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Abstract 

The second order rate constant for base hydro- 
lysis of the complex cis- ]Co(en),( 1 -Meim)Cl] 2+ 
(I-Meim = I-methylimidazole) is 25.1 + 2.1 dm3 
moT’ s-r at 298 K, I = 0.1 mol dma3 NaClO+ This 
is similar to the value of 28.0 f 1.5 dm3 mol-’ 
s’-’ measured for the imidazole (imH) complex 
cis- [Co(en),(imH)Cl] 2+ under the same conditions. 
Both of these complexes are much less reactive than 
the benzimidazole (bzimH) complex cis-[Co(en)2- 
(bzimH)Cl]‘+ for which kZ = 240 + 12 dm” mol-’ 
s? also at 298 K, I = 0.1 mol dms3. Unlike the 
1-Meim complex the imH and bzimH complexes 
undergo acid dissociation in the pH range of inves- 
tigations and pK, values of 10.25 * 0.03 and 8.67 * 
0.03 respectively have been obtained for these com- 
plexes both at 298 K, I = 0.1 mol drn-j NaClO+ 
Rate constants have also been measured for base 
hydrolysis of the conjugate bases of these com- 
plexes and the relative reactivities of the various spe- 
cies are discussed in terms of electronic and steric 
effects. 

Introduction 

The facile reaction between rrans- [Co(en),Cla]’ 

( = 1,2diaminoethane) and primary amines, 
i:H,, to give products of the type cis-lCo(en)z- 
(RNHa)Cl]‘+ [l] has led to the accumulation of a 
wealth of kinetic data for the hydrolysis of such 
complexes [2] and structural effects on rates are by 
now well understood. Rate constants for base 
hydrolysis of straight chain alkylamine complexes 
lie in the range 7-13 dm3 mol-’ s-’ while the intro- 
duction of substituents at the o-position can lead to 
rate acceleration due either to steric effects in the 
case of branched substituents (increased kcb in the 
generally observed base hydrolysis rate expression, 
rate = K&[complex] [OH] [3]) or electronic 
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effects in the case of electron-withdrawing substi- 
tuents (increased A) [4]. 

Kinetic studies on base hydrolysis of the com- 
plexes cis-[Co(en)a(imH)Cl] 2+ and cis-[Co(en)s- 
(bzimH)Cl]‘+ (imH = imidazole, bzimH = benzimi- 
dazole) have recently been carried out [5--71. While 
the free imidazoles (I, II) are very weak acids (p& for 
imidazole is 14.2 [8] and for benzimidazole is 12.8 
191, both at 298 K) complexation of a metal ion at 
the ‘pyridinium’ nitrogen causes enhanced acidity of 
the ‘pyrrole’ NH and pK, values ranging from 7.2 in 
[Ru(NH3)s(bzimH)13+ [lo] to 12.5 in [Co(imH)~]*+ 
[l l] both at 298 K have been reported for these 
ligands. 

Accordingly pH-rate profiles for base hydrolysis of 
the cobalt(II1) complexes are consistent with ioniza- 
tion of an acidic group, presumably the pyrrole 
N-H [5, 61. In this paper we report results of our 
studies on the base hydrolysis of cis-[Co(en)2(l- 
Meim)Cl] 2’ (1 -Meim = 1 -methylimidazole, III) which 
does not contain an acidic imidazolyl NH group and 
compare these with rates of base hydrolysis of 
cis- ]Co(en)2(imH)C1] 2+ and cis- [Co(en)z(bzimH)- 
Cl] s+, which were investigated under the same condi- 
tions. 

Experimental 

The complexes cis- [Co(en)a(imH)Ci] C12, cis- [Co- 
(en)2(bzimH)C1] Cl2 and [cis-Co(en),( 1 -Meim)Cl] Cl2 
were prepared by literature methods [12]. The last 
complex was obtained as a crystalline perchlorate by 
the addition of an aqueous solution of sodium per- 
chlorate to a concentrated solution of the chloride 
salt in water followed by cooling. 
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Anal. Calcd. for [Co(en)Z(imH)C1] Clz*?4HzO(%): 
C, 23.2; H, 5.85; N, 23.2. Found: C, 23.2; H, 5.79; 
N, 22.9. Calcd. for [Co(en)l(bzimH)C1]CIZ*HZO: 
C, 31.3; H, 5.74; N, 19.9. Found: C, 31.3; H, 5.88; 
N, 19.7. Calcd., for [Co(en),(l-Meim)Cl] (ClO&: 
C, 19.4; H, 4.48; N, 16.95. Found: C, 19.5;H, 4.54; 
N, 16.91. 

TABLE II. Rate Data for Base Hydrolysis of (a) n’s-[Co(en)z- 
(imH)Cl12+ and (b) cis-[Co(en)2(bzimH)Cl]2+ at 298 K, I = 
0.1 mol dm-’ (NaC104). 

64 PH 

Near UV-visible spectra of the complexes were 
recorded on a Pye-Unicam SP 8-100 spectrophoto- 
meter. Kinetics of base hydrolysis were followed at 
298 K by the pH-stat method using a Radiometer pH 
Meter 26, linked to a Titrator II with alkali (0.1 mol 
dme3) being added from an ABU 2 autoburette and 
monitored against time on a Titrigraph. Complex 
concentrations were typically 5 X 10d3 mol dmm3 
(25.0 cm3) and each solution had an ionic strength 
of 0.1 mol dmM3 (NaC104). The pK, values of the 
imidazole and benzimidazole complexes at 298 K, 
and I = 0.1 were measured directly using the afore- 
mentioned potentiometric assembly with the same 
concentrations of complex and base. Values of 
[OH-] were calculated from pH using a pK,, value of 
14.0 and an activity coefficient of 0.772. 

9.03 

9.39 

9.69 

9.98 

10.29 

10.57 

10.98 

(b) PH 

k&s--’ 
3.45 x lo-4 

8.07 x IO4 

1.51 x lo-3 

2.59 x lO-3 

4.26 x lO-3 

6.56 x lO-3 

1.04 x lo-2 

kobsls-’ 

k,&[OH] /dm” mol-’ s-t 

24.8 

25.4 

23.8 

21 .o 

16.9 

13.6 

8.4 

kobSIOH] /dm3 mol-’ s-’ 

Results and Discussion 

The UV-visible spectra of the complexes in 
aqueous solution each display two absorption bands, 
the positions and molar absorption coefficients of 
which imply cis configurations [l] . For cis- [Co(en),- 
(imH)Cl] CIZ these bands, with molar absorption coef- 
ficients (dm3 mol-’ cm-‘) in parentheses, are centred 
at 524 (78.4) and 363 (93.4) nm; for cis-[Co(en)z- 
(bzimH)Cl]Clz at 524 (82.9) and 375 (116.7) nm; 
for cis- [Co(en),( 1 -Meim)Cl] (C104)* at 522 (79.0) 
and 364 (75.5) nm. 

7.99 3.17 x IO4 250 

8.25 5.26 x IO4 228 

8.49 7.76 x IO4 194 

8.67 9.40 x IO4 155 

8.99 1.58 x lo-3 125 

9.35 2.11 x lo-3 72.8 

9.69 3.26 x lO-3 51.3 

9.98 5.15 x 1o-3 41.6 

10.24 7.21 x lO-3 32.0 

10.47 1.15 x 1o-2 30.1 

10.67 1.75 x lo-2 28.9 

10.82 2.27 x lo-* 26.3 

11.02 3.34 x lo-2 24.6 

differ sufficiently from the corresponding rate cons- 
stants for reactions of similar alkylamine complexes 
to suggest any special labilising properties associated 
with the 1 -methylimidazole ligand. 

In basic solutions cis- [Co(en)z( 1 -Meim)Cl] ‘+ 
undergoes base hydrolysis and follows a steric course 
which has been shown [ 131 to yield 19% trans- 
and 8 1% cis- [Co(en),( 1 -Meim)OH]‘+. The rate cons- 
tants for this reaction, determined by the pH-stat 
method, are presented in Table I. In the pH range 
investigated the values of k2, the second order rate 
constant for base hydrolysis (= kobs/[OH]), are vir- 
tually constant (23-27 dm3 mol-’ s?) and do not 

TABLE I. Rate Data for Base Hydrolysis of cis-[Co(en)z- 
(1 -Meim)CI] *+ at 298 K and Z = 0.1 mol dm-” (NaClOa). 

PH kobsls-’ kobs/[OT] /dm’ mol-’ s-’ 

9.55 1.11 x lo-3 24.2 

9.98 2.83 x 1O-3 22.9 

10.31 6.67 x lO-3 24.9 

10.63 1.54 x lo-2 27.0 

10.96 3.16 x lO-2 26.7 

Base hydrolysis of the complexes cis-[Co(en)2- 
(imH)Cl] 2+ and cis-[Co(en)2(bzimH)C1]2+ were carried 
out under the same conditions (I = 0.1 mol dmW3, 
T = 298 K). Both complexes behave as weak mono- 
basic acids in aqueous solution. In a potentiometric 
titration against standard base pK, values of 10.25 
* 0.03 and 8.76 ? 0.03 respectively were obtained 
for these complexes. In each case the pK, value repre- 
sents an average of values calculated from the pH of 
the solution after the addition of 0.1 equivalent 
aliquots of base* (above 0.8 equivalents of added 
base interference from hydrolysis was observed and 
the calculations were discontinued at this point). 
Hence coordination of imidazole and benzimidazole 
to Co(en)2C12+ results in a lo4 -fold increase in the 
acidity of these species. The pKa values agree favour- 
ably with those reported for other complexes. Hence 
Hay et al. determined pK, values of 8.84 + 0.06 for 

*The pK, values reported are mixed constants as defined 
in this ref. 14. 
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