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Excited-state absorption (ESA) portraits a new pathway to controllably generate hexaprotonated (HgTPyP®")
porphyrins followed by the formation of a new species (possibly porphyrin aggregate) departing from pristine
meso-(4-pyridyl) porphyrins (HyTPyP) dissolved in chloroform (CHClg). Steady-state absorption and photo-
luminescence (PL) spectroscopies provide solid signatures for each step of the process. The photo-protonation
mechanism involves CHCl3 decomposition driven by oxi-reduction reactions catalyzed by the HyTPyP itself.
Time-resolved PL shows that the dispersion of chloride ions (Cl7) in the solution, which are remnant from the
photo-triggered CHCl3 decomposition, leads to the quenching of both HyTPyP and HgTPyP®* emission lifetimes.
Stern-Volmer analysis suggests that the HgTPyP®"’s excited-state interactions with Cl~ are non-emissive exciplex.
Our findings open opportunities for the development of novel and controllable molecular processing strategies.

1. Introduction

Molecular excitation mechanisms, i.e., the pathways and rules
obeyed during light-matter interaction, are closely associated with how
efficiently photochemical reactions (PR) occur. Several PR are driven by
the so-called one-photon absorption process (OPA) (e.g. photosynthesis
[1] and vision’s mechanisms [2,3]) and more recently pulsed lasers have
been adopted as reliable sources to favor PR via alternative excitation
pathways [4-6]. This is possible because the photon density delivered by
pulsed lasers can promote non-linear light absorption processes such as
non-resonant two-photon absorption (2PA) or excited-state absorption
(ESA) [7,8]. According to Laport’s rule [9], in ESA, the reactants’
excited-state orbitals display distinct parities with relation to the parities
associated with OPA, and such distinction could, in principle, favor
different reaction mechanisms. Regardless the non-linear process, they
paved ways for remarkable advances in, for example, photodynamic
therapy [10,11], materials processing [12-14], and optical microscopy
[15,16]. More recently, Barbosa-Neto and co-workers [12] have un-
veiled the routes to use ESA for controllable photo-aggregation of P3HT
and the formation of highly stable polaron states in such aggregates. The
work also shows that ESA presents higher aggregation efficiencies when
compared with the standard OPA-induced aggregation using UV light
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source [12,17].

Ultra-Violet light has also been vastly utilized to trigger the decom-
position of chlorinated solvents such as chloroform (CHCl3). In one
hand, when only solvents are involved, the photo-decomposition is
directly driven by UVC photolysis [18,19]. On the other hand, when
solutions are involved, the solute might work as mediators that catalyze
such decomposition processes that are now driven by UVB and UVA
[20-25]. Many structures, such as hexachloroosmate(IV) [20], hexa-
chlororhodate(Ill) [21], Titanium dioxide [24] free-base porphyrins
[25], and chlorochromate ion [26] have been employed as mediators.
These mediators might also display absorption bands in the visible and
near-IR spectral range, justifying the exploration of other mechanisms
(e.g., ESA) to replace UV irradiation. Many applications require an un-
derstanding of solvent decomposition. Such understanding requires
precise, reproducible, and controllable routes that allow for mapping the
several steps involved in the process. In this context, the replacement of
UV irradiation is highly desirable since it triggers unwanted degradation
mechanisms whose origins are often obscure. Moreover, in solution, UV
light is harmful not only for the solvent but also for organic mediators
adding even more sources of spurious mechanisms. Therefore, ESA be-
comes an excellent alternative to the UV-light because it operates in the
visible range, which fulfills all the energetic requirements without
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compromising the mediator’s integrity.

Porphyrins are exceptional candidates for mediators, displaying (1) a
broad absorption window ranging from UV to near-IR [27,28]; (2)
relaxation pathways including intersystem crossing and fluorescence
[29]; and (3) effective ways to self-probe PR kinetics and fundamental
processes associated with the interaction between remnant decomposi-
tion products and the porphyrins themselves (e.g., PL quenching
mechanisms), by mapping their spectroscopic signatures [25,30]. These
spectroscopic signatures come from the porphyrin macro ring [28],
whose center comprises four nitrogen atoms linked to two hydrogen
atoms (one 2" ion) in the case of free base (-metallo) porphyrins.
Moreover, porphyrins are great ESA-driven absorbers’ candidates,
opening the possibility to their use as selection-rule controlled PR me-
diators. It is important to mention that, when porphyrins are irradiated
with nanosecond pulses ESA prevails on 2PA since porphyrins present
low 2PA absorption cross-sections [4,31,32]. Although nanosecond
pulses do not have enough peak intensity to create a 2PA in free-base
tetrapyridyl porphyrin (HoTPyP) capable to compete with absorption
at resonant conditions, they have enough fluence to transfer the ground
state population to the first singlet excited-state and consequently to
promote ESA.

Here we show how ESA applied to HoTPyP [29] opens other exci-
tation pathways that facilitate controllable CHCl3 oxi-reduction
decomposition [25]. Chloroform decomposition releases hydrochloric
acid (HC]) in the solution, which is promptly detected through the
protonation of the HoTPyP’s macro-ring. We also show that ESA can
establish an ideal environment to allow for understanding the elusive PL
quenching of both HoTPyP and its protonated counterpart. The analysis
of the Stern-Volmer (SV) plots indicates that the quenching is likely
caused by the formation of non-emissive exciplex involving porphyrins
and remnant Cl~ ions. We also demonstrate that, after achieving a
critical concentration of protonated porphyrins, new photo species are
controllably promoted by ESA (probably photo aggregated species).

2. Materials and methods
2.1. Pulsed and continuous (CW) laser sources

A frequency-doubled Q-switched Nd-YAG laser (operating at 20 Hz),
from Quantel (Q-smart 100) with 6 ns FWHM pulse width (Aexe = 532
nm and 1064 nm) was adopted as the pulsed-irradiation source. Each
pulse presents a nominal fluence value of ~836 mJ/cm?. The irradiation
of solutions with continuous light was performed using blue (475 nm)
and green (532 nm) CW lasers, from Laserline.

2.2. Sample preparation and spectroscopic measurements

Meso-tetra-substituted free-base (4-pyridyl) (HoTPyP) porphyrin was
synthesized according to procedures described in the literature [33].
During the spectroscopic measurements and irradiation processes,
HoTPyP is dissolved in three distinct solvents: chloroform (CHCl3) sta-
bilized with amylene, dimethyl sulfoxide (DMSO), and tetrahydrofuran
(THF). All solvents were purchased from NEON and were used as
received. The concentrations were all set to values <5 uM to avoid
spontaneous aggregate formation.

Absorption spectra were acquired with a JASCO V-670 spectropho-
tometer. Steady-state fluorescence spectra were acquired using a setup
composed of a Xenon lamp from ACTON; a monochromator model 300i
by ACTON and a portable Ocean Optics spectrophotometer. The exci-
tation wavelengths were selected by a monochromator and the fluo-
rescence was detected in a 90° degree geometry (taking the direction of
the excitation beam as reference). Time-resolved fluorescence experi-
ments were performed using a Time-Correlated Single Photon Counting
(TCSPC) Delta-Flex system from Horiba, equipped with a pulsed LED as
the excitation source (352 nm at a repetition rate of 8.0 MHZ) and
presenting a time/channel relation of 27 ps per channel. The decay
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curves were collected at 650 nm, which is approximately the most
intense fluorescence peak observed for HyTPyP. For all spectroscopic
measurements and irradiation experiments, the samples are placed in
1.0 cm path length quartz cuvettes with four polished windows.

2.3. Quantum chemical calculations

All calculations are performed with Gaussian and the structures are
obtained employing the Gaussview program [34]. The molecular
structures are optimized via the M06 functional. The calculations of the
orbitals and free energies are performed in a solvation environment,
which is simulated in chloroform by the continuum dielectric model
(IEFPCM). All calculations are performed considering the 60 first singlet
excited-states of the molecules.

3. Results and discussion

3.1. Photo-induced modifications in absorption and photoluminescence
features of HoTPyP

Irradiation of HyTPyP dissolved in CHCl3 using a nanosecond pulsed
laser (6.0 ns, 532 nm) induces significant changes in the original ab-
sorption spectrum, as shown in Fig. 1. From 0 to 400 J/ cm? the intensity
of the B-band originally centered at 417 nm (Fig. 1a) progressively
decreases at the expense of creating an unforeseen band (from now on
X-band) originally centered at 444 nm. The characteristic sigmoidal
behavior (see inset in Fig. 1a), observed for the intensities of both
B(0,0) and the X-band with increasing fluence, together with the iso-
sbestic point around 425 nm, suggests that this novel band is associated
with a novel species originated from HyTPyP [35,36]. Regarding the
Q-bands (Fig. 1b), although novel bands are not observed, there are
clear modifications in the peaks’ relative intensities, which are also
accompanied by an overall redshift. Fig. S1 in the supporting informa-
tion (SI) shows a power-law correlation with the exponent approxi-
mately equal to 1 (~1.16 to Q,(0,0) band at 648 nm and ~0.91 to
Qy(0,1) band at 513 nm) for the intensity evolution of the X-band with
the Q,(0,0) and Q,(0, 1) bands with changing fluence, which endorses
that the features arise from the same photoproduct. It is important to
note that pulsed radiation takes HoTPyP out of its optical linear regime
[29]. Therefore, we hypothesize that pulsed radiation is key to gener-
ating the new species. As shown in Fig. S2 in SI, when the solution is
excited with continuous radiation (475 nm and 532 nm) under several
distinct fluences (up to 60 times greater than those for pulsed radiation),
no changes, whatsoever, are observed in the original spectra. Moreover,
no spectral change is observed when the solution is excited with pulsed
radiation at 1064 nm, corroborating the hypothesis that ESA is the
process responsible to trigger the PR. We also hypothesize that having
CHClI; as the solvent highly favors the development of new species. This
hypothesis is verified by performing the same experiment in solutions of
HoTPyP dissolved in tetrahydrofuran (THF) and dimethyl sulfoxide
(DMSO). Fig. S3 in SI shows, once again, that no changes in the original
spectra are observed at all.

The spectral evolution with fluence leads us to understand that the
photoproduct obtained here is a form of protonated porphyrin. Indeed,
similar results have been observed in the literature where both acid
solutions [30,36-43] and light irradiation [25,44,45] are used as the
protonation agents. The literature discusses that protonation depends
closely on the porphyrin structure and that such protonation usually
takes one of the following routes, each of them with very specific
spectral signatures: (1) only the porphyrin central ring undergoes pro-
tonation. In this case, a new and well-resolved band, which is often tens
of nanometers redshifted from the original B-band, appears at the
expense of decreasing the B-band intensity [42]; (2) only the porphyrin
outlying groups undergo protonation. In this case, the B-band is slightly
redshifted with relation to the original B-band position (usually units of
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Fig. 1. Evolution of H,TPyP absorption spectra as a function of pulsed laser fluence (0-400 J/cm?) evaluated at (a) B and (b) Q bands. The inset in figure (a)
compares the decreasing and increasing of the main B band constituting the HyTPyP spectrum and its protonated counterpart HgTPyP®" cation (X-band), respec-
tively. The inset in figure (b) shows the color variation of the solution after pulsed irradiation. The porphyrins are dissolved in CHClg,

nanometers) [46]; or (3) first, the outlying groups undergo protonation
followed by the protonation of the central ring. In this case, both spectral
modifications discussed in (1) and (2) occur in sequence [46]. In
particular, Fang et al. describe the routes (1) to (3) very well for meso-
pyridyl porphyrins [46]. Our method introduces a new route in which
routes (1) and (2) occur simultaneously instead of in sequence. In this
scenario, both outlying groups and the central rings undergo simulta-
neous protonation. Such an elusive route possesses clear spectral sig-
natures (see Fig. la and Fig. S4 in SI) and shows that the final product
obtained via ESA is the hexaprotonated porphyrin HgTPyP®". In fact,
theoretical calculations show that the 6H" protonation of HoTPyP in
CHClI; presents AG = —313.32 kJ/mol (free Gibbs’ energy) and AH =
—313.28 kJ/mol (enthalpy) indicating that the protonation is thermo-
dynamically favorable.

Additionally, we inspected the spectra under 0 J/cm? and 400 J/cm?
applying both, deconvolution and spectral derivative methods, which
the authors have thoroughly discussed elsewhere (see Figs. S5 in SI)
[27,47]. The B-band from the original solution (0 J/em?), Fig. Sb5a,
comprises two transitions: the electronic B(0, 0) and the vibronic B(0, 1)
[27]. The solutions under 400 J/cm? (Fig. S5b), however, seem to
comprise four sub-bands: 2 electronic (B(0,0)-like) and 2 vibronic (B(0,
1)-like). The B(0,0) and B(0,1) bands from HgTPyP®' are in good
agreement with the literature [40,41].

Steady-state photoluminescence (PL) and emission decay signatures
from both HoTPyP and protonated porphyrins are well documented in
the literature [30,36-43] and corroborate the hypothesis and observa-
tions above. As seen in Fig. 2a, the Q(0,0)-band red-shift followed by a

decrease of the intensity ratio % reveals that the modifications in

H,TPyP PL emissions with increasing fluence are fully connected with

the raise of PL emissions from protonated porphyrins [30,36-43]. Fig.
2b shows that the PL decay curves evolve from a mono-exponential
curve associated solely with HyTPyP (t; = 7.26 ns at 0 J/cm?) to a bi-
exponential associated with both HoTPyP (t; = 7.13 ns) and
HgTPyPGJr (to = 1.28 ns) at 100 J/cm?. It is also noticeable (see Table 1)
that both t; and 1, steadily decrease with increasing fluence due to a
quenching mechanism that is thoroughly explained later in the text
(Section 3.3) [27,30,36].

3.2. Porphyrin assisted chloroform decomposition

As discussed above, the photo-induced protonation of HyTPyP re-
quires excitation and solvent optimal conditions. It is well established

Table 1

Excited-state decay parameters evolution of solutions containing only HyTPyP to
solutions containing both H,TPyP and HgTPyP®" as a function of pulsed laser
fluence (0-400 J/cm?). The values in parentheses in the emission lifetime col-
umns (t; and t2) represent the percentage contribution of each exponential
adopted in the fitting. ¥2 estimates the fitting precision.
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Fig. 2. (a) Normalized PL spectra (Aexc = 444 nm) and (b) emission decay curves as a function of pulsed laser fluence. The excited-state decays were excited at 352

nm and probed at 650 nm. The porphyrins are dissolved in CHCl3,
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that, differently from CW lasers, nanosecond pulsed lasers easily induce
ESA in porphyrins [8,48-56]. Therefore, PR might differ from each other
according to the laser source used and the system under investigation
[12,17]. In one hand, upon 532 nm (2.33 eV) and 475 nm (2.61 eV) CW
excitations, our results do not show any evidence of PR. On the other
hand, PR is readily observed under ESA, which is a sequential two-
photon process [7]. In our experiments, ESA excites the molecule at
4.66 eV, which endorses the molecular energy threshold required to
trigger the said PR (between 2.61 eV and 4.66 eV).

Munoz and co-workers have investigated tetraphenyl free base
porphyrin (HoTPP), which present electronic and vibronic properties
similar to those of HyTPyP [25,27,57]. They report a self-consistent
mechanism in which 289 nm (4.29 eV) CW irradiation triggers a
photooxidative excited-state in HoTPP dissolved in CHCls. This photo-
oxidative excited-state leads to the catalytic reduction of CHCl3, which
also releases HCI in the solution. The presence of HCl closes the cycle, by
causing the formation of core-di protonated H4TPP?* porphyrin species.
In other words, HoTPP acts not only as a catalyst but also as an HCl
sensor (other chromophores have also been used for the same purpose
[20-26,58]). In our case, the ESA energy excitation is slightly higher
than the excitation energy used by Munoz et al., [25] suggesting that
H,TPyP is protonated after achieving a photooxidative excited-state as
well. This justifies the absence of PR in THF and DMSO solutions.
Moreover, our results demonstrate that the protonation mechanism does
not depend on the absorption selection rules since it is achievable with
both ESA (Aexc = 532 nm) and CW(hexe = 289 nm) [25].

Other recent reports [44,45] have also shown that porphyrin’s
photo-induced protonation in chlorinated solvents occurs after solvent
decomposition and HCl release. Those works, however, claim that sol-
vent decomposition occurs due to porphyrin-independent photolysis
driven by 2PA processes. In our context, this claim is inconsistent since,
on several occasions [4-7,59], nanosecond pulsed lasers fail to promote
2PA in porphyrin at resonant conditions. Direct excited-state absorption
is also excluded because CHClj3 is transparent to visible radiation (see
Section S2 in SI for a thorough discussion).

3.3. Excited-state lifetimes of HyTPyP and HgTPyP%* and quenching
mechanisms.

Our results show that the excited-state lifetimes from both HyTPyP
(t1) and HgTPyP6+ (t2) decrease relative to their initial values (t, (o) and
To(0), Tespectively) with increasing radiation dosage (see Table 1) indi-
cating a quenching process. In our case, due to the Q-bands’ absorption-
emission overlap between H,TPyP and HgTPyP®', the quenching
mechanism could be explained via the radiative energy transfer process
(see Fig. S6 in SI). We rule this possibility out because the absorbance
involved here («0.1) is not large enough to trigger the aforementioned

Fluence (J/cmz)
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process; if such a process was taking place, it would manifest as an
emission lifetime increase for at least one of the emitters [60-63] (see
Section S3 in the SI).

We hypothesize, therefore, that the relative amplitude and emission
lifetime decrease occur because the protonation mechanism we observe
involves mass conservation among species. In other words, the decrease
of the HoTPyP’s concentration with increasing radiation dosage is pro-
portional to the increase of both HgTPyP®" and Cl~ concentrations (see
Fig. S7 in SI). Our hypothesis is aligned with the fact that concentration-
driven modifications in excited-state dynamics are often connected with
intermolecular interactions leading to bimolecular quenching processes
commonly understood in terms of so-called Stern-Volmer (SV) plots
[60-62]. In our case, we assume that such intermolecular interactions
are largely mediated by the Cl~ ions and that any other intermediate
product arising from CHCl3 decomposition is unstable [20-26,58].

1 T2

Fig. 3 shows the SV plots for HyTPyP (M) and HgTPyP5" (@>

lifetime ratios as a function of both delivered fluence and Cl~ concen-

tration (for details about the Cl™ concentration calculation, see Fig. S7 in

the SI and related discussion). Two different quenching behaviors are
T1(0)

observed: - quenches linearly (expected in dynamic quenching pro-

T2(0)

cesses) while .

follows a non-linear quenching. These distinct
quenching behaviors are readily understood under the following as-
sumptions: (i) HoTPyP is not a quencher for HgTPyPGJr since, as dis-
cussed earlier in the text, its concentration is decreasing (see Fig. 1); and
(ii) both HgTPyPSJr and Cl™ are quenchers for HyTPyP, which is sup-
ported by the literature [64-73]. In fact, the higher concentration of Cl~
relative to that for HgTPyP®" favors its effectiveness as a quencher.
The deviation of SV plots from the linear behavior shown in Fig. 3ais
commonly associated with exciplex (HgTPyP®"/Cl™ pairs) formation,
which in our solutions is highly favored by strong electrostatic in-
teractions between HgTPyP6+ and Cl~ [60,61,74,75]. Note that Cl™/
HoTPyP pairs experience weak electrostatic interactions, which highly
disfavors exciplex formation. This understanding allows us to quanti-
tatively evaluate the quenching effectiveness in our system. For such,
the t—f) curve in Fig. 3a is adjusted using the standard SV equation:

% =1+ Kg[CI], )
1

where Kgy =2 0.488 x 10* M™! is the quenching constant and [Cl7] is
the chloride ion concentration.

The T% curve is adjusted following Grosso and co-workers [74] and
Kuzimin and co-workers [75]. Their work also investigates non-emissive
exciplexes and, to adjust their non-linear curve, they modify Eq. (1) to
include the exciplex contribution to the quenching mechanism. The new
Equation is:

2
Fluence (J/cm’)
100 150 200 250 300" 350 400

18] (P)

T, lifetime (HgTPyP¢) - 1,28ns

4 6 8 10 12 14 16 18 20
[CT] (uM)

Fig. 3. Stern-Volmer plots for (a) T‘T—‘f) (H,TPyP) and (b) %”’ (HSTPyP“). In both figures, black spheres represent SV values as a function of [C1™] (in uM). The red solid
curves are fittings using (a) Eq. (1) and (b) Eq. (2). The porphyrins are dissolved in CHCl3,
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T UK (Cr]-[Cr])}

©  {+kK([cr]-[c; )} 2

T

where [Cl] = 0, Ty is the unquenched lifetime, 1, is the quenched
lifetime and Texp is the non-emissive exciplex lifetime. In our case, [Cl_]
= 4.05 pM is the critical concentration below which the lifetime asso-
ciated with HgTPyP6+ is not detectable, t5() (t2) is the unquenched
(quenched) HgTPyP6+ lifetime, and Teyip is the HgTPyP6+/Cl’ non-
emissive exciplex lifetime. After fitting, the parameters obtained from
the HgTPyP6+’s SVplotare K = 12.45 x 10*M~! and Texcip 957 £ 45 ps.
The fitting result shows that K ~ 25.5 Kgy, which endorses the effec-
tiveness of Cl~ interactions with HgTPyP%".

3.4. ESA photo-induced modification of HgTPyP®".

Next, we pay close attention to the evolution of the system for flu-
ences from 400 to 1000 J/cm?. Fig. 4a and b show representative B- and
Q-band spectra for 0 J/em?, 400 J/cm?, and 1000 J/cm? (Fig. S8 in SI
shows the complete spectral set from 0 J/em? to 1000 J/cm?).

It is clear that both bands are losing their once well-structured
spectral features. In one hand, the B-band spectra for delivered flu-
ences above 400 J/cm? (Fig. 4a) clearly show that the HoTPyP intensity
pattern (decreasing with increasing fluence) no longer reflects an in-
crease of the X-band’s intensity (see Fig. S8a in SI). The inset in Fig. 4a
shows that after reaching the threshold fluence (400 J/cmz), the HyTPyP
B-band’s intensity continuous to present a sigmoidal behavior with
increasing fluence, while an abrupt decrease followed by a stationary
behavior is observed for the X-band’s intensity. The stationary behavior
observed for the X-band indicates that both, the novel structure and the
HgTPyP®" formations are happening at similar rates. On the other hand,
the Q-band spectra at 1000 J/cm? in Fig. 4b clearly show that the
vibronic progressions are modified as well. The behaviors presented by
the B- and Q-bands are a strong indication that the original structures
are undergoing structural changes.

It is known that protonated porphyrins are susceptible to undergo
aggregation after favorable conditions are achieved (e.g. critical
porphyrin concentrations or the presence of intermediator groups)
[35,76,77]. Therefore, we hypothesize that there must be a fluence
threshold associated with a critical HsTPyP®* concentration after which
aggregate formation is greatly favored. In order to support this hy-
pothesis, we performed ESA in previously protonated solutions
(HgTPyP6+ + CHCl3), which were obtained via the addition of aliquots
of HCI in our original solution (HoTPyP + CHClg). The advantage of
starting with such an acidic solution is that a previously fully protonated
sample allows for precisely observing the evolution of the new spectral
features after the critical fluence has been achieved, without the inter-
ference of HyTPyP sub-products. Fig. S9 in SI shows the spectral

2.0 H,TPyP Fluence
417nm a) | em)
—o-miryr —_—
wio 0 Setume [ 0
o 1.6 14 °\° / -0 aggrequte [0.6 e 400 @
<9 T Dl /0 05 Z| =— 1000
£ £ Y 04 g =
~ 3 =
S 12 Tl % Jeeeea g s 2
[ . P %, 02 3 =
(=] 43 4 \gx3»0»0—° - =)
72} 08 HTPyP* 02 1550000000097 S-0-0-09[ 72}
Q * 0 100 200 300 400 500 600 700 800 9001000 -Q
<« Fluence (J/em?) <
04 J-aggregate
471nm
0.0+

400 500 600

Wavelength (nm)

700

Journal of Photochemistry & Photobiology, A: Chemistry 426 (2022) 113759

evolution of the HgTPyP®" bands induced by pulsed irradiation. It is
noticeable that a new band, which is red-shifted with relation to the
HgTPyP®* original band, arises and gains intensity at the expense of
decreasing the HgTPyP®" original band’s intensity. This together with
the existence of an isosbestic point strongly suggests the creation of a
new ESA-driven species from the protonated HyTPyP. Moreover, we also
performed ESA-driven photo-protonation in meso-tetra(thienyl)
porphyrin (HoTThP), with similar 532 nm absorbance used for HoTPyP.
Our results show that the HoTThP solution is completely protonated
when excited with 1000 J/cm? of pulsed radiation (see Fig. S10 in the
SI), being the protonation of the HoTThP core the unique phenomenol-
ogy observed [38]. Additionally, Munoz et al., using ultraviolet con-
tinuum radiation (289 nm) also showed that the photo-protonated
tetraphenyl porphyrin (H4TPP?") is not converted in other species
even after the complete protonation of the HoTPP in solution [25]. Such
results indicate that the protonated outlying pyridyl group is an
important structural feature to form the new species. Indeed, the
importance of protonated outlying groups also supports the possible
aggregate formation, since in general charged outlying groups play
important roles in the aggregation [35,76,77]. Supported by the
experimental data we justify that the possible new species could likely
be J-aggregates. The aggregation possibly takes place once the solution
isrich in remnant Cl~ ions (subproducts of the porphyrin’s protonation)
interacting with the porphyrin ring and that likely work as in-
termediaries for the interactions between outlying pyridyl groups and
the protonated cores of distinct HgTPyP6+ [771.

4. Conclusion

In summary, we show that ESA applied to solutions of HyTPyP dis-
solved in CHCI;3 is a reliable and efficient technique to controllably
photo-induce CHCl; decomposition allowing for HgTPyP®* formation.
Besides the use of ESA, the advantage of our method is that HyTPyP
behaves simultaneously as the mediator for PR and as the probe that
facilitates the mapping of the mechanisms of such PR. We also demon-
strate that after reaching a critical concentration of HgTPyP®", ESA also
controllably generates HgTPyP®" aggregates (possibly J-aggregates).
Moreover, the multi-component character of the irradiated solution
likely enables the occurrence of excited-state bi-molecular interactions,
which we believe to be mediated by non-emissive exciplex, as suggested
by the evolution of both HoTPyP and HgTPyP%* PL lifetime. Finally,
ESA-induced CHCl3 decomposition provides an excellent opportunity to
understand the role of the orbital’s parity of the PR’s reactant.
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