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The effect of concentrated uni-univalent electrolytes on the oxidation kinetics of sulfur in the cl
ligands (~SCHCH,NH,—)", (-SOCHCH,NH,)", (-SCHCOO-Y", and (-SOCKCOO-}" bound in

Co(lll) complexes with various oxidants 48,, 10y, szog‘) has been studied at 298.2 K. The resu
show that the changes observed in the rate constants are due to interactions between the st
electrolyte and solvent.
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The present paper is focused on a study of effect of concentration of uni-uni\
electrolytes on the oxidation of chelate ligands containing nucleophilic sulfur
bound in Co(lll) complexes with various oxidants. The oxidation reactions menti
are suitable for studying the effect of medium because of their known mechanisn
nected with a transfer of oxygen atom from oxidant to sulfur of chelate ligand an
possibility of independent monitoring of both reaction steffhie various oxidants
adoptedyiz. H,0,, 10; and SOZ", made it possible to vary the product of charge nt
bers of the reactants for seven reactions going by the same mechanism. The oxi
of the Co(lll) complexes mentioned were studied in the past usj@y (refs’?), 10;
(ref$*®) and SO (ref) in agueous and aqueous—nonaqueous media, but little a
tion was paidto a systematic study of effect of concentrated electrolytes on this
of reaction. The effect of concentrated electrolytes was studied in the oxidatio
various Fe(ll) complexes connected with electron traf$feit was found that the
“kinetic salt effect” observed in these reactions was due to interactions betwee
solvent and supporting electrolyte.

The aim of the present work is to examine the effect of concentrated electrolyt
the reactions studied, evaluate the role of specific interactions between the supj
electrolyte and solvent, and compare the effect of concentrated electrolytes on re:
of various types.
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EXPERIMENTAL

The complexes examinedjz. [Co(en}SCH,COO]CIQ, (ref.!% and [Co(em)SCH,CH,NH,](CIO,),
(ref1), were synthesized according to the literature quoted, and their purity was checked by
analysis. All the chemicals used were of p.a. purity grade. The solutions were preparec
deionized water. The concentrations ofS§0g and HO, solutions were checked iodometrically. Al
the reactions were followed in the medium of Hg 1 mmol t* concentration. The reaction rat
was followed photometrically (Specol 220, Zeiss Jena) in 1 and 5 cm cells (their temperature w:
constant with the accuracy af0.1 K) at 371 nm (the region of absorption band of the oxidat
products to the first step); the absorption coefficients of the respective sulfenato complex
£([Co(en)SOCH,CH,NH,](CIO,),) = 6 400,5([Co(en)ySOCHCOOQ]CIO,) = 5 800 | mottcnrt. The
oxidation of sulfenato complexes produces in the second step the respective sulfinato com
which do not absorb at the wavelength mentioned. In the oxidations y@# &nd HO, we only
followed the first step: the second step is slower by a factor of 500—1 000 and does not aff
monitoring of oxidation to the first step. Both reaction steps were followed in the case of the
tion of mercaptoacetate complex with periodate, whereas in the oxidation of thiolato comple
first step was much too fast for the experimental apparatus used, hence only the second step
followed. In the oxidation with periodate to the second step, we used a larger surplus of oxidal
after the rapid first step was over we followed the oxidation to the second step which was slo
a factor of three orders of magnitude. The rate constants were evaluated by the Guggenheim
and the values given are mean values from 4-6 independent measurements.

RESULTS

The effect of concentrated uni-univalent electrolytes was investigated in the following
dation reactions:

a) [Co(en)SCH,COOT" + S04

b) [Co(enySCH,CH,NH,]?* + S,0%"

¢) [Co(en)}SCH,COOT" + 10,

d) [Co(en)SOCHCOOT" + 10,

€) [Co(enySOCH,CH,NH,]?* + 10}

f) [Co(en)SCH,COOT" + H,0,

g) [Co(en)SCH,CH,NH,]?* + H,0, .

The two-step oxidation can be described by Scheme 1, both the steps being :
with 105 , and only the first step with,83~ and HO,. The reaction kinetics was evaluate
with the use of Eq.1)).

—d[[Co(en)L]#]/dt = k [OX][[Co(en),L]?] (1)

L = (-<SCHCH,NH )", (-SCHCOO-¥", (-SOCHCH,NH,-)", (-SOCHCOO-Y

z=1, 2; Ox = §07", 10}, H,0,; [Ox] and [[Co(en)L]*] are total concentrations of th
reactants. The excess of oxidant was large enough for the oxidation to obey the p
first-order kinetics with the rate constakit= k [Ox]. The rate constant values of th
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reactions measured at the basic ionic strength are presented in Table I, whereas
gives the dependence of rate constants on concentrations of selected electrolyte

+ + +
s so S0,
N ~
EmaCo.  CHz | — % | (o CHy | — % | (en)Co  CHy
o0-co 0-Co 0-co

ScHEME 1
DISCUSSION

The reactions studied go by thg2Smechanism like oxidation reactions of nucleophil
with peroxidé. The reaction rate in water (Table 1) is determined by the nucleop
properties of sulfur of the chelate ligand in the Co(lll) complexes, and it decreases
order: (-SCHCH,NH,-)" > (-SCHCOO-§~ > (-SOCHCH,NH,~)" > (-SOCHCOO-¥".
For a given complex the reaction rate decreases in the series of oxidartS,@§ > H,0,.
From the previous papers it follows that at low concentrations of electrolyte (whet
Debye—Hiickel theory is valid) the rate constant of reaction between two opposit
decreases with increasing ionic strength in accordance with the Brgnsted and B
theory. The slope of dependence log f(1¥?) or logk = f(I¥%(1 +112)) for this region
increases with increasing product of charge numbers of reagtantsactionsa (ref.)
andd (ref#), whereas it does not change in the region of low electrolyte concentra
in reactionf where the oxidant is a (uncharged) moletuld the electrolyte concentra
tion c,> 1 mol I the specific effects clearly predominate (Fig. 1): their effect slc

TaBLE |
Rate constank of reactionsa throughg in water and intervals df, values extrapolated from ER)(
for the electrolytes used at 298.2 Kis ionic strengthz,zg is product of ion charge numbers ¢
reactants

Z07Zg I, mmol I* ko, I mor* s ko | mort st kn,0/%o Reaction
-4 2.0 241+ 6 21.8-24.6 10.4 b
-2 2.2 102t 3 27.7-33.1 3.36 a
-2 10.4 1.04: 0.03 0.383-0.409 2.63 e
-1 1.29 658 21 351-401 1.75 c
-1 11.2 0.434 0.006 0.248-0.288 1.62 d
1.2 0.824+ 0.008 0.776-1.05 0.90 f
0 1.6 1.02+ 0.02 0.920-1.30 0.92 g
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down the decrease of rate constant with increasing electrolyte concentration, in
cases even the opposite effect being obseivedan increase in the rate constant wi
increasing electrolyte concentration. The extent of manifestation of the specific effec
a given electrolyte depends on the nature of reactants. The rate constant values c
oxidation-reduction reactions in the concentration interval of supporting electrolyte 14 r
(Table 1l) agree with the empirical equation:

Ink=Inky+ Sg, 2

wherec, is the concentration of added electrolyte. The siSpevolves the specific
interactions between electrolyte and solvent, kit the hypothetical rate constan
The linear dependences krr f(c,) (Figs 2, 3) for the individual electrolytes convert
in a relatively narrow interval df, values, which indicates the fact that the extrapc
tion eliminates the specific effects of electrolytes to a considerable extent. The in
of scattering of thek, values of the individual reactions (Table 1) is determined
experimental error and besides it can reflect some properties of electrolytes such
nonadditivity of the contributions of cation and anion in the calculation of solva
numbers of various electrolytes due to their mutual coopetatiGor the oxidations
with H,0O, the rate constant of reaction in Wailq_[z,o, also falls within the interval d{,

values; for nonzero products of charge numlagzs = —1, -2, —4 the rate constants a
kHZO = 2kg, kHzo = 3k, kHzo = 10k, respectively. The hypothetical rate constkgt
corresponds to the model reaction between the particles shielded by the electric:

| / |
In (K iciki,0) o
M// d
04 ]
|~ . S "
@
e
e
1L —o % e 2 o |
21 i
b
*— @
-3 1 1 L L
0 1 2 3 4
CLicp» Mol It

Fic. 1
Dependence of rate constant ratio kpdi/ky o) on LiCl concentration in oxidations Wlthztsg (re-
actionsa, b), 10, (d, €), and HO; (). Chcio, = 1 mmol T, T = 298.2 K
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TasLE Il

Dependence of oxidation rate constants on concentratiofhuni-univalent electrolytes at 298.2 K

k, | morts?
Ce Mol It
LiCl NaCl KCI CsCl NaNG, NaClO,
Reactiona: [Co(en)SCH,COO]" with S,03
1 34.8+£ 0.4 28.6+ 0.5 228+ 0.5 30.7+ 0.5 24.0+ 0.5
2 35.6£0.4 27.3+t 0.6 144+ 0.4 27.7£ 0.4 20.3+ 0.4
3 38.4£ 0.4 25.7+ 0.6 11.7+ 0.3 25.9+ 0.3 178+ 0.4
4 38.9+ 0.7 240+ 0.4 7.8+ 0.3 25.2+ 0.3 152+ 04
Reactionb: [Co(en),SCH,CH,NH,]*" with S,03"
1 23.2+ 0.3 17.8: 0.4 14.0+ 0.3 18.5+ 0.5 15.3+ 0.2
2 20.8+ 0.5 15.2+ 0.2 9.3+ 0.3 15.3x 0.4 10.4+ 0.2
3 19.4+ 0.2 12.0+ 0.2 6.9+ 0.2 13.8+ 0.2 7.3+ 0.3
4 18.4+ 0.3 10.4+ 0.3 5.6+ 0.2 12.0+ 0.2 5.1+ 0.3
Reactionc: [Co(en)SCH,COOT" with 10,
1 433+ 25 430+ 8 299+ 8 399+ 7 339+ 12
2 533+ 37 442+ 8 265+ 9 376+ 6 323+ 6
3 496+ 10 214+ 7 387+ 10 283+ 11
4 3717
Reactiond: [Co(en)SOCH,COO]" with 10,
1 0.307+ 0.015 0.275% 0.005 0.275 0.005 0.275 0.005
2 0.319+ 0.004 0.282 0.005 0.27# 0.003 0.27# 0.004
3 0.360+ 0.005 0.316: 0.006 0.30Ct 0.005 0.25k 0.004
4 0.427+ 0.012 0.345 0.4 0.320+ 0.006 0.267 0.007
Reactione: [Co(en),SOCH,CH,NH,]*" with 10,
1 0.427+ 0.008 0.41# 0.010 0.42% 0.005 0.365 0.010
2 0.472+ 0.007 0.463: 0.006 0.44% 0.009 0.33% 0.004
3 0.521+ 0.021 0.51k 0.006 0.47% 0.007 0.32C: 0.011
4 0.587+ 0.013 0.543t 0.007 0.493 0.012 0.30% 0.008
Reactionf: [Co(en)SCH,COO]" with H,0,
1 1.17+ 0.01 1.10+ 0.03 1.04+ 0.03 1.00+£ 0.04 0.880.02
2 1.75+ 0.02 1.43+ 0.03 1.18+ 0.03 1.04+ 0.03
3 2.36+ 0.04 1.86+ 0.05 1.55+ 0.04 1.10+ 0.02
4 3.12+ 0.10 2.24+ 0.06 1.00+ 0.04 1.96+ 0.05 1.20+ 0.03
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TasLE Il
(Continued
k, | morts?
Ce Mol It
LiCl NaCl KCI CsCl NaNG; NaClO,
Reactiong: [Co(en),SCH,CH,NH,]*" with H,0,

1 153+ 0.02 1.460.03 1.31+0.03 1.2740.03 1.20£0.04 1.02+0.02
2 2.14+0.04 1.780.05 1.44+0.04 1.42+£ 0.03 0.99+ 0.02
3 2.77£0.05 2.05£0.03 1.61+0.06 1.94+ 0.02 1.11+0.03
4 3.72£ 0.07 2.23:0.04 1.3740.04 2.50+£0.03 1.20+0.03

Concentrations:
a) [Co(en)SCH,COO] = 5.7umol I, S03 = 385umol I
b) [Co(en})SCH.CH,NH_]** = 5.7umol I}, 0§ = 385pumol I
¢) [Co(enySCHCOOT = 47 umol I, 10; = 240umol I*
d) [Co(en}SOCHCOOT = 0.25 mmol 1, 10z = 10 mmol T*
e) [Co(en}SOCHCH;NH;]*"= 0.2 mmol T, 10z = 8.8 mmol T*
f) [Co(enySCHCOOT = 0.2 mmol T, H,0,= 4.93 mmol 1"
g) [Co(en)SCH.CH,NH,]*" = 0.2 mmol 1%, H:0,= 2.81 mmol T,
HCIO,= 1 mmol I*

of ions of the supporting electrolyte. TlmzolkO values correlate with the product c
charge numbers, which supports the hypothesis of the role of electrostatic fielc

concentrated electrolyte.

3.9 T

In k

34

2.9

2.4

19 L I L .

¢, mol 1

Fic. 2
Dependence of Ik on concentration of supporting electrolytes in reactiormHC|04 = 1 mmol 1%,
T = 298.2 K;1 LiCl, 2 NaCl, 3 CsCl, 4 NaCIQ,, 5 NaNG;
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The effect of electrical field on a Clon surrounded by 213 water molecules w
studied by the method of molecular dynarkiche result of competitive action of iol
field and outside field on solvent molecules is a reduction in the number of hydr
bonds in the environment of iong. the number of water molecules in the prima
solvation sphere of Clion is decreased to one half, and the energy of the other

5.0 L

¢, mol It
Fic. 3

Dependence of Itk on concentration of supporting electrolytes in reactianuo4 =1 mmol T3,

T = 298.2 K;1 LiCl, 2 NaCl, 3 KClI, 4 NaClQ,, 5 NaNG;

25
In (ko /ko)

15

-15

Zn 2B

Fc. 4
Dependence of Ink{ o/k;) on product of charge numbers of reactaniz; at 298.2 K.e oxidation
of [Fe(CN)]*~ with szo8 (zazg = 8) (ref) [Fe(bipy)(CN)J?~ with S,05™ (zazs = 4) (ref®),
[Fe(bipy)]®* with SZOS (zazg = —4) (ref®); O alkaline hydrolysis of methyl hydrogenphthalate al
methyl hydrogenterephthalate,¢s = 1) (refl%); A [Ir(Cl) %~ with 17 (zaz5 = 2) (ref!®); O reactions:
b (zazg = —4),a, e(zazg = -2), ¢, d (2425 = —1), andf, g (zaz5 = 0)
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drogen bonds is increased, which leads to strengthening of the water structure a
pared with the water structure in the absence of an outside electrical field. It is in
ting to compare the manifestation of shielding effect of electrical field of ions of
supporting electrolyte in the reactions studied with that in reactions going by an
mechanism. Thé, values were calculated from E@) (for the oxidation reactions o
Fe(ll) complexes with a charge of —4 (Paf—-2 (ref®) and +2 (ref) with S,03 (where
the central atom is oxidized with concomitant electron traf)sfexidation of  with
[Ir(Cl) g%~ (refs'*19, as well as for alkaline hydrolyses of methyl hydrogenphtha
and methyl hydrogenterephthalftéwhich go by the B-2 mechanisi). From the
dependences Irquzolko) = f(zazz) (Fig. 4) it follows that the operation of shieldin
effect particularly depends on the charge of reactants, the specific effects being
significant in the reactions between ions of the same sign and greater value of p
of charge numbers. EquatioR)( which represents a first approximation to express
the effect of concentrated solution of electrolyte on reaction rate, seems satisfac
a number of reaction systems.

The manifestation of specific effects can be seen in Figs 2 and 3 where th8islo
Eq. @) depends on the electrolyte used. Similar effects were observed also with
reactions studied (Table Il). In the oxidations witjCHwe observed an increase in tt
rate constant for all the electrolytes used (reactfoard g), in the oxidations with
I0; the rate constant only increased in the media of LiCl and NaCl (reactidns),
and with SO~ only in LiCl (reactiona). The value of slop& decreased in the follow-
ing series of alkali metal chlorides: LiCl > NaCl > KCI > CsCIl. This order is ident
with that of the Gibbs solvation energies of cattbasd that of viscosity coefficien®
(refst®29 of the respective solutions (Fig. 5). TBecoefficient reflects the extent o

0.2 ]
S, | mol™?

0.0 .
0271 8
04 L L 1 1

CsCl KCl NaCl Licl
-0.07 0.03 B, 1mol™t 0.13

FGc. 5
Dependence of slop® on the Jones—Dole viscosity coefficiditfor reactionsa, b, ¢, gin media of
concentrated solutions of alkali metal chlorid€s; 298.2 K
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interactions between an electrolyte and solvent. The specific effect is the highest
strongly solvated LiCl. The presence of ions in water results in its molecules |
exposed to two competitive influences: first, the mutual influence of water molec
and second, the influence of sterically symmetrical ion field, which is mainly sig
cant with small ions or ions of higher char§fesncreasing concentration of electrolyt
results in a considerable part of water molecules being engaged in the format
solvation spheres of ions of the electrolyte, the concentration of free water mole
being decreasédl These changes bring about changes in solvations spheres of
tants and the activated complex, which influences the reaction rate. Other effects
can be expected in a concentrated electrolyte include the change in local acidity
vicinity of ions due to polarization of water, the higher mobility of water molect
near K and C$ions as compared with that near*™Maie to increased population ¢
bifurcated hydrogen bonds in the vicinity of large univalent3adnso correlation was
found betwee\G,, andB for the anions C| NO;~ and CIQ of the respective sodiun
salts. The anions differ in their numbers of atoms and geometries, which plays
cisive role in the interactions between the ion and solvent molecules.

The results found in the study of the effect of electrolytes in the concentration
val of 1-4 mol t*thave shown that the shielding effect of field of electrolytes as we
the structure of solvent modified by the supporting electrolyte bring about a char
kinetic behaviour of the reactants. At the electrolyte concentratiapof 4 mol !
the rate constant values do not obey B, €é.g for reactionsd and e the following
values were measured: fqrc, = 5 mol it wask,= 0.483+ 0.020,k,= 0.938+ 0.016
I molts; for ¢ iy = 6 mol Itit wasky= 0.581+ 0.011,k,= 1.41+ 0.05 | motts™.
The effect of temperature on the reactions taking place in the presence and in 1
sence of electrolyte supports the idea about the role of solvent structure. In reac
andg decreasing temperature increased the ratio of rate constants in % biGl and
in water: Ky(LICl)/ky(H,O) = 3.98g5 5 3-37%0g.8x K(LICI)/ k(H,0) = 3.84q9g 5
3.47,05 8¢ INCreasing temperature deteriorates the solvent structure due to incr
thermal movements of water molecules and the effect of supporting electrolyte o
vent structure will be relatively smaller as compared with that at the lower temper
This fact was also reflected in the change of the activation parameters upon transfert
reacting system from water to 4 mof' LiCl: AH;(H,0) = 36.5,AH;(LiCl) =
30.5 kJ mot, AS{(H,0) = -118,AS{(LiCl) = -131 J K moll, AHF(H,0) = 40.2,
AHZ(LICI) = 36.0 kJ mott, AS?(H,0) = 111 AS*(LiCl) = =116 J Kt mol™.

The authors are indebted to Dr I. Cernusak for valuable discussion during the course of this
This research was supported by Grant No. 1/2019/95 from the Grant Agency VEGA of the
Republic.
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