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SPECTROSCOPY LETTERS, 24(10), 1395-1404 (1991) 

THE ELECTRONIC ABSORPTION SPECTRA OF B I h V W  KNPJXXFS, 

[Cu(o-phen)(sal)]NO3 AND [Cuz(sacch)s(im)s3 CRYSTAL 

Key words: electronic spectra, complex, ligand field theory 

zhang Yugeng* 
Department of Applied Chemistry, University of Science and 

Technology of China, Hefei, Anhui,230026, P.R.China 
Li Jianmin 

Dept. of Modern Chem., Univ. of Sci. & Tech. of China, P.R.China 

The electronic absorption spectra of crystals of the title 
compounds were recorded and the experimental results were 
explained quantitatively with the ligand field theory and the 
radial wave function of bound Cu(I1) cation. With these spectra, 
the range of magnetic interactions between two Cu(1I) ions of the 
title compounds are discussed. 

Recently, some researchers had widely studied a series of 
complexes with the formula: (Su(II)(N-N)(O-O), where N-N means 

o-phenanthroline, bipyridine and their derivatives; 0-0 means 
salicyladehyde and its derivative . The crystal and molecule 
structures of these complexes have been determined . But the 

( 1 )  

(2) 
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1396 Z H A N G  A N D  L I  

study of their other characters was limited. The electronic 
absorption spectra of complexes’ crystals, usually as a basic 
substance of electronic structure of crystal, have not been 
reported pet. In this work, electronic absorption spectra of the 
title compounds are determined and explained for the first time. 

.As early as in 1983, S.Z.Haider reported a series of 
transition metal complexes’ crystal structures in which saccharin, 
a compund had some close rel-ations with our life, was used as 

In 1989, the complex’s crystal of [Cuz(sacch)4(im)4] 
were synthesized and its crystal structure was also recorded . 
However, there was something interesting that half of the 
saccharin molecules provides two coordinating points and this has 
never been found before. m e r  to make out the structural 
chemistry properties of this complex, we recorded the electronic 
absorption spectrum of thetitle compound and perfectly esplained 
them with the wave function radial scaling theory 

( 4 )  

t 5 , 6 )  

In the complexes crystal system of Cu(N-N)(0-0), the 
coordination group forms a dimer state. Therefore, in 
[Cuz(sacch)4(im)4] complex, two divalent copper cations linked 
with two saccharin molecules (there are another two saccharin and 
four imidazole molecules) form an octagonal ring (-a-0-C-N- ) 2 

structure. In this kind of binuclear complexes, for the spin 
nagnetism of divalent copper cations, two central ions will bring 
out a strong magnetic interaction which takes place within a 
certain distance. As a result, it makes energy levels of spectral 
terms take a further split. However, with the electronic 
absorption spectra of binuclear complexes’ crystals, sphere of 
magnetic interaction between central ions is discussed in ligand 
field theory. 

[Cu(o-phen)(sal)]NOs: 

The mixed-ligand Cu(I1) complex was obtained by the reaction 
among Cu(NOS)Z, salicylaldehydato and o-phenanthroline in an 
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ELECTRONIC ABSORPTION SPECTRA OF BINUCLEAR COMPLEXES 1397 

FIG. 1. The electronic absorption spectrum of [Cu(o-phen)(sal)]NOs 
crystal 

3 aqueous-alcohol solution. Dark-green pinacords (0.5X0.4X1 mm ) 

crystallites will grow, evaporating slowly at room temperature. 
The result of elements analysis is C: 53.40, H: 3.05, N: 9.85 and 

that corresponds with the formula: hC27N3CEH13 of the title 
compound. Therefore, the crystal is in triclinic, space group is 
P1, and crystallographic data of this crystal is that a=11,739(3), 
b=9.062(2), c=8.773(2)A, a=95.74(2), @=112.78(2) ,  y=79.81(1)0. 

U s i n g  the absorption spectrograph for small crystal, the 
electronic absorption spectrum of the title compound was recorded 
at room temperature in the region of 5000-30000cm-', by the 
Geochemistry Institute of the Academy of Science of China. see 
Figure 1. In addition, the overlapping electronic absorption ban& 
were resolved by the computer in order to pick out the absorption 
peaks respectively. 
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1398 ZHANG A N D  L1 

FIG. 2 .  The electronic absorption spectrum of [Cuz(sacch)4(im)4] 
crystal 

[Cuz(sacch)4(im)sl: 
The compound was obtained by the reaction between imidazole 

and Cu( sacch) 2 (HZO) 4 ( 3, in the molar ratio 2 : l  in aqueous 

solution. The mixture solution was heated in a water bath at 
8O-9OuC with continuous stirring. Blue crystals grew and repeated 
crystallizing from water at room temperature. The results of 
elements analysis and IR spectrum were in accordance with its 
structure formula: C ~ Z ( C ~ H ~ C O S O Z N ) ~ ( C ~ H ~ N Z ) ~ .  In the same 

conditions, the electronic absorption spectrum of the title 
compound was determined. The overlapping absorption bands were 

also resolved by computer, see Figure 2. 
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RESULTS AND DISCUSSION -------____----------- 

In ligand field theory, Li Jianmin et al. had suggested a 
non-free ions wave function radial scaling theory and developed a 
program package for the calculation of this ligand field 
theory(PL&T) ( 7 ) .  The crystal field parameters, electronic 
absorption spectra and ESR spectra of hundreds kinds of complexes 
crystals have been calculated theoretically by the PLFT. However, 
good results from calculation are almost in perfect agreement with 
the experimental values. The errors of the absorption position in 
electronic spectra are always less than 5 percent . In these 
two complexes system, the non-free radial wave function of Cu2+ 

ion is that: 

( R , 9 )  

R ( r , R )  = C-'"[ 0.55428 STO(C1) t 0.605 S'XD(C2) ] 

CI = 6.3496 ( 1 - 0.415 R t 0.250 9' ) 

Cz = 2.5250 ( 1 - 1.645 R t 0.355 0' ) 

C = 1 - 0.67078 [ 0,48719 - [ 2 ( C 1 C 2 ) " 2 / ( C l  t Cz)I7] 

ryhere, C is a renomalization coefficient when it is transfered to 
non-free environment and R is called the scale of non-freedom, 
which is a variable parameter to describe the deviation from free 
ion. 

The d-d Transition Energy Levels Of [Cu(o-phen)(sal)]NO? 
According to the crystal structure data of the title 

compound , the divalent copper cation in this ternary complexes 
displays a distorted square-pyramidal coordinating structure. Jt 
directly coordinates with two oxygen atoms of salicglaldehydatn 
and two nitrogen atoms of 0-phen and one oxygen atom originated 

from nitrogen group. However, because of the dimer coordination 
structure, there exists a very weak interaction between CuZ4 

cation and oxygen atom from another salicylaldehydato molecule. 
see Figure 3. In this complex, the coordination lattice takes Cs 
symmetry and the crystal structure data are given in Table 1. 

( 1 )  
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1400 ZHANG A N D  L 1  

FIG. 3. The coordinated structure of the [Cu(o-phen)(sal)lNO3 

cr>-stal 

TABLE 1 

The Crystal Structure Data of T ~ P  Title Compounds 
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TABLE 2 

The Crystal Field Parameters of The Title Compounds 
____________________----_----------------------------------------- 

[ Cu( o-phen) (sal ) ]NO3 
1-1 (debye ) 1,10133 1.19560 

0.03775 0.05572 
0.9100 0.9980 N 

O(hartree) 0.20293 0.16987 
el  5.74949 5.85616 
c2 1.71902 1.84527 
a1 0.59280 0.58594 
a? 0.61704 0.63956 
B 950.0 1012.0 
c (cm-J 3379.0 3610.0 
c3d(Cm ) 516.0 553.0 

[ C u z  ( sacch) 4 ( i m )  4 I _- __ ~ -- - -  

t 2 

____________________------_--------------------------------------_ 

Egb (‘Eg ,e) 0. 0. 0. 0 .  2 

2 

2 

2 

2 

Tzgc ( ‘Tzg , t ) 10994. 9100. 12180. 12660. 

Ega (‘Eg ,e) 13283. 13200. 14102. 14100. 

Tzga( ‘Tzg, t) 16281. 15100. 15092. 14750. 

Tzgb( ‘Tzg , t ) 16380. 16200. 15876. 16320. 

With the data in Table 1, the crystal parameters and d-d 
transition energy levels of the title compound are calculated. 
However, in the course of calculation, there is only one variable 
parameter that is N& called covalent factor (see Table 2 . )  to 
describe the degree of covalence in coordination bonds. 

., 

The results of calculation are shown in Table 2 and 3 .  

Therefore, there exist four absorption peaks at the position of 

9100, 13200, 15100, and 16200 cm-’. 
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1402 ZHANG AND LI 

FIG. 4. "He coordinated structure of the [Cuz(sacch)4(im)41 

crystal 

The d-d Transition Energy Levels Of [Cuz(sacch)4(im)4] 
The [Cuz(sacch)4(im)4] crystal structure is composed of two 

symmetric Cu2' coordination group. On the other hand, 
coordinations between two divalent copper cations and two 
saccharin molecules (each one provides t w o  chelate points) form an 
octagonal ring (-Cu-O-C-N-)z, see Figure 4 .  The distance between 

two Cu2+ cation is nearly 4 .5A,  In each Cu coordination group, 

Cu2+ cation linked with three saccharin and two imidazole 
molecules and forms five coordination bonds and trigonal-- 
bipyramirlal stereochemistry. The coordinate system is assigned as 
Shohm in Figure 4 .  The coordination lattices takes Cs symmetry. 

2+ 

With the structural data in Table 1 ,  the crystal field 
parmeters and the d-d transition energy levels of 

[CUz(sacch)4(im)s] crystal are calculated by PLFT. The results are 
listed in Table 2 and 3. However, the experimental values are 
perfectly corresponding with the calculated ones. 
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The Effect Of The Magnetic Interaction Between Divalent Copper 

cations 

From the results of [Cu(o--phen)(sal)]NO3 in Table 3 ,  we see 
there are some large errors between the values of calculation and 
expriment. Therefore, as the transition of Egb-+'TZ$c, the 
calculation results is 10994 an-' and that of observed is 
9100cm-'. The unsatisfactory error of this transition is about 
20%. And that of the transition EgW'Tzga is also nearly 8%. 
However, there are something much large than the theoretical 
system's error. And this unsatisfactory result has never occurred 
before when we discussed those other complexes. ComparabLy, from 
Table 3 ,  we find the observational values of [ Cuz (sacch) 4 ( im) 4 j 

crystal correspond well with the calculated ones. 

2 

2 

For the single d electron, some transition metal ions have 
spin magnetism. In single nuclear complexes, the effect of 

electron exchange interaction is something very little and may he 
ignored. But in binuclear complexes, there is a strong magnetic 
interaction that will apparently effect the compleses' crystal 
potential energy field. It will partly decide the charact,erization 
of these complexes, In divalent copper cations compleses , ttier? 
are always some paramagnetism because of the spin magnetism of 
Cu2+ cations. S o ,  when it forms binuclear complexes, this 
magnetism interaction between two divalent copper cations r;i 1 I 

cause the energy levels in ligand field make some further s p l i t  

and bring about some new errors. However, in the dimer complexes' 
crystal, the distanc!e between two Cu2' cations is 3.486A. There is 
a strong magnetic interaction between them and that is vhy we pet. 

an irregular result with those large errors. But, in the dimer 
complexes [CuZ (sacch) 4 ( im) 4 1 crystal, we obtained good resul-ts 
with a re,qlar error. From the octagonal ring structure, xe knot; 

that the distance between two Cu2+ cations is nearly 4.5A.  In this 
range, the magnetic interaction is very weak. S o  the a.ffecti.on of 
this magnetic interaction to the ptential energy field is also 

very weak and negligible. From ail this, we come to this 
conclusion , in binuclear divalent copp:r ion compleses, when t h e  
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% +  
distance between two Cu ca t ions  is shor t e r  than 3.5A, t he re  w i l l  

have a s t rong  magnetic: i n t e rac t ion  and it w i l l  be ev ident ly  shown 

in c r y s t a l  e k c t r o n i c  absorption spectra. But, i f  the d is tance  is 

l a rge  t h a n  4 . 5 A ,  the  magnetic i n t e rac t ion  w i l l  he much  weak and 

it 's af f rc t , ion  may be nf.gligible.  

Date  Rece ived :  07/30/91 
Date  Accepted :  ~~ 09/04/91 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
3
:
5
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1


