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" We have proved the correlation between Fe(III)-spin-state and peroxidase activity.
" ESR spectra of solution samples show species with different iron(III) spin state.
" By ESR spectro metry it has been identified quantum mixes S = 3/2, S = 5/2 of Fe(III).
" Structural analyses is consistent with Fe(III) antiferromagnetic exchange interaction.
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By direct synthesis has been obtained the octahedral complex [Fe(III)(Cl)(pdc)(H2O)(DMSO)] 1 (pdc = pyr- 
idyn-2,6-dicarboxylato), which shows a supramolecular structure and a clear and large molecular distor- 
tion. UV–Vis spectrum of 1 shows at 741 nm, 836 nm (e = 100 M�1 cm�1) and 970 nm
(e = 1600 M�1 cm�1) typical iron d–d transitions. FIR spectrum of 1 shows vibrations tFeAO, tFeAN and
tFeACl. NMR 1H spectroscopy is typical of paramagnetic compounds. The susceptibility data fit to a Ham- 
iltonian, Hex = �2J S1 � S2, using two models, give close exchange interaction constant values of:
J = �1.803 cm�1, g = 1.810 and J = �1.102 cm�1, g = 1.832. X-band ESR spectra of powder sample of 1 at
300 K/77 K show broad signals at H � 56.70 mT/64.53 mT, characteristic of ferromagnetic absorptions.
X-band spectra of 1 at 77 K in methanol solution at different concentrations show typical signals of Fe(III)
species with high spin, S = 5/2, quantum mixed spin state (qms), 5/2, 3/2, which are present in ESR spectra 
of peroxidase enzymes, and a low spin S = 1/2. 1 has been used as catalyst in the guaiacol test, character- 
istic of peroxidase enzymes, giving positive by visual observation and by UV–Vis spectroscopy. By ERS 
spectroscopy has been observed the characteristic p-cationic-radical ferryl, enzyme covalently modified,
when the peroxidase enzyme is active. The presence of Fe(III) species with qms observed by ESR spectra 
of 1, and its catalytic activity, both characteristic of peroxidase enzymes, are a significant conclusion of
the work.

� 2013 Elsevier B.V. All rights reserved.
1. Introduction 

Many compound s containing Fe(III) exhibit only Fe(III) 5/2 or 1/2

pure spin sates but, it has been observed too the thermal mixed spin 
state S = 1/2, 5/2, and the quantum mixed spin state 3/2, 5/2, as ground 
state [1–5]. Ferric hemepro teins show, likewise, species of iron(III)
with quantum mix spin state (qms), S = 3/2, S = 5/2 [1,2]. ESR, mag- 
ll rights reserved.

eyes-Ortega).
netic susceptibility and Mössbauer studies of hemeprotei ns and ir- 
on(III) compounds , have shown that pure spin state of iron(III)
S = 3/2 is not common and this spin state appears as quantum mixed 
spin state 3/2, 5/2, which proportion of S = 3/2 spin state of iron(III) in
qms, S = 3/2, S = 5/2, vary depending on the iron(III) coordina tion 
sphere [3–10]. However , there is a big difficulty to crystallize both,
as ferric hemeprotei ns as their model compounds , porphyrins–
Fe(III) complexes, and also it is a challenge to predict other iron(III)
complexes with these, above mention, spin states by theoretical 
calculus [9–14]. It is important to note that it is necessary to know 
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molecular geometries to carry out quantum chemical calculations 
to oversee molecula r properties starting from these geometries 
[11–15]. The ESR spectra of 1 in methano l solution at ca 6 23 mM
show that the supramolecul ar structure is destroyed and different 
monomer of Fe(III) are formed, some of the ESR signals are typical 
of species with high spin S = 5/2, some correspondi ng at low spin 
S = ½, and some at qms S = 3/2, S = 5/2. Studies on the correlation be- 
tween qms of porphyrin–Fe(III) compounds models of peroxidase 
enzymes and their catalytic activity have been reported [9–11].
However, we do not find reports of other type of Fe(III) complexes ,
different to these porphyrin–Fe(III) derivatives, which have used as
catalysts-pe roxidase . In this work we are reporting the direct syn- 
thesis [16–19] using metallic Fe and pcd ligand (pdc = 2,6-pyr- 
idyndicarbo xylato) to obtain [Fe(III)(Cl)(pdc)(H2O)(DMSO)] 1, its 
electronic and magnetic studies, and its catalytic activity, qualita- 
tively, using the guaiacol test, characteristic of peroxidase enzyme 
[20]. It is important to emphasize that 1 structure has been reported 
by Rafizadeh et al. [21], whom prepared it by traditional synthesis 
method using the ion and the pcd ligand, and this structure is anal- 
ogous at that obtained for us.

2. Experimental section 

2.1. Crystal structure determination 

Relevant crystallograph ic data are presented in Table 1. A crystal,
0.30 � 0.20 � 0.05 mm3, was mounted on an Enraf–Nonius CCD dif- 
fractometer at 293(2) K, following a standard procedure [22]. A total 
of 9015 unique reflection intensities were measure d in the range 
4.56 < 2h < 54.96 �. Corrections were made for Multi-Scans for 
absorption correction (transmission ranges: 0.9282 and 0.6597).
The structure was solved by direct methods and refined by full-ma- 
trix least-squares techniques with anisotropic temperature factors 
for the non-H atoms. Maximum differences peak in the final rF
map was 0.281 e Å�3. Maximum D/r in the last cycle was 0.000.
Goodness of fit was 1.023. Calculati ons were made with SHELX 97
[23]. Relevant geometric paramete rs are given in Table 2. Complete 
data were deposited as a CIF file (deposition number: CCDC 
800579). Structure factors and raw files are available on request.

2.2. General methods 

Electronic spectrum is recorded in a Shimadzu UV/VIS/NIR 3100 
spectrophot ometer on ca 0.001 mM methanol sample solution, at
300 K, using cells with 1 cm path length. A Nicolet Magna-IR 750 
Table 1
Bond lengths (ÅA

0

) and angles (�).

Bond lenghts 
C(1)AO(6) 1.229(3) C(1)AO(3) 1.287(3)
C(7)AO(4) 1.280(3) C(8)AS(1) 1.772(3)
C(9)AS(1) 1.774(3) O(1)AFe(1) 2.039(2)
O(1)AS(2) 1.544(39 O(2)AFe(1) 2.015(2)
O(3)AFe(1) 2.0200(19) O(4)AFe(1) 2.0537(19)
Cl(1)AFe(1) 2.2663(10) Fe81)AN(1) 2.082(2)

Angles
O(6)AC(1)AO(3) 126.0(3) O(6)AC(1)AC(2) 120.1(3)
N(1)AC(2)AC(3) 121.0(2) O(5)AC(7)AO(4) 124.9(3)
S(1)AO(2)AFe(1) 118.96(12) C(1)AO(3)AFe(1) 120.46(17)
O(6)AC(1)AO(3) 92.31(8) O(2)AFe(1)AO(1) 174.58(8)
O(3)AFe(1)AO(1) 91.86(8) O(2)AFe(1)AO(4) 88.05(8)
O(3)AFe(1)AO(4) 151.34(8) O(1)AFe(1)AO(4) 86.63(8)
O(2)AFe(1)AN(1) 89.65(9) O(3)AFe(1)AN(1) 75.91(8)
O(1)AFe(1)AN(1) 88.00(9) O(4)AFe(1)AN(1) 75.43(8)
O(2)AFe(1)ACl(1) 91.45(7) O(3)AFe(1)ACl(1) 102.71(6)
O(1)AFe(1)ACl(1) 91.01(7) O(4)AFe(1)ACl(1) 105.94(6)
N(1)AFe(1)ACl(1) 178.27(7) C(2)AN(1)AC(6) 122.6(2)
C(2)AN(1)AFe(1) 118.41(17) C(6)AN(1)AFe(1) 119.00(18)
spectrophot ometer is employed to record the infrared spectrum 
using KBr pellets. The 1H NMR spectrum is recorded at 25 �C on a
Varian MERCURY 300 spectromete r, using methanol- d solutions
with ca 10 mM. The 1H NMR spectrum is obtained from 100 ppm 
to �100 ppm with 150 repetitions . ESR spectra at X-band frequen- 
cies are obtained at variable temperature (300–77 K) with a JEOL 
JES-RES 3X spectrometer on polycrystall ine powder sample, and 
in CH3OH solutions at 10 different concentratio ns from 0.028 M
to 0.003 M. Magnetic measureme nts are performed on a Quantum 
Design Magnetometer MPMS-5S, with a precision of 10�8 emu, and 
different magnetic intensities in the range of temperature s from 2
to 300 K. The electronic impact (EI) ionization mass spectra and 
high resolution mass spectra (FAB+) are acquired on a JEOL MSta- 
tion JMS-700 mass spectromete r. Catalytic activity of has been car- 
ried out as previously for pinch-porph yrin–Fe(III) reported [9,10].

2.3. Catalytic activity 

Determinat ion of guaiacol oxidation with hydrogen peroxide 
using 1 as catalyst is carried out as previously described for horse- 
radish peroxidase [20]. Formation guaiacol oxidation products 
(POG) are detected by visual yellow–orange–brown colors devel- 
opment, and by UV–Vis spectroscopy .

2.4. Synthesis of [Fe(III)(Cl)(pdc)(H2O)(DMSO)] 1

Equimola r amounts of iron (0.00821 g, 0.147 mmol), pyridyn- 
2,6-dicarbon ylodichloro ligand (pcd, 0.0303 g, 0.147 mmol) and 
DMSO (1.5 mL) were placed in a flask and the mixture was kept un- 
der N2 atmosphere and magnetic stirring at 80 �C for 2.5 h. Green 
light crystals were filtered off, and dried under vacuum. The reac- 
tion yield 81% of 1, based on the isolated pure product was ob- 
tained. Mp: 228–230 �C; UV–Vis kmax/e (CHCl3) nm/M �1 cm�1:
205/36,7 00, 209/38,600, 211/39,500, 216/38,600, 741/100, 836/ 
100 and 970/1600; IR tmax (KBr cm�1): 1631.7(s) (C@O),
1029.9(s) (S@O), 476.4(s) (FeAN), 439.8(s) and 686.7 (FeAO),
418.5(s) (FeACl); 1H NMR (ppm): 62.2, 54.58, 49.35, 40.00, 18.56,
13.40, 3.00, 2.30, 1.88, �9.32, �10.93; powder sample ESR: 300/ 
77 (K) g1 = 11.909/9.992, g2 = 4.139/4.0 36, g3 = 2.944/2.805,
g4 = 2.197/2.196, g5 = 2.004/–; vMT = 0.318 emu mol �1 K rt; HRMS 
(FAB+) calcd. for C9H11ClFeNO6S [M+H +]: 352.55, found: 352.
3. Results and discussion 

3.1. Synthesis 

Direct synthesis method [16–18] and traditional method 
[21,24] using the same transition metals with zero oxidation state 
or their salts, respectivel y, can produce different and/or similar 
compound s. The control of the reaction conditions (temperature,
reaction time and solvent) allows isolating the compounds ob- 
tained during the direct synthesis without salts as polluter. In this 
work we have isolated, by direct synthesis , one pure product, 1,
making to react Fe(0) with pcd ligand which has been studied by
electroni c and magnetic spectroscopy. These results have been cor- 
related with the 1 structure.

3.2. Crystal structure 

The asymmetric unit of 1 consists of four monomeric units 
[Fe(III)(Cl)(pdc)(H2O)(DMSO)] with equal geometri es. The iron(III)
ion shows local geometry better described as distorted octahedral 
(Fig. 1), showing totally different angles and bond lengths around 
the iron ion in the plane O(3), N(1), O(4), Cl(1). Axially the iron 
ion shows an asymmetric coordination with O(2) atom of DMSO 



Table 2
ESR FeIII species for 1 present in (a and b) as powder samples at 300 and 77 K; (c–f) in methanol solution at 77 K.

Species A cluster Species B Species D Species F
Species C Species E Low spin 
High spin qms S = 1/2 
S = 5/2 S = 3/2, 5/2 

g g1 g2 g3 g|| g\ g1 g2 g3

(a) 11.910 – – – – – 22.944 2.198 –
4.139 –

(b) 10.200 – – – – – 22.571 2.286 –
4.277 –

(c) 10.898 – – – – – 22.847 2.481 –
3.705 –

(d) – 8.540 4.154 – 5.226 – 32.726 2.399 2.524 
8.023 4.154 – 4.758 –

(e) – 9.023 4.444 – 6.410 – 32.719 2.612 2.336 
7.936 4.444 – 5.136 –

(f) – 8.058 4.286 – 5.573 – 33.538 2.970 2.540 
7.237 4.286 – 4.788 –

S. Hernández-Anzaldo et al. / Journal of Molecular Structure 1040 (2013) 39–46 41
and O(1) atom of water. The pdc ligand contains aromatic groups 
that keep to the iron ion into a quasi-planar square through with 
three coordina tion bonds to two oxygen atoms and one nitrogen 
atom of the pyridine-pdc ligand forming two chelato rings. A long 
fourth coordinatio n in the same plane is established with the 
chloro ion. The equatorial plane that contains O(3), N(1), O(4)
and Fe(1) is distorted, the r.m.s. deviation from a least-squares 
plane containing these atoms is 0.0056 Å, the iron ion deviation 
is 0.017 Å.

As expected for this molecule, the electron density of the carbo- 
xylatos oxygen atoms of the pdc ligand and the covalenc e of the 
oxygen atoms towards Fe(III) is asymmetr ic (Table 1).

The equatorial plane that contains O(3), N(1), O(4) and Fe(1) is
distorted, the r.m.s. deviation from a least-squares plane contain- 
Fig. 1. Molecular structure with displacement ellipsoids at the 30% probability 
level.
ing these atoms is 0.0056 Å, the iron ion deviation is 0.017 Å. Mol- 
ecules pack as planes along the short b-axis (Fig. 2a) and forming 
step-laye rs of molecule s, the normal to these layers are 45� sloped
from the c-axis. The molecules are in alternating layers parallel ori- 
entation, which are in layer with the molecules showing their 
chloro ligands in front to the next molecule s step-layer (Fig. 2a).
The packing index for 1 is 68.5% and no interstitial solvent mole- 
cules are observed in crystal structure. The crystalline structure 
of 1 shows polar interactio n in x, y, z directions , yielding a supra- 
molecula r structure (Fig. 2a). Important distances in the molecular 
structure are: O5AH1b 1.868 Å, O4AH1b 3.951 Å, O6AH1a 1.871 Å
and O3AH1a 2.903 Å, which suggest possible magnetic pathways 
no direct Fe� � �Fe (Fig. 2b). However, the angle O5AH1bAO1
(144.7�), O6AH1aAO1 (165.48�) are characteristic of antiferromag- 
netic interactio ns [25,26] (Fig. 2b). Other possibilities, in the same 
Fig. 2, are the distance O4AO1 and distance O2AO1 (4.572 Å and 
3.461 Å, respectively , with angles Fe1 AO4AO1 of 130.37 � (Fe1 in
left molecule ), O4AO1AFe1 of 99.02 � Fe1 in middle molecule )
and Fe1 AO2AO1 of 161.68 � (Fe1 in right molecule ), Fe1 AO1AO2
of 115.29 � (Fe1 in middle molecule). Newly, in general, with excep- 
tion of the 99.02 �, these angles correspond to antiferroma gnetic 
interactio n FeAFe [25,26]. The Fe� � �Fe interaction pathways can 
propose through of chains of proximately nine atoms (�9 Å), or di- 
rectly FeAFe through of space at the shortest distance of 6.461 Å
(Fig. 2b), implying always a weak antiferro magnetic interactio ns.
3.3. UV/Vis and NIR spectroscopy 

The UV/Vis/NIR spectrum of 1 (Fig. 3) shows a band which con- 
tains four peaks at kmax/e (nm/M�1 cm�1) = 205/36,700, 209/ 
38,600, 211/39,500, and 216/38,600 of p ? p� transitions mixed 
with vibrations characteristic of pyridine group. kmax/e (nm/M�1

cm�1) = 255/17,000 belongs to the n ? p� transitions. At 279/ 
13,420 are observed transfer charge transitions d ? p�. Asymmet- 
ric broad and short bands at kmax/e (nm/M�1 cm�1) at 741/100,
836/100 and 970/1600, correspondi ng to dxz, dyz ? dx2�y2, dxy ?
dx2�y2, and dz2 ? dx2�y2, transitions, which are detected under 
higher concentration by amplification of their experimental detec- 
tion, informs us about the presence of a strongly distorted octahe- 
dral ligand field surroundi ng the iron ion [27,28]. The UV–Vis
results if 1 is in full agreement with the X-ray structure 
determination .



Fig. 2. (a) The packing structure of 1 viewed along the b axis of the monoclinic cell. Supramolecular arrangement of 1 showing interactions in x, y, z, directions; (b) possible 
interacting magnetic pathways FeIII ions through O(5)� � �H(1B), H(1A)� � �O(6) atoms (1.868 ÅA

0

, 1.871 ÅA
0

, respectively); O4� � �H1B, O3� � �H1A atoms (3.951 ÅA
0

, 2.903 ÅA
0

,
respectively); shortest constant distances between Fe(III) ions (6.461 ÅA

0

). Unit cell axes a, b, c.
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Middle IR spectrum of 1 shows the characteristic functional 
group vibration tOAH at 3440.9, 3103.3, 3006.9; tCAH at 2927.8,
2862.2 cm�1; tCAO at 1076.2 cm�1. Far IR shows tFeAO at 686.6,
439.8 cm�1, tFeAN at 476.4 cm�1 and tFeACl at 418.5 cm�1 [29,30]
(Fig. SI1 ).

3.4. 1H NMR spectroscopy 

The 1H NMR spectrum of 1 shows line broadeni ng due to two 
processes: (a) dipolar relaxation of nearest ligand nucleus to the 
metal, and (b) Fermi contact to nearest neighbor ligand nucleus.
Operation of both processes allows efficient relaxation of the pro- 
ton nuclei [31–33]. Hence, it is not possible to assign the isotropic 
chemical shifts and to quantify the protons present (Fig. SI2 ).

3.5. Magnetic behavior 

Magnetic susceptibility of a powdere d sample of 1 in the form 
vM versus temperature is showed in Fig. 4a and b. The Curie–Weiss
law analysis, characteristic of paramag netic behavior, yields h val-
ues of �0.803 K, with g values of 1.89, which suggests the presence 
of a weak antiferroma gnetic exchange coupling interaction 
[34–36]. The susceptibility data are fitted to antiferroma gnetic 
Heisenber g Hamilton ian, Hex = �2J S1 � S2, for a pair of exchange -
coupled S = ½ ions using different equations [34–37]. The best fit
for Eq. (1) [36] gives a g value of 1.81 and a constant exchange 
interactio n value of J = �1.803 cm�1 (Fig. 4a). For Eq. (2) [36] the
best fit gives a g value of 1.832, and a constant exchange interac- 
tion value of J = �1.102 cm�1 (Fig. 4b).

M ¼ ½Ngb sinhðgbH=kTÞ�=½expð�2J=kTÞ þ 2 cosh ðgbH=kTÞ þ 1�
ð1Þ
vM ¼ ½Nb2g2=3kðT � hÞ�½1þ ð1=3Þðexpð�2J=kTÞ��1ð1� qÞ
þ ½ðNb2g2Þq�=4kT þ Na ð2Þ

The terms in Eqs. (1) and (2) have the usual meanings [34–38].
In crystal structure section, it was shown that the shortest dis- 

tance between two iron ions is 6.461 ÅA
0

, and the Fe—Fe magnetic 



Fig. 3. UV–Vis spectrum of 1 methanol solution.

(a)

(b)
Fig. 4. vM vs. T of 1. The solid line corresponds to the theoretical fit of Eqs. (1) and 
(2) for the experimental data. The model includes a weak antiferromagnetic 
behavior. The best fits give: (a) J = �1.803 cm�1 and (b) J = �1.102 cm�1.
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pathways may be through of different atom chains. In addition,
some of this chain contains carbon atoms with no unpaired 
electrons. For all these atomic features, it could be expected a
weak exchange interaction, as is obtained in the magnetic 
measureme nt.

3.6. ESR spectroscopy 

The X-band ESR spectra of a powdere d sample of 1 were re- 
corded at 300 and 77 K. The powder sample of 1 shows an absorp- 
tion, which is typical of iron ferromagneti c absorptions [39,40], at
fields as low as 56.705 mT at 300 K and at H = 64.530 mT at 77 K
(Fig. 5a and b). This absorption shows a shifts of the order of
7.825 mT when the temperature is lowered from 300 K to 77 K.
This resonance field shift is due to the increase of the internal mag- 
netic field that each iron ion is experienci ng due to the magnetic 
ordering of the rest of magnetic atoms. It should be noted that 
the existence of an internal magnetic field is only compatible with 
ferro – or ferri – magnetic order. And this in turn is compatible 
with the squid magnetic measure ments and the structure dis- 
cussed [41].

Fig. 5c–f shows the spectra of 1 in methanol solution at different 
concentratio ns and at 77 K. It is clearly visible the developmen t of
different species of Fe(III) when concentration is lowered. It is sur- 
prising in Fig. 5c to observe clearly the same spectrum as in the 
polycrystall ine solid.

The ferromag netic order is preserved from the solid sample. We
believe that the supramol ecular structure of 1 is breaking apart as
‘‘big blocks’’ that each one preserves the magnetic characterist ics 
of a whole crystallite. Both spectra show characteri stic powder fer- 
romagnetic resonances [39,40].

When concentration is lowered at 26 mM appears several Fe(III)
species: rhombic, high spin S = 5/2 and low spin S = 1/2, and qms 
S = 5/2, S = 3/2, in accord with all exchange of ligands present in
solution. These species are present at concentration as low as
5 mM.

The ESR spectra in Fig. 5c–f are very similar to some ferric 
hemeprotei ns and porphyrin–Fe(III)-complexes spectra reported 
as model compounds of peroxida se enzymes [1–7,9–11,43]. Table 2
contains the ESR information of 1 in solution. The spectra identified
correspond at Fe(III) species as follow: two high spin species,
S = 5/2, with rhombic spectra, two species of spin quantum mixed,
S = 5/2, S = 3/2, with axial spectra, and one low spin species, S = 1/2,
with a rhombic spectrum [1–7,9–11,43].

At down field are observed two signals with g values between 7
and 9 (B, C) and one signal with g value �4.29 corresponding to
high spin state of iron(III) with rhombic spectra, characteristic of
octahedral geometries strongly distorted, with the zero field split- 
ting parameters D and E are no zero (Fig. 5d and e spectra and 
Table 2(d) and (e) data) [33,41,42,44]. The third signals corre- 
sponding at these rhombic species are not clear in Fig. 5
(g � 1.7–1.5). These rhombic species of high spin (in low propor- 
tion) must correspond to 1 with DMSO ligand replace for CH3OH,
Cl� or H2O in all possible combinations , producing a weak ligand 
field, a high spin and a large deviation from octahedral symmetry.
At up field it is possible to observe three signals with g values g � 2,
which are typical of low spin, S = 1/2, and of a rhombic spectrum.
This specie of Fe(III) is in low proportion and correspond s at the 
Fe(III) ion in a strong ligand field [3,4,9,43 ]. Finally, the middle field
signals, with g values 4 > g < 6 have been reported as species with 
qms and axial spectra [1–7,9,43]. These species are in higher 



Fig. 5. (a and b) ESR powder spectra for 1 at 77 K and at 300 K, (c–f) ESR methanol solution at different concentrations and at 77 K. From �1000 G to 7000 G field.

Fig. 6. Different spin states of FeIII and their respective octahedral geometry 
distorted.
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proportion. When the sample at ca 15 mM was recorded from 
160 K to 77 K the same species of Fe(III) were detected with very 
little change of their g-values. This is also a sign of the paramag- 
netic character of these signals, and it informs us that the spin state 
mixture of the Fe(III) is not depende nt on temperature variation.
The qms of Fe(III), which is different from thermal spin equilib- 
rium, is the quantum mechanical mixing of some quartet state,
4A2 into the sextet 6A1 [1–4]. Maltempo [1–3] has shown that this 
mix is the only quantum mechanical mixing [2], which have been 
observed in octahedral compounds , where the square planar size is
reduced in function that the coordinatio n Fe(III)-ligand is stronger 
that the axial coordination. In conseque nce, rise the energy of
dx2�y2 orbital atomic and low the energy of the dz2 orbital atomic,
favoring a high spin 5/2 mixed with the 3/2 spin state, 4 > g < 6
(Fig. 6).

It should be noted that our ESR spectromete r equipped with a
zero-cross unit is able to register the ESR feature ‘‘B’’ at negative 
fields, mirror image-inverted from the B-signal at positive fields,
Fig. 5, confirming the paramag netic nature of these resonances 
[44].
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Fig. 8. ESR spectra of the guaiacol + H2O2 + 1 reaction, observing the radical signal 
characteristic of Compound I, p-radical-cationic ferryl, intermediate oxidant: (a) at
t = 36 min (1 accumulation); (b) inset, at t = 40 min (4 accumulations); (c) inset, at
t = 52 min (8 accumulations). The g values are the same at different times and the 
slow sweep time is of 3 min for each accumulation.
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3.7. Catalytic activity of 1

Determinat ion of guaiacol oxidation with hydrogen peroxide 
using 1 as catalyst is carried out as previousl y described for horse- 
radish peroxidase and other reports [1,2,10,20]. Formation of POG 
is achieved by observation visual of the yellow–orange–brown col- 
ors developmen t, which is typical of the qualitativ e test for perox- 
idase enzymes [20]. The same guaiacol test is followed by UV–Vis
spectroscopy observing the increase of the bands at kmax � 410.6
and 462.8 nm, characterist ic of POG (Fig. 7). The optimum final
concentratio ns for this guaiacol test are: guaiacol 6 mM, hydrogen 
peroxide 2.8 mM and 1 3 mM. Other possible reactions which are 
ruled out: (a) 1 + guaiacol ? nothing; (b) guaiacol + H2O2 ? noth-
ing; (c) 1 + H2O2 ? nothing. Only when hydrogen peroxide , guaia- 
col and 1 are mixed the guaiacol test is possible. The last test is
recorded by ESR spectroscopy at 77 K [Fig. 8], and it is possible 
to observe at H = 3379.21 G with g value of 1.936 the characteri stic 
signal corresponding to the radical p-cationic-radic al ferryl, Com- 
pound I, intermedi ate compound formed during the catalytic activ- 
ity of peroxidase enzymes [43].

4. Conclusions 

The Fe(III) ions lie at the center of a distorted octahedral geom- 
etry which is consistent with the UV/VIS spectrum of 1 showing
three broad and very small bands which correspond to d–d transi-
tions, characteri stic of a low symmetry Fe(III) high spin species.
Magnetizati on versus temperature studies of 1 gives a Fe� � �Fe
weak magnetic behavior which is fully compatible with possible 
magnetic pathways, through of N, O, and H atoms-bridg es making 
angles typical of antiferroma gnetic interaction. The shortest dis- 
tance Fe—Fe ions is of 6.461 Å, and this also implies a weak ex- 
change interaction through space. ESR spectra of polycrystall ine 
powder sample of 1 at 300 K and 77 K, show strong magnetic inter- 
action dominan t, which disappea rs at ca < 26 mM by magnetic ex- 
change and an increase in internal field of �3.58 mT when the 
temperat ure is lowered from 300 K to 77 K. In methanol solution 
at the highest concentratio n ca 26 mM, the supramolecul ar struc- 
ture has not been destroyed yet and ‘‘big-block’’ clusters prevail 
in the frozen concentr ated solution. At concentrations 620 mM
new signals emerge clearly. No signs of the FMR signal remain. A
full new spectrum emerges, showing Fe(III) species with high spin,
low spin, and qms, characteri stic of bio-molecul es with iron-por- 
phyrin active sites. The correlation between the qms of iron(III)
in solution by ESR spectroscopy with the catalytic activity as per- 
oxidase enzymes shown for 1, is demonstrat ed in this study.
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