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SYNOPSIS



ON THE REDOX PROPERTIES OF SOME
METALLOPORPHYRINS” discussed the information and
results of investigations on the physico — chemical studies
of some Metalloporphyrins. It consists of six chapters. We
restrict our investigations mainly to UV - Visible
absorption spectroscopy and Cyclic Voltammetric studies
of some transition metal porphyrins like Manganese, Zinc

and Copper porphyrins.

In the Introduction, natural occurrence of some
metalloporphyrins and their biological functions are
briefly mentioned. Also, the importance of UV - Visible
spectroscopy and cyclic voltammetry in understanding the
redox behaviour of metalloporphyrins is highlighted in the

Introduction.

A Brief Review on the theory behind UV - Visible
and Cyclic Voltammetric studies on the Effects of Axial
Ligands in some Metalloporphyrins (emphasis is given to

Manganese porphyrins) is presented in Chapter 1. This



review provides us the background information to pursue
our research investigation in the right direction and to
give a proper perspective for the results of the

investigations presented in subsequent chapters.

Chapter 2 describes the details of the experimental
procedures adopted for purification of solvents and
chemicals, synthesis, purification and characterization of
samples used during the course of our investigation.
Besides this, brief description of physical measurements

is also presented.

The Effects of Axial ligands on the UV - Visible
spectra of some manganese porphyins are discussed in
Chapter 3. In general, all three Manganese porphyins
chosen to study, viz., Mn(lI)[T(2-OMeP)P]OAc,
Mn(III)[T(Naphthyl)PJOAc and Mn(III)[T(4-OMeP)P]OAc,
exhibit similar spectral pattern. A UV - Visible absorption
spectrum of a manganese porphyrin consists of one B -
band or Soret band (Band V) in the range 440 - 480 nm
and two Q - bands (Band IIIl and Band IV) in the range

500 - 650 nm. Additional bands (Band Va and Band VI)



are also observed in the range 350 - 420 nm. Nitrogenous
bases like Diethylamine, Triethylamine and Imidazole are
used as axial ligands. It is found out that on initial
addition of amine to the three Manganese porphyrins the
Soret band suffers a Blue shift. This is attributed to the
replacement of the axial ligand OAc- by amine molecule
which comes as a fifth ligand. On continuous addition of
amine to the reaction mixture the intensity of the original
Soret band diminishes and a new Soret band appears at a
shorter wavelength. This could be due to two possibilities:
(i) the coordination of another amine molecule as the
sixth ligand, with the oxidation state of Mn remaining +3,
and (ii) the second possibility is the reduction of Mn(Ill) to
Mn(ll) with amine molecules coordinating as the fifth and
sixth ligands. In our studies, the first possibility is more
probable. The details of this are presented in Scheme 3.1

and 3.2 in Chapter 3.

In our discussion, we also incorporate the
conformations of metalloporphyrin which are affected by
axial ligand - metalloporphyrin interactions. This effect

brings about a change in the energy levels of the



porphyrin when the axial ligand binds with the central
metal atom which appears as shift in the position of

absorption bands in the UV - Visible spectrum.

Chapter 4 describes the Cyclic Voltammetric
studies of the three Manganese porphyrins i.e.,
Mn(IID)[T(2-OMeP)P] OAc, Mn(ll)[T(4-OMeP)P]JOAc and
Mn(Ill)[T(naphthyl)PJOAc. All these three exhibit
voltammograms of similar pattern. The positive scan
voltammogram consists of three redox couples. This is
attributed to the oxidation of Mn(lll) to Mn(IV) and the
first and second porphyrin ligand oxidations. Similarly,
the negative scan gives a voltammogram which consists of
three redox couples. This may be due to the reduction of
Mn(Ill) to Mn(ll) and the first and second porphyrin
ligand reductions. It has been observed that out of the
three Manganese porphyrins, redox potential of the
first ligand oxidation is lowest in the case of
Mn(III)[T(naphthyl)PJOAc. This is because non-planar
porphyrins are easier to oxidize due to the interaction of
d-orbitals of the metal atom with the porphyrin ligand

orbitals (aiu/az2¢) and Mn(IlI)[T(naphthyl)PJOAc, being



more distorted due to steric hindrance, gets oxidized at a
lower potential. Thus structural effect on the redox
potentials is reflected in the voltammograms which also

supplements the results observed in Chapter 3.

Chapter 5 discusses the Axial Ligand Effects On
The UV-Visible Spectra and the Cyclic Voltammetric
studies of Zinc(Il)porphyrins viz., Zn(Il)[T(4-OMeP)P] and
Zn(Il)[T(naphthyl)P]. Zn(Il) porphyrins belong to regular
porphyrins which contain closed shell metal toms (d° or
d10), On axial ligation with amine the absorption bands in
the UV - Visible spectrum of these Zinc porphyrins
experience a Bathochromic shift (Red shift). This is due to
the flow of charge from the axial ligand to the porphyin

ring through the Zinc ion.

The results of the Cyclic Voltammetric studies of
these Zn(lI)porphyrins are also presented in this chapter.
Two reversible redox couples are observed although their
AE values are quite large. We also observed that the
oxidation potentials of these Zinc porphyrins studied are

lower than that of Zn(I[)TPP. We attribute this to the



presence of electron donating substituents which makes

oxidation easier.

Chapter 6 deals with the Axial Ligand Effects On
The UV-Visible Spectra and the Redox Tuning of Copper
(IT) porphyrins viz., Cu(ll)[{T(4-OMeP)P] and
Cu(ll)[T(naphthyl)P]. Copper porphyrins belong to d°
complexes. Addition of amine does not affect the
UV - Visible spectra of Copper porphyrins which indicate
that they do not accept axial ligands readily. In the Cyclic
Voltammetric studies, the Voltammogram consists of two
redox couples whose potentials are lower than that of
CuTPP. This is attributed to the presence of electron

donating substituents.
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PREFACE

Porphyrin Chemistry is an extensively studied and
researched field. This is because porphyrins are involved in
many fundamental biological functions and they also find
their way in the field of material sciences and medicines.
Many new porphyrin ligands are synthesized and more
information and results emerge in the literature every day.
Thus it opens up an opportunity to study their physico -
chemical properties. This prompted us to carry out more
physico — chemical studies in metalloporphyrins which will
provide us more understanding of their roles in biological
systems, application in medicine and their possible uses in
material sciences. Thus, this thesis embodies the new
results and information on the physico — chemical studies of
some Manganese porphyrins, Zinc porphyrins and Copper

porphyrins, which are not reported so far in the literature.

This thesis consists of six chapters. The significance of
metalloporphyrins in the biological system is highlighted in

the Introduction.



Chapter 1 presents a Brief Review on the UV - Visible
and Cyclic Voltammetric studies on the Effects of Axial

Ligands in some Metalloporphyrins.

Chapter 2 presents all the experimental techniques
and measurements employed in the course of this

investigation.

Chapter 3 describes the Effects of Axial Ligands on

the UV - Visible spectra of some Manganese porphyrins.

Chapter 4 embodies the Cyclic Voltammetric Study

of some Manganese porphyrins.



Chapter 5 deals with Axial Ligand Effects On The UV -
Visible Spectra And Cyclic Voltammetric studies of some

Zinc porphyrins.

Chapter 6 deals with Axial Ligand Effects On The UV -
Visible Spectra And Redox Tuning of some Copper

pophyrins.



INTRODUCTION

Porphyrins are group compounds which are
extensively studied and researched. In fact, porphyrin
chemistry is an old chemistry. Inspite of the widely studied
area, porphyrin chemistry appears to grow day by day. This
is evident from the number of papers published every year.
This is because porphyrins occupy a significant place among
the biological occurring molecules. Iron porphyrins occur
as heme in hemoglobins (transporting O2) and in myoglobins
(as  storage); Mg porphyrins as chlorophyll (in
photosynthesis); in cytochromes (electron transfer) and in
many other enzymatic reactions such as peroxidase and
catalases etc. In a very broad sense there are two classes of
porphyrins viz. naturally occurring porphyrins and
synthetically modified porphyrins. Apart from the naturally
occurring porphyrins, at present a large number of
synthetically modified porphyrins are available in the
literature. Thus, it provides us an opportunity to investigate

and understand their properties both experimentally and



theoretically. UV - Visible spectroscopy coupled with cyclic
voltammetry can provide quite a good amount of information

about its redox behaviour.

With this broad view in our mind we undertook this
research work with the following objectives:-
(1) Metalloporphyrins serve as biological model systems.
(i) To explore and to understand the physico — chemical
properties of some synthetic metalloporphyrins (which is an
open field) which in turn may throw some light on the

possible uses of such metalloporphyrins.



CHAPTER - 1

A BRIEF REVIEW

ON

THE EFFECTS OF AXIAL
LIGANDS IN SOME
METALLOPORPHYRINS:
UV - VISIBLE
AND
CYCLIC VOLTAMMETRIC

STUDIES



CHAPTER - 1

1.1. UV - VISIBLE SPECTRUM:

To understand and to appreciate this research work, a
very brief review of the theory behind the UV - Visible
absorption spectra of porphyrins is presented here. We avoid
the complex theoretical treatment (mathematical)/
discussion and present only the non-mathematical results.
Both synthetically modified porphyrins as well as naturally
occurring porphyrins exhibit similar optical and electro-
chemical properties. This is because all these molecules
contain four pyrroles linked by four methine bridges and are
rich in it - electrons. In 1960s Martin Gouterman! -3 laid
the theoretical foundation of the absorption spectra of
porphyrins which is known as the Four Orbital Model, i.e.
two HOMOS (Highest occupied molecular orbitals, aiu and
azu) and two LUMOS (lowest unoccupied molecular orbital,
eg). The main part of a porphyrin molecule is the inner 16 -
membered ring containing four nitrogen atoms with 18

delocalized 1t - electrons. Transitions between HOMOs and



LUMOs give rise to the absorption bands in the optical
spectrum (nt — n* transitions). The basic unsubstituted
porphyrin is termed as porphine (P) or a free base porphyrin

(FBP) (Figure: 1.1).

FBP with 18 mt — electrons is similar to naphthacene
which is also a conjugated system (alternant hydrocarbon)

with 18 it - electrons (Figure:1.2).

Gouterman’s four orbitals corresponds to two HOMOs
and two LUMOs of naphthacene* - é (pairing properties are
also satisfied). The two HOMOs are very close and nearly
degenerate. The difference in energy is about 0.5 €V and is
quite sensitive to substitutions. The two LUMOs are

degenerate (Figure : 1.3)

Mixing between them splits the energy levels giving

rise to higher energy ley state with larger oscillator strength



which gives rise to Soret band or B band around 380nm to
420nm and a lower energy state ley with smaller oscillator
strength giving rise to Q bands around 500nm - 6350nm

(Figure: 1.4)

In Figure:1.3. (1, 1/) and (2, 2/) are pair of orbitals.
The configuration energy due to excitation of an electron
from the orbital i to the orbital yis equal to the energy

obtained by excitation from j orbital to jorbital (due to

pairing property).

Thus, for one electron transition moment vectors
i —

j —— ¥ (Where i#j)

are similar in magnitude and parallel in their orientation in

the alternant hydrocarbons.

Further, the linear combination of the two degenerate

configurations generate (-) and (+) states. The minus (-



state is a covalent state while plus (+) state is ionic state.

Thus, the excitation:

HOMO —*LUMO (1 —— 1/) gives rise
to the lowest 1Ba2y* state with ionic character while the
excitations 1 — 2/and 2 —— > 1/ give

rise to covalent !B3y~and ionic 1Bsy,* states.

For transition of the type i —— ¥, the dipole

moment vector of 1——»1/ is anti-parallel to

2 ————— 2/ dipole moment vector. Thus the transition
to 1Bsy~ is pseudo parity forbidden where as transitions to

1B2u* and 1B3y* are dipole allowed.

In the case of FBP, the ground state is 11Ag state and

the transition to the Q - band is dipole allowed.



The lower components of the Q bands (!Bsy) are due to
transitions
ay ——» b3g (1 ———»2/) and by ———— by

(2—— 1/) and mixing occurs (mix with different sign).

The upper components of the Q bands (!Bay) are due to

transitions

ay——— bgg (1 — > 1/) and by > bag

2—— 2/).

Their transition dipole moment vectors are parallel in
their orientations and almost same in magnitude leading to
the cancellation in their intensities. @ The weakness of the
Q - band is due to symmetry which is alternant resulting in
pseudoparity forbidden transitions and not due to orbital

degeneracy. This pseudoparity can be broken by:
(i) modification of the porphyrin ligand with substitution,
(i)  modification of the conjugation pathway, and

(iii) with central metallation.

10



Thus, the Q - band intensities can be enhanced. It is
also to be noted that FBP with D2h symmetry exhibit four
banded visible absorption spectrum while a
metalloporphyrin with a Dsh symmetry exhibits two banded
visible absorption spectrum. This is clearly a reflection of the
molecular symmetry. It also means that in a
metalloporphyrin, the bzg and the bsg orbitals are degenerate

because of four - fold axis.

Basing on UV - Visible and Fluorescence properties
metalloporphyrins can be broadly divided into two groups
viz., regular and irregular. Regular metalloporphyrins are
those whose metal d - orbitals (valence shell) have closed
shell configuration (i.e, d° or d!9) while irregular are those in
which the metal d -~ orbitals are partly filled or having
open shell configuration (d®, m = 6-9). In regular
metalloporphyrins, the central metal atom has very little
effect on the optical absorption spectrum (only a small
perturbation on the mt electrons of the porphyrin ligand). On

the other hand irregular porphyrins do exhibits stronger

11



effects on the visible absorption spectrum. These
metalloporphyrins are also called hypsoporphyrins. In
hypsoporphyrins, there is considerable interactions between
the dn orbitals of the metal and the n* orbitals of the
porphyrin ligand (metal to ligand n back bonding)7:8.
As a result energy level between n and n* of the porphyrin
ligand increases giving rise to hypsochromic shift i.e. the

blue shift.

In addition to the regular and hypso types there is
another type known as hyper type® - 15. Manganese
porphyrins exhibit this hyper type (d - hyper type) electronic

absorption spectra.

In addition to the above general description, UV-
Visible spectrum of a metalloporphyrin is affected by its
structural conformations, axial ligands and the nature of
the solventsl6. A metalloporphyrin with a planar
conformation possesses a Dsh  symmetry where metal

dr orbitals and ligand orbitals (a1u, azu) are orthogonal. But

12



the scenario is different in the case of non planar
metalloporphyrins. A considerable interaction between metal
dx? - y2 orbital and porphyrin ligand orbital asu exists in a
saddled conformation while metal dxy orbital interact with
porphyrin asy orbital in a ruffled conformation. Evidently,
the UV-Visible spectrum of a metalloporphyrin will be

affected by:-

(i) Coordination of the axial ligand.
(i)  Peripherial substitution on the porphyrin ligand, and

(ii) The conformation of the metalloporphyrin.
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1.2, MANGANESE PORPHYRINS:

The literature is so exhaustive and voluminous to give
a comprehensive review on the subject (axial ligand binding),

so we restrict the review to manganese porphyrins.

Normally the UV-Visible spectrum of a manganese
Porphyrin exhibits two visible bands, viz., Q bands between
S500nm - 650nm and an intense Soret band (B band)
between 440nm - 480nm (Figure: 1.5). Additional bands are
also observed between 400 nm — S00nm which are attributed
to charge transfer (CT) transitions i.e. due to ai (I1) az
n ——— > e¢(dn). Also, some bands (bands Va and VI)
appear in between 350nm - 420nm. Boucherl© - 14 has
shown that intensity ratio of band V and VI variesl with the
fifth ligand and with substituents on the porphyrin ligand.
The visible bands I & II (Q bands) which are normally
observed in FBP are shifted to Infra red and are not
observable in a metalloporphyrin spectrumS. The axial ligand
and the peripherial substituents on the porphyrin ligand do

exhibit a profound effect on the Soret band (band V).
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Manganese atom in a manganese porphyrin show
variable oxidation states. Thus it can accommodate fifth and

the sixth ligand.

1.2.1.  Mn(IV) PORPHYRINS:

Synthesis, isolation and structural elucidation have
been reported for Mn(IV)(porphyrin)X2 and Mn(IV)(porphyrin
X)2 O 17-19  Oxidation of Mn(lII)TPPX in alkaline methanolic
solutions by iodosyl benzene or sodium hypochlorite leads to
formation of Mn(IV)TPPX2, where X = OCH3s~, N3, or NCO-.
(Porphyrin)Mn(IV) — O - Mn(lV) (porphyrin) system is also
reported. The complexes [(NsMn(IV)TPP)20 and
[(OCN)Mn(IV)TPP]20 are thermally unstable and
decomposes??. Formation of O=Mn(IV)(TPP} in manganese
porphyrin nitrates and O=Mn(IV)(TPP)* in the perchlorates
and periodates on photolysis are also reported?l:22, Oxo
manganese(lV) porphyrin complexes viz., Mn(IV)TMP(O) and
Mn(IV)TMP(O)(OH) (where TMP = tetra mesityl porphyrin)

were produced from a mixture of Mn(lll) TMP(Cl) and




TBA(OH) (tetra — n — butyl ammonium hydroxide), isolated
and characterized?3. However, Oxo manganese(IV) porphyrin
is not stable and rapidly converts to Oxo manganese(Il)

porphyrin.

1.2.2., Mn(V) PORPHYRINS:

Synthesis of Mn(V)nitrido porphyrin is also
reported24.25, Treatment of Mn(III)P with sodium hypochlorite
or iodosyl benzene in presence of excess of ammonia leads to
the formation of PMn(V)=N. UV-Visible spectrum exhibits
soret band at 428nm and Q bands at 538nm and 626nm.
Synthesis of Oxo-like mono(iodosyl benzene)(TPP)Mn(V) from
Mn(III)TPP(3-NH2CsH4CO2)with iodosyl benzene is reported26,
The UV-Visible spectrum shows the soret band at 407nm
and broad absorption bands at 379 nm, 478 nm, 582 nm
and 618 nm. Oxo manganese (V) porphyrin Viz,,
O=Mn(V)TMPyP(H20), (where, TMPyP = meso tetrakis
(N — methyl — 4 — pyridyl)porphyrinato dianion) was produced
by oxidation of Mn(III)TMPyP and characterized by stop-flow
spectrophotometry??. Characterization was also proven by

NMR?28,
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1.3. ELECTROCHEMISTRY AND SPECTRO-

ELECTRO CHEMISTRY:

Solvent effect and axial ligand dissociation on the
electrode reactions of Mn(lII)TPP(ClO4) is reported?d. The
effect of electrolyte concentration on axial anionic ligand in
manganese (II[)TPPCI is also reported30. The axial ligand
binding is weak?? and is removed on addition of Ag* with
increasing electrolyte concentration30. Mn(III/II) couple is
observed with shift in potential. Furhop and co-workers3!
have reported multivalent manganese porphyrin hetero
dimers and - trimers in aqueous solutions and observed that
multivalent manganese porphyrinates like Mn(Ill) - Mn(IV) -
Mn(Ill) are not accessible to axial ligand. Spectro electro
chemical study of (meso-tetrakis (3-carboxyphenyl)
porphyrinato)Mn(Illjchloride have shown the formation of
Mn(Il) and Mn(IV). Blue shifts of the soret band by 34 nm
and Q band by 4 - 8 nm are also observed. Reaction of
(ClIsTPP)Mn(II)Cl with OH(H20) in MeCN solution is also

reported32. Initial Soret band at 476 nm is shifted to 444 nm

17



in the final product. This is attributed to reduction of Mn (III)
to Mn(Il) i.e, (ClsTPP)Mn(II)(OH). The same is observed for the
reaction of (CIsTPP)Mn(lII)C1 with excess of OH(H20) in
ligating solvent pyridine which gives the product
(ClIsTPP)Mn(Il)(py) (Soret band at 444 nm). However, the
favoured product is attributed to five coordinated Mn(Il)
rather than six coordinated Mn(ll). The redox behaviour of
Mn(IIl)porphyrins viz., Mn(Ill)TPP(X) (where, X = Cl-, ClO4
and OH -) are also reported33. The redox potential of
Mn(III/1I) are found to be in the range — 0.03 V to - 0.70 V
while Mn(IV/IIl) potential for Mn(III)TPP(OH)2 is at + 0.43V
(in acetonitrile). Spectro electrochemical measurement at
+0.53V, Mn(Ill)P(OH)2 have shown the spectrum
corresponding to that of Mn(IV)TPP(OH). The E, value for
Mn(IV/IIl) is found to be + 0.43V. However, Oxo
manganese(IV) porphyrin is unstable at room temperature
and decomposes. Another interesting observation is that on
bulk electrolysis of Mn(III)TPP(OAc) at + 1.05V replacement

of the axial ligand OAc - by ClO4 - is observed.
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Electrochemical oxidation of water soluble Mn(III)
(2-TMPyP) generates Mn(IV) and Mn(V)porphyrins34. These
species were generated and characterized by spectro
electrochemical method. One - electron oxidation of
Mn(III)(2-TMPyP) exhibits different forms of Oxo manganese
(IV) porphyrin at different pH. The redox couple for Mn(I11/II)
at — 0.03V shifts to — 0.14V at pH 11.6. Another metal
centered redox couple appears at + 0.53 V which shifts to
+ 0.28 V as pH increases to 11.6. Spectro electrochemical
oxidation of Mn(III)(2-TMPyP) in pH 12 at + 0.92 V exhibits
a new band at 432 nm which is attributed to Oxo
manganese(V)porphyrin species O2Mn(V)(2-TMPyP).
Deprotonation of the axial H2O molecule or hydroxide ion

generates the dioxo species.
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CHAPTER - 2

2.1. INTRODUCTION:

This chapter describes the general experimental
techniques involving purification of solvents and
reagents, preparation of supporting electrolytes,
synthesis of porphyrins and metalloporphyrins. Brief
descriptions of the UV - Visible spectrophotometric
measurements and Cyclic Voltammetric

instrumentation are also presented.

2.2. PURIFICATION OF SOLVENTS AND

REAGENTS:

Common solvents and reagents used throughout
this work have been purified according to the standard

procedures described!.

2.2.1. Dichloromethane : Drum sample of

Dichloromethane was refluxed with anhydrous
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potassium carbonate for about 2 hours and allowed to
stand overnight. It was distilled and stored over
molecular  sieves  (Linde-4A). For  UV-Visible
spectroscopy and Cyclic Voltammetric measurements,

Dichloromethane of spectroscopic grade was used.

2.2.2. Chloroform :

Drum sample of Chloroform was purified by
passing through a column of basic alumina and
then the eluate was distilled twice before using. For
recrystallization and other physical measurements,

Chloroform of spectroscopic grade was used.

2.2.3. Methanol :

Drum samples of Methanol were refluxed over
anhydrous CaO for about 2 hours and distilled twice
before using. For recrystallization and other physical
measurements, spectroscopic grade samples were

used.
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2.2.4. Pyrrole :

Pyrrole was purified by distillation under

reduced pressure from KOH pellets and stored in a

dark sealed vessel.

2.2.5. 2-Methoxybenzaldehyde:

2-Methoxybenzaldehyde was distilled and used.

2.2.5. 4-Methoxybenzaldehyde:

4-Methoxybenzaldehyde was distilled and used.

2.2.6. 1-Naphthaldehyde:

1-Naphthaldehyde was distilled and used.

2.2.7. Diethylamine, Triethylamine:

Diethylamine and Triethylamine were distilled

before using.
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2.2.8. Reagent grade Imidazole, Manganese acetate,

2.3.

Zinc acetate, Copper acetate, Sodium acetate, BF3-
etherate, p-Chloranil, DDQ, Sodium carbonate,
Perchloric acid, Tetrabutylammonium bromide, etc.

were used as received.

PREPARATION OF SUPPORTING
ELECTROLYTE 2.3;
Preparation of supporting electrolyte,

Tetrabutylammonium perchlorate (TBAP) involves two

steps as follows:

Preparation of Sodium perchlorate:

Sodium  perchlorate = was  prepared by
neutralization of Sodium carbonate with Perchloric
acid. The volume of the reaction mixture was reduced
by concentrating it in a water bath and then allowed to
cool when crystals of sodium perchlorate separate out.
The crystals were filtered out and recrystallized several

times from distilled water.
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Preparation of Tetra-n-butylammonium

=to
[ 1]
—

perchlorate (TBAP):

A saturated solution of tetrabutylammonium
bromide was prepared in distilled water. To this
solution, sodium perchlorate crystals were added when
crystals of TBAP separates out instantly. Constant
stirring is done till precipitation of TBAP is completed.
The crystals of TBAP were filtered out, washed several
times with distilled water and then recrystallized twice
from methanol. Glassy crystals of TBAP were formed
and the purity of the product was check by running a

Cyclic Voltammogram.

2.4. SYNTHESIS OF PORPHYRINS:

2.4.1. meso-5,10,15,20 - Tetrakis(2-methoxyphenyl)
porphyrin:

meso-5,10,15,20 - Tetrakis(2-methoxyphenyl)

porphyrin, [T(2-OMeP)P] was prepared by the method

of Wagner and Lindsey4. In a 500mL round bottom

flask fitted with a reflux condenser and a nitrogen
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bubbler,2-Methoxybenzaldehyde (0.485mL, 2.98mmol)
and pyrrole (210uL, 2.98 mmol) were dissolved in
300mL of distilled chloroform. After purging the
solution with nitrogen gas for 5 minutes, the reaction
was initiated by adding catalytic amount of BFs3-
etherate (120 uL of 2.5M stock solution). The reaction
mixture was then stirred at room temperature for 1
hour. The progress of the reaction was monitored by
taking aliquots of the reaction mixture at regular
intervals, oxidizing with p-chloranil, followed by
absorption spectrophotometryS. At the end of 1 hour,
p-Chloranil (0.7327g, 2.98mmol) was added in powder
form and the reaction mixture was gently refluxed
(61°C) for 1 hour. The completion of the reaction was
monitored by UV -Vis spectroscopy and !H NMR
spectroscopy. The mixture was evaporated to dryness
and the crude product was washed with methanol
until the filtrate was clear. It was then purified by

silica gel column chromatography using
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dichloromethane as the eluent. The purity of the
product was checked by TLC and UV - Visible
absorption spectra.

Amax (nmj (in chloroform): 414, 513, 546, 588, 642.

2.4.2, meso-5,10,15,20-Tetrakis(4-methoxyphenyl)
porphyrin:
meso - 5, 10, 15, 20 - Tetrakis (4 - methoxy
phenyl) porphyrin, [T(4-OMeP)P] was prepared by the
method of Wagner and Lindsey* by taking
4-Methoxybenzaldehyde and pyrrole as described
above.

Amax (nm) (in chloroform): 421, 518, 556, 593, 649.

2.4.3. meso-5,10,15,20-Tetrakis(1-naphthyl)
porphyrin, (TNP):
(TNP) was prepared by the method of Wagner and
Lindsey# as described above by taking
1-Naphthaldehyde and pyrrole.

Amax (nm) (in chloroform): 423, 515, 548, 589, 644.

37



2.5. SYNTHESIS OF METALLOPORPHYRINS:

2.5.1.

2.5.1

MANGANESE PORPHYRINS:

(Figure - 2.1)

.1  Mn™[T(2-OMeP)P] OAc:

Mn[T(2-OMeP)P] OAc was prepared as described
in the literature$:7. The reaction was carried out by
taking a mixture of Manganese (II) acetate (335mg,
1.37mmol) in methanol and [T(2-OMeP)P] (358.2mg,
0.42mmol) in chloroform and then refluxed in a
100mL round bottom flask for about S5 hours. The
completion of the reaction was monitored by UV -
Visible absorption spectroscopy. The crude product
was washed with water several times and then purified
by silica gel column chromatography using
dichloromethane as an eluent. The purity of the
product was checked by TLC and UV-visible spectra.

Amax (nm) (in chloroform): 391, 406, 480, 581, 616.
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2.5.1.2. Mn""[T(4-OMeP)P]OAc:

Mn[T(4-OMeP)P]JOAc was prepared according to
the above procedure as described in the literatures?

Amax (nm) (in chloroform): 391, 406, 480, 581, 619.

2.5.1.3. Mn"™[TNP]OAc:

Mn [TNPJOAc was prepared according to the
above procedure as described in the literatures.?

Amax (nm) (in chloroform): 391, 406, 480, 581, 619.

2.5.2. COPPER PORPHYRINS: (Figure - 2.2)

2.5.2.1. Cu[T(4-OMeP)P] :

Cu[T(4-OMeP)P] was prepared as described in
the literature6.7. The reaction was carried out by taking
a mixture of Cupric (II) acetate (335mg, 1.37mmol)
in methanol and [T(4-OMeP)P] (358.2mg, 0.42mmol)
in chloroform and then refluxed in a 100mL round
bottom flask for about 5 hours. The completion of the

reaction was monitored by UV -Vis absorption
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spectroscopy. The crude product was washed with
water several times and then purified by silica gel
column chromatography using dichloromethane as an
eluent. The purity of the product was checked by TLC
and UV-visible spectra.

Amax (nm) (in chloroform): 419, 541.

2.5.2.2. Cu [TNP]:

Cu[TNP] was described according to the above
procedure as described in the literatures.?,

Amax (nm) (in chloroform): 420, 540.

2.5.3.  ZINC PORPHYRINS: (Figure - 2.2)

2.5.3.1. Zn[T(4-OMeP)P] :

Zn[T(4-OMeP)P] was prepared as described in
the literature®?. The reaction was carried out by
taking a mixture of Zinc acetate (335mg, 1.37mmol) in
methanol and [T(4-OMeP)P] (358.2mg, 0.42mmol) in

chloroform and then refluxed in a 100mL round
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bottom flask for about 3 hours. The completion of the
reaction was monitored by UV -Vis absorption
spectroscopy. The crude product was washed with
water several times and then purified by silica gel
column chromatography using dichloromethane as an
eluent. The purity of the product was checked by TLC
and UV-visible spectra.

Amax (nm) (in chloroform): 423, 473, 549, 590.

2.5.3.2. Zn [TNP}:

Zn[TNP] was described according to the above
procedure as described in the literatureé.7.

Amax (nm) (in chloroform): 424, 548, 601.
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2.6

2.6.1.

INSTRUMENTATION :

UV-VIS SPECTROPHOTOMETRIC
MEASUREMENTS:
UV - Visible absorption spectroscopy was

measured at room temperature by BECKMAN DU®@ 650
SPECTROPHOTOMETER and PERKIN ELMER LAMBDA
25 UV/VIS SPECTROPHOTOMETER. The reactions
between the metalloporphyrins and different amines
were done in the spectrophotometric quartz cuvette.
UV - Visible absorption spectra were recorded in
between the range 350 - 750 nm. The amine was added
to the solution in the cell, shaken thoroughly and
allowed to stand for some time and then recorded. The
process was continued for each addition of amine till

saturation was attained.
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2.6.2. CYCLIC VOLTAMMETRIC

MEASUREMENTS:

Redox potentials were measured by using CHI
620B ELECTROCHEMICAL ANALYZER. The
electrolytic cell consists of a platinum electrode used
as the working electrode, an Ag/AgCl electrode
employed as the reference electrode and a platinum
wire which served as the auxiliary electrode.
Dichloromethane was used as the solvent and
Tetrabutylammonium perchlorate (TBAP) as the
supporting electrolyte. 10-3M  metalloporphyrin
solution was taken in the cell and deaeration was
accomplished by bubbling nitrogen gas through the
solution before every measurement. Nitrogen

blanketed the solution during the recordings.

Calibration of Ei, values and diffusion current

were done by using a known concentration of pure

ZnTPP in dichloromethane /TBAP medium.
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Mn(OAc),

R=4 - CesHsOCH3, 2 - CéHs0CH3, 1 - C10H7?

R
Mn PORPHYRIN

Figure: 2.1: Scheme Showing The Synthesis Of Manganese Porphyrin.
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Figure: 2.2:

M(OAc),

R =4 -CsHsOCH3, 2 - C6Hs0CH3, 1 - Ci10H7 R

M = Zn, Cu

Scheme Showing The Synthesis Of Zinc And Copper Porphyrin.
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3.1.

3.2.

CHAPTER - 3

INTRODUCTION:

This chapter deals with the effect of axial ligands
such as diethylamine, triethylamine and imidazole on
the UV-Visible spectra of Mn(lll) porphyrins. The
changes in the spectral pattern of the three
metalloporphyrins are presented and discussed in this

chapter.

RESULTS:

All three metalloporphyins exhibit similar
spectral pattern. Results are summarized in Tables

3.A, 3.B and 3.C.

3.2.1.  Mn(III)[T(2-OMeP)P] OAc:

The absorption band positions (wavelength) of
10-5M solution of Mn(III)[T(2-OMeP)P])]JOAc in CH2Cl2
are presented in the Table: 3.A. Addition of 0.1 mL of

diethylamine show some shifts in the absorption
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bands. The B band (Soret band) shifts from 480 nm to
471 nm with slightly increased intensity. Band III
shifts from 616 nm to 609 nm while band IV shifts
from 581 nm to 575 nm (Figure: 3.2.1.a). On adding
0.3 mL of diethylamine a new band (Soret band)
appears at 441nm (Figure:3.2.1.b). Further additions
of diethylamine exhibits decrease in the intensity of
the Soret band at 471lnm and it subsequently
disappears while the intensity of the new Soret band
at 441 nm increases (Figure: 3.2.1.c). The intensities of
the band at 609 nm and the band at 575 nm
diminishes (due to dilution). All three bands i.e. band
III, band IV and band V are found to be blue shifted.
The pattern of spectra with triethylamine remains
same except with an additional feature, the occurrence

of an isosbestic point at 458 nm (Figure: 3.2.1.d).

3.2.2. Mn (III)[T(4-OMeP)P]OAc:

The absorption band positions (wavelength) of

10-5M solution of Mn(II)[T(4-OMeP)P] in CH2Cl> are
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given in the Table: 3.B. Initial addition of diethylamine
(0.1 mL) exhibits shifts of the Soret band from 480 nm
to 473 nm (decreased intensity), band III from 619 nm
to 617 nm and the band IV from 581nm to 579 nm
(Fig:3.2.2.a). Further addition of diethyl amine gives
the product which exhibits a spectrum with Soret
band at 441nm, band IIl at 617 nm and band IV at
579 nm. An additional new band at 676 nm is
observed the intensity of which goes on increasing

with the addition of diethylamine (Fig: 3.2.2.b).

The changes in the spectral pattern remains
more or less the same with triethylamine except the

additional band at 676nm is absent (Fig: 3.2.2.c) .

With imidazole the band V (Soret band) shows a
blue shift from 480 nm to 473 nm and the band IV is
also blue shifted from 581nm to 576 nm. On the other

hand band III shows a red shift from 619nm to
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622nm. It is to be noted that the Soret band do not
show any further shift to 441nm on subsequent

addition of imidazole.

3.2.3  Mn(II)[TNP]OAc:

The UV-Visible absorption spectrum of 10- SM
solution of Mn(III)[TNPJOAc exhibits Soret band at
481nm, band IV at 577 nm and band IIl at 607 nm
(Table: 3.C). Addition of 0.1ml diethylamine shows a
blue shift of the Soret band from 481nm to 475 nm
with slightly increase in the intensity. Band III and IV
show slight red shifts. On adding 0.2 mL (further
addition of 0.1 mlL) of diethylamine the Soret band
splits into two, one at 445 nm (¢=0.39) and the other
at 475 nm (e=1.28) (Fig: 3.2.3.a). On subsequent
addition of diethylamine the intensity of the new Soret
band at 445 nm increases while that of the Soret band

at 475 nm decreases and disappears (Fig: 3.2.3.b).
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3.3.

With triethylamine, the new soret band occurs at
443 nm while the band Il at 607 nm is red shifted to
610 nm and band IV at 577 nm is slightly blue shifted

to 573 nm (Fig: 3.2.3.¢).

DISCUSSION:

On initial Addition of amine to all the three
manganese porphyrins, viz. Mn(III)[T(2-OMeP)P]OAc,
Mn(II)[TNP]JOAc and Mn(III)[T(4-OMeP)P]OAc, the UV-
Visible spectra exhibit blue shifted Soret band within
the range 472nm - 475 nm. This is due to the
replacement of the axial ligand OAc- with amine. On
subsequent addition of amine the intensity of this
Soret band diminishes and a new Soret band appears
at around 441nm - 445nm. This could be due to the
coordination of amine as the sixth ligand as presented
in the Scheme: 3.1. Another possibility is the
reduction of Mn(IIl) to Mn(II)1: 2 by amine coordinating

as the fifth and sixth ligands as represented in the
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Scheme:3.2. These schemes are proposed because the
added amine in the cuvette could be in excess and
may act as ligating solvent although the solvent used
is CH2Clz. Initial addition of 0.1 ml amine does not

show Soret band around 441 - 445nm.

[Mn(IIT)P OAc] + Amine = [Mn(IlII)P{Amine)]* + OAc -
Mn(III)P (Amine)]* + Amine = [Mn(IlI) P (Amine)2]*
(Where P=T(2-OMeP)P, T(4-OMeP)P and TNP).

Scheme: 3.1

[Mn(III)P OAc] + Amine = [Mn(Ill) P (Amine)]* + OAc -
[Mn(IIl) P(Amine)]* + Amine = [Mn(II) P (Amine)z]

Scheme: 3.2.

Scheme: 3.1 is most preferred because in a
ligating solvent or when potential ligands are present,

the six — coordinated Mn(IIl) prophyrins are obtained.
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Scheme: 3.2 is possible only when there is
electron transfer from axial ligand to Mn(IIl) ion.
Lanskey et.al® have reported the spectro -
electrochemical reduction of Mn(V) - Oxo corrolazine in
Pyridine and obtained the corresponding Mn(III)
product with Soret band at Amax = 447 nm. Y.O. Su
and co-workers ¢ have reported the spectrophotometric
pH titration of Mn(IIl) (2-TMPyP) in the range of pH =
7.0 to 11.4, and have shown the formation of Mn(Ill)
(2-TMPyP) (OH)2 with Soret band at Amax = 442 nm. The
possibility of reduction of Mn(lll) to Mn(Il) is also
proposed for (ClsTPP)Mn(IIII)OH(Sol) to manganese (Il)
porphyrin in a ligating solvent*. S. Jeon and co-
workers 5 have reported the possible mechanism for
the reaction of (ClsTPP)Mn(III)Cl with hydroxide ion in
a ligating medium MeCN. Three intermediates were
observed viz. (ClsTPP)Mn(III[)OH(Sol) with Soret band
at Amax = 476 nm, (CIgTPP)Mn(Il)(sol) with Soret band
at Amax = 436 nm and [(CIsTPP)Mn(II)(OH)]- with Soret

band at Amax = 444 nm. They have also reported that
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in excess of OH(H20) a  stable species
[(CIsTPP)Mn(II)(OH)|- is formed. Reaction of
(C1sTPP)Mn(III)Cl with excess OH (H20) in pyridine as a
ligating solvent also produces the species

(ClsTPP)Mn(I)Py or [(CleTPP) Mn(II)(OH)].

Another important aspect to incorporate in our
discussion is the conformations of porphyrin
ligand7-15.  Porphyrin ligands exhibit different
conformations such as planar, ruffled and saddled
forms. In a non planar metalloporphyrin some
interactions exist between d-orbitals of the metal atom
and the porphyrin ligand orbitals (symmetry - allowed)
enabling charge flow between metal atom and the
porphyrin ligand. In a ruffled metallo-porphyrin an
interaction of metal dxy — porphyrin (azu) exists. Such
an interaction has been characterized by NMR of a
low - spin six -coordinated iron (III) porphyrins. This
type of interaction is also indicated theoretically. On

the other hand in a saddled porphyrin metal (dx? - ?) -
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porphyrin (a2u) orbital interaction occurs. Such

interactions were observed in (Cu(ll) (OETPP):)]* cation.

Axial ligand - metalloporphyrin interactions also
affect the conformation of the metalloporphyrin. As a
result orientation of the axial ligand may affect the
spectroscopic and redox properties of the
metalloporphyrin. In addition to it, the flow of charge
(electrons) from the axial ligand via the metal atom to
the porphyrin ligand may cause red shift in the visible
spectruml6 - 21 | Red shifts are generally observed for
non planar porphyrins. These red shifts are due to
decrease in energy gap between the HOMO (aju/azu)
and the LUMO (eg) orbitals of the porphyrin ligand. In
the present case with the addition of amine, B bands
(Soret bands) are observed to be blue shifted. One
reason we attribute is due to change in conformations
from more distorted i.e. ruffled/saddled form to less
distorted form on coordinating with the axial ligands.

In a planar metalloporphyrin the metal d - orbitals and
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the porphyrin ligand orbitals (ai1u/azu) are orthogonal.
On the other hand [Mn(IlI)POAc] is in ruffled/saddled
form. Thus, we observed blue shifted B band in
[Mn(lII)P(Amine)2]*. By the same token, [Mn(III)[TNP]

(Amine)z]*exhibit lesser blue shift (Amax = 445 nm).

Another interesting observation is the
reproduction of the original [Mn(III)POAc] spectra after
the removal of amine (by warming). It is obvious that
Mn(Ill)P(Amine)z]* is formed in excess of amine.
However, similar blue shift of B - band (Amax = 441
nm - 445 nm) could not be observed with

imidazole.
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3.4

CONCLUSION:

From the UV - Visible studies of Managanese

(IlI) porphyrins following observations are made:

(i)

(i)

(iv)

Initial addition of amine replaces the acetate ion
as axial ligand.
Further addition of amine generates six -

coordinated Mn(III) porphyrin.

The possibility of reduction of Mn(III) to Mn (II) is

also not ruled out.

Change of metalloporphyrin conformation from
ruffled/saddled form towards planar form on
coordinating with the amine as the sixth ligand.

Thus the B bands are blue shifted.

We conclude here with a note that the above

observations will be further supplemented by Cyclic

Voltammetry in the next chapter.
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TABLE: 3.A. UV-Visible Absorption Spectral Data Of Mn(III)[T(2-OMeP)P])JOAc At Room

Temperature
SOLVENT : Dichloromethane
CONCENTRATION : 105 M
X:rlx.i of Absorption Bands (nm) Isobestic
Compounds Amine Used ne Point
Added (nm)
mLy | m | w v | va | W1
616 | 581 | 480 | 406 | 391
Mn'{T(2-OMeP)F]OAc 0 (0.12) | (0.16) | (1.4) | (1.2) | (1.2) -
MnUI[{T (2-OMeP)P}(EtzNH)]* Diethylamine | 0.1 (%?19) (gf;) (f;lz) ("fg) (?l?:) ]
441
MnlI[{T(2-OMeP)P}(EtzNH)]* + MnII[{T(2-OMeP)P}(Et:NH);]* | Diethylamine | 0.3 (%o;,a) (3155) ‘%;’16) 405 g’;) -
(1.19)
60 5
Mnl[{T(2-OMeP)P}(EtNH):]* Diethylamine | 0.9 (0_0%) (g’_'i A (:.‘,‘712) ] ] ]
. 608 | 575 | 471 | 406 | 391 )
MnU[{T (2-OMeP)P}(EtsN)| Triethylamine| 0.1 | W | TR MU | (12
441
Mn™[{T(2-OMeP)P}(EtsN)]* + Mn[{T(2-OMeP)P)(EtsN);] |Triethylamine| 0.3 (3018) ( 3715;) (‘:,f;‘) (‘102) (3183) -
(1.46)
. 0 4
Mn'I[{T(2-OMeP)P}(EtaN)z]* Triethylamine| 1.5 (3_085) (3.28) (;‘.442) ] . 458
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TABLE: 3.B. UV-Vis Absorption Spectral Data Of Mn(III)[T(4-OMeP)P])JOAc At Room
Temperature
SOLVENT Dichloromethane
CONCENTRATION 105 M
Vol.
of Absorption Bands (nm)
Compounds Amine Used | Amine
Added
\mL} I v v va | VI
Mn"{T(4-OMeP)P]OAC o | 619(0.13) (38111) 480 (1.4) (‘1026) (31?21)
Mn!I[{T (4-OMeP)P}(EtzNH)]* Diethylamine | 0.1 | 617 (0.12) (%719) 473 (1.3) (‘;og) (sfg)
Mn™[{T(4-OMeP|P}(Et.NH)]* + Mn'"[{T(4-OMeP|P}(Et;NH)2]* | Diethylamine | 0.3 66'727(30615)) ((‘;"(7)99) ;;1((10‘139’) . -
Mn"i[{T(4-OMeP|P}(EtNH)sJ' Diethylamine | 0.9 | 227 :g'g?; (3298) 441 (1.42) | - :
Mn'[{T (4-OMeP)P}(EtaN)]' Triethylamine| 0.1 | 616 (0.12) (3713) 472 (1.50) ;;026) (31'.7:)
MnU[{T(4-OMeP)P}(Et:N)]* + MnW[{T(4-OMeP)P}(EtsN)z]* |Triethylamine| 0.4 | 616 (0.1) (g"ag) e (‘lo;ﬂ) aog) (:fg)
MnI[{T(4-OMeP)P}(EtsN):]* Triethylamine| 1.5 | 616 (0.05) ;:’g, 441 (1.48) | - -
MnM[{T (4-OMeP)P}(IM)]* Imidazole (IM)| 0.1 | 622(0.1) | o'} [473(L38)| - -
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TABLE: 3.C. UV-Vis Absorption Spectral Data Of Mn(III)[TNP])JOAc At Room Temperature
SOLVENT : Dichloromethane
CONCENTRATION : 105 M
X‘:l'. of Absorption Bands (nm)
Compound Amine Used A dc;::
(mL) m v v va | wI
MnUITNP|OAc 0 607 (0.06) (37171) 481(1.14) (41026) (?f;)
Ma'[{TNP}(Et:NH)J* Diethylamine | 0.1 | 612 (0.04) ‘g'(’)%) 475 (1.19) (‘1015) (sff)
Mol[{TNP}(EtzNH)]* + Ma™M[{TNP}(EtzNH)2]* Diethylamine | 0.2 | 617 (0.03) (32?7) P :‘1"23; . -
Mn[{TNP}(Et:NH)s]* Diethylamine | 1.5 | 609 (0.03) (3'356) 445 (1.93) | - ;
MolI[{TNP}(EtaN)J* Triethylamine | 0.1 | 610 (0.04) (%7% 475 (1.22) (‘;of) ({'18)
Mn™[{TNP}(EtsN)]* + Mo™[{TNP}(EtsN)] Triethylamine | 0.6 | 610(0.03) | oc° | 373 (0330 i
MoM[{TNP}(EtaN)o]* Triethylamine | 1.5 | 610 (0.03) (33‘;) 443 (0.63) | - ]

09
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Figure 3.2.1.a. UV-Visible Absorption Spectrum of Mn(III)[T(2-OMeP)P]OAc in
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CH2Cl; at room temperature (———); on addition of 0.3 ml of

Diethylamine (— — —).
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temperature (———); on addition of Triethylamine (— — —).
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CHAPTER -4

CYCLIC
VOLTAMMETRIC
STUDY OF
Mn(III)[T(2-OMeP)P]OAc
Mn(III)[T(4-OMeP)P]OAc
and

Mn(III)[T(naphthyl)P]JOAc



4.1.

CHAPTER - 4

INTRODUCTION:

In a metalloporphyrin with Dsh symmetry
the two HOMOS an, and azy orbitals are very close
lying. The energy gap between these two orbitals is of
the order of 0.5 eV or less. As a result, the relative
ordering of these two levels is quite sensitive to the
central metal ion, substitution in the periphery, axial
ligation and on the structural conformations of the
metalloporphyrin. Axial ligand orientation may also
have some effect on the spectroscopic and redox
properties of a metalloporphyrinl. Such subtle
changes in the energy levels are usually reflected in

their redox potentials.

Manganese  porphyrins respond to
electrochemical processes such that the redox
processes may occur both in the metal centre as well

as in the porphyrin ligand. Thus the redox behaviour
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will give some information regarding electron transfer
reaction and to a certain extent structural

conformations.

4.2. RESULTS:

4.2.1 Mn(III) [T(2-OMeP)P] OAc:

The voltammogram (Figure: 4.2.1.a)
consist of three redox couples having half wave
potentials (Ex ) 0.734 V, 1.1225 V and 1.3915 V.
Although AE values are large they all look to be
reversible. The negative scan also show three redox
couples with Esy, values - 0.265 V, - 0.543 V and -
1.050 V (Fig.4.2.1.a). Redox Potentials are summarized

in the Table: 4.A.

4.2.2.  Mn(III)[T(4-OMeP)P] OAc:

On scanning from O to 1.8 V the
voltammogram exhibits three reduction peaks while

the oxidation side exhibits only two peaks (Figure

76



4.2.2.a). The two redox couples are at Esy, values of
1.1955V and 1.453 V respectively. The only reduction
peak occurs at a potential 0.420 V. When the scan is
from +1.8V to -1.8V, the oxidation peak corresponding
to the reduction peak at 0.420 V occurs around 0.5V
with Ey, value 0.46V (Fig .4.2.2.b). The negative scan
shows three couples with Ey, values -0.334 V, — 0.6055

V and -1.172 V (Table: 4.B.)

4.2.3. Mn(III)[T(naphthyl)P]OAc:

The positive scan from 0.0V to 1.8V
exhibits a voltammogram consisting of three redox
couples with Ey, values 0.527 V, 0.961V and 1.408 V
(Fig. 4.2.3.a). The corresponding negative scan also
exhibits three redox couples with Ey, values - 0.35 V,
- 0.588 V and - 1.115 V (Fig.4.2.3.b) (Table: 4.C. ). All
these redox couples appear to be reversible inspite of

their high AE values.
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4.3. DISCUSSION:

The three manganese porphyrins viz. Mn(III){T(2-
OMeP)P|OAc, Mn(III)[T(4-OMeP)P]OAc and
Mn(IIl)[T(naphthyl)PJOAc exhibit voltammograms of
similar pattern. The positive scan voltammogram
consists of three redox couples. Similarly, the negative
scan gives a voltammogram which consists of three
redox couples. Oxidation of Mn(Ill) to Mn(IV) is
observed around 0.46 V to 0.734 V 23, The first
porphyrin ligand  oxidations are observed around
0.961V to 1.225V while the second porphyrin ligand
oxidations occurs around 1.3915V to 1.4536V. Mn(lll)to
Mn(Il) reduction occur at around -0.265 V
to — 0.35V 4-6_ The first porphyrin ligand reductions
occur at around - 0.543 V to - 0.588 V and the second
reductions occur at around - 0.055V to - 1.173 V.
Out of the three manganese porphyrins, the redox
potential of the first ligand oxidation of
Mn(III)[T(naphthyl)P] OAc, is the lowest while that of the

Mn(II)[T(4-OMeP)P]JOAc is the highest. Non planar
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porphyrins are easier to oxidize than planar
porphyrins 78, Out of the three manganese porphyrins
Mn(III)[T(napthyl)P]OAc is expected to be more distorted
due to steric factors while Mn(III)[T(4-OMeP)P]OAc is
expected to be more closer to the planar form. Thus, the
structural effect on the redox potential is reflected on
the voltammogram. The effect is also observed in the
UV - Visible spectrum. The B band (Soret band) of

Mn(III)[T{(napthyl)P}(EtsN)2] shows a lesser blue shift.
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4.4. CONCLUSION:

From the cyclic Voltammetric study, following

observations are made:

(i) Higher oxidation state of manganese i.e. Mn(Ill) to

Mn(IV) is observed.

(i)  Reduction of Mn(Ill) to Mn(ll) is also observed.

(ili) Oxidation potentials are lower for more distorted
metalloporphyrins. This may be due to the interaction
of d-orbitals of the metal atom with the porphyrin
ligand orbitals (aiju/azu). Obviously, less distorted

metalloporphyrins exhibit higher oxidation potentials.
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Table: 4.A.

Cyclic Voltammetric Data of Mn(III)[T(2-OMeP)P]JOAc at Room temperature

Solvent Dichloromethane

Concentration 10-3M

Supporting electrolyte : TBAP

Reference Electrode Ag/AgCl

Scan Rate 0.1 (V/S)

Switching

Epa(1) Eps(2) Epa(3) Epe(1) Epc(2) | Epe(3) | Eu2(1) E1/2(2) E1/2(3) AE; AE2 AE3

COMPOUND Potn ! (v) (V) V) V) V) (V) V) v) v) v) v) v)
Mn!t [T(2-
OMeP|P] OAc Oto 1.8 0.879 1.20 1.49 0.589 1.045 | 1.293 | 0.734 1.1225 1.3915 0.290 0.155 | 0.197
Mn! [T(2- _ _
OMeP|P| OAc 0to-1.8 -0.195 | 0446 | -0.87 | -0.335 | -0.64 | -1.23 | -0.265 | -0.543 1.05 -0.14 | -0.194 0.3¢
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Table: 4.B.

Cyclic Voltammetric Data of Mn(III)[T(4-OMeP)P]JOAc at Room temperature

Solvent Dichloromethane
Concentration : 10-3M
Supporting electrolyte : TBAP
Reference Electrode Ag/AgCl
Scan Rate 0.1 (V/S)
Switching
Epa(1) Epa(2) E;.(3) Epc(1) Epc(2) Epc(3) E1/2(1) E1/2(2) E1/2(3) AE1 AE2 AE3
COMPOUND Pot(t:,n)tial s s ) ) ) ) W v) v) v) v) v)
o [T(4-OMe)PP] 0to 1.8 . 1.299 | 1.615 | 0420 | 1.092 | 1.291 . 1.1955 | 1.453 . 0.207 | 0.324
o [T(4-OMe)PP] | 4518 lo0.171 |0.463 |1.017 |o.497 |o7as |1327 |o.3ss |o6oss |-1.172 | -0.326 | -0.285 | -0.31

z8



Table: 4.C.

Cyclic Voltammetric Data of Mn(III) TNPJOAc at Room temperature
Solvent : Dichloromethane

Concentration : 103M

Supporting electrolyte : TBAP

Reference Electrode : Ag/AgCl

Scan Rate : 0.1 (V/S)
Switching
COMPOUND | Potential | Er(l) | Em(2) | Em(3) | Ep(l) | Epe(2) | Epe(3) | Ev2(l) | E1af2) | Ev23) | AE: AE, AEs
V) W) W) V) V) v) V) W) V) v V) V) W)
Mnil! [TNP] OAc Oto 1.8 0.585 1.010 1.525 0.469 0.912 1.291 0.527 0.961 1.408 0.116 0.098 0.234
Mn!l [TNP] OAc O to-1.8 -0.245 | -0.535 | -0.942 | -0.455 | -0.641 | -1.288 | -0.35 -0.588 | -1.115 | -0.21 -0.105 | -0.346
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Figure: 4.2.2.a. Cyclic Voltammogram of Mn(III)[T(4-OMeP)PJOAc in CH2Cl: containing 0.1M
TBAP at Room Temperature.

S8



98

08 IJALl,LLLLlllllllllllllj;];L];pl;llllllllllll

0.6 -
0.4 -
0.2

0-
021
041
06
08 ] -
1.0- -

12 :

1‘1_1'le'||

Current / 1e-4A

-1.4 T1TT IIII‘III‘1"'I"j"“"r'"“'TTT11‘rrI R

2.0 1.6 1.2 0.8 04 0 -04 08 -12 -16 -20

Potential / V

Figure: 4.2.2.b. Cyclic Voltammogram of Mn(III)[T(4-OMeP)P]JOAc in CH2Cl: containing 0.1M
TBAP at Room Temperature.



L8

Current / 1e-5A

LI LR B B B N B

IITI1II

-4‘.0|le|FT1]lll|ﬁlﬁTﬁll[1|ﬁ]rlﬁllrl[lll

1.8 1.6 1.4 1.2 1.0 0.8 0.6 04 0.2

Potential / V

Figure: 4.2.3.a. Cyclic Voltammogram of Mn(III)[TNP]JOAc in CH2Cl; containing 0.1M TBAP
at Room Temperature.



88

Current / le-5A

'10 LN B R A S S B HL A S B NN ML RN D AN B S B NN N S S N AR SN A SN S B M SN BN S

0 -02 -04 -06 08 -10 12 14 16 -18

Potential / V

Figure: 4.2.3.b. Cyclic Voltammogram of Mn(III)[TNP]JOAc in CH-Cl: containing 0.1M TBAP
At Room Temperature



REFERENCES:

1. J. A. Shelnutt, X. - Z. Song, J. - G. Ma, S, - L. Jia,
W. Jentzen and C.J. Medforth, Chem. Soc. Rev. 27,

31(1998).

2. N. Carmieri, A. Harriman and G. Porter, J. Chem. Soc.

Dalton, trans, 931 (1982).

3. G.F. - Suetta, D. Vitturi, [.B. — Haberle, 1. Fridovich,
S. Goldstein, G. Czapski and R. Radi, J. Biol. Chem.,

278, 30, 27432 - 27438 (2003).

4. C.- H.Chang, S,- H. Cheng and Y.O. Su, J. Chin.

Chem. Soc. 46, 221- 227(1999).

S. F.- C. Chen, S.- H. Cheng, C.-H. Yu, M.~ H. Liu and

Y.O. Su, J. Electroanal. Chem., 474, 52 — 59(1999).

89



C.—- H. Yu, Y,0. Su, J. Electroanal. Chem., 368, 323

(1994).

K.M. Bhargigia, L. Chantranupong, K.M. Smith and J.

Fajer, J. Am. Chem. Soc., 110, 7566 (1988).

M. Ravikanth and T.K. Chandrashekar, Structure and

bonding, 82,105 (1995).

90



CHAPTER -5

AXIAL LIGAND
EFFECTS
ON THE UV-VISIBLE
SPECTRA AND
CYCLIC
VOLTAMMETRIC
STUDIES OF
Zn(II)[T(4-OMeP)P]
and

Zn(II)[T(naphthyl)P]



S.1.

CHAPTER - 5

INTRODUCTION:

Zn(Il)porphyrins are most extensively
studied porphyrins. Zn(II) porphyrins belong to regular
porphyrins which contains closed shell metal atoms
(d° or d9)1, The dn(dxs,dyz) orbitals of Zn(Ill) are
relatively low in energy. These orbitals do not have
significant effect on the energy levels of the porphyrin
ligand orbitals (i.e., i, m")2. Early studies of Mg, Cu,
Zn, Cd and Hg complexes of TPP with pyridine (axial
ligand) have shown red shifted visible spectra 3-7. Such
studies are still open for theoretical and structural
studies2. It is well established that the out of plane
Zn(ll) ion can coordinate with only one axial ligand.
Solvent and axial ligand effect on the visible spectra
and redox potentials of Zinc porphyrins are well
documented in the literature® - 10, For comparative
studies we have undertaken Zn(II)[T(4-OMeP)P] and

Zn(Il)[T(naphthyl)P]. Besides, their interactions with
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5.2.

5.2.1.

5.2.1

Diethylamine and Triethylamine and their UV-Visible
spectra in neutral solvent, CH2Clz are not well

documented.

Not much Cyclic Voltammetric data are available
for Zn(I)[T(naphthyl)P].  Therefore, its cyclic

voltammetric study is done for comparative study.

UV - VISIBLE STUDIES:

RESULT:

Results are summarised in the Table: 5. A.

(i) Zn(II)[T(4-OMeP)P):

Addition of 0.1 ml of diethyl amine exhibit red
shifts (Figure: 5.2.1.(i).a). The B - band (Soret band)
shifts from 423 nm to 432 nm and the Q - bands at
549 nm shifts to 580 nm while the band at 590 nm

shifts to 608 nm. A shoulder at 473 nm disappears
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while a new band develops at 632 nm. The intensity of
the new band at 632 nm increases while the intensity
of the band at 608 nm decreases and disappears on
further additions of diethylamine. Similar patterns are

observed with triethylamine (Figure: 5.2.1.(i).b).

5.2.1. (ii). Zn(II)[T(naphthyl)P}:

5.3.

Addition of 0.1 ml diethylamine shifts the Soret
band from 424 nm to 434 nm, and Q - bands from
548nm to 563 nm and 601 nm to 602 nm respectively.
A new band develops at 638nm (Figure: 5.2.1.(ii).a).
The intensity of the new band at 638nm increases with
subsequent addition of amine. Similar pattern is

observed with triethylamine (Figure: 5.2.1.(ii).b).

DISCUSSION:

The spectra of Zinc porphyrins exhibit a
considerable red shifts in the absorption bands on
axial ligation with amines. This is due to flow of charge

from the axial ligand to the porphyrin ring through the

23



Zinc ion 11-15, This essentially destabilizes the
HOMOs (aiu & azu) of the porphyin. Since aiy orbital
has nodes at nitrogen atoms, the perturbation is felt
mainly by the azy orbital raising its energy level,
thereby decreases the energy gap. This causes the red

shifts.

5.4. CYCLIC VOLTAMMETRIC STUDIES:
5.4.1. RESULTS:

Results are summarized in the Table: 5.B.

5.4.1 (i) Zn(II)[T(4-OMeP)P]:
The voltammogram consists of two redox couples
with E y values 0.624 V and 0.995 V (Figure: 5.4.1.i).
The redox couples disappear on addition of amines

and the voltammogram could not be resolved.
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5.4.1. (ii). Zna(II)[T(naphthyl)P]:

5'4'2.

The voltammogram exhibits two clear redox
couples with their E 3 values 0.6975 V and 0.951 V
(Figure: 5.4.1.i1). The voltammogram could not be

resolved in the presence of amine.

DISCUSSION:

For both Zinc porphyrins two reversible redox
couples are observed (although their AE values are
large). The oxidation potentials are lower than that of
Zn(Il)TPP (Table: 5.B).This is due to substituents
which are electron rich and electron donating in
nature. In addition to this the conformations of the
two Zinc porphyrins are expected to be more distorted
than ZnTPP. As a result the distorted porphyrins are
easier to oxidize. Thus the oxidation potentials are

lower than that of Zn(II)TPP1S,
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5.5. CONCLUSION:

From the UV- Visible studies and cyclic
voltammetric studies the following observations are

put forward:

(i) Charge flows from the axial ligand through the
Zinc ion to the porphyrin ligand!i-15, This
perturbs the aou orbital raises its energy level
resulting in the red shifts of absorption bands in

the spectrum.

(i) Axial ligand exert some effects on the
Conformational changes such as ruffled or
saddled form. This in turn makes the oxidation
of the porphyrin easier, thus lowering the

oxidation potentials.
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TABLE: 5.A. UV-Vis Absorption Spectral Data Of Zn(II)Porphyrins At Room Temperature

Solvent Dichloromethane
Concentration 105 M
ABSORPTION BANDS (nm)
VOL. OF AMINE
COMPOUNDS AMINE USED ADDED (mL)
B Q
(4] 423 473 549 590 -
Zn"[T(4-OMeP)P] Diethylamine 0.1 432 - 580 608 632
Triethylamine 0.1 430 - 562 604 632
o 424 - 548 601 -
Zn"[T{naphthyl)P] Diethylamine 0.1 434 - 563 602 638
Triethylamine 0.1 434 - 563 602 638
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TABLE: 5.B. Cyclic Voltammetric Data of Zn(II)Porphyrins at Room Temperature.
Solvent Dichloromethane
Concentration 103 M
Supporting Electrolyte: TBAP
Reference Electrode Ag/AgCl
Scan Rate 0.1 (V/S)
1 2 1 2 E1/2(1 E1/2(2 AE AE2
COMPOUND Epa(1) | Epa(2) | Epc(l) | Epce(2) 1/2(1) 1/2(2) 1 REFERENCE
V) V) V) V) V) V) 4] v)
Zn"TPP 0.71 1.03 16
Zn! [T(4-OMeP)P] 0.785 1.150 | 0.463 | 0.840 | 0.624 0.995 | 0.322 | 0.310
Zn" [T(naphthyl)P] 0.745 | 0.998 | 0.650 | 0.904 | 0.6975 | 0.951 | 0.095 | 0.094
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CHAPTER -6

AXIAL LIGAND
EFFECTS
ON THE
UV-VISIBLE SPECTRA
AND
REDOX TUNING
OF
Cu(II)[T(4-OMeP)P]
and
Cu(II)[T(naphthyl)P]



CHAPTER - 6

6.1. INTRODUCTION:

Copper porphyrins belong to d? complexes!.
They are four coordinated system and prefer a planar
geometry. They have very poor tendency to accept axial
ligand2. Copper porphyrins are also extensively
studied compounds. However, we carried out these
works for comparative studies and the necessity of
obtaining the electrochemical data (redox potentials) of
Cu(ll)[T(naphthyl)P]. Interestingly, Chmielewski et.al S
have observed Cull/Cul! and also Cull/Cul couples in

Copper (II) complexes of inverted porphyrins.
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6.2. RESULTS:

6.2.1. UV - VISIBLE STUDIES:

Results are summarized in the Table: 6.A.

No change in the UV - Visible spectra are
observed with amines except dilution effect. (Figure:

6.2.1.a).

6.2.2. CYCLIC VOLTAMMETRIC STUDIES:

Results are summarized in the Table: 6.B.

6.2.2.(i). Cu(lI)[T(4-OMeP)PJ:

The voltammogram consists of two redox couples

with E,, values 0.8645 V and 1.2665 V. The
voltammogram exhibits two successive one — electron

oxidation of the porphyrin ligand (Figure: 6.2.2.1)

108



6.2.2.(ii) Cu(II)[T(naphthyl)P]:

The voltammogram presents two redox couples
for two successive one - electron oxidation of the
porphyrin ligand (Figure: 6.2.2.ii). The E values are

0.8485 V and 1.248 V.

6.3. DISCUSSION:

The first oxidation potentials of Cu(ll)[T(4-
OMeP)P] and Cu(ll)[T(naphthyl)P] are slightly lower
than the first oxidation of CuTPP 34. This is most
likely due to substituents which are electron donating

in nature and also due to distorted conformations.
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6.4.

CONCLUSION:

From the UV - Visible and Cyclic Voltammetric

studies following observations are made:

(i)

(i1)

Addition of amine does not affect the UV -
Visible spectra indicating no axial ligation (as

expected).

Oxidation potentials are lower than that of
CuTPP which is due to electron donating
substituents and due to distorted

conformations.
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TABLE 6.A: UV-Vis Absorption Spectral Data Of Copper Porphyrins At Room Temperature.

SOLVENT : Dichloromethane.
CONCENTRATION : 105 M.
ABSORPTION BANDS (nm)
VOL. OF AMINE
COMPOUNDS AMINE USED ADDED (mL
B Q

o 419 541 541
Cul’[T(4-OMeP)P] Diethylamine 0.1 419 541 541
Triethylamine 0.1 419 541 541
o 420 540 540
Cul'[T(naphthyl)P] Diethylamine 0.1 420 540 540
Triethylamine 0.1 420 540 540

T11
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TABLE: 6.B. Cyclic Voltammetric Data of Copper Porphyrins at Room Temperature.
Solvent Dichloromethane
Concentration 1032 M
Supporting Electrolyte: TBAP
Reference Electrode Ag/AgCl
Scan Rate 0.1 (V/S)
1) | Epa(2) | Epe(l) | Epc(2) | Ex/2(1) | E1/2(2) | AE: AE2 REFERENCE
COMPOUND Expa
(V) (V) V) V) (V) V) V) V)
CullTPP 0.90 1.16 4
Cul [T(4-OMeP)P] 1.076 | 1.476 | 0.653 | 1.057 | 0.8645 | 1.2665 | 0.423 | 0.419
Cu® [T(naphthyl)P} 0.988 | 1.418 | 0.709 | 1.078 | 0.8485 | 1.248 | 0.279 | 0.340
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SUMMARY



SUMMARY

This thesis entitled “EFFECTS OF AXIAL
LIGANDS ON THE REDOX PROPERTIES OF SOME
METALLOPORPHYRINS” discussed the information and
results of investigations on the physico — chemical studies of
some Metalloporphyrins. It consists of six chapters. We
restrict our investigations mainly to UV - Visible absorption
spectroscopy and Cyclic Voltammetric studies of some
transition metal porphyrins like Manganese, Zinc and

Copper porphyrins.

In the Introduction, natural occurrence of some
metalloporphyrins and their biological functions are briefly
mentioned. Also, the importance of UV - Visible spectroscopy
and cyclic voltammetry in understanding the redox
behaviour of metalloporphyrins is highlighted in the

Introduction.
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A Brief Review on the theory behind UV - Visible
and Cyclic Voltammetric studies on the Effects of Axial
Ligands in some Metalloporphyrins (emphasis is given to
Manganese porphyrins) is presented in Chapter 1. This
review provides us the background information to pursue
our research investigation in the right direction and to give a
proper perspective for the results of the investigations

presented in subsequent chapters.

Chapter 2 describes the details of the
experimental procedures adopted for purification of solvents
and chemicals, synthesis, purification and characterization
of samples used during the course of our investigation.
Besides this, brief description of physical measurements is

also presented.

The Effects of Axial ligands on the UV - Visible
spectra of some manganese porphyins are discussed in
Chapter 3. In general, all three Manganese porphyins

chosen to study, viz., Mn(IIT){T(2-OMeP)P]OAc,
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Mn(II)[T(Naphthyl)P]JOAc and Mn(I1I)[T(4-OMeP)P]OAc,
exhibit similar spectral pattern. A UV - Visible absorption
spectrum of a manganese porphyrin consists of one B — band
or Soret band (Band V) in the range 440 - 480 nm and two
Q - bands (Band Il and Band IV) in the range 500 - 650 nm.
Additional bands (Band Va and Band VI) are also observed in
the range 350 - 420 nm. Nitrogenous bases like
Diethylamine, Triethylamine and Imidazole are used as axial
ligands. It is found out that on initial addition of amine to
the three Manganese porphyrins the Soret band suffers a
Blue shift. This is attributed to the replacement of the axial
ligand OAc- by amine molecule which comes as a fifth ligand.
On continuous addition of amine to the reaction mixture the
intensity of the original Soret band diminishes and a new
Soret band appears at a shorter wavelength. This could be

due to two possibilities:

(i) the coordination of another amine molecule as the
sixth ligand, with the oxidation state of Mn remaining

Mn(I1I).
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(ii) The second possibility is the reduction of Mn(Ill) to
Mn(ll) with amine molecules coordinating as the fifth

and sixth ligands.

In our studies, the first possibility is more probable.
The details of this are presented in Scheme 3.1 and 3.2 in

Chapter 3.

In our discussion, we also incorporate the
conformations of metalloporphyrin which are affected by
axial ligand - metalloporphyrin interactions. This effect
brings about a change in the energy levels of the porphyrin
when the axial ligand binds with the central metal atom
which appears as shift in the position of absorption bands in

the UV - Visible spectrum.

Chapter 4 describes the Cyclic Voltammetric
studies of the three Manganese porphyrins i.e., Mn(III)[T(2-
OMeP)P] OAc, Mn(II)[T(4-OMeP)P]OAc and
Mn(III){T(naphthyl)P]JOAc. All these three exhibit
voltammograms of similar pattern. The positive scan

voltammogram consists of three redox couples. This is
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attributed to the oxidation of Mn(Ill) to Mn(IV) and the first
and second porphyrin ligand oxidations. Similarly, the
negative scan gives a voltammogram which consists of three
redox couples. This may be due to the reduction of Mn(IIl) to
Mn(Il) and the first and second porphyrin ligand reductions.
It has been observed that out of the three Manganese
porphyrins, redox potential of the first ligand oxidation is
lowest in the case of Mn(III)[T(naphthyl)P]JOAc. This is
because non-planar porphyrins are easier to oxidize due to
the interaction of d-orbitals of the metal atom with the
porphyrin ligand orbitals (a1u/azu) and
Mn(III)[T(naphthyl)P]JOAc, being more distorted due to steric
hindrance, gets oxidized at a lower potential. Thus structural
effect on the redox potentials is reflected in the
voltammograms which also supplements the results

observed in Chapter 3.

Chapter 5 discusses the Axial Ligand Effects On

The UV-Visible Spectra and the Cyclic Voltammetric studies

of  Zinc(Il)porphyrins  viz., Zn(l1)[T(4-OMeP)P] and
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Zn(ll)[T(naphthyl)P]. Zn(ll) porphyrins belong to regular
porphyrins which contain closed shell metal toms (d° or d19).
On axial ligation with amine the absorption bands in the UV
- Visible spectrum of these Zinc porphyrins experience a
Bathochromic shift (Red shift). This is due to the flow of
charge from the axial ligand to the porphyin ring through the

Zinc ion.

The results of the Cyclic Voltammetric studies of
these Zn(Il)porphyrins are also presented in this chapter.
Two reversible redox couples are observed although their AE
values are quite large. We also observed that the oxidation
potentials of these Zinc porphyrins studied are lower than
that of Zn(l)TPP. We attribute this to the presence of
electron donating substituents which makes oxidation

easier.

Chapter 6 deals with the Axial Ligand Effects On The

UV-Visible Spectra and the Redox Tuning of Copper (1)

porphyrins viz., Cu(Il}{T(4-OMeP)P] and Cu(ll)[T(naphthyl)P].
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Copper porphyrins belong to d° complexes. Addition of amine
does not affect the UV - Visible spectra of Copper
porphyrins which indicate that they do not accept axial
ligands readily. In the Cyclic Voltammetric studies, the
Voltammogram consists of two redox couples whose
potentials are lower than that of CuTPP. This is attributed to

the presence of electron donating substituents.
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