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Abstract: Aggregation-induced emission enhancement (AIEE) is an 

unusual phenomenon where luminophores show higher 

photoluminescence efficiency in the aggregated and solid-state. We 

report the design and synthesis of a series of luminophores 1-4 with 

imine functionality at 6 position of coumarin and studied their AIE 

propensities on self-assembly. The effect of the topology of the 

phenolic hydroxyl group on the emission behaviour of the 

luminophores has been investigated. The imines show significant 

solvatochromism with high emission in non-polar solvents, whereas 

the emission gets quenched in the polar solvent. The fluorescence in 

the toluene-hexane mixture arises due to the aggregation of 

fluorophores and falls under the category of AIEE. Not only the 

solution state emission of the isomeric iminocoumarin luminophores 

is notably varied, but also their solid-state emission found to be 

significantly different from each other. Moreover, the iminocoumarin 

1 selectively recognizes Fe(III) over Fe(II) with a prominent color 

change. In situ oxidation of Fe(II) with H2O2 exhibits the same effect 

like Fe(III) and developed a chemical combinational logic gate.  

Introduction 

Fluorescent dyes with efficient emissions in the aggregate have 

attracted considerable attention over the past two decades.[1-3] 

Many such materials have found their increasing application in 

the field of optoelectronics, such as light-emitting diodes[4,5], 

optical data storage[6], as well as sensing, analytical chemistry,[7-

9], and life sciences.[10-13] The optical and electronic properties of 

such materials in the devices are determined by the constituent 

molecules' chemical structure and also largely dependent on 

their aggregation propensities. Many fluorescent organic 

molecules that show high emission in solution are not efficient 

emitters in the solid-state. This happens because of increased 

overlap between -orbitals of neighboring molecules in closely 

packed head-to-head arrangements that facilitate delocalization 

of excitons and increase charge carrier mobility.[14,15] Such 

phenomena open up certain new pathways for non-radiative 

decay, leading to a drop of solid-state luminescence, which is 

commonly referred to as concentration quenching.[16,17] Even 

though the photophysical properties in dilute solutions had been 

studied extensively over several decades,[18-22] the emission 

properties in aggregate state are gaining interest more 

recently.[23-25] Tang and coworkers have reported the solid-state 

emission of pentaphenylsilole[26] and tetraphenylethene (TPE),[27] 

and claimed that aggregation-induced emission depends first 

and foremost on the control over non-radiative decay and 

applied the restriction of the intramolecular rotation to control the 

non-radiative decay.[28]  Hence, the structure-property 

relationships may shed some light on aggregation-induced 

emission from luminogenic solid.[29–33] It would be also 

interesting to design new molecules and control their 

aggregation-induced emission. 

In this context, we have designed and synthesized a series 

of luminophores 1-4 with imine functionality at the 6 position of 

coumarin and investigated their AIE propensities. Coumarin 

generally emits in the blue-green region and has been used as 

dye for lasers and sensors.[34-36] Ting and co-workers have 

exploited the coumarin ligation technique for imaging protein-

protein interactions inside a living cell.[37] Recently there have 

been several reports on solid-state optical properties of 

coumarin-based fluorophores.[38-41] So far, few coumarin-based 

compounds have been known to exhibit fluorescence in solid-

state. However, iminocoumarins are one of the less explored 

classes of coumarins for their solid-state luminescence.[42-44]  For 

iminocoumarin luminophores 1-4, we have studied the effect of 

the topology of the phenolic hydroxyl group on their emission 

behavior. The luminophores show significant solvatochromism 

with high fluorescence in non-polar solvents, but the 

fluorescence quenched in a polar solvent. The emission of the 

iminocoumarin luminophores in toluene-hexane mixture appear 

due to aggregation. The solution state fluorescence of the 

isomeric iminocoumarin luminophores is varied notably. In 

addition, their solid-state emission also differs significantly. 

Furthermore, the luminophore 1 recognizes Fe(III) selectively 

over Fe(II) with a distinct change of color. However, on oxidation 

of Fe(II) with H2O2 shows the same effect like Fe(III) and 

developed a chemical logic gate. 

Results and Discussion 

All the luminophores (Figure 1) were synthesized following 

standard solution phase methodologies, purified, and 

characterized by 1H NMR, 13C NMR, and Mass spectrometry 

analysis. All the imine compounds were synthesized using 

aminocoumarin compound 5 as a precursor.[41] The 

benzaldehyde, o-hydroxy benzaldehyde, p-hydroxy 

benzaldehyde, and m-hydroxy benzaldehyde were commercially 

available. The design principle behind this was to analyze the 
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effect of additional phenyl rings on the optical properties 

compared to the precursor coumarin molecule and substituent 

topology on the optical properties of isomeric luminophores. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The schematic representation for the synthesis of iminocoumarin 

luminophores 1-4. Reagents and conditions: 3 drops AcOH, EtOH, reflux, 8h, 

80-90% yields. 

Firstly, we recorded the UV-Vis absorption spectra of 

iminocoumarin luminophore 1 in THF solution to see whether 

there is a difference from reported coumarin peak positions (275 

and 335 nm due to * transition). It was observed that the 

compound exhibits two peaks at 288 nm and 347 nm, and the 

intensity of the band increases with an increase in concentration 

(Supporting Information Figure S1).  

Interestingly, the iminocoumarin 1 shows solvatochromism 

property with high emission in non-polar solvents and reduced 

emission intensity in more polar solvents. The emission peak of 

iminocoumarin luminophore 1 appears at 548 nm in non-polar 

solvent cyclohexane. (Figure 2a) To further validate the 

phenomena, we added polar solvent MeOH in cyclohexane 

solution. We observed a significant decrease in emission 

intensity when a small amount of MeOH was added. (Figure 2b). 

Similar phenomena were observed for the iminocoumarin 

luminophore 2 and 3, where the –OH group is present in meta 

and para position, respectively, concerning the imine 

functionality. Both the compounds were insoluble in hexane or 

cyclohexane; therefore, we varied the solvents with increasing 

polarity starting from toluene to acetonitrile. In toluene, 

iminocoumarin luminophore 2 exhibits an emission peak at 526 

nm, whereas the emission spectrum gets significantly red-shifted 

in slightly more polar solvent ether. (Figure 2c) 

The emission gets quenched in solvents with higher polarity. 

The emission intensity decreases considerably with the addition 

of 20 L of THF, which is more prominent when 20 L of 

methanol is added instead of THF (Supporting Information 

Figure S2). In iminocoumarin luminophore 3, where the hydroxyl 

group is in the para position, the emission spectra follow the 

same trend as 1 and 2, with emission intensity decreasing with 

an increase in solvent polarity. Emission peak arises at 536 nm 

in toluene (Figure 2d). Quenching of emission on the addition of 

polar protic solvent is also observed here (Supporting 

Information Figure S3). Analyzing these results shows that in 

non-polar solvents, aggregate formation occurs due to relatively 

less solubility of the compounds. The emission might be due to 

those aggregate formations, a phenomenon commonly known 

as aggregation induced emission enhancement (AIEE). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. (a) Emission spectra of iminocoumarin luminophore 1 in different 

solvents, (b) Fluorescence quenching with MeOH addition. [Conc. 10-4 M] (c) 

Emission spectra of iminocoumarin luminophore 2 in different solvents, (d) 

Emission spectra of iminocoumarin luminophore 3 in various solvents. [Conc.: 

10-4 M]. 

To probe aggregation-induced emission behavior in solution, the 

compound of interest is generally first dissolved in an organic 

solvent like THF or acetonitrile to make a dilute solution and 

emission spectra is recorded. Then a non-solvent-like water is 

added to that solution. Since the -conjugated molecules are 

most likely to be hydrophobic; under the mixture with high water 

content, they cluster together to form aggregates, reflected in 

higher emission in the mixture relative to the pure solution. 

However, the challenge in our case is that iminocoumarin 

luminophores are prone to hydrolysis in an aqueous mixture. 

Therefore, we designed an alternate method to do the 

experiment. Since iminocoumarin luminophores 2 and 3 are 

insoluble in hexane, we used hexane as a non-solvent for these 

molecules. The emission spectra were first recorded in toluene 

(Conc. 4 X 10-5 M). Then emission in different toluene-hexane 

fractions was measured, keeping the compound concentration 

fixed. A gradual increase in the emission intensity was recorded 

for both the compounds with an increase in hexane fraction in 

the mixture (Figure 3a, c), which indicates AIEE for these 

compounds. 

To probe the aggregation phenomenon of iminocoumarin 

luminophores 2 and 3, we have performed DLS studies. In 100% 

toluene, the luminophore 2 has particles with an average 

diameter of 14 nm. However, in 80% toluene and 20% hexane, 

the average diameter of the aggregation increases to 20 nm 

(Figure 3b). With % increase of hexane, the size of the 

luminophore 2 aggregation keeps increasing, and at 20% 

toluene and 80% hexane, the average diameter of the aggregate 

is 470 nm (Figure 3b). The same phenomenon was observed for 

iminocoumarin luminophore 3.  In pure toluene, the luminophore 

3 exhibits particles having a diameter of ca. 24 nm (Figure 3d). 

With the increasing % of hexane in toluene, the size of the 

luminophore 3 aggregates is increasing, and at 20% toluene and 

80% hexane, the average diameter of the aggregate is 500 nm 

(Figure 3d). 
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Figure 3. (a) Emission spectra are showing aggregation-induced emission 

enhancement (AIEE) of iminocoumarin luminophore 2 (b) DLS studies 

showing the enhancement of the aggregate size of iminocoumarin 

luminophore 2 with the amount of hexane in toluene. (c) Emission spectra 

show aggregation-induced emission enhancement (AIEE) of iminocoumarin 

luminophore 3 (d) DLS studies showing the enhancement of the aggregate 

size of iminocoumarin luminophore 3 with the amount of hexane in toluene. 

(Excitation: 366 nm) 

The aggregation phenomenon of iminocoumarin luminophores 2 

and 3 was also studied by polar optical microscopy (POM). The 

sample prepared with iminocoumarin luminophores 2 in 100% 

toluene exhibits disperse tiny aggregates under POM 

(Supporting Information Figure S4). However, the sample 

prepared from iminocoumarin luminophores 2 in 20% toluene 

and 80% hexane shows significantly bigger aggregates under 

POM (Supporting Information Figure S4). Similar results were 

obtained by sample prepared from iminocoumarin luminophores 

3 in 100% toluene or 20% toluene and 80% hexane (Supporting 

Information Figure S5).  

 We have also studied the solid-state photoluminescence of the 

iminocoumarin luminophores 1-4. We also measured solid-state 

luminescence of precursor aminocoumarin 5 for comparison. 

Photoluminescence for all the compounds was measured for 

powdered sample in HORIBA Fluoromax spectrofluorimeter. 

Under 366 nm excitation wavelength (Figure 4a). It was 

observed that the aminocoumarin 5 gives significantly red-

shifted solid-state emission with emission peaks arising at 601 

nm (Figure 4a). Although not much difference was observed in 

the spectral peak position in solution state emission for the 

iminocoumarin luminophores 1-4, their solid-state emission 

varied much from one compound to another. In addition, the 

emission spectra in powder appear to feature more than one 

emission band (550 nm for compound 3), with the band at 600-

650 nm being the most red-shifted one, though this effect does 

not show up in solution. It is possible that in the solid state there 

is a J-aggregation that leads to a new emission band. The 

iminocoumarin luminophore 1 with a phenolic hydroxyl group at 

ortho position showed the strongest emission amongst all with 5-

fold emission intensity as compound 5. This is due to the stable 

six membered intramolecular hydrogen bond (Supporting 

Information Figure S6). It emits in the yellow region with an 

emission peak at 574 nm (Figure 4a). The iminocoumarin 

luminophore 3 with a phenolic hydroxyl group at para position 

gives the second most intense emission profile in the class, and 

the emission is slightly red-shifted (Figure 4a). The emission 

peak appears at 630 nm, although a shoulder peak is observed 

in the green region. To ascertain the existence of multiple 

emission bands, we have measured the emission lifetime 

(Supporting Information Figure S7). The compound 2 has shown 

a single excited state having a lifetime of 9.95 ns, whereas 

compound 3 has shown two excited states having lifetime 4.6 

and 1.8 ns, respectively. Iminocoumarin luminophore 2, in which 

phenolic hydroxyl group is at meta position, also significantly 

differs from solution state emission. Compared to the solution-

state peak at 526 nm, the solid-state emission peak appears at 

626 nm, although the intensity is comparatively less (Figure 4a). 

However, iminocoumarin luminophore 4, with an absence of the 

phenolic hydroxyl substituent, shows a blue-shifted emission 

profile; the emission peak is 557 nm (Figure 4a). Thus the 

iminocoumarin luminophores show a significant difference in 

intensity and peak position in their solid-state emission, which is 

quite different from their solution state behavior.  

Figure 4b depicts the emission of the solid powder of 

iminocoumarin luminophores 1-4 and aminocoumarin 5 under 

366 nm light. Hence, the colours of the emissions from the 

aggregates of luminophores can be tuned from green to yellow 

to brown and finally to orange by simply changing the position of 

the hydroxyl group on the phenyl rings (Figure 4b). An apparent 

trend has been observed in these isomeric AIEE that the 

emission colour is red-shifted with increasing electron-donating 

power of the substituent on the phenyl ring.  

 

 

 

 

 

 

 

 

 

 

Figure 4. (a) Solid-state emission spectra of the iminocoumarin luminophore 

1-4 and aminocoumarin 5, (b) The powdered samples of iminocoumarin 

luminophore 1-4 and aminocoumarin 5 under 366 nm U.V. light.  

Moreover, iminocoumarin luminophore 1 can selectively 

recognize Fe(III) over Fe(II), and the colour of the solution 

changes from yellow to brown (Figure 5a and Supporting 

Information Figure S8). This is due to the formation of a soluble 
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Fe(III) complex (Figure 5d). To obtain information on the 

association constant, we have also done the titration of Fe(III) 

with compound 1 (Supporting Information Figure S9) and a Job 

Plot (Supporting Information Figure S10) and Stern Volmer plot 

(Supporting Information Figure S11). The stoichiometry  is 2:1 

for compound 1 : Fe(III). The value of the association constant is 

0.17 x 104 M-1.Utilizing this fact that iminocoumarin 1 can 

selectively recognize Fe(III) over other ions (Supporting 

Information Figure S12), we have developed a combinational 

logic gate system based on three inputs such as Fe(III), Fe(II), 

and an in situ oxidizing agent H2O2, and one output (Figure 5b). 

In the combinational logic gate, the presence and absence of 

Fe(II), H2O2, and Fe(III) were designated as inputs 1 and 0 

(Figure 5c). No change in color was assigned as 0 and 1 if color 

changed to brown in the output. The input signals other than 000, 

010 and 001, show colour change to brown (output 1) and thus 

mimic the AND logic gate. Furthermore, the AND gate output 

with Fe(III) develops the OR logic gate. We have also tried other 

available oxidizing agents such as NaNO2 and m-

chloroperbenzoic acid. We have obtained same results but the 

rate ware quite slow. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. (a) Fe(III) sensing by the iminocoumarin luminophore 1. (b) 

Schematic of the logic gate. (c) Combinational logic gate system based on 

three inputs, (d) Proposed Fe(III) complex with iminocoumarin luminophore 1.  

Conclusion 

In conclusion, this work demonstrates the enhancement of the 

emission of iminocoumarin luminophores due to the aggregation 

in solution and solid-state. In particular, we report the effect of 

the position of the phenolic hydroxyl group on the emission 

behavior of the isomeric luminophores. The imines show 

significant solvatochromism with high emission in non-polar 

solvents, whereas the emission gets quenched in polar solvents. 

The fluorescence in the toluene-hexane mixture arises due to 

the aggregation of the fluorophores and falls under the category 

of AIEE. Not only the solution state fluorescence of the 

iminocoumarin luminophores is significantly varied, but also their 

solid-state emission found to be notably different from each 

other. Moreover, the iminocoumarin 1 selectively recognizes 

Fe(III) over Fe(II) with yellow to brown colour change. In situ 

oxidation of Fe(II) with H2O2 exhibits the same effect like Fe(III) 

and developed a chemical combinatorial logic gate. This study 

opens a new direction of topology-controlled AIEE properties of 

conjugated organic molecules and the possibility to design new 

functional materials.  

Experimental Section 

Synthesis  

The aminocoumarin 5 was synthesized following the reported 

procedure.[41] The compound 5 was taken in a 100 mL flask and 

dissolved in 30 mL absolute ethanol. Aromatic aldehyde was 

added, followed by 2-3 drops of acetic acid. The mixture was 

stirred under reflux for 8h with a CaCl2 guard tube. Then the 

reaction mixture was cooled to room temperature, and a yellow 

precipitate was observed. The solid precipitate was filtered and 

washed with ether, and dried under vacuum to obtain pure 

iminocoumarins. The reaction intermediates and final 

luminophores were fully characterized by 1H NMR (400 MHz and 

500 MHz) spectroscopy, 13C NMR (100 MHz and 125 MHz) 

spectroscopy, and mass spectrometry.  

NMR Experiments 

All NMR spectroscopy was done on a 400 MHz Jeol or 500 MHz 

Bruker spectrometer. Compound concentrations were in the 1–

10 mM range in CDCl3 or DMSO-d6 solutions.  

Mass Spectrometry 

Mass spectrometry was carried out on a Waters Corporation Q-

Tof Micro YA263 high-resolution mass spectrometer by 

electrospray ionization (positive-mode).  

Absorption spectroscopy 

The absorption spectra of the luminophores were measured on 

a Perkin Elmer UV/Vis spectrometer (Lambda 35) using a quartz 

cell with a 1 cm path length. 

Fluorescence spectroscopy 

 All fluorescence spectra were recorded on a Perkin Elmer 

fluorescence spectrometer (L.S. 55) using a 1 cm path length 

quartz cell. Slit widths of 2.5 nm / 2.5 nm were used. 

Solid-state luminescence 

Photoluminescence for all the compounds was measured for 

powdered samples in HORIBA Fluoromax spectrofluorimeter 

under 366 nm excitation wavelength. 

Dynamic light scattering  

Particle sizes were measured by dynamic light scattering (DLS), 

Malvern Zetasizer Nano ZS (Malvern Instruments Ltd., UK) 

equipped with a He-Ne laser (wavelength: 633 nm). First, we 

made 10-2 (M) stock solution in toluene. Then we made 10-4 (M) 

solution in the respective mix solvent (toluene/hexane). For DLS 

size measurement, we took 20 µL of the respective mixture in 

1mL solvent with a respective toluene/hexane ratio.  

Optical Microscopy  

Optical microscopy was performed to examine the aggregation 

of the compounds from the solution. A drop of compound 

solution was cast on a clean microscopic glass slide and dried 

under a vacuum. The images were captured in an Olympus 

polar optical microscope. 

Supporting Information 

Supporting information contains a detailed description of the 

experimental section, including synthesis and characterization. 
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Text for Table of Contents. The isomeric iminocoumarin luminophores exhibit significantly different fluorescence in aggregate and 

solid-state due to aggregation induced emission enhancement. The topology of the phenolic hydroxyl group has dictated the 

emission behaviour of the isomeric luminophores. The selective detection of Fe(III) over Fe(II) by luminophore 1 helps to develop a 

chemical combinatorial logic gate. 
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