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Zinc(Il) complexes of substituted tetraphenylporphyrins,
Zn[T(X-P)P], where X = H, p-F, p-Cl, m-Cl, p-CH30, and m-
CH30, have been synthesized and characterized. Peripheral
substitution shows marked changes in the chemical shifts of
the phenyl proton resonances and E;,, values of the redox
couples in the anodic region while the UV/Vis spectra are
unaffected. The monocation radicals of these complexes are
generated by chemical oxidation with bromine. The ESR
spectra reveal the formation of two types of radical species,
Zn[T(X-P)P]*Br~ (species I) and Zn[T(X-P)(Br,~P)]*Br (spe-
cies II): Species I at 298 K shows a spectrum, with well-re-
solved bromine hyperfine features, characteristic of a 2A,,
electronic ground state while species II, except for the com-
plex with X = m-CH30, shows a featureless, isotropic reson-

ance attributable to a 2A;, state. Zn[T(m-CH3;O-P)(Br,~
P)]*Br-, on the other hand, exhibits nine resolved nitrogen
hyperfine features corresponding to a 2A,, state. Variable
temperature ESR spectra (77-298 K) indicate reduction in the
bromine and nitrogen hyperfine coupling constants and an
increase in the g value of species I from 2.0049 to 2.0060 with
lowering temperature and suggest a labile electronic ground
state for species I. The p-CH3O substituted complex exhibits
an electronic transformation from 2A,, to 2A;, while the re-
maining complexes, including m-CH3O, show a transforma-
tion from 2A,, to an admixed 2A,,/%A,, state. The effect of
substitution on the variable temperature ESR spectra are dis-
cussed.

Introduction

Porphyrin m-cation radicals play a crucial role in the
mechanisms of various biocatalytic reactions, including
oxygen activation by heme proteins,!'* and in the electron-
transfer processes at the photosynthetic reaction
centre.['%!1] Based on the electronic ground state, the n-cat-
ion radicals have been categorised into those possessing a
2A, or a 2A,, ground state.’! The two highest occupied
molecular orbitals of metalloporphyrins (a;, and a,,) are
nearly degenerate and their relative energies are dictated by
many factors, including the nature and position of the por-
phyrin peripheral substitution, the central metal ion, the
identity and disposition of the axial ligand, environment,
temperature and symmetry of the molecule.'>!81 Com-
pound T of catalase and chloroperoxidase enzymes belong
to the former category of radicals.[”! The electronic ground
state of compound I of horseradish peroxidase enzyme is
still to be conclusively determined. ENDOR and magnetic
circular dichroism studies have indicated a 2A,, ground
state for HRP-11"%-2% while more recent NMR[?!2?I and Res-
onance Raman (RR)?324 studies show a ?A,, state. A cor-
relation between the electronic structure and functionality
is interesting, but so far not conclusive and therefore needs
further work.™

Generally, among the synthetic metalloporphyrins, the
cation radicals of the octaethylporphyrins M {OEP} *“pos-
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sess a 2A;, ground state while those of the tetraphenylpor-
phyrins M{TPP} "*Ppossess a 2A,, state (M = Zn>" and
Mg?™).119.25.26] However, it was found that Co{OEP} *“and
Ru{OEP} *Phave a ?A,, ground state with Br~ as the coun-
ter ion and 2A,, with ClO; as the counter ion.?'-*’1 The
electron density is greater at the meso carbon atoms in the
case of the ?A,, configuration, and hence electron-with-
drawing substituents on the tetraphenyl groups of
M {TPP} *Faffect the energetics of a,, while a;, is unaltered.
On the other hand, for radicals with a 2A;, electronic
ground state, the electron density is greater at the p carbon
atoms of the pyrrole ring while the meso carbons lie in the
nodal plane, and hence substitution on the pyrrole ring al-
ters the position of the a;, level while a,, is hardly affected.
Therefore, by a rational substitution it is possible, in prin-
ciple, to design a molecule with a desired property.

Gross and co-workers have reported an admixed ground
state for zinc complexes of halogen-substituted tetra-
phenylporphyrin cation radicals.?®?°! The quantum admix-
ture of A, and ?A,, states was also reported by Kalsbeck
et al.3% for Zn[T(Cl,—P)P]*"and Mg{T(Cl,—P)P]* radicals
where T(Cl,-P)P = tetrakis(o-dichlorophenyl)porphyrin.
Theoretical studies on the m-cation radicals of metallopor-
phyrins have shown that electron-withdrawing substituents
in the meso position lead to a A, ground state while elec-
tron-donating substituents result in a 2A,, state.?! Density
functional calculations have revealed that electron-with-
drawing substituents in the meta and para positions should
exert significantly stronger electronic effects than with ortho
substitution.®?! Our recent studies using variable temper-
ature ESR spectroscopy indicated, for the first time, a labile
electronic ground state for Zn[T(H-P)P]"Br- with a %A,,
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Figure 1. UV/Visible spectra for Zn[T(m-CH3;0-P)P] in CH,Cl,: (a) neutral species, (b) cation radical, (c¢) cation radical + pyrazine, and
(d) neutral species + pyrazine; (i) spectrum for 10 times lower concentration and (ii) for higher concentrations; optical density is in units

of molldm

ground state at 298 K changing to a 2A,, state at 77 K.3
In the course of understanding the factors influencing the
electronic structure and structure-reactivity correlations, we
here report the effect of peripheral substitution (X) on the
ESR spectral properties and ground state configuration of
Zn[T(X-P)P]*Br~ radical cations generated by chemical
oxidation with bromine. Two types of radical species viz.,
Zn[T(X-P)P]"Br~ (I) and Zn[T(X-P)(Br,~P)]*Y n = 8 or
4 (IT and I, respectively) are observed on oxidation with
bromine. Irrespective of the nature of the peripheral substi-
tution (X = p-CH;0, p-Cl, p-F, m-CH;0, m-Cl), species I
showed a labile electronic ground state (A,, at 298 K and
2A |, or admixed %A /?A,, at 77 K). Species II, however, is
2A |, throughout the temperature range 77-298 K, although
species II’ exhibits ground state lability similar to that of
species I. The changes in the electronic structure are pro-
posed to be associated with the changes in the conforma-
tional geometry of the porphyrin skeleton. It is to be noted
that the notations ?A;, and ?A,, assume D, symmetry for
the porphyrin cores. These notations are used here only for
simplicity as the porphyrin cores of the molecules studied
in this work have a symmetry lower than Dyj,.

Results and Discussion

A typical UV/Vis spectrum for Zn[T(m-CH;0-P)P] is
shown in Figure 1 a. Substituents have little effect and
showed similar UV/Vis spectra for all the complexes. In
strong donor solvents and in the presence of nitrogenous
ligands, such as pyridine, imidazole and pyrazine (Figure 1
d), the Soret and Q-bands are red shifted indicating a
change in molecular conformation, probably due to solva-
tion and axial ligand coordination. The cation radicals of
Zn[T(X-P)P], generated by chemical oxidation with brom-
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ine, showed a blue-shift and reduced intensity for the Soret
band and broad, diffused, overlapping Q-bands in the re-
gion 500-700 nm (Figure 1 b). These spectral features are
characteristic of a A, ground state of the porphyrin cation
radical.>21 Upon adding nitrogenous ligands to the rad-
ical solution, a spectrum typical of the neutral species was
observed, indicating the instability of cation radicals in the
presence of coordinating ligands (Figure 1 c¢). This agrees
well with the RR results on some iron tetraphenylporphyrin
cation radicals.[?¥

The effect of substitution is clearly manifested on the
chemical shifts of the phenyl proton resonances; the signals
due to the B-protons are unaffected. These resonances were
shifted up-field due to the substitution. This shift, with para
substitution, was marginal for the ortho protons and varies
in the sequence H < F < Cl < OCHj; while it was signific-
ant for the meta protons where it varies in the order H <
Cl < F < OCHs. Similar trends were also observed with
meta substitution. The 'H-NMR spectroscopic data for all
the complexes are listed in Table 1. The trends described for
the chemical shifts are completely in line with what is ex-
pected for phenyl protons and simply show that there is
practically no conjugation between the porphyrin and the
phenyl groups, as they are probably perpendicular to one
other.

Cyclic voltammograms (CVs) of the complexes showed
two quasi-reversible redox couples in the range 0 to +2.0
V, corresponding to Zn[T(X-P)P]*7Zn[T(X-P)P] and
Zn[T(X-P)P*"/Zn[T(X-P)P]" T respectively. Representative
CV and differential pulse voltammograms (DPV) for
Zn[T(m-CH;0-P)P] are shown in Figure 2 and the electro-
chemical data are provided in Table 2. Ferrocene was used
as the reference. The E;/, values vary with the substituents
in the order F > Cl > H > OCHj;. Electron donating
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Table 1. '"H NMR spectroscopic data for Zinc(II) complexes of substituted tetraphenylporphyrins Zn[T(X-P)P] in CDCl;

X

Pyrrole

m- p-

H
p-OCH;
m-OCHj3;
p-Cl

p-F

8.95
8.85
8.97
8.93
8.93

m-Cl 8.95

.07(0OCHs)
.66, 7.62, 7.59, 3.95(0CH;)

| b

65 8.12.8.09
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Figure 2. (a) CV (b) DPV of Zn[T(m-CH;0-P)P] in CH,Cl;
working electrode: glassy carbon; reference electrode: Ag/AgCl;
auxiliary electrode: Pt wire; supporting electrolyte: tetrabutylam-
monium hexafluorophosphate; scan rate: 100 mV/s; the first couple
at E;» = 0.51 V corresponds to the redox couple of ferrocene used
as an internal reference

Table 2. Electrochemical data for 0.1 m Zn[T(X-P)P] in CH,Cl,

Compex Elp E3p
Zn[T(p-F-P)P] 0.95 1.42
Zn[T(m-CI-P)P] 0.95 1.26
Zn[T(p-CI-P)P] 0.93 12

Zn[T(H-P)P] 0.89 1.35
Zn[T(m-OCH;-P)P] 0.84 117
Zn[T(p-OCH; P)P] 0.82 1.23
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CH;0 substitution means that the oxidation is easier than
with the electron-withdrawing halogen groups. The E;, of
the meta-substituted porphyrins is larger than that of the
para-substituted porphyrins. The E;, for couple II,
Zn[T(X-P)P]>*/Zn[T(X-P)P]*"is more affected by the sub-
stitution than couple I, Zn[T(X-P)P]"#Zn[T(X-P)P]. The
trends in E,/, are as expected, as are the chemical shifts.

The ESR spectra of the cation radicals, in general, consist
of four equally spaced resolved hyperfine (h.f.) features. The
intensity of the third h.f. feature is greater than expected.
Spectral simulations indicate the presence of two types of
paramagnetic radical species; species I showing the charac-
teristic four line h.f. pattern due to interaction of electron
spin (S = !/,) with the nuclear spin (/) of 3/, and species II
exhibiting an isotropic resonance. For species I, the coup-
ling is due to coordinated bromide ion.[*3 The intensity of
the signal due to species II increased with excess bromine.
Species I could be attributed to Zn[T(X-P)P]*Br~ and II
to brominated cation radicals, Zn[T(X-P)(Br,~P)]*Br .
Depending on the type of substitution (X) and its location
(paralmeta) the value of “a” can be 8 or 4.139 Figure 3
shows a schematic representation of various oxidation
products and their nomenclature. Two types of tetrabromo-
tetraphenylporphyrin cation radicals (species II’) are pos-
sible, as shown in Figure 3 , one with one bromine substitu-
ent per pyrrole ring and the others with two bromine sub-
stituents on the two opposing pyrrole rings. 'H-NMR spec-
troscopic studies by Crossley et al. favour the formation of
the latter species with two bromine substituents on the two
opposing pyrrole rings in the reaction of metal-free tetra-
phenylporphyrin with N-bromosuccinimide.?”!

The UV/Visible spectrum and the resolved h.f. coupling
features of species I at ambient temperatures are character-
istic of a %A, electronic ground state while the featureless
isotropic signal for species II is characteristic of a A, state.
Upon sudden lowering of the temperature to 77 K, the h.f.
features disappeared and, instead, only two overlapping iso-
tropic resonances for species I and II or II’ were visible.
Representative spectra for the cation radicals of Zn[T(p-
CH;0-P)P] and Zn[T(m-CH;0-P)P] at 298 and 77 K along
with the simulated results are shown in Figure 4 and Fig-
ure 5 , respectively.

The spin Hamiltonian parameters for all the radicals are
listed in Table 3. Except for Zn[T(m-CH3;0-P)P], the peak-
to-peak linewidth (AH) increased from 5.5 to 8.0 G for spe-
cies II while it decreased from 8.9 to 8.0 G for species I
with lowering of the temperature. The g value increased
from 2.0048 to 2.0057 and Ag, increased from 7.61 to 8.30
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Figure 3. Schematic representation of various oxidation products of Zn[T(X-P)P]
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Figure 4. Experimental and simulated ESR spectra of Zn[T(p-CH;0-P)P] in CH,Cl, at 298 and 77 K; receiver gain = 5.02[10%, modula-
tion amplitude = 0.6 G, power = 2 mW, time constant = 81.92 ms, v = 9.76 GHz (for 298 K) 9.46 GHz (for 77 K) and resolution in

X = 1024

G with the increasing electron-withdrawing capacity of the
substituent. The location of the substituent (para or meta)
has a considerable effect on the Ap, value. This value in-
creased from 7.61 to 8.20 for CH;O substitution and de-
creased from 8.30 to 8.10 G for chloro substitution. The
disappearance of the bromine h.f. coupling features at 77 K
is attributed to a change in the electronic ground state from
2A,, to ?A,, for species I. A systematic variation of temper-
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ature in the range 298 K to 77 K, discussed below, for the
cation radicals of Zn[T(p-CH3;0-P)P] and Zn[T(m-CH;0-
P)P], provides a deeper insight into the transition behavi-
our.

Figure 6 shows the variable temperature ESR spectra for
the cation radicals of Zn[T(p-CH;0-P)P] and Zn[T(m-
CH;0-P)P]. Bromine h.f. coupling constant (Ag,) for spe-
cies I decreased gradually as the temperature was lowered

Eur. J. Inorg. Chem. 2000, 447—454
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Figure 5. Experimental and simulated ESR spectra of Zn[T(m-CH3;0-P)P] in CH,Cl, at 298 and 77 K; receiver gain = 5.02[10°, modula-
tion amplitude = 0.6 G, power = 2 mW, time constant = 81.92 ms, v = 9.76 GHz (for 298 K) 9.46 GHz (for 77 K) and resolution in

X = 1024

Table 3. Simulated EPR data for monocation radicals of Zinc(II)
substituted tetraphenylporphyrins, Zn[T(X-P)P]*Y in CHCl;

X Temp. Species I Species 11

[K] [e] A(Br) [G] AH[G] [g] AH [G]
p-CH;0 298 2.0048 7.61 8.5 2.0028 5.5

77 2.0075 - 8.0 2.0029 8.0
H 298 2.0050 8.15 8.8 2.0028 5.5

77 2.0078 — 8.0 2.0019 8.0
p-F 298 2.0052 8.20 8.8 2.0030 5.5

77 2.0080 — 8.0 2.0033 8.0
p-Cl 298 2.0055 8.30 8.9 2.0032 5.5

77 2.0074 - 8.2 2.0037 8.1
m-CH;0 298 2.0052 8.20 8.6 2.0030 1.50

77 2.0080 - 6.0 2.0033 6.0
m-Cl 298 2.0057 8.10 8.25 2.0035 5.5

77 2.0076 — 8.4 2.0039 7.4

from 298 to 190 K, in steps of 10 K and from then onwards
showed a featureless isotropic resonance.

However, distinct changes were observed for species II
with the p-CH;0 and m-CH;0 substituted complexes. The
former, like the rest of the complexes, showed a featureless
isotropic resonance throughout the temperature range, the
latter complex with m-CH;O substitution, on the other
hand, showed nine well-resolved hyperfine features (AH =
1.70 G) due to interaction of the electron spin with the nuc-
lear spin of four equivalent nitrogen atoms (/ = 1). The
spectral behaviour and the Ay value (1.56 G) are consistent
with those of TPP radicals with ClOj as the counterion.[?f]
Theoretical calculations for the 2A,, ground state revealed
a larger electron density at the pyrrole nitrogen and meso
carbon atoms and negligible electron density at the § pyr-
role position. For the 2A;, ground state the pyrrole nitro-
gens and the meso carbons are in the nodal plane and the
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electron density is greater at the B-pyrrole position. Hence,
a resolved, hyperfine-rich spectrum is observed for the cat-
ion radical with a 2A,, ground state while a featureless iso-
tropic signal is observed for the A, ground state. Variable
temperature ESR results in the present study therefore in-
dicate a 2A,, electronic ground state for species II’ with m-
CH;O substitution and %A, for the rest of the complexes.
As the temperature is lowered the h.f. resolution is lost. Fig-
ure 7 shows the variation of Ap, and AH/Ag, with temper-

ature for Zn[T(m-CH;0-P)P] cation radicals.
The former radical shows an abrupt change around

180 K while for the latter the bromine hyperfine coupling is
reduced gradually up to 77 K. The rate of cooling has an
effect on the nature of the spectrum. Sudden cooling to
77 K gives an overlapping two line spectrum for p-CH;O
substitution (Figure 5 ) whereas slow cooling shows a single
resonance. However, such a behaviour is not observed for
the complexes with X = m-CH30 and H. These observa-
tions clearly indicate that the cation radical of Zn[T(p-
CH;0-P)P] (species I) undergoes an electronic transition
from 2A,, to 2A,, at 180 K while the rest of the complexes
exhibit a transition from 2A,, to an admixed 2A,/>A,,
state as the temperature is lowered. The reduction in the
bromine hyperfine coupling constant at lower temperatures
indicates a change in the degree of binding of the bromine
ion in the Zn[T(X-P)P]" Br~ complex. Our earlier studies**
revealed that the Zn—Br bond is labile and the Br could be
replaced by ClOy, PFg, and BF; ions. The perchlorato an-
ion forms an axial coordination and shows a typical spec-
trum with a nine line hyperfine pattern due to interaction
with the four equivalent nitrogen atoms of the pyrrole rings.
With noncoordinating PFg and BF, ions, however, only a
single line is observed.
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Figure 6. Variable temperature ESR spectra for (a) Zn[T(p-CH3;0-P)P] and (b) Zn[T(m-CH;0-P)P] in CH,Cl, showing the effect of
substitution on the lability of the electronic ground state; species II shows resolved nitrogen hyperfine coupling for m-CH;O (b) while a
featureless signal is seen for p-CH3O (a) substituted complexes; receiver gain = 5.02[103, modulation amplitude = 1.60 G, time constant =

163.84 ms, v = 9. 46 GHz, resolution in X = 1024
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Figure 7. Variation of Ag, AH/Ag, with temperature for Zn[T(m-
CH;0-P)P]*Br-

Species II, as mentioned earlier, is attributed to a bromin-
ated species, Zn[T(X-P)(Br, —P)]*Br.[*% The difference in
the spectral features of the m-CH;0O substituted complex
(showing resolved nitrogen hyperfine coupling) from the
rest of the complexes is attributed solely to the location of
the substituent and its electronic and steric effects. During
chemical oxidation both the B-pyrrole positions can be bro-
minated resulting in species II1. However, bulkier CH30 sub-
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stitution in the meta position probably imposes a degree of
steric hindrance and thereby forms a tetrabrominated cation
radical (species II’) instead of the octabrominated species
II. The former, with an electron-donating CH3;O group in
the meta position and electron-withdrawing tetrabromo
groups in the B-pyrrole position, stabilizes the 2A,, ground
state while the rest of the substituted complexes with octa-
bromo substitution in the B-pyrrole position stabilize the
2A,, state for species II. As for all the structures of the
octabrominated tetraphenylporphyrin complexes studied so
far, species I most probably possesses an S symmetry and
displays a saddle-shaped or ruffled conformation.l*¥ Such
a nonplanar conformation probably stabilizes a %A, elec-
tronic ground state. As reported earlier,*®) the symmetry of
the tetrabrominated cation radical (species II’) is expected
to be, at least, C; with slightly distorted chair-like con-
formation and such a geometry probably stabilizes a %A,
state. With lowering of temperature, the conformational
geometries of species I and II’ change and this results in a
transition in the electronic ground state from 2A,, to 2A .
Hence, it can be concluded that the lability in the electronic
structure is associated with a change in the conformational
geometry of the TPP moiety.

Conclusions

Chemical oxidation of zinc(II) substituted tetraphenylpor-
phyrins with bromine generated two types of cation rad-
icals, Zn[T(X-P)P]"Br~ (species I) and Zn[T(X-P)(Br,—

Eur. J. Inorg. Chem. 2000, 447—454
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P)]"®Br~ (species II or II’). Species I for all the complexes
exhibits a labile electronic ground state with a p-CH30 sub-
stituted radical ion showing an electronic transition from
2A,, to 2A, while the rest of the radical ions show a trans-
ition from ?A,, to an admixed 2A;,/?A,, state. Species II
with octabromo substitution at B-pyrrole position possesses
a ?A,, state throughout the temperature range (298-77 K),
while the m-CH3;0 complex with tetrabromo substitution
(species II) exhibits a labile %A, electronic state. The labil-
ity in the electronic state is associated with changes in the
conformational geometry of the porphyrin macrocyclic
moiety. Metal complexes with labile electronic ground states
and flexible ligand geometries are potential materials for
molecular devices. By and large the present study reveals
that by incorporating an appropriate substitution into the
porphyrin macrocycle it is possible to fine-tune the elec-
tronic structure to design a desired material.

Experimental Section

Materials: Aldehydes and other chemicals (E. Merck) were used as
received. Solvents (A.R. grade) were purified and dried before use.
Freshly distilled pyrrole (Aldrich) was used for the condensation.
Physical Measurements: Elemental (C,H,N) analysis was carried
out on a Perkin—Elmer PE-2400 Series II analyzer. — FT-IR spectra
were recorded as KBr pellets on a Biorad FTS 40 spectrophoto-
meter. — Electronic spectra for solutions were measured on a HP
8452 Diode array UV/Visible spectrophotometer. — 'H-NMR
measurements were conducted on a Bruker DPX 200 MHz spectro-
meter using TMS as the internal standard. — Cyclic voltammetric
studies were conducted on BAS CV-27 and CH 660 A USA instru-
ments. Glassy carbon was used as a working electrode, Ag/AgCl as
a reference electrode, Pt wire as an auxiliary electrode and 0.1 M
tetrabutylammonium hexafluorophosphate as a supporting electro-
lyte. — ESR investigations were carried out on a Bruker EMX spec-
trometer (v = 9.75 GHz) using 100 kHz field modulation. Fre-
quency was monitored using a microwave frequency counter in-
built in the Bruker ER 041 XD-G microwave bridge. DPPH was
used a field marker (g = 2.0036). Temperature variation experi-
ments were performed using a Bruker BVT-3000 set-up and liquid
nitrogen temperature (77 K) measurements using a quartz inserting
Dewar. — ESR spectral simulations were done using a Simfonia
software package.

Synthesis: Zinc(II) tetraphenylporphyrin and its derivatives were
prepared following the procedure of Adler et al.l*] Purification of
the porphyrins was carried out by following the method of Barnett
et al.* The n-cation radicals were generated by chemical oxidation
of deoxygenated CH,Cl, solutions of metalloporphyrins with 0.5
equivalents of bromine in carbon tetrachloride.!

The complexes were characterised by various physico-chemical
techniques such as elemental analysis, UV/Visible, FT-IR, FT
NMR, and ESR spectroscopy, and electrochemistry. The analytical
data for the various complexes are as follows:

Zn|T(H-P)P]: C44H-3N4Zn: caled. C 77.95, H 4.13, N 8.27; found
C 77.20, H 3.99, N 8.00. — FT-IR: ¥ = 1486 (m, C-H bend), 1339
(s, C=N stretch), 1068 (s, p-subst. phenyl), 1002 (vs, C-H pyrrole
rock), 798 (vs, C-H out-of-plane defor.), 717 (s, mono subst. C¢Hs)
cm!. — UV/Vis: A (g), nm (cm'thol 1): 420 (545000), 512 (3700),
548 (25200), 586 (4600).
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Zn[T(p-CH30-P)P]: C4yH36N,O4Zn: caled. C 72.20, H 4.51, N
7.02; found C 69.54, H 5.33, N 6.75. — FT-IR: ¥ = 1490 (m, C-H
bend), 1338 (s, C=N stretch), 1246 (vs, p-subst. C¢Hs ), 1106 (s, p-
subst. phenyl), 996 (vs, C-H pyrrole rock), 801 (vs, C-H out-of-
plane defor.), 718 (s, mono subst. C¢Hs) cm™!. — UV/Vis: A (g), nm
(cm™ ol 1): 422 (368000), 514 (4200), 550 (22500), 590 (8100).

Zn|T(m-CH3;0-P)P] CH,Cl,: C45H33C1,N404Zn: caled. C 66.77,
H 4.34, N 6.35; found C 67.39, H 5.07, N 8.10. — UV/Vis: A (g),
nm (cm~'.mol™): 420 (397200), 512 (2700), 548 (18300), 584 (3100).
Zn|T(p-Cl-P)P]: C44H4N4ClyZn: caled. C 64.69, H 2.96, N 6.86;
found C 62.03, H 3.36, N 7.88. — FT-IR: v = 1480 (m, C-H bend),
1338 (s, C=N stretch), 1091(s, p-subst. phenyl), 1000 (vs, C—H pyr-
role rock), 799 (vs, C-H out of plane defor.), 723 (s, mono subst.
Ce¢Hs) em™'. — UV/Vis: & (g), nm (cm~'thol™'): 420 (431300). 512
(2200), 548 (16100), 586 (2800).

Zn[T(m-Cl-P)PJ: C4,H,,Cl,N,Zn: caled. C 64.69, H 2.96, N 6.86;
found C 63.29, H 3.13, N 7.08. — UV/Vis: A (g), nm (cm'[mol):
420 (349800), 512 (3100), 548 (14300), 584 (2700).

Zn[T(p-F-P)P]: CyyH,F,NyZn: caled. C 70.40, H 3.20, N 7.47,
found C 69.80, H 3.85, N 8.31. — FT-IR: ¥ = 1489 (m, C-H bend),
1337 (s, C=N stretch), 1231 (vs, p-subst. C¢Hs), 1092 (s, p-subst.
phenyl), 1003 (vs, C-H pyrrole rock), 793 (vs, C-H out of plane
defor.), 720 (s, mono subst. C¢Hs) cm!. UV/Vis: A (g), nm (cm '0]
mol): 420 (453400), 512 (4600), 548 (24000), 586 (4600).
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