang Ge, Jifa Fang Cryst. Res. Technol. 1990; 25: 5, K93- 
K98. 

Date Received: November 23, 1998 
Date AcceDted: August 15, 1999 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
1
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


