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Synthesis of Fe(III) chelates

[Fe(H,0)q]3*: the solution was prepared by dissolving 3.1 mg of FeCl;-6H,0 in 2 mL of HC1O,4
1 M. The solution was stirred at room temperature for few minutes to promote the complete

dissolution of the salt.

Fe(EDTA): the complex was purchased from Sigma Aldrich. The solution used for the

relaxometric and NMR analyses was prepared by dissolving the solid in water at pH 5.33.

Fe(CDTA): 4.5 mg of commercially available frans-1,2-Cyclohexylenedinitrilotetraacetic
Acid (CDTA) were dissolved in 2 mL of milli-Q water and the pH was corrected to 2. A
stoichiometric amount of FeCl;-6H,O was added to the ligand solution. The pH was again
correct to 2.5 and the mixture was stirred at room temperature for 18 h. Finally, the pH was
increased to 7 with diluted NaOH solution (0.1 M) to promote the precipitation of the free Fe3*.

The solution was then centrifuged and filtered.
MS (ESI): m/z calcd for Ci4HgFeN,Og: 398.04; found: 400.21 (M + 2H")

Fe(DTPA)*: 11.6 mg of commercially available Diethylenetriaminepentaacetic acid were
dissolved in 3.3 mL of milli-Q water and the pH was correct to 2.4 with nitric acid (0.1 M). An
equimolar amount of Fe(NOs);-9H,0 was added to the solution. The pH was adjusted to 1.7
with diluted NaOH. After 2h, the pH of solution was increased to 7 to favor the precipitation of

free Fe3'. Finally, the solution was centrifuged and filtered.

MS (ESI): m/z calcd for C4HsFeN3O,o: 444.04; found: 447.26 (M + 3H™).

Characterization techniques

Mass spectrometry: The mass spectra, obtained through the MS-ESI technique, were recorded
using the Waters SQD 3100 Mass Detector.

Relaxometric analysis: the 'H 1/T; NMRD profiles were obtained with a fast-field cycling
Stelar SmartTracer relaxometer (Mede, Pavia, Italy) varying the magnetic-field strength from
0.00024 to 0.25 T (0.01 — 10 MHz range). The 1/T; values are measured with an absolute
uncertainty of +£1%. Temperature was controlled with a Stelar VTC-91 airflow heater equipped
with a calibrated copper—constantan thermocouple (uncertainty of 0.1 K). Data at high fields
(0.5-3T, corresponding to 20—120 MHz proton Larmor frequency) were collected with a High
Field Relaxometer (Stelar) equipped with the HTS-110 3T Metrology Cryogen-free
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Superconducting Magnet. The measurements were performed with a standard inversion
recovery sequence (20 experiments, 2 scans) with a typical 90° pulse width of 3.5 s, and the

reproducibility of the data was within £0.5%.

The Fe!ll concentration was estimated by 'H-NMR (Bruker Advance III Spectrometer equipped

with a wide bore 11.7 T magnet) measurements using Evans’s method.!

170 NMR measurements: the spectra were acquired on a Bruker Avance III spectrometer (11.7
T) using a 5 mm probe under temperature control. An aqueous solution of the complexes (= 5
mM for [Fe(EDTA)]- and [Fe(CDTA)] and 39 mM for [Fe(H,O)s]*") was enriched to reach
2.0% of the 7O isotope (Cambridge Isotope). The transverse relaxation rates were measured

from the signal width at half-height as a function of temperature in the 278-350 K range.

Computational details

The geometries of [Fe(H,O)6]**- 12H,0, [Fe(EDTA)(H,0)]-2H,0 and
[Fe(CDTA)(H,0)]-2H,0 were optimized using density functional theory (DFT) calculations
with the TPSSh exchange correlation functional,> which belongs to the group of hybrid meta-
GGA functionals, in conjunction with the Def2-TZVP basis set.> As demonstrated for Mn(II)
complexes,* the inclusion of a few second-sphere water molecules is required for a better
description of the distance between the metal ion and the coordinated water molecule, as well
as the 170 A/h values of coordinated water molecules. Bond distances of the metal coordination
environments are in good agreement with crystallographic data (Table S3). Geometry
optimizations were followed by frequency calculations that confirmed the nature of the
optimized structures are true energy minima on the potential energy surfaces. The calculation
of hyperfine coupling constants was performed using the TPSSh functional, the aug-cc-
pVTZ-J’ basis set for Fe and the EPR-III® basis set for all other atoms. The output of the
calculations provided the isotropic hyperfine coupling constants A4;s,, which are related to the
A/h values obtained from NMR measurements by 4/A= Aj;,x2n. Bulk solvent effects were
considered throughout with the integral equation formalism of the polarized continuum model
(IEF-PCM).” These calculations were performed with the Gaussian 09 program package

(revision E.01).8

The geometries optimized as described above were used for state averaged complete
active space self-consistent field (CASSCF) calculations,’ which were carried out using the

ORCA4 program (version 4.2.0).1° Solvent effects (water) were incorporated using the SMD
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solvation model.!! The active space consisted in the five 3d electrons of Fe distributed over the
five metal-based d orbitals [CAS(5,5)], using 1 sextet, 24 quartet and 75 doublet roots. These
calculations used the Def2-TZVP basis set and were accelerated with the resolution of identity
(RI) approximation'? employing the Def2/JK'3 auxiliary basis set. Dynamic correlation was
considered with the fully internally contracted variant of N-valence state perturbation theory
(FIC-NEVPT?2).'* Spin-orbit coupling was considered in the framework of quasi-degenerate
perturbation theory (QDPT).!> Zero field splitting (ZFS) parameters were obtained within the
effective Hamiltonian approximation. The axial (D) and rhombic (E) ZFS parameters are

related to the energy of the ZFS A by the following expression:!¢

2
A= |=D*+ 2E?
3 [S1]

Equilibrium properties of Fe(EDTA) and Fe(CDTA)

Experimental

Materials: The chemicals used for the experiments were of the highest analytical grade.
Fe(NO;); was prepared by dissolving Fe,O3 (99.9%, Fluka) in 6M HNO; and evaporating the
excess acid. The solid Fe(NOs;); was dissolved in 0.1 M HNOj; solution. The concentration of
the Fe(NO;); solution was determined by using excess of the standardized Na,H,EDTA
solution. The excess of the Na,H,EDTA was measured with standardized ZnCl, solution and
xylenol orange as indicator. The H" concentration of the Fe(NOs); solution was determined by
pH potentiometric titration in the presence of excess Na,H,EDTA. The concentration of the
H4CDTA, Na,H,EDTA and H,HBED solutions (Sigma) was determined by pH-potentiometric
titrations in the presence and absence of a 40-fold excess of Ca?". The pH-potentiometric

titrations were made with standardized 0.2 M NaOH.

Equilibrium measurements: The stability and protonation constants of Fe'll complexes formed
with EDTA and CDTA ligands were determined by pH-potentiometric and spectrophotometric
studies. The protonation and dimerization constants of the Fe(EDTA) and the Fe(CDTA)-
complexes were determined using pH-potentiometry by titrating the pre-prepared complexes
from pH=1.7 to pH=12 with 0.2 M NaOH ([FeL]=0.01 M). For the pH measurements and
titrations, Metrohm 888 Titrando titration workstation Metrohm-6.0234.110 combined

electrode was used. Equilibrium measurements were carried out at a constant ionic strength
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(0.15 M NaNOQO3) in 6 ml samples at 298 K. The solutions were stirred, and N, was bubbled
through them. The titrations were made in the 1.7-12.0 pH range. KH-phthalate (pH=4.005)
and borax (pH=9.177) buffers were used to calibrate the pH meter, For the calculation of [H']
from the measured pH values, the method proposed by Irving et al. was used as follows.!” A
0.01M HNOj solution was titrated with standardized NaOH solution at 0.15 M NaNOs; ionic
strength. The differences (4) between the measured (pH,..q) and calculated pH (-log[H*]) values
were used to obtain the equilibrium H* concentration from the pH values measured in the
titration experiments (4=0.01). For the equilibrium calculations, the stoichiometric water ionic
product (pK,,) was also needed to calculate [OH~] values under basic conditions. The Vy,on —
PHieaq data pairs of the HNO; — NaOH titration obtained in the pH range 10.5 — 12.0 were used
to calculate the pK,, value (pK,=13.81).

The stability constants of Fe(EDTA) and Fe(CDTA)- were determined by spectrophotometric
studies of the Fe3" - EDTA and Fe** - CDTA systems at the absorption band of Fe''' complexes
at [H'] = 0.02 — 5.6 M in the wavelength range of 350 - 800 nm. The concentrations of Fe3",
EDTA and CDTA were 0.002 M. The H* concentration in the samples was adjusted with the
addition of calculated amounts of 6 M HNO; (I=[Na*]+[H"]=0.15, [H]<0.15 M). The samples
were kept at 298 K for a week. The absorbance values of the samples were determined at 11
wavelengths (370, 380, 390, 395, 400, 405,410, 415,420, 425 and 430 nm). For the calculations
of the stability and protonation constants of Fe(EDTA) and Fe(CDTA), the molar
absorptivities of Fe3", Fe(EDTA) and Fe(CDTA)- were determined by recording the spectra of
1.0x103, 1.5x103, 2.0x103 and 2.5%x10-3 M solutions of Fe3*, Fe(EDTA) and Fe(CDTA)
solutions. The absorption spectra of the Fe(EDTA) and Fe(CDTA)- solutions were recorded in
the pH range of 1.7 — 7.5. All spectrophotometric measurements were performed at 298 K in
0.15 M NaNOs; solution. The pH was adjusted by stepwise addition of concentrated NaOH or
HNO; solutions. The spectrophotometric measurements were made with the use of
PerkinElmer Lambda 365 UV-Vis spectrophotometer, using 1.0 cm cells. The protonation and
stability constants were calculated with the PSEQUAD program.'8

Stability and protonation constants of Fe(EDTA) and Fe(CDTA).

The protonation constants of EDTA and CDTA ligands, defined by Eq. (S2), were determined

by pH-potentiometry.
i [HL]
" [H,L]H] [52]
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where i=1, 2...6. The logKi" values obtained by pH-potentiometry are listed in Table 1.

Standard deviations (35) are shown in parentheses.

The stability and protonation constants of Fel! complexes formed with EDTA and CDTA,
defined by Eqgs. (S3) and (S4), were investigated by pH-potentiometry and spectrophotometry
at 298 K in 0.15 M NaNOj; solution.

= ML) [S3]
[MIL]
[MHL]
Ky =l
= N [s4]

The stability constants of Fe(EDTA) and Fe(CDTA) were determined by spectrophotometry.
The equilibrium reaction (Eq. (S5)) was studied in the [H*] range of 0.02 — 5.6 M (the ionic
strength was constant [=[Na*]+[H"]=0.15 in the samples [H*]<0.15 M), where the formation of
Fe3*, FeHL, FeL and H,L species was assumed (x=4 and 5; y=3, 4 and 5). Some characteristic

absorption spectra are shown in Figures S1 and S2.

e*+H,L = [Fe(Hy,L)]+y
Fe3" + H,L Fe(H,,L H* S5

Abs

Figure S1. Absoprtion spectra of Fe’* - EDTA systems. Solid lines and open symbols represent the
measured and calculated absorbance values ([Fe’*]=1.974 mM, [EDTA]=1.996 mM, [H*]=5.686 M,
3.000 M, 1.498 M, 0.997 M, 0.329 M and 0.100 M, [H*]<0.15 M — [HNO;]+[NaNO;]=0,15 M, 298
K).
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Figure S2. Absoprtion spectra of Fe** - CDTA systems. Solid lines and open symbols represent the
measured and calculated absorbance values, respectively ([Fe*']=1.989 mM, [CDTA]=2.011 mM,
[H]=5.687 M, 3.006 M, 1.496 M, 0.999 M, 0.332 M, 0.100 M, 0.030 M and 0.017 M, [H"]<0.15 M
— [HNO;]+[NaNO;]=0,15 M, 298 K).

Since the molar absorptivities of Fe3' is significantly lower than that of Fe(EDTA)  and
Fe(CDTA) complexes in the wavelength range of 360 — 440 nm, the increase of the absorbance
values of the Fe** - EDTA and Fe?' - CDTA systems can be explained by the formation of FeL
and FeHL species dominating at [H"]<1.5 M.

The protonation constants of Fe(EDTA)  and Fe(CDTA) complexes were determined by pH-
potentiometric titrations of the complexes in the pH range 1.7 — 12.0 ([FeL]=10 mM). At
pH>6.0 the titrations curves indicate the base consumption process which can be interpreted by
the hydrolysis of the Fe!l' ion with the coordination of OH- ion (Eq. (S6)) and by the
dimerization of the FeL (Eq. (S7)) FeLH.; species (Eq. (S8)) via the formation of z-oxo dimers.

FeLH,, + H* = FeL [S6]

Kien, = [Fel
" [FeLH  ][H"]

2Fel. == [(FeL),(#-O)] + 2H" [S7]

[(FeL), (n—O)][H']*
[FeL]’
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2FeLH.; == [(FeL)y(x-0)] [S8]

g o [EFel),(n-O)]
¢ [FeLH,]?

According to the method proposed by Gustafson and Martell,!” the protonation and
dimerization constant of FeL and FeLH_; species were calculated from the pH potentiometric
titration data ([FeL]i, [NaOH]i, pH, p4 and pKy) obtained in the pH ranges 4.0 — 9.0 for
Fe(EDTA) and 7.5 — 10.5 for Fe(CDTA)". The stability and protonation constants of the Fe'll-
complexes formed with EDTA and CDTA ligands are reported in Table S1.

Table S1. Protonation constants of EDTA and CDTA, stability and protonation constants of
Fe(EDTA) and Fe(CDTA) complexes (298 K)

CDTA EDTA
I 0.15MNaNO; 0.l MKNOy 0.15MNaNO; 0.1 MKNO;
log K1 9.54 (2) 12.30 9.40 (1) 10.22
log KM 6.08 (2) 6.12 6.10 (1) 6.18
log K31 3.65(3) 3.49 2.72 (1) 2.70
log KoM 2.69 (3) 2.40 2.08 (1) 2.00
log KsH 1.14 (4) 1.60 1.23 (1) -
> logKH 23.11 25.91 20.29 (-logKsH) 21.10
Fe(CDTA) Fe(EDTA)
I 0.15MNaNO; 0.l MKNOy 0.15MNaNO; 0.1 M KNO;s¢
logKrr, 24.36 (2) 29.05 22.14 (4) 24.95
logKrem. 1.77 (2) - 1.12 (2) -
logKrern-1 9.50 (2) 9.54 7.51 (1) 7.52
~logKp 17.64 (4) 18.03 13.00 (3) 12.40
logK, 1.40 (3) 1.07 2.02 (2) 2.64

aRef.20; bRef2!; ¢ Ref.22,

It well known that the equilibrium constants are generally determined in the presence of the
constant ionic background (some salts like KCI, NaCl, etc.) which should be selected with the
necessary care since its cation can react with the donor atoms of the ligand (determination of
the protonation constants) or its counterion may interact with the metal ion (determination of

the stability and protonation constant). The logKi!' and logKyy values, published in literature
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were most frequently determined in 0.1 M KCl or 0.1 M MeyNCL.23 The protonation constants
of ligands particularly the logK " values determined in the presence of Na* ion are generally
lower than those obtained in solutions, where the constant ionic strength was controlled by K*
- or MeyN* salts. The logK;H values obtained in NaCl, NaNOj or NaClOy solutions are lower
because the interaction between the smaller Na™ ion and the fully deprotonated ligands is
stronger than that of the larger K* or Me4N™ ions. The difference is particularly high for CDTA
ligand which form relatively stable complexes with Na* (logKnacpray=4.66; 0.5 M MesNCl,
298 K ;?* logKnaEpTa)=1.82; 0.1 M MeyNCl, 298 K)*. Moreover, the Cl- as a counter ion of
the ionic background might interact with Fe3* ion via the formation of FeCl, complexes (x=1,
2, 3 and 4). Therefore, all the equilibrium studies were performed at 298 K in 0.15 M NaNO;

solution.

Thus, background electrolyte NaNOs (0.15 M) was used to mimic the high Na* concentrations
present in vivo (~0.15 M in blood plasma). Therefore, the logK ! values of EDTA and CDTA
are lower by 0.8 and 2.8 logK units than in the presence of 0.1 M KNOj ionic background, as a
result of the formation of Na(EDTA)3- and Na(CDTA)?- complexes. Also the stability constant
of the Fe(EDTA) and Fe(CDTA) complexes are lower by 2.8 and 4.7 logK units than the
logKF. values previously measured in 0.1 M KNO; (Table S1).22 These results show that the
high Na* concentrations present in vivo (~0.15 M in blood plasma) have a significant impact in
the stability of the complexes. The equilibrium constants characterizing the formation of FeLH.
1 (logKgeLn.1, Eq. (S6)) and the dimeric [(FeL),(x~O)] species by the dimerization of FeL (-
logKp, Eq. (S7)) and FeLLH_; species (logKy, Eq. (S8)) of Fe(EDTA) and Fe(CDTA) are very
similar in 0.15 M NaNOj and 0.1 M KNOj solutions. In accordance with previous studies, 2
the Kp and Ky values confirm the lower tendency of Fe(CDTA)- to form the oxo-bridged dimer
than Fe(EDTA)". The speciation diagrams obtained with the equilibrium constants (Figure S3
and S4) evidence that Fe(CDTA)- does not hydrolyze significantly at physiological pH, while
the EDTA complex presents significant populations of the hydroxo-complex and z-oxo dimer

atpH 7.4.
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Figure S3. Species distribution of Fe3*-EDTA system ([Fe3*]=[EDTA]=1.0 mM, 298 K, 0.15 M
NaNO;).
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Figure S4. Species distribution of Fe3*-CDTA system ([Fe’**]=[CDTA]=1.0 mM, 298 K, 0.15 M
NaNO;).

Kinetic studies
Experimental

The kinetic inertness of the Fe(EDTA) and Fe(CDTA)- was characterized by the rates of the
transchelation reactions taking place with HBED ligand. The exchange reactions with HBED
were studied by spectrophotometry, following the formation of the Fe(HBED)  complexes at
480 nm with PerkinElmer Lambda 365 UV-Vis spectrophotometer. The concentration of the
FeL complex was 0.2 mM, while the concentration of the HBED was 10 and 20 times higher,
to guarantee pseudo-first-order conditions. The temperature was maintained at 298 K and the

ionic strength of the solutions was kept constant, 0.15 M for NaNOs. The exchange rates were
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studied in the pH range about 7.4 — 12.5. For keeping the pH values constant, HEPES (pH range
7.4 — 8.5), piperazine (pH range 8.5 — 10.5) and Na,HPO, (pH range 11.0 — 12.5) buffers (0.01
M) were used. The pseudo-first-order rate constants (ky) were calculated by fitting the

absorbance data to Eq. (S9).

A =(Ag—A)e™ +A [S9]

where 4,, Ay and A4, are the absorbance values at time ¢, the start of the reaction and at
equilibrium, respectively. The calculation of the kinetic parameters were performed by the
fitting of the absorbance - time data pairs to Eq. (S9) with the Micromath Scientist computer
program (version 2.0, Salt Lake City, UT, USA).

Kinetic inertness of Fe(EDTA) and Fe(CDTA)"

The rates of the transchelation reactions (Eq. (S10)) between FelL complexes and HBED were
studied by spectrophotometry. Some characteristic absorption spectra are shown in Figures S5

and S6.

FeL + HBED = Fe(HBED) +L  (L=EDTA, CDTA) [S10]

0.7 0.8
0.6 0.7 -
¢ & & o+ o

0.5 E 06 o« ¢
0.4 8 0.5 1

: - ¢
0.2 © 0.3 .

: 2 0.2
0.1 < o1 *
0.0 7 0 ‘ .

400 500 600 700 0 10 20 30 40

A (nm) t (min)

Figure S5. Absoprtion spectra of Fe(EDTA) — HBED reacting system [Fe(EDTA)]=2.0x10* M,
[HBED]=2.0x103 M, pH=11.05, [Na,HPO,]=0.01 M, 0.15 M NaNO;, 298 K).
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Figure S6. Absoprtion spectra of Fe(CDTA)- — HBED reacting system ([Fe(CDTA)]=2.0x10* M,
[HBED]=2.0x10- M, pH=11.94, [Na,HPO,]=0.01 M, 0.15 M NaNOs, 298 K).

In the presence of excess exchanging HBED ligand the transchelation can be treated as a
pseudo-first-order process and the rate of the reactions can be expressed with the Eq. (S11),
where k4 is a pseudo-first-order rate constant and [GdL]; is the total concentration of the

complex.

B d[FeL], _
~—a k,[FeL], [S11]

The rates of the transmetallation reactions were studied at different concentrations of the HBED
ligand in the pH range 7.4 — 12.5. The obtained pseudo-first order rate constants ky are presented

in Figure S7 as a function of pH.

1.0E+00

1.0E-02 -

1.0E-04 -

ka (s™)

1.0E-06 -

1.0E-08 . . . . .
7 8 9 10 1 12 13
pH

Figure S7. k4 pseudo-first-order rate constant characterizing the transchelation reactions of Fe(EDTA)-
and Fe(CDTA)  with HBED ligand. Solid lines and the open symbols represent the calculated and
measured kg rate constants. ([Fe(EDTA) ]=[Fe(CDTA)]=2.0x10* M, [HBED]=2.0 (0,0) and 4.0 mM
(3,03), [HEPES]=[piperazine]=[Na,HPO4]=0.01 M, 0.15 M NaNOj3, 298 K).
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The kinetic data presented in Figure S7 show that the k4 values are independent on [HBED] and
increase with pH, indicating that the rate-determining step of the transchelation reactions is the
dissociation of the Fe(EDTA) and Fe(CDTA) complexes, followed by the fast reaction
between the free Fe3" ion and the exchanging HBED ligand. By considering the species
distribution of Fe** - EDTA and Fe3" - CDTA systems, the dependence of the k4 values on pH
can be interpreted as spontaneous dissociation (ky, Eq. (S12)) and OH-ion assisted dissociation
(kou, Eq. (S13) and kon?, Eq. (S14)) of the FeLH_; species dominates in the investigated pH

ranges.

k
FeLH, — 5 Fe¥ + L +OH [S12]
Kon
FeLH,+ OH- ", Fe¥* + L +20H- [S73]
2
FeLH., + 20H- " Fe¥ + L +30H- [S14]

By taking into account all possible pathways and Eq. (S11), the rate of the dissociation of
Fe(EDTA) and Fe(CDTA) can be expressed by Eq. (S15).

‘_d[Fcft—L]‘ = k[FeL], =k[FeLH ]+ ko, [FeLH , JJOH ]+ k2, [FeLH ,JOH ] [S15]

Considering the total concentration of the Fe(EDTA) and Fe(CDTA) complexes
([FeL]=[FeL]+[FeLH.;]) and the protonation constant of FeLH.; (Kf n.1, Eq. (56)), the k4
pseudo-first-order rate constants presented can be expressed by Eq. (S16). Based on the species
distribution of the Fe3* - EDTA and Fe’" - CDTA systems at [Fe3"]=[EDTA]=[CDTA]=0.2
mM, the formation of the dimeric [(FeL),(¢-O)] species can be neglected in our experimental

conditions.

_ ky ko (Ky /[[H ) +k, (K /[H'])
1+ KFeLH_l [H+]

ky [S76]

wherein ko, ko and kop? are the rate constants characterizing the spontaneous and OH- assisted

dissociation of FeLH_; species, Ky, is the stoichiometric water ionic product, whereas Kge p.1 1S

the protonation constant of the FeLH.; species. The rate and protonation constants
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characterizing the transchelation reactions of Fe(EDTA) and Fe(CDTA) complexes with
HBED were calculated by fitting the k4 values presented in Figure S7 to the Eq. (S16).

Redox stability

Experimental

The redox stability of the Fe(EDTA) and Fe(CDTA)- was characterized by the rates of their
reduction with ascorbic acid (Sigma Aldrich). The reduction of the Fe'-complexes was studied
by spectrophotometry, following the formation of the FelL complexes at 390 nm with
PerkinElmer Lambda 365 UV-Vis spectrophotometer. The concentration of the Fe(EDTA) and
Fe(CDTA) complexes was 2.0 mM, while the concentration of the ascorbic acid was 5 - 40
times higher, in order to guarantee the pseudo-first-order condition. In all experiments a four-
fold excess of free ligand was added to the Fe(EDTA)- and Fe(CDTA)  complexes. Under these
conditions, the reaction which was assumed to take place is the reduction of the Fe''-complex
to the Fell-complex. The temperature was maintained at 298 K and the ionic strength of the
solutions was kept constant, 0.15 M for NaNO;. The exchange rates were studied at pH=7.4.
For keeping the pH values constant HEPES buffer were used ((HEPES]=0.01 M). In the sample
preparation Ar was bubbled through all solutions to maintain oxygen free condition. The
pseudo-first-order rate constants (k.ps) were calculated by fitting the absorbance - time data
pairs to Eq. (S9) (kg = kops) With the Micromath Scientist computer program (version 2.0, Salt
Lake City, UT, USA).

Redox stability of Fe(EDTA) and Fe(CDTA)

The redox stability of Fe(EDTA) and Fe(CDTA)- was studied by following the reduction of
the Fe'll-complexes (Eq. (S17)) by spectrophotometry in the presence of ascorbic acid. Some

characteristic absorption spectra are shown in Figures S8 and S9.
2FeL + HA-— 5 2Fe!lL + A + H (L=EDTA, CDTA) [S17]

In the presence of excess ascorbic acid the reduction of the Fe''-complexes can be treated as a
pseudo-first-order process and the rate of reactions can be expressed with Eq. (S18), where kops

is a pseudo-first-order rate constant and [FeL]; is the total concentration of the Fel-complexes.

d[FeL], K

m ons[FEL], [S18]
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Rates of the reduction of the Fe'-complexes were studied at pH=7.4 and at different
concentrations of ascorbic acid. The obtained pseudo-first order rate constants ks as a function

of [HA"] are presented in Figure S10.

1.4 0.6
1.2 g 0.5
;g S 04
(/)] * ™ B
3 0.6 o 03
0.4 w 021,
0.2 2 0.1 1 00004000 ¢ ¢ ¢ o
0.0 T T T 0 1 1 1 1 T 1 T T
370 390 410 430 450 0 2 4 6 8 19 12 14 16 18
A (nm) t (min)

Figure S8. Absorption spectra and absorbance values of the Fe(EDTA)- — ascorbic acid reacting system
([Fe(EDTA)]=2.0x10-3 M, [ascorbic acid]=0.02 M, pH=7.40, [HEPES]=0.01 M, 0.15 M NaNOs, 298
K).
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- H £ 08
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Figure S9. Absorption spectra and absorbance values of the Fe(CDTA)  — ascorbic acid reacting system
([Fe(CDTA)]=2.0x10* M, [ascorbic acid]=0.02 M, pH=7.40, [HEPES]=0.01 M, 0.15 M NaNO;, 298
K)
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Figure S10. k., pseudo-first-order rate constant characterizing the reduction of Fe(EDTA)  (O) and
Fe(CDTA) (20) by ascorbic acid Solid lines and the open symbols represent the calculated and
measured kq rate constants. ([Fe"L]=2.0x10-* M, [HEPES]=0.01 M, 0.15 M NaNO3, 298 K).

The kinetic data in Figure S10 indicates that the &,,s shows a saturation curve as a function of
[HA"], which might be interpreted by the formation of the reaction intermediate and the rate
determining transformation of the intermediate to the final product. By taking into account the
protonation constants of ascorbic acid (logK;"=11.34, logK,"=4.04, 0.1 M KNO;, 298 K),?6 the
monohydrogenascorbate HA- species dominates in our experimental conditions (pH=7.4, 298
K, 0.15 M NaNOs). According to the kinetic data, the electron-transfer might occur by the
formation of the ternary Fe!"L-HA intermediate between the ascorbate anion (HA") and the
Fel"lL complex (Eq. (S20)) replacing the inner-sphere water molecule ({Fe'L-HA}, Eq. (S19)).
The Fel'lL might also react rapidly with the radical (Eq. (S21)) formed in the previous step. The
presence of free radicals in the oxidation of ascorbic acid was confirmed by EPR

measurements.?’

FellL + HA- K (pep -HA-) [S19]

_[{Fe"L-HA'}]
FeLA T R L][HA ]

k
{FelL-HA"} "3 FellL + radical [S20]
11T 1 fGSt 11 +

Fe'L + radical — 5 Fe'L +A + H [S21]

By taking into account all possible pathways and Eq. (S18), the rate of the reduction of
Fe(EDTA) and Fe(CDTA)- with ascorbic acid can be expressed by Eq. (S22).

_diFel]
dt

[FeL], =k, [Fe"'L — HA] [S22]

Considering the total concentration of the Fe'L ([FeL]=[FeL]+[FeLH_]+[Fe"L-HA]), the
formation of FeLH_; species (Eq. (S6)) and the ternary Fe''"L-HA intermediate (Eq. (S19)), the
kops pseudo-first-order rate constants presented can be expressed by Eq. (S23).

k[HA ]

= [S23]

kos - N —
14+ Ky a [HA T+ (Ko [H]D
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where k=kyaKre . na and Kre ya are the rate and the equilibrium constants characterize the
ascorbate anion assisted reduction of the Fe!'-complexes and the formation of the ternary Fe!"'L-
HA intermediate, respectively. The kya and Kge.pa values of Fe(EDTA) and Fe(CDTA)
complexes have been calculated by fitting of the kinetic data (Figure S10) to Eq. (S23).
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Figure S11. '"H NMRD profiles of Fe(CDTA) (4.87 mM; pH = 6.9) at 283 (#), 298 (@)
and 310 K ().
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Figure S12. '"H NMRD profiles of Fe(EDTA) (8.98 mM; pH = 5.3) at 283 (#), 298 (@)
and 310 K (®).
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Figure S13. Structure of the [Fe(H,0)g]**- 12H,0 system optimized at the
TPSSh/Def2-TZVP level. The Fe-O bond distance is 2.031 A.
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Figure S14. Structure of the [Fe(EDTA)(H,0)]-2H,0 (CT) system optimized at the
TPSSh/Def2-TZVP level.
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Figure S15. Structure of the [Fe(EDTA)(H,0)]-2H,0 (PB) system optimized at the
TPSSh/Def2-TZVP level.
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Figure S16. Structure of the [Fe(CDTA)(H,0)]-2H,0 (CT) system optimized at the
TPSSh/Def2-TZVP level.
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Figure S17. Structure of the [Fe(CDTA)(H,0)]-2H,0 (PB) system optimized at the
TPSSh/Def2-TZVP level.
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Figure S18. '"H NMRD profiles at different temperatures (283 (blue), 298 (black) and 310 K
(red)) of Fe(DTPA)?* ; [Fe**] = 5.31 mM, pH 7.08.
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Equations used for the analysis of 7O NMR and NMRD data
Reduced 70O NMR chemical shifts of aqueous solutions of the Fe(Ill) complexes, Aw,, were

determined from the angular frequencies of the paramagnetic solutions ® and of the acidified

water o4 (Eq (S24)):

Ao, =i(a)—mA)= _IA“z’m R [S24]
P (I+7,T5,) +7. Ao,

m

Similarly, the reduced transverse relaxation rates, 1/75, and were obtained from the measured
70 NMR relaxation rates of the paramagnetic solutions 1/7, and of the acidified water

reference 1/7,:

-2 —1p-1 2
s LP—L}LT“”"’T”;*A“’"W 1 [$25]
L, T,,| v, (T,;1+];:;)+Awi T s

In these equations 1/75,, is the relaxation rate of water molecules coordinated to the Fe(II) ion
and Am,, is the chemical shift difference between bound and bulk water, while P,, is the mole

fraction of the bound water and 7, represents the mean residence time of a water molecule in

the first coordination sphere of Fe(Ill) (7, =1/k,,).28%°

Aw,, is dominated by the scalar mechanism, which is determined by the hyperfine or scalar

coupling constant, A/ 1:

_ g mpSS+DHB 4

Aw
o 3kyT h

[S26]

In Eq [3] B is the magnetic field strength, S represents the electron spin (S = 5/2 for high-
spin Fe(II1) complex) and g is the isotropic Landé g factor.?® The outer sphere contributions to
the 70O chemical shifts was neglected for Fe(EDTA)  and Fe(CDTA)-, while for [Fe(H,0)]*"

we included an outer-sphere contribution given by:
Awps = Coshwp, [S27]

The water exchange rate is assumed to follow an Eyring behaviour with temperature
according to Eq [5], where AS? and AH? are the activation entropy and enthalpy, respectively,

and k.,”% is the water exchange rate at 298.15 K:
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L:kexszTexp AST AHT|_ KIT [aH ( 1 _lj 28]
R RT | 298.15 R (29815 T

Transverse relaxation rates were approximated using the scalar contribution, 1/75, as given by

Eqgs (S29) and (S30), where T, is the longitudinal electronic relaxation time.

1 1 S(S+1)4Y
LI _ ( )(_j 7o, [S29]
712m 71ZSC 3 h
11,1 [S30]
TS] z-m ]wle

The observed 'H longitudinal proton relaxation rate (R;°*) contains both paramagnetic and

diamagnetic contributions, and relates to 'H relaxivity r;, as shown in Eq (S31):

ROll)S=R§+R€:R§+T1P[Fe(lll)] [S31]

r1p receives both inner- and outer-sphere contributions:
I/i = ’/iis + l/ios [832]

The inner-sphere contribution is directly proportional to the number of coordinated water

molecules g:3!

1 q 1

r.o= X X S33
1000 55.55 T 4z, [533]

The longitudinal relaxation rate of proton nuclei of an inner-sphere water molecule, 1/77,,"can

be expressed as:

2.2 2

1 2 (Ho\,Y19 Hp 3Ty TTa
H 15\arn SE+D 2.2 2.2
T1, ) Troy 1+wit); 1+ 0Ty, [S34]

=4 i=1,2 [S35]
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where ey is the effective distance between the electron charge of Fe(Ill) and the 'H nucleus,

o, 1s the proton resonance frequency and g is the Larmor frequency of the electron spin of

Fe(I1D).

The longitudinal and transverse relaxation rates of the slectron spin, 1/7;, and 1/7, were
approximated by Egs. (36) — (38),%2 where A? is the mean square zero-field-splitting energy, zy
is the electronic correlation time for the modulation of the zero-field-splitting interaction and

Ey the corresponding activation energy.

1 1 1 4
=N,y {4S5(S+1)-3 + S36
he 25 1+ ot 1+40?7} 1531

1 2
=1 0.02x(S% +45 -3 )y x A x S Y —
Ly 1+ w, 7y 1+40, Ty

T, =7"exp £fL__1 [S38]
R\T 298.15

The zero field splitting energy was assumed to follow an Arrhenius behaviour with temperature

with an activation energy Ej:

Eyy 1001
A= Azggexp{—A(— - —)}
R\298.15 T [S39]

The outer-sphere contribution to relaxivity was described as in Eqs (40) — (41), where N, is the
Avogadro number, and J,, is the associated spectral density function.33-34

32N 4 (1o hyey*

YsY
Tios = —)2 ol S+ D[3] ps(wpT1e) + 7 ps(@sT2,)]
405 \47m) ap,yDpoy [S40]

T.

. 1 Trol 1 .
4 e

Jos(@iT),) = Re 3
/2

, TreH 1/2 4( Tren\ 1f. TreH

o 9 T,.| 9 T,

[S41]
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2
Apey

¢ D FeH
The relative diffusion of the Fe(IlI) complex and water protons, Dy, is assumed to follow an
exponential behavior with an activation energy FEr.y and a diffusion coefficient at 298.15 K

298:
DFeH %8

E
_ 298 FeH 1 1
Dpey = DFeHexp[—( )}

R \298.15 T (S42]
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Table S2. Calculated rr.o and rrey distances and hyperfine coupling constants (4o/h and
Ay/h) obtained with DFT calculations and ZFS parameters obtained with CASSF/NEVPT2
calculations.[?

[Fe(HL,O)s]** 12H,0 Fe(EDTA) Fe(CDTA)

Isomer CTP PB CTP PB
rreit [A] 2.688 2.690 2.714 2.704 2.719
rreo [A] 2.031 2.173 2.204 2.192 2212
Ao/h [106 rad s71] 99.2 -64.8 -59.4 -62.9 -58.5

Ag/h[105rad s 8.69 0.43 -0.52 -0.05 -0.66
D [cm!] 0.01466 -0.1354 0.1446 -0.1415 0.1471
E [cm] 1.14x10* -0.0279 0.0407 0.0339 0.0426
Aem™] 0.036 0.117 0.131 0.125 0.134
A? [10252] 0.051 4.89 6.1 5.6 6.4

[al CTP and PB denote the capped trigonal prismatic and pentagonal bipyramidal isomers, respectively.

Table S3. Parameters obtained from the simultaneous fit of 'H NMRD data.l2]

Fe(DTPA)*
298 20 MHz [mM! s71] 0.81
28A2[10%0 2] 3.9+0.1
E, [kJ mol'] 8.1+2.5
287, [ps] 34409
E, [kJ mol'!] 1.0
28D [10° ecm? s71] 2.240l
Ep[kJ mol ] 20.0!
q ol
aren [A] 3.5l

[a] parameters fixed during the firring procedure.
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Table S4. Bond distances [A] of the metal coordination environment obtained with DFT
calculations (TPSSh/Def2-TZVP).[a]

[Fe(EDTA)(H,0)]-2H,0 [Fe(CDTA)(H,0)]-2H,0
CT PB CT PB
Fe-N(1) 2.318 2.388 (2.309) 2.331(2.317) 2.392
Fe-N(2) 2.326 2.347 (2.313) 2.321 (2.273) 2.360
Fe-O(1) 2.125 2.081 (2.075) 2.075 (2.096) 2.081
Fe-0(2) 2.042 1.966 (1.984) 1.990 (1.973) 1.965
Fe-0(3) 2.085 2.100 (2.093) 2.108 (2.074) 2.096
Fe-O(4) 1.993 1.999 (1.992) 2.039 (2.011) 1.995
Fe-O(5) 2.173 2.204 (2.083) 2.192 (2.141) 2212

lal Data in parenthesis observed in the X-ray Crystal structures, refs. 22 and 35.

Table S5. Optimized Cartesian coordinates obtained for [Fe(H,O)q]**-12H,0O with DFT
calculations (0 imaginary frequencies).

Center Atomic Coordinates (Angstroms)
Number Number X Y Z

1 8 1.609269 -0.420218 -1.164838
2 1 2.011705 0.249528 -1.767369
3 8 -0.441270 1.604039 -1.164573
4 1 -0.334404 2.545797 -0.792561
5 8 -1.169000 -1.183315 -1.164739
6 1 -2.037824 -1.561924 -0.792464
7 8 0.440859 -1.603935 1.164444
8 1 1.222252 -1.617770 1.766786
9 8 1.168640 1.183615 1.164541
10 1 0.790172 1.867610 1.766639
11 8 -1.609307 0.420296 1.165056
12 1 -2.011662 -0.249510 1.767586
13 1 2.371646 -0.983209 -0.792565
14 1 0.334299 -2.545590 0.792126
15 1 2.037973 1.561344 0.792625
16 1 -1.222889 1.617813 -1.766675
17 1 -0.790134 -1.866791 -1.767126
18 1 -2.371769 0.983403 0.793150
19 8 3.276472 2.268871 0.155440
20 8 3.181597 1.427958 -2.564128
21 1 3.446330 2.122497 -0.795503
22 1 4.126673 2.439450 0.581451
23 1 3.985728 1.048221 -2.951109
24 1 2.873945 2.075777 -3.215969
25 8 0.355535 3.470123 2.563336
26 1 -0.358249 3.527657 3.216345
27 1 1.087031 3.976881 2.948943
28 8 3.604336 -1.700313 -0.154696
29 1 3.561901 -1.921933 0.795955
30 1 4.178123 -2.350259 -0.581050
31 8 2.827557 -2.0425406 2.563476
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2.

948837

3.216573

0.
-0.
.580234
.564180
. 950550
.216740
.154844
.580972
.796010
.564357
.216991
.950491
.155859
.794868
.582211
.563212
.215848
.949151
.155110

154109
796632

.795598
.581405
.000091

32 1 2.900793 -2.929518
33 1 3.234268 -1.4532%55
34 8 0.328847 -3.971758
35 1 0.116173 -4.045768
36 1 0.052844 -4.793745
37 8 -0.354688 -3.469145
38 1 -1.085843 -3.975811
39 1 0.359539 -3.526219
40 8 -3.275476 -2.270435
41 1 -4.125501 -2.441617
42 1 -3.445725 -2.123772
43 8 -3.181748 -1.428411
44 1 -2.874016 -2.075392
45 1 -3.986370 -1.048856
46 8 -3.604660 1.700761
47 1 -3.562778 1.921972
48 1 -4.178205 2.350923
49 8 -2.828014 2.041920
50 1 -3.234689 1.452089
51 1 -2.901643 2.928614
52 8 -0.328637 3.972087
53 1 -0.115955 4.046439
54 1 -0.053467 4.794266
55 26 -0.000106 0.000150

E(UTPSSh) = -2639.4167488 Hartree

Zero-point correction = 0.450061

Thermal correction to Energy = 0.497288

Thermal correction to Enthalpy = 0.498232

Thermal correction to Gibbs Free Energy = 0.366914

Sum of electronic and zero-point Energies = -2638.966688

Sum of electronic and thermal Energies = -2638.919461

Sum of electronic and thermal Enthalpies = -2638.918517

Sum of electronic and

thermal Free Ener
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Table S6. Optimized Cartesian coordinates obtained for [Fe(EDTA)(H,0)]-2H,0 (capped
trigonal prism, CTP) with DFT calculations (0 imaginary frequencies).

Center Atomic Coordinates (Angstroms)
Number Number X Y Z
1 38 -2.107131 -0.293884 -0.607000
2 8 -3.705478 -1.794134 -0.1440506
3 8 -1.150870 3.006794 2.242724
4 8 -0.150553 1.800196 0.644575
5 8 0.111959 -1.727542 -1.288911
6 8 1.366662 -3.470464 -1.914920
7 8 1.774284 0.899950 -1.051493
8 8 3.633078 1.877129 -0.282308
9 7 1.737798 -1.006212 0.680562
10 7 -0.884673 -0.541482 1.656774
11 6 1.248921 -1.745122 1.862629
12 1 0.827060 -2.686823 1.506744
13 1 2.072378 -1.994020 2.540976
14 6 0.195333 -0.936506 2.587134
15 1 0.630801 -0.018811 2.986543
16 1 -0.205783 -1.502314 3.435026
17 6 -1.837155 -1.619881 1.347979
18 1 -1.290273 -2.537662 1.124089
19 1 -2.512279 -1.821729 2.185511
20 6 -2.642449 -1.233056 0.107402
21 6 -1.584826 0.655920 2.162754
22 1 -2.603608 0.668719 1.771270
23 1 -1.649028 0.647627 3.253933
24 6 -0.917613 1.941308 1.682869
25 6 2.283563 -1.935657 -0.325874
26 1 2.998918 -1.402120 -0.954241
27 1 2.809563 -2.770354 0.145253
28 6 1.184674 -2.454391 -1.250720
29 6 2.687181 0.073818 0.985517
30 1 2.341312 0.629525 1.859166
31 1 3.689042 -0.308973 1.204847
32 6 2.733784 1.039876 -0.2000006
33 8 -0.494891 1.145357 -2.228350
34 1 -1.456146 1.251773 -2.438197
35 1 -0.111595 2.048383 -2.112785
36 8 0.623809 3.556086 -1.380476
37 8 -3.204180 1.123512 -2.586366
38 1 0.350224 3.163093 -0.521903
39 1 1.531884 3.228007 -1.477561
40 1 -3.475933 0.609635 -3.357840
41 1 -3.058149 0.464947 -1.862252
42 26 -0.020856 0.056273 -0.409054
‘E(UTPSSh) = -2593.5690276 Hartree
Zero-point correction = 0.311580

Thermal correction to Energy = 0.338692

Thermal correction to Enthalpy = 0.339636

Thermal correction to Gibbs Free Energy = 0.253628

Sum of electronic and zero-point Energies = -2593.257448
Sum of electronic and thermal Energies = -2593.230336

Sum of electronic and thermal Enthalpies = -2593.229391
Sum of electronic and thermal Free Energies = -2593.315400
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Table S7. Optimized Cartesian coordinates obtained for [Fe(EDTA)(H,0)]-2H,0
(pentagonal bipyramidal, PB) with DFT calculations (0 imaginary frequencies).

Center Atomic Coordinates (Angstroms)
Number Number X Y Z
1 7 -1.025765 -1.176545 1.194440¢6
2 7 1.737167 -1.061370 0.508816
3 8 -0.458060 1.932847 -1.724678
4 8 -2.147129 0.213923 -0.727086
5 8 1.752589 0.883140 -1.191115
6 8 3.598140 1.879907 -0.424876
7 8 -4.119637 -0.826740 -0.573407
8 6 2.749745 0.979235 -0.388472
9 8 0.082406 1.333684 1.131803
10 6 -2.928407 -0.722871 -0.2908406
11 38 -0.004263 -1.462968 -1.589264
12 8 -0.465635 1.773336 3.253551
13 6 -0.504878 1.059233 2.258365
14 8 1.067368 -3.289061 -2.297302
15 6 0.969907 -2.318659 -1.552050
16 6 2.815488 -0.082058 0.702687
17 6 -1.338361 -0.223710 2.282157
18 6 -2.252798 -1.744454 0.612853
19 6 2.077738 -2.054984 -0.529445
20 6 1.304751 -1.678246 1.775187
21 6 -0.092257 -2.238669 1.622708
22 1 -1.979998 -2.599439 -0.0089%61
23 1 3.805348 -0.550597 0.717944
24 1 2.931035 -1.685995 -1.102102
25 1 -2.951609 -2.089992 1.380402
26 1 -1.244415 -0.698105 3.262762
27 1 1.322706 -0.906999 2.546893
28 1 2.378639 -3.005553 -0.079514
29 1 -0.106076 -3.017890 0.859173
30 1 -0.422197 -2.693071 2.564085
31 1 1.994641 -2.471085 2.087777
32 1 -1.371947 2.304362 -1.690226
33 1 0.158078 2.625359 -1.389038
34 1 -2.377833 0.096343 2.177735
35 1 2.671747 0.421745 1.659295
36 8 -3.132816 2.568768 -1.599010
37 1 -3.558766 2.553328 -2.465901
38 1 -3.069869 1.625312 -1.316188
39 8 1.172464 3.667263 -0.221426
40 1 0.847091 3.073786 0.483633
41 1 2.0062853 3.317634 -0.415198
42 26 -0.063009 0.158637 -0.478915
‘E (UTPSSh) = -2593.5693534 Hartree
Zero-point correction = 0.311680

Thermal correction to Energy = 0.338762

Thermal correction to Enthalpy = 0.339706

Thermal correction to Gibbs Free Energy = 0.253915

Sum of electronic and zero-point Energies = -2593.257674
Sum of electronic and thermal Energies = -2593.230591

Sum of electronic and thermal Enthalpies = -2593.229647
Sum of electronic and thermal Free Energies = -2593.315439

S34



Table S8. Optimized Cartesian coordinates obtained for [Fe(CDTA)(H,0)]-2H,0 (capped
trigonal prism, CTP) with DFT calculations (0 imaginary frequencies).

Center Atomic Coordinates (Angstroms)
Number Number X Y Z
1 8 1.704482 -1.751555 0.631912
2 8 1.164806 -3.756698 1.470349
3 8 1.082781 -0.781577 -3.676991
4 8 1.160803 0.270674 -1.703233
5 8 0.481911 0.067554 2.256816
6 8 -0.537498 0.961070 4.035434
7 8 1.191623 2.234134 0.191315
8 8 0.558623 3.937879 -1.108021
9 7 -1.156870 1.218001 0.493886
10 7 -0.586260 -1.363187 -0.531484
11 6 -2.272594 0.245774 0.311614
12 1 -2.337044 -0.299255 1.259542
13 6 -1.926104 -0.752326 -0.788208
14 1 -1.813193 -0.201034 -1.7279%61
15 6 -0.569711 -2.440421 0.474328
16 1 -1.135979 -2.127753 1.353993
17 1 -1.005645 -3.370282 0.099958
18 6 0.871490 -2.704110 0.910278
19 6 0.014570 -1.815542 -1.803836
20 1 0.724040 -2.619940 -1.601878
21 1 -0.739710 -2.209035 -2.488945
22 6 0.801455 -0.700948 -2.486263
23 6 -1.162738 1.754783 1.869410
24 1 -0.679943 2.733216 1.875101
25 1 -2.179692 1.886600 2.246619
26 6 -0.368665 0.864888 2.823038
27 6 -1.084457 2.297583 -0.505084
28 1 -1.261721 1.888689 -1.501443
29 1 -1.821856 3.085475 -0.327332
30 6 0.322021 2.898698 -0.488740
31 8 3.072103 0.556948 0.538848
32 1 3.663623 -0.233024 0.484058
33 1 3.309627 1.161840 -0.203049
34 8 3.294401 2.074121 -1.827768
35 8 4.377314 -1.853080 0.534094
36 1 2.564042 1.453852 -2.045365
37 1 2.814344 2.851270 -1.497896
38 1 4.816543 -2.039923 1.373899
39 1 3.426474 -2.087740 0.670446
40 26 0.923664 0.180868 0.319736
41 6 -3.630709 0.911535 0.043638
42 1 -3.564682 1.507416 -0.872310
43 1 -3.871527 1.598694 0.859007
44 6 -3.049319 -1.784736 -0.965508
45 1 -3.140949 -2.378348 -0.050390
46 1 -2.794872 -2.474871 -1.774177
47 o -4.391784 -1.105415 -1.246044
48 6 -4.740623 -0.128598 -0.124156
49 1 -4.342425 -0.567407 -2.199603
50 1 -5.169100 -1.867205 -1.348429
51 1 -5.685148 0.379323 -0.336181
52 1 -4.876337 -0.679573 0.813555
‘E(UTPSSh) = -2749.6849137 Hartree
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Zero-point correction = 0.404725

Thermal correction to Energy = 0.435239

Thermal correction to Enthalpy = 0.436183

Thermal correction to Gibbs Free Energy = 0.343475

Sum of electronic and zero-point Energies = -2749.280188
Sum of electronic and thermal Energies = -2749.249675

Sum of electronic and thermal Enthalpies = -2749.248730
Sum of electronic and thermal Free Energies = -2749.341438

Table S9. Optimized Cartesian coordinates obtained for [Fe(CDTA)(H,0)]-2H,0
(pentagonal bipyramidal, PB) with DFT calculations (0 imaginary frequencies).

Center Atomic Coordinates (Angstroms)
Number Number X Y Z

1 7 0.615592 -1.404821 0.510583
2 7 1.096552 1.332774 -0.169384
3 8 -3.092920 0.392672 -0.813080
4 8 -1.751887 -1.828667 -0.562727
5 8 -1.279151 2.112764 -0.827115
6 8 -1.222279 4.060117 0.264065
7 8 -1.437990 -4.026948 -0.816707
8 6 -0.706407 2.990632 -0.086957
9 8 -1.213958 0.404325 1.498780
10 6 -1.023608 -2.899365 -0.557594
11 8 -0.017137 -0.219899 -2.162429
12 8 -0.912970 -0.248695 3.614026
13 6 -0.707118 -0.369078 2.411537
14 8 1.565588 0.330525 -3.638058
15 6 1.024498 0.453273 -2.542947
16 6 0.683527 2.618273 0.413555
17 6 0.157300 -1.529219 1.912600
18 6 0.442678 -2.672632 -0.218894
19 6 1.561439 1.497410 -1.561179
20 6 2.027491 0.593746 0.721399
21 6 2.000913 -0.882455 0.352266
22 1 0.987736 -2.608108 -1.163232
23 1 1.388372 3.426559 0.192198
24 1 1.202523 2.459415 -1.932744
25 1 0.827965 -3.530512 0.338653
26 1 0.990068 -1.668416 2.603149
27 1 1.591558 0.693150 1.718599
28 1 2.650520 1.521681 -1.626930
29 1 2.214579 -0.984929 -0.715757
30 1 -3.685460 -0.364145 -0.590165
31 1 -3.345123 1.146944 -0.231198
32 1 -0.468761 -2.421023 1.993890
33 1 0.625759 2.516170 1.498268
34 8 -4.435555 -1.962255 -0.313448
35 1 -4.912147 -2.290406 -1.086963
36 1 -3.491999 -2.214584 -0.4554906
37 8 -3.430688 2.283682 1.254383
38 1 -2.739295 1.712739 1.642739
39 1 -2.923033 3.042306 0.907496
40 26 -0.930813 0.096148 -0.451419
41 6 3.482390 1.135335 0.783673
42 1 3.774971 1.205493 1.834802
43 1 3.513931 2.155218 0.391880
44 6 3.099015 -1.623146 1.125675
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45 1 3.014223 -1.387193 2.190475
46 1 2.979027 -2.703820 1.027118
47 6 4.490706 -1.190891 0.612566
48 6 4.483235 0.240928 0.045000
49 1 5.205217 -1.262019 1.436286
50 1 4.830343 -1.883429 -0.161676
51 1 5.483252 0.676170 0.112033
52 1 4.237137 0.209394 -1.020637

‘E (UTPSSh) = -2749.6743768 Hartree

Zero-point correction = 0.404298

Thermal correction to Energy = 0.435212

Thermal correction to Enthalpy = 0.436157

Thermal correction to Gibbs Free Energy = 0.341944

Sum of electronic and zero-point Energies = -2749.270079

Sum of electronic and thermal Energies = -2749.239164

Sum of electronic and thermal Enthalpies = -2749.238220

Sum of electronic and thermal Free Energies = -2749.332433
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