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Abstract

Most aggregation-induced emission (AIE) luminogpassess propeller-like aromatic
stator-rotor structures, such as silole, tetraplethylene (TPE) and triphenylamine
(TPA), to restrict intra-molecular motions (RIM) daravoid aggregation-caused
guenching (ACQ) effects. In our work, two simplesihbstituted naphthalimides were
designed and synthesized by the amide condenstaticneate novel AIE systems.
Except for the same aromatic stator (naphthalimidephenyl-1,8-naphthalimide
(PhNI) contained an aromatic rotor (phenyl group) while
N-cyclohexyl-1,8-naphthalimide CyNI) contained an aliphatic rotor (cyclohexyl
group). ThePhNI samples obtained from different preparation praegsshowed
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multiple chromisms (MC) effects and varied levetduwminescence. Despite of the
same intra-molecular structure, the crystal BANI had staggered parallel
inter-molecular conformation with weak emission the precipitation oPhNI had
cross one with strong emission. Although without Ei&cts,CyNI gave an excellent
fluorescence quantum yieldd{ = 0.55). The experimental results and theoretical
analyses suggested that the AIE effects were dedigeintra- and inter-molecular
structure simultaneously and the construction agstrdction of inter-moleculat-n

stacking between aromatic rotors in PhNI resultethe MC effects.

Keywords: Naphthalimide; Aggregation-induced enassi Multiple chromisms;

Self-organization; Inter-molecular structure.

I ntroduction

Most common planar luminogens, such as pyrene,thajimide and others, are
emissive in solution state but non-emissive indsaliate due to aggregation-caused
guenching (ACQ). According to the reported quanthemical calculations, the
cofacial configurationsafn stacking) in the molecules are responsible fordbeay
of luminescence.[1] Theoretically, effective methotb solve this problem are
separating these molecules through the introduaifdarge steric hindrance groups
or achieving the rotation of the molecules aroumsl stacking axis while keeping the

parallelism between the molecular planes.[2,3]

Nowadays, an abnormal phenomenon called aggregatioiced emission (AIE)

is observed, in which some non-planar luminogeerseanissive in solid state while
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none-emissive in solution state.[4,5] These AlEihogens are usually composed of
a central stator, normally aromatic planar fluoesgcmolecule, and several steric
aromatic planar rotors linked to the stator.[6] Testriction of intra-molecular motion
(RIM) in the aggregation is accounted as the redesorthe brightening. This new
progress offers a large platform for exploring picedly useful luminescent materials
in solid state. So far diverse AIE luminogens witheable emission colors and high
guantum vyields in solid state have been generatddch show the potential
applications in numerous fields including opticslec&onics, energy and
bioscience.[7-9] Nevertheless, there are still sassaes that need to be improved.
First of all, most non-planar AIE luminogens repadrtin recent years are prepared
based on coupling reactions with noble metal catalyhich are neither convenient
for preparation nor friendly to environment.[10,13¢condly, for most stator-rotor
systems, the steric aromatic planar rotors, whiehuaed to break up ther stacking
between stators and increase the fluorescence uquayield, could form extra-n
stacking between themselves and reduce the fluemescgquantum yield. Thirdly, the
relation between inter-molecular stacking modes @matoluminescent properties for
AIE luminogens is still not so clear owing to thecertainty, complexity and

variability of the stacking modes.

On the other hand, the multiple chromisms (MC) affiesulting from external
stimuli often appears in the poly-aryl AIE systemvi#th plenty of n-n stacking
structures.[12] These MC materials have showed pgramising applications in

lighting, sensing and displaying.[13-17] But theamplex inter- and intra-molecular
3
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structures based on large amounts of aromatic nmagjee it difficult to describe the

mechanism clearly.

Herein, the naphthalimide moieties were first idtroed into AIE systems as
twisted structures rather than connecting ones omoid/acceptors.[18-24] On the
basis of reported calculation, N-phenyl-1,8-napltide (PhNI) and
N-cyclohexyl-1,8-naphthalimide CyNI) shared the similar twisted cross
conformation.[25] Compared with phenyl group, cyaryl group could be not only
a huge group with the occupation functionality tedk up ther-n stacking between
stators but also a non-conjugated one without fognmextran-n stacking between
rotors during aggregation. The sampledPoNI obtained from different preparation
processes showed changeable emission while thespamding samples @@yNI
showed stable emission. The results demonstrated thie n-n stacking between
conjugated rotors (phenyl groups) affected the ghatinescent properties. Further
structural characterization illustrated that thgstals of PhNI and CyNI adopted
J-aggregation and X-aggregation respectively, sstgue that the inter-molecular

conformation had a profound impact on AIE and Mfeds.

Experimental section
M easur ements

'H and**C NMR measurements were recorded on a Bruker AVAMOE& MHz
spectrometer, using tetramethylsilane (TMS) as atermal standard. Electron

ionization mass spectra (EI-MS) was measured u$imgrmoFisher spectrometers



85 (TRACE 1300 GC-MS). Fourier transform infrared (FR) spectra were obtained on
86 aBRUKER TENSOR 27 spectrometer (KBr pellet). U\s\¢pectra were recorded on
87 a SHIMADZU UV-3600 spectrophotometer. Photolumiregs®e emission spectra
88 were obtained with HORIBA Fluoromax-4 spectroflumeter. The absolute
89 luminescence quantum vyield®§) was measured by a FLS920 fluorescence
90 spectrophotometer. Thermogravimetric analysis (TGMAJas completed on
91 PerkinElmer Pyris 1 TGA with heating rate of 20@1 from 50 °C to 600 °C under
92 nitrogen atmosphere. Differential scanning calotitmngDSC) was conducted by
93 PerkinElmer Pyris 1 DSC with heating rate of 10mi@ from 50 °C to 300 °C under
94 nitrogen atmosphere. X-ray diffraction (XRD) patierwere obtained by using a
95 Bruker X-ray diffractometer (D8 ADVANCE, Germany)ttv Cu Ka radiation source
96 (40kV, 40mA). Morphologies of the samples were obseé by scanning electron
97 microscopy (SEM, Hitachi S-4800). The single-criy3teray diffraction data for the
98 crystal of PhNI prepared with 50 mg sample and 50 mL THF/water (i olume)
99 as solvent were collected from a BRUKER D8 VENTUR¥stem with Cu-l&
100 radiation §=1.54178 A) at 280(10) K. The structure was solusithg direct methods
101 following the difference Fourier syntheses. All Hoydrogen atoms were
102 anisotropically refined through least-squares F6nusing the SHELXTL program
103 suite. The anisotropic thermal parameters weregasdito all non-hydrogen atoms.
104 The hydrogen atoms attached to carbon were placitalized positions and refined

105 using a riding model to the atom from which theyrevattached. The pictures of
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structure were produced using Diamond 3.1. CCDC 7483 contains the
supplementary crystallographic data of this paper.
Synthesis
N-phenyl-1,8-naphthalimide (PhNI)

1,8-Naphthalic anhydride (6.00 g, 30 mmol) andiaei(5.50 mL, 60 mmol)
were added to 50 mL acetic acid. After reflux fohgGthe white suspension
turned into a black homogeneous solution. Thendhetion system was cooled
to room temperature with continuous stirring and/tate precipitate formed.
After filtration, the residue was washed with 20 eaxtetic acid twice and dried
with a vacuum drying oven at room temperature #n.2Zr’hePhNI compound
was obtained as a white powder in 82% vyield (6.Y.6'"d NMR (400 MHz,
CDCl, 25 °C, TMS)$ (ppm):8.63 (dd, = 7.3, 1.0 Hz, 2H); 8.25 (dd,= 8.3,
1.0 Hz, 2H); 7.77 (dd] = 8.1, 7.4 Hz, 2H); 7.62 — 7.53 (m, 2H); 7.53 467(m,
1H); 7.38 — 7.30 (m, 2H)}*C NMR (101 MHz, CDJ, 25 °C, TMS)s (ppm):
164.18, 135.33, 134.14, 131.56, 131.41, 129.26,582828.53, 128.33, 126.89,
122.62. FT-IR (KBr)v (Cm'l): 3403, 3353, 3137, 3071, 1870, 1777, 1703, 1662,
1488, 1583, 1357, 1239, 1190, 888, 779, 701. El-M&z: calcd: 273.08.
Found: 272.07 [M-I] Anal. Calc. for GgH11NO,: C 79.11%, H 4.06%, N

5.13%; found: C 79.14%, H 4.25%, N 5.18%.

N-cyclohexyl-1,8-naphthalimide (CyNI)

1,8-Naphthalic anhydride (6.00 g, 30 mmol), cyclohamine (6.90mL, 60
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mmol), and piperidine (1.0 mL) were added to 50 Zaéthoxyethanol. After reflux
for 6 h, the white suspension turned into a blaoknbgeneous solution. Then the
reaction system was cooled to room temperature edatitinuous stirring and a pale
yellow precipitate formed. After filtration, the sidue was washed with 20 mL
2-ethoxyethanol twice and dried with a vacuum dyyaiven at room temperature for
24h. TheCyNI compound was obtained as a pale yellow powder % $ield (4.63
g). *H NMR (400 MHz, CDC}, 25 °C, TMS)s (ppm): 8.55 (dd,) = 7.3, 1.0 Hz,2H),
8.16 (dd,J = 8.3, 0.9 Hz,2H), 7.72 (dd, = 8.1, 7.4 Hz,2H), 5.03 (i = 12.2, 3.7
Hz,1H), 2.55 (qdJ = 12.3, 3.3 Hz,2H), 1.95 — 1.22 (m, 8HJC NMR (101 MHz,
CDCls, 25 °C, TMS) (ppm): 164.57, 133.40, 131.36, 130.96, 128.10,856123.23,
53.70, 29.06, 26.52, 25.42. FT-IR (KBr)(cm-1): 3400, 3133, 2928, 2853, 2866,
1694, 1655, 1589, 1399, 1237, 1185, 1101, 845, 888, 542. EI-MS: m/z: calcd:
279.13. Found: 279.10 [M] Anal. Calc. for GgH1/NOx: C 77.40%, H 6.13%, N

5.01%; found: C 77.43%, H 6.20%, N 5.07%.

Results and discussion

Synthesis of PhNI and CyNI

Scheme 1 described the synthesisPRbiNI and CyNI. Both of them were
synthesizedvia an one-step amide condensation[26,27]. Considethegdifferent
nucleophilicity of aniline and cyclohexylamine, féifent acid-base catalysts were
used in the synthetic reactions. The structureheftwo molecules were confirmed

by '"H NMR®C NMR, gas chromatography-mass spectrometry (GC-MSJ
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Scheme 1. Synthesis oPhNI andCyNI.

Al E properties of PhNI and CyNI

The UV-vis absorption spectra and PL spectraPbiNI and CyNI

respectively in dilute THF solution and in THF sobm with increasing water

content f,) were provided in Fig. 1. For boBPhNI andCyNI, a characteristic

absorption maximumif{,ay) appeared at ~330nm, implying their similar rigid

conjugated mother compound of naphthalimide. Whittreasing water content

(fw) in THF solution,CyNI exhibited only one emission peak at ~470 nm (Fig.

1B), while PhNI showed two peaks at ~400 nm and ~470 nm respeciiva].

1A), suggesting its polymorphism or the possibléutessolvent interaction.



161 The photographs taken under UV light (inset in Hig.and 1B) revealed that
162 PhNI and CyNIl aggregated and brightened with increasing watertecon

163 showing their typical AIE effects.
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165 Fig. 1. Normalized UV-PL spectra of (APhNI and (B)CyNI in THF with increasing
166  f, (the solution concentrations are™Id for UV test and 18 M for PL test;lex = 330
167 nm), the insets in (A) and (B) are fluorescence gesa of PhNI and CyNI

168 respectively in THF with increasirfg under UV light Lex = 365 nm).
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170 The PhNI samples prepared under different conditions andh wérious
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external stimuli showed different photophysical gedies in solid state (Fig.
2A), suggesting the presence of MC effect. Foraimsg, the crystal dPhNI
(PhNI-C) was white solid with weak violet emission. Aftgrinding with
sandpaper, it partly changed to white powdé&hNI-G) with strong
bluish-green emission. The precipitationRiNI (PhNI-P) made by titrating
saturated THF solution d?hNI into large amount water quickly and filtrating
immediately gave pale-yellow powder with strongebkmission. After fuming
with THF vapor for 24h, it changed to white pow@enhNI-F) with weak violet
emission. Treating the crystal at 210for 10 min, it melted into a transparency
liquid. If the cooling process was slow (annealjrigg liquid turned into white
powder PhNI-A) with weak violet emission. But with a fast co@iprocess
(quenching), the liquid turned into yellow powd&h{\NI-Q) with strong blue
emission. Such mechanochromism and thermochromifiect® of PhNI
samples were further verified by PL spectra (FiB).2After grinding, the
emission peak dPhNI-C red-shifted from 430 nmto 505 nm. After fuminge th
emission peak ofPhNI-P blue-shifted from 455nm to 420 nm. Through
different cooling process, the emission pealPlolNIl-A was located at 430 nm
while PhNI-Q at 455 nm. Based on the fluorescence images and
photoluminescence spectraRiNI samples, the two emission peaks in Fig. 1A
could be attributed to the polymorphismPRiNI instead of the solute-solvent
interaction. By contrast, the luminous intensiteasd wavelengths o€yNI

samples were stable, disregarding preparation pseseand external stimuli

10
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(Fig. 2C and 2D), indicating the absence of MC affédhe UV-Vis absorption
spectra of PhNI samples (Fig. S1) showed thatttidessamples (crystal, fume
and anneal) have the maximum absorption peaks @it &850nm while the
unstable samples (precipitation, grind and quemathgbout 390nm, indicating
their different energy gaps between the grouna stat the lowest excited state
as well as thus resulting different brightness. Tpleotophysical data
(absorption, emission and fluorescence quanturdgjebf PhNI and CyNI
samples in different solid states and solutiorestatere listed in Table 1. Since
PhNI and CyNI shared the same fluorescence core of naphthalintiae,
difference in their photophysical properties shobédrelevant to the different
stacking modes caused by the different substitueamd the different

preparation process.

Table 1 Photophysical data (absorption, emission and déscgnce quantum

yields) of PhNI and CyNI samples in different sadtdtes and solution states.

state Sample Abs. (nm Em. (nm) Ds
PhNI 330nm - 0
solution
CyNI 330nm - 0
PhNI-C 355nm 430nm 0.06
PhNI-P 385nm 455nm 0.51
solid
PhNI-G 393nm 505nm 0.45
PhNI-F 353nm 420nm 0.10

11
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PhNI-A 345nm 430nm 0.15
PhNI-Q 396nm 455nm 0.45
CyNI 398nm 470nm 0.56

12
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Fig. 2. Fluorescence images.{ = 365 nm) and photoluminescence spedtga< 330
nm) of the differenPhNI samples (A and B) and the differédyNI samples (C and

D).

M C properties of PhNI

To recognize the difference in inter-molecular stmwe (n-n stacking)
between differenPhNI samples and clear up the cause of the MC effeet, th
phase identification oPhNI was undertaken with powder X-ray diffraction
(XRD). In Fig. 3A, the XRD pattern oPhNI-C exhibited a sharp profile,
indicating its well-ordered microcrystalline structs. According to Bragg
equation, the peak at#225.4° (green circle) in the pattern &hNI-C
corresponded with the interlayer distance of 3.4&kmilarly, the peak at
26=30.3° (blue circle) corresponded with the inteelaglistance of 2.95A. Both
of them matched well with the calculated interlagéstance from face index
(3.49 A for the interlayer distance ofr stacking between naphthalimides and
2.96 A for the interlayer distance oft stacking between phenyl groups in Fig.
4) and the simulated pattern from single crystéifrattion of PhNI-C (Fig.
3B). But in the pattern dPhNI-G, the decrease of Ph-Ph peak (the interlayer
distance ofr-n stacking between phenyl groups) and the retainieNINbeak
(the interlayer distance of-n stacking between naphthalimides) implied the

destruction ofr-n stacking between phenyl groups. There were nerdiffce

14
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241

between the pattern d&?hNI-P and PhNI-F, which suggested that only the
surface structure oPhNI-P was changed by fuming with THF vapor, thus
leading to the difference in fluorescence datatbetsimilarity in XRD pattern.
Besides,PhNI-A had more peaks thaPhNI-Q, indicating its more stability.
Moreover, the location of NI-NI peak and Ph-Ph peaeakthe pattern of
heat-treatedPhNI samples changed a little, different from otR&iNI samples.
The above-mentioned XRD results (Fig. 3A) and fasmence data (Fig. 2A
and 2B) ofPhNI samples illustrated that the samples with strong®Rtpeak
exhibited weak fluorescence and vice versa. Bridifly fluorescence intensities
showed negative correlation with the presence-ofstacking between phenyl

groups.

A B |
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| 8
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Fig. 3. (A) XRD curves of the differenPhNI samples, (B) simulated pattern from
single crystal diffraction ofPhNI-C and (C) DSC curves of the differeRhNI

samples.

Further characterization on ther stacking of the different PhNI samples
was done with differential scanning calorimetry S Comparing the first
heating curves dPhNI samples (Fig. 3C), besides the common melting peak
2021, PhNI-Q exhibited an extra exothermic cold crystallizatipeak (1.5
kJ/mol) thanPhNI-A at 1687, implying its more instabilityPhNI-C showed
an extra endothermic phase transformation peakKZmol) thanPhNI-A at
1811, explaining their different locations of NI-NI arRh-Ph peaks (Fig. 3a).
PhNI-P showed a set of strange overlap peaks at about 1ik® a noise.
Since the exothermic cold crystallization peaPbfNI-Q and the endothermic
phase transformation peak BANI-C were located at the adjacent position in
DSC curves and had the same order of magnitudestensity, it could be
imagined that the overlap peaks NI-P resulted from the existence and
superposition of the above two peaks. Ignoring game endothermic phase
transformation peakPhNI-P possibly contained an extra exothermic cold
crystallization peak thaRhNI-C, implying thatPhNI-P is relatively unstable
compared withPhNI-C. Because the energy of cold crystallization pebk (

kJ/mol) and the energy of formingn stacking between phenyl groups (8.0

16



263 kJ/mol) were in the same order of magnitudes,[28]oauld infer thaPhNI-P
264 had lesst-nt stacking between phenyl groups tHamNI-C, agreeing with the

265 XRD results.

266 To accurately explore the structure (inter-molecuatar stacking) ofPhNI
267 samples and to figure out the MC mechanism, it me&sessary to understand
268 the single-crystal structural information BANI-C (with - stacking between
269 phenyl groups) an@®hNI-P (without n-n stacking between phenyl groups). As
270 shown in Fig. 4, PhNI-C adopted the twisted cross intra-molecular
271 conformation with dihedral angle near 90° In addit there existedt-n
272 stacking between naphthalimides (3.49A) and stacking between phenyl
273 groups (2.96A) simultaneously, forming the J-aggtegvith staggered parallel
274 inter-molecular conformation. AlthoughPhNI-P was unavailable for
275 single-crystal structural analyses owing to itsudinre disorder, its
276 inter-molecular structure could be inferred by toeaclusion of XRD that there
277 weren-nt stacking between naphthalimides butmm stacking between phenyl
278 groups in PhNI-P. Therefore, PhNI-P could take cross inter-molecular
279 conformation. In such case, naphthalimides stackéd each other while
280 phenyl groups repulsed each other, which was caKledggregate. The
281 emission of PhNI-C (J-aggregate) was weaker than that BANI-P
282 (X-aggregate), which has been confirmed from thHkiorescence quantum
283 vyields displayed in Table 1 and corresponded whih rteported computation

284 results that the inter-molecular parallel cofacahfigurations are detrimental
17



285 to luminescence in the solid state.[1] On the othand, the single crystal
286 structure ofCyNI-C was supposed to be helpful for the structure amlgf
287 PhNI-P due to their similarity without the-n stacking between phenyl groups.
288 However, the disorder in the crystal structure ©fyNI hampered the
289 measurement of its accurate structure which, frotleer side, reflected its

290 unstable structure similar to thatffiNI-P.

Ph-Ph
2.96A
NI-NI
3.49A
291 front view top view
292 Fig. 4. Packing modes d?hNI-C.
293
294  Self-assembly of PhNI and CyNI
295 Both PhNI and CyNI were capable of self-assembling due to the

296 inter-molecularr-nt stacking. In the case of dissolving in a good sot\Ve.qg.,
297 THF) mixed with a poor solvent (e.g., water), byaperating the good solvent
298 slowly, microfibers with a diameter of several noigs for CyNI-C (Fig. 5A)
299 and hundred microns foPhNI-C (Fig. 5C) were formed respectively.
300 According to the calculation results of reportetickes,[29] the constraint in
301 one direction resulted in fiber-like structures atite constraint in two

18
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314

directions resulted in plate-like structures. Inr @ase, such difference in
diameter suggested that plate-like structuRhNI-C) was composed of
two-dimensional (2-D)t-n stacking while fiber-like structureC¢yNI-C) was
composed of one-dimensional (1-BJr stacking. Precipitations obtained by
titrating saturated THF solution &NI/CyNI into water quickly and filtrating
immediately respectively were broken microfibershwseveral microns in
diameter (Fig. 5B and 5D), suggesting tRAiNI-P andCyNI-P might be built
by 1-D n-n stacking. It could be imagined thahNI-P, CyNI-P andCyNI-C
formed the similar X-aggregate for lacking thert stacking between rotors
(Ph/Cy). Moreover, likePhNI-C and PhNI-P, the diameter oPhNI-A (Fig.
5E) was much larger than that &hNI-Q (Fig. 5F), which implied the
difference innt-n stacking (1-D/2-D) and corresponded well with XiRD data

(Fig. 3A).
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Fig. 5. SEM images of (ACyNI-C, (B) CyNI-P, (C) PhNI-C, (D) PhNI-P, (E)

PhNI-A and (F)PhNI-Q.

Interaction analysis

Based on the above results, we inferred that the effects ofPhNI and
CyNI were influenced by intra-molecular and inter-malac structures
simultaneously. Up to now, there have been sewbedries about AIE, for
example, restriction of intra-molecular motionsR| J/X-aggregate formation
(JXAF), excited state intra-molecular proton trams{ESIPT) and twisted

intra-molecular charge transfer (TICT).[30] For thas-prepared two
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naphthalimides without any hydrogen bonds inteoactior cofacial
intra-molecular conformation, the RIM and JXAF thee should be more
appropriate. In Fig. 6A, the excited state enerdyPbNI and CyNIl was
consumed by the intra-molecular motion in solutstate, leading to weak
fluorescence. But in solid state, the intra-molacumotion was restricted
(RIM) by n-n stacking and the energy could be transformed érussion,
resulting in the fluorescence BhNI andCyNI. Instead of changeless lacking
-t stacking between cyclohexyl groups @yNI samples, the changeable
presence and absencenet stacking between phenyl groups in differhiNI
samples brought about varied inter-molecular stmest (J/X-aggregate) and
changed the energy gap between the ground stattharidwest excited state,
resulting in the varied fluoresce quantum yields)( To sum it up, AIE effects
were associated with both intra-molecular and imetecular structures. The
former provided the foundation of RIM and affordéeé energy for generating
fluorescence, while the latter transformed the aeggte states, influenced the
energy gaps and adjusted the fluorescence intedstghown in Fig. 6B, the
fluorescence of AIE molecules with cross intra-ncalar structures (RIM)
could be hidden due to the form of J-aggregate watrallel cofacial
inter-molecular configurations, which could be nammplicit AIE (imAIE)
effect. By means of different preparations and ouasiexternal stimuli, some
implicit AIE effects (J-aggregate) could be tramsfed into explicit AIE effects

(X-aggregate), likePhNI-C and PhNI-P. As illustrated in Fig. 6CPhNI-C,
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352

353

354

355

356

PhNI-A andPhNI-F could be obtained by thermodynamic controllinggess
and exhibited stable J-aggregates with weak flummese due to ther-n
stacking between substituents. To the cont@mill-P and PhNI-Q might be
acquired by kinetic controlling process and dispthyinstable X-aggregates
with strong fluorescence owing to the repulsionMaetn substituents. Besides,
PhNI-G benefited from shear force and gained a similastainle structure. The
MC effect could be obtained by transformation betwenplicit AIE (imAIE)
effect and explicit AIE (exAlE) effect, which was omtrolled by

thermodynamic/kinetic process and external stimuli.
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359

360 Conclusions

361 In summary, two N-substituted naphthalimidBsNI andCyNI) with AIE effects
362 were synthesized. Among thePhNI showed an interesting MC property, which was
363 confirmed by PL spectra. Although without useful M@ect, CyNI showed stable
364 strong AIE effect. The studies by XRD, DSC and Skiicated that the solid
365 fluorescent properties had a close relation witterimolecular structures. The
366 single-crystal X-ray structural analyses verifiétt conjugated and non-conjugated
367 substituents resulted in differemtr stacking modes and different photoluminescent
368 properties. For the differehNI samples, their MC property resulted from their
369 different inter-molecular structures and could batmlled by thermodynamic/kinetic
370 processes. These results suggested that AIE effestdecided by intra-molecular
371 (RIM) and inter-molecular (JXAF) structures simuakausly. We believed that our
372 studies would be helpful to obtain deeper insights the AIE/MC phenomena and

373 mechanisms, and develop much more AIE/MC matebiased on naphthalimides.

374 Acknowledgements

375 We are grateful for funding from the National NaiuScience Foundation
376 of China (NO 21374046), Program for Changjiang $amisoand Innovative
377 Research Team in University, Open Project of Stdey Laboratory of
378 Supramolecular Structure and Materials (SKLSSM2@)71and the Testing

379 Foundation of Nanjing University. We thank Dr Y. athfor the single crystal

24



380

381

382

383

384

385

386

387

388

389

390

391

392

393

394

395

396

397

398

measurements, Dr Z. H. Xi for the DSC measuremamtsDr L. L. Zhang for

the fluorescence quantum yield measurements.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

J. Cornil, D. Beljonne, J. Ph. Calbert and J. Léd&s, Adv. Mater., 2001, 13,

1053.

J. Cornil, D. A.Santos, X. Crispin, R. Silbey and.JBrédas, J. Am. Chem. Soc.,

1998, 120, 1289.

J. Cornil, D. Beljonne, D. A. Santos, J. Ph. Cdllzerd J. L.Brédas, Thin Solid

Films, 2000, 363, 72.

J. D. Luo, Z. L. Xie, J. W. Y. Lam, L. Cheng, HQhen and B. Z. Tang, Chem.

Commun., 2001, 1740.

J. W. Chen, C. C. W. Law, J. W. Y. Lam, Y. P. DoBgM. F. Lo and B. Z. Tang,

Chem. Mater., 2003, 15, 1535.

Y. N. Hong,J. W. Y. Lam and B. Z. Tang, Chem. S®ev., 2011, 40, 5361.

Y. N. Hong,J. W. Y. Lam and B. Z. Tang, Chem. Camm 2009, 4332.

J. Mei, Y. Hong, J. W. Lam, A. Qin, Y. Tang and B.Tang, Adv. Mater., 2014,

26, 5429.

J. Mei, N. L. Leung, R. T. Kwok, J. W. Lam and B.Tang, Chem. Rev., 2015,

115, 11718.
25



399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

[10]H. Tong,Y. N. Hong,Y. Q. Dong,M. HauR3ler,J. W. Yarh and B. Z. Tang, Chem.

Commun., 2006, 3705.

[11]Z.J. Ning, Z. Chen, Q. Zhang, Y.L. Yan, S.X. Qiaf,Cao, and H. Tian, Adv.

Funct. Mater., 2007, 17, 37993807.

[12]E. Hadjoudis and I. M. Mavridis, Chem. Soc. Re00Q42, 33, 579.

[13]J. Wang, J. Mei, R. R. Hu, J. Z. Sun, A. J. Qin 8&&. Tang, J. Am. Chem.

Soc., 2012, 134, 9956.

[14]P. Galer, R. C. KoroSec, M.Vidmar, and B. SketAd. Chem. Soc., 2014, 136,

7383.

[15]Z. Y. Ma, Z. J. Wang, M. J. Teng, Z. J. Xu, and®X.Jia, ChemPhysChem, 2015,

16, 1811.

[16]H. K. Li, J. Cheng, H. Q. Deng, E. G. Zhao, B. SherW. Y. Lam, K. S. Wong,

H. K. Wu, B. S. Liand B. Z. Tang, J. Mater. Chem.2015, 3, 2399.

[17]Z. Y. Ma, Z. J. Wang, X. Meng, Z. M. Ma, Z. J. X¥, G. Ma, and X. R. Jia,

Angew. Chem. Int. Ed., 2016, 55, 519.

[18]H. H. Lin,)Y. C. Chan,J. W. Chen and C. C. ChangMater. Chem., 2011, 21,

3170.

[19]G. F. Zhang, M. P. Aldred, W. L. Gong, C. Li and ®@. Zhu, Chem. Commun.,
2012, 48, 7711.

26



418 [20]Y. H. Li, Y. Q. Wu, J. Chang, M. Chen, R. Liu and¥ Li, Chem. Commun.,

419 2013, 49, 11335.

420 [21]S. Mukherjee and P. Thilagar, Chem. Eur. J., 20049052.

421 [22]P.Y.Gu, C.J. Lu, Z. J. Hu, N.J. Li, T. T. Zh&, F. Xu, Q. H. Xu, J. D. Zhang

422 and J. M. Lu, J. Mater. Chem. C, 2013, 1, 2599.

423 [23]H. . Un, C. B. Huang, C. S. Huang, T. Jia, X. had, C. H. Wang, L. Xu and H.

424 B. Yang, Org. Chem. Front., 2014, 1, 1083.

425 [24]Y. Sun, X. H. Liang, S. Wei, J. Fan, X. H. Yang, peBtrochimica Acta Part A:

426 Molecular and Biomolecular Spectroscopy, 2012,3%2..

427 [25]C. Z. Cui, S. J. Cho and K. S. Kim, J. Chem. PHy897, 107 (23), 10201.

428 [26]L. W. Song, Y. H. Yang, Q. Zhang, H. Tian, W. H..Zl. Phys. Chem. B, 2011,

429 115, 14648.

430 [27]P. Xiao, F. Dumur, B.Graff, Didier Gigmes, J. Ladé¢yMacromolecules, 2014,

431 47, 601.

432 [28]E. C. Lee, D. Kim,P. Jutka, P. Tarakeshwar and K. S. Kim, J. Phys. Chem. A,

433 2007, 111, 3446.

434 [29]T.D. Fornes and D.R. Paul, Polymer, 2003, 44, 4993.

435 [30]J. Mei, Y. N. Hong, J. W. Y. Lam, A. J. Qin andB.Tang, Adv. Mater., 2014, 26,

436 5429.

27



Highlights

® \Weexplore anew AlE system using naphthalimide as twisted structure instead of
linker or donor/acceptor.

® Two naphthalimides avoid noble metal catalyst in the synthesis.

® The relations between properties and structures of two naphthalimides reveal an
opinion that the AIE effects were influenced by intra- and inter-molecular structures
simultaneoudly.

® The multiple chromisms effects of AIE materials may result from the transformation
of inter-molecular structures.

® Two naphthalimides exhibit excellent AIE effects (O = 0.55) and interesting multiple

chromisms effects.



