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In the present work the electronic structure of copper(II)-bis(2-imine-4-
-amine methylpentane) nitrate Cu(C6N2H14)2(N03)2 was calculated by the 
SCCC MO method and the characteristics of the absorption spectrum of 
the aqueous solution of this substance was determined with the aid. of 
a qualitative configuration interaction. 

Experimental 

X-ray analysis of the compound in question was reported by Hanic et al. [1] (Fig. 1). 
The complex shows a centre of inversion, the local symmetry in the crystal being Ci. 

In order to facilitate the calculations we have limited our discussion to atoms the 
distance of which from the central atom is smaller than 3 A. Thus we have considered 
only those ligand atoms which are enumerated in Fig. 1. Their spherical coordinates 
ara listed in Table 1. A preliminary discussion has shown that with this simplification 
a fair agreement with the experiment can be obtained. 

Theoretical 

The electronic structure of the complex was calculated with the SCCC MO method 
[2, 3]. Mullikzn population analysis [4] was applied in this method and the procedure 
was performed until a self-consistency of the charge and configuration of the central 
ion was attained. A slightly modified Johansen's programme (transcribed into ALGOL-4) 
was used for this purpose. The detailed assumptions were as follows: 

a) Coulomb integrals for the central atom Cu2+. These integrals were approximated 
by the negative ionization potential of the appropriate valence state (VOIP) 

Table 1 

Atom n [A] 0,[°] <pi[0] 

1 2.01 90 0 
2 2.01 90 180 
3 1.98 90 92 
4 1.98 90 272 
5 2.75 1.08 0.58 
6 2.75 178.92 180.58 
7 2.95 94.29 74.79 
8 2.95 85.71 254.79 
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VOIPci. = Aq* + Bq -f С 

where q is the net charge of the central ion and A, B, and С are constants [5]. 
b) Coulomb integrals for ligands. Calculating the Coulomb integrals we have made the 

following choice of the ligand orbitale. 
For nitrogen atoms in positions 1 and 2 the hybridization sp3 was assumed with 5 

electrons in the valence shell. The lone pair orbitale аг and a2 were thus of the following 
form 

1 1/3 

In the case of nitrogen atoms in the position 3 and 4, on the other hand, a hybridiza
tion sp2 was assumed with 4 electrons in these orbitale. The remaining 2p-electron was 
reserved for the jr-bond with the carbon atom. We assumed thus the following form of 
the lone pair orbitale <x3 and aA 

1 Y 1/2 

1/3 j/3 

Oxygen atome in poeitione 5 and 6 were repreeented by the significant part of the 
highest occupied molecular orbital of NOg [6] 

as = a6 = 0.230252 p6(0) + 

In the calculation we included also the jr-orbitals of the aggregates ^с=Л/с (both 

bonding and antibonding, to be described later), the jr-orbitals being resolved into the 
л&- and яф-components (Fig. 2). 

VOIP for the nitrogen atoms in poeitione 1 and 2 wae calculated according to eq. (1) 

о о • о 
С N Си О 

Fig. 1. Structure of the complex 
Cu(C 6 N 2 H 1 4 ) 2 (N0 3 ) 2 . 

Fig. 2. Reeolving of я:-orbitale into m-
and тГф-components. 
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ELECTRONIC STRUCTURE 

VOIVa(sp3) = — VOIP(s) + — VOTPoip). 
4 4 

W 

In order t o find V O I P ( s ) a n d VOIP<r(i>) let us decompose t h e average configuration 
of the nitrogen a t o m s5/4_p15/* 

1 3 
^5/4^15/4} = {S2p3} _| {^4}. 

4 4 

Thus, following t h e Ballhausen a n d Gray prescr ipt ion for t h e centra l a t o m [3] 

1 3 
V O I P ( s ) = — V O I P s ( s 2 p 3 ) + — VOIP e (* i> 4 ) , 

4 4 
1 3 

VOIPc(p) = — VOľPp(s2p*) + — V O I P p i s p 4 ) . 
4 4 

VOlPa(p) for a-bonds is according t o [7] larger b y 10 k K t h a n УОТРя(р) for я-bonds . 

Therefore 

V O I P f f ( p ) = VOIPn(p) + 10. 

Substituting t h e numerica l values repor ted b y Basch, Viste a n d Gray [8] in to these 

equations we find t h a t VOIP<r(sp3) = 154.18 k K . 

Following a similar procedure we find also t h e VOIF(sp) va lue, i.e. t h e V O I P of n i t ro

gen a toms in posit ions 3 a n d 4 : VOTPa(sp2) = 160.95 k K . 

The VOIP f f (NOg), i.e. of t h e h ighes t occupied molecular orbital was t a k e n over from 

ref. [6]. (VOIPcriNOg) = 67.35 kK.) 

V O I P values of bonding a n d a n t i b o n d i n g jr-orbitals of t h e aggregates \ 

were obtained from t h e secular equat ion of t h e e x t e n d e d Hücke l m e t h o d 
C=Ni 

H N N — e 

H C N — SCN 

H C N — SCN 

H c c — e 
0 (2) 

where H N N = - V O I P , r ( s 4 / 3 p1*/3 + p) = - 1 2 1 . 7 3 k K a n d H c c = - V O I P „ ( e p 2 = 
= p) = — 86.9 k K , as calculated for t h e average configuration in t h e w a y described 
already. The resonance integral H C N was calculated from the Cusachs formula. SCN 
is the overlap integral be tween t h e 2рл-orbitale of a t o m s С a n d N . Solving e q u a t i o n (2) 

w© get t h e two eigenvalues eb a n d ea of t h e bonding a n d a n t i b o n d i n g я-orbitale. T h u s 

V O I P „ ( C = N ) = -eb = - 1 2 7 . 2 9 k K , 

V O n V ( C = N ) = -Ea = - 6 6 . 4 0 k K . 

The respective я-functions are as follows 

n3# = 0.847285 p 3 * ( N ) + 0.315130 p^{G) 

щ<р = - 0 . 9 0 2 4 5 8 PwW) - 0.317276 p7<p{G) 

n m
z ô = - 0 . 6 5 5 1 2 6 p3*($) + 1.012365 iJ7*(C) 

n m
3 ů = 0.608518 p3(p(N) - 0.888866 p7(p{C) 

n& = 0.847285 p 4 * ( N ) + 0.315130 p^(0) 
n A < p = 0.902458 p 4 < P(N) + 0.317276 p8<P{C) 

п\ъ = - 0 . 6 5 5 1 2 6 рФ№) + 1.012365 p 8 #(C) 

n\v = - 0 . 6 0 8 5 1 8 p^W) + 0.888866 p6<p(G) 
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c) Resonance integrals were calculated from the Cusachs formula 

Htj = ( 2 - \StJ\)Htt+H"Gts 

2 

where Sij and G^ are atomic and group overlap integrals, respectively, and Нц> H^ 
are the diagonal elements. 

d) Standard overlap integrals over linear combination of Slater-type orbitals were 
calculated with the use of the programme kindly supplied by Dr. H. Johansen. Atomic 
valence orbitals of Cu were taken from ref. [9] and those of N, О and С atoms from ref. 
[10]. 

e} Group overlap integrals were reduced to standard overlap integrals in accordance 
with the formulae reported in ref. [11, 12] a programme being written for these integrals 
in ALGOL-4. 

Electronic structure and absorption spectrum of the complex 

The electronic structure of the complex obtained in these calculations is summarized 
in Table 2. In column 1 we give the calculated orbital energies in kK, in column 2 the 
contribution to the ground state configuration and the approximate character of the 
orbital, in brackets. 

Table 2 

O r b i t a l 

e x c i t a t i o n 

8 a g -> 9 a g 

4 a u -> 9 a g 

7 a g - > 9 a g 

9 o g —> 5 a u 

9 a g ->• 1 0 a g 

E n e r g y 

- 1 8 5 . 6 0 
- 1 7 2 . 0 4 
- 1 6 3 . 8 9 
- 1 5 9 . 3 4 
- 1 5 7 . 0 2 
- 1 5 6 . 8 2 
- 1 5 3 . 8 1 
- 1 4 9 . 7 9 
- 1 2 9 . 3 2 
- 1 2 2 . 9 9 
- 1 2 2 . 6 1 
- 1 2 2 . 3 1 

- 9 9 . 4 8 
- 6 7 . 4 3 
- 6 7 . 3 4 

T r p . n s i t i n n 

*Ae 
2AS 

гл 2 Л 
2 Л 

+-> 

-> 
+-» 
-> 
-H-

M , 

«Л 
гА, 
гА* 
а Л 

C o n f i g u r a t i o n s 

( i « g ) 2 ; 
( 2 a g ) 2 ; 

( h * u ) 2 ; 
( 2 a u ) 2 ; 
(3a g )2 ; 

( 4 a g ) 2 ; 
(5a g )2 ; 
( 6 a g ) 2 ; 
(3a u )2 ; 

( 7 a g ) 2 : 

( 4 a u ) 2 ; 
( 8 a g ) 2 ; 

( 9 a g ) i ; 
( 5 a u ) o ; 

10a g ) ° ; 

(сг34 > (т12 > 4s) 
{dX2_yz > or12) 

(?34> 
((T1 2 > Я34<р) 
(dajj, > Я 3 4 д , ) 
{dyZ > л 3 4 ф ) 

( d « ) 

(<**) 
(^34*) 
( ^ 3 4 # > ^2/z) 
( я 3 4 ф > cr12) 
( л 3 4 ф > a X J / ) 
(íX12 ~ rf-EÍ.ya > tT34) 

К б ) 
Ke) 

Table 3 

# c a l c 

[ k K ] 

< 2 2 . 8 3 
< 2 3 . 1 3 
> 2 3 . 5 1 
> 3 2 . 0 5 
> 3 2 . 1 4 

(c) ) 
(a) 

(d) j 
(b)\ 
(e) i 

Eobs 

[ k K ] 

17.8 {A) 

29.0 (B) 
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ELECTRONIC STRUCTURE 

It is seen from Table 2 that the ground state configuration of the complex is (lag)
2 

(8ag)
2 {Sag)1, with the ground state term 2Ag. In Table 3 we list possible excitations, 

the forbidden transitions denoting by (+->) and the allowed ones by (->) [13]. We also 
compare the orbital excitation with the observed energies of transitions. The inequality 
signs indicate the shift expected qualitatively after a configuration interaction [14]. 

Log £ 

4.0 

3.0 

2.0 

1.0 

0.0 
20.0 30.0 A.0.0 50.0 к К 

Fig. 3. Absorption spectrum of the complex Cu(C6N\>H14)2(N03)2. 

An attempt to interpret the spectrum of the* Cu(C6N2H14)2(N03)2 complex is given 
in Fig. 3. The intensities of calculated transitions are reproduced in arbitrary units, 
the allowed transitions taken as more intense than the forbidden ones. Arrows indicate 
the expected effect of the configuration interaction. As one can see it is temptative to 
assign the band A to the calculated transition a (4au -> 9ag), corresponding to a charge 
transfer of 7r-electrons of the CN groups to the central atom and the other ligands. Band В 
would thus correspond to the transition b (9аё -> 5au). In this transition there is a charge 
transfer expected from the nitrogen atom of the — R N H 2 groups and of the central 
atom d-orbital to the nonbonding orbital of the NOg group (a back donation). However, 
we cannot exclude other interpretations, like excitations of the c, d or e type (Fig. 3). 

Bands С and D are internal transitions due to the ligands NO3. Measurements of 
absorption spectra of aqueous solutions of H N 0 3 , N a N 0 3 , and K N 0 3 are in good agree
ment with this assumption. 

As we see the SCCC MO method we have used yields a satisfactory characteristics 
of absorption spectrum of the complex. 

Acknowledgement. The author expresses his thanks to Dr. A. Golebiewski from the Jagiello-
nian University of Cracow for his valuable suggestions and to Dr. H. Johansenfor supplying 
the programmes. 
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