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Abstract. Side chain discotic polysiloxane with 2,3,6,7-tetrakis(hexyloxy)-10-methoxytriphenylene-11-undecanoate moi-
etiesis synthesized by hydrosilylation reaction. The phase behavior and thermooptica properties of the polysiloxane and
the side chain precursor 2,3,6,7-tetrakis(hexyloxy)-10-methoxytri phenylene-11-undecanoate are examined by polarizing
optical microscopy, thermooptical analysis, differential scanning caorimetry and wide angle X-ray scattering studies. A
columnar planar alignment of LC in the layers has been determined. The pronounced alignment makes this polymer a
promising material for application in optoelectronic devices. The differences in phase transitions and morphology between

the triphenylene precursor and the discotic polysiloxane are discussed.
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1. Introduction

There has been an increasing interest in columnar
discotics which involve ! -conjugated systems [1-3].
They have been extensively studied as a result of
their electro-optica and semiconducting properties as
well as expected applications in organic field effect
transistor devices (OFET) and solar cells [4-6]. They
can undergo an easy macroscopic dignment and can
be processed in asmpleway [7-9]. Moreover, struc-
tural defects can be self-healed because of molecu-
lar fluctuations [10]. Flat, conjugated or fused dis-
cotic molecules possess unique features, making
them important, potential material for one-dimen-
sional charge carrier systems [11]. They are able to
self-assemble into long-range 1D columnar arrays
that can display liquid crystaline properties[12, 13].
Discotic liquid crystas based on the triphenylene
derivatives are particularly attractive as their chem-
istry is relatively accessible [14]. Semiconducting
properties of low molecular triphenylenes have
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been already extensively studied and well proven
[15-17].

On the other hand, liquid crystaline polymers, espe-
cially the ones incorporating calamitic moieties,
belong to systems of wide interest. They combinethe
unique features of low molecular weight liquid crys-
talswith increased thermal and mechanical stability
of the mesophase and the possibility of macro-
scopic aignment, allowing to study the self-organi-
zation of the discotic mesogens, in order to investi-
gate the oriented macroscopic structures [18]. Side
chain polymers based on discotic mesogens have
been much less explored and it concerns in particu-
lar systems based on flexible, linear polysiloxanes
with triphenylene moieties. Only alimited number of
star shaped oligomers[12, 19, 20] and sidechain sys-
tems [21-23] has been explored so far, although
these polymers may also have an increased ten-
dency to form columnar mesophases which might
help to obtain thin layers with high molecular order.



Makowski et al. —eXPRESS Polymer Letters Vol.9, No.7 (2015) 636-646

In generd, the attachment of a mesogenic structure
to the flexible siloxane chain via a spacer maintains
the liquid crystalline properties, but considerably
reducesthetransition temperatures with respect to the
low molecular weight ana ogues [24]. Moreover, it
was adready proven that such polymers have a ten-
dency to lower the crystal-mesophase temperature
transition of discotic and ca amitic mesophases [23].
In the past, preparation of side chain polysiloxanes
with tri penylene mesogens involved complicated and
low yield synthetic pathways. It refersin particular to
synthesis of mono-substituted functionaized triph-
enylenes [22].

In this work, we present a simplified synthetic
gpproach to an asymmetricaly substituted tripheny-
lene, functionalized with terminaly unsaturated
dkene moiety and the relevant side chain polysilox-
ane followed by phase transition studies of these
novel systems.

2. Experimental section

2.1. Materials and methods

2.1.1. Reagents

Organometallic syntheses were carried out under
agonwith theexdusion of moisture. 1,2-dihexyloxy-
benzene, guiacol, anhydrous FeCl3, dicyclohexyl-
carbodiimide (DCC), N-N-dimethylaminopirydyne
(DMAP), undecenoic acid al Aldrich Poland, poly
(methylhydrosiloxane), 30cSt (an average molecular
weight of 2100 g'mol~'. (ABCR Germany), H2S04
conc. 98%, ethanol 98%, CH,Cl,, THF al POCh
Poland, were used as supplied. Toluene (POCh
Poland), used for hydrosilylation reaction, was dried
by standard methods and stored over a sodium mir-
ror [25]. Toluene, CH2CI2, THF and hexane
(Aldrich/Fluka Poland, HPLC grade) used for col-
umn chromatography were used as supplied.

2.1.2. Spectroscopy

The 'H-, 3C- and 2Si-NMR spectra were recorded
in CDCl3 or toluene solutions with aBruker AC 200
or a Bruker DRX 500 spectrometers. IR spectrawere
obtained with an ATI Mattson spectrometer for poly-
mer solutions in sodium dried toluene.

2.1.3. Molecular weight measurement

Molecular weights were measured by gel-perme-
dion chromatography (GPC) using a Waters system
with Wyalt/Optilab 902 Interferometric Refractome-
ter, anayses were performed on an LDC Andytical

refracto Monitor |V instrument working with an Rl
detector and equipped with two SDV columns of
the following parameters: 8" 300 mm, 5 #m particle
size, with 10* and 100 A pore size. Toluene was used
asan eluent at aflow rate of 0.7 mL/min. Molecular
masses were cd culated relative to polystyrene stan-
dards.

2.1.4. Thermooptical analysis (TOA)

Changes of the transmission of polarized light as a
function of temperature were recorded and visudized
using an author’s software TOAPLOTS. Simultane-
ously the morphology of thin layers was observed
under optical microscope. Morphology of samples
was studied using Nikon Eclipse E400 Pol micro-
scope equipped with polarizing filters and an ana-
log SANY O VCC-3770P camera The images were
acquired using Leadtek TV Tuner WinFast PVR2.
Hesating and cooling of the samples at a controlled
rate was accomplished using Mettler FP82 hot stage
equipped with an FP90 controller and a photo detec-
tor.

2.1.5. Differential scanning calorimetry (DSC)
Differentid scanning caorimetry (DSC) studieswere
performed using TA Instruments Q20 and DuPont
DSC-910, cdibrated with an indium standerd & arate
of 5°C/min under nitrogen flow.

2.1.6. Atomic force microscopy (AFM)

Atomic force microscopy (AFM) images were
recorded under ambient amosphere, & room temper-
ature using Nanoscope {112, MultiMode (Veeco,
Santa Barbara, CA) microscope. The probes were
commercially available rectangular silicon can-
tilevers (RTESP from Veeco) with nomina radius
of curvaturein the 10 nm range spring constant 20—
80 N/m, a resonance frequency lying in the 264-
369 kHz. The images were recorded with the highest
available sampling resolution, that is, 512" 512 data
points.

21.7. 2D-WAXS

The 2D wide angle X-ray scattering (2D-WAXS)
measurements were performed by means of a solid
anode X-ray tube (Siemens Kristalloflex X-ray
source, copper anode X-ray tube operated at 35 kV
and 40 mA), Osmic confoca MaxFlux optics, X-ray
beam with pinhole collimation and a MAR345 image
plate detector. The samples were prepared as a thin

637



Makowski et al. —eXPRESS Polymer Letters \b!.9, No.7 (2015) 636-646

filament of 0.7 mm in diameter via filament extru-
sion in their LC phase. For the measurements, the
samples were positioned perpendicular to the inci-
dent X-ray beam and scattering intensity was detected
on a 2D image plate (MAR345) with a pixel size of
100 um (3450" 3450 pixels). Data andysis was per-
formed using the Datasqueeze 3.0.0 software.

2.2. Synthesis

Yynthesis of 2,3,6,7-tetra(hexyl oxy)-10-methoxy-
11-hydroxy triphenylene (3) (Figure 1)
Functionalized triphenylenes (3) and (4) were pre-
pared similar to the reported method [26].

40 g (0.144 mol) of 1,2-dihexyloxybenzene (1) and
35.75 g (0.288 mol) of guiacol (2) were dissolved in
350 mL. of concentrated aqueous H2S0,4 (70%) ina
3 neck 2L flask, equipped with an ice bath and
mechanical stirrer and the reaction mixture was
cooled down to —13°C. 93.4 g (0.576 mol) of anhy-
drous FeCl; was slowly added at suitable rate,
alowing to keep the temperature in the flask below
-10°C (2.5 hrs.). After addition of FeCl3 the reac-
tion mixture was stirred at room temperature for
additiona 5 hrs. Then 500 g of crushed ice was added
and the reaction was stirred until ice melted com-
pletely. The crude product — dark green precipitate
was filtered, washed three times with 200 mL of
water, twice with 100 mL of ethanol and dried. The
product was dissolved in 100 mL of CH.Cl,, pre-
cipitated again in 100 mL of ethanol, filtered and
dried. The violet product was purified by fractional
column chromatography (1 m, silicagel 40A, elu-
ents: hexaneTHF 1:1 v/v), dried in vacuum (60°C,
2 hrs), leaving 10.5 g of (3) (yield: 16%).

'H NMR: (200 MHz, CDCl3, $) 0.85-0.95 (m,
12H, CH3~(CH2)s0), 1.31-145 (m, 16H,
CH3(CH2)2(CH2)30), 1.45-160 (m, 8H,
CH3(CH2),CH,(CHy), O), 1.80-1.98 (m, 8H,
CH3(CH2)3CHLCH0), 3.92 (s, 3H, OCH3), 4.19-
4.31 (m, 8H, CH3(CH,)4sCH20, 5.79-5.93 (s, 1H,
COH), 6.87 (d, 2H, aromztic protonsin OH and OCH3
substituted ring), 7.81-7.89 (m, 4H, aromatic in
hexyloxy substituted rings), 3C NMR: (200 MHz,
standard proton decoupling, CDCl3, $) 14.1 (CH3),
226 (CHsCHp), 26.1 (CH3CH.CHj), 29.3
(CH3(CH2)2CH2), 31.4 (CH3(CHg)3CHy), 55.3
(OCHa), 68.9 (OCHy), 104.6, 104.8, 104.9, 105.1
(aromatic carbons from hexyloxy substituted rings),
112.1, 112.2 (aromatic carbons from methoxy/

hydroxyl substituted rings), and. calcd for Ca3HgxOg:
C 76.22, H 9.26; found: C 75.93, H 9.16

Yynthesis of 2,3,6,7-tetrakis(hexyloxy)-10-
methoxytriphenylene-11-undecenoate (4) (Figure 1)
10g (0.015 mol) of (3), 2.7 g (0.015 mol) of 10-
undecenoic acid, 3 g (0.022 mol) of DCC (dicyclo-
hexylcarbodiimide) and 0.18 g of N,N-dimethy-
laminopyridine (DMAP) weredissolved in 150 ml of
CH.Cl; and stirred at room temperature for 48 hrs.
The reaction mixture was filtered and the precipi-
tate was washed twice with 50 mL of CH.Cl,. The
solvent was evaporated leaving white, crystalline
product, which was purified by fractional column
chromatography (1m, silica g 40 A, eluents:
CH.Clo/toluene 1:2v/v) (yield: 3.7g, 30%).
'H NMR: (200 MHz, CgDg, $) 0.75-0.97 (m, 12H,
CH3~(CH2)s0), 1.20-1.32 (m, 26H,
CH3(CH2)x(CH2)30 + CH=CH(CH2)s(CH2)3COO0),
1.35-1.58 (m, 8H, CH3(CH2)2CH2(CH>); O), 1.72—
2.14 (m, 8H, CH3(CH2)3CH2CH20), 2.32-2.46 (m,
2H, CH=CH(CH2)¢CH2CH,CO0), 2.51-2.74 (m,
2H, CH=CH(CH);CH>COO), 3.93 (s, 3H, OCH3),
4.13-4.30 (m, 8H, CH3(CHo)4CH20, 4.81-6.06 (m,
2H, CH,=CH-), 5.71-5.99 (m, 1H, CH,=CH-),
7.31 (s, 1H, aromatic from undecenoic ester substi-
tuted ring), 7.77-7.88 (m, 4H, aromatic from hexy-
loxy substituted rings), 8.09 (s, 1H, aromatic from
methoxy substituted ring), *C NMR: (200 MHz,
standard proton decoupling, C¢De, $) 14.3 (CH3),
23.1 (CH3CHy), 26.3 (CH;CH,CHy), 29.0
(CHz'—'-'CHCHzCHz), 29.1 (CH2=CH(CH2)2CH2),
296 (CH2=CH(CH3)3CHy), 20.8
(CH2=CH(CH,)4CHy>), 30.8 (CH3(CHz2).CHy), 30.9
(CH3(CH2)3CHy), 31.1 (CH,=CH(CH,)sCHy), 32.6
(CH2=CH(CH2)eCHy>), 33.7 (CH,=CHCH), 33.8
(O(O)CCHy), 55.9 (OCHg), 69.1 (OCHy), 103.8,
103.9, 104.1, 104.11 (arometic carbons from hexy-
loxy substituted rings), 111.1, 111.2 (aromatic car-
bons from methoxy/undecenoic ester substituted
ring), 114.6 (CH,=CH), 139.8 (CH,=CH), and. cdcd
for CsoHgz0O7 77.10, H 9.59; found: C 77.20, H 9.40

Yynthesis of side chain discotic polysiloxane via
hydrosilylation of (4) with
poly(methylhydrosiloxane) (5) (Figure 1)

2 g (2.38 mmol) of (4) and 128 mg of poly(methyl-
hydrosiloxane) (2.14 mmol of -{CH3Si(H)O-]-
monomeric units were dissolved in 20 ml of dry
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toluene and stirred under argon. Platinum tetram-
ethyldivinyldisiloxane (FTDD) complex in xylenes
(10~ mol Pt/mol SiH) was added and the reaction
mixture was stirred at 60°C. Reaction progress was
followed by FTIR (disappearance of Si—-H absorp-
tion band at 2150 cm™). After 24 hrs the amount of
unreacted Si—H bonds was ~11% and after 48 hrs
6% was left. The reaction was continued until the
total disappearance of the absorption at 2150 cm™
(72 hrs). The solvent was removed in vacuum, |eav-
ing white solid. The product was purified by multi-
ple precipitations from dichloromethane/methanol,
filtration using PTFE 0.45 um microfilter and was
dried in vacuum (75°C, 1 mmHg) (yield 1.23 g,
58%). 'H NMR: (200 MHz, toluene-D, $) 0.04 (s,
3H, SiCHj3), 0.40-0.65 (m, 2H, S—CHy), 0.76-0.98
(m, 12H, CH3—~(CH2)s50), 1.22-1.38 (m, 30H,
CH3(CH2)2(CH2)30 + Si—CH2(CH2)7(CH)2CO0),
1.40-1.65 (m, 8H, CH3(CH2)2CH5(CH2)-0), 1.80-
2.21 (m, 8H, CH3(CH2)sCH2CH0), 2.64-2.70 (m,
2H, SiHCH,)gCH2CH2CO00), 3.25-3.57 (m, 2H,
S—CH,)gCH,CO0), 3.97 (s, 3H, OCHj3), 4.18-4.35
(m, 8H, CH3(CH>)4CH»0), 6.82 (s, 2H, aromatic
protons from undecanoate/OCH3 substituted ring),
7.73-7.95 (m, 4H, aromatic from hexyloxy substi-
tuted rings), (Figure 1), *C NMR: (500 MHz, stan-
dard proton decoupling, CsDs, $) 0.38 (CH3S), 14.2
(CH3), 17.4 (SiCH,), 20.6 (SiCH2CHy), 20.8
(Si(CH2)2CH>), 22.9 (CH3CHy), 25.1 (Si(CH2)sCHy),
25.9 (CH3CH2CH3), 29.4 (Si(CH2)4CH»), 30.8
(CHa(CH2),CH5), 30.9 (Si(CH2)sCHp), 31.0
(Si(CH2)6CH2), 31.1 (Si(CH3);CHz), 32.6
(CH3(CH2)3CH2), 32.9 (Si(CH2)sCH2), 33.8
(O(0)CCHy), 55.7 (OCH3), 68.9 (OCHy), 103.3,

OMe oC H|3
@ @ H LS80, H,0, t
OCH,,
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103.4, 103.6, 103.9 (aromatic carbons from hexyloxy
substituted rings), 111.0, 111.1 (aromatic carbons from
undecanoate/OCH3 substituted ring), 2°Si NMR:
(500 Mhz, INEPT, CgD3 $): -5 (MeSiO), GPC:
M, = 36800, M,, = 56200.

3. Results and discussion

3.1. Synthesis

The easiest and most frequently used method in
polymer chemistry to attach side chains to poly-
siloxanes is hydrosilylation reaction, in which ter-
minal alkenes are silylated with polymers bearing
Si-H moieties [27, 28]. However, the synthetic bot-
tleneck was the preparation of unsymmeirically sub-
stituted conjugated aromatic structures (3) possess-
ing one single substituent with termina alkene moi-
ety (4), which can belater attached to polysiloxanes
as a side chain via hydrosilylation reaction. We
have applied a modified methodology, described for
synthesis of similar triphenylenes, bearing one reac-
tive group, which served as monomers for the prepa-
ration of side chain discotic polyacetylenes (Fig-
ure 1).

It involved cyclotrimerization of a mixture of 1,2-
dihexyloxybenzene and guiacol leading to ‘ one-pot’
formation of the triphenylene moiety (3) (Figure 1).
The reaction was straightforward, however, required
careful purification using several cycles of column
chromatography in order to separate undesired side
products such as perhexyloxy triphenylenes. This
procedure led to alower reaction yield.

In the second step (Figure 1) the esterification of (3)
with undecenoic acid was carried out, catalyzed by
DMAP in the presence of DCC. Again, the most

OCgH,,

OCH,, H,CCH(CH,),CO0H
OCeH,,
& H
LIS MeQ O ? ’
PO e
P H
H,C i (CH,),,CO0 O H,CCH(CH,),C00
OC.H,,
5
w OCgHy, ©

Figure 1. Synthesis of unsymmetric triphenylene and the relevant discotic side chain polysiloxane
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difficult part of the process was purification of the
ester (4). The attachment of the side triphenylene
groups to the polysiloxane was performed in typical
hydrosilylation conditions (Figure 1) in toluene
using Karstedt's catalyst at 60-80°C.

The conversion of 90% after 24 hrs (as proved by
disappearance of Si-H signal at 2100 cm™" in FTIR)
was rather typical for hydrosilylation of alkenes,
bearing bulky substituents, by polysiloxanes [26,
27]. The reaction continued for further 48 hrsled to
final anchoring of 94% of unsaturated triphenylene
ester. Although the fina product (6) contained 6% of
the unreacted Si-H moieties, they were hydrolyti-
caly stable and we did not observe the effect of cross-
linking by Si—H hydrolysis and condensation even
if the samples were heated up to 150°C and washed
with water.

3.2. Phase behavior studies

Phase transition studies were carried out for triph-
enylene (4) and the discotic polymer (6) (Figure 1).
All measurements were made by heating and cool-
ing at the same rate of 5°C/min. The DSC hesting
scan (Figure 2a) reved s a phase transition tempera-
ture from the crystalline (Cr) to the liquid crys-
talline (LC) phase at 68°C for (4) and 67°C for (6).
The temperature difference, which accompanies
thistransition for (4) and (6) is %Il = 1°C and a cor-
responding small change in enthalpy is observed
(%H = 0.6 J/g). Transition to the isotropic phase
(Is0) occurs at the temperature of 99°C and is iden-
tical for both monomer (4) and polymer (6).

Upon cooling at the rate of 5°C/min, phase transi-
tions from Iso to L.C for both monomer (4) and poly-

Heating 5°/min
0 W
68°C (52.1 Jig)
-2 - SRS
z 99°C (6.9 Jig)
z 4
ke
s i
£ -5 i
i
"
il
1
s '
*67°C (52.7 Jig)
20 40 60 80 100 120
a) Temperature [*C]

mer (6) occurs at 96°C (lack of a supercooling) and
is accompanied by a enthalpy change %+ = 6.9 J/g
(Figure 2b). On the other hand, a small temperature
difference of %I = 1°C between (4) and (6) is
observed (Figure 2b) for the transition from the LC
to Cr phase with 52°C for (4) and 51°C for (6).

In addition to measurements obtained from differen-
tid scanning calorimetry (DSC) andysis, the phase
transitions of (4) and (6) were independently stud-
ied by means of thermooptical analysis (TOA). The
TOA experiments rely on the registration of inten-
sity of polarized light and change of texture with tem-
perature [23, 29]. Changes of the transmission of
polarized light as function of temperature were
recorded. Simultaneously, the morphology of layers
was observed under optical microscope. TOA
measurements were done for drop-cast films on a
glass substrate. During measurements the layers
were exposed to air without using a cover. The
changes of the light intensity transmitted through
the layers of (4) upon hesating at a rate of 5°C/min
are shown in Figure 3. Upon heating of (4) the
intensity of the transmitted light increases sharply
at 67°C and accompanies the Cr—LC transition,
which can be attributed to the formation of meso-
morphic state (LC) [30, 31] (Figure 3, image 1, 2).
A fast decrease in intensity is observed at 98°C,
when the clearing temperature is reached (Figure 3,
image 4)

The observed phase transitions were accompanied
by the respective changes in the intensity of polar-
ized light passing through the layer (Figure 3b). In
order to measure precisaly the temperatures, a which
the phase transition occurred, the plot of di/dT is

20 ' Cooling 5*/min
|, 52°C (54.5 Jig)
18 4
16
14 -
2 124
&
g 10
?;; 8
I
6
3 96°C (6.9 Jig)
e
2- A
0 T T T
20 40 60 80 100 120
b) Temperature ["C]

Figure 2. DSC thermogram: a) heating: red, continuous curve (4); black, dashed curve (6), b) cooling: blue, continuous

curve (4); black, dashed curve (6)
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100 pm

(6)

Intetnsity

(1)

di/dT

98

20 40 60

80 100 120

b} Temperature [*C]

Figure 3. a) Images of textures of (4) from POM, b) TOA of (4): red curve corresponds to heating and blue curve to cooling

process

presented. On cooling, theintensity increased at the
temperature of 96°C (see Figure 3, blue curve di/dT,
image 4) due to formation of a fan structure by (4),
which is characteristic for discotic liquid crystals
[32]. In image 6 of Figure 3a the transition to the
crystalline phase occurring at 49°C is evident. The
results from TOA for the triphenylene (4) correlate
very well with the data obtained from the differen-
tia scanning caorimetry (DSC).

TOA analysis of polymer (6) points that on heating
of thelayer the Cr-LC transition is observed chang-
ing the orientation of molecules [33]. Thisresultsin
an increase in light intensity passing through the

layer (red curve Figure4a, image 1 and 2) at 58°C.
Further hesting causes a complete reorientation of
the molecules in the layer and the transition to the
mesophase (LC) (image 3) at 67°C. Rapid declinein
light intensity occurs at a temperature of 98°C and
the transition to the isotropic liquid is observed
(image4). On the other hand, on cooling from the
isotropic liquid, the intensity change of light passing
through the layer of (6) occurs only at the tempera-
ture of 48°C, corresponding very well with results
from DSC, indicating crystallization (image 6). The
results obtained from TOA and DSC apparently dif-
fer from each other. As one can see from the texture
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Figure4. a) Images of textures of polymer (6) from POM, b) TOA of (6): red curve corresponds hezating and blue curve to
cooling process. Heating and cooling rates are 5°C/min.

recorded at 82°C (image 5) the LC transition ismiss-
ing. On cooling from the isotropic phase (at 96°C —
DSC) no change in the light intensity occurs in
TOA (Figure 4b). The reason is most probably the
formation of ahomeotropic arrangement of thetriph-
enylene molecules on the surface. In this organiza-
tion, the molecules are face-on arranged on the sur-
face with their columnar axis perpendicular to the
substrate. This leads to the lack of birefringence in
polarized light for typicdly a dendritic morphology
of the LC phase [34-36]. We observed in TOA char-
acteristic textures for this type arrangement [21]
(Figure 4 — image 5) indicating a strong interaction
with the substrate (Figuredb).

For each layer (4 and 6) the morphology surface was
andyzed using atomic force microscopy (AFM) (Fig-
ure 5). Thickness of each mono-layer (Figure 5b) of
ca. 1.8 nm (corresponding to the thickness of asin-
gle sheet of columns) is in a reasonable agreement
with earlier measurements performed on layers of
similar triphenylenes [22] forming columnar struc-
tures. Additionally, this valueis in accordance with
the intercolumnar distance found for the bulk organi-
zation by X-ray scattering (Figure 7). All surface
morphology studies were performed at 25°C for as-
cast samples. Analysis of the surface of polymer (6)
was performed after the first heating cycleto atem-
perature of 120°C. Observed morphologies of poly-
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Amplitude
AFM image

r—

i Heig
AFM imagey

500 nm

a)

Amplitude
AFMimage

Figure 5. AFM images: a) (4) amplitude image showing periodic structure, b) (6) amplitude image with athickness of asin-

gle monolayer

mer liquid crystal (6), from AFM, shows the forma-
tion of regular patterns where the distances between
interdigitated multilayer polymer chains are 15 nm.
(Figure 6) [37, 38].

The thermotropic behavior of (4) and (6) in bulk was
studied by two-dimensional X-ray wide-angle scat-
tering (2D-WAXS). The samples were prepared by
fiber extrusion to induce macroscopic alignment in
the specimen and were placed for the measurement
verticaly towards the 2D detector. In the LC phase
both compounds self-assemble in identical charac-
terigtic structures (Figure 7b, 7d) [39]. The columnar
stacks are oriented aong the fiber direction as evi-
dent from the small-angle equatorial reflections.
From the position of these scattering intensities the
intercolumnar arangement is determined of adlightly
oblique with dissimilar unit cell parameters a =
2.29nm and b= 2.08 nm for (4) and a= 2.31 nm
and b= 2.10 nm for (6). The disc-shaped triph-
enylenes pack in an orthogonal fashion in these
stacks with a ! -stacking distance of 0.36 nm in both
cases as derived from the meridional wide-angle
reflections (Figure 7f). Cooling back the samplesto
their crystaline phase, the organization changes into

Phase
AFM image

a)

a herringbone structure with tilted molecules within
the columnar structures (Figure 7a, 7¢). The location
of the off-meridional reflections with the maximum
intensity indicates a similar tilting angle of ca 35°
for both compounds (Figure 7¢€). Due to the high
number of reflections, the intercolumnar distance
cannot be determined precisely from the data st
However, the comparison of the equatorid reflection
suggests also asimilar unit cell for (4) and (6) inthe
crystalline phase. In conclusion of the structural
andysis, the introduction of the triphenylene as a
side chain moiety of a polysiloxane does not affect
the supramolecular bulk organization of the poly-
cyclic aromatic hydrocarbon disc. The driving force
for the self-assembly are ! -stacking interactions,
while the polysiloxane chain plays a minor role for
the bulk structure. It can be assumed that the poly-
siloxane is arranged in the periphery of the stacks
connecting molecules packed in the same column.

4. Conclusions

The synthetic pathway involved the known hydrosi-
lylation process [22] for preparation of a nove sys-
tem with hexyloxy modified triphenylene anchored

L‘IQO nm
.

Figure 8. AFM phaseimages of polymer (6); @) phaseimagefor a1" 1 um? area, b) zoom of yellow square from a) showing

15 nm regular patterns
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Fiber direction

e}

Fiber direction

f)

Figure 7. 2D-WAXS recorded at 30 and 80°C of a) and b) (4), ¢) and d) (6). Schematic illustration for the organization in

€) crystaline and f) liquid crystaline phase.

on low molecular weight polysiloxane (2100 g-mol ")
via undecanoate flexible spacer. Transition temper-
atures determined by TOA correspond to those from
DSC. Therefore, TOA can be considered as a very
efficient and complementary tool for studies of phase
transitions of some discotic systems. Moreover,
smaler amount of materias (thickness layers smaller
than 1 #m can be analysed) is required for TOA
experiments. Attachment of modified triphenylene
moieties to polysiloxane via flexible spacer dlows
for self-organization of both side chain discotics

and polymer skeleton. The spacer effectively decou-
ples the motions of triphenylene side groups from
the main polymer chain. Thus, the columnar ordering
of side groups is still present. The attachment of
triphenylene derivatives does not affect signifi-
cantly the kinetics of self-organization (crystdliza-
tion) in comparison to the plain discotic precursor,
but provides higher thermal stability, characteristic
of polymers. The onset temperature increases from
352.24°C (4) to 395.04°C for polymer system (6) and
the respective decomposition rate decreases from
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9.16% ' min/°C (4) to 6.59% min/°C (6). A good sol-
ubility in non-polar solvents is aso assured by the
presence of siloxane chain.
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