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Intra- and Intermolecular H-Bonds and π-π Stacking Driven 
Organization of a Triazine-Based Room Temperature 
Phosphorescent Emitter†  
Daniele Malpicci,a,b Elena Lucenti,b Luca Zecchinello,a,b Daniele Marinotto,b Elena Cariati,*a,b and 
Alessandra Forni*b

Excitation dependent, multiemissive single component organic materials are receiving evergrowing attention for various 
applications. In this regard, intermolecular interactions have revealed efficacious in positively affecting photoluminescent 
features. Here, the photophysical properties of TT-2PyH+NO3

-  characterized by fluorescence and dual phosphorescence with 
ultralong contribution, are interpreted through DFT-TDDFT calculations and crystal structure analysis. The compound’s 
locked molecular conformation through intramolecular hydrogen bond is at the basis of suppression of the low energy 
fluorescence displayed by its parent neutral derivative. On the other side, π–π interactions are deemed responsible for the 
ultralong RTP features and the highly dense network of intermolecular hydrogen bonds provides a rigid molecular 
environment which efficiently restrict the non-radiative deactivation channels of triplet excitons. 

Introduction
Organic single component materials characterized by rich 
emissive behavior, comprising molecular and possibly 
supramolecular excitation-dependent fluorescence and room 
temperature phosphorescence (RTP), are receiving increasing 
attention from the scientific community due to the advantages 
they offer in different fields (e.g. bioimaging,1-3  
anticounterfeiting,4-8 displays9). In particular, the number of 
purely organic long-lived phosphors is rapidly growing thanks to 
the advancements in molecular design and supramolecular 
engineering aimed at promoting singlet-to-triplet intersystem 
crossing (ISC) and suppressing non-radiative decay from excited 
triplet states.10-14 
Particularly important, in this context, are organic compounds 
displaying ultralong RTP, a persistent luminescence with 
emission lifetimes of over 100 ms. To achieve RTUP, a rigid 
molecular environment, able to reduce molecular motions and 
thus stabilize the triplet excitons from nonradiative decay, 
represents a necessary condition. To this aim, several types of 
intra- and intermolecular interactions, including hydrogen 
bonds, halogen bonds, ionic bonds, and π–π interactions, have 
been exploited.15-23 Notably, hydrogen bonding has been 
demonstrated particularly efficacious in rigidifying the 

molecular conformations and decreasing non-radiative 
deactivation channels of triplet excitons, contributing to 
phosphorescence lifetimes and enhancing quantum yield.24-26

As a contribution to this important research field, we have 
recently developed a wide family of compounds based on 
triimidazo[1,2-a:1′,2′-c:1″,2″-e][1,3,5]triazine or cyclic 
triimidazole (from hereafter TT), characterized by a rich 
photophysical behavior comprising multiple fluorescence and 
phosphorescence of molecular and supramolecular origins, 
anti-Kasha emissions and excitation dependent 
photoluminescence.27 In TT prototype itself, the role of π–π 
interactions in activating radiative deactivation channels 
(fluorescence and RTUP lasting up to 1 s) through distortion of 
the C3h symmetry has been highlighted. Moreover, for many TTs 
π–π interactions were demonstrated relevant in affecting their 
photophysics and responsible for their mechanochromic 
features. 
In this context, previous studies on 3-(pyridin-2-
yl)triimidazotriazine (TT-2Py), the pyridine derivative with the 
pyridinic nitrogen atom in ortho position with respect to TT, 
revealed a multifaceted, excitation dependent emissive 
behaviour comprising dual fluorescence and multiple 
phosphorescences.28, 29 The origin of each contribution was 
explained, through deep experimental and theoretical 
investigation, on the basis of its molecular and supramolecular 
features.28 In particular, the role of the partial rotational 
freedom of the pyridine ring in the compound’s 
photoluminescence was disclosed. In addition to its appealing 
emissive properties, this compound revealed to be highly 
efficient in the preparation of coordination complexes and 
coordination polymers (CPs),30-32 thanks to the coordinating 
ability of pyridine and TT itself.33-35 Among metal containing 
derivatives, particularly noteworthy in view of its 
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photoluminescence properties, is the emissive Cu(I)-based CP, 
displaying an intriguing and rare structural motif comprising a 
double-stranded (CuI)2 stair and a single CuI zig-zag chain.30 
Here, after a brief recap of the structural and photophysical 
features of TT-2Py, we report on the synthesis, characterization 
and photophysical investigation of its protonated derivative, TT-
2PyH+. Besides revealing interesting photophysical properties, 
including dual phosphorescence with ultralong contribution, 
this compound displays a locked molecular conformation 
through intramolecular hydrogen bond (HB), which is 
demonstrated to be responsible for the suppression of the low 
energy fluorescence of the parent neutral derivative, allowing 
to support previous interpretation of the photophysical 
behaviour. 

Results and discussion
According to previous studies, TT-2Py was isolated in three 
polymorphs depending on the recrystallization solvent.28 All of 
them display, in their crystal structure, - stacking interactions 
among TT moieties, characterized by slightly different 
intermolecular distances and slippage features. The TT units are 
furtherly anchored to each other by several short C–HN HBs 
in the plane roughly perpendicular to the stacking axis. On the 
other hand, the pyridinic ring, slightly rotated with respect to 
the TT plane, is involved only in weak interactions resulting in 
conformational freedom which is at the basis of the formation 
of the three polymorphs. 
Extensive spectroscopical, structural and theoretical 
investigation on TT-2Py evidenced the presence of both 
molecular and supramolecular radiative deactivation channels 
in its complex solid-state photophysical behavior (see Table 1 
and Fig. 1). In particular, - interactions among TT units were 
deemed responsible for low energy phosphorescence (LEP), 
while the remaining emissions, namely HEF (high energy 
fluorescence), HEP (high energy phosphorescence), MEP 
(medium energy phosphorescence) and LEF (low energy 
fluorescence), were associated with molecular electronic 
states. 

Table 1. Photophysical parameters of crystals of TT-2Py (polymorph A), blended TT-
2Py/PMMA (w/w 10 %) films and crystals of (TT-2PyH+NO3-)·H2O. 

298 K
 em (nm)  Origin

370 698 ms HEP
418 0.29 ms MEP
450 LEF

TT-2Py 
(polymorph A) 52

510, 570, 608 2.09 ms LEP
350 1.18 ns HEF
394 13.73 ms MEP
440 3.47 ns LEF

TT-2Py/PMMA

530 15.70ms LEP
412 1.90 ns HEF
482 4.66 ms MEP

(TT-2PyH+NO3
-)·H2O 12

548 131.11 ms LEP
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Fig. 1 Photophysical properties of TT-2Py in PMMA (TT-2Py /PMMA 10% wt) before (solid 
lines) and after (dashed line) HCl exposure. Emission spectra λexc = 300 nm (black lines), 
λexc = 350 nm (violet), λexc = 390 nm (blue), and λexc = 450 nm (green).

Specifically, DFT calculations on TT-2Py revealed the presence 
of two almost isoenergetic minima (A and C, Fig. 2, left panel) in 
the S0 potential energy surface of the molecule, separated by a 
very small energy barrier (B, 2 kcal/mol). The more stable A 
conformation, with the pyridinic nitrogen atom pointing on the 
opposite site with respect to the TT one, corresponds to the X-
ray structure observed in all the three polymorphs, while in C 
the two nitrogen atoms face each other. Consequently, HEF 
(clearly visible only in PMMA film being overlapped with HEP in 
crystals) was associated (see Fig. 2, left panel) with radiative 
deactivation from the first singlet excited state (S1) of molecules 
in A conformation (representing the majority). HEP was 
explained as an anti-Kasha emission from a high energy triplet 
state (Tn) of (/,*) character with slow internal conversion 
(IC) to the (,*) T1 one, from which MEP is originated. Finally, 
LEF was attributed to the fraction of molecules in the C 
minimum through excitation to a triplet Tm of low energy, 
followed by ISC to S1. Though conformer C was not observed in 
any of the TT-2Py polymorphs, its minority presence cannot be 
excluded in blended films and, as defect, in the crystal phase 
due to the low energy barrier from minimum A. This rather 
complex mechanism was also supported by pump-probe 
experiments.
Here, to further strength the hypothesis that conformational 
freedom is responsible for the appearance of dual fluorescence 
of TT-2Py, we have prepared and characterized its derivative 
with protonated pyridinic nitrogen, TT-2PyH+, considering that 
H-bonds could lock the molecular geometry. 
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Fig. 2 Scans of the relaxed potential energy surfaces of S1 and S0 and simplified Jablonski diagrams for fluorescent emissions of TT-2Py (left) and TT-2PyH+ (right) along the Npy-Cpy-
CTT-CTT torsion angle, , at the (TD)-B97X/6-311++G(d,p) level of theory. Tm represents a generic triplet level, A, C and E denote minima on S0 of TT-2Py and TT-2PyH+ and B is the 
barrier between the two minima on S0 of TT-2Py. Energies are relative to the S0 state equilibrium geometry.

TT-2PyH+NO3- was synthetized by reaction of TT-2Py with HNO3 
in DCM/MeOH (see the Experimental) and characterized by 
single crystal X-ray diffraction and multinuclear 1H, 13C and 15N 
NMR spectroscopy in DMSO-d6 solution (see Fig. S12-S17). A 
comparison with 1H NMR of TT-2Py shows that after 
protonation all signals display a downfield shift (δ ~ 0.1 - 0.5 
ppm) with the largest values for the H atoms of the pyridine ring 
and for the singlet of the imidazole core (see Fig. 3). A similar 
effect was observed after complexation of TT-2Py to rhenium(I) 
carbonyl derivatives.31 In addition, a triplet at 7.11 ppm 
characteristic for a NH+ signal with J of 51.1 Hz due to 14N-1H 
coupling appears in the spectrum,36 confirming that the 
structure is retained in DMSO-d6 solution even though the 
integral value of the latter signal is slightly lower than the 
expected value probably due to some exchange with 
deuterium. 

Fig. 3 1H-NMR spectra of TT-2Py (upper trace) and TT-2PyH+NO3- (lower trace) (298 K, 
DMSO-d6, 400MHz). 

15N NMR spectroscopy performed by carrying out 2D 1H-15N 
heteronuclear long-range correlation (HMBC) experiments (Fig. 

S16 and S17) shows chemical shifts in the 150 and 220 ppm 
regions, respectively assigned to the triazine-based core and the 
imidazole rings on the basis of previous studies37 together with 
a signal at 18 ppm due to the protonated pyridine nitrogen, 
while no signals in the 310 ppm region typical for the nitrogen 
resonance of pyridine have been detected.38

Single crystal X-ray diffraction studies performed at 150 and 299 
K revealed that the compound crystallizes in the P-1 space 
group including, in its asymmetric unit, a water molecule (Fig. 4 
and Table S1). In the (TT-2PyH+NO3-)·H2O crystal structure, the 
NO3- anion is hydrogen bonded (HB) to both imidazolic and 
pyridinic hydrogen atoms and the water molecule which, in 
turn, acts as HB acceptor from a pyridinic hydrogen atom. The 
main difference between the 150 and 299 K structures is the 
presence of a minor disordered component of NO3- in the latter.  
TT-2PyH+ adopts a virtually planar and locked conformation 
thanks to the formation of a strong N-H+∙∙∙N intramolecular HB 
(rH∙∙∙N = 1.85 Å) bridging the protonated pyridinic nitrogen atom 
with the closest nitrogen of TT, generating a 7-membered cyclic 
structure. Thus, hydrogen bond is the driving force to massively 
rotate, by almost 180°, the pyridinic moiety with respect to the 
orientation assumed in TT-2Py (A minimum in Fig. 2, left panel). 
This locked structure was previously predicted by DFT scan 
calculations on the TT-2PyH+ S0 PES (Fig. 2, right panel),28 
evidencing the great stabilization accompanying such rotation 
during the protonation process, leading to a single, deep well 
(E).
The chromophores are organized into infinite zig-zag ribbons 
through relatively strong centrosymmetric C–H∙∙∙N HBs (rH∙∙∙N = 
2.33 and 2.37 Å, see Fig. 4, top). Ribbons are laterally connected 
to each other through bridging NO3- counterions, lying almost in 
the same plane of the ribbons. As a result, infinite extended 
plates are formed, where the two ions, together with water 
which fills the spaces within ribbons, interdigitate forming a 
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dense HB network (r(C)H∙∙∙O(N) in the 2.33-2.60 Å range, r(C)H∙∙∙O(H) = 
2.45, 2.60 Å and r(O)H∙∙∙O(N)- =1.92, 1.99 Å, parameters, here and 
below, referring to the structure determined at 150 K,  see Table 
S2). The layers stack in quite largely slipped head-to-tail 
arrangement of the TT units (see Fig. 4, bottom), with 
alternating separations between the layers of 3.074 and 3.202 
Å and corresponding distances between triazinic geometrical 
centroids of 5.494 and 5.188 Å. Cations from adjacent layers 
overlap the imidazolic subunits opposite to pyridine, with 
shortest contacts rC6C7(1-x,1-y,1-z) = 3.200(2) Å, rC6N5(1-x,1-y,1-z) = 
3.228(2) Å, from one side, and rC9C7(1-x,2-y,1-z) = 3.249(2) Å from 
the other side of the reference molecule. Additional short 
contacts with the H-bonded centrosymmetry-related 
equivalent (rC1C4(1+x,y,z) = 3.327(2) Å and rC9C5(1+x,y,z) = 3.389(2) 
Å) are found from both sides of the molecule. Such multiple 
short CC and CN distances along the crystallographic b axis 
denote the presence of columnar aggregates associated with 
the establishment of strong - stacking interactions among the 
chromophores, despite the large molecules’ slippage. Quite 
similar stacking features have been found in polymorph A of the 
parent TT-2Py neutral derivative, displaying several CC close 
contacts with comparable distance (5.358 Å) between triazinic 
centroids. The anions are placed, along b, approximately 
halfway between two pyridinic rings, with closest cation–anion 
centroids distance (rCA) equal to 3.829 Å. 

Fig. 4 Crystal structure of (TT-2PyH+NO3-)·H2O at 150 K: asymmetric unit (top left) and  
packing fragments showing the HB network (top right) and the - stacking motif 
highlighting the head-to-tail arrangement of the chromophores (bottom). 
Intermolecular contacts below the sum of vdW radii (dashed grey lines) and selected 
triazinic geometrical centroids (green spheres) are included. Ellipsoids at 20% 
probability.

Intermolecular geometric parameters respond to temperature 
variation in quite different way. Going from 150 to 299 K, rCA 
undergoes a large increase (0.1 Å)  to 3.925 Å; the shortest 
CC/N contacts display a usual 0.04-0.05 Å increase (rC6C7(1-x,1-

y,1-z) = 3.252(3) Å, rC9C7(1-x,2-y,1-z) = 3.287(3) Å); and, notably, H-

bonds linking the chromophores are virtually independent on 
temperature (see Table S2), indicating rigid interchromophoric 
connection through HB.39-43 
To visualize and quantify the different intermolecular 
interactions governing the structure of the (TT-2PyH+NO3-)·H2O, 
a Hirshfeld surface analysis (HSA)44 has been performed. 
Particularly illuminating for the present structure are plots of 
HSs mapped with dnorm, curvedness (C) and shape index (S), 
where dnorm is the sum of normalised (with vdW radii) di and de, 
the distances from the Hirshfeld surface to the nearest nucleus 
inside and outside the surface, respectively. C and S are both 
defined in terms of the HS principal curvatures, the former 
depending on the root-mean-square curvature of the surface, 
and the latter providing a qualitative description of its shape, 
identifying complementary hollows (red) and bumps (blue 
regions), associated respectively to acceptor and donor entities 
of the interaction45 Fig. 5 shows HSs  mapped with dnorm, C and 
S for TT-2PyH+ within the crystal, including for clarity the 
counterion, a water molecule and other protonated species 
interacting with the reference one along the stacking axis. The 
map with dnorm (Fig. 5, left) clearly indicates strength and type 
of intermolecular interactions, with red regions (i.e. with 
distances shorter than the sum of vdW radii) being found in 
proximity of nitrogen and hydrogen atoms or over carbon 
atoms, and therefore attributable, respectively, to hydrogen 
bonds or - stacking interactions involving these atoms. The 
curvedness map (Fig. 5, center), characterized by extended 
green regions (i.e. having low curvature) separated by blue 
edges (large curvatures) gives evidence of the planar stacking 
between molecules. The patterns of red-orange spots on the 
shape index surface (Fig. 5, right) are diagnostic for close CC/N 
interplanar contacts, denoting the areas involved in - stacking 
interaction.46

Fig. 5 Hirshfeld surface for TT-2PyH+ mapped with dnorm (left), curvedness (center) and 
shape index (right) with XY contacts and hydrogen bonds (red and green dashed lines, 
respectively) shorter than the sum of the vdW radii. 

When excited at high energy (300-370 nm), crystals of (TT-
2PyH+NO3-)·H2O display at room temperature a 
multicomponent broad emission (Fig. 6 and Table 1) comprising 
one fluorescence (at 412 nm,  = 1.90 ns, Fig. S2) as a shoulder 
of a much stronger phosphorescence (at 482 nm,  = 4.66 ms; 
overall  = 12%, Fig. S3), with this latter isolated by exciting at 
sufficiently low energy to exclude the high energy peak (exc  
412 nm). By exciting at 480 nm an additional long-lived emission 
(at 548 nm,  = 131.11 ms, Fig. S4), which is overwhelmed by 
the stronger high energy components at high energy 
excitations, appears in the spectrum. These spectral features, 
which are maintained at 77 K, can be considered as the red-
shifted analogue of the neutral molecule HEF, MEP and LEP. The 
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prolonging of lifetimes at low temperature (3.23 ns, 24.27 ms 
and 550 ms, respectively, Fig. S6-S8) indicates inhibition of 
thermal quenching especially for the long-lived components 
(77K /298K = 1.7 for HEF, 5.2 for MEP and 4.2 for LEP). The 
presence of only one minimum in both the TT-2PyH+ S0 and S1 
PESs (Fig. 2, right panel) explains the observation of only one 
fluorescence (HEF) in crystals of (TT-2PyH+NO3-)·H2O. At the 
same time, the absence of LEF, resulting from locking the 
molecules in a rigid conformation through intramolecular HB, 
confirms molecular flexibility at its origin in TT-2Py. Moreover, 
in agreement with previously reported TDDFT calculations,28 
anti-Kasha HEP is not observed for TT-2PyH+ having only (π,π*) 
levels (see Fig. S11 for a full picture of the TT-2Py and TT-2PyH+ 
electronic levels including Natural Transition Orbitals for 
selected transitions). The only observed molecular 
phosphorescence, MEP, is explained as radiative deactivation 
from T1 reached, after IC, through easy ISC from S1 to the almost 
overlapped T4 level. These results also agree with what 
previously observed for TT-2Py blended PMMA films exposed 
to acidic vapors to give TT-2PyH+ which showed a single 
fluorescence (at 412 nm, Fig. 1), together with a weak 
phosphorescence, both at lower energy with respect to the 
corresponding ones of TT-2Py.  
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Fig. 6 Emission spectra of (TT-2PyH+NO3-)·H2O crystals at 298 K (full lines) and 77 K 
(dashed dotted lines). exc: 300 nm (black lines), 412 nm (red lines) and 480 nm (blue 
lines). Emission spectrum of crystals after grinding at 298 K and 300 nm excitation is also 
reported (black dotted line).

Compared with previous results on TT-2PyH+/PMMA, the strong 
intensification of MEP relative to HEF in TT-2PyH+ crystals can 
be interpreted as due to rigidification and protection from 
oxygen quenching through intermolecular interactions resulting 
in crystallization induced features. Moreover, previous 
investigation on the effects of ion-pairing on the emissive 
properties of benzimidazolium salts demonstrated that a close 
cation–anion centroids distance, as observed in the present 
compound, favors molecular phosphorescence at the expense 
of the corresponding fluorescence.47 A crystalline induced 
effect is supported by measurements on ground TT-2PyH+ 
crystals which display a slight increase of the overall quantum 
efficiency (14.5%) accompanied by a reduction of MEP intensity 
relative to HEF (Fig. S9) suggesting an easier singlet-triplet ISC 
process in crystalline TT-2PyH+. 

Materials and Methods

All reagents and model molecules were purchased from 
chemical suppliers and used without further purification unless 
otherwise stated. TT-2Py was prepared according to literature 
procedures.28

1H, 13C and 15N NMR spectra were recorded on a Bruker 
AVANCE-400 instrument (400 MHz). Chemical shifts are 
reported in parts per million (ppm) and are referenced to the 
residual solvent peak (DMSO, 1H 2.50 ppm, 13C 39.50 ppm) and 
to NH3 for 15N resonances. Coupling constants (J) are given in 
hertz (Hz) and are quoted to the nearest 0.5 Hz. Peak 
multiplicities are described in the following way: s, singlet; d, 
doublet; t. triplet; m, multiplet.

Synthesis of TT-2PyH+NO3- 

TT-2Py (0.035 g, 0.127 mmol) was dissolved at room 
temperature in a 2:1 DCM(10mL)/MeOH(5mL) mixture inside a 
25 mL round bottom flask equipped with a magnetic stirrer. Two 
drops of concentrated nitric acid were added to the mixture 
that was kept under stirring for 1h at room temperature. Single 
crystals of (TT-2PyH+NO3-)·H2O suitable for XRD analysis were 
obtained in few days by slow evaporation of the solvent 
mixture. 
NMR data for TT-2PyH+NO3- (9.4 T, DMSO-d6, 298 K, , ppm): 1H 
NMR 8.90 (d, J = 5.1, 1H), 8.44 (d, J = 8.1 Hz, 1H), 8.33 (m, 1H), 
8.13 (d, J = 1.5 Hz, 1H), 8.10 (d, J = 1.5 Hz, 1H), 8.08 (s, 1H), 7.75 
(m, 1H), 7.39 (d, J = 1.5 Hz, 1H), 7.37 (d, J = 1.5 Hz, 1H), 7.11 (t, J 
= 51.1 Hz, 1H). 13C NMR: 144.89 (CH), 143.67 (C), 141.39 (CH), 
138.28 (C), 136.00 (C), 135.47 (C), 133.05 (CH), 129.10 (CH), 
127.18 (CH), 125.07 (CH), 124.18 (CH), 123.50 (C), 112.27 (CH), 
112.09 (CH). 15N NMR: 220.9, 219.0, 154.6, 150.2, 18.6 (Fig. S12-
S17). 

X-ray diffraction studies.
X-ray data of (TT-2PyH+NO3-)·H2O have been collected at 150 
and 299 K on a Rigaku XtaLAB Synergy S X-ray diffractometer 
(Rigaku Co., Tokyo, Japan) operated with a mirror-
monochromated micro-focus Cu-Kα radiation (λ = 1.54184 Å) at 
50 kV and 1.0 mA and equipped with a CCD HyPix 6000 detector. 
The structure has been solved using direct methods and refined 
with SHELXL-1948 using a full-matrix least squares procedure 
based on F2 using all data. Hydrogen atoms have been placed 
at geometrically estimated positions. Details relating to the 
crystal and the structural refinement are presented in Table S1. 
Full details of crystal data and structure refinement, in CIF 
format, are available as Supplementary Information. Hydrogen 
atoms were placed at geometrically estimated positions except 
those of the water co-crystallized molecule. Their position was 
refined by fixing the O-H and HH distances with DFIX and 
DANG restraints, respectively. Crystal data and results of 
structural refinement are summarized in Table S1, while full 
details, in CIF format, are available as Supplementary 
Information. CCDC reference numbers: 2401405 and 2401406 
for the structures collected at 150 and 299 K, respectively.
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Computational details. 
DFT and TDDFT calculations on isolated ‘gas-phase‘ TT-2PyH+ 
ion were performed with Gaussian 16 program (Revision A.03)49 
using the 6-311++G(d,p) basis set. Geometry optimization has 
been carried out starting from the corresponding X-ray 
molecular structure. The ωB97X50 functional was adopted 
throughout, owing to its good performance in describing not 
only ground and excited states properties (though slightly 
overestimating excitation electronic energies), but also 
intermolecular interactions including in particular π-π 
interactions. Further details are reported as Supporting 
Information.
 
Photophysical characterization
Photoluminescence quantum yields have been measured using 
a C11347 Quantaurus–Absolute Photoluminescence Quantum 
Yield Spectrometer (Hamamatsu Photonics K.K), equipped with 
a 150 W Xenon lamp, an integrating sphere and a multichannel 
detector. Steady state emission and excitation spectra and 
photoluminescence lifetimes have been obtained using a FLS 
980 (Edinburg Instrument Ltd) spectrofluorimeter. The steady 
state measurements have been recorded by a 450 W Xenon arc 
lamp. Photoluminescence lifetime measurements have been 
performed using a EPLED-300 (Edinburg Instrument Ltd) and 
microsecond flash Xe-lamp (60W, 0.1÷100 Hz) with data 
acquisition devices time correlated single-photon counting 
(TCSPC) and multi-channel scaling (MCS) methods, respectively. 
Average lifetimes are obtained as 𝜏𝑎𝑣 =  ∑ 𝐴𝑖𝜏2

𝑖  
∑ 𝐴𝑖𝜏𝑖

 from bi-

exponential or three-exponential fits. Low temperature 
measurements have been performed by immersion of the 
sample in a liquid N2 quartz dewar.

Conclusions
Intra- and intermolecular interactions play a key role in 
materials’ photophysical behavior. Besides their proven ability 
to reduce competitive non-radiative deactivation channels, 
more subtle effects do exist and still need deeper investigation. 
In the present article, the effects of HB and π-π stacking 
interactions on the emissive features of TT-2Py and TT-2PyH+ 
are disclosed. While π-π interactions activate ultralong 
phosphorescence in both compounds, intramolecular HB in TT-
2PyH+ is demonstrated to suppress, through conformational 
locking, the low energy fluorescence of TT-2Py as originally 
proposed. This work therefore provides a further contribution 
in understanding the relationship between molecular structures 
and photoluminescence performance at the molecular and 
aggregate levels.
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