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Introduction

Over the past decade a myriad of fascinating liquid crystals
(LC) have been engineered,[1] some of them designed for
charge separation and thus finding application, for example,
in solar cells.[2] A recent development has been the combina-

tion of amphiphilic cations and anions to give salts termed
ionic liquid crystals (ILCs), their synthesis being referred to
as “ionic self-assembly” (ISA). These soft materials combine
the properties of ionic liquids (ILs) and LCs and they have
already found application in ionic conductors,[3] batteries[4]

and energy-conversion devices.[5] In most instances the
mesogenic properties derive from the amphiphilicity of the
cationic component, typically an ammonium,[6,7] imidazoli-
um[8] or piperidinium[9] derivatives. The counteranion is con-
sidered to be present essentially for charge compensation,
although it does affect the mesophase stability and the clear-
ing temperature.[10] Nonetheless, examples are known in
which modification of the anion produces ILCs with inter-
esting new properties. For example, anions that contain p-
conjugated chromophores can be incorporated to yield lumi-
nescent ionic liquid crystals.[11]

If functional groups such as acrylate entities are incorpo-
rated into ILCs, the possibility arises of polymerisation after
mesophase formation to generate ordered ionic polymer
films. Columnar mesophases of an acrylate-functionalised
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ILC have indeed been shown to be polymerisable under UV
irradiation, this reaction freezing the columnar organisation
and producing enhanced ionic conductivity in comparison
with the monomer mesophase.[12]

Among p-conjugated chromophores, 4,4-difluoro-4-bora-
3a,4a-diaza-s-indacene (F-BODIPY) dyes have become very
popular as a result of their special optical properties.[13]

These include high photostability, high absorption coeffi-
cients (ranging from 80 000 to about 200 000 m

�1 cm�1) in the
visible portion of the electromagnetic spectrum, narrow
emission profiles and exceptional emission quantum yields
that reach 100 % in the best cases. Of particular use are the
variety and facility of chemical modifications possible at the
dipyrromethene core, at the central pseudo-meso position
and also at the boron atom.[14] In general this is not true for
other common fluorophores and the ability to prepare
water-soluble BODIPY derivatives is particularly advanta-
geous in ISA. BODIPY dyes have already found applica-
tions in solar cells,[15] as molecular probes,[16] as pH sen-
sors[17] and in OLED devices.[18] Their incorporation into
LCs should facilitate control of the anisotropy of their inter-
molecular ordering, a crucial influence on the electronic per-
formance of such devices. Previous work has in fact shown
that mesomorphic p-conjugated dyes are not readily accessi-
ble and that their syntheses are often complex involving
multistep processes.[19]

An elegant solution to the problem of the efficient syn-
thesis of fluorescent ILCs is the application of ISA based
upon the supramolecular association of a central multi-
charged organic core with amphiphilic counterions.[20] When
the balance between the charges, the rigid core and the flex-
ible chains (of the counterions) is optimal, hierarchical su-
perstructures can be generated through electrostatic interac-
tions between charged amphiphiles and oppositely charged
oligoelectrolytes as the primary interaction aided by hydro-
phobic and p–p interactions as secondary driving forces to
promote self-organisation. Additional interactions, such as
hydrogen-bonding, can also be introduced to further stabi-
lise and control the organisation of the assemblies.[21,22] This
process of construction of liquid-crystalline materials based
on multiple non-covalent interactions allows for an easy
tuning of the properties of the emergent structures by care-
ful choice of the alkyl volume fraction (internal solvent)
through simple exchange of the binding partner in the corre-
sponding assembly step without tedious synthetic opera-
tions.

Herein we describe the formation of columnar ionic
liquid-crystalline materials from a fluorescent dianionic
BODIPY derivative and amphiphilic imidazolium counter-
cations by an ISA process. Imidazolium cations carrying tri-
alkoxybenzyl moieties (alkoxy= n-C8H17, n-C12H25 or n-
C16H33) were chosen for the induction of the mesogenic
properties and the BODIPY disulfonate (BODDS2�) di-ACHTUNGTRENNUNGanion to provide the fluorophore. The optical properties
were studied in solution and in the solid state to evaluate
the presence of aggregates. In addition, luminescent ionic
polymeric films were engendered by photopolymerisation of

the salt produced by using an imidazolium cation functional-
ised with trialkylgallate units in which two of the alkyl
groups have terminal acrylate units.

Results and Discussion

The ion association complexes (salts) formed between the
BODIPY disulfonate (BODDS2�) dianion and various im-ACHTUNGTRENNUNGidazolium cations are shown in Scheme 1. 1-Methyl-3-(3,4,5-

trialkoxybenzyl)imidazolium chlorides, [Cnbenzyl]Cl, were
synthesised as previously described by reaction of 1-methyl-ACHTUNGTRENNUNGimidazole and the corresponding 3,4,5-trialkoxybenzyl chlor-
ides (n= 8, 12, 16) in toluene at 80 8C overnight.[3b, 23] The
imidazolium derivative carrying two polymerisable acrylate
units, P12gall, with chloride as the counterion was synthes-
ised as described in the literature.[24] 2,6-Disulfonato-
1,3,5,7,8-pentamethyl-4,4-difluoro-4-bora-3a,4a-diaza-s-inda-
cene (Na2BODDS) with sodium as the counterion was also
prepared according to a published procedure.[25] The com-
plexes were obtained by dissolution of the reactants in hot
DMF followed by precipitation with water. BODDS-
C12benzyl and BODDS-C16benzyl were recrystallised from
hot DMSO, BODDS-C8benzyl was recrystallised from a
CH2Cl2/AcOEt solution by slow evaporation of the dichloro-
methane and BODDS-P12gall was purified by recrystallisa-
tion from hot cyclohexane. Complexation in a 2:1 ratio was
unambiguously confirmed by elemental analysis and NMR
spectroscopy. In particular, the proton signals at d=7.79 and
7.67 ppm, characteristic of the imidazolium fragment, had
twice the intensity of the BODDS methyl signals at d= 2.66,
2.62 and 2.59 ppm. The 1H NMR spectrum of the BODDS-
C12benzyl complex is given in Figure 1 as a representative
example. Some trials were performed with an imidazolium
derivative carrying three acrylic polymerisable functions but
isolation of a stoichiometric ion associate was unsuccessful.

All the complexes are strongly luminescent in solution
and in the solid state. In dichloromethane solution, all the
BODIPY complexes show an intense S0!S1 transition at
around 507 nm with an extinction coefficient of around

Scheme 1. Structures of BODDS-Cnbenzyl (n= 8, 12, 16) and BODDS-
P12gall.
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70 000–85 000 m
�1 cm�1, assigned to p–p* transitions of the

boradiazaindacene chromophore (Table 1). A weak and
broad band located at 365 nm has been attributed, in the

light of previous results, to the S0!S2 (p–p*) transition of
the boradiazaindacene core.[26] Excitation at 490 nm (S0!S1

transition) leads to a strong emission at 532 nm with quan-
tum yields in the range of 50–65 %, typical of BODIPY dyes
(Figure 2). The fluorescence band shows good mirror sym-
metry with the lowest-energy absorption band and the quan-
tum yield is not sensitive to the presence of oxygen. Both
characteristics are in keeping with the radiative relaxation
of a singlet excited state. Note that the optical properties
are not affected by the nature of the counterion in dilute so-
lution. No evidence was found for the formation of colum-
nar aggregates in solution as previously observed for pery-
lene bisimide derivatives.[27]

Solid-state fluorescence spec-
tra were recorded at room tem-
perature by using a spectro-
fluorimeter equipped with an
optical fibre probe. The lumi-
nescence spectrum of the solid
BODDS-C12benzyl complex
displays a broad emission band
centred at 677 nm (Figure 3).
This emission, which is strongly
redshifted (Dl�145 nm) rela-
tive to that in solution, is attrib-
uted to aggregated species.[29]

The emission spectrum of the
BODDS-P12gall complex ex-
tends from 500 to 750 nm with
two distinct maxima at 603 and
666 nm. The shoulder at 557 nm
is attributed, on the basis of the
measurements in solution, to
the emission of the monomeric
species and the redshifted
bands are due to the emissionFigure 1. 1H NMR spectrum of the BODDS-C12benzyl complex in [D6]DMSO at room temperature, including

peak assignments and integrals.

Table 1. Spectroscopic data for the BODDS-Cnbenzyl (n=8, 12, 16) and
BODDS-P12gall salts.

Compounds labs
[a] [nm] e[a] [m�1 cm�1] lF

[a] [nm] FF
[b]

BODDS-C8benzyl 507 78400 532 0.54
BODDS-C12benzyl 507 85300 532 0.62
BODDS-C16benzyl 507 71400 532 0.57
BODDS-P12gall 507 86400 532 0.58

[a] Measured in CH2Cl2, at room temp. [b] Determined in dichlorome-
thane solution with a salt concentration of ca. 5� 10�7

m and by using
Rhodamine 6G as a reference (F=0.78 in water, lexc = 488; see ref. [28].
All FF values are corrected for changes in the refractive index.

Figure 3. Solid state emission spectra of BODDS-C12benzyl (solid line)
and BODDS-P12gall (dashed line) measured at room temperature (lex =

390 nm).

Figure 2. Absorption (solid line) and excitation (dotted line) spectra for
BODDS-C16benzyl and its emission spectrum (dashed line; lexc =

490 nm). All spectra were measured in CH2Cl2 at room temperature (c =

4� 10�6
m).
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of aggregated BODIPY species. The emission band at
602 nm is likely due to dimeric species (excimers) and the
one at 666 nm to larger aggregates.[19a] These solid-state
emission studies seem to indicate that the microsegregation,
that is, the confinement of the BODIPY fragments, is proba-
bly less effective with P12gall+ cations as a consequence of
the structural and polarity changes imported by the ester
groups. This will have a massive effect on the thermal be-
haviour of the compound (see below).

The thermotropic properties of BODDS-Cnbenzyl (n= 8,
12, 16) and BODDS-P12gall were investigated by a combina-
tion of differential scanning calorimetry (DSC), polarising
optical microscopy (POM) and small-angle X-ray diffraction
studies (XRD). DSC measurements, POM analysis and
NMR spectroscopy revealed that the complexes are stable
up to 180 8C. DSC traces of BODDS-C8benzyl and
BODDS-C12benzyl display a reversible transition centred at
126 and 128 8C, respectively (see the Supporting Informa-
tion). POM observations showed that these compounds are
in an isotropic state above these temperatures. On cooling
from the isotropic melt, pseudo-fan-shaped textures, charac-
teristic of columnar mesophases, rapidly developed
(Figure 4). For the compound BODDS-C8benzyl, a glass
transition can also be observed at around 20–30 8C (more

marked on the endotherms). Well-defined POM observa-
tions showed that below Tg the material is a brittle and bire-
fringent solid and that above Tg the compound is a soft, vis-
cous and malleable material but still birefringent. The ob-
served glass transition may indicate a slow crystallisation of
the material at low temperature. These results suggest that
BODDS-C8benzyl and -C12benzyl are in a liquid-crystalline
state from the glass transition observed at around room tem-
perature up to the true liquefaction temperature at around
125 8C. The BODDS-C16benzyl compound displays a single
reversible transition centred at 40 8C in the explored temper-
ature range of 0–180 8C. POM observations showed that this
compound is birefringent and in a gel state above this transi-
tion. The observation of birefringence in the fluid state at
high temperatures confirmed its liquid-crystalline nature.
The observed transition, which is associated with a large en-
thalpy change (�68 kJ mol�1), is attributed to a crystal-to-
mesophase transformation. The initial DSC heating curve of
the BODDS-P12gall complex display a broad endotherm
centred at 47 8C and POM observations confirmed that the
compound melts to an isotropic state above this transition.
On cooling, the material remained in an isotropic state
down to �30 8C and no other transitions were detected by
DSC in the temperature range �30 to 180 8C. It appears
that this compound has no mesomorphic properties and that
the thermodynamically stable liquid state of this material is
isotropic and disordered.

To confirm the previous POM and DSC observations,
wide- (WAXS) and small-angle (SAXS) X-ray scattering
measurements at different temperatures were undertaken.
The experiments were performed in the following order:
1) room temperature in the virgin state, 2) room tempera-
ture after heating to the isotropic liquid and 3) at high tem-
perature. The room-temperature experiments were per-
formed before the high-temperature experiments in case
any of the compounds were thermally unstable. The results
are presented in Table 2.

Figure 4. BODDS-C12benzyl viewed by optical microscopy under crossed-
polarisers (symbolised by the cross in the corner of the picture) at 100 8C
on cooling. The texture exhibits birefringent pseudo-fan shapes indicative
of a columnar phase.

Table 2. X-ray measurements on the liquid-crystalline phases of BODDS-Cnbenzyl (n= 8, 12, 16).[a]

Compound Transition temperatures
[8C] (DH [kJ mol�1])

Mesophase dmeas

[�]
I hk dcalcd

[�]
Mesophase parameters

measured at T
MACHTUNGTRENNUNG[g mol�1]

BODDS-C8benzyl Cr 25 Colh 128 (1.54) Iso Colh 31.2 VS 10 31.4 T =110 8C 1536
Iso 124.5 (�1.46) Colh 15.9 M 20 15.7 a=36.3 �

4.4 br S =1140 �2

BODDS-C12benzyl Colh 129.5 (0.67) Iso Colh 38.9 VS 10 39.0 T=25 8C[b] 1873
Iso 126 (�0.67) Colh 22.7 M 11 22.5 a=45.0 �

19.4 M 20 19.5 S =1755 �2

4.4 br
35.7 VS 10 35.5 T =114 8C
17.7 M 20 17.8 a=41.0 �

4.4 br S=1455.5 �2

BODDS-C16benzyl Cr 47.5 (67.20) Colh Colh 39.1 VS 10 39.1 T =120 8C 2208
Colh 33.6 (�69.88) Cr 4.6 br a=45.1 �

S =1763 �2

[a] Cr: crystalline phase; Iso: Isotropic liquid; Colh: hexagonal columnar mesophase. dmeas and dcalcd are the measured and calculated diffraction spacing, I
is the intensity of the reflection (VS: very strong; S: strong; M: medium; W: weak; br: broad), h and k are the indexations of the reflections correspond-
ing to the two-dimensional hexagonal lattice of the Colh phase, a is the lattice parameter of the hexagonal columnar phase (a=

2
ffiffi

3
p �<d10> in which

<d10>=
1

Nhk

P

h;k
dhk

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

h2 þ k2 þ hk
p

 !

and Nhk is the number of hk reflections) and S is the hexagonal lattice area (S=a�<d10> for Colh). [b] After thermal

treatment.
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All the compounds showed 3D crystalline phases in their
virgin state. BODDS-C8benzyl and -C16benzyl recrystallised
after thermal treatment, whereas BODDS-C12benzyl re-
mained in the liquid-crystal state at room temperature.
These observations are in line with the previous DSC and
POM observations. The three complexes provided X-ray
patterns characteristic of a liquid-crystal phase at high tem-
peratures (see Table 2). This was deduced from the presence
of one or two sharp reflections in the low-angle region and
the absence of scattering in the high-angle region except for
a broad diffuse halo characteristic of the liquid-like order of
the hydrocarbon chains. The set of one or two reflections
found in the low-angle region at high temperatures has two
possible interpretations. 1) The diffraction peak(s) can be
the first (and second)-order reflection(s) from a layer struc-
ture (smectic mesophase). In this case the spacing of the
first reflection (or the double of the second reflection) is the
layer thickness d. 2) The peak(s) is (are) the 100 (and 200)
reflection(s) from a hexagonal columnar mesophase, the
(110) reflection being absent.

The second interpretation is the more reasonable for the
following reasons. 1) The hexagonal symmetry of the meso-
phase of BODDS-C12benzyl was unambiguously established
at room temperature (Table 2 and Figure 5). 2) The ob-

served textures are characteristic of columnar mesophases
(see Figure 4). 3) The Cnbenzyl+ cations contain three long
chains attached to the aromatic unit and the spatial require-
ments of these chains are impossible to fulfil in a smectic
structure owing to the mismatch between the cross-section
of the aromatic moiety and the total cross-section of the hy-
drocarbon chains.[30] Instead, the chains have more space
available in a columnar structure in which they spread out
around the central core of the column. 4) If the mesophase
is smectic, very simple calculations allow the molecular
cross-section to be the estimated as follows: if the density is
known, the molecular volume can be deduced from the mo-
lecular mass according to Vm = M/ ACHTUNGTRENNUNG(0.60221) in which Vm is
the molecular volume in �3, M is the molecular mass and 1

is the density in g cm�3. Then, dividing the molecular volume
by the layer thickness (d) gives the cross-section of a mole-

cule in the plane of the smectic layer. The hypothetical mo-
lecular cross-section at high temperatures would be 80/1, 88/
1 and 94/1 �2 for BODDS-C8benzyl, -C12benzyl and
-C16benzyl, respectively. Because the density must be similar
for the three compounds (in fact, it is usually assumed that
density is close to 1 g cm�3 for organic compounds), this
would mean that the cross-section increases upon increasing
the number of carbon atoms in the chains (18 % from n= 8
to n=16). This is not consistent with a smectic structure be-
cause lengthening the hydrocarbon chains should increase
the length of the molecule but not its width. On the other
hand, if the mesophase is columnar hexagonal and we
deduce the molecular volume Vm by using the above-men-
tioned equation then the height of column h occupied by
each molecule can be estimated as h=Vm/S, with S the area
of the two-dimensional hexagonal cell (S= a<d10> ). The
results of these calculations for high temperatures are h=

2.22/1, 2.14/1 and 2.14/1 � for BODDS-C8benzyl, -C12benzyl
and -C16benzyl, respectively. The variation is only 6 %, that
is, the estimated values for h are practically the same for the
three compounds. This is consistent with the mesophase
being columnar because, for this kind of mesophase, length-
ening the hydrocarbon chains is expected to increase only
the diameter of the column but not the stacking distance. It
is clear that a single molecule cannot be located in a “slice”
of about 2.1–2.2 � thickness, but it is reasonable that two
molecules are contained in a “slice” of 4.2–4.4 �, assuming
a density of 1 g cm�3 (4.7–4.9 � if the density is 0.9 g cm�3).
The S values for the three compounds at high temperatures
are, respectively, 1140, 1455.5 and 1763 �2. These values
follow a logical evolution as they are proportional to the
molecular masses. Furthermore, the smaller hexagonal lat-
tice constant found for BODDS-C12benzyl at 114 8C relative
to that at room temperature (see Table 2) is consistent with
the higher conformational freedom of the hydrocarbon
chains. In agreement with this, the estimated h value at
room temperature is 1.77/1 �, a smaller value than that
found at 114 8C, and the estimated S value is 1755 �2, a
larger value than that found at 114 8C.

The previous calculations imply that each “disc” generat-
ing the columns through stacking contains two complexes. A
structural model can be depicted as follows: the head
groups of the cations contact the central pairs of coplanar
dianions thus causing the peripheral chains to surround the
central ionic region. In this way, an optimal micro-segrega-
tion between the aliphatic and polar parts is assured. The
hydrocarbon chains are able to efficiently fill the peripheral
space around the columnar core and the mutual organisa-
tion of the columns into a hexagonal lattice leads to the for-
mation of the mesophase (Figure 6). However, the proposed
arrangement for the molecular stacking within the columns
is probably an oversimplified model because, in fact, aggre-
gation may take place in such a way that the molecules con-
tained in a “slice” are not in the same plane with just their
tips pointing towards the column core without the need to
form discrete discs. Thus, the columns have an aromatic con-
tinuum in the core and an aliphatic continuum in the periph-

Figure 5. XRD patterns of the BODDS-C12benzyl complex in the hexago-
nal columnar phase at room temperature after thermal treatment.
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ery. Geometrical calculations performed on the hexagonal
mesophases by Kato and co-workers with imidazolium de-
rivatives and BF4

� as the anion revealed that the plateau
also has a thickness of 4.4 � and contains four C12benzyl+

or P12gall+ cations.[3a, 23] It seems that the mesophase geome-
try is imposed by the shape of the imidazolium fragments
and the plateau are always formed by four cations associat-
ed to four monoanions or two dianions. Only the parameter
a is affected by the nature, size and number of anions (mon-
oanion or dianion). The lateral extension of the column
varies as a function of the size and number of anions, but
the thickness and the number of imidazolium fragment
forming the plateau remain constant.

Compound BODDS-C12benzyl is highly luminescent in
the liquid-crystalline state upon excitation at 380 nm
(Figure 7). The observed red luminescence confirmed the
measurements obtained by fluorescence spectroscopy on the

powdered solid (Figure 3) and indicate the same kind of ag-
gregated species to be present in the mesophase. Similar
fluorescence peaks were observed at around 540, 621 and
650 nm, their relative intensities being slightly temperature-
dependent. The luminescence intensity decreased on in-
creasing the temperature and this process appeared to be re-
versible, excepting the degradation of the samples, as con-
firmed by NMR spectroscopy at the end of the thermal
studies.

XRD experiments performed on the BODDS-P12gall
complex at 150 8C and at room temperature after thermal
treatment showed that this compound is amorphous and
non-mesogenic. Nevertheless, it was found to be able to
form good quality films after evaporation of dichlorome-
thane solutions on flat glass surfaces. Taking advantage of
the presence of the acrylate groups, photopolymerisation ex-
periments were performed to immobilise the fluorescent
BODDS2� anions in a fixed polymeric matrix. For this pur-
pose, BODDS-P12gall solutions in dichloromethane at c=

10�3 mol L�1 containing 10 % w/w of 1-hydroxycyclohexyl
phenyl ketone as photoinitiator were deposited on clean
glass cover-slides and the solvent was left to slowly evapo-
rate in air. After drying and thermal treatment at 65 8C, the
coloured films were exposed to UV irradiation (l=365 nm,
5 mW cm�2) for 60 min at 30 8C. Note that the BODIPY
fragments were not expected to prevent the photopolymeri-
sation due to their low absorption at 365 nm (see above).
The effectiveness of the polymerisation was established by
the insolubility of the films in dichloromethane after expo-
sure. The extent of acrylate polymerisation was determined
to be around 85 % by using FTIR spectroscopy to monitor
the disappearance of the acrylate band at 810 cm�1. The
effect on the other acrylate band at 1637 cm�1 is masked by
the presence of the ester function present between the im-ACHTUNGTRENNUNGidazolium and the gallate fragments. However, it is clear
that not all the acrylate groups react under the applied con-
ditions.

POM showed that the material remained in an isotropic
state after the photopolymerisation experiments and no
thermal transitions were detected by DSC in the tempera-
ture range of 0–200 8C. Interestingly, masks can be used
during the photopolymerisation experiments to limit the ir-
radiation to a specific area. In this way it was possible to
pattern luminescent molecules into a fixed polymer matrix
(Figure 8a). The unexposed parts were easily removed by
flowing dichloromethane over the films. Under UV light,
the polymeric films were strongly luminescent (Figure 8b).
Solid-state emission measurements gave results similar to
those measured for the solid BODDS-P12gall. The emission
spectrum of the polymerised films measured at room tem-
perature take the form of a broad band extending from 500
to 800 nm with two distinct maxima at 540 and 620 nm testi-
fying to the presence of monomeric and larger BODIPY ag-
gregates (Figure S4). The relative intensities of the bands in-
dicate that the polymerisation isolated or created more ag-
gregated species inside the films (see the Supporting Infor-
mation). The evolution of the distribution of the various

Figure 6. Proposed model of BODDS-C12benzyl in a hexagonal columnar
mesophase (d10 =3.9 nm, a =4.5 nm).

Figure 7. Emission spectra of BODDS-C12benzyl measured in the meso-
phase at different temperatures (lex =380 nm).
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species inside the film can also be affected by the prepara-
tion and thermal history of the sample. These results dem-
onstrate that it is possible to prepare luminescent polymeric
materials by the photopolymerisation of self-assembled lu-
minescent and polymerisable ion associates. Attempts to
remove the ionically bound dye failed under the following
conditions: 1) aqueous 1m NaCl solutions to saturated
(brine) and 2) an aqueous concentrated NaCl/dimethylfor-
mamide mixture at 80 8C during one night. Under all at-
tempted conditions only trace amounts of the fluorophore
were detected by UV/Vis absorption spectroscopy, which
proves that the alkyl matrix is very robust and further modi-
fication will be difficult.

Conclusion

A series of functional salts have been synthesised by ionic
self-assembly from a charged fluorescent BODIPY disulfo-
nate core and various types of non-luminescent amphiphilic
imidazolium monocations. Acrylate units as terminal groups
on the cation substituents proved useful for the polymeri-
sation of deposited films of the salt. A stoichiometry of 1:2
(dye to imidazolium) for all the salts was established by
1H NMR spectroscopy and elemental analysis. Solid-state
fluorescence measurements performed on the pristine
BODDS-C12benzyl solid showed the emission to be strongly
redshifted and broadened (spanning over 200 nm) compared
with the narrow fluorescence (about 50 nm) in dilute solu-
tion. Multiple peaks in the fluorescence spectrum are con-
sidered to indicate the presence of aggregated species. Inter-
estingly, for the BODDS-P12gall solid the redshift is less pro-
nounced with major transitions localised at 603 and 666 nm.
This complex is slightly less prone to aggregation compared
with the genuine benzyl-grafted derivatives BODDS-
Cnbenzyl. The use of imidazolium cations with trialkoxyben-
zyl substituents enables the formation of columnar meso-
phases with hexagonal symmetry, unambiguously identified
by X-ray scattering measurements and by the typical tex-
tures observed between crossed-polarisers by optical micros-

copy. From these data it is estimated that for the BODDS-
Cnbenzyl complexes, pairs of BODIPY dianions associated
with four imidazolium cations form discs able to stack in a
column. Solid-state fluorescence measurements in the col-
umnar mesophases showed that the BODIPY dianions were
not isolated and that J aggregates formed inside the meso-
phases, a result in keeping with the solid-state measure-
ments. The BODDS-P12gall complex shows no mesomorphic
behaviour but is easily polymerisable under mild conditions
in the presence of a radical photoinitiator allowing informa-
tion to be written on the fixed polymeric film. Within the
films, the dye remains strongly fluorescent with a wave-
length of emission bathochromically shifted compared with
that in solution, which confirms the formation of aggregates
in the polymer. Worth noting is the high chemical and pho-
tochemical stability of the BODIPY dyes even in the pres-
ence of reactive radicals generated during the photopoly-
merisation process. The use of ionic self-assembled com-
plexes provides a facile tool to produce liquid-crystalline
materials and thin films stable over a large temperature
range. Application to optical memories in which writing,
reading and erasing cycles are required is currently in prog-
ress.

Experimental Section

General methods : The 300 (1H), 400 (1H) and 75.5 MHz (13C) NMR spec-
tra were recorded at room temperature by using perdeuterated solvents
as internal standards. A ZAB-HF-VB-analytical apparatus in FAB+

mode was used with m-nitrobenzyl alcohol (m-NBA) as matrix. Chroma-
tographic purification was conducted by using 40–63 mm silica gel. Thin
layer chromatography (TLC) was performed on silica gel plates coated
with fluorescent indicator. FT-IR spectra were recorded by using a
Perkin-Elmer “spectrum one” spectrometer equipped with an ATR dia-
mond apparatus. UV/Vis spectra were recorded by using a Shimadzu
UV-3600 dual-beam grating spectrophotometer with a 1 cm quartz cell.
Fluorescence spectra were recorded on a HORIBA Jobin–Yvon fluoro-
max 4P spectrofluorimeter with a 1 cm quartz cell for solutions or an op-
tical fiber for solids. Temperature-dependent luminescence measurements
were performed on thin films thank to the HORIBA Jobin-Yvon fluoro-
max 4P spectrofluorimeter equipped with an optical fiber and a heating
stage (Linkam LTS350 hot-stage and a Linkam TMS94 central process-
or). All fluorescence spectra were corrected. The fluorescence quantum
yield (Fexp) was calculated from Equation (1). Here, F denotes the inte-
gral of the corrected fluorescence spectrum, A is the absorbance at the
excitation wavelength, and n is the refractive index of the medium. The
reference system used was rhodamine 6G in methanol (Fref = 0.78, lexc

= 488 nm).

Fexp ¼ Fref
F 1� expð�Aref ln 10Þf gn2

Fref 1� expð�A ln 10f gn2
ref

ð1Þ

Differential scanning calorimetry (DSC) was performed on a Netzsch
DSC 200 PC/1/M/H Phox instrument equipped with an intracooler, al-
lowing measurements from �65 8C up to 450 8C. The samples were exam-
ined at a scanning rate of 10 K min�1 by applying two heating and one
cooling cycles. The apparatus was calibrated with indium (156.6 8C).
Phase behaviour was studied by polarised light optical microscopy
(POM) on a Leica DMLB microscope equipped with a Linkam LTS350
hot-stage and a Linkam TMS94 central processor. The XRD patterns
were obtained with a pinhole camera (Anton–Paar) operating with a
point-focussed Ni-filtered Cu–Ka beam. The samples were held in Linde-

Figure 8. a) Polymerised film of BODDS-P12gall observed under white
light. b) Same patterned film observed under UV light. (CNRS repre-
sents the Centre National de La Recherche Scientifique (host research
institution)).
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mann glass capillaries (0.9 mm diameter) and heated, when necessary,
with a variable-temperature oven. The patterns were collected on flat
photographic film perpendicular to the X-ray beam. Spacings were ob-
tained by Bragg’s law.

General procedure for the synthesis of [BODDS-Cnbenzyl] complexes
(n=8, 12, 16): The sulfonate salt (1 equiv) was dissolved in DMF
(2 mg mL�1) and the Cnbenzyl (1 equiv per negative charge) was added.
The mixture was stirred at 60 8C overnight. After cooling, water was
added and the precipitate was washed with water and dried under
vacuum. BODDS-C12benzyl and -C16benzyl were recrystallised from hot
DMSO, BODDS-C8benzyl was recrystallised from CH2Cl2/AcOEt by
slow evaporation of dichloromethane and BODDS-P12gall was recrystal-
lised from hot cyclohexane.

BODDS-C8benzyl : Isolated yield: 53%. 1H NMR (DMSO, 300 MHz):
d=9.15 (s, 2H), 7.80 (s, 2 H), 7.68 (s, 2H), 6.78 (s, 4H), 5.23 (s, 4 H), 3.93
(t, 3J=6.3 Hz, 8H), 3.83–3.79 (m, 10H), 2.66 (s, 3 H), 2.62 (s, 6H), 2.59 (s,
6H), 1.72–1.58 (m, 12H), 1.41–1.25 (m, 60H), 0.83 ppm (t, 3J =6.3 Hz,
18H); IR (ATR): ñ =2924 (s), 2853 (s), 1610 (s), 1464 (m), 1440 (s), 1389
(m), 1306 (m), 1195 (s), 1147 (m), 1126 (m), 1119 (s), 1086 (s), 1018 (s),
997 (vs), 657 (s), 620 cm�1 (m); UV/Vis (CH2Cl2): l (e)=279 (7100), 314
(7000), 365 (8200), 507 nm (73 400 m

�1 cm�1); elemental analysis calcd
(%) for C84H137BF2N6O12S2: C 65.64, H 9.05, N 5.47; found: C 65.95, H
9.38, N 5.69.

BODDS-C12benzyl : Isolated yield: 73%. 1H NMR (DMSO, 300 MHz):
d=9.14 (s, 2H), 7.79 (s, 2 H), 7.67 (s, 2H), 6.77 (s, 4H), 5.23 (s, 4 H), 3.93
(t, 3J=6.0 Hz, 8H), 3.83–3.78 (m, 10H), 2.66 (s, 3 H), 2.62 (s, 6H), 2.59 (s,
6H), 1.73–1.58 (m, 12H), 1.41–1.25 (m, 108 H), 0.83 ppm (t, 3J =6.1 Hz,
18H); IR (ATR): ñ =2945 (m), 2918 (s), 2850 (s), 1592 (m), 1536 (m),
1506 (m), 1466 (s), 1442 (m), 1227 (m), 1194 (s), 1116 (s), 1087 (s), 1019
(s), 996 (vs), 655 cm�1 (vs); UV/Vis (CH2Cl2): l (e) =278 (7400), 312
(6700), 363 (7600), 507 nm (85 200 m

�1 cm�1); elemental analysis calcd
(%) for C108H185BF2N6O12S2: C 69.23, H 10.01, N 4.49; found: C 69.59, H
10.35, N 4.78.

BODDS-C16benzyl : Isolated yield: 72 %. 1H NMR (DMSO, 400 MHz,
60 8C): d=9.09 (s, 2 H), 7.74 (s, 2 H), 7.66 (s, 2 H), 6.75 (s, 4H), 5.21 (s,
4H), 3.91 (t, 3J =6.2 Hz, 8H), 3.83–3.78 (m, 10 H), 2.66 (s, 3H), 2.62 (s,
3H), 2.59 (s, 3H), 1.73–1.58 (m, 12 H), 1.41–1.25 (m, 156 H), 0.83 ppm (t,
3J=6.4 Hz, 18H); IR (ATR): ñ =2949 (m), 2915 (s), 2847 (s), 1599 (m),
1540 (m), 1510 (m), 1465 (s), 1442 (m), 1412 (w), 1221 (m), 1187 (s), 1123
(s), 1090 (s), 1020 (s), 1000 (vs), 655 cm�1 (vs); UV/Vis (CH2Cl2): l (e)=

276 (8600), 306 (7000), 364 (7000), 507 (68 000 m
�1 cm�1); elemental anal-

ysis calcd (%) for C132H233BF2N6O12S2: C 71.73, H 10.67, N 3.80; found: C
72.15, H 11.19, N 4.29.

BODDS-P12gall : Isolated yield: 81%. 1H NMR (DMSO, 300 MHz): d=

9.21 (s, 2H), 7.85 (s, 2H), 7.71 (s, 2H), 7.13 (s, 4H), 6.29 (dd, 3J =17.2,
3J=1.9 Hz, 4 H), 6.14 (dd, 3J= 17.4, 3J =10.2 Hz, 4 H), 5.91 (dd, 3J =9.9,
3J=1.4 Hz, 4H), 4.58 (s, 8H), 4.07 (t, 3J =6.9 Hz, 8 H), 3.97 (t, 3J =6.0 Hz,
8H), 3.90 (t, 3J=6.3 Hz, 4H), 3.84 (s, 6 H), 2.66 (s, 3 H), 2.61 (s, 6H), 2.59
(s, 6H), 1.74–1.54 (m, 24 H), 1.45–1.22 (m, 88H), 0.83 ppm (t, 3J =6.3 Hz,
6H); IR (ATR): ñ=2920 (vs), 2851 (vs), 1726 (vs), 1586 (m), 1536 (m),
1500 (m), 1467 (m), 1429 (m), 1408 (m), 1334 (m), 1309 (m), 1195 (vs),
1115 (s), 1087 (m), 1021 (m), 1000 (vs), 809 (m), 762 (m), 656 cm�1 (vs);
UV/Vis (CH2Cl2): l (e)=275 (20 300), 359 (10 000), 507 nm
(76 000 m

�1 cm�1); elemental analysis calcd (%) for C116H185BF2N6O20S2: C
66.45, H 8.89, N 4.01; found: C 66.28, H 8.71, N 3.78.

The photopolymerisable sample was prepared by dissolving monomer
BODDS-P12gall and 1-hydroxycyclohexyl phenyl ketone (10 wt % of the
monomer) as the photoinitiator in a solution of CH2Cl2. The solution was
added dropwise onto a glass plate (evaporation of CH2Cl2) to form a thin
red film. This resulting photopolymerisable sample was heated to an ani-
sotropic state at 65 8C and then cooled to room temperature. Photopoly-
merisation of the columnar liquid crystals was carried out at 30 8C for
60 min under exposure to UV light (Lightning Cure LC8 HAMAMAT-
SU, 365 nm, 5 mW cm�2).
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