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A series of disc-shaped liquid crystals, monomers and dimers, have been investigated.

A spacer linked to the pentakis(phenylethynyl)phenoxy core of the mesogens was substituted

with perfluorinated chains to investigate the microphase segregating effect of such groups.

The nematic phase, commonly found for these mesogens, is strongly stabilised by the presence

of the fluorinated groups. X-Ray diffraction studies indicate clearly the onset of nanophase

segregation in the nematic phase. Remarkable is the result, that the nanophase segregation

directs the systems towards a lamellar organisation, rather than the columnar order that is

commonly found for disc-shaped mesogens. This is also confirmed by the order in the

underlying crystalline phase. X-Ray diffraction studies of the nematic phase show the

characteristics of cybotactic smectic clustering, which has not been observed for discotic

systems so far.

Introduction

The combination of order and fluidity that liquid crystals

offer is the basis of today’s multi-billion dollar display

industry. Nearly all commercial display applications employ

liquid crystals in their lowest ordered phase, the nematic

phase. In this phase, the mesogens possess solely long-range

orientational order and lack positional order. Hence, charac-

teristic X-ray diffraction (XRD) patterns of nematics show

only two diffuse reflections. For rod-shaped liquid crystals,

the small angle reflection corresponds to the length (long

axis) of the mesogen, while the wide angle reflection correlates

to the mesogens short axes. Analogously for discotic

liquid crystals, the small and wide angle reflections relate to

the diameter and the ‘‘thickness’’ of the disc-shaped mesogen,

respectively.1

However, a range of low molar mass liquid crystals

as well as polymers show splitting up of the diffuse scattering

pattern in the small angle region in a manner typically found

for the SmC phase. For low molar mass nematic systems, a

deviation in the molecular structure from the classical cylinder

symmetry or, alternatively, the inclusion of microphase

separating groups favours the formation of these local

smectic-like correlations. For polymers either a minimum

degree of polymerization or dendritic structure seems to be

required.2 Recently, the observation of split small angle

reflections has been discussed for bent-core molecules as

further experimental evidence for the formation a biaxial

nematic phase.3

To combine the typical nematic behaviour observed by

different experimental techniques (optical polarizing micro-

scopy, miscibility studies, dielectric spectroscopy) and the

smectic-like fluctuations (short-range positional order) in these

systems, the term cybotactic nematic has been used. The

difficulty to reconcile this nomenclature with the classical

picture of the nematic phase was realized early on and this

effect is usually viewed in the context of pre-transitional

behaviour preceding a smectic phase.4 Despite this, cybotactic

behaviour over a wide temperature range has been reported as

well, in fact, some are observed over the entire nematic

phase.4a Noticeable is that cybotactic structuring has not yet

been reported for discotic liquid crystal systems,5 though the

formation of smectic phases has been realized recently for

suitably modified disc-shaped molecules6 or dyads containing

disc-shaped and rod-shaped moieties.7

In this contribution, we will discuss the role of a single

attached perfluorinated chain on the phase behaviour of a

disc-shaped nematogen, including the formation of smectic-

like fluctuations in the discotic nematic phase. As the

mesogenic moiety the pentakis(phenylethynyl)phenoxy group

was chosen (see Scheme 1), as this mesogen is relatively easy

functionalised and shows a nematic phase over a wide

temperature range. The disc is functionalised with a flexible

hydrocarbon tail and at the terminal end of the tail a

perfluorinated spacer or tail is attached. Fluorocarbons are

well-known for their strong microphase segregation effect

with hydrocarbons. This property has been utilised to its

full effect in rod-shaped liquid crystals.8 Similar strongly

stabilising effects are observed when dimethylsiloxane

groups9 or ionic groups10 are introduced. Examples of the

use of such strong directing groups in discotic mesogens are

very limited.11
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Results and discussion

Synthesis

The investigated mesogens were prepared by a N,N9-diisopropyl-

carbodiimide (DIC) mediated esterification of the disc-shaped

mesogen 1 with the appropriate alcohols or diols, catalyzed by

4-(dimethylamino)pyridine (DMAP) and para-toluenesulfonic

acid (p-TSA), similar to literature procedures, see Scheme 1.12

Column chromatography over SiO2 and subsequent crystal-

lization from CH2Cl2–methanol mixtures yielded products in

moderate to good yields. The monomers and dimers were

characterized by 1H, 13C and 19F NMR spectroscopy, MALDI-

ToF mass spectroscopy and elemental analysis.

Mesophase behaviour

The liquid crystalline properties of the mesogens were

investigated using optical polarizing microscopy (OPM) and

differential scanning calorimetry (DSC). The results are

summarized in Table 1.

All synthesised materials show a nematic phase at elevated

temperatures with low viscous schlieren and marbled optical

textures. Other derivatives based on the same mesogenic

moiety as 2 and 3 show similar characteristics.12 Typically, the

entropy changes at the nematic to isotropic transition are very

small (¡0.5 J mol21 K21). In the nematic and the isotropic

phases, the fluorinated materials 2a, b and 3a are completely

miscible with the alkyl equivalent 3b. Fig. 1 shows polarizing

microscopy images of a contact sample of 3b (with the bulk in

the top, left corner of the image) and 3a (bulk to the right). At

183 uC (Fig. 2a), the bulk of 3b is still isotropic, while for 3a

with a higher clearing temperature, a marbled texture is

observed. Upon cooling, first 3b turns nematic and gradually

the isotropic area at the interface decreases in size (Figs. 1b

and 1c). At 180 uC the entire sample shows a homogeneously

mixed nematic texture, suggesting full miscibility between the

two compounds. The ESI contains a short movie that clearly

demonstrates the miscibility between the semifluorinated and

the hydrocarbon dimer, by cooling the contact sample from

185 to 179 uC (cooling rate 5 uC min21).{
The liquid crystalline properties of the fluorinated mesogens

2a, 2b and 3a were compared to those of analogues with the

Table 1 Liquid crystalline properties of the investigated mesogens

Mesogen wrigid
a Phase behaviourb,c DSNI/n

d/J mol21 K21

2a 0.647 Cr1 155 (12) Cr2 165 (26) N 176 (0.18) I 0.40
2b 0.575 Cr1 164 (11) Cr2 181 (26) N 192 (0.26) I 0.56
3a 0.670 Cr 166 (28) N 196 (0.41) I 0.44
3b 0.712 Cr 159 (34) N 183 (0.38) I 0.42
3a + 3be 0.690 Cr N 180 (0.39) I 0.43
a The volume fraction of the rigid mesogens wrigid is defined in the text. b Phase transitions in uC and latent heat values (in brackets) in
kJ mol21. c Abbreviations: Cr, Cr1, Cr2 = crystal phases; N = nematic; I = isotropic. d Entropy change at the nematic to isotropic phase
transition per mesogenic group (n). e Equimolar mixture.

Fig. 1 Optical microscopy pictures of a contact sample of 3a (left,

top) and 3b (right) at (a) 183 uC; (b) 182 uC; (c) 181 uC and (d) 180 uC.

Pictures are taken at exactly the same spot in the sample (between

crossed polarizers). The cooling rate was 5 uC min21 and the sample

was not annealed before the pictures were taken. A short movie,

included in the ESI, clearly shows the miscibility between the two

compounds.{

Scheme 1 Monomers 2 and dimers 3 were prepared via an esterifica-

tion reaction: ROH or R9(OH)2, 1, DIC, DMAP and p-TSA in

CH2Cl2, 5 d at room temperature.
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same mesogenic core, but different terminal substituents (see

Fig. 2b with various R groups).12 Previous research has shown

a clear relation between the weight-based rigid mesogen

fraction (M) and the clearing temperature.13,14 But since the

volumes as well as the thermal expansion coefficients of

hydrocarbon and fluorocarbon groups are very different, this

mass fraction-based method could not be applied for 2 and 3a.

In addition, we were unable to experimentally measure the

densities of the compounds at the temperatures of interest

(.150 uC).

Therefore, we estimated the partial volumes of the CH2

and CF2 groups in the mesogens using literature values of

their respective thermal expansion coefficients that were

recently published for disc-shaped liquid crystals.6a An extra

10% error in the determined values for the rigid mesogen

volume fraction, indicated by the error bars in Fig. 2a, was

added to cover further uncertainties arising from the above

method.

Fig. 2a shows the linear relation between the clearing

temperature and the volume fraction wrigid for a series of side

chain polymers.14a As expected, low molecular mass materials

show lower clearing temperatures since the stabilising effect

of the polymer backbone is lost. Specific interactions such

as hydrogen bonding and dimerisation of mesogens tend

to restabilise the nematic phase. The introduction of an

intermediately long fluorinated tail (2a and 3a), however,

stabilises the nematic phase up to the level of the polymeric

species. A further increase in the length of the fluorinated

chain shows the same clearing temperature at much lower

rigid mesogen fraction.

Despite the fact that Fig. 2a uses estimated values for the

rigid mesogen fraction, it is evident that the nematic phases

displayed by 2a, 3a and in particular by 2b are strongly

stabilised. The combination of this result with the DSC and

OPM studies that support the formation of common nematic

phases prompted us to investigate the mesophase organisation

further using X-ray diffraction (XRD) techniques.

X-Ray diffraction studies

Mesogen 3b, without any fluorinated groups, shows the

characteristic diffraction pattern of a (discotic) nematic liquid

crystal, characterized by two diffuse halos, see Fig. 3 (bottom

curve). Reflection B is attributed to the average lateral disc–

disc distance in the sample (y15 Å), whereas the second

diffuse halo D is assigned to the face-on disc–disc distance

between the mesogens (y4 Å), superposed with the average

distance between the alkyl groups from the spacer (y4.5 Å).12

The diffraction pattern of analogue 3a, with ten CF2 groups

placed in the spacer is remarkably different, despite all the

similarities found in OPM and DSC studies, see Fig. 4. Two

extra reflections are observed: A and C. Weak alignment of

the dimer in the magnetic field allowed us to investigate the

orientation of the reflections A–D with respect to the field

(Fig. 4a). As expected for the discotic mesogen (with a negative

Fig. 2 TNI (TNI: nematic to isotropic transition) as a function of rigid mesogen fraction wrigid for differently substituted discotic mesogens: (#)

polymers (copolymers with various degrees of substitution to the polyacrylate backbone),12 the solid figures represent different low molar mass

species: (&) no specific additional interactions; (m) dimers; (.) stabilisation by hydrogen bonding and (r) dimers with H bond stabilisation. The

fluorinated materials 2a, 2b and 3a discussed in this paper are shown with a v. (b) Generic structure of studied disc-shaped mesogens; R groups

include a polyacrylate backbone and (bifunctional) esters and amides with a variety of substituents, such as alkyl, oligoglycol and crown

ether moieties.12,14

Fig. 3 Radially integrated diffraction patterns of 2b (top); 2a

(middle) and 3b (bottom). As none of these samples aligned in the

magnetic field, no 2D diffractograms are shown.
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magnetic susceptibility), reflection B is parallel to the field,

while D is perpendicular. Reflection A is also parallel and,

interestingly, C shows no preferred orientation towards the

magnetic field. The difference in alignment of these diffuse

diffraction peaks is best visualised by partial integration along

and perpendicular to the magnetic field, see Fig. 4b.

Reflection C is assigned to the lateral spacing between two

neighbouring fluorinated alkyl groups, typically observed at

5.5–6 Å, as the fluorinated alkyl groups are slightly more

voluminous than their non-fluorinated counterparts.8 The

separate observation of reflections C and D (both in position

and orientation) is a strong indication for microphase segrega-

tion of the fluorinated alkyl groups from the rest of the

mesogen. Further evidence for microphase segregation is

provided by spacing A, observed at 35 Å, i.e. at much larger

distances than the diameter of the discotic moiety. This extra

small angle reflection can be explained by considering a

(locally) microphase segregated structure, where A represents

the average distance between the separated layers. The rela-

tively large half-width of A shows that the layering is strictly

short-range, and therefore, the structure corresponds better to

a SmA cybotactic nematic than to a ordinary smectic phase.

Fig. 5 shows the integrated diffraction patterns of 3a in the

crystalline, nematic and isotropic phases between 150 and

200 uC. The small angle reflection A is also present in the

isotropic phase. This indicates that the microphase separated

structure already exists in the isotropic phase and, therefore,

can be traced back to the phase segregating forces of the

fluorocarbon and the hydrocarbon groups. This mechanism of

nanophase segregation is different from the shape-induced

phase segregation in the linked disc–rod system that we

presented before.7,15 In these systems, the different groups

were homogeneously mixed in the isotropic and the nematic

phase and the small angle reflection indicating phase segrega-

tion was only observed after the transition into one of the

smectic phases.

The crystalline phase shows a set of sharp small and wide

angle reflections. The small angle area shows a clear layered

pattern with a corresponding layer spacing of 50.5 Å. The large

intermediately sharp reflection at 5.5 Å indicates close packing

of the fluorocarbon groups. The second sharp reflection in

the wide angle area is observed at 3.9 Å. This reflection

corresponds to the face-on distance between two adjacent

discotic moieties. The observation of these basic reflections

and the absence of cross reflections suggests the formation of a

soft crystal phase with a well-defined columnar structure,

perpendicular to the lamellar organisation (similar to that

observed in columnar lamellar ColL phases). In this model, a

face-to-face disc–disc distance of 3.9 Å is relatively large,

compared to other columnar systems.5 This larger value may

be explained by a small tilt of the discs with respect to the

formed column axis.

The layered pattern observed is even more pronounced in

the soft crystal phase of 2b, with an increased fluorinated tail

length compared to 3a, see Fig. 6. The (001) to (005) reflections

of the lamellar structure are clearly visible and give a layer

spacing of 53.2 Å. In addition, between the (003) and (004)

reflection a rather diffuse peak is observed, see the inset in

Fig. 6. Its spacing, obtained after fitting the reflection to a

Gaussian distribution is 14.1 Å, which corresponds roughly to

the width a disc.7b The presence of this reflection supports the

model of the ColL-like soft crystal phase discussed above.

Fig. 4 XRD results of mesogen 3a in the nematic phase at T = 172 uC:

(a) 2D diffractogram, partly aligned by the magnetic field; and (b)

radially integrated patterns. To distinguish individual broad reflections,

the pattern has been integrated over 360u (—), over 60u parallel to the

magnetic field (…) and over 60u perpendicular to the magnetic field (---).

The integration limits are indicated by the arcs in a. The letters in a and b

refer to the reflections that are further discussed in the text.

Fig. 5 Radially integrated X-ray diffraction patterns of 3a at

different temperatures (isotropic: short dash, nematic: full lines,

crystalline: dotted). Note that reflections A and C also show up in

the isotropic phase.
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In the nematic phase, the fluorinated mesogens 2a, b and 3a

also show very similar behaviour in the X-ray diffraction

experiments. In fact, the diffraction patterns of the three

fluorinated materials in this study are nearly identical, apart

from the position and intensity of the layer spacing A,16

see also traces in Fig. 3 and 4. Quantitative results,

summarized in Table 2, were obtained after fitting the radially

integrated spectra to Lorentzian distributions. The differences

in d-spacings for 2a, 2b and 3a can be attributed solely to the

length of the fluorinated tail or spacer: 2 6 C6F13, 2 6 C11F23

and C10F20, respectively. The results indicate that the layers

separate 0.6–0.7 Å per CF2 unit, which in turn suggests a

high degree of disorder of the perfluorinated units. This is

consistent with their isotropic appearance in the aligned XRD

experiments of 3a.

To further investigate the induced cybotactic layering, an

excess of discs was introduced into the microphase segregated

structure by mixing 3a with 3b in equimolar quantities. X-Ray

diffraction studies on the sample showed that reflection A

broadens and shifts to smaller angles, illustrating a larger

spaced layer formation, however, with a decreased correlation

length. The nearly 50 Å spacing observed for the sample fits to

the original 35 Å for 3a and an extra 15 Å that matches the

dimensions of a second disc, pointing towards an average

structure of two layers of discs in between the fluorinated

spacers. It is anticipated that additional amounts of discs will

be positioned into the discotic layers, slowly driving the

fluorinated layers apart, thereby destroying the cybotactic

organisation.

From the half-widths of the Lorentzian distribution func-

tions, information can be obtained on the correlation length j,

representing the extent of (short-range) positional order in a

low ordered mesophase. Dividing j by the spacing d, obtained

from applying Bragg’s Law, gives a measure for the order in

terms of number of mesogens, suitable to mutually compare the

order in a series of similar materials.

The relative correlation length (j/d) has been calculated for

reflections A and B of mesogens 2 and 3 and the mixture 3a +

3b, see Table 3. For reflection B, the relative correlation length

is nearly identical for all compounds. This indicates that the

mesogenic order (i.e. the correlative organisation of the discs)

in these materials is very similar. The values observed for

reflection A are more different. The mixture 3a + 3b, wherein

the influence of the fluorinated groups is diluted the most,

shows the lowest relative correlation length. Compounds 2a

and 3a, with similar amounts of fluorinated chains, show very

similar values and, clearly, the extent of order in 2b is the

highest. In other words, the number of fluorinated groups in

this series dictates the extent of order in the cybotactic cluster.

This has implications for the further design of nanophase

segregated structures. In the design of complex hierarchal

structures, volume fractions as well as geometrical factors need

to be carefully considered.

From the experimental data, it can be concluded that

through further optimisation of the interactions of the

fluorinated tails, higher ordered phases, such as smectic phases

for discotic mesogens, could be feasible. Alternatively, a

modulation of the interactions leading to a reduction of the

ordering could result in relative correlation lengths of the order

of the molecular dimensions of the systems. This would bring

these systems in line with the observations found for the

formation of biaxial nematic phase behaviour in bent-core

molecules and allow the investigation of the relationship

between biaxiality and smectic clustering.3b

Conclusions

In conclusion, we have prepared and investigated the

mesomorphic behaviour of a series of discotic liquid crystals

bearing partly fluorinated chains. The fluorocarbon chains

induce nanophase segregation, which in turn thermally

stabilises the mesophase. The nanophase segregation has

the character of smectic A-like fluctuations. To the best of

our knowledge, such smectic fluctuations, or in fact any

Fig. 6 Small angle area of the integrated diffraction pattern of 2b in

the crystalline phase (Cr2, 175 uC). The inset shows a magnification,

highlighting the broad diffraction peak from the width of the discs

(dotted lines are Gaussian fits to the experimental data, the solid curve

is the sum of the fits (including the 001 and 002 reflection).

Table 2 X-Ray diffraction data and the experimental and calculated
values of the molecular volume for the investigated compounds in the
N phase

Mesogen T/uC

Spacings/Å

A B C D

2a 172 36.3 14.1 5.7 4.3
2b 182 43.9 14.2 5.7 4.2
3a 172 35.2 14.1 5.6 4.3
3b 172 — 15.4 — 4.2
3a + 3ba 172 49.6 14.6 5.6 4.3
a Equimolar mixture.

Table 3 Relative correlation lengths (j/d) of the reflections A and B in
the N phase

Mesogen T/uC

Reflection A Reflection B

d/Å j/Å j/d d/Å j/Å j/d

2a 172 36.3 116 3.2 14.1 47 3.3
2b 182 43.9 273 6.2 14.2 48 3.3
3a 172 35.2 104 3.0 14.1 48 3.4
3b 172 — — — 15.4 56 3.6
3a + 3ba 172 49.6 122 2.5 14.6 50 3.4
a Equimolar mixture.
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fluctuations, have not been observed in discotic systems

before. The associated layering is only short-range and the

mesogens show an ordinary nematic phase, which means that

they are miscible with other (discotic) liquid crystals in the

nematic phase. A schematic representation of the local

organisation of the fluorinated materials is shown in Fig. 7.

The director of the discotic mesogens is aligned in a plane

perpendicular to the magnetic field (pointing up along the

layer normal). The average distance between two adjacent

layers of (nematically ordered) discs, separated by soft layers

of fluorinated tails, can be tuned by changing the length of the

fluorinated group or the concentration of discs in the system.

It is anticipated that by optimising the cross sections between

the discs and the fluorinated tails, long-range smectic order

with disc-shaped mesogens can be achieved. Alternatively it

could allow for the investigation of the correlation between

nematic biaxiality and cybotactic clustering.

Experimental

General

Mesogen 1 was prepared according to literature procedures.12

The other materials were used as purchased unless stated

otherwise. Solvents were used as received. The fluorinated

tails and spacers were obtained from Lancaster UK

(HOCH2C11F23 and HOCH2C10F20CH2OH) and Fluorochem

(HOCH2C6F13).

Instrumental

NMR spectra were recorded on a Jeol JNM-ECP 400 FT-IR

spectrometer (400 MHz). Chemical shifts are reported in ppm

relative to TMS. Mass spectra were obtained on a Bruker

Reflex IV MALDI-ToF Mass Spectrometer, operating in a

reflection mode. The samples were mixed with the matrix

material 2-(4-hydoxyphenylazo)benzoic acid (solution in

CH2Cl2). To obtain reliable data the results of 100–200 laser

shots, taken at 10–20 different places in the samples were

averaged. Phase transitions were determined using a Perkin

Elmer DSC 7 in a nitrogen atmosphere against an indium

standard (reported temperatures are the onset of the endo-

therm). The mesophases were studied on an Olympus BH-2

optical polarizing microscope, equipped with a Mettler FP82

HT hot stage with a Mettler FP90 central processor and a JVC

digital video camera for picture capturing. XRD experiments

were performed on a MAR345 diffractometer with a 2D image

plate detector (Cu Ka radiation, graphite monochromator,

l = 1.54 Å). The samples were heated in the presence of a

magnetic field using a home-built capillary furnace. Spacings

were calculated by applying Bragg’s Law: 2dsinh = nl, where d

is the spacing, h is half the diffraction angle, n is an integer and

l is the wavelength (l = 1.54 Å). Integrated diffractograms are

shown as a function of the modulus of the scattering vector:

q ; 2pn/d = 4psinh/l. The correlation lengths j are calculated

after fitting the reflections with Lorentzian curves and

determining the half-width at half maximum (HWHM) of

the reflection. The Scherrer equation j = 2p/Dq gives the

correlation length, with Dq being the HWHM of the reflection

in reciprocal space.

Synthesis

General procedure for esterifications. A solution of the

appropriate alcohol (0.11 mmol) or diol (0.045 mmol),

mesogen 1 (0.1 mmol), N,N9-diisopropylcarbodiimide (DIC,

5 mmol), 4-(dimethylamino)pyridine (DMAP, 50 mmol) and

para-toluenesulfonic acid (p-TSA, 50 mmol) was stirred in

CH2Cl2 (10 mL) for 5 d at room temperature. The solvent

was evaporated and the reaction mixture was subjected to

a column separation. The pure fractions were collected and

the final product was obtained after crystallization from a

methanol–CH2Cl2 mixture.

1-1H,1H-Perfluoroheptyl 11-[pentakis(4-methylphenyl-ethy-

nyl)phenoxy]undecanoic acid ester (monomer 2a). Column

chromatography using SiO2 and CH2Cl2–hexane (1 : 1 to

3 : 2) as eluent. Yield after crystallization: 59% of a pale yellow

powder. 1H NMR (400 MHz, CDCl3): d = 7.48–7.39, 7.14–

7.05 (2 6 m, 2 6 10H, CH aromatic); 4.52 [t, 3J(H,F) = 14 Hz,

2H, CH2CF2]; 4.28 [t, 3J(H,H) = 7 Hz, 2H, CH2O]; 2.34 [t,
3J(H,H) = 7 Hz, 2H, CH2CO2]; 2.32 (s, 15H, CH3); 1.86–1.17

(m, 16H, CH2 aliphatic). 13C NMR: see the analysis of 3a.
19F NMR (376 MHz, CDCl3): d = 280.61 [t, 3J(F,F) = 10 Hz,

3F, CF3]; 2119.40 (m, 2F, CF2CH2); 2122.01, 2122.69,

2123.25, 2126.00 (4 6 m, 8F, CF2). Elemental analysis for

C69H53F13O3: required C 70.16%, H 4.86%; found C 69.94%,

H 4.79%. Mass spectral analysis (MALDI-ToF): m/z = 1182.2

(MH+), 1205.2 (M + Na+), 1221.2 (M + K+), calculated mass

for C69H53F13O3 = 1181.2 g mol21.

1-1H,1H-Perfluorododecyl 11-[pentakis(4-methyl-phenylethy-

nyl)phenoxy]undecanoic acid ester (monomer 2b). Column

chromatography using SiO2 and CH2Cl2–hexane (1 : 1 to

Fig. 7 Schematic representation of the cybotactic nematic mesophase

of 2a and 2b, wherein layers of nematically ordered discs are (locally)

separated y40 Å by layers of fluorinated tails. An analogous picture

for dimer 3a can be drawn (where the fluorinated tails transform into

spacers). The mixture of 3a and 3b shows two layers of discs separated

by a y50 Å single layer of fluorinated spacers.
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3 : 2) as eluent. Yield after crystallization: 69% of a pale yellow

powder. 1H NMR (400 MHz, CDCl3): d = 7.48–7.39, 7.14–

7.05 (2 6 m, 2 6 10H, CH aromatic); 4.52 [t, 3J(H,F) = 14 Hz,

2H, CH2CF2]; 4.28 [t, 3J(H,H) = 7 Hz, 2H, CH2O]; 2.34 [t,
3J(H,H) = 7 Hz, 2H, CH2CO2]; 2.32 (s, 15H, CH3); 1.86–1.17

(m, 16H, CH2 aliphatic). 13C NMR: see the analysis of 3a. 19F

NMR (376 MHz, CDCl3): d = 280.59 [t, 3J(F,F) = 10 Hz, 3F,

CF3]; 2119.37 (m, 2F, CF2CH2); 2121.40–(2121.80) (m,

12F, CF2); 2122.53, 2123.18, 2126.90 (3 6 m, 6F, CF2).

Elemental analysis for C74H53F23O3: required C 62.10%, H

4.01%; found C 61.91%, H 3.97%. Mass spectral analysis

(MALDI-ToF): m/z = 1432.3 (MH+), 1454.3 (M + Na+);

calculated mass for C74H53F23O3 = 1431.2 g mol21.

1,12-1H,1H-,12H,12H-Perfluorododecylene bis{11-[penta-

kis(4-methylphenylethynyl)phenoxy]undecanoic acid ester}

(dimer 3a). Column chromatography using SiO2 and CH2Cl2
hexane (1 : 1) as eluent. Yield after crystallization: 78% of a

pale yellow powder. 1H NMR (400 MHz, CDCl3): d = 7.52–

7.45, 7.20–7.13 (2 6 m, 2 6 20H, CH aromatic); 4.58 [t,
3J(H,F) = 14 Hz, 4H, CH2CF2]; 4.35 [t, 3J(H,H) = 7 Hz, 4H,

CH2O]; 2.39 [t, 3J(H,H) = 7 Hz, 4H, CH2CO2]; 2.38 (s, 30H,

CH3); 1.91–1.18 (m, 32H, CH2 aliphatic). 13C NMR (100 MHz,

CDCl3): d = 172.11 (o); 160.25 (k); 138.99, 138.86, 138.68 (b,

b9, b0); 131.71, 131.59, 131.54 (c, c9, c0); 129.20 (d, d9, d0,

convoluted); 128.71 (i); 123.99 (h); 120.46 (j); 120.29, 120.23,

120.06 (e, e9, e0); 99.44, 99.29, 97.17 (g, g9, g0), 87.00, 86.51,

84.01 (f, f9, f0); 74.75 (l); 59.21 (CH2CF2 spacer); 36.63 (n);

30.73–25.03 (m); 21.59–21.55 (a, a9, a0 convoluted). For 13C

assignment, see Scheme 1. Note that the carbon atoms in the

perfluorinated chain were not identified due to slow relaxation

and CF coupling. 19F NMR (376 MHz, CDCl3): d 2119.38

(m, 4F, CF2CH2); 2121.59, 2121.62, 2121.74, 2121.18, (4 6
m, 16F, CF2). Elemental analysis for C136H114F20O6: required

C 73.44%, H 5.17%; found C 73.62%, H 5.28%. Mass spectral

analysis (MALDI-ToF): m/z = 2225.4 (MH+), 2247.4 (M +

Na+), 2263.4 (M + K+); calculated mass for C136H114F20O6 =

2224.3 g mol21.

1,12-dodecyl bis{11-[pentakis(4-methylphenylethynyl)-phe-

noxy]undecanoic acid ester} (dimer 3b). Column chromato-

graphy using SiO2 and CH2Cl2 hexane (1 : 2 to 2 : 1) as eluent.

Yield after crystallization: 46% of a yellow powder. 1H NMR

(400 MHz, CDCl3): d = 7.55–7.48, 7.19–7.12 (2 6 m, 2 6
20H, CH aromatic); 4.34 [t, 3J(H,H) = 7 Hz, 4H, CH2O]; 4.04

[t, 3J(H,H) = 7 Hz, 4H, CH2OCO]; 2.39 [t, 3J(H,H) = 7 Hz,

4H, CH2CO2]; 2.37 (s, 30H, CH3); 1.95–1.20 (m, 52H, CH2

aliphatic). 13C NMR (100 MHz, CDCl3): d = 174.00 (o);

160.24 (k); 138.99, 138.86, 138.67 (b, b9, b0); 131.71, 131.59,

131.54 (c, c9, c0); 129.20, 129.18, 129.16 (d, d9, d0); 128.71 (i);

123.01 (h); 120.47 (j); 120.30, 120.24, 120.08 (e, e9, e0); 99.44,

99.30, 97.21 (g, g9, g0), 87.01, 86.53, 84.02 (f, f9, f0); 74.76 (l);

64.39 (CH2OCO spacer); 34.29 (n); 30.57–25.03 (m and CH2

spacer); 21.59–21.56 (a, a9, a0 convoluted). For 13C assign-

ment, see Scheme 1. Elemental analysis for C136H134O6:

required C 87.61%, H 7.24%; found C 87.72%, H 7.42%.

Mass spectral analysis (MALDI-ToF): m/z = 1865.6 (MH+),

1887.6 (M + Na+), 1903.6 (M + K+); calculated mass for

C136H134O6 = 1864.5 g mol21.

Mixtures. An equimolar mixture of 3a and 3b was prepared

by dissolving the appropriate amounts of the dimers in

CH2Cl2, evaporation of the solvent and drying overnight in

vacuum.
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