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Abstract

A luminescent liquid crystalline compound containirg bulky dispiro[fluorene-9,11'-
indeno[1,2b]fluorene-12',9"-fluorene] has been designed amdhesized by di-substitution
of a bromo derivative with N-(4-ethynylphenyl)-H4ris(hexadecyloxy)benzamide
fragments. This di-substituted Te2spiro derivative forms stable and well-organized
mesophases over large temperature ranges. Conanir@tiDSC, POM and SAXS analyses
has revealed the formation of a lamellar mesopleteeen 60 and 150 °C followed by
another mesophase with a 2-dimensional latticeeofangular symmetry that remains up to
the isotropization point near 225 °C. In the ori¢jimolecular packing model deduced from

SAXS, the tert-butyl terminal groups fill the cemtvf hollow columns constituted by both the



dihydro(1,2b)Indenofluorene and benzamide fragments and sepdrat@ each other by the
surrounding aliphatic tails. The merging of theurnhs yielding the lamellar phase turned out
to be governed by the dynamics of both, the midrase segregation process and the network
of hydrogen bonds. In the various mesomorphic stabel in solution, a strong luminescence
was observed. The emission spectrum however dependemperature and drastically
changes between both mesophases and the isotigpgat. Iin particular, a strong modulation
of the emission wavelength occurs at the isotropizD phase transition. This luminescence
modulation results from an enhanced contributiorthefvibronic peak at lower energies in
the emission profile. The compound was also founbe soluble in 5CB and was integrated
in a guest-host LC cell, allowing modulating eféiotly the photoluminescence polarization,

in the presence or absence of an electrical field.

Introduction

Spiro compounds have been widely used in OrgarghtLEmitting Diodes (OLED) since
their first incoporation in 1997 by the Salbeck upd Of particular interest in this wide
family of chromophores are the 1¥2spiro” compounds which are constituted of three
systems linked by two spiro bridgés® * This type of 3+2spiro molecular structure can lead
to fluorophores possessing very different propsrtikepending on the geometry of the
molecular scaffold ore-systems. As an example, the association of a dihydroindedj]
fluorenyl or a pentaphenylenyl core to two fluorkealy xanthenyl units via two spiro bridges
allowed obtaining efficient emitters for blue OLEPplications” * © ’A further modification
of the geometry of the molecular scaffold receoiened a new avenue to produce blue light
in OLEDs through the use of intramolecular exciramission® Although, the incorporation
of these molecules in a liquid-crystalline architee could be a way to modulate their

exceptional luminescence properties, no mesomorpimaterials incorporating the



dispiro[fluorene-9,11'-indeno[1,B}fluorene-12',9"-fluorene] (DSF-IF) segments were
reported up to date, to the best of our knowledge.

Yet, the mesomorphism would not only lead to the wfatiibn of the photoluminescent
properties, but also allow switching between sdvstates in response to various external
stimuli, which would be of great interest due teithpotential application for memory
devices, sensors and informational dispfaysindeed, electric-field controlled
photoluminescence switching has been achieved myragstems by adding dyes into liquid
crystalline hosts? evidencing the potential interest of neat photohescent liquid crystalline
materials:

Thus, the present work investigates this concegdtdamonstrates that the DSF-IF scaffold
can be efficiently functionalized to generate mésmes with strong luminescence properties.
In order to reach this goal, a protomesogenic flagmwhich has been already successfully
used with pyrene derivatives to promote mesogensvanécular gelator¥ was grafted on a
DSF-IF derivative (Figure 1). Hydrogen bonding aesdallow then the emergence of
molecular self-assemblies stable over large tenyreraanges.

In addition to the original temperature-dependenk tuminescence properties, the potential
application of such anisotropic materials in guestt LC systems was also evaluated. For
this purpose, the material was dissolved in thedgted nematic liquid crystal matrix 5CB (4-
cyano-4-n-pentyl-1,1-biphenyl) and we have demonstrated that markedoplminescence

polarization and modulation responses can obtdnoed the DSF-IF derivative in LC cells.
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Figure 1. Chemical structure of the liquid crystaline comapd 1 based on a



dispiro[fluorene-9,11'-indeno[1,Bifluorene-12',9"-fluorene$caffold.

Results and discussion

Synthesis

The synthesis oft (Scheme 1) starts with the preparation of the gBscursor, namely
2,2",7,7"-tetrdert-butyldispiro[fluorene-9,6'-indeno[1 Bfluorene-12',9"-fluorene]  (DSF-
IF(t-Bu)y), constituted of a dihydroindeno[1i#fluorenyl core linked via spiro bridges to two
2,7-tert-butyl fluorenyl moieties. As previouslypated, electrophilic bromination of DSF-
IF(t-Bu), leads to the dibromination of the dihydroinden®2fi]fluorenyl core providing
DSF-IF¢-Bu)Br, in high vyield (90%)2 The lipophilic alkyne moiety (EPBA) was
synthesized in two steps from 3,4,5-tris(hexadegyleenzoic acid chloride and 4-
trimethylsilylethynylaniline*? Then, compound. was finally obtained in good yield (46%)
via a palladium(0)-catalyzed cross-coupling reactimtween DSF-IF{Bu),Br, and N-(4-
ethynylphenyl)-3,4,5-tris(hexadecyloxy)benzamid@-propylamine as base and solvent. The
EPBA fragment, carrying an amide function, was cele preferentially to a half-disk moiety
as the terminal group in order to introduce hydrogending which is known to strongly
stabilize supramolecular organisations over latgeperature range.

The molecular structure and purity dfwere confirmed usingH, *C NMR and mass
spectroscopy. A set of aromatics peaks integrdtingven numbers of protons confirmed the
formation of the expected molecular structure deddymmetrical substitution pattern on the

2,8 positions of the dihydroindeno[1hfuorenyl scaffold.

OC;6H33 Pd(PPh3z),

Qo n-propylamine
OCieHzzs —— 1
+ Zeq H——=—= NH 60 T
OC6H33 overnight 46 %

Scheme 1Synthetic route for the preparationlof



Spectroscopic Characterizations in Solution.

UV-Vis spectrum ofl presents two main bands at 379 and 399 nm leddiagwide optical
energy gap of ca 2.98 ev (Figure 2). The maximurnpeaps hence to be strongly
bathochromically shifted by ca 52 nm compared td tfaits constituting building block
DSF-IF(t-Bu), leading to an impressive gap contraction (3.4%e¥.98 eV)-* This red shift

is assigned to the extension of theconjugation induced by the presence of the N-(4-
ethynylphenyl) fragment inpara position of the phenyl-phenyl linkage of the
dihydroindeno[1,2] fluorenyl core. Thus, the optical properties bfare almost fully
governed by the “N-(4-ethynylphenyl)/dihydroind¢h@®-b]fluorene/N-(4-ethynylphenyl”
moiety, the electronic density of both Highest Og¢edpand Lowest Unoccupied Molecular
Orbitals (HOMO and LUMO respectively) being dibtried on this fragment (Figure S1).
This extension of the-conjugation appears to be relatively efficientotigh the rigid triple
bond linkage. For example, compared to another tstralty related extended DSF-IF
derivative substituted on the dihydroindeno[]2ndenofluorenyl core by two 3,4,5-
trimethoxyphenyl moieties\(ax =362 nmAE= 3.17 eV} the present chromophoteappears

to possess a smaller energy gap due to its extemdedjugation (Figure S1). To the best of
our knowledge, this is one of the most contracteergy gap observed in the literature for a
DSF-IF derivativel

Additionally, 1 presents an intense blue fluorescence with arestiived spectrum presenting
several maxima at 411, 435 and 467 nm (Figurel2s& maxima are strongly red shifted (59
nm) compared to those of its constituting buildisigck DSF-IF(tBu) (A = 352 and 370
nm);* highlighting again the interest of treconjugation extension to obtain a blue emitter.
The well-resolved emission spectrum Iofcompared to its absorption spectrum suggests a

more rigid/planar structure dfin the excited state. Indeed, for species thatpr@® torsional



degrees of freedom in theirconjugated backbones, varying degrees of devidtiom the
classical mirror image behaviour can be observedh Slifferences between absorption and
emission band-shapes may be associated to thél8exature of the molecules (and in the
present case especially the flexibility of the cisj® However, the Stokes shift defined as
AabsAem Of 1 appeared to be small (12 nm), highlighting smedlrrangements in the excited
state. Thus, despite the presence of the flexikdadant N-(4-ethynylphenyl)-3,4,5-
tris(hexadecyloxy)benzamide, which may lead to ing@ rotational freedom, we note that
the absorption spectrum and more importantly therfiscence spectrum are well resolved,
which is indicative of a very rigid molecular sttue. Finally, the quantum yield df has
been measured aa 0.32 compared to quinine sulphate (Figure S2 afuelS1). This value
appears to be significantly decreased comparetiabdbserved for DSF-IF(tBu)0.52 in
CH.Cl,) and may be assigned to the introduction of tkegilille N-(4-ethynylphenyl)-3,4,5-
tris(hexadecyloxy)benzamide which may lead to remtiative de-activation process as often
observed?® The perfect match between the excitation specanththe absorption spectrum
points to an efficient radiative deactivation of theited electronic state.
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Figure 2. Absorption, emissionAgx = 358 nm) and excitatiol\{m = 435 nm) spectra of

compoundL in dichloromethane (c = 8.7 x 1@nol.L™).



Thermal behavior

Thermal and polymorphic behavior bfwas investigated by differential scanning calotiype
(DSC) and polarized optical microscopy (POM). DS@algses show that the compound
exhibits three reversible main first order therrtrahsitions centred at 60, 150 and 225 °C
(Figure S3). Above 225 °C, the compound is in #striopic state. On cooling from the
isotropic liquid, large birefringent domains regddevelop over the whole film (Figure 3),
whilst the soft texture is indicative of a mesomacphktate (referred thereafter to high-
temperature, HT, phase, vide infra) (Figure S4,.35gspite numerous efforts, no
characteristic textures could have been develomdittough, the texture is fluid and
homogeneous, suggesting the formation of a LC ph&secessive transitions crossed on
cooling down to room temperature were not assatiadevisible changes in the optical
texture, from which no further information on thteusture of the phases could be deduced
(Figure S5). Nevertheless, the quite high fluidafy the sample between 60 and 150 °C
indicates that the intermediate phase consists‘iovatemperature” (LT) mesophase, whilst
the texture stiffens below the low-temperature gittaon and leaves the nature of the room-

temperature state unclear.



Figure 3. Compoundl viewed by optical microscopy under crossed-podasisipon cooling
(symbolised by the cross in the corner of the p&twat a) 195 °C (co-existence of the
isotropic liquid and HT phase) and b) HT phase & 1C (black spots correspond to air

trapped bubbles).

Characterization by Small-angle X-ray scattering (SAXS)

The structures of the various phases were investigabind identified by SAXS
measurements.

The pristine (initial) state possesses a local “simitic” lamellar organization evidenced by
the presence of 6 broadened small-angle reflectionthe ratio 1:3:4:5:6:10 (0P and

unresolved broad scattering signals in the widdeanggion (Figure S6, Table S2). After



heating the sample in the isotropic liquid, this fhporganized state is restored on cooling
down to room-temperature (diffractogram not shown).

Above the first transition, the broadened refledionf the room-temperature state are
replaced by nine sharp reflections in the spacatig r1:2:3:4:5:6:7:8:10 (0 according to a
lamellar periodicity of 54.0 A (see Figure 4a anable S3). The wide-angle region only
contains overlapping broad scattering signals,tdusistances between segregated molecular
fragments, particularly the characteristic scatgrmaximum at about 4.5 A of molten
aliphatic chains (f§) that confirms the assignment to a mesophase.dbhanating (001)
reflection trivially results from the alternatiori sub-layers of mesogens and molten chains,
but here the number of harmonics is unusually hagidl, therefore the interfaces between sub-
layers unusually sharp. With this high degree ofestdn of the mesogens’ sub-layers, it
would not be surprising that a 3D structure pessistspite of the intercalation of the liquid
aliphatic sub-layers. The unresolved shouldergénnid- and wide-angle region might be the
residue of such a vanishing structure, but the dallacted do not permit to confirm such an
assumption. The structure of the lamellar packsigharacterized by the molecular area S,
ratio of the molecular volume and layer spacing, %no/d. The estimation, that a density at
80°C lies approximately in the range 0.9-1.0 g:3cfeads to area S comprised between 80
and 95 & i.e. slightly more than the cross-sections oé¢hmolten terminal chains (~6&)A
the diverging chains are therefore disordered aiikd in order to compensate for the large
molecular area imposed by the bulky rigid parts.

Finally, in the upper temperature range above 15&Ccomplex diffraction pattern is
produced, which remains unchanged up to the isa@tpn (ca 225 °C). Now, 21 sharp
reflections (Figure 4b) could be precisely measwuaad satisfactorily indexed (Table S4)
according to a centred rectangular lattice, and tha mesophase is assigned ag.&mm.

Consequently, this transition corresponds to a llam@-columnar phase transformation.



The high number of crosselk] reflections shows that the structure is perfed#fined along
several directions of the lattice plane, and the utaitbn of their intensity suggests an
additional segregation process likely between #teral tert-butyl groups and the terminal
chains (i.e. the lattice contains more than on& pé&lectronic density suggesting alternation
of high- and low-electronic density fragments, vilera). Fourhk) reflections are visible
along two main axes of the columnar rectangulavost, namely (20), S, (40), MW, (60), S,
(80), M, and (11), VS, (22), S, (33), M, (44), Wafile S4) (VS, S, M, MW, W, VW stand for
very strong, strong, medium, medium-weak, weaky waxak and correspond to the reflection
intensities). The latter serieqihj, dominates largely over the former onad)( an indication

of a strong anisotropy within the lattice plane. Brer, the intensity of thélf) reflections
decreases regularly with h, in contrast to ti@® eries, for which the intensity goes through a
minimum for the first harmonics. A second intensitynimum is found in the perpendicular
direction to the (h0) series, (0 2k) (e.g. (02),(®), W, (06), absent, (08), M, Table S4),
associated to an increase of the electronic debsityeen the nodes of the network. Finally,
in the other directions of the lattice plane, thstf high order reflection (31) is absent, and
two higher order reflections, (13) and (51), atbesi absent or too weak, respectively, but the
third one is intense ((42), S, (84), S), confirmthg strong anisotropy in the plane, and the
modulation of the electronic density. This detaithlysis shows that the variation of the
intensity of the various reflections sets is cornipatwith a model of hollow columns (vide

infra).

10



15000

a —_ ano
) (001) (993 T=80°C
. - |002)] rIch

o)

- i (004 0010

£10000 Y 0010 g

(@]

=

2

£ 5000

£

=

0k
15000

)

C

3

g 10000

2>

‘»

C

8 5000

=

o7
0 5 10 15 20 25 30
20 (%)

Figure 4. X-ray diffractograms of compountirecorded at 80°C (LT or lamellar phase) and
at 160°C (HT or rectangular phase). In b) the supssd diffractogram was recorded on a

synchrotron line (red), showing the good agreerhetween both techniques.

Supramolecular organization in the mesophases

A model for the mesophase structure consistinghefassembly of “hollow” columns is a
priori not unexpected from the similar electronimsi¢y of tert-butyl groups and terminal
chains on the one hand, and from the contrast thighhigh electronic densities of rigid
fragments, on the other hand. The presence ofalpimoieties at all mesogen ends could
then leads to such a type of stratified structArenore detailed inspection of the packing and

supramolecular organization needs additional infdirom about the molecular conformation
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and geometry that could be extracted from a reterenystalline structure (structure from the
Cambridge Structural Database, CSD number: XIVHERJ)e model compound bears the
same tert-butyl-fluorene (TBF) and dihydro(b@adenofluorene (InF) fragments as
compoundl, but without the terminal N-(ethynylphenyl) benzden(EPBA) fragments and
the terminal alkoxy chains. This molecular struetdirectly gives access to both TBF and InF
dimensions and confirms the “double cross-like” @wolar conformation.

The crystalline structure resulting from such acggegeometry is very informative and
consists in the superposition of the InF fragmessociated in dimers, decorated by the TBF
orientated along the self-assembled columns, the¢githe segmentation of the columns by
the tert-butyl groups, themselves segregated mgers. Similar processes of segregation as
those occurring within the crystalline structureynexplain the formation of the mesophase
with hollow columns. In both cases (i.e. eomesophase and crystalline structure), the
formation of the columns results from the piling tife InF segments, though in the
mesophase, the columns are oriented parallel td-theection, in order to allow the layers
containing the tert-butyl groups to be orientechglthe a-axis, and to be evenly disrupted by
the EPBA groups at the extremities of the InF fragta. Half of the tert-butyl-containing
layers are thus segregated into ribbons, and sutesliby a continuous shell of rigid parts.
The long aliphatic chains, accordingly to the sggt®n process found in polycatenar
systems,” are folded around the columns, and form a continuwhich here is also fused

with the other half of tert-butyls expelled out bétcolumns (Figure 5).
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Steric constraints associated to the molecular géggnand the multiple segregation process
imply that the columnar cross-sections is defing@ Iprecise integer number of molecules, in
contrast to average statistical numbers in clasgpodycatenar systems. This specificity
permits to understand the well-defined nature efdinucture and the sharp interfaces between
rigid parts and chains, at the origin of the largenber of high order terms and crossed
reflections in the diffractogram. This number isualgto Z/2 = 4 molecules per columnar

repeat units. Estimating the molecular volumgd¥ 4845 & at 160°C), one can now access
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to the thickness of an elementary fictitious repest according to h = ZMo/a.b = ~ 7.2 A,
not to different to the distance between TBF sedm@il ~ 7.65 A) found in the crystalline
structure of the model compound (even comparaltee ghe long aliphatic chains are not
involved here). Organization along the columns &anassimilated to the alternation of
monolayers of InF segments and of monolayers efdalated TBF segments.

Superposition of the Cgl and the lamellar phases diffraction patterns rsvélaat the
reflections serieshQ) (h = 2n) coincide with the reflections serieslj0@xcept that the former
are more intense, the intensity ratio are differant that all crossed reflections have
disappeared. Nevertheless, it shows that the steiaf the lamellar phase is not greatly
different to that of the rectangular phase, exdbpt the columns are not closed in the
lamellar phase. The modulations in the lamellan@éadue to the alternation of the fluorene
segments and the tert-butyl groups likely pre-exishe lamellar phase, but are not correlated
over long distances, in agreement with the sligtdkpenlargement observed in the X-ray
pattern.

The dynamic of the hydrogen bonding network washedoby variable-temperature FT-IR
absorption spectra for compoufiddispersed into KBr pellets. Measurements obtaunszh
heating and cooling (Figure 6 and Figure S7) shemraducible and reversible spectral
changes of the bands associated to the amide dascéit the phase transitions. A weakening
of the out-of-plane NH bending band (amide V) lamad at 720 cil *8is observed between
the poorly organized room temperature phase antathellar phase and this vibration mode,
associated to hydrogen bonded amide functions, l&ietp disappear in the rectangular
phase. The collapse of the hydrogen bonding netviorthe rectangular phase is further
confirmed by the frequency and profile changeshef €=0 stretching vibration (amide 1)
above 150 °C. In lamellar phase, the C=0 stretckibgation appears as a single band at

1645 cm and is characteristic &f-bonded amide¥’ Above 150 °Cthe shift of this vibration
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mode to higher frequencies is indicative of thewupson of the hydrogen bonds. A similar
behaviour is found for theN-H stretching vibrations vibration around 3300 tH Eev"!
Signet non définl. Tha major perturbations of the energy and intgnsitthe vco, Van and Sy
stretching and deformation vibrations observed Iggihlthat the hydrogen bonding network
present in the lamellar phase is disrupted above°C5When entering into the rectangular
phase.

The phase transitions appear to be strongly godeogethe dynamic of the hydrogen
bonding network. The presence of persisting hydndgmnds in the lamellar phase forbids the
folding of the chains at the EPBA extremity, and transition to the Cgl phase is connected
to the collapse of the H-bonding network. Similart low temperature, this H-bonded

edifice would also perturb the lamellar supramolacalrangement.
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Figure 6. Solid-state IR absorption spectra of compolrid% in KBr pellet) at the following
temperatures (2 heating): 20, 30, 40, 50 and 60°C (room tempeeastate, black lines), 70,
80, 90, 100, 110, 120, 130, 140 and 150°C (lamelesophase, red lines), 160, 170, 180 and
190°C (rectangular mesophase, blue lines). Grapletip superposition of spectra; up, right:
amide V region with vibration modes of N-HD bridges; down, left: amide | region with

C=0 stretching vibration; down, right: N-H stretegiregion.

The mechanism that leads to the interruption of diathe tert-butyl groups is a consequence

16



of the difference between the sections of InF Ingatihe TBF moieties, on the one hand, and
the EPBA fragments, on the other hand. The foldihthe mobile extremities of the EPBA
fragments permits to fill the available volume wghienhancing the segregation, and the
maximum of efficiency occurs when the folding otowards a same layer containing the
tert-butyl groups, starting in a random directiastf thus expelling the other half TB layers
outside the columns to be mixed with the aliphatbatinuum. Then, as in a germ growth
crystallization process, the next layer is autooadly selected as a row of column, and is

continued until it reaches another growth domain.

Solid Sate luminescence properties

Luminescence properties of compouhh the various material states detected by DSC and
SAXS were investigated with the help of a fluoreseemicroscope equipped with a heating
stage and a UV-Vis-NIR spectrophotometer based dBD Cdetection technology.
Fluorescence microscopy was found to be a powas@llto probe the molecular organization
in thin films at the macroscopic scafe?°

At temperatures above 225 °C, in the isotropicitigthe luminescence appears light blue and
completely uniform inside the fluid material in whi all the molecules are randomly
distributed. It is interesting to note that the inescence remains very strong even at such
high temperatures. The fluorescence spectra olotaaimve 225 °C displays a broad
structureless emission band centred at 492 nm 1@&igu In the bulk, the emission spectra
are, as expected, broader and much less resolaadritsolution (Figure 2) and the maxima
are red-shifted by 82 nm. The difference should €drom some remaining intermolecular
interactions in the isotropic state, whilst theenaictions with the solvent dominate in the
solutions. Upon cooling, the birefringent domainstiee rectangular mesophase readily

develop, as observed by POM (Figure 3a). Interdsgtingder irradiation at 340 Aex < 380
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nm (Hg lamp), the luminescence coming from theamgtilar mesophase appears dark-blue
and is clearly different from that one of the ispic phase (Figure 7). Evidently, is a
thermochromic material, which exhibits temperatireluced luminescence chandeés.
Spectroscopic measurements show that the coloumgehia due to an enhanced contribution
of the two vibronic peaks at 443 and 468 nm (FiggikeTemperature-dependent solid state
absorption spectroscopy reveals that the absortard remains unchanged between the
isotropic phase and the rectangular phase (Fig&)e So, the luminescence modulation
observed is not due to a slight bathochromic sirifenlargement of absorption band in the
isotropic phase causing a re-absorption of therésence at the higher energy side. This
modulation can likely be explain by an exaltatidntltiese two low-energy vibronic peaks
from the emission profile is likely due to the onggation of the molecules into an anisotropic
medium leading to specific orientation of betwebe transition dipole moments with the
excitation beami® Upon further cooling down to room temperature, thiensity of the
luminescence at the higher energy side continuaoshgases down to room temperature, but
without significant change of the uniform dark-blfleorescence texture between both
mesophases.

The unsubstituted compound DSF-IF(t-Bahows an emission band displaying two maxima
at 358 and 368 nm in solid state at room tempezgfigure S9), shifted by 10 nm compared
to the solution spectrum, indicative of weak int#i@s in solid state. With compourid
bearing the terminal N-(ethynylphenyl) benzamid®BR) fragments, the maxima in solid
state (443, 468 and 492 nm) are shifted by more 8tanm compare to those in solution
(411, 435 and 467 nm). This large red-shift cleanlyicates that the EPBA pendant units
allow a more efficientert stacking in solid state.

To sum up, the luminescence propertied afe sensitive to the organisation inside the diqui

crystalline state and the emission intensity andwotan be modulated with the temperature.
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Figure 7. Co-existing isotropic liquid (light-blue) and HTd4rk-blue) phases at 195 °C
observed upon irradiation at 340Aex <380 nm (black areas correspond to trapped air

bubbles) (same area as in Figure 3a).
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Figure 8. Bulk emission spectra of the compouhih a slender piece of glass at 240 °C in the
isotropic liquid, at 182 °C in the rectangular nygsase, at 80 °C in the lamellar phase and at

25 °C in the poorly-organized room-temperature phagler excitation at 340-380 nm.

Modulation and polarization of the photoluminescence
The strong molecular anisotropy of the rod-shapedpoundl (length = 7.7 nm; diameter =

1.3 nm) led us to explore the possibility to motiiland to polarize the photoluminescence
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intensity using a nematic liquid crystalline hdsbr this purpose, compouridwas dissolved

in the nematic liquid crystal 5CB. It was foundtttids well soluble in 5CB and the nematic
phase of the LC host and thg,Ttransition temperature (Figure S10) are weaklgaéd up

to 1 weight%. Observations by polarizing microscapy under UV irradiation confirmed the
homogeneity of the LC mixtures and stability oververal months. In contrast, the parent
compound DSF-IF(t-Bu) without the flexible pendant units, is not sokibt 5CB. Even the
evaporation of dichloromethane solutions contaid@f-1F(t-Bu)/5CB mixtures also led to
the formation of heterogenous suspensions. A drucia of the flexible pendant units is to
insure good solubility and stability in 5CB.

The LC mixture was introduced by capillarity in & Icell with a 5um gap between the ITO
coated glass (1 cmlcm). The polyimide (Pl) layers on both ITO sudaavere rubbed in
one-direction in an antiparallel alignment. The geds then observed by optical microscopy

without using a polarizer (Figure 9a). A voltage 20 V was requested to switch the

orientation of 5CB molecules in the direction pewtieular to the windows.
Cube filter

i) l
ube k\ /A | \\ Y/,
L

v == |

b)

Mercury lamp

340-380 nm

microscope

|_sampié |

Figure 9. (a) Experimental setup for polarized phohinescence measurements with
compoundl/5CB mixtures; (b) Schematic representation ofrttidecular organisation inside

the LC cell without and with applied electric fiedehd effect on the emitted blue light.
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As the voltage is OFF, the moleculeslodre parallel to the cell windows and a strong blue
luminescence is observed (Figure 9b, left). TH&CB mixture displays a strong structured
emission band, spanning from 400 to 650 nm, cerdtdd2 nm (Figure 10a). The position of
the emission band, which is slightly red-shifted3&/ nm compared to the emission band in
diluted solutions (Figure 2), together with a welsolved emission profile confirms the good
dispersion of the luminescent DSF-IF derivativaha LC host. It should be noted that with
the short acquisition times used (100-500 ms) Juh@nescence of 5CB was not detected at
all. As the voltage switches ‘ON’, the reorientatiof the 5CB molecules stimulates a
macroscopic orientation of the moleculeslofvith their long axes perpendicular to the cell
window, as shown in Figure 8b, right. As a resdlttlus reorientation, the observed PL
intensity of1 is reduced by ~ 40 % (Figure 10a). This remarkélolerescence modulation
appears to be much more marked than that obsemedxXample with europium(lil)
complexe&® and of the same order of magnitude to the one rebdewith inorganic
CdSe/znS nanorod$? These results demonstrate that, at the moleccéde sthe excitation is
more efficient when the electromagnetic wave isppedicular to the long axis of the
dihydro(1,2b)Indenofluorene core. The PL intensity instantano(ts 1s) increases again
when the voltage switches ‘OFF’. The reversibletsiwng of intensity in response to several
cycles of field-off (0 V) and field-on (20 V) is gsented in Figure 10b. The electric field was
switched manually with an arbitrary period. It che seen that the PL intensity quickly
reaches to maximum during the field-on state wihigges to minimum in field-off state. This
electrically switchable and repeatable photoluniease modulation observed shows that the

luminescent compountcan be efficiently used in optical switches.
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Figure 10. a) Emission spectra measured in field-off (0V) dmdd-on (20V); b) Time-

dependent switching of PL intensity in responseeweral cycles of field-off (OV) and field-

on (20V) Qex=340-380 nm) ({] = 0.1 %w/w in 5CB).

The ability of the aligned/5CB mixture to generate polarized emission was alsluated.

For this purpose, an analyser was inserted bettfee@CD spectrometer and the cube filter.
Without bias, the long molecular axis of molec@®iiented along rubbed PI direction with a
planar anchoring parallel to the surface (Figure®B. The photoluminescence intensity was
evaluated as a function of the angle between thiyzaraand the rubbed direction. At 0°, the
analyzer’s axis is parallel to the long moleculsisaf 1 and perpendicular at 90°. As can be
seen in Figure 11, the aligned5CB sample shows a strong angular dependence of
photoluminescence intensity coming froin These measurements clearly show that the
intensity of the photoluminescence spectra is mMager in the parallel configuration than in

the perpendicular one. The degree of polarizataonle calculated by = (1// - 1D)/(1// + 100),
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wherel// andl represent the polarization parallel (0°) and pedpzular (90°) to the rubbed
PI1 direction, respectively. The resulting polanaatratio of 0.3 comparable with the values

determined for polycatenar oligothiophefiés.
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Figure 11. a) Photoluminescence intensity as a function aflyaer angle; b) Polar graph
presentation. The excitation wavelength is 3404380and the registration wavelength is 442

nm.

These results illustrate for the first time thagaed samples of DSF-IF derivatives can emit
polarized light and that modulation of the lumiresce can be induced by application of

electric fields. The large structural anisotropylotoupled to its good solubility in liquid
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crystalline medium makes this class of compoundtalse for optical applications in LC

devices.

Conclusion

The grafting of N-(ethynylphenyl) benzamide (EPBiAggments carrying hexadecyl carbon
chains on the bulky DSF-IF core has allowed thergerece of strongly luminescent liquid
crystalline phases. Three different supramolecuaayanizations were revealed, starting
namely with an initial poorly-organized phase, doled by a first transformation into a
lamellar phase, and a second transition into anwoéw mesophase. Based on variable-
temperature SAXS measurements and on the crystafliructure of a parent molecule,
models of the various molecular organizations wa@posed. In the columnar phase, two
supramolecular dimers, created through the pilindjloydro(1,2b)Indenofluorene fragments,
are organized in a disk-like repeat unit with tadlthe tert-butyl groups trapped in the centre
and the rest of the tert-butyl fragments mixed wiité long aliphatic chains arranged around
the columns. The piling of these self-assembledsulgads to the formation of “hollow”
columns self-organizing in a rectangular lattickeTransition to the lamellar phase at low
temperature is explained by the opening of the cokithrough the unfolding of the EPBA
extremities. The thermal transitions are driverstgyic constraints and by the dynamic of the
hydrogen bonding networks. Temperature-dependdig-sate luminescence measurements
have also revealed that this compound displaysrbeinromic luminescence properties with
a marked photoluminescence colour change at theosotliquid-to-Cojec. phase transition.
The functionalized DSF-IF core could also be dasdlin the nematic liquid crystal 5CB and
switching of the photoluminescence emission cowddréalized in aligned samples or by

applying electrical fields to a LC cell. Such higtilinctional materials are very appealing for
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applications in optoelectronic requiring the getieraor the control of light under electrical
stimuli. DSF-IF derivatives with different moleculaopologies are currently under

investigations.
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Experimental part.

General. 300 ¢H) and 75.5 MHz C) NMR spectra were recorded on Bruker Avance 300
spectrometer at room temperatusgng perdeuterated solvents as internal standards. FT-

IR spectra were recorded using a Varian-640 FTp&someter equipped with a PIKE ATR
apparatus. High Resolution Mass Spectra were regantth Varian MAT 311 instrument by
the Centre Régional de Mesures Physiques de I'ORestnes. UV-visible spectra were
recorded using an WVisible spectrophotometer SHIMADZU UV-1605. The UA&ible
spectra were recorded using an UV-Visible specwtpheter SHIMADZU UV-1605.
Dichloromethane (analytical grade, VWR) was usetheut further purification. The optical
gap was calculated from the absorption edge ofulWevis absorption spectrum using the
formulaAE®™ (eV) = hck, A being the absorption edge (in meter). With h <806 J.s (1eV

= 1.6x10" J) and ¢ = 3.0xfom.s?, this equation may be simplified a&=°"" (eV) = 1237.5(
(in nm). Photoluminescence spectra were recordéld aviPTI spectrofluorimeter (PTI-814

PDS, MD 5020, LPS 220B) using a xenon lamp. Quametds in solution ¢sol) were
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calculated relative to quinine sulfateré¢f = 0.546 in HSO, 1N). @sol was determined
according to the following equation,

@sol =qref x 100x [(Ts x Ar)/(Tr x As)] x [(ns/nr¥]

where, subscripts s and r refer respectively tasmple and reference. The integrated area of
the emission peak in arbitrary units is given as 1§ the refracting index of the solvent fn
1.421 fordichloromethane) and A is the absorbance. 3 saisitad different concentration of
the substrate (A<0.1) were prepared and 3 solutidribe reference (quinine sulfate). The
qguinine sulfate concentration was chosen so asabis®rption of the reference and the
substrate were the same at the excitation waveieBgjuantum yields are then calculated at
this wavelength and the average value is reported.

Variable-temperature FT-IR absorption spectra wesdormed on KBr pellets, by using a
spectrometer Digilab FTS3000 and a home-built ovgh an accuracy of 0.1°C. UV-visible
spectra were recorded on um-thick films betweentgugass slides, by using a spectrometer
Agilent Cary 100 and a home-built oven with an aacy of 0.1°C.

Optical microscopy investigations were performedaoNikon H600L polarising microscope
equipped with a Linkam *“liquid crystal pro systerhbtstage. The microscope is also
equipped with a UV irradiation source (Hg Lamps= 340-380 nm) and an ocean optic USB
2000+ UV-Vis-NIR spectrophotometer based on CCDecd&in technology. This set-up
allows the recording of luminescence spectra omdsoliquids, liquid crystalline materials
and gels from -196°C up to 420°C between 350 an@01mm. For electro-optical
measurements, compouridwas dissolved in the 4-cyan&#pentyl-1,1-biphenyl (5CB)
nematic liquid crystal and the LC mixture was idiwoed into a pre-assembled LC cell
provided by Linkam (5um gap, capillary fill, ITO coated and anti paralgignment). 5CB
(>98 %) was purchased from TCI Europe and usedowitfurther purification. The voltage

was applied with a standard potentiostat. Diffeedrsicanning calorimetry (DSC) was carried
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out by using NETZSCH DSC 200 F3 instrument equippéti an intracooler. DSC traces
were measured at 10 °C/min down to -30 °C. The Xpditerns were obtained with a
transmission Debye-Scherrer-like geometry. A linfeaalized monochromatic Cuek beam
(A = 1.5405A) was obtained using a sealed-tube gtre(@00W) equipped with a bent
guartz monochromator. In all cases, the crude powas filled in Lindemann capillaries of
1mm diameter and 1im wall-thickness. The diffraction patterns wereoreled with a
curved Inel CPS120 counter gas-filled detector dihkto a data acquisition computer
(periodicities up to 70A) and on image plates scdnbg STORM 820 from Molecular
Dynamics with 5Qm resolution (periodicities up to 120A). The sampenperature was
controlled within £0.01°C and exposure times wexdad from 1 to 24h.

Full geometry optimization were performed with Dignsunctional Theory (DFT}2® and
Time-Dependent Density Functional Theory (TD-DF&)calations were performed with the
hybrid Becke-3 parameter exchaf@?° functional and the Lee-Yang-Parr non-local
correlation functiondf (B3LYP) implemented in the Gaussian 09 (Revisiof1 program
suite’* using the 6-311G+(d,p) basis set and the defaultergence criterion implemented in

the program. The figures were generated with Gaess%8.0.

2',8'-dibromo-2,2",7,7"-tetrakis(1,1-dimethylefpRispiro[9H-fluorene-9,6'(12)-
indeno[1,2b]fluorene-12',9"-[}H]fluorene] OSF-IF(t-Bu)4Br,) was synthesized as
previously described.The synthesis and the characterization of theypsecDSF-IF(t-Bu)4

can be found in previous works.

Compound 1 A schlenk flask was charged with DSF4HB{u),Br, (0.023 g, 0.024 mmol)

and 2 equiv. N-(4-ethynylphenyl)-3,4,5-tris(hexagdegy)benzamide (0.057 g, 0.060 mmol)
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and n-propylamine (10 mL). The mixture was degaseia argon. Pd(PR)y (10 mg) was
then added and the mixture was stirred at 60 °CGniaylet. The solvent was evaporated in
vacuo, water was added to the residue and the grodhs extracted with dichloromethane.
The organic layer was washed with water and fitteo®er hygroscopic cotton wool and
evaporated. The residue was purified by column chtography on silica gel using GEl,

as eluent. The residue was precipitated from diohh@thane/methyl alcohol to give 0.030 g
(46 %) of white solid'H NMR (CDCk, 300 MHz, ppm) 7.80 (4H, d,J = 7.8, ArH), 7.68 (s,
2H, NH), 7.62-7.51 (m, 6H, ArH + ABsys), 7.50-7.@6, 10H, ArH + ABsys), 7.19 (s, 2H,
ArH), 7.00 (s, 4H, ArH), 6.86 (s, 2H, ArH), 6.74H4d, J = 1.8 Hz, ArH), 4.10-3.95 (m,
12H, OCH), 1.90-1.64 (m, 12H, C#)\, 1.57-1.39 (m, 12H, C#), 1.39-1.25 (m, 144H), 1.19
(s, 36H, CH (tBu)), 0.90-0.85 (m, 18H, G} *C NMR (CDCk, 75 MHz, ppm)s 165.6
(C=0), 153.4 (Cq), 151.1 (Cq), 150.2 (Cq), 148.6)(A41.8 (Cq), 141.75 (Cq), 141.5 (Cq),
139.4 (Cq), 138.0 (Cq), 132.4 (CH), 131.2 (CH), .B2&q), 127.1 (CH), 125.25 (CH), 120.9
(CH), 120.3 (CH), 119.75 (CH), 119.4 (CH), 116.1H)C 105.9 (CH), 90.2 (€C), 73.7
(OCH,), 69.6 (OCH), 66.1 (Cspiro), 35.0 (Cq), 32.1 (&K 31.6 (CMe), 30.45 (Ch), 29.9
(CH,), 29.816 (CH)), 29.7 (CH), 29.5 (CH), 26.2 (CH), 22.8 (CH), 14.3 (CH); HRMS
(ESI', CH,CI,/CHsOH: 70/30) : Found : 2681.0530 (0 ppm) [M+Na]+, @@%09 (0 ppm)
[M2+Na]+, 964.8106 (1 ppm) [M3+Na]+; required fBtseH26gN20s: 2658.06; IR (ATR, cm

) v = 3302 (NH), 2955, 2919, 2851, 1646 (C=0), 15&,5] 1494, 1467, 1426, 1404, 1362,
1336, 1291, 1260, 1237, 1206, 1180, 1115, 1020, 820vis (CH,Cl,): A nm €, M™t.cm?)

341 (79000), 379 (110000), 399 (113000).
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