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Abstract

The synthesis, characterization and supramolecular organization of rigid—flexible aromatic—aliphatic polyethers are reported. The polymers
contain substituted quinquephenyl moieties along their main chains separated by flexible aliphatic units of various lengths. The oligophenylene
segments bear different types of dodecyloxy tailed side groups, either attached on the periphery of side dendritic wedges (G,) or as direct side-
chains (Gg). Their structural characterization was performed by means of differential scanning calorimetry, polarizing optical microscopy and
X-ray scattering from oriented fibers. These techniques revealed the presence of supramolecular organization in different levels and in the absence
of solvent, reflecting a delicate balance of interactions produced by the rigid—flexible backbone segments and the size of dendritic side-chains.
It was concluded that the polymers with only two dodecyloxy side-chains (zeroth generation, Gy) possess smectic order. On the other hand,
substitution of the quinquephenyl backbone with the dodecyloxy decorated dendrons (first generation, G;) disrupts the lateral order giving rise
to a nematic state. These results are compared with the corresponding rigid—flexible polyethers having terphenyl rigid segments.
© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction analogues. Some characteristic examples can be found in
wholly aromatic polymers in which the attachment of linear
side units not only led to improved solubilities [1—5], but
also imposed organizational features to the bulk polymeric
materials [6—12]. On the other hand, and more recently,
side-chain dendronized polymers composed of typical flexible
main chains were found to self-organize into various polymor-
phic structures due to the packing regulations imposed by the
number, size and exact chemical structure of the side dendrons
[13—20]. A common feature in all these cases can be found in
the coexistence of incompatible moieties held tightly together
usually through covalent bonding. Thus, the favorable arrange-

Over the long history of polymeric materials it has been
greatly recognized that the attachment of side groups onto
the main backbones is probably the most efficient way in im-
proving their solubility and their processability. Actually, in
many of the reported systems, rigid or semiflexible, the wise
choice of side substituents has led to macromolecules present-
ing characteristics not even imagined for their unsubstituted
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ment of same parts together and simultaneously away from dif-
ferent parts is the main factor for the self-organization tendency
found in such polymers. This microphase segregation is the
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driving mechanism of the increased organization in most liquid
crystalline materials, polymeric or oligomeric. Order coming
from the rigid parts and mobility from the flexible ones allow
the system in adopting the energetically favorable state which
leads to self-organization [21—23].

Among the many technological fields that directly benefited
from the development of processable, micro-segregated and
self-organizable materials are those connected with various
optoelectronic applications. The combination of optical proper-
ties with supramolecular organization is an important tool in
order to modulate the light emission. In view of this, substituted
quinquephenyl moieties have been efficiently used as blue light
emitters [24—26]. In a recent study of the optical properties of
rigid—flexible polyethers having dodecyloxy substituted quin-
quephenyl units in the main chain higher order situations
caused lower quantum efficiencies [26]. Furthermore the latter
were directly correlated to the specific polymeric structure
since the change of the main chain spacers’ length from odd
to even number of methylene units strongly increased their
organization ability by means of better backbone packing.

In the present work we focus on the synthesis, molecular
characterization and self-assembly of aromatic—aliphatic poly-
ethers containing substituted quinquephenyl moieties in the
main chain. The influence of the substituents on the supramo-
lecular structure is studied using different types of dodecyloxy
tailed side groups. For this purpose we employ, differential
scanning calorimetry, polarizing optical microscopy and X-ray
scattering. These techniques revealed the presence of supramo-
lecular organization in different levels and in the absence of
solvent, reflecting a delicate balance of interactions produced
by the rigid—flexible backbone segments and the size of
dendritic side-chains. These results are compared with the
corresponding terphenyl rigid segments. We find that in going
from the terphenyl to the quinquephenyl backbone segments
disrupts the lateral order in the first generation (Gy).

2. Experimental section
2.1. Materials

Polyethers PQ-20C,H,5-x were synthesized as previously
described [24]. 1,4-Di[3,5-bis(dodecyloxy)benzyloxy]-2,5-
dibromo benzene (1) [20], 4-(tetrahydropyran-2-yloxy)-1,1’-
biphenyl-4’-ylboronic acid (2) [27] and catalyst PdCl,(dppf)
[28] were also synthesized according to literature procedures.
All chemicals and reagents were supplied from either Aldrich
or Merck and were used without further purification, unless
noted otherwise. In particular, aliphatic dibromides of x = 10,
12 (dibromododecane and dibromoundecane) were recrystal-
lized from methanol and tetrahydrofuran (THF) was distilled
from sodium in the presence of benzophenone prior to use.
All reactions were carried out under an argon atmosphere.

2.2. Instrumentation

'H and '*C NMR spectra were obtained on Bruker Avance
DPX 400 MHz and 100 MHz spectrometers respectively,

with deuterated CHCl; and DMSO with TMS as an internal
standard. Gel permeation chromatography (GPC) measure-
ments were carried out using a Polymer Lab chromatographer
with two Ultra Styragel linear columns with pore sizes of 10*
and 500 A, UV detector (254 nm), polystyrene standards and
CHCI; as eluent, at 25 °C with a flow rate of 1 mL/min.

DSC experiments were made using a TA Instrument DSC
Q100 Series calorimeter with a cell purged with nitrogen
(cooling and heating rates of 10 K/min). Calibration for the
temperature and enthalpy scales was performed using an in-
dium standard. The melting temperatures (7,,,) were obtained
from the second heating run that is considered to better reflect
the equilibrium properties of the bulk materials.

Wide-angle X-ray scattering (WAXS) measurements were
made using a pinhole collimation and a two-dimensional
(2D) detector (Siemens A102647) with 1024 x 1024 pixels.
The Cu Ko radiation from a Siemens generator and a graphite
monochromator was used (A=0.154 nm). The sample-to-
detector distance was 7.05 cm. Measurements were made from
macroscopically oriented (extruded) filaments with a diameter
of 0.7 mm at different temperatures. In all patterns the filament
axis had a vertical orientation with the X-ray beam perpendic-
ular to the filament. The scattered intensity distributions were
subsequently integrated along the equatorial and meridional
axes and the resulting intensities were plotted as a function
of the scattering wave vector g (=(41t/A)sin (26/2), where 0 is
the scattering angle).

A Zeiss microscope equipped with a Linkam THM600 hot
stage was used for the investigation of the optical textures. All
samples were cooled from 473 K at 2 K/min to 303 K and the
images were recorded with a CCD camera.

Optical absorption spectra were recorded on a Hewlett
Packard 8452A spectrophotometer. Photoluminescence spec-
tra were recorded using a Perkin Elmer L.S45 luminescence
spectrometer, by the excitation of the sample at the absorption
maxima of the UV—vis spectra.

2.3. Monomer and polymer synthesis

2".5"-Di[3,5-bis(dodecyloxy)benzyloxy]-p-quinquephenyl-
ene-4,4""-diol, II(40C,H,s): a degassed mixture of 1 (3.00 g,
2.53 mmol), 2 (4.00 g, 12.75 mmol), PdCly(dppf) (0.11 g,
0.15 mmol), distilled THF (150 mL) and NaOH (3 N)
(10 mL, 30 mmol) was stirred at reflux for 48 h. After cooling
to room temperature the organic layer was separated and fil-
trated for catalyst removal. The organic solvent was evaporated
and MeOH was added to precipitate the THP-protected mono-
mer. The white-gray powder was filtrated, washed with MeOH
and dried under vacuum giving 2.2 g (56% yield).

The THP-protected monomer was dissolved in THF
(60 mL) and then camphorosulfonic acid (CSA) (6.0 g,
25.8 mmol) and MeOH (3 mL) were added under argon atmo-
sphere. The mixture was stirred at room temperature for 48 h,
and then precipitated in MeOH (400 mL), filtrated, washed
with MeOH and dried under high vacuum. Recrystallization
from toluene afforded 1.30 g (76%) of macromonomer diol
II(40C,H,s5) (Scheme 1). "H NMR (CDCl5): 0.86 (s, 12H,
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Scheme 1. Syntheses of macromonomer diol II(4OCy,H,s). (i) PdCl,y(dppf), THF, NaOH 3 N, 70 °C, 48 h, 56%. (ii) CSA, THF, MeOH, 48 h, 76%.

CH3), 1.24 (s, 72H), 1.65 (s, 8H), 3.81 (s, 8H), 4.98 (s, 4H),
6.33 (s, 2H), 6.45 (s, 4H), 7.11 (s, 2H), 6.92 (d, 4H), 7.52 (d,
4H), 7.60 (s, 4H), 7.67 (s, 4H).

Polyethers PQ-40C,H;s-x: to a carefully degassed mixture
of II(40C,H,s) (0.20 g, 0.15 mmol) the respective aliphatic
dibromide (0.15 mmol) and tert-butylammonium hydrogen sul-
fate (TBAH) (20 mg, 0.058 mmol) were added o-DCB (1 mL)
and NaOH (10 N) (1 mL). The mixture was vigorously stirred
under a continuous stream of argon at 120 °C for 2 days.
CHCIl; was then added, and the polymer was obtained after
precipitation in a 10-fold amount of MeOH, filtration, and
drying under vacuum (Scheme 2). PQ-40C;,H;5-12: "H NMR
(CDCl3): 0.79 (t, 12H), 1.25—1.33 (two br, 88H), 1.64 (t, 8H),
1.83 (br, 4H), 3.82 (t, 8H), 3.99 (br, 4H), 4.98 (s, 4H), 6.34 (s,
2H), 6.56 (s, 4H), 6.97 (d, 4H), 6.99 (s, 2H), 7.56 (d, 4H),
7.60 (d, 4H), 7.68 (d, 4H).

3. Results and discussion
3.1. Synthesis and thermal properties

Employing the macromonomer approach towards side-chain
dendritic polymers we successfully synthesized a quinque-

phenyl diol [II(40C;,H;s5)] bearing two alkoxy substituted
side dendrons of the first generation (G;) [29—31]. This diol

11(40C,,H,z) + Br(CH,),Br

{o- OO~ COreronf

was used for the preparation of aromatic—aliphatic polyethers
under phase transfer polycondensation with aliphatic dibro-
mides of various lengths (x=7—12) [32,33]. In all cases
dendronized polymers of high molecular weights were
obtained that presented good solubilities in common organic
solvents like chloroform. Their structural characterization
was performed by means of NMR spectroscopies (Fig. 1) and
their molecular characteristics were evaluated using gel
permeation chromatography (Table 1). Even though the GPC
technique is known to substantially underestimate the true
molecular weights of dendronized polymers [19,33] the poly-
merization degrees calculated for this polymeric series were
adequately high. Moreover, no end groups were detected in
their "H NMR spectra (Fig. 1) and also these polymers could
easily form self-standing, stable films after solution casting.
Another interesting feature of these dendronized polyethers
is the incorporation of quinquephenyl aromatic segments
along the main polymeric backbones which are known to im-
pose excellent optoelectronic properties onto the final mate-
rials. Particularly, blue light emission has been detected for
analogous quinquephenyl polymers bearing aliphatic side-
chains or even poly(benzyloxy) side dendrons. In all those pre-
viously reported cases such polymers could emit blue light
with high quantum yields not only from their dilute solutions
but most importantly from their solid states. Additionally, the
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Scheme 2. Syntheses of polyethers PQ-40C;,H,s-x. (i) 0-DCB, NaOH 10 N, TBAH, 120 °C, 2 days.
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Fig. 1. NMR spectrum of PQ-40C,,H,s-11 with the assignment of the various peaks.

Table 1

Molecular characteristics of polyethers PQ-40C;,H,s-x (first generation, G;)
x M} M,* M, /M,* M,° DP¢
7 17 300 63000 3.6 1456 11.9
8 38700 117700 3.0 1472 26.3
9 33000 116 600 35 1486 22.2
10 14900 38100 2.6 1500 9.9
10 22300 52100 2.3 1500 14.9
11 12000 38600 32 1514 7.9
11 21500 40200 1.9 1514 14.2
12 17000 65800 39 1528 11.2

% Obtained by SEC with UV detector, CHCl; solvent and PS standards.

> M,, is the molecular weight of the monomer unit.

¢ Degree of polymerization calculated by dividing M,, with the respective
M,,.

exact length of the intermediate connective aliphatic units has
been shown to strongly influence the polymers’ luminescence
quantum yields [24—26].

A first optical examination of the PQ-40OC,H,s-x polymers
has shown that regardless of the flexible spacer length an emis-
sion maximum at 406 nm was obtained both in solution and in
the solid state. A detailed study of the spacer length on the op-
tical properties and more specifically on the luminescence
quantum yield is in progress. However, the influence of the
substituents on the luminescent spectra can be obtained by
comparison of the PQ-40C|,H,s-x polymers with PQ-
20C,H,5-x (see Scheme 3 and Table 2) and also the same
polymeric main chains having two second generation benzy-
loxy type side dendrons [27]. Depending on the substituent
type, a small variation of the emission maxima from 418 nm

OC12H25
- ~-Ooren)
n

C12H250
PQ - 20C,,H,s - x, x=7-12

Scheme 3. Structure of polyethers and PQ-20C,H;s-x.

Table 2
Molecular characteristics of polyethers PQ-20C;,H,s-x (zeroth generation,
Go)

x M,* M,* M, /M,* My> DP*
12 67000 130500 2 948 70.7
1 49000 100000 2 934 52.5

# Obtained by SEC with UV detector, CHCI; solvent and PS standards.

® M., is the molecular weight of the monomer unit.

¢ Degree of polymerization calculated by dividing M, with the respective
M.

for PQ-20C,H,5-x [24] to 406 nm for PQ-40C;,H,5-x and
a double peak with maxima at 398 and 420 nm for the second
generation benzyloxy analogues [27], were obtained. In all the
cases blue light emitting polymers were synthesized but the
quantum yields were dependent on the flexible spacer length
[26,27].

Thermal analysis was employed as a first insight into their
ability to form organized structures. The DSC traces of the
PQ-40C,,H,5-x series obtained during the second heating
run are depicted in Fig. 2. Depending on the length of the flex-
ible spacer single or multiple transitions are obtained in the
range of 393—423 K. The odd members show broad, ill-defined
transitions revealing their lower ability for self-organization as
compared to the even members where sharper transitions were
obtained (this is especially the case for x = 12). Nevertheless,
there is a general trend towards decreasing melting tempera-
tures with increasing spacer length. For the polyethers with
10 and 11 methylene units, multiple endotherms were obtained
that are more pronounced in the former with an even number of
methylene units. The thermal behaviour of the monomeric diol
[II(40C,,H,s5)] is depicted in Fig. 3 and displays two endother-
mic peaks during the heating runs. Besides the main melting
transition at about 446 K, a weak endothermic peak is observed
at ~323 K during the second heating run. Comparing this be-
haviour with that of the respective diol with the three phenylene
rings [34], an increase in the main transition temperature is ob-
served that is expected by the increase in the conjugation
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Fig. 2. DSC traces of the PQ-40C,H,5-x, x = 7—12 series obtained during the
second heating run (rate = 10 K/min). Notice the narrower transitions for the
even members (x =8, 10, 12) suggesting increased order for x = 12.
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Fig. 3. DSC traces of the macromonomer diol II(40C,,H,s) obtained during
the first heating and cooling runs as well as during the second heating run
(rate = 10 K/min).

length. Nevertheless, the first transition at 323 K, is in the same
range supporting the notion that is mostly related to the dode-
cyloxy side-chains.

The influence of the molecular parameters on the highest
transition temperatures (7,,) is summarized in Fig. 4. For the
same backbone, changing the substituents from dodecyloxy
side-chains (Gg) to the first generation dodecyloxy decorated
dendrons (Gy), T, produces a small decrease which is attributed
to the dilution effect by the increasing density of the more flex-
ible dodecyloxy side groups in the latter. Alternatively, for the
same type of the dendritic substituents (first generation

440 o

o
1O
N /\/

380

T (K)

360 A

Fig. 4. Variation of the melting temperatures (7,,) obtained from the second
heating run plotted vs. the number of methylene units along the backbone
()C) for PQ-4OC]2H25-X (.), PQ-20C12H25-X (.) and PETH-4OC12H25-X
(A) (the latter from Ref. [9]). Notice the increase of the transition tempera-
tures with increasing backbone rigidity.

quinquephenyl (PQ) and terphenyl (PETH) series) increasing
the length of the rigid part in the main chain from terphenyl
to quinquephenyl, results in a significant increase of T,,,. This
is suggestive of a higher order in the PQ series with the more
rigid quinquephenyl segments. In all cases an odd—even effect
is observed which is more evident in the case of the dodecyloxy
substituted polyethers.

3.2. Structure analysis

3.2.1. Macromonomer diol 11(40C ;,H>s)

The main feature in the DSC trace from the macromonomer
diol is the strong endothermic peak at 446 K suggesting the
melting of the mesophase structure. This temperature is higher
than in the corresponding terphenyl diol (~398 K) suggesting
the presence of a more ordered mesophase. Furthermore, POM
images obtained on cooling from the melt revealed space-fill-
ing spherulitic superstructures usually found in systems with
propensity for crystallization. The X-ray diffraction pattern
from an oriented macromonomer diol fiber is shown in Fig. 5
and confirms the presence of an ordered mesophase. The pat-
tern exhibits strong equatorial reflections suggesting a columnar
structure and some meridional reflections indicative of period-
icities along the filament. The equatorial and meridional inte-
grated intensities (also shown in Fig. 5) further suggest
a rectangular lateral ordering with the following periodicities:
dioo=2.9 nm, dyjg=1.44 nm and dyo; = 0.46 nm (from the
wide-angle meridional reflection). It is worth noticing that
the djoo spacing is considerably higher than in the correspond-
ing terphenyl diol (d;op = 2.37 nm) revealing that the increase
in backbone length and rigidity poses higher constraints on the
possible conformations of the dendritic side-chain substituent



7246

P. Riala et al. | Polymer 47 (2006) 7241—7250

100 equatorial
10° 1
=
3 010
T
meridional
10° 4
S 001
N
—~ 107 3

q (nm™)

Fig. 5. Top: two-dimensional wide-angle X-ray diffraction pattern from an oriented macromonomer diol fiber. The sample was extruded at 323 K and measured at
303 K. The meridional and equatorial axes are shown with dotted lines. Bottom left: equatorial and meridional intensity profiles obtained from the 2D pattern. The
positions from some /kl indices corresponding to a rectangular lateral ordering are shown. Bottom right: structure in a macromonomer diol extruded fiber shown in
a highly schematic way; the cylinder axis corresponds to the fiber axis. The quinquephenyl (green cylinders) and the 40C;,H,s side groups (red substituents) are
shown. Arrows give the djgg and dy;o periodicities of the rectangular lattice. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

giving rise to an increasing lateral spacing. The approximate
organization within the fiber of a macromonomer diol is shown
in a highly schematic way in Fig. 5.

3.2.2. Zeroth generation (Gy)

Samples PQ-20C,H,5-11 and PQ-20C,H,5-12 belong to
the zeroth generation (G,). POM images revealed birefringent
structures that most resemble to smectic-like order. However,
a definite assignment of the local order requires investigation
at the relevant length scale (i.e., X-rays). The diffraction pat-
tern from an oriented fiber of the latter polymer is shown in
Fig. 6. The pattern indicates three sets of reflections attributed
to periodicities in three perpendicular directions. It exhibits
a strong meridional reflection together with some weak higher
order reflections revealing a structure composed of alternating
quinquephenyl and aliphatic main chain segments. The spacing
corresponding to the first intense meridional reflection in
PQ-20C;,H,5-12 is 3.5 nm, i.e., comparable to the backbone
length (calculated using Arguslab). The corresponding spacing
from the PETH-20C,H,5-12 was ~2.8 nm and the increasing

periodicity in the former reflects clearly the increase in the
backbone length. Position correlations of the quinquephenyl
segments in neighboring chains (i.e., within the layers) give
rise to the wide-angle equatorial reflection. The set of the first
intense equatorial reflections originates from backbone—back-
bone correlations (i.e., inter-layer periodicity). Based on these
reflections from the oriented fibers a layered structure is pro-
posed with smectic order consisting of alternating quinque-
phenyl and aliphatic chains in the meridional direction and of
backbone and of space-filling OC;,H,5 side-chains in the other
two directions. The smectic order is driven by the incompatibil-
ity of aromatic—aliphatic segments and by the size of side-
chains. This type of order in Gy is shown in a highly schematic
way in Fig. 6, together with the expected periodicities.

3.2.3. First generation (G;)

The WAXS patterns from two fibers PQ-40C,H,5-11 and
PQ-40C,,H,5-12 differing only slightly on the spacer length
that have been extruded, annealed and measured under identi-
cal conditions are compared in Fig. 7. The two images display
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Fig. 6. Top left: POM image from the PQ-20C;,H;s-12 melt showing birefringence of smectic-like order (the horizontal bar corresponds to 100 pm). Top right:
two-dimensional wide-angle X-ray diffraction pattern at 303 K, from an oriented PQ-20C,,H,5-12 fiber. The sample was extruded at 367 K and subsequently
annealed at 353 K for 6 h. The pattern shows strong meridional reflections together with some equatorial reflections. Bottom: schematic of the smectic order within
the extruded fiber based on the WAXS pattern. The green cylinder, the blue lines and the red substituent correspond to the quinquephenyl, the aliphatic segments
and the 20C,H,5 side group, respectively. Arrows indicate the expected equatorial and meridional periodicities. (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)

PQ-40C,,H,5-12 PQ-40C ,Hys-11

Fig. 7. 2D X-ray diffraction images from oriented fibers of PQ-40C;,H,5-12 (left) and PQ-40C;,H,s-11 (right) showing the odd—even spacer length effect on the
supramolecular organization. Both fibers were extruded at 323 K and the images were obtained at 303 K following annealing and slow cooling from 383 K. Al-
though both images display some common features the sharp reflections in the former become more diffuse in the latter due to the odd number of spacers.
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in general similar scattering features, however, the reflections
in the latter, with the even spacer length, are much sharper re-
vealing a very-well ordered structure that is in agreement with
the DSC results (Fig. 2). This structural uniformity in all evenly
spaced polyethers is attributed to a slightly more compact
interchain arrangement that is disrupted in the odd-spaced
polymers. This again demonstrates that the molecular organi-
zation in these materials rests on a delicate balance of inter-
actions provided by a number of backbone aliphatic segments,
the backbone rigidity and the size of side-chains. From

PQ-40C,,Hy5-7

PQ-40C,,H,5-8

PQ-40C ;Hys-10

these factors it is the number of backbone aliphatic chains
(odd—even) that plays the most decisive role in controlling
the degree of supramolecular order.

The organization within the first generation by increasing
the spacer length (PQ-40C,,H,s-x series) is shown by the
WAXS patterns in Fig. 8. The main characteristic of these
images is the presence of intense equatorial reflections and
the absence of strong meridional reflections (especially for
x=7 and x=10). For x =8 both periodicities are observed,
however, the equatorial reflections are the more intense.

Fig. 8. Left: 2D X-ray diffraction images from oriented fibers of PQ-40C;,H,5-7 (top), PQ-40C;,H,5-8 (middle) and PQ-40C,H,5-10 (bottom) showing the
effect of increasing spacer length. The images are taken at 303 K, following annealing at 373 K. In all cases strong equatorial reflections are observed. Right:
schematic representation of the structure in an oriented fiber of the first generation (G;) exhibiting a nematic order. The green cylinder, the blue lines and the
red substituents correspond to the quinquephenyl, the aliphatic segments and the dendritic 40C,,H,5 side group, respectively. The arrow gives the observed equa-
torial periodicity. (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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Fig. 9. Dependence of the correlation distances corresponding to the equatorial
(open symbols) and meridional (filled symbols) on the molecular mass of the
polymer repeat unit (M,,). Data are shown from both the PETH series (circles)
and the PQ series (squares). The solid and dashed lines, corresponding to the
PETH and PQ equatorial spacings, have a slope of 1 (lines are guides to the
eye). The data refer to three generations (Gy, G; and G,) for the PETH series
and to two generations (Go, G;) for the PQ series.

Furthermore, annealing of the fiber for 12 h at 373 K did not
produce any change in the relative intensities suggesting that
this is the equilibrium morphology. The presence of strong
equatorial reflections and the concomitant absence of meridio-
nal reflections suggest a nematic-like order in PQ-40C,H,5-x.
This contrasts with the smectic-like order formed in the PETH-
40C,H,5-x series. This illustrates that the effect of increasing
backbone rigidity in going from the terphenyl to the quinque-
phenyl segments is to disrupt the lateral order and to give rise
to a nematic-like order instead. The type of order in G, is shown
in a highly schematic way in Fig. 8.

3.24. Correlation distances — comparison of quinque-
phenyl (PQ) and terphenyl (PETH) polyethers

The distances determined from the correlations along the
backbones (meridional reflections) and correlations between
the backbone sheets (equatorial reflections in inter-layers) are
compared in Fig. 9 as a function of the molecular weight of
the repeat unit. In the same figure we plot the data from the
PETH series for the three generations (Gy, G; and G;). The
strong meridional correlations along the backbone are longer
ranged for the smectic-forming PQ-20C,H,5s-x as compared
to PETH-20C,H,5-x reflecting the larger backbone size in
the former. Furthermore, the longer backbone-to-backbone cor-
relations (equatorial spacings) in PQ-20C,H,5-12 in compar-
ison to PETH-20C,H,s-12 signify the higher restrictions
imposed by the increased size and rigidity of the backbone
on the side-chain packing. For PQ-40C;,H,5-x (Gy), the struc-
ture transforms to nematic, yet the equatorial reflections still
provide the backbone-to-backbone correlations that are con-
trolled by the size of side-chains. These correlations are longer
ranged as compared to the PETH G; series reflecting again the
effect of the more rigid backbone.

4. Conclusions

Earlier work has shown that the self-assembly in rigid—
flexible polymers composed of aromatic—aliphatic backbone
segments can be significantly improved by side-chain substitu-
tion. We have studied the self-assembly in newly synthesized
aromatic—aliphatic polyethers containing substituted quinque-
phenyl moieties in the main chain. This appears to be a minor
modification of the backbone as compared to the terphenyl
rigid segments studied earlier. Furthermore we have studied
the influence of substituents on the supramolecular structure
using different types of dodecyloxy tailed side groups. Thermal
and structural probes revealed the presence of supramolecular
organization in the absence of solvent, as with the terphenyl
rigid segments. However, going from the terphenyl to the quin-
quephenyl backbone was found to disrupt the lateral order in
the first generation giving rise to a nematic type of order. In ad-
dition, a strong effect of the aliphatic spacer length was found
(even—odd effect) on the degree of supramolecular order.

These results suggest that the relative ratio of rigid-to-flex-
ible backbone segments and the different sizes of dendritic
side-chains create a delicate balance of interactions giving
rise to incompatibility and segregation. The degree and type
of order are found to be extremely sensitive to the number
of spacer units and the number of phenylene rings along the
backbone, respectively.
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