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Abstract

The kinetics of oxidation of ruthenium(lll)-catalysed oxidation of 4-hydroxycoumarin (HDC) by diperiodatonickelate(IV) (DPN) in aque-
ous alkaline medium at a constant ionic strength of 1.0 mofdwas studied spectrophotometrically. The reaction between DPN and
4-hydroxycoumarin in alkaline medium exhibits 3:1 stoichiometry (DPN:HDC). The reaction is of first order in [DPN] and less than unit
order in [HDC] and [alkali]. Periodate has no effect on the rate of reaction. The reaction rate increases with increase in ionic strength and
decrease in dielectric constant of the medium. The main products were identified by spot test and spectral studies. A mechanism involving
the DPN as the reactive species of the oxidant and a complex formation between 4-hydroxycoumarin and ruthenium(lll) species has been
proposed. The reaction constants involved in the different steps of mechanism are calculated. The activation parameters with respect to slow
step of the mechanism are computed and discussed and thermodynamic quantities are also calculated.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction formation of different intermediate complexes, free radicals
and different oxidation states of ruthenium. The uncatalysed
The use of diperiodatonickelate(IV) (DPN) as an oxidant reaction between 4-hydroxycoumarin and DPN in an alka-
in alkaline medium is new and restricted to a few cd&e$] line medium has been studied previoudly]. A microscopic
due to the fact of its limited solubility and stability in aqgueous amount of ruthenium(lll) is sufficient to catalyse the reaction
medium. Reduction of nickel(IV) complexes have been re- and a variety of mechanisms are possible.
ceived a considerable attention in order to understand, the The biological importance of coumarin derivatives
nature of intermediate oxidation states of nickel, such as as anticoagulants, aflatoxins, mycotoxins and antibiotics
nickel(lll). Indeed, stable nickel(lll) complexes are known has led to a considerable amount of synthetic work in
[7-9]. Moreover, when nickel(lV) periodate is oxidant, it the field of coumarin for their pharmacological evalua-
needs to be known which of the species is the active form tion. 4-Hydroxycoumarin (4-hydroxy-2H-1-benzopyran-2-
of oxidant, since multiple equilibria between the different one) (HDC) is used in the synthesis of pharmaceuticals espe-

nickel(IV) species are involved. cially for anticoagulants. It is used in manufacturing fluores-
Ruthenium(lll) acts as an efficient catalyst in many re- cent dyes and rodenticides. The 4-hydroxycoumarin deriva-
dox reactions, particularly in an alkaline medijib®]. The tive, Mercamouf12], is a long oral anticoagulant. The anti-

catalysed mechanism can be quite complicated due to thecoagulant activity is in the duration of 48—72 h. Ichikawa et
al. [13] reported that 4-hydroxy-3-sulphonamidocoumarins
* Corresponding author. Tel.: +91 8362770524; fax: +91 8362747884.  are used as antibacterial and antitubercular agents. In ear-
E-mail addressstnandibewoor@yahoo.com (S.T. Nandibewoor). lier reports[4—7] on DPN oxidation, periodate had a re-
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tarding effect and order in the [OH was found to be less  unless otherwise stated. The reaction was initiated by
than unity in almost all the reactions and monoperiodaton- mixing thermally equilibrated solutions of DPN and 4-
ickelate(IV) (MPN), is considered to be the active species. hydroxycoumarin which also contained a definite quantity of
However, in the present study we have observed entirely Ru(lll), KOH, KNOz and IQ;~. Here, the total concentration
different kinetic observations and diperiodatonickelate(lVv) of hydroxideionwas calculated considering the KOH in DPN
(DPN) itself is found to be active form of the oxidant. as well as the KOH additionally added. Similarly, the total
The literature survey reveals that there are no reports onmetaperiodate concentration was calculated by considering
mechanistic study of ruthenium(lll)-catalysed oxidation of the amount presentin the DPN solution and that additionally
4-hydroxycoumarin by DPN. Thus, in order to explore the added. The course of reaction was followed by measuring
mechanism of oxidation by DPN in alkaline medium and to the absorbance of unreacted DPN in the reaction mixture in
check the reactivity of hydroxy compounds towards DPN, a 1cm quartz cell located in the thermostatted compartment
we have selected 4-hydroxycoumarin as a substrate. The ti-of a Hitachi 150-20 spectrophotometer, at its maximum ab-
tle reaction is studied to investigate the redox chemistry of sorption wavelength of 410 nm as a function of time. Earlier,
the nickel(IV) in such media and to arrive at a plausible itwas verified that there is negligible interference from other
mechanism. species present in the reaction mixture at this wavelength.
The obedience of Beer's law by DPN at 410 nm was ver-
ified earlier and the molar absorbance coefficiesitwas
2. Experimental and methods found to be 750@: 375 dnt mol~1 cm~1 at this wavelength.
The reaction was followed to more than 80% completion.
All chemicals used were of reagent grade. Double dis- The first-order rate constantg,,s, were calculated from the
tiled water was used throughout the work. The solution slopes of log [DPN] versus time plots. The rate constants
of 4-hydroxycoumarin (M/s. S.S. Antibiotics Pvt. Ltd., Au- were reproducible to withifd-4%.
rangabad, India)) was prepared by dissolving appropriate In view of the modest concentration of alkali used in the
amount of recrystallised sample (from agueous acetone) in al-reaction medium, attention was also directed to the effect of
kali. The solid complex nickel(lV) periodate was prepared by the surface reaction vessel on the kinetics. Use of polythene
known method14]. The purity of the complex was checked or acrylic wares and quartz or polyacrylate cells gave the
by its UV-vis spectrum, which shows a broad absorption same results, indicating that the surface does not have any
band at 410 nm. Aqueous solution of DPN was obtained by significant effect on reaction rates. Kinetic runs were also
dissolving the solid complex in 1.0 mol dr KOH solution. carried out in nitrogen atmosphere in order to understand the
The Ni(IV) in alkaline solution was estimated gravimetri- effect of dissolved oxygen on the rate of reaction. No signif-
cally [15] after reducing it to Ni(ll) and precipitating Ni(ll)  icant difference in the results was obtained under a nitrogen
as its dimethyl glyoxime complex. Periodate solution was atmosphere and in the presence of air. In view of the ubig-
prepared by weighing out the required amount of a sample uitous contamination of carbonate in the basic medium, the
potassium periodate in hot water and was used after keep-effect of carbonate was also studied. Added carbonate had no
ing for 24 h. Its concentration was ascertair{@6] iodo- effect on the reaction rates. However, fresh solutions were,
metrically at neutral pH maintained by a phosphate buffer. nevertheless, used while carrying out the kinetic study. Re-
Ni(ll) solution was prepared from nickel sulphate (Fischer). gression analysis of experimental data to obtain regression
The ruthenium(lll) solution was prepared by dissolving a coefficientr, and the standard deviatid® of points from
known weight of Rud (s.d. fine-chem) in 0.20 mol dni the regression line, was performed with the Microsoft Excel
HCI. Mercury was added to the ruthenium(lll) solution to programme.
reduce any Ru(IV) formed during the preparation of ruthe-
nium(lll) stock solution and was kept for a day. The ruthe-
nium(lll) concentration was assayf¥] by EDTA titration.
Potassium hydroxide and potassium nitrate were employed to3. Results and discussion
maintain required alkalinity and ionic strength, respectively.
Since periodate is present in excess in the DPN complex, the3.1. Stoichiometry and product analysis
possibility of 4-hydroxycoumarin oxidation by periodate in
aqueous alkaline medium has been tested. The results indi- Different reaction mixtures with different sets of concen-
cated that the reaction betweernylGand 4-hydroxycoumarin  trations of reactants where [Ni(IV)] was in excess over 4-
is negligibly slow compared to the rate of reaction be- hydroxycoumarin at constantamount of ruthenium(lll), ionic
tween DPN and 4-hydroxycoumarin under the experimental strength and alkali were kept for about 6 h at426.1°C
conditions. in nitrogen atmosphere and in a closed vessel. The remain-
Kinetic measurements were performed on a Hitachi 150- ing [DPN] was assayed spectrophotometrically by measuring
20 spectrophotometer. All kinetic runs were followed under the absorbance at 410 nm. The results indicated the 3 mol
pseudo-first-order conditions with the 4-hydroxycoumarin of DPN is consumed by 1 mol 4-hydroxycoumarin as in
concentration in excess over that of the oxidant atZb1°C, Eq.(1)
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The reaction product was extracted with ether and recrys- of the rate constants of the catalysé@)(and uncatalysed
tallised from aqueous alcohol and the purity was checked by (ku) reactions, sdkc =kt — ky. Hence, the reaction orders

HPLC. This is identified as salicylic acid by its I.R. spec-
trum (KBr) from FT-IR—Spectrometer Nicolet Impact 410,
which showed a band av) 1701 cn?! due to GO and
3392 cnt! due to phenolic OH. Salicylic acid was further
characterised byH NMR spectrum from NMR Spectrome-
ter Bruker-F 300 MHz (CDGl+ DMSO-ds/TMS)3, 5.74 (s,
1H, phenolic OH, RO exchangeable), 7.27-7.82 (m, 4H, 4
aromatic protons), 11.5 (s, 1H, acidic OH,®@ exchange-
able). The other product oxalic acid, which is highly solu-
ble in water, was identified by spot tg4i8] and nickel(ll)
sulphate was identified by spot t§$8] and UV-vis spec-

have been determined from the slopes of Kegversus
log (concentration) plots by varying the concentrations of
4-hydroxycoumarin, ruthenium(lll) and alkali, in turn, while
keeping the others constant.

3.3. Effect of [diperiodatonickelate(IV)]

The oxidant, diperiodatonickelate(lV) concentration was
varied in the range of 1.2 10~° to 1.0x 10~* mol dm 3,
as shown inTable 1 All kinetic runs exhibited identical
characteristics. The linearity of plots of log (Abs) versus

trum. It was observed that the salicylic acid and oxalic acid time, { > 0.8763,S< 0.027), for different initial concentra-
do not undergo further oxidation under the present kinetic tions of DPN indicates the order in [DPN] as unifyid. 1).

conditions.
3.2. Reaction order

As the diperiodatonickelate(lV) oxidation of 4-

hydroxycoumarin in alkaline medium proceeds with a
measurable rate in the absence of ruthenium(lll), the

This was also confirmed by varying [DPN], which did not
show any change in pseudo-first-order rate constdgts,
(Table 1.

3.4. Effect of [4-hydroxycoumarin]

The substrate, 4-hydroxycoumarin, concentration was

catalysed reaction is understood to occur in parallel pathsvaried in the range of 3.2 10~ to 3.5x 102 moldm2 at
with contributions from both the catalysed and uncatalysed 25°C, keeping all other reactant concentrations and condi-

paths. Thus, the total rate constakt)(is equal to the sum

Table 1

tions constanffable 1. Thek. valuesincreased with increase

Effect of variation of [DPN], [Ru(lll), [HDC] and [OH] on the ruthenium(lll)-catalysed oxidation of 4-hydroxycoumarin by diperiodatonickelate(IV) in

aqueous alkaline medium at 26; [I0,~]=1.0x 10>, 1=1.0 mol dn13

10° [HDC] 10* [DPN] 10° [Ru(llN)] [OH~] (moldm™3) 1P kr 571 1P ky (571 1P ke (s71)
(mol dm3) (moldm3) (moldm3) EE——
Expt. Cal.

0.3 0.6 0.6 0.5 0.70 1.25 0.57 0.57
0.6 0.6 0.6 0.5 0.95 1.63 0.78 0.77
1.2 0.6 0.6 0.5 1.50 2.50 1.25 1.28
2.4 0.6 0.6 0.5 2.10 3.60 1.74 1.71
35 0.6 0.6 0.5 2.45 4.20 2.03 2.00
1.2 0.1 0.6 0.5 1.52 2.52 1.29 1.28
1.2 0.3 0.6 0.5 1.50 2.54 1.26 1.28
1.2 0.6 0.6 0.5 1.50 2.50 1.25 1.28
1.2 0.8 0.6 0.5 1.52 2.49 1.26 1.28
1.2 1.0 0.6 0.5 1.53 2.55 1.27 1.28
1.2 0.6 0.1 0.5 0.50 2.50 0.25 0.24
1.2 0.6 0.2 0.5 0.90 2.50 0.65 0.70
1.2 0.6 0.6 0.5 1.50 2.50 1.25 1.28
1.2 0.6 0.8 0.5 2.25 2.50 1.95 2.00
1.2 0.6 1.0 0.5 3.15 2.50 2.90 2.95
1.2 0.6 0.6 0.1 0.85 1.40 0.70 0.71
1.2 0.6 0.6 0.3 1.35 2.25 1.12 1.14
1.2 0.6 0.6 0.5 1.50 2.50 1.25 1.28
1.2 0.6 0.6 0.8 1.90 3.40 1.56 1.50
1.2 0.6 0.6 1.0 2.50 4.20 2.08 2.10
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Fig. 1. First-order plots of Ru(lll)-catalysed oxidation of 4-hydroxy-
coumarin by diperiodatonickelate(lV) in aqueous alkaline medium at
25°C; 1¢° [DPN](moldm3), (1) 0.1, (2) 0.3, (3) 0.6, (4) 0.8,
(5) 1.0 (HDC]=1.2x 103, [OH"]=0.5, [Ru(lll)]=6.0x 10~° and
1=1.0moldn73).

in concentration of 4-hydroxycoumarin indicating an appar-
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3.7. Effect of ionic strength and dielectric constant

The effect of ionic strength was studied by varying the
potassium nitrate concentration from 0.5 to 2.0 motdrat
constant concentrations of diperiodatonickelate(1V), ruthe-
nium(lll), 4-hydroxycoumarin and alkali. It was found that
the rate constant increased with increase in concentration of
KNOj3 and the plot of lodk: versus,/I was linear with pos-
itive slope, which is given irrig. 2 (r > 0.9258,S< 0.009).
The relative permittivity £7) effect was studied by vary-
ing thet-butanol-water content in the reaction mixture with
all other conditions being constant. Attempts to measure
the relative permittivities of the mixture afbutanol-water
were not successful. However, they were computed from
the values of pure liquidf20]. The solvent did not react
with the oxidant under the experimental conditions. The rate
constantk., increased with decrease in the dielectric con-
stant of the medium. The plot of ldg versus 1¢t was
linear with positive slope as shown Fig. 2 (r > 0.9553,
S<0.096)

3.8. The effect of initially added products

The externally added products, such as the nickel sulphate,

ent less than unit order dependence on substrate concentraexalic acid and salicylic acid did not have any significant

tion. However, at lower concentration of 4-hydroxycoumarin,
the reaction was first order in [HDC] and at high concentra-
tion of 4-hydroxycoumarin, the reaction was independent of
[HDC]. The order in [HDC] changes from first order to zero
order as the [HDC] varies.

3.5. Effect of [Ru(lll)]

The ruthenium(lll) concentrations was varied from
1.0x 1076 to 1.0x 10~° mol dm2 range, at constant con-
centration of diperiodatonickelate(lV), 4-hydroxycoumarin,
alkali and ionic strength. The order in [Ru(lll)] was found
to be unity from the linearity of the plots of ldg versus
log [Ru(ll)] (r >0.9997,S<0.022).

3.6. Effect of [alkali] and [periodate]

The effect of alkali on the reaction was studied at con-
stant concentrations of 4-hydroxycoumarin and diperioda-
tonickelate(IV) (DPN) and at a constant ionic strength of
1.0 mol dn13 at 25°C. The rate constant increased with in-

crease in [alkali] indicating an apparent less than unit order

dependence on [alkali] as given Table 1Similar as in 4-
hydroxycoumarin case, the order in alkali changes from first
order to zero order as [alkali] varies. The effect of JIQ
was observed by varying the concentration from>1.10~°

to 1.0x 10~*mol dmi3, keeping all other reactants concen-

effect on the rate of the reaction.

3.9. Polymerization study

To test the intervention of free radicals, the reaction mix-
ture was mixed with acrylonitrile monomer and kept for 8 h
under nitrogen atmosphere. On dilution with methanol, no
precipitate of polymer was formed, indicating the absence of
intervention of free radicals in the reaction.

3.6 3.1 2.6 2.1 16 1.1 0.6
0.7 | 1 L L L 0
0.6 L0.1

L)
0.5

_C!J . 0.2 §

D 0.4 b4

Z L0.3 &
0.3

L0.4
0.2
0.1 . . . ——05
13 1.4 15 1.6 1.7
1/61’

trations constant. It was found that the added periodate has

no effect on the rate of reaction.

Fig. 2. Plots of lodc vs. |2 and logk; vs. 1kT.
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Table 2

- _ medium the predominant species of periodic acidigH .
Thermodynamic activation parameters for the ruthenium(lll)-catalysed ox-

idation of 4-hydroxycoumarin by alkaline diperiodatonickelate(IV) with re- K1 _ i 4

spect to slow step ddcheme 1 Hsl0g = H4lOg™ +H™, K1 =51x10 2
Activation parameters Values K2 o n o

Ea (kdmot) 367+ 1 H4lOg™ =H3l0s" + H", K2=49x10 (3)
AH* (kI mot 1) 347+ 1 ,_ Ks 3 1

AS (JK-LmolY) —67.2+ 1.5 H3lOg~ = H2l0°~ + HT, K3=51x 10" 4)
AG* (kI mol 1) 46+ 1

It is interesting to identify the probable ruthenium(lil)
chloride species in alkaline media. Electronic spectral stud-
ies [26] have confirmed that ruthenium(lll) chloride exists
in hydrated form as [Ru((D)s]*. In the present study, it

The rate of the reaction was measured at four different jg quite probable that the [Rugd)sOH]%* species might
temperatures with varying [HDC] and [OH, keeping other  assume the general form [Ru(lll)(OHY . The x-value
conditions constant. The rate of the reaction was found to would a|WayS be less than six because there are no defi-
increase with the increase of temperature. The rate con-pjte reports of any hexahydroxy ruthenium species. The re-
stants,k, of the slow step of the reaction were obtained majinder of the coordination sphere would be filled by wa-

3.10. Effect of temperature

from slopes and the intercept of the plots of [Ru(IK}]ver-
sus 1/[HDC] ¢>0.9769,5< 0.005) and [Ru(lll)]k. versus
1/[OH] (r = 0.9986,5< 0.041) for different temperatures.
The values ofk x 103 (dm®mol~1s~1) were 5.18, 6.91,
7.96 and 10.90 at 25, 30, 35 and“4) respectively. The en-

ter molecules. Hence, under the conditions employed, e.qg.
[OH™] > [Ru(lID], ruthenium(lll) is mostly present as the
hydroxylated species, [Rug®)sOH]?* [27].

The reaction between DPN and 4-hydroxycoumarin in al-
kaline medium in the presence of ruthenium(lll) presents a

ergy of activation corresponding to these constants were eval-3:1 stoichiometry of oxidant to reductant, with first-order

uated from the plot of logversus 1T (r > 0.9273S< 0.004)

and other activation parameters of the reaction were calcu-

lated and are given ifable 2

3.11. Mechanism

The water-solublg8,9] nickel(IV) periodate complex is
reported[5,6,21-24]to be [Ni(HIOg)2(OH),]®~. Although
periodate is involved in multiple equilibrié2)+4), which
prevail to varying extents depending on the pH employed,
under the strong alkaline conditions of the study (pH 13.3)
the predominant form of periodate is expected to b2~
and not HIQ*~, which appears in present in the Ni(IV) com-
plex[4-6,22,25] On the contrary, in mild acidic and neutral

. Ky
[Ni(OH),(H;104),]* + OH

K5
©\/i+ [Ru(H,0)s0H 2"
o

0

Complex (C) + H,0 + [Ni(OH),(H;104)(H,l04)1*

CH,OH
| +2 [Ni(OH),(H,l04)(H,I0)>  +
COOH

OH-

———

dependence on both [DPN] and [ruthenium(lil)]Jand an ap-
parent order of less than unity in [Ofland [HDC]. In most

of the reportd4—7] on DPN oxidation, periodate had a re-
tarding effect and order in the [OH was found to be less
than unity and monoperiodatonickelate(IV) (MPN) is con-
sidered to be the active species. However, in the present
kinetic study, different kinetic observations have been ob-
tained, i.e., periodate has no effect on the rate of reaction
and accordingly DPN itself is considered to be the active
species of oxidant. The results indicate that the DPN com-
bines with alkali to form a deprotonated form of DPN in
equilibrium with the corresponding deprotonated species, as
shown inScheme 1This is also supported by the observed
fractional order in [OH]. 4-Hydroxycoumarin reacts with

INIOH),(Hal0g)(Ho001 + 1, o

Complex (C)

K C-OH
+ |CH20H
slow COOH
Ni2* + H,lO% +H,1042 + [Ru(H,0)sOH]?*

fast COOH
+ 2Ni(OH), + 2H,I04%* +
COOH

2H,l04% +3H*

Scheme 1.
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ruthenium(lll) species to form a complex (C) which reacts to rate law(5) as follows:

with 1 mol of the deprotonated form of DPN in a slow step to B
k K4Ks[HDC][DPN][OH~][Ru(lll)]

give the products salicylic acid, glycolic acid and nickel(Il) Rate= (5)
species with regeneration of catalyst, ruthenium(Ky.is (1+ Ks[Ru(IN])(1 + K4[OH™])
the equilibrium constant comprising the equilibrium to bind x (1 + K4[DPN])(1+ Ks[HDC])

4-hydroxycoumarin to ruthenium(lll). Further, the glycolic

acid reacts with two more molecules of DPN species in a  The terms (1 K4[DPN]) and (1 +Ks[Ru(lIl)]) in the de-
fast step to yield the products as givenSecheme 1The nominator of Eq(5) approximate to unity, in view of the low
formation of oxalic acid via glycolic acid is as per literature concentration of DPN and ruthenium(lll) used, and therefore,

[28]. Eq.(5) can be written as follows:
The probable structure of the complex (C) is given below:

— Rate
L L% o, | PN
¢C_H_C\ | / z =kc =kt —ku
HO —C _—~Ru —OH, _
\ o /1 ™ on _ kK4 Ks[HDC][Ru(lI)][OH 7] ©)
@ HO op, O = 11 K4[OH] + Ks[HDC] + K4Ks[OH-][HDC]
Eq. (6) can be rearranged to E(Y.), which is suitable for

\ verification.

Spectral evidence for such a catalyst-substrate [Ru(lll)] 1 . 1
complex was obtained from the UV-vis spectra of kc ~ kK4Ks[HDC]J[OH™] = kKs[HDC]
4-hydroxycoumarin (1. 10 3moldm3) and mix- 1 1
ture of ruthenium(lll) (6.0< 10-°>moldm3) and 4- +m—l—% 7)

hydroxycoumarin (1.% 103 mol dnm3). A hypsochromic
shift about 6 nm, from 248 to 242 nm is observed together .
According to Eq.(7), the plots of [Ru(lll)]k; ver-

with hyperchromicity at 242 nm. Such a complex between a
substrate and a catalyst has been observed in other studieSUS 1/[HDC] and [Ru(ll)Jk; versus1/[OH] (r=0.9994,
S<0.050 andr >0.9986,S<0.041) are linear, with an

[29]. ; . .
The thermodynamic quantities for the first equilibrium Ntercept supporting the Ru(ll)—4-hydroxycoumarin com-
plex, which is verified Fig. 3). From the slope and in-

step inScheme Xan be evaluated as follows: the substrate
concentration was varied at four different temperatures and {€7¢€Pt of such plots, the \{alues Kk, Ks andk are call—

the value oK4 was determined at each temperature. The val- culatedas5.50.1 dn? mol~ '11'Ofc 0.05x 10> dm® mol”

ues o, (dm® mol~1) were obtained as 5.5, 7.0, 8.2and 9.5 at @nd 5.180.3x 10°dm® mol~* s . The value obtained for
25, 30, 35 and 40C, respectively. A vant Hoff plotwas made <4 1S In agreement with previously report¢gll]. The rate
for the variation ofk, with temperature [i.e., o4 versus constants were evaluated over different experimental condi-
1/T (r > 0.9985,5<0.036)] and the values of the enthalpy

of reaction,AH, entropy of reactionAS, and free energy of 1/[H DC]x 10" dm® mol !

reaction,AG, were calculated and tabulated Table 3 A 1435 80 25 20 15 10 05 00
comparison of the latter values with those obtained for the ‘ ' ‘ ' ) ‘ ' 01

slow step of the reaction shows that these values mainly refer
to the rate limiting step, supporting the fact that the reaction
before the rate determining step are fairly slow and involves
high activation energy30]. In the presence of catalyst, the
reaction appears to occur in parallel paths with contribution
from the uncatalysed and catalysed paths. Thus, the total rate
constantkr) is equal to the sum of the rate constants of the
catalysedKc) and uncatalysedk() reactionsScheme leads

s

© £0.3

o
©
|

0.5

o
=y
)

0.7

0.9

o
n
!

1.1

[Ru(li]/kc x 10* mol dm"
[Ru(li)}/kc x 10* mol dm=23s

Table 3
Thermodynamic quantities usitg, values

T T T i— 1 3
3.0 6.0 9.0 12.0
1/[OH "] dm® mol”

o
w

o
o

Thermodynamic quantities Values

AH (kJmol?1) 22+ 05

AS(JIK 1 mol1) 7242 ) o
AG (kJmof1) 1.2+ 001 Fig. 3. Verification of rate law(6). Plots of [Ru(lll)]k; vs. 1/[HDC] and
[Ru(l]/ ke vs. 1/[OH] (conditions as inTable J).
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tions and there is a reasonable agreement between the calcyi1] R.S. Shettar, M.I. Hiremath, S.T. Nandibewoor, Chem. Internet J.
lated and experimentaléble 1) which fortifies the proposed (2005) (Communicated). '
mechanism. The effect of solvent on the reaction rate is de-112 M- Ichikawa, H. Ichibagase, Y. Zasshi, Chem. Abstr. 86 (1966)

. . o . 1064,
scribed in detail in the literatur2]. In our present study, M. Ichikawa, H. Ichibagase, Y. Zasshi, Chem. Abstr. 60 (1967)

a plot of logk; versus 11 (r > 0.984,s<0.0053) is linear 104869.
with positive slopeFig. 3), which is in accordance with the  [13] M. Ichikawa, H. Ichibagase, Chem. Pharm. Bull. 17 (1969)
involvement of negative ions as given®theme 1 2384,

The increase in the rate, with increasing ionic strength, is M- Ichikawa, H. ichibagase, Chem. Abstr. 72 (1970) 551604;

in the f f fi bet h d . f M. Ichikawa, H. Ichibagase, S. Nagasaki, Jpn. Pat. 7019 (1970) 206;
In the favour of a reaction between charged species of reac- M. Ichikawa, H. Ichibagase, S. Nagasaki, Chem. Abstr. 73 (1970)

tants, as presented 8cheme Df the proposed mechanism. 66434,
The difference in the activation parameters for the catalysed[14] P. Ray, in: Therald Moellar (Ed.), Inorganic Synthesis, fifth ed.,
(kc) and uncatalysedk()) reaction explains the catalytic ef- McGraw-Hill, New York, 1957, p. 201.

fect on the reaction. The catalyst, Ru(lll), forms a complex [15] G.H. Jaffery, J. Bassett, J. Mendham, R.C. Denney, Vogel's Text

. . . . Book of Quantitative Chemical Analysis, fifth ed., ELBS Longman,
with 4-hydroxycoumarin which can be reduced more easily Essex u?< 1996, p. 181 Y g

than 4-hydroxycoumarin itself. Hence, the catalyst, Ru(lll) [16] G.p. Panigrahi, P.K. Misro, Indian J. Chem. 16A (1978) 201.
lowers energy of activation. The negative valuexs’ indi- [17] C.S. Reddy, T. Vijayakumar, Indian J. Chem. 34A (1995) 615;
cates that the complex (C) is more ordered than the reactants.  A.G. Sykes, H. Eemeleus, A.G. Sharpe (Eds.), Advances in Inorganic
The observed modest enthalpy of activation and higher rate __ and Radio Chemistry, vol. 10, 1967, p. 321.

- . . [18] F. Feigl, Spot Tests in Organic Analysis, Elsevier Publishing Com-
constant of the slow step indicate that the oxidation presum- pany, Amsterdam, 1975, p. 106.

ably occurs by inner-sphere mechanism. This conclusion iS[1g] G.H. Jaffery, J. Bassett, J. Mendham, R.C. Denney, Vogel's Text

supported by earlier world3]. Book of Quantitative Chemical Analysis, fifth ed., ELBS Longman,
Essex, UK, 1996, p. 464.

[20] D.R. Lide, CRC Hand Book of Chemistry and Physics, 73rd ed.,
CRC press, London, 1992, p. 8-51.

4. Conclusions [21] G.H. Hugar, S.T. Nandibewoor, Indian J. Chem. 32A (1993)

1056.
Among various species of Ni(IV) in alkaline medium, in  [22] U. Chandraiah, C.P. Murthy, S. Kandlikar, Indian J. Chem. 28A
earlier reports the monoperiodatonickelate(lV) was the ac- ~ (1989) 248.

tive SpeCieS, whereas deprotonated form of diperiOdateon'[Z3] R.M. Kulkarni, D.C. Bilehal, S.T. Nandibewoor, J. Chem. Res.

. : . . . . (2002) (M) 401, (S) 147.
ickelate(V) itself is considered to be the active species for [24] A.L. Harihar, M.R. Kembhavi, S.T. Nandibewoor, Inorg. React.

the title reaction. Rate constant of slow step and other equilib- Mech. 1 (1999) 145.
rium constants involved in the mechanism are evaluated and25] H.G. Mukherjee, M. Bhansidar, D. Shyamali, Indian J. Chem. 23A
activation parameters with respect to slow step of reaction (1984) 426.
were computed. [26] A.M. Balado, B.C. .Gfalan, F.J.P. Martin, An. Qgim. 88 (1992) 1'70;
F.A. Cotton, G. Wilkinson, Advanced Inorganic Chemistry, Wiley
Eastern, New York, 1996, p. 153.
[27] D.L. Kamble, S.T. Nandibewoor, Oxid. Commun. 21 (1998) 396;
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