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This work describes the rich self-assembly behavior obtained by grafting a pyrazole-derived platform at
the focal point of poly(benzyl ether) dendrons. Liquid crystals and supergels made out of fibers are
obtained by supramolecular organization of non-discoid entities, and they notably increment the photo-
luminescence in these aggregated states (Aggregation-Induced Emission, AIE). The novel focal point,
which is derived from 3,5-dimethyl-4-phenyl-1H-pyrazole, shows great tendency to arrange both
wedge-shaped or cone-shaped dendrons in columnar arrangements by the formation of supramolecular
polymers by hydrogen-bonding following the cylinder model. Two different linkers, amide or ether
groups, connecting with the pyrazole-based apex are investigated, obtaining similar mesomorphic
behavior, but different luminescent properties. A combined study of NMR, IR and X-ray diffraction allows
establishing analogies between the fiber mesoscopic organization and the columnar organization in the
liquid crystalline phase.
� 2022 The Authors. Published by Elsevier B.V. This is an open access articleunder the CCBY license (http://

creativecommons.org/licenses/by/4.0/).
1. Introduction

In the search for functional soft materials, liquid crystals (LCs)
are singular examples in which molecular units self-assemble by
means of non-covalent interactions in controlled organizations at
the nanoscale.[1–2] This ability, linked to the vast possibilities of
molecular design, highlights their great potential to develop
novel stimuli-responsive materials.[3–5] Self-assembly that pro-
vide LC order may also manifest in other types of soft materials,
such as in molecular gels.[6] Nevertheless, combined studies on
molecules with dual LC and gel behavior to help rationalize the
design of soft materials from the nano to the macroscale are
scarce.[7–8]

Dendritic structures own excellent characteristics for the
self-assembly in LC phases[9–10] or gels.[11–13] This is because
dendrimers and dendrons are regularly branched polymers with
vast possibilities of functionalization at their different regions
(apex or focal point, dendritic middle region, periphery) boosting
intermolecular interactions within a controlled structure.[14–15]
In this respect, a few dendrimers[16–21] and dendrons[22–24]
are reported to show both LC and gel behaviors.
From the variety of dendritic structures, poly(benzyl ether)
dendrons with terminal long chains (Percec-type dendrons) are
reported to self-assemble into complex systems with cylindrical
or spherical shapes mimicking natural nanostructures, like the
ones found in viruses.[25–27] These assemblies are related with
columnar or cubic LC phases, and they have been found in poly
(benzyl ether) dendrons with varied focal points such as car-
boxylic acids,[28–30] methyl esters,[28,30] metal carboxylates,
[29] alcohols,[28,30–32] aminoacids,[33] crown ethers,[30,34]
oligo(ethylene) oxide;[29,35] phenol,[36] disulfide,[37] carbalde-
hyde,[32] fullerene,[32] carbazole[38] or pyrene[39–40] deriva-
tives; or precursory groups for dendronized polymers such as
styrene or methacrylate.[41] On the other hand, organogel
behavior has been described with dipeptides at their apex.
[42–43] Not only the dendritic structure, but also the functional
apex is important to modulate the supramolecular interactions
involved in the assembly process of these monodendrons.[30].

This behavior makes the referred dendrons highly appealing for
stimuli-responsive soft materials. In particular, light emission can
be combined with anisotropy, fluidity and self-healing properties
of the LC phase, or either be influenced by the sol–gel transition
of molecular gels. In this way the luminescence of the soft material
can respond upon changes in the molecular assembly.[44–46]
Unfortunately, many classical luminophores quench their emission
in their aggregated state at high concentrations or in the solid
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state, which made not feasible to attain this property. In order to
avoid the undesired quenching, there are some molecular
structures that show the opposite effect, called ‘‘Aggregation-
Induced Emission‘‘ AIE,[47–48] that is the increase of luminescence
upon aggregation. Despite the AIE effect has been documented in
LCs, it has not been studied in LC dendrons.[49].

Among different photoluminescent (PL) platforms, 4-aryl-3,5-
dimethyl-1H-pyrazole combines hydrogen bonding abilities[50]
with AIE characteristics in soft matter.[51–52] The inclusion of
pyrazole at the apex of a dendritic structure, albeit unexplored,
should be feasible to obtain supramolecular LC and gels that poten-
tiate their luminescence in the aggregated state. Here it is reported
the synthesis, self-assembly and PL properties of these novel pyra-
zole dendrons incorporating different structural variations, among
them two different linkers (amide or ether series, Fig. 1) in order to
further modulate the supramolecular interactions and to analyze
the influence on the properties. A combined study of NMR, IR
and X-ray diffraction in the LC and gel states is performed aiming
at establishing analogies between these two classes of soft
materials.
4-3,4,5-C10-AHPz: R1=R3=H, R2= OC10H21

4-3,4,5-C12-AHPz: R1=R3=H, R2= OC12H25

3,4,5-3,4,5-C10-AHPz: R1=R2=R3= OC10H21

3,4,5-3,4,5-C12-AHPz: R1=R2=R3= OC12H25

4-3,4,5-C10-EHPz: R1=R3=H, R2= OC10H21

3,4,5-3,4,5-C10-EHPz: R1=R2=R3= OC10H21

AMIDE SERIES

ETHER SERIES

Fig. 1. Chemical structures of the dendronized pyrazoles studied in this work.
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2. Results and discussion

2.1. Synthesis and characterization

Pyrazole dendrons were synthesized by modification of the
apex of dendronized benzoic acids or benzyl alcohols following
Scheme S1. All experimental procedures and characterization data
are collected in the Supporting Information file. Amide series were
prepared by an amidation reaction of the precursory dendritic
acids with 4-(4-aminophenyl)-3,5-dimethyl-1H-pyrazole using N,
N-dicyclohexylcarbodiimide (DCC) and (dimethylamino)pyri-
dinium p-toluenesulfonate (DPTS). Ether series were prepared by
reacting dendritic benzyl alcohols with 3-(4-hydroxyphenyl)-2,4-
propanodione by Mitsunobu reaction, and subsequent synthesis
of the heterocycle using hydrazine hydrate. Chemical structures
were confirmed by NMR, mass spectrometry and elemental
analysis.

1H NMR spectra also allow us to extract information about the
structure of the dendrons in solution, by analyzing the signals cor-
responding to the methylenoxy protons (3.5–4 ppm).[28] In this
region 4–3,4,5-substituted dendrons show two superimposed tri-
plets in a relationship 4:2 in both series. These spectra are in accor-
dance with a free rotation of the benzyloxy groups in a flat-wedge
conformation of the dendron (Fig. 2a). On the other hand, for the
3,4,5–3,4,5-substituted dendrons of both series 1H NMR spectra
show a multiplet, and a triplet at higher fields in a relationship
14:4 (Fig. 2b). This triplet (3.76 ppm) belongs to Hr’’’ and the shift
to higher fields is due to the fact that Hr’’’ is close to the anisotropic
shift region of the phenyl rings in 3,5 positions, suggesting a bulky
cone conformation.[28] Thus, regardless of the series, dendrons
with three terminal chains have a wedge-shaped conformation
and dendrons with nine terminal chains exist as a cone conforma-
tion. In addition, as Hr’’ signals belonging to the outer rings appear
for 3,4,5–3,4,5-C10-EHPz at slightly higher fields (3.87 ppm) than
for the corresponding amide compound 3,4,5–3,4,5-C10-AHPz
(3.88 ppm), the ether compound seems to be in a bulkier cone con-
formation than the amide analogue.
2.2. Self-assembly in bulk: LC behavior

The thermal stability of the compounds was analyzed by ther-
mogravimetric analysis (TGA) and their mesomorphic properties
studied by polarized optical microscopy (POM), differential scan-
ning calorimetry (DSC) and X-ray diffraction (XRD). All synthesized
dendrons show high thermal stability and LC behavior, and this is
independent of the number of terminal chains or their length (C10
or C12). In general, amide series show higher transition tempera-
tures than those of the corresponding ether compounds as conse-
quence of their ability to establish additional hydrogen bonds.
Main differences in their thermal behavior come from the number
of terminal chains (Tables 1 and S1). Microphotographs of the
mesophases, DSC thermograms and XRD images are shown in
Fig. 3 and Figs. S1-S3.

C10 dendrons with 4–3,4,5- substitution are semicrystalline
materials and show enantiotropic Colh mesophases, with clearing
points higher for the amide compounds 4–3,4,5-C10-AHPz
(130 �C) and 4–3,4,5-C12-AHPz (134 �C) than for the ether ana-
logue 4–3,4,5-C10-EHPz (85 �C). A glass transition (Tg) is observed
in the subsequent cooling/heating cycles, corresponding to a vitri-
fication of the Colh as consequence of the loss of conformational
freedom of the alkyl tails, keeping the hexagonal order at room
temperature (glassy Colh or Colh(g)). A longer length of the terminal
chains (going from C10 to C12) does not favor the LC properties as
the melting point increases. However, the LC temperature range is



Fig. 2. 1H NMR signals in the region of methylenoxy protons of a) 4–3,4,5-substituted compounds. See at the bottom a representation of the wedge-shaped conformation for
amide series. b) 3,4,5–3,4,5-substituted compounds. See at the bottom a representation of the cone-shaped conformation for amide series.

Fig. 3. Textures of the mesophases observed at POM on cooling at 98 �C (a), or at 90 �C (d). DSC traces (b,e, black: 1st cycle at 10 �C min�1, red: 2nd cycle 10 �C min�1, blue:
cycle at 2 �C min�1). XRD diffractograms (low angle region) at 20 �C (c) and 125 �C (f). (For interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)
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the same (59 �C) for both compounds on second heating after
vitrification.

An increase in the number of terminal chains of the dendron
from three to nine favors crystallization. Thus, 3,4,5–3,4,5-
substituted dendrons are crystalline solids that melt directly to iso-
tropic liquid and show the LC phase only on cooling (monotropic
mesophase). Moreover, the LC phase is quite unstable upon cooling
and partially crystallizes in the cooling cycle and successive heat-
ing cycles, being the crystallization faster for amide series than
for the ether series. Nevetherless, XRD experiments performed at
high temperatures arise diffractograms compatible with a hexago-
nal columnar phase (see below). For this substitution an increase in
the length of the terminal chains from C10 to C12 does not have a
relevant effect on the thermal behavior.

XRD diffractograms of the LC phases are compatible with
columnar mesophases with hexagonal symmetry for all com-
pounds. In all diffractograms a diffuse halo at high angles corre-
sponding to an average distance of 0.46 nm typical of LC phases
is observed. In addition, several reflections in a reciprocal relation-
ship characteristic of a hexagonal lattice were measured at small
angles (Table S2, Fig. 3c, f and Fig. S3). In the high angle region only
a diffuse halo is observed for all cases, which means the lack of
intracolumnar order, and confirming the LC nature of the phase.

With the information collected from the XRD experiments a
model for the supramolecular organization of dendrons in the
mesophase is inferred. As explained in the characterization section,
a single dendron has a wedge-shape or cone shape in solution,
therefore does not meet the characteristics to form a discoid struc-
ture as occurs in columnar phases of discotic LCs. However, several
non-discoid molecules can aggregate to give a columnar
arrangement.

The lattice parameter values (a in Table 1) do not substantially
change on increasing dendron substitution, and show a slight
decrease, pointing to a self-assembly model in cylinders in which
several dendrons can be accommodated radially with varied num-
ber of dendrons along the cylinder axis. For comparison purposes
based on this model, if a reasonable average density value close
to 1 g cm�3 is assumed, the calculated number of molecules in a
cylinder of thickness h = 0.46 nm vary from around six dendrons
for the 4–3,4,5-substitution to around three dendrons for the
3,4,5–3,4,5-substitution (Z in Table 1). That is, the number of den-
drons decreases with the increased number of peripheral chains.
Lattice parameters are similar in both series, being slightly smaller
in the ether compound than the analogous amide for the 3,4,5–3,
4,5-substitution, and this could be related with the more flexible
conformation of the ether compounds.

Cone-shaped dendrons have been described to show cubic
phases,[28] complex tetragonal 3D phases,[53] or quasicrystals
[54] over the hexagonal columnar phase. Here, cubic or more com-
plex phases have not been observed, although the low stability of
the observed mesophases precludes a definite conclusion with
the performed experiments.
Table 1
Thermal and XRD data for the pyrazole dendrons.a.

Compound Td (�C) Tm (�C)

4–3,4,5-C10-AHPz 278 78
4–3,4,5-C12-AHPz 282 142
4–3,4,5-C10-EHPz 274 59
3,4,5–3,4,5-C10-AHPz 300 132
3,4,5–3,4,5-C12-AHPz 318 127
3,4,5–3,4,5-C10-EHPz 291 99

a Td: decomposition temperature corresponding to a 5 % weight loss by TGA. Tm: melt
glassy Colh (Colh(g)) to the Colh mesophase (taken at DSC second heating cycle). Ti: temp
lattice parameter for the Colh mesophase. Z: number of dendrons per columnar stratum
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The formation of hexagonal columnar mesophases from conical
dendrons is not frequent, but it has been reported previously by
polymerization of conical dendrons reaching high degree of poly-
merization, which then adopt a cylinder model.[25,41] In the cylin-
der, it is suggested that the conical dendrons get distorted into a
flat wedge-shape that allows a columnar mesophase arrangement.

Here, for the column formation there is a segregation between
the bulky apolar dendron periphery and the polar part of the apex,
that is the amide and pyrazole groups. This is confirmed in their
FTIR spectra, which show that amide and pyrazole groups are
engaged in hydrogen bonds. Thus, they show NAH stretching
bands of pyrazole (ca 3190 cm�1) and NAH (3280 cm�1) and
C@O (1650 cm�1) stretching bands of amide groups in the associ-
ated region (Table S3). In the proposed assembly model the mole-
cules interact by hydrogen bonding at their focal points forming a
supramolecular polymer, and extend the dendritic backbone radi-
ally (Fig. 4).

In view of the PL properties of the focal point, the AIE behavior
of the novel dendronized pyrazoles in the obtained assemblies was
studied. The PL spectra were recorded in dilute tetrahydrofuran
(THF) solutions and in thin films (Table 2). Clear differences were
observed depending on the series (Fig. 5).

Amide series show a weak emission band in the UVA region
(354–358 nm) in diluted THF by excitation at the absorption max-
ima. The quantum yield (QY) is very low (estimated to be less than
0.1 %). However, in thin film the emission is shifted to the blue
region (433–444 nm) and the quantum yield increases two orders
of magnitude (about 11–14 %), with no important differences
depending on the substitution. Ether series show one emission
band in the UVA region in thin film (338–340 nm) similar to the
diluted solution, and their quantum yield is much lower (2–3 %).
Thus, dendronized pyrazoles show clear differences in PL proper-
ties depending on the series, and amide series behave as AIE LCs.

2.3. Self-assembly in solvents: Gel behavior

In order to evaluate the potential of these materials for dual LC/
gel behavior, the gel-forming abilities of the dendronized pyrazoles
were tested in different solvents at a concentration of 5 wt%. Amide
series were found to gel ethyl acetate and low-polar solvents such
as dodecane and cyclohexane, whereas ether series gave rise to
precipitates in these solvents. In polar solvents such as acetone
and ethanol all compounds were non-soluble. Supergelator behav-
ior was found for amide series in cyclohexane as a minimum gela-
tor concentration was found to be below 1 wt%. They were 0.4 wt%
for 4–3,4,5-C10-AHPz, 0.5 wt% for 4–3,4,5-C12-AHPz and 0.2 wt%
for 3,4,5–3,4,5-C10-AHPz and 3,4,5–3,4,5-C12-AHPz. Overall, the
alkyl length does not seem to affect gelation concentration but
gelation ability is favored by the increase in alkyl substitution.

Gels in cyclohexane were transparent for 4–3,4,5-substitution
and translucent for 3,4,5–3,4,5-substitution. The morphology of
the xerogels was studied by POM, SEM and TEM. Birefringent
Tg (�C) Ti (�C) a (nm) Z

71 130 5.17 5.8
75 134 5.36 5.9
44 85 5.18 6.0
– 122 4.95 2.9
– 121 5.31 3.0
20 97 4.86 2.8

ing point (taken at DSC first heating cycle). Tg: temperature of the transition from a
erature of the transition from a Colh mesophase to the isotropic liquid. a: measured
of thickness 0.46 nm.
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h

a

h

Fig. 4. Model for the self-assembly of the pyrazole dendrons in the LC phase
following a cylinder model (wedge-shape and cone-shape represent the confor-
mation of an isolated dendron). This is an idealized model and does not necessarily
imply that there are discrete discs of thickness 0.46 nm containing six (or three)
molecules. This is an average number and it would also be possible to describe the
structure as twice that number, i.e. twelve (or six) molecules, filling a cylinder of
height 0.92 nm.
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fiber-like areas distributed in the optically isotropic solvent media
were observed at POM between crossed polarizers (Fig. 6a–b).
Xerogels analyzed by TEM and SEM gave rise to fibrillar networks
with a width distribution between 35 and 65 nm, and they were
intertwinned forming thicker fibers up to 330 nm width (Fig. 6c–
d). TEM studies were carried out at a lower concentration and, even
though huge amount of fibers precluded a correct observation, this
indicates that fibers exist at very low concentrations.

In addition, gels exhibit a similar light emission to the LCmateri-
als, exhibiting a broad emission band in the blue-violet region of the
visible spectra,with amaximumaround440nm.Uponheating there
is a change to the sol state observing adecrease in the intensity of the
emission while keeping a similar wavelength. This change in emis-
sion is more abrupt for the 3,4,5–3,4,5-substitutions (Fig. 6e and
Fig. S4). Fig. 6f shows this effect for 3,4,5–3,4,5-C10-AHPz. It is
observed that upon initial heating the emission band barely
changes. After heating over Tgel (45 �C) thematerial becomepartially
gelledandstart toweaken theemission, andbetween50 �Cand60 �C
a suddendecrease in emission is produced that can be attributed to a
Table 2
UV–vis and PL data.

Compound kabs
THF (nm) k

4–3,4,5-C10-AHPz 283, 300sh 3
4–3,4,5-C12-AHPz 285, 303sh 3
4–3,4,5-C10-EHPz 275, 282 3
3,4,5–3,4,5-C10-AHPz 286 3
3,4,5–3,4,5-C12-AHPz 289 3
3,4,5–3,4,5-C10-EHPz 281 3
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break-upof thefibrillar network in the sol state. Upon cooling the sol
state at roomtemperature the gel state doesnot reform immediately
but after 24 h and the luminescence increases upon forming the gel
(Fig. S5). This indicates that the compound showsa reversible gel-sol
behavior with aggregation-induced emission (AIE), as the increase
in emission is not due to the effect of lowering the temperature.
The increase is estimated to be significative, about two orders of
magnitude. This is particularly desired for functional materials
required to be emissive in the aggregated state instead to the com-
monly found quenching of luminescence. The increase in emission
takes place as consequence of fiber formation. A similar effect, con-
sistent with the postulated AIE property, was obtained by compar-
ison with a THF solution which is barely luminescent at 0.5 wt%,
the same concentration of gel formation (Fig. S6).

In order to analyze the supramolecular interactions involved in
the formation of the cyclohexane gel of 3,4,5–3,4,5-C10-AHPz at
0.5 wt%, the material was studied by IR and NMR spectroscopy.
IR spectroscopy allows to evaluate the association mode of the
amide and pyrazole functional groups in gel state. For this reason,
the IR spectra of the isolated molecules were measured in a
dichloromethane solution at 0.5 wt% and compared with the cyclo-
hexane gels at the same concentration (Fig. S7). In dichloro-
methane the IR spectrum shows a band at 3450 cm�1 for the NH
stretching and a band at 1678 cm�1 for the C@O stretching vibra-
tion, characteristic of non-associated amide groups. However, the
IR spectrum of the gel state shows bands at 3257 cm�1 and
1642 cm�1, indicating that the amide group is associated by hydro-
gen bonding. Moreover, a band around 3170 cm�1 is also observed,
and this indicates that the NH of pyrazole is also involved in hydro-
gen bonds.

1H NMR spectra at room temperature show only a few broad
signals (Fig. 7a). This is a typical behavior for gels, where the
extended supramolecular network reduces significantly the mobil-
ity of the molecules and the observed signals are due to some iso-
lated molecules or small aggregates in solution [55].

On heating it is observed an increase in resolution, thus, the sig-
nals corresponding to the aromatic protons, the methylene groups
close to the phenyl rings and the methyl substituents of the pyra-
zole ring sharpen and shift toward lower fields. This indicates a
decrease of the p-stacking that gives a deshielding of protons with
temperature. Aromatic protons closer to the amide group and the
amide NH proton shift in the opposite direction, which is explained
by the breakage of the hydrogen bonds by increasing temperature.
The greatest variation is observed for the amide NH proton, which
changes from 8.24 to 7.55 ppm. This indicates that the gel also
stablishes hydrogen bonding interactions between the closest
dendrons.

The 1H NMR study allows to observe that the temperature at
which the spectra starts to be resolved is in agreement with the
temperature at which the luminescence drops (Fig. 6e), consistent
to be due to the breakage of the gel architecture.

To study further the self-assemblies that give rise to this kind of
gels a Saturation Transfer Difference (STD) NMR experiment was
performed. This technique has been used to propose interaction
models for the molecules in the gel state.[56–57] STD spectra show
signals for all protons (Fig. 7b), demonstrating the existence of a
em
THF (nm) kem

film (nm) QYfilm (%)

56 442 11
54 441 12
36 338 2
54 441 14
55 444 11
34 340 3



Fig. 5. UV–vis absorption spectra in 10-5 M THF solution (black line), PL spectra in 10-6 M THF solution (blue line) and PL spectra of a LC thin film (orange line) for a) 4–3,4,5-
C10-AHPz and b) 4–3,4,5-C10-EHPz. Inset: thin film irradiated with a UVA lamp (365 nm). (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Fig. 6. Gels in cyclohexane at 0.5 wt%:a-b) microphotographs under polarized light, c) TEM image, d) SEM image, e) variation of PL intensity with increased temperature, f) PL
spectral changes upon heating the 3,4,5–3,4,5-C10-AHPz gel to the sol state, and picture of the gel irradiated with a UVA lamp (365 nm).
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rigid matrix that allows the magnetization transfer to be possible.
The maximum STD signal was found for the methyl signals (Ha),
followed by the closest aromatic protons to the pyrazole ring He,
Hf and Hk. Weaker STD signals were observed for the benzyl pro-
tons and the aromatic protons of the outer phenyl rings. This sug-
gests that the aromatic part of the poly(benzyl)ether dendron is
less exposed to form intermolecular interactions in the gel struc-
ture, probably due to a cone conformation. The solvent signal also
shows STD signal so the molecules of solvent also play a role in the
gel structure, probably by intercalation with the outer hydrophobic
tails.
6

On the other hand, NOESY experiments have been also carried
out to collect information on the gelation process. Due to the low
concentration of mobile molecules in the gel, the only information
provided is that all the cross peaks are negative (slow rotational
tumbling), which supports the existence of supramolecular struc-
tures in exchange with the rigid matrix gel (Fig. S8).

In order to study if there exists any mesoscopic organization in
the gel fibers a XRD study was tried for higher concentration cyclo-
hexane gels (5 wt%). The obtained diffractograms (Fig. S9) show
two maxima in the low angle region that can be indexed to a 2D
hexagonal lattice (Table S4). These maxima are very weak, which



25 oC

35 oC

45 oC

55 oC

65 oC

75 oC

a) b)

61%     43%
61%

33%

21%
21%                 23%

100%

25%

34%

Off resonance

STD

Fig. 7. 1H NMR spectra of 3,4,5–3,4,5-C10-AHPz in cyclohexane d12, 0.5 wt%. a) at variable temperature. b) Overlay of off-resonance (blue) and STD (black) spectra at 325 K
and their corresponding percentage of STD according to the assignment depicted in the structure above. (For interpretation of the references to colour in this figure legend,
the reader is referred to the web version of this article.)
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can be due to the low gelator content in the materials. Moreover, in
the high angle region a diffuse halo is observed at 0.46 nm, and this
is related to the scattering of solvent molecules trapped in the gel
network and the alkyl tails of the dendrons in a conformational
disordered state. The existence of Bragg reflections in the gel at
5 wt% allows to investigate molecular order in the single fibres,
which then pack to form larger bundles. From these data we infer
that gel exhibits a similar hexagonal columnar organization to the
LC phase found in bulk. The network parameter of the gels are lar-
ger than for the LC phase, e.g. for 3,4,5–3,4,5-C10-AHPz is
a = 6.04 nm in gel state vs a = 5.31 nm in the LC phase. An estima-
tion of the number of molecules similar to previously done consid-
ering a columnar stratum of thickness 0.46 nm, and supposing that
the density of the material is about 0.78 g cm�3 (cyclohexane den-
sity), yields that the number of molecules is six or three, similar to
the LC phase. Therefore, we propose a similar organization to the
LC Colh phase but here the solvent would be also interacting with
the peripheral alkyl tails making larger the lattice parameter.

In this model, and similarly to the organization schematized in
Fig. 4 for the LC phases, dendrons interact at their apex allowing
hydrogen bonding between amide and pyrazole groups in such a
way that six or three dendrons give rise to a cylindrical structure
formed by a polar core and alkyl tails and solvent at the periphery.
This stratum propagates and associates with other columns giving
rise to fibrils that form fibers whose network is able to efficiently
entrap cyclohexane molecules forming the gel. Moreover, this gel
assembly is able to enhance luminescence by two orders of
magnitude.
3. Conclusions

This work unprecendentedly shows the rich self-assembly
behavior obtained by grafting a pyrazole-derived platform at the
focal point of poly(benzyl ether) dendrons. These dendrons are
novel pyrazole LCs.[58] Moreover, the selected pyrazole-derived
groups promote LC behavior with AIE properties, and extend sim-
ilar mesoscale self-assembly in gels.

By analyzing different structural variations at the dendritic scaf-
fold it is observed that, depending on the number of terminal
chains, wedge-shaped of cone-shaped conformations are obtained
in solution. In this respect, the novel pyrazole-based focal point
7

exhibits great tendency to arrange dendrons of both conformations
in columnar mesophases. In the mesophase, the non-discoid enti-
ties aggregate in cylindrical assemblies in which the focal points
interact by hydrogen bonding in the inner region. Similarly, den-
drons form supramolecular polymers by hydrogen bonding with
similar organization to the LC state in cyclohexane gels.

Amide linker between the focal point and the dendritic scaffold
show better performance than the most commonly used ether lin-
ker in poly(benzyl ether) dendrons. Thus, amide series stabilizes LC
behavior and induces supergel behavior, in addition to AIE and a
luminescence shift from the UVA region to the blue part of the vis-
ible region, with similar behavior in both LC and gels.

These results showcase that the self-assembly of dendrons in LC
phases can be extended to the organization in solvents for the
development of novel stimuli-responsive soft matter that is able
to exhibit luminescence changes depending on the sol–gel or
aggregated states.
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