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The stoichiometry of the reaction of TI"' with ascorbic acid (HIA) in the presence and absence of chloride ion 
conforms to 

CI 

TI"' + H i A  + TI' + 2H + + A, 

where A is dehydroascorbic acid. The reaction exhibits complex kinetics and the reactivity of various chlorothallium 
(111) species decreases in the order of [TIOH]'+ > TI'+ > [TICI]'+ > [TICII] + > TIC13 > [TICL] -, The mass 
balance relationship was employed to calculate the equilibrium concentration of the chloride ion for evaluation of the 
rate constants. 

INTRODUCTION 

TI"', being a potential oxidant, has been widely 
exploited as an important synthetic and analytical3 
reagent in aqueous acid medium. The oxidant under- 
goes two-electron reduction in two steps of one electron 
each and the intermediate TI" has been detected4 and 
employed' to reveal useful reaction events of TI"' 
which otherwise escape detection. 

TI"' reactions, in general, occur via an intermediate 
complex as the occupation of the coordination sites by 
oxidizable substrate usually provides a facile pathway. 
A few papers on the reactivity pattern of chloro-TI"' 
complexes have appeared. '** The role of chloride ion as 
an inert ligand is not yet well established, despite the 
known formation constants of chlorothallium(II1) 
species.' The reactions of TI"' with H3P02," 
H3PO3, lo antimony (111) and iron (11) are known to 
be accelerated by chloride ion, whereas reactions of 
As(III), l 3  NzHf, I* NH3OH+, Is H202 l6 and organic 
acids I' are decelerated. However, the reasons for such 
a dual behaviour of chloride ions have not been estab- 
lished. Nevertheless, the decelerating effect of chloride 
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ions can be exploited in studying reactions of TI"' 
where conventional techniques fail. The reaction of 
TI"' with ascorbic acid is one such reaction, and the 
deceleration by CI- can be useful in revealing certain 
important features of the reaction. Moreover, any con- 
ventional technique can be employed to ascertain the 
kinetic features in such systems which otherwise require 
a fast technique. These factors prompted us to under- 
take the present study to achieve a better insight into 
the reaction events. 

EXPERIMENTAL 

Muteriuls. Thallium(II1) perchlorate solution was 
prepared by dissolving thallium(II1) oxide (BDH, 
AnalaR) in 70% perchloric acid (Metck) and was stand- 
ardized iodimetrically. '* L-Ascorbic acid (H2A) sol- 
ution was prepared by dissolving the requisite amount 
of the acid in deionized water and was standarized 
iodimetrically. l9 All other reagents were either 'of BDH 
AnalaR or Merck general-reagent quality and used as 
received. 

Doubly distilled water was employed throughout, the 
second distillation being from alkaline permanganate 
solution in an all-glass still. Triply distilled water was 
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also employed in a few reactions, the third distillation 
being from EDTA solution. 

Kinetic procedure. Measured amounts of the 
substrate, perchloric acid, chloride ion and other 
reaction ingredients except TI"' were placed in stop- 
pered Erlenmeyer flasks jmmersed in a water-bath 
thermostated at 10 2 0.1 C unless stated otherwise. 
Reactions were initiated by adding temperature pre- 
equilibrated solutions of either TI"' or ascorbic acid as 
the order of mixing had no effect. Aliquot portions 
(5 cm3) were withdrawn periodically and were dis- 
charged into an ice-cold solution of cerium(1V). Unused 
cerium(1V) was titrated against ammonium iron(I1) sul- 
phate solution employing ferroin as an indicator. How- 
ever, other components of the reaction mixture did not 
interfere in the cerimetric determination of the 

Since a few reactions were also carried out 
in triply distilled water with reproducible results, any 
possibility of trace metal ion catalysis was therefore 
eliminated. 2o 

Treatment of the kinetic data was based on the initial 
rates" computed by the plane mirror method. 
Triplicate rate measurements were reproducible to 
within ? 5 % .  

Stoichiometry. Stoichiometry was determined by 
taking either of the reactants in excess in the reactions 
and were carried out in a thermostated water-bath at 
25 ? 0.1 "C (Table 1). The results in Table 1 
correspond to the stoichiometry of the reaction as 
represented by 

(1) 

Similar stoichiometry has also been reported earlier '' 
for the title reaction. 

Ti"' + H2A + T1' + 2H* + A 

Table 1. Stoichiornetry of the reaction of ascorbic acid and 
thallium(I11) with [Hf ]  = 1.0 mol dm-' 

A [ H A 1  

(mol dm--') (mol dm-') (mol dm-') A [TI"'] 
lo4 [HzA] lo4 [TI"'] 10."c1-j ~ 

2.00 6.00 6.00 1.05 
3.00 6.00 6.00 1.07 
4.00 6.00 6.00 1.01 
6.00 2.00 2.00 1.00 
6.00 3.00 3.00 1.00 
6.00 4.00 4.00 0.98 
2.00 5.00 5.00 1 -02 
3-00 5.00 5.00 1 *03 
4.00 10.00 10.00 1.04 
5.00 2.00 2.00 0.98 
6.00 3.00 3.00 0.96 

10.00 4.00 4.00 0.99 
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RESULTS 

Thallium(II1) dependence 

Certain difficulties were encountered in managing the 
kinetics, which restricted wider variations of TI"'. 
However, the chlorothallium(II1) species are formed 
quantitatively and thus help in establishing a procedure 
for the determination of the order with respect to thal- 
lium(II1). Therefore, [TI"'] and [Cl-] were varied at 
R = 2, 3 and 4 (R = [Cl-]/ [TI"']) and fixed concen- 
trations of other reaction components. The plot of the 
initial rate (Ro) versus [TI"'] in all these conditions 
yielded straight lines passing through the origin com- 
mensurate with a first-order reaction with respect to the 
oxidant. Further, [TI"'] was also varied at R > 10 and 
the plot of initial rate (Ro)  versus [TI'"] also yielded a 
straight line passing through the origin. 

Ascorbic acid dependence 

The concentration of ascorbic acid was varied from 
2 . 0 ~  to 8 - O X  mol dm-3 at [TI"'] = 
4.0 x rnol dm-3 and 5.0 x rnol dm-3, 
[HC104] = 1-0 rnol dm-3 and [CI-] = 5-0 x lo-' and 
1 -0  x rnol dm-'. A plot of initial rate (Ro)  versus 
[HZA] yielded a straight line passing through the 
origin, indicating a first-order reaction with respect to 
the organic acid. The second-order rate constants were 
also derived from the second-order plots for compar- 
able and stoichiometric concentrations of thallium(II1) 
and ascorbic acid. However, the second-order rate con- 
stants calculated under these conditions were in agree- 
ment to within 2 5 %  with the second-order rate 
constants calculated from the initial rate (Table 2). 

Hydrogen ion dependence 
The hydrogen ion concentration was varied from 0.2 to 
1.0 mol dm-' at [TI"'] = 5.0 x rnol dm-3, 
[HzA] = 5.0 x rnol dm-3, ionic strength I =  1.0 
rnol dm-3 and three different concentrations of C1-, 
viz. 5.0 x lo-', 1.0 x lo-' and 1 * 5  x lo-' rnol dmT3. 
The rate decreased with increasing [H'] (Table 3). 

Ionic strength dependence 

The ionic strength effect was studied by varying the 
concentration of sodium perchlorate at [HzA] = 
5.0 x rnol dm-3, [Fl"'] = 5.0 x rnol dm-3 
[HC104] = 0.3 rnol dm- [CI-] = 5-0 x lo-' 
moldm-'. The rate was independent of the ionic 
strength even with a fivefold increase in ionic strength. 

and 

Chloride ion dependence 
Sodium chloride was employed for the variation of the 
chloride ion concentration at [HzA] = 5-0 x 
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Table 2. Second-order rate constants for the reaction of ascorbic acid and thallium(II1) in aqueous acid 
solution with [HC104] = 1 *O rnol dm-' 

lo4 [HzA] lo4 [TI"'] 103 [a-] 106Ro k 
(mol dm-') (mol dm-') (mol dm-3) (mol dm-3 s-')= (dm' mol-' s - ' ) ~  

5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0  
5-0 
4-0 
4.0 
4.0 
4.0 
4.0 
4.0 
4.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.5 
2-0 
3.0 
4.0 
5.0 
6.0 
7.1 
8.1 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 

2.0 
3.0 
4.0 
5.0 
6.0 
2.0 
3.0 
4.0 
5.0 
6.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 
4.0 
4 -0  
4.0 
4.0 
4.0 
4.0 
4.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 

0.6 
0.9 
1.2 
1.5 
1-8 
0.8 
1.2 
1.6 
2.0 
2-4 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
5.0 
5.0 
5.0 
5.0 
5.0 
5.0 

10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 
10.0 

6.0 
9.0 

12.0 
14.5 
18.0 
5.0  
7.5 

10.0 
12.5 
15.0 
1.9 
2.9 
3.8 
4.66 
5-66 
6.66 
7-66 
3.20 
4.20 
5.50 
6.90 
8.30 

10.00 
1 -83 
2.80 
3-83 
4.66 
5.66 
6.66 
7.50 
- 

60.0 
60.0 
60.0 
58.0 
60.0 
50.0 
50.0 
50.0 
50.0 
50.0 
23 *7(23 .O) 
24.2(23 . 0) 
23.9(23 .O) 
23.3(23 .O) 
23.5(24.5) 
23.7(24.3) 
23.9(23.0) 
32.0 
28.0 
27.5 
21.6 
27:6 
26.6 
22 -9(23.0) 
23.3(23*0) 
23.9(22.5) 
23.9(23.4) 
23.6(23.0) 
23.8(24.6) 
23.4(23 * 4) 
23.3' 
23.0' 
23.3' 
23.3' 
24.0' 
24.1' 

* Ro = initial rate. 
bThe values of the rate constants obtained from the second order plots are given in parentheses. 
'Calculated from the stoichiometric plots. 

rnol dm-3, [TI"'] = 5.0 x rnol dm-3, I =  1.0 the possibility of any fast equilibrium involving thal- 
rnol dm-3 and four hydrogen ion concentrations. The lium(1) or proceeding by a rate-limiting step is ruled 
rate increased with increasing [Cl-] . However, chloride out. 
ion concentrations at R < 2 were not employed as the 
kinetics were not manageable by the technique 
employed. DISCUSSION 

Thallium(1) dependence The reactions of the chlorothallium(I1I) complexes 
usually exhibit substrate-dependent reactivity. * -  l6 

The TI' concentration was varied from 1.0 x Woods et u I . ~  determined the-formation constants of 
1.0 x mol dm-3 at [HzA] = 5.0 x four successive chlorothallium(II1) complexes, viz. 
mol dm-3, [Tl(III)] = 5.0 x rnol dm-3, [T1C1]2+ [TIC121 +, TIC13 and [TICL] -, to be 
[HC104] 1.0 mol dm-' and [Cl-] = 5.0 x 5-22 x ld6 ( K I ) ,  1.25 x lo5 (&), 4.82 x 10' (K3) 
rnol dm- . Since the rate is not affected by chloride ion, and 65 * 3  (K4) dm3 mol-', respectively, at 

to 
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10.0 

15.00 

Table 3. Hydrogen ion variation at different concentrations of 
chloride ion in the reaction of thallium(II1) and ascorbic acid, 
with [HIA] = 5-0  x rnol dm-3, [TI"'] = 5.0 x loT4 

moldm-', I =  1-0rnoldm-' and 10°C 

103 [CI - I W'I 1 0 ~ ~ ~ )  
(mol dm-') (mol dm-3) (mol dm-' s-I)  

5 .00  0-20 2.50 
0-25 2.06 
0.30 1.75 
0.40 1.40 
0.60 0.97 
0.70 0.90 
0.80 0.80 
1-00 0.67 
0.20 2.15 
0.30 1.55 
0.40 1.20 
0.60 0.83 
0.80 0.70 
1.00 0.57 
0.20 1.90 
0.25 1.55 
0.30 1-33 
0.40 1-05 
0.60 0.72 
0.80 0.60 
1.00 0.53 

I= 0.5 rnol dm-3 and 25 "C: 

TI3+ + C1- e [TICI] '+ KI (2) 
[TICI] '+ + C1- e [TICIz] + Kz (3) 
[TIC121 + + C1- S TIC13 K3 (4) 

TIC13 + C1- Z [TICL] - K4 ( 5 )  

Higher complexes such as T1C1;- and TICld- have also 
been reported, 23 but their reactivity patterns are not 
well known. The chlorothallium(III)7.8 complexes only 
involve four chlorine atoms coordinated to each thal- 
lium(II1). Therefore, the formation constants of these 
complexes were recalculated at 10°C and 
I=  1.0 rnol dm-3 to be 5.93 x lo6 (KI), 1.39 x lo5 
(Kz), 5.39 x 10' (K3) and 65.3 (K4) dm3 mol-', 
respectively, by employing the mean activity coefficient 
of sodium chloride at I= 1.0 rnol dm-3 and the 
enthalpy value reported by Woods et al.' However, 
Thakuria and Gupta l4 reporte; a variation in the value 
of K4 of only 2% for each 10 C rise in temperature. 

These recalculated equilibrium constants were 
employed to calculate the equilibrium concentrations of 
C1- by the method of successive approximation and 
mass balance relations. 24,25 However, the correlation of 
the rate with the equilibrium concentration of chloride 
ion indicates that the reactivity pattern of the 
chlorothallium(II1) species decreases in the order 

Ascorbic acid is a dibasic acid with pK1 and pKz values 
TI3+ > [TICI] '+ > [TIC121 + > TIC13 > [TIC41 -. 

of ca 4.03 and 12, respectively.26 The concentration of 
A'- species can be neglected in view of the higher 
hydrogen ion concentrations employed in the title 
reaction. Therefore, the reactive species of ascorbic 
acid are HzA and HA-, and the species HA- is more 
reactive. Since the chloride ion concentration employed 
in the reaction is in the range R > 2, the chlorothal- 
lium(II1) species that participate in the reaction should 
be [TICIzI +, TIC13 and [TIC41 -. Therefore, con- 
sidering these reactive species of thallium(II1) and 
ascorbic acid, the following reaction mechanism can be 
envisaged: 

Ki 
[TIC121 + + HzA - [TICIz - HzA] + 

\ 
Kit \ ki 

K ;  \ 

\ u 
[TIC121 + + HA- [TIC12 * HA] 

\ ki 
\ \  

K1 t 
Ki . 

+ HA- - [TIC13 * HA] - TIC13 

K ;  

Hence the loss of thallium (111) leads to the rate law 
Ro = 

[kiKi + kiKiK/ [ H']) + (k'K4K3 [CI-] + kjKjK3K4 
[Cl-] ') + (kX4KK3 [CI-] + kSSK3K4 [CI- ] ')/ 
[H+l  l / l ( 1  +K3[Cl-I +K3K4[CI-12)l 

[TI(III)I [HA1 
(4) 

where [TI"'] and [HzA] are the gross analytical con- 
centrations of chlorothallium(II1) species and ascorbic 
acid, respectively. Since K!, Ki, Kj, K4, Kj and Kd are 
small equilibrium constants, the rate law (4) reduces to 
k = ((ki + kzK/ [ H']) + (k3K3 [CI-] + k5K3K4 [CI-] ') 

+ (k4KK3 [Cl-] + kdK3K4 [CI-] ')/ [ H+] /  
(1 + K3 [CI-] + K3K4 [CI-] ') ( 5 )  

where kl = kiKi, kz = kNi .  k3 = kjK4, k4 = kiKi, 
k5 = kjK4 and k6 = kSd. The value of k was calculated 
to be 23.6 f 0.3 dm' mol-' s- '  at LCI-1 = 1.0 x lo-' 
rnol dm-', I= 1.0 rnol dm-3 and 10 C as the observed 
second-order rate constant. 
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Considering the lower range of CI- concentrations 
(R c 6), [TIC121 ' and TIC13 are the reactive chloroth- 
allium(II1) species and the higher species [TIC141 - can 
be neglected. This reduces the rate law (5 )  to 

k = (ki + kzK/ [ H']) + (k3K3 + k4KK3/[ H']) [ Cl-11 
(1 + K3 [Cl-l) (6) 

A plot of k (1 + K3[C1-]) versus [Cl-1 from 
equation (6) was constructed that yielded a straight line 
with a non-zero intercept. The intercept (Y)  and 
gradient (G) were represented by the following 
equations: 

(7) 
(8) 

Plots of Y versus [H'] -' from equation (7) and G 
versus [H'] -' from equation (8) were constructed 
(Figure 1) and the values of kl, k&, k3K3 and k4KK3 
were calculated (Table 4). 

Since the species TIC13 and [TlCL] - are predominant 
in the higher range of [Cl-] (R > lo), the rate law (5 )  
reduces to 

k = ((k3K3 + k4KK3/ [Hf]) + (kskK4 + k6KK&/ 

Y = kl + kzK/ [ H'] 
G = k3K3 + k4KK3/[ H'] 

t H'I) fC1-1 / (k3 + k K 4  W-1) (9) 
A plot of k(K3 + K3K4[C1-]) versus [Cl-] from 
equation (9) was constructed that also yielded a straight 
line with non-zero intercept. The intercept (Y') and 
gradient (G') were represented by the following 
equations: 

Y' = k3K3 + k&K3/ [ H'] 
G'  = ksK3K4 + k&K3K4/ [ H f ]  

(10) 
(1 1) 

1 2 0 . 0 7  

Plots of Y' versus [H'] -' from equation (10) and G '  
versus [H'] - I  from equation (11) were also con- 
structed and straight lines with non-zero intercepts were 
obtained in both instances. The intercepts and gradients 
of these plots yielded the values of k3K4, k4KK3, k~K3K4 
and k&K3K4 (Table 4). 

Since [H'] was varied only in the range of higher 
C1- concentration (R > lo), a plot of k(K3[CI-] + 
K3K4 [Cl-] 2, versus [H'] - I  from equation (9) also 
yielded a straight line with a non-zero intercept 
(Figure 2). The intercept Y" and gradient (G") calcu- 
lated from Figure 2 can be represented by the following 
equations: 

Y" = k3K3 [Cl-] + ksK& [CI-] (12) 
G" = k&K3[C1-] + k&K&[CI-] (13) 

Plots of Y"/ [ C1-] versus [Cl-1 from equation (12) and 
G"/ [Cl-] versus [Cl-] from equation (13) were con- 

Table 4. Values of different rate constants 
for the reaction of TI"' and HzA in pres- 
ence of chloride ion at 10°C, 

I = 1 -0 mol dm-3 

Rate con- 
stants Value 

30.0 dm' mol-' s - '  
30.0 s - '  
3 . 7  dm' mol-l s - '  
2 .2  s-I 
1.1 dm' mol-' SKI 

0.55  s - '  

2491 
20.01 

[H'jjmol-' dm' [H*];'mol-' dm' 

Figure 1 .  Plots of Y and G versus [H+] - I  
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0.0 1.0 2.0 3 8  4.0' 5.0 
[H*l-~rnol-brn' 

Figure 2. Effect of variation of hydrogen ion concentration. 
[HzA] =5.0x 10-4moldm-3; [TI"'] =S.Ox 10-4moldm-3; 
[ C I - ] t = ( O )  0.36~ 10-3moldm-3, ( A )  8.3 x lO-'mol dm-' 

and ( 0 )  1.3 x lo-' mol d ~ n - ~ ;  temperature = 10 "C 

structed and straight lines with non-zero intercepts were 
obtained in both instances. The values of k3K3, ksK3K4, 
k4K& and k&K3K4 were calculated from these plots 
(Table 4) and these were in agreement with the values of 
these constants calculated earlier with chloride ion vari- 
ation. These values of composite rate constants were 
further substituted in the rate law (5 )  and the values of 
kcal were in agreement with those of kexp to within 
? 12%. Such an agreement between kcal and kexp values 
is more than satisfactory in such a system. 

Since the catalysis by chloride ion of the reactions of 
thallium(II1) is ascribed7 to the stabilization of the 
substrate oxidation products by the chloride ion, no 
such possibility appears in CI--inhibited reactions. 
However, inhibition of TI"' reactions by C1- provides 
indirect evidence for an intermediate complex of thal- 
lium(II1) and the substrate. Obviously, chloride ions 
block coordination sites of TI& and thus inhibit incor- 
poration of the organic acid in the coordination shell of 
the oxidant. The inverse hydrogen ion dependence, the 
reactivity of both the molecular and anionic species of 
ascorbic acid and neither kinetic nor spectral evidence 

for intermediate complexes between chlorothallium(II1) 
species and ascorbic acid are observations which 
account for an outer-sphere mode of electron 
transfer. 27 However, the inhibition of the reaction by 
chloride ions is contrary to an outer-sphere model and 
indirectly supports complexation between the metal ion 
and the substrate. Although the chloride ion inhibition 
could arise from a progressive decrease in the Eo values 
for [TlCl,] '+ complexes as x increases, such a prop- 
osition was abandoned in view of the rapid reaction of 
the lower chlorothallium(II1) species and ascorbic acid. 

Since the hydrolysis of thallium(II1) is significantly 
suppressed by chloride ion, the hydrolysis constant (Kh) 
cannot be neglected for the hydrogen ion concen- 
trations employed in the reaction. Kh had been 
reported" to be 0.073 mol dm-' at I =  3-0 mol dm-' 
and 25°C. and also29 0-086moldm-3 at 
I= 1-5  mol dm-3 and 25 "C. However, 
Kh = 0.073 mol dm-3 was widely employed in the thal- 
lium(II1) reactions. If the enthalpy change3' of hydro- 
lysis (69.4 kJ mol-') is employed, Kh is estimated to 
cu 0.019 mol dm-' at 10 "C. 

Further, as the rate decreases with increasing [H+],  
the species [T1OHl2+ should be more reactive than 
TI:&. [TIOHI2+ has also been considered in other 
reactions of thallium(II1) with Hg22+,31,32 U'" , 33 f ormic 
acid, 34 a-hyroxy acidsI7 and hydroxylamine. I' There- 
fore, the hydrogen ion dependence should be related to 
the oxidant as Kh cannot be neglected under the exper- 
imental conditions. Similarly, MnOH2+ and CoOH" 
were also found to be reactive species in the reactions, 
viz. Mn'"-H2A3' and Co1"-H2A, 36 respectively. 

Although the formation of an intermediate complex 
between thallium(II1) and ascorbic acid is not indicated 
kinetically, the possibility of such a complex in view of 
the ligand properties of the organic acid and the tend- 
ency of Tl& to act as a coordinating centre cannot be 
ruled out. Thus, considering both Tl& and [TIOH] '+ 
to be the reactive species of thallium(II1) and the mol- 
ecular form (HzA) to be that of ascorbic acid, a 
reaction mechanism consistent with the observed 
hydrogen ion dependence can be envisaged as follows: 

TI3+ 

[TIOH 

K h  
TI3+ + H20 Z [TIOH] 2 +  + H +  (14) 

H2A [Tl*H2A] '+ -P TI+ + 2H + + A  (15) 
I(' k '  

K k '' + H2A * [TIOH * H2A] '+ -P TI+ 2 +  

+ H+ + A + HzO (16) 

Since the Cl--inhibited reactions of thallium(II1) 
reportedly occur via an intermediate complex between 
the oxidant and the ~ubs t r a t e ,~ . '~  and fast interaction 
between TI"' and H2A is ascribed to the formation of 
the intermediate complex. An intermediate complex is 
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also supported by the fact that the rate in the presence 
of sulphate ions3 is faster than that observed in the 
presence of chloride and acetate ions. Presumably, the 
faster rate in the presence of sulphate ions can be 
accounted for by the weak sulphatothallium(II1) com- 
plexes. Therefore, the proposed mechanism appears 
reasonable in view of these observations and the loss of 
TI"' leads to the rate law 

kT' = (k'K'  [H+] + k"K"Kh)/ (Kh + [H']) (17) 

or 

kT1=(k:IIH+] + k:]Kh)/(Kh + [H']) (18) 

where k:'= k 'K'  and k:l= k " K  are the composite 
rate constants as the equilibrium constants K' and K" 
are small. 

A plot of kT'(Kt,+ [H*]) versus [H+] from 
equation (18) was constructed that yielded a straight 
line with a non-zero intercept (Figure 3). The values of 
k:'& from the intercept and k:' from the gradient were 
calculated to be 64.0 s-' and 27.0 dm3 mol-'s-', 
respectively, at I =  1-0 mol dm-3 and 10 "C (Table 5) .  

Since no evidence for free radicals was obtained, the 
possibility of the intermediate species TI2+ reacting 
with ascorbate free radical in the solvent cage before 
diffusing out cannot be completely ruled out. The 
higher oxidation potential3' of the T12+/Tl+ couple 
(1.5 V) than that of the T13+/Tl+ couple (1.25 V)39 

E 
E 

[H7,mol dni3 

Figure 3. Plot of kT'(kh + [Hf]) versus [H+] 

Table 5. Second-order rate constants 

1.0 
10ZkT' (dm'mol-'s-' 1.5 1-3  1.04 0.9 
[ H I ]  (mol dm-') 0.5 0.6 0.8 

also accounts for the fast interaction between TI2+ and 
H2A species in the solvent cage. 

Alternatively, the possibility of the TI&,-H2A 
reaction occurring via the activation processes 
(TI" + H2A) and (TI3+ + HA-) was also envisaged, 
particularly in view of the fact that a straight line with 
a non-zero intercept was obtained in a plot of kT1 versus 
[H*] - I .  However, this proposal was abandoned on 
two counts, viz. the hydrolysis constant (Kh) of thal- 
lium(II1) for the hydrogen ion concentration employed 
in the reaction cannot be neglected, and the rate does 
not depend on the ionic strength. Had it not been for 
this situation, the rate would have decreased with 
increasing ionic strength owing to the predominant 
(TI 3+-HA-) pathway. 
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