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The metal complex catalysis is based on coordina�
tion and activation of the coordinated molecules. In
the case of catalysis by metal porphyrins (MP), owing
to the presence of easily polarizable macrocyclic aro�
matic system, especially important are their interme�
diate oxidized or reduced forms. Catalytic processes
are frequently encountered in the porphyrin chemistry
[1–9]. Therefore, the task of identification of the
redox forms of MP becomes more and more topical.

It was established [10–14] that single�electron oxi�
dized π�radical cations can be chemically generated
from MP on treatment with aerated sulfuric acid. As in
the electrochemical oxidation, the crucial factors
determining the feasibility of these transformations
are the nature of the metal cation and the electronic
state of the macrocycle, which can be changed by
functional substitution at its periphery. The oxidation
with air oxygen of the complexes H2TPP (TPP is the
5,10,15,20�tetraphenyl�21H,23H�porphin dianion)
with RuIV and OsII in AcOH–H2SO4 mixtures [10]
and with RhIII in concentrated aqueous H2SO4 [11] at
temperatures of >340 K was studied. The formation of
the oxidized form of the complexes (Cl)ReIIITPP in
AcOH–3 M H2SO4 and [O=ReVTPP]2O in hot
AcOH–5–10 M H2SO4 mixtures was detected [12]. In
all of the mentioned cases, the aromatic macrocycle is
the reaction center of oxidation, and only in OsTPP,
the oxidation involves the central metal atom. The
relationship between the stability against oxidation,

the reaction route, and the chemical structure of the
macrocyclic complex had been considered only in
relation of PdII porphyrin complexes [13, 14]. The
recent advances in the synthesis of rhenium porphyrin
complexes [15–20], which are distinguished by diver�
sity of coordination polyhedra and substituent system
in the macroheterocyclic ligand, provide the possibil�
ity to continue research along this line with Re com�
plexes.

The present communication describes the results
of studies of the chemical structure and spectral prop�
erties of the products of oxidation of the rhenium(V)
complexes with 2,3,7,8,12,13,17,18�octaethyl�
21H,23H�porphin H2OEP (1, 2) and its 5,15�diphe�

nyl derivative DPOEP (3) with atmospheric oxy�
gen in concentrated sulfuric acid.
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EXPERIMENTAL

(2,3,7,8,12,13,17,18�Octaethylporphinato)(oxo)(phe�
noxo)rhenium(V) O=Re(OPh)OEP (1). H2OEP and
H2ReCl6 in 1 : 5 molar ratio were refluxed in phenol at
454 K for 9 h. Completion of the complex formation
reaction was detected by spectrophotometry. The
reaction mixture was transferred into CH2Cl2, the
resulting solution was washed many times by warm
water to remove phenol, concentrated, and chromato�
graphed on an Al2O3 column (Brockmann activity II)
using CH2Cl2 as the eluent. This gave two zones, a pink
zone containing H2OEP and a green�brown zone. The
substance of the second zone was once again chromato�
graphed on a silica gel column (40/100 Chemapol). Elu�
tion with benzene produced two zones, a pale orange
impurity zone and a green�brown zone of the target
complex strongly retained at the start. The complex
zone was eluted with a CH2Cl2–C2H5OH mixture (1 :
1 v/v), and the resulting solution was again chromato�
graphed on a silica gel column (40/100 Chemapol)
using dichloromethane as the eluent. This gave
O=Re(OPh)OEP in 70% yield.

UV�Vis (CH2Cl2), λmax, nm: 613 sh, 580, 469, 343;
(AcOH): 634 sh, 597, 490, 341.

IR (KBr), ν, cm–1: pyrrole rings, 1468 (ν(C=N)),
1376 (ν(C–N)), 1057 (C3–C4, ν(C–N)); alkyl
groups, 1317 (δ(C–H)), methine groups, 1273, 1223
(δ(C–H)), 873, 844, (γ(C–H)); coordination center,
959 (Re=O), 454, 466 (Re–N), 670 (Re–O); axial
ligand, 1589, 1451 (–Ph).

1H NMR (C6D6), δ, ppm: 1.83 (m, CH3), 4.03 (m,
16 H, CH2), 4.43 (m, 32 H, CH2), 9.51 (m, 8H, meso),
10.77 (m, 4H, meso), 7.04 (s, 2Ho (OPh)), 6.95 (s, 2Hm
(OPh)), 6.85 (s, 1Hp (OPh)).

1H–1H 2D COSY NMR (C6D6), δ, ppm: 4.43 (m,
32H, CH2)–1.83 (m, CH3), 4.03 (m, 16H, CH2)–
1.83 (m, CH3).

For C42H49N4O2Re anal. calcd. (%): C, 60.94, H,
5.93, N, 6.77.

Found (%): C, 62.17; H, 6.31; N, 7.15.

(2,3,7,8,12,13,17,18�Octaethylporphinato)(oxo)(chlo�
ro)rhenium(V) O=Re(Cl)OEP (2). The complex was
prepared from O=Re(OPh)OEP by passing HCl gas
for 10 min through a solution of O=Re(OPh)OEP in
CH2Cl2. During this period, the solution color
changed from green�yellow to pink. The yield was
100%.

UV�Vis (CH2Cl2), λmax, nm (logε): 620 (3.90), 518
(4.30), 347 (4.92).

IR (KBr), ν, cm–1: pyrrole rings, 1468 (ν(C=N)),
1376 (ν(C–N)), 1057 (C3–C4, ν(C–N)); alkyl
groups, 1316 (δ(C–H)); methine groups, 1223, 1271
(δ(C–H)), 846, 854, 871 (γ(C–H)); coordination cen�
ter, 965 (Re=O), 467 (Re–N).

1H NMR (CDCl3), δ, ppm: 2.13 (m, 24H, CH3),
4.36 (m, 16H, CH2), 10.94 (m, 2H, meso).

1H–1H 2D COSY NMR (CDCl3), δ, ppm: 4.36
(m, 16H, СH2)–2.13 (m, 24H, СH3).

(5,15�Diphenyl�2,3,7,8,12,13,17,18�octaethylpo�
rphinato)(oxo)(chloro)rhenium(V), O=Re(Cl)5,15DPOEP
(3). The synthesis and isolation procedures were simi�
lar to the procedure presented above for compound 1

with DPOEP being used instead of H2OEP. The
synthesis time was 6 h. Chloroform served as the elu�
ent for chromatography. The yield was 75%.

UV�Vis (CH2Cl2), λmax, nm (logε): 625 (3.70), 525
(4.15), 354 (4.75).

IR (KBr), ν, cm–1: phenyl groups, 3059, 3022
(ν(C–H)); 1600, 1532, 1491 (ν(C=C)); 1125, 1073
(δ C–H); 702, 742 (γ(C–H)); pyrrole groups, 1465
(ν(C=N)), 1384 (ν(C–N)), 1062 (C3–C4, ν(C–N);
alkyl groups, 1400, 1341 (δ(C–H)); methine groups,
1274 (δ(C–H)); 838, 861 (γ(C–H)); coordination
center, 962 (Re=O), 467 (Re–N).

1H NMR (CDCl3), δ, ppm, J, Hz: 1.56 (br. s, 14H,
CH3), 1.95 (t, 10H, CH3), 2.70 (br.s, 6H, CH2), 4.20
(m, 10 H, CH2), 7.55 (q, 1Hp, J = 7.3); 7.73 (q, 1Hp,
J = 7.3), 7.85 (m, 2Hm), 7.91 (m, 2Hm), 8.20 (d, 2Ho,
J = 8.1), 8.29 (d, 2Ho, J = 8.1), 10.82 (m, 2H, meso).

1H–1H 2D COSY NMR (CDCl3), δ, ppm, J, Hz:
2.70 (br.s, 6H, CH2)–1.95 (t, 10H, CH3); 4.20 (m,
10H, CH2)–1.56 (br.s, 14H, CH3); 4.20 (m, 10H,
CH2)–1.95 (t, 10 H, CH3); 7.85 (m, 2Hm)–7.55 (q,
1Hp, J = 7.3); 7.91 (m, 2Hm)–7.73 (q, 1Hp, J = 7.3);
8.20 (d, 2Ho, J = 8.0)–7.85 (m, 2Hm); 8.29 (d, 2Ho,
J = 8.1)–7.91 (m, 2Hm).

For C48H52N4OClRe anal. calcd. (%): C, 62.51; H,
5.64; N, 6.08.

Found (%): C, 61.05, H, 5.45, N, 5.41.
The solid samples of the products were isolated

from solutions after chromatography by evaporation
of the solvent at room temperature. The individual
nature and the purity of the compounds were con�
firmed by TLC on Silufol silica gel using a 10 : 1
CH2Cl2–C2H5OH mixture for compounds 1 (Rf = 0.52),
2 (Rf = 0.64), and 3 (Rf = 0.50).

The UV�Vis spectra were recorded on an Agilent
8453 UV�Vis spectrophotometer, the IR spectra were
measured on a Vertex 80v spectrophotometer; and
1H NMR spectra were run on a Bruker Avance III�500
spectrometer. Elemental analysis was performed on
CHNS�O Analyzer Flash EA 1112 Series. The UV�Vis
spectra were recorded as plots and tables for the subse�
quent mathematical processing.

The decrease in the substance concentrations in
kinetic experiments was monitored by spectropho�
tometry. The measurements were carried out in 1�cm
thick cells placed into a special chamber maintained in
a thermostat in the cell holder of the spectrophometer.

,
2
5 15H
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The error of determination of the solution tempera�
ture was ±0.1 K. Solutions of the complexes in sulfuric
acid were prepared immediately before being placed
into the thermostat. The oxidation kinetics of the
complexes was studied by the method of excess con�
centrations.

The rate constants and activation energies (keff, k,
E) were determined together with the root�mean�
square deviations by the least squares method using
Microsoft Excel software and the dependences log[(A0 –
A
∞

)/(A
τ
 – A

∞
)] – f(τ), logkeff – f[H2SO4], lnk – f[1/T]

where A0, A∞
, and A

τ
 are the solution absorbances at

the operating wavelength at zero time, current time τ,
and the time of completion of the reaction, respec�
tively; [H2SO4] is the equilibrium concentration of
non�ionized H2SO4 molecules in concentrated aque�
ous sulfuric acid [21]; T is temperature.

The activation entropy ( ) of the reaction was
determined by the Eyring equation as applied to liquid
systems for the second standard state.

Sulfuric acid of high concentration was prepared
from reagent grade H2SO4. The concentration of
aqueous sulfuric acid was determined by acid–base
titration with an error of not more than 0.15%. Acetic
acid with a 100% concentration was prepared by frac�
tional unfreezing of glacial AcOH (water content of
0.015%).

RESULTS AND DISCUSSION

According to physicochemical analysis data
(Experimental), the synthesized complexes were iden�
tified as seven�coordinate O=Re(OPh)OEP (1),
O=Re(Cl)OEP (2), and O=Re(Cl)5,15DPOEP (3).
The UV�Vis spectra of the compounds refer to the so�
called hyper type [22] and characterize the metal por�
phynins as complexes of rhenium in the oxidation
state of +5. Namely, apart from the long�wavelength Q
and B (Soret) bands for π → π* transitions between the
frontier molecular orbitals typical of MIIP and ReIIIP,

≠

Δ effS

the spectra have an additional intense absorption band
with a maximum at about 350 nm (Fig. 1), which is
interpreted in the hyper type spectra as a charge trans�
fer band [23].

1H NMR spectra of compounds 1–3 (Experimen�
tal) correspond to 1 : 1 complexes. It was found experi�
mentally that compound 1 exists in neutral solutions in
equilibrium with an μ�oxodimer impurity. The 1H NMR
spectrum in C6D6 (Fig. 2) exhibits two signals for Hmeso
protons at 10.77 and 9.51 ppm, the latter (located at
higher field) was assigned to μ�oxo dimer by analogy
with [O=ReVTPP]2O [20]. The lack of correlation
between them in the 1H–1H 2D COSY (Experimen�
tal) and 1H–1H 2D ROESY (Fig. 2) spectra in C6D6

implies that they belong to different compounds.
Compounds 2 and 3 with axial chloride ion do not
form species of this type in solutions, which, together
with high stability of the coordination center, allows
one to study their forms chemically generated in con�
centrated sulfuric acid. In acids, compound 1 also
exists exclusively as a monomer.

Upon dissolution in 16.8–18.2 M H2SO4, com�
pounds 1, 2, and 3 form, as will be seen below, prod�
ucts of different chemical structure. The UV�Vis spec�
trum of compound 3 in acid (brown�colored solution)
differs from the spectrum in CH2Cl2: the Soret and
charge transfer bands are shifted to 361 and 460 nm,
and a new intense absorption occurs at ~860 nm.
Noticeable transformation of the spectrum of 3 in sul�
furic acid takes place at temperatures of >318 K. The
spectra change by forming strictly three series of
bands, each having specific isosbestic points (Fig. 3),
which attests to occurrence of three consecutive reac�
tions. For each reaction, transition between two col�
ored compounds can be stated. The isolation of three
separate series of bands in the overall spectral pattern
made it possible to record the UV�Vis spectra of the
intermediate and final products (Table 1) and apply
the dissection method to the complex chemical reac�
tion to study its kinetics.

2

1

700600500400
0

A

1 2

λ, nm

Fig. 1. UV�Vis spectra of compounds (1) 1 and (2) 2 in CH2Cl2.
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The presence of long�wavelength absorption and
great hypsochromic shift of the Soret band in the ini�
tial spectrum of compound 3 in H2SO4 (Fig. 3a) with
respect to the spectra in CH2Cl2 and AcOH may indi�
cate the presence of coordinated molecular oxygen
[24–26] and extended first coordination sphere of the
dissolved complex—O=Re(Cl)(O2)

5,15DPOEP, the

concentration of which decreases in the first consecu�
tive reaction during maintenance in the thermostat.

In the second series of the spectra (Fig. 3b), the
final line is similar to the spectrum of the initial molec�
ular form of 3 in CH2Cl2 with a maximum of the
charge transfer band at about 560 nm. The solution
color changes from brown to pink. The pronounced

Table 1. UV�Vis spectra of individual species formed from O=Re(Cl)5,15DPOEP and O=Re(X)OEP (X = Cl or OPh) in
concentrated sulfuric acid

Complex species in the solution
λmax, nm

Intensity ratio
I II III IV

O=Re(Cl)5,15DPOEPa – 625 525 354 IV > III > II

O=Re(Cl)(O2)5,15DPOEP 865 – – 361 IV > I

O=Re(O2)5,15DPOEP+Cl– – – 460 332 IV > III

O=Re(HSO4)5,15DPOEP – 774 560 322 IV > III > II

O=Re(HSO4)5,15DPOEP•+ – 772 520 316 IV > III > II

O=Re(X)5,15DPOEP•+ b – – 467 368 IV > III

O=Re(O2)OEP+Cl– 789 – 455 325 IV > III > I

O=Re(O2)OEP+OPh– 790 – 456 325 IV > III > I
a In CH2Cl2; b in C2H5OH after isolation from H2SO4 after completion of the reaction.
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Fig. 2. 1H–1H 2D ROESY NMR spectrum of compound 1 in C6D6.
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dependence of the positions of the UV�Vis bands of
ReV complexes, which is obvious upon consideration
of complexes 1 and 2 (Experimental), suggests that the
second consecutive reaction involves replacement of

the axial ligand by HS  present in the solution in a
large excess with respect to the porphyrin complex.

As the reaction mixture is further kept in the ther�
mostat (Fig. 3c), the solution color changes again to
brown and the general background of the spectrum at
380–550 nm grows. These changes in the UV�Vis
spectrum attest to the formation of the rhenium com�
plex species oxidized at the macrocycle similarly to
chemically generated radical species formed from
other metal complexes [10–14].

According to Figs. 4 and 5, the strictly first order
with respect to the concentration of the complex was
established for each of the consecutive reactions, while
the order with respect to the equilibrium concentra�
tion of sulfuric acid [21] was 0, 1, and 1 for the first,
second, and third consecutive reactions, respectively:

(1)

–dCMP/dτ = k2CMP (2)

(3)

Relying on the rate equations thus obtained, it is
possible to write down the sequence of three slow reac�
tions (5)–(7), which are preceded by the fast irrevers�
ible step of attachment of an oxygen molecule to the
axial axis of the molecule (4):

(4)

(5)

O=Re(O2)
5,15DPOEP+ ⋅ Cl– + H2SO4 

O=Re(HSO4)
5,15DPOEP + О2 + HCl, (6)

slow,

O=Re(HSO4)
5,15DPOEP +О2 + H2SO4 

O=Re(HSO4)
5,15DPOEP•+

+  +  (7)

slow.

According to this scheme, in H2SO4, the rhenium
complex having peroxo�coordinated molecular oxy�

O4
–

( )( ) ( )( )= =

− τ =5 15 5 15
2 2

1O Re Cl O DPOEP O Re Cl O DPOEP, , ,dC d k C

,C
2 4H SO
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=

=

− τ

=

5 15
4

5 15
2 44

O Re HSO DPOEP

3 H SOO Re HSO DPOEP

,

, .

dC d

k C C

O=Re(Cl)5,15DPOEP + О2 

→ O=Re(Cl)(O2)
5,15DPOEP, fast,

O=Re(Cl)(O2)
5,15DPOEP

O=Re(O2)
5,15DPOEP+ ⋅ Cl–, slow,1k

⎯⎯→

2k
⎯⎯⎯→

⎯⎯⎯→

3k

2
iНО 4,−HSO

gen in the axial position is slowly converted to the
outer�sphere chloride complex (4) with a zero reac�
tion order with respect to H2SO4.
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Fig. 3. Change of the UV�Vis spectrum of compound 3 in
18.14 M H2SO4 at 338 K at time τ (s) varying (a) from 0 to
682, (b) from 683 to 3482, (c) from 3482 to 6602.
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This species coordinates the  ion present in
excess to the vacant coordination site in the first coor�
dination sphere, resulting in displacement of the O2

Re

O O

O
N N

N N
•• +

⋅ Cl–

4

4,−HSO

molecule and the subsequent single�electron oxida�
tion with air oxygen with assistance of acid protons.
Due to the trans�effect, the molecular complex of O2

with O=Re(HSO4)
5,15DPOEP is less stable than

O=Re(Cl)(O2)
5,15DPOEP with less strongly bonded

trans�ligand Cl–.
The stability of all of the intermediate rhenium

complex species at the Re–N bonds is confirmed by

the fact that the DPOEP2+ cations having rather
specific UV�Vis spectrum were not detected in any of

,
4
5 15H
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Fig. 4. Dependence –τ for the three consecutive reactions of compound 3 in 18.2 M H2SO4 at 328 K (a, b, and c,
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Fig. 5. Dependences logkeff–log[H2SO4] for the (a) first, (b) second, and (c) third consecutive reactions in the system
O=Re(Cl)5,15DPOEP–H2SO4. T, K: (1, 1', 1'') 318; (2, 2', 2'') 328; (3, 3', 3'') 338; (4, 4', 4'') 348 (ρ = 0.97–0.99).
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the process steps. To confirm the composition of the
final product of the complex reaction, the product was
recrystallized from the reaction mixture by pouring
the mixture onto ice, washed to remove the acid, and
dissolved in C2H5OH. The UV�Vis spectrum of the
solution (Table 1, Fig. 6) exhibits the absorption bands
at ≈500 and 350 nm and increased spectral back�
ground at 350–450 nm, indicating the presence of axi�
ally coordinated hydrogen sulfate ion and the π�radi�
cal cation form of the complex, respectively.

The summation of equations (4)–(7) gives the
overall oxidation equation of compound 3 with aer�
ated H2SO4:

(8)

The rate constants k1, k2, k3 and the activation
parameters for each reaction in the system
O=Re(Cl)5,15DPOEP–H2SO4 are summarized in
Table 2. The release of charged H+ and Cl– during the
activation in the second slow reaction step is consis�
tent with the large negative value of ΔS#, while the high
stability of metal porphyrin against oxidation is con�
sistent with high energy expenditure for the activation
in the third (last) slow step with very low rate constant.

Upon dissolution of compounds 1 and 2 in 16.8–
18.2 M Н2SO4, the UV�Vis spectra of the solutions
exhibit absorption bands with λmax of 325, 456, 790
and 325, 455, 789 nm, i.e., the spectral pattern is sim�
ilar to that of the UV�Vis spectrum of 3 recorded under
the same conditions. However, within 3 min (com�
pound 1) and 1 min (compound 2) at 298 K, the spec�
trum changes (Fig. 7): the absorption at 800 nm disap�
pears, while the other two bands become more intense.
On further maintenance in the thermostat and tem�

O=Re(Cl)5,15DPOEP + О2 + Н2SO4 

→ O=Re(HSO4)
5,15DPOEP•+ + HO2

•  + Cl–.

perature rise to 363 K, the UV�Vis spectrum remains
unchanged (Table 1).

The observed transformations are similar to the
changes in the spectra during the first step of reaction
of compound 3 in concentrated sulfuric acid (Fig. 3a)
and, hence, they correspond to the formation of
O=Re(O2)OEP+ ⋅ OPh– and O=Re(O2)OEP+ ⋅ Cl–.
The rate constants (keff) at 17.77 mol/L at 298 K were
found to be 1.6 × 10–2 and 4.2 × 10–2 s–1 for 1 and 2
(Fig. 7), respectively. They are higher than keff for the
formation reactions of O=Re(O2)MPOEP+ ⋅ Cl– (5.8 ×
10–4 s–1) [27] and O=Re(O2)

5,15DPOEP+ ⋅ Cl– (equa�
tion (5)) (5.6 × 10–3 s–1). The spectra of the transfor�
mation products of 1 and 2 in dichloromethane after
reprecipitation from their sulfuric acid solutions onto
ice (λmax of 498 and 350 nm) do not coincide with the

0.75

0.50

600500400

A

λ, nm

1

2

Fig. 6. UV�Vis spectrum of compound 3 isolated from H2SO4: in (1) CH2Cl2 and (2) C2H5OH.

Table 2. Kinetic parameters of the consecutive reactions of
O=Re(Cl)5,15DPOEP in H2SO4

T, K k1 × 103, 
s–1

k2 × 105, 
mol–1 L s–1

k2 × 105, 
mol–1 L s–1

318 1.24 0.85 –

328 1.92 2.13 0.087

338 4.16 2.87 0.5

348 5.91 3.81 1.3

298a 0.18 0.096 0.0002

E, kJ/mol 54 ± 11 54 ± 15 127 ± 23

–ΔS#, J/(mol K) 140 ± 30 180 ± 35 50 ± 6

a Found by extrapolation of the dependence logk–1/T.
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spectrum of free H2OEP (four bands in the visible region
plus the Soret band), thus confirming the absence of dis�
sociation of the complex at the M–N bond. It corre�
sponds to the species containing the hydrogen sulfate ion
O=Re(HSO4)OEP, as follows from comparison with the
spectrum of O=Re(HSO4)

5,15DPOEP recorded under
the same conditions (Fig. 6). Apparently, the hydrogen
sulfate axial complex is formed under drastic condi�
tions of recrystallization (temperature rise on mixing
of H2SO4 and Н2O).

In terms of the stability against oxidation, the rhe�
nium(V) porphyrin complexes are arranged in the
series:

O=Re(OPh)OEP (1)*, O=Re(Cl)OEP (2)*,

O=Re(OPh)MPOEP [27]* > [O=ReTPP]2O** [14] 

> O=Re(Cl)5,15DPOEP (3) (9)

(  = 2 × 10–9 mol–1 L s–1) > O=Re(Cl)MPOEP

(  = 5 × 10–8 mol–1 L s–1 [27])

Compounds of this series have a same�type struc�
ture of the coordination unit but different types of the
out�of�plane deformation of the substituted macrocy�
cle (similar to copper(II) complexes [28]). The
natures of the electronic effects of axial ligands and
peripheral substituents are also different. It can be
seen that only compounds that can be transformed
into hydrogen sulfate axial complexes are oxidized.
These include compounds with electron�withdrawing
meso�phenyl substituents and axial chloride ion. This
provides important conclusions. First, the arrange�
ment of the complexes in series (9) is in agreement
with the proposed scheme of MP transformations in
sulfuric acid (reactions (4)–(7)). Second, the out�of�

298k
298k

plane deformation of the macrocycle, which increases
for diphenyl� and, the more so, tetraphenyl�substi�
tuted complexes [28], does not predominate over elec�
tronic factors. The complex O=Re(Cl)MPOEP
devoid of this type of distortion is the last in the oxida�
tion stability series. Owing to the positive inductive
and mesomeric effects of the β�octaethyl substitution,
complex 2, despite the presence of the axial chloride
ion, coordinates so strongly the macrocyclic ligand
that attachment of the hydrogen sulfate ion as the cis�
ligand becomes impossible.

The presented data demonstrate high reactivity of
rhenium(V) porphyrins upon the replacement of axial
ligands and formation of stable π�radical cations dur�
ing oxidation processes. Both these factors are most
important for the catalytic activity of MP, therefore,
the results of this study will find use in consideration of
metal porphyrins as catalysts.
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