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Kinetics of Dissociation of Iron(lll) Complexes of Tiron in Aqueous Acid

Zhongsheng Zhang and R. B. Jordan*

Department of Chemistry, University of Alberta, Edmonton, Alberta, Canada T6G 2G2
Receied Na)ember 10, 1992

The kinetics of dissociation of the mono, bis, and tris complexes of Tiron (1,2-dihydroxy-3,5-benzenedisulfonate)
have been studied in acidic aqueous solutions in 1.0 M HBI&CIO,, as a function of [H] and temperature.

In general, the kinetics can be explained by two reactionsQjRe(L}-1 + HoL == (HO)Fe(LH) + HT (K,

k-n) and (HO)Fe(L)-1 + HoL = (H20)Fe(LH) (kv', k-n'"), a rapid equilibrium, (HO)Fe(L,H) = (H-O)Fe(L), +

H* (Ken), and the formation constant §8)Fe(Lh—1 + HoL = (H.0)Fe(L), + 2HT. Forn =1, the reaction was
observed at 670 nm, and at {Hof 0.05—-0.5 M at temperatures of 2.0, 14.0, 25.0, and 3€7 Forn = 2, the
analogous conditions are 562 nm, atJrbf 1.5 x 1073 to 1.4 x 1072 M at temperatures of 2.0, 9.0, and 14.0
°C. Forn = 3, the conditions are 482 nm, at pH 4.5.7 in 0.02 M acetate buffer at temperatures of 1.8, 8.0,
and 14.5°C. The rate or equilibrium constants (26) with AH* or AH° (kcal mol?) and AS* or AS® (cal
mol~t K1) in brackets are as follows: far = 1, k; = 2.3 M1 s71 (8.9, —27.1),k_; = 1.18 M1 571 (4.04,
—44.8),Ke1 = 0.96 M (—9.99, —33.6),Ksy = 2.01 M (=5.14,—15.85); forn = 2, k-o/Kez = 1.9 x 107 (19.9,
41.5) andk_,'/Ke; = 1.85 x 10° (1.4, —38.8) and a lower limit oK, > 0.015 M; forn = 3, ks = 7.7 x 10
(15.8,12.3)k_3= 1.7 x 107 (16.2, 28.9)Kc3 = 7.4 x 105 M (4.1, —5.1), andKszs = 3.35x 1078 (3.7,—21.7).
From the variations in rate constants and activation parameters, it is suggested that tharfebfe(L) complexes
undergo substitution by dissociative activation, promoted by the catecholate ligands.

Introduction dihydroxy-3,5-benzenedisulfonate), that the mono, bis, and tris

. . complexesl|() are readily distinguished spectrophotometrically.
There have been numerous studies the complexation of P 0 y 9 P P y

aqueous iron(lll), and the general conclusion is that Fefg3H
is much less reactive than its conjugate baseQ(kFe(OH¥,
and that the latter reacts by dissociative activation, while the
former shows associative characteristics. There are far few
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studies on the substitution reactivity of other iron(lll) complexes,
and therefore, the reactivity and mechanistic effects of other
ligands on the iron(lll) center are not well characterized. The
main exception to this generalization is the hydroxamic acid
complexes that are models for desferrioxamine B. These have
been the subject of several studies by Crumblis and co-waérkers
and Birus and co-workers> The hydrolysis of the tris-, bis-,

and monoacetohydroxamate complexes has been kinetically

characterized by Birus et &land the pressure dependence has
been reported recentfy.

Iron(lll) catechol complexes have been widely investigated

as models for the siderophile enterobactin by Raymond and co-

worker$ and as dioxygenase models by Que and co-workers.

The simple catechol systems are less amenable to systematic

hydrolysis studies because of redox instability involving iron-
(111 or iron(lll) and dioxygen. The early work of McBryde
indicates that oxidation should not be a problem with Tiron (1,2-
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In addition, the formation constants (see species distribution
diagram in supporting information) should allow for independent
study of these complexes by an appropriate choice of starting
pH and Tiron concentration. The present study was undertaken
to determine the reactivity patterns of these catecholate com-
plexes.

Since protonated catecholate complexes of iron(lll) have been
proposed as critical intermediates in dioxygenase mddits,
was also of interest to determine if species sucH asight be
characterized by the kinetic analysis. Que and co-wotRers
first structurally characterized such a monodentate complex, and
another example has been reported recently by Kitajimalét al.

Results

Preliminary experiments confirmed McBryde's earlier ob-
servation$ that the tris-, bis-, and mono-Tiron complexes of
iron(lll) are readily distinguished spectrophotometrically. This
is shown, along with the time evolution, in Figure 1. The
wavelength of the absorbance maxima increases progressively
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Figure 1. Variation of absorbance with time and wavelength for the
hydrolysis of Tiron complexes of aqueous iron(lll) in 1.0 M Na@O (H20)6_2n + 2F€(L)n_g + Hol
HCIO, at 14.0°C and 0.01 s time intervals. A: conversion of tris to
bis at pH 4.8 in 0.02 M acetate buffer at final total concentrations of equations assume that4H is constant during the reaction, and

iron(lll) = 9.6 x 107> M and Tiron= 5.8 x 1074 M. B: conversion . . : : .
of bis to mono at [H] = 1.53 x 10* M and at final total concentrations analysis adjustments for this feature are described in the

of iron(lll) = 9.6 x 10> M and Tiron= 5.8 x 10 M. Experimental Section.
The forward and reverse rate constants are related to the

from the tris to bis to mono complexes, and the excellent €duilibrium constants by eq 3. The predictegsqhas various

Kin

(H20)s-2n Fe(L)n + 2H*

isosbestic behavior for the tridis and bis-mono conversions '

: o - e kK Kk
also is shown in Figure 1. After analyzing the kinetic results =t =K (3)
for all three reactions, it appears that they can be described in Kk, Kg k, ™D

general by Scheme 1, wherelHrepresents the Tiron dianion ) )

protonated on the OH groups, only one of the possible water limiting forms depending on the magnitudesiaf andKimg-1)

ligands is included, and charges are omitted for generality. ~ elative to [H] and the magnitudes dfc, andKs,.. The forms
The reaction described B, might be proton dissociation reguired to fit th@T dissopiation kir)eti'cs. of the mono, bis, and

from a protonated chelate or from a monodentate form of the tris complexes will be discussed individually. _

catechol derivativel() to give the chelate with proton loss. Dissociation Kinetics of (HO)Fe(L). This reaction was

Therefore the process may involve both deprotonation and followed at 670 nm, in the region of the broad absorbance

chelation. The predicted first-order rate constant for Scheme 1 Maximum for the complex, by mixing a solution of Tiron (1.6

can be expressed in terms of either the complex formation rate1-8) x 1073 M) and Fe(ClQ)s (2 x 10~* M) at pH 2.7-3 with

constantsK;) or the dissociation constantk (), as given by ~ an equal volume of a solution of HCIMaClQ, at concentra-

egs 1 and 2, respectively, tions to give the required final acidity and 1.00 M ionic strength.
The [H'] range was 0.050.5 M at temperatures of 2.0, 14.0,
[H,L] 25.0, and 36.7C, and the experimental first-order rate constants,
Kopsd= (kr|[H+] + kn'Km(nfl)) 2 kobsa @re given in Table S1 of the supporting information.
K@y T [H'] The variation ofkepsqwith [H*] in terms of Scheme 1 at the
K [+ four temperatures proved to be more complex than would appear
olH] (1) from any one temperature. The problem is illustrated by the
Kin(Ken + [H +]) plots in Figure 2. At 36.7C, thekopsgversus [H] plot shows
a slight leveling at higher [H]; at 25°C the plot is essentially
Kpog= (k H]+ k") & [HoL] + linear but shows increasing upward curvature at 14 an@.2
bsd— A%n K, K1) + [H] In eq 1 or 2, the second term in braces dominates, and the

N leveling at higher [H] and 36.7°C would indicate that [Fi]
[H7] @) > Kepand thak—y' > k_1[H*]. However, the upward curvature
(K + [H+]) at the lower temperatures implies that[H< K¢ and that
k-1[H™] is contributing significantly. With the assumption that
where [HL] represents total uncomplexed Tiron which is in a uniform rate law applies at all temperatures, this behavior
the protonated form at the acidities of most of this study. These can only be accounted for by the temperature variation of the
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Table 1. Summary of Results for the Reactions of the T T T T T 3
Iron(l1l) —Tiron System in 1.0 M HCIQNaCIO, 250 | A

parameter value (2€) AH,2kcal mol? AS2cal mol1K-1 B .
kb (M~Ls2) 2.3 8.89 —27.05 200 F il
kop (M~1s71) 1.18 40+1 —44.8+ 3 - - ]
ki P(M~1s7] 1.7 x 10° 10.1 -9.9 o 150 | -
ket (578 1.28 14.2+ 0.2 -10.4+ 1 2 L .
Ke1 (M) 0.96 -9.9%+1 —-33.6+3 “ ol J
Kiz (M) 201 -5L+1 -15.8+ 3.4 ]
kb (M~1s71) 3.2x 108 19.2 21.9 s0 b .
k_o/Kez ((M~2sh)  1.88x 107 19.8+0.3 41.4+1.6 | _
ko (M~1s7? >2.8x 10P . , .
tfz'/K(cz (1|\)/|'1 s 1.85x 1(§l 14+6 —38.8,+18 0.25 0.50 0.75 1.00 1.25

' (s >28x1 100x [H*] , M

Kez (M) >0.015
K8 (M) 1.7x104  (-0.7) (-19.59) r r T T T T
ks (M~1s71) 7.7x 1C° 15.+ 0.6 12.3+ 3.2 70
ko3 (M~1s7%) 1.7 x 107 16.2+0.16 28.9+ .075
Kez (M) 7.4x 1075 41+1 —5.1+4 60
Kis (M) 3.35x 1078 3.7 -21.7

%3
(=]

-5 -
107 x kg (H] 2
(953 P
(=] o
T L]
\
1 - |

a2 These are activation parametexsl* and AS* for rate constants
and AH° and AS® for equilibrium constants? Calculated fromk, =
K-nKin/Ken and k-n'Ksn/(KenKmn-1))- ¢ Lower limits estimated from the
lower limit on K. ¢ AH® estimated from values fd€; and Ky and
using theKy, reported by McBryde at 2& to obtainAS’.
various parameters being such that different approximate
limiting conditions apply at the temperature extremes. There- 10
fore, thekopsgvalues at all temperatures were fitted by assuming | L y L L |
that the temperature dependence of the rate constants is 0010 0020 0.050  0.040 0050 0060
described by the transition state equation, and the equilibrium 107X HT, M
constants are described by the usual thermodynamic relationshipi':rigugf? ?3r VafiaﬂOHIOf th]?_ﬁrSt(-Iﬁ;deAf fﬁ!iﬁ ngSt?gtéOBd(;SSOCéa;iZ%Of

i H € DIs-liron complex or iron . Wi at 2.0, 9.0, an .

;23 \}veargrt);lgt#;reogwe\?eizgggcisg Obsl/SBI;Ta(;V\g:wclinh(jlzgz?ndé’eggy °C; B variation of kss{H*] 2 with [H*]~%. The lines and curves are

. - - the results of least-squares fitting to eqs 4 and 5, respectively. The
resulting fit is very good, and the experimental and calculated ;5 iron(lll) and Tiron concentrations are 5:010°5 and 1.3x 104

values of kopsq are given in Table S1 of the supporting M, respectively, and the reaction was studied at 562 nm.
information.

The best fit values oAH* and AS* and AH® andAS® are ~ However, thekopsqat low [H*] are underpredicted by a simple
givenin Table 1. At 25C, the calculated values are as follows: [H*]? dependence, and this is shown by Ksgqversus [H] 2

)
i=1
T
\
1

k1=118M1ls1 k,=1.28sL Ky =20M, andKy = plotin Figure 3B. This should give a horizontal line for a purely
0.96 M. These can be combined in eq 3 to calculate the [H*]?dependence, but the plots have a persistent positive slope
formation rate constants at 2& ask; = 2.3 M~ s ! andk;’ with a slight temperature dependence. This slope indicates that
=17x 108 M1 s (usingKmo = 1.6 x 1073 M). Similar there is another term in the rate law which becomes significant
combination can be used to obtain thEl* and AS* for k; and at low [H*], but the difficult feature turns out to be the small

ki’ given in Table 1. The value dfy; is in good agreement  temperature dependence of this term.

with that of 1.8 M determined by McBrydeandk;,' agrees There are three models that can explain th&][#ependence

with the values of 2.% 10 and 2.2x 1 M~1s1determined  Of kobsa In terms of Scheme 1, if the second term in braces in
from formation kinetics by Mentasti et &.and Chatlas and €4 1 or 2 is dominant, and K> [H*] (because the [H]2
Jordant* respectively. McBryde suggested values ofc; dependence shows no attenuation at the highesk yalues),
between 0.1 and 0.015 M, depending on assumptions used inthen eq 2 reduces to eq 4 from which only valuesofKc,
the analysis of spectrophotometric data. If such small values (=k2/Kr2) andk-2'/Kc2 (=ko'Kmi/Kr2) can be determined. Least-
are used in eq 3, then the calculatgetis 10-70 times larger N
than that from previous worké14 _[k2HT] N k)
Dissociation Kinetics of (H:O)Fe(L),. This reaction was Kobsa = Keo K_c2
studied at 562 nm by mixing solutions of Fe(G)©(1.0 x 1074
M) and Tiron (2.6x 104 M) at pH 4.3 with an equal volume  squares analysis of all thgpsqvalues at all three temperatures
of appropriate solutions of HCUINaCIO;. Measurable rates  gives apparent activation parametatd* (kcal mol~1) andAS
were obtained for [H] between 1.5< 103 and 1.4x 102 M (cal mort K—1) of 19.84+ 0.37 and 41.2+ 1.8 fork_/K, and
at 2.0, 9.0, and 14.0C. The acidities are lower for the bis 4.2 + 4.7 and—28.5+ 16 for k_,'/Kc,. The parameters for
complex compared to those of the mono complex because ofk_,' /K., are poorly defined because this term makes a small

[H'] @)

the faster hydrolysis of the bis complex. The experimekah contribution, as can be seen from the small slopes of the lines
values are given in Table S2 of the supporting information and in Figure 3B. At 25°C, the predicted values akea/Ke, = 1.9
are plotted in Figure 3. x 107 andk-5'/Ke, = 3 x 10%

From Figure 3A, it is apparent th&tnsg has essentially a There is another form of eq 2 which gives an equally good

second-order dependence on*]Hat all three temperatures. fit of the data. If thek_»' contribution is negligible, an#c, >
[HT] and Kz < [HY], then eq 2 simplifies to eq 5. Least-

(12) Baes, C. F.; Messmer, R. Ehe Hydrolysis of CationaViley: New
York, 1976; Chapter 10.5.

(13) Mentasti, E.; Pelizzetti, E.; Saini, G.Inorg. Nucl. Chem 1976 38, K k,Z[H+] K, [HoL] [ +] )
785. bsd— | ———
(14) Chatlas, J.; Jordan, R. Biorg. Chem 1994 33, 3817. ® Keo [H +]
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squares analysis (see curves in Figure 3B) gives appAtéht

(kcal mol1) andAS* (cal mol~t K1) of 18.87+ 03 and 38.0

+ 1.3 fork-»/Ke; andAH® andAS’ of —15.5+ 2.6 and—68.6 100
=+ 8 for Kr,. The predicted values at 2& are as followsk_,/
Kez=1.8x 10 M—2slandKp = 2.4 x 104 M. The value

of Ky, is in good agreement with that of 1. 1074 M WP 1
determined by McBrydé&. Despite this agreement, there is an £
anomaly with this model because the magnitudéBi is so “ ol i

large. Such values are more typically in thé& kcal moi?
range, as found above fé&; and below forKs.

Since theKy, determined from eq 5 is of the correct 5k
magnitude, it appears that the term containing this factor in eq
2 is of some significance. However, it is unrealistic to expect L . 1 )
to extract the temperature dependenckofK¢,, k-2'/K¢2, and 1.0 2.0 3-1%5)( [H+14&(1) 3.0 6.0
Kr, from the data. Therefore, the data have been fitted to the _ '

P : : Figure 4. Variation of the first-order rate constant for dissociation of
N> > [HT <
simplified version of eq 2 (assuminig; > [H"] and Km: the tris-Tiron complex of iron(lll) with [H] at 1.8, 8.0, and 14.5C.

+ H — 4 ) H o —

[H*]) by taklngf Kfz - 1'7_X 10* M at 25°C with AH°® = The total iron(lll) concentration is 9.6 10> M, and the Tiron
—0.7 kecal mot?, intermediate between the values i and concentration is 5.& 10~4 M for most runs, but Tiron concentrations
Kiz. Least-squares analysis gives the appandrt and AS* of 9.37x 1074, 7.50x 1074, and 3.75x 104 M also were used. The

for k—o/Kg2 andk—,'/K¢o, summarized in Table 1. As expected, reaction was studied at 482 nm.

the parameters fde,' /K¢, are poorly defined. The experimental

and calculated values dfsg are given in Table S2 of the  of catechol ligands with aqueous iron(lll). The results are
supporting information. The predicted values at@5are 1.88 collected in Table 1. As already noted, the equilibrium constant

x 107 and 1.85x 1C® for k_o/K¢, andk_o/Kc,, respectively. values K¢, from the kinetics are in good agreement with
Dissociation Kinetics of Fe(L). This reaction was studied  previously determined valuésThere also is good agreement

by mixing a solution of Fe(Clg)s3 (1.92 x 10~ M) and Tiron with earlier studie’®14 on the rate constant for formation of

(1.16x 1073 M) at pH 6.64 with an equal volume of a solution  the mona(iron(lll)-Tiron) complex from Fe(OH)" + HaL. The

of 0.04 M acetate buffer adjusted to the desired pH-{4.5), present work has added the rate constant for Fef&H- HoL

with both solutions in 1.0 M NaCIl9 The disappearance of and the activation parameters for both reactions.

the red tris complex was monitored at 482 nm, but the same One noteworthy feature is that the’ pathway for the

rate constant was obtained by observing the appearance of thdydrolyzed species (HO)Fe(l.), is important only fom = 1.

blue bis complex at 562 nm. Variation of the total acetate It is well-established that substitution on aqueous iron(lll) is

concentration between 0.01 and 0.1 M had no effect on the dominated by the reactivity of @#D)sFe(OHFf*, but this

kinetic observations. The results are given in Table S3 of the pathway is barely detectable for (HO)Fe(L) and of no influence

supporting information. for (HO)Fe(L). This may occur because complexation by the
It should be noted that the analysis of this reaction has beencatecholate reduces the charge on the iron(lll) and thereby

slightly modified. Firstly, to take into account the first ionization reduces the hydrolysis constai{»-1)) to an extent that the

of Tiron (pKa1 7.17), the total Tiron concentration is {H; = hydrolyzed species is no longer present at kinetically significant
[HoL] + [HL] and then [HL] = [HT[HoL](Kax + [HT]) 7L concentrations. Another factor is that thgathway dominates
Secondly, the analysis indicates that there is no contribution for n > 1 because, andks are >10° times larger thark;. It

from a hydrolyzed species (i.&m2 << [H*] in Scheme 1). appears that complexation by one or two catecholate ligands

The results can be fitted by Scheme 1 with the modifications provides enough labilization so that the effect of anQigand
noted above for Tiron ionization and omission of coordinated is attenuated.

water ionization. The analysis also shows that kkigpath is The large difference betwednandk; or k; appears to reflect
not required to fit the results. Then eq 1 can be simplified and a mechanistic change. Fdg, the AS* is very negative,
modified by the substitutioksK.3/Ks; = k_3 to obtain eq 6. consistent with the commonly assumed associative activation
for substitution of Fe(Ok)e3*, but the AS* values fork, and
kHH L], k. gH™]? ks are positive, and this overcomes the hight* to make
bsd = —t n (6) these rate constants much larger than It seems reasonable
Kar T [H'] Kes+[H'] that the catecholate ligand(s) would favor dissociative activation

for k, andks by lowering the effective charge on the iron(lll)

The results were analyzed by least-squares fitting to eq 6 with and favoring dissociation of a water ligand. This factor also
ks, k-3, andKcs as parameters at each of the temperatures of would disfavor associative nucleophilic attack on the complexed
14.5, 8.0, and 1.8C and found to give good fits (as shown in jron(i).
Table S3 of the supporting information and in Figure 4) with  The reverse reactions must have the same mechanistic
sensible temperature dependencies for each parameter. The begksignment as the forward reaction. The very negatge
fits for AH* and AS" and AH® andAS’ are given in Table 1. value fork_; and positive value fok_3 are consistent with
The predicted values at 2% are as followsks = 7.7 x 10° associative and dissociative activation, respectively, and con-
M1lstks=17x10M1sl andKi=7.4x 10°M. sistent with the assignments above kpandks. Althoughk_;
From these one can calculate ti& = 3.35x 108 M at 25 is not independently defined, the large positi&* for k_o/
°C, in reasonable agreement with Z%71.0°® M determined by K, suggests that th& St for k_ is positive and that this
McBryde? and theAH values ands at 25°C can be combined  pathway is dissociatively activated. The dissociation rate
to give theAH® andAS’ for Kys in Table 1. constants also show a large 10F) increase betweek_; and
k—,, indicative of a mechanistic change.

The rate constants for Tiron and two hydroxamic acids

A major purpose of this study is to provide some indication reacting with aqueous iron(lll) are summarized in Table 2. The
of general reactivity patterns for mono, bis, and tris complexes values ofky’, ki, ko, andks are of similar magnitude for Tiron

Discussion
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Table 2. Comparison of Rate Constants for Tiron and Hydroxamate Complexes of Iron(ll)

ligand

acetohydroxamic actd N-methylacetohydroxamic
rate constant Tiron (AV*, cm=3 mol~1)b acid
ki (M~1s™) 1.7x 1¢° 5.7x 10°¢(5.2) 2.65x 1C°
ki (M~1s™) 2.3 4.8(—6.3) 1.8
ke (M~1s79) 3.2x 106 24x 103 (-2.2) 0.81x 1C®
ks(M~ts) 7.7 x 10 1.6x 10°(—2.2) 0.75x 10°
kot (579 1.3 7.8x 1072(—3.3) 7.1x 1073
ky(M7ts}) 1.2 7.2x 1072¢(—15.6) 3.2x 1078
koo (M~1s7D) >2.8x 10F 1.3x 103 (—9.1) 1.0x 102
ks(Mts?) 1.7 x 107 9.3x 10 (—5.4) 8.6x 1C¢°

aValues at 28C in 1.0 M NaCIQ for Tiron and 2.0 M NaClIQ@ for the hydroxamate.Values from ref 4¢In some cases the rate constants
from ref 4 are more than 25% different from those quoted in ref 3; in the latter, these vallgsae x 10 k; = 1.2,k_; = 11 x 1072 9Values
from ref 3.

Scheme 2 —OH group of the salicylate complex of pentamminecobalt-

(I has a ;K3 = 9.77. lonization of the secordDH in Tiron
M=LH has a K5 ~1.3 units larger than that of theOH in salicylate,
and Fe(OH)s®" is ~3 pK units more acidic than (#N)sCo-
(OH,)3*, so that one might estimate thaj, ~ 6. Therefore
M=L + H* it seems unlikely thaK.; = 0.96 M should be assigned kga.

Analogies forKyp, can be found from the result of Liang and
and the hydroxamic acids. The fact that> k; indicates that ~ Gould®that the chelated salicylate complex®)sCr(O,CCsHu-
one catecholate dianionic ligand or one acetohydroxamate OH)** has aKa~ 0.4 and a similar value 0f0.8 M'’ for the
monoanion has similar labilizing effects on substitution on salicylate complex (kD)sFe(QCCsH,OHY**, determined from
aqueous iron(lll). Sincé is of the same magnitude &g, it the formation and dissociation kinetics. Thig = 0.96 M
appears that these anions have a labilizing effect similar to thatobtained in this study seems consistent with assignmetto
of a hydroxide ligand. Thks values show that two catecholate  For Kez, the lower limit of >0.015 M also would seem more
ligands increase the reactivity by-30 times compared to two ~ consistent with assignment #a

Kich

M-LH

\ Kre

H* + M-L

Kma Koa

acetohydroxamate ligands. The dissociation rate constams ( The large difference betwee®; andKs indicates that they
are about 1®larger for Tiron than those of the acetohydrox- probably are for different processes. In the tris complex, the
amates, but in all three systets ~ 10Pk_; andk_3 ~ 10%k_». two spectator catecholate ligands should make ring-closing

Brink and Crumbli&® noted isokinetic relationships for the ~ processes less favorable than in the mono complex. Then it
individual pathways for the reactions of a series of substituted seems possible that the conditions leading{¢g= KmaKic or
hydroxamic acids with aqueous iron(lll). The Tiron values of Kcz = Kma are applicable.

AH* and AS* for k; andk,' fit reasonably on the appropriate ] .

isokinetic relationships of Brink and Crumblis. The latter EXperimental Section

suggested that these relationships indicate a common mechanism ;aterials, The solutions of iron(lll) perchlorate and Tiron (East-
for a particulark with some associative character because of mnan) were prepared as described elsewHeas, were the perchloric
the ligand dependence &H* and AS*. It also is possible acid and sodium perchlorate.

that the isokinetic behavior reflects a trend in mechanism, such  stopped-Flow Studies. The absorbance/wavelength/time spectra
as increasing associative character with decreasisg (Figure 1) were obtained on an Applied Photophysics SQ.1 instrument.

The values oK, are difficult to categorize because they are The single-wavelength kinetics were studied by mixing equal volumes
potentially a combination of proton release and chelate ring of solutions of iron(lll) plus Tiron and perchloric acid or acetate buffer
CIOS|ng The Va'ues decrease W|th |ncreamr® expected on on a Tr.iteCh DynamiCS MOdeI”A System. In thlS SyStem, the Storage
simple charge arguments for either proton release or ring closure 21d drive syringes and mixing and observation chambers are all
However, there is a much larger difference betweenand submerged in a water.bath to give _opt_lmum temperature umfo_rmlty.

The reagent concentrations and monitoring wavelengths for the different
Kcs than betweerK; andKg,. The system can be represented

stages are given in the Results section. Each rate constant is the average
by Scheme 2, where MLH and M=LH are the protonated of eight replicate determinations, evaluated by least-squares fitting to

monodentate and bldentqte species, respectlvely, anid &md a three-parameter first-order rate laty € Ao — (Ao — Ao) exp(—k1))
M=L are the corresponding deprotonated species. on a DOS 486/33 computer system interfaced to the stopped-flow
The equilibrium constants in Scheme 2 are relate#oyKpa system.
= KnKr, and the experimentdf., is given by eq 7. If the Numerical Analysis. The nonlinear least-squares program uses a
Newton—Raphson procedufewith the Marquardt algorithm and has
< (M—L] + [M=L])[H +] Knal + K ; been adapted to run in BASIC on a Maclintosh platform. This program
en (IM—LH] + [M=LH]) 1+ K, @) allows the use of more than one independent variable so that data at

different temperatures and fican be combined to obtain activation
parameters from one overall fit. The errors quoted are 1 standard
ring-closing equilibrium constants,. andK,c.4 are much less  deviation.

than 1, therKe, = Kmg, but if they are much larger than 1, then The constancy of the free Tiron concentrationl[Hin egs 1 and 2

Ken = KmaKrd/Kich = Kpa.  If ring closure is very favorable for  is not strictly satisfied. For the mono and tris systems, the [l

the deprotonated form, but unfavorable for the protonated form ~8 and~6 times greater than the iron(lll) concentration, but this factor

(Kie > 1, Kiey < 1), thenKen = KneKre.  As a model forkma, is only 2.6 for the bis system. This is not a significant problem for the
one might use the observation of Liang and Géuttiat the latter because the PH] term contributes<15% tokeq. As a resullt,
(15) Brink, C. P.; Crumblis, A. LInorg. Chem 1984 23, 4708. (17) Jordan, R. Blnorg. Chem 1983 22, 4160.

(16) Liang, A.; Gould, E. SJ. Am Chem Soc 197Q 92, 6791. (18) Share No. SDA 3094, IBM 360-65.
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