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1. Synthesis and characterizations of homopolymers

1.1 Materials:

THF and toluene were stirred 24 h with sodium and then distilled into a high vacuum
flask and thawed three times. Cholesterol (97%, Shanghai-Boyle), p-tosy! chloride (99%,
Acros organic), dimethylaminopyridine (DMAP, 99%, TCI), sodium hydride (90%,
Aldrich), 1,4-butandiol (98+%, TCI), glycidol (97%, J&K Chemical), epichlorohydrin
(98%, TCI), 4-aminobenzonitrile (98%, Shanghai Shao Yuan), phenol (99%, SCR Co.
Ltd.), 4,4'-oxydianiline (ODA, 98%, Tansoole), bis-(3-phthalyl anhydride) ketone (BPDA,
98%, Tansoole), triisobutylaluminum (i-BuzAl, 1.1M in Toluene, Acros Organics) and
tetraoctylammonium bromide (NOctBr, 97%, Inno Chem) were used as received. All other
reagents were of analytical grade and used as received. All solvents were distilled before
use.

1.2. Synthesis and characterizations of Chi.0 homopolymer
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Scheme S1. Synthetic route of Chi.o homopolymer.
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Figure S1. 'H NMR spectrum of Ch; o homopolymer.
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Figure S2. GPC-RI chromatogram of Chi.o homopolymer (Mw=8000, PDI=1.06).

Synthesis of cholesterol tosylate (1a): Cholesterol (15 g, 38 mmol), p-tosyl chloride
(10.50 g, 54 mmol), dry triethyl amine (15.5 mL), DMAP (catalytic amount) and
dichloromethane (160 mL) were added into a three-necked flask. The reaction mixture was
refluxed for 12 hours. Water and dichloromethane were added to extract the mixture into a
separatory funnel. The water was removed and extracted with dichloromethane. The
organic layer was collected in an Erlenmeyer flask and dried by anhydrous magnesium
sulfate. The solution was filtered, and then concentrated via a rotary evaporator. The
mixture was recrystallized with 200 mL acetone to get a white crystal (20 g, 80.5% yield).
'H NMR (500 MHz, CDCls, ppm) &: 7.80 (d, 2H, aromatic para-), 7.33 (d, 2H, aromatic
para-), 5.29 (d, 1H, -C(CH-)=CH-), 4.32 (m, 1H, -CH(CH2-)-OTs), 2.45 (s, 3H, CHzs-
aromatic), 0.66-2.40 (m, 43H, -CHjs, -CH(CH3)-, -CH-, -CH>-, alkyl protons).

Synthesis of 4-cholestrryloxy-butan-1-ol (1b): 1,4-Butandiol (5.8 g, 64.5 mmol) and
cholesteryl tosylate (7 g, 12.9 mmol) were dissolved in 200 mL dioxane. The mixture was
refluxed for 48 hours. The solvent was removed by distillation, and the mixture were
extracted with water and dichloromethane. The organic layer was collected and dried with
anhydrous MgSOas. The solution was filtered, and then concentrated in vacuum. The
mixture was purified by silica gel chromatography (ethyl acetate/hexane (1:20)) to yield a
white crystal (7.2 g, 76% yield). *H NMR (500 MHz, CDCls, ppm) &: 5.23-5.33 (d, 1H, -
C(CH2-)=CH-), 3.6-3.7 (t, 2H -CH>-OH), 3.4-3.4 (t, 2H, -CH>-O-CH-), 3.22 (m, 1H, -
CHO-), 2.22-2.31 (m, 2H, CH>-CH20), 2.1-2.13 (m, 2H, CH>-CH20) 0.6-2.4 (m, 47H, -
CHs, -CH(CHj5)-, -CH-, -CH>-, alkyl protons).

Synthesis of 4-cholestrryloxy-butaoxy oxirane (1c): NaH (0.11 g, 4.583 mmol) and
cholesteroloxy-butane-1-ol (1.4 g, 3.05 mmol) were dispersed in THF (20 mL) and stirred
0.5 h at room temperature. Epichlorohydrin (0.95 mL, 12.2 mmol) in THF (5 mL) was
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slowly dropwise added in the mixture. Afterwards, the solution was refluxed for 4 hours.
After removal of solvent, the mixture was purified via silica gel chromatography using
ethyl acetate/nexane (1:20) to yield a white crystal (0.85 g, 50% yield). *H NMR (500 MHz,
CDCls, ppm) &: 5.32-5.34, (d, 1H, -C(CH.-)=CH-), 3.81-3.72 (t, 2H ,0CH2CH?>), 3.76-3.71
(9, 2H, CH20CHy), 3.62-3.72 (m, 2H, OCH,-CH-), 3.20-3.13 (m, 1H, CH.CHCHy) ,
3.23 (m, 1H, -CHO-),2.22-2.31 (m, 2H, CH2-CH:0), 2.1-2.13 (m, 2H, CH,-CH0), 0.7-
2.4 (m, 47H, -CHs, -CH(CHa)-, -CH-,-CHz-, alkyl protons),

1.3. Synthesis and characterizations of Azi.0 homopolymer
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Scheme S2. Synthetic route of Azi o homopolymer.
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Figure S3. 'H NMR spectrum of Az o homopolymer.
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Figure S4. GPC-RI chromatogram of Az o homopolymer (Myw=7000, PDI=1.13).

Synthesis of 4-cyano-4 hydroxy azobenzene (2a): 4-Aminobenzonitrile (10 g, 0.084
mol) was dissolved in a mixture of hydrochloric acid (37 wt%, 20 mL) and water (15 mL).
NaNO: (6 g, 0.086 mol) dissolved in 20 mL water was slowly dripped into the acidified 4-
aminobenzonitrile solution. The mixture was stirred in an ice bath for 5 min and filtrated
to obtain a yellowish solution of the diazonium salt. Phenol (8 g, 0.085 mol) and NaOH (5
g, 0.125 mol) was dissolved with 100 mL water in a flask immersed in ice bath. The
diazonium salt solution was added dropwise into the above solution and the temperature
was controlled to be below 5 °C. After reaction for 5 h, the raw product was obtained by
pouring the reaction solution into an excess of deionized water. The precipitate was
collected by filtration and washed with plenty of water. After drying, the product was
purified by recrystallization from water/ethanol (1:1) mixture solvent and dried under
vacuum. Yield: 80 %. *H NMR (500 MHz, DMSO, ppm) &: 10.56 (s, 1H, OH), 7.96 (d, 2H
aromatic-O-CHy), 7.83 (m, 4H, aromatic-N=N-), 6.95 (d, 2H aromatic-CN).

Synthesis of 4-cyano-azo phenoxy oxirane (2b): 4-Cyano-4 hydroxy azobenzene (5 g,
0.022 mol), KoCOs3 (6 g, 0.043 mol), epichlorohydrin (6.98 mL, 0.09 mol) and acetone (50
mL) were added in the three-necked flask. The mixture was refluxed 8 h followed by the
filtration to collect the organic solution. The filtrate was concentrated in vacuum to remove
the solvent. The product was purified by recrystallization from chloroform/ethanol (1:1)
solution to yield orange colored crystals (5.9 g, 85% yield). *H NMR (500 MHz, CDCls,
ppm) &: 7.94 (m, 4H aromatic-N=N-), 7.79 (d, 2H aromatic—-O-CHy), 7.06 (d, 2H aromatic-
CN), 4.37 (dd, 2H —OCH,-CH), 4.03 (dd, 1H, O-CH), 3.41 (m, 2H -CH,OCH), 2.96 (dd,
1H, -CHCH?0).



2. Synthetic route and thermal behaviors of the ChAz system
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Scheme S3. Synthetic route of the ChAz copolymer. The subscripts correspond to the mole

concentration of the components in the system.

The 'H NMR spectra of the representative copolymer is demonstrated in Figure S5.
All the resonances in the spectrum can be identified and categorized. Specifically, the
characteristic resonances at 6.5-8.2 ppm (j, k, I, m) and 5.3 ppm (a) correspond to protons
of azobenzene and alkene group of Ch, respectively. The mole ratio between the Ch and
Az groups can be thus calculated based on the integration of the resonance. The obtained
monomer concentrations determined from 'H NMR match well with the feed ratios. The
insect corresponds to the enlarged spectrum in the region of 5.5-6.5 ppm. No sign of the
alkene group is observed, suggesting that the chain-transfer reaction is suppressed.
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Figure S5. Representative 'H NMR spectra of ChAz copolymer in CDCls.
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Table S1. Chemical characteristics of the ChAz system.

Sample Mn? (g/mol) PDI®  Ch" (mole%) [Cat]/[Ini]®

Chio 8000 1.06 100 4
ChosAzo2 10300 1.11 80 4
Cho52A 7048 9100 1.10 52 4
Cho47A20 53 10100 1.15 47 4
Cho33Az0.67 8100 1.14 33 4
Cho23Az0.77 10300 1.14 23 4
Cho.17Az0.53 13200 1.11 17 4
Az10 7000 1.13 0 6

9M, and PDI values were determined by GPC measurements of the respective polymers in
THF with polystyrene standards.

b)Mole concentrations were determined from *H NMR spectra.

9Mole ratio between the catalyst and the initiator.
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Figure S6. DSC thermosgrams of the Azio homopolymer and Cho.17AZo.s3 copolymer in

the temperature region of 40 °C-230 °C. The glass and isotropic states are denoted as “G”
and “T”, respectively.
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Table S2. Thermal and structural characteristics of the ChAz system.

Sample Ty Ti AT AH Mesophase dsm
cC® (O (O J/g)? (nm)“
Chio 9 144 135 6.4 Sm 4.9
ChosAzo2 27 142 115 4.1 Sm 5.0
Cho.52Az0.48 40 157 117 1.0 Sm 4.9
Cho.47Az7053 52 164 112 1.2 Sm 5.0
Cho33Az0.67 61 180 119 1.4 Ch -
Cho23Az0.77 63 185 122 1.1 Ch -
Cho.17AZ0.83 67 205 138 0.8/2.3 Sm 160 Ch 205 1.7
Az1p 74 215 141 1.2/1.1 Sm 182 N 215 1.9

dDetermined according to the DSC thermograms.
b)Mesomorphic temperature range (AT= Ti-Ty).
9Periodic length of the smectic structure determined form X-ray scattering experiments.

3. Structural properties of Ch1.0 homopolymer.
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Figure S7. (a) 1D-WAXD profile of the Chio homopolymer at room temperature. The
insect corresponds to the 2D WAXD patterns of the aligned sample. (b) Azimuthal scans
of different regions indicated in pattern (a). (c, d) The representative POM micrographs of
the sample. The typical fan-shape textures of smectic phase is observed.
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The phase structures of the Chi.o homopolymers are investigated by means of the X-
ray scattering and POM experiments. The WAXD profile of the Ch1.0 homopolymer (Fig.
S7a) shows three peaks with a g/g* ratio of 1:2:3 (primary reflection, g*=1.3 nm™) in the
low angle region, suggesting a layer structure of d-spacing of 4.9 nm. The diffuse halos at
wide angle indicate the short-range order in the lateral mesogenic packing within the layer.
In the 2D WAXD pattern of the aligned sample (Fig. S7a, b), the reflections arising from
the layer structure lie in the meridian while the scatterings from the mesogenic packing
could be identified in the equator region, suggesting the SmA phase of the polymer. The
POM micrographs (Fig. S7c, d) exhibit the typical fan-shape textures of smectic structure.

4. Structural properties of Az1.0 homopolymer.
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Figure S8. (a) Temperature dependent WAXD profiles of the Azi o homopolymer. (b, ¢) 2D
WAXD patterns of the aligned sample at 100 °C and 200 °C, respectively.

Figure S9. Representative POM pictures of Azi.0 homopolymer at the temperature of (a)
160 °C, (b) 170 °C, (c) 180 °C and (d) 190 °C. The transition from typical fan-shape textures
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of smectic phase to the schlieren textures of nematic phase is observed. The scale bars in
the images represent 100 um.

The temperature dependent WAXD profiles of the Azi0 homopolymer is shown in
Fig. S8a. Two scatterings with the g ratio of 1:2 were identified in the low angle region,
suggesting the smectic structure with thickness of 1.9 nm. In the wide angle area, multiple
sharp reflections in coexistence with the diffuse halo were observed, indicating the highly
ordered mesoginc packing within the layers. When rising the temperature above the phase
transition near 180 °C, the sharp reflections gradually disappear. Typical nematic phase
were identified with a weak reflection at q~4.0 nm™ originating from the short-range
position order of nematics along the director, and a halo at g~13.3 nm™ corresponding to
the lateral packing of mesogenic groups. The POM graphs during the smectic-nematic
transition are illustrated in Fig. S9. The typical focal conic textures of smectic and schlieren
textures of nematic LCs are observed at 160 °C and 190 °C, respectively.

5. Comparison of phase behaviors of LCPs bearing azobenzene mesogens

It is worth noting that the Az1.0 homopolymer with short spacer of a single CH2 group
could demonstrate the typical LC phases. This phenomenon is closely related the flexibility
of the polymer backbone. In order to investigate the influences of backbone on LC
behaviors in side chain LCP materials, we have summarized the conventional vinyl based
LCPs bearing the azobenzene mesogens. Table S3 presents some representative polymers
containing azobenzene moieties and short spacers. The polyacrylate and polymethacrylate
based LCPs with single C-C carbon length spacers generally behave as typical amorphous
polymers. Moreover, the glass transitions are usually above 100 °C, due to the rigid
backbone and the strong steric effect. With increasing the spacer length to triple CH>
groups, some polymers start to show LC mesophases with narrow temperature windows
(typical AT<50 °C). In sharp contrast, the polyether LCP studied in this work demonstrates
much lower Ty, and stable LC phases with much broader phase windows (AT~140 °C,
Table S2). The unique features of the polyether based LCPs are expected to impart the
copolymer system broad LC phase windows and tunable mesophases.
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Table S3: Influence of the polymer backbone, spacer length and substitution on the phase
behaviors of LCPs containing azobenzene mesogenic groups.

R Z X Phase Transition (°C) References
H

B OQN:N@CN G 74 Sm 182N 2151  This work

CHs H - G 1491 [1], [2]

CHs H O(CH2)2 G781 [3]

CHs; CN - G 1851 [4]

CHs CN O(CH2)2 G 109 Sm 160 I [5]

CHs CN O(CH2)s G91 N 1271 [6]

CHs NO2 - G1451 [7], [8]

CHs NO; O(CHy). G 1121 [7]

CHs NO2 O(CH2)s G91N 1351 [6]

CHs NO; O(CHz)s G 1081 [8]1, [9]

CHs OCH3 - G1201 [7]

CHs OCHs O(CH2)2 G 1091 [9]

CHs OCH3 O(CH2)s G 78 N122 1 [10]

CHs OCHs O(CH2)s G79Sm 91 N 131 | [10], [11]

CHs; OCsHi1 - G 1231 [8]

CHs COOC4Hs - G 1231 [12]

H OCsH11 - G76Sm 1761 [13]

H OCHs - G 106 Sm 176 1 [13]

H CN | (T¢>100) [14]
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6. Schematic illustrations of phase behaviors in the ChAz system

Sm: d=4.9 nm

Scheme S4. (a) Geometric size and bi-layer smectic LC model of the Chi o homopolymer.
(b) Geometric size and LC behaviors of the Azio homopolymer. With increasing the
temperature, the thermotropic mesophase transition from the interdigitated smectic to
nematic occurs at 180 °C. (c) Schematic illustration of phase behaviors of the ChAz
copolymers at low temperatures. With increasing the Az content above 0.67 in the
copolymer system, the phase transition from Sm to CLC is observed.

To further explore the LC packing in the ChAz system, the side-chain lengths of Ch
and Az were estimated by CS Chem 3D Pro employing MM2 energy minimization
parameters, and compared with the experimentally obtained d-spacings. The lengths of Ch
and Az side chains were calculated as 25.2 A and 14.3 A, respectively, as illustrated in
Scheme S4. For Chy.0 homopolymer, the layer spacing distance (4.9 nm) is about two times
of the molecular length of Ch group, suggesting a non-interdigitated bilayer smectic A
mesophase (Scheme S4a). In the case of Azio homopolymer, the d-spacing (1.9 nm) is
comparable to the calculated Az side chain length (Scheme S4b). This result indicates the
monolayer smectic phase. The mesogen interdigitation herein is typically induced by the
strong polar CN terminal groups of the Az mesogens.>®! The pronounced dipole interaction
of mesogens between polymer chains can result in the overlapped anti-parallel arrangement
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of mesogens. In the ChAz copolymers containing majority of Ch groups, the Az groups
were incorporated within the bilayer Sm structure, as illustrated in Scheme S4c. With
increasing Az content above 0.67, the regular layered packing of Ch mesogens was
gradually destroyed and the helical CLC was formed in the low temperatures. Further
increasing the Az concentration will lead to the formation of the mono-layer smectic
structures, due to the dominant role of Az mesogens. The comprehensive phase behaviors
of the system are demonstrated in the phase diagram shown in the main text Figure 5.

7. Structural analyses of ChAz copolymer

Figure S10. The 2D WAXD patterns of aligned ChosAzo> (a) and Cho.23Azo77 (b)
copolymers at 30 °C. The reflections of layered structure in low angle and the scatterings
of the mesogenic packing in the wide angel are indicated by the dash and solid arrows in
(@), respectively.

Intensity (a.u.)

05 10 15 20 25 30 35
g (nm™)

Figure S11. (a) Temperature dependent WAXD profiles of the Cho.47Az0.53 copolymer. The
insert corresponds to 2D patterns of the aligned sample at 100 °C.
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Figure S12. (a) Temperature dependent WAXD profiles of the Cho.s2Azo.4s copolymer. (b)
2D SAXS patterns of the aligned sample at 30 °C. The reflections of the nano-phase
separated lamellar structure and smectic LC are indicated by the solid and dashed arrows,
respectively. (c) 2D WAXD patterns of the aligned sample at 30 °C. The reflections of
layered structure in low angle and the scatterings of the mesogenic packing in the wide
angel are indicated by the dash and solid arrows, respectively.
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Figure S13. (a) Temperature dependent SAXS profiles of the Cho33Az0.67 copolymer. (b)
1D WAXD profile of Cho33Azos7 copolymer at 100 °C. The insert corresponds to 2D
WAXD patterns of the aligned sample at 100 °C.
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Figure S14. (a) Temperature dependent X-ray profiles of the Cho.17Azo.83 copolymer. 2D
powder (b) and shear patterns (c) of the sample at 100, 150 and 200 °C.

The temperature dependent X-ray profiles of the ChAz systems with different
compositions are shown in Figure 3 and Figures S10-14. The SAXS profiles of Cho.sAzo2
(Figure 3a in main text) show reflections at the peak ratios q/q* of 1:2 (primary reflection,
q*=1.25 nm™), suggesting the smectic structure with the layer thickness of 5.0 nm. In the
2D WAXD patterns of the sheared ChosAzo. (Figure S10a), reflections originating from
the layered structure locate in the meridian direction while the scattering halos due to the
mesogenic packing mainly distribute in the equator region, indicating the formation of a
SmA phase. The SmA structure was also identified in the copolymers with the Ch content
in the range of 0.47-0.52, as illustrated in Figures S11 and S12. For Cho.52AZ0.48 copolymer
(Figure S12) containing nearly equimolar components, both nano-phase separated lamellae
(d spacing ~7.8 nm) and the smectic order were resolved.
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