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ABSTRACT: A cationic boron dipyrromethene (BODIPY) de-
rivative (1*) has been successfully combined with two polyox-
ometalates (POMs), the Lindqvist-type [W¢O,4]> and the B-
[MogO6]4 units, into three new supramolecular fluorescent
materials (1).[W60,0]-2CH;CN, (1).[W6O,0] and
(1)4[M050O,6]-DMF-H,O. The resulting hybrid compounds
have been fully characterized by a combination of single-crys-
tal X-ray diffraction, IR and UV-Vis spectroscopies and photo-
luminescence analyses. This self-assembly approach prevents
any 7-7 stacking interactions between the BODIPY units, re-
sponsible for aggregation-caused quenching (ACQ) effects,
but also between the BODIPY and the POMs, avoiding inter-
molecular charge-transfer effects. Noticeably, the POM units
do not only act as bulky spacers but their negative charge den-
sity drives the molecular arrangement of the 1* luminophore,
strongly modifying its fluorescence in the solid state. As a con-
sequence, the 1* cations are organized into dimers in
(1).[W60,]-2CH;CN and (1),[WeO0,o], which are weakly
emissive at room temperature, and in a more compact layered
assembly in (1),[Mo0gO.6]-DMF-H,O which exhibits a red-
shifted and intense emission upon similar photoexcitation.

1. INTRODUCTION

The interest for organic solid-state luminescent materials has
greatly increased in the last decade. Integrated in optoelec-
tronic devices,! they found applications in various fields such
as lasers,> organic light-emitting diodes (OLEDs),3 sensors,*
bioimagings or anti-counterfeiting technologies.® Despite
their high photostability and fluorescent quantum yields
along with narrow emission bands, the well-known class of
boron dipyrromethene (BODIPY)7 fluorophores has been in-
tensively investigated almost exclusively for their use in di-
luted solutions. Actually, in the condensed phase, the strong
intermolecular m-stacking interactions between these aro-
matic planar dyes lead to aggregation-caused quenching
(ACQ) effects, thus limiting their integration in efficient op-
tical devices. To overcome this specific issue, several strate-
gies have been reported up to now (Table S1). First, due to the
great chemical versatility of this family of compounds, it is
possible either to functionalize the BODIPY skeleton by
bulky substituents that inhibit the aggregation of the chro-
mophores, 8" or to synthesize specific dyes that are structur-
ally arranged into emissive aggregates, exhibiting the well-
known aggregation-induced enhanced emission (AIE) behav-
ior.>7 A second strategy which avoids numerous time-con-
suming synthetic steps consists in the dilution of the BODIPY
molecules into matrices. So, it has been demonstrated that
the incorporation of the fluorophore into a polymer matrix

diminishes the formation of non-emissive aggregates.’®-2° In
the same way and following an elegant synthetic route, it has
been recently shown that the entrapment of commercial
BODIPY derivatives into a Metal-Organic Framework (MOF)
strongly enhanced their solid-state luminescence.> However,
in addition to the problem of long-term chemical stability, it
remains difficult via this method to finely control the sub-
strate organization in the MOF pores, and in absence of sin-
gle-crystal X-ray diffraction characterizations, an accurate
structural description of such chromophore@MOF compo-
sites remains difficult, hindering structure/property correla-
tions.

In the last decade, we have shown that the combination of
polyoxometalates (POMs), which can be described as anionic
soluble metal oxides of early transition metals (usually W,
Mo, V),?>24 with photoactive organic or organometallic spe-
cies strongly tunes their optical properties. As a striking ex-
ample, while they exhibit poor solid-state photochromism
properties at room temperature, pure organic spiropyran and
spironaphthoxazine derivatives became highly photoactive
when closely associated to POMs through ionic or covalent
bonds.>5-29 Recently, ionic supramolecular assemblies have
been easily built by mixing different polyoxoanions and a lu-
minescent cationic cyclometalated Ir(III) complex.3°3' Re-
markably, the solid-state emission of the resulting com-
pounds shifts from green to red depending on the nature of
the POM and the crystal packing. Moreover, some of us re-
cently designed novel supramolecular fluorescent materials
by coupling POMs with an AIE-active phospholium,3? and ef-
ficient solid-state emitters have been obtained by directing
favorably the balance between AIE and ACQ effects using
both anion-n* and H-bonding interactions. In view of these
significant results, we decided to enlarge our strategy to
BODIPY entities with the hope to recover their outstanding
physico-chemical properties in the solid state in a simple and
controlled way. To date, very scarce examples of
BODIPY/POM dyads have been mentioned in the literature,
and in most of the cases, the organic and inorganic fragments
have been linked through covalent bonds.333¢ We can men-
tion the synthesis in 2015 of a molecular fluorescent pho-
toswitch obtained by combining in a single molecule an An-
derson-type POM, a spiropyran group and a BODIPY moi-
ety.34 Very recently, two supramolecular assemblies of a cati-
onic iodobodipy and polyoxovanadates have been elaborated
for photochemotherapy in solution.3” However, to the best of
our knowledge, the solid-state photophysical properties of
such ionic or covalent hybrid systems remained uninvesti-
gated.
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Figure 1. Representations of (a) the cationic BODIPY (1*), (b) the
[WeOy]* and (c) the B-[MosO.s]* units considered in this study
(dark blue octahedra = WOs, light-blue octahedra = MoQOs, gold
sphere: oxygen).

We report herein the straightforward synthesis of three crys-
tallographically resolved POM/BODIPY supramolecular as-
semblies, obtained by combining octamolybdate or Lind-
qvist-type tungsten polyanions and a cationic BODIPY deriv-
ative3® (denoted as 1*), displayed in Figure 1. The solid-state
photophysical properties at room temperature of the re-
ported hybrids, namely (1),[W¢O19]-2CH;CN, (1)2[W6O1,]
and (1) ,[M0sO.6]-DMF-H,O have been thoroughly investi-
gated and pertinent structure-property relationships have
been evidenced. As envisaged, the structural analysis well in-
dicates the absence of undesired n—n stacking interactions
between the BODIPY cations likely to induce non-emissive
aggregates. Moreover, we emphasize the essential role of the
POM onto the emission of the cationic fluorophore in the
crystalline state.

2- EXPERIMENTAL SECTION

2.1. Synthetic procedures. All chemicals and reagents were
purchased from major chemical suppliers and used as re-
ceived except (NBu,),[0-MogO.6]32 and (NBuy).[WeO,g]4°
which have been synthesized according to the reported pro-
cedures. ((CH;CH,),NH,),(NH,),[MosO], which was
used as an optical reference of the B-[MogO,s]4 unit for
solid-state UV-vis spectroscopy characterizations, was also
synthesized as previously described.+

2.1.1. Synthesis of 4,4-Difluoro-8-(4-(4-(N,N,N-trimethyl)ami-
nobutoxy))phenyl-1,3,5,7-tetramethyl-4-bora-3a,4a-diaza-s-
indacene bromide ((1)Br). (1)Br has been prepared by a slight
modification of the previously reported procedure,3® accord-
ing to the synthetic pathway displayed in the Supporting In-
formation.

2.1.2. Synthesis of (1),[WeO0,0]-2CH;CN and (1),[WeO,,].
(NBu,)»[WsO0,4] (0.0889 g, 4.70 10> mmol) was dissolved in
acetonitrile (3 mL). The colourless solution (solution 1) was
stirred for a few minutes at room temperature. Meanwhile, a
second solution (solution 2) was obtained by dissolving (1) Br
(0.050 g, 9.36 10> mmol) in acetonitrile (2 mL) at room tem-
perature. Solution 2 was added dropwise to solution 1 under
vigorous stirring and the resulting reddish-brown solution
was heated at 40 °C for two hours, the precipitation of an or-
ange powder being observed from the beginning of heating.
The mixture was kept at room temperature and then filtered.
Orange-red single crystals of (1).[W¢O19]-2CH;CN were ob-
tained after a few days by slow diffusion of tert-butyl methyl
ether into the filtrate. Yield in W: 38%. Anal. Calcd for
Cs6H76B.F,NsgO,,We: C, 28.03 ; H, 3.16 ; N, 4.67. Found: C,
28.69 ; H, 3.52 ; N, 4.67. FT-IR (KBr cm™): 1* cation 1609 (w),
1545 (m), 1508 (W), 1470 (m), 1408 (W), 1379 (W), 1363 (W), 1306
(m), 1286 (w), 1246 (m), 1196 (m), 1157 (m), 118 (w), 1086 (w),

1070 (W), 706 (w), 478 (w); vW=0, vVW-O-W 976 (vs), 814 (vs),
766 (W), 586 (m), 445 (s).

The obtained orange powder which had first precipitated was
washed with ethanol, dried in air and dissolved in DMF (4
mL). The resulting solution was stirred at 50 °C for 1 h, and
the system was set to standby at ambient temperature. Or-
ange-red single crystals of (1),[W¢O,,] were obtained after a
few days. Yield in W: 34%. Anal. Caled for
Cs.H,0B,F,N6O,,Ws: C, 26.97 ; H, 3.05 ; N, 3.63. Found: C,
27.41; H, 2.96 ; N, 3.49. FT-IR (KBr cm™): 1* cation 1610 (w),
1545 (m), 1508 (W), 1472 (m), 1406 (W), 1371 (W), 1306 (m), 1286
(w), 1250 (m), 1194 (m), 1155 (M), 1120 (W), 1084 (W), 704 (W),
476 (W); vVW=0, vVW-0O-W 976 (vs), 812 (vs), 764 (W), 584 (m),
444 (s).

2.1.3. Synthesis of (1),[M0sO,¢]-DMF-H,0. (NBu,),[a-
Mo3Qs6] (0.050 g, 2.32 102 mmol) was dissolved in acetoni-
trile (3 mL). The colourless solution (solution 1) was stirred
for a few minutes at room temperature. Meanwhile, a second
solution (solution 2) was obtained by dissolving (1)Br (0.050
g, 9.36 10> mmol) in acetonitrile (3 mL) at room temperature.
Solution 2 was added dropwise to solution 1 under vigorous
stirring and the resulting reddish-brown solution was heated
at 40 °C for two hours leading to the precipitation of a red-
dish-orange solid. The mixture was kept at room temperature
and then filtered. The powder was washed with ethanol, and
dried in air. Then the powder was dissolved in DMF (4 mL).
The resulting solution was stirred at 50 °C for 1 h, and the
system was set to standby at ambient temperature. Red single
crystals were obtained after a few days. Yield in Mo: 32%.
Anal. Caled for C,0;H149B4FsM0gN505,: C, 41.54; H, 4.82; N,
5.89. Found: C, 42.23 ; H, 4.54 ; N, 6.69. FT-IR (KBr cm™): 1*
cation 1610 (w), 1545 (m), 1508 (w), 1472 (m), 1406 (w), 1371
(w), 1306 (m), 1286 (w), 1250 (M), 1194 (m), 1155 (M), 120 (W),
1084 (w), 1151 (W), 704 (W), 476 (w); vMo0=0, vMo-O-Mo 976
(vs), 812 (vs), 764 (W), 584 (m), 444 (s).

3. RESULTS AND DISCUSSION

3.1. Synthesis. (1)Br was prepared in a three-step synthetic
procedure via a slight modification of the previously reported
protocol.38 'H (Figure S1) and 3C NMR spectroscopies as well
as mass spectrometry data (Figure S2) confirmed the for-
mation of the product, which was isolated as a reddish-brown
powder. Unfortunately, attempts to obtain single crystals
were unsuccessful. Orange-red single crystals of (1),[W¢O,,]
were isolated by recrystallization in DMF at room tempera-
ture of the orange powder obtained by mixing in acetonitrile
(NBu,).[WsO,,] and two equivalents of (1)Br. In addition,
orange-red single crystals of (1),[W¢O0,4]-2CH;CN were ob-
tained by slow diffusion of tert-butyl methyl ether into the
acetonitrile filtrate of the same (1)Br/[WO,o]> mixture. FT-
IR spectroscopy (Figures S3-S4) well evidences that both
compounds contain the [W40O,,]> anion associated with 1*
cations. The presence of crystallized acetonitrile molecules in
(1).[W60,4]-2CH;CN has been also confirmed by elemental
analyses and thermogravimetric analysis (Figure Ss).
(1)4[M030.6]-DMF-H, O was obtained as red single crystals
by mixing in acetonitrile (NBu,),[MosO.s] and four equiva-
lents of (1)Br, and after recrystallizing the resulting reddish-
orange powder in DMF at room temperature. The presence of
the B-[M0sO,6]4~ unit and a co-crystallized DMF molecule



were confirmed by FT-IR spectroscopy (Figure S6). The pres-
ence of a co-crystallized water molecule, observed by X-ray
diffraction data (see below), could be due to the presence of
a small quantity of water in the organic solvents used or/and
to moisture from air.

3.2 Structural Description. (1).[W¢O,,]-2CH;CN. The crys-
tal structure of (1),[W40O,9]-2CH;CN contains two crystallo-
graphically equivalent 1* cations assembled with one
[W60,5]> unit into supramolecular {(1),[W¢O,y]} ribbons
running along the a-axis (Figure 2a). The polar alkylammo-
nium groups of the 1* molecules interact via electrostatic in-
teractions including C-H---O contacts with the oxygen POM
surface, and the acetonitrile molecules are localized between
1* cations. In these latter, the meso-phenyl ring is almost or-
thogonal to the indacene plane with a dihedral angle of 81.19°.
This conformation should minimize unfavorable steric hin-
drances between the ortho-hydrogen atoms and the vicinal
methyl groups.#? In addition, the butylammonium chain is in
a folded conformation (Figure 2b), with a distance between
the boron atom and the ammonium head group of 11.95 A. In
the {(1).[WsO,]} ribbons, the boradiazaindacene groups
form a columnar slipped stack along the a-axis. However, the
POMs units keep the 1* molecules away from each other, in-
ducing a long centre-to-centre distance of 9.586 A between
the aromatic planes. In addition, the {(1),[WO,,]} ribbons
are stacked along the b-axis (Figure S7). The methyl substit-
uents of the pyrrole groups interact with the POM unit via
weak C-H:--O contacts which prevent any n-n stacking inter-
actions with the oxygen POM surface likely to induce inter-
molecular charge transfer processes. Between two adjacent
ribbons, the 1* molecules form isolated head-to-tail dimers
with a distance between both indacene planes of 6.124 A (Fig-
ure 2b). However, they are strongly offset from each other
and interact through weak C-H--F and C-H--n hydrogen
bonds, banishing any n-n stacking interactions. The dimers
adopt a layered organization along the ab plane (Figure 2c),
without any overlap of the aromatic planes of neighboring di-
mers. (1),[WO,o]. The crystal structure of (1),[WeO,,] con-
tains two crystallographically inequivalent 1* conformers
(hereafter labelled as 1*_A and 1*_B) which are assembled
with the [W4O,,]> units in a herringbone-like pattern (Figure
3a), to form supramolecular ribbons running along the a-axis.
These latter are then aligned parallel to form {(1),[W¢O,s]}
layers that are stacked along the b-axis (Figure S8).

Strikingly, the lack of crystallized solvent molecules in
(1).[W60,] induces significant changes in the molecular
crystal packing compared to that of (1),[We0,,]-2CH;CN. In
particular, the 1* volume concentration increases from 1.909
x103 mol.cm3in (1),[WeO0,]-2CH;CN to 1.978 x 103 mol.cm-
3in (1),[WeO,]. The conformation of the 1* molecules is also
significantly modified. Indeed, while the angle between the
meso-phenyl ring and the indacene plane (86.92° for 1*_A and
75.3° for 1*_B) is quite comparable with that observed in
(1).[W60,9]-2CH;CN (81.19°), the butylammonium chain is
in a long unfolded conformation this time, which increases
the length of the BODIPY molecules, the distance between
the boron atom and the ammonium head group reaching
1425 A for 1A and 1412 A for 1*B (195 A in
(1).[W60,9]-2CH;CN).

Figure 2. (a) Crystal packing diagram in (1).[Ws0,,]-2CH;CN. (b) Su-
pramolecular 1* dimer. (c) Molecular packing of the 1* dimers (ether
groups are not displayed). Intermolecular C-H--w and C-H---F interac-
tions are displayed as blue and pink dotted lines, respectively (dark
blue octahedra = WOs, gold sphere: oxygen, pink sphere: fluoride,
blue sphere: boron, green sphere: nitrogen, grey sphere: carbon. H-
atoms are omitted for clarity).

In the supramolecular {(1),[WsO,,]} layers, the 1* molecules
are organized into columnar slipped stacks along the a-axis.
However, due to the presence of the POM units, the shortest
distances between the indacene planes are all over g A (Figure
3b), and they mainly interact through intermolecular C-H---F
hydrogen bonds implying the methyl substituents of the pyr-
role groups. Moreover, the indacene planes do not interact
with the oxygen POM facets via -7 stacking interactions.
Along the c-axis, each 1* conformer is arranged into a head-
to-tail dimer (Figure 3¢) with a long centre-to-centre distance
between the aromatic indacene planes of 7.322 A for 1*_A and
6.012 A for 1*_B. As observed for (1),[Ws0,o]-2CH;CN, the
neighboring indacene groups are mainly stabilized by inter-
molecular C-H---m contacts between the meso-phenyl ring
and the pyrroles groups rather than n-n stacking interactions.
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Figure 3. (a) Crystal packing diagram in (1).[WsO]. Molecular ar-
rangements of the 1* conformers (b) between two adjacent
{(1).[WsO,]} ribbons, and (c) into head-to-tail dimers (ether groups
are not displayed). Intermolecular C-H--7 interactions are displayed
as blue dotted lines (dark blue octahedra = WQs, gold sphere: oxygen,
pink sphere: fluoride, blue sphere: boron, green sphere: nitrogen, grey
sphere: carbon. H-atoms are omitted for clarity).

(1)4[M0s0.6]-DMF-H,O. The crystal structure of
(1)4[M050.6]-DMF-H,O contains two crystallographically
independent 1* cations (hereafter labelled as 1*_A and 1*_B),
one B-[MogO6]4 unit, and DMF and water molecules. The
ammonium head groups of the 1* cations form a wavy honey-
comb-like supramolecular 2D network, and the POM clusters
are localized inside the cavities (Figure 4a). Each -
[MogO,6]4 unit is surrounded by twelve BODIPY molecules
whom boradiazaindacene rings are oriented on both sides of
the POM layer (Figure 4b and Figure Sg). Four aromatic
planes interact with the B-[MogO.]4 unit via C-H--O and
short O--C contacts implying the meso-phenyl ring. The 1*
volume concentration reaches 2.068 x 103 mol.cm3 i.e., an
increase of 4.5% and 8% compared to those determined for
(1).[W60,] and (1)2[We04o]-2CH;CN, respectively. Conse-
quently, the boradiazaindacene cores of the two 1* conform-
ers do not form supramolecular dimers as observed in
(1).[W60,] and (1).[W0O,]-2CH;CN, but they are alter-
nately stacked in a layered arrangement along the (bc) plane,

1" A —

1* B —>

Figure 4. Crystal packing diagram in (1) ,[M0sO.s]-DMF-H.O. (a) B-
[MosOx6]#+ units in the wavy honeycomb-like supramolecular 2D
network of 1* (only the N-atoms of the ammonium head groups are
displayed). (b) Molecular packing of the 1* cations around the POM
units. (c) Structural arrangement of the 1* conformers (ether groups
are not displayed). Intermolecular C-H:--n and C-H---F interactions
are displayed as blue and pink dotted lines, respectively. (light blue
octahedra = MoOs, gold sphere: oxygen, pink sphere: fluoride, blue
sphere: boron, green sphere: nitrogen, grey sphere: carbon. H-atoms
are omitted for clarity).

and mainly interact through a complex C-H--F and C-
H:--n hydrogen-bonding network (Figure 4c). The shortest
centre-to-centre distance between the neighboring indacene
planes is 6.523 A, i.e. longer than the corresponding shortest
distances in (1),[W¢O,o] and (1)>[WO,9]-2CH;CN, and no
n-n stacking interactions are observed.

3.3. Solid-state photophysical properties. The absorption
and photoluminescence (PL) properties of (1)Br in diluted so-
lution have been already investigated, indicating that 1+ ex-
hibits a green emission (Aem = 51 nm) in 4-(2-hydroxyethyl)-
1-piperazineethanesulfonic acid (HEPES) aqueous buffer.3®



However, its photophysical properties in the solid state re-
main still unexplored. The room-temperature solid-state UV-
vis absorption and steady-state PL spectra of (1)Br are de-
picted in Figure 5 and Figure Sio. The intense absorption
band at 460 nm could be attributed to vibrational bands of
the strong S,—S, (n-n*) transition, while the less intense rel-
atively broad band centered at 368 nm could correspond to
the S,—S, (n-7*) transition. The weak absorption band at 538
nm could be assigned to intermolecular effects because it to-
tally disappeared in diluted acetonitrile solution (Figure Si).
2D photoluminescence excitation-emission map (Figure S10)
indicates that upon irradiation at Aex = 365 nm, (1)Br exhibits
a weak fluorescence at room temperature. Its PL spectrum
shows a broad and multimodal emission band in the 550-900
nm range with a wavelength maximum at 750 nm with six
distinguishable shoulders peaking at 518, 550, 580, 632, 679
and 815 nm (Figure S10). A mean fluorescence lifetime of t =
259 ps has been determined by room temperature time-re-
solved spectroscopy (Figure Si2). This orange emission is
characterized by the Commission Internationale de I'Eclair-
age (CIE) chromaticity coordinates of (0.58, 0.41) (Figure S13).

As expected, the solid-state emission of 1* is significantly red-
shifted relative to the monomer in diluted solution3® due to
strong intermolecular interactions in the condensed state.4>
44 The weak emission of (1)Br suggests significant ACQ ef-
fects, as usually observed for BODIPY dyes free from bulky
substituents grafted onto the boradiazaindacene group.

As shown in Figure 5, the solid-state UV-vis absorption spec-
tra of (1)2[W601]-2CH;CN, (1)2[WO05] and
(1)4,[M050,6]-DMF-H,O exhibit a weak overlap, limited to the
275-350 nm range, between the absorption bands of 1* and
the O—M ligand-to metal charge-transfer (LMCT) transitions
of the POM units (Amax= 280 nm and 300 nm for the [WO,,]*
and B-[MogO,6]4 anions, respectively). This well justifies the
choice of these POMs whose high energy LMCT absorptions
do not compete with the 1* photoexcitation upon 365-nm ir-
radiation. In the 350-600 nm range, the spectra are indeed
dominated by the intense absorption bands of 1+.

The room-temperature steady-state PL excitation (PLE) spec-
tra of the three hybrid POMs (Figure Si4) show a broad band
whom the maximum wavelength is located in the 350-400 nm
range, in good agreement with the S,—S, (n-n*) transition of
1+ observed in the absorption spectra of the three salts (Figure
5). The room-temperature steady-state emission spectra of
(1)2[W404,]-2CH;CN, (1)2[W50s] and
(1)4,[M0350,6]-DMF-H,O monitored at Aex = 365 nm are dis-
played in Figure 6.

As observed for (1)Br, (1),[We010]-2CH;CN and (1).[W4Os,)
exhibit weakly intense orange fluorescence upon similar pho-
toexcitation. The PL spectrum of (1),[WO,9]-2CH;CN shows
a broad and multimodal band centered at 678 nm. The PL
profile of (1),[We0O,o] is roughly comparable except the max-
imum wavelength which is shifted to 694 nm. These emis-
sions are characterized by mean PL lifetimes of t = 185 ps and
219 ps for (1),[Ws0,]-2CH;CN and (1),[We0O,,], respectively
(Figure S15).
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Figure 5. Solid-state UV-vis absorption spectra of (a),
(1)2[W6019]-2CH;CN, (b) (1).[W601o] and (c) (1),[M050.6]-DMF-H.O
(red lines), compared with those of (1) Br (black lines) and the optical
POM references ((NBuy)[W6Os] or
((CH5CH.).NH.).(NH,).[M0sO.¢]) (blue lines).

In marked contrast, (1),[M0sQO,s]-DMF-H,O exhibits a bright
orange-red emission (Figure 6, inset), much more intense
than those of (1)Br, (1):[We0,,]-2CH;CN and (1),[W4O,]. Its
PL spectrum displays a broad band peaking at 682 nm with a
shoulder at 720 nm, and the mean PL lifetime reaches 0.39 ns,
i.e. higher than those of the two polyoxotungstate species re-
ported herein.

These results clearly highlight that the solid-state PL re-
sponse of 1* can be tuned with the nature of the associated
POM and the crystal packing. As envisaged, the bulky POM
anions efficiently inhibit detrimental intermolecular n-n
stacking between nearest neighboring BODIPY molecules
which mainly interact via C-H--F and C-H:-n hydrogen-
bonds. However, POMs do not act only as simple molecular
spacers, and their negative charge density4 is also a key fac-
tor to drive the supramolecular arrangements of 1*. Thus,
when associated with [WsO,,]>> which has a low negative
charge density, 1* forms isolated head-to-tail dimers in both
(1)2[W60,,]-2CH;CN and (1),[W6O,,]-



Fluorescence Intensity (a. u.)

400 500 600 700 800 900
Wavelength (nm)

Figure 6. Room-temperature PL spectra of (1)[WsOio]-2CH;CN
(blue line), (1).[WsO] (black line) and (1),[Mo0sO.6]-DMF-H.O (red
line) monitored at Lex = 365 nm. Inset: photograph of crystalline pow-
ders of (1)Br (left) and (1),[M0s0.¢]-DMF-H.O (right) under illumi-
nation at 365 nm.

In contrast, B-[MogO,6]4 has a negative charge density higher
than [W¢O,,]> and it interacts more strongly with 1* cations,
increasing their volume concentration in the crystal lattice.
This significantly impacts the PL properties. Indeed, the
emissions  of  (1):[WeOi]-2CH;CN,  (1),[W60,] and
(1)4,[M0350,6]-DMF-H,O are characterized by the CIE chro-
maticity coordinates of (0.55, 0.43), (0.58, 0.41) and (0.62,
0.38), respectively (Figure S16) which results in a progressive
red-shift of the emission color. However, comparing the three
hybrid POMs of this series, it appears that the higher the 1*
volume concentration, the brighter the fluorescence. Consid-
ering that (1),[W¢O,o]-2CH;CN and (1),[W60,,] exhibit com-
parable weak fluorescence, we may assume that the molecu-
lar arrangement of 1* into head-to-tail dimers should dramat-
ically favor self-quenching processes. The improved PL per-
formances of (1),[Mo0sO,s]-DMF-H,O could be possibly at-
tributed to the effect of the B-[MosO,6]4 unit on the cationic
BODIPY arrangement which results in the absence of the un-
desirable dimeric stacking and in an increase of the shortest
distance between the boradiazaindacene planes of nearest lu-
minophores.

CONCLUSION

(1).[W60,0]-2CH;CN, (1)2[We6O,o] and
(1)4[Mo030.6]-DMF-H,O represent very rare examples of
crystallized hybrid compounds with a fluorescent cati-
onic BODIPY (1*) derivative. The three structurally re-
solved supramolecular assemblies combine the 1* mole-
cule with two different POM anions. Importantly, in ad-
dition to their crucial structural role, the B-[MogO,s]4
and [WsO,,]> polyanions were properly chosen as these
poor electron acceptors exhibit high energy LMCT tran-
sitions in the 250-300 nm range, and they do not compete
with 1* upon photoexcitation at 365 nm. As anticipated,
the in-depth structural investigation points out that the
bulky POM anions prevent detrimental n—n stacking in-
teractions between the BODIPY cations, which could
have resulted in undesired ACQ effect. Moreover, the
coupling of 1* with POMs via non-covalent interactions
significantly modifies its fluorescence in the crystalline
state, and the three ionic assemblies exhibit contrasted
colors and brightnesses which vary with the nature of the

POMs and the design of the framework. The assembly of
1* with [WsO,0]> having a low negative charge density fa-
vors the organization of 1* into supramolecular dimers in
(1).[W60,0]-2CH;CN and (1).[WeO,], affording weak flu-
orescence. In strong contrast in (1),[M0sO,6]-DMF-H,O,
the association of 1* with B-[Mo0sO,s]4 which has a higher
negative charge density induces a higher volume concen-
tration in BODIPY cations while avoiding its dimeric ar-
rangement, that leads to an intense emission at room
temperature. This can be tentatively explained by the ex-
istence of weaker interactions between the cationic fluor-
ophores in this compound compared to those found in
the Lindqvist ones, these last exhibiting shorter centre-
to-centre distances between the neighboring indacene
planes. This simple strategy of assembling then sounds
promising to improve PL performances of BODIPY enti-
ties in the solid state, as long as limiting the choice of
POMs to poor electron acceptors to avoid photo-induced
electron transfer processes likely to cause the lumines-
cence quenching of organic emitter. As such POMs offer
a large diversity of size and charge, this work paves the
way towards the design of new ionic assemblies with a
high degree of organization, and will allow deeper inves-
tigating the precise impact of the POMs on the photo-
physical properties of cationic BODIPY derivatives in the
crystalline state.
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