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Panchromatic single-component pure white light generation with a PLQY of ~14.5% is obtained from a dysprosium complex

with the 5,7-dichloro-8-quinolinol ligand (HCIQ) thanks to a peculiar orange-red excimer-like emission induced by m-staking

interactions between discrete dimeric units in the crystal packing. The emission color is highly tunable by phase change and

mechanical stimuli. Remarkably, this compound also displays Dy-centered NIR emission at telecommunication wavelengths

upon photoexcitation over an extraordinarily broad spectral range.

Introduction

Colour-tuneable white light luminescent molecular materials
attract great interest for a wide range of applications such as
flat panel displays, illumination, sensing and
anticounterfeiting.”” Traditionally, white light generation is
realized through the combination of different luminescent
centers to reach the appropriate balance of the primary colors
red, green and blue (RGB). Alternatively, it can be obtained by
the ratiometric fine-tuning of complementary light colours,
such as blue and yellow.>8° Different classes of molecular
materials have been so far explored in this field ranging from
transition metal> 1911 and lanthanide complexes,21214 to
metal-organic extended frameworks,57: 1617 purely organic
polymers8-1° and discrete molecular units giving rise to excimer
(or excimer-like) emission.29-2* Most often these materials are
obtained by incorporating the emissive components into
(codoped) polymers, host-guest systems, or by cocrystallization
of the selected luminophores. Among the various types of
materials, metal-organic luminophores can offer the
opportunity to combine light emission of different origins, such
as ligand-centered (LC), metal-centered (MC), charge transfer
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(CT), excimer (EX) or excimer-like (EL), thus significantly
expanding the emission range and tunability of the emission
colour with respect to fully organic and inorganic materials,>7
and even adding more functionalities such as magnetic
response.’*1> |n particular, lanthanide-based molecular
materials are very popular for white light generation and other
optical applications in view of the high emission colour purity
delivered by the lanthanide intrashell f-f transitions, spanning
the entire visible and near-infrared (NIR) spectrum.8? In these
systems, the organic ligand typically plays the simultaneous
double role of blue light emitter and “antenna” for the indirect
sensitization of the lanthanide ions. White light generation is
typically obtained by combining the Eu3*/Tb3* red/green
emissions with blue light from the organic ligand following a
“three component approach”,®1® whereas dual emissive
systems based on the complementary emission colors from
Dy3*, Sm3* or Eu3* MC and LC emission are far less explored.1?
15,17

However, regardless of the type of compounds used with all
these approaches, achieving an accurate balance of the
necessary colour components for white light generation in
composite systems with multiple emissive centers is a tricky
task. While single-phase materials, such as coordination
polymers, are indeed sought after to avoid phase separation
enabling easier synthetic procedures and processing, synthetic
or doping variability, random energy transfer interactions and
uncontrolled optical losses involving different optical units
statistically distributed in the material may raise problems such
as readsorption, poor colour purity and spectral variation.2>
This is especially true when the emission originates from
different mechanisms from individual emitting centers and is
not panchromatic. Integrating the necessary multi-components
into a single-phase material allowing for the precise control of
the energy transfer phenomena and optical output represents
a serious synthetic challenge.?>?” Hence, because of the
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intrinsic constraints, it is not surprising that single-phase pure
white light emitters based on small molecules still remain rare.
In this work, we present a quite unique example of a single-
component panchromatic white light emitter based on a Dy
quinolinolate complex which also displays NIR luminescence.
Quinolinolate metal complexes have been widely explored for
their use as emissive centres in OLED devices thanks to the
semiconducting properties of the ligand, their thermal stability
and remarkable optical performances.?®32 In the presented
complex, extensive m-stacking interactions between quinoline
units in the crystalline state induce broad ligand-related
spectral emission covering almost the entire visible range with
relatively high quantum yield. The aggregation-induced origin of
this emission allows for luminescence color tuning from green
to orange upon dissolution in organic solvent and mechanical
stimuli. In addition, the compound displays strong Dy-centered
NIR luminescence upon excitation in an extraordinarily broad
spectral range. The origin of the observed optical features were
investigated by  absorption and  photoluminescence
measurements with the support of Density Functional Theory
calculations.

Results and Discussion
Synthesis, crystal structure description and thermal analysis

Dy(ClQ),(HCIQ),Cl] (HCIQ = 5,7-dichloro-8-quinolinol) (1) was
synthesized by reacting dysprosium chloride and the HCIQ
ligand in appropriate ratio under neutral conditions in a
CH3CN/CH3OH solvent mixture according to the procedure
described in the Experimental section.3! Slow solvent
evaporation of the supersaturated solution afforded well-
formed prismatic red crystals. X-ray diffraction (XRD) structural
investigation (Figure 1) reveals that the molecular unit of 1
consists of four quinolinol ligand derivatives and one chloride
ion coordinated to Dy3*. Out of the four coordinated ligands,
two are bidentate anions and two are in the neutral form as

,\\/\/

zwitterions (NH*,07), acting as monodentate donors.(Figure-12)
Intramolecular hydrogen bonding interactidhs0dré%stablhishdd
between the protons on the N donor atoms and the O atoms of
opposite ligand units. The Dy3* ion is therefore
heptacoordinated by four oxygen, two nitrogen donor atoms
and a chloride and adopts a distorted pentagonal bipyramidal
geometry (Figure 1b). The compound crystallizes in the non-
centrosymmetric Pca2; space group where single molecules
organize into dimeric units related by a pseudo-center of
symmetry (Figure 1c). An extensive network of m-stacking
interactions both intra- and inter-dimers is established in the
crystal packing (Figures 1c,d,e). Crystallographic data are
reported in Table 1. Powder XRD (PXRD) measurements confirm
the phase purity of the sample (Figure S1).

Thermal analysis, shown in Figure S2, reveal that the compound
is thermally stable, with no relevant weight losses, up to
temperatures above 250°C.

Optical absorption and structure-properties relationship

The diffuse absorbance (DA) spectrum of 1 in the crystalline
state is reported in Figure 2. Several Dy3* -centered peaks
related to f-f transitions from the ground state ®H;s,, to superior
energy levels are recognizable in the NIR region. A very broad
absorption band, which can be roughly associated to ligand-
related m-it* transitions, dominates the UV-visible region with a
cutoff at ~585 nm. A close inspection of the band shape and the
comparison with the spectral profile of 1 in CH30H solution (see
inset in Figure 2) evidences the appearance of an additional
shoulder related to a low energy absorption. Spectral
deconvolution confirms the contribution of two bands centered
at 343 and 409 nm, very similar to the spectral features
observed in solution (Anax = 335 and 399 nm), and an additional
band peaked at 508 nm. This latter feature accounts for the
intense red color of the crystals in contrast to the yellow color
of the diluted solution, clearly indicating that solid-state
interactions allow for new electron transitions in the molecular
assembly.

d

“‘33:—/ \ -

Figure 1. Crystal structure of 1. a) molecular unit; b) Dy** coordination environment; c) crystal packing viewed down the b crystallographic axis; d) intra-dimer stack of ligand units;

e) inter-dimer stack of ligand units. Intramolecular hydrogen bonds (a) and intermolecular m-rt stacking interactions (<3.6 A) between ring centroids (light blue spheres) of adjacent
ligand units (c) are evidenced by dashed grey lines. Color codes: green, Dy; red, O; blue, N; purple, Cl; grey C; white, H.
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Figure 2. DA spectrum of 1 in the crystalline state (red solid line) and deconvoluted bands
of ligand-related absorption (grey dashed lines). The spectroscopic terms related to the
Dy3*-centered transitions from the ®H;s/, ground state are indicated. Inset reports the
absorption profile of 1 in CH;0H solution (blue solid line). Spectral deconvolution was
carried out on the energy scale and herein reported in wavelength.

To better clarify the origin of the optical features in the
crystalline state, we performed density functional theory (DFT)
calculations to investigate the electronic structure of the
compound. In order to reduce highly expensive computational
costs, 1 was modelled by replacing the trivalent 4f° Dy3* ion with
the 4f° Y3*ion (1’) This choice was made by reasonably assuming
that the above described optical properties in the visible are
solely originated from ligand states and that the lanthanide ion
does not significantly contribute to the frontier molecular
orbitals (MOs). This approach has been already demonstrated
successful in describing the optical features of lanthanide
complexes.?435 In particular, herein the main interest is to
unravel the role of intermolecular interactions between
adjacent ligands on the optical properties of 1. To this purpose,
DFT calculations were performed by taking into consideration
three different configurations in the crystal packing, as
schematized in Figure S3 in Supporting Information. These
consist of a single molecule (“monomer”), a dimeric unit
(“dimer”) and a set of three molecules that are part of three
different dimeric units (“inter-dimer” configuration). Figure 3a
shows the calculated frontier molecular orbitals (MOs) for 1’ in
the “inter-dimer” configuration which reveal that the electron
density is highly localized on (H)CIQ ligands with no metal
contribution for the first highest occupied MOs (HOMOs) and
the first lowest unoccupied MOs (LUMOs), similarly to the
“monomer” and “dimer” configurations (Figures S4-S6). MOs
energy splitting following supramolecular combinations results
in the generation of a band-like configuration.
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Figure 3. a) DFT-calculated frontier MOs of 1’ in the crystalline state as “inter-dimer”
configuration. b) energies of the first sets of HOMOs and LUMOs and c, d, e) TD-DFT
calculated absorption spectra for 1’ as “monomer”, “dimer” and “inter-dimer”
configurations, as illustrated in the insets.

The DFT-calculated energy sequence of the frontier MOs (Figure
3b) evidences the narrowing of the band gap between the last
set of HOMOs and the first set of LUMOs which become more
closely spaced on extending the intermolecular interactions
from the monomer to the “inter-dimer” arrangement. This
result is consistent with the absorption spectra retrieved from
time-dependent TD-DFT calculations (first 10 states) shown in
Figures 3c, d and e for the three types of the above mentioned
configurations as depicted in the insets. The spectrum of Figure
3e is dominated by two main peaks that closely resemble those
retrieved from the spectral deconvolution of the DA of 1 in the
crystalline state (Figure 2). Instead, the spectral profile
calculated for the monomer configuration (Figure 3c) is almost
superimposable to that observed for 1 in CH30H solution, as
expected. These results suggest that the origin of the low-
energy absorption band in the crystalline state is mainly related
to interactions between adjacent ligand moieties of different
discrete dimers. This may not be surprising when considering
that the “inter-dimer” overlap of quinoline rings is more
effective than intra-dimer (Figure 1e). The analysis of TD-DFT

Please do not adjust margins
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data (Table S2) shows that, whereas higher energy transitions
are mainly of intra-ligand charge transfer (ILCT) character, on
lowering the energy they become predominantly ligand-to-
ligand charge transfer, either intra- (LLCT) and inter-molecular
(LL’CT), evidencing the role of n-stacking interactions in the low
energy absorption features.

Photoluminescence

White light and mechanochromic behavior
Photoluminescence (PL) steady-state measurements shown in
Figure 4a on 1 as bulk crystals reveal a very broad emission
profile covering almost the entire visible spectral range up to
~680nm upon excitation in the UV region. Two distinct emission
bands are clearly recognizable, one peaked at 480 nm, falling in
the blue-green spectral region, and one centered at 620 nm
corresponding to an orange-red light component. As a result,
the combination of these two emissions gives rise to pure white
light with CIE (Commission Internationale de IEclairage)
coordinates x, y 0.33, 0.33 (Figures 4b,c) and a PL quantum yield
(PLQY) of ~14% which is relatively high among those reported
for molecular white-light emitting materials.>® The
characteristics of the observed spectral profile are consistent
with those typical of a m-stacked aromatic organic system
displaying excimer-like (EL) emission.?* 36-37 Short-contact (<0.4
nm) interactions favor supramolecular energy states that give
rise to intermolecular CT transitions at significant lower energy
than single-molecule transitions.?° As a result, intense emission
in the orange-red spectral-range is observed for 1 in the
crystalline state, in sharp contrast with the green monomer
emission observed in diluted solution (Figures 4a,b). It must be
mentioned that the term “excimer-like” is more appropriately
used here in place of “excimer” as the observed behavior is
ascribed to a preformed molecular arrangement in the
crystalline state, not a photoinduced one.3’ The emission
contribution in the blue-green region is instead of less obvious
attribution but the similarity to the monomer emission in
solution and the ILCT character of the high energy transitions
may indicate that it originates from locally excited (LE)
“monomer” states.® This attribution is also supported by time-
resolved measurements (Figure 4d) which evidence the
significantly longer decay dynamics (t,, = 5.5 ns)% of the EL
decay at 620 nm with respect to the emission at 480 nm,
displaying a sub-ns decay.3® This observation is also confirmed
by the measurements made on the isostructural gadolinium
analog,3® where no ligand to metal energy transfer can occur
(vide infra), which displays an outstandingly long lived decay of
hundreds of ns for the emission at 620 nm (Figure S7 and
related discussion in Sl). Interestingly, upon gentle sample
grinding, the high energy emission band completely disappears
whereas the lower energy one is enhanced (Figure 4a) and the
sample luminescence color turns from white to orange-red
(Figures 4b,c). This phenomenon confirms the EL nature of the
emission which is typically sensitive to mechanical stress.?? In
this case, since no obvious change in the PXRD pattern is
observed (Figure S1), we can argue that grinding leads to a
compression of the supramolecular structure with an

emission

4| J. Name., 2012, 00, 1-3

enhancement of the short contact m interagtions.. K.ids
interesting to note that the excitation Xpet?rQa?/ofT ¢ReEL
emission at 620 nm covers the entire absorption range (Figure
S7), implying high color stability. To the best of our knowledge,
this is the first example of rare orange-red3> excimer-like
emission in a quinoline derivative.

NIR emission Remarkably, 1 additionally displays intense Dy-
centered NIR PL (Figure 4e) upon excitation in the whole ligand
absorption range (Figure S8) at 990 and 1325 nm. This latter line
falls in the O-band of the optical fibers telecommunication
range and is seldom observed in Dy3* complexes. On the other
hand, no characteristic emission peak of Dy3* is recognizable in
the visible likely due to the energy mismatch between the
excited levels of the quinoline ligand derivative and the emitting
4Fg/ level of Dy3* at ~21000 cm™* (Figure 4f). For this reason, the
two intense NIR bands were assigned to transitions from low
energy states of Dy3* (°Hs;, + ®Fg/, and ®Hg/, for the emission at
990 nm and at 1325 nm, respectively) to the ground ®H;s/,
state.383% The excitation spectrum of the NIR transitions in
Figure S7 indicates that both high energy ILCT and lower energy
LLCT+LL’CT states of the ligand can populate the Dy3* ¢H, levels.
This combined contribution allows for optical pumping of NIR
emission across an extraordinarily broad spectral range. The
sensitization mechanism is believed to occur through the
activation of intermediate ligand triplet states triggered by the
presence of the lanthanide ion (Figure 4f), thus accounting for
the relatively shortened lifetimes of LC fluorescence with
respect to analogous p-metal derivatives (>8 ns).*® The Dy3*
sensitization efficiency can be estimated through the
comparison of the decay dynamics of the ligand energy donor
states in the reference isostructural derivative of the optically
silent Gd3*, which cannot act as acceptor due to the very high
energy of its level manifolds (Figure S7). Significantly longer
decay time constants with respect to those observed for 1
(Figure 4d) were retrieved for both the LLCT/LL’CT states, giving
rise to the EL emission (tg4 = 307 ns vs Tp, = 5.5 ns), and the ILCT
states related to the LE component (tgqg = 1.57 ns vs Tp, < 1 ns,
resolution limited), confirming that the Dy3* NIR-emitting
energy levels can be efficiently excited over the whole visible
absorption range. These data yield an estimation of the Dy3*
sensitization efficiency of over 98% (calculation details are
reported in Supporting Information). Time constants of t = 16.0
us and 8.2 us are retrieved by monoexponential curve fitting of
the decay at 990 nm and 1325 nm, respectively (Figure 4g).
Taking an estimation of the Dy3* radiative lifetime t,.q (defined
as the lifetime of the emitter in the absence of external
quenchers) in a molecular complex of 243 and 394 ps for the
emission from the ®Hs;, and ®Hg, levels, respectively,3® the Dy3*
intrinsic quantum yield can be calculated through the equation
Dpy = T/Trag, Yielding values of Mggp = 6.6% and D355 = 2.1%.
The above discussed figures of merit may make 1 more
promising for optical amplification in the NIR over the
traditionally used Er complexes (emitting in the optical C-
band),?%30 thus opening new perspectives for the exploitation
of the telecom O-band.

This journal is © The Royal Society of Chemistry 20xx
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Figure 4. a) PL spectra of 1 as bulk crystals, ground sample and in CH3OH solution excited at 380 nm; b) CIE 1931 chromaticity diagram for 1 emission in bulk crystals (x, y 0.33, 0.33),
as ground sample (x, y 0.54, 0.43) and in CH30H solution (0.29, 0.50); c) photographs of 1 as bulk crystals (above) and ground sample (below) under UV light illumination (380 nm);
d) Time-resolved decay curves in the visible range; ) NIR emission spectrum upon excitation at 380 nm; f) Jablonski diagram illustrating the energy flow pathways in 1. Solid arrows
represent radiative emission, dashed arrows represent non-radiative decay channels; g) decay dynamics of Dy-centred emission at 990 nm (°Hs/,, green dots) and at 1325 nm (°Hg),,

purple dots).

Conclusions

In conclusion, the presented [Dy(ClQ),(HCIQ),Cl] complex is a
rare case of single-component single-molecule white light
emitter in the solid state which also displays mechanochromic
luminescence and remarkable NIR emission at
telecommunication wavelengths. Here, the lanthanide ion not
only acts as an active emitting centre, but also templates the
molecular structural arrangement giving rise to an extensive -
stacking of quinolinol moieties between discrete dimeric units
in the crystal packing. As a result, a peculiar ligand-centred
excimer-like luminescence in the orange-red spectral region is
observed which significantly deviates from the green monomer
emission in solution and combines to locally excited blue-green
luminescence in crystals to yield pure white light. Furthermore,
both monomer and excimer-like states can sensitize Dy-
centered NIR emission allowing for optical pumping in an
extraordinarily broad spectral range. These features, along with
the known semiconducting properties of such quinoline
complex derivatives, make this compound promising for a

number of applications in OLEDs, telecommunication, sensing
or security applications.

Experimental
Synthesis

Chemicals: All reagents and solvents were purchased from
Aldrich and used without further purification.

Synthesis of [Dy(5,7ClQ),(H5,7CIQ),Cl] (1): The synthesis was
carried out following a previously optimized procedure.3® A
solution of 0.5 mmol (188.5 mg) of DyCls-6H,0 dissolved in 10
mL of of CH3CN/CH3O0H (4:1 v/v) was slowly added to a solution
of 2 mmol (428.3 mg) of HCIQ in the same solvent mixture. After
24 hours of stirring at 50-60°C the yellow solution was roto-
evaporated until it turned orange and was left standing to the
air. After a few days block red crystals, suitable for X-ray studies,
were collected and washed with diethyl ether (yield 49%). CHN:
Found (Calcd for C3gH1gClgDyN4O4) C% 41.05(41.10), H%
1.63(1.72), N% 5.37(5.33). FT-IR (KBr pellet, cm™): 3236 vw,
3171 vw, 3102 w, 3026 w, 2966 w, 2914 w, 2850 vw, 2752 vw,
2116 w(v N*—H), 2013 w, 1616 m, 1592 w, 1560 s, 1544 m, 1489

Please do not adjust margins
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m, 1455 vs, 1394 m, 1364 s, 1314 m, 1292 w, 1250 w, 1232 mw,
1220 m, 1194 m, 1144 m, 1106 m (split peak), 1051 mw (& C—
H), 991 vw, 957 m (v C-Cl), 876 m (v C—Cl), 810 m, 789 m, 749 s
(split peak), 672 m, 659 m, 646 w, 634 m, 585 w, 571 mw, 505
m, 422 mw. Synthesis of [Gd(5,7CIQ),(H5,7ClQ),Cl]: The
synthesis was carried out with a similar procedure as 1, using
the appropriate GdCl; - 6H,0 salt and the compound was
characterized as previously described.33

Characterization.

Electronic UV-Vis-NIR spectroscopy. Diffuse absorbance (DA)
spectra on solid state samples were acquired in the 200-2000
nm range with a Varian Cary 5 spectrometer equipped with a
150 mm diameter integrating sphere on samples dispersed on
Teflon film. Absorption spectra of solution samples were
acquired in the 350-2000 nm range with a PerkinEImer Lambda
950 spectrometer, in a quartz cuvette of 10 mm path length
(Starna cuvette type 23/Q/10).

Vibrational spectroscopy. Fourier Transform Infrared (FTIR)
spectra of samples dispersed on KBr pellets were acquired in
the region of 400-4000 cmwith a Thermo Scientific Nicolet
6700 FT-IR spectrometer equipped with a nitrogen-cooled
Mercury Cadmium Telluride (MCT) detector and KBr beam
splitter.

Elemental analysis. Elemental analysis (C, H, N) was performed
on a Thermo Flash 2000 elemental analyzer. V,05 was used as
catalyst.

Thermal analysis. Thermal gravimetric analysis (TG) and
simultaneous differential thermal analysis (DTA) were carried
out on a Mettler-Toledo TGA/STDA 851. Thermal analysis data
were collected in the 25-800 °C range, under oxygen flow
(heating rate = 10 °C min-1; flow rate = 50 mL min=1).
Single-crystal X-ray diffraction. X-ray data collection was
performed at 100 K on a Rigaku Oxford Diffraction Supernova
Dual Source diffractometer equipped with an Atlas CCD
detector using w scans Cu Ko (A= 1.54184 A) radiation. The
images were interpreted and integrated with the program
CrysAlisPro (Rigaku Oxford Diffraction)*! using Olex2.42 The
structure was solved by direct methods using the ShelXS
structure solution program and refined by full-matrix least-
squares on F2 with full-matrix least squares using the ShelXL
program package.*3-44 Non-hydrogen atoms were
anisotropically refined. CCDC 1990016
supplementary crystallographic data for this paper. These data
can be obtained free of charge from The Cambridge
Crystallographic Data Centre via
www.ccdc.cam.ac.uk/structures.

Powder X-ray diffraction. Wide-angle X-ray diffraction XRD
patterns were recorded on a Thermo Scientific ARL X’ TRA
diffractometer. The scans were collected at a scan rate of 1°
min! within the range 5-40° (20) using Cu Ko radiation.
Photoluminescence measurements.

contains the

Photoluminescence (PL) measurements were performed using
an Edinburgh FLSP920 spectrophotometer equipped with a
Hamamatsu R928P PMT detector (200-900 nm) and a
Hamamatsu R5509-72 NIR PMT detector (500-1700 nm).
Steady-state PL spectra were acquired using a 450W

6 | J. Name., 2012, 00, 1-3

continuous-wave (CW) xenon lamp, whereas a pujsed Xe.lamp
(repetition rate 100 Hz; 60 W) and a Fiari@n18dperéantintiam
white light laser (repetition rate 20 MHz, pulse width 80 ps)
were used for time-resolved measurements. Appropriate
optical filters were used, and steady-state emission data were
corrected for the spectral response. All luminescence
measurements were recorded at room temperature. Crystals
were put between quartz plates (Starna cuvettes type
20/C/Q/0.2). The internal quantum yield was measured using
an integrating sphere (110 mm diameter) on the FLSP920
spectrophotometer, and white BaSO, powder was used as a
reference to measure the scattered excitation light. The internal
guantum vyield ® was calculated through the following

equation:
JLs
D =—

a fER - fEs
where € is the number of photons emitted by the sample and o
is the number of photons absorbed by the sample. Ls is the
luminescence emission spectrum of the sample; Er is the
spectrum of the scattered excitation light with the BaSO,
reference sample in the sphere; Es is the spectrum of the
scattered excitation light with the actual sample in the sphere.
Additional time-resolved measurements on
[Gd(5,7CIQ),(H5,7ClQ),Cl] crystals were acquired with a Horiba
Scientific Fluorolog spectrofluorimeter using a time-correlated
single-photon-counting technique, with a pulsed excitation
source, NanolLed, at 370 nm (Horiba) at an impulse repetition
rate of 1 MHz at 90° geometry to the R928 detector
(Hamamatsu).

DFT Calculations.

Equation 1

Electronic structure calculations were performed at Density
Functional Theory (DFT)# level employing the GAUSSIAN 1646
software package. The functionals used throughout this study
was CAM-B3LYP;*’ basis set 6-31+G(d,p)*® was used for atoms
C,H,0O,NS, Cland LANL2DZ ECP basis set*® on Y. All calculations
were input using atomic coordinates obtained from single X-ray
data. The 10 lowest singlet excited states of the closed shell
were calculated within the time-dependent DFT (TDDFT)
calculations using the formalism as implemented in GAUSSIAN
16.%¢ The orbital isosurfaces were visualized using ArgusLab
4.0°% whereas the calculated UV-Vis electronic spectra were
visualized with Gabedit 2.5.0°! software.
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Notes and references

§ It should be nonetheless noted that self absorption phenomena
can occur in the blue-green spectral region which can contribute
to a significant distortion of the spectrum.

§§ The decay curve is best fitted with a biexponential function,
likely reflecting local differences of emitting sites in the bulk
crystalline material. This observation is also consistent with the
dependence of the emission on the crystal packing. However, a
small fast component related to the partially overlapping LE
emission cannot be excluded.
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