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phs based on an AEE-active
tetraphenylethene salicylaldehyde Schiff-base
derivative: the effect of molecular conformation on
luminescence properties†

Chunshuang Liang *

An aggregation-enhanced emission (AEE)-active tetraphenylethene salicylaldehyde Schiff-base derivative,

TPE-Nap, was prepared using a facile synthesis. The AEE property of TPE-Napwas studied by luminescence

and absorption spectra, and was attributed to the C]N isomerization restriction and the excited-state

intramolecular proton transfer (ESIPT) process. Polymorphs TPE-Nap-Y and TPE-Nap-O were prepared

from TPE-Nap, and their emission color and intensity were compared. TPE-Nap-Y is a yellow block

crystal with a very weak yellow emission, with its main peak at 565 nm, while TPE-Nap-O is an orange

plate crystal that gave a stronger orange emission, with its main peak at 583 nm. Single crystal diffraction

data were used to demonstrate the structure–property relationship. The most unique feature was that

the torsion angle of TPE-Nap-Y between the benzene ring of the TPE unit and the Nap unit was 54.08�,
while that of TPE-Nap-O was 14.19�. Interestingly, the TPE unit assumed propeller-like nonplanar

conformations that likely led to different intermolecular interactions, such as C–H/O interactions (2.529
�A and 2.617 �A) in TPE-Nap-O and C–H/p interactions (3.224 �A and 3.791 �A) in TPE-Nap-Y. These were

influenced by the torsion angle, although the molecules in both crystals were arranged in a similar end-

to-end slip-stacking mode. These results inferred that the molecular conformation was evidently

affected by luminescent properties. Crystals possessing a slightly twisted molecular conformation

exhibited stronger emission than those possessing a heavily twisted molecular conformation. These

investigations will expand the research on the relationship between the molecular conformation and the

emission properties of organic solids, and might provide a new development strategy for organic

polymorphs.
Introduction

Since 2001, when the novel concept of aggregation-induced
emission (AIE) was proposed by Tang and coworkers,1 many
AIE-active organic materials have been designed and applied in
optoelectronics, bio-imaging, and sensors.2 Among them, there
has been great interest in luminescent organic crystals over the
past few decades due to their wide application in organic light-
emitting diodes (OLEDs)3 and organic solid-state lasers
(OSSLs).4 The uorescence properties such as emission color
and organic crystal intensity are determined by chemical
structures. They are also determined by molecular conforma-
tions and packing structures, which indicate that an organic
Institute of Chemical Technology, Jilin,

(ESI) available: Organic compounds
absorption and uorescence spectra;
. CCDC 1954666 and 1954667. For ESI
other electronic format see DOI:

f Chemistry 2020
compound may produce solid forms with different uorescence
properties through conformation and/or aggregation structure
tuning. Thus, there has been intense research on how molec-
ular conformations affect related properties.

Polymorphism is the occurrence of a solid material in more
than one crystalline state.5 Polymorphs can exhibit different
physical and/or chemical properties. There has been great
interest in the polymorphism of organic optoelectronic mate-
rials because the different solid-state forms of one molecule can
exhibit signicantly different optical and electronic properties.6

Studying polymorphism will enable a greater understanding of
structure–property relationships and optical property regula-
tion based on the same molecule. Some experimental as well as
theoretical studies showing polymorph-dependent lumines-
cence provide insights into the structure–property relationship
of organic materials.7 However, organic polymorphs with the
same or similar packing style but different molecular confor-
mations have seldom been reported. Therefore, it is urgent to
demonstrate the impact of molecular conformations on the
emission properties of organic solids, because multicolor
RSC Adv., 2020, 10, 29043–29050 | 29043
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optoelectronic devices such as OLEDs and OSSLs might be
realized based on one organic compound.8

Among the typical AIE uorophores, tetraphenylethylene
(TPE) is a promising building block with the advantages of facile
synthesis and an excellent AIE effect.9 The TPE group exhibits
either clockwise or anticlockwise rotational patterns in its
propeller-like congurations due to the steric hindrance
between the phenyl rings.10 Until now, there have been few
investigations on the polymorphism of molecules containing
TPE units, and even fewer that focus on the inuence of their
rotational patterns. Salicylaldehyde Schiff-base derivatives are
widely used in the development of sensors, catalysts, and crys-
tals because of their easy synthesis and low cost.11 Considering
that the synthesis of optoelectronic materials is difficult and
time-consuming, polymorphism based on salicylaldehyde
Schiff-base derivatives is quite a convenient approach to tune
the emission properties of organic solids. Hence, the develop-
ment of model systems that disclose the impact of molecular
conformations on the luminescent properties of solid emitters
is urgently demanded and highly important.

In the course of our study on salicylaldehyde Schiff-bases
containing a TPE unit, the compound 1-(((4-(1,2,2-
triphenylvinyl)phenyl)imino)methyl)naphthalen-2-ol (TPE-Nap)
formed two crystals with different uorescence emission colors
and intensities, and their luminescent properties were
compared by uorescence methods. The X-ray crystallographic
and X-ray diffraction (XRD) data were compared to explain that
the difference in emission intensity and color of the two poly-
morphs was mainly attributed to the inuence of molecular
conformations.
Results and discussion
Synthesis and aggregation-enhanced emission (AEE) property
of TPE-Nap

4-(1,2,2-Triphenylvinyl)aniline (TPE-NH2) was synthesized
according to the reported literature,12 and TPE-Nap was
synthesized via a simple aldehyde–amine condensation reac-
tion between TPE-NH2 and 2-hydroxy-1-naphthaldehyde in
a ratio of 1 : 1 in ethanol followed by boiling under reux for
three hours (Scheme 1).13 The chemical structure of TPE-NH2

and TPE-Nap was conrmed by standard spectroscopic tech-
niques including 1H NMR, MALDI-ToF-mass spectrometry
analysis, FT-IR spectrometry, and uorescence and UV-Vis
Scheme 1 Synthetic routes for (a) TPE-NH2 and (b) TPE-Nap.

29044 | RSC Adv., 2020, 10, 29043–29050
spectrometry analysis (Fig. S1–S8, ESI†). The product TPE-Nap
was an orange powder that emitted very strong yellow uores-
cence as a solid when observed under ultraviolet (UV) light (365
nm). It was speculated that TPE-Nap was an AIE-active
molecule.

The uorescence characteristics of TPE-Nap were investi-
gated in tetrahydrofuran (THF)/H2O mixture solutions with
a water fraction (fw) from 0% to 95% (v/v). As shown in Fig. 1, the
uorescence emission of TPE-Nap was rather weak in THF,
which was ascribed to its conformational relaxation in solution.
The uorescence emission gradually increased as the fw reached
90%, and a gradual redshi in the emission peak occurred from
505 nm to 520 nm. The redshi should be attributed to not only
the increasing polarity of the mixtures but also the formation of
aggregates with different morphologies.14 When fw reached
90%, the uorescence emission was almost 5-fold greater than
that in THF solution. The uorescence quantum yield of TPE-
Nap in pure THF and fw ¼ 90% mixture solutions was 2.70%
and 7.74%, respectively. The corresponding amplication factor
aAIE was calculated as 2.87. In addition, the naked eye uores-
cence change of TPE-Nap in THF/H2O mixture solution with
different fw is given in Fig. 1a. The enhanced uorescence
emission likely occurred because of the poor solubility of TPE-
Nap in water than that in THF. This indicated that TPE-Nap
exhibited typical aggregation-enhanced emission (AEE) char-
acteristics, namely, these molecules exhibit moderate emis-
sions in solutions, and their emissions could be further
enhanced in aggregates due to the restriction of intramolecular
motion (RIM) by steric constraint from neighbouring
molecules.

To further verify that the emission enhancement was
induced by aggregation, the absorption spectra of TPE-Nap in
solutions with different fw were measured (Fig. S9, ESI†). A
yellow solution was obtained when TPE-Nap was dissolved in
pure THF, while the color change of TPE-Nap in the THF/H2O
mixture solution with different fw was not obvious enough to
distinguish with the naked eye (Fig. S9a, ESI†). In pure THF, the
absorption band of TPE-Nap at 322 nm and 396 nm was
observed; the former was attributed to the p–p* transitions of
Fig. 1 (a) Fluorescence photograph taken under UV light (365 nm); (b)
fluorescence emission spectra of TPE-Nap (50 mM) in THF/H2O
mixtures with different water fraction (0–95%), lex ¼ 485 nm; (c)
fluorescence emission intensity at 520 nm of TPE-Nap as a function of
water fraction.

This journal is © The Royal Society of Chemistry 2020
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the anthracene group and the latter corresponded to the
intramolecular charge transfer (ICT) transition.15 Along with the
increase in fw from 0% to 60%, the absorption band at 396 nm
decreased and a new band at 454 nm emerged and gradually
increased. Additionally, an isosbestic point was observed at
421 nm (Fig. S9b, ESI†). Along with a further increase in the
water content (higher than 60%), the intensity of the absorption
band at 454 nm was decreased, and a shoulder peak at 487 nm
(redshi of 33 nm) was observed. At the same time, level-off tails
began to appear on the red side of the absorption spectra
(Fig. S9c, ESI†), which was attributed to the light scattering of
aggregate suspensions.14b,16 The aggregation of TPE-Nap in
aqueous solution of 90% H2O/THF (v/v) was further proved by
the dynamic light scattering (DLS) measurement (Fig. S10,
ESI†). As shown, particles approximately 1000 nanometers in
size were detected. On the contrary, no particles were observed
for TPE-Nap in THF.

These luminescence and absorption spectra indicated that
TPE-Nap exhibited a typical AEE characteristic that probably
occurred because of the cooperative effects of J-aggregation17

and the restriction of the cis–trans tautomerization. C]N
isomerization is the predominant decay process of the excited
states in compounds with an unbridged C]N structure.18 In
low water volume fractions, the uorescence derived from ICT
was weak because the excited-state intramolecular proton
transfer (ESIPT) process was suppressed, which might be
ascribed to free rotation around C]N. However, with the high
water volume fraction, rotation was restricted due to closely
packed molecules in an aggregated state, and with the occur-
rence of the ESIPT process, strong emission resulted.19
Luminescence properties and X-ray crystal structure

Crystal TPE-Nap-Y and TPE-Nap-O are organic polymorphs, and
they were prepared in dichloromethane/methanol mixture
solution with different volume ratios (details are in the ESI).†
TPE-Nap-Y is a yellow block crystal with very weak dark yellow
emission, while TPE-Nap-O is an orange plate crystal with
stronger orange emission. Compared with TPE-Nap, the orange
powder emitted a very strong yellow uorescence, but with
a very different emission color and intensity. Photographic
images were obtained under room light and UV light (365 nm)
and are shown in (Fig. 2).
Fig. 2 Photos of TPE-Nap (powder), TPE-Nap-Y (crystal), and TPE-
Nap-O (crystal) under daylight (top line) and UV light (365 nm, bottom
line) at room temperature.

This journal is © The Royal Society of Chemistry 2020
The single-crystal structures of TPE-Nap-Y and TPE-Nap-O
were obtained by X-ray diffraction. The crystal structures of TPE-
Nap-Y and TPE-Nap-O are shown in Fig. 3. The bond lengths (�A),
angles (�), crystal cell structures, and packing structures for
TPE-Nap-Y and TPE-Nap-O are shown in Tables S1–S3 and
Fig. S11–S13 (ESI†). Crystal TPE-Nap-Y and TPE-Nap-O were all
triclinic with a space group of P�1. The crystal structure of TPE-
Nap-Y revealed the presence of an intramolecular hydrogen
bond (H-bond) between the hydroxyl group and the nitrogen
atom of the C]N group with OH/N distance of 1.834 �A
(Fig. 3a). This intramolecular H-bond endowed the 2-hydroxyl-
phenylmethanimine (Nap) unit with a planar structure. A
similar intramolecular H-bond (OH/N distance of 1.790 �A,
Fig. 3b) was also observed in crystal TPE-Nap-O.

Next, the luminescence properties as well as uorescence
quantum yield of crystal TPE-Nap-Y, TPE-Nap-O, and TPE-Nap
powder were compared. The emission spectra of TPE-Nap, TPE-
Nap-Y, and TPE-Nap-O are shown in Fig. 4. When using the
same slits, the uorescence intensity of TPE-Nap was obviously
higher than that of TPE-Nap-O, and the uorescence intensity of
TPE-Nap-O was obviously higher than that of TPE-Nap-Y, whose
intensity was very weak. The main uorescence peaks are
compared in Fig. S14 (ESI†). TPE-Nap shows an emission band
peaking at 572 nm with a uorescence quantum yield of 9.9%,
while the emission peak for TPE-Nap-Y and TPE-Nap-O was
565 nm and 583 nm with a uorescence quantum yield of 0.8%
and 5.1%, respectively.

TPE-Nap powder was directly collected from the synthesis
process as a precipitate. Aggregates with different morphologies
were probably formed, while crystal TPE-Nap-Y and TPE-Nap-O
had the determined crystal structure. The reason why higher
uorescence quantum yield was found for TPE-Nap powder
might be that its uorescence properties were the comprehen-
sive result of different morphologies. The emission of TPE-Nap-
O was redshied by 11 nm, and the emission of TPE-Nap-Y was
blueshied by 7 nm when compared with that of TPE-Nap.
These results indicated that the crystal uorescence properties
including intensity and color were polymorph-dependent.
The effect of molecular conformation

To explore the underlying mechanism of the emissive proper-
ties of TPE-Nap-Y and TPE-Nap-O, crystal analyses of these
polymorphs were further performed by single crystal diffraction
data. The molecular congurations were taken into consider-
ation for their possible inuence on their emissive properties.
The C–N single bond between the benzene ring of the TPE unit
Fig. 3 The crystal structure of (a) TPE-Nap-Y and (b) TPE-Nap-O with
50% probability ellipsoids and hydrogen bond geometry.

RSC Adv., 2020, 10, 29043–29050 | 29045
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Fig. 4 Fluorescence emission spectra of TPE-Nap, TPE-Nap-Y and
TPE-Nap-O at room temperature (lex ¼ 466 nm).

Fig. 6 Schematic diagram of molecular conformation-fluorescence
efficiency relationship.
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and the Nap unit (including the intramolecular OH/N bond)
was able to rotate, which resulted in a twisted conformation for
the entire molecule.

The molecules in crystals TPE-Nap-Y and TPE-Nap-O were
arranged in different conformations. The dihedral angle
between these two parts of TPE-Nap-Y was 54.08�, while that of
TPE-Nap-O was 14.19� (Fig. S15, ESI†). The torsion angles of
molecules in these two crystals are also compared in Fig. 5. The
three torsion angles (①, ②, and ③) in crystal TPE-Nap-O were
163.82�, 176.62�, and 179.83�, while those in crystal TPE-Nap-Y
were 136.75�, 177.26�, and 173.55�. These results indicated that
the molecules in TPE-Nap-O adopted a more planar structure.
As a result, the molecules in crystal TPE-Nap-Y assumed
a heavily twisted conformation, while a slightly twisted
conformation was observed for the molecules in crystal TPE-
Nap-O. It could be inferred that the difference in uorescence
properties was mainly due to the conformation of the molecules
in the crystals, and consequently, the different molecular
congurations in crystals resulted in their different emissive
properties.

The relationship between molecular conformation and
uorescence properties of organic crystals has been previously
discussed in many studies.20 However, organic polymorphs
based on TPE derivatives have rarely been studied. A schematic
diagram showing the molecular conformation-uorescence
efficiency relationship appears in Fig. 6. Combined with the
former results of uorescence spectra and uorescence
Fig. 5 Molecular conformations of the individual molecules in crystals
(a and b) TPE-Nap-Y and (c and d) TPE-Nap-O (①–③: torsion angle/�).

29046 | RSC Adv., 2020, 10, 29043–29050
quantum yield, it inferred that a crystal emitted stronger uo-
rescence when molecules assumed a more planar conforma-
tion, resulting in a narrowed band gap and a red-shied
uorescence. Oppositely, a crystal had a weaker uorescence
when there was a highly twisted molecular conformation, and
the wavelength of emission was blueshi.1,7d,21

Since the aggregation mode is another important factor
inuencing the solid-state uorescence of organic materials,
the packing structures of molecules in these two crystals were
further investigated. In TPE-Nap-Y and TPE-Nap-O, all mole-
cules are stacked in a typical J-type aggregation mode, as shown
in Fig. 7. Molecules in both crystals were arranged in a typical
end-to-end slip-stacking mode, and these molecular packing
structures effectively avoided p–p interaction.22 The slip-angles
for TPE-Nap-Y and TPE-Nap-O were approximately 32.3� and
70.6�, respectively. The interlayer distance between the adjacent
molecular sheets for TPE-Nap-Y and TPE-Nap-O was 4.998�A and
6.736 �A, respectively, and these distances were larger than the
typical distance for p–p stacking interaction (3.5 �A).23 The
difference in the interlayer distance for TPE-Nap-Y and TPE-
Nap-O was presumably caused by the TPE group, which
exhibited propeller-like congurations that caused steric
hindrance between the phenyl rings. The emission properties of
TPE-Nap-Y and TPE-Nap-O were thought to depend on their
conformation rather than the packing arrangement because of
the absence of p–p stacking interactions in these crystal
structures.7n

Weak intermolecular interactions between neighboring
molecules were compared, as different molecular conforma-
tions were accompanied by diverse intermolecular interactions
(Fig. S16, ESI†). Each molecule in TPE-Nap-Y connected its
neighboring molecules by weak C–H/p (3.224 �A and 3.791 �A)
Fig. 7 Molecular packing structures of (a) TPE-Nap-Y and (b) TPE-
Nap-O along crystallography a axis.

This journal is © The Royal Society of Chemistry 2020

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0ra00118j


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

6 
A

ug
us

t 2
02

0.
 D

ow
nl

oa
de

d 
on

 2
/3

/2
02

5 
10

:0
8:

05
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.
View Article Online
intermolecular interactions, and each molecule in TPE-Nap-Y
connected its neighboring molecules by weak C–H/O (2.529�A
and 2.617 �A) intermolecular interactions. The intermolecular
interactions in crystal TPE-Nap-Y were much weaker. Thus, the
weaker intermolecular interactions in crystal TPE-Nap-Y would
result in a relatively lower quantum efficiency in comparison
with crystal TPE-Nap-O, in which stronger intermolecular
interactions existed.

It is well known that TPE assumes a propeller-like,
nonplanar conformation that presents two orientational
congurations of the vinyl bond.10 In the two crystals discussed
here, both TPE units assumed right-handed helical (P) rota-
tional congurations. This inferred that the difference in the
intermolecular interactions relied on the steric effect of the
peripheral phenyl rings, because the P orientational congu-
rations of TPE based on different dihedral angles might lead to
various types and strengths of intermolecular interactions.
These results have expanded the recent research on polymorphs
based on TPE derivatives, and further study will be necessary to
explore the structure–property relationships of polymorphs
based on TPE derivatives.

Finally, the structures of TPE-Nap-Y and TPE-Nap-O were
examined by powder X-ray diffraction (PXRD). Different PXRD
patterns for TPE-Nap, TPE-Nap-Y, and TPE-Nap-O are shown in
Fig. 8. Compared with molecular conformation, packing was
a secondary factor for the luminescent properties, because it
was inferred to be inuenced by the variation in molecular
conformations in this system. These two crystals presented
different PXRD peaks, indicating their different molecular
packing distance. The data for crystal TPE-Nap-Y were used to
calculate that the d-spacings were 9.22�A, 11.59�A, and 13.80�A,
while those of TPE-Nap-O were 7.12 �A, 10.16 �A, and 19.67 �A.
These calculated d-spacings were similar to the unit cell
dimensions (Table S1, ESI†). Additionally, the observed PXRD
pattern closely matched the theoretical PXRD pattern calculated
from the corresponding single crystal diffraction data (Fig. S17,
ESI†), indicating that these bulk powders had the same overall
structure as their crystalline solids. The PXRD pattern for TPE-
Nap powder was different from the crystals it formed, because
Fig. 8 XRD patterns of TPE-Nap, TPE-Nap-O and TPE-Nap-Y at room
temperature.

This journal is © The Royal Society of Chemistry 2020
molecules formed aggregates with different morphologies or
adopted a random conformation and were accidentally packed
into the amorphous solid. Some of the peaks correspond to
those of TPE-Nap-O, demonstrating that some molecules might
have the same packing models, while others had a different
molecular packing distance.

Conclusions

A facile synthesized tetraphenylethene salicylaldehyde Schiff-
base derivative TPE-Nap was prepared, and its AEE property,
probably attributed to the C]N isomerization restriction and
ESIPT process, was studied by luminescence and absorption
spectra. Polymorphs TPE-Nap-Y and TPE-Nap-O displaying
different emission intensity and color were obtained from TPE-
Nap. TPE-Nap-Y and TPE-Nap-O adopted different molecular
conformations demonstrated by single crystal diffraction data.
The torsion angle between the TPE unit and Nap unit of TPE-
Nap-Y was 54.08�, while that of TPE-Nap-O was 14.19�. The
molecules in both crystals were arranged in a typical end-to-end
slip-stacking mode. Intriguingly, the presence of the TPE unit,
which assumed a propeller-like nonplanar conformation,
probably led to different intermolecular interactions inuenced
by different torsion angles. The C–H/O distance (2.529 �A and
2.617 �A) in TPE-Nap-O was shorter than the C–H/p distance
(3.224�A and 3.791�A) in TPE-Nap-Y. These results indicated that
stronger emission was measured from crystals possessing
a slightly twisted conformation as compared to those crystals
possessing a heavily twisted conformation. This work not only
reveals the effect of the molecular conformation on the lumi-
nescence properties for the two polymorphs, but also provides
guidance for the design of other AIE or AEE polymorphs,
especially those based on TPE derivatives.

Experimental
Chemicals and instruments

All the materials for synthesis and spectra were purchased from
commercial chemical suppliers and used as received without
further purication. Reagents: benzophenone (99%), 4-amino-
benzophenone (98%), TiCl4 ($98%), zinc powder ($98%), and
2-hydroxy-1-naphthaldehyde (98%). Solvents: tetrahydrofuran
(THF, AR), ethyl acetate (EtOAc, AR), ethanol (EtOH, AR),
dichloromethane (DCM, AR), and methanol (AR).

Nuclear magnetic resonance spectra were recorded on
a Bruker Ultra Shield spectrometer, and chemical shis are
expressed in ppm using tetramethylsilane (TMS) as an internal
standard. FT-IR spectra were recorded on a Nicolet 6700 spec-
trometer, using KBr discs. The uorescence spectra of solutions
were obtained with a Shimadzu RF-5301 PC spectrophotometer
with a quartz cuvette (path length ¼ 1 cm). UV-Vis absorption
spectra of solutions were recorded using a Specord 210 PLUS
UV-Vis spectrophotometer (Analytik Jena). Mass spectra were
measured using a Bruker Autoex speed TOF/TOF. Dynamic
light scattering (DLS) experiments were performed using
a Malvern dynamic light scattering particle size/zeta potential
analyzer at room temperature. X-ray powder diffraction (XRD)
RSC Adv., 2020, 10, 29043–29050 | 29047
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patterns were obtained using a Rigaku SmartLab X-ray dif-
fractometer with Cu Ka (k ¼ 1.5406 �A) incident beam. The
uorescence spectra of solids were obtained with an Edinburgh
Instruments (EI) FLS920 steady state and transient state uo-
rescence spectrometer.

The synthesis of TPE-NH2

TPE-NH2 [4-(1,2,2-triphenylvinyl)aniline] was readily prepared
by simple McMurry reactions as reported.12 A three-necked ask
was charged with 1.97 g (30 mmol) zinc powder and 40 mL dry
THF under N2 atmosphere. The suspension was cooled from�5
to 0 �C, and 1.66 mL TiCl4 (15 mmol) was slowly added. The
suspension was warmed to room temperature and stirred for
0.5 h, and then heated to reux for 2.5 h. The mixture was again
cooled from �5 to 0 �C, and a solution of 4-amino-
benzophenone (0.99 g, 5 mmol) and benzophenone (0.91 g, 5
mmol) in 15 mL THF was added dropwise. Aer addition, the
reaction mixture was heated to reux until the carbonyl
compound was completely consumed (monitored by thin-layer
chromatography (TLC)). The reaction was quenched with 10%
K2CO3 aqueous solution and extracted with EtOAc. The organic
layer was collected and concentrated. Aer the crude material
was puried by column chromatography, a white product, TPE-
NH2, was obtained (Scheme 1a). Yield: 38.0% (0.66 g).

The structure of TPE-NH2 was conrmed by 1H NMR, 13C
NMR, HRMS (MALDI-ToF), and FT-IR spectroscopy (Fig. S1–S4,
ESI†).

1H NMR (500 MHz, CDCl3) d (ppm) ¼ 7.16–6.97 (m, 15H),
6.81 (d, J ¼ 8.5 Hz, 2H), 6.44 (d, J ¼ 8.4 Hz, 2H), 3.75 (s, 2H,
–NH2);

13C NMR (101 MHz, CDCl3) d (ppm)¼ 144.77, 144.34, 144.21,
144.17, 140.94, 139.30, 134.02, 132.48, 131.46, 131.40, 131.35,
127.65, 127.53, 127.50, 126.23, 126.05, 114.31; HRMS m/z: [M]+

calc. for C26H21N 347.1674; found 347.0040; FT-IR (cm�1, KBr):
3469, 3379, 3021, 1618, 1512, 1442, 1282, 1178, 1074, 1028, 823,
750, 700, 607, 546.

The synthesis of TPE-Nap

TPE-Nap [1-(((4-(1,2,2-triphenylvinyl)phenyl)imino)methyl)
naphthalen-2-ol] was synthesized by mixing TPE-NH2 (0.35 g,
1 mmol) and 2-hydroxy-1-naphthaldehyde (0.17 g, 1 mmol) in
a ratio of 1 : 1 in ethanol followed by boiling under reux for
three hours (Scheme 1b).13 An orange solid powder was
precipitated, and was subsequently ltered and washed with
cold ethanol and nally dried under vacuum. Yield: 87.8% (0.44
g).

The structure of TPE-Nap was conrmed by 1H NMR, 13C
NMR, HRMS (MALDI-ToF) and FT-IR spectroscopy (Fig. S5–S8,
ESI†).

1H NMR (400 MHz, CDCl3) d (ppm)¼ 9.24 (s, 1H), 8.03 (d, J¼
8.4 Hz, 1H), 7.80 (d, J ¼ 8.4 Hz, 1H), 7.77–7.66 (m, 1H), 7.51 (t, J
¼ 7.5 Hz, 1H), 7.33 (t, J ¼ 7.3 Hz, 1H), 7.20–6.95 (m, 20H);

13C NMR (101 MHz, CDCl3) d (ppm)¼ 171.55, 153.27, 143.60,
143.54, 143.46, 142.57, 142.29, 141.52, 139.99, 136.90, 133.28,
132.72, 131.38, 131.35, 131.31, 129.39, 128.08, 127.90, 127.80,
127.68, 127.18, 126.69, 126.65, 126.56, 123.49, 122.72, 119.37,
29048 | RSC Adv., 2020, 10, 29043–29050
118.77, 108.71; HRMS m/z: [M + H]+ calc. for C37H27NO
502.2171; found 502.2772; FT-IR (cm�1, KBr): 3442, 3020, 1624,
1491, 1442, 1327, 1157, 1076, 1030, 970, 827, 744, 698, 607.

AIE properties measurements

A stock solution of TPE-Nap was prepared (c ¼ 1 � 10�3 M) in
THF. Aliquots (150 mL) of the stock solution were added to
a centrifuge tube and diluted to 3 mL with water and THF in the
proper ratios at room temperature, with the concentration
being maintained at 50 mM. Fluorescence and UV-Vis methods
were used to record the spectra of these solutions.

Crystal growth, X-ray data collection, and structural
determination

Organic polymorphs of TPE-Nap were prepared as follows: in
one test tube, 1 mmol of TPE-Nap was dissolved in DCM (2 mL),
and then methanol (4 mL) was added along the tube wall
without destroying the previous solution surface. In a second
test tube, 1 mmol of TPE-Nap was dissolved in DCM (4 mL) and
then methanol (2 mL) was added along the tube wall without
destroying the previous solution surface. Aer standing at room
temperature for 3–7 days, two types of crystals, TPE-Nap-Y
(block) and TPE-Nap-O (plate), were generated respectively.
Crystals TPE-Nap-Y and TPE-Nap-O were polymorphs, with
obviously different color and shape (Fig. 2).

The crystals were used for X-ray crystallographic analysis.
The diffraction data for crystals TPE-Nap-Y and TPE-Nap-O were
collected on a Bruker Smart CCD 1 K diffractometer equipped
with a monochromator using a Mo Ka (k ¼ 0.71073 �A) incident
beam. The crystals were mounted on a glass ber. The CCD data
were integrated and scaled using the Bruker-Saint soware
package, and the structures were solved and rened using the
SHEXTL program. Structural information was deposited at the
Cambridge Crystallographic Data Centre (CCDC 1954666 and
1954667).
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