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Spectroelectrochemical Evidence for the Nitrosyl Redox Siblings NO+, NOC,
and NO� Coordinated to a Strongly Electron-Accepting FeII Porphyrin: DFT
Calculations Suggest the Presence of High-Spin States after Reduction of the

FeII–NO� Complex
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Introduction

Coordination compounds of the type {MNO}n[1] have experi-
enced renewed attention since the discovery of the nitric
oxide radical NOC as a physiologically essential agent. In
1992, NO was therefore voted the molecule of the year by
the journal Science.[2] Many processes of NO formation, re-
lease, and binding involve metal–NO interactions.[3] More

specifically, there is growing interest in the chemistry of
heme–nitrosyl systems because both the formation and ac-
tivity of NO in vivo are mediated by heme proteins.[4] Due
to the general importance of the heme–NO interaction, a
large amount of research has been devoted to the synthesis
of corresponding model systems. These investigations em-
ployed synthetic porphyrins such as tetraphenylporphyrin
(TPP) or the more electron-rich octaethylporphyrin (OEP),
and iron nitrosyl complexes of these standard porphyrins
have been extensively studied.[5] Ruthenium nitrosyl por-
phyrins have also been used as heme models because of
their enhanced stability relative to iron nitrosyl complexes.[6]

In addition to {FeNO}7 porphyrin complexes, the one-elec-
tron oxidized and reduced forms {FeNO}6 and {FeNO}8, re-
spectively, have been proposed as biorelevant species.[7] A
better understanding of the structure and reactivity of those
complexes is desirable and could help to elucidate mecha-
nistic issues. Therefore, several studies on the electron-trans-
fer behavior of {MNO}n complexes have been reported.[8]

In the case of {FeNO}n porphyrinato complexes, the
{FeNO}7 systems were by far the most extensively studied.[9]

It has been established that the related {FeNO}6/8 complexes
are more reactive and readily lose the NO ligand or convert
to the {FeNO}7 form.[9–11] The pioneering reports by Kadish
et al. on the spectroelectrochemical oxidation and reduction
of the {FeNO}7 ACHTUNGTRENNUNG(Porph) (Porph=porphyrinato ligand) com-
plexes [Fe(NO) ACHTUNGTRENNUNG(TPP)] and [Fe(NO)ACHTUNGTRENNUNG(OEP)] provided the
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Abstract: Experimental and computa-
tional results for the electron-deficient
porphyrin complex [Fe(NO)ACHTUNGTRENNUNG(TFP-ACHTUNGTRENNUNGPBr8)] (1; TFPPBr8 =

2,3,7,8,12,13,17,18-octabromo-
5,10,15,20-tetrakis(pentafluorophenyl)-
porphyrin) are reported with respect to
its electron-transfer behavior. Complex
1 undergoes three one-electron pro-
cesses: two reversible reductions and
one irreversible oxidation. Spectroelec-
trochemical measurements (IR and
UV/Vis/NIR spectroscopy) of 14NO-
and 15NO-containing material indicate
that the first reduction to 1� occurs

largely on the NO ligand to produce
nitroxyl anion (NO�) character, as evi-
dent from the considerable change in
nNO from 1715 to around 1550 cm�1.
The second reduction to 12� does not
result in a further shift of nNO to lower
frequencies, but to a surprising high-
energy shift to 1590 cm�1. This and the
notable changes of the characteristic
porphyrin vibrations as well as signifi-

cant changes of the UV/Vis absorptions
indicate a porphyrin-centered process;
DFT calculations predict the shift of
nNO to higher frequencies for the inter-
mediate- and high-spin states of 12�.
The oxidation of 1 is irreversible on
the voltammetry timescale, but chemi-
cally reversible in spectroelectrochemi-
cal experiments, suggesting that the
cationic form dissociates to the corre-
sponding ferric porphyrin and NO.
DFT calculations support the interpre-
tation of the experimental results.
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first evidence of {FeNO}6/8ACHTUNGTRENNUNG(Porph) species, in dichlorome-
thane.[11] In a subsequent paper, electrochemical measure-
ments of different {FeNO}7 ACHTUNGTRENNUNG(Porph) compounds (Porph= por-
phyrins, hydroporphyrins, and porphinones) allowed the site
of electron transfer for two oxidation and two reduction
steps to be determined: the first reduction and the second
oxidation were proposed to be centered on the Fe(NO)
moiety, thus yielding [{FeNO}8ACHTUNGTRENNUNG(Porph2�)]� and [{FeNO}6-ACHTUNGTRENNUNG(Porph�)]2+ species, respectively, while the first oxidation
and the second reduction would lead to the formation of
porphyrin p radicals.[12] More recently, FTIR spectroelectro-
chemical measurements and computational studies were
conducted for some of the [Fe(NO) ACHTUNGTRENNUNG(Porph)] compounds
previously studied; these studies confirmed that the first re-
duction was highly NO centered.[13] However, the second re-
duction was not studied, probably due to the high reactivity
of the [Fe(NO)ACHTUNGTRENNUNG(Porph)]2� products. There have also been
studies on the spectroelectrochemistry of cobalt nitrosyl por-
phyrins in which the site of the redox process was envi-
sioned on the basis of the shift of E1/2 potentials by ring sub-
stitution and through the observed UV/Vis and IR spectral
changes relative to previously reported similar systems.[14]

These studies have also been expanded to manganese, ruthe-
nium, and osmium nitrosyl porphyrinato complexes.[8e,f,h] For
these complexes, all three components—the porphinato li-
gands, the metal, and NO—are redox active in the central
redox potential region, so that the determination of individ-
ual oxidation-state combinations is not trivial. In recent con-
tributions, the combination of experimental results with
DFT calculations is a powerful method to unambiguously

determine the site of the redox processes in such complex
systems.[8,13]

In a recent paper,[15] we reported that [FeIIIACHTUNGTRENNUNG(TFPPBr8)Cl]
(TFPPBr8 =2,3,7,8,12,13,17,18-octabromo-5,10,15,20-tetrakis-
(pentafluorophenyl)porphyrin), containing strongly accept-

ing substituents, can form the {FeNO}7 nitrosyl iron complex
[Fe(NO) ACHTUNGTRENNUNG(TFPPBr8)] (1), which undergoes two reversible
one-electron reduction processes and one irreversible oxida-
tion in CH2Cl2. Focusing on the stabilization of the heme
model {FeNO}8 moiety, we reported the preparation and
spectroscopic characterization of the complex [Co ACHTUNGTRENNUNG(C5H5)2]

+

1�, obtained from one-electron chemical reduction of 1.
Both experimental and computational data allowed us to
assign the electronic structure of [Co ACHTUNGTRENNUNG(C5H5)2]

+1� as inter-
mediate between FeII ACHTUNGTRENNUNG(NO�) and FeIACHTUNGTRENNUNG(NOC), which contrasted
with the predominant FeIIACHTUNGTRENNUNG(NO�) character of known non-
heme {FeNO}8 complexes.[8a] Following that study, we now
report experimental (UV/Vis and IR spectroelectrochemi-
cal) and computational results for all three electron-transfer
processes of 1. Thus, we complete the characterization of 1�,
and we now focus on the other electron-transfer products of
1, the potential {FeNO}9 state in 12�—possibly involving the
NO2� radical—and on the {FeNO}6 complex, 1+ . The experi-
mental results are interpreted through DFT calculations.

Results and Discussion

Cyclic voltammetry : Figure 1 shows a typical cyclic voltam-
mogram of 1 in CH2Cl2. Three single-electron-transfer pro-
cesses are observed within the solvent window, which can be
represented by Equations (1)–(3).

1�e� ! 1þ

Epa ¼ þ0:92 V
ð1Þ

1þe� Ð 1�

E1=2 ¼ �0:65 V
ð2Þ

Abstract in Spanish: En este trabajo se estudia el comporta-
miento redox del complejo {FeNO}7 con sustituyentes atracto-
res de electrones, [Fe(NO) ACHTUNGTRENNUNG(TFPPBr8)]=1 (TFPPBr8 =

2,3,7,8,12,13,17,18-octabromo-5,10,15,20-tetrakis(pentafluoro-
fenil)porfirina) mediante experimentos de espectroelectroqu�-
mica y c�lculos computacionales. El complejo 1 presenta tres
procesos electroqu�micos de un electr�n: dos reducciones re-
versibles y una oxidaci�n irreversible. El considerable
cambio de nNO de 1715 cm�1 a � 1550 cm�1 indica que la pri-
mera reducci�n a 1� involucra en gran medida al ligando
NO. Para la segunda reducci�n a 12� se observa, sorprenden-
temente, un cambio de nNO a � 1590 cm�1. Este pequeÇo co-
rrimiento de nNO y los cambios notables de las vibraciones
asociadas a modos de la porfirina, as� como los cambios sig-
nificativos en la banda UV/Vis de Soret, indican un proceso
centrado en la porfirina; los c�lculos DFT predicen el corri-
miento de nNO a mayores frecuencias para los estados de spin
intermedio y alto de 12�. En cuanto a la oxidaci�n de 1, la
onda irreversible en la voltametr�a c�clica sugiere que la
forma cati�nica 1+ se disocia dando la porfirina de hierro-ACHTUNGTRENNUNG(III) y NO; sin embargo, en el experimento espectroelectro-
qu�mico el proceso resulta reversible, recuper�ndose la nNO

de 1 al reducir. Los c�lculos DFT apoyan la interpretaci�n
de los resultados experimentales.
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1�þe� Ð 12�

E1=2 ¼ �1:33 V ðE vs: Fcþ=oÞ
ð3Þ

The couples 2-2’ and 3-3’ (Figure 1) represent the two re-
versible reductions of 1 [Eqs. (2) and (3)] that are shifted
+770 and +940 mV from the corresponding values of the
analogous complex without the halogen substituents,
[Fe(NO) ACHTUNGTRENNUNG(TPP)] (2).[11,16] Complex 2 exhibits three oxidation
waves within the solvent window, while 1 exhibits only one
chemically irreversible oxidation at Epa =++ 0.92 V (labeled 1
in Figure 1), shifted by + 670 mV relative to the first oxida-
tion step of 2. This irreversible oxidation process is associat-
ed with two small return reduction features at about �0.2
and �1.1 V (1’’ in Figure 1), which correspond to the cou-
ples FeIII ACHTUNGTRENNUNG(TFPPBr8)

+/FeII ACHTUNGTRENNUNG(TFPPBr8) and FeII ACHTUNGTRENNUNG(TFPPBr8)/FeII-ACHTUNGTRENNUNG(TFPPBr8)
�, respectively.[17] These signals are absent in the

voltammogram when the oxidation potential is not reached,
confirming that they correspond to a species generated after
the oxidation of 1. This result suggests that the NO ligand is
lost once the oxidized species 1+ is formed, as shown in
Equation (4):

1þ Ð ½FeIIIðTFPPBr8Þ�þþNO ð4Þ

As stated in the Introduction, there are previous reports
on the lability of the NO ligand in {FeNO}6 porphyrin com-
plexes,[9] and a recent theoretical study showed that this in-
stability is associated with the presence of high-spin states
lying close to the low-spin ground state.[10]

Spectroelectrochemistry : The reversibility of the first and
second reduction waves allowed us to characterize the re-
duction products of 1, 1�, and 12� through spectroelectro-
chemical methods. Both in the UV/Vis and IR absorption
experiments, the reductions were fully reversible and we
could recover the spectrum of 1 upon reoxidation. Figure S1
in the Supporting Information and Figure 2 show the UV/
Vis and IR spectra, respectively, obtained on electrochemi-
cal reduction of 1 to 1�.

The minor changes in the Soret band of the UV/Vis spec-
trum upon one-electron reduction were similarly to those
observed previously;[11,16] they suggest a non-porphyrin-
based reduction. Moreover, the significant change of Dn�
�165 cm�1 observed in the IR spectrum for the NO stretch-
ing frequency—from 1715 to about 1550 cm�1—is indicative
of a largely NO-centered reduction. Thus, the first reduction
product of 1 can be described as [{FeNO}8(TFPPBr8

2�)]� , as
has been suggested before.[15] The NO stretching band as-
signment was confirmed by an experiment with 15N-labeled
1, [FeII ACHTUNGTRENNUNG(15NO) ACHTUNGTRENNUNG(TFPPBr8)]. We found the expected shift to
lower frequencies in the NO stretching features; unfortu-
nately, the NO stretching band of the reduced labeled prod-
uct 1� was obscured by intense porphyrin vibrational bands
at around 1500–1550 cm�1. The changes observed on electro-
chemical reduction of 1 to 1� are consistent with those
found after the chemical reduction of 1 with cobaltocene,
yielding [CoACHTUNGTRENNUNG(C5H5)2]

+1�.[15] Moreover, we monitored the
electrochemical reduction of 1 by EPR spectroscopy and
found the intensity of the radical signal decreased while no
other signal appeared. Figure S2 in the Supporting Informa-
tion shows a typical EPR spectrum of 1. This result is consis-
tent with the expected diamagnetic product 1�.

Since there is a second, reversible reduction wave in the
cyclic voltammogram of 1, we also set out to characterize
the second reduction product of 1, 12� [Eq. (3)], which could
give rise to an {FeNO}9 complex containing the NO2� ion.[18]

Figure 3 shows the UV/Vis and IR spectra obtained on elec-
trochemical reduction of 1� to 12�. In both the UV/Vis and
IR experiments, the reduction was fully reversible and we
could recover the spectrum of 1� on reoxidation, indicating
that 12� is a relatively stable product.

Significant changes in the Soret and Q bands were noted
previously after reduction of 2� ;[11,16] this indicated a por-
phyrin-centered process and vibrational spectra could not be
obtained. The changes of the IR bands in the present case
with shifts from 1522 and 1500 to 1516 and 1494 cm�1, re-
spectively, suggest a reduction of the porphyrin ring. The
NO stretching band was observed to shift from 1550 cm�1 to

Figure 2. IR spectral changes observed during the electrochemical reduc-
tion of 1 (bottom) and 15N-labeled 1 (top) in CH2Cl2/0.1 m Bu4NPF6.

Figure 1. Cyclic voltammogram of 1 in CH2Cl2/0.1 m Bu4NPF6 at
100 mV s�1.
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yield a broad asymmetric band around 1590 cm�1. If the
second reduction product, 12�, corresponds to a nitroxyl fer-
rous porphyrin radical complex, [{FeNO}8(TFPPBr8

3�)]2�,
this should result in an EPR signal at g�2.00 and produce a
slightly lowered value of nNO (see the DFT calculations sec-
tion). However, no EPR signal was observed at g�2.00 at
room temperature or at 243 K. On the other hand, nNO shifts
to higher values, and the DFT calculations (see below) sug-
gest alternative descriptions, such as [{Fe-
NO}7(TFPPBr8

4�)]2�, with higher spin states to account for
the experimental results.

The irreversibility of the oxidation in the cyclic voltammo-
gram of 1 (Figure 1) prompted us to confirm that the sus-
pected reaction [Eq. (4)] is taking place after the initial elec-
tron transfer.

After oxidation of 1, a new broad signal at around
1830 cm�1 appears in the IR spectrum, while the nNO feature
of 1 at 1716 cm�1 disappears (Figure 4). The new signal is
close to the stretching frequency of free NO (nNO =

1840 cm�1).[7] In the experiment with 15N-labeled 1, this
signal is shifted by �30 cm�1 as expected. In spite of the ob-
served irreversibility of the oxidation wave in the cyclic vol-
tammetry experiment, we could recover the spectrum of 1
on re-reduction. A possible explanation for this reversibility

in the spectroelectrochemical experiment is that the ferric
porphyrin [FeIII ACHTUNGTRENNUNG(TFPPBr8)]+ is reduced to the ferrous state,
[FeII ACHTUNGTRENNUNG(TFPPBr8)], and then reacts with NO present in solu-
tion to give back 1 [Eqs. (5) and (6)].

½FeIIIðTFPPBr8Þ�þþe� ! ½FeIIðTFPPBr8Þ�
E1=2 ¼ �0:20 V vs: Fcþ=Fc

ð5Þ

½FeIIðTFPPBr8Þ� þNO! 1 ð6Þ

Figure 4 reveals that a new broad band appears around
1930 cm�1, in the range expected for the nNO of a {FeNO}6

porphyrin complex.[9] This suggests that 1+ is in equilibrium
with the ferric porphyrin and NO, according to Equation (4).
The + 215 cm�1 shift in nNO on conversion of 1 to 1+ is indi-
cative of a largely NO-centered oxidation, so that the elec-
tronic structure of 1+ is described as [{Fe-
NO}6(TFPPBr8

2�)]+ , which is also in agreement with the fol-
lowing DFT calculations.

DFT calculations : DFT calculations were performed to
obtain more insight into the electronic structures of the
complexes and to support the interpretation of the IR spec-
tral changes observed for the three electron-transfer pro-
cesses.

Table 1 shows the relevant bond distances and angles for
the calculated structures of 1 (S=1/2), 1� (S= 0 and 1), 12�

(S=1/2, 3/2, and 5/2), and 1+ (S= 0).
The bonding parameters calculated for 1 and 1� are in

good agreement with those found for related complexes, as
discussed in a recent report.[15] The calculations also illus-
trate the parameter changes observed when going from
{FeNO}7 to {FeNO}6 (1!1+), that is, the shortening of the
N�O and Fe�N(O) distances and the increase of the FeNO

Figure 3. a) UV/Vis spectral changes observed during the electrochemical
reduction of 1� to 12� in CH2Cl2/0.1 m Bu4NPF6. b) IR spectral changes
observed during the electrochemical reduction of 1� (bottom) and of 15N
labeled 1� (top) in CH2Cl2/0.1 m Bu4NPF6.

Figure 4. IR spectral changes observed during the electrochemical oxida-
tion of 1 (bottom) and 15N labeled 1 (top) in CH2Cl2/0.1m Bu4NPF6.
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angle from a bent to a linear structure.[9] Most intriguingly,
the parameters related to the FeNO moiety for 12� are very
dependent on the spin state. The parameters for the inter-
mediate- and high-spin states are remarkably different from
the ones for the low-spin state, for example, the FeNO angle
changes from 128.4 to 152.98. These results can be rational-
ized by assuming an electronic redistribution for the higher
spin states of 12�, yielding an electronic structure best de-
scribed as [{FeNO}7(TFPPBr8

4�)]2� instead of the [{Fe-
NO}8(TFPPBr8

3�)]2� description befitting the low-spin state.
As reported previously,[15] a similar change in the electronic
structure was observed for the singlet and triplet states of
1�. While the singlet state is best described as [{Fe-
NO}8(TFPPBr8

2�)]� , the triplet state can be rationalized as
[{FeNO}7(TFPPBr8

3�)]� . This dependence of the electronic
structure on the spin state has been observed and discussed
before for [Fe(MI)(NO)ACHTUNGTRENNUNG(porphine)]� (MI=1-methylimida-
zole, porphine=unsubstituted porphyrin).[19] In addition, a
normal population analysis (NPA) was done to investigate
the charge distribution for the complexes 12� in the three
different spin states (Table 2). Both the intermediate- and

high-spin states show a more negatively charged porphyrin
ligand and consequently a less-electron-rich FeNO moiety
compared with the low-spin state. This is consistent with the
proposed change in the electronic structure, as discussed
above. The DFT results suggest that the S=3/2 state lies
only 2.7 kcal mol�1 above the low-spin state, which agrees
with an important contribution of this state to the ground
state of 12�. Moreover, most commonly used DFT function-
als tend to favor low-spin transition-metal spin states;[20] the
relative stabilization of the intermediate-spin state may thus
even be underestimated.

To determine the effect of the withdrawing groups on the
electronic structure of 12�, we performed similar calculations
on [Fe(NO) ACHTUNGTRENNUNG(porphine)]2�. We found similar results regard-

ing the electronic redistribution for the intermediate- and
high-spin states, but in this case, the relative energies of
these states were higher, amounting to 7.4 and 19.6 kcal
mol�1 for the intermediate- and high-spin forms, respective-
ly. Thus, the calculations confirm that the electron-withdraw-
ing groups in 12� contribute to the stabilization of higher-
spin states, which could also be related to the saddle distor-
tion produced by the substituents. The existence of inter-
mediate-spin states for saddle-distorted iron porphyrins has
been reported.[21]

IR frequencies for 1 in different oxidation and spin states
were calculated to further support the spectroelectrochemi-
cal results (Table 3).

In agreement with the spectroelectrochemical results, the
calculations predict a significant shift of nNO for the first re-
duction and for the first oxidation, supporting the electronic
structures assigned above. The best descriptions for the elec-
tronic structures of 1+ , 1, and 1� are still [{Fe-
NO}6(TFPPBr8

2�)]+ , [{FeNO}7(TFPPBr8
2�)]o, and [{Fe-

NO}8(TFPPBr8
2�)]� , respectively; thus, in the two processes,

the FeNO moiety is essentially the site of electron transfer.
However, if we compare the nNO values with those from
complexes of other porphyrins without electron-withdrawing
groups (e.g., TPP or OEP), they are shifted to higher fre-
quencies for the three states; this can be explained by as-
suming less donation from the metal center to the NO ligan-
d.[4a] For the second reduction, the shift to higher frequen-
cies observed in the experiment is only predicted for the in-
termediate- and high-spin states (Table 3). From the IR
spectroelectrochemical results for the second reduction and
the DFT calculations, the spin state S=3/2 appears to be a
valid description of the ground state of 12�. Accordingly, we
propose one of the following three possibilities: 1) S=3/2 is
the ground state for 12�, 2) the ground state is a quantum-
mechanical spin-state admixture with an important contribu-
tion of the S=3/2 state, or 3) at least two spin states (S= 1/
2, 3/2, and/or 5/2) are present in thermal equilibrium. The
three situations are compatible with the experimental and
computational results; the two last situations, although less
common, are not unprecedented for iron porphyrins[22] and

Table 2. Relative energies and calculated natural population analysis
(NPA) for 12<M-> in three different spin states.

Energy Charge
[kcal mol�1] Fe NO Porph

12� (S=1/2) 0 0.58 �0.18 �2.40
12� (S=3/2) + 2.7 0.68 �0.08 �2.60
12� (S=5/2) +15.3 1.16 �0.15 �3.01

Table 3. Experimental and calculated nNO bands for 1, 1�, 12� and 1+ .

Experimental [cm�1] Calculated [cm�1]

1 1715[a] 1759
1� 1550[b] 1635[c]

12� 1590[a] 1609 (S=1/2); 1716 (S=3/2);
1758 (S=5/2)

1+ 1930[a] 1918

1!1+ +215 +159
1!1� �165 �124
1�!12� +40 �26 (S =1/2); +81 (S =3/2);

+123 (S =5/2)

[a] From spectroelectrochemical experiments in CH2Cl2. [b] From solid-
state spectra of chemically prepared 1�.[15] [c] Strongly mixed with meso-
phenyl modes.

Table 1. Selected bond lengths [�] and angles [8] for calculated struc-
tures of 1, 1�, 12�, and 1+ .

d(NO) d ACHTUNGTRENNUNG(FeN) ]FeNO Ref.

1 (S =1/2) 1.182 1.711 144.4 [15]
1� (S= 0) 1.201 1.790 122.7 [15]
1� (S= 1) 1.181 1.747 154.8 [15]
12� (S=1/2) 1.204 1.756 128.4 this work
12� (S=3/2) 1.193 1.699 143.9 this work
12� (S=5/2) 1.186 1.742 152.9 this work
1+ (S =0) 1.166 1.623 180.0 this work
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the very broad N�O stretching signal of 12� suggests that
the third situation could be taking place.

Conclusion

Spectroelectrochemical experiments and DFT calculations
have allowed us to assign the electronic structures in the
iron nitrosyl redox series 1+ /o/�/2� of the strongly electron-ac-
cepting perhalogenated porphyrin TFPPBr8. The strong
electron-accepting propensity (ca. 0.8 V potential shift vs.
TPP) facilitates the reduction of the corresponding neutral
complex to the mono- and dianion, allowing the measure-
ment of the vibrational spectrum of a [Fe(NO)ACHTUNGTRENNUNG(Porph)]2�

species for the first time.
The reversible first reduction involves a large shift of

n(NO) from 1715 to 1550 cm�1, suggesting predominant NO
reduction to [{FeNO}8(TFPPBr8

2�)]� . The oxidation also in-
volves a large shift of n(NO) to 1930 cm�1, suggesting pre-
dominant NO oxidation to [{FeNO}6(TFPPBr8

2�)]+ , which is
unstable towards dissociation of the NO ligand.

The reversible second reduction, starting from the FeII-ACHTUNGTRENNUNG(NO�) porphyrin would be expected to produce a shift of
n(NO) to lower frequencies due to NO�- or porphyrin-cen-
tered reduction. Surprisingly, this reduction is accompanied
by a positive shift of n(NO) of 40 cm�1, apart from notable
changes in the porphyrin absorptions (UV/Vis, IR spectros-
copy). It is therefore assumed that this is a porphyrin-based
reduction that leads to a species best formulated as [{Fe-
NO}7(TFPPBr8

4�)]2� with a higher spin state. This electronic
configuration would account for the positive shift of n(NO),
as confirmed by DFT calculations for intermediate- and
high-spin states. This electronic redistribution demonstrates
the pronounced noninnocent ligand behavior of
(TFPPBr8)

n�.[23]

Experimental Section

Syntheses : 5, 10, 15, 20-Tetrakis(pentafluorophenyl)porphyrin (H2TFPP)
was purchased from Frontier Scientific and used as received. All solvents
were distilled and dried according to conventional procedures. The por-
phyrin ligand TFPPBr8 and the iron ACHTUNGTRENNUNG(III) complex Fe ACHTUNGTRENNUNG(TFPPBr8)Cl were
prepared according to slightly modified published procedures, starting
from H2TFPP, as described before.[15, 24]

[Fe(NO) ACHTUNGTRENNUNG(TFPPBr8)] (1): Complex 1 and the 15N enriched compound
were prepared as described before.[15]

Physical measurements : Cyclic voltammetry was carried out at a scan
rate of 100 mV s�1 in dry and deoxygenated CH2Cl2/0.1 m Bu4NPF6 using
a three-electrode configuration (glassy carbon or Pt working electrode,
Pt counter electrode, Ag wire pseudoreference electrode) and a PAR 273
potentiostat and function generator. The ferrocenium/ferrocene (Fc+ /0)
couple served as an internal reference. The solutions were prepared
under Ar or N2 in a dry box or by using a vacuum line at concentrations
of approximately 1 mm.

UV/Vis/NIR absorption spectra were recorded on a J&M TIDAS spec-
trophotometer. IR spectra were obtained by using a Nicolet 6700 FT-IR
instrument. Spectroelectrochemistry was performed by using an OTTLE
cell in dry and deoxygenated CH2Cl2/0.1 m Bu4NPF6.

Computational methodology : All calculations were carried out with the
program package Gaussian 03.[25] The structures of all molecules were
fully geometry optimized at the DFT level, using the PBE exchange-cor-
relation functional. The LANDL2DZ basis set and pseudopotentials
were used for the Fe atom. For the remaining atoms (H, N, O, C, F, and
Br) the 6-31G** basis set was used. Charges were calculated by perform-
ing a natural population analysis (NPA). The vibrational frequencies
were calculated on optimized structures by using the same functional and
basis set.
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