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Abstract: A novel series of photoresponsive chiral switches are fabricated by a facile 

Hydrogen-bonded (H-bonded) assembly method, in which binaphthyl azobenzene 

molecule is used as the proton acceptor, and binaphthyl acids with opposite chiral 

configuration are proton donors. We find that the helical twisted power of H-bonded 

chiral switches and the helical handedness of induced chiral nematic liquid crystals 

(N*-LCs) are mainly determined by the terminal flexible chain length in proton 

donors of binaphthyl acids. Controlling the lengths of the terminal flexible chain leads 

to different photoswitching behaviors by light irradiation, such as a helical inversion 

in the N*-LCs and a phase transition from N*-LCs to nematic LCs. This is mainly 

because of chiral counteraction and intensity attenuation of opposite chiral 

configurations between proton acceptor and proton donor during UV/Vis irradiation. 

Additionally, thermal switching behavior of N*-LCs doped with H-bonded chiral 

switches is also demonstrated, and the related tuning mechanism may be attributed to 

the H-bonded effect and the changes in a dihedral angle of the binaphthyl rings. This 

facile assembly approach provides a new way to fabricate functional chiral switches 

for photonic applications. 
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Introduction 

Dynamic switching of the chirality in liquid crystals (LCs) has gained much attention 

due to their potential applications LCs displays, optical sensor, and asymmetric 

synthesis of organic molecules and polymers.
1-12

 Among applied external stimuli such 

as temperature, electrical or optical field, dynamic controlling by light has attracted 

great interest due to the fast response time, ease of addressability, and the potential for 

remote control.
5
 An optically tunable helical superstructure can be achieved by doping 

chiral azobenzene molecules into a nematic LCs (N-LCs) host and the resulting chiral 

nematic LCs (N
*
-LCs) can be efficiently modulated by trans–cis photoisomerization 

of azobenzene dopant. As is well known that, N*-LCs have the unique property of 

selective reflection of circularly polarized light (CPL)and the corresponding Bragg 

reflection wavelengths of N*-LCs are sensitive to external factors including heat, light 

irradiation, electric field and so on.
13-20

  

Although optically tunable N*-LCs by controlling helical twisted power (HTP) of 

chiral dopants has been extensively investigated, there are only a few on the study of 

the photoresponsive chiral dopants which could induce helix inversion in a N*-LCs 

upon UV/Vis light.
21-26

 Nevertheless, this kind of material that is associated with CPL 

reflection has great potentials for smart stimuli-responsive photonic materials.
27-32

 

Akagi et al present dynamic photoswitching of the helical inversion in N*-LCs based 

on a series of photoresponsive chiral dithienylethene derivatives bearing two axially 

chiral binaphthyl moieties, and they found that the N*-LCs by doping into the chiral 

dopant featuring the shortest alkyl chain in binaphthyl moiety exhibited the reversible 
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behavior in helical inversion. However, this special photoswitching behavior depends 

on a specific LC host, which may limit their practical applications.
24

 Li et al reported 

a reversible handedness inversion of a self-organized helical superstructure by 

employing photoisomerizable chiral cyclic dopants.
25

 However, an obvious 

disadvantage of this system is that the helix inversions induced by light in N*-LCs 

mainly rely on chance. Very recently, Li et al developed a type of azobenzene 

compounds with axially chiral binaphthyl units of the opposite chiral configurations. 

The handedness inversion in different LC hosts could be induced upon light 

irradiation, and the related switching mechanism is due to the chiral conflict and 

equilibrium shifting between multiple chiral moieties in a single chiral switch.
26

 

However, practical realization of such tunable helix inversion in N*-LCs still suffers 

from some limitations, such as specific LC host and complicated synthetic 

process.
21-26

  

In this study, we develop a novel series of novel photoresponsive chiral switches by 

a facile hydrogen-bonded (H-bonded) assembly method. It is well known that, 

H-bond assembly as a simple but effective way for achieving supramolecular 

structure has attracted much attention due to their potentials for LC stimuli-responsive 

materials.
33-35

 Here the binaphthyl azobenzene molecule is used as the proton acceptor 

and binaphthyl acids with opposite chiral configuration are used as proton donors, 

then the photoswitching behavior of N*-LCs induced by H-bonded chiral switches is 

detailedly investigated. We find that a helical inversion in the N*-LCs, a phase 

transition from N*-LCs to N-LCs, and the HTP increase or decrease in N*-LCs could 
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be respectively achieved by just changing the length of terminal alkyl chain in proton 

donors upon light irradiation. Additionally, thermal switching behavior of N*-LCs 

doped with H-bonded chiral switches is also demonstrated and the related 

mechanisms are addressed. 

Experimental Section 

Materials 

In this study, all the chemicals and solvents were obtained from commercial sources 

and used without further purification. SLC1717 and 5CB were purchased from 

Shijiazhuang Chengzhi Yonghua Display Materials Co. Ltd (SLC1717: isotropic 

temperature, Ti= 92 °C; 20 °C, 589 nm, ∆n= 0.201; 5CB: Ti= 34 °C; 20 °C, 589 nm, 

∆n= 0.172). All the crude products were purified by column chromatography, which 

was carried out on silica gel (200-300 mesh). Analytical thin layer chromatography 

(TLC) was performed on commercially coated 60 mesh GF254 glass plates. 

Synthesis of H-bonded proton acceptor 

BNAzo 

((S)-[1,1'-binaphthalene]-2,2'-diyl)bis(diazene-2,1-diyl))diphenol isonicotinate 

(H-bonded proton acceptor): 

4,4'-((S)-[1,1'-binaphthalene]-2,2'-diyl)bis(diazene-2,1-diyl))diphenol was synthesized 

according to the procedure given in previous work.
17,36

And H-bonded proton acceptor, 

(S)-[1,1'-binaphthalene]-2,2'-diyl)bis(diazene-2,1-diyl))diphenol isonicotinate was 

further prepared following a procedure described in our previous study.
37 
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1
H-NMR (400MHz, Acetone): δ= 8.88 (d, J=4.56Hz, 4H, N-H), 8.18 (d, 

J=9.2Hz, 2H, Ar-H), 8.11 (d, J=7.92Hz, 2H, Ar-H), 8.02 (t, J=4.68Hz, 4H, 

N-H), 7.57 (t, J=7.4Hz, 2H, Ar-H), 7.50 (d, J=8.36Hz, 2H, Ar-H), 7.42 (d, 

J=8.8Hz, 4H, Ar-H), 7.35 (m, 4H, Ar-H), 7.14 (d, J=8.76Hz, 4H, Ar-H). 

IR (thin film) νmax: 2969, 1744, 1596, 1489, 1408, 1263, 1220, 1061 and 749cm
-1

. 

Synthesis of H-bonded proton donors 

The H-bonded proton donors were synthesized starting from 

(R)-(+)-1,1’-bi-2-naphthol, as shown in Fig. 1. Their chemical structures were 

identified by FT-IR and 
1
H NMR. 

I) (2’-Propoxy-1,1’-(R)-binaphthalen-2-yloxy)hexanoic acid ((R)-Proby) 

To a solution of 1,1’-(R)-binaphthol (500 mg, 1.75 mmol) and K2CO3 (300 mg, 2.18 

mmol) in acetone (6 mL) was added dropwise, 1-Bromopropane (215 mg, 1.75 mmol). 

The resulting mixture was heated at reflux with stirring for 24 h before being filtered, 

collected the filtrate and evaporated under reduced pressure. And the residue was 

dissolved in anhydrous MeOH (5 mL). To this solution was added K2CO3 (2.4 g, 17.4 

mmol) and 6-bromohexanoic acid (1.02 g, 5.25 mmol). This mixture was heated at 

reflux for a further 24h before evaporation to dryness and dissolution in water (50 

mL). The aqueous layer was then washed with diethy ether (3*30 mL) before 

acidification with 3 M HCl. The acidified solution was extracted with CH2Cl2, dried 

(MgSO4) before being evaporated under reduced pressure. The residue was purified 

by column chromatography on silica gel to obtain a yellow oil in a yield 30%. 

1
H-NMR (400 MHz, DMSO): δ= 11.92 (s, H, -COOH), 8.03 (d, J=9.04 Hz, 2H, Ar-H), 

7.93 (d, J=8.08 Hz, 2H, Ar-H), 7.56 (d, J=9.06 Hz, 2H, Ar-H), 7.31 (t , J=7.44 Hz, 2H, 
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Ar-H), 7.21 (t, J=6.95 Hz, 2H,  Ar-H), 6.94 (t, J=8.52 Hz, 2H, Ar-H), 3.94 (m, 4H, 

-OCH2), 1.91 (m, 2H,  -CH2-COOH), 1.52-0.82 (m, 8H, CH2), 0.52 (m, 3H, -CH3) 

IR(thin film) νmax: 3056, 2928, 2857, 1707, 1460, 1430, 1353, 1266, 1242, 1147, 1017 

and 923cm
-1 

Element analysis: calculated C(78.71), H(6.83), found C(78.51), H(6.979). 

HRMS(-): calculated 442.21, found 442.2138. 

II) (2’-Hexyloxy-1,1’-(R)-binaphthalen-2-yloxy)hexanoic acid ((R)-Hexby) 

1
H-NMR (400 MHz, DMSO): δ= 11.93 (s, H, -COOH), 8.03 (d, J=9.0 Hz, 2H, Ar-H), 

7.93 (d, J=8.12 Hz, 2H, Ar-H), 7.56 (d, J=9.0 Hz, 2H, Ar-H), 7.31 (t, J=7.46 Hz, 2H, 

Ar-H), 7.20 (t, J=7.6 Hz, 2H, Ar-H), 6.95 (d, J=8.38 Hz, 2H, Ar-H), 3.96 (m, 4H, 

-OCH2), 1.93-1.89 (m, 2H, -CH2-COOH), 1.56-1.16 (m, 14H, CH2), 0.71-0.67 (m, 3H, 

-CH3). 

IR(thin film) νmax:3056, 2928, 2857, 1707, 1460, 1430, 1353, 1266, 1241, 1147, 1016 

and 926 cm
-1

. 

Element analysis: calculated C(79.31), H(7.49), found C(79.20), H(7.633). 

HRMS(-): calculated 484.26, found 484.2617. 

III) (2’-Heptoxy-1,1’-(R)-binaphthalen-2-yloxy)hexanoic acid ((R)-Hepby) 

1
H-NMR (400MHz, DMSO): δ=11.91 (s, H, -COOH), 8.03 (d, J=9.04 Hz, 2H, Ar-H), 

7.93 (d, J=8.12 Hz, 2H, Ar-H), 7.54 (d, J=9.06 Hz, 2H, Ar-H), 7.31 (t, J=7.46 Hz, 2H, 

Ar-H), 7.21 (t, J=7.59 Hz, 2H, Ar-H), 6.95 (t, J=8.34 Hz, 2H, Ar-H), 3.96 (m, 4H, 

-OCH2), 1.98 (m, 2H, -CH2-COOH), 1.23-0.86 (m, 16H, CH2), 0.8-0.76 (m, 3H, 

-CH3). 

IR(thin film) νmax:3056, 2928, 2857, 1708, 1461, 1430, 1353, 1266, 1242, 1147, 1017 

and 926 cm
-1

. 

Element analysis: calculated C(79.49), H(7.68), found C(79.50), H(7.745). 
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HRMS(-): calculated 498.28, found 498.2775. 

IV) (2’-Octyloxy-1,1’-(R)-binaphthalen-2-yloxy)hexanoic acid ((R)-Otcby) 

1
H-NMR (400MHz, DMSO):  δ= 11.92 (s, H, -COOH), 8.03 (d,J=9.0 Hz, 2H, Ar-H), 

7.93 (d, J=8.2 Hz, 2H, Ar-H), 7.56 (d, J=8.96 Hz 2H, Ar-H), 7.31 (t, J=7.42Hz, 2H, 

Ar-H), 7.20 (t, J=7.24 Hz, 2H, Ar-H), 6.95 (d, J=8.34 Hz, 2H, Ar-H), 3.96 (m, 4H, 

-OCH2), 1.99 (m, 2H, -CH2-COOH), 1.38-1.09 (m, 18H, CH2), 0.84-0.81 (m, 3H, 

-CH3) 

IR(thin film) νmax:3056, 2929, 2868, 1707, 1460, 1430, 1353, 1268, 1241, 1147,1016 

and 932 cm
-1

. 

Element analysis: calculated C(79.65), H(7.86), found C(79.61), H(7.991). 

HRMS(-): calculated 512.29, found 512.2935. 

Preparation of H-bonded chiral molecular switches 

H-bonded chiral switches were obtained by mixing the proton acceptor (BNAzo) with 

four proton donors ((R)-Proby, (R)-Hexby, (R)-Hepby and (R)-Octby) in molar ratio 

of 1:2 in THF respectively, and the mixture was stirred for 2 h at 60
o
C, followed by 

slow evaporation. Fig. 1 shows the chemical structures of these four H-bonded chiral 

switches (R,S,R)- a, b, c, d. Then we doped these H-bonded chiral switches with 

N-LCs hosts (SLC1717 and 5CB) to get N*-LCs with self-organized helical 

superstructure. 
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Fig. 1 The chemical structures of the H-bonded chiral switches and synthetic route to 

the proton donors of the H-bonded chiral switches 

Measurements 

We used FT-IR spectroscopy and variable-temperature FT-IR spectroscopy to confirm 

the self-assembly of H-bonded chiral switches. The FT-IR spectra were recorded on a 

Nicolet 5700 spectrometer at frequencies from 400 to 4000 cm
-1

. 
1
H-NMR spectra 

were recorded at 400 MHz, on a German Bruker AV600 spectrometer. The pitches 

were determined by measuring the intervals of Cano's lines appearing on the surfaces 

of the wedge-type LC cells observed by a polarizing light microscope (POM, Leica 

DM2500P) with a hot stage calibrated with an accuracy of 0.1 °C (Linkam, 

THBS-600). The reflection spectra were examined with AvaSpec-2048 

spectrophotometer in reflection mode. CD and UV-vis absorption spectra were 

recorded on a JASCO J810 spectrometer and a JASCO V550 spectrometer, 

respectively. UV irradiation experiments were carried out by mercury arc lamp 
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(Powerarc UV 100) through a filter at 365 nm. 

Results and Discussion 

Here four H-bonded chiral switches (R,S,R)-a, b, c, d have been prepared by an 

uncomplicated self-assembly method. The chemical structures of them are presented 

in Fig. 1. As can be seen from the structural formulas, an axially chiral binaphthyl 

azobenzene with S configuration (transoid form, θ>90°) is selected as proton acceptor 

and two binaphthyl acids with R configuration (transoid form, θ>90°) are used as 

proton donor in these four H-bonded complexes. Here, it is worthy to note that the 

transoid form of (S)-binaphthyl in the proton acceptor induces a left-handed N*-LCs, 

while the transoid form of (R)-binaphthyl in the proton donors leads to a right-handed 

N*-LCs according to the experimental and previous theory.
23

 The only difference in 

these four H-bonded complexes is the length of terminal flexible chain in binaphthyl 

acids. As a result, the terminal flexible chain greatly influences the initial HTP value 

of these four H-bonded chiral switches in N*-LCs as mentioned later. Furthermore, 

the handedness induced by them in N*-LCs could be decreased, neutralized, inverted 

or increased by changing the equilibrium of the chiral centers with the opposite 

chirality upon UV light irradiation. Additionally, the chiral induction also happens as 

the temperature changes due to the H-bonded effect and the change of dihedral angle 

induced by temperature. In this study, the photo- and thermo- switching behaviors of 

the N*-LCs doped with the H-bonded chiral switches are investigated in detail, the 

molecular arrangements of N*-LCs and the corresponding switching mechanisms are 

demonstrated in Fig. 2. 
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Fig. 2 The schematic of the helical superstructure and the corresponding switching 

mechanism of H-bond chiral switches in N-LC hosts reversibly tuned by UV/Vis light 

and heat 

First, FT-IR was used to verify the existence of hydrogen bond in H-bonded chiral 

switches. Two strong H-bond self-assembly processes could be found in our system, 

which include the –OH…N between proton donors and acceptors and the 

–OH…O=C- between carboxylic acid dimers. Fig. 3 shows the FT-IR spectra of the 

H-bonded chiral switches and their precursors. The formation of H-bond obtained by 

self-assembly process were confirmed by the FT-IR spectra. For example, two peaks 

at 2533 and 1922 cm
-1 

indicate the presence of hydrogen bonds in H-bonded chiral 

switch ((R,S,R)-a) as shown in Fig. 3a, which coincides with the position of –OH 

stretching of H-bond between the carboxylic acid and pyridyl group.
15,34

 Meanwhile, 

we find that the intensities of the peaks associated with carboxylic acid decrease in the 

Fig. 3a, this means that the H-bond between –OH…N have replaced the H-bond of 

–OH…O=C-. A similar trend could be observed in (R,S,R)-b, (R,S,R)-c and  

(R,S,R)-d as shown in Fig. 3b-d. These results demonstrate that four H-bonded chiral 

switches with different proton donors are successfully obtained. 
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Fig. 3 FT-IR spectra of the H-boned spectra of the H-bonded chiral switches and their 

precursors (a): BNAzo, (R)-Proby, (R,S,R)-a; (b): BNAzo, (R)-Hexby, (R,S,R)-b; (c): 

BNAzo, (R)-Hepby, (R,S,R)-c; (d): BNAzo, (R)-Octby, (R,S,R)-d 

Thermal stability of the H-bonded chiral switches was further investigated by 

means of variable-temperature FT-IR spectroscopy. As shown in Fig. 4a-d, we could 

observe two H-bonded characteristic peaks of all these H-bonded chiral switches at 

round 2500 and 1900 cm
-1

 which results from the H-bonds between the carboxylic 

acid and pyridyl group as mentioned above. As the temperature increases from 20 to 

180 
o
C, the intensities of these two peaks become gradually weak, which indicates 

that the H-bonds begin to rupture and H-bond interaction between the proton donor 
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and acceptor becomes weaker. Additionally, both Fig. S1 and the inset illustrations in 

Fig. 4a-d show that there also exists a slight reduction of these two peaks intensities in 

the temperature ranged from 20 to 80 
o
C. This modulation of the intermolecular forces 

between proton donor and acceptor with temperature has a positive contribution for 

the thermal sensitivity of N*-LCs as mentioned later. 

 

Fig. 4 Variable-temperature FT-IR spectra of H-bonded chiral switches (a): (R,S,R)-a; 

 (b): (R,S,R)-b; (c): (R,S,R)-c; (d): (R,S,R)-d 

Photo-responsive behavior of these four H-bonded chiral switches in solution was 
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studied by using UV-vis spectroscopy and circular dichroism (CD) spectroscopy as 

shown in Fig. 5. By comparing the four H-bonded chiral switch ((R,S,R)-a, b, c, d) in 

both UV-vis spectra and CD spectra, we observe that the variation of the peak 

intensities exhibits a similar trend in the spectra. For example, (R,S,R)-a shows a 

typical azobenzene absorption spectrum with an intense π-π* transition at λ=350 nm, 

and a weak n-π* transition near at λ=460 nm in Fig. 5a. Upon UV photoirradiation at 

365nm (2 mW·cm
-2

), a clear decrease in the π-π* band and a relatively small amount 

of increase in the n-π* band could be observed, this is because of the conformational 

switching of the azobenzene moieties from a trans to cis geometry of BNAzo unit in 

(R,S,R)-a. After around 80 s of UV light irradiation, the intensity no longer changes, 

demonstrating that the arrival of photostationary state (PSS365nm). Additionally, 

remarkable changes are also observed in the chiroptical properties as demonstrated in 

Fig. 5a, CD spectra also exhibit distinct bands for n-π* and π-π* transitions in 

(R,S,R)-a. At initial state, it shows a negative band and positive band for the π-π* 

transitions at 320 nm and 380 nm along with a relatively weak negative band at 450 

nm. Then a gradual increase of the peak intensity at 450nm could be found after 365 

nm UV irradiation at the intensity of 2 mW·cm
-2

 due to the formation of cis isomer. 

Meanwhile the pattern of CD Cotton effect between 300 and 400 nm becomes weak 

due to the π-π* transitions, which is similar to the trend we observe in UV-vis spectra. 

Similar phenomena both in UV-vis spectra and CD are found in the case of (R,S,R)-b, 

c, d as shown in Fig. 5b-d, demonstrating these three switches also have trans state to 

cis state transformation upon UV irradiation. 
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Fig. 5 UV-Vis absorption and CD spectra of the H-bonded chiral switches in 

1,4-dioxane under UV irradiation (a): (R,S,R)-a; (b): (R,S,R)-b; (c): (R,S,R)-c; (d): 

(R,S,R)-d 

In order to evaluate the effectiveness of temperature on optical behavior of these 

four H-bonded chiral switches, we measured absorption spectra of (R,S,R)-a, b, c, d 

in 1,4-dioxane at various temperature. Herein, we note that the 
1
Bb band at 230 nm in 

Fig. 6 corresponds to a long axis of a naphthyl group, while 
1
La band at 290 nm 

corresponds to a short axis of it. As shown in Fig. 6, the absorbance intensities of the 

1
Bb band of the binaphthyl moiety decrease with increasing temperature. This change 

Page 15 of 32 Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



is dependent on a dihedral angle between two naphthyl moieties as mentioned in the 

previous studies, and the change of 
1
Bb band further induces the molecular twisting of 

the binaphthyl moiety.
38-40

 On the basis of these results of the thermal response 

behavior, we think that the raising and falling temperature may alter the dihedral angle 

of the binaphthyl moieties in these four chiral switches, thereby influencing the HTP 

values of the N*-LCs induced by them. 

 

Fig. 6 UV-Vis absorption spectra of the H-bonded chiral switches at various 

temperature (a): (R,S,R)-a; (b): (R,S,R)-b; (c): (R,S,R)-c; (d): (R,S,R)-d 

To investigate the photo- and thermo-responsive behavior of N*-LCs doped with 

H-bonded chiral switches, we prepared a series of N*-LCs mixture by doping small 

amount of the  (R,S,R)-a, b, c, d into two different nematic LC hosts (SLC1717 and 

5CB), in which the weight ratios are corresponding to switch (R,S,R)-a : SLC1717 or 

5CB host = 1:99 and switches (R,S,R)-b, c, d : SLC1717 or 5CB host = 3:97, 
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respectively. Here HTP value is used to estimate the ability of chiral dopant for 

twisting N* mesophase and it is defined as the value of β and expressed by following 

equation: β=1/Pc, where P is the helical pitch and c is the concentration of the chiral 

dopant. Here, we employ a Cano’s method in wedge cells to get the pitch values of 

these chiral switches and the pitch change as described in our previous study.
15

  

It amazes us that the N*-LCs samples with these four chiral switches exhibit 

distinct switching characteristics upon light irradiation. As shown in Fig. 7a, the 

distance between Cano lines of sample 1 with SLC-1717 and (R,S,R)-a increases after 

irradiation with UV light, which means the HTP value of (R,S,R)-a in N*-LCs 

decreases because of trans to cis photoisomerization. In the case of sample 2 filled 

with 3 wt% (R,S,R)-b in SLC1717, the Cano lines move outward and disappear after 

60 s upon irradiation with UV light at 365nm, and an apparent N phase is observed in 

the wedge cell as shown in Fig. 7b. We can further confirm the phase transition 

happens for the sample 2 in a homeotropic cell. The typical fingerprint texture of the 

N* phase is clearly observed under POM at the initial state. Upon UV irradiation at 

365 nm, the fingerprint texture disappeared and a transient N phase is confirmed with 

conoscopic observation as shown in Fig. 8a. Interestingly, in the case of sample 3 with 

3 wt% (R,S,R)-c in SLC1717, we find the Cano lines disappear with UV irradiation at 

365 nm for only 5s, and an apparent N phase is found in the wedge cell. Upon further 

UV irradiation, an oily streak texture gradually appears and the Cano lines form again 

at the PSS365nm with 30 s as shown in Fig. 7c. As is well known that, handedness 

inversion occurs when the helix of one handedness unwinds, disappears at a certain  

Page 17 of 32 Soft Matter

S
of

tM
at

te
r

A
cc

ep
te

d
M

an
us

cr
ip

t



 

Fig. 7 POM images of the wedge cell of photoresponsive N*-LCs including (a): 

(R,S,R)-a (1.0 wt%), (b): (R,S,R)-b (3.0 wt%), (c): (R,S,R)-c (3.0 wt%), and 

(d): (R,S,R)-d (3.0 wt%), between the trans (left) and PSS (right) by irradiation 

of UV (λ = 365 nm, 2 mW
.
cm

-2
) at 25 °C. Along the corresponding POMs are 

described schematic illustrations of (a) only reversible HTP decreasing (b) 

reversible phase transition between N*-LCs and N-LC and (c) reversible helical 

inversion between N*–N–N* phase transition sequence with opposite screw 

senses (d) only reversible HTP increasing upon UV light 

 

point, and then forms a helix structure with the opposite handedness.
21

Therefore we 

confirm this N*-N- N* phase transition sequence is a direct evidence of the inversion 

of the N* handedness in the sample 3. Meanwhile, we observe the same phase 

transition sequence in a homeotropic cell as shown in Fig. 8b. The typical fingerprint 
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texture of N* phase under POM is observed at the initial stage. When the homeotropic 

cell is irradiation UV light at 365nm, the fingerprint texture disappears quickly and a 

transient N phase is confirmed with conoscopic observation. Continued UV 

irradiation results in the reappearance of the fingerprint texture, indicating the 

formation of another N* phase with opposite handedness. Finally, as regards sample 4 

with (R,S,R)-d and SLC-1717, the distance between Cano lines decreases in Fig. 7d 

after UV light irradiation, this suggests the HTP values of (R,S,R)-d increase in 

N*-LCs.  

 

Fig. 8 POMs images of the homeotropic cell of photoresponsive N*-LCs 

including (a): (R,S,R)-b, and (b): (R,S,R)-c (3.0 wt%) between the trans (left) 

and PSS (right) by irradiation of UV (λ = 365 nm, 2 mW
.
cm

-2
) at 25 °C 

 

Furthermore, HTPs of (R,S,R)-a, b, c, d in SLC1717 and 5CB hosts are calculated 

and summarized in Table 1. The results demonstrate that there is similar trend in HTP 

change of (R,S,R)-a, b, c, d both in SLC-1717 and 5CB. In Table 1, the positive sign 

and the negative sign represent right handedness and left handedness, respectively. It 

could be summed up as: Four different states including HTP decreases in N*-LCs (LC 
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samples doped with (R,S,R)-a), a phase transition between the N*-LCs and N-LCs 

(LC samples doped with (R,S,R)-b), a helical inversion in the N*-LCs (LC samples 

doped with (R,S,R)-c) and HTP increases in N*-LCs (LC samples doped with 

(R,S,R)-d) upon light irradiation could be achieved, respectively. This result may have 

several explanations. First, considering that overall HTP of H-bonded chiral switches 

is determined by both the proton acceptor of binaphthyl azobenzene and the proton 

donor of binaphthyl acids with opposite chiral configuration, we expect that the 

difference in HTPs between them will influence the overall helicity of the H-bonded 

chiral switches. Herein, as the length of terminal flexible chain in binaphthyl acids is 

increased, the HTP value of the proton donor with the right handedness increases. As 

a result, H-bonded chiral compounds (R,S,R)-a, b, c, d bearing with these two 

opposite chiral configurations are found to have a decreased initial HTP value. Second, 

Upon UV irradiation, the HTP value of the central proton acceptor decreases owing to 

the tans-cis isomerization upon UV light, while HTP values of the proton donors 

don’t change. Therefore the conflicting chiralities and the shifting equilibrium 

between (S)-binaphthyl azobenzene and (R)-binaphthyl acids result in four different 

states. For example, a diagram schematic for this switching mechanism is provided as 

shown in Fig. 9. H-bonded chiral switch (R,S,R)-c induces a left-handed N*-LCs in 

the initial state because the HTP value of the proton acceptor with the left handedness 

is bigger than that of the proton donors with the right handedness. Upon UV 

irradiation, H-bonded chiral switch (R,S,R)-c leads to a right-handed N*-LCs in the 

photostable state, which is attributed to the decrease in HTP of the central proton 
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acceptor as mentioned above. Finally, by comparing of the HTP data in 5CB with that 

obtained in SLC-1717 in Table 1, we find that 5CB provide lower HTPs at the initial 

state, which might be due to the different interaction between H-bonded chiral 

switches and the host LCs. It should also be noted that all the above changes in these 

LC hosts are reversible by visible-light irradiation. 

Table 1. Helical twisting power (in SLC1717 and 5CB) of H-bonded chiral switches 

at initial state and photostationary state upon UV irradiation (365nm, 2 mW·cm
-2

)
[a]

 

H-bonded 
Chiral 

Molecular 
Switches 

 

LC hosts 

HTP 
(wt%)/µm-1 

∆HTP 
(µm-1)[b] 

 

Change 
in 

HTP[c] 

（（（（%）））） 

Initial PSSUV  

(R,S,R)-a SLC 1717 -12.48 -9.28 3.2 25.64 

(R,S,R)-a 5CB -8.64 -7.32 1.32 15.28 

(R,S,R)-b SLC1717 -2.78 -- 2.78 --- 

(R,S,R)-b 5CB -2.96 -- 2.96 --- 

(R,S,R)-c SLC1717 -0.89 +2.89 3.78 425 

(R,S,R)-c 5CB -0.39 +2.80 3.19 818 

(R,S,R)-d SLC1717 +3.49 +5.89 2.4 87.95 

(R,S,R)-d 5CB +1.80 +2.71 0.91 50.56 

[a] Positive and negative signs represent right- and left-handed helical twists, respectively. [b] 

∆HTP is calculated by subtracting the photostationary HTP value from the initial HTP value. [c] 

The change in HTP is calculated by dividing ∆HTP by initial HTP. 
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Fig. 9 Schematic illustration of the mechanism of handedness inversion in 

self-organized helical superstructures induced by H-bonded chiral switch 

To gain further insight into the structure–property relationships, we evaluate the 

optimized geometries of the H-bonded chiral switch (R,S,R)-a, b, c, d by Gaussian 03 

calculations at B3LYP/6-31G(d) level. We find that H-bonded chiral switch (R,S,R)-a, 

b, c, d have similar molecular conformations before and after UV irradiation, 

respectively. First, the central proton acceptor of the binaphthyl azobenzene in 

H-bonded chiral switch possesses rod shapes before UV irradiation in Fig. 10, while 

they are provided with bent shapes upon UV irradiation, which suggests that trans-cis 

photoisomerization takes place upon UV irradiation. Secondly, although the proton 

donors of binaphthyl acids in (R,S,R)-a, b, c, d have different terminal chain length, 

the molecular conformation of the central proton acceptor is not affected by them as 

shown in Fig. 10. What’s more, the molecular conformations of the binaphthyl acids 

have no change before and after UV irradiation, which means that no changes of the 

proton donors happen during the trans-cis isomerization of the central proton acceptor 

upon UV irradiation. 
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Fig. 10 Optimized structures of trans and cis form of (R,S,R)-a, (R,S,R)-b, 

(R,S,R)-c and (R,S,R)-d (space filling model) obtained by Gaussian 03 

calculations at the B3LYP/6-31G(d) level. 

The themoresponsive behavior of N*-LCs based on the H-bonded chiral switches is 

also studied by the Grandjean-Cano method. The changes of the pitch length are 

observed at various temperatures as shown in Fig. 11, and the inset images in Fig. 11 

are the POM images of the samples in Cano wedge cells. It should also be noted that 

the variation of Cano lines length indicates the change of the pitch length of N*-LCs 

and the corresponding HTP values of these H-bonded chiral switches as mentioned 

above. As shown in Fig. 11, it clearly shows that the pitch lengths of the N*-LCs 

doped with (R,S,R)-a and (R,S,R)-d increase with increasing temperature, which 

means that the HTPs of (R,S,R)-a and (R,S,R)-d decrease with increasing temperature. 

While the pitch lengths of the N*-LCs doped with (R,S,R)-b and (R,S,R)-c decrease 
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with increasing temperature, suggesting that the HTPs of (R,S,R)-b and (R,S,R)-c 

increase as the temperature is increased.  

Let us discuss the reason why these four H-bonded chiral switches exhibit different 

thermal responsive behavior based on both effects of dihedral angle and H-bonded 

interaction. First, the dihedral angle of these four chiral switches changes with 

temperature (Fig. 6), which further affects the phase structure of the N*-LCs. We find 

that the HTPs of both the proton donors and proton acceptor decrease with increasing 

temperature because of the changing of the dihedral angle of the binaphthyl groups 

(for details, see Figs. S2, S3 in Supporting Information, SI). Second, H-bonded 

interactions between the proton acceptor and the proton donors become weaker with 

temperature increasing according to the above real-time FT-IR data (Fig. 4). When the 

H-bonds become weak, we think that H-bonds in these four chiral switches begin to 

be partially ruptured with the temperature increasing. We unexpectedly find that the 

weakening or rupture of the H-bonds brings out the different changes of the HTPs. By 

comparing the measured the HTPs values of these four chiral H-bonded switches with 

the completely ruptured cases in LC systems (Fig. S4, SI), when we consider 

H-bonded effect as an only factor, it is reasonable to think that the pitch lengths in 

N*-LCs increase and the corresponding HTPs of them decrease as the temperature 

increases in the case of (R,S,R)-a and (R,S,R)-d. However, the pitch lengths in 

N*-LCs decrease and the corresponding HTPs of them increase with the temperature 

increasing in the case of (R,S,R)-b and (R,S,R)-c. Finally, based on these two factors, 

both the effects the dihedral angle and the H-bonded interaction lead to the HTPs 
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decrease with the increasing temperature in the cases of (R,S,R)-a and (R,S,R)-d. 

Nevertheless, these two factors have the opposite effect in the cases of (R,S,R)-b and 

(R,S,R)-c, and but the effect of H-bonded interaction plays a dominant role, thereby 

leading to the HTPs increase as the temperature rises. Consequently, this 

interpretation for both effects of dihedral angle and H-bonded interaction could well 

explain the present results that the HTPs of (R,S,R)-a and (R,S,R)-d decrease and the 

HTPs of (R,S,R)-b and (R,S,R)-c increase as the temperature increases. Our studies 

indicate that the different photo-/thermal switching behaviors of the N*-LCs are 

enabled by controlling the length of the terminal flexible chain in H-bonded 

complexes. This allows us to adjust the initial HTP value of these four H-bonded 

chiral switches, so that the diversity of phase transition of the N*-LCs has been 

achieved not only by UV/Vis light irradiation but also by the temperature variation. 
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Fig. 11 Changes in the helical pitch (a): (R,S,R)-a (1.0 wt%), (b): (R,S,R)-b (3.0 wt%), 

(c): (R,S,R)-c (3.0 wt%), and (d): (R,S,R)-d (3.0 wt%) in SLC1717 and POMs of 

Cano wedge cells at various temperatures  

 

Conclusions 

In summary, we have developed a new kind of H-bonded chiral switches ((R,S,R)-a, 

b, c, d) by a facile self-assembly approach, in which binaphthyl azobenzene with the 

left handedness is used as the proton acceptor and binapthyl acids with the right 

handedness are proton donors. Controlling the terminal flexible chain in binapthyl 

acids of the proton donors leads to different initial HTP of (R,S,R)-a, b, c, d, thereby 

allowing for four conditions upon UV irradiation such as a helical inversion and a 

phase transition between N*-LCs and N-LCs. The related switching mechanisms are 

due to the chiral counteraction and intensity attenuation of opposite chiral 

configurations between the proton acceptor and the proton donors during UV/Vis 

irradiation. Additionally, thermal switching behaviors of N*-LCs based on H-bonded 

chiral switches are attributed to the modulation of the H-bonded interaction and the 

dihedral angles of the binapthyl rings with temperature. We note that this simply 

strategy of the molecular design is of benefit us to understanding the 

structure–property relationships of the chiral molecules. Additionally, the H-bonding 

assembly method could provide new insights for developing responsive LC materials 

for photonics and display applications. 
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