5364 Macromolecule2006, 39, 5364-5370

Zinc Coordination of Carboxylate Surfactomesogens to
Poly(4-vinylpyridine)

Mohamed Benouazzané,Elda Bravo-Grimaldo,*& Rabin BissessuF,* and
C. Geraldine Bazuin*T#

Département de chimie, Unérsite de Montfal, C.P. 6128 Succ. Centre-Ville,
Montréal (QC), Canada H3C 3J7, and Partement de chimie, Ungrsite Laval, Cité universitaire,
Quebec (QC), Canada G1K 7P4

Receied February 27, 2006; Résed Manuscript Recegd May 29, 2006

ABSTRACT: Zinc salts of carboxylic acid-functionalized alkoxybiphenyl mesogens (also termed surfactome-
sogens), HEC(CH,),-1PhPhOCH, n = 6 and 11, Ph= phenyl, were melt-blended with poly(4-vinylpyridine),
mainly at a mesogen/(vinylpyridine) molar ratio of 0.5, and studied by infrared spectroscopy, differential scanning
calorimetry, polarizing optical microscopy, and X-ray diffraction. Melt-blending results in complexation between
the two components via zinc coordination (at the same maximal levei fer6 and 11), and the complexes
obtained are temporally stable at ambient temperature. The compler withappears to be simply amorphous,

with some excess surfactomesogen in crystalline form. In contrast, the compler withl is mesomorphic,
structurally organized as a single-layer smectic A phase at ambient temperature, with no crystallization of excess
surfactomesogen. It is concluded that a spacer length of 6 is not sufficient to decouple the biphenyl core from the
coordination site so as to permit liquid crystal ordering, whereas this is possible for a spacer length of 11. At
temperatures above 10Q, decomplexation accompanied by crystallization of most of the surfactomesogen occurs
in both systems (with complexation obtained again above the melting point). These complexes are the first examples
in the literature, to our knowledge, of metal-coordinated comblike polymers involving surfactomesogens (as opposed
to simple surfactants) and show the interest of this metallosupramolecular approach for the conception of novel
side-chain liquid crystal polymers.

Introduction proportions for P4VP. Kurth et al. combined metallosupramo-

Numerous supramolecular side-chain liquid crystal polymers '€cular main-chain and surfactant side-chain (dihexadecyl
or, more generally, supramolecular comb polymers, where phos_phate) com_plexgtlon using |r_on-based co_ordlnat|on and
mesogenic or alkyl side chains are “grafted” to linear polymers Obtained a material with thermotropic polymorphisha three-
via noncovalent interactions, have been investigated over thecomponent “multicomb” system was achieved by Valkama et
past 15 years or sb® The great majority of these polymers al., in which a trifunctional molecule serves as an intermediary
are based on hydrogen-bonding interactions, followed in number SUpramolecular element by being simultaneously Zn-coordinated
by ionic interactions. Very few of these systems use metal to P4VP and ionically bonded (after proton transfer) to dodecyl
coordination to bind the side chain to the polymer backbone, benzenesulfonate; this system was observed to self-organize into
although it may be expected that this approach could provide & hexagonal structuré.
more robust materials (depending on the choice of metal and |n this work, we investigate the possibility of complexing
ligands) as well as allow the incorporation of metal-related mesogenic molecules to a polymer chain by metal coordination.
properties such as luminescence and magnetism. On the othegyith mesogenic molecules, much greater versatility in the
hand, this approachalso called the metallosupramolecular strycture, properties, and functions of the resulting material is
approach-has been employed somewhat more extensively to possible. The above-mentioned studies based on zinc coordina-
build main-chain polymers (not necessarily liquid crystallihe).  tion are used as a starting point. To this end, we chose model

To our knowledge, the only comblike _metallosupramolec_ular mesogens of a type previously (and easily) synthesized B us,
polymer systems that have been studied to date bind simplenamely, carboxylic acid-functionalized alkoxymethoxybiphenyl
alkyl side chains to polymer backbones through melighnd mesogens (HEC(CHy)n_1PhPhOCH, wheren = 6 or 11 and
coordination. Belfiore et al. blended zinc laurate with poly(4- pp = phenyl) that were converted to zinc salts, and PAVP as
vinylpyridine) (P4VP) and obtained homogeneous complexes e polymer. The mesogens, which we also term surfactome-
up to about 30 mol % Zn laurate content, beyond which phase sogens due to their surfactant-like molecular structéitegve
separation sets #%. No liquid crystalline properties were yq gifferent alkyl spacer lengths, since it is well-known that
report_ed._ RL_JokoIalnen et aI_. found lamellar liquid CWS“%' this parameter can strongly influence potential liquid crystal
Zirair;lzgzc\)/?:blln g?n;glli);ﬁliﬁg;”?ﬂ%?g;ﬁgbinggezgg?rzi}grw'th propertiest’ Th_e_ investigations are confined almc_)s'F exclusively

' to the composition where the surfactomesogen is in a 0.5 molar
ratio relative to the vinylpyridine repeat unit, given that the study
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Table 1. Elemental Analyses and DSC-Obtained Melting Points of the Compounds Synthesized

sample empirical formula % C % H % N melting poifi©)

LC-1,6A CigH2204 calcd 72.61 7.01

found 72.64 7.28 160
LC-1,11A GaH3204 calcd 75.00 8.33

found 75.53 8.20 162
LC-1,6Z GagH4208Zn calcd 65.95 6.07

found 65.72 5.86 264
LC-1,11Z7 GigHe208ZN calcd 69.28 7.55

found 69.09 7.75 228
LC-1,6Z/P4VP GeH7008N4ZNn-H0 calcd 70.13 6.38 4.96
(0.5 molar ratio) after melt found 70.20 6.49 4.83 227
LC-1,11Z/P4VP GeHooOsN4Zn-HO calcd 71.84 7.25 4.41
(0.5 molar ratio) before melt found 71.30 7.83 4.01

after melt found 71.54 7.26 4.00 212
Scheme 1. P4VP+ LC-1,nZ, n =6, 11 ethanol to evaporate at ambient temperature for a day, followed

H_ M by drying in the vacuum oven.
e Subsequently, the mixtures were hot-blended in specially made
f ] F HsCOO(CHz)"Coz f,'i OZC(CHZ)"OOCHS small glass vials on a Kfler heating bench (Wagner & Munz)
N HoH just above the melting point of the mesogen. As the melting

proceeded, the initially white powder turned reddishAfter
Experimental Section kneading the (pasty) melt for the desired time, the vial was simply

removed from the heating element. All prepared mixtures were
Synthesis and Characterization of LC-1nZ, n = 6, 11.The g prep

o e o placed for at least 24 h in a 6@ vacuum oven and then, if not
carboxylic acid surfactomesogens (labeled L@ALwheren = 6 used immediately for measurements, were stored in a desiccator

and 11 designates the number of carbons in the alkyl spacer pluscontaining caGl
that of the acid group, “1” designates the single carbon in the 1o NVR spectra of the complexes are simply a superposition
methoxy tail, and A designates the acid form) were synthesized as {he two components (with broad peaks for the polymer), and
described previously for a similar compouiidhey were converted  thay are identical both before and after melt-blending. Elemental
to Zn salts (labeled LC-i7) in anhydrous ethanol under reflux  gna)yses of the complexes, given in Table 1, are very satisfactory
conditions using zinc acetate dihydrate, Zn¢C®0)-2HO. Full when one HO molecule per Zn (or 0.25 4 per VP moiety, which
neutralization was verified by infrared spectroscopy, which showed corresponds to 0.5 4 per uncomplexed VP if maximum com-
theicl:omplete disappearance of the carbonyl band near-170D plexation is achieved) is included in the calculated values; it is
cm* as well as of the broad_ acid band at 3200 érand the notable that the results for the mixtures before and after melt-
appearance Olf the asymlmetrlc and symmetric clarboxylate bandsyiending (tested fon = 11) are very close. Thermogravimetric
near 1550 cm (1555 cm folr n= 6 and 1542 cm for n = 11) analysis of then = 11 sample indicates that weight loss for the
and in the 14081450 cm* range, respectivefff. Elemental unmelted mixture only begins at about 270 (1% weight loss),
analyses and melting points of the compounds are given in Table oqgistent with the visual observation that when the sample is
1. It is notable that the melting points of the Zn-neutralized g,hsed to temperatures significantly above the melting point, the
mesogens depend on the alkyl chain length, whereas no suchygqgish color turns to brown. Finally, a melt-blended complex was
dependence is observed for the acid-functionalized mesogens.  gissolved in pyridine and redried, after which it again became
LC-1,6A. H NMR (Bruker, 400 MHz, Pyrs): 6 = 7.63 (4H, creamy white in colo?? and its infrared spectrum was close to
2d, Ar), 7.10 (2H, d, Ar), 7.07 (2H, d, Ar), 3.93 (2H, t, OGH that for the mixture before melt-blending (see Results), showing
3.69 (3H, s, OCH), 2.51 (2H, t, CH-acid), 1.79 (4H, m, Ch), the reversibility of the complexation reaction. All of these data
1.56 (2H, m, CH)). LC-1,6Z. *H NMR (Bruker, 400 MHz, Pyr- support the absence of undesired chemical reaction or degradation
ds): 6 =7.62(8H, 2d, Ar), 7.07 (8H, 2d, Ar), 3.90 (4H, t, OGH during melt-blending just above the melting point.

3.69 (6H, s, OCH), 2.63 (2H, t, CH-acid), 1.90 (4H, m, Ch), Instrumentation. Infrared spectra of samples ground with dry
1.76 (4H, m, CH), 1.56 (4H, m, CH). LC-1,11A. *H NMR KBr and pressed into pellets were recorded at ambient temperature
(Bruker, 400 MHz, Pyrek): 6 = 7.66 (2H, d, Ar),0 = 7.64 (2H, with a Digilab FTS 3100 HE mid-IR Excalibur or a Nicolet Magna
d, Ar), 7.15 (2H, d, Ar), 7.08 (2H, d, Ar), 3.97 (2H, t, OGKI3.70 IR 560 spectrometer. Thermogravimetric analysis (TGA) was

(3H, s, OCH), 2.51 (2H, t, CHCOy), 1.76 (4H, m, CH), 1.31 carried out using a TA Instruments Hi-Res TG2950 or a Mettler

(4H, m, CHp), 1.22 (8H, m, CH)). LC-1,11Z. 'H NMR (Bruker, TG50 instrument; the samples were scanned at a rate t&/H9in
400 MHz, Pyrés): 6 = 7. 65 (4H, d, Ar),0 = 7. 64 (4H, d, Ar), under N flow.

7.15 (4H, d, Ar),0 = 7.07 (4H, d, Ar), 3.97 (4H, t, OC}), 3.70 Differential scanning calorimetry (DSC) was performed using a
(6H, s, OCH), 2.64 (4H, t, CHCO,), 1.89 (4H, m, CH)), 1.73 Perkin-Elmer DSC-7 calorimeter, calibrated with indium and
(4H, m, CH), 1.40 (8H, m, CH), 1.20 (16H, m, CH). flushed with N.. About 10 mg of sample was packed in standard

Preparation of LC-1,nZ/P4VP Mixtures. Since a common aluminum pans (in graphite pans for the data shown in Figure S2
solvent that completely dissolved both components and led to in the Supporting Information). The samples were scanned at a rate
successful complexation could not be fohthey were mixed in of 10 °C/min. First-order transition temperatures are given by the
two steps: first, a finely dispersed mixture was obtained from peak values and glass transition temperatures by the midpoint of
solution, and subsequently this mixture was melt-blended. Specif- the heat capacity jump. Polarizing optical microscopy (POM)
ically, appropriately calculated amounts of the two components, observations of the samples were made with a Zeiss Axioskop
LC-1nZ and P4VP (Fisher Scientifioyl, = 200 000, used as  microscope equipped with a 25X Leica objective. The temperature
received), were initially dispersed and dissolved, respectively, in was regulated using a Mettler FP5 temperature controller and FP52
anhydrous ethanol, chosen for its nontoxicity and easy evaporation.hot stage.

The clear P4VP solution was added dropwise to the cloudy LC-  X-ray diffraction (XRD) analysis was carried out with a Bruker
1,nZ solution under reflux, giving a milky solution that was refluxed D8 Discover diffractometer system with GADDS, equipped with
overnight, and then concentrated by rotary evaporation. The producta Kristalloflex K760-80 generator and a Hi-Star detector system,
was finely precipitated by dropwise addition of hexane to the using filtered Cu Kt radiation. Powder samples were sealed in
concentrated solution, followed by filtration and drying in a°@d Lindemann capillaries (Charles Supper) of 1.0 mm i.d. Temperature
vacuum oven for 2 days. It was also efficient to simply allow the was regulated by an Instec HCS410 hot stage and a ST(E%)\C}
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Figure 1. FTIR spectra of the equimolar LC-1,6Z/P4VP complex
before and after melt-blending, compared with pure LC-1,6Z and pure
P4VP.

Figure 2. Infrared spectra comparing the maximally complexed LC-
1,nZ/P4VP mixtures (achieved at the melt-blending times indicated,
see text for details).

controller. Only heating was controlled; cooling took place at a l
natural rate, which decreased with decreasing temperature. All 2
profiles were treated by subtracting a baseline profile obtained with LU
an empty capillary tube. Thd-spacing was determined from the
maximum of low-angle diffractions peaks in the smoothed diffrac-
tograms, using Bragg's relatiod,= ni/(2 sin #), wheren is the
diffraction order, 2 the diffraction angle, and the wavelength
equal to 1.542 A. The calculated molecular lengtiwas estimated
using Hyperchem 5.0 (Hypercube Inc.), assuming most extended
; ; i ’ i it T T T T T T T T T T

conformations and including van der Waals’ radii at the extremities. 80 120 160 200 240
Results and Discussion Temperature (°C)

Conditions and Evidence for Complexation.Evidence to Figure 3. DSC thermograms (first heating and cooling scans) of the
determine whether there is complexation between LiZ-and 0.5 LC-1,6Z/PAVP 15 min melt-blended mixture.
P4VP can be obtained from FTIR. The absorption band at 1597
cm1for P4VP, a pyridine ring Stretching mode, is well-known in the I’egion of the Symmetric Carboxylate band, as well as in
to shift to higher wavenumbers when the VP moiety is Other regions of the spectra, are also apparent. All of these
hydrogen-bonded, ionized, or metal-coordinated. In the presentchanges are consistent with a modification of the Zn carboxylate
case, a vibration band at 1608 cheharacteristic of the biphenyl ~ coordination structure to one involving pyridine. A low-intensity
moiety in the mesogen complicates matters. Fortunately, Zn band near 1710 cnt suggests that a small amount of acid

coordination to P4VP shifts the pyridine absorption band to 1617 groups has been regenerated, which may give rise to acid-salt
cm~1,1011 which is sufficiently removed from the biphenyl structures that can contribute as well to changes in the

absorption that it should be clearly visible. carboxylate band® monodentate carboxylate formation is

In Figure 1, the spectrum corresponding to the LC-1,62/P4VvpP another possibility.
mixture obtained from solution (before melt-blending) shows  Once it was established that some degree of complexation is
no evidence of a band near 1617 dimbut instead appears to ~ achieved by melt-blending, it was necessary to determine the
be essentially a superposition of the two spectra correspondinglength of time necessary for maximum complexation. To this
to the pure components. However, following up on preliminary end, samples were subjected to the melt-blending procedure for
DSC data indicating a steadily decreasing melting point with variable amounts of time, and their infrared spectra were taken.
each subsequent scan (restricted to a maximum temperature dhese spectra are given in the Supporting Information, where
little beyond the melting point) and the observation that the it is shown that about 15 min in the melt is necessarynfer
contents of the DSC pan had turned reddish, it was discovered6 and at most 5 min fon = 11. Figure 2 compares the spectra
that the IR spectrum does show absorption in the 1617'cm  of the two systems after those melt-mixing times: they indicate
region after melting, which led to the adoption of the melt- that the level of maximal complexation achieved appears similar
blended preparation procedure. This absorption is clearly in both systems.
observed in the spectrum of the melt-blended sample in Figure LC-1,6Z/P4VP Complexation. DSC thermograms (first
1, in the form of a shoulder on the higher wavenumber side of heating and cooling curves) for the 0.5 molar ratio LC-1,62/
the composite band around 1600 ©mSimultaneously, the  P4VP melt-blended sample are given in Figure 3. The heating
asymmetric carboxylate absorptf8mwith a maximum at 1555  thermogram shows a glass transition at °85 (indicative of
cm~1 decreases strongly in intensity, with its remaining presence plasticization of P4VP by complexed mesogen), recrystallization
weakly indicated by the 1542 crh shouldef® on the low near 170°C, and a melting point at 22, the last being about
wavenumber side of the pyridine band at 1556 énChanges 40 °C lower than that of the surfactomesogen alone. Subse%IBQ}
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Figure 4. X-ray diffractograms of pure LC-1,6Z at ambient temperature
and of the 15 min melt-blended 0.5 LC-1,6Z/P4VP complex at the
temperatures indicated, taken in order from bottom to top. The changes
in relative intensities for the complex qualitatively reflect real changes
(see text).

heating curves (both after cooling at Z&/min and after
quenching) are very similar, except that fygncreases by about
15°C and recrystallization occurs in a temperature range about
10 °C higher. There are no exothermic events in the cooling
curves. Polarizing optical microscopy indicates that the complex
is isotropic after melting, and crystallization on cooling occurs
very slowly. DSC thermograms of melt-blended LC-1,6Z/P4VP
mixtures of various molar ratios, given and commented on in
the Supporting Information, illustrate in more detail the glass
transition and crystallization behavior in these complexes. This
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Figure 5. Infrared spectra at ambient temperature of the 0.5 LC-1,-
6Z/P4VP complex after the melt-blending preparation (labeled as 25
°C) and after heating to 195 and 2%0. The rate of heating and cooling
for the last two samples was 2C/min.

sl

800

angle modifications in the diffractogram taken at 2WD on
heating compared to the one taken at 280

The data strongly suggest that the ordered phase should be
attributed to excess uncomplexed LC-1,6Z. If it were to arise
from the LC-1,6Z/P4VP complex, thd spacing would be
expected to change compared to pure LC-1,6Z, and a significant
modification other than a simple increase in intensity would be
expected above the temperature region of recrystallization on
heating (or otherwise, the polymer chain must somehow be
intercalated within the crystalline arrangement of the surfacto-
mesogens without modifying either the lamellar thickness or
the in-plane order, which seems unlikely). That no crystallization
is observed in the DSC cooling curves, but is during XRD
cooling®® and after the melt-blending procedure, can be related
to the slow crystallization rate of the uncomplexed mesogen in
the presence of the complex (with which it is probably miscible
in the melt state, as deduced from the DSC data; see the
Supporting Information).

To probe the state of complexation after different thermal

behavior is consistent with the presence of some degree ofhjstories, infrared spectra were taken of the sample after it was

complexation and suggests that the crystallization is related to
uncomplexed mesogen.

X-ray diffractograms at various temperatures for the 0.5
sample are shown in Figure 4. Examining first the diffractogram
of the as-prepared sample at ambient temperature, it is observe
that the number of low-angle reflection orders (five), the pattern
of their relative intensities (more intense for the odd-numbered
reflections), theird spacings, and the wide-angle pattern are

essentially the same as for pure LC-1,6Z, also shown. The wide-

angle pattern is indicative of an ordered (i.e., crystalline)

heated to selected temperatures and then cooled under the DSC
conditions (10°C/min). These spectra are shown in Figure 5.
Compared to the spectrum of the melt-prepared sample (identi-
fied as 25°C), that of the sample that was heated to a
demperature between the recrystallization and melting ranges
(195 °C) clearly shows that recrystallization is followed by
considerable reduction in complexation. (Comparison with the
spectrum of the solution-prepared sample suggests, however,
that residual complexation remains.) After heating the complex
to the melt region and slow cooling (EC/min), the spectrum

structure, and the equidistant spacing of the low-angle reflectionsagain resembles that obtained from the melt-prepared sample,

shows that this structure is lamellar in nature. Thepacing

confirming that complexation occurs in the melt and showing

(36 A) of the first-order peak corresponds to the estimated length that it is maintained even during fairly slow cooling. (However,
of two extended surfactomesogens coordinated in a linearthe greater intensity of the peak at 15567¢rn this spectrum

fashion to a single Zn ioff It can thus be supposed that the

compared to the original one indicates that the extent of

Zn-coordinated mesogens are aligned perpendicularly to thecomplexation is somewhat less than in the melt-prepared sample,
lamellar planes of the crystalline structure. This structure remainswhich had undergone faster cooling.) It also illustrates that the

essentially unmodified at higher temperatures (until melting,
shown by the 230C diffractogram), except for some in-plane
rearrangement and changes in overall intensities, and it reappea
on cooling from the melt. The effect of recrystallization on
heating is clearly visible by the increased intensity and the wide-

degree of complexation can be controlled by thermal manipula-
tion.

rs The following picture can now be drawn for this system.
Complexation of the surfactomesogen to P4VP by zinc coor-
dination proceeds in the melt and can be frozen in quite eaéHyv



5368 Benouazzane et al. Macromolecules, Vol. 39, No. 16, 2006

M~
-

Endo —
Absorbance

oo
I|II

/\\,\ || |I [\
1 I Vop
/ oV AR i I'[\
: By | I | \ a~ |\
/ : u \#\\ﬂ* ANV “\_?E _S Y

1600 1400 1200 1000 800
Temperature (°C)

A (st h 4 ol S ot th Wavenumber (cm™)
Figure 6. DSC thermograms (first heating and cooling scans) of the _. .
0.5 LC-1,11Z/P4VP 5 min melt-blended mixture. Figure 7. Infrared spectra at ambient temperature of the 0.5 LC-1,-

117/P4VP complex after the melt-blending preparation (labeled as 25
. . _ °C) and after heating to 190 and 220. The rate of heating and cooling
This complex, although thermodynamically metastable, is for the last two samples was 2CG/min.

temporally stable at ambient temperature, with decomplexation,
accompanied by (or driven by) recrystallization, occurring at

much higher temperature than ambient. There is no evidence /\/W\
of any liquid crystal phase for this system. Considering that

the crystalline structure observed by XRD is associated with R 7T A —
excess uncomplexed LC-1,6Z, then it must be concluded that

the complex itself is simply amorphous. This amorphous M'A\mrr’_l\\
character may be the result of a degree of complexation that is
insufficient to give rise to a liquid crystal side-chain copolymer, 200°C

as has been observed previously in analogous hydrogen-bonded
supramolecular complexésAlternatively, the alkyl spacer that /\/\/\N\@E//\\

permits decoupling of the mesogenic core from the Zn-

coordinated polymer backbone is too short to allow liquid crystal

ordering. The next section will indicate that this latter explana- 100°C

tion is the most likely one. M
LC-1,117/P4VP Complexation.The DSC thermograms of

60 80 100 120 140 160 180 200 220

Intensity

the LC-1,11Z/P4VP melt-blended mixture, given in Figure 6, LC-1,11Z

show a complex series of exotherms and endotherms during

heating, with a final melting peak at 2FZ (which is again "5 10 15 20 25
significantly lower than the melting point of pure LC-1,117). 20 (degree)

On cooling, only two weak transitions are observed at 134 and Figure 8. X-ray diffractograms of pure LC-1,11Z at ambient temper-
118°C, respectively. These thermograms are essentially repro-atyre and of the 5 min melt-blended 0.5 LC-1,11Z/P4VP complex at
ducible on repeated scans, whether cooled af@@Gnin or the temperatures indicated, taken in order from bottom to top. The
quenched. No glass transition is clearly visible, although the relative intensities of the curves have been adjusted for ease of viewing.
cooling curve suggests that it is near ®5. (It is expected that

it should be lower than for the= 6 complex at a similar degree ~ 130°C region was reached (this is also where weak DSC peaks
of complexation, due to greater internal plasticization by the occur on cooling), when numerous small birefringent dots

longer effective side chains, at least if the same amorphousappeared, indicative of a small amount of crystallization or
structure is obtained.) reappearance of a liquid crystalline phase. No further change

Interestingly, POM observations indicate that melting is Was noted on continued cooling to ambient temperature.
accompanied by a birefringent liquid phase (easily shearable) From the infrared spectra of samples heated to selected
that is reminiscent of a disordered liquid crystal mesophase. temperatures and cooled (Figure 7), it is again observed that
This phase was observed to be stable over about& Iitterval the recrystallization on heating is accompanied by extensive
before the isotropic phase appeared at about°Z13t is also ~ decomplexation (196C spectrum, which is quite similar to the
very stable over time when heating is arrested in this phase.spectrum of the solution-obtained sample) and that recomplex-
Upon cooling from the isotropic phase, this liquid birefringent ation takes place in the melt and is maintained even after fairly
phase reappeared only after a long time at a fixed temperatureslow cooling (220°C spectrum, which is almost identical to
a few degrees below isotropization (e.g52Lh at 205°C). the 25°C spectrum).

However, no tell-tale texture permitting identification of this X-ray diffractograms at various temperatures are given in
mesophase could be obtained (a photomicrograph is given inFigure 8. This time, the ambient-temperature pattern of the as-
the Supporting Information). Crystallization was also observed prepared melt-blended sample is very different from that of the
to be very slow. When cooling from the isotropic phase at 10 corresponding mesogen (also given in Figure 8). It is character-
°C/min, the sample showed no birefringence until the-140 ized by two relatively broad peaks in the lower angle reE:ﬁfmCDV
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corresponding tal spacings of 34 and 17 A, respectively, and backbone by 6 Cb's is not sufficient to permit the development
thus indicative of lamellar ordefand a broad halo near 20  of liquid crystal order. It may be noted, in this connection, that
(4.5 A). Since this spacing is similar to the estimated molecular a minimum spacer length of 8 Gl4 was observed to be
length of a single, fully extended LC-1,11Z molecule complexed necessary in pyridinium tail-end polymethacrylates for (smectic
to a 4VP unit, it may be deduced that the structure is essentially A-like) lamellar ordering to begin to be obsen&d.

that of the complex in the form of a single-layer (or fully

interdigitated) smectic A mesophase. Conclusions

This structure appears to improve its order on heating to 100  Carboxylic acid surfactomesogens can be successfully coor-
°C (sharper and more intense low angle peaks), with possibledinated by zinc to poly(4-vinylpyridine) through a melt-blending
low in-plane or crystalline order also developing as shown by process. The maximum extent of coordination possible appears
the weak diffraction appearing near°23vhich may be related  to somewhat less than 0.5 acid/pyridine molar ratio, giving
to the weak endotherm observed in the DSC heating thermogramsupramolecular Zn-coordinated side-chain copolymers. The
near 100°C or the beginning of crystallization). By 15, extent of complexation is nevertheless enough to result in liquid
the liquid crystal order is lost, and lamellar crystalline order crystalline systems when the spacer length is sufficient to
very similar to that of the pure surfactomesogen is apparent. decouple the rigid mesogenic core from the coordination site.
The latter structure clearly improves at higher temperatures, asin the present case, for maximal complexation, it appears that
indicated by the more intense and sharp peaks af@0Q his a spacer length of 6 methylene units is too short, giving an
is consistent with the infrared data showing decomplexation and amorphous complex, whereas a spacer length of 11 leads to a
the DSC data showing recrystallization between about 130 andsingle-layer, smectic A-like mesophase (and possibly a nematic
200°C. That melting occurs between about 200 and Z10s mesophase at high temperatures). The complexes obtained are
clearly reflected in the diffractograms obtained at 205 and 210 temporally stable at ambient temperature. On the other hand,
°C. The fact that no evidence for another structure could be they are thermodynamically metastable, but decomplexation and
observed by XRD between 205 and 2ZIDmight indicate that  crystallization of the surfactomesogen occur only at elevated
the liquid crystalline phase clearly seen by POM in this region temperatures (well above 10@). Thus, this is a promising
is a nematic mesophase, which gives a diffractogram similar to approach for a new class of liquid crystalline materials, in which
that of an amorphous phase. interesting mesogenic characteristics, such as chirality or optical

When the sample is cooled quickly to ambient temperature, responsiveness, can be combined with metal-related properties.
the diffractogram [labeled 2% (quenched) in Figure 8] is again  Possibly, if the tendency for the (Zn-carboxylated) surfactome-
like that of the initial diffractogram and consistent with sogens to crystallize is reduced, thermodynamically stable
recomplexation having occurred in the melt. On the other hand, complexes can be obtained. On the basis of refs 11 and 12, it
if the sample is cooled slowly from the melt (at 2Q/min, may also be expected that Zn-sulfonated surfactomesogens may
with pauses at 180 and 15C for the recording of diffracto- lead to much greater and possibly thermodynamically stable
grams, which amounts to annealing in temperature regions wherecomplexation.
crystallization can occur according to the DSC results, as noted
in ref 25 forn = 6), diffractograms indicating that crystallization Acknowledgment. The financial support of NSERC (Canada),
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stable but thermodynamically metastable complexed copolymer _ _ ]
is obtained from the melt, with decomplexation taking place at  Supporting Information Available: Infrared spectra for the
temperatures much higher than ambient. However, this time the détermination of melt-blending times necessary for maximum

. S ) complexation; DSC data for LC-1,6Z/P4VP mixtures of various
complexed copolymer IS nqt amorphous but_llqmd crystalline. molar ratios; POM photomicrograph of the LC-1,11Z/P4VP mixture
Furthermore, there is no evidence of crystallized uncomplexed

) X in its liquid crystalline state. This material is available free of charge
mesogen, contrary to the= 6 mixture, although the infrared ;i3 the Internet at http://pubs.acs.org.
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free carbonyl form at about 1710 cf Conversely, the asymmetric
carboxylate band in LC-1,117 is centered at 1542 §rwhereas that
in LC-1,6Z is dominated by a band at 1555 chaccompanied by a
shoulder near 1542 cri.

The carbonyl band in LC-1,6A is dominated by the acid dimer at 1701
cm~t, whereas in LC-1,11A it is a composite of the acid dimer and a
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DMF and DMSO, for example, dissolved both components but did
not lead to complexation. A solvent mixture of dioxane/ethanol (4/1
v/v) also dissolved both components but mainly led to zinc-coordinated
P4VP and regenerated acid surfactomesogen.

The change in color to red during melt-blending occurs under both
ambient and Natmosphere. It was not observed for either pure LC-
1,nZ or P4VP or for mixtures of P4VP with Zn acetate or Zn laurate
in the same temperature region. It was also observed that dissolution
of the melt-blended complexes (but not the unmelted complexes) in
pyridine gives a red solution; however, when dried, they are creamy
white in color, as before melt-blending, showing its reversibility. We
thus presume that the color is related somehow to the particular (local)
coordination structure achieved, which may be influenced by the
packing requirements of the coordinated surfactomesogen.
Brandys, F. A.; Masson, P.; Guillon, D.; Bazuin, C. @acromol.
Chem. Phys2001, 202, 856.

Zn—carboxylate distances for the crystal structure of zinc acetate
dihydrate are given in: van Niekerk, J. N.; Schoening, F. L. R.; Talbot,
J. H. Acta Crystallogr.1953 6, 720.

It should be mentioned that the extent of crystallization observed by
XRD after cooling (Figure 4) may well be greater than obtained in
the DSC and IR cooling conditions, as suggested also by the X-ray
diffractograms at 180 and Z% after melting. This can be explained

by the fact that the cooling, while ostensibly at°@min until slower
natural cooling set in at lower temperatures, was arrested at the
temperatures where measurements were taken. In particular, the
measurement at 18U amounts to annealing precisely in the zone
where crystallization occurs on heating according to DSC (the X-ray
beam might also influence crystallization).

It may be noted that the first-order reflection is considerably weaker
than the second-order one. This has been regularly observed in the
literature and is generally attributed to an additional plane of symmetry
in the lamellar electron density profile (see, for example, ref 16 and
references therein).

Vuillaume, P. Y.; Bazuin, C. G.; Galin, J.-®lacromolecule200Q

33, 781. Kberle, P.; Laschewsky, AMacromoleculed4994 27, 2165.
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