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Two novel series of codendrimers constituted by the grafting of poly(propylene imine) PPI-
(NH2)16 (G = 3) with aromatic acids substituted with fluorinated and perhydrogenated chains in
different proportions have been synthesized and their liquid crystalline properties have been
investigated. Series I is generated by the ionic attachment of 4-decyloxybenzoic acid and
4-(1H,1H,2H,2H)-perfluorodecyloxybenzoic acid in different proportions. Series II results from
the ionic junction of eight units of 3,4-didecyloxybenzoic acid or 3,4,5-tridecyloxybenzoic acid and
eight units of 4-decyloxybenzoic acid or 4-(1H,1H,2H,2H)-perfluorodecyloxybenzoic acid. The
liquid crystalline behavior has been investigated by means of differential scanning calorimetry
(DSC), polarizing optical microscopy (POM), and X-ray diffractometry (XRD). All codendrimers
exhibit smectic A mesomorphism. Besides, two compounds belonging to series I present uncommon
mesophases originated by the incompatibility of the fluorinated and perhydrogenated chains. On the
basis of the experimental results, a supramolecular model is proposed. AFM experiments on some of
the compounds were also performed to investigate their surface aggregation behavior.

Introduction

Supramolecular organization originated by self-assem-
bly processes represents one of the most thriving topics of
research related to dendrimers.1 The high number of
functional groups that these molecules contain at their
periphery allows, by means of a well selected functiona-
lization, to design novel supramolecular architectures.
This is of particular importance in the liquid crystal field,
where the mesomorphic order is affected by subtle
changes in the intra- and intermolecular interactions.2

Many liquid crystal dendrimers contain mesogenic units
attached covalently to the dendrimer core, but recently
noncovalent interactions, especially the ionic linkage,3

has attracted increasing interest due to the versatility and
simplicity involved in the synthesis of these materials.

On the other hand, the introduction of fluorine in
organic compounds can drastically affect their physical
and chemical behavior, giving materials with interesting
applications.4 In the liquid crystal field, incorporation of
fluorinated chains have promoted great attention because
of their special properties such as lower viscosity, en-
hanced chemical, thermal, and mesomorphic stability,
reduction of flexibility, and the possibility of introducing
additional dipole moments.5 The incompatibility of
fluorocarbons with aliphatic hydrocarbons produces
their segregation into distinct microdomains, and this
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fact promotes the apparition of mesomorphic properties
due to self-assembly of these different molecular units.6

Some frustrated7,3a or modulated phases8 have been
found in these kind of systems.
Although liquid crystalline fluorinated aromatic den-

drons have been broadly explored by Percec,9,6c,2a few
examples involving dendrimers have been reported to date.
In this way, Frey and co-workers10 presented the synthesis
and characterization of a series of four carbosilane dendri-
mers bearing 4, 12, 36, and 108 C6F13 end groups which
exhibited liquid crystal properties depending on the den-
drimer generation. Tschierske and co-workers11 reported
the stabilization of the liquid crystal behavior in the first
generation of a pentaerythritol tetrabenzoate dendrimer
when fluorinated chains are incorporated in the dendrimer
structure. Our group has previously described the meso-
morphic behavior of a series of ionic dendrimers derived
from PPI and PAMAM functionalized with a semifluori-
nated carboxylic acid.12 We have recently reported the
apparition of a frustrated smectic mesophase when the
third generation PPI dendrimer is ionically substitutedwith
perhydrogenated and semifluorinated chains in different
proportions. In this case the competition of both substitu-
ents to control the supramolecular organization of the
molecules produces particular mesomorphic properties.3a

On the other hand, we observed that the introduction of
three decyloxy units in a rigidmoiety, namely, benzoic acid,
produces columnar phases by the ionic junction of this
aromatic acid to the surface of PPI dendrimers of the first
five generations.13

In order to investigate the influence that the incorpora-
tion of a rigid moiety to the structure of the fluorinated
acids exercises in the liquid crystal properties of these
dendrimers, we present here the mesomorphic properties
of two series of ionic codendrimers (Scheme 1). The first
series is produced by the ionic attachment of 4-decylox-
ybenzoic acid and 4-(1H,1H,2H,2H)-perfluorodecyloxy-
benzoic acid in different proportions to the poly(propyl-
eneimine) dendrimer (PPI) of the third generation (series I).
The second series is constituted by four ionic dendrimers
containing eight units of 3,4-didecyloxybenzoic acid or
3,4,5-tridecyloxybenzoic acid and eight units of 4-decylox-
ybenzoic acid or 4-(1H,1H,2H,2H)-perfluorodecyloxyben-
zoic acid (series II). This series has been designed to analyze
the influence of the tail chain contents of the aromatic acid
in the mesomorphic properties. Apart from thoroughly
investigating theirmesomorphic properties, somematerials
have been studied by atomic force microscopy (AFM) to
investigate their surface aggregation tendency.

Materials and Methods

PPI-(NH2)16 dendrimer was purchased from SyMO-Chem

BV (Eindhoven, The Netherlands). Methyl (3,4,5-trihydrox-

y)benzoate, ethyl (3,4-dihydroxy)benzoate, 4-decyloxybenzoic

acid, and 1-bromodecane were purchased from Aldrich.

1H,1H,2H,2H-Perfluorodecanol was purchased from Lancas-

ter. 4-Decyloxybenzoic acid was recrystallized from ethanol

before use. The rest of reagents were used as received.

The infrared spectra of all the compounds were obtained with

a Nicolet Avatar 360 FTIR spectrophotometer in the 400-
4000 cm-1 spectral range using KBr pellets and NaCl cells.
1HNMRwasperformedonaBrukerAVANCE400 spectrometer

Scheme 1. Synthetic Route for Ionic Dendrimers: Series I and Series IIa

a IR and NMR spectroscopy, together with elemental analysis, reveal the correct formation of the ionic dendrimers (series I and II).
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and on a Bruker AVANCE 300 spectrometer. 13C NMR was

performed on a Bruker AVANCE 400 spectrometer operating at

100 MHz. 19F-NMR experiments were carried out on a Bruker

AVANCE 400 spectrometer operating at 376 MHz and on a

Bruker AVANCE 300 spectrometer operating at 282 MHz.

Mesogenic behavior and transition temperatures were deter-

mined using an Olympus BH-2 polarizing microscope equipped

with a Linkam TMS91 hot stage and a CS196 hot-stage central

processor. DSC-MDSC TA Instruments 2910, Q-1000 and

Q-2000 equipments were used to execute differential scanning

calorimetry (DSC) experiments. Samples were sealed in alumi-

num pans, and a scanning rate of 10 �C/min under a nitrogen

atmosphere was used. Three cycles were carried out. The first

cycle was performed up to temperatures 50 degrees below the

isotropization process to avoid decomposition of the materials.

The second and third cycles were performed until the isotropi-

zation temperature. Temperatures were taken at the maximum

of the transition peaks in the first heating scan. Thermogravi-

metric analysis (TGA) was performed using a TA Instruments

STD 2960 simultaneous TGA-DTA at a rate of 10 �C min-1

under argon atmosphere.

The XRD experiments were performed in a pinhole camera

(Anton-Paar) operating with a point-focused Ni-filtered

Cu-KR beam with a cross section of 1 mm2. Lindemann glass

capillaries with 1 mm diameter were used to contain the sample.

When necessary, a variable-temperature oven was used to heat

the sample. The capillary axis is perpendicular to the X-ray

beam and the pattern is collected on flat photographic film

perpendicular to theX-ray beam.Bragg’s lawwas used to obtain

the spacings.

The AFM experiments were performed by using amultimode

extended microscope with Nanoscope IV electronics from Vee-

co. The AFM tip used was made of silicon with a resonance

frequency of 265 kHz and a force constant of 40 N m1-. The

scanning rate was 1 Hz, and the amplitude set point was lower

than 1 V. All images were obtained at room temperature and in

ambient atmosphere using the tapping mode. Samples were

prepared by solvent (CF3CH2OH) casting on freshly cleaved

mica at ambient conditions.

Results and Discussion

Synthesis and Characterization. Ionic codendrimers
(series I and II) were synthesized as follows (Scheme 1).

Amine-terminated PPI dendrimer of third generationwas

added to a solution of the corresponding acids in dry

tetrahydrofuran (THF), in the stoichiometry necessary to

functionalize all amine groups of the periphery. The

mixture was stirred for 4 h at 50 �C, and the solvent was

evaporated under vacuum to obtain the ionic compound.
FT-IR Study. The carbonyl stretching absorption

1685-1670 cm-1 band corresponding to fluorinated (ArF)
and nonfluorinated aromatic acids (ArH, ArH2, ArH3)
disappeared, and a new band corresponding to the asym-
metric stretching absortionof carboxylate group1550-1540
cm-1 appeared in ionic codendrimers (Figure 1).
NMR Study. Ionic dendrimers were studied by 1H

NMR spectroscopy. Samples consisting of each coden-
drimer were dissolved in DMSO-d6 and heated (90 �C)
when containing fluorinated acid. The appearance of the
signal at ∼2.62 ppm corresponding to [-CH2-NH3

þ]
and the absence of signal at 2.52 ppm related to

[-CH2-NH2] of PPI
14 confirmed the full formation of

the salts (Figure 2a).
Experimental percentage of each acid conforming the

codendrimers of series I and II was examined by 1HNMR.
In series I, signals corresponding to the protons of the
methylene group situated R to the oxygen (ArOCH2) in
4-decyloxybenzoate and 4-(1H,1H,2H,2H-perfluorodecy-
loxy)benzoate,whichappearat∼4.05ppmand∼4.40ppm,
respectively, were integrated. As it was expected for the
synthetic employed method, experimental and theoretical
integrated values agree (see Figure 2b and Figure S4 in the
Supporting Information). It is important to highlight that
the obtained ratio is an average, and the actual distribution
is statistical because these compounds have been prepared
at random.Moreover, their ionic nature prevents the use of
techniques such as gel permeation chromatography (GPC)
or matrix-asssisted laser desorption ionization-time-of-
flight (MALDI-TOF) mass spectrometry to precisely de-
termine the exact composition of each moiety in the
codendrimer. However, the distribution is expected to be
centered on the desired composition as supported by GPC
measurements in some series of covalent codendrimers
previously reported by us which were also prepared at
random.15

Thermal andMesomorphic Properties. The phase beha-
vior of the codendrimers was analyzed by polarizing
optical microscopy (POM) and differential scanning cal-
orimetry (DSC). Themesophases and transition tempera-
tures of the different compounds are gathered in Figure 3.
No accurate enthalpy value data can be given due to the
small area and broadness of the peaks. Compounds begin
to lose weight upon transition to the isotropic liquid
as observed by thermogravimetric analysis (TGA). In
fact, 5% of the weight is lost at around 200 �C (see the
Supporting Information). Therefore, the first cycle in

Figure 1. FT-IR in the range of carbonyl group for PPI (black), ArH
(green), ArF (red), and PPI-(ArF)8-(ArH)8 (blue).
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differential scanning calorimetry experiments was carried
out up to a temperature below the initial decomposition
temperature, and melting temperature data were taken
from this first heating cycle. The isotropization temp-
eratures were taken from POM observations. All coden-
drimers present liquid crystalline behavior and self-as-
semble in a smectic A mesophase, which was clearly
identified by the fan-shaped and batônnets textures ob-
served in POM (Figure 4). Moreover, as it will be
discussed below, an additional low-temperature meso-
phase (Sm~A) has been found for two codendrimers of
series I (x = 8, 12).
Two facts have been analyzed in relation to the thermal

behavior of these compounds: the nature of the substituent
attached to the dendrimer (fluorinated or perhydrogenated)

and the variation in the number of chains attached to the
aromatic coreof theperhydrogenatedacid (ArH,ArH2,ArH3).
Compounds of series I present largermesomorphic temp-

erature ranges when the contents in fluorinated moieties
(ArF) increases (Figure 3a). Similarly, higher clearing temp-
eratures are observed in series II upon increasing the
fluorine contents (Figure 3b). Thus, as expected, fluorinated
chains stabilize the liquid crystalline state.16

The number of chains attached to the aromatic core in
the perhydrogenated acid exercises a marked effect on the
isotropization temperature. In this way, PPI-(ArF)8(ArH)8
(series I) exhibits a higher clearing point than PPI-(ArF)8-
(ArH2)8 and PPI-(ArF)8(ArH3)8 (series II). When no

Figure 2. (a) 1H NMR of PPI and PPI-(ArF)2(ArH)14 in the range of the protons corresponding to CH2NH2 and CH2NH3
þ, respectively.

(b) Experimental (black) and theoretical (red) composition determined by the integration of signals corresponding to the methylene protons -OCH2-
from ArF and ArH of PPI-(ArF)16-x(ArH)x (series I) in

1H NMR experiments.

Figure 3. Mesomorphic behavior of the compounds of (a) series I (PPI-(ArF)16-x (ArH)x), (b) series II (I, PPI-(ArH)8(ArH2)8; II, PPI-(ArF)8(ArH2)8; III,
PPI-(ArH)8(ArH3)8; IV, PPI-(ArF)8(ArH3)8). C, crystalline phase; Sm~A, modulated phase. The Sm~A-SmA transition temperatures were deduced from
X-ray diffractionmeasurements. SmA, smectic A phase. SmA[1] phase coexisting with the partially decomposedmaterial.Y axis: temperature (�C).X axis:
(a) average number of units of 4-decyloxybenzoic acid (ArH) that contains the codendrimer and (b) compound notation.
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fluorinated moiety is contained in the dendrimer, a pro-
gressive decrease in the isotropization temperature is ob-
served upon increasing the number of decyloxy chains
(compare PPI-(ArH)16 (x = 16), PPI-(ArH)8(ArH2)8
(compound I) and PPI-(ArH)8(ArH3)8 (compound III)).
XRD Study. The diffraction patterns of the materials

confirmed that all the compounds display SmA meso-
morphism. The patterns present a diffuse halo in the wide
angle region, corresponding to the correlations between
the conformationally disordered perhydrogenated or
semifluorinated chains, and one or two sharp maxima
in the small angle region. The diffuse halo shifts from
higher angles (interchain distance) for the perhydroge-
nated chains close to 4.5 Å to lower angles (interchain
distance close to 5.4 Å) for the semifluorinated chains.
For compounds containing a high percentage of the
perhydrogenated chains, only a single peak is observed
in this region, whereas two sharp maxima with reciprocal
spacing in the relationship (1:3) are observed for com-
pounds containing a high percentage of the fluorinated
moiety (ArF) (Figure 5a). These sharpmaxima evidence a
long-range lamellar packing of molecules adopting an
approximately cylindrical shape. The absence of the 2nd
order reflection in the smectic phases of these fluorinated
compounds is probably the consequence of the form
factor of the molecules, due to the presence of the dense
fluorinated chains, which are expected to project a max-
imum in the electronic density on the director. The extra
contrast in electronic density between the different com-
ponent regions of the molecule can account for the
weakening of the even diffraction peak and the dominant
intensity of the odd peaks. Fluorocarbon chains are

incompatible with the dendrimer core and the benzene
rings, and consequently lamellar arrangements can be
expected as a result of segregation between the different
regions of themolecule.When applyingBragg’s law to the
low angle maxima, the values of the layer thickness in the
SmA mesophase for all the dendrimers are obtained
(Table 1). The layer thickness d is the parameter char-
acteristic of the layer structure and is approximately equal
to the length of one single molecule (Figure 6a).
The spacing layer increases with the contents of fluori-

nated moiety (ArF) for compounds of series I. Besides,
when comparing the layer spacing of the condendrimers
containing 50% of fluorinated moiety (ArF) a decrease is
observedwhen the number of decyloxy chains attached to

Figure 4. POM texture observed in the cooling process: (a) PPI-(ArF)8(ArH)8 (series I) at 188 �C and (b) PPI-(ArH)8(ArH2)8 (series II) at 161 �C.

Figure 5. Small-angle XRD patterns and indexation of (a) PPI-(ArF)14(ArH)2 in the SmA phase at 110 �C, (b) PPI-(ArF)8(ArH)8, and (c) PPI-(ArF)4-
(ArH)12 in the Sm~A at room temperature. The (0 4) reflection in part c is very weak, but it is visible in the long-exposure-time patterns (see Figure S5 in the
Supporting Information).

Table 1. Layer Spacing andRectangular LatticeConstantsDetermined by

X-ray Diffraction for the Compounds at the Indicated Temperature

series codendrimer mesophase T a/�C
structural

parameters (Å)a

I PPI-(ArF)16 SmA 115 d = 37.6
I PPI-(ArF)14(ArH)2 SmA 110 d = 37.7
I PPI-(ArF)12(ArH)4 SmA 100 d = 37.9
I PPI-(ArF)8(ArH)8 Sm~A rt a = 68.0, b = 94.0
I PPI-(ArF)8(ArH)8 SmA 100 d = 36.5
I PPI-(ArF)4(ArH)12 Sm~A rt a = 66.5, b = 94.5
I PPI-(ArF)4(ArH)12 SmA 110 d = 34.0
I PPI-(ArF)2(ArH)14 SmA 110 d = 31.7
I PPI- (ArH)16 SmA 110 d = 30.8

II PPI-(ArH)8(ArH2)8 SmA 100 d = 32.9
II PPI-(ArF)8(ArH2)8 SmA 100 d = 35.2
II PPI-(ArH)8(ArH3)8 SmA 100 d = 30.8
II PPI-(ArF)8(ArH3)8 SmA 100 d = 33.3

a d=Layer spacing of the smectic A phase. a, b=rectangular lattice
constants of the modulated smectic phase.
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the perhydrogenated moiety grows. Thus, the spacing
layers observed for PPI-(ArF)8-(ArH)8, PPI-(ArF)8-(ArH2)8,
and PPI-(ArF)8-(ArH3)8 are 36.5, 35.2, and 33.3 Å,
respectively.
In addition to the X-ray patterns characteristics of the

SmA phase, codendrimers PPI-(ArF)8(ArH)8 and PPI-
(ArF)4(ArH)12 belonging to series I present a different
diffraction pattern when studied at lower temperatures
(Figure 5b,c andFigure S5 in the Supporting Information).
The patterns consist of three (for PPI-(ArF)8(ArH)8) or
four (for PPI-(ArF)4(ArH)12) sharp rings in the small-angle
region and a diffuse halo in thewide-angle region. The ratio
between the spacings corresponding to the small-angle
region angle does not correspond to a simple lamellar
structure. Instead, the found reflections fit a centered
rectangular lattice (see the Supporting Information). To
interpret this result the following facts have to be taken into
account: (i) in the case of PPI-(ArF)4(ArH)12 a maximum
at 33.2 Å is observed that is close to the layer spacing found
for the SmA phase of this compound at higher tempera-
tures (Table 1); (ii) on the other hand, no maximum is
observed for PPI-(ArF)8(ArH)8 with a value similar to the
layer spacing measured for its SmA phase; (iii) the rectan-
gular lattice constants deduced from the X-ray patterns are
a=68 Å, b=94 Å for PPI-(ArF)8(ArH)8, and a=66.5 Å,
b = 94.5 Å for PPI-(ArF)4(ArH)12; (iv) in both cases, a is
roughly twice the value of the SmA layer spacing (Table 1).
All these features are consistent with a mesophase with a
ribbonlike structure, namely, a modulated smectic A phase
(Sm~A).Modulated smectic mesophases or antiphases have
been described for a number of low-molecular-weight
mesogens carrying terminal polar groups17 and have also
been reported for mesogens with fluorinated terminal
chains.8 Our group has described this type of mesophase
for some codendrimers containing laterally attached meso-
genic units18 or combining laterally and terminally attached
mesogenic units.15c

We have recently reported the existence of a frustated
smectic A (SmAþ) phase for compounds which resemble

those of series I but deprived of the benzene ring.3a In the
present paper, the apparition of another kind of disrupted
mesophase for compounds of series I when the percentage
of ArH and ArF is the same (x = 4, 8) as for the
previously reported analogous aliphatic codendrimers
displaying the SmAþ phase is noticeable. Here, com-
pounds exhibiting the modulated Sm~A phase (x = 4, 8)
contain less than 70% of the majority moiety (calculated
in cross-sectional area) (see the Supporting Information).
The chemical incompatibility19 and differences in cross
sectional area between the fluorinated and perhydroge-
nated chains (0.28 nm2 for fluorinated chains and 0.18 nm2

for aliphatic chains)20 precludes the arrangement of both
types of moiety together in the same layer and, there-
fore, nanosegregation most probably takes place in each
layer into hydrocarbon and fluorocarbon sublayers.
This layer structure is defined by parameter a, which is
approximately double the length of one single molecule
(Figure 6b). The layers of the resultingmesophase exhibit
undulation in a direction perpendicular to the layer
normal as a consequence of the dissymmetry originated
by the nanosegregation of both moieties. The formation
of the two-dimensional rectangular face-centered lattice
characteristic of the Sm ~A phase can be explained by the
mismatch between the space filling and cross-section
requirements of the fluorocarbon and hydrocarbon
chains. As a consequence of this mismatch, themolecules
are expected to adopt the shape of a conical frustrum.
The differences in cross section between the larger base
(S1) and the smaller base (S2) of the conical frustrum
(Figure S6 in the Supporting Information) generate a
strain that is relieved by the layers breaking into ribbons
arranged parallel to the layer planes and organized in a
rectangular lattice (Figure 6b). The doubling of the peri-
odicity along the director (rectangular lattice constant a
compared to smectic layer spacing d) corresponds to the
distance between two consecutive, equally oriented mole-
cules. Taking into account parameter b and the length of
eachmolecule (approximately equal to thedvalueobtained
in the SmA phase), it is possible to estimate that the

Figure 6. Schematic representation of proposed molecular organization of (a) PPI-(ArF)16 in the SmA phase, (b) PPI-(ArF)8(ArH)8 in the Sm~A phase.
Key: perhydrogenated moiety in blue; semifluorinated moiety in red; PPI matrix in black. d: spacing layer in the SmA phase. a, b: parameters of the Sm~A
phase.

(17) Demus, D.; Goodby, J. W.; Gray, G. W.; Spiess, H.-W.; Vill, V.
Handbook of Liquid Crystals; Wiley-VCH: Weinheim, Germany,
1998; Vol. 1, Chapter 3.

(18) Barber�a, J.; Gim�enez, R.; Marcos, M.; Serrano, J. L. Liq. Cryst.
2002, 29, 309.
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mismatch takes place between groups of about three
molecules along the b direction (see the Supporting In-
formation).
In fair agreement with the results for the analogous

aliphatic codendrimers,3a the junction of different nature
(perhydrogenated and semifluorinated) chains in the
same molecule generates a competition to dominate the
supramolecular organization. In contrast, a large predo-
minance of one type of chain, either hydrocarbon or
fluorocarbon, makes it impossible to arrange each type
of moiety in different sublayers and, therefore, a simple
layer structure (Figure 6a) is the most stable one because
the majority chain is able to accommodate the minority
one, although it implies mixing fluorinated and perhy-
drogenated chains. Indeed, careful X-ray analysis of all
the compounds at variable temperatures rules out the
presence of the modulated smectic phase in any com-
pound apart from PPI-(ArF)8(ArH)8 and PPI-(ArF)4-
(ArH)12. In this case, the molecules have a tendency to
maximize their entropy, as opposed to the case of the
molecules displaying the Sm~A phase where the amphipa-
tic forces and geometrical constraints determine a more
ordered packing.
It is interesting to note that the low-temperature Sm~A

mesophase evolves to a more disordered SmA at higher
temperatures, probably because the increasing tempera-
ture facilitates the mixture of both moieties.
At first sight, it could be expected the same phenomena

for compounds of series II containing fluorinated moi-
eties, because they contain the same number of acids with
either aliphatic (ArH2 or ArH3) or fluorinated (ArF)
chains. However, the higher number of perhydrogenated
chains in the aromatic acids compared to series I make
these compounds of series II able to overcome the dis-
ruption effect caused by the fluorinated chains.
AFM Studies. AFM was used to examine the self-

assembly process on mica of these aromatic dendrimers
at room temperature. The samples were prepared by drop

casting solutions inCF3CH2OHof the samples (0.5%,wt%)
on freshly cleaved mica. As it can be observed in Figure 7,
PPI-(ArF)8(ArH)8 organized in layers with a height corre-
sponding to the length of a single molecule. Thus, the same
tendency as for the previously reported PPI dendrimers
functionalized with aliphatic perhydrogenated and semi-
fluorinated acids was observed.3a Thus, there is a relation-
ship between the supramolecular organization that occurs in
the mesomorphic state and the layer order exhibited when
these compoundsare allowed to self-assembleona substrate,
in this case mica.

Conclusions

Ionic grafting has demonstrated a great ability to
promote liquid crystalline properties when aromatic acids
substituted with fluorinated or perhydrogenated chains
are attached to the poly(propyleneimine) (PPI) dendrimer
of the third generation. Most of the liquid crystalline
compounds exhibit smectic A mesomorphism. However,
the incompatibility between fluorinated and perhydroge-
nated chains plays a crucial role in the supramolecular
organization and produces uncommon mesophases,
namely, modulated smectic phases, when both moieties
are introduced in similar proportions. Interestingly,
AFM studies reveal the flattened organization that these
liquid crystalline codendrimers present on a surface.
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Figure 7. AFM images of PPI-(ArF)8(ArH)8: (a) topographic image and (b) cross section.


