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Abstract 

In the present work the complex formation 
equilibria in some non-aqueous solvents between 
copper(H) and 2-aminopyridine or two halide- 
substituted aminopyridines was investigated. The 
study was carried out by visible spectrophotometry 
and flow-microcalorimetry. 

We characterized these complexes by their proper 
parameters as concentration quotients at the equilib- 
rium, molar absorptivities and enthalpy values. 

Introduction 

In the study of complex equilibria the solvent can 
strongly influence the distribution and the stability 
of the species because of its donor, acceptor and 
dielectric properties. These parameters influence 
the solvation and ionization of metal, ligand and 
complex species, as well as the ion pair formation 
[l-3]. 

In the present work the complex formation 
between copper(I1) perchlorate and 2-aminopyri- 
dine* or 2-amino-S-bromopyridine* or 2-amino-5 
chloropyridine* has been studied in order to have 
information on both the solvent influence and the 
inductive effects of bromide and chloride substi- 
tuents on the stability of the complexes. Data about 
the complexes between copper(I1) and this kind of 
ligand in water are available [4-91 . 

The study was performed in solvents such as 
methanol (MeOH), n-propanol (PrOH), N,N-dimethyl- 
acetamide (DMA) and dimethylsulphoxide (DMSO). 
The investigation was carried out by visible spectro- 
photometry and flow-microcalorimetry. 

Experimental 

All products used were of analytical grade. The 
ligands were recrystallized from ligroine up to their 

*Abbreviations used: Apy = 2-aminopyridine; BrApy = 
2-amino-5-bromopyridine; ClApy = 2-amino-S-chloropyri- 
dine. 
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proper melting point. The metal solutions were 
analyzed by complexometric titration. 

The spectrophotometric apparatus was a Perkin 
Elmer 559. Quartz cells with different path lengths 
(5.0, 1.0 and 0.2 cm) were used. 

The flow-microcalorimeter was a LKB 10700 
apparatus with two glass syringes on a Braun Mel- 
sungen AC injection pump. All measurements were 
carried out at 25 “C + 0.1 “C. 

Nuclear Magnetic Resonance measurements were 
carried out on a Bruker WP 80 at 25 “C on DMSO-d6 
solutions, using 2,2-dimethyl-2-silapentane-5-sulpho- 
nate sodium salt (DSS) peak as reference, in order to 
have some information on the nitrogen atom involved 
in the coordination. Cyclohexane, at the same con- 
centration of the ligand, was used as a reference 
compound to calculate the number of protons 
present. The TGA apparatus was a Perkin Elmer 
TGS-2 thermal analyser. The spectrophotometric 
and calorimetric data were treated according to the 
‘straight line’ [lo] and ‘corresponding solution’ [ 1 l] 
methods, thus allowing the identification of the 
prevailing species and calculation of concentration 
quotients at the equilibrium. 

Results 

The complexation reaction for every system 
considered was complete in a few seconds from the 
mixing of the solutions. The inertness of the com- 
pounds obtained was checked by spectrophoto- 
metric measurements. 

Experimental data were obtained by solutions of 
different metal concentrations in the range 10m3 M 
+ 2.4 X 10e2 M and initial molar ratio CL/CM in 
the range 0 + 50. 

The spectra trends suggested that the study was 
carried out at the wavelengths corresponding to the 
maximum of solution characterized by an initial 
molar ratio C’/C, = 10 (see tables below). 

The absorbance values in every considered solvent 
are reported in Tables I, II, III. 

Mathematical elaboration of the absorbance values 
in MeOH has allowed the identification of two species 
in all considered systems. The first one, characterized 
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by complexation ratio L/M = 1, prevailed in the 
range C,fC, = 0.5 + 2.2 in the case of Apy, CL/ 
C, = 1 t 2.5 in the case of BrApy, in the range 
C,/C, = 1.4 + 3.6 in the case of ClApy. 

The concentration quotients at the equilibrium 
and molar absorptivities of the evidenced species 
are respectively: &(Apy) = 4.3 X lo2 mol l-‘, ei = 
33 mol-’ 1 cm-‘; &(BrApy) = 3.4 X 10’ mol l-“, 

Cl = 19 mol-’ 1 cm-‘; &(ClApy) = 3.3 X lo2 mol 
1-l) fl = 17 mol-’ 1 cm-‘. 

The second species, characterized by a complexa- 
tion ratio L/M = 2, prevailed in the range 2.5 + 6 
in the case of Apy, in the range 2.7 + 7 in the case 
of BrApy and in the range 4 + 10 in the case of 
ClApy. 

The concentration quotients at the equilibrium 
and molar absorptivities of these species are respec- 
tively: h(Apy) = 4.7 X lo5 mol’ I-‘, c2 = 52 mol-’ 
1 cm-‘; &(BrApy) = 1.3 X 10’ mol’ l-‘, e2 = 22 
mol-’ 1 cm-’ ; Pz(CIApy) = 6.5 X lo4 mol* le2, 
e2 = 29 mol-’ 1 cm-‘. 

In PrOH the complex copper(Apy was 
scarcely soluble. In order to have more information 
about these species, the solid compound was exa- 
mined by TGA and showed a ligand/metal ratio = 2, 
and the reflectance spectrum showed a wavelength 
maximum at 560 nm. 

The other two complexes were soluble and the 
mathematical elaboration of the obtained absorbance 
values confirmed the presence of two species. 

The first, characterized by the complexation ratio 
L/M = 1, prevailed in the range C,/Cru = 1 + 2 in the 
case of Apy, in the range CL/C, = 1 + 2 in the case of 
BrApy and in the range CL/C, = 1 + 1.5 in the case 
of ClApy. 

The concentration quotients at the equilibrium 
and molar absorptivities of these complexes are 
respectively: flr(BrApy) = 4.1 X lo2 mol l-‘, E, = 
46 mol-’ 1 cm-’ ; Pi(ClApy) = 4.0 X 10’ mol l-‘, 
e1 = 37 mol-’ 1 cm-‘. 

The second species, characterized by complexa- 
tion ratio L/M = 2, prevailed in the range CL/CM = 
2.5 + 6.3 in the case of BrApy and in the range 
CL/CM = 2 + 5 in the case of ClApy. The concentra- 
tion quotients at the equilibrium and molar absorpti- 
vities of these complexes are respectively: b(BrApy) 
= 1.9 X 10’ mol ll*, e2 = 57 mol-’ 1 cm-’ ; &- 
(ClApy) = 2.4 X 10’ mol* lp2, e2 = 41 mol-’ 1 
cm-‘. 

In DMA, complex species were noted only when 
the ligand was Apy. These complexes were characteriz- 
ed by the following concentration quotients at the 
equilibrium and molar absorptivities: P,(Apy) = 4.0 
X 10’ mol 1I’, ei = 17 mol-’ 1 cml; &(Apy) = 3.4 
X 10’ mo12 l-*, e2 = 88 mall’ 1 cml. 

The other two ligands give very weak complexes. 
The same problem exists in DMSO. In fact the 

complex formation started only at C’/C, ratio > 
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TABLE II. Absorbance values of copper(2-amino-S-bromopyridine and copper(II)&2-amino-5-chloropyridine systems in n- 

propanol at different initial concentration ratios CL/&. 

CL&M 

1.0 

1.55 

2.0 

2.55 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

7.0 

8.0 

10.0 

25.0 

50.0 

L = BrApy, h = 620 nm 

C, = 2.00 x 1O-3 M 
b = 5.0 cm 

0.202 

0.240 

0.300 

0.340 

0.369 

0.408 

0.430 

0.452 

0.470 

0.489 

0.495 

0.507 

0.530 

0.554 

0.560 

C,= 1.200 x 1O-2 M 
b=I.Ocm 

0.260 

0.382 

0.531 

0.588 

0.624 

0.676 

0.718 

0.748 

0.780 

0.780 

0.782 

0.782 

L = ClApy, h = 592 nm 

C, = 8.00 x 1O-3 M 
b= l.Ocm 

0.144 

0.213 

0.266 

0.319 

0.365 

0.407 

0.433 

0.451 

0.471 

0.486 

0.494 

0.524 

0.525 

0.570 

0.620 

0.660 

C, = 2.400 X 1O-2 M 

b = 0.2 cm 

0.095 

0.140 

0.175 

0.210 

0.240 

0.268 

0.285 

0.297 

0.310 

0.320 

0.325 

0.345 

0.375 

0.375 

TABLE III. Absorbance values of copper(H)-2-aminopyri- 

dine system in N,Ndimethylacetamide at different initial 

concentration ratios CL/C, 

L = Apy, A = 736 nm 

CL/c, CM = 2.00 X lO-3 M CM = 7.99 X lO-3 M 

b=5.0cm b= l.Ocm 

Mathematical elaboration of calorimetric data 
allows us to calculate the enthalpy of the reactions. 
The calculated values were: AH1(BrApy) = -2.4 
Kcal/mol; AH2 = -5.8 Kcal/mol; AH1(CIApy) = -2.3 
Kcal/mol, AH2 = -6.2 Kcal/mol in PrOH and 
they were: AH,(Apy) = -3.6 Kcal/mol, AH2 = -9.7 
Kcal/mol in DMA. 

1.0 0.405 0.306 
2.0 0.634 0.576 
2.5 
3.0 0.807 0.618 
3.5 0.627 
4.0 0.980 0.632 
4.5 0.641 
5.0 1.014 0.645 
5.5 0.650 
60 l.Cl30 0.655 
8.0 1.044 0.660 
10.0 1.060 0.662 
20.0 1.070 
25.0 1.070 0.665 
50.0 1.080 0.670 

Concerning which atom bonds the copper(H) 
ion, NMR measurements have evidenced that the 
nitrogen atom involved in the coordinating bond 
is the pyridinic one. 

Discussion 

50. Moreover, the absorbance of copper(H) inter- 
feres very strongly with that of the complex. 

The data summarized in Table IV allow us to 
formulate some hypotheses about the influence of 
the solvent and of the substituents in the pyridine 
moiety on the complexation equilibria. With regard 
to the solvent influence, the comparison of the results 
obtained in MeOH and in PrOH can evidence the 
effect of the dielectric properties of the medium, 
whereas the comparison of the data obtained in 
MeOH and DMA show the influence of donor and 
acceptor properties on the complexation equilib- 
ria. 

Calorimetric investigations, carried out at the same The dielectric constant seems to be unrelated to 

systems in the same experimental conditions, have the stability of the complex species, while it strongly 
given suitable data in PrOH and DMA while in MeOH affects their solubility and ionization. The stability 
they did not provide any useful results [ 12, 131. is probably not influenced because of the high rate 

In Fig. 1 the reaction heats at various CL/CM of ‘soft’ character of the complexes [ 141. 
ratio are reported for solutions with initial metal The values of the concentration quotients at the 
concentration CM = 2 X 10e3 mol 1-l in PrOH and in equilibrium obtained in MeOH and DMA are not so 
DMA. different as would be expected in respect to the 
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Fi 1-F . 1. Heat values at CM = 2 X low3 mall-’ and various initial concentrations of the ligands in the range CL = 1O-3 t 10-l mol 

of following systems: a) Copper(2-amino-5-bromopyridine in propanol; b) Copper(2-amino-S-chloropyridine in 
propanol; c) Copper(2-aminopyridine in N,Ndimethylacetamide. 

TABLE IV. Values of concentration quotients at the equilibrium, molar absorptivities and enthalpies of copper(2- 

aminopyridine, copper(2-amino-S-bromopyridine and copper(2-amino-5-chloropyridine systems in methanol, propanol 
and N,N-dimethylacetamide. 

Solvent: MeOH PrOH DMA 

Parameters DN = 19.1, AN = 41.5, DN = 19.6, AN = 37.3, DN 27.8, = AN 13.6 = 

of the solvent: DEC = 32.6 DEC = 20.1 DEC = 37.9 

Copper pyridine 

complex 

Cu(II)-Apy log p1 = 2.63 E1 = 33 log p1 = 2.60 El = 17 

log pz = 5.67 E2 =52 ML2 4 log p2 = 5.53 E2 = 88 

AH1 = -3.6 

AH2 = -9.7 

Cu(II)-BrApy log p1 = 2.54 El = 19 logpl = 2.61 e1 =46 

log& = 5.13 E2 = 22 logp2 = 5.28 E2 = 57 

AH1 = -2.4 

AHz = -5.8 

Cu(II)-ClApy log p1 = 2.52 E, = 17 log p1 = 2.60 E, = 37 

log p2 = 4.81 E2 = 29 log flz = 5.38 E2 =41 

AH1 = -2.3 

AH2 = -6.2 

values of the donor numbers. This fact can be 
explained by the large difference between their 
acceptor numbers, which affects this kind of l&and. 
In MeOH the acceptor number is low, and the affinity 
of the solvent for the ligand is also low. Conse- 

quently the formation of a complex species is more 
favorable in DMA than in MeOH, even if the donor 
properties of the solvent act in the opposite way. 

Regarding the influence of substituents on the 
pyridine moiety, some suppositions can be formu- 
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lated on the stability order of the concentration 
quotients at the equilibrium obtained in MeOH. 
The observed order is: CuApy > CuBrApy > CuCl- 
Apy, the same sequence as the Lewis basicity of the 
ligands. Moreover the comparison of concentration 
quotients at the equilibrium of substituted ligands 
shows that the influence of halides on the stability 
of the complexes is higher on K2 than on K1 values. 

The microcalorimetric results obtained in MeOH 
have always shown endothermic reactions for the 
formation of the complexes with the three different 
ligands. These reaction heats cannot be assigned to 
the complex formation, but probably can be ascribed 
to the breaking of the self-association bounds among 
the ligands molecules [ 151. 

Acknowledgements 

The authors are grateful to the National Research 
Council (Project on ‘Chimica Fine e Secondaria’, 
CNR, Rome) for its financial support, and to the 
Italian Association of Industrial Research (AIRI, 
Milan) for a grant to one of us (S.B.). 

17 

References 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 

12 

13 

14 

15 

V. Gutmann, ‘The Donor-Acceptor Approach to Molec- 
ular Interaction’, Plenum Press, New York-London 
(1978). 
V. Carunchio, A. Messina, R. Bucci and A. M. Girelli, 
Ann. Chim., 72, 107 (1982). 
V. Carunchio, A. Messina, R. Bucci and A. M. Girelli, 
Gazz. Chim. Ital., 113, 553 (1983). 
A. K. Basak and D. Banerjea, Indian J. Chem., I4A, 184 
(1976). 
G. V. Budu and L. V. Nazarova, Russ. J. Inorg. Chem., 
I8 (6), 807 (1973). 
G. V. Budu and A. P. Tkhoryak, Russ. J. Inorg. Chem., 
24 (4), 560 (1980). 
A. V. Ablov and L. V. Nazarova, Russ. J. Inorg. Chem., 
6, 1044 (1960). 
I. R. Bellobono and M. A. Monetti, J. Chem. Sot., Perkin 
IL 790 (1972). 
A. M. Goeminne and Z. Eeckhaut, Bull. Sot. Chim. Bel., 
80, 605 (1971). 
E. Asmus,Z. Anal. Chem., 178, 104 (1960). 
F. J. C. Rossotti and H. Rossotti, Acta Chim. Scan., 9, 
1166 (1955). 
R. M. Izatt, D. Eatough, R. L. Snow and J. J. Christen- 
sen,J. Phys. Chem., 72, 1208 (1968). 
D. L. Leussing and P. K. Gallagher, J. Phys. Chem., 64, 
1631 (1960). 
S. Ahrland, Pure and Applied Chemistry, 54, 1451 
(1982). 
M. Maclean Davis, ‘The Chemistry of Non-aqueous Sol- 
vents’, J. J. Lagowski, Academic Press, New York- 
London (1970). 


