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The SAC (symmetry adapted cluster)/SAC-CI method was used to calculate the ground and excited states of
free base phthalocyanine (FBPc). This is the first acclabtmitio study of the excited states of FBPc. The
calculated electronic spectrum agrees reasonably well with experimental results with regard to both energy
and intensity. The relationships among the molecular structure, excitation energy, and spectral intensity are
discussed, and the present results are compared with those for free base porphine (FBP) and free base
tetrazaporphine (FBTAP) studied previously. Two important effects of skeletal changes are clarified; meso-
tetraaza substitution and tetrabenzo substitution cause a large splitting between the HOMO and next HOMO
levels and lead to a breakdown of the quasi-degeneracy of the two main configurations of the Q band, resulting
in strong visible absorption due to the incomplete cancellation of the individual contributions to the transition
dipole moment. This explains why Pc’s are so useful as pigments. Further, a new assignment of the B
(Soret) band is proposed. The broad experimental B band is composed of at least four states. The main
peak of the B band is due to transitions from the orbital lower than the so-called “four orbitals”, and the
transitions arising from the “four orbitals” constitute the shoulder in the lower energy side of the band.

Introduction In this study, we examined the ground and excited states of
. , FBPc using the SAC (symmetry adapted clusfeand SAC-
Tdens gf thousands 0|<fj tqgs of gthancyanlnes d(PC s)lare CI15-17 methods!®19 Recently, the SAC/SAC-CI method has
produced per year worldwide, and these are used mostly asyq o, applied to several porphyrins, such as free base porphine
commercial pigments due to their high thermal and chemical (FBP)20 magnesium porphine (MgP}free base tetrazaporphine

stability arjd inten;e color. Free base phthalocyanine (F.BPC’(FBTAP),ZZ oxyheme?® and carboxyhem#.and has reproduced
CazNgHug) is sometimes called tetrabenzotetraazaporphyrin. It g, o absorption spectra in good agreement with experimental

dirf]fe]lr S frﬁm _bi;)logically im%cg:mt porph;r/]rins sugh ::Ijsbch]!oro- results. Pc’s have intense absorption bands in the visible region,
phyllin that it has an exten system characterized Dy four \hich makes them useful as pigments. We study here the

b_enzene rings, and the fou_r meso positions are substituted byrelationship between the molecular structure and spectral
nitrogens. Tetraaza-substituted compounds without benzene

. ! ; ; intensities, especially in the visible (Q band) and near-UV (B
rings, tetrazaporphlngs .(TAP 8), have also been _synthésaed band) regions. The effects of tetrabenzo and meso-tetraaza
but are not of industrial importance. The electronic structures

f pe ticularly int tina b Pe * onl substitutions on the excited states of porphyrin macrocycles are
or Fc startc)e tpalr Icuiarly Interes :jng tec?use cs Iaret noh onY discussed through comparisons with previous SAC-CI studies
pigments but alSo promising candidales for use in eleclrochromic ,, g0 ang FBTAP22 We elucidate why the visible absorp-

. ’3 . '_ . .
devices’? photovoltaic cells, electrophotographyphotochemi tions of Pc’s are so strong and also characterize the nature of

cal hole burning, conductive m?ter|dl,etp. _ the B band. Traditionally, the B bands of porphyrins are

Gouterman et al. proposed a *four-orbital mod&l describe  agsigned to the counterpart states of the Q bands based on the
the lower excitation peaks of porphyrins, the Q band in visible «toyr.orhital model” but we show that a different assignment
region and the B (or Soret) band in the UV region, based on s more suitable for the so-called B band of FBPc.

Parriser-Par—Pople calculations. Gouterman also studied
azaporphins and roughly succeeded in explaining the effect of
tetraaza substitution within this modelLee et al. studied the
excited states of dianions of porphine, TAP, and Pc using @ The neutron diffraction experimental geometry of Hoskins
semiempirical CNDO-CI calculatio. Orti and Brelas cal- et al25 was determined after idealization of the skeletoDig
culated some excited states of FBPc by the valence eﬁeCtiVeSymmetry_ They concluded that the inner hydrogens appear to
Hamiltonian (VEH) method, and the resulting excitation energies pe “four half hydrogens” associated with the four nitrogens of
of the visible Q band were in good agreement with experimental the pyrroles. However, we adopt the “bonded model”, i.e., the
findings.ll However, the use of Scaling and level-shift constants inner hydrogens are localized on a diagona"y opposed pair of
for the orbital energies in their calculations may be problematic. nitrogens, which is true in the case of FERsince we aim to
Someab initio studies of FBPc have recently appeared. Ghosh reyeal the effect of the step-by-step variation of the skeleton

et al. calculated the ground states of FBPc, FBTAP, and their from FBP, via FBTAP, to FBPc. The FBPc plane is put on the
derivatives by the direct SCF method and discussed SUbStitUtionxy p|ane’ and the NH bond is on thes axis, as shown in Figure

Calculations

effects in Pc and TAP macrocycl&s!? 1.
. The Gaussian basis set is of doufjlguality for the valence
; xo‘;‘gh%”r?i\fggﬁ;pondence should be addressed. 2p orbitals. We used the Huzinaga (63/5)/[2s2p}det carbon
* Institute for Fundamental Chemistry. and nitrogen and the (4)/[1s] S&tfor hydrogen. The total
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TABLE 2: HF Orbital Energies and Characters of FBPc
B o
\(@ symmetry character orbital energy (eV)
N ® Higher Occupied Orbitals
® H @
s M 204 n(meso N) —13.063
17y, n(meso N) —12.959
s 3byg 7 —12.517
18hs, n(meso N) —12.089

Occupied

215 n(pyrrole N) —11.981

18024 () 8b1u 3byg w ~11.938

® N 18k, n(pyrrole N) —11.674

15by n(meso N) —11.594

* N, N 2a, a(benzene) —-10.372

o oe® Mok Mg 5by, B ~10.229
Abyg m(benzene) —9.930

@Q% @QN% 4bsg a(benzene) —9.708
3a, m(benzene) —9.649

5byg m(benzene) —9.490

(next HOMO) (HOMO) 6byy m(benzene) —9.167

Unoccupied o 5hgg 7(benzene) —9.071
7biy T —8.923
4a, T —5.777

Lower Unoccupied Orbitals

6byg T —0.708
6bsg T —0.492
5a, m(benzene) 2.135
8by, m(benzene) 2.362

ebz 6b3
(LUMO) (next LUMO) Z)Eg ﬂggggiggg :2),'882
u 4 .
Figure 1. Occupied (18, 6by, 7bw, and 4@) and unoccupied (&) Thag 7(benzene) 3.039
and 6bg) MOs, which have ar character except for the 180MO. 6a, 7(benzene) 4.253
8bs m(benzene 4.285
"IZ'QELE 1: Dimensions of the SAC/SAC-CI Calculations of 8sz ﬂgbenzeneg 4.431
c
after before gbital energy (eV)
symmetry selection selection thresholde(—*) " S
ground state: SAC ,_| _four orbitals 3P 305,
A, 13717 23960107 2 10°5(1 x 1075) 4b, L;ﬁ‘“o
excited state: SAC-CI 0—] === an, 6b, / 1u
B 49277 21488562 % 10%(5x 107) LUMO ™ E_ e LUMO
1B,, 95450 23950559 k 10°6(5 x 1077 | | 4P LUMO ob,
1B,y 86710 23950466 X 10°6(5 x 107 4by, 28
4 —
orbitals, calculated using the HONDO progréhepnsist of 133 ) da,
occupied and 205 unoccupied MOs. -6— Hoa"Mo 23, . HOMO .
In the SAC/SAC-CI calculations, only the 1s core orbitals 5, - .. HOMO - 4 2a
of carbon and nitrogen are frozen; the higher 93 occupied MOs -8 —| ! 0% 7b,, “_HOMO
and all 205 unoccupied MOs are included in the active space. . 5 A \
The total number of active orbitals is as high as 298. All of A0— 4b, 4b‘“ A6y g
the single and selected double excitations within this active space By, e LM
are included in the linked terA$:3° The selection scheme in 12/ Four
the SAC-CI calculation is modified sligh#iyfrom the originat® (eV)  FBP FBTAP  FBPc Butadienes

by adding the SE-CI coefficients of the reference configuration Figure 2. Orbital energies of the “four orbitals” and the lower,b

to the second-order perturbation energy expression to reflectMO of FBP, FBTAP, and FBPc. The meso-tetraaza substitution lowers
the weight of the reference configuration in the selection scheme.the energy of the next HOMO (unfilled triangle), and the tetrabenzo
The numbers of the linked configuratidfig® are summarized substitution raises the energy of the HOMO (larger filled triangle).

in Table 1. F%r the ground state, energy thresholdsoflD™ which are pertinent to the following discussions, are shown in
and 2 x 10™ hartree are used for the—z* and other g e 1. The energy levels of the MOs related to the lower
excitations, respectively. F70r the singlet excneo!3 states, the o itations are illustrated in Figure 2 for FBP, FBTAP, and
energy th.res.holds are>5 10 for _”_”* ar.ld 1 ><.10‘ f(_)r the FBPc. Six lone-pair orbitals on nitrogens gather in the energy
other. gxmtaﬂons. Single eXC|tat|02n configurations with SE-CI region from—13.1 to—11.6 eV. The pyrrole N lone pairs
coefficients larger than 5< 10 are used as reference poqominate in the 2}@nd 18, MOs, and the meso N lone
configurations in the selection scheme. We only calculated the pairs predominate in the 2Qal7ky,, 18bs, and 15k MOs
excited states of symmetries with nonzero oscillator strength. 11,4 18h, MO, which gives the lowestr* excitation,

All calculations were carried out using a IBM RS6000/39H strated in Figure 1.

workstation with 128 MB of memory. The z-type orbitals gather in the HOMELUMO region.
The HOMO is 4@ with nodes on the meso nitrogens. This is
consistent with a previous VEH calculatidnand ab initio
The energies and the natures of the HF MOs in the HGMO  calculationsi213 As shown in Figure 2, the HOMO energy of
LUMO region are shown in Table 2, and sketches of the four FBPc is higher than that of FBP and FBTAP, which is consistent
orbitals in the HOMG-LUMO region and the two lower MOs,  with the experimental first IPs for FBP(6.9 eV) and FBPZ

Ground State and Orbital Energy Levels
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TABLE 3: SAC-CI Results for FBPc Compared with Experimental Findings

SAC-CI experimental
excitation  oscillator excitation

state main configuratiori¢| = 0.30) nature energy (eV) strength  polarization energy (eV)
1B3, +0.87(4a— 6hbsg) + 0.35(7h, — 6byg) T — a* 1.30 1.050 X 1.81(Q)
1By +0.92(4a — 6hyy) T — a* 1.51 0.585 y 1.99 (Q)
2Bz +0.76(%h1u— 6hng) + 0.44(6h, — 6hng) T — * 3.10 0.589 X 3.2 (B tail)
2B,y —0.87(%h1u— 6hsg) T — * 3.55 0.554 y 3.5 (B shoulder)
3Bsy  —0.81(6h, — 6y + 0.36(7h, — by a(b) — z* 3.96 1.792 X 3.65 (B main peak)
1By —0.93(18b, — 6bsg) n(p) — z* 3.96 0.012 z
3B +0.86(6h, — 6hsg) a(b) — z* 4.07 1.246 y 3.9 (B main peak)
2By, +0.92(18k, — 6lyy n(m)— a* 4.31 0.004 z
4By, +0.91(4a — 7hyy) a — a(b)* 4.32 0.139 y 4.1 (B shoulder)
5By, +0.84(3a— 6hyy a(b) — 7 451 0.012 y
4Bz, +0.86(4a — 7hsg) w — q(b)* 4.58 0.009 X
5B,  1+0.52(33 — 6bzg) — 0.50(5h, — 6hyg) + 0.38(4a — 7Thsg)  m(b) — 7* 481 0.003 X

an(p) and n(m) denote lone-pair orbitals which have large amplitudes on the pyrrole and meso nitrogens, respectividy dendtesz-type
orbitals which have a large amplitude on the benzenoid carbons.

(6.4 eV). This destabilization of the HOMO can be explained Ex_Perime“tal
by the concept of orbital interaction. The MOs of FBPc in this (Optient Densily 0B ma0
region are formed by interaction between the tweystems of f\ L /'\ |
the FBTAP skeleton and the 16 residual carbons regarded as / \ N / \ Q |
four cis-1,3-butadienes (referred to as “4B”). Since the HOMO ‘ I
of FBTAP (at—6.98 eV) and that of 4B (at-8.54 eV) are N f
relatively close in energy and have the samsyametry, the -/ ‘
antibonding MO they comprise, the HOMO of FBPc, is | “
considerably destabilized. |

In a previous study of FBTAP, we found a lowering of the | / \
next HOMO by meso-tetraaza substitution and elucidated its N ‘
effect on the lower excited statés.The next HOMO of FBPc e — I\' e
is 7y, at —8.92 eV, which is shifted down as in FBTAP. In 6.0 5.0 4.0 3.0 2.0 eV
contrast to the HOMO, the next HOMO energy is rather free Theoretical(SAC-CI)
from the influence of the tetrabenzo substitution. The, RO (Osciliator ~ Strength) )
of 4B (at—12.3 eV), which is the highest occupied MO with v 383
this symmetry, is much lower than the next HOMO of FBTAP 3By, Q,
(at —9.15 eV). Therefore, the orbital interaction between the 1B,,
central and peripherat-systems is weaker in the next HOMO 1.0 Qy
than in the HOMO. The 2l MO of 4B is closer to the lower 22 X 1B,,
4by, MO of FBTAP (at —10.30 eV) rather than to the next v 2B
HOMO, and the “antibonding” 6f3 MO of FBPc is shifted 4]';“
considerably up. Thus, the energy difference between the vy
HOMO and the next HOMO of FBPc increases to 3.15 eV, NN 5.5 e
while in FBP this energy difference is as small as 0.172¢V. 6.0 5.0 4.0 3.0 2.0 eV

The LUMO and the next LUMO of FBTAP are 4pand Figure 3. Electronic excitation spectra of FBPc observed in the vapor
4lngand are at-0.891 and-0.847 eV, respectively. The lowest Pphasé and calculated by the SAC-CI method. The optically allowed
unoccupied MOs with these symmetries of 4B are in such a Weak transition is indicated by a filled circle.

higher energy region (at1.97 eV) that the influence of the ) .
tetrabenzo substitution is small for the LUMO and the next Of the FBPc spectrum is that the visible Q bands have much

LUMO of FBPc. Consequently, the HOMELUMO gap greater intensities than those of FBP. The observed intensity
decreases. ’ ratio of the Q band/B band is 0.02 for FBP in benzéhand

For FBP, FBTAP, and FBPc, the variations in the excitation 22 for FBPc in 1-chloronaphthaleffe.

: : o o Band. The Q band in the experimental spectrum is
energies and the intensities of the visible and né&#ly peaks Q
can be explained by the orbital energy shifts shown above. In COMPOsed of the two strong peaks &hd Q at 1.81 and 1.99

the next section, we discuss their effect on the excited states,ev’ respectively, and £is more intense thanQ Based on

especially the key role of the widening of the energy gap SA~C-Cl calculations, Qand Q are assigned to the 3Band

between the two quasi-degenerate HOMOs in the intensity and1Bau states calcu_lated at 1.30 and 1'_51 ev, respecti\_/ely. No
energy variations of the Q and B bands. other allowed excited states are found in the energy region below

2.3 eV. The errors in the excitation energy are 0.51 and 0.48
eV, respectively, which are large but may not be so bad
considering that many double-excitation operators were not

Table 3 summarizes the excited states of FBPc calculated byincluded in the linked term, as shown in Table 1, to simplify
the SAC-CI method. It shows the optically allowed tensz* the computations. The calculated oscillator strengths of the Q
and two n—7* excited states. and Q bands are 1.050 and 0.585, respectively, which are quite

The electronic spectra of FBPc are shown in Figure 3. The large in comparison with those of FBP, 1.¥3102 and 5.66
upper panel is the experimental spectifrand the lower panel x 1073, respectively, which agrees with the experimental results.
is the SAC-ClI theoretical spectrum. The most important feature The intensity ratio of QQ is also well-reproduced; Js larger

Excited States
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Orbital energy (eV) Qx band Excitaion Energy (eV) ,
4y, - LUMO, _| 0.350 ) (""1‘.‘(7)[33“5‘)
00— 4b2_g Y ::\ 4}ng next LUMO _ 6b3g LM e 0412 :1‘:. . 1.246
4by, 1} Oby 4 0.804 | [w_——
-2—| 0.73||0.61 0.35 || 0.87 N3 LB B 1.792
(-2.25)| | (+2.01) (-0.76)||(+3.54) —ABTos " T o500t| 0334
-4— 0.54 ||0.79 ’ ’ N
-1.33)| [(+2.80 —
) (1:39))(+2.80) || 49, 3 0.589
.6 — a A
u 2 A HOMO
T L — Y Q
lu 0.006 .0.220
-8 — next AV YUV .- _—
HOMO 5by, A—ﬂ“ 2— Q
5oor 0T L Y
FBP  FBTAP FBPc B S K]
-0.2 +1.5 +2.8 X X m
Figure 4. Incomplete cancellations of the transition dipole moments 1— Q
in the Q band due to the unbalanced superposition of the transitions X
in FBTAP and FBPc in contrast to FBP. The SAC-CI coefficients and FBP FBTAP FBPc
the contributions to the transition moments (in parentheses) are given.Figure 5. Comparison of the excitation energies and the oscillator
The net moments are also shown at the bottom of the figure. strengths of the excited states of FBP, FBTAP, and FBPc calculated
. by the SAC-CI method. States with the same nature are connected by
than Q, in contrast to the case of FBP. Thesl&nd 1B, a dotted line. The rectangles indicate the range of the broad band in

states are polarized in thkeandy directions, respectively. (The  the experimental spectra.
x axis is along the NH H—N bonds.) The theoretical
prediction that the Qband is polarized perpendicularly to the increases and the predominance of the transition from the
Qy is in agreement with experimental findingfs.We follow HOMO increases in the Q band. Therefore, the energy shifts
the general convention that the lower energy Q bandiar@ of the next HOMO and HOMO by meso-tetraaza and tetrabenzo
the upper band is Pwithout implying any absolute orientation,  substitutions result in an extremely intense Q band in Pc’s.
although our theoretical ordering of the Q band polarizationis  The excitation energies and oscillator strengths for FBP,
the same as that observed experimentally and calculated byFBTAP 22 and FBPc calculated by the SAC-CI method are
SAC-CI for FBP? and FBTAP?? compared in Figure 5. Since the HOMQUMO gap of FBPc
One of the most important properties of Pc’s is that strong is narrower than that of FBTAP (see Figure 2), the Q band of
absorption bands exist in the visible region, which is why Pc’'s FBPc shows a bathochromic shift, consistent with experimental
are used as pigments. The absorption spectrum of FBTAP alsofindings.
shows strong Q bands€’ and we elucidated the origin of its B Band. The B band of FBPc is quite strong and broad.
strength in a previous study. In FBPc, the same mechanism These features increase in the order FBP, FBTAP, and FBPc.
has an even greater effect than in FBTAP. The present SAC-CI study revealed that at least six allowed
Figure 4 shows the coefficients of the main configurations transitions exist in this area. The 2B2B,,, 3Bsy, 1B1y, 3Bou,
and their contributions to the transition dipole moments of the and 2B, states are calculated at 3.10, 3.55, 3.96, 3.96, 4.07,
Qx bands of FBP, FBTAP, and FBPc. In these three com- and 4.31 eV, respectively. The oscillator strengths of thg, 2B
pounds, the Q band is written as a superposition of two main and 2B, states are calculated to be 0.589 and 0.554, respec-
configurations. For example, the 3Bstate of FBPc which tively. These correspond to the tail at around 3.2 eV and the
represents the (band is written as a superposition of the two shoulder at around 3.5 eV on the right-hand side of the main
configurations 4@— 6bsg and 7h,— 6lbyy, as seen in Table 3.  peak (see Figure 3). The B band main peak is assigned to the
In FBP, the absolute values of the coefficients of the corre- 3B3, and 3B, states, whose calculated oscillator strengths of
sponding two main configurations are approximately equal in 1.792 and 1.246, respectively, are larger than those of any other
both the Q and Q states (e.g., 0.73 and 0.61 fof)Qreflecting transitions calculated here.
the quasi-degeneracy of the HOMO and the next HOMO. The We note that the third pair (38 and 3By) of the allowed
contributions of the two main configurations to the transition w—x* states is assigned to the main peak. The second pair
dipole moment are of opposite signs (e.§2.25 and+2.01 (2Bsy and 2By) may be approximated by the “four-orbital
for Qy), and therefore, when the weights of the configurations model”, but the third pair is not described by the “four-orbital
are equal, the moment is canceled out, which explains why themodel’. The B bands of other porphyrins, such as PBP,
Q band of FBP is weak® On the other hand, in FBTAP and MgP 2! and FBTAP?2 were assigned to the 2Band/or 2B,
FBPc the coefficients of the two main configurations in the Q states whose main configurations arise from the traditional “four-
band are unbalanced, reflecting the orbital energy differencesorbital model”. The 3B, and 3B, states of FBP were assigned
between the two excitations. For example, thé&nd of FBPc to the relatively weak L band in the energy region higher than
consists of major (0.87)(4a 6bsg) and minor (0.35)(7h — the B band®® This difference arises from the bathochromic shift
6bpg) configurations because the energy difference betwegn 4a of the 3B, and 3B, states and the increase in their oscillator

and 6By is smaller than that between {(band 6By This strengths (see Figure 5). These states are mainly written as the
unbalanced superposition of the configurations results in a largetransition from the 6, MO, which can be regarded as the
transition moment, as shown at the bottom of Figure 4. HOMO of the four benzene rings shown in Figure 1, to the

For FBTAP, we previously concludédthat the strong LUMO or the next LUMO. The 6k, MO is lower than the
intensities of the Q bands in the visible region are due to the “four orbitals” but is considerably destabilized by antibonding
breakdown of the quasi-degeneracy of the two main configura- interaction, as we have already pointed out, so that it is close
tions due to lowering of the next HOMO, which is localized to the next HOMO. This shift of the GpMO causes a decrease
on the meso nitrogens. Furthermore, in FBPc, extension of thein the transition energy.
conjugatedr-system destabilizes the HOMO much more than  The 6k, MO of FBPc resembles the 4dMO of FBP except
the next HOMO, so that the breakdown of the quasi-degeneracyfor a large amplitude on the peripheral 16 carbons. This large
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amplitude on the periphery of the molecule causes an increaseof the two main configurations of the Q bands, is caused by
in the transition dipole moments. In FBPc, the transition dipole two structural factors: (1) the next HOMO is stabilized by meso-
moment of the excitation Gp— 6b,g (LUMO), which is the tetraaza substitution since it has large amplitudes on the meso
main configuration of the 38 state, is as large as 1.76, while nitrogens; (2) the HOMO is destabilized by a strong

in FBP that of the excitation 4b— 4l¢(LUMO) is 0.73. Thus, antibonding interaction between the TAP skeleton and the four
the oscillator strengths of the 3Band 3B, states are larger in  cis-butadienes (4B) since the HOMOs of these two parts have
FBPc than in FBP. Comparing the experimental electronic the same gsymmetry and the energy difference between them
spectra of thin-film unsubstituted and chlorinated FBPthe is relatively small (within 1.6 eV). On the other hand, the next
B band is more influenced by chlorination on the benzene rings HOMO of the TAP skeleton has hbsymmetry and is separated
than the Q band. This indicates that the B band includes the from the highest occupied,borbital of 4B by about 3 eV, so
transition related to the benzene rings, which supports our newthat their orbital interaction is weak and the energy of the next
assignment. HOMO is almost unchanged.

With regard to the color of the molecule, the bathochromic  (ii) Breakdown of the quasi-degeneracy of the two main
shift of the visible Q band as a reflection of the narrower configurations causes an increase in the intensities of the Q
HOMO-LUMO gap in FBPc than in FBP changes the color and Q bands due to incomplete cancellation of the two
from violet-blue (FBTAP) to bluish-green (FBPc). The concept contributions to the transition dipole moment. In FBTAP, only
of orbital interaction between the TAP skeleton and the 16 the first of the above factors is present, while both factors are
external carbons can be useful for understanding substitutionpresent in Pc’s. This explains why FBPc is strongly colored
effects on the color of Pc's. For example, when a substituent and Pc’s are useful as commercial pigments.
shifts the HOMO energy of 4B up, the antibonding interaction (i) The LUMO and the next LUMO energies are not
in the HOMO of the substituted Pc is expected to increase, andinfluenced very much by meso nitrogen substitution and
the Q bands shift to a lower energy region. Since the broad B elongation of the conjugation. Therefore, the HOMOJMO
band has some overlap with the higher energy edge of the visiblegap is decreased, and the Q band shows a bathochromic shift
region, a similar approach to the shifts of the next HOMQ(’b  to give a greenish color to Pc’s.
and “the HOMO of benzene rings” (g may account for (iv) The B band is composed of the ZBand 2B, transitions
changes in the color of Pc’'s. When these orbitals shift up or and the 3B, and 3B, transitions. The former pair is weaker
down, the B band is roughly expected to show a bathochromic and corresponds to the tail and the shoulder on the low-energy

or hypsochromic shift, respectively. side of the main peak, while the latter pair corresponds to the
Other Transitions with Weak Intensities. The 1B, and main strong peak. Therefore, the nature of the so-called “B
2B, states are the first and second allowegbt transitions, band” of FBPc is different from those of other porphyrins, such

and are polarized in the out-of-plamdirection. These are weak as FBP, MgP, and FBTAP, whose B bands are assigned to the
transitions with calculated oscillator strengths of 0.012 and 2Bs, and/or 2By states. This difference is due to the batho-
0.004, respectively. The location of the first-n* transition chromic shift of the 3B, and 3B, states and their increased
differs between FBP and azaporphyrins like FBTAP and intensities. These 3Band 3B, states arise from the transitions
FBPc: in FBFC it is a component of the L band at an energy from the 6k, MO, which has a large amplitude on the peripheral
region higher than the B band, while in FBPc and FBFAP benzene carbons.

shifts down into the B band region. The meso nitrogens play
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