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ABSTRACT

Velasco, Jonathan. A Proposal for the Mechanism of the Iron-Ascoffeén, and

Hydroxyl Radical-Quenching Reaction Seridaster of Science (MS), May, 2010, 26

pages, 2 tables, 15 figures, 4 titles.

The Fenton reaction between [Fe(ll)] and [HOOH] is observedhé pgresence of
ascorbic acid, [AscH-], during [Fe(lll)] and HOe reduction; thés done as part of
consecutive redox reactions between [Fe(lll)] and [Fe(ll)].aAsult, the rate orders
with respect to [Fe(lll)], ascorbic acid, and [HOOH] are afroximately) &, 1%, and
4" order, respectively. However, the rate constants for eatior in this study show
patterns when measured against solution pH; empirically, reagbicmteed faster at

smaller pH and vice versa.
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CHAPTER |

INTRODUCTION

The oxidation-reduction reaction between iron (as Fe(lll)) and laiscacid has
been studied due to its biofunction and availability. As a biofunction, thectien of
Fe(lll) to Fe(ll) allows a pathway for Fe(lll) to be usedtlwe body as Fe(ll), which is
more readily absorbed as it is a cofactor and a component of hemoglobmaifitl/Aust,
1992, Miller et. al., 1990). Also, it is known for its antioxidant activaty demonstrated
by its ability to readily quench species such as hydroagical, HO+ (Buettner and
Schaeffer, 2004). As for its availability, iron and ascorbic agdvifamin C) are readily
available as parts of a supplement or as their own supplementsaréhalso found as
additives in food products to augment their nutritional values. Howstreties beyond
this reaction have been carried out as one of the products, Fe@l)eactant of the
hydrogen peroxide-induced Fenton reaction, which produces the hydroxglr&tide, a
free radical believed to cause DNA damage. Ascorbic acid stidye present, which
can readily quench the radical (Buettner and Schaeffer, 2004). Hydeakcal can still
be quenched, but some of the ascorbic acid is “wasted”, in termgld) Feduction,
since some of the ascorbic acid is used for radical quenchinglbstifproceed as long

as there is enough of the acid present (Velasco and Ibrahim, 2005).



Previous studies have shown that the reaction of Fe(lll) with laiscacid is as

follows (Zhu and Frei, 2002, Hsieh and Hsieh, 2000):

2Fe(lll) + AscH-— 2Fe(ll) + Asc + H [Eq.1]

The reaction is carried out in aqueous medium and yields a reabaorst
kinetically dependent on the initial amount of ascorbic acid, whatt @s an electron
donor through an unclear mechanism (Banhegyi and Loewus, 2004). It iscal-radi
producing reaction; one of its products is the ascorbyl radidachwcan be further
oxidized into dehydroascorbate and decomposed into other products. Sthee the
radical nor dehydroascorbate show any significant antioxi@ahiZtive ability (May and
Asard, 2004), they will not influence in the kinetics of the reactibe;radical can still
donate an electron, but is not likely to be competing with ascorhate. &Rate laws for

this reaction have been proposed as exhibiting rféar@er kinetics:

rate =k[Fe(Il1)] "[AscH,]" [Eq.2]

Study k m n

1 Varied 1.811+0.309 Near-zero

2 1.6814x10(+8.2737x10°) | 1.8782+0.0615 0.3344
mM2880%ec!

Table1: Previous studies. Values of the rate ordegs b, and rate constaktof two
previous studies. 1) Hsieh and Hsieh, 2000; 2) Velasco and Ibrahim, 2005.

If the reaction was of apparent zero-order kinetipswith respect to ascorbic
acid, thenk should not change despite the change in concentration of ascorbithacid.
both studies, however, there was a correlatidkand pH; as the initial concentration of

ascorbic acid was increasédhalso increased.



A proposed overall reaction of iron, ascorbic acid, and hydrogexideris as

follows (Velasco and Ibrahim, 2005):

AscHS AscH- + H [Eq. 3a]

Fe(lll) + AscH-S Fe(ll) + Ascs + H' [Eq. 3b]

Fe(lll) + Asce S Fe(ll) + Asc [Eq. 3c]

Fe(ll) + HOOHS Fe(lll) + HO+ + HO [Eq. 3d]

+ AsCH HOe S Asce + HO [Eq. 3e]
Fe(lll) + AscH, + HOOH + AscHS Fe(ll) + Asc + Asce+ 2H,0 [Eq.3]

The reaction between ascorbate and the hydroxyl radical workiarsim the
iron-ascorbate reaction in that reduction takes place throughrogledbnation by
ascorbate. As opposed to the iron-ascorbate reaction, which only use<flascorbic
acid to reduce 2 moles of Fe(lll), the Fenton reaction requiresl@snof ascorbic acid
(as ascorbate in physiological pH) to reduce 1 mol of Fe(lll). The saahedtowed that
there was some slowing down of the overall kinetic of the iron-ascadil reaction as
described in Equation 2; this could be indicative of a non-zero agdetion with respect

to ascorbic acid.

The focus of this study is to propose a mechanism for the overall reactiombetwe
the iron-ascorbate, Fenton, and radical quenching reactions of ircorbai®, and
hydrogen peroxide. This kind of reaction could conceivably happen within tlyesbuxt

all three reactants occur in the body in some way. To reashrtchanism, there is a



need to refine the steps used in our previous study (Velasco andrip005). One
reason for refinement comes from the variation in results obtleeconstant; ideally, rate
constants of the iron-ascorbate reaction, from individual processediffarent
concentrations of ascorbate, should have little variation between thgandiess of
reactant concentration. Another reason comes from the lack of datalgudvy the
Fenton reaction in regards to kinetics. Hydrogen peroxide is usedypuwiekly in the
reaction, and although it was able to slow down the reaction whilas present, the
exact kinetic was not found as after the first 30 seconds dfiarathe rate of Fe(lll)
reduction (d[Fe(lll)]/dt) during the Fenton reaction was the sasnthe iron-ascorbate
reaction. From this it can be assumed that all of the hydrpgeoxide was used up
during that window of time. Also, it must be noted that this is an oxidatduaction
reaction involving components that are sensitive to oxygen attadkbase and Fe(ll) in
particular. Since ascorbic acid is a scavenger of RO8treabxygen species) (Zhu and
Frei, 2002), and oxygen may undergo radical reactions with Fefi)e samount of
ascorbic acid may be used up to quench any ROS that may havedeasha result of
contact with oxygen. Also, steps in finding the rate law will havbd expanded as pH
could be influencing the rate of reaction. There have been studiascofbic acid
kinetics where rates and constants are influenced by the pHlutioa (Song et. al.,
2002, Hsieh and Hsieh, 2000, Velasco and Ibrahim, 2005); these studies have found that
ascorbic acid can achieve higher rates and/or constants atgblwéH+] could be tied

into the overall rate kinetics.



For the overall reaction series, however, the rate law includesethes for

[HOOH], which produces the following rate equation:

rate =k[Fe(Il1)] "[AscH,]"[HOOH]® [Eq. 4]

Wherek is the rate constant for the overall reaction series. Tolfidate orders,
two separate experiments must be carried out. The first safpefiments focus on the
Fe(lll)-ascorbic acid reaction similar to that done by Hsieti Hsieh (2000). To find the
rate ordemn, it is carried out as a pseudwh order reaction with excess ascorbic acid in

that:

rate =ky[Fe(ll)]™ [Eq. 53]

As the rate constark; = k[AscH,]", of which the term is near constant. The

constantk; could be attributed with Equation 3b because at excess ppsEe(lll) is

more likely to undergo one-electron transfers with Adbldn Asce The rate ordemcan

be found as the slope of the following equation:

log rate = logk; + m*log[Fe(lll)] [EqQ. 5b]

In the same set of experimentscan be found with equivalent amounts of iron and

ascorbic acid so that:



rate =k’y JFe(lIN]™" [Eq. 6a]

Wherek'1 » = k; 2(0.5)", andk; » corresponds to the two-stage reduction of [Fe(lll)]
as described in Eq. 3b and 3c, suck;gs= kik,. To findn, a logarithm plot is also made

which has as the slope of the equation:

log rate = logk’'1 » + (m+n)*log[Fe(ll)] [Eq. 6b]

And the rate ordem will be the difference between the slopes of Equation 6b and
5b.
The rate constant for the iron-ascorbate (non-exeessjh order reactionk; »,

can be found by integrating Equation 6b as such:

[Fe(IIN] ™™D = [Fe(l1)]o ™™ + (m+n-1)K' t [Eq. 7]

The slope of the graph generated by Equation 7 is substituteldiptok; 5(0.5)"
to getk; », the constant for the+nth-order reaction.

Completion of the first reaction set allows for the secondobetxperiments,
which focuses on the Fenton reaction. Excess [Alspkbduces a similar equation to

Equation 5b:

log rate = logK’ ops + m*log[Fe(lII)] [Eq. 93]



Except there is a new rate constakitys and K'ops = kondAscH,]"THOOH].
Equivalent [AscH] reactions, however, are treated differently. According to Eoqui&]
1 mol of ascorbic acid will reduce 1 mol of HOOH and 1 mol oflFego a logarithm

plot similar to Equation 6b can be used:

log rate = logkops + (M+n+p)*log[Fe(lll)] [Eq.9Db]

The slope of the plot givas+n+p, which gives the rate orderafter subtracting

the slope of Equation 6b.

To find kops results of this section are treated similar to Equation 7, sutivsgi

(m+n+p-1) for (m+n-1).



CHAPTER Il

EXPERIMENTAL

Ascorbic acid (Sigma-Aldrich, Inc.) does not have a significgitgaeffect on its
concentration (Hsieh and Hsieh, 2000), but fresh 1M and/or 0.1M solutiomeaale
every day. The source of iron will be a 0.1M solution of ferric atioFeCe6H,0,
Sigma-Aldrich, Inc.). 0.1M and 1.0M hydrogen peroxide is made from a 303t
(Sigma-Aldrich, Inc.). The above reagents will be added to a 0.1Ma@olot potassium
hydrogen phthalate, buffered to pH 4, 4.5, 5, and 5.5 by using NaOH and H@k&
adjustments to pH.

Fe(I11)-AA Reaction

The reaction and analysis vessel will be a quartz cuvette (1@omtgining 3mL
KHP buffer, 3@L FeCk, and 3@L 1.0M ascorbic acid for the excess-[Fe(lll)] reaction
or 0.1M for the equivalent-[Fe(lll] reaction. A microstirrerplaced on a UV/Visible

spectrophotometer scanning at 375nm with constant stirring for 30 seconds.

Fenton Reaction
The reagent setup is the same as that of the Fe(lll)-Aétiosa but with the
addition of 3@L of HOOH, 3L ascorbic acid, and using 0.1M FeClt is also placed

in UV/Visible analysis. Table 2 summarizes the reagent setup for both typestodms.



Reaction Name| Fe(lll) AscH HOOH
10:1 0.1M, 3@L 1.0M, 36iL

1:1 0.1M, 3Gl 0.1M, 36.L

10:1:1 0.1M, 36L 1.0M, 36iL 0.1M, 36uL
1:1:1 0.1M, 3@L 0.1M, 36uL 0.1M, 36uL
1:1:10 0.1M, 36L 0.1M, 36uL 1.0M, 36l

Table 2: Reagent setup. Reagent setup for all reactions in this study. The 10:1 (excess
[AscH;]) and 1:1 (equivalent [Ascil) reactions are for the iron(lll)-ascorbate reactions;
the 10:1:1 (excess [As¢H equivalent [HOOH]), 1:1:1 (equivalent [AsgHand
[HOOH])), and 1:1:10 (equivalent [As¢H excess HOOH)] Fenton reactions.

Curve-fits were analyzed and created using LoggerPro 3 (YeBuftware &

Technology). Resulting data was exported to Microsoft Excekfmessenting graphs and

curve-fitted equations (wherever possible).

Statistical Analysis
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CHAPTER Il

RESULTS AND DISCUSSION

(Author’s note: all references to [H+] or pH in the text or graphs refer to

starting [H+], or [H+})

Fe(I11)-AA Reactions
Fe(lll) coordinates with water to become the acidic specieadugniron(lll),

which hydrolyzes as such:

[Fe(H0)e]*" = [Fe(HO)s(OH)I* + H' [Eq. 10a]
[Fe(H:0)s(OH)I** = [Fe(HO)s(OH)] " + H' [Eq. 10Db]
2[Fe(H0)s(OH)] " = [Fe(HO)4(OH)x(H0)Fel'™ + 2H" [Eq. 10c]

Each equation has an equilibrium const&ntof 10%%° 10°?° and 10%
respectively (Cotton et al. 1995). The hexaaqua species has a palshpoolor that
cannot be seen at the pH range of the experiment due to the ctemyg color of the
pentaaqua species. A hydroxo dimer species as described in Eggatisnlikely to
appear within the pH range of the experiment [Spiro and Saltman, 1968in& of
interest is that the calibration curves for each pH are diffetieeir slopes approaching 1

as pH increases.
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What is possibly happening is equilibrium shifting to the lefpldsis decreasing

due to increase in [Hl and less of the optically-strong pentaaqua species is apgeari

Another point of interest is the presence of a hydrous oxide thappages above pH >4

(Shriver and Atkins, 1990);

[Fe(H0)g]** + (3 +n)H,0 — Fe(OHY*nH,0 + 3H0"

[Eqg. 10d]

This precipitate may be a factor in the linearity of thébcation curve with

increasing pH. However, Fe(lll) can still be read at 375nm withoaghly 1:1

concentration to absorbance ratio (Figure 1). It should also be natedettause of the

KHP buffer, changes in pH were limited to £0.08 units as the reaction proceeded.

1.84

164

144

1.24

abs units

0.6 -

0.4

0.2

-0.2-

0.8

+ pH 4 abs y =0.9863x - 0.0135
- ) .
s pH45abs y=1.117x-0.0241 A
s+pHS5abs  y=1.3325x-0.0659 R
e L
s -
epH55abs y=1.3456x-0.0328 -2~ -7
/;i/ J// ////
& - Pid -
L T e
i e
/rf/ ////0'/
Sl
RYaievs
el
P50
////l'//
Pty
/{?
il
- 0.2 0.4 0.6 0.8 1 12 14
[Fe(l11)], mM

Figure

1. Calibration curve used for all experiments.
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Plotting log[Fe(lll)] vs. lograte for the 10:1 reaction gives the slope with the

valuem as shown in Figure 3.

144

Fe(l1l), mM

T T T |
20 25 30 35

Time(s)

Figure 2. [Fe(lI)] vs. time graph of the Fe(lll)-AscHeactions (concentrations 10:1).

-1

T
-0.8

T
-0.6

T
-0.4

T
-0.2

epH4 y=2.1431x - 0.4822
051
// ///A
=pH45 y=2.2679x - 0.7298 T s
+pH5 y=2.1588x - 0.8147 AT LT
_ A i
. +pHS55 Yy =2.1422x - 0.866 .- P
1 - a2 1
;é” - - /{//:/‘/, -15
- 7
A ;/).r/‘
»” g ,{’5:%/)/ 21
P gy
d {/f
t ¢
»"/ -
s -254
log [Fe(l11)]

|
0.2

Figure 3. Double-log graph of reactions from Figure 2. Slopes correspond to the rate

orderm.



13

Taking the average of the slopes of Figure 812, 2.178 + 0.06. This means that
if the rate =k’;[Fe(ll)]™, the differences between reaction behaviors shown in Figure 2
must be affected bk, as shown on Figure 4. As the starting pH incredseggcreases,
which shows that acidity of the solution affects the kineticshif teaction, even at

excess [AscH.

144

epHa  K(1) = 0.3494[H+] + 1.4898
2| .pnas K(1) = 0.1786[H+] + 1.1344
ol apHs k(1) = 0.1669[H+] + 0.9899 e

+pH55 k(1) = 0.1522[H+] +0.97 "

[Fe(l1)]A-1.178 (MM ~-1.178)
¥

Time(s)

Figure 4. Plot of 1/[Fe(II]-*"®vs. time. Slopes were curve-fitted for use in Figure 4.

1.44

[Fe(l11)], mM

0.24

0.0

10

15

Time (s)

20

30

35

Figure5. [Fe(ll)] vs. time graphs for the Fe(lll)-AsCHeactions (1:1 concentration).
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However, when [Fe(lll)] = [AscH, the double-log graph (Figure 6) shows timat
+n = 3.167+ 0.084. Subtracting the known valuendfom this sum gives = 0.9893.

There is another correlation betwden, and [H+], as shown on Figure 7.

0.5

»
-0‘.8 -(;.7 -6.6 -‘0,5 -‘0,4 ‘-0.3 ‘-0.2 ‘-0.1 /U/ ‘0.1 ‘ 0.2
epH4 y=3.2723x-0.179 " s
// /.
= pH4.5y = 3.1896x - 0.8504 T
Pid ,’_I, /’/ »
¢ apH5 y=3.133x-1.1296 - o ar s
5 .7 e o
k=] - - -
< pH 5.5y = 3.0741x - 1.2825 T
& e e
s " x"; "
o e
»7 ol a* Val 2
A
- '.;-“’r.a“ ~
/«
»
L4
«* 2.5

log [Fe(l11)]

Figure 6. Double-log graph of reactions from Figure 5. Slopes correspond to the sum of
the rate ordersrandn.

Moreover, becausé; » = k; »(0.5), the values ok; , = 1.0914, 0.28, 0.1572, and
0.1108 mM*®s? for pH 4, 4.5, 5, and 5.5 respectively. Plotting these points against
[H+]o on Figure 4 show another relationship between {lhp rate constant, indicating
that the rate constant may have [Ha$ a factor in it, in the same mannekaslhe rate
constants for the excess-Asckeaction, ki, when plotted (Figure 4), have values of
0.3494, 0.1786, 0.1669, and 0.1552 thfs* pH 4, 4.5, 5, and 5.5 respectively; these
values can be described by the equakion 2057.5[H+} + 0.1373 mM-*"%™. Sincek; »
= kikp, dividing these values at each [Hgjves values ok, that can be described by the

equatiork, = 400.82[H+}*>%*°mMm%t%s™,
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It can be empirically said that higher [H+] (or lower pHakas the reaction
proceed faster, which is supported by a study by Hsieh and Hsieh (108&).
interpretation of this is that ascorbate is better able to feomplexes with
hexaaquairon(lll) than with pentaaquairon(lll), which indicates sarompetition
between hydroxide and ascorbate for complexation (Hsieh and Hsieh Z&@0kind of
correlation is shown in Equation 10a and 10b; as more [H+] is prelssver (pH),
equilibrium favors the creation of non-hydroxo species. It is alsailpesthat the
creation of hydroxo dimers, as illustrated by Equation 10c, msxy la¢ reducing the
reaction rate due to its correlation with pH, and the likelihood roedeation at higher
pH. The reaction rate may also be affected by the precipitgthdus oxide described in
Equation 10d; this could mean a preference of ascorbate anion to fordinetent

complexes with aqueous iron.

404

*pH4  K(1,2) = 1.0914[H+] + 1.3206

35

«pH45 K(1,2) = 0.28[H+] + 1.0821
®1 .pH5  Kk(1,2) = 0.1572[H+] +0.7808 .~

N
o
I

+pHS55 K(1,2) = 0.1108[H+] + 0.5414.~
s

[Fe(I11)]A-2.167, mM~-2.167
N N
(4,1 o
!
\
\

104 » =

T T T T T T |
5 10 15 20 25 30 35

Time (s)

Figure 7. Plot of 1/[Fe(Il)F*®"vs. time. Slopes represdat.
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3.54

* k(1,2)
N -
= k(1) e
_-""K(2) = 400.82[H+]**%°
1 ak@) o
2 ////
15 /,’//
k(1,2) = 10317[H+] + 0.0363
1 /‘// //,,—"‘
/ ’,—/”///’
051 £ =T
T k(1) = 739.23[H+] + 0.0493
N R ——— ¥ ‘
0 0.00002 0.00004 0.00006 0.00008 0.0001 0.00012

[H+]

Figure 8. Plot of [H+], vs. rate constant values.

Fenton Reactions

If HOOH is added to the reaction (10:1:1), causing the Fentonioedct take
place,m = 2.367 + 0.05 (Figure 10), which is not significantly differsotn m = 2.178.
However, when the concentration ratios of all reactants are €fdal reactions), the
reaction profile changes significantly (Figure 11). The additbfHOOH] causes the
Fe(lll)-AscH reaction to not only slow down but also to level out at higher [Fe(lll)]. This
means that some Fe(ll) is autoxidizing back to Fe(lll) aHAsE being consumed for
both reduction and Fenton reactions; this is illustrated in Figure/ige [Fe(lll)] does
not decrease as the reaction progresses.

It should be noted that the value mi-n+p is irrational (7.472 £ 0.655 order,
Figure 13). This means that the valuepofthe rate order with respect to [HOOH], is

4.305.
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[Fe(ll)], mM

Time (s)

Figure 9. Plot of [Fe(lIl)] vs. time for all [AscH-]-[Fe(lIl)]-[HOOH] reamons
(concentration ratio 10:1:1).
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Figure 10. Double-log plot of 10:1:1 reactions. Slope equations represent ratenorder
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Figure 11. [Fe(lll)] vs. time plot when [Fe(lll)] = [AscH-] = [HOOH] (concentraih
ratio 1:1:1).
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Figure 12. [Fe(lll)] vs. time plot, (concentration ratio 1:1:10). The erratic readings
average at ~1.2 mM, and there is no evident negative trend that signifies decreasing
[Fe(lll)] as the reaction progresses.
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Figure 13. Double-log plot of the 1:1:1 Fenton reaction.
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Figure 14. 1/[Fe(11)]®*"?vs. time plot. Slopes of each graph are valudggfand values
were later curve-fitted into Figure 7. Plots on the right-hand graph were doneeict cor
for outlying results.

A plot of 1/[Fe(Il)]>*"?against time is made (Figure 14) to fiagsin such a way

that the slope gives the constant:

[Fe(l)] ™™D = [Fe(l)]o™™P™P + (m+n+p-1)kod [Eq. 11]
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These slopes are plotted against [Heh Figure 15, which shows another
correlation betweehkyys the rate constant for all equations involved (Equations 3a-¢e), and

[H+]o through the equatiokyps = 0.1882*log(7.431x1YH+]o mM 47t

2.54

* k
= k(1,2)
4 k(3,4) e
2] K(1,2) = 20481[H+] + 0.0721.~
1.5 /////
1 ///
05 k__b__J_/:: k = 0.1882*0g(7.431E+5[H+])
/// ______ _._,.::::::::—=::::::::::: :::::: -
. v K(3,4) = -3417.9[H+] + 0.4986

0 0.00002 0.00004 0.00006 0.00008 0.0001 0.00012
[H+]

Figure 15. Plot of [H+] vskopsand ofks 4.

The rate constants for the Fe(ll) oxidation step (Eq. 3d) andydhexyl radical
guenching step (Eqg. 3e) are given the lalbglandk,, respectively, for this study. The
rate constanks oxidizes Fe(ll) to Fe(lll); althougks is not actually the reverse reaction
of k; and/ork, (thereforek; or k), it could be considered as such because it regenerates
reactant. Becaudg is not actually a reverse reaction, and adding HOOH decrédsses
rate of Fe(lll) reduction, this means thatcould be a much smaller value tHank,, and
possiblyks. The rate constark, may actually play a role in lowering the rate of Fe(lll)

reduction due to consuming Asc¢hkihich is the more favored reducing agent; this forces
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Fe(lll) reduction to undergk, instead ok;. Because of thik, must be less thakn and
ko.

It should also be noted on Figure 15 that as [H+] incre&sgds decreasing,
showing that at higher pH, [HOOH] plays a larger role in [[jfe(éoxidation. This may
be another factor that causes the shape of the [Fe(lll)] ve. piots in Figure 11.
However, the same separation of plots could be seen in other [Feglijme plots, so

theks 4 in the reaction may indeed be small.
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CHAPTER IV

CONCLUSION

An overall pH-dependent mechanism for the Fenton reaction cannot be found
through the methods described in this study. However, some reactiordoglean be

seen from the proposed rate law in Equation 2, substituting for all valogsoéndp:

rate =kgpdFe(l1)]?*4AscH,][HOOH]*3 [Eq. 12]

With kops = 0.1882*l0g(7.431x1H+], mM®*’%s! as the overall rate constant of
the reaction series. [H+] is included in rate constants due tapih@ent dependence of
[H+] to the overall rate. The positive correlation between [ldmfl rate (or inverse
correlation between pH and rate) could be attributed to the amwearof
hexaaquairon(lll) species and possible competition between hydromdieascorbate
anions for complexation with Fe(lll). Although the contribution of [HOOH)] to the divera
Fenton reaction is high, it should be noted that the overall rate nbs$tthe reaction

series is small because the rate constant of the Fenton reaction.

Empirically, a mechanism of what is occurring in the Fenton reacti@dlmasthe

rate equation from Equation 12 can be seen as such:
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Fe(Ill) + AscH = Fe(ll) + Ascs + H
ka

Fe(lll) + Asce — Fe(ll) + Asc + H

HOOH + Fe(I)5> Fe(lll) + HO + HO-

HOs + AscH < HO + Ascé

As ki = 2057.5[H+}) + 0.1373 mNM-"&! and k, = 400.82[H+}*°%%® mMm°Ot s,
Though the values dk; and ks were not found with these methods, empiricaliyk, =

kobJ(k]_kz) = -34179[H+] + 0.4986 iKops = kikokska, ks << kl,2, andk, < kl,2-
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