
998 CHEMICAL L O M  MUNICATIONS, 1969 

The Volumes of Activation for Aquation Reactions of 
Acidopenta-amminecobalt (111) Complexes 

By W. E. JONES and T, 147. SWADDLE* 
(Department of Chemistry, The University of Calgary, Calgary 44, Alberta, Canada) 

Szmzmary The volumes of activation for aquation of 
representative complexes of the series Co (NH3)5X3-n+ 
are equal (within experimental uncertainty) to the 
molar-volume changes for the respective completed 
reactions. 

THE effects of hydrostatic pressure p up to 4,000 atmo- 
spheres upon the pseudo-first-order rate coefficients k for 
the aquation of acidopenta-amminecobalt ( I  I I) complexes 

CO (NH3) 5X(3-n) $- + H2O -+ CO (“3) 50H,3+ 

+ x n -  (1) 

where Xn- is C1-, Br-, NO,-, and SO,$-, have been studied 
using a pressurized-syringe apparatus similar to that 
described by Whalley et aZ.192 The data have been analysed 
using a least-squares computer programme, in terms of the 
equation3 

from which A Vat, the volume of activation at  zero pressure, 
can be derived : 

In k = a + bp + ~ $ 2  (2) 

b = (alnk/ap), = - AVo$/RT.  (3) 
Values of AT‘,$ are presented in the Table, together with 

the molar volume of reaction, AV, for the completed 
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reactions (l), as determined by Spiro et aZ.4 The striking 
feature of the data is that AVO$ and A V  are essentially 
equal, if due allowance is made for the experimental uncer- 
tainty (+0.5 ml. in AVO$, and f0 .4  ml. in A V  with the 
exception of SO,2- for which the uncertainty is increased by 
ion-pairing4) and for the small effects of temperature and 
ionic strength  difference^.^ 

TABLE 

VoJumes of activation and volumes of reaction for the aquation of 
Co(NH,),X@--fl)+ 

XR- AVO$, nil. mole-la AT'> ml. mole-lb 
NO,- - 5.9 - 6.0 
Ilr- - 8.6 - 9.6 
c 1- - 9.7 - 10.4 
SO,2- - 16.9 - 15.2 

8 25'; ionic strength 0.1M (HC1O4--LiC1O,; [HClO,] == 5 
x 1 0 - 5 ~ ) .  

b 30" ; ionic strength 1.OM (NaC10,) ; (from ref. 4). 

This phenomenon provides independent support for the 
mechanism suggested by Langford5 for reaction (l) ,  
according to which the role of Xn- in the transition state 
is closc:ly similar to its role in the product, viz,, that of a 
fully solvated anion, while the entering aqua ligand is a t  
most only weakly bound in the transition state. For iono- 
genic solvolyses in general, contributions to A Vat from 

bond-making and bond-breaking are small compared with 
that from electrostriction of solvent by the developing 
charges.6 It would appear that electrostriction of water 
is as extensive in the transition state of reaction (1) as it is 
for the completed reaction, since a plot of A Vo$ against A V 
is essentially a straight line of slope 1.0. 

The fact that AVO$ is not merely related but virtually 
equal to A V  can be na'ively rationalised if i t  is postulated 
that successful completion of reaction, beyond the formation 
of a transition-state consisting of the solvated ions 
CO(NH,),~+ and Xn-, merely involves the transfer of a 
water molecule from the solvation sheath of CO(NH,),~+ to 
its first co-ordination sphere. This process would occur 
with only a very small decrease in volume (as compared 
with the experimental uncertainty), since the water molecule 
in question is already under compression arising from an 
effective pressure of several thousand atmospheres created 
by electrostriction, and even the volume change associated 
with the co-ordination of water to CoIII from bulk solvent 
is small.* 
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