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Abstract: Crystalline diphosphonium iodides [MeR,P-
spacer-R,Me]l with phenylene (1, 2), naphthalene (3, 4),
biphenyl (5) and anthracene (6) as aromatic spacers, are
photoemissive under ambient conditions. The emission
colors (4., values from 550 to 880 nm) and intensities
(®,,, reaching 0.75) are defined by the composition and
substitution geometry of the central conjugated chromo-
phore motif, and the anion-n interactions. Time-resolved
and variable-temperature luminescence studies suggest
phosphorescence for all the titled compounds, which
demonstrate observed lifetimes of 0.46-92.23 us at
297 K. Radiative rate constants k, as high as 2.8x10°s™!
deduced for salts 1-3 were assigned to strong spin-orbit
coupling enhanced by an external heavy atom effect
arising from the anion-m charge-transfer character of the
triplet excited state. These rates of anomalously fast
metal-free phosphorescence are comparable to those of
transition metal complexes and organic luminophores
that utilize triplet excitons via a thermally activated
delayed fluorescence mechanism, making such ionic
luminophores a new paradigm for the design of photo-
functional and responsive molecular materials. )
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Introduction

Harvesting phosphorescence from organic materials under
ambient conditions is a fundamentally challenging but
appealing research task, and success will have promising
potential for advancing many fields in energy and materi-
als sciences related to light generation.'! An intrinsic
feature of the vast majority of organic luminophores is
small spin-orbit coupling (SOC), which results in very
slow rates of intersystem crossing (ISC) S,—T, and of
radiative relaxation T,—S, thus preventing efficient triplet
emission. Spin-forbidden electronic transitions can be
substantially facilitated at the molecular level by employ-
ing motifs with non-bonding electron pairs (e.g.
carbonyl,”” cyano,” sulfur!” and phosphorus derivatives,
and N-heterocycles!®) that provide orbital changes for the
singlet and triplet states to promote SOC (El-Sayed rule).
Using this approach, diverse metal-free molecular materi-
als exhibiting room-temperature phosphorescence have
been obtained. These species predominantly exhibit long
lifetimes from milliseconds to seconds, which is indicative
of relatively low SOC values and moderate quantum
yields owing to competing non-radiative decays. On the
other hand, bringing heavy atoms in close proximity to the
chromophore center can increase kisc, which is propor-
tional to Z%r°, where Z and r denote the atomic number
and the distance to the emissive motif, respectively. In this
strategy, heavy elements (Br, I) are covalently tailored to
the main organic core.[” The intensity of phosphorescence
can be boosted by embedding the emitter into a rigidifying
host to suppress non-radiative relaxation,”™ or the heavy
atom effect (HAE) can be combined with the simulta-
neous manipulation of the angular momentum, for exam-
ple, by incorporating Se into the chromophore.l”? Alter-
natively, the HAE can be introduced intermolecularly, for
instance by means of stacking,'” halogen bonding!"!! or
electrostatic attraction in ionic dyes.'" The latter method-
ology offers a way to tune the optical characteristics of
materials not only by modulating the chemical structure
of the emissive cation, but also by adjusting the external
HAE, that is, by varying the nature of the heavy anion
and the charge transfer (CT) cation-anion interactions.
Recently, a series of readily accessible delayed fluores-
cent, phosphorescent and long-persistent luminescent
arylphosphonium compounds were reported by several
groups.!'"”! In particular, it has been shown that the halide
counterion in carbazolyl-containing phosphonium salts
allows for adjusting both the radiative rate of the T,—S,
decay (k,~0.7s7'/t=112ms for the chloride and k,
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~4.6 sY/r=17 ms for the iodide, with @, up to 0.078) and
the ratio of fluorescence vs phosphorescence, attaining
white light emission." The combination of an external
HAE and a small S,-T, energy gap in accelerating the
emission, which utilizes the triplet state and improves its
quantum efficiency, has been proposed for simple tri- and
tetraphenyl phosphonium halides. These exhibit gradual
shortening of the excited state lifetime from hundreds of
milliseconds for [RPh;P]Cl to a few microseconds for
[RPh;P]T (R=Me, Ph).["! In contrast to the majority of
metal-free phosphors with long and ultralong emissions,
these salts are among the few rare organic phosphors that
have very fast radiative decays (k,~10*-10°s™"),'! which
are comparable to those of transition metal luminophores.

Inspired by the exceptionally fast delayed photolumi-
nescence behavior of aryl phosphonium iodides at room
temperature, we aimed to generalize this concept and
investigated the efficiency of harvesting the triplet state
from ionic crystalline materials. Donor-acceptor
phosphonium salts demonstrate prompt fluorescence
effectively quenched in the presence of I" counterion,!'” a
long persistent afterglow, as exemplified by [p-Me,N-
C¢H,-PPh,Pr]Br,!*" or intra-cation delayed fluorescence,
which was shown recently for [p-acridinyl-C¢H,-
PPh;]X.*¢! Thus, we hypothesized that (i) easy to prepare
and quaternize tertiary bisphosphanes with different
conjugated substituents could provide tunability of the
excited state dynamics and triplet state energy (i.e., of the

Mel + +
R,P PR, MeR,P PR;Me

(R="Ph, 91%)
(R iPr, 88%) 4 (R =Ph, 89%)
) . Y 6 (R=Ph, 8%

5 (R=Ph, 82%)
3 (R=Ph, 69%)

Scheme 1. Synthesis of diphosphonium iodides 1-6.
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emission wavelength) and that (i7) we could possibly
enhance the external HAE and anion-n charge
transfer!”!¥ by increasing the electrostatic attraction (i.e.
shortening the cation-anion distance) by employing dica-
tionic chromophore components.

Results and Discussion
Synthesis and Structural Characterization

The target diphosphonium iodides 1-6 (Scheme 1) were
conventionally synthesized from previously described
tertiary bisphosphanes containing conjugated spacers
(phenylene,'™  biphenyl,™  naphthalene,®™  and
anthracene!!) by treatment with excess methyl iodide
(see details in the Supporting Information). Derivative
1[OTI] was prepared by reacting 1,4-
bis(diphenylphosphino)benzene with methyl triflate. All
salts were isolated as uniform crystalline materials after
several recrystallization cycles, except for compound 2,
the bulk microcrystalline solid of which was obtained
directly from the reaction mixture. The crystalline materi-
als exhibited good thermal stabilities up to ca. 620K
(Figure S1). The composition and purity of the samples
were confirmed using NMR spectroscopy and elemental
analysis. The *P NMR spectra display single resonances
in the low-field region (20.6-43.5 ppm), which indicate the
complete methylation of the phosphane groups and
symmetric structures for the resulting dications.

All title salts were studied using X-ray diffraction
(Tables S1 and S2 list the crystal data and selected
molecular parameters).”? Crystallographic data confirmed
the expected structures of the organophosphorus cations,
in which two -PR,Me groups were appended to the
aromatic cores (Figure 1). Compound 1! was isolated in
two main forms, the dichloromethane (1) or diethyl ether
(1%) solvates depending on the solvents used, with the
latter typically containing small amounts of solvent-free
form 1 (Figures 1 and S2). Both solvates crystallized in the
same type of the spacegroup (P2,/n) with similar unit cell
parameters. Upon vacuum drying 1° and 1% gave micro-

Figure 1. lon pairs of 1, 2 and 3 featuring the shortest anion-xt contacts with a spacer between P atoms (crystallization methanol molecule in 3 is
omitted for clarity; thermal ellipsoids are shown at the 50% probability level; the ellipsoids of iodine atoms are superimposed with space-filling

spheres).

Angew. Chem. Int. Ed. 2023, 62, €202305108 (2 of 9)

© 2023 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

2sULOIT suOWWo)) dAKea1) d[qeorjdde oy Aq pauIoao are SONIE YO SN JO SI[NI 10§ AIRIqIT dUI[UQ A[IA UO (SUOLIPUOI-PUB-SULID)/W0d" K[ 1M ATeiquauruo//:sdiy) suonipuoy) pue swid ] oy 99§ [£207/01/61] uo Areiqry aurjuQ £9[ip ‘KNsIoAun o)ey Aq 801S0EZ0TIUR/Z00 1 0 1/10p/wod AIm" AreIqriaur[uo//:sdny woiy papeojumod “9¢ ‘70T ‘€LLEITST



GDCh
g

crystalline materials with essentially identical optical
behaviors, and their powder diffraction patterns con-
formed to that of the non-solvated modification (Fig-
ure S3). Compound 2 was structurally analyzed to be a
water solvate 2% and the non-solvate 2. According to the
PXRD data (Figure S3), form 2 was crystallographically
identical to the microcrystalline bulk solid precipitated
from the reaction mixture in dichloromethane.

Common features of 1-3 include short anion-n
contacts.? The spacers of the diphosphonium cations are
sandwiched between the iodide counterions in a symmet-
ric fashion with I-m(centroid) distances of 3.98-4.27 A
(Figure 1), and the anion-n vectors form angles of ca. 21°
(1), 16° (2) and 26° (3) to the ring normals. Such cation-
anion organization together with bulky and electron-
withdrawing -PR,Me substituents prevents n-n stacking of
the [P-n-P]** fragments but presumably facilitates the
formation of anion-m charge transfer complexes.™ The
cation-anion arrangement of the triflate salt 1[OTIf],
where the phenylene fragment is embedded between the
sulfonate groups of the adjacent CF;SO;", resembles that
of 1 (Figure S4).

The crystal structures of 4 and 5 do not manifest short
anion—n contacts (Figures2 and SS5). Instead, in 4, the
naphthalene and the closest iodides lie almost in the same

Figure 2. lon pairs of 4 and 6 featuring shortest anion-r contacts with
the spacer between P atoms (crystallization methanol molecules are
omitted for clarity; thermal ellipsoids are shown at the 50% probability
level; the ellipsoids of iodine atoms are superimposed with space-filling
spheres).
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plane giving rise to C—H--I hydrogen bonds. In §, the
anions that surround the biphenyl fragment form a
trigonal-like geometry (Figure S5) with significant dis-
placement from the aromatic n-system and rather long
I--centroid separations (4.91-5.15 A). This geometry does
not favor efficient anion-n interactions, which occur when
the distances to the carbon atoms from the anion, located
above the n-ring, are shorter than the sum of van der
Waals radii +0.8 A,?*l i.e. <4.48 A for an I.-C pair.

In the case of 6, the I---w interaction is observed from
one side of the curved anthracene motif at the I--centroid
distance of 3.70 A (Figure2) and I--C(central ring)
separations from 3.86 to 4.08 A.

Photophysical Properties

Solution behavior. The absorption spectra of compounds
1-6 measured in methanol/dichloromethane solutions (1:1
v/v mixture, Figure 3, Table S3) display low-energy bands
with distinguishable vibrational progressions, which corre-
spond to the n-n* character of electronic transitions. TD-
DFT analysis confirmed that vertical S,—S; excitations
occured within spacers bearing —*PPh,Me groups, with
some participation of P—C orbitals (Figure S6, Table S4).
The peak wavelengths were red shifted with an increase in
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Figure 3. A) UV/Vis absorption spectra of salts 1-6 and 1[OTf].
B) normalized emission spectra of 3—6 in methanol/dichloromethane
solutions (1:1 v/v mixture, 297 K).
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the conjugated system of the aromatic fragments. This
reflects the stabilization of the LUMO levels and the
corresponding reduction in the optical band gap. The
absorption profiles of 1 and its triflate analog 1[OTf] were
nearly indistinguishable and appreciable ion pairing was
excluded at low concentrations in polar solvents.

Under UV irradiation (A.,=275 nm), diphosphonium
salts 1, 1{OTf] and 2 with 1,4-substituted phenylene spacer
were non-emissive in solution, whereas weak-to-moderate
fluorescence in the 317-395 nm region was detected for
compounds 3-5 (Figure 3, Table S3). The luminescence
for anthracene-based salt 6 (.,=500nm, @.,=0.57, t=
6.2 ns) was substantially stronger than that for 1-5 and
bathochromically shifted by Av=1413 cm ' compared to
its bis(oxophosphorane) congener (1.,=467 nm, &, =
0.48 in MeOH).” These emissions in solution likely
originate from the 'n-n* excited states as illustrated by the
electron density plots for S;—S, transitions (Figure S6).

Solid-state behavior. In the crystalline state, the photo-
physical properties of 1-6 are governed not only by the
structural features of the cations, but also by non-covalent
interactions defined by crystal packing. To ensure uni-
formity of the samples, materials containing the crystal-
lization solvent were thoroughly evacuated prior to the
photophysical studies.

Crystalline samples 1 and 3-6 were visibly colored
(Figure S7), and the absorption bands of 3 and 6 extended
to 550 and 700 nm, respectively. In the absence of n-n
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stacking involving aromatic spacers of the cations, as
confirmed by the XRD data, these low energy absorptions
imply the formation of ground state iodide-m charge
transfer complexes.?**?7]

In contrast to the non-emissive behavior of 1 and 2 in
a fluid medium at room temperature, the microcrystalline
materials 1 and 2 are bright yellow to greenish lumino-
phores showing broad signals at 560 (1) and 520 nm (2)
with remarkably high quantum yields of 0.54 (1) and 0.75
(2) (Figure 4 and Table 1). The emission lifetimes for both
compounds were evaluated using a biexponential fit (t,,=
2.13 and 2.71 ps for 1 and 2) and had corresponding
radiative rate constants k, as high as 2.54x10°s™! (1) and
2.77x10°s™' (2), respectively. The luminescence of the
yellow crystals of salt 3 containing 1,4-substituted
naphthalene was bathochromically shifted to 645 nm
owing to extension of the central fragment (Figure 4).

The decrease in the quantum yield (&.,=0.07) was
accompanied by a shortening of the average observed
lifetime to 0.46 ps. The radiative rate k, for 3 is 1.64x
10°s™!, which is still in the order of magnitude found for 1
and 2. The lower luminescence intensity of 3 is primarily
attributed to a more efficient non-radiative relaxation.

Compounds with 2,6-naphthalene (4), 4,4'-biphenyl
(5), and 9,10-anthracene (6) spacers form another group
of luminophores. The room temperature emission spectra
of 4 and S revealed a vibrational structure that was barely
discernible for 6 but was well resolved for all three species

Wavenumber, cm™
24000 18000 12000
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0.6

0.4 4
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Figure 4. Normalized excitation (A) and emission (B) spectra of compounds 1-3 in the solid state at 297 K (solid line) and 77 K (dashed-dotted
line); C) time-resolved and fitted decay curves at 297 K; D) images of 1-3 under ambient and UV (A.,.=365 nm) light.
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Table 1: Photophysical properties of diphosphonium salts 1-6 in the solid state.

Aexe [nm] Aem [nm] 7oy [ps]”

297 K
1 325 560 2.13
2 360 520 271
3 450 645 0.46
4 276, 340 sh 515, 555, 600, 650 sh 92.23
5 360 460, 490, 525, 565sh 16.60
6 467 880 n.d.

D, k, [x10° s~

77 K 297 K 77 K 297 K 77 K

3.70 0.54 0.78 2.54 2.11

5.01 0.75 0.90 2.77 1.84

2.81 0.07 0.29 1.64 1.04
745.61 0.13 0.46 0.014 0.006
99.51 0.03 0.17 0.018 0.017

n.d. <0.01 n.d. n.d. n.d.

[a] Amplitude-weighted average emission lifetimes for the biexponential decays determined by the equation 7,,=2AT, A =weight of the i-th

exponent. [b] k, were estimated by @,,,/7,,.

at 77 K (Figure 5). The peak maxima found at 555 (4), 490
(5), and 880 (6) nm correlated with the variation in the
central fragment, the quantum yields in this sequence
decreased from 0.13 (4) to less than 0.01 (6). The lifetimes
for 4 and 5 were 92.23 and 16.60 ps at 297 K (we could not
determine t accurately for 6 due to the low emission
intensity of NIR emission) resulting in radiative rates of
1.4x10°s™" and 1.8x10°s™'. These data are not excep-
tional for organic phosphors and suggest that *n-n* triplet
excited states likely occur for compounds 4-6. Despite the
lack of time-resolved data for 6, we assume that its
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Figure 5. Normalized excitation and emission spectra of compounds 4,
5 (A) and 6 (B) in the solid state at 297 K (solid line) and 77 K (dashed-
dotted line); the photo shows images of 4 and 5 under ambient and
UV (Aee =365 nm) light.
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luminescence is of a triplet nature too because of the
significantly lower emission energy compared to those of
green-yellow fluorescent anthracene bis(oxo-/thiophos-
phorane) analogs.?

The k. values for 1-3, which are two orders of
magnitude higher than those for 4 and 5, are typically
expected for late transition metal complexes."™*! Organic
luminophores allow harvesting of the triplet excited state
and can achieve fast radiative decay via a thermally
activated delayed fluorescence mechanism (TADF).””
Finally, symmetry-forbidden prompt fluorescence can
potentially be another alternative for realizing a k, on the
order of 10° or less.’” To decipher the possible scenarios
of excited state dynamics for 1-3, we carried out a
systematic variable-temperature study and computational
analysis.

Emission mechanism. According to the variable tem-
perature (VT) excitation and emission spectra of 1-3, the
ground states of these species may have different local
minima, whereas the excited states of 1 and 2 are virtually
unaffected with changes in temperature (Figures4 and
S6). The radiative rates for crystalline 1-3 decreased by
17-37% upon cooling to 77K (Table1, Figure S8).
Importantly, the measurements performed for 1 at 5 K did
not disclose any additional emission band or a dramatic
alteration in the lifetime scale (r,,=7.7 us at 5K, Fig-
ure S9). These observations, and the structureless emis-
sion profiles, indicate that salts 1 and 2 display phosphor-
escence of charge transfer origin. The absence of prompt
fluorescence at 297 K, which is often detected in organic
TADF emitters,* %! and no substantial elongation of the
lifetime at 77 K, which is expected for transition metal
complexes with TADF, allowed to rule out an appreci-
able contribution of thermally activated delayed
fluorescence for 1 and 2. The luminescence behaviour of
3, manifested by a blue shift of the emission maximum at
77 K, tentatively arose from the triplet excited state, but
was affected by a certain phase transition at low temper-
ature. The pure change in the electronic state (e.g., from
S, to T, that would account for the TADF) cannot explain
the detected increase in the emission energy.

The temperature-dependent spectra of 4 exhibited
minor variations, whereas 5 demonstrated some growth of
a low energy signal near 575 nm in the range of 150-
200 K, which could indicate a non-negligible contribution
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from CT transitions (Figure S10). The nearly linear
growth of the observed lifetimes for 4 and 5 was
associated with an increase in the quantum yield and
suppression of non-radiative decays at lower temperature,
whereas the radiative rates did not fluctuate substantially
(Table 1). The long-lived luminescence of crystalline 1-5
under ambient conditions with only microsecond lifetimes
suggests efficient ISC, the rate of which is sufficient to
overcome the rate of radiative relaxation of the S, state.

To support the experiment-based assignment of the
origin of the photophysics of 1-6, we optimized the anion-
cation pair models using the QM/MM method, which
prevents large scale geometric relaxation and simulates
the restrictions imposed by a real solid-state environment.
Transition energies and radiative rates were estimated
using single-point TD-DFT calculations. These parame-
ters are sensitive to shifts in the energy of the states.¥
For the studied ionic species, the computed rate constants
and wavelengths visibly depended on the position of the
counterions (relaxed or fixed coordinates, Table S5), and
the use of a solvent layer, without which very low
transition energies were obtained. Therefore, the calcu-
lated data, which were extrapolated from the molecular
level to ordered crystal systems, should be treated with
caution, and discussed semi-quantitatively.

In line with solid state absorption spectra, the lowest
energy excitations for 1-6 mainly involve iodide—n* CT,
which correlates with the HOMO and LUMO distribu-
tions (Figures 6, S11 and S12). The predicted T,—S,
radiative transitions are of CT origin for compounds 1-3,
but predominantly have a n-n* character for 4-6, which is
in accordance with the experiment. The orbital config-
uration of the S; and T; CT states for 1-3 are not identical
and have a hybrid nature with some n-n* contribution that
should lead to a non-zero SOC. The non-negligible over-
lap between S; and T, accounts for the moderate AE(S;-
T,) energy gaps (Table S5). The calculated SOC constants
&(S,,T,) for 1-3 ranged from 156/232 to 413/395cm™!
(frozen/relaxed anions) and were comparable to the

Figure 6. Excitation (So—S;) and triplet emission (T,—S,) electron
density difference plots for salts 1 and 4 (isovalue of 0.002 a.u.). During
the electronic transition, the electron density decreases in the blue
areas and increases in the red areas.
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corresponding magnitudes reported for some donor-
functionalized phosphonium bromides and iodides.!**'¥
The &(S,,T,) values for 1-3 were probably overestimated
considering the similarity of the electronic distribution for
the S, and T, states. Nevertheless, one might expect
relatively fast rates of ISC, surpassing those of prompt
S,—S, fluorescence, due to the appreciable spin-orbit

coupling integral kJy.(T) (wé(o)’Hso‘wfyfo))z x FCWD,

where FCWD denotes the Franck—Condon-weighted den-
sity for the S;—T, non-radiative transition)™ arising
from the enhancement of SOC by external HAE of the
iodides. No less important factor giving preference to the
ISC pathway, are slow rates of fluorescence. These were
calculated to be on the order of 10°-10°s™! (Table S5),
resulting from the small overlap of the initial and final
electronic wavefunctions of the CT transitions

Ky o< ("

2
r‘wi(o)), where r is the transition dipole

length).'"™ In the case of such slow S;—S, relaxation even
moderate kigc would be sufficient for the population of
the T, state. Materials 1-3 thus demonstrate the rare
phenomenon of realizing an *CT(anion-n) state, as
exemplified by the earlier pyromellitic diimide iodide.!"*

The calculated rates of CT phosphorescence (Ta-
ble S5) for 1-3 were on the order of 10°s™" (cf. k(b=
1.64-2.77x10°s™"). In 4-6, the radiative rates were
predicted to be 10°-10° times lower (cf. kygpy=1.4-1.8x
10°s™"), which one might anticipate for the *m-n* excited
state and the external HAE.™ Fast radiative relaxation

T,—S, (k,, o Vﬁ}ﬂn%O]z) is associated with a large tran-

sition dipole moment purg,, which is mainly governed by
the dipole moment of the fluorescence from an S, state
coupled with the T, state (

pi%)/CE, = 'E,)).™ For exam-

_ 3(0)
HUr,—s, O(IMS,,,HSHOPI( ‘HSO

ple, in compound 1, the strong SOC between T, and S,/S;
(&(T1,S,1_23) >10° cm™) was accompanied by fairly high
oscillator strengths for S,—S, (f=0.007 and 0.07 for S,
and S;) at a somewhat distorted T; geometry. This is
expected to facilitate exceptionally high rates of metal-
free phosphorescence. Room temperature radiative de-
cays for dicationic species 1 and 2 are very rare among
(element)-organic triplet emitters and are close to the
fastest organic phosphors with k, up to 3.33x10°s™
reported for hexakis(arylthio)benzenes.*"!

The importance of iodide anions in attaining phos-
phorescence was confirmed by the non-emissive character
of the triflate salt 1{OTf]. Although compounds 1-3 and
4-6 with drastically different scales of radiative rates
demonstrate distinct structural discrepancies in terms of
anion-n contacts, they may not be the only decisive
feature of crystal packing responsible for the unusual
photophysical behavior of 1-3. For comparison, we
prepared salt [PPh;Me]l, for which moderately intense
phosphorescence at 298 K has been reported (1.,=
487 nm, g, =3.4ps, @,,=026, k.=0.76x10°s7")1
although without an exact description of the studied
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crystalline form. A solvent-free modification (CCDC
1977060)" was obtained from a water solution, and its
identity was confirmed by XRD analysis. The photo-
emission data of the ground microcrystalline sample (1., =
492 nm, to,=2.1ps, ®@.,=0.17, k,=0.81x10°s"", Fig-
ure S13) generally match those listed in the earlier
publication and indicate a fast radiative rate of
emission."”” The molecular arrangement in the crystal of
[PPh;Me]l shows the shortest anion-n separation of
4.80 A, which is visibly longer than those observed for 1-
3, and at less favorable geometry (the angle between the
vertical and iodide-centroid line is 32°) (Figure S13). This
is expected to diminish the HAE in [PPh;Me]l and could
be the reason for the 2-3 times lower k, compared to that
of 1-3. However, the efficiency of the anion-n CT and its
role in the rates of the ISC and T,—S, radiative decay are
likely regulated by a more complicated set of structural
and electronic factors.

Conclusion

In summary, we report a series of luminescent diphospho-
nium iodide salts that were readily synthesized from
accessible tertiary bisphosphanes, containing an aromatic
backbone. The variability of the latter motif (phenylene,
naphthalene, biphenyl, and anthracene), which acts as a
chromophore center, allows for efficient tuning of the
photophysical properties of these species. In polar sol-
utions, the optical behavior of the studied compounds is
defined by organic cations showing prompt fluorescence
associated with locally excited (m-n*) states. In contrast,
the photoluminescence mechanism of crystalline solids
strongly depends on anion-n interactions. In the case of
iodide-n charge transfer, our theoretical analysis predicted
relatively slow rates of prompt fluorescence and fairly
strong SOC enhanced by the external heavy atom effect
of the anions. This combination favors the population of
the triplet excited state, which can undergo radiative
relaxation resulting in pure phosphorescence. Remark-
ably, under the condition of dominating the CT character
of the T,—S, transition, high quantum yields (®., up to
0.75) and fast radiative rate constants (k, of up to 2.77 x
10°s™) were realized at room temperature for 1,4-
phenylene and 1,4-naphthalene substituted compounds.
The distortions of the excited state geometry, together
with the electrostatically controlled packing effects in
these ionic solids, likely play a key role in the
enhancement of the transition dipoles, resulting in anom-
alously fast phosphorescence. Such high rates of radiative
processes involving the triplet state can be obtained for
organic emitters by means of the TADF mechanism but
they remain exceptionally rare for metal-free T,—S,
relaxation. Thus, the described ionic luminophores can
compete with 4d/5d metal complexes. Harnessing CT and
external HAE is a new design strategy beyond transition
metals and organic delayed fluorophores. Even though
the observed phenomenon of fast phosphorescence is
found in some crystalline materials and depends on the
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crystal packing, which is currently of fundamental impor-
tance, we believe it can be potentially used in various
(mechano)responsive systems where the nature and dis-
tance to the anion determine the emission mechanism and
the associated optical characteristics. Additional benefits
are anticipated from the fabrication of soft and polymeric
ionic materials,® which can be applied in anticounterfeit-
ing, data encryption, and optoelectronics.
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