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Abstract 
 
Liquid crystals (LCs) have garnered significant attention for their unique optical and 

electrical properties, making them promising candidates in various technological 

applications such as smart displays, sensors, telecommunications, biomedicals or 

wearable electronics. In this study, we explore the potential of several highly emissive 

benzothioxanthene imide (BTI) derivatives as LC materials with a focus on their 

robustness and temperature-stable emission behavior. By tailoring the molecular 

structure of BTIs, we have accomplished exceptional emissive properties while 

maintaining the inherent advantages of LCs, such as their self-organizing ability and 

responsive nature. We describe the formation of enantiotropic liquid crystals whose 

mesomorphic properties dependent on the nature, length, and position of the side chain. 

Moreover, we have investigated the thermal stability of their emission spectra over a wide 

range of temperature, highlighting their potential use in demanding conditions where 

precise optical performances are critical. Our findings underscore the importance of 

molecular design in achieving highly emissive LC materials with enhanced robustness 

and temperature stability, opening new avenues for the use of BTI derivatives. 
 
Keywords: Liquid crystals; Benzothioxanthene imide derivatives; Fluorescent materials; 

Polymers. 
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1. Introduction 
 
 

As an intermediate phase between the isotropic liquid and the crystalline solid, liquid 

crystals (LCs) gather the fluidity of a liquid in tandem with anisotropic properties, resulting 

in the formation of self-assembled structures that originate smectic, nematic or columnar 

phases, among others. This phenomenon has attracted considerable research interest 

triggered by the changes of the optical properties derived from the solid-mesophase 

phase transition, thus providing utility for the development of liquid crystal displays 

(LCDs). In recent years, researchers stepped back from the reliance on blacklight, due to 

the non-emissive properties of LCDs, and instead vowed to overcome these limitations 

by designing novel fluorescent LCs. This new property paved the way to the successful 

development of organic light-emitting diodes (OLEDs), optical sensing materials, 

photovoltaic cells and, more recently, circularly polarized luminescence (CPL) materials.1–6 

However, all these advances can be impaired if a key parameter is not considered on 

luminescent dyes’ applications, i.e. high photoluminescence quantum yields. Efficient 

luminophores incorporation into LCs was achieved by Wenquan Li et al., who reported 

the synthesis and characterization of a triphenylene-fluorescein-triphenylene trimer 

bridged by -C3H6- and -C6H12- that self-assemblies on a stable hexagonal columnar 

mesophase which exhibits high fluorescence quantum yield of ca. 0.91 in CH2Cl2. Shruti 

Rani reached the same endeavor by synthesizing a solvatochromic perylene linked to two 

pentaalkynyl-benzene units via an alkyl spacer, which shows high fluorescence quantum 

yield in non-polar solvents and self-assembles in a columnar oblique mesophase.7–9 
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In line with the quest of demonstrating LC properties with new fluorescent dyes, Yang Li 

et al. highlighted, in two separate works, the relevance of naphthalimide, and derivatives, 

through tunable photophysical properties by chemical engineering.10,11 Both works take 

advantage of different chiral naphthalimide-based dyes to produce circularly polarized 

luminescence materials by doping the latter into nematic liquid crystals (E7, N-LCs). A 

standard white-light-emitting N*-LCs (CIE coordinates: (0.31, 0.33)) was attained by 

matching at appropriate ratio the blue-red color of two chiral NI-based dyes. On the 

second work a high luminescence dissymmetry factor (+0.91/-0.98) stemming from an 

effective chirality transfer and intramolecular electronic coupling from microstructure 

change of AIE-active isomers was demonstrated.10,11 

Taking into account the great properties of arylene imide compounds, Cabanetos and 

coworkers recently focused their attention on an overlooked and inexpensive vat dye, 

namely the benzothioxanthene imide (BTI, Figure 1).12,13 In its most simple form, this dual 

redox dye14 was found to combine both a large extinction coefficient in the visible along 

with near unity emission quantum yields in the yellow-green part of the electromagnetic 

spectrum.15,16 Moreover, solely functionalized at the imide position for solubility and/or 

grafting purposes, the group demonstrated synthetically accessible and selective 

modifications of its π-conjugated core opening doors to new design principles and tunable 

optoelectronic properties.17,18 Upcycled in various applications ranging from organic 

photovoltaics,19 light emitting devices20 or even photodynamic therapy.21,22 Within this 

context, and as a further step towards the exploration of this fascinating class of 

compounds, we report herein the pioneer evaluation of potential luminescence and liquid 
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crystal properties through the synthesis and study of specifically designed derivatives 

whose structures are illustrated in Figure 1. 

 

 

Figure 1. Structure of BTI and derivatives reported herein, namely BTI-C6, BTI-C12, BTI-C16, p-
BTI-PE m-BTI-PE, and  a-BTI-PE, to evaluate their potential luminescence and liquid crystal 
properties. 
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2. Experimental Section 
 

2.1. Materials 
 

All reagents and chemicals from commercial sources were used without further 

purification unless specified. Solvents were dried and purified using standard techniques. 

Spectroscopy grade solvents were used for photophysical experiments –tetrahydrofuran 

(THF), chloroform (CHCl3). Poly(methylmethacrylate), PMMA (MW ~ 350,000, Tg 105 

°C), KURARITYTM LA4285 Kurashiki, Okayama, Japan, polymer. The perfluoroalkoxy 

(PFA) supports for the fabrication of polymer films were purchased to Bohlender Gmbh, 

Germany. Mili-Q ultrapure water was used in all experiments. 

 
2.2. Instrumentation 

 

Polarized optical microscopy (POM) observations were carried out by using an Olympus 

BX50 microscope equipped with a Linkam THMS 600 heating stage. The transition 

temperatures and their associated enthalpy data were determined with a PerkinElmer 

Pyris 1 differential scanning calorimeter. Samples were hermetically sealed in aluminum 

pans and measurements were carried out with heating and cooling rates of 10 K min−1. 

Temperature-dependent powder X-ray diffraction (XRD) studies were carried out on a 

Panalytical X'Pert PRO MPD diffractometer with Cu-Kα (1.54 Å) radiation in a θ–

θ  configuration equipped with an Anton Paar HTK1200 heating stage (X-Ray Diffraction 

Service at the Complutense University of Madrid). 

Flash chromatography was performed with analytical-grade solvents using ALDRICH 

silica gel (technical grade, pore size 60 Å, 230– 400 mesh particle size). Flexible plates 

ALUGRAM Xtra SIL G UV254 from MACHEREY-NAGEL were used for thin layer 
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chromatography (TLC). Compounds were detected by UV irradiation (BIOBLOCK 

SCIENTIFIC). NMR spectra were recorded with a BRUKER AVANCE III 300 (1H, 300 

MHz and 13C, 76 MHz) or a BRUKER AVANCE DRX500 (1H, 500 MHz and 13C, 125 

MHz). Chemical shifts are given in ppm relative to the residual 1H resonance of the 

deuterated solvent and coupling constants J in Hz. High resolution mass spectrometry 

(HRMS) was performed with a JEOL JMS-700 B/E. Matrix Assisted Laser 

Desorption/Ionization was performed on MALDI-TOF MS BIFLEX III Bruker Daltonics 

spectrometer using DCTB+ as matrix (Bruker, Billerica, MA, USA). 

The absorption spectra were recorded on a JASCO V-650 UV-Vis Spectrophotometer 

and the fluorescence emission spectra on a Horiba Jobin-Yvon Scientific Fluoromax-4. 

Spectra of solid samples were collected with a Horiba-Jobin-Yvon Fluoromax-4® 

spectrofluorometer using an optic fiber connected to the equipment, by exciting the solid 

compounds at the appropriated wavelength (nm). A correction for the absorbed light was 

performed when necessary. Lifetime studies were carried out on TemPro, Deltahub 

Nanoled of Horiba Jobin-Yvon, with a 390 nm Nanoled. All instruments were provided by 

PROTEOMASS-BIOSCOPE facility. 

Crystals of compounds BTI-C6 and BTI-C16 suitable for single-crystal X-ray analysis 

were selected, covered with Fomblin (polyfluoro ether oil) and mounted on a nylon loop. 

The data was collected at 150(2) K on a Bruker D8 Venture diffractometer equipped with 

a Photon II detector and an Oxford CryoSystems Cooler, using graphite monochromated 

Mo-Kα radiation (λ= 0.71073 Å). The data was processed using the APEX4 suite software 

package, which includes integration and scaling (SAINT), absorption corrections 

(SADABS23) and space group determination (XPREP). Structure solution and refinement 
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were done using direct methods with the programs SHELXT 2018/2 and SHELXL-

2019/224,25 inbuilt in APEX and WinGX-Version 2021.326 software packages. All non-

hydrogen atoms were refined anisotropically, and all hydrogen atoms were inserted in 

idealized positions and allowed to refine riding on the parent carbon atom with C–H 

distances of 0.98 Å, 0.99 Å and 0.95 Å for methyl, methylene and aromatic H atoms, 

respectively. Both crystalline samples were of poor quality, showing low diffracting power, 

leading to high Rint values, Nevertheless, it was possible to establish the molecular 

structure of both compounds, agreeing with the obtained through other analytical 

techniques. The molecular diagrams were drawn with Mercury27. Crystal and structure 

refinement data are given in Table 1. The data was deposited in the CCDC under deposit 

numbers 2348204 for BTI-C6 and 2348205 for BTI-C16.  

Table 1. Crystallographic experimental data and structure refinement parameters. 

 BTI-C6 BTI-C16 

Formula C24H21NO2S C34H41NO2S 

M 387.48 527.74 

l (Å) 0.71073 0.71073 

T (K) 150(2) 150(2) 

crystal system Triclinic Triclinic 

space group P-1 P-1 

Crystal description Needle Needle 

Crystal color Orange Orange 

Crystal Size 0.08 × 0.12 × 0.40 0.06 × 0.12 × 0.40 

a (Å) 7.2549(8) 7.326(2) 

b (Å) 8.7827(11) 8.219(2) 

c (Å) 17.693(2) 25.291(7) 

a (deg) 82.847(6) 93.107(10) 

https://doi.org/10.26434/chemrxiv-2024-w3kwn ORCID: https://orcid.org/0000-0001-5582-5446 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-w3kwn
https://orcid.org/0000-0001-5582-5446
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

 

10 

b (deg) 78.657(4) 95.881(11) 

g (deg) 69.282(4) 107.864(10) 

V (Å3) 1032.0(2) 1435.8(7) 

Z 2 2 

rcalc (g cm-3) 1.247 1.221 

µ (mm-1) 0.176 0.144 

qmax (deg) 25.346 25.026 

total data 39423 56424 

unique data 3770 5060 

Rint 0.2686 0.6672 

R [I>3s(I)] 0.1223 0.1852 

wR2 0.2718 0.4006 

Goodness of fit 1.075 1.068 

r min  

r max 

-0.580 

1.083 

-0.896 

1.038 

 

 
2.3. Synthetic procedures 

 
2.3.1. General procedure for preparation of alky functionalized BTI derivatives 

BTI-C6, BTI-C12 and BTI-C16 

The corresponding alkylamine (1.1 eq) was added to a solution of BTA (1 eq) in 2-

ethoxyethanol (20 mL/g) before being refluxed overnight. Conversion of the starting 

material was followed by TLC prior to cool down the reaction mixture and pouring the 

latter in water. This aqueous phase was extracted with DCM, then the combined organic 

phases were washed with brine before being dried over MgSO4 and concentrated under 

vacuum. The resulting solid was finally purified by column chromatography (eluent: DCM) 

https://doi.org/10.26434/chemrxiv-2024-w3kwn ORCID: https://orcid.org/0000-0001-5582-5446 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-w3kwn
https://orcid.org/0000-0001-5582-5446
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

 

11 

affording the corresponding compound as a bright orange powder in 76%, 75% and 78% 

yield for BTI-C6, BTI-C12 and BTI-C16, respectively. 

2-hexyl-1H-thioxantheno[2,1,9-def]isoquinoline-1,3(2H)-dione (BTI-C6): 1H NMR 

(300 MHz, CDCl3) δ 8.61 (d, J = 8.1 Hz, 1H), 8.42 (d, J = 8.0 Hz, 1H), 8.24 – 8.16 (m, 

2H), 7.49 (d, J = 8.0 Hz, 1H), 7.43 – 7.35 (m, 3H), 4.18 (t, J = 7.7 Hz, 2H), 1.79 – 1.66 

(m, 2H), 1.48 – 1.38 (m, 2H), 1.38 – 1.29 (m, 4H), 0.90 (t, J = 6.8 Hz, 1H). 13C NMR (126 

MHz, CDCl3) δ 163.84, 163.40, 132.45, 131.64, 130.71, 129.90, 127.57, 126.42, 126.08, 

120.34, 119.16, 118.15, 40.53, 31.59, 27.96, 26.85, 22.60, 14.09. HRMS (MALDI-TOF): 

m/z calcd for C24H21NO2S: 387.1293, found: 387.1288 (D = 1.47 ppm). 

2-dodecyl-1H-thioxantheno[2,1,9-def]isoquinoline-1,3(2H)-dione (BTI-C12): 1H NMR 

(500 MHz, CDCl3) δ 8.56 (d, J = 8.1 Hz, 1H), 8.38 (d, J = 7.9 Hz, 1H), 8.17 – 8.14 (m, 

1H), 8.13 (d, J = 8.2 Hz, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.40 – 7.33 (m, 3H), 4.21 – 4.08 

(m, 2H), 1.77 – 1.65 (m, 2H), 1.46 – 1.39 (m, 2H), 1.39 – 1.32 (m, 2H), 1.31 – 1.24 (m, 

14H), 0.87 (t, J = 6.9 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 163.98, 163.54, 140.45, 

136.69, 132.58, 131.77, 130.84, 130.44, 130.05, 128.13, 127.71, 126.56, 126.21, 125.62, 

121.45, 120.47, 119.29, 118.29, 40.68, 32.06, 29.80, 29.72, 29.55, 29.49, 28.16, 27.33, 

22.83, 14.26. HRMS (MALDI-TOF): m/z calcd for C30H33NO2S: 471.22281, found: 

471.22265 (D = 0.34 ppm). 

 

2-hexadecyl-1H-thioxantheno[2,1,9-def]isoquinoline-1,3(2H)-dione (BTI-C16): 1H 

NMR (500 MHz, CDCl3) δ 8.58 – 8.42 (m, 1H), 8.39 – 8.25 (m, 1H), 8.17 – 7.96 (m, 2H), 
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7.46 – 7.27 (m, 4H), 4.18 – 4.07 (m, 2H), 1.77 – 1.65 (m, 2H), 1.45 – 1.39 (m, 2H), 1.38 

– 1.34 (m, 2H), 1.32 – 1.20 (m, 22H), 0.87 (t, J = 6.8 Hz, 3H). 13C NMR (126 MHz, CDCl3) 

δ 163.95, 163.50, 140.42, 132.56, 130.81, 130.03, 127.68, 126.53, 126.18, 121.43, 

120.44, 119.26, 40.67, 32.07, 29.85, 29.73, 29.51, 28.16, 27.34, 22.84, 14.27. HRMS 

(MALDI-TOF): m/z calcd for C34H41NO2S: 527.2856, found: 527.1288 (D = 0.61 ppm). 

2.3.2. Synthesis of intermediates BTI-PE and α-BTI-Br 

2-(2-(2-(2-ethoxyethoxy)ethoxy)ethyl)-1H-thioxantheno[2,1,9-def]isoquinoline-

1,3(2H)-dione (BTI-PE): 2-(2-(2-ethoxyethoxy)ethoxy)ethan-1-amine (160 mg, 0.904 

mmol) was added to a solution of BTA (250 mg, 0.822 mmol) in 2-ethoxyethanol (20 mL). 

The mixture was refluxed overnight. Conversion was confirmed by TLC before pouring 

the crude in water and extract it from the aqueous phase with DCM. The resulting organic 

phase was then dried over MgSO4 and evaporated by vacuum pumping. The resulting 

solid was purified by column chromatography (eluent: DCM/EtOAc 7/3) to afford BTI-PE 

(298 mg, 77% yield). 1H NMR (300 MHz, CDCl3) δ 8.56 (d, J = 8.1 Hz, 1H), 8.37 (d, J = 

8.0 Hz, 1H), 8.19 – 8.11 (m, 2H), 7.45 (d, J = 8.0 Hz, 1H), 7.42 – 7.34 (m, 3H), 4.42 (t, J 

= 6.2 Hz, 2H), 3.82 (t, J = 6.2 Hz, 2H), 3.74 – 3.69 (m, 2H), 3.66 – 3.57 (m, 4H), 3.52 – 

3.43 (m, 4H), 1.16 (t, J = 7.0 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 164.00, 163.57, 

140.64, 136.82, 132.67, 131.77, 130.91, 130.54, 130.11, 128.09, 127.75, 126.57, 126.25, 

125.62, 121.31, 120.48, 119.30, 118.14, 70.79, 70.76, 70.31, 69.93, 68.00, 66.73, 39.27, 

15.27. HRMS (MALDI-TOF): m/z calcd for C26H25NNaO5S: 486.1349, found: 486.1346 

(D = 0.58 ppm). 
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5-bromo-2-(2-(2-(2-ethoxyethoxy)ethoxy)ethyl)-1H-thioxantheno[2,1,9-

def]isoquinoline-1,3(2H)-dione (α-BTI-Br): a solution of bromine at 1 M in DCM (0.474 

mL, 0.474 mmol) was added, at room temperature, to BTI-PE (200 mg, 0.652 mmol) 

previously solubilized in dichloromethane (20 mL). The mixture was stirred for 4 hours at 

room temperature before being poured into a saturated solution of Na2S2O4. The aqueous 

phase was extracted with dichloromethane and the organic phase dried over MgSO4 and 

concentrated under vacuum. The resulting solid was finally purified by column 

chromatography (eluent: DCM/EtOAc 7/3) to afford α-BTI-Br (230 mg, 98% yield). 1H 

NMR (300 MHz, CDCl3) δ 8.49 (d, J = 8.2 Hz, 1H), 8.46 (s, 1H), 8.13 – 8.06 (m, 2H), 7.44 

– 7.38 (m, 3H), 4.39 (t, J = 6.1 Hz, 2H), 3.82 (t, J = 6.1 Hz, 2H), 3.74 – 3.69 (m, 2H), 3.67 

– 3.57 (m, 4H), 3.53 – 3.43 (m, 4H), 1.16 (t, J = 7.0 Hz, 3H). 13C NMR (76 MHz, CDCl3) 

δ 162.93, 162.78, 140.20, 135.87, 134.18, 131.90, 131.39, 130.24, 128.56, 128.09, 

126.97, 126.75, 126.15, 125.71, 120.96, 119.64, 118.35, 114.35, 70.76, 70.25, 69.90, 

67.93, 66.73, 39.37, 15.25. HRMS (MALDI-TOF): m/z calcd for C26H24NNaO5SBr: 

564.04531, found: 564.0451 (D = 0.40 ppm). 

 

2.3.3. Synthesis of α-BTI-PE 

2-(2-(2-(2-ethoxyethoxy)ethoxy)ethyl)-5-(tetradec-1-yn-1-yl)-1H-thioxantheno[2,1,9-

def]isoquinoline-1,3(2H)-dione (α-BTI-PE): degassed α-BTI-Br (100 mg, 0.184 mmol) 

and [PdCl2(PPh3)2] (6.47 mg, 9.22 µmol) were dispersed in anhydrous and freshly 

distillated triethylamine (in a dry Schlenk tube) under inert atmosphere (5mL). A dry 

solution of tetradec-1-yne (71.66 mg, 0.369 mmol) and copper(I) iodide (2.46 mg, 12.90 

µmol) in anhydrous triethylamine (5 mL) was added dropwise at room temperature and 
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under argon. Upon completion, the resulting mixture was heated at 60 °C overnight, still 

under inert atmosphere. Conversion was confirmed by TLC before pouring the reaction 

in water. The aqueous phase was treated with DCM and the organic phase was dried 

over MgSO4 and concentrated. The resulting solid was purified by column 

chromatography (eluent: DCM) to afford α-BTI-PE as an orange-red powder (108 mg, 

89% yield). 1H NMR (300 MHz, CDCl3) δ 8.61 (d, J = 8.2 Hz, 1H), 8.50 (s, 1H), 8.28 – 

8.22 (m, 2H), 7.46 (ddt, J = 9.6, 6.1, 3.1 Hz, 3H), 4.43 (t, J = 6.1 Hz, 2H), 3.82 (t, J = 6.1 

Hz, 2H), 3.74 – 3.69 (m, 2H), 3.66 – 3.57 (m, 4H), 3.52 – 3.43 (m, 4H), 2.62 (t, J = 7.0 

Hz, 2H), 1.79 – 1.67 (m, 2H), 1.38 – 1.23 (m, 18H), 1.16 (t, 3H), 0.87 (t, J = 6.6 Hz, 3H). 

13C NMR (126 MHz,  CDCl3) δ 163.71, 163.59, 136.68, 134.13, 132.31, 130.08, 127.86, 

127.03, 126.10, 125.74, 121.26, 119.62, 117.61, 115.66, 102.21, 70.81, 70.76, 70.34, 

69.94, 67.98, 66.73, 39.31, 32.07, 29.85, 29.82, 29.78, 29.52, 29.36, 29.16, 28.74, 

22.83, 20.03, 15.27, 14.26. HRMS (MALDI-TOF): m/z calcd for C40H49NNaO5S: 

678.3225, found: 678.3224 (D = 0.56 ppm). 

 

2.3.4. Synthesis of intermediates p-BTA-Br and p-BTI-Br 

9-bromo-1H,3H-thioxantheno[2,1,9-def]isochromene-1,3-dione (p-BTA-Br): 6-

bromonaphtalene anhydride (500 mg, 1.80mmol) were placed in a microwave (20 mL) 

reactor followed by 2-amino-4-bromobenzenethiol (405 mg, 1.99 mmol), potassium 

carbonate (137 mg, 0.99 mmol) and finally, DMF (10 mL). This mixture was heated under 

microwave irradiation at 80 °C for 4 h. Then, amyl nitrite (727 mmL, 5.41mmol) was added 

and a second round of heating was carried out but in conventional oil bath (80 °C 

overnight). The mixture was then cooled down and poured into 1 M HCl solution (100 
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mL). The solid that precipitated under these conditions was filtered off on a Büchner and 

successively washed with water, methanol, and ethanol to, in fine, afford p-BTA-Br (434 

mg, 63% yield) that was used without further purification. 1H NMR (500 MHz, DMSO-d6) 

δ 8.65 (s, 1H), 8.58 (d, J = 7.9 Hz, 1H), 8.45 (d, J = 8.1 Hz, 1H), 8.31 (d, J = 8.0 Hz, 1H), 

7.78 (d, J = 8.0 Hz, 1H), 7.71 (d, J = 8.9 Hz, 1H), 7.58 (d, J = 8.5 Hz, 1H). HRMS (MALDI-

TOF): m/z calcd for C18H7O3SBr: 381.9300, found: 391.9294 (D = 1.64 ppm). 

9-bromo-2-(2-(2-(2-ethoxyethoxy)ethoxy)ethyl)-1H-thioxantheno[2,1,9-

def]isoquinoline-1,3(2H)-dione (p-BTI-Br): p-BTA-Br (250 mg, 0.652 mmol) was 

dissolved in 2-ethoxyethanol (20 mL) before adding 2-(2-(2-ethoxyethoxy)ethoxy)ethan-

1-amine (127 mg, 0.718 mmol). After being refluxed overnight, the reaction mixture was 

poured into water (100 mL). The aqueous solution was extracted with dichloromethane 

and washed with brine. The resulting organic phase was dried over MgSO4 before being 

evaporated under vacuum to afford a solid that was finally purified by column 

chromatography (eluent: DCM/EtOAc 7/3) to afford p-BTI-Br (76% yield). 1H NMR (300 

MHz, CDCl3) δ 8.60 (d, J = 8.1 Hz, 1H), 8.41 (d, J = 8.0 Hz, 1H), 8.30 (d, J = 2.0 Hz, 1H), 

8.11 (d, J = 8.3 Hz, 1H), 7.52 – 7.46 (m, 2H), 7.24 (d, J = 8.5 Hz, 1H), 4.43 (t, J = 6.1 Hz, 

2H), 3.83 (t, J = 6.1 Hz, 2H), 3.74 – 3.69 (m, 2H), 3.65 – 3.58 (m, 4H), 3.52 – 3.45 (m, 

4H), 1.17 (t, J = 7.0 Hz, 3H). 13C NMR (76 MHz, CDCl3) δ 163.97, 163.54, 140.62, 136.77, 

132.64, 131.74, 130.88, 130.49, 130.10, 128.03, 127.73, 126.54, 126.21, 125.55, 121.26, 

120.45, 119.26, 118.10, 70.76, 70.30, 69.92, 67.99, 39.25, 15.26. HRMS (MALDI-TOF): 

m/z calcd for C26H24NNaO5SBr: 564.0442, found: 564.0451 (D = -1.59 ppm). 

 

2.3.5. Synthesis of p-BTI-PE 
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2-(2-(2-(2-ethoxyethoxy)ethoxy)ethyl)-9-(tetradec-1-yn-1-yl)-1H-thioxantheno[2,1,9-

def]isoquinoline-1,3(2H)-dione (p-BTI-PE): Freshly distillated and anhydrous 

triethylamine (5 mL) was added to a blend of p-BTI-Br (100 mg, 0.184 mmol) and 

[PdCl2(PPh3)2] (6.47 mg, 9.22 µmol) previously poured into a dry Schlenk tube under inert 

atmosphere (argon, vacuum-pump cycle on powders). In a separate flask was prepared 

a solution of tetradec-1-yne (71.66 mg, 0.369 mmol) and copper(I) iodide (2.46 mg, 12.90 

µmol) in anhydrous trimethylamine (5 mL), also under inert atmosphere before being fully 

dropwise added to the BTI based solution at room temperature. The mixture was then 

heated under inert atmosphere at 60 °C and overnight. After completion (confirmed by 

TLC), the mixture was poured into water and extracted with DCM. The organic phase was 

washed with brine and concentrated under vacuum. The resulting solid was finally purified 

by column chromatography (eluent: DCM) to afford p-BTI-PE as an orange-red powder 

(107 mg, 88% yield). 1H NMR (300 MHz, CDCl3) δ 8.61 (d, J = 8.1 Hz, 1H), 8.41 (d, J = 

8.0 Hz, 1H), 8.23 (d, J = 1.5 Hz, 1H), 8.19 (d, J = 8.3 Hz, 1H), 7.49 (d, J = 8.0 Hz, 1H), 

7.39 (dd, J = 8.3, 1.5 Hz, 1H), 7.29 (d, J = 8.2 Hz, 1H), 4.44 (t, J = 6.2 Hz, 2H), 3.82 (t, J 

= 6.2 Hz, 2H), 3.74 – 3.68 (m, 2H), 3.66 – 3.57 (m, 4H), 3.53 – 3.43 (m, 4H), 2.45 (t, J = 

7.1 Hz, 2H), 1.64 (q, J = 7.2 Hz, 2H), 1.48 (d, J = 8.0 Hz, 2H), 1.26 (s, 16H), 1.17 (t, J = 

7.0 Hz, 3H), 0.90 – 0.85 (t, J = 6.6 Hz, 3H). 13C NMR (126 MHz, CDCl3) δ 132.84, 132.75, 

129.29, 126.42, 70.80, 70.33, 69.93, 68.00, 66.74, 29.83, 29.80, 29.69, 29.51, 29.32, 

29.16, 28.79, 22.84, 19.64, 15.27, 14.27. HRMS (MALDI-TOF): m/z calcd for 

C40H49NNaO5S: 678.3225, found: 678.3224 (D = 0.16 ppm). 

2.3.6. Synthesis of intermediates m-BTA-Br and m-BTI-Br 
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8-bromo-1H,3H-thioxantheno[2,1,9-def]isochromene-1,3-dione (m-BTA-Br): A 

microwave flask of 20 mL was charged with 6-bromonaphtalene anhydride (1.10 g, 

3.97 mmol), 2-amino-4-bromobenzenethiol (1.05 g, 5.16 mmol), potassium carbonate 

(329 mg, 2.38 mmol) and DMF (10mL). This mixture was then irradiated by microwaves 

for 4 h at 80 °C. Amyl nitrite (1.60 mL, 11.91 mmol) was then added and the mixture was 

heated at 80 °C overnight with an oil bath. Once cooled down to room temperature, the 

mixture was poured into a 1 M HCl solution (100 mL). The precipitate was filtered on 

Büchner and washed with water, methanol, and ethanol. Once dried under vacuum, the 

resulting solid (m-BTA-Br) was directly engaged in the next step without further 

purification (420 mg, 27% yield). 1H NMR (300 MHz, DMSO-d6) δ 8.63 (t, J = 7.5 Hz, 1H), 

8.48 (d, J = 3.3 Hz, 1H), 8.38 (dd, J = 8.4, 2.9 Hz, 1H), 8.29 (dd, J = 8.0, 4.5 Hz, 1H), 7.94 

(d, J = 2.1 Hz, 1H), 7.78 (d, J = 8.0 Hz, 1H), 7.65 (dd, J = 8.8, 2.1 Hz, 1H). HRMS (EI-

MS): m/z calcd for C18H7O3SBr: 381.9299, found: 381.9303 (D = 0.50 ppm). 

8-bromo-2-(2-(2-(2-ethoxyethoxy)ethoxy)ethyl)-1H-thioxantheno[2,1,9-

def]isoquinoline-1,3(2H)-dione (m-BTI-Br): m-BTA-Br (100 mg, 0.261 mmol) and 2-(2-

(2-ethoxyethoxy)ethoxy)ethan-1-amine (92.5 mg, 0.522 mmol) were combined in ethanol 

(15 mL) and refluxed overnight under inert atmosphere. The reaction mixture was then 

diluted with dichloromethane and the organic phase was washed with water and brine 

before being dried over MgSO4. After evaporation of the solvent, the crude was purified 

by column chromatography on silica gel using CH2Cl2 as eluent affording the 

corresponding compound m-BTI-Br (80 mg, 56% yield). 1H NMR (300 MHz, CDCl3) δ 

8.54 (d, J = 8.1 Hz, 1H), 8.38 (d, J = 8.0 Hz, 1H), 8.08 (d, J = 8.2 Hz, 1H), 7.98 (d, J = 8.6 

Hz, 1H), 7.51 – 7.40 (m, 3H), 4.42 (t, J = 6.1 Hz, 2H), 3.82 (t, J = 6.1 Hz, 2H), 3.74 – 3.67 
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(m, 2H), 3.66 – 3.55 (m, 4H), 3.53 – 3.42 (m, 4H), 1.16 (t, J = 7.0 Hz, 3H). 13C NMR (75 

MHz, CDCl3) δ 163.84, 163.43, 139.48, 135.97, 133.65, 132.63, 131.02, 130.88, 130.45, 

128.81, 127.55, 127.11, 125.44, 124.55, 121.65, 120.66, 119.36, 118.56, 70.76, 70.27, 

69.92, 67.97, 66.74, 39.29, 15.27. HRMS (MALDI-TOF): m/z calcd for C26H24NNaO5S: 

564.0445, found: 564.0451 (D = -1.07 ppm). 

2.3.7. Synthesis of m-BTI-PE 

2-(2-(2-(2-ethoxyethoxy)ethoxy)ethyl)-8-(tetradec-1-yn-1-yl)-1H-thioxantheno[2,1,9-

def]isoquinoline-1,3(2H)-dione (m-BTI-PE): To an oven dried Schlenk tube filled with 

argon, compound m-BTI-Br (80 mg, 0.147 mmol), CuI (2 mg, 0.010 mmol) and [PdCl2 

(PPh3)2] (10 mg, 0.014 mmol) were sequentially added. After addition of freshly distilled 

and degassed NEt3 (5 mL), then tetradec-1-yne (57 mg, 0.295 mmol, 2 eq) the reaction 

mixture was heated at 90 °C for 48 h under inert atmosphere. Conversion of the starting 

material was followed by TLC before cooling down the reaction mixture and pouring the 

latter in water. This aqueous phase was extracted with DCM, then the combined organic 

phases were washed with brine before, dried over MgSO4 and concentrated under 

vacuum. The resulting solid was finally purified by column chromatography (eluent: DCM) 

to afford m-BTI-PE as an orange-red powder (55 mg, 60%). 1H NMR (300 MHz, CDCl3) 

δ 8.59 (d, J = 8.1 Hz, 1H), 8.40 (d, J = 7.9 Hz, 1H), 8.12 (dd, J = 11.8, 8.4 Hz, 2H), 7.48 

(d, J = 8.0 Hz, 1H), 7.42 – 7.33 (m, 2H), 4.43 (t, J = 6.2 Hz, 2H), 3.82 (t, J = 6.1 Hz, 2H), 

3.76 – 3.67 (m, 2H), 3.67 – 3.55 (m, 4H), 3.54 – 3.40 (m, 4H), 2.44 (t, J = 7.0 Hz, 2H), 

1.58 (s, 2H), 1.52 – 1.38 (m, 2H), 1.34 – 1.24 (m, 16H), 1.16 (t, J = 7.0, 0.8 Hz, 3H), 0.92 

– 0.82 (m, 3H). 13C NMR (75 MHz, CDCl3) δ 164.00, 163.57, 140.41, 136.49, 132.70, 
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131.80, 130.98, 130.71, 129.08, 127.03, 126.33, 125.99, 125.57, 121.28, 120.57, 119.46, 

118.21, 94.97, 70.75, 70.24, 69.92, 67.96, 66.74, 32.07, 29.81, 29.68, 29.52, 29.29, 

29.10, 28.65, 22.85, 19.70, 15.28, 14.30. HRMS (MALDI-TOF): m/z calcd for 

C40H49NNaO5S: 678.3220, found: 678.3224 (D = -0.54 ppm). 

2.4. Spectrophotometric and spectrofluorimetric measurements 
 

2.4.1. Photophysical characterization and titrations 
 

Photophysical characterizations were performed by preparation of stock solutions of p-

BTI-PE, α-BTI-PE, m-BTI-PE, BTI-C6, BTI-C12 and BTI-C16 (ca. 10-3 M) in CHCl3, and 

THF, by dissolution of an appropriate amount of the selected compound in a 10 mL 

volumetric flask. Further studies were carried out by appropriate dilution of the stock 

solutions up to 10-5 – 10-6 M. 

Luminescence spectra of the compounds in the solid state and of doped polymer thin 

films were recorded using of a fiber-optics device connected to the spectrofluorometer 

while exciting the samples at appropriated wavelength. The temperature dependent 

emission spectra were recorded by heating the samples over a hotplate with control over 

the temperature. 

 

2.4.2. Fluorescence quantum yield and lifetime 
 

Relative photoluminescence quantum yields were measured using the ultrabright 

benzothioxanthene imide in dichloromethane as a standard solution (fF = 0.99) for 

quantifying the relative QY of all compounds dissolved in the THF and chloroform.22 

Tempro Fluorescence Lifetime System with a Nanoled pulsed diode controller from 
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Horiba Jobin-Yvon (PROTEOMASS Scientific Society Facilities) was used to perform 

lifetime measurements. 

 

2.5. Preparation of polymer Dye-Doped thin films 
 

Polymethylmethacrylate (PMMA), and Kurarity doped polymer thin films were obtained 

by slow evaporation of a 10 mL chloroform solution containing 100 mg of the 

corresponding polymer matrix, and 0.5 mg of the selected compound. All mixtures were 

poured onto PFA supports with diameter of 5 cm to allow solvent evaporation at room 

temperature. 

 

3. Results and Discussion 
 

3.1. Synthesis 
 
The synthetic routes to the six derivatives designed and considered herein are depicted 

in Scheme 1. 
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Scheme 1. Synthetic route to BTI-C6, BTI-C12, BTI-C16, m-BTI-PE, p-BTI-PE and a-BTI-PE 

 

Imidization of BTA was carried out in ethoxyethanol by reacting with the corresponding 

amine to afford the aliphatic side chain functionalized BTI-C6, BTI-C12, BTI-C16, as well 

as the polyether derivative BTI-PE that was subsequently brominated with bromine and 

finally engaged in a Sonogashira cross coupling reaction yielding the a-BTI-PE derivative. 

Its regioisomers, i.e. p-BTI-PE and m-BTI-PE, were prepared from a common strategy 

consisting in reacting the corresponding bromo-aminothiophenol (2-amino-4-

bromobenzenethiol or 2-amino-5-bromothiophenol, respectively) with the commercially 

available 6-bromo-1H-benzo[de]isoquinoline-1,3(2H)-dione. Ring was closed by Pschorr 

reaction in presence of amyl nitrite, the resulting anhydrides m-BTA-Br and p-BTA-Br 
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were imidized and finally engaged in a similar palladium-catalyzed cross coupling reaction 

than a-BTI-PE to afford the structural isomers m-BTI-PE and p-BTI-PE, respectively. 

The molecular structures of compounds BTI-C6 and BTI-C16 were further confirmed by 

means of single-crystal X-ray diffraction analysis. Their molecular structures are depicted 

in Figure 2, while selected bond distances and angles are presented in Table 2. 

 

 

(a) 

 

(b) 

Figure 2. Mercury representation of the molecular structure of compounds (a) BTI-C6 

and (b) BTI-C16. 
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Table 2. Selected bond lengths (Å) and angles (º) for BTI-C6 and (b) BTI-C16. 

 BTI-C6 BTI-C16 

Bond lengths   

C1–N1 1.416(8) 1.381(13) 

C1–O1 1.218(7) 1.201(15) 

C16–N1 1.393(8) 1.408(14) 

C16–O2 1.227(7) 1.219(11) 

C19–N1 1.471(8) 1.482(14) 

C5–S1 1.749(6) 1.753(10) 

C6–S1 1.759(6) 1.750(12) 

Bond angles   

C1–N1–C16 123.5(5) 125.4(10) 

N1–C1–O1 119.5(6) 121.3(11) 

N1–C16–O2 119.7(5) 120.6(10) 

C5–S1–C6 103.4(3) 103.5(5) 

 

Both compounds crystallized in the triclinic system, P-1 space group, with a single 

molecule in the asymmetric unit. As expected, both compounds show similar features, 

with the BTI moieties displaying planar backbones, which can be perfectly superimposed 

when both structures are overlayed (Figure S1). However, different 3D arrangements are 

shown for the aliphatic side chains of six and sixteen carbon atoms, for BTI-C6 and BTI-

C16, respectively. All bond distances and angles are within the expected values for similar 
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compounds 28. The supramolecular arrangement observed in BTI-C6 is generated from 

the establishment of non-classical hydrogen bonds of the type C–H…O (Figure S2 and 

Table S1) and of π…π interactions, that lead to the formation of dimers with an inverted 

BTI core in a head-to-tail a pattern. A similar 3D arrangement is observed for BTI-C16 

(Figure S3 and Table S1).  

 

3.2. Mesomorphic behavior 
 

The liquid crystal properties of the new compounds were studied by polarized light optical 

microscopy (POM), differential scanning calorimetry (DSC) and powder X-ray diffraction 

(PXRD). Table 3 summarizes the thermal behavior of all compounds, gathering the onset 

temperature of the phase transitions and the corresponding enthalpy data calculated by 

DSC. 

 

 
Figure 3. POM microphotographs showing the SmA mesophases for compounds (a) p-BTI-PE 
at 59 ºC, (b,c) m-BTI-PE at 132 ºC, (d) BTI-C12 at 91 ºC, and (e,f) BTI-C16 at 105 ºC. All images 
were taken with crossing polarizers upon cooling. 
 

(a) (b)

(d) (e)

(c)

(f)

https://doi.org/10.26434/chemrxiv-2024-w3kwn ORCID: https://orcid.org/0000-0001-5582-5446 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-w3kwn
https://orcid.org/0000-0001-5582-5446
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

 

25 

 

POM observations reveal that compounds p-BTI-PE and m-BTI-PE behave as 

enantiotropic liquid crystals and form SmA mesophases in both heating and cooling 

processes. Although the texture of p-BTI-PE is not well-defined (Figure 3a), the growth 

of bâtonnet structures in m-BTI-PE during its isotrope-mesophase phase transition could 

be captured (Figure 3b) moments before the formation of the typical fan-shaped texture 

(Figure 3c, Video S1) created when molecules are fully self-assembled in the smectic 

mesophase.29,30 The analysis of the DSC thermograms confirms the phase behavior 

found for these species (see Figures S4-S9). In particular, the melting process was not 

observed for p-BTI-PE, and only a unique endothermic peak appears at 76 ºC when the 

SmA mesophase transforms into the isotropic liquid. For m-BTI-PE, three endothermic 

peaks were monitored at 51, 66 and 137 ºC, attributed to the solid-solid, solid-mesophase 

and mesophase-isotrope phase transitions, respectively. Although the melting process 

was detected in the latter case, this molecular reorganization was found to require a low 

amount of energy (enthalpy value of ca. 4.0 kJ mol-1). Upon cooling, the exothermic peak 

attributed to the isotrope-mesophase phase transitions was well-detected for both 

compounds, whereas the solidification process was solely observed in the DSC trace of 

p-BTI-PE. 

On the other hand, compounds BTI-C12 and BTI-C16, functionalized with a terminal alkyl 

chain, also exhibit mesomorphism, giving rise to the focal-conic and fan-shaped textures 

of a SmA mesophase upon cooling (Figures 3d-f). The DSC traces are consistent with 

the POM observations and show the corresponding endothermic and exothermic peaks 

for each phase transition, except for the melting process in BTI-C12, which was not 

detected (Figure S8). Additional endothermic peaks were also monitored before the 
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melting temperature, for both compounds, resulting from transformations in the solid 

state. 

 
Table 3. Thermal and phase behavior established by DSC. 

Compound Transitionsa Tb [ºC] (ΔH [kJ mol-1]) 

p-BTI-PE Cr → SmA → I 58c, 76 (40.6) 

 I → SmA → Cr 65 (-5.3), 59 (-1.7) 

a-BTI-PE Cr → I 90 (43.1) 

 I → Cr 50 (-21.0) 

m-BTI-PE Cr → Cr’ → SmA → I 51 (35.2), 66 (4.0), 137 (15.6) 

 I → SmA → Cr 132 (-17.7), 45c 

BTI-C6 Cr → I 150 (20.1) 

 I → Cr 95 (-8.9) 

BTI-C12 Cr → Cr’ → SmA → I 39 (14.8), 83c, 120 (21.4) 

 I → SmA → Cr 91 (-1.0), 67 (-10.8) 

BTI-C16 Cr → Cr’ → Cr’’ → SmA → I 36 (5.0), 51 (0.8), 106 (0.2), 114 (27.1) 

 I → SmA → Cr 106 (-1.9), 87 (-13.8) 

a Cr, Cr’, Cr’’ = crystalline phase, SmA = Smectic A mesophase, I = isotropic liquid. b DSC onset 
peaks. c Determined by POM. 

 

To confirm the lamellar arrangement of molecules in the liquid-crystalline phase, 

temperature-dependent X-ray diffraction studies were performed for compounds m-BTI-

PE and BTI-C16, which were selected as representative examples of both families of 

compounds. As observed in Figure 4, the diffractogram registered for m-BTI-PE at 80 ºC 

displays a series of four peaks with a reciprocal d-spacing ratio of 1:1/2:1/3:1/4 

corresponding to the (001), (002), (003) and (004) reflections of a lamellar lattice (lamellar 

periodicity, d = 30.5 Å). In addition, a broad diffuse halo was also observed at around 4.7 

Å, a clear indication of the liquid-like order of the molten alkyl chains in the mesophase.31 

Interestingly, diffractograms obtained before the melting temperature show that the initial 

https://doi.org/10.26434/chemrxiv-2024-w3kwn ORCID: https://orcid.org/0000-0001-5582-5446 Content not peer-reviewed by ChemRxiv. License: CC BY-NC-ND 4.0

https://doi.org/10.26434/chemrxiv-2024-w3kwn
https://orcid.org/0000-0001-5582-5446
https://creativecommons.org/licenses/by-nc-nd/4.0/


 

 

 

27 

solid phase of m-BTI-PE evolves in another solid one, at 51 ºC, in which molecules start 

to self-assemble in a lamellar arrangement (Figure S10). This process eases the 

formation of the mesophase in terms of energy since the same supramolecular ordering 

is maintained in both the new solid and the mesophase. This feature is in consistency 

with the low enthalpy value associated to the solid-mesophase phase transition compared 

to those calculated for the solid-solid and the mesophase-liquid ones (see Table 3). 

By contrast, no diffraction peaks were recorded in the mesophase of BTI-C16, except for 

the typical broad halo at ca. 4.6 Å attributed to the liquid-like order of the alkyl chains. The 

origin of this feature could be attributed to the formation of a SmA mesophase with a high 

degree of disorder. Nonetheless, when the mesophase transforms into the solid phase, 

three sharp diffraction peaks with a reciprocal d-spacing ratio of 1:1/2:1/3 appeared in the 

low-angle region. Most likely, the self-assembly of molecules in the SmA mesophase is 

maintained during the solidification process, thus confirming the lamellar nature of the 

liquid-crystalline phase. 
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Figure 4. X-ray diffractogram registered in the SmA mesophase of m-BTI-PE at 80 ºC upon 
heating. 

 

 

Interestingly, rationalization of these results clearly highlights that the position of the alkyl 

chain in compounds p-BTI-PE, a-BTI-PE and m-BTI-PE plays a crucial role in the 

mesomorphism induction. While the rod-like molecules of p-BTI-PE and m-BTI-PE are 

capable to self-assembled into SmA mesophases, the lateral alkyl chain of a-BTI-PE was 

found to hinder the assembly in a lamellar arrangement. Likewise, the chain length can 

also be a key factor, as observed in compounds BTI-C6, BTI-C12 and BTI-C16, to 

achieve liquid crystal properties. 

 
3.3. Photophysical characterization 
 

The ultrabright benzothioxanthene imide derived compounds exhibit luminescence 

properties both in solution and in the solid state. All six compounds can be easily grouped 

into two families with the predisposed intention to understand how i) the incorporation of 

different types of side chains, i.e., either alkyl or both alkyl and PEG, ii) different lengths 

in carbon atoms number, and iii) position on the benzothioxanthene imide core might be 

impactful on their photophysical and liquid crystal properties. In this context, Figure 5 

displays the photophysical data collected at 298 K for compounds m-BTI-PE and BTI-

C16 in THF and chloroform as a representative example (Figure S11), while Table 4 

gathers all the photophysical data of the studied compounds. Overall, the UV-Vis spectra 

show a band centered at 452 and 457 nm for the two classes of compounds in THF that 

manifest a slight redshift when studies were carried out in chloroform. This band is 

associated with the π-π* transition of the benzothioxanthene imide chromophore, 
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contributing to the visualization of green-yellowish solutions in the naked eye. Upon 

excitation at the appropriate wavelength, the samples emit a green light with a maximum 

between 505 and 512 nm in THF while emission in the 510 and 520 nm range is observed 

in chloroform resulting in a stoke shift ranging from 2084 to 2350 cm-1 for all compounds. 

On a relatable note, solid-state emission spectra display a more pronounced variability 

and a significant shift regarding the emission in solution due to the influence of the 

different chains on the self-assembling properties. Interestingly, whereas a small 

variation, from 577 to 573 nm, was monitored for p-BTI-PE and m -BTI-PE, respectively, 

related to the introduction of the alkyl chain in adjacent carbon atoms of the lower benzene 

ring, a more pronounce shift to 591 nm was observed for a-BTI-PE, in which the same 

alkyl chain was selectively introduced on the upper naphthyl ring, in alpha of the sulfur 

atom. Regarding BTI-C6, BTI-C12 and BTI-C16, it is noteworthy that increasing the 

length of alkyl chain functionalizing the imide moieties resulted in a progressive 

bathochromic shift. 

From a quantum yield perspective, near-unity photoluminescence was estimated for 

almost all compounds maintaining, in consistency with the early reported data on BTI,22 

except for m-BTI-PE that was characterized by a quantum yield below 90%. 
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Figure 5. Photophysical characterization of derivatives (a) m-BTI-PE, and (b) BTI-C16 in chloroform and 
THF ([m-BTI-PE]=[BTI-C16]= 5 µM). Images follow the order m-BTI-PE, a-BTI-PE, and p-BTI-PE in 
chloroform and THF (c) under natural light and (d) irradiated at 365 nm. 
 
Single digit nanosecond times were achieved for life-time measurements in all 

compounds with minor variations for p-BTI-PE, a-BTI-PE and m-BTI-PE, once again 

potentially related to the different grafting position of the alkyl chain on the π-conjugated 

core. 

 

 

 

 

 

 

 

 

 

 

Table 4. Absorption maximum wavelength in solution (labs), emission maximum wavelength in solution 
(lem), molar absorption coefficients (e), Stokes shift (Dl), emission maximum in the solid state (lemSolid), 
fluorescence quantum yields (f), fluorescence lifetimes (t) for compounds p-BTI-PE, a-BTI-PE, m-BTI-PE, 
BTI-C6, BTI-C12 and BTI-C16 in THF and chloroform. 
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3.4. Polymer supported temperature dependent studies. 
 

Since i) all compounds demonstrated emission in the solid state and ii) m-BTI-PE and 

BTI-C16 display the best mesophase temperature ranges, our next intention was to 

understand how this behavior affects the emission alongside the incorporation into solid 

supported materials while exposed to temperature increases. Starting with recorded on 

their powder form (Figure 6 and S12), it turned out that a linear relation between emission 

and temperature from 40 to 100 °C was monitored for BTI-C16 whereas, in stark contrast, 

no such behavior was observed for m-BTI-PE. Overall, the increase of temperature 

causes a hypsochromic shift and a broadening of the emission band with emission 

maximum centered at 555 and 565 nm for m-BTI-PE and BTI-C16, respectively. After the 

cooling process, a return to the initial emissions maximum wavelength was observed. 

However, only a recovery of around 50% was reached most likely due to the changes in 

positioning of the molecules due to the phase transition. 

 

Cpd. Solv. labs 
[nm] 

lem 
[nm] 

e                      
[104 cm-1 M-1] 

Stokes shift 
[cm-1] 

lemSolid 
[nm] ϕ      t   

  [ns] 

p-BTI-PE THF 457 512 27026 2350.6 577 0.88 6.6 
CHCl3 466 518 24770 2154.2 0.92 6.8 

a-BTI-PE THF 457 511 20733 2312.4 591 0.93 8.1 
CHCl3 466 520 23065 2228.5 0.91 8.2 

m-BTI-PE THF 458 512 27896 2302.8 573 0.85 6.1 
CHCl3 466 517 29597 2116.9 0.89 6.4 

BTI-C6 THF 452 505 29592 2321.9 582 0.94 7.2 
CHCl3 461 510 21450 2084.1 0.99 6.9 

BTI-C12 THF 452 505 28771 2321.9 588 0.93 7.2 
CHCl3 461 510 23715 2084.1 0.99 6.9 

BTI-C16 THF 452 505 28584 2321.9 593 0.94 7.2 
CHCl3 461 510 23032 2084.1 0.99 6.9 
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Figure 6. Temperature-dependent emission spectra of (a) m-BTI-PE and (b) BTI-C16 in the solid state 
collected through a warming and cooling cycle. For clarity of the reader the black spectrum represents the 
initial emission at 30 ºC, the red arrow suggests the progression with increase in temperature and the blue 
spectrum is recorded back at 40 ºC. 
 
In consistency with the previous findings, PMMA and Kurarity thin films doped with either 

m-BTI-PE or BTI-C16 have been processed and investigated to rationalize the evolution 

of thermally dependent emission in solid supported matrixes. Figures 7a-d gathers the 

emission profile of a warming (until 120 ºC) and cooling cycle (back to room temperature) 

while Figure 6e gathers the images of the studied materials. Overall, a clear change in 

the emission wavelength of all polymers doped thin films were recorded within the 505 to 

515 nm range, in agreement with those monitored in solution. Giving our focus to the 

PMMA films, two distinct behaviors can be perceived. First, in the case of m-BTI-PE 

doped films (Figure 7a), a quenching of the emission was observed until 120 ºC with a 

slight recovery on the emission after cooling. On the other hand, the opposite was found 

for BTI-C16 doped film (Figure 7b) since a clear increase in emission, of around 20%, 

along the rise of temperature was observed. Although these findings are not a linearly 

correlated to the temperature, and for this reason cannot be used as molecular 

thermometers, such increase in emission have already been reported with other polymer 
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matrix doped with alkyl chains containing chromophores.32 This can be attributed to the 

increase in rigidity of the polymer upon heating in addition to increased thermal dissipation 

from the polymer which in turn prevents the chromophore from opting for non-radiative 

relaxation pathways. At the end of the cooling stage the emission returns to initial one. 

Regarding Kurarity doped films (Figure 7c-d), the same behavior was found for both films 

where a clear increase of ca. 30 % in the emission was observed at 100 ºC followed by a 

slight decrease when temperatures reached 120 ºC. Upon cooling, the polymers’ 

emission did not suffer any relevant changes maintaining the overall increase in emission 

during the process. 

As means of comparison, Figure 7f shows the intensities of the materials studied for BTI-

C16. Giving a special attention to the intensities, it is possible to perceive that both doped 

materials exceed by far the emission of their respective powder form. Taking into 

consideration that all spectra have been recorded at 25 ºC with a slit aperture of 1.5 nm, 

the doped materials indeed exhibit a significant increase of ca. 19 and 13 times the 

emission observed in solid state for PMMA and Kurarity polymers respectively. Thus, 

these materials have shown significant relevance for applications that might require to 

maintain the emission properties with temperature variations. 
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Figure 7. Temperature-dependent emission spectra of PMMA doped with (a) m-BTI-PE and (b) BTI-C16 
and Kurarity films doped with (c) m-BTI-PE and (d) BTI-C16 collected through a warming and cooling cycle. 

For clarity of the reader the black spectrum represents the initial emission at 30 ºC, the red arrow suggests 

the progression with increase in temperature and the blue spectrum is recorded back at 30 ºC. For Kurarity 

polymers the spectra noted in orange represents the emission recorded at 120 ºC. (e) Images under natural 
light (left) and under UV irradiation (right) of BTI-C16 (upper line) and m-BTI-PE (lower line) in powder form, 

doped in PMMA and Kurarity, respectively. (f) Emission spectra in counts per second of PMMA and Kurarity 

polymers doped with BTI-C12 and the respective spectrum in solid state for comparison taken at 25 ºC. 
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4. Conclusion 
 
In conclusion, a series of benzothioxanthene imide derivatives specifically designed 

towards the pioneer evaluation of potential liquid crystal properties have been 

synthesized and fully characterized. Polarized light optical microscopy (POM), differential 

scanning calorimetry (DSC), powder X-ray diffraction (XRD) and photophysical studies 

have been carried out. Mesomorphic studies of these compounds suggest the relevance 

of the position of the alkyl chain in compounds p-BTI-PE, a-BTI-PE and m-BTI-PE for 

the induction of LC properties. While rod-like molecules of p-BTI-PE and m-BTI-PE were 

observed to self-assembled into SmA mesophases, a-BTI-PE had its mesomorphism 

impaired due to the lateral alkyl chain. Equally, the chain length has been found as an 

important factor, as observed in compounds BTI-C6, BTI-C12 and BTI-C16, to achieve 

liquid crystal properties. Photoluminescent studies point out the consistency from early 

reported BTI data to manifest near-unity quantum yields, a key parameter when 

considering dyes’ applications. Temperature dependent studies demonstrated a 

hypsochromic shift and a broadening of the emission band with its quenching for m-BTI-

PE and BTI-C16 in powder form. Solid state studies have been extended towards 

incorporation of these dyes in polymeric matrixes that provided the enhanced emission 

and robustness regarding temperature stability, opening new avenues for the use of BTI 

derivatives. 
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