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Abstract.

The stability constants and thermodynamic parameters of 1:1 complex of

cobalt(Il) and pyridine-2-azo-para dimethyl aniline has been studied at three temperatures in

alcohol-water mixtures keeping alcohol in low-mole fractions.

Effort has been made to

explain these results on the basis of structuring—destructuring effect of cosolvent in water.
It was found that methanol has ordering effect on bulk solvent up to 3.319% mole fraction.

Much attention has been drawn in recent years
towards the study of thermodynamics and kinetics
of chemical reactions in mixed solvents.~4 Such
studies were oriented towards understanding the
influence of cosolvent on the structure of bulk solvent.
Since change in dielectric constant is an important
factor in ion-pair formation.5~7 The changes in
rates and equilibrium constantis were strongly in-
fluenced by decrease of dielectric constant.8 Mea-
surement of stability constant of 1:1 complex of
Co(II) and pyridine-2-azo- para-dimethyl aniline
were made in methanol-water mixtures containing low-
mole fractions of methanol to understand the effect
of change in bulk solvent structure on the thermody-
namic parameters of their reaction. Since a suitable
range of pH exists in which the dye is electrically
neutral the change of stability constants should not
be much effected by the changes in dielectric con-
stant.3

Experimental

Inorganic chemicals of reagent grade were used
in the preparation of solution. Cobalt(I) nitrate
was used for making solution and was standardized
using ion exchange resin. Spectral grade methanol
was used in preparation of all solutions. Potassium
nitrate was used to adjust ionic strength to 0.1
mole/liter. The ligand and the complex concentra-
tions were measured by Cary-14 spectrophotometer.
Due to decomposition of the dye freshly prepared
solutions were always used.

Spectra of the solutions of dye at various pH
values were recorded in the visible region in different
mole fractions of methanol at 15, 25 and 35°C.
There were changes in spectra up to 5.6 pH and
from there onwards the spectra remained unchanged,
at least up to pH 9.0. These findings are in accord
to the results reported by Klotz and Ming® who
proposed that the dye is electrically neutral above
pH 6.0. All measurements were made in solutions at
pH 5.8-7.0 having ionic strength of 0.1 M in from
KNO;.

*This work was Completed in University of Houston,
Houston, Texas, U.S. A.

Results and Discussion

The complex was found to show maximum
absorbance at 540 nm in all solvent compositions
under study. Measurements were made at this
wavelength and K was calculated according to the
method proposed by Klotz and Ming.9 (Table 1).-
The enthalpy and entropy changes were calculated
at 25°C using Van’t Hoff equation (Table 2). It
was observed that the values of K, AHo, and ASo.
undergo a minimum around 3.39% mole fraction
of ethanol after which a rise in these values was
observed. This can be considered as an indication
of change in bulk solvent structure.4> 19 1I  Since
the mole fractions of the cosolvent are very small,
it can therefore, be argued that the metal ion would
be solvated by water molecules only and the cosolvent
molecules have very little probability of being present
in the primary coordination sphere. This system
has been shown to abide SN, mechanism!2 as
proposed by Eigen et. al. 6:13,1415 The following
primary steps can be proposed for the formation of
1:1 complex understudy.

Co(H,0)*2+Le2(H20)5sCo(H,0)L2+ ¢))
(H 20)5CO(H20)L2+#(H 20)5C0L2++H20 (2)
(H,0)5CoL2+=2(H,0)sCoL2++ (5-n) H,0  (3)

Step 1, the Bjerrum ion-pair step, is diffusion-con-
trolled in case of changeless ligand, while steps 2 and
3 are formation of inner sphere complex and ring
closure in case of bidentate ligand respectively.
In addition to elimination of water from primary
coordination sphere the secondary and tertiary
solvation spheres would also be distorted and des-
troyed.? The Bjerrum ion-pair constant Ko is given by’

Ko—=4rNogs

where N° is Avogadros number and a is the
distance of closest approach in Angstrom units.
Since the equation is independent of temperature
and dielectric constant, i.e. solvent composition,
the changes observed in equilibrium constant, A Ho.
and ASo must originate from steps 2 and 3 of the
mechanistic equations.3
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TABLE 1. THE STABILITY CONSTANTS AT VARIOUS
TEMPERATURES and MOLE FRACTIONS.

Mole fractions K
of MeOH
0/
o 15°C 25°C 35°C
0-0 6-1x103 5%103 4-5%x103
1-84 5-57x103 4-4x103 3-54x103
3-31 5:2x103 4:0x103 3:14x103
4.7 5:7x103 4:6x103 3-8x103
12-0 6:2x103 5:1x103 4-4x103

Temperature stability + 0-1°C; Standard deviation 4+ 5%

TABLE 2. THERMODYNAMIC PARAMETERS AT
VARIOUS MOLE FRCTIONS.

Mole fraction -/AH, ASe
of MeOH Y, kcal/mole cu,
0-0 2:60 252
1-84 3-70 28-0
3031 4-30 29-8
4-75 3570 28-2
12-0 2-70 25-4

Standard deviation AH, =13%; Standard deviation
ASe = i7%-

Steps 2 and 3 involve elimination of water mole-
cules from the solvation spheres and primary co-
ordination sphere. Since it can be safely assumed
that the reaction mechanism and metal-ligand bond
strength remains independent of bulk solvent in
low-mole fractions of methanol,3:8 the changes
in the A H, value as a function of mole fractions of
methanol would really reflect the changes in the
metal ion-water bond strength.

It has been shown that dipolar and protic solvents
have ordering-disordering effect on water when
added in small mole fractions.417:18 The results
obtained from this study indicate that methanol
imposes order on the bulk up to about 3.319% mole
fraction, after which the system tends to go to dis-
order again. Probably another maxima occurs
around 309 mole fraction as pointed out by some
authors.4 However, the region of small mole

fractions included in this study has not been studied.
These results are in accordance with the studies
in dioxane-water!7 and methanol-water systems. 7-18
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