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ABSTRACT: Metalloporphyrins based on open-shell transition metals, such as Ni(II), exhibit typically fast excited-state re-
laxation. In this work, we shed light into the non-radiative relaxation mechanism in a nanographene - Ni(II) porphyrin conju-
gate. Variable temperature transient absorption and global fit analysis are combined to produce a picture of the relaxation 
pathways. At room temperature, photoexcitation of the lowest * transition is followed by vibrational cooling in 1.6 ps, 
setting a short 20-ps temporal window wherein a small fraction of relaxed singlets radiatively decay to the ground state be-
fore intersystem crossing proceeds. Following intersystem crossing, triplets relax rapidly to the ground state (S0) in a few 
tens of picoseconds. By performing measurements at low temperature, we provide evidence for a competition between two 
terminal relaxation pathways from the lowest (metal-centered) triplet to the ground state: a slow ground state relaxation 
process proceeding in timescales beyond 1.6 ns and a faster pathway dictated by a sloped conical intersection, which is ther-
mally accessible at room temperature from the triplet state. The overall triplet decay at a given temperature is dictated by the 
interplay of these two contributions. This observation bears significance in understanding the underlying fast relaxation pro-
cesses in Ni-based molecules and related transition metal complexes, opening avenues for potential applications for energy 
harvesting and optoelectronics. 

 

In recent years, transition metal complexes (TMCs) have 
been the subject of widespread attention for light-to-energy 
conversion applications like photovoltaics and photocataly-
sis. 1–7 Focusing on dye-sensitized solar cells (DSSCs), for in-
stance, some TMCs exhibit outstanding performance, acting 

sequentially as light-harvesting centers and electron donors 
at the interface with large band gap semiconductor oxides. 
8–12 This is, for instance, the case of d6 octahedral complexes, 
like [Ru(bpy)3]2+, which is an archetypical light-harvesting 
antenna in DSSCs. 13–15 The assets of these TMCs stem from 



 

the metal-to-ligand charge transfer (MLCT) character of 
their lowest triplet states, which are typically long-lived (> 
1 s) and allow for efficient electron transfer before ground 
state relaxation. 16 These long relaxation timescales are of 
benefit not only for solar cells but also for photocatalytic ap-
plications. 17–19 Despite these notable properties, there is a 
growing interest in replacing d6 elements like Ru or Ir with 
more abundant first-row transition metals.20 

 
In other TMCs, like d8 open-shell Ni complexes, low-lying 
metal-centered triplet states T(d,d) play a dominant role in 
the photophysics. In these systems, the T(d,d) states in Ni 
engage in -antibonding orbitals with the ligands, leading 
to structural distortion and weakening of the coordination 
bond, offering a doorway for photoredox reactions. 21,22 It 
has been confirmed experimentally for instance that the 
T(d,d) states in Ni(II) aryl halide complexes are responsible 
for homolysis of the Ni-aryl bond to yield aryl radicals and 
Ni(I), capable of triggering subsequent catalytical 
processes. 23 Despite these potentially interesting 
properties, T(d,d) states undergo a fast non-radiative 
deactivation, ascribed to a crossing of the triplet and ground 
state potential energy surfaces (PES), 21–24 thus hindering 
efficient engagement of Ni-based TMCs with substrates or 
catalysts by energy or charge transfer. Indeed, sub-
nanosecond electronic relaxation is a common observation 
in many Ni based TMCs, including Ni-pthalocyanines and 
Ni-porphyrins. 25–28 
 
 
Ni-porphyrins have been the subject of investigation with 
femtosecond optical transient absorption spectroscopy 
(TAS), X-ray transient absorption spectroscopy and 
quantum chemical calculations in order to elucidate 
possible ways to harness energy deactivation. 29,30 This 
combination of techniques provided insights into the 
ultrafast electronic and structural relaxation processes of 
Ni(II) tetramesitylporphyrin (NiTMP), revealing a 1 ps 
intersystem crossing concomitant with a transition from a 

ruffled to a planarized porphyrin geometry. 25,30–32 
Furthermore, the presence of intermediate triplet states 
with Ni(I) charge transfer character was unveiled, followed 
by relaxation towards a triplet T(d,d) state in a few 
picoseconds. Since Ni(I) can thermally catalyze reactions, 
these findings offer tantalizing prospects for efficient Ni-
photocatalysts, either by the engagement of intermediate 
states or by changing the nature of the lowest excited triplet 
state via chemical functionalization. 33 In a recent study, 
some of us reported on how the fusion of a 5,15-
(dimesityl)porphyrin nickel(II) (NiDMP) with two hexa-
peri-hexabenzocoronenes having two extra K-regions in a 
symmetric fashion enabled to change the triplet level 
energetic ordering. 34,35 In this case the large aromatic 
conjugation pushed the second lowest triplet energy level, 
of stronger ligand character, below the metal-centered 
T(d,d) state, which was in turn weakly affected by the 
conjugation extension. The observed relaxation lifetime 
from the lowest triplet state was nevertheless only 100 ps 
and no luminesence was observed.  
 
Hereby, we investigate the ultrafast relaxation processes of 
a hexa-peri-hexabenzocoronene - Ni(II) porphyrin analogue 
fused in an asymmetric fashion which exhibits unexpected 
luminescence in the NIR. We combine time-dependent 
density functional theory (TDDFT) and femtosecond TAS to 
unravel the electronic relaxation pathways and associated 
rates as well as the nature of the relevant excited states. 
Variable temperature TAS (VTTAS) down to 77 K was 
deployed in a further attempt to elucidate the possible 
presence of ultrafast thermally activated processes on the 
photophysics. Our results are compatible with a fast 
thermally activated access from the triplet to the ground 
state through a conical intersection between their 
respective PESs. Detailed analysis of the TAS data provides 
us with values for the energy barrier and relevant 
timescales of the thermally activated process, standing as 
the first experimental observation of this kind in Ni(II) 
TMCs.       



 

  

Figure 1. (a-b) Chemical structures of NiDMP and NP, respectively. (c) Normalized absorption of NiDMP and NP (black and blue 
solid lines, respectively) and NP PLE (blue dots) and PL (blue dotted line). The green vertical segments indicate the position of optical 
transitions computed by TDDFT, and their heights are proportional to their oscillator strengths. Excitation (emission) wavelengths 
employed for PL (PLE) were 780 (948) nm. (d) Room temperature PL dynamics of NP detected at 948 nm (blue line) together with 
a single exponential fit (red line) and instrumental response function (grey shaded area). Residuals from the fit are shown at the 
bottom (blue line).  

Figure 1(a-b) depicts respectively the chemical structure 
of 5,15-(dimesityl)porphyrin nickel(II) (NiDMP) and the 
compound under study: a NiDMP triply-fused with a -ex-
tended hexa-peri-hexabenzocoronene with two K-regions, 
(hereafter referred as NP). Figure 1(c) displays the absorp-
tion, photoluminescence excitation (PLE) and emission (PL) 
spectra of NP in methyl-tetrahydrofuran (m-THF). The con-
centrations of NiDMP and NP in m-THF solution were 43 
and4 M, respectively.  Note that whereas the NiDMP ab-
sorption is composed by a narrow Soret band at 400 nm and 
Q bands at 512 nm and 548 nm, the NP absorption encom-
passes wavelengths spanning from the visible to a portion 
of the near infrared (NIR) spectrum. This phenomenon un-
derscores the significant π-delocalization induced by the fu-
sion of the two planar moieties and highlights the potential 
of NP as an efficient sunlight absorber for solar energy con-
version. We performed TDDFT calculations on the NP mol-
ecule to get information on the electronic states (details are 
in the ESI). The absorption spectrum computed with TDDFT 
nicely compares with the experimental one (oscillator 
strengths are presented in Figure 1(c), more detailed infor-
mation is exposed in the ESI). The intense band measured 
at 866 nm / 1.43 eV, and reproduced in the simulated spec-
trum at 868 nm, is assigned to a transition with large HOMO 
 LUMO character, corresponding to the lowest bright sin-
glet excited state of NP (hereafter referred as S1(d,d)). 
Noteworthy, in contrast to the non-emissive character of 
NiDMP, 36–38 NP emits in the NIR, having a PL maximum at 
970 nm, and a low energy shoulder at 1103 nm. The ob-
served wavelength spacing between these spectral features 

( = 113 nm or 1242 cm-1) agrees with a predominant vi-
brational coupling with the collective ring-breathing D 
modes of the graphene moiety, responsible for the Raman 
peaks located in the 1250 cm-1 region, (see Figure S1 in ESI).  

PLE measurements were carried out detecting at 948 nm, 
observing an excellent match with the NP absorption spec-
trum which confirms that the emission arises from NP (Fig-
ure 1(c)). Noteworthy, replacing m-THF by solvents with 
larger polarity led to modest PL spectral shifts (see Figure 
S2), implying a lack of charge transfer character of the ex-
cited state responsible for emission, in line with TDDFT cal-
culations. The emissive character of NP is somehow unusual 
in Ni(II)-porphyrins. As Allison and Backer reported, Ni(II) 
assumes a diamagnetic nature in the porphyrin, inducing an 
out-of-plane distortion in the ground state, with distinct 
photophysical attributes in comparison to their planar ana-
logues, comprising reduced fluorescence efficiency and 
short excited state lifetimes. 30,39. NP bears a PL quantum 
yield (PLQY) of 1.2 × 10-3 (Figure S3) and possesses to the 
best of our knowledge, one of the deepest near infrared 
emissions reported among nanographenes. 40–47 

NP exhibits a fast PL decay with a weak temperature de-
pendence; PL lifetimes evolve from 20 ps at 298 K to 26 ps 
at 4.2 K (Figure 1(d), (Figure S4(a)), suggesting that the 
main mechanism responsible for S1 population decay is 
weakly temperature dependent and mostly ascribed to in-
tersystem crossing due to the inclusion of Ni(II) and the 
heavy atom effect. 30,39,48
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Figure 2. (a) Contour plot of TAS signal (upper plot) and the result reproduced by the model (lower plot) employed to describe the 
excited state dynamics. T/T = 0 contour lines are depicted as black solid lines. (b) TAS spectra of NP at different pump-probe delays. 
T/T axis is in the same scale for all pump-probe delays, the green arrow represents a 0.8 % T/T signal. (c) Scheme of the photo-
physical model employed to fit the TAS data. (d) Evolution associated spectra (EAS) of the three excited states involved in the elec-
tronic relaxation pathways.  

TAS experiments with 120 fs temporal resolution were car-
ried out pumping at 775 nm / 1.60 eV, with 0.3 mJ/cm2, 
which led to population of S1(d,d) with an excess of vibra-
tional energy. Note that in the notation employed here, 
(π,π*) strictly refers to transitions located in the ligand, 
whereas (dπ,dπ) denotes transitions involving a mixing of 
ligand (π) and metal (d) molecular orbitals. No variances in 
TAS dynamics were observed upon changing the fluence, 
(Figure S5). The samples were prepared from m-THF based 
on its glassy transparent nature upon low temperature so-
lidification, which hence allowed to perform low tempera-
ture measurements. The TAS contour plot of NP at 298 K 
(Figure 2(a)), depicts positive differential transmission 
(T/T) values displayed as green shaded areas which stand 
for ground state bleach (GSB) or stimulated emission (SE), 
and negative T/T values (brown shaded areas) ascribed to 
excited state absorption (ESA). Figure 2(b) depicts T/T 
spectra at fixed delay times corresponding to vertical cuts 
of the contour plot. The 0.2 ps delay spectrum is dominated 
by a strong positive peak centered at 863 nm that matches 
the lowest energy ground state absorption band and is un-
ambiguously assigned to GSB. ESA is observed in the 810-
841 nm and 955-1200 nm ranges. At delay times of 1.5 ps 
two positives T/T bands emerge at 970 nm and 1142 nm 
emerge, which closely match the PL peaks in Figure 1(c), 

thus being ascribed to SE. Beyond 4 ps, the GSB and SE spec-
tral bands give way to an oscillatory-like spectrum with 
positive and negative peaks at 855 and 914 nm, respec-
tively. This oscillatory shape feature dominates the spec-
trum beyond 35 ps and vanishes in about 135 ps. With the 
aim of providing a physical interpretation of the TAS data, 
global fit analysis was applied. The experimental data was 
successfully reproduced with a photophysical model (Fig-
ure 2(c)) involving photoexcitation to populate upper vibra-
tional levels of the lowest singlet excited state (S1*), ther-
malization into S1 states (1), and subsequent S1 decay fol-
lowing two branches: ground state decay (𝜏2/𝛾) and inter-
system crossing with relaxation in the triplet manifold 
(𝜏2/(1 − 𝛾))  to yield lowest T1(d,d) triplet states, (Figure 
2(c)). Here, 1 stands for the decay time associated to S1* 
thermalization (which encompasses vibrational and solvent 
relaxation), and 2 is the decay time associated to S1 depop-
ulation;  stands for the yield of the S1 – S0 relaxation path-
way which we assume it to be negligible compared to the 
intersystem crossing yield (1-), as the   obtained from the 
fits are < 0.018 . This assumption is reinforced by the low 
PLQY (PLQY< 1.2 10-3). TDDFT calculations elucidates the 
lowest triplet state (T1(d,d)) located at 0.91 eV above the 
ground state and described mainly as the HOMO-2 → 
LUMO+1 transition, which involves two molecular orbitals 
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localized on the NP nickel ion, (Figure S12). The model is 
completed with fast triplet-to-ground relaxation, mediated 
via a conical intersection and triplet de-population towards 
the upper vibrational levels of the ground state (S0*). Fur-
ther evidence for this terminal pathway will be provided 
next with temperature-dependent measurements. In the 
proposed photophysical model, the T1-S0 transition pro-
ceeds with a decay time given by 3. This model always con-
verges into physical values for the employed parameters 
and accurately reproduces the TAS matrix, (Figure 2(a) and 
Figure S6 and S7 in ESI), providing values for the time con-
stants displayed in Table 1. The spectral signatures of each 
of the three states involved are presented in Figure 2(d).  

Noteworthy, the evolution associated spectrum (EAS) of the 
terminal state possesses an oscillatory shape and its spec-

tral resemblance will be key for the photophysical interpre-
tation in light of temperature-dependent data, displayed 
and discussed further down. It is important to note that the 
2 value extracted from the global analysis (16±1 ps) is in 
line with the S1 decay time obtained with time-resolved PL 
measurements (208 ps, Figure 1(d)) giving further validity 
to the excited-state assignments. According to the model, in-
tersystem-crossing proceeds with a time constant of 16 ps, 
and T1→S0 proceeds in 40 ps, way faster than the 287 ps life-
time of T1→S0 transition in the unsubstituted Ni(II) porphy-
rin. 34 In order to provide further insights on the fast relax-
ation mechanism involved in the triplet relaxation dynam-
ics, VTTAS measurements at temperatures between 298 K 
and 77 K were carried out. 

 

 

Figure 3. Experimental (top) and reconstructed (bottom) contour TAS plots obtained at (a) 298 K, (b) 140 K and (c) 77 K.  

Figure 3(a-c) displays the TAS contour plots at 298K, 140 K 
and 77 K respectively (the complete set of temperatures is 
displayed in Figure S7 in ESI). In line with the measure-
ments at 298 K, the low temperature TAS display GSB (cen-
tred at 870 nm) and SE (975 nm). It is not surprising that, 
as temperature is lowered, the GSB and SE signals become 
more persistent in time in the contour plots. At 140 K, the 
SE band intensifies and experiences a blueshift, leading to a 
partial spectral overlap with the GSB band. Noteworthy, a 
new ESA in the 900 – 1025 nm emerges and becomes clear 
at 77 K, showing no recovery along the entire 200 ps time 
window of the measurement. This thermal evolution was 
further scrutinized in light of the photophysical model 
shown in Figure 2(c). Interestingly, the TAS spectra and dy-
namics were perfectly reproduced, as confirmed by the 
agreement between the experimental and fitted contour 
plots at 140 K and 77 K (Figure 3(b,c) and Figure S6), and at 
the rest of the intermediate temperatures (Figure S7). A 
glance to the EAS obtained at 298 K (Figure 2(d)), 140 K and 
77 K (Figure 4a) confirm that the spectra ascribed to S*1 and 
S1 are comparatively similar, being composed of GSB and 
ESA (S*1) and GSB and SE (S1). Contrarily, the EAS of the 
third (T1) terminal state changes profoundly as the temper-
ature drops, evolving from a first derivative-like feature at 

298 K to a spectrum composed of GSB and two broad ESA 
bands centred at 940 and 1005 nm (EAS evolutions for the 
entire temperature range are depicted in Figure S8). The as-
sociated decay times (1, 2 and 3) at different temperatures 
are shown in Figure 4(c,d). Thermalization of S*1 gradually 
slows down as the temperature drops from 298 K to 160 K, 
probably due to changes in solvent organization and viscos-
ity and their effect on solvent relaxation. Below 160 K, m-
THF approaches the glass transition temperature becoming 
solid, so that the subsequent 1 temperature dependence is 
solely assigned to the effect of temperature on vibrational 
relaxation. In parallel, with decreasing temperature, S1 ex-
periences a moderate lifetime increase (2). This could be 
due to a modest barrier to reach the minimum-energy 
crossing point between the S1 and T1 PESs and/or a slight 
reduction in the S1 – S0 non-radiative decay rate. This is con-
sistent with the aforementioned increase in PL lifetime at 
4.2 K with respect to 298 K. Comparatively, as the tempera-
ture drops from 298 K to 77 K, 3 experiences a dramatic 
increase from 40 ps to 1.48 ns, whereas its temperature de-
pendence resembles a sigmoidal function characteristic of a 
Maxwell-Boltzmann distribution (Figure 4(c)). This obser-
vation prompted us to consider the interplay of two excited-

(a) (b) (c) 



 

states, namely the lowest triplet (T1) and a vibrationally ex-
cited ground state (S0*), and a thermally activated popula-
tion transfer between them enabled by a conical intersec-
tion, to explain the dramatic change in the EAS and 3 of the 
terminal state upon cooling. The PES crossing point can be 
accessed via thermal activation, and under such circum-
stances, the spectral features and time decay of the terminal 
state are dictated by those of T1 and S0*, (Figure 4(b)). At 
298 K, both T1 and S0* are in thermal equilibrium and thus 
decay with same time constant since S0* is continuously re-
populated from T1. Indeed, the interplay of S0* is in line with 
the first derivative-like shape of the terminal EAS, charac-
teristic of a hot ground state since it recalls a superposition 
of ESA and GSB spectrally offset by the excess of vibrational 
energy.  

At temperatures approaching 77 K, thermal activation is in-
hibited, and the terminal EAS and decay time bears domi-
nant contribution from the lowest triplet state. At interme-
diate and room temperatures though, the population of T1 
and S0* are thermally equilibrated, both decaying as a sole 
state with EAS denoted by statistics of the individual spec-
tral contributions. Generically, assuming two excited states 
(I and an higher energy II) in thermal equilibrium, the rate 
constant for depopulation of the equilibrated system is 49:   

𝑘 =
𝑘𝐼 + 𝑘𝐼𝐼exp⁡(−Δ𝐸/𝑘𝑇)

1 + exp(−Δ𝐸/𝑘𝑇)
 

with kI and kII the rate constants for the individual states, kT 
the thermal energy, Δ𝐸 the energy difference between the 
states and exp (-Δ𝐸/ kT) the Boltzmann population factor. 
On considering the thermal equilibrium with a triplet state, 
one must bear in mind also the degeneracy and the triplet 
sublevels. Given that the zero-field splitting is typically well 
below kT for the temperature range addressed in this study, 
49 we can neglect the energy spacing of the triplet sublevels 
and consider them to decay as a sole state with an average 
decay time T1. Accordingly, the decay time of the equili-
brated system would be given by 49–52:   

𝜏3(𝑇) = ⁡
3 + exp(−Δ𝐸/𝑘𝑇)

3
𝜏𝑇1

+
1
𝜏𝑆0
∗ exp(−Δ𝐸/𝑘𝑇)

 

where Δ𝐸 stands for the energy offset between the mini-
mum of the T1 potential energy surface and the conical in-
tersection, *S0 for the decay time of the hot ground state due 
to vibrational cooling, T1 the lowest triplet lifetime and 3 
denotes the triplet degeneracy. Noteworthy, the expression 
above provides a good fit to the temperature dependence of 
3  and provides values of Δ𝐸 = 84 ± 9 meV,  = 1.5 ± 0.1 
ns and S0* = 1.1 ± 0.8 ps. Further support for the lifetime 
values obtained by the fit is found in the literature, as we 
discuss below.  

 

Figure 4. (a) Evolution associated spectra (EAS) of the three excited states at 140 K (depicted in orange) and 77 K (depicted in blue). 
(b) A schematic representation of the potential energy surfaces, highlighting a thermally activated conical intersection between T1 
and S0 (in red). (c) Decay times associated to the first two sequential EAS, τ1 (in blue) and τ2 (in green), plotted as a function of 
temperature with the same axis. (d) Decay time of the third EAS (3) as a function of temperature fitted by Eq. 2 (red line). The inset 
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depicts the activation energy (E) to promote the conical intersection between the lowest triplet (T1) and the ground state and the 
respective T1 and S0* lifetimes. 

 1 (ps) 2 (ps) 3 (ps) PL (ps) 

298 K 1.60 ± 0.15 16.2 ± 0.6 40 ± 0.4 20 ± 8 

288 K 1.32 ± 0.15 16.6 ± 0.9 45 ± 0.4  

260 K 1.46 ± 0.15 22.1 ± 0.7 50 ± 0.5 21 ± 8 

240 K 1.78 ± 0.15 26.8 ± 0.6 63 ± 0.4  

190 K 1.89 ± 0.15 28.3 ± 0.6 137 ± 0.4  

160 K 1.32 ± 0.15 35.2 ± 0.6 300 ± 0.4 23 ± 8 

140 K 0.98 ± 0.15 29.8 ± 0.7 715 ± 0.6  

110 K 0.65 ± 0.15 37.1 ± 0.7 1170 ± 50 25 ± 8 

77 K 0.29 ± 0.15 32.7 ± 0.7 1480 ± 50  

60 K    26 ± 8 

20 K    26 ± 8 

4K    27 ± 8 

Table 1.  TAS decay time values (1,2,3) and PL decay values measured with a streak camera (PL) at different temperatures. The 
1 error is within our 150 fs temporal resolution.

The obtained value for S0* is therefore assigned to vibra-
tional cooling compatible with similar findings in related 
molecular systems. Fluorescence up-conversion combined 
with TAS measurements in free base porphyrins revealed 
timescales of 100-200 fs for intramolecular vibrational re-
laxation (IVR) accompanied by a 1.4 ps for vibrational equi-
libration with the solvent. 53 The presence of a fast subpico-
second IVR component was also confirmed by Abraham in 
a Zn-TPP with TAS combined with pump-degenerate four-
wave mixing. 54 In this case longer 10 and 100 ps decay com-
ponents were also observed and assigned to vibrational re-
distribution. More in line with our observations is the work 
of Eom et al., who unravelled picosecond IVR in Ni(II)TPP 
and Ni(II)OEP porphyrins. 55 Based on these previous find-
ings the assignment of the picosecond lifetime to vibrational 
cooling does not seem implausible. The 1.5 ns lifetime found 
for T1 is instead tentatively assigned to a T(d,d) state based 
on the aforementioned TDDFT calculations performed in 

NP. A support for this assignment is the 4 ns decay compo-
nent reported by Ting et al. and ascribed to the T(d,d) ex-
cited state of  Ni(II) complex, obtained with 2D nuclear mag-
netic resonance combined with infrared TAS. 21 The value 
obtained in our study for the activation energy is roughly 
three times larger than the available thermal energy at 
room temperature, evidencing a moderate probability of ac-
tivation across the barrier compatible with a T1 PES local 
minimum located below the conical intersection with S0.  

The picture provided by this study confirms that fast triplet 
relaxation in Ni-porphyrins could be potentially hindered 
upon tuning the minimum-energy crossing point between 
T1 and S1. We note that a detailed description of the struc-
tural reorganization and the specific reaction coordinates 
that rule the non-adiabatic crossing of the PESs could pro-
vide design strategies addressed to reduce T1-S1 thermal ac-
tivation and harness fast ground state relaxation. Slowing 



 

down T1(d,d) relaxation in Ni-based TMCs will boost their 
potential interest for photovoltaics or photocatalysis, 
where reducing parasitic losses would impact in more effi-
cient light-to-energy conversion. This work highlights the 
potential of VTTAS combined with global fit analysis to shed 
light into the nature of non-radiative relaxation processes.  

 

In summary, ultrafast TAS measurements in a panchro-
matic nanographene-Ni(II) porphyrin conjugate reveal a 
photophysical scenario comprising fast vibrational relaxa-
tion in 1.6 ps and subsequent intersystem crossing in 16 ps, 
bearing a short temporal window wherein singlets relax to 
the ground state, as confirmed by a short-lived NIR PL span-
ning from 850 nm to 1200 nm. Following intersystem cross-
ing, fast relaxation of the triplet to the ground state pro-
ceeds in only 40 ps, almost an order of magnitude faster 
compared to analogous systems. VTTAS combined with 
global analysis provide further information into this termi-
nal relaxation stage. The results are interpreted in terms of 
a thermally-induced population transfer from the lowest 
triplet energy level (a T(d,d) state according to DFT calcula-
tions) to a vibrationally excited ground state, enabled 
through a conical intersection of the respective ground and 
triplet PESs. The findings presented herein showcase the re-
markable potential of VTTAS in deciphering and quantifying 
rapid thermally activated relaxation phenomena. Such in-
sights hold promise in mitigating intrinsic losses that com-
pete with pivotal photophysical or photochemical reactions 
crucial for light-to-energy conversion applications. 
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NIR (near infrared), NP (hexa-peri-hexabenzocoronene-Ni(II) 
porphyrin), TAS (transient absorption spectroscopy), EAS 
(evolution associated spectra), TDDFT (time dependent den-
sity functional theory), TMP (tetramesitylporphyrin), DMP 
(dimesitylporphyrin), GSB (ground state bleach), SE (stimu-
lated emission), ESA (excited-state absorption), PES (potential 
energy surfaces), PL (photoluminescence), PLQY (photolumi-
nescence quantum yield), m-THF (methyl tetrahydrofuran),  
IVR (intramolecular vibrational relaxation), CI (conical inter-
section), HOMO (highest occupied molecular orbital), LUMO 
(lowest unoccupied molecular orbital). 
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