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The photophysical characterization of the two tautoméesafnd 1i) of 5,10,15,20-tetraphenyl N-confused
free-base porphyrin, as well as the tautomer-locked 2-methyl 5,10,15,20-tetraphenyl N-confused free-base
porphyrin, was carried out using a combination of steady state and time-resolved optical techniques. N-Confused
porphyrins, alternatively called 2-aza-21-carba-porphyrins or inverted porphyrins, are of great interest for
their potential as building blocks in assemblies designed for artificial photosynthesis, and understanding their
excited-state properties is paramount to future studies in multicomponent arrays. Femtosecond resolved transient
absorption experiments reveal spectra that are similar to those of tetraphenylporphyitPjHvith either

Soret or Q-band excitation, with an extinction coefficient for the major absorbing babeltb&t was about

a factor of 5 larger than that of FIPP. The lifetime of the Sstate was determined at a variety of absorption
wavelengths for each compound and was found to be consistent with time-resolved fluorescence experiments.
These experiments reveal that the externally protonated tautd@ds (onger lived ¢ = 1.84 ns) than the
internally protonated formif, = = 1.47 ns) by~369 ps and that thdl-methyl N-confused porphyrin was

shorter lived than the tautomeric forms 817 ps (DMAc) and~396 ps (benzene). Steady-state fluorescence
experiments on tautomet® and1i and theN-methyl analogues corroborate these results, with fluorescence
quantum yields®g) of 0.046 (Le DMACc) and 0.023 1i, benzene), and 0.025 (DMAc) and 0.018 (benzene)

for the N-methyl N-confused porphyrin. The lifetime and quantum yield data was interpreted in terms of
structural changes that influence the rate of internal conversion. The absorption and transient absorption spectra
of these porphyrins were also examined in the context of DFT calculations at the B3LYP/6-31G(d)//B3LYP/
3-21G(d) level of theory and compared to the spectra/electronic structurgl&HHand tetraphenyl chlorin.

Introduction series of fast intermediate step&fforts to mimic both the LHC

and PRC continue to fascinate chemists from the perspectives
phyrins, as well as their derivatives and analogues, continue toof jolar ener?y cclmvers:qn sc?]enjes usmgocovalently bolind
attract the interest of chemists because of their similarities to & o >P &m0 gcu armu “p_o”? yrin arreyfs: )
pigments found in biological organisms. This work is particu-  1he absorption characteristics of te ) and*(w,x) excited |
larly useful for providing insight into the light-initiated dynamics ~ States of HTPP have been measured using ultrafast transient
of related biomolecules present in the light-harvesting complexes@bsorption spectroscoplyand provided a basis for the inter-
(LHCS) and photosynthe“c reac“on centers |n purp'e bactena pretaUOn Of energy and e|eC'[I’0n-'[I’anSfel’ prOCGSSES na Va”ety

The optical properties and photophysical behavior of por-

and green plants. The light-harvesting centers (LMiDlseveral ~ Of complex array$~® The excited-state spectrum of;FPP
green plant systems and LHand LHE in purple bacteria) are ~ Shows strong but nondistinct absorption features between the
comprised of various bacteriochlorophgl(BChla, i.e., B80O, Soret- and Q-band bleachings that make identification of the

B850, and B880) pigments arranged in circular arrays. Structural nature of the excited-state difficult. The absorption bands in
data indicaté® that a combination of hopping and exciton the 600 and 900 nm region, though less intense than those
coupling among the BChI pigments is responsible for the observed in the Soret region, have distinctive features that have
efficient electronic energy transfer (EET) within LH1 and LH2 been found to be useful in characterizing excited-state processes.
upon absorption of light. Similarly, the photosynthetic reaction The time-resolved dynamics of the State in this work was
center (PRC) has evolved over time to facilitate photoinduced comparable to that obtained using time-resolved fluorescence
electron transfer (ET) from an electronically excited “special measurements. Zewail and co-workéreecently reexamined
pair” of bacteriochlorophylls to a quinone acceptor through a the excited-state dynamics of ;FPP using femtosecond-
resolved transient absorption and fluorescence up-conversion
*To whom correspondence should be addressed. E-mail: experiments. In this work, excitation into vibrationally excited
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group and is favored in highly polar solvents such as DMF,
where it presumably undergoes hydrogen bonding with the
solvent. Tautomerli has two internal NH groups and is
preferred in aromatic and halogenated solvents. The absorption
spectra of both tautomers are characterized by Soret and Q-bands
that are red-shifted to significantly lower energies and with
larger extinction coefficients than those of tetraphenylporphyrin
(H2TPP)21.22 Similarly to chlorin, the red-shifted absorption
bands and increased oscillator strengths résfrihm a break

in the degeneracy of the, @rbitals and a further splitting of
the a, and a, orbitals in regular porphyrins that occur with
the decrease in symmetry in this macrocycle.

We recently investigated the excited-state properties of NCPs
le and 1i in solution using steady-state and time-resolved
fluorescence spectroscopyThe quantum yields of fluorescence
(@) were found to be 0.023 in GiEl, and 0.046 in dimethyl
acetamide (DMAc¥® and the corresponding fluorescence
lifetimes F) were found to be 1.60 ns (GBIl,) and 1.98 ns
(DMAC).?? To characterize the absorption features of the S
state, we have extended this work to characterize the spectral
and dynamic properties of the excited singlet and triplet states
of NCPsle and1i using ultrafast transient and time-resolved
1-Me H,TPP absorption spectroscopy. In this work, we also have included a

Figure 1. Tautomeric forms of N-confused tetraphenyl porphyke parallel spectroscopic investigation dFmethyl N-confused

and1i, N-methyl N-confused tetraphenylporphydirMe, and tetraphe-  tetraphenylporphyrini(-Me) to investigate the spectroscopic
nylporphyrin (H:TPP). ramifications of “locking in” one tautomeric form. We anticipate

these experiments will provide a foundation for the subsequent

with solvent, 16-20 ps). The gstate decayed within ca. 50 fs  yse of NCPs in solar energy arrays and nanoscale molecular
to the § state, whereas the equilibrateg Qate decayed by  devices.

intersystem crossing on the ns time scale.

The ;pectroscopic features and properties of important Experimental Section
porphyrin analogues such as B@&lind chlorins have not been
examined in quite such detail. Nonetheless, the lifetimes of the =~ Apparatus and Procedures.Femtosecond transient absorp-
S, state and quantum yields of various chlorins are known and tion measurements were performed in the Center for Laser and
are comparable to many porphyriisTime-resolved experi-  Optical Spectroscopy at the University of Akron. In these
ments have not yet been performed on many synthetic chlorins,experiments, the output of a regeneratively amplified titanium-
although the fluorescence spectrum of tetraphenylchlorin hassapphire laser system, producing 130 fs pulses d kHz
been reported and the fluorescence lifetime (9.6 ns) and repetition rate with pulse energies of 3.5 mJ near 800 nm, was
quantum yield (0.30) of a diarylchlorin has been repotfed. splitinto equal parts to generate the pump and probe pulse trains.
Spectroscopic parameters of related free-base and zinc oxochloFor the pump, one-half of the fundamental light was either
rins have also been reported by Lindsey, Holten, and Bdéian. doubled for excitation in the Soret band or used to pump an

The high D2, D4n) symmetry of porphyrins and metallopor-  optical parametric amplifier (OPA), the IR output of which was
phyrins leads to a near degeneracy of the unfillgarbitals mixed with the residual fundamental to provide wavelengths
and results in weak, quasi-forbidden transitions in the Q-band between 437 and 635 nm. The pump pulse passed through a
region ($ — $1).17 Unfortunately, this spectral region is computer-controlled optical delay line (either 4 or 8 ns) and
primarily where solar irradiation reaches a maximum, and as awas focused with a 30-cm focal-length lens onto the sample
result, porphyrins are not found in organisms that utilize light- cell, which was typically displaced several inches from the focal
induced processes for cellular energy generation. Conversely,point to give an excitation spot size 6f450 um. The pump
chlorins and BCHA have a reduction in symmetry tQ power was varied from 0.07 to 3:B)/pulse to study the power
symmetry that results in a break in the degeneracy of the unfilled dependence of the measured dynamics. For transient dynamic
gy orbitals. The Q-band transitions in these analogues, as a resultmeasurements, the probe half of the fundamental was used to
are quasi-allowed and have significantly greater oscillator pump a second OPA. Probe wavelengths from 470 to 702 nm
strengths, at lower energies, than the analogous porphirins. were produced by mixing or doubling the parametrically
These strong, low-energy absorption properties make chlor- amplified IR light. Typical probe pulse energies used were from
inst?20 very desirable for photonics applications and related 0.01 to 0.5uJ at the sample. A beam-splitter separated a small
devices. fraction of the probe beam for measurement by a photodiode

N—Confused porphyrins (NCPs) represent attractive alterna- before the probe crossed the pump beam at a small angR (
tives to both chlorins and porphyrins in photonics applications. in the sample cell, with the angle between pump and probe
NCPs are porphyrin isomers with one of the pyrrolic nitrogens polarizations set at 54>7Comparison scans of cells containing
facing outside the macrocycle and one-i&@ group oriented pure solvent were recorded in conjunction with experiments
inward toward the core. These porphyrins, though differing from under those conditions for which interference from solvent-
the parent tetrapyrrole by the inversion of only two atoms, induced transients were observed to be potentially significant.
exhibit different physical and chemical properties than normal  Time-resolved fluorescence experiments were performed
porphyrins. Two NCP tautomersl€ 1i in Figure 1) are using the time-correlated single-photon counting (TCSPC)
observed in solutioR}22 Tautomerle has an external NH technique. The instrument used in this work utilized the pulses
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Figure 2. Absorption spectra afe (DMAc, blue), 1i (CH:ClI;, red),1-Me (DMAc, black), andl-Me (CH.Cl,, green). The spectra were normalized
to the Soret band maximum; the Q-band region is shown expanded above by a factor of 5.

TABLE 1: Absorption Data for N-Confused Porphyrin Tautomers 1e and 1i and N-Methyl N-Confused Porphyrin 1-Me in
CH,CIl, and DMAc

Soret (nm) Q-band (nm)
-1, —1 -1, —1
compound solvent (e x 10°M~tem™) (e x 1IGMem™)
1i CH.Cl, 437 (15.9) 539 (11.9) 580 (14.1) 665 (2.36) 724 (13.3)
le DMAC 442 (11.9) 550 (2.0) 595 (6.1) 644 (9.5) 699 (12.4)
1-Me CH.Cl, 446 (10.3) 563 (2.4) 609 (4.4) 656 (8.9) 715 (12.2)
1-Me DMAC 446 (10.5) 562 (3.2) 605 (5.6) 652 (10.0) 707 (12.9)

from a Coherent cavity dumped 702 dye laser pumped by the Results and Discussion

527 nm output of a CW mode-locked Nd:YLF laser. The ) i

fluorescence signal was detected at BAwith an emission Steady-State Absorptlon.Steady state absorption measure-
polarizer and depolarizer, using a Hamamatsu R3809U-51 red-Ments have been previously reported foand 18122 gnd are
sensitive multichannel plate detector (MCP). Data collection was characterized by red-shifted Soret and Q-bands. The energy and

accomplished with an Edinburgh Instruments data collection oscillator strengths of these bands are highly dependent upon

system, and analysis was done with a PicoQuant FluoFit decath;ngﬂgg‘;ﬁrﬂﬁm&mﬂé TnamUt(?a?(?Ba(inQ-?)gﬂrﬁjC)r:;inatﬁgtreg;ains

analysis program. Time resolution on this instrument is estimated . tensity with d . Fi 2). Tautortief
at~7-9 ps. Time-resolved decays were fit such that values of Intensity with decreasing energy (Figure 2). Tautorbieqi.e.,

22 < 1.20 were obtained. Error limits in these measurements in CH;Clp), on the ot_hey hand, has a Soret b?‘”d at 437 nm and
are estimated at10%. All TCSPC experiments were run with a Q-band structure similar to tetraphenylchlorigTRCh), with

argon-saturated benzene and DMAc solutions with optical a very intense g§0,0) band at 724 nm as the dominant low-

3
densities of 0.15 at the excitation wavelength (582 nm excite/ energy fe_aturé. Replacement of the methyl_ group at the
744 nm decay foli, 594 nm excite/713 nm decay fae, 600 external nitrogen lock-Me into tautomerle and its absorption

. YN spectra in both polar and nonpolar solvents was therefore
g)r(nci,z%zlms ;:;adefﬁ“gli:ﬂg&l?f nzene, and 600 nm expected to be similar the. The spectra oll-Me in CH,Cl»
y. ) ) . _and DMAc are shown in Figure 2 (Table 1). Bdteand1-Me
Nanosecond transient and time-resolved absorption experi-(in poth solvents) display a high energy band at-3360 nm
ments were performed by exciting the NCP at 570 nm using gnalogous to the N-band in normal porphyrins; this band is
the output of a Nd:YAG pumped dye laser (Rhodamine 6G) gpserved as a shoulder i at 388 nm.

and monitoring the changes in fabsorption V.Vith the p!*'sed output - Ag expected, the absorption spectrd.e¥le in both solvents
from a 75W Xe arc lamp. Transient absorption experiments were are similar tol in DMAC (i.e., 16 rather than in CKCl, (i.e.,

acquired using an intensified CCD (ICCD) for detection and a 1y aineit with Soret and Q-band absorptions that are red-shifted
500 ns delay after the laser pulse. Time-resolved experimentsg.q. 16 |n DMAc. the Soret band ol-Me is red-shifted to
were collected using a Hamamatsu R5108 PMT detector and 3446 nm whereas' the three lowest-energy (and most easily

digitizing oscilliscope. The time-resolution on this system is resolved) Q-bands are each red-shifted froay ~8—12 nm.
estimated as-10 ns. Pulse energies were kept+d5 mJ to In CH,Cl,, these shifts are slightly more pronounced, with the
minimize multiphoton absorptions and triptdtiplet quenching Soret absorption also at 446 nm, and the three low energy
reactions. Ground-state absorption and static fluorescence Spec”@-bands now red-shifted betweer 2—16 nm from those of
were obtained as described earfiér. le The solvatochromatic shifts are rather large compared to
Absorption spectra were recorded initially to confirm the H,TPP, which shows only minor absorption changes in different
quality of each sample prepared for use in femtosecond andpolarity solvents. Because the electronic structurd-te is
nanosecond measurements and periodically to check for deg-unlikely to change substantially with changing solvent polarity,
radation over time. All solvents used for spectroscopic measure-the observed solvatochromic shift is consistent with preferential
ments were either Spectral or HPLC grade. Namethyl NCP stabilization of the excited state in more polar solvents in the
(1-Me) was prepared according to a literature proceddire. so-called “externally protonated” tautomer of N-confused por-
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TABLE 2: Steady-State and Time-Resolved Fluorescence
Data for N-Confused Porphyrin Tautomers 1i and 1e and
N-Methyl N-Confused Porphyrin 1-Me in Benzene and
DMAc

compound solvent A @ 11(ns) Stokes shift (crrt)
1i benzene 744815 0.023 1.47 371
le DMAc 713783 0.046 1.84 281
1-Me benzene 746835 0.018 1.15 660
1-Me DMAc 733799 0.025 1.44 542

phyrins. The extinction coefficients df-Me in both CHCI»%>
and DMAc are quite similar to that dfe

Fluorescence Spectroscopylhe steady-state fluorescence
spectra for tautomerk andleare characterized by maxima at
744 nm (i) and 713 nm 1e), and both have weak shoulders
extending into the red. The quantum yields of fluorescedgg (
are also dependent upon the particular tautomer and have value
of 0.023 (Li) and 0.046 1€).2% The corresponding fluorescence
lifetimes (r) are significantly shorter than that of,JHPP and
were previously determined by us to be 1.60 hs CH.Cl,)
and 1.98 nsie, DMAC).22 A slightly different detection setup,
solvent (in the case dfi) and fitting program yielded slightly
smaller, but still similar, values of 1.47 ns far in benzene
and 1.84 ns fodein DMAc. The replacement of the external
hydrogen inlewith the methyl group irl-Me was expected to
result in only minor changes in the fluorescence properties from
those ofle However, the fluorescence maxinta.§,) for 1-Me
in both solvents are significantly red-shifted from thoselef
(Table 2), with maxima in DMAc and benzene of 733 and 746
nm, respectively, compared to 713 nm fbe (DMACc). The
Stokes shifts forl-Me in nonpolar (660 cm?) and polar (542
cm 1) solvents are significantly larger than that bé (281
cm™1). The fluorescence quantum yield®g ) determined for
1-Me in both solvents are significantly lower thdme as well
and are consistent with the methyl group providing a mechanism
for S; deactivation through an increase in the internal conversion
rate constantk(c). Alternatively, although the structure of the
1-Me has not yet been determined, the crystal structure of an
N-substituted acetyl NCPindicates a significant deviation from
planarity; such a structural deformation could also acc8unt
for the decreased quantum yield InMe. The fluorescence
lifetime (z) of 1-Me in both solvents was found to be best fit to
a monoexponential decay (1.44 ns in DMAc and 1.15 ns in

Aleman et al.

Excitation into the Soret band (442 nm) leads to slight changes
in the transient absorption spectrum. First, the absorption
centered at~510 nm in the Q-band spectrum is substantially
broadened with an intense high-energy shoulder at 493 nm and
a second prominent shoulder at 473 nm. Since the depletion
from the pump beam is no longer present with this excitation
wavelength, a weak absorption feature is observedb20 nm.
Depletion of the Soret band at 442 nm, thgX0) absorption
band at 650 nm, and the combined(@O) bleach and ¢0,0)
stimulated emission~713 nm) are all observed as negative
absorptions.

The transient absorption spectrum acquired in toluene with
585 nm excitation ath a 1 psdelay shows an intense peak
centered at-488 nm and a slight shoulder to the red~&35
nm. A second, less intense band is observed@&3 nm that
gs ca. one-third as intense as the main absorption peak. A
negative absorbing feature is observed@30 nm that results
from a combination of the bleach from thg(Q,0) band at 724
nm and the (0,0) stimulated emission band at 744 nm. The
spectrum acquired with Soret band excitation at 437 nm, when
scaled to the bleach/emission-af30 nm, shows a much more
intense peak centered at 500 nm?’ The shoulder that is
observed at 535 nm with Q-band excitation is now more
prominent and is blue-shifted to 525 nm. Instead of the relatively
intense band at 543 nm, smaller bands-&70 nm and~626
nm are observed, as well as a less intense and broad band
centered at-670 nm.

Transient absorption and time-resolved absorption experi-
ments on théN-methyl NCTPP {-Me) were also performed to
investigate the potential for excited-state proton transfer, as well
as any effects methylation might have on the excited-state
spectrum and dynamics of NCTPP. Transient absorption spectra
of 1-Me in both DMAc and toluene acquired with excitation at
the Soret band are shown at 1 ps after the laser pulse in Figure
4. In DMACc, the § — S, spectrum is characterized by a large
absorption at 518 nm;7 nm to the red of the S— S,
absorption ofLe A poorly resolved negative absorption centered
at ~695 nm and extending toward735 nm, attributed to a
combination of the ¢J0,0) band bleach and the «@,0)
stimulated emission, is also observed. In toluene, the absorption
maximum is found at~529 nm, which is substantially red-
shifted from that ofli in toluene (488 nm) and is red-shifted

benzene). Both of these decay constants are smaller than thall nm from 1-Me in DMAc. The bleach of the ¢0,0)

of 1e(1.84 ns, Table 2) and are consistent with substitution at
the external nitrogen providing a mechanism for excited-state
deactivation.

Femtosecond Time-Resolved Absorption Spectroscopyo

absorption band and the stimulated emission is observed from
~710-745 nm. Noticeably absent from the spectrum in toluene
is the ca. 640 nm transition observed for tautorhier

To understand the differences in the transient spectra (i.e.,

probe the spectroscopic features and the dynamic properties oftbsorption maxima, extinction coefficients) of ther,n*) 1i

both tautomers ofl, as well as that ofl-Me in polar and

andle excited state® it is worth examining the ground-state

nonpolar solvents, transient absorption spectra were obtainedelectronic structures of these two molecules in comparison to

at a variety of time delays in both DMAc and toluene. Both

H,TPP and HTPChI. The electronic structures a@f and 1le

Soret and Q-band excitation were used to examine the effectshave been calculated previously at the B3LYP/6-31G(d)/

of excitation into the Sand S states, respectively. The transient
absorption spectrum in DMAc1€) acquired & a 1 psdelay
after 442 or 596 nm pump pulses is shown in Figure 3 (top),
whereas the analogous spectra acquired in tolubhevith 437

or 585 nm excitation are shown in Figure 3 (bottom). The
spectrum in DMAc at 1 ps with Q-band excitation (596 nm) is
dominated by a strong absorption-a510 nm, with a shoulder
to the blue at 485 nm. Depletion of the(®,0) band is observed
as weak negative absorption (bleachy&45 nm. A second
negative feature is observed-a710 nm and is attributed to a
combination of the depletion of the«®,0) absorption band
and stimulated emission from the,(@,0) emission band.

B3LYP/3-21G(d) level of theory? The relative energies of the
interacting Gouterman orbitals fdii and 1e are summarized
together with those of )T PP and tetraphenylchlorin ¢HPChl)

in Figure 5. The absorption spectra of free-base porphyrins such
as HTPP are characterized by low-energy-S S; transitions
(Q-bands) that are nearly forbidden by parity rules and a more
intense, higher-energyS> S; transition that is allowed (Soret
band). The Q-band region in simple porphyrins generally
decreases in intensity with decreasing energy. JiRChl, the
unoccupied orbitals are nondegenerate and substantially split
in energy, resulting in thg-polarized Q-band transition (i.e.,
the Q/0,0) band and its (§1,0) overtone) becoming weakly
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Figure 3. Transient absorption spectra bfin DMAc (top) and toluene (bottom) taken 1 ps after the laser pulse. Excitation was into either the
Soret (blue spectra, 442 nm in DMAc and 437 nm in toluene) or Q-band (blue spectra, 596 nm in DMAc and 585 nm in toluene).
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Figure 4. An overlay of the transient absorption spectralefle in DMAc (blue) and toluene (red) taken 1 ps after the laser pulse using Soret
band excitation (446 nm in DMAc and toluene).

allowed!®22The result of this change is an increase in both the the absorption spectrum dfe becomes atypical of free-base

oscillator strength and a red-shift in thg(Q0) band. porphyrins and exhibits Q-band absorptions that increase in
For tautomerle, both the unoccupied;band a and the intensity with decreasing energy. These transitions are weakly

occupied b and b orbital$® are nondegenerate. As a result, allowed because of the substantial break in degeneracy of the
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Figure 5. Orbital energies of NCTPP&e and 1i, as well as HTPP
and HTPChl calculated at the B3LYP&1 g*//B3LYP/3-21 g levef?

TABLE 3: Transient Absorption Data for N-Confused
Tetraphenylporphyrin Tautomers le and 1li and H,TPP

(o, *)
compound solvent Amax (NM) e (M~lcm?)
i toluene 488 —a
643 —a
le DMAc 510 15x 1¢°
620 6.9x 10°
H,TPP toluene 440 3.x 10t

aCould not be determined because of the overlap between (@}
band ofli at 580 nm and a weak absorption feature in the same region
in the transient absorption spectrum.

LUMO and LUMO+1 orbitals, which are split to higher and
lower energy than those of,fiIPP, and the rather large increase
in energy of the occupied;lorbital. These changes in orbital
energy partly account for the red-shifted Soret and the Q-band
absorptions observed ite as well as the increased oscillator
strengths in the Q-band transitions. In tautorbigrthe Iy and

& unoccupied orbitals are also nondegenerate and are lower i
energy than the equivalent orbitals in eithefRP or BTPChl.
The energy difference between the occupieaid a orbitals

in 1i is also much larger than is found fo FPP (a, and a,)

or H,TPChl (g and ). The changes in orbital energiesin
are the opposite of what is observed iglRChl, for which the
unoccupied aand b orbitals are substantially different energeti-
cally but the occupied,and b orbitals are more closely spaced
together. The net result of the orbital changes is likely to be
the same for bottii and HTPChI, however, and the (D,0)
transition inli is thus weakly allowed and has a relatively large
extinction coefficient (at 724 nm) and a moderately intenge Q
(1,0) band (580 nm). With this information in hand, fie,z*)
excited-state spectra dfi and 1e, as well as those of-Me,

can be discussed.

The transient absorption spectra B¢ and 1i acquired in
toluene and DMAc (Figure 3), respectively, can first be
compared as a function of excitation wavelength. The main
absorption band at 488 nm in toluene is red-shifted 22 nm to
510 nm in DMAc, whereas the moderately intense band in
toluene at 643 nm is blue-shifted Ireto ~620 nm and is much
less intensé&® The excited-state extinction coefficients for the
spectrum in DMAc were calculatétin DMAc (Table 3) using
the bleach of the 1,0) absorption band as a referedé&he
510 nm absorption in DMAc has~ 1.5 x 1(* M~1cm~! and
the 620 nm band has~ 6.9 x 10® M~cm™1. The analogous
values in toluene could not be calculated because tife,@
band is obscured by one of the S S, transitions and the Q
(1,0) band at 665 nm is too weak to observe as a negative
feature. Holten et ait have reported ~ 3.1 x 10* M~cm™?
for the main feature in the transient absorption spectrumyef H

n
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TPP that is ca. a factor of 5 less intense than we reportédor
Holten has suggest&dthe absorption spectrum of thér,7*)
state of a regular porphyrin such asT#PP is probably best
represented as a doubly excited(f8,bi(77)] — [bag(*),bag-
(7r®)] configuration and not the configuration resulting from
promotion of the already-excited electron that would result in
the [ay(),b1u(r)] — [au(7r*)] configuration. As noted previous-
ly,the ground-state electronic structured eindli are different
from that of HLTPP, and given the nondegeneracy of the
unoccupied aand b orbitals, it is therefore possible that the
[a2(7),b2(7)] — [a@x(r*),ba(*)] configuration is not the only
transition observed in the;S~ S, transient spectra dfe and

li. Indeed, the appropriate transition fbe in particular, for
which the a and b unoccupied orbitals are substantially
different in energy, may well be {ér),bx(7)] — [ax(7*)] in
nature. In all likelihood, the rich transient absorption spectra
observed forle and li are a composite of two different
transitions, each having different polarity. Such a scenario would
explain the blue-shift of the low-energy absorption and the red-
shift in the higher-energy absorption in DMAc, where the a
and b unoccupied orbitals are more closely spaced together
than inli. This interpretation would explain the larger value of
€ (i.e., more highly allowed S5— S, transitions) inlecompared

to H,TPP. Time-dependent density functional theory (TD-DFT)
calculations are clearly necessary to evaluate these factors more
fully, but these qualitative arguments provide a basis for
interpretation of the observed spectra.

To fully probe the dynamics of the;®xcited state, time-
resolved absorption measurements were acquired with both Soret
and Q-band excitation at several different probe wavelengths,
in both DMAc and toluene (Table 4). Rise times for these
spectra were universally laser pulse limitet?Q0 fs) and could
not be resolved. In DMAc, excitation into the/Q,0) band at
596 nm yielded decays in the spectral range4705 nm that
were uniformly monoexponential. The average lifetime of the
decays in the range of 47®60 nm was 1.74 0.09 ns and
varied little (<5%) over the observed spectral range. The
recovery of the ¢{0,0) bleach/stimulated emission with Q-band
excitation was found to have a time constant of 1.920(10)
ns, longer lived than the absorption decays but nonetheless
consistent with the TCSPC data (1.84 ns). Time-resolved decays
for Soret band excitation produced similar results, where the
decays were also fit to a single-exponential function. In the
spectral range from 480 to 560 nm, the average excited-state
lifetime was found to vary<5%, with a lifetime of~1.62 +
0.04 ns. Holten et af have previously indicated that time-
resolved fluorescence is a more accurate indication of excited-
state lifetimes and that the recovery of thg(@0) bleach/
stimulated emission is a more accurate indicator of the porphyrin
S, lifetime than the main transient absorption bands.

In toluene, excitation into both Soret and Q-bands resulted
in monoexponential decays at all probe wavelengths examined.
Excitation into the Q1,0) band at 540 nm yielded decays in
the spectral range of 48%G25 nm region with an average
lifetime of 1.40 £ 0.05 ns, whereas Soret band excitation
produced slightly longer-lived decays of 1.450.04 ns. The
recovery of the 0,0) bleach/stimulated emission at 734 nm
was obtained with both Q-band and Soret band excitation and
was found to be 1.4% 0.11 ns (Q-band excitation) and 1.58
+ 0.12 ns (Soret band excitation). The data are consistent, within
experimental error, with the lifetime determined by TCSPC
measurements (1.47 ns).

N-Methyl N-confused tetraphenylporphyritMe was also
investigated in both DMAc and toluene, albeit with detection
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TABLE 4: Time-Resolved Absorption Data for N-Confused Tetraphenylporphyrin Tautomers le and 1li

Compound solvent Tabs,surel(ns}11 Tabs,Q—band(nS}) Tbleach.sure(ns); Tbleach,Q—band(nS)j
le DMACc 1.62+ 0.04 1.71+ 0.09 1.95+ 0.34 1.92+ 0.10
1i toluene 1.45+ 0.04 1.40+ 0.05 1.58+0.12 1.49+0.11

2 |ndicates the main transient absorption band was monitored upon Soret band excditatiticates the main transient absorption band was
monitored upon Q-band excitatiohindicates the ¢§0,0) bleach was monitored upon Soret band excitafiéndicates the ¢§0,0) bleach was
monitored upon Q-band excitation.
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Figure 6. Transient absorption spectra b& (DMAc, blue), 1i (toluene, red), and-Me in DMAc (black) and toluene (green) taken 500 ns after
the laser pulse using/®,0) band excitation (570 nm).

TABLE 5: Nanosecond Time-Resolved Transient Conclusions
Absorption Data for N-Confused Tetraphenylporphyrin
Tautomers 1e, 1i, andN-Methyl N-Confused Porphyrin The spectroscopy of the;Sand T, excited states of N-
1-Me in DMAc and Toluene ; Me i
confused porphyring and1-Me in polar DMAc and nonpolar
compound  solventApump(NM)  Aprobe(NM) 71 (uS) 72 (us) benzene and toluene were examined using a combination of
1 toluene 570 480 14 (75%) 45 (25%)  Steady-state and time-resolved optical spectroscopy. The excited-
le DMAc 570 495 6.1(89%) 27 (11%) state 3 lifetime of 1 in nonpolar solvents was found to be lower
1-Me  toluene 570 480 2.0 (100%) than that ofl in polar solvents by~369 ps. The excited-state

1-Me  DMAc 570 480 3.1(100%) S lifetime of 1-Me was found to vary substantially with solvent
solely at 510 nm, near the absorption maximum. In DMAc, as well, with the lifetime in the nonpolar solver290 ps longer
excitation into either the Soret or Q-band gave similar results, lived. A comparison betweehand1-Me indicates the methyl

with lifetimes of 1.52+ 0.04 and 1.42- 0.02 ns, respectively. group increases the rate of nonradiative decay-3{17 ps in
Similarly, in toluene a lifetime of 1.06- 0.01 ns was observed nonpolar anc~396 ps in polar solvents.

with either Soret or Q-band excitation. This value is, within g\ /6) similarities and differences are evident when compar-
experimental error, the same as that obtained using TCSPC (1.1§ng the excited-state properties d and 1i with regular

ns). . e
. . . porphyrins such as ZnTPP andHPP. The $ lifetimes and
Nanosecond Time-Resolved Experimentdhe triplet states fluorescence quantum yield® and1i are comparable to those

of 1 and1-Me were stgdled in both polar (DMAC) and nonpolar of ZnTPP, whereas their;Snergies are significantly lower.
(toluene) solvents using nanosecond transient absorption specs

. . . ~~~The absorption features of thkgli S; states are slightly
troscopy. Transient absorption spectra (Figure 6) were aerGddifferent from those of regular porphyrins and indicate they can
gzlsp%n r?rlr:‘g'lz[ng gpt(?t)r:zrf]%ggﬁecir;?ptjngglﬂ%) dté?ré%g]ﬂslets Ofbe (_jistinguished spectroscopically upon incorporation into
solvent conditions are qualitatively the same, with each domi- multlchror;opﬂore arrays. Ths mtﬁSt. extcmr&g atsp:ect t?f th(?[_se
nated by the Soret band bleach~at45—-450 nm and a pair of compounds, nowever, may be their steady-state absorption

absorption bands at400 and 480 nm that are probably one properties, which are different for each tautomer and from
single broad band, superimposed upon the Soret band bIeaCh(egular porphyrins. The fact that the tautomer, and therefore

The spectra of tautomeire, as well as those of-Me in both the apsqrptiqn s_pectrum, can be switched as a function of sol\{ent
solvents, are largely featureless outside of this broad absorptionPClarity is quite interesting and suggests these compounds might
band, and in fact, the spectrabMe are nearly superimposable ~Nave other tautomer-dependent properties that might be ex-
on one another in both solvents. The triplet absorption spectrumPloited, both by themselves and as part of arrays.

of 1i has an additional small absorption band centered=a0
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