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Abstract 

 
Thermodynamic half wave potentials (E1/2) for oxidation and reduction of 

porphyrins and related macrocycles which have appeared in the literature from 1997 to 

2011 are collected and categorized as a function of compound structure and solution 

conditions with the goal of better understanding, predicting, and “tuning” redox behavior 

for a given type of molecule. The redox reactions of each porphyrin are categorized in 24 

different tables varying from simple to complex which have been organized as a function 

of compound structure. The values of E1/2 are further categorized as a function of the site 

of electron transfer which may occur at the conjugated π ring system, at the central metal 

ion or at another redox active group on the molecule. After organizing the data in a 

specific table, they can then be analyzed as a function of macrocycle structure, type and 

oxidation state of the central metal ion, type and number of axial ligands, solvent, 

supporting electrolyte, working electrode and reference electrode. A brief summary of 

factors related to the determination of porphyrin redox potentials is given in this thesis 

along with examples of how trends in the electrochemical data on groups of compounds 

may be used to better understand the chemistry and redox activity of these type molecules. 

Original literature references and the structures of every compound in the database are 

shown in the thesis. 
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1.1 General Introduction and Rationale for Study 

Porphyrins have attracted considerable interest because of their applications in 

catalysis,1-2  photochemistry,3-4 pharmacology,5 and material chemistry.6-7 Many new 

synthetic porphyrin derivatives have been prepared over the last five decades8-15  and 

characterized by various physicochemical methods, one of which is electrochemistry. 

An understanding of metalloporphyrin redox reactions is important to better 

understand the use of these molecules in biological systems and as essential components 

in many applications.12, 16-19 In this regard, numerous synthetic porphyrins with a variety 

of structures have been prepared and characterized as to their redox reactions in non-

aqueous media. The number of published papers on porphyrins has increased 

significantly over the five decades, going from about 4000 papers in 1960 to more than 

30,000 in 2012 as determined by a simple literature search with SciFinder. 

Our own interest is in the electrochemistry of porphyrins, with an emphasis on 

understanding the factors which influence redox potentials in non-aqueous media. 

Several reviews have been published on porphyrin electrochemistry in non-aqueous 

media,20-23 one of which was from our own laboratory23 and focused on monomeric 

porphyrins in non-aqueous media. Our laboratory also published a database of 

porphyrin redox potentials,21 but this review is now 12 years old and did not include 

dimers, trimers, or oligomeric porphyrins. It was therefore decided to examine how the 

field has changed over the last decade with respect to the types of macrocycles now 

being studied and to then summarize and analyze trends in the electrochemical data of 

porphyrins and related macrocycles which have appeared in the literature on porphyrins 

and related macrocycles between 1997 and 2011. Our analysis was intended to be a 



 3 

continuation of a 1997 M.S. Thesis from the University of Houston24 and a follow-up 

review which was published in 2000.21 The end goal of the “new” and expanded 

analysis given as part of this thesis is to enable the reader to better examine trends in 

redox behavior of metalloporphyrins as a function of macrocycle structure, metal ion, 

axial ligand, and solvent. In order to accomplish this, we began with a similar structural 

organization as was used in the earlier M.S. Thesis24 and review21 but have substantially 

expanded upon this published work in two ways. The first is that we have cataloged, for 

the first time, the electrochemistry of porphyrins in terms of a very specific structural 

features as described on the following pages where we have divided the published data 

into 24 tables, starting with simple monomeric macrocycles and then proceeding to 

more complex systems of dimmers, trimers and oligomers as well as donor- and 

acceptor complexes containing a poprhyrin unit. Unlike the earlier M.S. Thesis24 and 

publications,21, 23 all potentials and experimental conditions are searchable and available 

in electronic form, something which has never been possible in the past. 

Although we have made on exhaustive search of the literature from 1997 to 

2011, we have not attempted to provide a comprehensive description of all known 

porphyrin electrochemistry, but rather have concentrated on specific types of porphyrin 

macrocycles, specific groups of metalloporphyrin complexes and on guiding the reader 

through some of the more practical aspects of the measurement techniques. We describe 

systematic trends in the data as a function of central metal ion, type of macrocycle and 

the type of axial ligand, so that the reader can make a comparison with their own results 

under very specific experimental conditions. It is hoped that this approach will answer 

the majority of the readers’ questions as to what has been done in the past decade while 
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at the same time enabling the reader to utilize data in the literature to predict and “tune” 

what might be observed studies involving the electrochemistry of porphyrins which 

have yet to be synthesized.  

1.2 Brief Background of Porphyrin Structures 

The basic structure of a porphyrin consists of four pyrrole units linked by four 

methine bridges to form an aromatic system which is a 16-atom, 18-electron highly 

conjugated macrocycle.25, 26 Figure 1.1 shows the basic structure of porphine whose 

positions are labeled according to the IUPAC numbering system.27 The carbons at the 

four meso positions are labeled as 5, 10, 15, and 20 while those at the eight β-pyrrole 

positions are labeled 2, 3, 7, 8, 12, 13, 17, and 18. All twelve positions on the periphery 

of the porphyrin macrocycle may be substituted by electron-withdrawing or electron-

donating groups to form different synthetic derivatives, the best known of which are 

tetraphenylporphyrin (TPP) and octaphenylporphyrin (OEP) those structures are shown 

in Figure 1.1. Structures of other porphyrins with OEP or TPP type skeletons are shown 

in Figure 1.2 and in Chapter 2 of this thesis.  

The metal free (free base) porphyrin macrocycle possesses two protons which 

can be replaced by metal ions in +2, +3, +4, +5 or +6 oxidation states. Almost all 

transition and main group metals can be complexed by a porphyrin macrocycle to form 

different metalloporphyrins.22, 28-31 Metalloporphyrins with no axial ligands are four-

coordinate and generally have the metal in the plane of the macrocycle, while those 

with one or two axial ligands are five- or six- coordinated and may have the metal ion 

or out of the plane of the four nitrogens. The six-coordinate complexes are often have 

the metal within the plane of the macrocycle while the five-coordinate complexes often  
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Figure 1.1. Structure of free base porphine (P)H2, and metalated tetraphenylporphyrin 

(TPP)M and octaethylporphyrin (OEP)M. 
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Figure 1.2 Structures of selected substituted porphyrin macrocycles with OEP or TPP 

type skeletons. Structures of other metalloporphyrins are given in Figures 4.1 to 4.8 of 

this thesis. 

 



 7 

have the metal out of the plane as schematically shown in Scheme 1.32 The specific 

coordination number depends on several factors, the most important in which are the 

specific metal ion, the metal oxidation state and substituents on the macrocycle.33 A 

variety of axial ligands have been shown to bind to the porphyrin central metal ion 

under different experimental conditions. Examples of different ligands are given in 

several reviews22, 28, 34 and a list is also given in Table 4.2 of this thesis. 

1.3 Electrochemistry of Porphyrins 

The electrochemistry of metalloporphyrins will be described from a variety of 

perspectives. Generally, the site of electron transfer can occur at the conjugated π-ring 

system of the macrocycle or at the central metal ion if it is electroactive. In some 

compounds, an electroactive substituent or electroactive axial ligand will be oxidized or 

reduced. A brief summary of metalloporphyrin electrochemistry is given blow.  

The porphyrin macrocycle possesses a highly conjugated π-ring system, which 

is an ideal location for the addition or abstraction of electrons. Many metalloporphyrins 

undergo four one-electron transfer reactions in non-aqueous media to yield π-cation 

radicals and dications on oxidation and π-anion radicals and dianions on reduction.21-23 

Metal-centered redox processes may also be observed for compounds with electroactive 

central metal ions, examples being iron, cobalt, manganese, silver, platinum, and 

ruthenium. When these central metal ions are oxidized or reduced to a higher or a lower 

oxidation state, the redox reactions often occur before the first ring oxidation and also 

before the first ring reduction, but this is not always the case.20, 21, 23 In addition to the 

ring- and metal-centered reactions of porphyrins, some electroactive subsituents or 

bound electroactive axial ligand might also be oxidized or reduced. In these cases, the   
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Scheme 1 Schematic illustration of axial ligand (L) binding to central metal ion of 

a metalloporphyrin. Examples of the different macrocycles and axial ligands are 

given in Table 4.1 and Table 4.2 of this thesis. 
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overall number of redox processes may be greater than four, the number expected for 

seen porphyrins with redox inactive central metals. However, not all of the expected 

macrocycle-centered redox processes can be observed within the solvent potential 

window. This may be due to presence of highly electron-donating or highly electron-

withdrawing substituents on the macrocycle which might shift the half-wave potentials 

to very positive or very negative values such that they cannot be observed within the 

anodic or cathodic potential limit of the utilized solvent (see Table 1.1 for anodic and 

cathodic limits of selected solvents).  

The effect of electron-donating or electron-withdrawing substituents on the 

porphyrin redox potentials will depend on the type of substituent, its specific location 

on the macrocycle and the site of electron transfer. Table 1.2 gives examples of 

substituents, which have been added to the periphery of a macrocycle. The half wave 

potentials of porphyrin electrode reactions will often vary systematically as the function 

of the number and type of electron-donating or electron-withdrawing substituents and 

values of E1/2 have often been analyzed as a function of the Hammett substituent 

parameter σ. Example of substituents are given in Table 1.2 where the value of σ are 

taken from the literature.35 When electron-withdrawing substituents such as F-, Br-, or 

CF3 are attached to the macrocycle, the π-electron density of the conjugated system in 

the molecule will be decreased. As reductions will become easier while oxidations will 

become harder (a positive shift of potentials) as compared to the unsubstituted 

porphyrin. An opposite effect (a negative shift of potentials) is observed in the case of 

porphyrins having electron-donating substituents such as OCH3, CH3, or NH2. 

Substitution at the β-pyrrole on meso positions of the porphyrin ring will more strongly  
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Table 1.1 Physical properties and maximum potential range (V vs SCE) of several 

common solvents used for porphyrin electrochemistry.36 

Solvent Limite  
Solvent 
 

 
Abbrev. 

 
er

a 
 
ANb 

 
DNc 

 
ET

N(30)d 
Ox Red 

Tetrahydrofuran THF 7.58 8.0 20.0 0.207 +1.8 -3.6 

Dichloromethane CH2Cl2 8.93 20.4 0.0 0.309 +1.8 -1.9 

1,2-Dichloroethane EtCl2 10.37 16.7 0.0 0.327 +1.8 -1.9 

Pyridine py 12.91 14.2 33.1 0.302 +0.8 -1.8 

Benzonitrile PhCN 25.20 15.5 11.9 0.333 +1.7 -1.8 

Acetonitrile MeCN 35.94 18.9 14.1 0.460 +1.8 -2.0 

Dimethylsulfoxide DMSO 46.68 18.8 29.8 0.444 +0.7 -1.9 

N, N’-Dimethylformamide DMF 36.71 16.0 26.6 0.404 +1.6 -2.5 

 

a er = dielectric constant, b AN = acceptor number, c DN = donor number, d ET
N(30) = 

Dimroth-Reichardt parameter at 30 ºC, e Solvent limit defined as potential limit for 

oxidation or reduction of the solvent. 
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Table 1.2 List of selected substituents and values of 4σ for para and meta iron-

substituted tetraphenylporphyrin (TPP).37 

 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                  a  4σ = four times Hammett substituent constant.35 
 
 

 

 

Substituent 4σa 

p-NO2 3.12 

m-CN 2.72 

p-CN 2.64 

p-COOCH3 1.80 

p-COOH 1.64 

m-Br 1.56 

m-Cl 1.48 

m-F 1.36 

m-OCH2Ph 1.20 

p-Cl 0.92 

p-F 0.24 

p-Ph 0.04 

H 0.00 

m-CH3 -0.28 

p-CH3 -0.68 

p-C(CH3)3 -0.80 

p-OCH3 -1.08 

p-OH -1.48 

p-OCH2Ph -1.64 
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influence the electrochemical properties than substitution at the four phenyl groups of a 

tetraphenylporphyrin type compound.21, 23 Changes in planarity of the macrocycle upon 

addition of electron-withdrawing or electron-donating to the macrocycle will also affect 

redox potentials.38-41 In some cases, the addition of specific substituents to the porphyrin 

macrocycle may alter mechanistic pathways for electron transfer, as well as influence 

coupled chemical reactions of the compounds in their oxidized or reduced forms.38-43 

Studies of substituent effects on porphyrin redox potentials have often been used 

as a basis for deciding whether a given electrode reaction occurs at the porphyrin π ring 

system or at the central metal ion. A series of porphyrin derivatives having a similar 

structures but different substituents may or may not follow similar oxidation/reduction 

mechanisms. Therefore, it is essential to compare and summarize the reported E1/2 

values of porphyrins with similar structures in order to better understand the 

electrochemical behavior of each investigated compound or group of compounds.  

The potentials of each porphyrin redox reaction may also vary with changes of 

type and concentration in the solvent or the supporting electrolyte. This change may be 

due to differences in axial ligand binding or in the case of the supporting electrolyte it 

may be due to differences in ionic strength effects. Not only is solubility an important 

factor in selected a given solvent but one also must consider the ability of the solvent to 

stabilize anion or cation radicals. Therefore, the selection of a given solvent/supporting 

electrolyte system will depend on the requirements of the individual experiment. 

As indicated above the binding of solvent molecules as well as anions or cations 

from the supporting electrolytes will effect with the thermodynamic half wave 

potentials. Examples of bonding solvents are pyridine,44-46 DMF and DMSO. Diatomic 
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molecules which bind to the central metal ion of the porphyrin will also effects E1/2, the 

best examples being given by CO47, 48 or NO.49, 50 Differences in axial ligation can also 

lead to changes in the site of electron transfer. 

The potential differences (∆E1/2) between the first porphyrin ring reduction and 

the first porphyrin ring oxidation has often been used to suggest the site of the electron 

transfer reaction.51 For example, an experimental measured difference between the first 

reversible oxidation and first reversible reduction, (the HOMO-LUMO which is defined 

as highest occupied molecular orbital and lowest unoccupied molecular orbital) is often 

2.25 ± 0.15 V for metalloporphyrins with TPP or OEP type macrocycles. The HOMOs 

were calculated to be two near-degenerated π orbitals (a1u and a2u), while the LUMOs 

were calculated to be a set of degenerated π* orbitals (eg). The experimentally measured 

electrochemical HOMO-LUMO gap of 2.25 V is in good agreement with a theoretically 

calculated value of 2.18 V for the difference between the HOMO and LUMO and 

suggested ring-centered oxidation and reduction.52 However, it should be pointed out 

that the HOMO-LUMO gap can vary as the function of both the type of the central 

metal ion (see Figure 1.3) and the planarity of the porphyrin macrocycle.53 

A constant potential difference of 0.42 ± 0.05 V between the first and second 

reductions has been reported for many with OEP and TPP porphyrins while the 

difference between the first and second oxidations was reported to be 0.29 ± 0.05 V (see 

Figure 1.4). This diagnostic criteria has often been used to suggest a site of electron 

transfer reactions in metalloporphyrins.51 Although exceptions exist, several other 

indirect means of identifying the site of electron transfer have been used. One of these  
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Figure 1.3 Cyclic voltammograms of (TPP)M where M = Ni, Pd, and Pt in CH2Cl2 

containing 0.1 M TBAP. Adapted from ref. 54. 
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Figure 1.4 Cyclic voltammograms of (P)Cu and (P)Zn where P = TPP or OEP. Adapted 

from ref. 55. 
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includes the use of Hammett linear free-energy relationships54 or the Gutmann donor 

number of the solvent as a parameter.22, 55  

Electrochemistry is an effective technique to study the redox reactivity of 

metalloporphyrins. The applied reducing and oxidizing potentials can be controlled as 

accurately as ± 2 mV. In addition, the use of electrochemical techniques has made it 

possible to control redox reations, to characterize the products of the reactions and to 

evaluate the mechanism of the electrode reaction as well as to tune the electron transfer 

site. 

The first electrochemical studies of synthetic porphyrins began to appear in the 

early 1950s and mainly involved potentiometry and polaropraphy. These studies were 

then followed by numerous cyclic voltammetric studies which started to appear in the 

early 1960s.  

At the start of 1960s, the majority of porphyrin electrochemistry studies 

involved naturally occurring complexes; however, these electrochemical investigations 

were limited mainly to thermodynamic measurements of standard potentials utilizing 

potentiometry or to measurements of reduction potentials using polarography at a 

dropping mercury electrode. In addition, the choice of the measurement technique was 

limited in large part by the availability of electrochemical instrumentation, almost all of 

which at that time was home-made and limited almost excluded to electrochemical 

laboratories. 

  The situation began to change in the mid-1960s in three important aspects.  

First, cyclic voltammetric theory was becoming better understood,56, 57 which led to the 

popularization of this technique as a rapid and efficient method for obtaining reversible 
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redox potentials.  Second, many laboratories had begun to use non-aqueous solvents for 

studying electrochemical reactions of organic and inorganic compounds.58-60 Thirdly, a 

large number of easily synthesized tetraphenyl- and octaethylporphyrins with a wide 

variety of different central metal ions were becoming available for study.  

In the 1970s, the technique of cyclic voltammetry was used for the majority of 

electrochemical measurements of porphyrins. However, most utilized instrumentation 

will still homemade and only few laboratories were actually making the 

measurements.22, 61-64 

In the 1980s and 1990s, electrochemical studies of synthetic porphyrins mainly 

involved derivatives with unusual structures, porphyrins with metal-carbon bonds, 

porphyrins with central metal ions in low or high oxidation states, and porphyrins which 

react with small molecules.20, 65-67 At the same time, some “unusual” macrocycles were 

synthesized and their redox properties were compared to the oxidation and reduction 

potentials of OEP or TPP macrocycles which contained the same metal ion.68, 69 At that 

point in time the electrochemistry of metalloporphyrins was no longer hindered by the 

lack of electrochemical instrumentation which had become more available at relatively 

low cost and was becoming standard analytical equipment in a large number of 

laboratories around the world.49, 54, 70-77  

Only a few reviews have systematically summarized results from 

electrochemical investigations of synthetic and natural porphyrins, with most 

concentrating in large part on derivatives of octaethylporphyrins (OEP) or 

tetraphenylporphyrins (TPP), whose properties were described as function of the central 

metal ion, macrocycle, and porphyrin substitutes of the axial ligands.20, 22, 61-67 These 



 18 

types of reviews are useful if people are interested in a specific central metal ion or a 

specific type of macrocycle. However, they may fail to answer more detailed questions, 

such as how the reported electrochemical measurements were made, how systematic 

changes in macrocyclic structure, central metal ion, or solvent conditions might vary for 

similar compounds or a series of compounds. Also, past reviews did not always address 

what factors were important that might effect the electrochemistry of the molecules. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 19 

1.4 References 

1. Metalloporphyrins in Catalytic Oxidation; Sheldon, R. A., Eds; Marcel Dekker: 

New York, 1994. 

2. Aida, T.; Inoue, S. In The Porphyrin Handbook; Kadish, K. M., Smith, K. M., 

Guilard, R., Eds.; Academic Press: New York, 2000; Vol. 4, Chapter 26-27; Vol. 

6, Chapter 42. 

3. Mauzerall, D. H., F. T. In Porphyrins and Metalloporphyrins; Smith, K. M., Ed.; 

Elsevier: New York, 1975. 

4. Hoft, F. R.; Whitten, D. G. In The Porphyrins; Dolphin, D., Ed.; Academic 

Press: New York, 1978; Vol. II, Chapter 6. 

5. The Porphyrin Handbook; Kadish, K. M., Smith, K. M., Guilard, R., Eds.; 

Academic Press: San Diego, 2003; Vol. 14. 

6. Wagner, R. W. L., J. S. J. Am. Chem. Soc. 1994, 116, 9759. 

7. Chou, J. H. N., H. S.; Kosal, M. E.; Rakow, N. A.; Suslick, K. S. In The 

Porphyrin Handbook; Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic 

Press: New York, 2000; Vol. 6, Chapter 41. 

8. Jasat, A.; Dolphin, D. Chem. Rev. 1997, 97, 2267. 

9. Sessler, J. L.; Weghorn, S. J. Expanded, Contracted and Isomeric Porphyrins; 

Pergamon Press; New York, 1997. 

10. The Porphyrin Handbook, Kadish, K. M.; Smith, K. M.; Guilard, R., Eds.; 

Academic Press; San Diego 2000; pp. 1-20. 

11. Stanovnik, B.; Svete, J. Chem. Rev. 2004, 104, 2433. 

12. Boyle, N. M.; Rochford, J.; Pryce, M. T., Coord. Chem. Rev. 2010, 254, 77. 



 20 

13. Che, C.-M.; Lo, V. K.-Y.; Zhou, C.-Y.; Huang, J.-S., Chem. Soc. Rev. 2011, 40, 

1950. 

14. Ono, N.; Yamada, H.; Okujima, T. In Handbook of Porphyrin Science:Synthesis 

of Porphyrins Fused with Aromatic Rings; Kadish, K. M., Smith, K. M., Guilard, 

R., Eds.; World Scientific publishing: Singapore, 2010; Vol. 2. Chapter 7. 

15. Toganoh, M.; Furuta, H. In Handbook of Porphyrin Science:Synthesis and Metal 

Coordination of N-Confused and N-Fused Porphyrinoids; Kadish, K. M., Smith, 

K. M., Guilard, R., Eds.; World Scientific publishing: Singapore, 2010; Vol. 2. 

Chapter 10. 

16. Yella, A.; Lee, H.-W.; Tsao, H. N.; Yi, C.; Chandiran, A. K.; Nazeeruddin, M. 

K.; Diau, E. W.-G.; Yeh, C.-Y.; Zakeeruddin, S. M.; Graetzel, M., Science. 2011, 

334, 629. 

17. Xu, Z.; Swavey, S., Dalton Trans. 2011, 40, 7319. 

18. Xiang, N.; Zhou, W.; Jiang, S.; Deng, L.; Liu, Y.; Tan, Z.; Zhao, B.; Shen, P.; 

Tan, S., Sol. Energy Mater. Sol. Cells. 2011, 95, 1174. 

19. Lee, C. H.; Dogutan, D. K.; Nocera, D. G., J. Am. Chem. Soc. 2011, 133, 8775. 

20. Kadish, K. M.; Guilard, R. Chem. Rev. 1988, 88, 1121. 

21. Kadish, K. M.; Royal, G.; Caemelbecke, V. E.; Gueletti, E. In The Porphyrin 

Handbook: Metalloporphyrins in Nonaqueous Media: Database of Redox 

Potentials; Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: San 

Diego, CA, 2000; Vol. 9. Page 1-212. 

22. Kadish, K. M., Prog. Inorg. Chem. 1986, 34, 435. 



 21 

23. Kadish, K. M.; Caemelbecke, V.; E.; Royal, G. In The Porphyrin 

Handbook:Electrochemistry of Metalloporphyrins in Nonaqueous Media; 

Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 

2000; Vol. 8. Page 1-97. 

24. Elena Y. Gueletii. M.S. Thesis; The University of Houston, Department of 

Chemistry, 1997. 

25. The Porphyrin Handbook, Kadish, K. M., Smith, K. M., Guilard, R. Eds.; 

Academic Press: San Diego, 2000; Vol. 1-10. 

26. The  Porphyrins, Dolphin, D. Ed.; Academic Press: New York, 1978; Vol. 1-7 

27. Johnson, A. W., Chem. Soc. Rev. 1975, 4, 1. 

28. Kadish, K. M. R., G.; Van Caemelbecke, E. and Gueletti, E. The Porphyrin 

Handbook, Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: 

New York, 2000; Vol. 9, Chapter 59. 

29. Ikeda, S.; Toganoh, M.; Furuta, H., Inorg. Chem. 2011, 50, 6029. 

30. Diev, V. V.; Schlenker, C. W.; Hanson, K.; Zhong, Q.; Zimmerman, J. D.; 

Forrest, S. R.; Thompson, M. E., J. Org. Chem. 2012, 77, 143. 

31. Tabbi, G.; Di Mauro, G.; Purrello, R.; Bonomo, R. P., Dalton Trans. 2011, 40, 

4223. 

32. Smith, K. M. Porphyrins and Metalloporphyrins, Smith, K. M., Ed.; Elsevier: 

New York, 1975, Chapters 2 and 14. 

33. Walker, F. A.; Hui, E. and Walker, J. M. J. Am. Chem. Soc. 1975, 97, 2390  

34. Buchler, J. W. Porphyrins and Metalloporphyrins, Smith, K. M., Ed.; Elsevier: 

New York, 1975, Chapter 5. 



 22 

35. H. H. Jaffe, Chem. Rev. 1953, 53, 191. 

36. Kadish, K. M.; Caemelbecke, V.; E.; Royal, G. The Porphyrin 

Handbook:Electrochemistry of Metalloporphyrins in Nonaqueous Media; 

Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 

2000; Vol. 8, Page 8. 

37. Kadish, K. M.; Morrison, M. M.; Constant, L. A.; Dickens, L.; Davis, D. G., J. 

Am. Chem. Soc. 1976, 98, 8387. 

38. D’Souza, F.; Zandler, M. E.; Tagliatesta, P.; Ou, Z,; Shao, J.; Van Caemelbecke, 

E. and Kadish, K. M. Inorg. Chem. 1998, 37, 4567. 

39. Kadish, K. M.; D’Souza, F.; Villard, A.; Van Caemelbecke, E.; Bianco, P.; 

Antonini, A. and Tagliatesta, P. Inorg. Chem.1994, 33, 5169 

40. Kadish, K. M.; Li, J.; Van Caemelbecke, E.; Ou, Z.; Guo, N.; Autret, M.; 

D’Souza, F. and Tagliatesta, P. Inorg. Chem. 1997, 36, 6292 

41. Tagliatesta, P.; Li, J.; Autret, M.; Van Caemelbecke, Villard, A.; D’Souza, F. 

and Kadish, K. M. Inorg. Chem. 1996, 35, 5570. 

42. Kadish, K. M.; Lin, X. Q.; Han, B. C. Inorg. Chem. 1997, 26, 4161. 

43. Lin, X. Q.; Boisselier-Cocolios, B. and Kadish, K. M. Inorg. Chem. 1986, 25, 

3242. 

44. Walker, F. A.; Beroiz, D.; Kadish, K. M. J. Am. Chem. Soc. 1976, 98, 3484. 

45. Araullo-McAdams, C.; Kadish, K. M. Inorg. Chem. 1990, 29, 2749. 

46. Kadish, K. M.; Bottomley, L. A.; Beroiz, D. Inorg. Chem. 1978, 17, 1124. 

47. Mu, X. H. and Kadish, K. M. Inorg. Chem. 1989, 28, 3743. 



 23 

48. Hu, Y.; Han, B. C.; Bao, L. Y.; Mu, X. H. and Kadish, K. M. Inorg. Chem. 1991, 

30, 2444. 

49. Kadish, K. M.; Mu, X. H.; Lin, X. Q., Inorg. Chem. 1988, 27, 1489. 

50. Kelly, S.; Lancon, D.; Kadish, K. M. Inorg. Chem. 1984, 23, 1451. 

51. Fuhrhop, J. -H.; Kadish, K. M.; Davis, D. G. J. Am. Chem. Soc. 1973, 95, 5140 

52. Zermer, M.; Gouterman, M. Theor. Chim. Acta. 1966, 4, 44 

53. Kadish, K. M.; Caemelbecke, V.; E.; Royal, G. The Porphyrin Handbook, 

Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: New York, 

2000; Vol. 8, Chapter 55. 

54. Takeda, J.; Sato, M., Chem. Lett. 1995, 939. 

55. Kadish, K. M.; Caemelbecke, V.; E.; Royal, G. The Porphyrin 

Handbook:Electrochemistry of Metalloporphyrins in Nonaqueous Media; 

Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic Press: San Diego, CA, 

2000; Vol. 8, Page 12. 

56. Nicholson, R. S.; Shain, I. Anal. Chem.  1964, 36, 706. 

57. Nicholson, R. S., Anal. Chem. 1965, 37, 1351. 

58. Mann, C. K. "Electroanalytical Chemistry"; Bard, A. J. Ed.; Marcel Dekker, 

New York, 1969; Vol. 3. 

59. Mann, C. K.; Barnes, R. K. "Electrochemical Reactions in Nonaqueous 

Systems"; Marcel Dekker, New York, 1970; Vol. 3. 

60. Sawyer, D. T.; Roberts, J. L. "Experimental Electrochemistry for Chemists"; 

John Wiley and Sons, New York, 1974. 



 24 

61. Fuhrhop, J.-H. In "Porphyrins and Metalloporphyrins"; K. Smith Ed.; Elsevier, 

New York, 1975, Chapter 14. 

62. Buchler, J. W.; Kokisch, W.; Smith, P. D. Struct. Bonding, 1978, 34, 79. 

63. Davis, D. G. "The Porphyrins"; D. Dolphin Ed.; Academic, New York, 1978; 

Vol. 5 

64. Felton, R. H. In "The Porphyrins"; D. Dolphin Ed.; Academic Press, New York, 

1978; Chapter 3. 

65. Kadish, K. M. In "Iron Porphyrins"; A. B. P. Lever and H. B. Gray, Eds., 

Addison Wesley, Reading, Massachusetts, 1983; Part 2, p 161-249. 

66. Kadish, K. M.; Guilard, R.  Comments Inorg. Chem.  1988, 7, 287. 

67. Kadish, K. M.; Xu, Q. Y.; Anderson, J. E. ACS Symposium Series. 1988, 378, 

451. 

68. Anderson, J.; E.Liu, Y. H.; Guilard, R.; Barbe, J.-M.; Kadish, K. M. Inorg. 

Chem.  1986, 25, 3786. 

69. Anderson, J. E.; Liu, Y. H.; Kadish, K. M. Inorg. Chem. 1987, 26, 4174. 

70. Bond, A. M.; Sweigart, D. A., Inorg. Chim. Acta 1986, 123, 167. 

71. Byers, W.; Cossham, J. A.; Edwards, J. O.; Gordon, A. T.; Jones, J. G.; Kenny, 

E. T. P.; Mahmood, A.; McKnight, J.; Sweigart, D. A.; Tondreau, G. A.; Wright, 

T., Inorg. Chem. 1986, 25, 4767. 

72. Cosmo, R.; Kautz, C.; Meerholz, K.; Heinze, J.; Mullen, K., Angew. Chem., Int. 

Ed. Engl. 1989, 28, 604. 

73. Hinman, A. S.; Pavelich, B. J.; Kondo, A. E.; Pons, S., J. Electroanal. Chem. 

1987, 234, 145. 



 25 

74. Gagné, R. R.; Koval, C. A.; Lisensky, G. C., Inorg. Chem.  1980, 19, 2854. 

75. Ono, N.; Hironaga, H.; Ono, K. K., S.; Murashima, T.; Ueda, T.; Tsukamura, C.; 

Ogawa, T., J. Chem. Soc., Perkin I 1996, 417. 

76. Hariprasad, G.; Dahal, S.; Maiya, B. G., J. Chem. Soc., Dalton Trans. 1996, 

3429. 

77. Feng, D.; Schultz, F. A., Inorg. Chem.  1988, 27, 2144. 

 

 



 26 

 
 
 
 
 
 
 
 
 

CHAPTER TWO 
 

Experimental: 
Collection of Data and Characterization of 

Porphyrin Redox Reactions 
 

 

 

 

 

 

 

 

 

 

 

 



 27 

The collected electrochemical data is organized in the form of a database which 

has fields for the porphyrin macrocycle, central metal ion, axial ligand, solvent, 

supporting electrolyte, redox potentials for oxidation and reduction, reference electrode, 

and so on. A database management system is a useful tool for researchers to organize 

and computerize experimental information, data, and references. To construct a 

database management system required specialized software, which in this case was 

commercially available. Details on the software utilized and the procedure for entering 

data is given below. 

2.1 Software 

The redox potentials of porphyrins and related macrocycles are summarized in 

the form of a computerized database using the FileMaker Pro 11.0 program from Claris 

Corporation.1 FileMaker Pro uses simple concepts like find, sort, and connect. 

FileMaker Pro is designed from the ground up for non-technical people who have a real 

job to do. It’s designed to let you get in, build your database, and get back to work. It 

can handle large amounts of data and let many people share the data.2 Furthermore, the 

data you store in your database management system can be in the form of text, photos, 

PDF and Excel files.  

2.2 Procedure  

Many methods were used to find the electrochemical redox potentials entered 

into the FileMaker program. One way was to carry out the search with SciFinder, a 

system provided by CAS division of the American Chemical Society. SciFinder is a 

research discovery tool that allows college students and faculty to access a wide 
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diversity of research from many scientific disciplines, including biomedical sciences, 

chemistry, engineering, materials science, agricultural science, and more.3  

In addition to SciFinder, we examined publications from our own laboratory 

over the last 40 years to find the names of other major laboratories and researchers 

working in the field of porphyrins and porphyrin electrochemistry and then searched the 

publications of these people. We made copies and read all published papers which 

contain electrochemical data from 1997 to 2011.  

All published papers that related to porphyrin macrocycles have been checked 

and their redox potentials and experimental conditions were analyzed not only to the 

E1/2 values but also to the site of electron transfer. Authors’ names that appeared in the 

1999 database4 were further searched by SciFinder and any relevant publications 

collected. 

The electrochemical data we have listed appear in many different types of 

journals around the world. We have routinely cross-checked through those different 

types of journals to make sure that the electrochemical data collected was mostly 

complete. 

2.3 Limitation of the Database 

It  should be pointed out that some limitations of our database exist. For instance, 

sometimes different redox potentials of the same porphyrin compounds are reported 

under the same experimental conditions. In these cases, both sets of published values 

are listed and it is up to reader to decide which is the best value for their own research. 

In some cases, the published redox potentials or experimental conditions in the original 

manuscript are incomplete. For example, sometimes only oxidations are given and no 
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reductions or there are reductions and no oxidations. In these cases, the fields for the 

missing data are left blank. In other cases, the utilized salt, RE, WE, or atmospheric 

conditions are missing. When this occurs, the entry in these fields is given as NR (not 

reported). 

2.4 Characterization of Porphyrin Redox Reactions 

2.4.1 Selection of Appropriate Solvent 

Most early investigations of porphyrins in non-aqueous media were made in 

DMF or DMSO for reductions and in benzonitrile or butyronitile for oxidations. Later 

studies of porphyrin electrochemistry were made in the nonbinding solvent 

dichloromethane (CH2Cl2) for both oxidations and reductions. The advantage of this 

solvent is that the radical anions and radical cations could both be electrogenerated in 

solution and then characterized by ESR, NMR or UV-visible spectroscopy. The 

selection of which aprotic solvent to utilize may depend on its anodic or cathodic 

potential range, or its ability to stabilize π-anion and/or π-cation radicals. For instance, 

the stability of anion radicals is greater in DMF and DMSO than in acentonitrile. This is 

because of the fact that solvents with a large Gutmann donor number tend to associate 

with hydrogen donors like water. Therefore, DMF and DMSO are able to stabilize π-

anion radicals even when a small amount of water is present in the solvent. 

The overall requirements of the individual experiment will dictate the reasons to 

select a proper solvent. The first requirement is solubility.  One must also consider the 

ease of solvent purification, the chemical reactivity of the solvent, its ability to stabilize 

π-anion or π-cation radicals and its overall potential range for both oxidation and 

reduction, the latter of which will depend in part on the type of electrode material. For 
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example, Hg cannot be utilized for oxidations while Ag and Au both have a limited 

positive range in solvents containing halide anions. Other practical factors include the 

cost of the solvent, its toxicity and its general ease of handling. 

In addition, the most common nonaqueous solvent utilized for 

metalloporphyrins reductions have been DMF, DMSO, PhCN, and MeCN. With 

appropriate supporting electrolyte, the range of these solvents may be extended to -3.0 

V by using a Hg electrode. This easily allows for the electrogeneration of π-anion 

radicals and dianions as well as other electrode reactions involving protonated species 

which may be observed at potentials between –2.2 and –2.7 V.1-3 As indicated above, 

anion radicals are easily stabilized in DMF for investigation by ESR techniques. 

Most electrooxidations of porphyrins to give the π-cation radicals and dications 

have been carried out in CH2Cl2, PhCN, or MeCN.  Although the anodic-potential range 

of these solvents does not extend much above +1.5 V, this is often sufficient to view the 

first two oxidations of most porphyrin complexes. Although many electrogenerated 

dications may be attacked by nucleophiles to yield an isoporphyrin,4-7 the solvent of 

choice is often CH2Cl2. This solvent has been utilized by numerous laboratories, 

although reactions of some low valent metalloporphyrins with CH2Cl2 to give sigma-

bonded complexes are known with the best examples being in the case of FeI and CoI 

complexes. One advantage of CH2Cl2 as a solvent in that comparisons may be made 

directly between electrochemical results obtained in this chlorinated solvent and 

chemical results obtained in other nonboning solvents such as CCl4 or CHCl3. 

One disadvantage of CH2Cl2 is its low boiling point. Depending on the cell 

design, this may present special problems in normal cells upon deoxygenation as well as 



 31 

in thin-layer spectroelectrochemistry, where time-resolved measurements of small 

solution volumes might lead to solvent evaporation under the influence of an applied 

light source. In order to get around this problem one can easily switch to the solvent, 

1,2-dichloroethane in place of dichloromethane, CH2Cl2. because of its higher boiling 

point (83.4 ˚C), fewer problems are encountered due to solvent evaporation. The 

electrochemical mechanisms and ligand-binding properties appear to be similar in these 

two solvents, so that results can be used interchangeably. However, there are slight 

differences in absolute potential measurements between the two solvents, after 

correction for liquid junction potential. The two solvents also have different dielectric 

contants of 8.93 (CH2Cl2) and 10.37 (C2H4Cl2).  

2.4.2 Selection of Appropriate Supporting Electrolyte 

Almost all electrochemical studies of metalloporphyrins in nonaqueous media 

have utilized tetraalkylammonium salts as a supporting electrolyte, because its higher 

solubility and commercial availability. The most common salts have been the tetrabutyl- 

and tetraethylammonium percholorates (abbreviated TBAP and TEAP). Several studies 

have also utilized tetraalkylammonium salts of BF4
- or PF6

-. 

Selection of a given supporting electrolyte will depend upon its cost, ease of 

purification and possible axial coordination of the counteranion.  Usually ClO4
-, BF4

- 

and PF6
- can be considered as non-binding anions. Tetraalkylammonium supporting 

electrolytes containing all three anions are commercially available or may be easily 

synthesized from the respective Br- complexes.5 However, a ClO4
- salt with either a 

tetraethylammonium (TEA+) or tetra-n-butylammonium (TBA+) cation has usually been 

the supporting electrolyte of choice. Results obtained are often interchangeable between 
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measurements made with TBAP and TEAP as supporting electrolytes and thus, given 

the choice (which depends on availability), TBAP has usually been selected because of 

its higher solubility. 

Mann and Barnes6 reported data on the potential range of CH2Cl2 containing 

different supporting electrolytes. They indicate that salts of I-, Br- or Cl- may be used for 

reductions but are not recommended for oxidations due to the fact that the anions are 

easily oxidized at potentials less than +1.0 V vs SCE. The anions might also coordinate 

to the central metal ion of the porphyrin, thus leading to redox potentials which could be 

quite different than when the measurements are made in solutions of TBAP.  This is 

especially true for the case of (TPP)Co oxidation where E1/2 for the Co(II)/Co(III) 

reaction ranges from 0.29 to 0.94 V, depending upon the specific anion of the 

supporting electrolyte.7 

One must also consider the concentration of the supporting electrolyte. Due to 

changes in ionic strength, potentials measured with concentrations of 1.0 M TBAP are 

not identical to those measured with 0.10 or 0.01 M. The differences of potential may 

amount to several hundred millivolts and will vary as a function of the specific 

electrode reactions examined.  

2.4.3 Measuring and Reporting Redox Potentials 

The majority of metalloporphyrin redox reactions involve reversible electron 

transfers these potentials are reported as E1/2 or E° versus a standard reference electrode, 

and which is most often a saturated calomel electrode (SCE).8 Some reversible 

potentials are reported versus the less used reference electrodes like Ag/AgCl or even 

versus a Pt pseudo-reference electrode which has an ill-defined potentials.  Some values 
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of E1/2 are also reported to versus the ferrocene/ferrocenium couple (Fc/Fc+) in the same 

nonaqueous solvent but others have been reported to versus the normal hydrogen 

electrode (NHE).  The latter method of reporting potentials is not recommended in large 

part because it has involved a conversion from real, experimentally measured, potentials 

to potentials versus a not often used theoretical reference standard. 

Also, it should be indicated that “irreversible” electrode reactions of a given 

metalloporphyrin must be labeled with respect to the experimental conditions and not 

just combined with E1/2 values for reversible electrode reactions. This is because an 

“irreversible reaction” may be electrochemically irreversible due to slow electron 

transfer kinetics or it might be irreversible due to the occurrence of a coupled chemical 

reaction, in which case the experimentally observed potentials could be removed from 

the thermodynamic important values.8, 9  As indicated earlier, no attempts were made in 

this review to convert potentials measured against one reference electrode to another 

standard reference system. Sometimes, Fc/Fc+ was used to measure the potentials. The 

approximate value of the Fc/Fc+ couple generally ranges from 0.45 to 0.55 V vs SCE 

depending on the solvent and the experimental setup, however these values need see 

what exact experimental conditions.10, 11 

2.4.4 Measuring and Reporting the Numbers of Electrons Transferred 

Many of metalloporphyrin redox reactions involve one-electron transfer and the 

few examples of reported porphyrin multi-electron processes in the literature which are 

overlapping one-electron transfers where the two redox reactions occur at very similar 

potentials.  There are actually very few cases of porphyrin two-electron transfer 

processes to the same redox site (one involves the conversion of Sn(II) to Sn(IV)12 and 
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another the reduction of [(TMpyP)M]4+  to [(TMpyP)M]2+ where M = H2, Cu, Zn, and 

VO).13, 14 Thus, we need pay attention when discussing what appears to be a multi-

electron transfer.  In this regard, it should be indicated that cyclic voltammetry theory 

predicts a peak to peak separation of 59 mV for a reversible one-electron transfer 

process, while a true two-electron transition would have a peak to peak separation of 

approximately 30 mV.8, 9 The peak current for a real two-electron transfer by cyclic 

voltammetry would also be approximately 2.8 times higher than a one-electron transfer 

since this value is proportional to the 3/2 power of the number of electrons transferred.8 

2.4.5 Assigning Site of Electron Transfer 

The site of electron transfer in metalloporphyrins may be assigned on the basis 

of spectroscopic data or electrochemical criteria, or alternatively it may be assigned on 

the basis of comparison with the known chemistry and electrochemistry of related 

systems.  

2.4.6 Selection of Appropriate Porphyrin Reference Compound 

The most common used comparison compounds against which the results of 

newly synthesized metalloporphyrins are derivatives of TPP and OEP. For example, Zn 

(II) derivatives of tetramesitylporphyrin (TMP)15 and octabromotetraphenylporphyrin 

(Br8TPP)16 are oxidized , respectively, at 0.86, 1.20 and 0.88, 1.14 V vs SCE in CH2Cl2 

and all two potential values can be compared to (TPP)Zn17 which is oxidized at 

potentials of 0.79, 1.07 V vs SCE in  CH2Cl2 under very similar experimental 

conditions. However, TPP and OEP derivatives are not available to be reference 

compounds with all known metal ions, in cases when the data are available, it might 

only be in another solvent or supporting electrolyte system, which would require a new 
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measurement. In a word, TPP and OEP derivatives are good reference compounds for 

most cases, but other similar macrocycle systems are needed to take into account if TPP 

and OEP derivatives might not be comparison compounds. 

2.4.7 Factors Influencing Half Wave Potentials 

The factors which the most influence metalloporphyrin redox potentials can be 

concluded as which related to the properties of the solvent and supporting electrolyte 

and those which relate to the porphyrin itself. The properties of the porphyrin including 

such as the type and oxidation state of the central metal ion, (ii) type and number of 

axially coordinated ligands, and (iii) type and planarity of the conjugated macrocycle.  

The simple way to investigate the relationship between redox potentials and 

axial ligation is to complex the porphyrin axially under known experimental solution 

conditions and to measure the redox potential under these conditions. Absolute values 

of E1/2 may then be related to a given set of axial ligands or the spin state. 

Examples of how changes in axial ligation will affect porphyrin ring- and metal-

centered redox reactions have been demonstrated in many cases with one good example 

is provided by the Fe(III)/Fe(II) reactions of (TPP)Fe(L) which can vary over a range of 

1.0 or more volts just as a function of the axial ligand.18-21  

Changes in the nature of the axial ligand may lead to smaller changes in the 

macrocycle-centered reactions of a given metalloporphyrin but this also is depend on 

the degree of interaction between the metal center and the macrocycle. In contrast, the 

redox potentials for porphyrin π-anion or π-cation radical formation will vary with 

changes in the central metal ion.  For example, (OEP)Ag(II) is converted to a π-anion 

radical at E1/2 = -1.29 V vs SCE as compared to (OEP)Co which is converted to a π-
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anion radical at a reversible half wave potential of -1.68 V vs SCE.22 

Potential shifts in E1/2 for formation of porphyrin π-cation or π-anion radicals 

can can also result from systematic changes in the macrocycle or systematic changes in 

the substituents on the macrocycle. For the electrochemical reactivity, the most studied 

correlations have been those involving substituent effects on half wave potentials. The 

type of substituent effects on metalloporphyrin redox potentials will depend on many 

parameters such as number and type of substituents, location of substituents, Hammett 

substituent constants, planarity of porphyrin macrocycle, properties and type of central 

metal ion, oxidation state of central metal ion, and site of electron transfer. For instance, 

the different type of substituents showed the different effect on redox potential shifts for 

E1/2, because of different Hammett substituent constants of each substituent. The higher 

Hammett substituent constant is more positive shifts of redox potential shifts for E1/2 

due to the electron-deficient characteristics of its macrocyle with higher Hammett 

substituent constant substituent connected to macrocycle. Generally, the addition of 

electron-donating groups to the porphyrin macrocycle with facilitate oxidation and 

hinder reduction at either the metal center or the porphyrin π-ring system. In contrast, 

the addition of electron-withdrawing substituents to the porphyrin ring will remove 

electron density from the reaction site and lead to easier reductions and harder 

oxidations. 

A large range of redox potentials can be obtained for a variety of 

metalloporphyrins with the same macrocycle but different central metal ions or with the 

same metal ion and different metal ions. In these cases, E1/2 can often be predicted on 

the basis of linear free relationships. It should be indicated that many factors of central 
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metal ion might affect the potential shifts of porphyrin macrocycle such as properties 

and type of central metal ion, changes in structure or metal oxidation state upon redox 

reaction, metal out of plane distance, oxidation state of central metal ion, coordination 

number of central metal ion.  

Another factor which often less considered is that how systematic changes in an 

electrochemical solvent will lead to systematic shifts in potentials for oxidation or 

reduction of a given metalloporphyrin complex.  For example, the oxidation of (TPP)Zn 

has been examined in more than a dozen different nonaqueous solvents, with values of 

E1/2  in the case of the Zn complex ranging from 0.66 V vs SCE  in PhCN23 and 0.78 V 

vs SCE in CH2Cl2.24  Shifts of similar magnitude are seen for other metalloporphyrins, 

necessitating a compilation of data under numerous experimental conditions or an 

understanding of how changes in redox potentials upon changing solvents might be 

predicted by knowing the nature of the porphyrin-solvent interaction. 

A number of correlations have been made in the literature between half-wave 

potentials of a given compounds and the donor or acceptor properties of the 

electrochemical solvent.  The most often utilized solvent parameter has been the 

Gutmann donor numbers (DN) or acceptor numbers (AN).25 The specific correlation 

between E1/2 and a given solvent will depend upon the nature of the solvent-porphyrin 

interaction as well as upon the charge of the reactant from the product. For example, 

values of ∆E1/2 for the reduction of (OEP)M  where M = Zn, Ni, Co, and Cu are linear 

related to the Gutmann donor number,26 but this is not the case for all type of porphyrin 

macrocycles. 
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3.1 How To Use the Database? 

3.1.1 Paper Copy 

A two-dimensional presentation of the electronic database prepared as part of this 

M.S. thesis is given in Chapter 4. This hard copy summarizes reported potentials for 

more than 3,000 compounds, each of which has multiple oxidations and/or reductions. 

The redox potentials are displayed in 24 different tables which have been arranged 

according to the structure of the macrocycle. The list of tables is given in Table 3.1 and is 

organized from the less complex macrocycle to the more complex molecules, starting 

with monomeric porphyrins and then progressing to porphyrin dimers, trimers, and 

oligomeric or polymeric systems. The data in these tables includes porphyrin-corrole 

dyads, porphyrin-fullerene dyads (including non-covalently bound systems), porphyrin-

fullerene-ferrocene triads, porphyrin assemblies, and porphyrins with peripherally bonded 

inorganic metal complexes.  

The two-dimensional paper copy of the database has 16 fields, as shown in 

Chapter 4, and the data has been sorted alphabetically by ring, metal, L1, L2, solvent, and 

supporting erlectrolyte (salt). The lists of macrocycles, ligands, solvents, and supoorting 

electrolytes (salt) are given in Tables 4.1 to 4.4 of Chapter Four. The structures of the 

porphyrins are also included in the paper copy of the database and are shown in Figures 1 

to 24 of Chapter Four. The original literature reference is given in the last column of each 

data entry and is labeled as “Ref.”.  

3.1.2 Electronic Copy 

The electronic copy of the database provides more information on the 

electrochemical data and experimental conditions than does the paper copy. Additional  
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Table 3.1. List of Tables in the Database. 

Table 1. Tetraphenylporphyrin (TPP) macrocycles  

Table 2. Octaethylporphyrin (OEP) macrocycles  

Table 3. Tetramesitylporphyrin (TMP) and substituted TMP macrocycles  

Table 4. meso-substituted OEP and porphinone macrocycles   

Table 5. meso-substituted TPP macrocycles 

 Table 5a. Picket-fence porphyrins and related derivatives   

 Table 5b. meso-Tetraalkylporphyrins   

 Table 5c. meso-Tetraarylporphyrins   

Table 6. β-substituted TPP macrocycles 

 Table 6a. β-alkyl and β-aryl-substituted TPP macrocycles   

 Table 6b. β-pyrrole halogenated porphyrins   

 Table 6c. TPP with mixed β-pyrrole substituents   

 
 
Table 6d. Nitro-substituted TPP and tetraarylporphyrin (TArP)     

        derivatives   

 Table 6e. Porphiones   

 Table 6f. Mono β-pyrrole-substituted porphyrins   

Table 7. Dodecaphenylporphyrin (DPP) and substituted DPP macrocycles 

Table 8. Porphyrins with fused groups 

 Table 8a. Quinoxalinoporphyrins  

 Table 8b. TPP macrocycles with fused groups 
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Table 3.1. List of Tables in the Databse. (Continued) 

Table 9. Core-substituted porphyrins 

 Table 9a. N-substituted tetraarylporphyrins  

 Table 9b. Heteroporphyrins  

Table 10. Tetrabenzoporphyrins (TBP) and tetraazaporphyrins (TArP) 

Table 11. Porphyrins with charged peripheral groups 

 Table 11a. Tetraarylporphyrins with charged peripheral groups   

 Table 11b. Octaethylporphyrins with charged peripheral groups 

Table 12. Porphyrin dimers   

Table 13. Porphyrin trimers   

Table 14. Porphyrin-corrole dyads  

Table 15. Porphyrin dendrimers, and oligimeric or polymeric porphyrins  

Table 16. Porphyrin metal sandwich complexes  

Table 17. Porphyrins with mixed meso- and/or β-pyrrole substituents 

 Table 17a. A3B meso-substituted porphyrins 

 Table 17b. cis and trans-A2B2 meso-substituted porphyrins  

 Table 17c. cis and trans-A2B meso-substituted porphyrins  

 Table 17d. trans-A2BC meso-substituted porphyrins   

 Table 17e. A2 meso-substituted porphyrins   

 
 
Table 17f. β-pyrrole-substitued porphyrins with less than four meso- 
         substituents   

Table 18. Porphyrin-ferrocene conjugates   
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Table 3.1. List of Tables in the Databse. (Continued) 

Table 19. Porphyrin-fullerene conjugates and porphyrin-fullerene complexes  

Table 20. Porphyrin-C60-ferrocene triads   

Table 21. Supramolecular porphyrin assemblies  

Table 22. Porphyrins containing peripheral metal complexes 

 
 
Table 22a. Porphyrins with covalently bonded peripheral metal   

         complexes  

 
 
Table 22b Porphyrins with non-covalently bonded peripheral metal  

         complexes   

Table 23. Natually occurring porphyrins 

 Table 23a. Heme and related macrocycles  

 Table 23b. meso-substituted etioporphyrin II macrocycles  

 Table 23c. β-alkyl and meso-substituted porphyrins  

Table 24. 
 
Porphyrins and porphyin-C60 conjugates adsorbed on electrode     
 
surfaces   
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information includes the HOMO-LUMO gap, the type of working electrode, the gas over 

the solution (N2, Ar, CO, etc) and number of macrocyclic rings.  Obviously, the biggest 

advantage of the electronic database is its searching function. The electronic database 

allows one to search particular information within the whole database by keywords. 

These keywords are given in Table 3.2. The user is able to search redox potentials and 

experimental conditions by each “field” in the electronic database, examples being ring, 

metal, ligand, solvent, type of working electrode, and so on. The electronic copy of the 

database is available upon request from Professor Karl Kadish in the Department of 

Chemistry at the University of Houston. The information in the electronic database can 

be printed in several different formats. The user determines how they wish to represent 

the information and sort the data according to any chosen parameters in the database. 

3.2 What Can You Find? 

The database allows one to examine a number of correlations which might not be 

evident from a single paper or review. The key factors that influence porphyrin redox 

potentials are: 

(i) Type of macrocycles 

(ii) Location and number of substituents 

(iii) Type and oxidation state of central metal ion 

(iv) Type and number of axial ligands 

(v) Nature of the solvent and the supporting electrolyte 

Several examples of correlations between redox potentials and the above factors 

are given on the following pages. Numerous other correlations are possible, depending on 

the information desired by the reader.  
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Table 3.2. The List of Key Words/Abbreviations in Electronic Database 
 
 (Br4)TPP-TriPP  
 (CF3)12TPP  
 (CF3)4TPP 
 (CH3)4(Ph)4TPP 
 (CH3)4Ph5Cor 
 (CH3)6Et2Ph5P 
 (ClO4)2DPP 
 (CN)4(Ph)4TPP 
 (CN)4(Ph)4TPP 
 (CO2CH3)8TBTPP 
 (i-Bu)8TPP  
 (NH2)P 
 (NH2)TPP  
 (NO2)2TPP 
 (NO2)3TPP 
 (NO2)4DPP 
 (OCH3)4DPP 
 (OCH3)4DPP - Keggin type POM 
 (Ph)8DPP 
 (Ph)8T(3-Thienyl)P 
 (Ph)8T(4-OCH3 P)P 
 (Ph)8TPP 
 (Ph)8TPPCl12 
 (R)P 
 (R)TPP 
 (RHN)P 
 (Ru(bpy)2Cl)2-Por-Pt(Cl2)DMSO  
       complex  
 (SC6H13)8TAP 
 [Br8T(4-NCH3 Py)P]4+ 
 [Br8TNMePyP]4+ 
 [Br8TPPS]4- 
 [F16TPPS]4- 
 [NMePyP]4+  
 [Por-Cu(Phen)2 dyad]2 
 [T(2-NCH3 Py)P]4+ 
 [T(2-NEt Py)P]4+  
 [T(4-Py)P-[Ru(bpy)2Cl]4]2O 
 [TNCH3PyP]3+  
 [TNEtPyP]4+ 

 [TPPS]4-  
 C60-por dyad   
 Porphyrin tetramer 
 PQ(5NH2)  
(2-Py)2A3 pyridylporphyrin 
(3-Py)(4-t-butylP)P tetramer self- 
     assembly  
(3-Py)Tri(4-CH3P)P tetramer self  
     assembly  
(3-Py)Tri(4-HexP)P tetramer self- 
     assembly 
(a3,b-NHCOFc)TPP 
(a4-NHCOFc)TPP 
(a4-piv)TPP 
(Alkyl)P 
(bisthiophene)4TPP (meso)  
(Boron dipyrromethene)3- 
     porphyrin-C60  pentad 
(Br8)TPP-TriPP 
(CF3)4DPP 
(CH3)4Ph5P  
(CH3)4TMP  
(CH3)4TPP   
(CH3)6Et2PhP 
(CH3)NCTPP  
(CN)4(CH3)4TPP 
(CO2CH3)8TBTPP  
(CO2H)DPP  
(DAPS)OEP 
(DAS)OEP 
(DATS)OEP 
(Et)8T(Ar)P 
(Fc)2-Por-(Fc)2 triad 
(ImUP)T(3,5-D-TBuP)P 
(ImUP)T(3,5-D-TBuP)P.PUPC60  
(N-Alkoxycarbozolyl P)P  
(NO2)4DPP  
(NO2)4OEP  
(NO2)P 
(NO2)PQ 
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(O)Cl8TPPone 
(O)TMPone 
(OCH3)20DPP  
(OEP)2-1,3-DAP 
(OEP)2-1,4-DAP 
(OEP)2-1,5-AT 
(OEP)2-DA 
(OEP)2-DAV 
(OEP)2-DVDA 
(OEP)2-TA 
(OEP)2DAT 
(Ph)4TPP 
(Ph)4TPP  
(Ph)8TPP 
(R)OEP  
(T(4-NCH3Py)P)2-T(35-DCP)P  
     trimer 
(TAS)OEP 
(TCHP)4- 
(TTF)4TPP  
(TTF)TPP 
[(bipy)4OEP]4+  
[(bpy)OEP]+  
[(Et)4(NCH3 Py)4P]4+  
[(Py)4OEP]4+  
[Br8TPPS]4-  
[Et8(Py)]4+ 
[F16TPP(NCH3)4]5+ 
[F8TPPS]4- 
[OEP(Py)2]2+  
[OEP(Py)4]4+  
[T(2-N(alkyl Im) P]5+ 
[T(2-N(butyl) Py)P]5+ 
[T(2-N(Et) Py)P]5+ 
[T(2-N(hexyl) Py)P]5+ 
[T(2-N(MOE) Py)P]5+ 
[T(2-N(octyl) Py)P]5+ 
[T(2-N(propyl) Py)P]5+ 
[T(2-N(TDE)Im) P]5+ 
[T(2-N(TDTEG)Im) P]5+ 
[T(2-N(TEG) Py)P]5+ 

[T(2-NCH3 Py)P]5+ 
[T(2-NEt Py)P]4+  
[T(3-NCH3 Py)P]4+ 
[T(4-NCH3 Py)P]4+  
[T(4-NCH3 Py)P]5+ 
[T(4-NCH3 Py]4+ 
[T(4-NEt Py)P]4+ 
[T(4-NV P)P]4+ 
[T(4-TriMAP)P]5+ 
[T(DiN-CH3 Im)P]4+ 
[T(DiN-Et Im)P]4+ 
[T(DiN-Pr Im)P]4+ 
[T3NMePyP]4+ 
[TDM-2-ImP]5+ 
[TNCH3PyP]4+ 
[Tri(2-NCH3 Py)PyP]3+  
1,3-diacetynyl phenyl bridged  
     porphyrin dimmer 
1,4-diacetynyl phenyl bridged  
     porphyrin dimmer 
1,5-diacetynyl thienyl bridged   
     porphyrin dimmer 
1R-T(methoxy bismethano- 
     octahydroanthtacene-9-yl)P 
1S-T(trifluoromethyl bis methano- 
     octahydroanthtacene-9-yl)P 
2-PyTri(4-t-ButylP)P  
2,5-diacetynyl thienyl bridged  
     porphyrin dimer 
4-Pyridyl Fc carboxylate assembly  
4-PyTri(4-CH3P)P 
5-phenyl-10,15,20-tris(N- 
     methylpyridinum-2-yl)porphyrin 
a-diketoporphyrin  
A2 
A2B   
A2B2 
A3  
a3,b-(NHCOFc)4TPP 
A3B  
a4-(NHCOFc)4TPP 
aaaa-T(2-MPAM)P 
aaab-TTFCPP 
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ABC  
ABCD  
Acene-modified porphyrin  
Acredinium inclusion complex  
Anthracene fused porphyrin 
Anthracenylporphyrin 
assembly 
Axially bonded porphyrin dimer  
b-alkylated corrole 
b-alkylated meso-
tetraphenylporphyrin 
b-alkylated porphyrin 
b-brominated porphyrin 
b-brominated tetraphenylporphyrin 
b-brominated-TPP 
b-lakylated chlorin 
b-mixed substituted porphyrin 
b-mixed substituted TPP 
b-octaalkylated porphyrin  
b-octaaryl meso-tetraarylporphyrin 
b-octabrominated TPP 
b-octabromo  
b-octabromo meso-pyridylporphyrin 
b-octabromo meso- 
     tetraarylporphyrin 
b-octabromo meso-tetrakis  
     (sulphonatophenyl)porphyrin 
b-octabromo meso- 
     tetramesitylporphyrin  
b-octabromo meso- 
     tetrapyridylporphyrin 
b-octabromo TPP 
b-octachloro meso- 
     tetraarylporphyrin 
b-octachloro meso- 
     tetraphenylporphyrin  
b-octachloro tetraphenylporphyrin 
b-octaethyl meso- 
     tetraarylporphyrin,  
b-octaethyl meso- 
     tetrabipyridiniumporphyrin 
b-octaethyl meso- 
     tetranitroporphyrin 

b-octaethyl meso- 
     tetraphenylporphyrin 
b-octaethyl meso-tetrapyridinium  
     porphyrin 
b-octaethyl tetraazaporphyrin 
b-octaethyl TPP 
b-octafluoro   
b-octafluoro meso-tetrakis  
     (sulphonatophenyl)porphyrin  
b-octafluoro-TPP  
b-octanitroporphyrin 
b-octaphenyl meso- 
     tetraarylporphyrin 
b-octaphenyl meso- 
     tetraphenylporphyrin  
b-perbrominated porphyrin 
b-pyridyl porphyrin 
b-pyrrole 
b-pyrrole alkylated porphyrin 
b-pyrrole substituted  
b-substituted meso- 
     tetraphenylporphyrin 
b-substituted porphyrin 
b-substituted tetraarylporphyrin 
b-substituted TPP 
b-substituted TPP 
b-tetrabrominated TPP 
b-tetrabromo meso- 
     tetraarylporphyrin 
b-tetrabromo meso- 
     tetraphenylporphyrin 
b-tetrabromo mononitro meso- 
     tetraphenylporphyrin 
b-tetrabromo tetraphenylporphyrin 
b-tetraethyl tetra-N- 
     methylpyridiniumporphyrin 
b-tetraethyl-N-methyl  
     pyridylporphyrin 
baaa-thiolate tripivalamido  
     porphyrin 
BCA 
BCB 
BCO 
BCS 
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BCX 
bicyclooctadiene fused porphyrin  
Bis-u-oxo porphyrin dimer 
bisporphyrin  
Bisstrap-C10 
Bisstrap-C12 
Bisstrap-C8Ph 
Boron-dipyrrin-por crown ether- 
     C60 triad assembly  
Boron-dipyrrin-zinc por crown ether  
     dyad 
Boron-dipyrromethane bridge 
boron-dipyrromethane complex 
Br16T(35-DMP)P 
Br1TPP meso-tetraphenylporphyrin  
Br20TPP 
Br2TPP  
Br3TPP 
Br4(CH3)4TPP   
Br4(NO2)TPP  
Br4(Ph)4TPP   
Br4DPP  
Br4T(4-butyloxy P)P  
Br4TPP  
Br4TPP-TriPP 
Br5TPP 
Br6(NO2)TPP  
Br6T(4-CO2CH3 P)P  
Br6TPP  
Br7(NO2)TPP 
Br7TPP  
Br8F20TPP  
Br8T(2-CH3 P)P 
Br8T(2-Py)P 
Br8T(3-CH3 P)P 
Br8T(3-Py)P  
Br8T(4-Br P)P   
Br8T(4-CH3 P)P 
Br8T(4-CO2CH3 P)P   
Br8T(4-CO2Et P)P 
Br8T(4-CO2H P)P  
Br8T(4-F P)P  

Br8T(4-NCH3 Py)P4+  
Br8T(4-NO2 P)P   
Br8T(Ar)P 
Br8T(naphthyl)P 
Br8T2PyP  
Br8T3PyP  
Br8TCPP 
Br8TMP  
Br8TPP  
brominated porphyrin 
brominated-TPPS  
C-(P-tetraone) 
C60 
C60-bisporphyrin-C60 triad  
C60-oligopor-C60 rods,  
C60-por dimer-C60 triad 
C60-por-C60 triad  
C60-por-Cu(phen)2-(Fc)2  
    aggregates  
C60-Por-Fc triad  
C60-Por-TTF triad 
C60(Py)2 assembly  
C60Im assembly  
C70 assembly  
Calix[4]phyrin 
Calixphyrins 
carbaporphyrin 
carboxyl 
CD 
CH3CO2-  
Chalcogenaporphyrin 
Chiral porphyrin  
Chiral porphyrin dimmers 
Chlorin  
Chlorin-C60 dyad  
cis-(a2,b2-NHCOFc)TPP 
cis-A2B 
cis-A2B2  
cis-A2BC 
Cl12DPP  
Cl16TPP 
Cl2(bpy)OEP+  
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Cl20TPP 
Cl20TPP  
Cl2OEP  
Cl4(Ph)4TPP  
Cl4F4TPP  
Cl4TPP 
Cl8(NO2)7TPP  
Cl8(NO2)8TPP 
Cl8[T(3'-SO3

-P)P]4- 
Cl8DPP  
Cl8F20TPP  
Cl8T(4-CF3 P)P  
Cl8T(4-CH3 P)P   
Cl8T(4-CO2Et P)P 
Cl8T(4-F P)P  
Cl8T(4-NO2 P)P  
Cl8TPP 
ClO4-  
CNOTPP 
co-facial  
co-facial porphyrin dimer 
Corrole dimer  
Cross-conjugated bisporphyrin 
Crown ether porphyrin 
Crown ether porphyrin / K+  
Cyclic porphyrin hexamer 
Cyclic-Por-6,  
Cyclic-Por-6.T6 
cyclodextrin,  
D(spirobifluoren-2-yl)P 
DAP  
DCPTMPP 
Dendrimer appended porphyrin 
Deuteroporphyrin IX dimethyl ester 
diacetynyl bridged  porphyrin dimer 
diacetynyl vinyl bridged  porphyrin  
     dimer 
Diaza crown appended porphyrin  
diazaheme-III 
dimer 
dinitro porphyrin  
Dioxocyclam appended porphyrin  

diphenylporphyrin 
divinyl diacetynyl bridged   
     porphyrin dimmer 
DNA 
DNP-TTF-por-C60 tetrad 
dodecaarylporphyrin 
dodecaphenylporphyrin 
doped polypyrrole film,  
double decker sandwich complex 
Doubly anthracene fused porphyrin  
DPEP b-alkylated porphyrin 
DPP 
DPyTBPP-Ir(cod) 
DPyTBPP-IrCl2(OH2) 
Et2(CH3)6Cor dimer 
Et2(CH3)6EP 
Et2(CH3)6PhP 
Et2Me6EP 
Et4(CH3)4PP b-alkylated porphyrin 
Et6(CH3)2Cor dimer  
Et8F20TPP 
Et8TPP 
Etioporphyrin 
F12DPP  
F12TPP  
F16DPPCO2H  
F20DPP  
F20OETPP  
F20TPP  
F28DPP 
F28TPP 
F36DPP  
F4DPP 
F6TPP-Cu(I)(tmpa) dyad  
F6TPP(tmpa)  
F8DPP  
F8TPP 
Fc amido-4-pyridine assembly  
Fc-por dimer-C60 triad  
Fc-por-C60 triad 
Fc-por-Fc triad  
Fc-porphyrin tetramer-C60 triad 
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ferrocenyl  
ferrocenyl calix[4]phyrin 
ferrocenyl porphyrin  
Ferromicroperoxidase 
FTMPP 
fullerene  
Fullerene inclusion complex  
Fullerene-porphyrin-ferrocene triad  
Fulleropyrrolidine 
fulleropyrrolitidine assembly  
furylporphyrin 
fused porphyrin dimer 
Graphene oxide appended porphyrin 
H2PO4-  
Heme  
Heteroporphyrin 
Hexaporphyrinato  
     tricyclophosphazene  
host-guest complex 
hydroquinone 
Imidazole fused porphyrin 
Iron(III) protoporphyrin IX  
L-(P-tetraone) 
La@C82  
La2@C80 
lipoic acid 
Lipoic acid appended porphyrin  
liquid crystals 
M(spirobifluoren-2-yl)P  
Mes2PhCor  
meso tetrakis(N-ethylpyridinium-2- 
     yl)porphyrin 
meso-alkylated porphyrin 
meso-bipyridyl 
meso-cyclohexadienyl-idene 
meso-diarylporphyrin 
meso-diphenylporphyrin 
meso-meso linked  
meso-substituted  
meso-substituted porphyrin 
meso-substtiuted OEP 
meso-tetra(2-furyl)porphyrin 

meso-tetra(2-thienyl)porphyrin  
Meso-tetra(dimethyl pyrozolium-4- 
     yl)porphyrin 
meso-tetra(N-(alkylpyridinium-2- 
     yl)porphyrin 
meso-tetraalkylporphyrin  
meso-tetraalkylporphyrinogen  
meso-tetraarylporphyrin 
meso-tetrabenzoyl-OEP  
meso-tetracyclophane porphyrin 
meso-tetraethynylarylporphyrin 
meso-tetraferrocenylporphyrin 
meso-tetrafurylporphyrin 
meso-tetrakis(1,3-di-N- 
  methylimidazolium-2-yl)porphyrin 
meso-tetrakis(N-methyl-4- 
     pyridyl)porphyrin 
meso-tetrakis(N-n-butylpyridinium- 
      2(3,4)-yl)porphyrin 
meso-tetrakis(N-n-hexylpyridinium- 
     2(3,4)-yl)porphyrin 
meso-tetrakis(N-n-octylpyridinium- 
     2(3,4)-yl)porphyrin 
meso-tetrakis (sulphanatophenyl)  
     porphyrin 
meso-tetraphenylporphyrin 
meso-tetraphosphonic acid  
     porphyrin 
mesoheme-III 
mesoheme-XIII 
mixed b-pyrrole substituted  
mixed b-pyrrole substituted meso- 
     tetraphenylporphyrin 
mixed b-substituted meso- 
     tetraphenylporphyrin 
mixed b-substituted porphyrin 
mixed meso-substituted  
     heteroporphyrin 
mixed meso-substituted porphyrin 
Mo(trisDMPHB)-por- 
     Mo(trisDMPHB) triad  
modified protoporphyrin IX 
monoazaheme-XIII 
Monophosphaporphyrin 
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MWNT,  
N-alkyl porphyrin 
N-alkyl porphyrinogen 
N-alkylated pyridylporphyrin 
N-benzyl  
N-benzyl substituted 
N-Confused porphyrin  
N-fused porphyrin  
N-methyl meso-tetraphenylprphyrin 
N-methyl N-confused meso- 
     tetraphenylprphyrin 
N-methylpyridiniumporphyrin 
N-methylpyridylporphyrin  
N-naphth-2-ylmethyl 
N(CH3)NCTPP 
N(CH3)TPP 
N2O2-core 
N2OS-core 
N2S2-core 
N2SO-core 
N3O-core 
N3S  
N3S-core 
N4-N2OS core  
N4-N2S2 core 
N4-N2SO-core 
N4-N3S core  
NCTPP 
NFP   
NMePyP 
NMPyP 
NO3- 
OBrTPP 
octa-iso-butyl meso- 
     tetraphenylporphyrin 
octacarboxy-TPP 
octaethyl meso- 
     dipyridiniumporphyrin 
octaethyl meso- 
     petrapyridiniumporphyrin 
octaethyl meso- 
     pyridiniumporphyrin  
octaethyl meso-tetranitroporphyrin 

octaethyl meso- 
     tetrapyridiniumporphyrin  
octaethylporphyrin 
octaethyltetra(3-thienyl)porphyrin  
octaethyltetrakis(pentafluoro  
     phenyl)porphyrin  
octaethyltetranitroporphyrin 
octaphenylporphyrin 
OEP 
OEP-u-oxo dimer 
OEP(2,3-dione) 
OEP(2,4-dione) 
OEPdione 
OEPone  
OET(3-Thienyl)P  
OET(Ar)P 
OETAP  
OETPP  
OETPyP 
Oligoaniline-porphyrin hybrid 
Oxacalix arene  
Oxoporphyrinogen  
OxP-(bz)2  
OxP-(bz)4 
OxP-(Pm)2 
OxP-(Pm)4  
OxP-(Pp)2 
OxP-(Pp)4  
P-dione 
P-TA-P 
pac-man porphyrin 
PAOEP 
Pc-Eu-Pc-Ce-Por triple decker  
     sandwich complex 
Pc-Eu-Pc-Eu-Por  
Pc-Eu-Pc-Eu-Por triple decker  
     sandwich complex  
Pc-Eu-Por-Eu-Pc triple-decker  
     sandwich  complex  
Pc-por pentamer  
Pc-Por-Pc oxo-bridged triple decker  
     complex  
PCA   
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PCB 
PCO 
PCOx 
perfluorinated porphyrin 
Perfluorinated-TPP  
phenylene diamine appended 
porphyrin 
Phosphaporphyrin 
phosphoic acid 
phosphonate porphyrin 
phosphonic acid porphyrin  
Picket-fence porphyrin  
PMes2CA  
PMes2CO  
PMes2COx  
PMes2CX 
Poly-D(spirobifluoren-2-yl)P film  
Poly-M(spirobifluoren-2-yl)P film  
Poly-T(spirobifluoren-2-yl)P film  
Polyoxometalate-por copolymer  
Polyoxometalate-porphyrin  
     copolymer  
Polythiophene appended porphyrin  
POM 
Pophyrin dimer   
Por dimer-C60 dyad 
Por-(Ru(bpy)2)2 conjugates 
Por-(Ru(bpy)2Cl)2 triad 
Por-(Ru(bpy)2Cl)3 complex  
Por-(Ru(bpy)2Cl)3 tetrad 
Por-(Ru(bpy)2Cl)4 pentad 
Por-[(Ru3O)]4 pentad  
Por-[Ru(bpy)2(Cl)]4 complex  
Por-[Ru(bpy)2Cl]2 assembleis  
Por-[Ru(bpy)2Cl]2 dyad,  
Por-[Ru(NH3)5]4 assembly   
Por-[Ru(terpy)2]2 dyad trans-A2B2  
Por-[Ru3O]4 assembly  
Por-[Ru3O]4 pentad, 
Por-binaph-C60 triad  
Por-C60 assembly 
Por-C60 dyad  

Por-C60-por triad assembly  
Por-calixarene assembly,  
Por-Ce-Nc double-decker sandwich  
     complex 
Por-Ce-Pc-Ce-por triple decker  
     sandwich complex 
Por-Ce-Por double-decker sandwich  
      complex  
Por-crown ether dyad  
Por-Cu(Phen)2 dyad  
Por-Cu(phen)2-(Fc)2 
Por-Cu(phen)2-(Fc)2 aggregate  
Por-Cyclodextrin host-guest  
      complex  
Por-cyclophane-C60 triad 
Por-DNA assembly 
Por-Dy-Pc double decker sandwich  
     complex 
Por-Er-Pc double decker sandwich  
     complex 
Por-Eu-Pc double decker complex  
Por-Eu-Pc-Ce-por triple decker  
     sandwich complex 
Por-Eu-Pc-Eu-Pc sandwich complex  
Por-Eu-Pc-Eu-Pc triple decker  
     complex 
Por-Eu-Pc-Eu-Pc triple decker  
     sanwich complex 
Por-Eu-Pc-Eu-Por sandwich  
     complex 
Por-Eu-Pc-Eu-Por triple decker  
     sandwich complex 
Por-Eu-Pc(15C5)4-Eu-Pc(15C5)4  
Por-Fc aggregates  
Por-Fc dyad  
Por-Fe(bpy)3 hexamer  
Por-Fe(terpy)2-por triad  
Por-fullerene dyad  
Por-Gd-Pc double decker sandwich  
     complex 
Por-Ho-Pc double decker sandwich  
     complex 
Por-IDB conjugates, A3B, mixed  
     mesosubstituted porphyrin 
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Por-Ir(py)2Cl2(H2O) dyad 
Por-Ir(terpy)2 dyad  
Por-La-Pc double decker sandwich  
     complex 
Por-La@C82 dyad  
Por-Lu-Pc double decker sandwich  
     complex 
Por-Nd-Pc double decker sandwich  
     complex 
Por-oPPV-C60 triad 
Por-Os(terpy)2-por triad  
Por-oxopor-por triad  
Por-PDI-por triad  
Por-perylene diimide dyad 
Por-perylene dyad 
Por-POM-Por triad  
por-por-C60 triad 
Por-porphyrinogen dyad 
Por-Pr-Pc double decker sandwich  
     complex 
Por-Pt(II)Cl complex  
     pyridylporphyrin  
Por-Pt(IV)Cl3 Complex  
     pyridylporphyrin  
Por-Pt(terpy) dyad 
Por-PtCl2(DMSO) complex  
Por-pyromellitimide-C60 triad  
Por-quinone dyad  
Por-Re(bpy)(CO)3Cl dyad  
Por-Re(CO)3(bpy) dyad 
Por-Re(CO)3(bpy) tetrad 
Por-Ru(bpy)2 conjugates 
Por-Ru(bpy)2Cl dyad 
Por-Ru(bpy)3 dyad  
Por-Ru(bpy)3 hexamer  
Por-Ru(II)(bpy)3 dyad  
Por-Ru(terpy)2 dyad 
Por-Ru2O conjugates 
Por-Ru3 cluster coglomerates  
Por-Ru3O cluster coglomerates  
Por-Sm-Pc double decker sandwich  
     complex 
Por-Tb-Pc double decker sandwich  

     complex 
Por-tetrathiophene-C60 triad 
Por-Tm-Pc double decker sandwich  
     complex 
Por-Y-Pc double decker sandwich  
     complex 
Por-Yb-Pc double decker sandwich  
     complex 
Porphinone  
Porphodimethene 
Porphyirn catenanes 
porphyirn polymer 
Porphyrin appended (Pc-Eu-Pc)  
     double decker sandwich complex 
Porphyrin appended dendrimer 
Porphyrin assembly  
porphyrin belts 
Porphyrin dimer  
Porphyrin dimer assembly  
Porphyrin dimer+ SWNTs  
Porphyrin double decker sandwich  
     complex 
Porphyrin hexamer  
Porphyrin nonamer  
Porphyrin pentamer  
Porphyrin pentamer assembly  
Porphyrin phenanthrenequinone 
Porphyrin polymer  
Porphyrin sandwich complex  
Porphyrin tetramer 
Porphyrin tetramer assembly  
Porphyrin trimer  
Porphyrin trimeric assembly   
porphyrin with conjugated groups  
porphyrin with fused groups 
Porphyrin-azulene dyad 
Porphyrin-borondipyrromethane  
     dyad  
Porphyrin-corrole dyad  
Porphyrin-Eu-Pc(15C5)4-Eu- 
     Pc(15C5)4  
Porphyrin-ferrocene dyad:  
Porphyrin-fullerene catenanes 
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Porphyrin-fulleropyrrolidine (1.6  
     eq) assembly 
Porphyrin-imide dyad 
Porphyrin-modified gold  
     nanocluster  
Porphyrin-perylene dyad 
Porphyrin-Pt(II)(terpy) dyad  
Porphyrin-pyromellitimide-C60  
     triad 
Porphyrin-sapphyrin dyad  
Porphyrin-smaragdyrin dyad  
Porphyrin-viologen dyad  
Porphyrin: Fulleropyrrolidine  
     assembly  
Porphyrinogen 
porphyrinogen pentamer  
Portoporphyrin IX dimethyl ester 
PQ 
PQ + Sc(OTf)3 
PQ-PQ  
PQ-QP 
PQ(5NO2)  
PQ(6NO2)  
PQ(NO2)(NH2)  
PQ(NO2)2 
PQ(OCH3)2  
PQ2  
PQBr  
PQCl2 
protoporphyrin IX 
Protoporphyrin IX dimethyl ester 
PyC60   
pyrenylporphyrin 
pyridylporphyrin 
QAP 
QCP  
QPQ 
Quinaxalinoporphyrin  
rac-T(bis methano- 
     octahydroanthtacene-9-yl)P 
Rotaxanes 
Ru(bpy)2Cl-Por-Ru(bpy)2Cl  
     complex 

Ru(bpy)3-por-Re(bpy)(CO)3Cl  
     triad 
S-T(4'-CH3P)P 
sandwich complex 
sanwich double decker complex 
Sc3N@C80 
self-assembly  
silylated porphyrin 
single walled nanotube  
Strapped porphyrin  
Subpc-por dyad  
sulphonic acid 
supramolecular assembly 
supramolecular triad 
SWNT 
T(2-Furyl)P 
T(2-furyl)P meso-tetraarylporphyrin 
T(Ar)P 
T(2-NH2 P)P 
T(2-NO2P)P  
T(2-Py)P  
T(2-Py)P, meso- 
     tetrapyridylporphyrin 
T(2-Thienyl)P  
T(2-thienyl)P(TE)4 
T(2-Thienyl)P(TES)4 
T(2-thienyl)P)PBr4  
T(2,4-OCH3 P)P  
T(2,4,6-OCH3 P)P 
T(2,5-OCH3 P)P  
T(2,6-Cl2-3-SO3-P)P me 
T(2,6-DM-4CP)P m 
T(2,6-F2-3-SO3P)P  
T(2,6-OCH3 P)P 
T(2,6-OCH3 P)P  
T(3-CP)P  
T(3-NH2 P)P  
T(3-PP)P  
T(3-Py)P  
T(3-Thienyl)P  
T(3,4-OCH3 P)P  
T(3,4,5-OCH3 P)P 



 56 

T(3,4,5-OCH3 P)P  
T(3,5-DBuEP)P 
T(3,5-DCEP)P  
T(3,5-DCP)P  
T(3,5-DFP)P  
T(3,5-DMP)P 
T(3,5-OCH3 P)P 
T(3'-ClP)P 
T(4-Br P)P  
T(4-CF3 PE)P  
T(4-CH3 P)P 
T(4-CH3 PE)P  
T(4-Cl P)P 
T(4-Cl PE)P  
T(4-CN P)P 
T(4-CO2CH3 P)P 
T(4-CO2Et P)P  
T(4-CO2H P)P 
T(4-CP)P  
T(4-CPPy)P film  
T(4-DEPP)P  
T(4-DPAP)P  
T(4-Et2N P)P 
T(4-F P)P  
T(4-FPE)P  
T(4-l P)P  
T(4-NCH3 Py)P]4+ 
T(4-NEt2 P)P  
T(4-NH2 P)P 
T(4-OCH3 P)P 
T(4-OCH3 PE)P  
T(4-octayloxy P)PBr4  
T(4-Octyloxy P)P 
T(4-OH P)P 
T(4-Pentyl P)P  
T(4-PP)P  
T(4-propylthiolato phenyl)P  
T(4-Py)P  
T(4-Py)P-(Ru3O) assembly  
T(4-Py)P-[Ru(bpy)2Cl]4  complex  
T(4-Py)P-[Ru(bpy)2H2O]4 
complex  

T(4-Py)P-[Ru3O]4 complex  
T(4-t-Butyl P)P   
T(4-TMAP)P 
T(4-CF3P)P 
T(Alkyl)P 
T(Ar)P 
T(benzoyl)OEP 
T(Benzoyl)P  
T(Bz)OEP  
T(C3F7)P 
T(CH3)P  
T(Cyclohexyl)P 
T(E)P 
T(EAr)P  
T(EP)P 
T(Et)P  
T(Fc)P  
T(H OCH3 P)P 
T(i-Propyl)P  
T(NEC)P  
T(NEtC)P  
T(PCP)P,  
T(pentyl)P  
T(PFP)P  
T(Propyl)P 
T(spirobifluoren-2-yl)P  
T(spirobifluorene)P  
T(spirobifluorene)P-polymer film  
T(t-Butyl)P  
T(TFPPO)P  
T(TFTMA)P  
T(TipSi)P 
T(TipSi)P  
T(tridecyl)P  
T2PyP  
T3PyP   
T4PyP 
TAOEP 
TAP 
TAPP  
TATAP 
TBP 
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TC6TPP  
TCF3AP 
TCHP 
TCPP 
TDTBOPP 
tetra-N-methylpyridylporphyrin  
tetra(dimethyl imidazolium-2- 
     yl)porphyrin 
tetra(imidazolium 2-yl)porphyrin 
tetra(N-ethyl pyridinium)porphyrin 
tetra(N-methylpyridinium)porphyrin 
tetraacetynyl bridged  porphyrin  
     dimer 
Tetraanthrace fused porphyrin 
Tetraanthracenylporphyrin  
Tetraarylporphyrin 
tetraazaporphyrin 
tetrabenzoporphyrin 
tetracarboxyporphyrin  
tetrafurylporphyrin 
tetrakis(sulphonatophenyl)porphyrin  
tetramer  
Tetranucleosides appended  
     porphyrin  
tetrapyridylporphyrin  
TFMTMPP 
TMP  
TNMePyP  
TPP 
TPP-C60 dyad 
TPP-fulleropyrrolidine complex 
TPP-MV dyad  
TPPS  
trans-(a2,b2-NHCOFc)TPP 
trans-(Et)4(TTF)2TPP  

trans-(TTF)2TPP  
trans-A2 
trans-A2B 
trans-A2B2  
trans-A2BC 
trans-A3B  
trans-A3B2 
trans-AB 
trans-QPQ  
trimer  
trinitro porphyrin  
Triple decker dyad 
triple decker sandwich complex 
triple-decker  
Triply anthracene fused porphyrin  
Triply fused porphyrin dimer  
Trisporphyrin 
TTF-Por-C60 triad 
TThP 
TTP-BDP-S-TTP 
TTP-BDP-S2-TTP 
TUP  
Twin coronet porphyrin b-alkylated  
     porphyrin 
unsymmetrical porphyrin dimer  
Unsymmetrical porphyrin triad 
Viologen linked porphyrin  
With TiO2 Thin Film  
ZnPor + 0.5 equiv of Py-C60 
ZnPor + 0.5 equiv of Py-SWNT 
ZnPor + 1.0 equiv of Py-C60 
ZnPor + 1.0 equiv of Py-SWNT 
ZnPor + 1.5 equiv of Py-C60 
ZnPor + 1.5 equiv of Py-SWNT 

 

 

 

 



 
 
 

58 

3.2.1 Examples of Correlations 

Example 1. How do changes in the type and position of macrocyclic substituents 

effect the redox potentials? 

To answer this question, data are analyzed for three types of macrocycles having 

electron-donating or electron-withdrawing substituents at different locations. These 

macrocycles are shown in Figure 3.1 and a summary of the data for the first oxidation 

and first reduction is given in Table 3.3. The E1/2 values for both redox processes are 

shifted positively with increasing electron-withdrawing ability of the substituents (as 

shown in Figure 3.2 for two sets of compounds). The higher the Hammett constants, the 

stronger the electron-withdrawing effect of the substituents. As reductions become easier, 

the oxidations become harder (a positive shift of potentials).  

The effect of substituents on redox potentials was analyzed using Equation 3.1 

where is the reversible half wave potential for the compound having the substituent 

parameter σ, E1/2H is the potential of the unsubstituted compound, ρ is the slope of the 

line in the plot of E1/2 vs σ. 

E1/2 = E1/2H + Σσρ     (3.1) 

Examples of correlations for the Group B and Group C porphyrins are shown in 

Figure 3.2 for both the first oxidation (labeled as Ox 1) and the first reduction (labeled as 

Red 1). A much larger effect is seen for the first reduction of the Group C compounds 

(ρ = 0.32 V) as compared to the first reduction (ρ = 0.16 V), which indicates that the 

reduction is twice as sensitive to the substituents than the oxidation. This behavior 

differences for that of the Group B compounds where a similar substituent effect is seen 
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Figure 3.1. Three types of macrocycles with different locations of the substituents. 
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Table 3.3. Data for compounds in Figure 3.1 
 

Structurea Substituents σb Σσ E1/2 Ox 1 (V) E1/2 Red 1 (V) 

Group A t-Bu -0.20 -0.80 0.60 -1.48 

 CH3 -0.17 -0.68 0.83 -1.36 

 C2H5 -0.15 -0.60 0.85 -1.39 

 C3F7 0.48 1.92 1.54 -0.72 

Group B H 0.00 0.00 0.84 -1.36 

 OCH3 0.12 0.96 0.84 -1.36 

 F 0.34 2.72 1.00 -1.22 

 NO2 0.71 5.68 1.21 -0.86 

Group C CH3 -0.17 -0.68 0.38 -1.50 

 H 0.00 0.00 0.74 -1.39 

 Br 0.23 0.92 0.72 -1.06 

 CN 0.66 2.64 1.02 -0.46 

a  See Figure 3.1 
b  Hammett substituent constant σ and taken from the literature.1 
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Figure 3.2. Plot of E1/2 vs Hammett parameters of substituents for the Group C and 

Group B porphyrins shown in Figure 3.1. Values of σ and E1/2 are given in Table 3.3. 
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for the oxidation (ρ = 0.07 V) and reduction (ρ = 0.08 V). Similar values of are also seen 

for the first oxidation and first reduction of the Group A compounds and the data for the 

three series of compounds is summarized in Figure 3.3. From a structural point of view, it 

is also expected that the closer substituents are to the conjugated π-ring system, the larger 

will be the effect on the electron density of the macrocycle and this is what is observed. 

Example 2. How does planarity of the macrocycles affect the HOMO-LUMO gap? 

Planarity of the porphyrin ring can have a considerable influence on both the 

reversible oxidation potentials and the electrochemically measured HOMO-LUMO gap 

which is given by the difference in E1/2 between the first oxidation and the first reduction 

at the conjugated π-ring system of the macrocycle. An example of how the HOMO-

LUMO gap changes with planarity is given for six Ni(II) derivatives whose macrocyclic 

structures are shown in Figure 3.4. Two of the compounds are planar (OEP and TPP) and 

four are non-planar as described in the literature.2 Data on the six compounds in Figure 

3.4 is shown in Figure 3.5. The HOMO-LUMO gap of planar Ni(TPP) is 2.32 V while 

that of Ni(OEP) is 2.24 V. However, the non-planar DPP and substituted DPP 

macrocycles have smaller HOMO-LUMO gaps. Which results from an easier oxidation 

in each case. 

Example 3. How fused groups effect the redox potentials of macrocycle? 

In order to probe the effect of additional fused groups redox potentials, a plot of 

redox potentials vs the macrocycles with fused groups was constructed for the 

compounds shown in Figure 3.6. The measured HOMO-LUMO gap for these six 

compounds is shown in Figure 3.7 and ranged from 1.41 V for trans-MAFP to 2.17 V for 
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Figure 3.3. Different ρ values for three types of macrocycles.  
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Figure 3.4. Structures of various macrocycles.2 
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Figure 3.5. Summary of HOMO-LOMO gap for the six Ni(II) porphyrins whose 

structures are shown in Figure 3.4. The values of E1/2 are taken from the database and can 

be found in Chapter 4.  
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Figure 3.6. Structures of porphyrins with different fused groups on the macrocycles. The 

potentials for oxidation and reduction are given in the indicated Table of the database and 

the HOMO-LUMO gap is illustrated in Figure 3.7. 
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Figure 3.7. Summary of E1/2 and HOMO-LUMO gap with additional fused ring systems. 

An abbreviation for the macrocycle and location of data is shown in Figure 3.6. 

 

 

 

 

 

 

 



 
 
 

68 

(Im)T(4'-tBuP)P. In general, the HOMO-LUMO gap decreases with increase in the 

number of fused groups conjugated with the porphyrin macrocycle. 

Example 4. How different central metal ions effect redox potentials of macrocycle? 

The porphyrin ring oxidation and reduction potentials influenced by the central 

metal ions and its oxidation state. An example of this is shown in Figure 3.8 where E1/2 

for oxidation is linearly related to the electronegativity of the central metal ion. The data 

of redox potentials and electronegativity of metals are given in Table 3.4. The positive 

shift of potentials with increase in electronegativity also occurs for other metal complexes, 

one example of which is given in Figure 3.9 for quinoxalinoporphyrins. 
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Figure 3.8. Plot of the first oxidation of (TPP)M complexes in CH2Cl2 vs the 

electronegativity of the central metal ions. The half wave potentials are taken from Table 

1 and are summarized in Table 3.4 along with the Allred electronegativity. 

 

 

 

 

 

 

 



 
 
 

70 

 

 

Table 3.4. Potentials for oxidation and reduction of (TPP)M compounds in CH2Cl2. Data 

taken from Table 1. 

Metal Electronegativity3 E1/2 Ox 1 (V) E1/2 Red 1 (V) 

Cu 1.90 1.04 -1.28 

Mg 1.31 0.65 -1.57 

Ni 1.91 1.13 -1.12 

Pd 2.20 1.01 -1.45 

Pt 2.28 1.20 -1.30 

Zn 1.65 0.82 -1.32 
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Figure 3.9. Plot of the first oxidation of (PQ)M derivatives in CH2Cl2 vs the Allred 

electronegativity of the central metal ions. The redox potentials are taken from Table 8a 

of the database and are summarized in Table 3.5. 
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Table 3.5. Potentials for oxidation and reduction of (PQ)M compounds in CH2Cl2. Data 

taken from Table 8a. 

Metal Electronegativity3 E1/2 Ox 1 (V) E1/2 Red 1 (V) 

Zn 1.65 0.72 -1.31 

Cu 1.90 0.97 -1.19 

Ni 1.91 0.95 -1.12 

Pd 2.20 1.06 -1.16 
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Database of Porphyrin Redox Potentials 
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4.1 Organization of the Database 

4.1.1 Basic Structure of the Database  

The database given in this thesis contains not only the redox potentials of 

various porphyrin macrocycle types (TPP, OEP, etc), but also includes fields with 

information on type of central metal ion and its oxidation state, axial ligands, solvent, 

salt (supporting electrolyte, its concentration), reference electrode (or redox couple), 

working electrode, temperature, atmosphere over the solution (N2 or Ar for example), 

and electrochemical technique employed to gather the data. The listed potentials were in 

most cases measured by cyclic voltammetry (CV) but other techniques were sometimes 

used such as differential pulse voltammetry (DPV) and Osteryoung square wave 

voltammetry (SWV). When this was the case, it is so indicated in a footnote to the table 

where the potentials are listed. The database is compiled to include potentials for up to 

three oxidations (Ox. 1, Ox. 2, and Ox. 3) and three reductions (red. 1, red. 2, and red. 3) 

if these occur. We also indicate irreversible reactions with an asterisk next to the 

potential. In general, simple free-base or Zn(II) porphyrins with TPP or OEP 

macrocycles exhibit two, one-electron oxidations and two, one-electron reductions at 

the conjugated macrocycle. In some cases, the site of electron transfer is at the metal 

center or other electroactive groups. When this occurs, the values of E1/2 or Ep are given 

in a field labeled as “metal/other” and located between that of the porphyrin ring-

centered oxidations and ring-centered reductions. Most potentials were measured at 

ambient (RT) temperature conditions but sometimes measurements were made at other 

temperatures quite different from room temperature. If so the temperature is indicated 

next to the solvent. The salt or supporting electrolyte concentration employed was 



 76 

usually 0.1 M, but sometimes different concentrations were used and when this occurs 

the concentration is indicated next to the supporting electrolyte.  

In summary, the database summarizes the reported redox potentials along with 

the experimental conditions for electrochemical oxidations and reductions of porphyrins, 

metalloporphyrins and their derivatives in both aqueous and non-aqueous media. The 

compiled data lists values of E1/2 or Ep given in the literature and no attempt was made 

to modify the reported values from one set of experimental conditions to another (for 

example, by conversion of the potential from one reference electrode to another). 

Furthermore, no attempt was been made to eliminate selected data, although in some 

cases duplication of data occurs under similar or identical conditions when a compound 

was examined by different authors in different laboratories. In some cases, the 

summarized redox data or experimental conditions in the tables is incomplete as to the 

utilized salt, RE, WE or atmospheric conditions. These fields are then left blank. The 

database has been organized to first include monomeric porphyrins and this is followed 

by data on porphyrin dimers, trimers and oligomeric or polymeric systems. The 

summarized data includes porphyrin-corrole dyads, porphyrin-fullerene dyads 

(including non-covalently bound systems), porphyrin-fullerene-ferrocene triads, 

porphyrin assemblies, and porphyrins with peripherally bonded inorganic metal 

complexes. Because of the structural diversity of porphyrins reported in the literature, 

one of the tables (Table 17) incorporates a variety of substitution patterns of the 

macrocycle. Finally, the data for naturally occurring porphyrins and their derivatives are 

listed in Table 24.  
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4.2 Abbreviations Used in the Database 

Most of the utilized abbreviations in the database are easy to understand and are 

given along with the chemical structures shown in Table 4.1. The database contains not 

only redox potentials of synthetic analogues but also potentials for oxidation or 

reduction of some naturally occurring porphyrins. Due to the complex structural pattern 

of the porphyrins, in some tables, the chemical structure of the macrocycle is given 

along with the redox data.  

4.2.1 Macrocycle (Ring) 

The “type of macrocycle” (TPP, OEP etc.) is generally listed as the first entry in 

column 1 of each table, with examples of representative structures being shown in 

Figures 4.1 to 4.8. Redox data for porphyrins which are covalented or non-covalently 

linked to other macrocycles are included in the column for “type of macrocycle”. 

Examples for this are given by complexes of porphyrins with linked fullerenes (C60 or 

C70), graphenes, and single or multiwalled carbon nanotubes. Data on corroles, 

porphycenes, chlorines, and bacteriochlorins, (all of which are macrocycle related to 

porphyrins) are excluded from the database.  

4.2.2 Central Metal Ion 

The type and oxidation state of the central metal ion is given in each table. In 

some cases, additional metal ions are also present in the compound but these not 

included in this column which is exclusive for central metal ions. Porphyrin sandwich 

complexes where metal ions are the bridging ligands are so indicated in the table. The 

central metal ion influences the redox potentials of the porphyrin π-ring system. 

Moreover, the redox potentials of the metal ion will vary with the structure of the  
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Table 4.1 Abbreviation for selected macrocycles used in the tables of electrochemical 

data.  

Table Abbreviation Common name 

1 TPP tetraphenylporphyrin 
2 OEP octaethylporphyrin 
3 TMP tetramesitylporphyrin 
4 OETPP octaethyltetraphenylporphyrin 
5 T(o-piv)PP meso-a, a, a, a -tetrakis(o-pivamidophenyl)porphyrin 
5 F20TPP tetrakis-(pentaphenyl)porphyrin 
6 Br8TPP octabromotetraphenylporphyrin 
6 (NO2)TPP 2-nitro-tetraphenyloporphyrin 
7 DPP dodecaphenylporphyrin 
8 (Q)T(3',5'-D-tBuP)P 5,10,15,20-tetrakis(3,5-di-tert-butylphenyl) 

quinoxalino[2,3-b]porphyrin 
9 (N-Ph)TPP (N-phenyl)-tetraphenylporphyrin 
10 TBP tetrabenzoporphyrin 
11 [TPPS(4)]4+ tetrakis(p-(sodiosulfonato)-phenyl)porphyrin 
11 [TMpy(4)P]4+ tetrakis(1-methylpyridinium-4-yl)porphyrin 
12 [(TPP)Fe]2O (µ-oxo)bis[5,10,15,20-tetraphenylporphyrinatoiron] 
13 [OEP]3-(Vn)2 (E,E)-5,15-bis[2,3,7,8,12,13,17,18-octaethyl-5-

porphyrinyl)vinyl]-2,3,7,8,17,18-octaethylporphyrin 
14 DEHMP-Ae-MesCorr 1-[(5,15-dimesitylcorrol-10-yl)]-8-[(13,17-diethyl-

2,3,7,8,12,18-hexamethylporphyrin-5-yl)]-anthracene 
15 Pc-(Por)4 phthalocyanine–tetrakis(tetrakis(5-phenoxy-10,15,20-

triphenylporphyrin)) 
16 (TriTP)2-C8-M 1,8-bis{4-[10,15,20-tris(4-methylphenyll)porphyrin-

5-yl]-phenoxy}octanatocerium 
17 3'-PATBPP 5-(3-ethynylphenyl)-10,15,20-tris-(3,5-di-tert-

butylphenyl) porphyrin 
18 T(Fc)PP tetraferrocenylphenylporphyrin 
23 DPIXDME deuterioporphyrin IX dimethyl ester 
23 Etio etioporphyrin 
23 MPIX mesoporphyrin IX 
23 MPIXDME mesoporphyrin IX dimethyl ester 
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Figure 4.1 Numbering scheme and representative structures of selected porphyrins 

given in Tables 1-5. 
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Figure 4.2 Representative structures of porphyrin macrocycles in Tables 5-7. 
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Figure 4.3 Representative structures of selected dodecaphenylporphyrins (DPP) and 

substituted DPP porphyrin macrocycles with fused groups. Taken from Tables 7 and 8. 
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Figure 4.4 Representative structure of selected monomeric (neutral or charged), dimeric 

and trimeric porphyrin macrocycles in Tables 9-12. 

 

 

 



 83 

 

 

 

 

Figure 4.5 Representative structures of selected dimeric and trimeric porphyrin 

macrocycles in Tables 12 and 13. 
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Figure 4.6 Representative structures of selected porphyrin macrocycles in Tables 14-16. 
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Figure 4.7 Representative structures of selected porphyrin macrocycles in Tables 17-22. 
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Figure 4.8 Representative structures of selected synthetic porphyrins and natural 

porphyrins in Tables 22 and 23. 
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macrocycle and the coordinating axial ligands. Close to 70 different metal ions, (some 

in multiple oxidation states) which have been shown to bind to the central nitrogen of 

metalloporphyrins (see the “Periodic Table of Metallophyrins” in Figure 4.9). 

4.2.3 Axial Ligands 

Each table lists the axial ligands as reported in the cited manuscript. The ligands 

at the fifth and sixth axial positions on the metal (denoted as L1 and L2) are neutral or 

anionic groups. The names and abbreviations of the listed axial ligands are given in 

Table 4.2. Structures of some complex ligands are given when the abbreviation is not 

clear.  

4.2.4 Solvents 

Each table indicates the solvent in which the listed potentials were measured. 

Names and abbreviations of the solvents in the database are listed alphabetically in 

Table 4.3. 

4.2.5 Supporting Electrolytes (Salts) 

The supporting electrolyte used in the original reference is given in each table. 

Table 4.4 summaries the different supporting electrolytes given in the original 

references. In most of cases, the concentration of the supporting electrolyte was 0.1 M, 

but some variations do exist. 

4.2.6 Reference Electrodes (or Reference Redox Couples) 

The reference electrode or electrode couple (such as Fc/Fc+) to which the redox 

potentials are referred are also given in each table. The abbreviations of the reference 

electrodes and the reference couples employed in the different solutions are summarized 

in Table 4.5. 
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Figure 4.9 Periodic Table of Metalloporphyrins. Shaded elements indicate specific 

elements which have been incorporated into a given porphyrin macrocycle. Taken from 

ref. “The Porphyrin Handbook” volume 8, page 4 which published in 2000. 
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Table 4.2 Axial Ligands Used  in the Database. 
 

AsF6
- EtS- O2- 

Br- EtSH ONO- 

CF3CO2
- F- O2NO- 

CF3SO3
- H2O OH- 

CH3
- HCO2

- P(OCH3)3 

CH3CO2
- I- PF3 

1-(CH3)Im Im PH2Ph 

CH3O- n-Bu- Ph3PO 

CH3OH N3
-
 PHPh2 

Cl- NH(CH3)2 PPh3 

ClO4
- NH2OH Py 

CO NCS- SbF6
- 

DMSO NH3 SCN 

Et- NO SH- 

EtO- NO2
- THF 

(Et)2S NOsO3  

EtOH NS  
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Table 4.3 Solvents Used in the Database. 
 

Abbreviation/Formula Name of solvent 

(BMIM)Tf2N 

 

n-BuCN 

C6H6 

CDCl3 

CH3CN 

CH3OH 

CHCl3 

DCB 

DCE 

DCM 

DFB 

DG 

DME 

DMF 

DMSO 

EtOH 

H2O 

N-MP 

PC 

PhCN 

Py 

TCE 

THF 

Tol. 

1-butyl-3-methylimidazolium bis(tri- 

         fluoromethanesulfonyl)imide) 

Butyronitrile 

Benzene 

Chloroform-d 

Acetonitrile 

Methanol 

Trichloromethane (chloroform) 

1,2-dichlorobenzene 

1,2-dichloroethane 

Dichloromethane 

1,2-difluorobenzene 

Di(2-methoxyethyl) ether 

1,2-dimethoxyethane 

N,N- dimethylformamide 

Dimethylsulfoxide 

Ethanol 

Water 

N-methyl pyrrolidone 

Propylene carbonate 

Benzonitrile 

Pyridine 

1,1,2,2-tetrachloroethane 

Tetrahydrofuran 

Toluene 
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Table 4.4 Supporting Electrolytes (Salts) Used in the Database. 
 

Abbreviation/ 

Formula 
Cation Anion Name of Supporting Electrolyte 

H2SO4 2H+ SO4
2- Sulfuric acid 

HCl H+ Cl- Hydrochloric acid 

HClO4 H+ ClO4
- Perchloric acid 

KCl K+ Cl- Potassium chloride 

KNO3 K+ NO3
- Potassium nitrate 

KOH K+ OH- Potassium nydroxide 

KPF6 K+ PF6
- Potassium hexafluorophosphate 

Li2SO4 2Li+ SO4
- Lithium sulfate 

LiClO4 Li+ ClO4
- Lithium perchlorate 

[BMIM]BF4 [BMIM] + BF4
- 1-butyl-3-methylimidazolium    

        tetrafluoroborate 

[BMIM]Tf2N [BMIM] + Tf2N- 1-butyl-3-methylimidazolium bis- 

        (trifluoromethanesulfonyl)imide 

Na3PO4 3Na+ PO4
3- Sodium phosphate 

Na2SO4 2Na+ SO4
2- Sodium sulfate 

NaCl Na+ Cl- Sodium chloride 

NaClO4 Na+ ClO4
- Sodium perchlorate 

NaOH Na+ OH- Sodium hydroxide 

NaPF6 Na+ PF6
- Sodium hexafluorophosphate 

P(Ph)4BF4 [P(Ph)4]+ BF4
- Tetraphenylphosphonium  

         tetrafluoroborate 

PB   Phosphate buffer 
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Table 4.4 Supporting Electrolytes (Salts) Used in the Database. (Continued) 
 

Abbreviation/ 

Formula  
Cation Anion Name of Supporting Electrolyte 

TBAAsF6 [TBA]+ AsF6
- Tetra-n-butylammonium   

        hexafluoroarsenate 

TBABF4 [TBA]+ BF4
- Tetra-n-butylammonium  

        tetrafluoroborate 

TBABPh4 [TBA] + BPh4
- Tetra-n-butylammonium   

        tetraphenylborate 

TBACl [TBA]+ Cl- Tetra-n-butylammonium  chloride 

TBAOAc [TBA]+ OAc- Tetra-n-butylammonium acetate 

TBAOH [TBA]+ OH- Tetra-n-butylammonium hydroxide 

TBAP [TBA]+ ClO4
- Tetra-n-butylammonium  

         perchlorate 

TBAPF6 [TBA]+ PF6
- Tetra-n-butylammonium  

         hexafluorophosphate 

TBASbF6 [TBA]+ SbF6
- Tetra-n-butyl-ammonium  

         hexafluoroantimonate 

TEAB(C6F5)4 [TEA]+ [B(C6F5)4]- Tetraethylammonium tetrakis-  

         (pentafluorophenyl)borate 

TEABF4 [TEA]+ BF4
- Tetraethylammonium     

         tetrafluoroborate 

N(Et3)(Ph)Cl- 

TEACl 

[N(Et3)(Ph)]+  

[TEA]+ 

Cl- 

Cl- 

Triethylphenylammonium chloride 

Tetraethylammonium chloride 

TEAP [TEA]+ ClO4
- Tetraethylammonium perchlorate 
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Table 4.4 Supporting Electrolytes (Salts) Used in the Database. (Continued) 
 

Abbreviation/ 

Formula  
Cation Anion Name of Supporting Electrolyte 

TEAPF6 [TEA]+ PF6
- Tetraethylammonium  

         hexafluorophosphate 

TFAB [TBA]+ [B(C6F5)4]- Tetra-n-butylammonium tetrakis- 

         (perfluorophenyl)borate 

THAP [THA]+ ClO4
- Tetra-n-hexylammonium  

         perchlorate 

THAPF6 [THA]+ PF6
- Tetra-n-hexylammonium  

        hexafluorophosphate 

THTDPPF6 [THP]+ PF6
- Trihexyl(tetradecyl)phosphonium  

        hexafluorophosphate 

TMAOH [TMA]+ OH- Tetramethylammonium hydroxide 

TPrAP [TPrA]+ ClO4
- Tetrapropylammonium perchlorate 
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Table 4.5 Reference Electrodes Used in the Database 
 

Abbreviation/Formula Reference electrode 

Ag/Ag+ Silver-silver ion electrode 

Ag/AgCl Silver-silver chloride electrode 

Ag/AgClO4 Silver-silver perchlorate electrode 

Ag/AgNO3 Silver-silver nitrate electrode 

Ag/AgPF6 Silver-silver hexafluorophosphate electrode 

CuTPP0/+ Copper tetraphenylporphy/ copper  

         tetraphenylporphyrin cation 

Fc/Fc+ Ferrocene/ferrocinium 

NHE Normal hydrogen electode 

Pt Wire Platinum wire electrode 

SCE 

SSCE 

Saturated calomel electrode 

Saturated sodium chloride electrode 

SHE Saturated hydrogen electrode 
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4.2.7 Working Electrodes (WE) 

The working electrodes used in measurements of E1/2 or Ep values are listed in 

Table 4.6. 
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Table 4.6 Working Electrodes Used in the Database 

 

Abbreviation/Formula Name 

Au Gold  

Au Wire Gold wire  

Au-SAM Gold modified self-assembled monolayer 

Boron-doped Diamond Disk Boron-doped diamond disk  

EPG Edge-plane graphite  

GCE Glass carbon  

Gold Modified Co(II)-Porphyrin Gold modified Co(II) porphyrin  

In2O3 Indium oxide  

ITO Indium tin oxide  

ITO Coated Electrode Indium tin oxide coated  

ITO Glass Electrode Indium tin oxide glass  

MWCNT Modified-Au Multi-walled carbon nanotubes modified gold 

OPG Ordinary pyrolytic graphite  

PGE Pyrolytic graphite  

Poly CoTAPP Modified GC Poly CoTAPP modified glass carbon  

Pt Platinum  

VCD Vitreous carbon disk  
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 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

NH

N HN

N

1

N
N

N
N

Co

N

L1

Cl Cl

2

N
N

N
N

Co

N

L1

CN

3

N
N

N
N

Co

N

L1

Cl

4

N
N

N
N

Co

N

L1

5

N
N

N
N

Co

N

L1

6

         323



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Co

N

N

L1

7

N
N

N
N

Co

L1

N

Cl Cl

8

N
N

N
N

Co

L1

N

CN

9

N
N

N
N

Co

L1

N

Cl

10

N
N

N
N

Co

L1

N

11

N
N

N
N

Co

L1

N

12

         324



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Co

N

N

L1

13

N
N

N
N

Co

N

L1

Cl Cl

14

N
N

N
N

Co

N

L1

15

N
N

N
N

Co

N

N

L1

16

N
N

N
N

Co

L1

N

Cl Cl

17

N
N

N
N

Co

L1

N

CN

18

         325



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Co

L1

N

Cl

19

N
N

N
N

Co

L1

N

20

N
N

N
N

Co

L1

N

21

N
N

N
N

Co

N

N

L1

22

N
N

N
N

Co

C5H11

23

N
N

N
N

Co

24

         326



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Co

tBu

25

N
N

N
N

Co

26

N
N

N
N

Co

27

N
N

N
N

Co

28

N
N

N
N

Fe

29

N
N

N
N

Fe

tBu

30

         327



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Fe

31

N
N

N
N

Fe

32

N
N

N
N

Mn

N
C
N

33

N
N

N
N

Mn

N
C
N

34

N
N

N
N

Mn

N
C
N

35

N
N

N
N

Mn

N
C
N

O

36

         328



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Mn

N
C
N

37

N
N

N
N

Mn

N
C
N

Cl

38

N
N

N
N

Mn

N
C
N

Cl

Cl

39

N
N

N
N

Mn

N
C
N

ClCl

40

N
N

N
N

Mn

N
C
N

Br

41

N
N

N
N

Mn

N
C
N

Cl

Cl
Cl

Cl

42

         329



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Ru

N

CN

L1 BF4-

43

N
N

N
N

Ru

N

N

L1 BF4-

44

N
N

N
N

Ru

C
N

tBu

C

N

tBu

45

N
N

N
N

Ru

C
N

C
N

46

N
N

N
N

Sb

L1 PF6-

O

47

N
N

N
N

Sb

L1 PF6-

O

F

48

         330



 Figure 1. Structures of tetraphenylporphyrin (TPP) macrocycles in Table 1

N
N

N
N

Sb

L1 PF6-

O

CN

49

N
N

N
N

Sn

OO

O O

N

N

50

N
N N

N
Zn

S
S

S
S

S
S

S
S

N

51

         331



 Figure 2. Structures of octaethylporphyrin (OEP) macrocycles in Table 2
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 Figure 2. Structures of octaethylporphyrin (OEP) macrocycles in Table 2
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 Figure 2. Structures of octaethylporphyrin (OEP) macrocycles in Table 2

N
N N

N
Ru

L1

N

Os
O

OO

64

N
N N

N
Ru

L1

S

S

S

S
Os

N

65

N
N N

N
Ru

N

CN

N

CN

66

         334



 Figure 3. Structures of tetramesitylporphyrin (TMP) and substituted
TMP macrocycles in Table 3
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 Figure 3. Structures of tetramesitylporphyrin (TMP) and substituted
TMP macrocycles in Table 3
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 Figure 4. Structures of meso-Substituted OEP and porphinone macrocycles in Table 4
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 Figure 4. Structures of meso-Substituted OEP and porphinone macrocycles in Table 4
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 Figure 4. Structures of meso-Substituted OEP and porphinone macrocycles in Table 4
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 Figure 5a. Structures of Picket-Fence porphyrins and related derivatives in Table 5a
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 Figure 5a. Structures of Picket-Fence porphyrins and related derivatives in Table 5a
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 Figure 5a. Structures of Picket-Fence porphyrins and related derivatives in Table 5a
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 Figure 5a. Structures of Picket-Fence porphyrins and related derivatives in Table 5a
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 Figure 5b. Structures of meso-Tetraalkylporphyrins in Table 5b

NH

N HN

N

123

N

N N

N
Ni

124

N

N N

N
Ni

125

N

N N

N
Ni

126

N

N N

N

C3F7

C3F7

C3F7

C3F7Ni

127

N N

NN
Zn

128

         346
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 Figure 5c. Structures of meso-Tetraarylporphyrins in Table 5c
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 Figure 5c. Structures of meso-Tetraarylporphyrins in Table 5c

tBu

N
N

N
N C6F5

C6F5
C6F5

C6F5

Fe

150

N
N

N
N C6F5

C6F5
C6F5

C6F5

Fe

151

N
N

N
N C6F5

C6F5
C6F5

C6F5

Fe

152

N
N

N
N C6F5

C6F5

C6F5

In

C6F5
Mn(CO)5

153

N
N

N
N C6F5

C6F5

C6F5

Os

C6F5

L1

154

N
N

N
N C6F5

C6F5

C6F5

Ru

C6F5

O
O

L1

155

         351
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 Figure 5c. Structures of meso-Tetraarylporphyrins in Table 5c

N

N N

N
Ni

O

O O

O
O

O

O

O

O

O

O

O

192

N
N

N
N

Ru

O

O

O

O O

O

O

O

O

O

O

O

193

NH

N HN

N

F3C CF3

F3C CF3

F3C

F3C CF3

CF3

194

N

NH N

HN
OH

tBu

tBu

OH
tBu tBu

OH
tButBu

HO

tBu

tBu

195

NH

N HN

N

tBu tBu

tBu tBu

tBu

tBu tBu

tBu

196

N
N

N
N

In

tBu

tBu
tBu

tBu

tBu

tBu

tBu

tBu

(CO)5Mn

197

         358
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 Figure 6a. Structures of β-alkyl and β-aryl substituted TPP macrocycles in Table 6a
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 Figure 6a. Structures of β-alkyl and β-aryl substituted TPP macrocycles in Table 6a
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 Figure 6b. Structures of β-pyrrole halogenated porphyrins in Table 6b
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 Figure 6b. Structures of β-pyrrole halogenated porphyrins in Table 6b
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 Figure 6b. Structures of β-pyrrole halogenated porphyrins in Table 6b
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 Figure 6c. Structures of TPP with mixed β-pyrrole substituents in Table 6c
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 Figure 6c. Structures of TPP with mixed β-pyrrole substituents in Table 6c
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 Figure 6d. Structures of nitro substituted TPP and tetraarylporphyrin (TArP)
derivatives in Table 6d
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 Figure 6d. Structures of nitro substituted TPP and tetraarylporphyrin (TArP)
derivatives in Table 6d
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 Figure 6d. Structures of nitro substituted TPP and tetraarylporphyrin (TArP)
derivatives in Table 6d
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 Figure 6e. Structures of porphiones in Table 6e
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 Figure 6f. Structures of mono β-pyrrole substituted porphyrins in Table 6f
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 Figure 6f. Structures of mono β-pyrrole substituted porphyrins in Table 6f
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 Figure 6f. Structures of mono β-pyrrole substituted porphyrins in Table 6f
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 Figure 6f. Structures of mono β-pyrrole substituted porphyrins in Table 6f
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 Figure 7. Structures of dodecaphenylporphyrin (DPP) and substituted
DPP macrocycles in Table 7
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 Figure 7. Structures of dodecaphenylporphyrin (DPP) and substituted
DPP macrocycles in Table 7
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 Figure 7. Structures of dodecaphenylporphyrin (DPP) and substituted
DPP macrocycles in Table 7

N

N N

N
Fe
L1

F

F

F

FF

F

F

F F

F

F

F

412

NH

N HN

N

F

F

F
F

F

F

F
F

F

FF
F

F
F

F

F

CO2H

413

N

N N

N
Fe

L1

F

F
F

F

F

F

F
F

F

F

F

F
F

F

F

F

F
F

F

F

414

N

N N

N
Fe

L1

F

F
F

F

F

F

F
F

F

F

F

F
F

F

F

F

F
F

F

F

F

F

F

F

F

FF

F

415

N

N N

N
Fe

L1

F

F
F

F

F

F

F

F
F

F

F

F
F

F

FF
F

F
F

F

F

F

F
F

F

F

F

F
F

F

F

F

F
F

F

F

416

N

N N

N
Mn
L1

F

F F

F

417

         399



 Figure 7. Structures of 
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dodecaphenylporphyrin (DPP) and substituted
DPP macrocycles in Table 7
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 Figure 8a. Structures of quinoxalinoporphyrins in Table 8a
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 Figure 8a. Structures of quinoxalinoporphyrins in Table 8a
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 Figure 8a. Structures of quinoxalinoporphyrins in Table 8a

NH

N

HN

N

tBu

tBu

tBu

tBu

tBu

tBu

tBu

tBu

N

N Br

436

NH

N

HN

N

tBu

tBu

tBu

tBu

tBu

tBu

tBu

tBu

N

N Cl

Cl

437

NH

N

HN

N

tBu

tBu

tBu

tBu

tBu

tBu

tBu

tBu

N

N
NH2

438

NH

N

HN

N

tBu

tBu

tBu

tBu

tBu

tBu

tBu

tBu

N

N
NO2

439

NH

N

HN

N

tBu

tBu

tBu

tBu

tBu

tBu

tBu

tBu

N

NN

N

440

         403



 Figure 8b. Structures of TPP macrocycles with fused groups in Table 8b
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 Figure 8b. Structures of TPP macrocycles with fused groups in Table 8b
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 Figure 8b. Structures of TPP macrocycles with fused groups in Table 8b
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 Figure 8b. Structures of TPP macrocycles with fused groups in Table 8b
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 Figure 9a. Structures of N-substituted tetraarylporphyrins in Table 9a
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 Figure 9b. Structures of heteroporphyrins in Table 9b
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 Figure 10. Structures of tetrabenzoporphyrins (TBP) and tetraazaporphyrins (TArP) in Table 10
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 Figure 11a. Structures of tetraarylporphyrins with charged peripheral groups in Table 11a
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 Figure 11b. Structures of octaethylporphyrins with charged peripheral groups in Table 11b
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 Figure 13. Structures of porphyrin trimers in Table 13

N

N

N

N Au+

tBu

tBu

tBu

tBu

N

N
N
NCu+

O

O O

O

N

N

N

N

Zn

tBu

tBu

C6H13

C6H13

C6H13

C6H13

N

N

N

N Zn

tBu

tBu

C6H13

C6H13

C6H13

C6H13

882

R = O
O

tBu

N
N

N

N Zn

N
N

N
N
Zn

R

R

R

R

N
N

N
N
Zn

R

R

883

N

N
N

N

R

Zn

N

NH N

HN
O

tBu

tBu

O

tBu

tBu

O
tBu tBu

O
tButBu

O

O

R

N

N
N

N

R

Zn

R

R =

884

NN

N N
R Zn

N

NH N

HN
O

tBu

tBu

O

tBu

tBu

O
tBu tBu

O
tButBu

O

O

R

NN

N N
R Zn R

R =

885

N

N N

N

tBu tBu

tBu tBu

3

C16H33

C16H33 NH

O

O

HN
Zn

886

N N

NN
Zn

N N

NN
Zn

tBu tBu tBu tBu

tBu tButButBu

N N

NN
Zn

tBu tBu

tBu tBu

887

         480



 Figure 13. Structures of porphyrin trimers in Table 13

N

N N

N

tBu tBu

tBu tBu

3

C16H33

C16H33 NH

O

O

HN
Zn

888

O

O

O

O

N N

NN
Sn

Ph

Ph

Ph

Ph
PhPhPh

Ph

Ph

Ph
Ph Ph

HNN

NH N

F

F

F

F

F

F

F

F

F
FF

F

F

F

F
F

HNN

NH N

F
F

F

F

F
F

F

F

F

F
F

F

F

F

F

F

889

O

O O

O
NN

N N
Sn

Ph

Ph

Ph

Ph

Ph Ph Ph

Ph

Ph

Ph

PhPh

HNN+H

NH HN+

F
F

F

F

F
F

F

F

F
F
F

F

F

F

F
F

HNN+H

NH NH+

F
F

F

F

F
F

F

F

F
F
F

F

F

F

F
F

4CF3CO2-

890

N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

NH

N HN

N

F

F
F

FF

F

F

F

F

F

N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

891

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

N

N N

N
Zn

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

tBu tBu

tButBu

892

NH

N HN

N
NH

N HN

N
NH

N HN

N

893

         481



 Figure 13. Structures of porphyrin trimers in Table 13

N
N

N

NN
N

N

N

Fe

O

O

N
N

N

NN
N

N

N

Fe

N

N

N N

N
N
Ru

O

O

O

O

894

N
N

N

N

N

N
R

Zn
C6H13

C6H13

C6H13

C6H13

N

N

N

N

R

Zn

C6H13

C6H13

C6H13

C6H13

R =

N
N

N
N

R

Au+

R

N
N

O

OO

O

tBu

tBu

895

N
N

N
N
Sn O

S
N

HN
N

O

S
N

NH
N

896

N
N

N
N
Sn O

S
N

S
N

O

S
N

S
N

897

N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

N

N N

N
Ni

tBu tBu

tBu tBu

N

N

Pd
N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

N

N

Pd

898

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBuN

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu
N N

NN
Zn

Si

Si

899

         482



 Figure 13. Structures of porphyrin trimers in Table 13

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

N

N N

N
Zn

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

tBu tBu

tButBu

900

N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

NH

N HN

N

F

F
F

FF

F

F

F

F

F

N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

901

N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

N

N N

N
Ni

tBu tBu

tBu tBu

N

N
N

N N

N
Ni

tBu tBu

tBu tBu

tBu

tBu

N

N

902

N N

NN
Zn

N N

NN
CuO O

O

O

N N

NN
Ag

903

NH N

HNN

N N

NN
CuO O

O

O

N N

NN
Ag

904

N N

NN
ZnN

N

N
N

N

Zn

N

N
N

NZn

905

         483
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 Figure 14. Structures of porphyrin-corrole dyads in Table 14
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 Figure 15. Structures of porphyrin dendrimers, and oligimeric or
polymeric porphyrins in Table 15
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 Figure 15. Structures of porphyrin dendrimers, and oligimeric or
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 Figure 16. Structures of porphyrin metal sandwich complexes in Table 16
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 Figure 17b. Structures of cis and trans-A2B2 meso-substituted porphyrins in Table 17b
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 Figure 17c. Structures of cis and trans-A2B meso-substituted porphyrins  in Table 17c
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 Figure 17d. Structures of trans-A2BC meso-substituted porphyrins in Table 17d
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 Figure 17d. Structures of trans-A2BC meso-substituted porphyrins  in Table 17d
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 Figure 17e. Structures of A2 meso-substituted porphyrins in Table 17e

N

NN

NN
Zn

N

L1

O

1331

N

N N

N
O

O

Zn H

1332

N

N N

N
Co O

O

1333

N

N N

N
I

O

Zn Si

1334

NH

N HN

N

1335

N

N N

N
Co O

O

O

O

O
O

1336

         574



 Figure 17e. Structures of A2 meso-substituted porphyrins  in Table 17e
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 Figure 17e. Structures of A2 meso-substituted porphyrins in Table 17e
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 Figure 17f. Structures of β-pyrrole substitued porphyrins with less than
four meso-substituents in Table 17f
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 Figure 17f. Structures of β-pyrrole substitued porphyrins with less than
four meso-substituents in Table 17f
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 Figure 17f. Structures of β-pyrrole substitued porphyrins with less than
four meso-substituents in Table 17f
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 Figure 17f. Structures of β-pyrrole substitued porphyrins with less than
four meso-substituents in Table 17f
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 Figure 17f. Structures of β-pyrrole substitued porphyrins with less than
four meso-substituents in Table 17f
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 Figure 18. Structures of porphyrin-ferrocene conjugates in Table 18
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 Figure 18. Structures of porphyrin-ferrocene conjugates in Table 18
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 Figure 18. Structures of porphyrin-ferrocene conjugates in Table 18
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 Figure 18. Structures of porphyrin-ferrocene conjugates in Table 18
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 Figure 18. Structures of porphyrin-ferrocene conjugates in Table 18
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 Figure 18. Structures of porphyrin-ferrocene conjugates in Table 18
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 Figure 18. Structures of porphyrin-ferrocene conjugates in Table 18
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 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19
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 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19
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 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19
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 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19
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 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19

N

N
N N

NN
Zn

N

BN

NN

N

N

O

N

N

1443

N

N

N

N

Zn

O

N
NN

O

N

N

B F
F

O

N
N
N

O

N

NB
F

F

O

N
N N

O

N

N

BF
F

O

O
N

1444

NH
N HN

N

tBu

tBu
tBu

tBu

tBu

tBu

N

1445

NH
N HN

N

tBu

tBu
tBu

tBu

tBu

tBu

N

1446

N

NH

N HN

N

tBu tBu

tBu tBu

tBu

tBu

N O

ON
H

H

H
H

+ -

1447

NNH

N HN

N

tBu tBu

tBu tBu

tBu

tBu

1448

         594



 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19
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 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
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N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

N
N N

N
N

N

N

N
N
N

Cu+

O

O
O O

O

O O
O

O

O

O
O

O

OOO

1455

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

N

N

N
O

O

O

O

1456

N

N N

N

tBu tBu

tBu tBu

Zn NH

tBu

tBu

O

NH

N HN

N

tBu tBu

tBu tBu

N
O

HN

1457

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

1458

N

N N

N
Zn

tBu tBu

tBu

tBu tBu

tBu

O O

O

tBu

tBu

O

tBu

O

tBu

O

O

O

tBu

tBu

H

1459

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu
HexO

OHex

N
OctHexO

xeHO

1460

         596



 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu
HexO

OHex

HexO

OHex

N
Oct

1461

NH

N HN

N

tBu tBu

tBu tBu

N

tBu

tBu

1462

NH

N HN

N

tBu tBu

tBu tBu

HN

OO

HO
N

1463

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

N

N N

O

O O

O

1464

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

N
N N

O

O O

O

1465

N
Oct

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

1466

         597



 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

1467

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

1468

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

NO

O

1469

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu

HexO

OHex

HexO

OHex

N
Oct

1470

N

N N

N
Zn

tBu tBu

tBu tBu

tBu

tBu
C12H25O

OC12H25

N
C8H17

1471

NH

N HN

N

tBu tBu

tBu tBu

N
O

NH
tBu

tBu

1472

         598



 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19

N
N N

N N
N

N

N

Zn

N

N

N

1473

N
NH N

HNN
N
N

tBu tBu

tBu tBu

tBu

tBu

1474

NNH N

HNN

N

O

N

N

O

1475

NN N

NN
Zn

N

O

N

N

O

1476

COO

COO
COO
COO

COO

O
NN

COO
OOC

OOC
OOC
OOC

OOC
OOC

N

N

N

N

Zn

Ph Ph

PhPh

COO

1477

O
O

N

O
O

N
N N

N
Zn

Ph

Ph

Ph Ph

1478

         599



 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19

O

O

O

tBu

tBu
O

tBu

O

tBu

O

O

O

tBu

tBu

N

N N

N
Zn

O O

O

tBu

tBu

O

tBu

O

tBu

O

O

O

tBu

tBu

O

O

O

tBu

tBu
O

tBu

O

tBu

O

O

O

tBu

tBu

OO

O

tBu

tBu

O

tBu

O

tBu

O

O

O

tBu

tBu

H

1479

NH

N HN

N N

1480

N

N

N

N

Zn

O
O

O

1481

N

N

N

N

Zn

O
O

O

1482

N N

NN
Co

O

OO

O

O

1483

N N

NN
Co

O

OO

O

O

1484

         600



 Figure 19. Structures of porphyrin-fullerene conjugates and porphyrin-fullerene
complexes in Table 19

NH

N HN

N
N

1485

NH

N HN

N N

1486

O
O

O
O

N

N

N
N N

N
Zn

Ph

Ph

Ph Ph

1487

N
N N

N
Zn

N
H

N

1488

N
N N

N
Zn

N H

N

1489

N

N

N
N N

N
Ru

L1

1490

         601
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 Figure 20. Structures of porphyrin-C60-ferrocene triads in Table 20
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 Figure 21. Structures of supramolecular porphyrin assemblies in Table 21
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 Figure 21. Structures of supramolecular porphyrin assemblies in Table 21
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 Figure 22a. Structures of porphyrins with covalently bonded peripheral metal
complexes in Table 22a
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 Figure 22a. Structures of porphyrins with covalently bonded peripheral metal
complexes in Table 22a
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 Figure 22a. Structures of porphyrins with covalently bonded peripheral metal
complexes in Table 22a
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 22b. Structures of porphyrins with non-covalently bonded peripheral
metal complexes in Table 22b
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 Figure 23a. Structures of heme and related macrocycles in Table 23a
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 Figure 23a. Structures of heme and related macrocycles in Table 23a
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 Figure 23b. Structures of meso-Substituted etioporphyrin II macrocycles in Table 23b
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 Figure 23b. Structures of meso-Substituted etioporphyrin II macrocycles in Table 23b
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 Figure 23b. Structures of meso-Substituted etioporphyrin II macrocycles in Table 23b
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 Figure 23b. Structures of meso-Substituted etioporphyrin II macrocycles in Table 23b
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 Figure 23c. Structures of β-alkyl and meso-substituted porphyrins in Table 23c
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 Figure 23c. Structures of β-alkyl and meso-substituted porphyrins in Table 23c
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 Figure 23c. Structures of β-alkyl and meso-substituted porphyrins  in Table 23c
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 Figure 24. Structures of porphyrins and porphyin-C 60 conjugates adsorbed

on electrode surfaces in Table 24
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 Figure 24. Structures of porphyrins and porphyin-C 60 conjugates adsorbed

on electrode surfaces in Table 24 
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 Figure 24. Structures of porphyrins and porphyin-C 60 conjugates adsorbed

on electrode surfaces in Table 24
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