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ELECTROCHEMICAL REDUCTION OF Fe(lll), Cr(lll), AND Mn(lll) 

PORPHYRIN COMPLEXES IN DMSO 

S. A. Klyuev, V. B. Sheinin, 
B. D. Berezin, D. V. Tsyganov, 
and S. V. Vodzinskii 

UDC 541.138.3:541.49:547.979.733:547.279.52 

The half-wave potentials are given for the electrochemical reduction of Fe(lll), 
Cr(lll), and Mn(lll) porphyrin complexes. Cyclic voltamperometry was used to study 
the reversibility of these reactions. An effect was demonstrated for the structure 
of the porphyrin ligand on the half-wave potentials for the reduction of the Mn(lll) 
complexes. 

The reduced forms of metalloporphyrins are electron donors in biological and indus- 
trial catalysis. Electrochemical methods have been used to study the reactions leading to 
the formation of such compounds [1,2]. The possibility of monitoring the charge trans- 
ferred is an advantage of the electrochemical method for the generation of reduced forms of 
the catalyst since the corresponding potential is applied on the working electrode for 
obtaining the required intermediate species. In the present study, the formation of vari- 
ou~ reduced forms of Fe(lll), Cr(lll), and Mn(lll) porphyrin complexes was investigated by 
cyclic and differential pulse vo!tamperometry. 

EXPERIMENTAL 

The voltamperometric methods were carried out using the ESM-700 electrochemical sys- 
te~ manufactured in the German Democratic Republic on a platinum electrode in a cell held 
at 25~ in a nitrogen atmosphere. A standard calomel electrode was used as the reference 
electrode and 0.i M Et4NCIO 4 was used as the base electrolyte. 

The complexes were synthesized by the coordination of porphyrins with the correspond- 
ing metal acetates in DMF. The porphyrins were tetraphenylporphin (HzTPP) , tetra(pentaflu- 

oro)phenylporphin (HzTPFPP), tetra(2-thienyl)porphin (HzTTP(2)) , tetra(5-amyl-2-thienyl)por- 
phin (HzTATP(5,2)) , tetra(7-quinolinyl)porphin (HzTQP(7)) , and dimethyl ether of deuteropo- 
rphyrin (H2DP , d.m.e). 

RESULTS AND DISCUSSION 

The reduction of these complexes in DMSO may be approximated by the following scheme: 

~ltl;e+~-e <--+~'~lI'~e @c'~---Z~ltlP'@ ~:-~-~--~i~IIIP~- ( l )  
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Fig. i. Cyclic voltamperogram of a 5.10 -4 M 
solution of (Ac)CrTPP in DMSO with 0.I M 
Et4NCIO 4 . 

The direction of the reduction of the metalloporphyrin (relative to the metal ion or li- 
gand) was evaluated using the electrochemical criteria given by Enikolopyan [2]. Cyclic 
voltamperometry was used to show that the first two steps are one-electron, reversible 
processes for all the complexes (AE e = 0.057 V, ia/i c = i for v = 0.05 V/sec), while the 
third step for some metalloporphyrins such as CrTPP § and MnTPP + is only close to reversible 
(AE e = 0.065 V, iJi c = 0.9). An example of a cyclic voltamperogram of CrTPP + is shown in 
Fig. I. The (Ac)MP extracomplex in DMSO dissociates with the formation of the Ac- acido 
ligand and MP + cation [3]. This cation is not shielded from a short-range interaction 
(specific solvation) with solvent molecules, which occupy coordination positions 5 and 6. 
Thus, the sequence of transformations (I) is rather tentative. 

In the general case, the half-wave potentials (E~), which are virtually the same as 
the standard oxidation-reduction potentials (E0) for the reversible electron trans steps, 
characterize the reactivity of these compounds in redox reactions. Using values for E 0 and 
the following expression 

h~ f ~ '2.3 (Eo ~ -~ 7.;,~ ) ,"FT, (2) 

the equilibrium constant in the homogeneous electron transfer from donor to acceptor may be 
evaluated [4]. Mairanovskii [5] has proposed the rather general nature of the inverse 
relationship between the electrochemical activity of the starting molecule (E0) and chemi- 
cal reactivity of the electron transfer product. The E 0 values of some metalloporphyrins 
correlate with the rate constants of their solvoprolytic dissociation [2]. 

Comparison of the E01 (E% I) values of these complexes with the ionization potentials 
of the corresponding M(II) ions in the gas phase [6] showed the lack of a clear dependence 
between these terms. This behavior is probably due to nonuniform stabilization of the 
oxidation states of the various metal ions of the porphyrin ligand (different contributions 
of a and ~ bonds) and change in the AG s values in going from one redox pair to another (G s 
is the standard free energy of solvation). 

The E% value of the reduction wave of the metal ion within the complex depends on the 
structure of the porphyrin ligand.* For Mn(lll) porphyrins, substituents in the meso posi- 
tions of the porphyrin ring increase E% I in the following series: 

F F 
/ ~ $ S . / 

( ~ >  //-- .~C}ta(CH.,h--./~.;.-- / ~ ,  @ - -  < <. ,,. /?--- ~ F 

F F 

The substituent effect in the reduction of the porphyrin ligand (E% z) is evident to a great- 
er extent. For MnTPFPP § and MnTPP § the difference in E% is 0.15 V in the first step and 

0.35 V in the second step (Table I). 
Fuhrhop et al. [7] discovered a dependence between E% of metal octaethylporphyrin 

(HzOEP) complexes which are reduced or oxidized in the ligand and the electronegativity of 
the metal. The dependence is given as follows for processes of their reduction 

*The concept that there is reduction of the metal ion is not always valid since the elec- 
tron may occupy a mixed orbital. 
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TABLE i. Reduction Half-Wave Potentials for 
Metalloporphyrins (E~, V) 

Compound -- E I~ " --E~, --:.:~, 

FeTPP + 
CrTPP+ 
MnTPP* 
MnPFPP + 
MnTTP(2) + 
MnTATP(5~2) + 
MnTQP(7) ~ 
MnDP + d.m.e. 

O, I(~ 

(b i ',~ 
0,2o 

l.l(; 
!.2,1 
I ._~ 
0,!11 
l . l l  
1,14 
'1.1~ 
t,51 

,7t~ 
/.7~; 

i , 5 8  
1 ,i~2 
1.58 

H2P (3) 
E~ P - - L ! :  ~ b ( h e f - -  2.1~), 

w h e r e  b - 0 . 2 3  a n d  her  i s  t h e  e f f e c t i v e  i n d u c t i o n  p a r a m e t e r ,  i s  e q u i v a l e n t  t o  t h e  
electronegativity doubly-charged metals. 

It has been assumed that the value of b would decrease somewhat in going from H2OEP 
to more readily reduced porphyrins, e.g., coefficient b should depend on the structure of 
the porphyrin ligand [2]. The calculation carried out using Eq. (3) for Mn(II)P and the 
experimental data showed that the value of b in going from H2DP, d.m.e. (E~ ~ -1.29 V) to 
H2TPP (E~ = -1.08 V) indeed decreases by 0.054 unit, while this decrease in going to 
H2T(pentafluoro)PP (E~ = -0.74 V) is 0.068 unit. 
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