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A detailed kinetic study of oxidation of L-ascorbic acid and other related dials has been undertaken by two types of 
Fe(III) chelates viz., blue complexes and Blau’s yellow complexes. Application of Marcus theory substantiated an inner 
sphere electron transfer from L-ascorbic acid (or dial) to Fe(W) chelates (Blau’s yetlow complexes), while an outer sphere 
mechanism was operative in the case of blue complexes. Reactions were found to be catalysed by both anionic and cationic 
micelles (SDS and @TAB respectively). Catalysis was explained due to the stabilisation of transition state due to electrostatic 
interactions operating between cationic form of Fe;e(III) chelates and anionic CTAB respectively. Mechanism of miceliar path 
could be explained by binding model. 
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1. 

Oxidation of organic compounds does not 
proceed by Fe(III) in sulphuric acid medium 
even under reflux conditions. However, the re- 
action proceeds smoothly even at ordinary tem- 
peratures in the presence of ligands such as 
1,l O-phenanthroline (phen), cy , a,‘-bipyridyl 
(bipy). Our preliminary investigations show that 
the oxidation is faster in low acidities and very 
slow or almost sluggish in big er concentrations 
of sulphuric acid even in the presence of hetero- 
cyclic (ligands) bases such as ~he~~throli~e. A 
survey of the literature shows that yellow-brown 
complexes are obtained when bipyridyl, phenan- 

throline or substituted analogous ligands are 
directly added to Fe(II1) [l--5]. These yellow- 
brown complexes are proved to be entirely dif- 
ferent from blue complexes of Fe(III) which 
obta:kd only by the oxidation of Fe(II)chelates 
of phen, bipy, (for example, ferroin). It was ako 
further reported that yellow complexes of Fe(III) 
are substitution labile while the blue complexes 
are substitution inert. Following the kinetics of 
oxidation of various org 
by Fe(III) in I-I ,533, med 

y) an account is now given on the kinetic 
gation of certain benzene dials ( 

catechol hydroquinone 
same oxidising species. It 
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is also proposed to ccrrelate the specific rate 
constants with electrode potentials using Mar- 
cus’ theory of linear free energy relationship 

Ml]. 
In order to support the findings of this study, 

the authors have this investigation 
by using blue co &II) as oxidants 
in addition to yellow compiexes. 

The effect of organised assemblies on the 
rates and equilibria of reactions as attracted the 
attention of several chemists an biochemists in 

e interest is mainly based on 
many biochemical reactions 
eterogeneous systems which 

ueous and a lipophilie * zzmetj; 

ochemical functions, the re- 
dox systems are of primary i ortance because 
entire electron transport occu n these systems 
1131. The investigation of electron transfer pro- 

ses in micelIar edia is, however, taken up 
examining pro ly selected reactions [14- 

18]. Oxidation of ferrocene by Fe’+ (aqua ion) 
115,161, metal chelates with hydrophobic ligands 
such as tris( 1 ,lQ-phenanthroline)-cobalt(III) and 
analogous complexes 1171. On the basis of these 
studies, it was proposed that ferrocene and fer- 
rocenium ion could be used as suitable 
for metalloprotein redox studies [18]. S 
teresting features prompted the authors to ex- 
tend the present investigation in organised mi- 
cellar media in order to gain an insight into the 
mechanistic aspects. 

2.1. Reagents 

F&II) snlpbate solution has been prepared 
and standaldised according to literature proce- 
dures [l--S]. Benzene diols ( 
cinol, hydroquinone, catechol, L-ascorbic acid, 
1,1 O-phenantbroline, (Y ,a’-bipyridyl, itro- 
pbenantbroline, sodium lauryl sulphate (SD% or 
SI-S), CetyItrimethylammonium bromide 
(CTAB) and Triton X- 100 (TX) are either FIuka, 

Aldrich or Merck samples. AlI other chemicals 
are of BIX-I AnalaR Grade. 

Methanol (IvIerck? has been refluxed over 
KOH and I? for about two hours, distilled twice 
and used for solvent effect studies. The dielec- 
tric constant data for different aquomethanol 
mixtures have been obtained from literature [lo]. 

2.2. Kinetic measurements 

progress of the reaction has been fol- 
BO by recording the absorbance values of 
ferroin or corresponding analogous Fe(B) 
chelates at 510 nm and regular intervals of time -_. 
Oh Beckman U-Model spectrophotometer 
equipped with t ostated quartz ceBls. Results 
are reproducible within &-3%. 

2.3. Potentiometric measurements 

Dissociation constants for the step 

I-I,A 2 I-M-+ 

have been determined by potentiometric tech- 
niques with a Systronics (India) pW meter 

d with a combination of glass and 
electrode assembly. Formal potentials 

for Fe(III)/Fe(II) in the presence of ligand and 
2 A/A couples in sulphuric ac! 9 medium have 

been determined according to q~andard proce- 
dures [l O] using saturated calomel (XX) and 
platinum (contact) electrode assembly con- 
nected through KIW, salt bridge. The formal 
reduction potentials of I-I, A/A have been de- 
termined by partially oxidising the substrate 
with the addition of Tl(II1) and then recording 
emf potentiometrically [ 1 O]. 

2.4. Pslymerisation test 

e addition of deaerated olefinic monomer 
or acrylonitrile) to the reaction 
ted vinyl polymcrisation indi- 

ation of free radicals in the 
system. 
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3.1. Salient -features of the study 

3. I. I. Stoichiometry and product analysi 
When the reaction was conducted un 

conditions [Fe(III)L] z+ [Substrate] or (pi 2 A), it 
was noticed that one mole of dihydroxy com- 
pound consumed two moles of oxidant to give a 
dienone type compound as the product of oxida- 
tion. Products were analysed by characteristic 
spot tests according standard literature proce- 
dures [9, X 01. 

2Fe(III)L f R < zi -+ 2Fe(II)L + 

indicates dihydroxy compound. 

3.12. Under the conditions [I,] B 
[Hz A] Z+ Fe(W) 

Plots of ln[ A,/( A, - A,)] a 
(where A,, A, represent absor 
time and time t) were li 
origin indicating order w 

] is found to be fractional 
from the log-log plots of k’ vs. [ 
the reciprocal plots of I/k’ vs 
linear with a positive slope and positive inter- 
cept on l/k’ axis indicating the formation of a 

ilar observatio s were made in 
nionic, cationic as well as non-ionic rnicellar 

media j’kble I, Fig. 2). 
4. Effect of variation of [Salt], [Acid] and 
ethanol % (Table 2, Table 3, Table 4) indi- 

(A) Sponlansoor reaction 
I ue cofnplox 

t(mita)=---+ t (min)- 

Fig. I. Resorcinol in aqueous acid and micellar media. (A) Plot of log(a/(u -x)1 versus time, Temp. = 298 K lO’[Fd111)] = I .OO 

mol.dm-‘; 102[Resorcinol] = 1.00 mol. dm-‘; [H+] = 0.100 mol. dm -3. (B) Plot of logt~/(o - XI} versus time, Temp. = 298 K 

103[Fe(lll)] = 1.00 mol.dm- , 3. lO*[Resorcinol] = 1.00 mol. dm-‘; [H’] = 0.100 mol- dm -); IOZITx] = 3.00 mol. d6’. (Cl Plot of 
-3. 

log{u/(u -x)} versus time, Temp. = 298 K I03[Feilll)] = 1.00 mol. dm -3; 10?[&sorcjnol]= 1,C_Wmol~dm-‘;[H+] =O.lOOmol.dm . 

[03[sm] = 8.~43 teal. &I-~. (Q) Blot of IO~(U/(~ - x)) verstts time, Temp. = 298 K 103[Fe(lSI)! = i.00 mol .dm-“; IO’[Resorciaol] = 

1.00 mol.dm ~3;[H+]=0.100mol~dm , -3. 104[CTAB] = 9.W mol .dm-‘. 
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cated different trends from yellow co lexes of 
Fe(III? to blue complexes of Fe(W). e trends 
are given in Table 5. ( ,A = Asc. acid, ben- 
zene diol hydroquinone, catechol or resorcinol). 

3.2. Reactive species and ~ec~~~is~ of oxida- 
tion 

From the salient kinetic features cited in the 
revious section it has een observed that the 
lots of l/k’ vs. I/[ 2AI were linear with 
ositive slope and definite intercept on l/k’ 

recursor thus fo 

and solvent on 
f active oxidis- 

ing and reducing species can 

240:; 
-1 

220 L 

10o:z 

90 

140 

70 

-sa Yellow complex 

(A) Spontaneous reaction 
(6) SDS (C) CTAS (D) Tx Systems 

Consequently the linear plot of k’ vs. 1 /[PI+] 

with positive slope, may probably indicate that 
the active reducing species is HA - according to 
the following equilibrium, 

e increase in NaClO, did 
wever, under similar con- 

the rates are marginally inhibited 
4. On the basis of results obtained from 

ion-exchange and spectrophotometric tech- 
niques Whitekar and 
Fe(M) complex mainly exists as Fe 
[S0,2-] > 0.01 mol - dmb3. Since [SO:-] 2 
0.100 mol. dmm3 in this study Fe (Se),), has 
been considere as the active species. Under the 
conditions [Phen] ZP [Fe(W)] Gaines and co- 
workers [4] have reported the formation of a 1:2 

-- 
I I I I I I. 

10 20 30 40 [AscAcid]~‘- 0 10 20 30 40 [AscAJ-k 

Fig. 2. Ascorbic acid in aqueous acid and micellar media. (A) Plot of [k’]- ’ 

mol. dm -‘; [H+] =O.lOO mol+dm-3; (B) Plot of [k’]-’ 
versus [Ascorbic acid]- ’ ; Temp. = 298 K 103[Fe(II11] = 1 .OO 

[H’] = 0.100 mol. dm- 
versus [Ascorbic acid]- ‘; Temp. = 298 K 103[Fe(Ill)l = 1.00 mol. dm-‘; 

moladm-‘; 
‘; I03[SDS] = 8.00 mol. dm- 3. (C) Plot of [VI- ’ versus [Ascorbic acid]- ’ ; Temp. = 298 K 1031FeW] 5 I .OO 

[I-I+] = 0.100 mol. dmm3; I04(CTAB] = 9.00 mol. dmS3. (D) Plot of 
103[Fe(W] = 1.00 mol -dme3; [H’] = 0.100 mol. dme3; lO’[Tx] = 3.00 mol dme3. 

[k’]- ’ versus [Ascorbic acid]-‘; Temp. = 298 K 

280 

240 

160 

t 250 
z 
-% 230 

g210 
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complex of Fe(III) with the ligand. Iience, in 
the presence of sulphate ions, the equilibrium 
could be represented by 

Fe(SO,), + 2Phen + [Fe(Phen),]3+ + 2SO~- 

(2) 

e complex of Fe(III) and phen of the present 
study has been shown to be entirely different 
from ferrin by Marris [5] et al,, from the mag- 
neto chemical studies. Ferrin cannot be obtained 
by direct mixing of Fe(II1) and phen, but only 
by the oxidation of ferroin [l-5]. From the 
foregoing discussions, the lausible mechanism 
in phen catalysed Fe(III)- 2A reaction can be 
proposed as an equilibrium reaction between 
[Fe(Phen),]‘+ and I-IA- to give a mixed ligand 

complex hFe(Phen>,( ich dissociates 

in the slow step. The reaction between 
[Fe(Phen),]“” and 
ported from the sol 
sults are in accordance with Amis theory for a 
positive ion-dipole type reaction [Xl]. Hence 
the mechanistic pathway could be traced as 
shown in the scheme: 

I-I,A 2 I-lA-+ I-I’ (1) 

Fe(Phen),13++ I-l,A * [Fe(Pben),(H,A)]‘C 

(3a) 

& [Fe(Phen),( 

(3b) 

Table 1 
Effect of variation of [ascorbic acid] 

Fe(W) bipyridyl (yellow) 

System 1 Oi[Ascorbic acid] 103k, IO3 kq (min- ‘) 

(moi . dm- ‘1 (mir- ‘) (A) (B) (0 

Fdlll) phenantbroline (yellow) 1 .oo IO.8 3.45 4.bO 3.12 
2.00 I I.5 4.60 5.26 3.45 
4.00 13.4 5.07 5.77 4.14 
8.00 15.9 5.95 6.20 4.60 

10.0 18.4 6.90 6.90 5.07 

I .oo 13.8 10.8 I I.5 10.2 
2.00 17.2 12.2 13.4 10.8 
4.00 20.7 16.0 15.8 I I.5 
8.00 27.6 18.4 17.2 12.2 

IO.0 34.5 20.2 18.4 13.4 

Fe(M) nitrophenanthroline (yellow) I co 10.2 I I.5 12.5 10.8 
2.00 10.8 12.5 13.6 11.5 
4.c;J 12.2 14.9 15.4 12.5 
8.00 13.2 16.1 16.0 13.6 

10.0 14.9 18.3 17.2 15.4 

:.OO 9.21 2.76 4.80 3.22 
2.00 9.91 3.45 5.26 3.45 
4.00 10.8 4.60 5.99 4.14 
8.M 12.7 5.06 6.02 4.77 

10.0 14.9 5.81 6.90 5.06 

1 .oo 10.8 5.x ! 6.20 4.60 
2.00 Il.5 6.21 6.90 4.77 
4.00 13.2 6.90 7.28 5.26 
8.00 16.0 8.06 8.06 5.76 

10.0 18.4 8.82 9.21 6.20 

103[0X] = I.00 mol. dm-“; [H+] = 0.1tXI mol .dW3; remp = 29s K; (A) I03[SDS] = 8.00 mol .drn-‘; (B) 104[CTAB] = 9.20 mol. 

dmm3; (C) IO*[Tx] = 3.0 mol.dm- 3. 

Fe(W) phenanthroline (blue) 

Fe(lll) bipyridyl (blue) 
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jFejiihenj2(H2A)]3+ 

Fe(Phen),j’+ -I- HA’+ (4a> 

2+ S:W [Fe(Phen)J2+ -t- 

(4b) 

(51 

(where A = product of oxidation). 
Steps (3a) and (4a) can be neglected because 

the plot of k’ against [ -’ is linear passing 

through origin indicati at only the acid de- 
pendent path is operative in the mechanism of 
electron transfer. Consequently, reaction be- 

and WA- only should be 

Table 2 

Effect of variation of [H+] 

considered. The rate law, for t e above mecha- 
nism, therefore is 

This can be conveniently rearranged as 

k, _ - d[Fe(Phen)z* ] /dt 
- 

[Fe{ Phen)i+ ] 

k’ = (7) 

F&l!) bipyridyl (yellow) 

System 10Ym+ I IO’&, IO’&, (min- ‘1 

(mol. dm- ‘1 (min- ‘) (A) 03) (0 

Fe(llI) phenanthroline (yellow) 1.00 6.42 6.00 8.86 4.60 

2.00 6.64 5.54 8.06 4.14 

4.00 9.60 5.06 7.78 3.99 

8.00 10.2 4.45 6.90 3.45 

10.0 IO.8 3.45 4.60 3.12 

I.00 9.9 I 20.2 16.0 14.4 

2.00 10.0 18.4 15.6 13.4 

4.00 Il.4 16.0 14.4 12.2 

8.00 12.4 10.2 12.2 11.5 

10.0 13.8 IO.8 Il.5 10.2 

Fe(M) Nitrophenanthroline (yellow) 1.00 5.07 I I.5 No 6.54 

2.00 5.763 10.0 Change 7.76 

4.00 6.45 9.57 in Ii’ 8.10 

8.00 8.14 8.86 values 9.58 

10.0 10.2 7.4-6 observed 10.80 

1.00 12.2 4.45 10.2 8.82 

2.00 II.5 4.30 9.91 8.36 

4.00 9.96 3.61 9.21 7.24 

8.00 9.45 2.92 6.90 6.90 

10.0 9.2 I 2.76 4.80 3.22 

I.00 50.7 23.0 29.9 2O.P 

2.00 46*0 20.0 21.6 18.2 

4.00 34.5 18.8 23.0 17.4 

8.00 22.6 10.0 20.0 12.6 

10.0 10.8 5.81 6.20 4.60 

1O*kcorbic acid1 = 1.00 mol-dm-3; lO’[OX] = 1.00 mol.dm-‘; Temp = 298 K; (A) IO”[SDS] = 8.00 mol. dmm3; (B) IO~[CTAB] = 
9.20 mol. dmm3; (C) lO*fTx] = 3.00 mol. dm-‘. 

Fe(lW phenanthroline (blue) 

Fe(lll) bipyridyl (blue) 
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Reciprocals of Eq. 7 yield 

1 1 
-= 
k’ +i 

Plots of 1 /k’ vs. 1 /[F-l, A] have been found 
linear with positive slope (m,) and intercept 
CC,) on l/k’ axis. When the values of m are 
graphically correlated as a function of [W + ] the 
resultant plots were linear passing through ori- 
gin and yielding again a positive slope cm,). 
From the values of C, and m2 specific con- 
stants k and K have been evaluated. The values 

of thermodynamic parameters involving k, K 
are presented in Tables 6- 10. e catalysis of 
1, lo-phenanthroline con1 be explained as due 
to the ;K-electron cloud resent in the Lewis 
base which facilitates the electron transfer more 
rapidly. Furthermore this type of ligands are 
known to stabilise the er valency states rather 
than the higher [2-5, 

owever, in the ca benzene dial systems 
reactive species appeared to be nt. Effect 
of vnriation of [Acid] enhanc reaction 
rates thus pointing out the participation of 

Table 3 
Effect of variation of [Additive] 

system lO*[Additive] 103k, I03k, (min- ‘) 

(mol ~ dm- 3, (min- ‘) (A) (B) (0 

Fe(lIl)Phenanthroline (yellow) 

Fdlil) bipyridyl (yellow) 

Fe(III) phenanthroline (blue) 

Fe0111 bipyridyl (blue) 

Fe0111 phenanthroline (yellow) 

[SO,- 2 1 
1.00 20.0 8.06 9.21 8.76 
2.00 18.2 8.75 9.91 9.02 
8.00 16.7 10.3 10.8 9.91 

10.0 14.9 12.6 11.5 10.2 

1 .OO 4i.5 23.0 27.3 20.0 
2.00 36.8 20.0 23.0 18.4 
8.oi) 23.0 18.4 19.8 16.0 

10.0 18.4 16.0 17.4 14.4 

I .oo 14.6 3.91 10.2 3.45 
2.00 12.5 4.60 9.91 4.14 
8.00 11.5 6.90 9.2 I 4.77 

10.0 10.3 7.59 8.75 5.26 

1.00 69.0 41.5 52.6 34.5 
2.00 50.6 34.5 47.7 27.6 
8.00 32.2 23.0 30.5 20.0 

10.0 27.6 20.0 24.6 18.4 

(Fhen] 
1.00 27.6 - - 
2.00 46.1 - - 
4.00 55.3 - - 
8.00 62.0 - - - 

10.0 69. I - - 

Fe@l) bipyridine (yellow) 
Dipyl 1.00 

2.00 
4.00 

8.00 

7.31 - - - 

7.58 _ _ - 
8.24 - - 
8.86 - - 

10.0 9.21 - - - 

lO”[Ascorbic acid]= 1.00 mol.dmM3; iO’[QX]= 1.00 moI.dm-‘; [M+] =O.lO mol.dmm3; Temp = 298 K; (A) lO’[SDS] = 8.00 

mol. dm -3; (B) 104[CTAB] = 9.20 mol. dmm3; (C) 10’[1‘x] = 3.00 mol. dme3. 
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Table 4 
Effect of variation of % MeOH 

System 

FeW phenanthroline (yellow) 

Fe(lll)bipyridyl (yellow) 

Fe(IH) phenanthroline (blue) 

Fe(W) bipyridyl (blue) 

MeOH 103&, IO’k, (min- ‘) 

% (min- ‘1 (A) (B) (C> 

5 20.1 8.21 10.8 8.06 

10 18.2 9.62 10.2 7.78 

I5 16.7 10.3 9.91 6.90 
20 15.4 11.9 9.21 6.20 

5 16.6 10.8 12.2 10.2 

10 13.8 10.2 11.5 9.98 

15 9.2 8.06 8.86 6.90 

20 6.6 5.26 5.07 4.77 

5 11.7 8.47 10.2 9.91 

10 10.8 6.90 9.9 I 9.21 

15 10.5 5.94 9.2 1 8.06 

20 9.8 3.46 8.86 7.78 

5 5.76 3.46 4.77 4.14 

IO 4.14 3.24 4.06 3.45 

15 3.45 2.76 3.24 2.30 
20 2.30 2.02 2.02 1.84 

102[Ascorbic acid] = I.00 mol. dmA3; 103[OX] = 1.00 mol. dmm3; [H+] = 0.10 mol .dm- 3; Temp = 298 K; (A) I03[SDS] = 8.00 

mol. dm -3; (B) I04[CTAB] = 9.20 mol. dm- ‘; (C) 102[Tx] = 3.00 mol. dms3. 

undissociated benzene dial (I-I, A) as reactive 
species. This observation coupled with the ob- 
served linearity of Amis plot (logk’ vs. l/[D]) 
point out the participation of a cation in rate 
limiting step (Fig. 3). The most plausible reac- 
tion path could be, thus, given as follows: 

Fe(phen),]‘+ + H,A s [Fe(phen),( 

[Fe(pheMH 2 A)] 3 + 

+M++HA’ 

Table 5 
Differentiating kinetic features 

Effect of [Additive] Substrate Table Observation 

Aqueous SDS CTAB TX 

(A) Yellow Complexes of Fe(IIl) 

1. [(NH,),SO,l Ascorbic acid 3 - 

Benzene diol + + + + 
2. [Acid] Ascorbic acid 2 + - - 

Benzene diol -i- + + + 
3. [Methanol (%)I Ascorbic acid 4 - - - - 

Benzene diol + + + + 

(B) Blue complexes ofFefI/I) 

I. [(NH,),SO,] Ascorbic acid 3 - - _ _. 

Benzene dial + + + i. 
2. [Acid] Ascorbic acid 2 - - _ - 

Benzene diol + + + + 
3. [Methanol (%)I Ascorbic acid 4 - - - 

Benzene dial + + + + 

a Note: (+) Indicates rate enhancement. ( - ) Indicates rate retardation. 
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Table 6 
Kinetic parameters k and K at 298 K in aqueous acid and micellar media 

Oxidant Substrate Aq. H,SO, SDS CTAB TX 

k K k K k K k K 
(min-‘1 (min- ‘1 (min- ‘J (mitt- ‘1 

0.035 0.066 0.037 0.0092 0.024 0.0786 0.030 
0.008 
0.125 
0.027 

0.0185 
0.026 
0.021 
0.021 

0.032 
0.012 
O.OQ9 

0.037 0.064 
0.01 I 0.022 
0.013 0.058 

0.010 0.072 
0.05 I 0.068 
0.014 0.09!2 
0.0 14 0.022 

0.1) I2 0.023 
0.057 0.014 
0.008 0.009 
0.038 0.046 

0.014 0.070 
0.018 0.020 
0.018 0.069 
0.092 0.013 

0.008 0.018 0.063 
0.008 0.007 0.042 
0.0092 0.052 0.077 

Fe(llJJ phenanthroline (yellow) Ascorbic acid 
Hydroquinone 
Catechol 
Resorcinol 

Fe(lIlJ bipyridyl (yellow) Ascorbic acid 
Hydroquinone 
Catechol 
Resorcinol 

Fe(IIl) phenanthrohne (blue) Ascorbic acid 
Hjrdroquinone 
Catechol 
Resorcinol 

Fe(W) bipyridyl (blue) Ascorbic acid 
Hydroquinone 
Catechol 
Resorcinol 

0.012 
0.012 
0.012 
0.022 

0.016 
0.013 
0.010 
0.02 1 

0.02 I 
0.02 I 
0.010 
O.tl55 

0.010 
0.033 
0.023 
0.041 

0.002 
0.052 
0.019 
0.012 

0.012 
0.012 
0.021 
8.015 

0.050 
0.069 
0.066 
0.01 I 

0.007 
0.098 
0.070 
0.016 

0.049 
O.OOP 
0.019 
0.012 

0.020 0.013 0.009 
Q.010 0.011 0.048 
0.0094 0.052 0.024 
0.0093 0.0 12 0.075 

0.040 0.013 iMO62 
0.046 0.011 0.047 
0.040 0.006 0.011 
0.052 o.oQ9 0.007 

0.046 0.092 0.022 
0.018 0.072 0.020 
0.072 0.010 0.025 
0.040 0.0091 0.017 

fFe(phen),] 3 + + . . 
pie. Similar type of discussio 

+ [Fe(phen),]*+ + El++ A In the case of the blue complexes of Fe(IIH)L 
fast also Michaelis-Menten type of mechanism and 

(in all the steps phen is taken as a specific rate law are operative expecting the difference 

Table 7 
Thermod_ynamic parameters involving k and K at 298 K 

Substrate Oxidant AH’ AG” AS” AH AC AS 
lil mol-’ kJmol_’ J K-’ mol-’ kJm01-’ W mol-’ J K-’ mol-’ 

Ascorbic acid Fe(JJIJ phen (yellow) 24.6 45.9 -71.4 50.4 82.4 - 107.4 
Hydroquinone 32.7 78.9 - 155.0 42.0 81.7 - 133.7 
Catechol 11.9 83.9 - 239.3 80.2 87.8 - 25.5 
Resorcinol 45.6 82.6 - 124.3 9.6 82.1 - 243.3 

Ascorbic acid Fe(M) bipy (yellow) 48.6 83.5 - 117.1 62.5 81.8 - 64.8 
Hydroquinone 16.7 60.3 - 146.3 34.6 81.1 - 156.0 
Catechol 9.5 66.6 - 191.6 9.6 82.4 - 243.7 
Resorcinol 20.4 60.3 - 133.8 64.0 63.1 - 302.0 

Ascorbic acid Fe(M) phen (blue) 23.2 85.i - 208. I 18.5 83.0 - 144.3 
Hydroquinone 20.4 81.4 - 204.6 12.9 79. I - 222.0 
Catechol 19.2 80.3 - 205.6 18.0 81.4 - 215.2 
Resorcinol 16.7 79.1 - 209.4 19.2 85.4 - 222. I 

Ascorbic acid FeGllJ bipy Cblue) 15.4 83.2 - 227.1 16.5 82.8 - 215.8 
Hydroquinone 19.2 86.5 - 225.8 23.1 80.8 - 193.6 
Catechol 12.8 82.2 - 232.8 8.1 81.7 - 235.0 
Resorcinol 15.6 84.2 - 230.2 23.1 85.2 - 208. I 
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Table 8 

Thermodynamic parameters involving k and K at 298 K in SDS medium 

Substrate Oxidant LW# AG# AS# 

liJ mol-’ liJ mol- ’ JK-‘mol-’ 

Fe(lJl) phe” (yellow) 30.7 61.5 - 103.8 Ascorbic acid 

Hydroquinone 

Catechoi 

Resorciuo! 

24.6 62.8 

19.2 78.9 

15.4 79. I 

- 128.4 

- 200.3 

-213.8 

Ascorbic acid 

Hydroquinone 

Catechol 

Resorchlol 

Fe(M) bipy (yellow) 15.3 60.9 - 153.0 

28.3 64.3 - 120.8 

28.8 79.9 - 171.5 

24.0 78.7 - 183.6 

Ascorbic acid 

Hydroquinone 

Catechol 

Resorcinol 

FeW phen (biue) 42.4 75.5 

49.9 52.9 

48.0 80. I 
8.01 83.1 

- ll!.i 

- 100.6 

- 107.8 

- loo.1 

Ascorbic acid 

Hydrquinone 

Catechol 

Resorcinol 

Fetlll) bipy (blue) 19.9 74.3 

21.5 82.8 

20.4 80. I 

9.5 66.6 

- 182.6 

- 181.2 

- 200.3 

- 191.6 

AH AC AS 

JiJ mol- ’ Umol-’ J K.- ’ mol- ’ 

9.61 85.2 - 253.4 

6.7 81.4 

9.9 83.4 

19.3 83. I 

8.4 82.4 

48.0 80. I 

8.24 83.0 

8.42 77.5 

64.0 85.7 

63.2 79.3 

67.0 81.1 

64.0 76. I 

19.3 83.9 

18.2 83.1 

15.0 80.0 

20.4 80. I 

- 250.8 

- 243.7 

- 204.0 

- 248.3 

- 107.7 

- 255.0 

-231.8 

- 72.8 

- 54.0 

- 47.3 

- 46.3 

-216.7 

- 217.8 

-218.1 

- 200.3 

hen),]‘+ instead of 

3.3. Marcus theo9 of hear free energy I-&- 
tionship 

arcus theory [8,l icts that free 
energy of activation an ‘oute ere’ 

,QI- ’ innersphere’ electron-transfer re 
correlated to specific rate constants. 
energy of activation, AG# for reaction can be 

lowing expressions 

(8) 

(9) 
number in solution 

Table IO 

Thermodynamic p‘arametcrs involving k and K at 298 K in TX medium 

Substrale Oxidant AH+! AG# A,S# AH AC AS 
ld mol-’ kJ mol._ ’ J K-’ moi-’ kJ mol- ’ kJmol-’ J K-’ mol-’ 

Ascorbic acid Fe(R) phen (yellow) 35.8 64.3 - 95.6 63.2 79.3 - 54.0 

Hydroquinone 64.5 93.2 - 96.5 56.0 69.2 - 44.3 

Calechol 55.2 79.2 - 80.5 24.6 45.9 -71.4 

Resorcinol 41.6 66.6 - 82.5 69.3 77.6 - 27.9 

Ascorbic acid Fe(I0 bipy (yellow) 16.7 62.8 - 154.8 19.2 58.0 - 146.3 

Hydroquinone I I.9 60.3 - 162.4 34.7 80.9 - 155.0 

Catechol 16.7 66.6 - 167.4 22.0 61.9 - 133.8 

Resorcinol 12.8 60.8 - 161.2 34.5 77.1 - 143.3 

Ascorbic acid Fe(R) phen (blue) 26.2 62.8 - 122.7 50.7 61.2 - 126.8 

Hydroquinone 20.4 60.3 - 133.8 38.0 75.7 - 127.5 

Carechol 45.6 82.7 -- 124.3 50.8 S5.3 - 117.1 

Resorcinol 28.2 61.5 - III.8 16.7 60.3 - 146.3 

Ascorbic acid Fe(R) bipy (blue) 35.2 78.7 - 145.9 20.2 80.0 - 191.9 

Hydroquinone 42.0 83.3 - 138.6 16.8 79.9 - 207.5 

Catechol 42.0 79.7 - 126.5 12.8 84.8 - 239.3 

Resorcinol 17.9 61.6 - 146.6 20.2 81.1 - 201.3 
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Table 9 
Thermodynamic parameters involving k and K at 298 K in CTAB medium 

Substrate Oxidant AH’ AC” AS’ 
U mol-’ kJ mol- ’ J K-’ mol-’ 

AH AC AS 
kJ mol- ’ W mol- ’ JK-’ mol-’ 

Ascorbic acid 
Hydroquinone 
Catechol 
Resorcinol 

Ascorbic acid 
Wydroquinone 
Catechol 
Resorcinol 

Ascorbic acid 
Hydroquinone 
Catechol 
Resorcinol 

Ascorbic acid 
Hydroquinone 
Catechol 
Resorcinol 

Fe(lll) phen fyellow) 28.2 60.5 - 110.7 38.8 81.9 - 144.6 
35.8 64.3 - 95.6 35.2 78.9 
46.8 80.4 - 107.7 35.9 77.5 
45.5 82.0 - 123.0 42.3 83.2 

Fe(lllJ bipy (yellow) 12.8 60.9 - 161.4 30.2 80.2 
22.2 62.8 - 154.8 28.2 82.0 
26.3 79.9 - 179.9 21.5 81.2 
21.5 78.7 - 191.9 35.2 81.9 

Fe@l) phen (blue) 48.9 85.1 - 121.5 16.7 78.9 
51.1 82.6 - 105.7 26.3 79.9 
28.2 61.5 - Il7.1 21.5 78.7 
47.3 79.9 - 109.4 9.5 66.6 

FeWI) bipy (blue) 16.7 62.8 
II.9 60.3 
16.7 66.6 
12.8 60.8 

- 154.8 
- 162.4 
- 167.4 
- 161.2 

26.? 79.9 
12.8 60.9 
22.2 62.8 
32.7 78.9 

- 144.6 
- 139.6 
- 137.2 

- 167.8 
- 180.5 
- 152.0 
- 156.7 

- 208.7 
- 179.9 
- 191.9 
- 191.6 

- 179.9 

- 161.4 
- 154.8 
- 155.0 

a.9 f c 
9 

0.3 - 

0.8 - 

f 
-a 

z 

6 0.2 - 
N 

-.s 

I 1 I I I I I I 

0 22 24 26 26 (AIlA’)iB’I 29 
3 

,03/od 

1e I WD - 23 25 27 

Blue Complex 

A,B - JpontoamOuS rmmfl ion 

A;$-LAkOlle Calolyrod fOOCtiOn 
AxA-‘,SCOtblC Acid 

e,e- Diet (ti.q J 

1 I t I 

I 23 25 27 (A)lAl(A11[8’) 

Fig. 3. Ascorbic acid and hydroquinone in aqueous acid and micellar media. Plots of log k’ versus IO’/]Q], Temp. = 298 K (A) 
103(FefIIl)] = 1.00 mol. dmm3; 102[Ascorbic acid]= I.00 mol*dm-3; [~+]=0.10() mol.dm-‘; (A’) lO’[Fe(lll)]= J.C@ rnol.dm;~i 

102[Ascorbic acid]= I.00 mol~dm-3; [H+]=O.lOO mol.dm-‘; IO’[SDS]= 8.00 mol.dm-‘. tl3) lO”]Fe(lllJ]= 1.00 mOJ.dm . 
I02[Hydroquinone] = I.00 mol. dme3; [H’] = 0.100 mol. dm- ‘; (B’) 103[Fe(lff)] = 1.00 mol. dm -?; lO?[Hydroquinone] = 1.00 mol. 

dm-‘; [H+] = 0.100 mol .dmT3; I03[SDS] = 8.00 mol.dm-3. 
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(assumed as IO” dd - mol- ’ 1 and h is defined 
as reorganisation parameter of the inner and 
outer coordination spheres of the reacting com- 
plex. When the reorganisation term h Z+ dG, 
the quadratic can be negliected in Eq. (9) which 
can be further simpiified [8] to 

AC” = (A/4) -I- (0.5OAG) (18) 

Since the overall free energy change dG is 
proportional to the difference in the redox po- 
tentials of oxidising and reducing couples, dG# 
can be related to log k according to the expres- 
sion, 

llogk = 8.5( E, - E, ) + constant (99) 

where IZ2 and E, are redox potentials for oxi- 
dising and reducing couples respectively. 

9n the oxidation of closely related compounds 
by the same oxidant redox potential CE,) for 
oxidising couple remains constant wbi9e the 

value of Et varies with the structure of com- 
pound. Thus the rate constant can be related to 
E, according to the modified equation. 

log k = 8.5E, + constant (12) 
Plot of logk as a function of E, is linear with 

positive slope and intercept on 9ogk axis. Devia- 
tion from the value of 8.5 was observed in the 
case of yellow complexes indicating an inner 
sphere electron transfer mechanism and a strong 
ion-ion interaction between [HA]- and Fe(III)L 
whife forming a precursor complex. However, 
in case of blue co es the slopes are with in 
the range of 8.5 is supporting the substi- 
tution inertness of blue complexes and outer 
sphere electron transfer mechanism (Fig. 5). 

Perusal of the activation parameters, Tabies 
7- 10,calcnlated according Eyring’s theory for 
specific rate constants revea9 that activation en- 
tropies are highly negative indicating greater 

Yellow complex 

(4) SDS (B) CTAB (C) TX 
t 

2 4 6 8 IO lo4 (8) - 
L- 10’ (C) 

Blue complex 

I I 1 I II I I I I 

0.6 1.0 1.4 1.6 2.2 10' (4 - 
2 4 6 10 10' IO4 [B] 

(C) - 

Fig. 4. Variation of micelle. (A) Plots of log k,,, versus [D] or (SDS]; Temp. = 298 K 103[Fe(llI)] = I .OO mol. dm-3; 102[Hydroquinone~ = 
1.00 mol - dm- ‘; [H+] = 0.100 mol. dmm3 (B) Plots of 10g(c,~ versus [CTAB]; Temp. = 298 K 103[Fe(llll)] = I.00 mol. dm- ‘; 102[Hydro- 
quiuonel = 1 .W mol. dm - ‘; IH+l = 0.100 mol. dmm3 (0 Plots of log k, versus [TX]; Temp. = 298 K I03[Fe(I11)] = 1.00 moi . dm-3; 
lO*h-Iydroquinonel = I.00 mol .dmm3; [H+] = 0.100 mol .dm-‘. 
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2.4 

2.2 

1.6 

1.4 

1.0 

0.6 

f 
Y 

E 

(A) Yellow Complex 
(A’) 8lue Complex Binding Model 

(C) (C’) Marcus plots for 
Yelhw 1L Blue Complexes 

1 
- 

l-_i 1 ’ 1 I 1 I 

0 60 80 100 120 [C&M 

0.8 1.0 1.2 (C)E,(VOltS) - 

Fig. 5. Binding model and Marcus plots. (A) Binding model for 
yellow complex of [Fe(IIi)]L. Plots of [k9 -k,]- ’ versus [Co - 
CMC]-’ (A’). Binding model for blue complex of [Fe(llI)]. Plots 
of [k, - k,]- ’ versus [C, - CMC]- ’ . (B) Marcus plot for yel- 
low complex of [E&H)] chelates. Plots of k versus E, (VI. bH3’) 

Marcus plot for blue complex of [Fe(W)]. Plots of k versus 15, 

W. 

solvation in the transition state. Furtber the AS++ 
values of the present system are in accordance 
with literature values representing greater hydra- 
tion in the transition skte. 

3.4. Mechanism of oxidation in micellar media 

Electron transfer from diols such as hydro- 
quinone, catechol, resorcinol to Fe(II1) chelates 
appeared to be catalysed by anionic (SDS), 
cationic (CTAB) and non-ionic (TX) micelles, 
as shown in Table 6 and Fig. 4. When the data 
were cast in to binding model of micellar mech- 
anistic scheme, the plots were linear with 
tive slope and intercepts (Fig. 5). 

e present kinetic results have been to be in 
accordance with the binding model. Anionic 

lised by the cationic 

trostatic interactions. inetic re- 
sults could be explained by the following scheme 
[113. 

e above mechanism the rate law could 
be given as 

k obs 

where 

(N = aggregation number of micelle, C, = 
co 

from diols to Fe(III) 
chelates was catalysed by SDS very well com- 

ared to other micelles. The catalysis co 
robably be explained due to the electrostatic 

interactions between cationic 
chelates and negatively charge 
ing model was explained by 
obtained in this reaction. The 
of Tx could be explained due to 
of cationic fo s of Fe(III) chelates and slight 
negative charge developed on polyoxyethylene. 

3.5. echanism of micellar efects in ascorbic 
acid 

As a typical case the authors observed rate 
retardation in oxidation of ascorbic acid in 
cellar media. All the micelles retarded the 
dation reaction. The observed retardation in the 
case of Ascorbic aci 
electrostatic repulsio 

icelle such as repulsion 
anionic SDS, cationic Fe@ 
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uction of gegenions leading to neutralisa- 
tion of the surface charge on the micelle. The 
transition ate of the reaction was destabilised 
by the presence of micelle. 

4. 

1. 

2. 

3. 

An inner sphere electron transfer from L- 
ascorbic acid or diols t I) chelates was 
proposed according to s theory, when 

lau’s yellow complexes are used as oxi- 
II&. 

In the case of lexes, an outer 
sphere mechanis was suggested because 
the observed slopes are nearly equal to the 
theoretical values (i.e., 8.5). 

S catalysis in case of diols was explained 
tatic interactions of cationic 

chelates and negatively 
erved kinetic results are in 
ith binding model. Similar 

type of explanation was offered in the case 
of blue complexes also. 

catalysis is explained due to the inter- 
actions of negative bstrate ion and 
tively charged CTA Similar observ 
were recorded in blue complexes also. 
Triton-X marginally enhanced the rate in the 
case of diols as explained due to the interac- 
tions of positively charged Fe(II1) chelates 
and slight negative charge developed on TX. 
Observed retardation in the presence uf mi- 
celles in the case of ascorbic acid can be 
explained due to the repulsion of similarly 
charged reactants and micelles. 
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