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The aquation kinetics of pentaammine-(p-toluenesulfonamido)cobalt(II) ion were studied in
the presence of NaCl, NaBr and NaClO, as supporting electrolytes as well as in binary aqueous
-organic mixtures with methanol, isopropyl alcohol, tert-butylalcohol, dioxane and acetonitrile
as non aqueous cosolvents. It was found that the association between the complex ion and Cl ™,
Br™ and ClOy ion takes place and the association constants were evaluated from kinetic measure-
ments. Some conclusions concerning the effect of non aqueous component of the solvent on
solvation of the initial and transition state have been drawn from the experimental data obtained.

The sulfonamide complexes have been intensively studied in the past and reported
in biochemical papers because of their significance in the mechanism of enzyme
reactions! ~°. Despite the considerable biochemical work, there have been only few
simple inorganic sulfonamide complexes prepared. The preparation and characteriza-
tion of pentaammine cobalt(IIT) complexes of sulfamide, p-toluenesulfonamide and
p-nitrobenzenesulfonamide have been published® together with the acid-base pro-
perties and aquation kinetics data on the prepared compounds. The kinetic results
are consistent with Co—N bond breaking, the rate law being

koos = —dIn [Co(NH,)sNHSO,CsH,CH3*]/dt = ¢[H*]. (1)

The relatively large observed rate of aquation leads to the conclusion that N-protona-
tion takes place in a pre-equilibrium step followed by facile release of the neutral
ligand.

With regard to the observations concerning medium effects in aquation kinetics
(see e.g. refs”!?) it seemed interesting to investigate the effect of added salts and
nonaqueous cosolvents on kinetic parameters of aquation of [Co(NH3)5NHSOZ.
.C¢H,CH;]*" ion.

EXPERIMENTAL

Pentaammine-( p-toluenesulfonamido)cobalt(ITT) perchlorate was prepared according to the litera-
ture method®. Absorption spectrum of the solution of complex salt agree with that described
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in the literature®. All the other chemicals were of reagent grade. All nonaqueous solvents em-
ployed, i.e. methanol, isopropyl alcohol, tert-butyl alcohol, dioxane and acetonitrile were di-
stilled prior to use. Redistilled water was used in all experiments. The course of reaction was
followed spectrophotometrically by measurement of absorbance changes of solutions at 290 nm
(e = 174:0 m? mol~!). The measured solutions were placed in a tempered cuvette (4-0-1 K) of
the spectrophotometer (SPECORD UV-VIS, Zeiss, Jena). The given values of the rate constants,
evaluated by Guggenheim method, are averages of at least four independent measurements and
are precise to within 4+ 59%. i

Solubilities of the complex salt in water and in investigated aqueous-organic mixture were
determined by equilibrating an excess of the salt with the solvent for 1—2 h at 298-1 K. Aliquots
of the solutions were then withdrawn and centrifugated. The concentrations were determined
spectrophotometrically at 505 nm (& = 7205 m? mol™1). The standard error of solubility
determinations was -+ 1%.

RESULTS AND DISCUSSION

The rate of aquation of [Co(NH,;)sNHSO,C¢H,CH;]** ion was investigated in
aqueous solution containing various concentrations of NaCl, NaBr and NaClO,
within the 0—1-0 mol dm™3 range as well as in a series of aqueous mixtures of
methanol, isopropyl alcohol, tert-butyl alcohol, dioxane and acetonitrile. In all
investigated media the concentration of HCIO, was kept constant and its value was
0-1 mol dm™3. The experimental rate constants are summarized in Tables I and II.
As shown in Table I, the rate constant increases with increasing concentration of
added electrolytes. One of the possible explanations for this observation provides
the ion-pair formation of the complex cation with anions of added salts. As stated®,
the N-protonation of p-toluenesulfonamido ligand in acid media is the first step

TABLE 1
Rate constants, k, for the aquation of [Co(NH3)5NHSOZC6H4CH3]2+ in the presence of var-
ious concentrations of electrolytes: [Co(NH )5 NHSO,_CGHACHg +] = 3-33.10 % mol . dm 3,
[HCIO,] = 0-1 mol dm™3, T= 298-2K

c k.103 c k.103 c k.10°
mol dm ™3 s”! mol dm ™3 s™1 mol dm~3 s 1
NaCl NaBr NaClO,
0-203 1-22 0-203 1-13 0-203 1-03
0-403 1-54 0-403 1-48 0-403 i-29
0-604 1-93 0-604 1-69 0-604 1-47
0-806 2-10 0-806 1-98 0-806 1-62
1-007 2-:43 1-007 2-16 1:007 1:62
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of reaction, followed by the aquation of protonated species, which is much faster
than the aquation of unprotonated complex ion.
[Co(NH;)sNHSO,C(H,CH,]** + HY =
2 [Co(NH;)sNH,SO,C¢H,CH,]** (4)

k

[Co(NH,;)sNH,SO,C¢H,CH;]** + H,0 ——
—_—> [CO(NH3)5H20]3+ + NH2802C5H4CH3 (B)

TABLE 11

Ratc constants, &, for the aquation of [Co(NH;3)sNHSO,C4H,CH;1* " in mixed aqueous sol-
vents: [Co(NH;)sNHSO,CqH,CH3 1= 3-33 . 107 % mol dm ™3, [HCIO,] = 0-1 mol dm ™3

T,K x, k.10%s7! LK x, Kk.10%s7! LK x, k.10%s7!
i-PrOH acetonitrile
2882 O 0-25 3032 0-025 1-30 3032 0-037 1-48
2932 0 0-39 0-056 1-25 0-079 1-51
2982 O 0-70 0-092 1-03 0-128 1-53
3032 O 1-23 0-136 0-93 0-187 1-51
3082 O 1-84 0-191 0-80 0-256 1-55
MeOH t-BuOH dioxane
2982 0-046 0-82 2982 0-021 0-79 298:2  0-023 0-82
0-100 0-81 0-046 0-72 0-050 0-78
0-160 0-84 0-076 056 0-082 071
0-229 0-74 0-113 0-51 0-124 0-67
303-2 0-046 1-47 303:2 0-021 1-36 303-2 0023 1-41
0-100 1-46 0-046 1-27 0-050 1-35
0-160 1-45 0-076 1-03 0-082 1-28
0-229 1-36 0-113 0-97 0-124 1-18
3082 0-046 2:48 3082 0-02t 2:32 3082 0-023 2-47
0-100 2:42 0-046 2:12 0-050 2:23
0-160 2:31 0-076 177 0-082 2:09
0-229 2-11 0-113 1-53 0-124 1-88
3132 0-046 4-00 3132 0-021 3-89 3132 0-023 391
0-100 4-02 0-046 3:63 0-050 3-78
0-160 3-99 0-076 315 0-082 3-56
0-229 3-50 0-113 2-84 0-124 3-20
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In presence of added salts the slow dissociation of complex ion, according to S\l
mechanism, proceeds parallel with reaction of ion-pair, i.e. the reaction may be re-
presented by the scheme (C).

[Co(NH,)sNH,SO,C.H,CH,]**, X~ + H,0 —X-
—— [Co(NH,)sH,0*, X~ + NH,S0,C,H,CH, (©)

The association constant, K,p, for the association of the protonated complex with
the added anions, is given by

Kip = [CO(NH3)5NHZSOZC6H4CH§+, X"] yl/
/[CO(NH3)5NHZSOZC6H4CH§+] [X_] .
Y1V = KfP/Yz > (2)

where y; is the activity coefficient of the jon pair and the complex ion (the same
value is assumed), ¥, is the activity coefficient of the anion of added salt. The observed
rate constant can be expressed as

koos = (ky + klPKIP}’z[X_])/(I + K[ X)) (3

Using Eq.(3), the rate constant for the ion-pair (scheme (C)), kyp, as well as ion-asso-
ciation constant, K5, can be evaluated from the dependence of observed rate constant
on the concentration of anion of added salt, X~. The concentration of added salt
was 3003 000 times greater than that of the complex compound so the differences
between analytical and equilibrium concentrations were negligible. The activity
coefficient, y,, was estimated using the extended Debye-Hiickel equation

-

logy, = —Az*I'?/(1 + Bal'’?) + bI, (4)

where A = 0-5092 mol /2 dm®?, B = 0-3287 . 10*® m~ ! mol ™!/ dm*'? (see ref.'?),
the parameters a and b were taken to be 6. 107" m and 0-1z%, respectively, as the
most probable value for the given ion'?. The association constants determined from
the kinetic data together with theoretical values based on the Fuoss theory!®, and
the values of rate constants of the ion pair, kjp, are listed in Table ITI. The data
in table show a good accordance of experimental values with the theoretical one,
evaluated using the contact distance of ions of 6. 107 1% m. The values of the rate
constant of the reaction of ion pairs are greater than those of non-associated complex
as expected.

The rate constant changes smoothly with the mole fraction of methanol and aceto-
nitrile and shows only little dependence on the content of these cosolvents. In water—
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-tert-butyl alcohol and water-dioxane a flat maximum in the dependence of rate
constant on the mole fraction of nonaqueous cosolvent. x,, can be observed in the
interval of x, = 0-02 to 0-05. This circumstance reflects the fact resulting from the
studies of the structure of aqueous-nonaqueous mixtures belonging to the class

TasbLE IIT

Association constants of [Co(NH;)sNHSO,CgH,CH;1** with anions, Kjp, and rate constants
of ion pairs, kyp, at 298-2 K in H,O

X~ kip . 103,571 Kp K p(theory)
Cl™ 289 12-8
Br~ 2-57 13-1 19-4
clog 179 231

TABLE IV

Activation parameters for the aquation of [Co(NI~I3)5NHSOZC(,H‘,CH_,,]2+ in mixed aqueous
solvents

AH#* AS*
*2 kI mot™! JK ! mol™!
0 73-5 —59:0
MeOH
0-046 79-5 —374
0-098 80-0 —35-8
0-160 773 —44-7
0:229 76-7 —47-3
t-BuOH
0-021 §0-0 —36:0
0-046 80-8 —34-1
0-076 86°3 —17-6
0113 84'5 —24'3
dioxane
0-023 79-0 —39-1
0-049 788 —40-2
0-083 80-2 —36-1
0-123 17-5 —455
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of typically aqueous solvents, i.e. that at a certain mole fraction of the nonaqueous
component the vacancies in the network of associated water molecules are maximally
filled up, and at higher concentrations the structure breaking effect of cosolvent
begins to play a role'®. The activation parameters of the reaction in the mixtures
of water with methanol, tert-butyl alcohol and dioxane are listed in Table IV. It is
seen that the activation enthalpy does not change significantly with solvent composi-
tion, i.e. the compensating change in TAS#* takes place in the investigated solvents.

The analysis of solvent effect on initial and transition state was followed by means
of thermodynamic transfer functions 6_u° and 5_,u*, 6,, being the solvent operator!”,
The change in Gibbs energy of activation with the transfer from water into a binary
solvent mixture of mole fraction x, of nonaqueous cosolvent is given by expression

Sm AG* = Su* — 5, u°(M?*), )

dnn°(M>**) is the transfer function of [Co(NH,)sNH,SO,C¢H,CH3]** ion, ie.
the protonated form of the original complex ion, which prevails under given experi-
mental conditions. The values of ,,u°(M>*) in the mixtures of water with methanol
and tert-butyl alcohol were obtained combining the values of transfer functions of
ClO; and H* ions evaluated from refs'®~2! with those for complex salt (perchlorate),

TABLE V
Solubilities, S (mol dm~3), Gibbs energies (kJ mol™!) of transfer of complex ion, Jm,uo(M“')

and of transition state, 5,4 ¥, activation Gibbs energies, 5,, AG* for the aquation of [Co(NH,);-
.NHSO,C¢H,CH,1** at 298:2 K in mixed aqueous solvents

x; S S°M2%y 5 uP(HYY 6.4°M3) 5, AG* s u*
0 0-162
MeOH
0-046 0-150 0-67 0-27 0-94 —0-39 0-55
0-098 0-153 0-32 0-41 0-73 —036 0-37
0-160 0-157 0-03 0-44 0-47 —0-45 0-02
0-229 0-167 —0-03 0-35 0-32 —014 0-18
t-BuOH
0-021 0-154 110 115 2:25 —030 195
0-046 0-166 —0-80 0-35 —0-45 —0-07 —0-52
0-076 0-190 —4-48 —1-45 —593 0-55 —538
0113 0-226 —821 —2:85 —11-06 0-78 —10-28
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5u° (complex)

Ontl®(M?*) = 5,,1%(complex) — 26,,u°(ClO;) + 5,u°(H"). (6)

The quantity J,u%(complex) was calculated from the determined solubilities of
[Co(NH;)sNHSO,C¢H,CH;](ClO,), (Table V) using Eq. (7) where S,, S, are the
solubilities of the salt in water and in the solvent mixture, respectively. Providing the
ratio of activity coefficients of salt in water and in mixed solvents equals one, the
equation has a form

01°(complex) = 3RTIn (S,/S,) . (7)

Gibbs free energies of activation and transfer functions for aquation of [ Co(NHj)s.
.NH2S02C6H4CH3]3+ ion are listed in Table V. These data enable the division
of the solvent effects into those associated with the initial and transition states. It is
seen that the effect of tert-butyl alcohol on the solvation of the reactant and the
activated complex is far greater than the effect of methanol. In water—tert-butyl
alcohol mixtures of a low content of nonaqueous component both the complex ion
and the activated complex are destabilized, while at higher concentrations of the
cosolvent a stabilization takes place. Both the initial state and the activated complex
are stabilized approximately to the same extent, i.e. S,u* ~ 5, u°(M>*). In water—
—methanol mixtures the complex ion as well as the activated complex are destabilized
by the addition of the nonaqueous cosolvent. These great differences in the solvation
is evidently due to the presence of a bulky hydrophobic ligand in the coordination
sphere of the studied complex. In the same time this fact is a reason of a little dif-
ference in the solvation of the initial ar.d transition state.
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