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The influence of pyridine on the EPR spectra of some 
copper dithiocarbamate and dithiophosphate com- 
plexes has been studied, and it is found that two pyri- 
dine molecules coordinate around the complex. The 
changes in the EPR spectra are due to the influence 
of the pyridine molecules along the z axis of the com- 
plex. The unpaired electron moves onto a MO, which 
is a linear combination of the orbitals 1 z’-y’> and 
1 3z2-?>. A possibility of opening of the chelate 
arises. 

nal to the complex concentration as follows: 1: 1, 
1:2, 1:4, 1:8, 1:16, 1:32, 1:80, 1:160, and 1:320. 

The EPR and absorption spectra of copper(H) di- 
ethyldibenzyl-, and piperidinedithiocarbamate and di- 
isopropyldicyclohexyl, and diorthocresyldithiopho- 
sphate complexes were studied using the solvent mix- 
ture mentioned above, and also in pure toluene, hep- 
tane, and pyridine. 

Results and Discussion 

Introduction 

In part I and II of the present serie@ some dithio- 
phosphate and dithiocarbamate copper( II) complexes 
in nonpolar solvents were studied. An interaction bet- 
ween the molecules of coordinating solvents and cop- 
per(I1) complexes is observed4-‘* causing sensible al- 
teration in the shape of the EPR spectra and in the 
molecular orbital parameters. Two assumptions about 
these changes were made, based on the Jahn-Teller 
effect’ and on the representations of interaction bet- 
ween the solvent molecules and the functional groups 
of the ligands.‘* The large excess of coordinating sol- 
vent in all previous studies prevented a distinction 
of the solvent influence along the z axis from that in 
the xy plane. 

In the present paper we report results on the in- 
fluence of pyridine on the structure of some dithiocar- 
bamate and dithiophosphate copper(I1) complexes. 
In order to clarify the mechanism of complex-solvent 
interaction all the experiments were carried out using 
a solvent mixture of pyridine and toluene, the concen- 
tration of the former in the mixture being proportio- 

I. Dithiocarbamate Complexes. Figure 1 shows 
the EPR spectra typical of copper(H) dithiocarbamate 
complexes at room temperature and at 77°K in non- 

l Some of the results published in the present paper were reported at 
the XIII ICCC. Poland. 1970. 
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Figure I. Epr spectrum typical for copper(I1) dithiocarba- 
mate complexes in noncoordinating solvent (toluene): a-T= 
300“K.b-T = 77°K. 
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coordinating solvents (heptane or toluene). Figure 2 
shows the low temperature EPR spectrum of the same 
complexes in the presence of pyridine with complex 
to pyridine ratio 1: 2. Figure 3 shows the variation 
in the parameters gll, g,, A and B with the complex 
to pyridine ratio. These data are calculated from the 
low temperature EPR spectra, each point being ob- 
tained by averaging the results of at least three EPR 
spectra. It can be seen from Figure 3 that sharp 
alterations in all EPR parameters for the vitreous state 
are observed at complex to pyridine ratio 1: 2. The 
EPR parameters measured at this complex: pyridine 
ratio are equal to the parameters measured in pure 

! 
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Figure 2. EPR spectrum typical for copper(I1) dithiocar- 
bamate complexes at 77°K in a solvent mixture of toluene 
and pyridine. Concentrations: complex 5X10-‘M; pyridine- 
1x10-‘M. 
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Figure 3. Variations in the anisotropic spin-Hamiltonian 
parameters of copper diihiocarbamate compleexs in a 
solvent mixture of toluene and pyridine with the complex: 
pyridine ratio. Concentration of the complex 5x10. ‘M . 

pyridine (g,, = 2.111 kO.002; gL = 2.033+0.002; 
A = 145+2G, and B = 24&2G). As the EPR 
parameters do not change further when the relative 

pyridine concentration increases above 1: 2 the con- 
clusion is that no influence of radial interaction exists. 
The variation of the EPR parameters is probably caus- 
ed by changes in the electronic structure of the cen- 
tral ion. 

When the complex: pyridine ratio is 1: 1 two com- 
plexes 1: 0 and 1: 2 with approximately equal inten- 
sities are detected from the EPR spectra (Figure 4) 
with respectively planar and octahedral structures. 
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Figure 4. EPR spectrum typical for copper(I1) dithiocarba- 
mate complexes at 77°K and comp!ex: pyridine ratio 1: 1. 
The stick spectrum shows that a superposition of the EPR 
spectra of two complexes 1: 0 and 1: 2 takes place. 

fi’ .----------------d_ _______ _ ___.__.___- 
rm9. ’ ,’ 

c 
tOIl ‘+-r ___. l _________-- --------- ___.-_d 

1.. 
I 0 , , . , Y * ‘M**IL 

lpyridincl 

Figure 5. Variation in the isotropic spin-Hamiltonian para- 
meters of copper(I1) dithiocarbamate complexes in a sol- 
vent mixture of toluene and pyridine with the complex: py- 
ridine ratio. Concentration of the complex 5X10-‘M. 

The EPR data show an equilibrium between the up- 
per two complexes taking place up to complex: pyri- 
dine ratio 1: 2. The 1: 1 complex was not detected. 

Figure 5 shows the variations in the isotropic spin- 
Hamiltonian parameters with the complex: pyridine 
ratio. The values of go’ and a’ calculated from the 
anisotropic parametersI of the EPR spectra are also 

(13) H.M. McConnell. f. Chem. Phys., 25, 709 (1956) 
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shown. It can be seen from Figure 5 that until the 
experimental values of g, and a, up to complex: pyri- 
dine ratio 1: 16, are equal to those observed in non- 
coordinating solvent, the calculated values a’ and g,’ 
correspond to those observed in pure pyridine. This 
fact can be explained by the unstability of the six- 
coordinated complex at room temperature and low 
pyridine concentration. 
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Figure 6. Variations in the isotropic spin-Hamiltonian para- 
meters of copper(l1) dithiocarbamate complexes in a sol- 
vent mixture of toluene and pyridine with the temperature. 
Concentration of the complex 5x10-‘M; complex: pyridine 
ratio-i : 80. 

We have studied the variations in the parameters 
g, and Q with temperature and pyridine concentration. 
Figure 6 shows the temperature dependance of the 
parameters g, and a. (The measurements are carried 
^__I t- rl__ I______.____ :_*___._, -“no” 7Lcnal/ ^_ ___ UUL 111 Llltt 1e111pCra1ur-t: Illlerva, L-t” R_;)_J” R “1, sill,,- 
ples with complex: pyridine ratio 1: SO.) No measu- 
rements were carried out under 240’K owing to the 
toluene vescosity rise. The temperature dependance 
of the parameters go and a is affected by the pyridine 
concentration in the sample. When the complex: 
pyridine ratio is 1: 80 (Figure 6) the realisation of 
two extreme states: no pyridine molecules along the 
z axis (at high temperature) and two pyridine mole- 
cules along it (at low temperature) is possible. 

Two absorption bands are observed in the electro- 
nic spectra of copper( II) dithiocarbamate complexes 
in noncoordinating solvent (toluene, heptane) corre- 
sponding to the transitions 

d,_iYi+d (31 nnn em-l) aad d : +.d cTTnno cmm’F’ 
XY -<.““- x _Y. .-xz,Yr.--‘--- -..- I 

The molecular orbital coefficients were calculated 
according to the method of Maki and McGarvey14 and 
Kivelson and Neiman” with the use of the anisotro- 
pit spin-Hamiltonian parameters shown in Figure 3 
and the above optical spectral data. In pure non- 
coordinating solvents (toluene, heptane) a*=O.57, PI’ 
~0.52, p*= 0.85, and at complex: pyridine ratio 1: 2 
a*= 0.55, Bl*=O.70, p= 1 .O are equal to the corre- 
sponding values observed in pure pyridine. 

The values of the molecular orbital parameters 
show that greatest alterations are observed in the xz 

(14) A.H. Maki. B.R. McGarvey, \. Chem. Phys.. 29, 31, 35 (1958). 
(15) D. Kivelson, R. Neiman, /. Chrm. Phys., 39, 149 (1961). 

and yz planes where the 7~ bonds become ionic (B*= 
1.0). The changes taking place in the xy plane are 
smaller, the orbital xy being the most affected. The 
behavior of the orbital 1 x*-y*> seems interesting. 
The value of a2 does not increase, as might have been 
expected owing to the !owering of the metal-ligand 
bond covalent character, but decreases. This fact is 
discussed below. 

* a -ii- b 

Figure 7. EPR spectrum typical for copper dithiophospha- 
te complexes in noncoordinating solvent (toluene): a-T 
=300°K,b- T=77”K. 

II. Difhiophosphate Complexes. Figure 7 shows 
EPR spectra typical for copper( II) dithiophosphate 
complexes in toluene at room temperature and at 
77’K. The EPR parameters of these complexes are: 
g, = 2.046+0.001, a = 72-t2G, u31p = 9.9flG, 
~11 = 2.083+0.002, gl = 2.023+0.002, A = 164+ 
?G, B = 41+2G, A31p = ll.lzblG. 

The absorption spectra of this type of copper(H) 
complexes contain two bands corresponding to the 
transitions d,*_y*dXy (23.700 cm-‘) and d,+Hd,,, 
d,, (3 1 .OOO cm-‘).*f3 

d +_9+dny (23.700 cm-‘) and d,,_,+d,,,d,,(31.000 cm-‘)*,‘. 

The corresponding molecular orbital coefficients 
are: *p3 a*=0.56, fL*=O.53, and B2=0.70. 

In 0.08% pyridine solution (complex: pyridine 
ratio 1: 2) the upper parameters aquire the following 
values: g, = 2.046,0.001, a = 74f2G, a’lp = 
9.6+1G, g = 2.032f0.002, A = 140,3G, B = 
20+2G. and A3” = 8.7LlG. 
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Figure 8 shows the typical EPR spectrum of these 
complexes at 77°K. At room temperature it has the 
shape shown on Figure 7. The absorption spectra 
contain the bands at 23.700 cm-’ and at 31.000 cm-‘. 
The molecular orbital coefficients are a2=0.53, PI’= 
0.74, p”= 1.0. 

*1 ’ v 

Figure 8. EPR spectrum typical for copper(I1) dithiophospha- 
te complexes in a solvent mixture of toluene and pyridine. 
Concentrations: complex 5X10-‘M; pyridine- 1X10-‘M; 
T - 7,w‘- 1 --I, 1.. 

Some conclusions about the changes in the electro- 
nic structure of these complexes could be reached us- 
ing variations in the ehfs values of their EPR spectra 
with comnlex: pyridine ratio. The following equation 
is writteni for the direct interaction of copper(I1) or- 
bitals with the ligand atom orbitals giving ehfs in the 
EPR spectrum of the complex: 

(1) 

Applyng correlations (1) and (2)” 

a'+ a'2-2 aa’S = 1 (2) 

and the value 0.216 for the overlap integral S in non- 
coordinating solvent to our data for dithiophosphate 
complexes we obtain the value 0.07 for the overlap 
integral in pyridine as a solvent. 

The following conclusions arise from our studies: 
1) The variations of the EPR parameters and MO co- 

efficients with the complex: to pyridine ratio are due 
to the interaction between the pyridine molecules and 
copper(H) ion along the z axis of the complex. 2) 
Two pyridine molecules are cTo_Fd_iyated_ around the 
copper(I1) dithiophosphate and dithiocarbamate com- 
plexes. 3) There is no interaction between the pyri- 
dine molecules and the ligand functional groups in 
these complexes. 4) The unpaired electron is stand- 
in on an orbital given by the following expression: 

When the complex is unperturbed by the solvent mo- 
lecules (in noncoordinating solvent) cz=O. When 
the complex is perturbed by the solvent molecules 
c2#0. A hybridization between the orbitafs 1 x2-f> 
and 1 3z2-rZ> is available in this case.l’* For that 
reason it is probable that some possibility of 
opening of the chelate will arise owing to the changes 
in the electronic structure of the copper(I1) ion. 5) 
It is probable that the hybridization of the orbitals 
1 x?-y2> and ) 3z2-r2> causes a partial screening of 
the copper(I1) nuclei and thus decreases the positive 
charge in the xy plane, i.e. the complex extends 
in it. 

Experimental Section 

The preparation of dithiocarbamate and dithio- 
phosphate complexes was described.2s3 In all expe- 
riments CuC12 with a natural mixture of two copper 
isotopes (63Cu-68.9% and 65Cu-31.1 %) was used. The 
lines of these isotopes are observed in all EPR spec- 
tra, but they are not marked, in the stick spectra in 
order to simplify the latter. 

The complex concentration in all experiments was 
5.10-” M. 

The EPR spectra were obtained with a JEOL EPR 
spectrometer Model JES-3BS-X using loo-kc modul- 
ation. A quarz dewar vessel was used in the experi- 
ments carried out at 77°K where the spectrometer 
resonator was placed. The investigations at different 
temperatures were carried out with a standard attach- 
-,.-& l ,. rl- ^___ +“,.-^&,.” TL, ,.._ .._,... :..n..,-,- 1llC‘ll L” (IIC apGLL’““LtZLCL. 11IF; unygmr IIIII”G;IILG oii 
the line widths was eliminated by evacuation of all 
investigated samples to 1 .10M4 mm Hg. 

The optical spectra were obtained with Unicam 
SP 800 spectrophotometer. 

l The symmetry D,, was suvposed for these com~lexes~~‘. 
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