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Abstract The cholesteric polysiloxanes (P series) were ob-
tained by reacting cholesteric monomer and phenolic hydrox-
yl monomer in different ratios with polysiloxanes. And then
the chiral azo-containing polysiloxanes (AP series) were syn-
thesized by esterifying P series members with the acryl acid of
azo acid catalyzed by DMAP. The chemical structures and
liquid crystal (LC) properties of the monomers and polymers
were characterized by use of various experimental techniques
such as FTIR, 1H-NMR, POM, DSC, TGA, XRD and ultra-
violet-visible. Experimental results proved that obtained poly-
mers were in accordance with the molecular design. The tran-
sition temperatures of the polymers exhibited a decreasing
trend as the content of the cholesteric units increased and
became higher by introducing the azo mesogenic core. The
temperatures at which 5 % weight loss occurred are higher
than 280 °C. P2–P6 showed blue Grandjean textures and ex-
hibited selective reflection in the visible light region. AP series
also possessed Grandjean textures, and the colors exhibited
red shift with increasing content of azo moiety. On the heating
cycles, when appropriate mechanical pressure was imposed
on the polymers, AP2–AP6 selectively reflect visible light;
however, there are no reflection peaks in the UV-Vis spectrum
without the stimulation of mechanical pressure. All polymers
exhibit left-handed optical activity due to having the same
cholesteric group. The optical rotation direction of AP chang-
es from left to right when increasing the UV irradiation time,

and the photoresponsive behaviors of AP series are also
investigated.
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Introduction

Side-chain liquid crystalline polymers (SCLCPs) are an im-
portant research topic in the fields of theoretical research and
engineering application due to their unique optical properties.
Functional materials can be designed and synthesized by in-
troducing functional groups into the molecular structure of
SCLCPs. Functional groups include azobenzene,
spironaphthoxazine, and so on. The most commonly used
photochromic moieties are azobenzene. Azobenzene-
containing SCLCPs have been extensively studied in recent
years because of their potential applications in the field of
optical storage and optical actuators [1–9].

Azo polymers are photoresponsive materials, whose prop-
erties can exhibit significant changes when exposed by a spe-
cific optical stimulus. Under UV irradiation, the structure of
azobenzene transforms from planar trans-isomer into bent cis-
form; this process can be reversed by visible light irradiation
or thermal relaxation [10–14].

In order to explore the correlation between the structure
and photoresponsive property, many novel types of azo-
SCLCPs have been designed and synthesized [15–18].
Photosensitive chiral liquid crystalline polymers (CLCPs)
are an important class of optical materials due to the possibil-
ity of controlling their Bragg reflection properties with the aid
of light beams [19–24]. By combining the function of chiral
materials and azo polymer, the azo-CLCPs exhibit several
promising properties like high photosensitivity, nonlinearity,
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easiness of molecular design, and so on, extending the possi-
ble design of next-generation optical devices and broadening
the scope of applications.

Among many methods of preparing photosensitive LC poly-
mers, themost efficient one is covalent bonding of the photoactive
molecules to LC polymers. The main-chain of azo polymers can
be polyacrylic acid, polymethylacrylic acid, polyurethane,
polysiloxanes, etc. A main-chain of polysiloxane is preferred to
others owing to its high chain flexibility, potentially enabling an
easymotion of the azo side groups and favoring the recognization
processes at the supermolecular level [25–39]. Due to the poten-
tial optical application, the research focuses on a larger extent on
polysiloxane-based SCLCPs.Oneway to obtain azo polysiloxane
is hydrosilylation reaction, but some azo compounds have been
used as inhibitors of hydrosilylation, the reaction is difficult to
perform, and the reaction time is extremely long [40]. Another
reported method was firstly performed by Abe in 1995 by ester-
ification [41]. Abe’s esterification reaction can extensively avoid
the azo compounds’ inhibition to hydrosilylation. However, the
polymers always retain a small quantity of carboxyl groups, so a
new opposite idea is thought out to completely perform the ester-
ification. At first, a precursor polymer with phenolic hydroxyl
group was synthesized by hydrosilylation, then it reacted with
the acryl acid of azo acid catalyzed by 4-dimethylaminopyridine
(DMAP). The advantage of this synthetic method is that the ex-
cess of acryl acid can ensure the esterification completion and
improveAbe’s esterification, and at the same time, many different
azo polysiloxane liquid crystals were synthesized and studied.

In this research, a novel cholesteric polysiloxane precursor (P
series) was firstly prepared by reacting M1 (cholesterol 4-
allyloxybenzoate) and M2 (4-hydroxyphenyl-4(allyloxy)benzoate)
with polymethylhydrosiloxane, then P series polymers reactedwith
the acryl chloride of M3 (6-(4-((4-nitrophenyl)diazenyl)phenoxy)-
6-oxohexanoic) to obtain AP series. The mesomorphic properties
of polymerswere characterized bydifferential scanning calorimetry
(DSC), polarized optical microscopy (POM), andX-ray. The struc-
tures ofmonomers and polymerswere confirmed by FTIR and 1H-
NMR. The optical properties were tested by specific rotation and
UV–Vis spectrum. The relationship between structures and prop-
erties was also investigated.

Experimental procedures

Materials

4-Hydroxybenzoic acid, hydroquinone, adipic acid, pyridine, di-
chloromethane and tetrahydrofuran, paranitroanilinum, 3-
bromopropene, and cholesterol were bought from Sinopharm
Chemical Reagent Co., Ltd (China). Polymethylhydrosiloxane
(PMHS, Mn = 882–1062) and hexachloroplatinic acid hydrate
were obtained from Jilin Chemical Industry Company (China).
Toluene used in the hydrosilylation reaction was first refluxed

over sodium and then distilled under nitrogen. All other solvents
and regents were purified by standard methods.

Measurement

IR spectra weremeasured by a PerkinElmer SpectrumOne FT-IR
spectrometer (PerkinElmer Instruments, USA). 1H-NMR spectra
(400MHz) were recorded on a Bruker AV 400 spectrometer in 5-
mm o.d. sample tubes. Specific rotation was performed with a
PerkinElmer 341 polarimeter. All optical activity measurements
of P series and AP series were performed in tetrahydrofuran
(THF) with a Na lamp (λ = 589 nm). Ultraviolet–visible spectro-
photometry was measured by a PerkinElmer Lambda 950
instrument.

Phase transition temperatures and thermodynamic parame-
ters were determined by using a Netzsch DSC 204 (Netzsch,
Germany) with a liquid nitrogen cooling system. The heating
and cooling rates were 10 °C min−1. A Leica DMRX (Leica,
Germany) polarizing optical microscope equipped with a
Linkam THMSE-600 (Linkam, UK) hot stage was used.
XRD measurements were performed with a nickel-filtered
Cu-Kα radiation (λ = 0.1542 nm) with a DMAX-3A Rigaku
(Rigaku, Japan) powder diffractometer.

Synthesis

Synthesis of the monomers

Synthesis of M1 and M2 Cholesterol (4-allyloxybenzoate)
(M1) was synthesized with similar ways according to previous
reports [10]: Yield 86 %, mp 113.2 °C, [α]589

18.0 = −5.45°. IR
(KBr): 3082 (=CH), 2951, 2850 (–CH3, –CH2), 1711 (C=O),
1645 (C=C), 1605–1450 (Ar–), 1258 cm−1 (C–O–C). 1H-
NMR (CHCl3, δ, ppm): 0.68–2.45, 3.56, 5.45 (m, 45H, cho-
lesterol-H), 4.57–4.60 (d, 2H, CH2=CHCH2), 5.29–5.39 (m,
2H, CH2=CH), 6.04–6.11 (m, 1H, CH2=CH), 6.90–8.00 (m,
4H, Ar–H).

4-Hydroxyphenyl-4(allyloxy) benzoate (M2) was synthe-
sized with similar ways according to previous reports [10].
Yield 82 %, mp 119 °C. IR (KBr): 3650–3250 (–OH), 2951,
2850 (–CH2), 1748 (C=O), 1647 (C=C), 1605–1429 (Ar–),
1245 cm−1 (C–O–C). 1H-NMR (CHCl3, δ, ppm): 4.52–4.58
(d, 2H, CH2=CHCH2), 5.25–5.40 (m, 2H, CH2=CH), 6.01–
6.13 (m, 1H, CH2=CH), 7.20–8.15 (m, 4H, Ar–H).

Synthesis of M3 and B The synthetic route of 6-(4-((4-
nitrophenyl)diazenyl)phenoxy)-6-oxohexanoic acid (M3)
is shown in Scheme 1. Fifty milliliters of NaNO2 solution
(0.0656 g mL−1) was dropped into 40 mL of hydrochloric
acid (6 mol L−1) containing 40 mmol para-nitroanilinum
under ice-water bath. After stirring for 0.5 h, urea was
gradually added into the above solution; the process was
monitored with potassium iodide starch test paper. The
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process did not stop until the test paper became blue.
Then, 50 mL of phenol solution (0.0776 g/mL) was
dropped into the above solution. The pH value was con-
trolled within 9–10 by using 10 % NaOH solution, and

the solution was stirred for 2 h. The reaction mixture was
precipitated in hydrochloric acid aqueous solution. The
resulting precipitate was washed by water and recrystal-
l i z e d f r om e t h a n o l - w a t e r t o o b t a i n 4 - ( ( 4 -

Scheme 1 The synthetic routes
of M3 and B

Scheme 2 The synthetic route of
P and AP series and schematic
illustration of selective reflection
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nitrophenyl)diazenyl)phenol as red sheet powder (yield
89 %, mp 218–219 °C).

Adipic dichloride (22.6 g, 0.12 mol, synthesized in labora-
tory) was dissolved in the mixture of tetrahydrofuran
(100.0 mL) and pyridine (10 mL). The solution was slowly
dropped into the round-bottom flask containing 5.0 g
(0.1 mol) of 4-((4-nitrophenyl) diazenyl)phenol and 200 mL
of tetrahydrofuran, stirred for 0.5 h at room temperature, and
refluxed for 18 h, then the cold reaction mixture was precip-
itated into water. The crude products were washed with hot
water and crystallized three times with alcohol to obtain
6-(4-((4-nitrophenyl)diazenyl) phenoxy)-6-oxohexanoic acid
as red powder (yield 62 %, mp 155.5 °C). IR: 3250–2500 (–
COOH), 2980, 2850 (–CH3, –CH2), 1750 (C=O), 1708 (–
COOH), 1605–1450 (Ar–), 1521, 1342 (–NO2), 1403
(N=N). 1H-NMR (CDCl3): δ1.80–2.66 (m, 8H, –CH2–),
7.33–8.39 (m, 8H, Ar–H).

The synthesis of acyl chloride of monomer M3 was as
follows. A few drops of DMF was added to a suspension of
6-(4-((4-nitrophenyl)diazenyl)phenoxy)-6-oxohexanoic acid
(0.1 mol) in fleshly distilled thionyl chloride (40 mL), and
the reaction mixture was refluxed for 10 h, and then the excess
thionyl chloride was removed under reduced pressure to give
the corresponding acid chloride (B).

Synthesis of P and AP series

The synthesis of AP series was conducted by two steps, which
are outlined in Scheme 2. And the polymerizations of P series
and AP series are shown in Table 1.

Synthesis of P series M1, M2 (in different ratio as given in
Table 1), and PMHS were dissolved in anhydrous and freshly
distilled toluene. The mixture was heated to 65 °C under ni-
trogen and anhydrous conditions, and 4 mL of tetrahydrofuran
solution of hexachloroplatinate hydrate (IV) catalyst (5 mg/
mL) was injected into the reaction solution with a syringe
twice. The hydrosilylation reaction was completed when the
infrared spectra showed no Si–H absorption peak at

2166 cm−1, followed by precipitation with methanol. The
products were dried in vacuum at room temperature. IR
(KBr, cm−1): 3500–3250 (–OH), 2980, 2850 (–CH3, –CH2),
1735, 1711 (–C=O), 1605–1450 (Ar–), 1200–1000 cm−1 (Si–
O–Si).

1H-NMR (CDCl3, δ, ppm): 0–0.20 (s, 1H, Si–CH3), 0.41–
0.54 (m, 0.42H, Si–CH2–), 0.79–2.28 (m, 8.2H, alkyl-H),
3.66–4.64 (m, 0.62H, –CH2O–, –CH–O–), 5.16–5.39 (m,
0.18H, ethylene-H in cholesterol), 6.71–7.89 (m, 1.11H, Ph–
H).

Synthesis of polymer AP series AP was synthesized by es-
terification of P series with acyl chloride of 6-(4-((4-nitrophe-
nyl) diazenyl)phenoxy)-6-oxohexanoic. The synthetic routes
of AP1–AP7 were similar, for example, the synthetic process
of AP4 is as follows: 0.5 g of precursor polymer P4 was solved
in the mixture solution of THF (80 mL) and pyridine (20 mL),
then 50 mL of THF solution containing 6-(4-((4-nitrophenyl)
diazenyl)phenoxy)-6-oxohexanoic acyl chloride (excess 10 %
than P4) and 0.005 g of catalyst DMAP was dropped into the
above mixture solution. The reaction was refluxed for 24 h
and then poured into the dilute acid solution. The crude prod-
uct was washed with water and recrystallized with ethanol to
obtain a faint yellow polymer (yield 40 %). IR: 2980, 2850 (–
CH3, –CH2), 1765, 1735, 1711(–C=O), 1605–1450 (Ar–),
1527, 1344 (–NO2), 1421 (N=N), 1200–1000 cm−1 (Si–O–
Si). 1H-NMR (CDCl3, δ, ppm): 0–0.20 (s, 1H, Si–CH3), 0.41–
0.54 (m, 0.42H, Si–CH2–), 0.78–2.32 (m, 9.0H, alkyl-H),
3.66–4.70 (m, 0.63H, –CH2O–, –CH–O–), 5.16–5.39 (m,
0.18H, ethylene-H in cholesterol), 6.71–8.22 (m, 1.31H, Ph–
H).

Results and discussion

Preparation and characterization

Cholesteric liquid crystalline (M1), monophenol moiety (M2),
and azo acid compound (M3) were synthesized. M1 was

Table 1 The feed ratio of P and
AP series Sample Feed Feed

P
series

PMHS
(mmol)

M1

(mmol)
M2

(mmol)
M1/
(M1 + M2)

AP
series

P
(g)

M3 (g) Yield
(%)

P1 0.3000 4.2750 0.2250 5 % AP1 0.5 0.0242 46 %

P2 0.3000 4.0500 0.4500 10 % AP2 0.5 0.0496 52 %

P3 0.3000 3.8250 0.6750 15 % AP3 0.5 0.0762 50 %

P4 0.3000 3.6000 0.9000 20 % AP4 0.5 0.1042 47 %

P5 0.3000 3.1500 1.3500 30 % AP5 0.5 0.1641 55 %

P6 0.3000 2.7000 1.8000 40 % AP6 0.5 0.2307 51 %

P7 0.3000 2.2500 2.2500 50 % AP7 0.5 0.3051 50 %

1826 Colloid Polym Sci (2016) 294:1823–1832



prepared by esterification of cholesterol with 4-allyloxy
benzoic acid chloride. M2 was obtained by esterification of
hydroquinone with 4-allyloxy benzoic acid chloride. M3 was
prepared by esterification of adipoyl chloride with 4-
nitrophenyl diazenyl phenol.

The polymer P series was synthesized by a one-step
hydrosilylation reaction between Si–H groups of PMHS and
olefinic C=C of monomers in anhydrous toluene with
hexachloroplatinate acting as a catalyst at 60 °C. The yields
and properties of P series are summarized in Table 1, and the
unreacted Si–H groups of all polymers were measured from
1H-NMR and IR spectra. In the NMR spectra, the decrease of
the peak near 4.70 ppm was followed, and the decrease of the
Si–H characteristic absorption at 2166 cm−1 was observed
during the reaction process in IR spectra.When the Si–H bond
completely disappeared, the mixture was precipitated with
methanol three times, then the products were dried in vacuum
at room temperature.

1H-NMR data and IR spectra of P series showed the
disappearance of Si–H and the appearance of characteris-
tic peaks of M1 and M2, suggesting that all the Si–H in
PMHS was substituted via hydrosilylation action, and the
monomers were connected to the polysiloxane chains
successfully.

AP series were prepared by esterification of polymer P
series with 6-(4-((4-nitrophenyl)diazenyl)phenoxy)-6-
oxohexanoyl chloride at different ratios (10 % in excess,
DMAP as catalyzer). IR spectra showed that the hydroxy
peak disappeared; the characteristic bands of nitro and azo
peaks appeared at about 1527, 1344, and 1421 cm−1; and
a new ester peak turned out at 1765 cm−1. From 1H-NMR,
the chemical shift at 8.20 ppm further confirmed that the
esterification had been completed thoroughly. The IR
comparison diagram of P series and AP series is shown
in Fig. 1.

Analysis of optical rotation and reflection spectra

Cholesterol is a chiral material possessing excellent rotation
properties, and monomers and polymers with cholesterol also
tend to have good optical properties. Cholesterol has optical
chirality in CHCl3, the specific rotation (SROT) of cholesterol
was −33° (c = 0.4 g L−1, CHCl3), and the values of cholesterol
4-allyloxybenzoate (M1) was −5.4° (c = 0.4 g L−1, CHCl3).
M1 has wonderful selective reflection on the heating and
cooling processes. Generally, solvent, temperature, chain
length, and substituent can affect the handedness of the cho-
lesteric liquid crystals. In the present study, the P series and
AP series (c = 0.4 g L−1, CHCl3) all exhibited optical chirality
and they all showed the same handedness. FromTable 2, it can
be seen that the optical activity of P and AP series tended to
decrease as the contents of chiral groups became smaller.
Optical activity of P is higher than that of AP series due to
the disturbance of rotation of chiral groups caused by the
introduction of the azo group. In order to investigate the effect
of the chiral group and azo cis-trans-isomerisation on the val-
ue of optical rotation of polymers, the changing trend of opti-
cal rotation was measured when the polymer solution was
irradiated by UV light. Firstly, the values of optical rotation
increased with irradiation time, and then the direction of opti-
cal rotation changed from left lateral to right. The results
showed that the cis-trans-isomerization of the azo group af-
fected the main-chain and induced the reversion of rotation
direction. The cis-trans-isomerization of the azo group in-
duced the azo group to move and successively drive the poly-
mer backbone to advance, meanwhile the helical structure
caused by the polymer main-chain interconverts between the
right and the left spirals. The representative curves of AP1 and
AP4 were shown in Fig. 2.

In the heating and cooling processes, the selective reflec-
tion of cholesteric monomers can be usually found, while for

Fig. 1 The FTIR spectrum of P4 and AP4
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cholesteric polymer, the selective reflection cannot often be
found unless the structure of polymer is in accordance with the
condition of selective reflection. In this study, we found the
following regulations that the selective reflection for chole-
steric polymer was easy to appear when the length of the co-
monomer was similar with that of the cholesterol monomer.

The reflected wavelengths of P series were character-
ized with a PerkinElmer Lambda 950 instrument when
the samples were heated to their mesophases (P1–P5 to
140.0 °C, P6 and P7 to 120 °C) without any external field.
The selective reflection of P2–P6 can be obviously seen.
The lengths of M1 and M2 are close and the steric hin-
drance of M2 is small, so when the chiral group rotates,
M2 can well comply with the rotation, and P2–P6 exhibit
selective reflection. From P2 to P4, there are absorptions at
about 537 nm and P5 and P6 have absorptions at about
464 nm. Figure 3 shows the maximum reflected

wavelength of P series. As to AP series, the length of M3

was longer than that of M1, so M3 could not well comply
with the rotation of cholesterol, and the selective reflection
could be observed on the glass in the heating and cooling
processes when pressing, but it could not be obviously
observed on the UV–Vis spectrum.

Optical properties

The photoresponsive behavior of the azo-containing
SCLCPs was also investigated. The UV–Vis spectra of
the AP series in chloroform (c = 0.04 g L−1) were
recorded. The spectrum exhibited one strong absorption
band around 350 nm and another weak one around
450 nm, which were typical for the azo-containing com-
pounds and could be ascribed to the π–π* and n–π*

electron transition of the –N=N– bond, respectively.
The absorbance of the π–π* transition band increased

Table 2 Thermal properties,
specific rotation, and selective
reflection of P series and AP
series

P
series

AP
series

Tg Ti Td SR1 SR2 Tg Ti Td SR1 SR2
a

P1 76.3 286.5 321.6 −69.59 – AP1 64.4 267.8 319.2 −59.70 −
P2 62.0 227.3 317.1 −67.20 570 AP2 63.1 232.3 315.0 −46.20 +

P3 60.5 225.6 315.0 −59.19 570 AP3 62.4 230.1 310.5 −37.50 +

P4 60.2 221.7 312.5 −50.56 570 AP4 61.5 228.6 294.5 −35.17 +

P5 56.8 198.8 293.3 −41.17 464 AP5 61.8 199.1 290.2 −25.58 +

P6 50.6 139.9 289.6 −29.84 464 AP6 58.6 190.2 288.4 −21.06 +

P7 45.7 125.8 306.5 −22.40 – AP7 56.1 185.0 302.7 −15.44 −

Tg glass temperature, Ti isotropic temperature, Td temperature of the samples at 5 % loss weight, SR1 specific
rotation, SR2 selective reflection
a Selective reflection can be seen when heating with pressing, cannot be found through UV–Vis spectrum

Fig. 2 The change in trend of specific rotation of AP series with UV
irradiation time Fig. 3 Selective reflection spectra of P series
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linearly with the increase of the contents of azo moie-
ties, which confirmed the successful esterification of P
series with the acyl chloride of M3.

Upon irradiation with 365 nm UV light, the AP se-
ries changed from trans- form to cis- form until a
photostationary state was eventually reached (Fig. 4a).
Intensity of the π-π* transition band around 350 nm
decreased rapidly, whereas that of the n-π* transition
band around 450 nm slightly increased. Irradiating the
thermodynamically less stable cis-isomer with visible
light (λ > 430 nm) led to the cis- to trans- back-isom-
erization process (Fig. 4a).

Texture analysis

The POM method is essential to analyze the liquid crystal
properties. It may give parameters like melting point, clearing
point, changes of different LC phase and morphology of tex-
ture, and orientation defect.

During the heating cycle, for the precursor polymer, P1∼P6
firstly showed a Grandjean texture, then P1∼P3 showed a blue
oil-streaked texture and P4 and P5 blue a Grandjean texture; at
the same time, the selective reflection phenomenon could be
seen on the glass slide, but only a Grandjean texture could be
observed for P7. All of the textures are typical textures of

Fig. 4 UV–Vis spectral changes in dependence of time for the solution of AP3 at 25 °C upon irradiation with 365 nm UV light (a) and upon irradiating
the polymer solution at the photostationary state with visible light (b)
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cholesteric LC polymers. On the cooling cycle, a similar
changing process could also be observed. The representative
photographs were shown in Fig. 5a–c. The more contents the
nonliquid crystalline parts have, the earlier the disappearance
of the liquid crystalline phase would be. Based on the ana-
lyzed textures, the introduction of M2 into polymer made the
selective reflection phenomenon turn out easier as the result of
its proper molecular length and weaker steric hindrance.

During the heating cycle, AP1∼AP7 firstly showed a
Grandjean texture and then had a rich color change,
AP1∼AP2 had a blue-green change, and AP3∼AP7 had a red-
green variety, while the red color gradually increased. This
phenomenon proved that the azo component had been intro-
duced successfully. On the cooling cycle, a similar changing
process also could be observed. The representative photo-
graphs were shown in Fig. 5d–f). The liquid crystalline phase
of P series and AP series could be preliminarily grouped as
cholesteric phase.

Thermal analysis

The phase behavior of the LC molecule may be readily eval-
uated by DSC which provides an effective measurement of
energy required to raise the temperature as a function of tem-
perature. Representative DSC curves of P and AP series on the
second heating scan were presented in Fig. 6a; phase transi-
tion temperatures and the results of thermal analysis were
shown in Table 2. DSC curves showed a glass transition tem-
perature (Tg) and the temperature of mesophase-isotropic
phase transition (Ti). All of the transitions are reversible and
did not change during repeated heating and cooling cycles.
The phase transition temperatures noted in DSC thermograms
were consistent with the mesomorphic transition temperatures
observed by POM.

For the precursor polymer, the values of Tg and Ti tended to
cut down with the decrease in content of M1. The structure of
M1with steroid has steric hindrance, so the decrease in content
of M1 could lower Tg values, while M2 has no liquid crystal-
line properties, so the increase in content of M2 would reduce
Ti values. For the AP series, the values of Tg and Ti decreased,
but still higher than those of P series, which was due to the
introduction of M3. The structure of M3 could be divided into
flexible and hardcore parts; the flexible part would decrease
the Tg value and the hardcore part could increase the Tg value.
The balance between two parts resulted in higher Tg values of
AP series compared to those of P series. The azobenzene part
of M3 had a cis- form and a trans- form; the cis- form was bad
with the orientation and led to the decrease in Ti values, while
the trans- form was good with the orientation and led to the
increase in Ti values. The balance between the two parts made
Ti values of AP series higher than that of P series and led to the
decrease in variation trend. The mesophase temperature
ranges of AP series were higher too. Temperature at which
5 % weight loss occurred (Td) was greater than 280 °C for P
series and AP series, which revealed that the synthesized PFig. 7 X-ray profiles of representative polymers of P and AP series
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and AP series both had high thermal stability. The representa-
tive TGA curves were shown in Fig. 6b.

X-ray diffraction analysis

The LC phase of the polymers can be concluded preliminarily
by DSC and POM, but it is also necessary to give more proof
by XRD analysis with additional information about their
structure parameters. XRD curves were measured by the
method of powder XRD, and XRD patterns of representative
polymers were shown in Fig. 7.

Because P and AP series own one LC phase, the XRD
curve was tested around 140 °C, at which point they owned
wonderful LC properties. For P and AP series, the reflection
peak in the small angle did not appear, which could be con-
cluded that the polymers did not have smectic layers, and
broad peaks appeared at 2θ ≈ 15.90–16.10° (d = 5.57–
5.49 Å). The high d values were in accordance with the reg-
ular pattern of the cholesteric polymer, which was ascribed to
the rotation of the cholesteric group. Combining the POM
withXRDmeasurements might reveal that the P and AP series
were in the cholesteric phase.

Conclusions

In this study, the cholesteric azo-liquid crystalline polysiloxanes
can be obtained through two steps: precursor P series were ob-
tained first by reactingM1,M2, and polymethylhydrosiloxane and
then esterifying P series members with acyl chloride of M3 with
DMAPas a catalyst to obtainAP serieswith the cholesteric phase.
Combining cholesteric and azo units into a side-chain liquid crys-
talline polymer is hopeful to get azo-polymer with a colorful
selective reflection phenomenon.

All of the obtained polymers showed that high thermal
stability at which 5 % weight loss occurred was greater than
280 °C. The Tg and Ti values of P series and AP series were all
at downtrend; the Tg values and Ti values of AP series were
higher than those of P series, and the mesophase temperature
ranges of AP series were higher too, which indicates that AP
series owned better stability. P series presented a typical
Grandjean texture of the cholesteric phase, selective reflection
can be seen, and the absorption peak can be observed on the
UV–Vis spectrum. AP series showed a Grandjean texture too,
and the texture color turned to red with the increase in contents
of the azo moieties; at the same time, selective reflection can
be seen with outside pressing on heating and cooling cycles,
but the absorption peak cannot be observed on the UV–Vis
spectrum without pressing. Both P series and AP series exhib-
ited optical activity and showed the same handedness as chiral
cores. Moreover, the photoresponsive behaviors of the AP
series polymers were also investigated. The direction rotation
of AP changed with the increase in UV irradiation time. The

X-ray diffraction analysis further approved that all the obtain-
ed polymers showed a cholesteric phase.
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