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A B S T R A C T

A new chiral bromobinaphthol-pyrene compound was developed to achieve a green circularly polarized
luminescence (CPL) from its excimer with a dissymmetry factor (|glum|) value of 4.3�10�3 and a high
quantumyieldF

[3_TD$DIFF]F, solid up to 55.9%, while no CPL signals could be observed for the blue luminescence from
unimolecule. Meanwhile, reversal CPL signals can be observed from both concentrated solution and solid
© 2020 Chinese Chemical Society and Institute of MateriaMedica, Chinese Academy ofMedical Sciences.
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Organic luminescent materials have been attracting great
attention due to its peculiar optical properties and potentials in
various practical applications [1–7]. Particularly, circularly polar-
ized luminescence (CPL) was derived from the chiral luminophor
or in chiral environments, presenting great potentials in asym-
metric synthesis [8,9], biological probes [10,11], optical device
[12,13], 3D display [14] and so on. The degree of dissymmetry of
CPL is usually evaluated in terms of the luminescence factor
(dissymmetry glum) which is calculated by the equation glum = 2(IL-
IR)/(IL+IR) demonstrated the relative intensity difference of left and
right circularly polarized emission. Therefore, one of the chal-
lenges of luminescent materials is to obtain a high luminescence
dissymmetry factor glum and high quantum yield (FF).

To date, numerous methods such as assemblies [15–20], chiral
metal complexes [21], chiral aggregation-induced emission (AIE)-
active chromophores [22], liquid crystals [23], host-guest interaction
[24,25] and CTcomplexes [26] have been developed. Thosemethods
can not only realize the CPL, but also amplify chiral signal. Despite
those impressive reports, there are still someproblems. IntensiveCPL
signals can be observed for assemblies due to chirality amplify
accompanying the low luminescence efficiency. Chiral metal com-
plexes have been extensive studied since CPL was observed for
lanthanide complexes. Themajorityofmetal complexation exhibited
the high dissymmetry factor glum value but small FF due to the
involved metal-centred electronic transition limiting their
titute of Materia Medica, Chinese
potentials. Chiral AIE-active chromophores combined the aggrega-
tion-inducedemissionwithCPLhavebeenstudiedduetoalternative
emissionandpotentials incircularlypolarizedorganiclightemitting
diodes.LiquidcrystalandCTcomplexesrequiresophisticateddesign
solutions and strict experiment condition hindering their applica-
tion.

Binaphthol and its derivatives have attracted a lot of attention
due to the intrinsic chiral texture derived from the restricted
rotation of two naphthalene rings. Moreover, the flexibility of
binaphthol leads to the variation in properties and application such
as regulating CPL signals [27,28], CPL switch [29], host� guest
complex [30,31] and excimer [32–34]. Herein, we developed a
chiralmaterial based on binaphthol and pyrene unitwith both high
dissymmetry factors glum and high FF. Binaphthol was chosen as
chiral core due to its inherent chirality and easy-modification. The
pyrene unit was chosen to obtain high fluorescence quantumyield.
Our study demonstrated that the material possessed peculiar
optical properties with both relatively high dissymmetry factor
glum and quantum yield FF and reversal CPL signals in different
states. The compound was demonstrated in Scheme 1. Compound
R/S-2 was synthesised via the esterification of brominated
binaphthol and pyrene formic acid. The detailed procedures and
characterization referred to Supporting information. The enantio-
mer pairs were readily prepared in quantity. The materials were
yellow solid and had good solubility in regular solvents.
Meanwhile, it had disparate emission phenomena in different
concentrations. In a diluted solution, the PL intensity was
conspicuous while CPL was almost not observed. In the
Academy of Medical Sciences. Published by Elsevier B.V. All rights reserved.
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Scheme 1. Structure of R/S-2 and emission in THF and THF/H2O.
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concentrated solution, the PL intensity was weak but CPL signal
was strong. More importantly, the addition of H2O resulted in a
green emission with a maximum FF [4_TD$DIFF]27.6% and strong CPL signal.
The dissymmetry factor |glum| value of the chiralmaterial was up to
6�10�3 in this mixture solvent.

To evaluate the optical properties of solid R/S-2, the fluores-
cence, absorption and CPL spectra were detected and shown in
Fig.1. The fluorescence spectrum showed the only emissionpeak at
510 nm. The solid absorption spectrum had a broad band around
250�500 nm. The solid CPL spectra was characterized in smooth
film and exhibited distinct CPL signal with a high dissymmetry
factor |glum| value of 4.3�10�3 and a high quantum yield FF, solid

[5_TD$DIFF]55.9%. XRD (Fig. S8 in Supporting information) was conducted to
explore the morphology of the R/S-2 solid and the result showed
that the R/S-2 solids were amorphous.

The enantiomer S-2 was selected as a sample and its
photophysical spectra were thoroughly investigated. The corre-
sponding spectra of R-2 could be referred to Supporting
information. The absorption spectra of S-2 had been detected in
THF solvent (Fig. 2a). The UV–vis absorption of S-2 had three
distinct peaks at 283, 352 and 383 nm respectively, accompanying
with a weak shoulder peak at 272 nm. The peaks at 352 and
383 nm were assigned to the pyrene moieties. When the
concentration increased to 1�10�4 mol/L, the peaks at 352 and
383 nm had a bathochromic shift to 356 and 387 nm, respectively.
Such an bathochromic effect was an indication of aggregate
formation, which in turns had a favourable geometry to exhibit
excimer emission [35]. Compared with solid state, its THF solution
was colourless and had a blue fluorescence emission. In Fig. 2b, the
fluorescence spectra of S-2 had two distinct peaks at 387 and
408 nm along with a weak shoulder peak at 428 nm. Furthermore,
the increase in concentration resulted in a sharp decrease in the
intensity of PL. The chirality properties of R/S-2 were examined by
circular dichroism (CD) spectra (Fig. 2c). The CD spectra exhibited
mirror-image bands indicating that R/S-2 were a pair of
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Fig.1. (a) Normalized absorption spectrum of R/S-2 in solid (black line). Normalized fluor
under irradiation of daylight and UV. (b) CPL spectra of R/S-2 in neat film (lex = 350 n
enantiomers. The strong Cotton effects at 240 and 280 nm in
the short wavelength region were assigned to the characteristic
absorption of chiral binaphthyl moieties [36]. The cotton effects at
360 nm in concentrated solution were attributed to the pyrene
units [37]. CPL spectra (Fig. 2d) showed there [6_TD$DIFF]was no obvious
signal in the range of 400�700 nm at 1�10-5 mol/L. After
increasing the concentration, a characteristic band around
470�650 nm could be observed, which was due to the formation
of excimer [38]. In the diluted solution (Fig. 2b), the emission at
387, 408 and 428 nm represented the emission from single
molecules and no obvious CPL signal could be observed. While in
concentrated solution, the emission derived from excimer
appeared accompanying with a strong CPL signal. The dissymme-
try factor (|glum|) value was up to 6�10-2 and the quantum yield
was [7_TD$DIFF]1.7%. Notably, reversal CPL signal can be observed in both
concentrated solution and solid, which was ascribed to the
dihedral angle change of binaphthyl moieties from solution to
solid [39].

S-2 was doped with polymethyl methacrylate (PMMA) to
further investigate its photophysical behaviour in solid. As shown
in Fig. 3a, with the increase of the molecule mass ratio, the
emission peak had a significant redshift from 410 nm to 490 nm.
When the mass ratio [6_TD$DIFF]was 1:100, the emission at 410 nm was
attributed tomonomer. The spectra show that when themass ratio
was up to 3:100, the excimer emerged, and the emission peaks
composed of both the excimer andmonomer. While the mass ratio
up to 6:100, the spectra showed that the emission peak at 410 nm
from the monomer disappeared while the only emission from the
excimer existed. To get further insight into the molecule, the
optical properties in different ratios of H2O and THF were
examined. As evident from Fig. 3b, the main emission peaks at
410 nm were enhanced by the increase in water composition.
Whereas the peaks at 410 nm sharply decreased and became
negligiblewhen the volume ratio of H2O and THF reached 7:3 along
with a peak at 510 nm showed up, which was corresponding with
the fluorescence in solid. Similarly, the increase in water
composition enhanced the intensity of peaks at 510 nm. Changes
in the ratio of H2O and THF resulted in a redshift (�100 nm) from
410 nm to 510 nm in spectra and the quantum yieldFF from 6.9%–
27.6%, indicating the formation of excimer. The CD spectra in
different volume ratios of H2O and THF were conducted. In Fig. S9
(Supporting information), there [6_TD$DIFF]was no obvious changes before the
volume ratio reached 7:3. While the volume ratio up to 7:3, CD
signal sharply fell, whichwas associatedwith the emission change.
The possible reason was that the solution turbidity caused by the
solubility decrease. A distinct colour change could be observed
from blue to yellow-green under the UV light irradiation. The CPL
spectra (Fig. 3c) revealed that the optical properties changed from
single molecule to excimer. There was no CPL signal observed in
escence spectrum of R/S-2 in solid (yellow line,lex = 350 nm). Inset: pictures of R/S-2
m).
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Fig. 2. (a) Normalized absorption spectra of S-2 in THF. (b) Fluorescence spectra of S-2 in THF at 1�10�5 mol/L (blue line), 1�10-4 mol/L (red line) and 1�10-3 mol/L (black
line), lex = 350 nm. (c) CD spectra of R/S-2 at 1�10-5 mol/L and 1�10-4 mol/L. (d) CPL spectra of S-2 at 1�10-5 mol/L, 1�10-4 mol/L and 1�10-3 mol/L in THF (lex = 350 nm).
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Fig. 3. (a) Fluorescence spectra of S-2 dopedwith PMMA at themass ratio of 1:100, 3:100, 6:100 and 9:100 (lex = 350 nm). (b) PL spectra of S-2 in different volume ratio of H2O
and THF (at afixed concentration 1�10�5mol/L,lex = 350 nm). (c) CPL spectra of S-2 in different volume ratio of H2O and THFat 1�10�5mol/L (lex = 350 nm). (d) The pictures
of S-2 in different volume ratio of H2O and THF at 1�10�5 mol/L under UV irradiation at 365 nm.
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spectra while a prominent peak appeared when the water
concentration approached [8_TD$DIFF]90% with a high dissymmetry factor
(|glum|) value of 6�10�3.

The SEM images shown in Fig. S10 (Supporting information)
confirmed that no obvious self-assembly was observed. With
increasing of H2O, the SEM images have no obvious change even at
the volume ratio of 7:3 where the emission changed. The image
further verifies that the emission is not from the aggregates. The
most stable structure of 2 was obtained via DFT calculations by
b3lyp/6-311+G* level of theory (Fig. S11 in Supporting Informa-
tion). The dihedral angle between the naphthalene rings was 100�,
which was close to a typical binaphthyl structure. The pyrene units
linked to binaphthyl were almost perpendicular to another,
indicating the excimer originated from intermolecular interaction
rather than the intramolecular one. Meanwhile, the LUMO (lowest
unoccupied molecular orbital) and HOMO (highest occupied
molecular orbital) orbital distribution demonstrated that the
emission was originated from pyrene units.

In summary, we constructed bromobinaphthol-pyrene materi-
als with high quantum FF, solid up to [9_TD$DIFF]55.9% and glum value up to
4.3�10�3 in solid state. In this system, the emission derived from
molecules in diluted solution hardly showed CPL signal. While the
emission from excimer in solid or mixture solvent exhibited both
strong CPL signal and high quantum yield FF. Moreover, reversal
CPL signal can be detected in both concentrated solution and solid
due to the dihedral angle change of binaphthyl moieties.
Meanwhile, the readily synthesised material showed AIE property.
The multifunctional chiral materials with both high luminescence
dissymmetry factor glum and high quantum yield FF would be
greatly contribute to the further application of CPL materials.
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