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Long wavelength AIEgen of quinoline-malononitrile† 

Zhiqian Guo, Andong Shao and Wei-Hong Zhu* 

Development of novel building blocks as long wavelength aggregation-induced emission (AIE)-active 

fluorophore/chromophore is at high demand for high performance luminescent and optical bioimaging agents. In this 

Highlight, we summarize some recent advances in the area of red to near-infrared (NIR) fluorescent AIE-active organic 

materials derived from our established building block of quinoline-malononitrile (QM), focusing on AIE menchanism 

process, water-soluble and shape-specific effects, hybridized dye-doped prodrug, as well as facile scale-up and fast 

preparation for AIE-active nanoparticles through flash nanoprecipitation. 

Introduction 

Construction of high performance fluorescent materials with 

bioimaging functionality is at high demand for practically 

biomedical applications.
1-6

 To better track physiological 

behaviors within complex and dynamic biological systems, 

fluorescent materials should bestow durable high brightness 

and good biocompatibility. However, the traditional molecular 

emitters are often in the aggregated states with considerable 

intermolecular interactions that usually result in the typical 

aggregation-caused quenching (ACQ) effect. The ubiquitous 

ACQ effect has become a thorny obstacle for constructing high 

performance organic luminescent materials. Since the 

intriguing discovery of aggregation-induced emission (AIE) 

phenomenon by Prof. Tang, great efforts have been moved to 

exploration of AIE materials with their biological applications.
7-

13
 Particularly, unprecedented target of AIE-active 

nanomaterials in application of cancer diagnosis and therapy in 

vivo has become a fascinating area of research. 

Fluorescent AIE materials generally feature a unique turn-on 

characteristic in aggregation while faintly in molecularly 

dissolved state.
7
 The fascinating advantage leading to good 

brightness makes AIE fluorophores ideally suitable for 

biosensing and imaging in vivo,
10

 especially in high 

concentration of fluorescent dyes. In the past decade, great 

efforts have focused on elucidating AIE mechanisms, building 

novel AIE-active luminogens (AIEgens), tailoring their 

wavelength and morphological nanostructures, and further 

exploring their potential applications. Up to date, the solid-

state enhanced emission AIE systems are still mostly focused 

on silole,
14

 tetraphenylethene
7-9 

and cyanostilbene 

derivatives
12

, severely limited to the short-wavelength 

fluorescence in the range of 400-600 nm, resulting in the short 

penetration depth in tissue and auto-fluorescence of body. In 

contrast, the long wavelength like near-infrared (NIR) emission 

can greatly facilitate in vivo bioimaging of molecular processes 

since NIR photons can relatively deeply penetrate into tissues 

with less damage to biological samples.
6
 In this regard, 

exploration of long wavelength AIEgens is in urgent attention. 

In this highlight, we summarize some latest advances in the 

area of red to NIR fluorescent AIE-active organic materials via 

tailoring novel building block of quinoline-malononitrile (QM, 

Fig. 1). Firstly, we examine our hypothesis to the AIE-active 

building block of QM, then present some novel examples 

based on the AIE-active QM derivatives, followed by the 

discussion on potential biomedical imaging applications by 

making use of the AIE effect. Particular emphasis is placed on 

illustrating how to take insight into molecular structure-

property relationship, extend AIE-active fluorescent systems to 

long emissive wavelength, and enable organic aggregates with 

desirable morphology and nanoaggregates for bioimaging or 

therapy.  

Discovery of novel AIE building block of QM  
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There is still a continuous interest in search for novel AIE-

active fluorophore/chromophore units for designing multiple 

functional optical bioimaging agents. Among a variety of 

luminescent materials, the dicyanomethylene-4H-pyran 

chromophores (DCM) have attracted considerable interest 

from material chemists owing to its excellent luminescent 

properties.
15

 In 1989, a DCM derivative was firstly reported by 

Kodak Company Tang et al. as highly red-emitting fluorescent 

dopants in organic electroluminescent diodes (OLEDs).
16,17

 Up 

to date, many DCM derivatives have been shed light due to 

their characteristic intramolecular charge transfer (ICT) and 

excellent opto-electronic properties. In general, the DCM 

chromophore has typical Donor-π-Acceptor (D-π-A) feature 

with a broad absorption band resulting from an ultra-fast ICT 

process.
15

 However, the conventional DCM derivatives, such as 

Kodak- patented DCJTB, can only be utilized as dopant emitter 

because they always suffer from sever ACQ effect.
17 

The discovery of intriguing AIE phenomenon brings 

promising benefits since AIE-active materials exhibit turn-on 

fluorescence in aggregation while faintly in solution.
 
In general, 

high hydrophobicity of the emitting centers in aromatic 

hydrocarbons make conventional luminophores form 

aggregates with ACQ effect in aqueous solutions. While, in the 

AIE process, the aggregate formation of luminescent 

chromogens brings out emitting efficiently. It implies that the 

diverse chromophore structure and packing interaction might 

exert great effect on the ACQ or AIE in fluorescent processes. 

Specifically, in a particular system which one of ACQ and AIE 

prevails depends strongly on the chromophore structure and 

intermolecular packing interaction. Evidently, tuning the 

intermolecular interactions associated with molecular stacking, 

ordering or restriction of intramolecular rotation (RIR) based 

on rational molecular design has been empolyed as an efficient 

approach to design AIE-active organic materials.
9
 

To overcome severe ACQ effect, Tang et al. developed a 

structural design strategy by simply modifying the con-

ventional ACQ chromophores with AIE fluorogens.
18,19

 For 

example, Tang and Liu et al. designed a triphenylamine (TPA)-

modified DCM derivative (TPA-DCM, Fig. 2) as ACQ 

chromophore, then two tetraphenylethene (TPE) as AIE-active 

units were introduced to the periphery of the TPA-DCM core. 

The adduct (TPE-TPA-DCM) is AIE-active, which can emit bright 

far-red/NIR light in the aggregate state. In the aggregate state, 

the propeller shape of AIE units in the molecules prevents π-π 

stacking and efficiently blocks the ACQ pathway. TPE-TPA-DCM 

loaded with protein nanoparticles was demonstrated as good 

imaging contrast for in vitro and in vivo bioimaging using MCF-

7 breast-cancer cells and a tumor-bearing mouse model. 

However, this directly covalent integration with AIE 

luminogens into DCM derivatives could severely limit the 

synthetic flexibility in the molecular design and structural 

modification. Our group has recently developed a novel 

 

Fig. 1 Schematic illustration of molecular engineering for AIE-active QM derivatives and its application. Redrawn from ref 20, 21, 23a, 24 and 22a. Copyright American 

Chemical Society, Royal Society of Chemistry and Wiley. 
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emitter ED (Figs. 1 and 3) based on quinoline-malononitrile 

(QM), with an impressive alternative approach to modify the 

typical π-electron acceptor in DCM derivatives.
20

 

Unexpectedly, the QM-based ED displays the amazing AIE-

active characteristic with strong red-emission in solid state 

upon only replacing the oxygen atom in DCM moiety with N-

ethyl group, which is in contrast with the severe ACQ effect of 

DCM-based BD. 

In the isolated molecular state of pure THF solution, BD 

emits strong red fluorescence at 636 nm (λex = 507 nm); 

however, a characteristic blue-shift weak fluorescence at 594 

nm (λabs = 430 nm) of ED was observed owing to the 

introduction of N-ethyl group in the acceptor of ED disturbing 

the direction of dipole-dipole interaction along the D-π-A 

system (Figs. 3C and 3D). Also the DFT calculation indicates 

that QM has the weaker electron withdrawing ability 

compared with the acceptor in BD. 

 

TPA-DCM

O

NC CN

NN

O

NC CN

NN

TPE-TPA-DCM  

Fig. 2 Simply modifying the conventional ACQ chromophores with AIE fluorogens 

from TPA-DCM to TPE-TPA-DCM. 

Fig. 3 Molecular structure of ED and BD and its photophysical properties: single 

crystals of (A) ED and (B) BD; (C) emission spectra of ED in H2O/THF mixtures; (D) 

fluorescence images of ED (0 and 70% H2O) under 365 nm illumination; (E) SEM 

image of microrods obtained from ED suspension (70% H2O). Redrawn from ref 

20. Copyright American Chemical Society.  

The X-ray single crystal structures of ED and BD (Figs. 3A and 

3B) also provide a further insight into its AIE mechanism. ED 

and BD are both trans-conformation in their solid state. ED 

takes a more twisted conformation, but BD takes a graphene-

like planar structure. Especially, the N-ethyl group in quinolone 

unit of ED takes a torsional angle of 84.5
o
 from the quinolone 

unit. The strong π-π interaction between aromatic ring of BD 

leads to strong face-to-face stacking with a typical ACQ effect 

in solid state. In contrast, the introduction of N-ethyl group on 

the acceptor of QM can efficiently suppresses the close 

stacking of molecules in its aggregate process. The AIE-active 

ED feature easily to form 1D ordered nanostructures (Fig. 3E) 

is well-demonstrated, along with the excellent optical 

waveguide behaviors.
20

 As a consequence, a novel AIE building 

block of QM was introduced to the original DCM family, which 

is highly beneficial for a better understanding of the molecular 

structure-property relationship. 

Insight into AIE characteristics of water-soluble 

QM Derivatives 

The water-soluble, long wavelength and red-emitting AIE-

active systems are highly desirable for tracing important 

biological species in vivo owing to the predominated aqueous 

physiological environment. However, a better understanding 

of the fascinating AIE molecular structure-property 

relationship in aqueous environment is still need to make clear, 

which could provide the guidelines for preprogramming 

specific molecular design so as to fine-tune the AIE-active 

emitting characteristics with response to biological species in a 

specific aggregation model.  

Based on our established AIE-active building block of QM, 

we further explored novel water-soluble red-emitting AIE 

chromophores for biomedical applications in vivo.
21

 The 

sulfonate groups were decorated with the building block of 

QM at the different substitution positions to systematically 

shed light on their difference in the intrinsic hydrophilicity, 

emitting color and AIE properties. In EDS, sulfonate unit (-SO3
-
) 

was incorporated as conformation function group (CFG) into 

the AIE-active building block of QM moiety (Fig. 4A). While in 

EDPS, when slightly changing the sulfonate unit from the CFG 

position to the DFG position in the backbone (Fig. 4B), there 

exhibit completely different AIE characteristics with EDS in 

aqueous system. Only EDS shows distinct light-up AIE-active 

fluorescence signal alteration by biomolecular binding, but 

EDPS has rarely any response in the same condition. Definitely, 

the different substitution positions of sulfonate group for EDPS 

and EDS in the QM-based AIE-active system bring forth great 

differences in aqueous solubility and AIE characteristics. 

Unlike the previous AIE-active materials containing 

sulfonate groups,
8,10

 which are generally in the molecularly 

dissolved state in aqueous system, the large volume 

aggregates will be formed in the presence of proteins, along 

with light-up characteristics. However, in the case of EDS, both 
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dynamic light scattering (DLS) and transmission electron 

microscopy (TEM) demonstrated that it is just a well dispersed 

form in aqueous or buffer solution rather than being 

molecularly dissolved. Whereas, for EDPS, the conversely 

solvent AIE phenomena are observed. DLS and cell tracking 

confirmed that the EDS aggregation in pure water is capsule-

like with loosely packing characteristic (Fig. 4C), which still has 

a large internal free volume to consume the energy, resulting 

in nearly no fluorescence. Intriguingly, its loosely packing could 

be transformed into the tight packing possibly due to both 

hydrophobic and electrostatic interactions between EDS and 

specific protein like BSA, resulting in the specific turn-on AIE 

characteristic. Moreover, upon addition of trypsin as hydrolysis 

cleavage catalyst of protein, the tight packing of EDS could go 

back to initial loosely packing aggregation state (Fig. 4C). 

Obviously, attaching functional groups as CFG unit can well 

behave as modulating the aggregation conformation, 

predominately affecting the AIE characteristic than that of DFG 

group in QM-based fluorophores. 

 

 

Fig. 4 Molecular structure of (A) EDS, (B) EDPS and (C) schematic illustration of 

the interaction of EDS and protein (BSA), and its disassembly in the presence of 

trypsin. Redrawn from ref 21. Copyright Royal Society of Chemistry. 

Shape-specific effects of QM nanoaggregates  

Rational design of high performance materials for cancer-

specific imaging in vivo is still of great challenge, particularly 

for development of imaging contrasts that can differentiate 

tumors from normal tissues in cancer diagnosis.
1-3

 As known, 

there is the critical interdependent role of particle shape, size 

and surface chemistry in nanomaterial bioimaging.
22

 

Conventional organic materials with well-defined sizes and 

shapes are often suffered from the inherent ACQ effect during 

aggregate formation, thereby limiting their application as 

imaging contrasts. In contrast, the fascinating merits that AIE-

active molecules exhibit highly bright fluorescence in 

aggregation while faintly in solution make them ideally 

suitable for bioimaging or therapy in vivo. 

The AIE effect provides a new platform for researchers to 

insight into emitting processes from nanoaggregates, 

especially in understanding molecular structure–property 

relationships in AIE-active luminescence processes. Tailoring 

AIE-active organic molecules to control and form aggregated 

nanostructures with desirable morphologies, and therefore 

the high performance optical properties for bioimaging is 

anticipated. Very recently, we presented a novel molecular 

design strategy to generate tailor-made AIE-active QM 

nanoaggregates emitting from red to NIR region with defined 

morphologies (from rod-like to spherical shapes).
22a

 As 

demonstrated, these AIE-active fluorescent organic 

nanoaggregates with ideal biological geometries can feature 

specific shape dependence on tumor-targeting ability in 

bioimaging.  

Through elongating the π-conjugated system and changing 

the π-bridge from thiophene to 3,4-ethylenedioxythiophene 

(EDOT), six red to NIR emitting AIE-active derivatives (QM1 to 

QM6) along with various morphologies in the aggregation 

state were specifically developed (Fig. 5A). Indeed, rod-like 

self-assembly structures of QM1, QM2 and QM3 can emit red 

to NIR fluorescence obtained with thiophene unit as a π-bridge 

by attaching the electron donor groups from methyl to 

triphenylamine, even to alkoxytriphenylamine (Fig. 5B). In 

contrast, QM4, QM5 and QM6 form spherical nanoparticles 

during their aggregating process upon changing the π-bridge 

from thiophene to EDOT, which is possibly due to the flexibility 

of epoxy ethyl group. The structural and conformational 

differences of QM derivatives are responsible for the different 

aggregated microenvironment, thus resulting in different AIE-

active spectral features. 

Their significant differences in the aggregate morphology 

make diverse properties for biological events in living systems. 

Notably, the NIR spherical QM-5 nanoaggregates exhibits 

excellent tumor-targeting performance in mice, while the 

same is not true for the rod-like aggregates of QM-2 (Figs. 5C 

and 5D). All these modulations in delicate molecular structures 

induced morphology of QM derivatives from rod-like to 

spherical were confirmed by SEM, TEM, CLSM images and LLS 

studies. Particularly, TEM images of tissues and cells exposed 

to the QM nanoprobes strongly confirmed that QM aggregates 

almost maintain their initially aggregated morphologies in situ 

and in vivo. Moreover, QM nanoaggregates tend to retain long 

term in the cytoplasm of living cells and extend blood 

circulation time in vivo with high photostability with respect to 

commercial dyes ICG (the FDA-approved NIR contrast agent). 

Although size, shape, surface chemistry are all fundamental 

properties of micro/nanoparticles which are critically 

important for biological applications such as circulation, 

phagocytosis and distribution in vivo, here these shape-

tailored organic QM nanoprobes may open new opportunities 

for particle geometry of AIEgens on tumor imaging and 

therapy in vivo (Figs. 5E and 5F).
22
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Fig. 5 (A) Molecular structure design of QM derivatives; (B) photoluminescence 

properties of QM-2 (left) and QM-5 (right) in THF-water mixtures with different water 

fraction (fw); SEM and TEM imaging of QM-2 (C) and QM-5 (D) aggregates; (E) In vivo 

non-invasive imaging of tumor-bearing mice after intravenous injection of QM-2 (up) 

and QM-5 (down) at different periods of time (0.5, 1.5, 3 and 24 h); (F) ex vivo 

fluorescence images of the internal organs of mice sacrificed at 24 h post-injection with 

QM-2 (up) and QM-5 (down). Redrawn from ref 22. Copyright of Wiley. 

Hybridized AIE-active QM nanoparticles for drug 

release and bioimaging 

Mesoporous silica nanoparticles (MSNs) have been intensively 

pursued as drug delivery vehicles due to their large surface 

areas, large pore volume, tunable pore sizes, good 

biocompatibility, and the ease of surface functionalization. 

Very recently, Tian’s group has detailed reviewed the 

development of AIE-active fluorescent nanoparticles (FNPs) for 

biomedical applications, as the good guidance to construct 

novel AIE functional materials in the future.
23b

 Owing to our 

QM-based AIEgen with good stability and relative high-

temperature resistance, we constructed fluorescent 

mesoporous silica nanoparticles (FMSNs) by hybridizing MSNs 

with the silylated QM derivative (AIE luminogen molecules),
23

 

thereby fabricating uniform FMSNs with particle size of around 

110 nm via hybridizing MSNs with a silylated QM derivative AIE 

luminogen (Fig. 6A). DOX can be effectively stored as a typical 

anticancer drug into the pores of FMSNs. As well 

demonstrated, the corresponding DOX@FMSNs prodrug could 

be released pH-dependently (Fig. 6B). Meanwhile, the 

resulting FMSNs showed good biocompatibility with normal 

human liver cells L02, and the DOX-loaded FMSNs displayed a 

high cytotoxicity for MCF-7 cancer cells given that the FMSNs-

delivered DOX can retain its pharmaceutical activity (Fig. 6C). 

The hybridized AIE-active QM nanomaterials are expected to 

be a promising multifunctional candidate for both bio-imaging 

and cancer therapy. 

  

 

Fig. 6 (A) SEM and TEM images of FMSNs; (B) Release profiles of DOX@FMSNs at 37 
o
C 

under different pH values; (C) In vitro cell viabilities of MCF-7 cells incubated at same 

concentration of DOX for 24 , 48 and 72 h. Redrawn from ref 23a. Copyright Royal 

Society of Chemistry. 

Facile scale-up preparation of AIE-active QM 

nanoparticles 

Efficiently creating high performance fluorescent 

nanomaterials by using a scalable and fast processing method 

is still highly desirable. In order to apply the AIE-active 

molecules in bioimaging with high performance, it is very 

necessary to precise control of the aggregation degree as well 

as fluorescence.
10

 Generally, the degree of aggregation can be 

traditionally controlled by modulating the solubility in a 

mixture of good and poor solvent. However, the traditional 

method to prepare nanoparticles relies on slow self-assembly 

which is a spontaneous, naturally occurring process. The 

formed nanoparticles usually show a large size with broad 

particle size distribution which limits the practical applications 

of these materials especially in biomedical areas. Recently, we 

presented the engineered method of flash nanoprecipitation 

(FNP, Fig. 7A) for processing fluorescent AIE-active NPs, 

resulting in a narrow size distribution with desirable 

fluorescence properties.
24

 The size and distribution of NPs are 

easy to be well tuned by the alteration of solvent ratio and 

stream velocity while maintaining the good stability of NPs. 

Under the optimized conditions in FNP, the QM-based AIE-

active NPs sizes can be well tuned from 20 to 60 nm (Fig. 7B), 

along with strong AIE properties. Indeed, preparation AIE-

active NPs by FNP has unique advantages such as narrow size 

distribution and convenience in tuning fluorescent properties. 

Particularly, the FNP method is very simple, easy scalable and 

fast processing for preparing nanoparticles (NPs) with the 

assistance of a vortex equipment. As a consequence, 

encapsulating AIE-active fluorophores in NPs by FNP would be 

a promising platform to facile manufacturing of high 

performance bio-imaging nanomaterials. 
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Fig. 7 (A) Schematic diagram of the MIVM system and FNP; (B) TEM images of 

EDP NPs by the FNP method. Redrawn from ref 24. Copyright American Chemical 

Society. 

Summary and perspectives 

The discovery of novel AIE fluorophore offers new 

opportunities for high tech innovations, especially for optical 

bioimaging agents. Particularly, novel high performance NIR 

fluorophores bestowed with excellent photostability and 

luminescent efficacy are highly preferable as AIE-active 

contrast agents. In this short highlight, we briefly summarized 

our recent progress based on the established AIE-active 

building block of QM. In comparison with other AIEgens, QM 

derivatives present several advantages: i) easy realization of 

red to NIR AIE-active luminescence by introducing different 

donor group and π–bridge beneficial for biomedical 

application in vivo; ii) excellent self-assemble properties by 

tailoring organic molecular structures to obtain different 

aggregated morphology; and iii) understanding of the 

aggregated microenvironment of AIEgens by finely control the 

morphologies and sizes of organic aggregated nanostructures, 

and therefore performing the excellent optical properties for 

bioimaging in vivo. 

At the moment, there is still a continuous interest in search 

for novel AIE-active fluorophore/chromophore units for 

designing multiple functional optical bioimaging agents. It is 

our hope that this highlight can provide an overview of 

seminal and current research efforts as well as a mechanism 

framework for the creation of new AIE parent chromophore. 

Given that the hydrophilicity, size and shape of dye aggregates 

play a vital role on the cellular uptake, cytotoxicity and tumor 

imaging performance,
25-31

 the tailoring of their morphology, 

dimension as well as aqueous dispersibility still remains 

challenging in exploitation of AIEgens as bioprobes. This 

highlight may also stimulate work that leads to the 

development of new functional bioimaging contrasts, the 

practical exploration of NIR AIE-active imaging contrast, thus 

giving rise to more effective and economically attractive 

luminescent biomaterials. 

Acknowledgements 

This work was supported by National 973 Program 

(2013CB733700), NSFC for Creative Research Groups 

(21421004) and Distinguished Young Scholars (21325625), 

NSFC/China, the Oriental Scholarship, Scientific Committee of 

Shanghai (14ZR1409700 and 15XD1501400), Shanghai Pujiang 

Program (13PJD010), the Fok Ying Tong Education Foundation 

(142014), and the Fundamental Research Funds for the Central 

Universities (WJ1416005 and 222201313010).  

Notes and references 

1 D. Peer, J. M. Karp, S. Hong, O. C. Farokhzad, R. Margalit and 

R. Langer, Nat. Nanotechnol., 2007, 2, 751. 
2 V. Shanmugam, S. Selvakumar and C.-S. Yeh, Chem. Soc. Rev., 

2014, 43, 6254. 

3 J. Yao, M. Yang and Y. X. Duan, Chem. Rev., 2014, 114, 6130. 
4 X. Chen, T. Pradhan, F. Wang, J. S. Kim and J. Yoon, Chem. 

Rev., 2012, 112, 1910. 

5 S. Chapman, M. Dobrovolskaia, K. Farahani, A. Goodwin, A. 
Joshi, H. Lee, T. Meade, M. Pomper, K. Ptak, J. H. Rao, R. 
Singh, S. Sridhar, S. Stern, A. Wang, J. B. Weaver, G. 
Woloschak and L. Yang, Nano Today, 2013, 8, 454. 

6 Z. Guo, S. Park, J. Yoon and I. Shin, Chem. Soc. Rev., 2014, 43, 
16. 

7 J. D. Luo, Z. L. Xie, J. W. Y. Lam, L. Cheng, H. Y. Chen, C. F. Qiu, 
H. S. Kwok, X. W. Zhan, Y. Q. Liu, D. B. Zhu and B. Z. Tang, 

Chem. Commun., 2001, 1740. 
8 (a) R. T. K. Kwok, C. W. T. Leung, J. W. Y. Lam and B. Z. Tang, 

Chem. Soc. Rev., 2015, 44, 4228; (b) J. Mei, N. L. C. Leung, R. 
T. K. Kwok, J. W. Y. Lam and B. Z. Tang, Chem. Rev., doi: 

10.1021/acs.chemrev.5b00263 
9 J. Mei, Y. Hong, J. W. Y. Lam, A. Qin, Y. Tang and B. Z. Tang, 

Adv. Mater., 2014, 26, 5429. 

10 D. Ding, K. Li, B. Liu and B. Z. Tang, Acc. Chem. Res., 2013, 46, 
2441. 

11 F. Hu, G. X. Zhang, C. Zhan, W. Zhang, Y. L. Yan, Y. S. Zhao, H. 

B. Fu and D. Q. Zhang, Small, 2015, 11, 1335. 
12 B. K. An, J. Gierschner and S. Y. Park, Acc. Chem. Res., 2012, 

45, 544. 

13 Z. Chi, X. Zhang, B. Xu, X.Zhou, C. Ma, Y. Zhang, S. Liu and J. 
Xu, Chem. Soc. Rev., 2012, 41, 3878. 

14 Z. J. Zhao, B. R. He and B. Z. Tang, Chem. Sci., 2015, 6, 5347. 

15 Z. Q. Guo, W. H. Zhu and H. Tian, Chem. Commun., 2012, 48, 
6073. 

16 C. W. Tang, S. A. VanSlyke and C. H. Chen, J. Appl. Phys., 1989, 

65, 3610. 
17 C. H. Chen, Chem. Mater., 2004, 16, 4389. 
18 W. Qin, D. Ding, J. Liu, W. Z. Yuan, Y. Hu, B. Liu and B. Z. Tang, 

Adv. Funct. Mater., 2011, 22, 771. 
19 D. Ding, K. Li, W. Qin, R. Zhan, Y. Hu, J. Liu, B. Z. Tang and B. 

Liu, Adv. Healthcare Mater., 2013, 2, 500. 

20 C. X. Shi, Z. Q. Guo, Y. L. Yan, S. Q. Zhu, Y. S. Xie, Y. S. Zhao, W. 
H. Zhu and H. Tian, ACS Appl. Mater. Interfaces, 2013, 5, 192.  

21 A. D. Shao, Z. Q. Guo, S. J. Zhu, S. Q. Zhu, P. Shi, H. Tian and 

W. H. Zhu, Chem. Sci., 2014, 5, 1383. 

Page 6 of 8Journal of Materials Chemistry C

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
C

A
cc

ep
te

d
M

an
us

cr
ip

t



Journal Name  ARTICLE 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 7  

Please do not adjust margins 

Please do not adjust margins 

22 (a) A. D. Shao, Y. S. Xie, S. J. Zhu, Z. Q. Guo, S. Q. Zhu, J. Guo, 

P. Shi, T. D. James, H. Tian and W. H. Zhu, Angew.Chem. Int. 

Ed., 2015, 54, 7275; (b) R. S. Singh, R. K. Gupta, R. P. Paitandi, 
M. Dubey, G. Sharma, B. Koch, D. S. Pandey, Chem. Commun., 

2015, 51, 9125. 
23 (a) S. Yao, A. D. Shao, W. R. Zhao, S. J. Zhu, P. Shi, Z. Q. Guo, 

W. H. Zhu and J. L. Shi, RSC Adv., 2014, 4, 58976; (b) L. L. Yan, 

Y. Zhang, B. Xu and W. J. Tian, Nanoscale, 2015, doi: 
10.1039/c5nr05051k. 

24 M. W. Wang, N. Yang, Z. Q. Guo, K. Z. Gu, A. D. Shao, W. H. 

Zhu, Y. S. Xu, J. Wang, R. K. Prud’homme and X. H. Guo, Ind. 

Eng. Chem. Res., 2015, 54, 4683. 
25 X. Zheng, X. Wang, H. Mao, W. Wu, B. Liu and X. Q. Jiang, 

Nat. Comm., 2015, 6, 5834. 
26 Z. Zhou, A. C. Anselmo and S. Mitragotri, Adv. Mater., 2013, 

25, 2723. 

27 Y. Geng, P. Dalhaimer, S. S. Cai, R. Tsai, M. Tewari, T. Minko 
and D. E. Discher, Nat. Nanotechnol., 2007, 2, 249. 

28 J. F. Lovell, C. S. Jin, E. Huynh, H. Jin, C. Kim, J. L. Rubinstein, 

W. C. W. Chan, W. Cao, L. V. Wang and G. Zheng, Nat. 

Mater., 2011, 10, 324. 
29 T. Hirose, Y. Tsunoi, Y. Fujimori and K. Matsuda, Chem. Eur. 

J., 2015, 21, 1637. 
30 (a) J. Yan, L. Zhao, C. Li, Z. Hu, G. Zhang, Z. Chen, T. Chen, Z. 

Huang, J. Zhu and M. Q. Zhu, J. Am. Chem. Soc., 2015, 137, 

2436; (b) C. Li, H. Yan, L. Zhao, G. Zhang, Z. Hu, Z. Huang and 
M. Q. Zhu, Nat. Commun., 2014, 5, 5709. 
 

  

Page 7 of 8 Journal of Materials Chemistry C

Jo
ur

na
lo

fM
at

er
ia

ls
C

he
m

is
tr

y
C

A
cc

ep
te

d
M

an
us

cr
ip

t



ARTICLE Journal Name 

8 | 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 

  

Long wavelength AIEgen of quinoline-

malononitrile† 

Zhiqian Guo, Andong Shao and Wei-Hong Zhu* 

In this Highlight, we summarize some recent advances in the 

area of red to near-infrared fluorescent AIE-active organic 

materials via tailoring the building block of quinoline-

malononitrile (QM) and its application in bioimaging. 
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