Supplementary material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2007

Supporting Information

The influence of shape and size of silyl units on the properties of
bent-core liquid crystals — from dimers via oligomers and
dendrimers to polymers

Chrlstlna Keith,” Gert Dantlgraber R. Amaranatha Reddy, Ute Baumeister,” Marko Prehm
* Harald Hahn Heinrich Lang,” and Carsten Tschierske”

 Institute of Chemistry, Organic Chemistry, Martin-Luther-University Halle-Wittenberg,
Kurt-Mothes-Str. 2, D-06120 Halle,Germany. Fax: +49 345 5527 346, Tel: +49 345 5525

664, E-mail: carsten.tschierske(@chemie.uni-halle.de

PInstitute of Chemistry, Physical Chemistry, Martin-Luther-University, Halle-Wittenberg,
Miihlpforte 1, D-06108 Halle, Germany

“Institute of Inorganic Chemistry, Technical University Chemnity, Faculty of Sciences, Strasse
der Nationen 6,D- 09111 Chemnitz, Germany

1. Additional figures and tables
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Fig. S1 Phase structures of polar smectic phases (SmCP) of bent-core mesogens and their
classification according to polar direction, tilt-correlation and phase chirality: ferroelectric (F)
= polar direction in adjacent layers is parallel; antiferroelectric (A) = polar direction in
adjacent layers is antiparallel; synclinic tilt (s) = identical tilt direction in adjacent layers;
anticlinic (a) = opposite tilt direction in adjacent layers; racemic (SmCPs, SmC,PF) = layer
chirality in adjacent layers is identical, homogeneous chiral (SmC,Ps, SmCiPr) = layer
chirality in adjacent layers is opposite.
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Fig. S2 (a) Origin of the chirality within the smectic phases of bent-core molecules.! Owing
to the bend shape each molecule possesses a dipole moment in the molecular plane and
perpendicular to the long axis of the molecules. Layer normal, tilt direction and the polar axis
define either a right handed coordinate system (+), whereas in the mirror image these vectors
define a left handed system (-). Changing either polarisation direction or tilt direction changes
the chirality sense of the layer (indicated by blue/red colour). Changing both, polarisation
direction and tilt direction retains the chirality sense.
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Fig. S3 XRD pattern from a partially surface-aligned sample of 3b at 135 °C: distribution of
the wide-angle scattering along y (black line) with maxima at y = 58, 130, 243, and 314° in
comparison with the y position of the layer reflections (gray line) at y = 182° giving an
average tilt angle of the molecules with respect to the layer normal of 36° [/ = I(135 °C) /
1(143 °C, 1s0)]. The higher intensity of the maxima at 130 and 314° compared with the other
two is a hint to a synclinic tilt of the molecules in different layers.
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Fig. S4 2D XRD pattern from a partially surface-aligned sample of 4b: a) SmCP, phase at
144 °C on heating, b) partially crystallized sample at 138 °C, c) scattering of the isotropic
liquid at 150 °C for comparison.

Fig. S5 Low birefringent textures as seen between crossed polarizers for: a) the smectic phase
of compound 4b at 7= 130 °C; b) compound 1/3a after cooling with a rate of 10 K min™' at
100 °C.

Table S1. X-ray diffraction data: d,, ... according to the Bragg equation, d.4. ...calculated
from the parameter given in column 5.

Compound T/°C doy/ A Order of the layer ~ Layer distance/ A deud/  dop-deatdd A
reflection A
1/3a 81 39.1 1 39.5 39.5 -0.4
13.2 3 13.2 0.0
2b 100 44,3 1 44.4 44,4 -0,1
23 5 22 0,1
14,8 3 14,8 0,0
3b 135 74.2 1 77.8 77.8 -3.6
39.1 2 38.9 0.2
25.9 3 259 0.0
15.5 5 15.6 -0.1
13.0 6 13.0 0.0
4b 135 40.2 2 80.3 40.2 0.0
26.8 3 26.8 0.0
5b 120 45.6 1 45.6 45.6 0.0
22.8 2 22.8 0.0
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2. Experimental Methods

The mesophase behaviour of all the compounds was examined under a polarized light optical
microscope attached with a heating stage by sandwiching the sample between a glass slide
and a cover slip. The transition temperatures and the associated enthalpies were obtained from
thermograms recorded on a Perkin-Elmer DSC-7, differential scanning calorimeter. The
cooling and heating rates were 10 °C min™

For the investigation of the switching behaviour a home built setup for electrooptical
investigations was used. The sample as an isotropic liquid was filled into commercial ITO
coated glass cells (E.H.C., Japan) with a sample thickness of 5 um or 6 um. These cells are
also available with an additional polyimide coating for better alignment. The cells were
placed into the temperature controlled oven (Mettler FP 90) of the polarizing microscope
(Nikon Optiphot 2).Triangular wave field experiments were carried out with an electric field
in the range of 20-400 V,,, with a frequency of 0.1-100 Hz. DC field experiments were carried
out under a DC electric field of 10-40 Vpc.

X-ray investigations on powder-like samples were carried out with a Guinier film camera
(Huber) with samples in glass capillaries (I mm) in a temperature-controlled heating stage
using quartz-monochromatized CuKa radiation (1.54 A; 30 to 60 min exposure time,
calibration with the powder pattern of Pb(NOs),). 2D patterns for aligned samples on a glass
plate on a temperature controlled heating stage (alignment at the sample — glass or at the
sample — air interface) were recorded with a 2D detector (HI-STAR, Siemens).

3. Synthesis and analytical data
3.1. General procedure for the hydrosilylation reaction

Under an argon atmosphere the olefine (lequ.) was dissolved in anhydrous toluene (3 mL/
mmol). The H-terminated carbosilane or siloxane (1.05 equ. per Si-H equ.) and one drop of
Karstedt’s catalyst (platinum-divinyltetramethylsiloxane complex in xylene, Gelest Inc.) were
added to this solution. The mixture was stirred at room temperature. After reaction was
completed (detection by TLC, ca. 72 hours) the solvent was evaporated and the crude product
was purified by repeated column chromatography with silica gel (Silica gel 60, 0.040-0.063
um, Merck) using CHCI; as eluent.

3.2. Analytical data

1/3a: Yield: 120 mg (29 %); 'H-NMR (400 MHz, CDCl3): & 8.28 (d, J 8.7 Hz, 6H, Ar-H),
8.13 (d, J 8.1 Hz, 12H, Ar-H), 7.62 (d, J 8.5 Hz, 6H, Ar-H), 7.48 (d, J 4.8 Hz, 6H, Ar-H),
7.43 (s, 3H, Ar-H), 7.36 (d, J 8.7 Hz, 6H, Ar-H), 7.26 (d, J 8.5 Hz, 6H, Ar-H), 7.21 (m, 3H,
Ar-H), 6.97 (d, J 8.9 Hz, 6H, Ar-H), 6.96 (d, J 8.7 Hz, 6H, Ar-H), 4.03 (m, 12H, OCH,), 3.41
(t, J 6.6 Hz, 6H, CH»), 3.35 (t, J 7.0 Hz, 6H, CH»), 1.82 (m, 12H, CH3), 1.65-1.23 (m, 78H,
CH,), 0.87 (t, J 6.8 Hz, 9H, CH3), 0.54 (m, 12H, SiCH,), 0.44 (m, 6H, SiCH,), -0.05 [s, 18H,
Si-(CHs),], -0.09 (s, 3H, Si-CHs); *C-NMR (125 MHz, CDCl3): & 164.82, 164.40, 164.25,
163.79, 163.50, 155.39, 151.30, 150.83, 142.12, 137.71, 132.37, 132.27, 131.78, 129.79,
128.19, 126.85, 124.63, 122.14, 122.07, 121.50, 120.96, 120.51, 120.38, 114.41, 114.29,
74.01, 70.72, 68.40, 68.23, 31.92, 29.78, 29.66, 29.64, 29.59, 29.56, 29.36, 29.35, 29.10,
26.05, 25.99, 25.93, 24.20, 22.69, 20.08, 18.86, 18.48, 14.12, 11.36, -3.30, -4.90; *’Si-NMR
(99.3 MHz, CDCls): 6 2.19, 0.97; EA: calc. for Cy73H2280,7S14,: C, 73.42 %, H, 7.89 %,
found: C, 73.27 %, H, 7.92 %.

S4



Supplementary material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2007

1/6a: Yield: 95 mg (28 %); 'H-NMR (400 MHz, CDCl;): & 8.27 (d, J 8.9 Hz, 12H, Ar-H),
8.14 (m, 24H, Ar-H), 7.61 (d, J 8.7 Hz, 12H, Ar-H), 7.47 (d, °J = 4.9 Hz, 12H, Ar-H), 7.42 (s,
6H, Ar-H), 7.36 (d, J 8.7 Hz, 12H, Ar-H), 7.26-7.19 (m, 12H, Ar-H), 7.17 (m, 6H, Ar-H),
6.96 (m, 24H, Ar-H), 4.01 (m, 24H, OCH,), 3.40 (t, J 6.6 Hz, 12H, OCH,), 3.34 (t, >*J = 7.0
Hz, 12H, OCH,), 1.79 (m, 26H, CH,), 1.64-1.25 (m, 174H, CH,), 0.87 (t, J = 6.6 Hz, 18H,
CHj3), 0.54 (m, 36H, SiCH,), 0.44 (m, 12H, SiCH>), -0.04 [s, 36H, Si-(CHs)], -0.09 (s, 12H,
Si-CH3); BC-NMR (125 MHz, CDCl3): & 164.87, 164.31, 163.82, 163.53, 155.42, 151.32,
150.84, 142.13, 137.73, 132.41, 132.30, 131.82, 129.83, 128.22, 126.86, 124.66, 122.16,
122.11, 121.49, 120.96, 120.39, 114.42, 114.29, 74.04, 70.77, 68.39, 68.22, 31.90, 29.77,
29.64, 29.62, 29.57, 29.54, 29.33, 29.07, 26.05, 25.97, 24.17, 22.68, 20.08, 18.84, 18.47,
14.10, 11.33, -3.30, -4.92; *’Si-NMR (99.3 MHz, CDCl3): 6 2.24, 1.02; EA: calc. for
C367H480054Si102 C, 73.02 %, H, 8.01 %, found: C, 73.14 %, H, 8.80 %.

2b: Yield: 55 mg (10 %): 'H-NMR (400 MHz, CDCls): § 8.29 (d, J 8.7, 6H, Ar-H), 8.14 (d, J
8.7, 12H, Ar-H), 7.63 (d, J 8.7, 6H, Ar-H), 7.49 (d, J 5.0, 6H, Ar-H), 7.44 (m, 3H, Ar-H),
7.37 (d, J 8.9, 6H, Ar-H), 7.27 (d, J 8.5, 6H, Ar-H), 7.22-7.19 (m, 3H, Ar-H), 6.97 (d, J 8.9,
6H, Ar-H), 6.96 (d, J 8.9, 6H, Ar-H), 4.05-3.98 (m, 15H, OCH,, SiOCH), 1.85-1.80 (m, 12H,
CH,), 1.49-1.43 (m, 12H, CH,), 1.37-1.27 (m, 90H, CH,), 1.17 (d, J 6.2, 9H, CHCH3), 0.88 (t,
J 6.6, 9H, CH), 0.50-0.46 (m, 12H, Si- CHy), 0.10 (s, 3H, Si- CHs), -0.06 (s, 18H, Si-(CH,)»);
BC-NMR (125 MHz, CDCLy): § 164.80, 164.37, 164.21, 163.76, 163.52, 155.37, 151.28,
150.81, 142.09, 137.68, 132.35, 132.24, 131.76, 129.76, 128.17, 126.83, 124.61, 122.11,
122.05, 121.45, 120.94, 120.49, 120.35, 114.39, 114.28, 68.57, 68.38, 68.34, 39.24, 33.76,
31.92, 29.66, 29.64, 29.59, 29.56, 29.42, 29.35, 29.14, 29.10, 26.02, 25.99, 24.06, 23.95,
23.51, 22.69, 15.44, 15.35, 12.12, -3.30, -4.86; EA calc. for C193H2s55027Sis: C, 74.24 %, H,
8.33 %, found: C, 73.74 %, H, 8.26 %.

3b: Yield: 48 mg (19 %); 'H-NMR (400 MHz, CDCls): & 8.28 (d, J 8.0, 8H, Ar-H), 8.14 (d, J
8.8, 8H, Ar-H), 8.13 (d, J 8.8, 8H, Ar-H), 7.62 (d, J 8.6, 4H, Ar-H), 7.61 (d, J 8.6, 4H, Ar-H),
7.48-7.47 (m, 8H, Ar-H), 7.43-7.42 (m, 4H, Ar-H), 7.36 (d, J 8.4, 8H, Ar-H), 7.26 (d, J 8.8,
8H, Ar-H), 7.23-7.19 (m, 4H, Ar-H), 6.97 (d, J 8.7, 8H, Ar-H), 6.95 (d, J 8.6, 8H, Ar-H),
4.05-4.00 (m, 16H, OCH,), 1.83-1.78 (m, 16H, CH.), 1.53-1.45 (m, 16H, CH,), 1.31-1.26 (m,
120H, CH,), 0.87 (t, J 6.6, 12H, CHj), 0.51 (t, J 6.6, 8H, Si- CH,), 0.06 (s, 12H, Si- CHs);
BC-NMR (125 MHz, CDCl3): § 164.86, 164.45, 164.29, 163.82, 163.57, 155.42, 151.33,
150.84, 142.13, 137.73, 132.40, 132.29, 131.81, 129.82, 128.21, 126.87, 124.65, 122.15,
122.09, 121.49, 120.97, 120.53, 120.39, 114.42, 114.29, 68.39, 68.33, 33.20, 33.16, 31.90,
29.69, 29.64, 29.62, 29.57, 29.54, 29.44, 29.42, 29.34, 29.33, 29.13, 29.08, 26.03, 26.02,
25.97,22.98,22.67, 17.20, 17.18, 14.09.
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"H-NMR:

SAMPLE
date May 2 2001 dfrq 399.959
solvent COC13  dn H1
file exp dpwr 30
ACQUISITION dof 0
sfrg 399.960 dm
tn H1  dmm c
at 2.730 dmf 200
np 34944 temp 2
sw 6399.4 PROCESSING
fb 3600 b o
bs 4 tfil
tpwr 59 proc ft
pw 8.0 fn 65536
dl z.000
tof 799.9 werr
nt 32 wexp
ct 32 wbs
alock n o wnt
gain not used
FLAGS
il n
in y
dp ¥
DISPLAY
sp =157.0
wp 3581.4
vs 177
sC 0
we 250
hzm 14.33
is 739.64
rfl 3302.39
rfp 2895.7
th
ins 100.000
nm cdc ph
- - — -
- [
'
W/
\ 4 - — —_— - —
I
! |
— 7T T T 1 I T
8 7 6 5 4 3 2 1 ppm
SAMPLE EC. & VT
date Apr 25 2001 dfrgq 498.823
0 CDC13  dn H1
file &xp  dpwr LL]
ACQUISITION dof 14.0
sfrg 125.692 dm yyy
tn €13  dmm W
at 1.300 dmf 7526
np 65024 dseq
5w 25000.0 dres 1.0
fb 13800 homo n
bs 64 temp 27.0
tp S8 PROCES: SING
pw .6 b 1.00
d1 2.000 wifile
tof 0 proc Tt
nt 32000 fn not used
ct 16064 math f
alock n
gain not used werr
FLAGS wexp
i1 n  whs
in n wnt
dp y
hs nn
DISPLAY -
sp - -3
wp 21339.3
vs 150
sc
we 265
hzmm 80.53
is 500.00
rfl 10266.4
rfp 8677.4
th a
in 100.000
nm
| l ‘
T T T T T L e e e e B B e | L o e e T B e e e L B e e e L S s e o o e e
160 140 120 100 80 60 40 20 ppm

4b: Yield: 35 mg (13 %); 'H-NMR (400 MHz, CDCl5): & 8.27 (d, J 8.8, 16H, Ar-H), 8.13 (d,
J9.0, 16H, Ar-H), 8.12 (d, J 8.8, 16H, Ar-H), 7.61 (d, J 8.6, 16H, Ar-H), 7.46 (d, J 4.9, 16H,
Ar-H), 7.42-7.41 (m, 8H, Ar-H), 7.35 (d, J 8.8, 16H, Ar-H), 7.25 (d, J 8.6, 16H, Ar-H), 7.23-
7.19 (m, 8H, Ar-H), 6.96 (d, J 9.0, 16H, Ar-H), 6.93 (d, J 9.0, 16H, Ar-H), 4.05-3.98 (m,
32H, OCH,), 1.84-1.77 (m, 32H, CH,), 1.52-1.44 (m, 32H, CH3), 1.31-1.26 (m, 240H, CH,),
0.89 (m, 24H, CH3), 0.61-0.57 (m, 16H, Si- CH,), 0.12 (s, 48H, Si- CH3); "C-NMR (125

S6



Supplementary material (ESI) for Journal of Materials Chemistry
This journal is © The Royal Society of Chemistry 2007

MHz, CDCL): 6 164.74, 164.35, 164.19, 163.79, 163.51, 155.38, 151.31, 150.82, 142.08,
137.68, 132.35, 132.23, 131.74, 129.76, 128.15, 126.85, 124.59, 122.10, 122.04, 121.52,
121.00, 120.34, 114.41, 114.28, 68.42, 68.36, 33.52, 31.93, 29.75, 29.67, 29.64, 29.60, 29.56,
29.51,29.48, 29.37, 29.35, 29.21, 29.12, 26.09, 26.00, 23.05, 22.69, 17.79, 14.11, -0.24.

"H-NMR:

SAMPLE DEC. & VT
date May 24 2002 dfrgq 399.959
solvent coc13 dn H1
file exp dpwr 20
ACQUISITION dof 0
sfrg 399.960 dm
H1  dmm c
at 2.502 dmf 200
np 34022 temp 27.0 -
W 6799.3 PROCESSING .
fb 3800 1b 0. |
bs 4 wtfile |
tp 53 proc 1p
pw 7.8 fn not used
di 2.000
tof 636.0 err
At 32 wex p
ct 32 bs
aloc n T
gain not used
FLAGS
i1 n
in n
dp Y
DISPLAY
sp -62.1
wp 3497.9
vs 151
sc [
we 250
hzmm 13.99
is 742.20 |
rfl 770.5
rfp ]
th 2
ins 100.000
nm cdc p I

te May 24 2002 dfrq 399.959 I
solvent c€oci3  dn H1
file exp dpwr 41

ACQUISITI dof ]
sfrg 100.580 dnm yyy
tn €13  dmm W
at 1.311 dmf
np §3272 temp z7.0 I
W 24136.6 PROCESSING
fb 13400 1b 1
bs 3z wtfile
tpwr 54 proc ft
pw 5.0 fn 65536
d1 z.000
tof 1555.1 werr
nt 1024 wexp
ct 1024 whbs
alock n o wnt
gain  not used

FLAGS
i n
in v
dp v
DISPLAY
sp -283.0
wp 17108.5
vs 198

€ 0
we 250
hzmm 68.43
is 500.00
rfl 8765.0
rfp 7743.8
th 10
ins 100.000
m ph

160 140 120 100 . 80 60 40 20 ppm
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5b: Yield: 70 mg (18 %); "H-NMR (400 MHz, CDCl5): & 8.29 (d, J 8.8, 4H, Ar-H), 8.14 (d, J
9.0, 8H, Ar-H), 7.64 (d, J 8.6, 4H, Ar-H), 7.49 (d, J 5.1, 4H, Ar-H), 7.44 (m, 2H, Ar-H), 7.37
(d, J 8.8, 4H, Ar-H), 7.27 (d, J 8.6, 4H, Ar-H), 7.22-7.19 (m, 2H, Ar-H), 6.97 (d, J 9.0, 4H,
Ar-H), 6.96 (d, J 9.0, 4H, Ar-H), 4.06-4.01 (m, 8H, OCH,), 1.85-1.78 (m, 8H, CH,), 1.46 (q,
J 7.0, 8H, CH,), 1.35-1.26 (m, 60H, CH>), 0.88 (t, J 6.6, 6H, CH3), 0.53 (t, J 7.4, 4H, Si-CH,),
0.07 (s, 24H, Si-CH3), 0.06 (s, 12H, Si-CH3), 0.06 (s, 12H, Si-CHj3); BC-NMR (125 MHz,
CDCls): 6 164.81, 164.38, 164.23, 163.76, 163.53, 155.38, 151.29, 150.82, 142.11, 137.69,
132.36, 132.25, 131.77, 129.78, 128.18, 126.84, 124.62, 122.12, 122.06, 121.45, 120.95,
120.49, 120.37, 114.40, 114.28, 68.40, 68.35, 33.47, 31.93, 29.67, 29.65, 29.62, 29.60, 29.56,
29.42,29.37, 29.36, 29.15, 29.11, 26.02, 26.00, 23.26, 22.07, 18.31, 14.13, 1.22, 1.10, 0.24.
EA: calc. for: Ci23H18,023S1s: C, 66.45 %, H, 7.93 %, found: C, 66.23 %, H, 7.91 %.

Sia: Yield 105 mg (42 %); 'H-NMR (400 MHz, CDCl;): & 8.28 (d, >J = 8.7 Hz, 2H, Ar-H),
8.14 (d, °J = 8.7 Hz, 4H, Ar-H), 7.63 (d, °J = 8.5 Hz, 2H, Ar-H), 7.49 (d, °J = 4.8 Hz, 2H, Ar-
H), 7.44 (s, 1H, Ar-H), 7.36 (d, °J = 8.7 Hz, 2H, Ar-H), 7.27 (d, °J = 8.5 Hz, 2H, Ar-H), 7.19
(m, 1H, Ar-H), 6.97 (d, >J = 8.7 Hz, 2H, Ar-H), 6.96 (d, °J = 8.9 Hz, 2H, Ar-H), 4.04 (t, *J =
6.5 Hz, 4H, OCH,), 3.41 (t, °J = 6.5 Hz, 2H, OCH,), 3.36 (t, °J = 7.0 Hz, 2H, OCH,), 1.81 (m,
4H, OCH,CH>), 1.45 (m, 4H, CH,), 1.26 (m, 18H, CH,), 0.87 (t, °J = 6.9 Hz, 3H, CH3), 0.54
(m, 2H, SiCH,), 0.07 [s, 9H, Si-(CH3);], 0.066 [s, 6H, Si-(CH3),], 0.007 [s, 6H, Si-(CH3),];
BC-NMR (125 MHz, CDCls): & 164.74, 164.32, 164.16, 163.69, 163.42, 155.31, 151.22,
150.75, 142.06, 137.66, 132.32, 131.73, 129.74, 128.15, 126.81, 124.59, 122.09, 121.45,
120.92, 120.47, 120.35, 114.38, 114.36, 73.75, 68.43, 68.26, 31.99, 29.84, 29.74, 29.71,
29.687,29.63, 29.43, 29.17, 26.12, 26.07, 26.00, 25.88, 23.60, 22.78, 14.36, 14.21, 1.94, 1.40,
0.27; *Si-NMR (99.3 MHz, CDCl;): & 7.59, 7.13, -20.85; EA calc. for Cg Hg4O1,Sis: C,
67.99; H, 7.86, found: C, 67.94; H, 8.01.
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