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Summary Kinetic and thermodynamic results show that 
the variation with solvent composition of the activation 
enthalpy for reaction of nickel(I1) with 2,2’-bipyridyl in 
aqueous methanol represents the small difference between 
large destabilisations both of the nickel(I1) and of the 
transition state (intermediate) as the proportion of 
methanol increases. 

RECENTLY we have been able to separate solvent effects 
on reactivity trends into initial state and transition state 
components for a variety of substitution and redox reac- 
tions of inorganic species.l We now report a similar analysis 
of enthalpy variations for the reaction of nickel(I1) with 2,2’- 
bipyridyl in aqueous methanol, based on previously estab- 
lished kinetic data2 and on recently obtained calorimetric 
results. 

The reaction of nickel(I1) with 2,2’-bipyridyl [equation ( l ) ]  
takes place by the Eigen-Tamm-Wilkins mechani~m,~ 
following the rate law of equation (2). In fact the rate 

Ni2+ + bipy -+ Ni(bipy)2+ (1) 

+d[Ni(bipyf2+]/dt = kf[Ni2+] [bipy] (2) 

constant k f  is a composite quantity, combining the equili- 
brium constant for pre-association of the reactants, Kos, and 
the rate constant for the subsequent interchange step, hi 
[equation (3)]. In our present investigation we can only 

k f  = KOski (3) 

deal with k f  ( A H : ) ,  and the corresponding ‘transition state’ 
thus contains elements of the pre-association equilibrium as 
well as of the true transition state for the interchange step. 
Nonetheless our analysis can distinguish between initial 
state effects and these combined ‘other effects,’ and thus 
provides the first step towards a complete and detailed 
analysis of solvent effects on reactivity in this ubiquitous 
mechanism for complex formation. 

We deal with enthalpies here, rather than with Gibbs 
free energies and chemical potentials as in our earlier anal- 
yses, for two reasons. The first is that solvent effects on 
AHr and TASr are known to be much more marked than 
those on AGr for reactions of this type. The second is that 
the required single ion parameters for Ni2+ are derivable for 
partial molar enthalpies ( H )  but not, at the moment, for 
chemical potentials (G) , 

The required kinetic data, our thermochemical results, 
and our analysis of solvent effects on AHt into initial state 
and ‘transition state’ contributions, are all included in the 
Table. Enthalpies of solution of 2,2’-bipyridyl and of 
anhydrous nickel(I1) chloride (prepared by heating the 
hydrate in a stream of dry hydrogen chloride) were measured 
using an LKB 8700 calorimeter assembly with ancillary 

TABLE. Solvent effects on enthalpies for initial and transition 
states for the reaction of nickel(1r) with 2’2’-bipyridyl in 

aqueous methanol (at 298.2 K)a 

0 0.06 + 0.4 
f6.3 +13*0 

+ 7  
-75 -97 

- 22 
-0.1 
- 22 
- 15 
- 15 

0.10 
- 0.4 + 15.7 
+9 
- 90 
- 15 
- 1.4 
- 12 

-3  
- 3  

0.15 0.20 
-2.1 -2.1 

+16*5 f17.0 
+ l o  +11 
-65 (-30) 
+ l o  (t-45) 

+14 +50 
+24 ( + G O )  
t 2 2  (+58)  

-2.0 -2.5 

a Enthalpies in kJ mol-l. b Calculated from the data of H. P. 
Bennett0 and E. F. Caldin, J .  Chem. SOC. ( A ) ,  1971, 2207. 
e Estimated from G. A. Krestov and V. J .  Klopov, Zh. Strukt. 
Khzm., 1964, 5, 829. 

detecting and recording apparatus as described earlier.4 
The difficulty of dissolving the anhydrous nickel(I1)chloride 
sufficiently rapidly or completely is the limiting factor in 
determining the upper methanol concentration in this 
analysis ; kinetic and 2,2’-bipyridyl solubility data5 are 
available over the whole methanol-water composition range. 
The enthalpies of transfer of nickel(I1) chloride were separa- 
ted into their single ion constituents using the enthalpies of 
tfansfer of chloride estimated (by essentially geometric 
methods) by Krestov and Klopov.6 
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FIGURE. Separation of solvent effects on enthalpies for the 
reaction of nickel@) with 2,2’-bipyridyl in aqueous methanol 
into initial state and transition state components. 
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The results in the Table and, more clearly, the graphical 
presentation in the Figure, show how solvation of the nickel- 
(II), as Ni2+ in the initial state and in the subsequent stages, 
dominates the solvation effects on enthalpies here. The 
situation in this reaction, with initial state and transition 
state trends lying very close together, is very different from, 
for example, peroxodisulphate oxidation of Fe(bipy),(CN),7 

or such organic substitutions as t-butyl chloride solvolysis* 
or Menschutltin  reaction^.^ I t  is, however, similar to the 
situation for cyanide attack at  the [Fe(phen),]2+ cation,lo 
though for entirely different reasons. 
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