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A novel class of hydrogen-bonded chiral azobenzene switches 

was developed to induce an optically tunable liquid crystal 

blue phases (LC-BPs), which leads to the stabilization of the 

LC-BPs for a wider temperature range and is capable of a 

reversible phototuning of the reflection color of BP I over the 10 

visible wavelength region. 

Blue phases (BPs) that self organize into a three-dimensional 

periodic cubic lattice are of great interest due to their unique 

characteristics such as no birefringence but selective reflection of 

circularly polarized light, and are proven to be promising 15 

materials platform for self-assembling tunable photonic materials, 

fast display, mirrorless lasers and so on.1 BPs normally appear in 

the temperature range between chiral nematic liquid crystal (N*-

LC) phases and isotropic phases. Three thermodynamically 

distinct BPs are observed during cooling from the isotropic state: 20 

BP III, BP II and BP I. BP I and BP II are believed to be body-

centered cubic and simple cubic structure, respectively. While BP 

III is macroscopically amorphous with a local cubic lattice in the 

director field.2 However, practical application of BPs has been 

restricted by the narrow stable temperature range, and more 25 

efforts have been, therefore, directed to overcome this obstacle, 

such as polymer stabilization, nanoparticles and special molecular 

design.3 Meanwhile, increasing attention has been paid to tuning 

photonic band gaps (PBGs) by applying external stimuli, such as 

electrical field, temperature and optical field.4,5 30 

 Among these options, optically tunable BPs behavior can be 

efficiently achieved with the help of trans-cis photoisomerization 

of azobenzene.5 However, a very few BP systems on wide optical 

tuning of PBGs have been reported. Q. Li et al. demonstrated a 

wide optical switching of PBGs of BPs accompanied with phase 35 

transition from BP II to BP I in BP-LCs doped with a chiral 

azobenzene switch.5d A light-controlled PBGs of BPs system 

composed of a series of achiral azobenzene-dimers was recently 

reported by H. Yang et al., and light-induced BP I to N* phase 

transition was also observed in this BP material system.5e 40 

However, to our knowledge, a wide optical tuning of PBGs in a 

single and stable BP has not been observed until now. 

 Here we firstly report a new kind of hydrogen-bonded chiral 

azobenzene switches (H-bonded CAS) as facile self-organized 

soft materials, which can efficiently enable BPs to response to 45 

light as well as to stabilize BPs. More importantly, a stable BP I 

without any phase transitions can be reversible tuned by UV/Vis 

light irradiation over the visible region across red, green, and blue 

wavelengths. We note that H-bonded effect may have a positive 

influence for the stabilization of BPs and photoisomerization of 50 

azobenzene may be responsible for wide optical tuning 

characteristics. 

 
Fig. 1 The chemical structures of H-bonded CAS and their optimized 

structures of trans and cis form of BNAzo-MHA and BNAzo-OCA 55 

obtained by Gaussian 03 calculations at the B3LYP/6-31G(d) level. 

 As is shown in Fig. 1, binaphthylazobenzene molecule 

(BNAzo) is used as the proton acceptor; the detailed synthesis 

procedure and characterization were provided in Fig. S1 of ESI; 

while 4-Methylhexanoic acid (MHA) and octanoic acid (OCA) 60 

are chosen to act as proton donors. The H-bonded molecular 

switches (BNAzo-MHA and BNAzo-OCA) are assembled by the 

method shown in ESI. The H-bonded CAS combined with bent-

shape dopant (TBOA-MBIN) and S811 (Fig. S2) were doped into 

commercially available nematic LCs (SLC 1717) to induce BPs 65 

as demonstrated in ESI. The FT-IR spectroscopy and variable-

temperature FT-IR spectroscopy were used to distinguish the 

existence and thermal stability of H-bonds (Fig. 2 and Fig. S3). 

FT-IR analysis confirm the presence of H-bonding obtained by 

self-assembly process and good thermal stability across a 70 

temperature range of 30 °C to 110 °C. Fig. 1 also shows the 

optimized molecular structures of BNAzo-MHA and BNAzo-

OCA before and after UV irradiation obtained by molecular 

simulation based on Gaussian 03 calculations at the B3LYP/6-

31G (d) level. Additionally, the molecular aspect ratios (L/D) of 75 
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these two H-bonded CAS, defined as the ratio of the molecular 

length (L) to the molecular diameter (D), are also provided in Fig. 

1.  

 
Fig. 2 FT-IR spectra of the H-boned CAS and their precursors (a): 5 

BNAzo-MHA, BNAzo, MHA; (b): BNAzo-OCA, BNAzo, OCA. 

 By using Cano wedge measurement, we can find that the 

helical twisting power (HTP) values of both BNAzo-MHA and 

BNAzo-OCA in N*-LCs decrease during UV light irradiation and 

heating process (see Fig. S5 and Table S1). The change of 10 

geometrical configuration from trans to cis isomer of BNAzo 

contributed to the HTP change by UV light irradiation as 

discussed later. Meanwhile, for the HTP change with variation in 

temperature, it is possible due to the associated change in the 

orientation parameter of the molecule as a result of weakened or 15 

strengthened H-bonded interaction of H-bonded CAS in the host 

LCs.6 These observations also correspond to the data analysis of 

circular dichroism spectroscopy and UV/Vis spectroscopy of H-

bonded CAS in solvent as demonstrated in Fig. 3 and Fig. S4. 

Additionally, the HTP value of BNAzo-OCA is higher than that 20 

of BNAzo-MHA and the change of HTP of BNAzo-OCA is also 

larger after UV irradiation as shown in Table S1. These results 

coincide with the molecular aspect ratio we listed in Fig. 1, which 

is one of key factors influencing HTP in previous work.7 

 25 

Fig. 3 UV/Vis absorption and CD spectra of H-bonded CAS in 1,4-

dioxane under UV irradiation (a): BNAzo-MHA; (b): BNAzo-OCA. 

 To get an understanding of how H-bonded CAS affects the 

temperature range of BPs, we prepared a series of LC samples as 

listed in Table 1. It should be noted that, in order to keep almost 30 

the same chiral strength for all the samples (verified by Fig. S6 in 

ESI), we decreased the concentrations of S811 when increased 

the amount of H-bonded CAS. Our results clearly show that H-

bonded CAS could serve to stabilize BPs by comparing the doped 

samples A1-A4 and undoped sample A0. Additionally, increasing 35 

the H-bonded CAS content resulted in broadened temperature 

ranges of BPs. For example, by increasing BNAzo-MHA content 

from 2.5 to 3.5 wt%, the BP range increased from 16.7 °C to 21.0 

°C in samples A1 and A2. As a typical sample, the phase 

sequence of the sample A2 on cooling process is from the 40 

isotropic phase (I), BP I to N*-LC with a BP temperature range 

of ≈21°C, which is larger than that of a typical BP LCs and is 

very close to room temperature. These observations can be 

explained due to the fact that, similar to HTP in Ch-LCs, the 

chiral strength of both BNAzo-MHA and BNAzo-OCA increased 45 

during cooling process, which is of benefit to keeping a high 

chirality and correspondingly helps to stabilize BPs in LC system. 

Additionally, our experimental results also demonstrate that, 

despite the HTP value of BNAzo-OCA is higher; a same increase 

in the BNAzo-OCA from 2.5 to 3.5% in sample A3 and A4 50 

resulted in a rather small increase in BP temperature, i.e., from 

15.4 C to 20.2 °C. This may be attributed to the following two 

points: on one hand, the change of HTP (or chiral strength) of 

BNAzo-MHA is a little larger than that of BNAzo-OCA as 

temperature is decreased as listed in Table S1. On the other hand, 55 

as shown in Fig. 1, there exists a branched terminal group in 

MHA, which makes BNAzo-MHA much bent than BNAzo-OCA 

as shown in Fig. 1, this result is very similar to the polymer-

induced stabilization effect of BPs associated with a branched 

structure of the side alkyl group in the polymer chain and also 60 

observed our BP-LC systems.3b,8 

Table 1 LC composites prepared and the corresponding BP temperature 

range when BNAzo-MHA or BNAzo-OCA was doped into LC systems. 

Sample 

no. 

Compositiona/wt%  
Transition 

temperature/°C 

H-bonded CAS S811 
SLC 

1717 
 N*-BP BP I ∆Tb 

A0 None  30 70  18.6 31.9 13.3 

A1 BNAzo-MHA 2.5 27 70.5  21.8 38.5 16.7 

A2 BNAzo-MHA 3.5 25 71.5  26.8 47.8 21.0 

A3 BNAzo-OCA 2.5 27 70.5  25.1 40.5 15.4 

A4 BNAzo-OCA 3.5 25 71.5  28.9 49.1 20.2 

aEach sample contains 20 wt% TBOA-MBIN. b∆T: BP temperature range. 

 65 

 
Fig. 4 Reflection wavelength of BP I in samples A5 and A3 as a function 

of temperature with a cooling rate of 0.5 °C min-1 

 In order to evaluate the effectiveness of the H-bonded CAS on 

the optical tuning of reflection band of BP, we fabricate a sample 70 

A5 with 3.5 wt% BNAzo-OCA and 30 wt% S811 in 66.5 wt% 

SLC 1717. Therefore, the initial BP reflection band moved to 

blue region as a result of increased concentration of S811. It is 

well-established that the reflection wavelength will appear 
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discontinuous jump and shift approximately 50-80 nm if the 

phase transition happens from BP II to BP I.4b We note 

particularly that, temperature dependence of the reflection 

wavelength, shown in Fig. 4, clearly shows that the reflection 

wavelength of samples A5 and A3 exhibited a continuous and 5 

little change with a decrease in temperature. Therefore, we 

confirm that there is no BP II to BP I transition in our samples 

due to the highly chirality doped with bent dopants as reported in 

previous studies.9 

 10 

 
Fig. 5 (a) Reflection spectra of sample A5 at 48 °C under 365 nm light 

irradiation and 450 nm light irradiation; (b) POM images of sample A5 

under UV irradiation; (c) The corresponding images of the sample A5 

 Here the optical switching of BP doped with H-bonded CAS 15 

was performed at 48°C and therefore the thermal effect can be 

eliminated. As is shown in Fig. 5a, on UV irradiation (365 nm, 10 

mW/cm2), the reflection bands are found to have a red-shift from 

473 nm to 642 nm. After 8s of irradiation, the reflection band of 

BP I no longer shifted and stayed at 642 nm. On the other hand, 20 

when irradiated by visible light (450 nm, 15mW/cm2) it 

recovered to the original state. Fig. 5b shows POM images for the 

BP I of sample A5 at 48°C by UV light irradiation. As the 

irradiation time was increased, the various BP platelet colors of 

blue, green, and red were observed, which is corresponding to the 25 

real LC cell images with a continuous shift of reflection 

wavelength under UV irradiation as shown in Fig. 5c. Herein, to 

provide a direct comparison between regions with and without 

irradiation, a photomask was used so that only the center of the 

LC cell was illuminated as shown in Fig. 5c. Furthermore, we 30 

note that no phase transitions including BP II to BP I or BP I to 

Ch were found during the phototuning process in our system, 

which means that optical tuning process only happens in BP I. 

This result may have the following explanations. First, according 

to the temperature dependence of the reflection wavelength of 35 

BP-LCs, we confirm no BP II exists in our samples as 

demonstrated before; Second, due to high chirality, the transition 

from BP I to Ch also don’t happen even if we added UV 

irradiation. From the above discussion, we can clearly see that the 

reflection wavelength of BP I was reversible tunable over the 40 

visible region across red, green, and blue wavelengths. 

 Fig. 6 shows the illustrations of BP-LCs doped with H-bonded 

CAS and the corresponding phototuning mechanism of double 

twisted cylinder (DTC) structure before and after light irradiation. 

Here the photoresponsive behavior is derived from the proton 45 

acceptor (BNAzo) of H-bonded CAS, in which BNAzo has two 

azo linkages resulting in reversible trans–cis isomerization of azo 

configurations on light irradiation. As demonstrated in Fig. S5, 

due to the disorganization effect of cis-isomer with a bent shape, 

the HTP value decreases in N*-LC after light irradiation. Herein, 50 

similar to N*-LC, the photoinduced trans–cis isomerization of 

BNAzo in BP-LCs doped with H-bonded CAS was also found to 

decrease the chirality of BPs and correspondingly increase the 

lattice constant of DTC structure of BP-LCs as shown in Fig. 6, 

which was verified by the above spectra data of Fig. 5. 55 

Furthermore, the reflection band of BP-LCs undergoes a red shift 

due to the trans-cis isomerization upon UV irradiation and the 

restoration of the reflection will occur when the cis isomer turns 

back to the trans form under 450 nm light. 

 60 

Fig. 6 The possible illustration of H-bonded CAS doped into the BPs and 

partial enlargement of the double twist cylinder before and after 

irradiation. 

 In summary, we employ a new kind of H-bonded CAS to form 

an optically tunable BP material system with a wide tuning range, 65 

in which the reflection wavelength of BP I was reversibly tuned 

through the visible region across red, green, and blue 

wavelengths, and light-induced behavior only happens in stable 

BP I and no phase transitions appeared during the light-controlled 

process. Meanwhile, the temperature range of BPs is expanded 70 

from 13.3 to 21.0 °C. The possible mechanism of these results 

may be attributed to the changes of chirality induced by both 

UV/Vis light irradiation and temperature. This work points out a 

way to design chiral self-organized soft materials suitable for 

optically addressable BP displays and other optical device 75 

application. 
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