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ABSTRACT: A new hybrid of stilbene imine derivative consisting of trifluoromethyl group as an active polar head group (acceptor, A) and hexyloxy tail chain as a donating component (donor, D) has been successfully synthesised as an organic semiconductive material. The compound, namely 4-[(hexyloxyphenyl)methylene]amino)-4’-trifluoromethyl-stilbene (HMTS) has been elucidated further for their physico-chemical properties via several selected spectroscopic and analytical methods, namely FTIR, UV-Vis, 1H and 13C NMR and TGA. In addition, HMTS was evaluated theoretically via Gaussian 09 software which employs the density functional theory (DFT) approach with set of basis function B3LYP/6-31G (d,p). The quantum mechanical calculations proved that the value of energy separation between HOMO and LUMO of HMTS was 3.49 eV, which was in good agreement with the experimental value of optical band gap, 3.49 eV. From the preliminary result, a good relation between the experimental and theoretical data provided strong evidence that HMTS could be a potential material in organic semiconductor application, particularly with respect to their small HOMO-LUMO gap and high stability. According to the thermogravimetric studies, HMTS showed good thermal stability, without decomposition up to ca. 270ºC and displayed remarkable performance under prolonged thermal stress.
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1.           INTRODUCTION

Research on organic semiconductor materials derived from polymeric and π-conjugated molecules plays a key component in the development of molecular electronic applications.1–3 The exploitation of organic semiconducting materials based on electron push and pull structures (also called donor-acceptor (D-A)) has been rapidly developed to finely tune the energy level and solubility of these materials so that they can perform function at an optimum level.4 These promising candidates also comprise of electronic delocalisation in extended π-orbital systems and contain a fair number of alternating single and double bonds, in which the electrons can flow from one reservoir to another that resulted in the effective properties of electrical conductivity. In these respects, the choice of materials with good thermal stability and low band gap energy of the corresponding materials to act as semiconductor materials is critical for the manufacture of stable and efficient organic electronics devices.5 Therefore, by insertion of π-conjugated moieties which possess electron donating and withdrawing groups in the molecule itself, the HOMO-LUMO energy gap of the molecules can be controlled and they become more efficient and active materials because the electrons can be generated in-situ in the conjugated system. With regard to this matter of high interest in developing single molecule organic semiconducting material, we herein report a new stilbene imine hybrid system, 4-[(hexyloxyphenyl)methylene]amino)-4’-trifluoromethyl-stilbene (HMTS) which consists of an active trifluoromethyl (CF3) group at one end, and hexyloxy chain at the other as shown in Figure 1.
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Figure 1:      Molecular structure of HMTS.



2.           EXPERIMENTAL

2.1           Materials

All chemicals and materials were commercially purchased from standard commercial suppliers and used as received without further purification. The reactions were carried out under an ambient atmosphere and no special steps were taken to exclude moisture during experimental work-up. The infrared (IR) spectrum was recorded on Perkin Elmer Spectrum 100 Fourier transform infrared spectrometer in the form of potassium bromide (KBr) pellets in the spectral range of 4000–400 cm−1. The UV-Vis spectrum was recorded using Shidmadzu UV-1800 UV-Vis spectrophotometer in a 1-cm path length quartz cell in dichloromethane at a concentration of 1 × 10−5 M in the spectral range of 200–500 nm. NMR spectra were recorded on Bruker Avance III 400 Spectrometer 1H (400.11 MHz) and 13C (100.61 MHz) using deuterated chloroform (CDCl3) as solvent and TMS an internal standard. Thermogravimetric analysis was performed using Perkin–Elmer TGA Analyzer from 30°C to 900°C at a heating rate of 10ºC min−1 under nitrogen atmosphere.

2.2           Synthesis

The synthesis of HMTS comprised of three steps: the syntheses of 4-hexyloxybenzaldehyde (1) and a Heck cross-coupling protocol derivative, 4-amino-4’-trifluoromethyl stilbene (2) as precursor; and HMTS via a Schiff base reaction. However, the experimental details of the synthesis of 1 have been reported in literature.6 The preparation of HMTS is summarised in Scheme 1. A two-neck 50-ml round bottom flask containing equimolar amounts of 1 (0.3 g, 1.45 mmol) and 2 (0.38 g, 1.45 mmol) in ethanolic solution was fitted with a Dean-stark condenser. Then, the mixture was put at reflux with constant stirring for ca. 6 h and reaction progress was monitored using TLC (hexane: ethyl acetate) (4:1). Once the reaction was completed, the solvent was removed in vacuo and the crude product was recrystallised from acetonitrile to afford the yellow precipitate of the titled compound, HMTS (0.51 g, 78% yield). IR (KBr): ν(C−H aromatic) 3445cm−1, ν(C−H aliphatic) 2934cm−1, 2874cm−1, ν(C=C) 1585 cm−1 and 1566cm−1, ν(C=N) 1624cm−1, ν(C−O) 1326cm−1. 1H NMR (CDCl3): δ 0.92 (t, J=7Hz, 3H, CH3); 1.26−1.85 (m, 8H, CH2); 4.03 (t, J=7Hz, 2H, OCH2); 6.97 (pseudo-d, JHH=9Hz, 2H, C6H4); 7.26 (pseudo-d, JHH=8Hz, 2H, C6H4); 7.55 (pseudo-d, JHH=6Hz, 2H, C6H4); 7.60 (s, 4H, C6H4); 7.84 (pseudo-d, JHH=9Hz, 2H, C6H4); 7.08-7.22 (d-d, 2H, C2H4); 8.42 (s, 1H, NH). 13C NMR (CDCl3): δ 13.00 (s, CH3); 21.58, 24.67, 28.13, 30.55, (4 × s, CH2); 67.24 (s, C−O); 127.94, 129.58 (2 × s, C=C); 113.74, 120.44, 124.60, 124.63, 125.35, 125.46, 126.63, 129.75, 133.08, 151.29, 158.69, 160.00 (12 × s, Ar); 161.03 (s, C=N).
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Scheme 1: The synthesis pathway for the preparation of HMTS.




3.           RESULTS AND DISCUSSION

3.1           Spectroscopic Studies

The IR spectrum of HMTS revealed all the expected bands of interest, namely ν(C-H), ν(C=C alkene), ν(C=C aromatic) and ν(C=N). The bands from 2874 cm−1 to 2934 cm−1 corresponded to C-H stretching of the alkyl substituent. The absorption band for ν(C=C) alkene and aromatic stretching vibration occurred at low frequencies, 1585 cm−1 and 1566 cm−1, respectively with moderate intensity. This is due to the effect of phenyl ring which is strongly coupled with the ν(C=C) stretching of the vinyl bond and ν(C-F) of the acceptor.7 The presence of ν(C=N) stretching vibration could be observed at a low frequency, 1624 cm−1 which is an indication of a Schiff base formation and this value is in good agreement with previously studied systems.8 The 1H NMR spectrum for HMTS showed resonance of the methyl protons at δH0.88 ppm while that of methylene protons were observed in the range of δH1.25–1.83 ppm. R-O-CH2- signal of the methoxy protons was detected downfield, at δH 4.05 ppm because they were deshielded due to their close proximity to the electron withdrawing oxygen atom. Whilst, the aromatic protons could be observed around δH 6.90–7.79 ppm as multiplets. The disappearance of amine and aldehyde protons and the presence of azomethine proton (CH=N) at δH 8.35 ppm confirmed the occurrence of condensation reaction between amine and aldehyde to produce the targeted compounds, HMTS. The carbon peaks in the 13C NMR spectrum of HMTS was consistent with those in the proposed molecular structure of this compound. The methyl carbon resonance could be clearly observed at δC 14.03 ppm and carbon resonances in the alkyl chain were detected in the range of δC 22.60–31.58 ppm, which were in good agreement with those of the previous reports on similar systems. Whilst, the downfield-shift resonance of the oxygenated carbon could be found at δC 62.69 ppm due to deshielding effect of oxygen atom that withdraws electron density from the former. Meanwhile, the resonances for aromatic carbons were seen in the range of δC 113.73 to 158.56 ppm. Signal of the imine carbons, C=N was observed at δC 160.82 ppm.


HMTS exhibited good thermal stability up to ca. 270ºC. Its thermogram revealed no mass loss occurred below 100°C which indicated that there was no trace of water or solvent in the sample. The degradation process of HMTS started at 290°C (Tonset) and ended around 400°C (Toffset) which was higher than that of its precursor. Whilst, the second stage started at 410°C (Tonset) and ended at 850°C (Toffset). Thus, the targeted compound was thermally stable, even at high temperature, an indication of the good potential of this compound be applied as a semiconductive film for it had remarkable performance under prolonged thermal stress.

3.2           Optical Properties

The electronic transition spectrum of HMTS showed broad absorption bands at λmax 356 nm which could be attributed to π→π* and n→π* transitions of the phenyl, C=C alkene and C=N moieties. The energy band gap (Eg) was calculated using Equation 1 which was expressed in eV.6 According to the UV-vis spectrum of HMTS, the absorption maximum (λabs.max) was found to be at 356 nm which led to experimental optical energy band gap of 3.49 eV.

[image: art]

The molecular geometry of HMTS was optimised via the density functional theory (DFT) calculations to investigate the energy separation between the HOMO and LUMO as depicted in Figure 2.
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Figure 2:      Energy gap between HOMO and LUMO of HMTS.



From the data analysis, it was clearly observed that the theoretical energy band gap value, 3.49 eV was in good agreement with the experimental optical band gap, 3.49 eV obtained from UV-Vis absorption spectroscopy. Notably, the electron cloud of the HOMO in HMTS is mainly located on the electron withdrawing trifluromethyl substituent, whereas the LUMO is dominated by orbitals from the stilbene aromatic system. Generally, such electron distribution imparts to the investigated molecule an intrinsic intramolecular charge transfer property, which is consistent with the experimental spectroscopic data. In addition, this minimal overlapping of HOMO-LUMO also afforded HMTS with smaller energy for photo-excitation and relaxation, thus its theoretical band gap energy (Eg) was calculated as 3.49 eV which lies in the typical band gap range of organic semiconducting materials.

4.           CONCLUSION

HMTS featuring donor (D)-π-acceptor (A) properties has been successfully synthesised with good yield (75%). The optical band gap of this derivative exhibited is 3.49 eV, which showed good relationship between the experimental and theoretical data. Indeed, the material possesses good thermal stability at high temperature up to ca. 270ºC. Thus, the findings showed that the targeted molecule can be a material candidate to be used candidate in organic semiconductor application.
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