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Gas-phase valence photoelectron spectra are reported for 2,3,7,8,12,13,17,18-octaethylporphyrih 40d&EPH
5,10,15,20-tetraphenylporphyrin (TPRHComparison of spectra collected with He | and He Il sources gives an
empirical assignment of the relative order of the low-enéfgyand?B,, ion states in the gas phase. For ORPH

the first ionization at 6.24 eV is assigned to fi4g, ion state, with théBy, ionization located 0.25 eV to higher
energy. The photoelectron spectrum reported here is quite different from the previously reported spectrum of
OEPH. The first ionization of TPPHis assigned to théB,, ion state, with théA, ionization 0.27 eV to higher
energy. The reversal of the ordering of the first two ionizations of OEfdl TPPH is due to the different site

of the substituents and the different nodal properties of the porphyrin orbitals.

Introduction and photoelectron spectra. Specifically, the quality of a com-
r putational method for describing a system is often judged by
the method’s ability to calculate accurate ionization enerfies,
because an ionization energy is one of the most basic physical
properties that can be measured for a molecule. Analysis of
computational results for porphyrins has been hindered by a
lack of photoelectron spectroscopic data for comparison. To this
time there are only a few reports of the gas-phase photoelectron
gpectroscopy of porphyrirf§-28 Some comparison has been
made between calculations and solid-state XPS re&ti&put

(1) Lippard, S. J.; Berg, J. MPrinciples of Bioinorganic Chemistry these are somewhat hindered by problems associated with

Porphyrins have been studied extensively due to thei
importance in biology and usefulness in other catalytic
systemg.Much attention has been given to electronic structure
calculations on porphyrids* and metalloporphyrin-17 with
particular attention in recent years given to understanding the
effect of substituents on the electron distributions and ené¥tfés
and subsequent changes in reactigiy Computational results
are often compared to spectroscopic results, such as absorptio

University Science Books: Mill Valley, CA, 1994. intermolecular interactions in the solid phase and are not as
@ ZDéJl'Eg'gé D.; Traylor, T. G.; Xie, L. Y.Acc. Chem. Resl997 30, useful for understanding reactivity as are the valence ionizations
(3) Orti, E.; Bredas, J. LChem. Phys. Lettl989 164 247—252. that are much more closely related to thermodynamic c§les
(4) Yamamoto, Y.; Noro, T.; Ohno, Knt. J. Quantum Chen1.992 42, and the orbitals associated with the reactivity of molecules. Gas-
) é5h6}hlfg5-Al lof. JChem. Phys. Le(1993 213 519-521 phase measurements are particularly important for comparison
osn, A.; miot, J.Chem. yS. L€ . : H
(6) Merchan, M.. Orti, E.: Roos, BChem. Phys. Letl994 226, 27—36. to computational results because other. spectroscoplc.methods
(7) Ghosh, A.; Fitzgerald, J.; Gassman, P. G.; Almlofinarg. Chem. are often affected by solution or other intermolecular interac-
1994 33, 6057-6060. tions.
®) ng_ems‘:hmm' R.; Ahlrichs, RChem. Phys. Let1996 256, 454 We have recently begun further investigation of the gas-phase
(9) Nakatsuji, H.; Hasegawa, J.-Y.; Hada, 8.Chem. Phys1996 104, valence photoelectron spectra of substituted porphyrins and
2321-2329. metalloporphyrins. As part of our initial studies we remeasured
(10) Nooijen, M.; Bartiett, R. J). Chem. Phys1997 106, 6449-6455.  the PES of 2,3,7,8,12,13,17,18-octaethylporphyrin (referred to
(11) Ghosh, AJ. Phys. Chem. B997, 101, 3290-3297. Al k 4
(12) Ghosh, A.; Vangberg, Ttheor. Chem. Accl997, 97, 143-149. as OEPH from this point), which has preVIoust.been repo?feq
(13) Tokita, Y.; Hasegawa, J.; Nakatsuiji, H.Phys. Chem. A998 102, and often referred to by computational chemists for matching
1843-1849. i -20,22,23 i i
(14) Gwaltney, S. R.; Bartlett, R. J. Chem. Phys1998 108 6790- subs_tnuent effect&® Our results do not agree with this
6798. previously reported spectrum. Here, we report He | PES and
(15) Dedieu, A.; Rohmer, M.-M.; Veillard, AAdv. Quantum Cheni982 accurate ionization energies for OERMVe also report a new
16, 43-91. He | spectrum of 5,10,15,20-tetraphenylporphyrin (TRRFbr

(16) Zwaans, R.; van Lenthe, J. H.; den Boer, D. H. WMol. Struct.
(THEOCHEM)1996 367, 15—24.
(17) Hasegawa, J.; Hada, M.; Nonoguchi, M.; NakatsujiCHem. Phys. (25) Ridyard, Y. N. A. InMolecular Spectroscopyiepple, P., Ed.; Institute

Lett. 1996 250, 159-164. of Petroleum: London, 1972; pp 94.00.
(18) Gassman, P. G.; Ghosh, A.; Almlof, JJ.Am. Chem. S0d.992 114 (26) Khandelwal, S. C.; Roebber, J. Chem. Phys. Letll975 34, 355~
9990-10000. 359.
(19) Ghosh, AJ. Phys. Chem1994 98, 11004-11006. (27) Kitagawa, S.; Moishima, I.; Yonezawa, T.; SatoJmarg. Chem1979
(20) Ghosh, AJ. Am. Chem. S0d.995 117, 4691-4699. 18, 1345-1349.
(21) Goll, J. G.; Moore, K. T.; Ghosh, A.; Therien, M. J. Am. Chem. (28) Dupuis, P.; Roberge, R.; Sandorfy, Chem. Phys. Lettl98Q 75,
Soc.1996 118 8344-8354. 434-437.
(22) Ghosh, AJ. Mol. Struct. (THEOCHEM1996 388 359-363. (29) Lichtenberger, D. L.; Copenhaver, A. S. Bonding Energetics in
(23) Ghosh, AAcc. Chem. Red.998 31, 189-198. Organometallic Compound#iarks, T. J., Ed.; American Chemical
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which we measure ionization energies in good agreement with ,
the previous literature spectru#halthough the actual spectrum OEPH,
was not shown, so complete comparison is difficult. In addition
to He | spectra we also report He Il spectra for each of these
porphyrins. Our primary goal is to assign and accurately measure
the relative energies of the first two vertical ionization energies
of each compound. These two ionizations correspondr to
orbitals of the porphyrin ring that are each influenced differently
by substituents (vide infra) and are the values most often TPPH,
reported from calculations.

Experimental Section

Sample Preparation.Two different samples of OERHvere used,
and both gave the same spectrum. One sample of Q&@EIprepared
in 1970 by published proceduf@sand purified by column chroma-
tography, and another was purchased from Aldrich and used without 15 14 13 12 1L 10 9 8 7 6 5
any further purification. The sample of TPPWas prepared and purified Tonization Energy (eV)
by published method%.

Photoelectron SpectroscopyPhotoelectron spectra were recorded
using an instrument that features a 36-cm hemispherical analyzer
(McPherson), which has been described in more detail previdtisly. Taple 1. Analytical Representation of PES Data
The ionization energy scale was calibrated using?the ionization

Figure 1. Valence photoelectron spectra of octaethylporphyrin (OfPH
and tetraphenylporphyrin (TPBH

of methyl iodide (9.538 eV), with the argdis; ionization (15.759 lonization band _half-width (6V) _ rel area

eV) used as an internal energy scale lock during data collection. During energy He Il/ )

data collection the instrument resolution, measured using the full width €0mMPd_label  (eV)  high  low Hel Hell Hel assignment
at half-maximum of the argofPs, ionization, was 0.0260.030 eV. OEPH T’ 6.17 0.16 0.16

2
624 018 015 100 1.00 1.00%A,

649 038 031 1.61 215 1.34By,
735 095 034 298 3.02 1.01
789 069 024 118 162 1.37
. 071 042 232 273 1.18
858 056 047 177 1.98 1.12
940 059 025 079 1.23 056
0.16 0.5 )
693 016 01s 069 096 13928y
670 042 036 1.00 1.00 1.06A,

All data are intensity corrected with an experimentally determined
instrument analyzer sensitivity function that assumes a linear depen-
dence of analyzer transmission (intensity) to the kinetic energy of the
electrons within the energy range of these experiments.

The spectra collected with a He (1 — 1s2p, 21.218 eV) source
were corrected for the Hedlline (1€ < 1s3p, 23.085 eV, and 3% of
the intensity of the Hed line), and the He ik (1s— 2p, 40.814 eV) TPPH,
spectra were corrected for the Hé line (1s— 3p, 48.372 eV, and
12% the intensity of the He di line). These corrections are necessary
because discharge sources are not monochrofiatic.

Samples sublimed cleanly with no detectable evidence of decom- half-widths fixed to those of the He | fit and the peak amplitudes
position products in the gas phase or as a solid residue. The sublimationallowed to vary to account for the changes in photoionization cross
temperatures (ifC, at 10* Torr) were as follows: OEPH 260~ section as the source energy is varied (vide infra).

315; TPPH, 280-320 (monitored using a “K” type thermocouple Confidence limits for the relative integrated peak areas are about
passed through a vacuum feedthrough and attached directly to thesos, with the primary source of uncertainty being the determination of
ionization cell). A stainless steel sample cell that had been used the baseline, which is caused by electron scattering and is taken to be
previously to collect gas-phase PES of compounds with sublimation |inear over the small energy range of these spectra. The total area under
temperatures of up to 408C was used to accommodate the high a series of overlapping peaks is known with the same confidence, but
temperature®: The spectrum of each compound was measured several the individual peak areas are more uncertain. The fitting procedures
times on different days with no discernible difference between the ysed are described in more detail elsewlere.

spectra, and the spectra did not vary as the temperature was raised
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through the sublimation range. Results
Data Analysis. In the data figures, the vertical length of each data
mark represents the experimental variance of that [3®ifite valence The gas-phase valence photoelectron spectra of QBER¢H

ionization bands are represented analytically with the best fit of TPPH from 5 to 15 eV ionization energy are shown in Figure
asymmetric Gaussian peaksThe bands are defined with the position, 1. The ionizations located above about 10 eV for each compound
amplitude, half-width for the high binding energy side of the peak, arise from removal of electrons from orbitals primarily associ-
and half-width for the low binding energy side of the peak. The peak ated with o bonds and the most stabte bonds. The rather
positions and half-widths are reproducible to abai.02 eV (30 intense ionization at about 9 eV in the spectrum of TRRH
level). For each compound, the He | spectrum was fit first, where the e o ther orbitals of the phenyl substituents that derive from
number of peaks used in the fit was based on the features of the band, au orbital of benzene. Close-up spectra of the regions of
profile and the number necessary for a statistically good fit. The He | . . ) . . . .
fit was then used to fit the He Il spectra, with the peak positions and Inter_eSt for each compoynd will be described in the following
sections. Data from the fits used to model these close-up spectra

(30) Whitlock, H. W.; Hanauer, R. J. Org. Chem1968 33, 2169. analytically are listed in Table 1.
(31) Adler, A. D.; Longo, F. R.; Finarelli, J. D.; Goldmalher, J.; Assour, OEPHo,. The He | and He Il close-up spectra of OEFrbm
5 g/\/ Korsakgffi_lf-l Ohfg-,\IChEF_nE-'L%Z 3% 475-A o 6 to 10 eV are shown in Figure 2. The first set of ionizations,
(32) 12352:%23;3%6“ n, N. E.; Enemark, J. HAm. Chem. S04998 located between 6 and 7 eV, has two distinct features labeled 1
33) Turner, D. W.: Baker, C.: Baker, A. D.: Brundle, C. Rolecular and 2 in Figure 2 with vertical ionization energies of 6.24 and
(33) ) ; , C. , ; ,
Photoelectron Spectroscapwiley-Interscience: London, 1970. 6.47 eV. A small shoulder is also visible on the low binding

C) ﬂ,cghzte{‘é’grigﬁgb; Rempe, M. E.; Gogosha, SCBem. Phys. Lett.  energy side of the band. This shoulder is likely due to a partially

(35) Lichtenberger, D. L.; Copenhaver, A.B Electron Spectrosc. Relat. ~ '€Solved hot band, and it requires an additional Gaussian that
Phenom.199Q 50, 335. is labeled 1and is 0.07 eV 4600 cnt?) lower in energy than
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and destabilization of the porphyrim orbitals with the ethyl
substituents will be dependent on theoverlap with thex
symmetry combination of the bonds within the substituents.
As the representations in Figure 3 show, therital has more
electron density at the substituted sites than theibital does,
and the gorbital will therefore be destabilized more than the
by, orbital, causing the energy splitting between #4g and
2By, ionizations seen in the photoelectron spectrum. The total
destabilization of théA,, ionization of OEPH from its position

in unsubstituted porphine is0.7 eV. For comparison, the first
ionization of benzene is destabilized 0.42 eV by a single methyl
substitution to form toluene. The0.7 eV destabilization with
two alkyls per pyrrole ring of OEPHis consistent with the
expected shift® The assignment of the first two ionizations is
then that ionization 1 represents thg, state, while ionization

2 represents théB, state.

The He Il spectrum gives additional support for the particular
assignment of the relative ordering of thg, and?By, ion states
Tonization Energy (eV) of OEPH. After corrections for instrument resolution and
sensitivity, and for other excitation lines in the sources,
photoelectron spectra obtained with different ionization sources
differ only in the relative intensities of the ionization bands.
This behavior is primarily due to the different inherent photo-
ionization cross sections of atomic orbitals, which vary as the
incident photon energy changes. From theoretical estiniates,
the photoionization cross section of N 2p orbitals increases by
about 25% as compared to C 2p orbitals when comparing spectra
from He Il and He | sources. Assuming that atomic orbital cross
sections are additive in molecular orbitals (the Gelius nfSgel

Figure 2. He | and He Il close-up spectra of OERH

dby, comparison of the He | and He Il spectra of a molecule can
Figure 3. Representations of the general nodal characteristics of the therefore give an indication of the relative amount of atomic
23, and 5h, orbitals Oan symmetry) of a porphyrin. character in orbitals from which ionizations arise. Thewbital

. : .. is composed of only C 2p character, while thg brbital has
1, to best describe the overall shape of the band. The IntenSItyappreciable character from N 2p orbitals. It would therefore be

of the hot band relative to the first ionization is difficult to rod f hvrin that tRB- . ionizati di
determine confidently because it is not completely resolved, but expected for a porphyrin tha 1 lonization would increase

at this temperature and vibrational spacing the hot band would |2n rglat!ve Intensity in the He Il spectrum as compared to the
be about one-fourth the intensity of the first ionization. Bands Au lonization. ) . )
1 and 2 represent two different ion states because their intensity "€ He | and He Il spectra of simpler aromatic organic
ratio changes between He | and He Il excitation (vide infra). It €OMPounds that contain nitrogen and have well-separated
is difficult to unambiguously assign any of the ionizations above OrPital based ionizations for which the assignment is well
7 eV, but the positions and relative intensities of the GaussiansUnderstood can be used to verify the general theoretical
used to represent the ionization bands from 7 to 10 eV are listedPrediction of the cross-section behavior of N and C 2p orbitals.
in Table 1 for comparison. For example, the first ionization in the photoelectron spectrum
According to Gouterman’s four-orbital mod¥lit is expected ~ ©f pyrrole* corresponds to removal of an electron from the
that two porphyrinzz orbitals with labels @and hy in Dan _n-based aorbital, which similar to the gorbital ofap_orp_hyn_n
symmetry (a, and a, respectively, inDa, symmetry) and is composed of only C 2p character. The second ionization of
general nodal properties as shown in Figure 3 should be pyrrole corresponds_to removgl of an glectron fromstrebital
separated from all of the other filled orbitals and close to each Of P1 symmetry, which contains a mixture of C 2p and N 2p
other in energy. For comparison, the photoelectron Spectrumcharacter similar to the;porbital of porph_yrlr_l. Comparison of
of unsubstituted porphine has an ionization band at 68 ev the He 1 and He Il spectra of pyrrole indicates that e
and does not show two clear vertical ionizations as this spectrumionization increases in area by 25% as compared to?Ae
of OEPH does. For unsubstituted porphine, f#e, and?B1, |on|zat|on_. An_o_ther S|mpl_e molecule that can be_ used as an
ionizations are very close in energy, as expected, and appeafxample is aniline, for which th#8, z-based ionization (a mix
under one ionization band. Addition of eight ethyl substituents Of C 2P and N 2p character) is seen to increase in area by 44%
inthe 2, 3, 7, 8, 12, 13, 17, and 18 positions will split the near N the He Il spectrum as compared to fiAe 7-based ionization
degenerat@A, and2B1, ionizations further apart. While alkyl  (Only C 2p character). For OERFband 2 increases in area by
substituents are overall electron donating, the primary electron 34% compared to band 1 when the He Il spectrum is compared

perturbation of an alkyl group in place of a hydrogen in an . . .
unsaturated organic Compound |S a hyperconjugaﬂu‘ﬁerac- (38) Kimura, K.; Katsumata, S.; ACtha, Y., Yamazakl, T.; lwata, S.

. . - . - Handbook of He | Photoelectron Spectra of Fundamental Organic
;
tion rather than @ inductive one®” The amount of interaction Molecules Japan Scientific Societies Press: Tokyo, 1981.

(39) Yeh, J. J; Lindau, IAt. Data Nucl. Data Table4985 32, 1.

(36) Gouterman, M. IThe Porphyrins, Vol. IfiDolphin, D., Ed.; Academic (40) Gelius, U.J. Electron Spectrosc. Relat. Phenat®75 5, 985.
Press: New York, 1978. (41) Heilbronner, E.; Maier, J. P. liElectron Spectroscopy: Theory,

(37) Mulliken, R. S.; Rieke, C. A.; Brown, W. G. Am. Chem. So0d941, Techniques and Applications, Vol, Brundle, C. R., Baker, A. D.,
63, 41. Eds.; Academic Press: New York, 1977; pp 2@87.
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Hel L Table 2. Comparison to Previous Studies

ionization energy (eV)

compd °Ay By ref
OEPH 6.24 6.49 this work
6.39 6.83 27
TPPH 6.70 6.43 this work
6.72 6.39 26
6.55 25

differs greatly between the two spectra of OBRPKNd the
ionization bands at higher ionization energy are also quite
different. The spectrum of OERHbreviously reportefl much
more closely resembles the spectra also reported at that time
for metallooctaethylporphyrins than it does our spectrum of
Tonization Energy (V) OEPH. The validity of the spectra of OERHeported here is
Figure 4. He | and He Il close-up spectra of TPRH supported by the facts that these spectra were collected over
several different days and using samples from two different

to the He | spectrum. This behavior agrees with the assignmentSOUrces, with no differences observed in any of the data
of the first ionization of OEPHat 6.24 eV to théA, ion state  collected.
and the second ionization at 6.49 eV to fifly, ion state. Our spectrum of OEPHis much more what would be
TPPH,. Due to the presence of the ionization from the phenyl €xpected on the basis of the spectra of porphine and other
7 orbitals that obscures the rest of the spectra of TPRbN octaalkylporphyrins reported in 1989.The general shape of
about 8 to 10 eV, close-up spectra were only collected of the our spectrum of OEPkis similar to that of porphine, although
first band, which is expected to contain th&, and 2B, ion the ionization energies of OERBHave all been destabilized 0.3
states. The He | and He Il C|Ose_up Spectra of this region are to 1.0 eV from their pOSition in the Spectrum of unsubstituted
shown in Figure 4. There is a small feature on the low ionization Porphine and the first ionization band of OEPis broader than
energy side of the band that necessitates the use of the thirdhat of porphine (vide supra). Our spectra of OEPafe
Gaussian in the fit to fully describe the contour of the band. Strikingly similar to the spectra of etioporphyrin-I, -1l, and 1.
This third Gaussian is 0.17 eV«(L400 cnt?) lower in energy The first ionization energy of each of the etioporphyrins is 6.3
than the first vertical ionization labeled 1 in Figure 4 and, as in €V, in excellent agreement with our first ionization energy of
OEPH,, is likely due to hot band structure. 6.24 eV for OEPH as would be expected for such similar
The substituents in TPRHwill affect the relative energies ~ compounds. The spectra of etioporphyrins also have energy
of the 2a and 5h, orbitals differently than the substituents in ~ Separations between the first and second ionizations similar to
OEPH. In TPPH, the four electron-donating phenyl substit- 0ur spectrum of OEPH The previous report of the He |
uents are in the 5, 10, 15, and 20 positions. Thea2kital has spectrum of TPPHalso briefly mentions a preliminary spectrum
nodes passing through these positions, while thg Btbital of OEPH with ionization energies of 6.25, 6.53, and 7.46%V,
has significant electron density at these positions and will be in reasonable agreement with our results.
destabilized relative to the garbital. It would then be expected The quality of the previously reported spectrum of ORPH
that for TPPH band 1 will be the?By, ionization with band 2 also makes the spectra of the metallooctaethylporphyrins
the 2A, ionization, the opposite ordering observed for OEPH  reported in this same paper questionable. Accurate measurement
Comparison of the He | and He Il spectra of TRRHows that of the spectra of each complex is important to ensure that
band 2 decreases in relative intensity to band 1 in the He Il comparisons and trends are being measured precisely. We have
spectrum, which is also in agreement with the assignment for collected preliminary data of (octaethylporphyrin)Zn(ll) for
TPPH that the?By, ion state is the first ionization, with a  comparison to the previously reported spectra and find, for
vertical ionization energy of 6.43 eV, and th&, ion state is example, a first ionization energy of 6.18 eV as compared to a
the second ionization with a vertical ionization energy of 6.70 reported ionization energy of 6.29 &¥#2
eV. For both OEPKH and TPPH the ionization that orbitally Our He | spectrum of TPPHs in good agreement with the
interacts with the substituents on the porphyrin ring and is previously reported spectruthThe first two ionization energies
destabilized to become the first ionization is also the ionization in both spectra are within or close to experimental error, and
with the more narrow vibrational manifold, indicating a smaller poth are also in decent agreement with the one ionization energy
change in bonding with ionization. reported for a low-resolution spectri#hFrom the previous
study?® using only a He | photon source a definitive assignment
of the lowest ionization energy was not possible, but our
A comparison of the ionization energies of thg, and?B, comparison of He | and He Il spectra indicated3a, ground
ion states of OEPKHand TPPH to those from previously  excited-state-cation for TPRHNh the gas phase.
reported spectra is shown in Table 2. The photoelectron spectra These gas-phase relative ionization energies ofAheand
that we have collected for OEBHre quite different from the 2B, states are also in good agreement with results obtained for
He | spectrum previously report@dOur first vertical ionization one-electron oxidation of OERtNd TPPH and their respective
energy of 6.24 eV compares to a previously reported first vertical Zn(Il) and Mg(Il) complexes in various solvents. On the basis
ionization energy of 6.39 eV. The relative spacing of the of the EPR spectra of thecation radicals, the [OEP#" radical
ionizations is very different. We find a 0.25 eV difference was shown to have the unpaired electron in therital (ay
between the first and second ionizations, while the previously
reported difference between the first and second ionizations was(42) Gruhn, N. E.; Lichtenberger, D. L.; Ogura, H.; Walker, F. A.
0.44 eV. The relative intensity of the first two ionizations also Unpublished results.

Comparison to Previous Studies
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orbital for theD4n, metal complexes® 46 while the EPR spectra
of [TPPH,]™ and other meso-substituted porphyrins are con-
sistent with the unpaired electron being in thg orbital (ay

for the D4n metal complexes)347:48

Conclusions
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energy photoelectron spectroscopy is useful for assigning the
photoelectron spectra of porphyrins without reliance on calcula-
tions. This is an especially valuable finding considering that
different computational methods give different relative ordering
of the orbitals and ionization energies of substituted porphy-
rins 23 Hopefully the results we present here will serve to clarify

To summarize, we report gas-phase photoelectron spectra othe current literature regarding the PES and electronic structure

OEPH, and TPPH that give accurate ionization energies for
the 2A, and 2By, ion states. For OEPHthe first ionization is
assigned to theé?A, ion state, while for TPP} the first
ionization is assigned to tH#8,, ion state. These results indicate

the strong influence that substituents can have upon the

electronic structure of porphyrins and show that variable photon

(43) Fajer, J.; Borg, D. C.; Forman, A.; Adler, A. D.; Varedi, ¥.Am.
Chem. Soc1974 96, 1238.

(44) Lexa, D.; Reix, MJ. Chim. Phys1974 71, 24.

(45) Atamian, M.; Wagner, R. W.; Lindswy, J. S.; Bocian, D.lforg.
Chem.1988 27, 1510.

(46) Fajer, J.; Davis, M. SThe PorphyrinsDolphin, D., Ed.; Academic
Press: New York, 1979; pp 19256.

(47) Jansen, G.; van der Waals, J.Mol. Phys.1976 43, 413.

(48) van Dorp, W. G.; Schaafsma, T. J.; Soma, M.; van der Waals, J. H.
Chem. Phys1973 21, 221.

of porphyrins. Further study of the valence gas-phase photo-
electron spectra and electronic structure of other substituted
porphyrins and metalloporphyrins is currently underway in our
laboratory.
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