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Circularly polarized luminescence of single-handed helical 
tetraphenylethylene–silica nanotubes

Xinye Cai,a Jun Du,a Lianglin Zhang,a Yi Li,a Baozong Li,a Hongkun Li*a and Yonggang Yang*a

Two single-handed helical tetraphenylethylene–silica nanotubes 
with circularly polarized luminescence (CPL) properties and 
enhanced fluorescence efficiency were fabricated through a 
supramolecular templating approach using the self-assemblies of 
chiral gelators as templates. This work provides a facile strategy 
for constructing CPL-active organic-inorganic hybrid nanomaterials 
with single-handed helical morphologies.

Circularly polarized luminescence (CPL) refers to the 
differential emission of left- and right-handed circularly 
polarized light, from which the information on the excited 
state of chiral luminophores can be acquired. In recent years, 
CPL-active materials have attracted considerable attention due 
to their great potential applications in chiroptical sensing1 and 
optoelectronic devices,2 including three-dimensional display, 
CPL laser, optical information storage and processing. Such 
technological applications generally require the CPL-active 
materials with good performance. As is known, CPL activity is 
usually evaluated by the luminescence dissymmetry factor 
(glum), glum = 2(IL - IR)/( IL + IR), where IL and IR denote the 
intensities of the left- and right-handed circularly polarized 
luminescence, respectively. For practical use, the 
luminescence quantum yield, especially in the solid state, is 
also an important parameter for evaluating the performance 
of CPL-active materials. 

Up to now, various CPL-active systems, such as lanthanide 
complexes,1,3 organic molecules,4 polymers,5 liquid crystals,6 
and supramolecular assemblies,7 have been reported. 
However, the CPL activities of them were mostly investigated 
in solutions giving the glum values in the range of 10-5–10-2, 
except for some lanthanide complexes1 and liquid crystals.6 

From solution to aggregate state, their CPL performance 
generally becomes worse owing to the concentration 
quenching or aggregation-caused quenching effect of the 
conventional luminophores.8 Exploration of new CPL-active 
materials with both large glum values and high emission 
efficiency in solid state is still a challenging task. 

Recently, aggregation-induced emission (AIE) luminogens 
(AIEgens),9 which are weakly or non-emissive in dilute solution, 
but emit strongly upon aggregation, have become good 
building blocks for constructing chiral functional materials with 
efficient CPL performance in condensed phase.10 However, 
these systems generally require complicated synthesis and 
tedious purification procedures.11 The exploration of new 
efficient CPL-active materials through simple strategies is thus 
highly demanded.

Our research group has developed supramolecular 
templating approaches to prepare single-handed helical 
organic–inorganic hybrid silica nanostructures by using organic 
self-assemblies as the templates.12 Luminescent helical 
organic–inorganic hybrid nanomaterials, however, have been 
rarely constructed through such approaches. In this work, we 
report the first example of CPL-active tetraphenylethylene 
(TPE)-bridged polybissilsesquioxane (TPE–Silica) nanotubes 
with single-handed helicity. They were fabricated by using TPE-
containing bis(triethoxysilane) (BTSTPE) as the precursor, and 
the self-assemblies of a pair of chiral cationic low-molecular-
weight gelators (LMWGs), L-ValPyBr and D-ValPyBr, as the 
templates under basic conditions through an external 
templating approach  (Scheme 1). Circular dichroism (CD) 
analysis indicated that the chirality was transferred from the 
chiral supramolecular templates to the TPE scaffolds. 
Moreover, the TPE–Silica nanotubes showed CPL activity with 
large glum values and high emission efficiency.

TPE has become a star AIEgen because of its facile synthesis, 
easy functionalization, good thermal and chemical stability, 
and high solid-state emission efficiency.9 We thus employed a 
TPE derivative, BTSTPE, as the precursor. The detailed 
synthetic procedure is shown in the ESI. Briefly, it was 
synthesized by the McMurry coupling of 4-bromobenphenone 

Page 1 of 5 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t

Pu
bl

is
he

d 
on

 1
4 

Se
pt

em
be

r 
20

19
. D

ow
nl

oa
de

d 
by

 U
pp

sa
la

 U
ni

ve
rs

ity
 o

n 
9/

14
/2

01
9 

6:
00

:3
4 

A
M

. 

View Article Online
DOI: 10.1039/C9CC06055C

mailto:hkli@suda.edu.cn
https://doi.org/10.1039/c9cc06055c


COMMUNICATION Journal Name

2 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins

Please do not adjust margins

Scheme 1 The chemical structures of the chiral LMWGs of L-ValPyBr and D-ValPyBr, and 
the precursor of BTSTPE. Schematic illustration of the formation of single-handed 
helical TPE–Silica nanotubes. 

followed by the silicification reaction catalyzed by 
[Rh(cod)Cl]2

13 in an acceptable yield of 45.0%. The target 
compound was characterized by standard spectroscopic 
techniques and satisfactory analysis data were obtained 
(Experimental Section and Fig. S1 and S2, ESI†). The chiral 
LMWGs of L-ValPyBr and D-ValPyBr composed of L-valine and 
D-valine respectively were synthesized according to our 
previous reports.14

In our previous work, we prepared single-handed helical 
silica nanostructures, such as nanoribbons and nanotubes, by 
using tetraethoxy orthosilicate (TEOS) as the precursor and the 
self-assemblies of L-ValPyBr and D-ValPyBr as the templates via 
an external templating approach.14 Through modification of 
the silicas using 4,4′-bis(triethoxysilyl)-1,1′-biphenyl (BTSB), 
and copolycondensation using a mixture of TEOS and BTSB as 
precursors respectively, the hybrid silica nanotubes with 
molecular chirality were obtained.15 This inspired us to explore 
such an approach for fabricating CPL-active organic-
inorganic hybrid nanomaterials. We employed BTSTPE as the 
sole precursor, and the self-assemblies of L-ValPyBr and D-
ValPyBr as the templates, to prepare TPE–Silica nanostructures.

The detailed preparation process of TPE–Silica nanotubes is 
shown in the Experimental Section (ESI†). L-ValPyBr and D-
ValPyBr are efficient gelators, which can self-assemble into 
left- and right-handed helical nanostructures in alcohol/water 
mixtures.14 L(or D)-ValPyBr (12 mg) was readily dissolved in a 
1.5 mL mixture of n-propanol and 10.0 wt% aqueous ammonia 
(7:3, v/v) under gentle heating. When the solution was cooled 
to 0 °C, translucent loose gels were formed and helical 
nanofibers were generated. BTSTPE was then dropped into the 
system under strong stirring. In basic conditions, the triethoxy 
groups of BTSTPE hydrolysed to form the hybrid silica 
oligomers, which were adsorbed by the pyridinium rings of the 
LMWGs through electrostatic interactions. The oligomers 
further polycondensed on the surfaces of the nanofibers. The 
helical nanostructures of TPE–Silica were obtained by 
removing the templates (Scheme 1).

The TPE–Silica samples were named as TPES-M and TPES-P, 
which were prepared by using the self-assemblies of L-ValPyBr 
and D-ValPyBr respectively as the templates. TPES-M and TPES-
P are thermally stable with 5% weight loss temperatures of 
505 and 486 °C, respectively, and more than 70% of their 

whole mass remained at 800 °C (Fig. S3, ESI†). Their thermal 
stability is higher than those of most of pure organic materials, 
which makes them promising candidates for practical 
applications. 

The morphologies and internal pore structures of TPES-M 
and TPES-P were examined by field-emission scanning electron 
microscope (FESEM), transmission electron microscopy (TEM) 
and fluorescence microscope. As shown in Fig. 1a, 1b and Fig. 
S4 (ESI†), TPES-M and TPES-P exhibited left- and right-handed 
screw senses (white arrow) respectively, indicating that the 
morphologies of L-ValPyBr and D-ValPyBr were transcripted to 
the hybrid silicas.16 The tubular structure can be identified 
from the terminals of the nanostructures (labelled with a red 
arrow in Fig. 1b) and the TEM images (Fig. 1c and 1d). The 
multiple nanotubes were entangled with each other. Their wall 
thicknesses are approximately 30–50 nm. The internal 
diameters of TPES-M and TPES-P are about 20 and 40–60 nm, 
respectively. Their helical pitches are 400–500 and 300–400 
nm, respectively. Some nanotubes sealed off at the port were 
found, which may be caused by the adsorption of oligomers at 
the end of the nanotubes. Furthermore, the TPE–Silica 
nanotubes emit bright green fluorescence, and their length 
can reach tens of micrometers (Fig. 1e and 1f). 

Fig. 1 FESEM (a and b), TEM (c and d) and fluorescent (e and f) images of TPES-M (a, c 
and e) and TPES-P (b, d and f).
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In order to gain a deep understanding of the structure of the 
TPE–Silica nanotubes, we employed wide-angle X-ray 
diffraction  (WAXRD) technique. Two weak and broad peaks 
were identified at d = 8.3 and 4.3 Å (Fig. S5, ESI†), suggesting 
that TPES-M and TPES-P are both amorphous materials.

Fig. 2a shows the UV-vis and CD spectra of the suspensions 
of the TPE–Silica nanotubes in ethanol with a concentration of 
0.1 mg·mL-1. They displayed the maximal absorption peaks at 
322 nm, corresponding to the absorptions of the TPE units. 
Approximately mirror-image CD spectra were obtained for 
TPES-M and TPES-P. For TPES-M, two negative CD signals at 
368 and 280 nm, and one positive CD signal at 250 nm were 
identified. In addition, mirror-image diffuse reflectance circular 
dichroism (DRCD) spectra of TPES-M and TPES-P were 
observed in Fig. S6 (ESI†). Two negative signals occur at 376 
and 275 nm for TPES-M, while the opposite DRCD signals exist 
for TPES-P. The results suggest that the TPE-Silica nanotubes 
are chiral at molecular level, and the chirality has transferred 
from the self-assemblies of l-ValPyBr and d-ValPyBr.17

For a better understanding of the origin of the CD signals, 
we simulated the CD spectrum of BTSTPE dimers by using 
time-dependent density functional theory (TD-DFT) as well as 
Gaussian quantum package version, version G09. The BTSTPE 
dimers was structurally optimized using the B3LYP/6-31G (d) 
basis group, and the theoretical CD spectra was calculated by 
TD-DFT at the B3LYP/6-31G (d) level, which is based on 50 
lowest energy singlet excited states in the calculation (Fig. S7, 
ESI†). We also got the corresponding molecular orbital models 
(Fig. S8, ESI†), in which different orbital colours represent 
different wave functions. When the TPE scaffolds stack in a 
left-handed way and its own benzene rings rotate in the left-
handed manner, two positive signals appear at 379 and 278 
nm and a negative signal occurs at 261 nm (Fig. 2b), which is 
similar to the experimental CD data of TPES-P. The CD signals 
appearing in these three regions are derived from the 
electronic transitions from HOMO to LUMO, HOMO-1 to 
LUMO+4 and HOMO-10 to LUMO, respectively. The CD signal 
at 379 nm originates mainly from the electronic transition 
between the TPE scaffolds. While the CD signal at 278 nm is 
mainly derived from the electronic transition in the π system 
of a single TPE unit. It can be found that TPES-P nanotubes 
whose TPE units stack in a left-handed manner exhibit right-
handed morphology. These results demonstrate that there are 

Fig. 2 The experimental CD and UV-vis spectra of TPES-M and TPES-P. (b) The 
simulated CD spectrum of TPE-Silica.

no significant relationships between the chirality at the 
molecular-scale and the handedness at the nanoscale.12

Since TPE is a typical AIEgen, we then investigated the 
luminescence behaviours of BTSTPE and the TPE–Silica 
nanotubes. BTSTPE is weakly emissive in its DMSO solution. 
With the addition of its poor solvent of water, the emission of 
BTSTPE is gradually enhanced, showing AIE features (Fig. S9, 
ESI†). As shown in Fig. 3a, TPES-M and TPES-P powders emit 
green light at about 500 nm. Their fluorescence quantum 
yields (F) are 26.2% and 21.2% respectively, whereas the F 
value of their precursor of BTSTPE is 18.2%. Moreover, the 
fluorescence lifetimes of TPES-M and TPES-P in powder state 
are 5.15 and 5.17 ns, respectively, which are longer than that 
of BTSTPE (2.32 ns, Fig. 3b). Considering that TPE units are 
closely knitted together in TPES-M and TPES-P, the 
intramolecular motions of the phenyl rings of TPE are greatly 
restricted by the rigid inorganic materials, which blocks the 
nonradiative relaxation channel and turns on the light 
emission of the hybrid materials.18 Compared with BTSTPE, a 
viscous liquid, the motions of phenyl rings of TPE units in the 
TPE-Silica nanotubes are more tightly restricted. Therefore, the 
luminescence efficiency and lifetime of the TPE–Silica 
nanotubes are both enhanced.

The intense fluorescence and molecular chirality of the 
hybrid materials prompted us to investigate their CPL 
properties. Approximate mirror images were observed in the 
CPL spectra of the TPE–Silica nanotubes (Fig. 3c). TPES-M and 
TPES-P exhibited negative and positive signals respectively, 
whose signs were the same as those of their CD signals. In 

Fig.3 (a) Photoluminescence spectra of TPES-M and TPES-P powders. λem: 371 nm. Inset: 
Photographs of TPES-M under visible light (left) and 365 nm UV light (right). (b) Time-
resolved fluorescence decay curves of BTSTPE, TPES-M and TPES-P. (c) Normalized CPL 
spectra and (d) CPL dissymmetry factor glum versus wavelength of TPES-M and TPES-P 
powders. λem: 365 nm.
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other words, TPES-M and TPES-P displayed right- and left-handed 
CPL respectively, whose handednesses are opposite to those of the 
nanotubes. This further proved that there is no direct relationship 
between the chirality at the molecular level and the handedness at 
the nanolevel. The glum values of TPES-M and TPES-P were 
calculated to be about –0.6 × 10-3 and +1.6 × 10-3 at 500 nm, 
respectively (Fig. 3d), which were comparable to most of the CPL-
active materials based on the AIEgens (|glum| = 10-4 – 10-2) 10,11.

In conclusion, we have successfully prepared two single-
handed helical TPE–Silica nanotubes, TPES-M and TPES-P, 
using BTSTPE as a single-source precursor and self-assemblies 
of chiral LMWGs as the templates via a supramolecular 
templating approach. It was found that the chirality had 
transferred from the templates to the inorganic- organic 
hybrid nanostructures. TPES-M and TPES-P exhibited CPL 
activities with the glum values of –0.6 × 10-3 and +1.6 × 10-3 
respectively, and fluorescence quantum yields of 26.2% and 
21.2% respectively. Additionally, they possessed high thermal 
stability. These properties make them promising candidates 
for applications in chemical sensing, CPL lasers, and 
photoelectronic devices. To the best of our knowledge, this is a 
first example of CPL-active inorganic-organic hybrid 
nanostructures with single-handed helical morphologies. 
Furthermore, this work provides a simple method for 
fabricating inorganic-organic hybrid functional nanomaterials 
with efficient CPL performance.
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A supramolecular templating approach was employed to 
fabricate single-handed helical tetraphenylethylene-bridged 
polybissilsesquioxane nanotubes with circularly polarized 
luminescence activity.
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