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Abstract

Our research revealed that the introduction of a methyl group had a profound effect on the molecular geometry,
resulting in a more twisted structure. As a consequence of this non-planar structure, the material exhibited
aggregation-induced emission properties, making it a promising candidate for various practical applications. To
support our findings, we used a range of analytical techniques, including UV-vis absorption spectra, fluorescence
spectra, and theoretical calculations. This work provides valuable insights into the relationship between
molecular structure and optical properties, which could inform the development of novel materials for a range

of applications.
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Introduction

The term aggregation-induced emission (AIE) was first proposed by Tang’s research team in 2001, referring to
fluorescent molecules that emit strong fluorescence in the aggregated or solid state, known as aggregation-
induced emission luminogens (AlEgens).* These types of molecules have practical and wide-ranging
applications, such as organic light-emitting diodes,*® fingerprint recognition,®? cell imaging,®*? environmental
monitoring,'3 gas detection,'4'® and so on. Over the years, numerous AlEgens have been developed, and in
recent times, several research groups have formulated AlEgens of the donor-acceptor (D-A) type. These D-A
type AlEgens exhibit an emission spectrum shifted towards longer wavelengths, which is highly advantageous
for various fields of research.'’-22 Examples of such applications include highly efficient electroluminescent
devices, bioimaging of living cells, sensing of volatile organic compounds, and other relevant uses.

Herein, we designed and synthesized a new type of imidazole-based D-A fluorescent molecules of 1 and 2
(Scheme 1), and explored the effect of the N-methyl substitution on the photophysical properties as well as
molecular geometries. UV-vis absorption and emission spectra of 1 and 2 in different polarity solvents and solid
powders were investigated. Additionally, we employed theoretical calculations to assist in comprehending the
effect of N-methylation on the molecular structure and photophysics. The integration of experimental and
theoretical calculation findings revealed that the methyl-substituted molecules exhibited a more twisted
structure, ultimately leading to the material's AIE properties.

Scheme 1. The molecular design strategy of imidazole-based D-A fluorescent molecules of 1 (left) and 2 (right).

Results and Discussion

In this study, we aimed to examine the effect of N-methyl substitution on the photophysical properties of
imidazole-based molecules, where the imidazole as the electron donor (D) and nitrobenzene as the electron
acceptor (A). To achieve this, we designed and synthesized two novel compounds, 1 and 2, which were then
analyzed in different polar solvents and in the solid state. As shown in Scheme 2, compound 1 was synthesized
using benzil, 4-nitrobenzaldehyde, and ammonium acetate with a yield of 96%. Subsequently, N-methylation of
compound 1 resulted in compound 2 with a yield of 99%. Identification of the new compounds was carried out
using H nuclear magnetic resonance (NMR), 3C NMR, and high-resolution mass (HR-Mass) spectrometry, with
a comprehensive description of the relevant data included in the Experimental Section and Supplementary
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Material. Overall, our study focused on investigating the photophysical properties of these newly synthesized
molecules with a particular emphasis on the impact of N-methyl substitution.
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Scheme 2. Synthetic routes of compounds 1 and 2.

To investigate the impact of the substituent effect on the molecule, we characterized the UV-vis absorption
and fluorescence emission properties of 1 and 2 in solvents with varying polarities. As shown in Figure 1a and
Table 1, the absorption bands of compound 1 at 50 uM in toluene, ethyl acetate (EA), and dimethyl sulfoxide
(DMSO) were 387, 391, and 406 nm, respectively. The emission spectra were recorded using a range of
excitation wavelengths, specifically 387 nm for toluene, 391 nm for EA, and 406 nm for DMSO. Figure 1b showed
the emission wavelengths at around 501, 539, and 577 nm for 1 in toluene, EA, and DMSO, respectively. The
experimental results revealed the presence of red-shifted emission wavelengths and diminished fluorescent
signals in solvents with high polarity, suggesting the charge transfer occurring in compound 1.232° The
absorption and emission spectra of compound 2 in different solvents were displayed in Figure 2, it was found
that compound 2 exhibits photophysical phenomena with trends similar to those of compound 1. Furthermore,
compound 2 showed almost no fluorescence in DMSO. We further compared the Stokes shifts of compounds 1
and 2 in different solvents, and observed that the Stokes shifts of compound 2 were larger than those of 1 in
the corresponding solvents, which could be attributed to the more twisted molecular structure of compound
2.2627 |n addition, for a given molecule, the larger the polarity of the solvent, the greater its Stokes shift (Table
1).
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Figure 1. Normalized (a) UV-vis absorption and (b) fluorescence emission spectra of 1 at 50 uM in toluene (red),
EA (blue) and DMSO (black). Insets are the photographs of solutions of 1 in (A) toluene, (B) EA and (C) DMSO,
taken under UV irradiation at 365 nm.
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Figure 2. Normalized (a) UV-vis absorption and (b) fluorescence emission spectra of 2 at 50 uM in toluene (red),
EA (blue) and DMSO (black). Insets are the photographs of solutions of 2 in (A) toluene, (B) EA and (C) DMSO,
taken under UV irradiation at 365 nm.

Table 1. Photophysical properties of 1 and 2

Compound Solvent Amax (nm) Aem (NM) AN (nm)?
1 Toluene 387 501 114
EA 391 539 148
DMSO 406 577 171
2 Toluene 377 503 126
EA 379 544 165
DMSO 386 NA NA

a Stokes shift. NA: not available.
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Subsequently, we examined the solid-state properties of compounds 1 and 2 (Figure 3). Interestingly, we
observed that 1 exhibited weak solid-state fluorescence under UV light, whereas 2, which features a methyl
substituent on the nitrogen atom, displayed intense fluorescence under UV illumination. This finding suggests
that compound 2 may exhibit aggregation-induced emission (AIE) phenomena, thus, we carried out fluorescence
spectroscopy analysis of 2 in toluene/DMSO mixtures with varying proportions.?®3% As presented in Figure 4,
the fluorescence intensity increased as the proportion of toluene increased, and there was a significant
enhancement of fluorescence at a toluene proportion of 90%, with the highest fluorescence intensity observed
at 95%. We speculated that this enhancement might be due to the m-m interactions between toluene and 2,
which could facilitate the aggregation of compound 2 and lead to strong fluorescence emission.3%32

Figure 3. Images of the solid powder forms of (a, b) 1 and (c, d) 2 were captured in two lighting conditions: (a,
c) ambient room lighting and (b, d) illumination with a 365 nm UV lamp.
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Figure 4. Fluorescence spectra of 2 at 50 uM in toluene/DMSO mixtures. (Aex= 386 nm) Inset: photographs of
solutions of 1 in solvent mixtures of various toluene fractions (vol %), taken under UV irradiation at 365 nm.
(red: 95%, blue: 90%, olive: 70%, magenta: 50%, orange: 30%, violet: 10%, black: 0%).

In order to further elucidate the properties of compounds 1 and 2, we employed the M06-2X/6-31G(d,p)
method to optimize their molecular structures using molecular modeling techniques.333° In Figure 5, the highest
occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) diagrams of 1 and 2 were
shown. Notably, the changes in the distributions of the HOMO-LUMO of 1 and 2 suggest the significant
intramolecular charge transfer in both compounds. Additionally, the calculated energy gaps for 1 and 2 were
found to be 5.34 and 5.37 eV, respectively, and these results are consistent with the observed absorption
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spectra of 1 and 2 (Table 1). Figure 6 displayed the optimize structures of 1 and 2, it was observed that the steric
effect of the methyl substituent on the nitrogen atom of 2 causes a dihedral angle of 31.8° between the
imidazole and nitrophenyl groups, indicating a more twisted structure for 2 compared to that of 1. The non-
planar structure of 2 suggests the occurrence of AIE during molecular aggregation (Figure 3 and 4). Taken
together, our molecular modeling results provide valuable insight into the electronic properties of molecules 1
and 2, and help to explain their optical behavior.

HOMO

LUMO _I_ -1.48 eV

AE =5.34 eV
HOMO —l— -6.82 eV
LumMO T -1.42 eV
AE =5.37 eV
HOMO -6.79 eV

Figure 5. Molecular orbital amplitude plots of HOMO and LUMO energy levels of 1 and 2. The molecules were
optimized using M06-2X/6-31G (d,p) method.
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Figure 6. Molecular structures of 1 and 2. Carbon, hydrogen, nitrogen and oxygen atoms are shown in gray,
white, blue and red, respectively. The molecules were optimized using M06-2X/6-31G (d,p) method.

Conclusions

In summary, we have synthesized a novel series of imidazole-based donor-acceptor (D-A) fluorescent molecules,
designated as 1 and 2, and studied the impact of N-methyl substitution on their photophysical properties and
molecular geometries. We investigated the UV-vis absorption and emission spectra of 1 and 2 in different
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solvents and solid states. Furthermore, we utilized theoretical calculations to provide insights into the effect of
N-methylation on the molecular structure and photophysics. By combining the experimental and theoretical
results, we found that the introduction of methyl groups led to a more twisted molecular structure, which in
turn resulted in the AIE properties of the material. Our research sheds light on the relationship between
molecular structure and photophysical properties, providing valuable insights for the design and development
of new materials with desirable optical properties.

Experimental Section

General. Materials and Instruments. Benzil and potassium tert-butoxide were obtained from Acros Organics. 4-
Nitrobenzaldehyde and iodomethane were purchased from Alfa Aesar. Ammonium acetate was obtained from
Sigma-Aldrich. All chemicals and reagents were commercially available and used as received without further
purification. *H and 3C NMR spectra were measured on a 400 MHz Brucker AVANCE NMR spectrometer using
DMSO-ds as a solvent. UV-vis absorption and emission spectra were measured on JASCO V-750 and Hitachi-F-
7000 fluorescence spectrophotometer, respectively.

Synthesis of compound 1. Benzil (1.00 g, 4.76 mmol), ammonium acetate (3.67 g, 47.6 mmol) and 4-
nitrobenzaldehyde (1.44 g, 9.51 mmol) were dissolved in acetic acid, and the reaction mixture was refluxed for
6 h under nitrogen. After cooling to room temperature, the reaction mixture was poured into water and then
subjected to dichloromethane (DCM) extraction. The resulting mixture was dried under vacuum. Subsequently,
silica gel chromatography was employed to purify the crude product, using ethyl acetate/dichloromethane
(1/10, v/v) as the eluent to obtain compound 1 (1.57 g, 96%). Melting point (mp)= 243-245 °C. *H NMR (400
MHz, DMSO-ds): 8= 7.22-7.33 (m, 3H; ArH), 7.38-7.55 (m, 7H; ArH), 8.30-8.35 (m, 4H; ArH), 13.14 (s, 1H; NH).
13C NMR (100 MHz, DMSO-ds) &= 124.7, 126.2, 127.4, 127.6, 128.7, 128.8, 129.0, 129.2, 130.5, 131.0, 135.1,
136.6, 138.9, 143.9, 147.0. HRMS: m/z (ESI") C21H14aN30; calculated [M+H]* 340.10860, found m/z 340.10768.
Synthesis of compound 2. To a solution of compound 1 (0.500 g, 1.46 mmol) in dry THF, potassium tert-butoxide
(0.214g, 1.90 mmol) was added. The reaction mixture was stirred at 0°C for an hour before iodomethane
(0.270g, 1.90 mmol) was introduced at the same temperature. The mixture was then stirred overnight at room
temperature. The solvent was subsequently removed and the resulting mixture was subjected to DCM
extraction, followed by gravity filtration. The filtrate was concentrated under reduced pressure, leading to the
isolation of compound 2 (0.517 g, 99%). mp= 209-211 °C. *H NMR (400 MHz, DMSO-d): 6= 3.58 (s, 3H, CHs),
7.16-7.26 (m, 3H; ArH), 7.44-7.59 (m, 7H; ArH), 8.13 (d, J = 8.9 Hz, 2H; ArH), 8.39 (d, J = 8.9 Hz, 2H; ArH). 13C NMR
(100 MHz, DMSO-ds) 6= 33.9, 124.3, 126.8, 127.0, 128.7, 129.5, 129.7 129.8, 130.7, 131.2, 132.6, 134.8, 137.2,
137.9, 145.2, 147.4. HRMS: m/z (ESI") C22H17N30; calculated [M+H]* 355.13153, found m/z 355.13156.
Computational methodology. The geometry of compounds 1 and 2 were optimized using density functional
theory (DFT) with the M06-2X method at the 6-31G (d,p) level. Furthermore, an analysis of the highest occupied
molecular orbital-lowest unoccupied molecular orbital (HOMO-LUMO) was conducted to elucidate the location
of charge transfer within the molecules.
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