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Benzolglchrysene Discotic Liquid Crystals: Synthesis, Columnar Mesophase
and Photophysical Properties

Xue-Min Zhu  Xiao-Yan Bai  Hai-Feng Wang Ping Hu  Bi-Qin Wang  Ke-Qing Zhao*
(College of Chemistry and Materials Science, Sichuan Normal University, Chengdu 610066, China)

Abstract Discotic liquid crystal consisting of polycyclic aromatic hydrocarbon (PAH) core and peripheral alkyl chains is a
kind of soft organic materials showing semiconductivity and fluorescence, and it can be fabricated into opto-electronic de-
vices by solution process or printing technique, with low-cost advantage. We report benzo[g]chrysene unsymmetrical func-
tional discotic liquid crystals, which were synthesized by Suzuki-Miyaura cross-coupling reaction and Scholl oxidative annu-
lation. Five new m-extended compounds containing ester, anhydride, imide and benzoimidazole unit were synthesized and
characterized. Their liquid crystalline property was fully characterized by differential scanning calorimetry (DSC), polarized
optical microscopy (POM) and small-angle X-ray scattering (SAXS), these compounds showed ordered columnar hexagonal
(Colnex) mesophase with broad mesophase range as wide as 206 ‘C. The functional groups have essential impact on the phase
transition temperatures. The ultraviolet-visible (UV-Vis) absorption and photoluminescent property were studied, they dis-
played fluorescent quantum yield as high as 34% in solution, and the emission spectra can be tuned from blue, green to red by
functional group and m-conjugation extension. Density functional theory (DFT) computation results explained these physical
properties. We anticipate that more m-extended functional molecules can be developed from naphthalic anhydride by our
method.

Keywords benzo[g]chrysene; triphenylene; imide; discotic liquid crystal; fluorescence; Suzuki-Miyaura cross-coupling;
Scholl reaction
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Scheme 1 Molecular structure, nomenclature, synthesis and yield of benzo[g]chrysene derivatives
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Figure 1 POM textures of liquid crystal phase of benzo[g]chrysene derivatives slowly cooled from isotropic liquid state
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Table 1 Phase transition temperature and enthalpy change of benzo[g]chrysene derivatives

Mesophases, transition temperature and enthalpy changes

Compound 2nd heating/C_(AH/(kJemol ') 1st cooling/'C (AH/(kJemol ™))
BCd Cr 104 (38.0) Colyey 181 (2.7) 1 1178 (—2.8) Colyex 77 (—43.6) Cr
BCo Cr 97 (50.8) Colye 179 (3.6) 1 1175 (—4.1) Colyey 12 (—38.1) Cr
BCe Cr 1 (23.7) Colyer 48 (3.4) 1 144 (—3.1) Colpee —6 (—23.3) Cr
BCbb Cr 1 (21.3) Colyer 207 (4.0) 1 1200 (—4.6) Colyex —6 (—20.9) Cr
BCb Cr 102 (68.8) Colye 215 (3.2) 1 1212 (—4.7) Colye 70 (—52.2) Cr

Cr: 8584AH; Colne: ZNITAEMAR; I % R AH: JEA2.
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Table 2 X-ray diffraction parameters of columnar mesophase of benzo[g]chrysene derivatives

Compound 20ex/(°) deyy/NM dea/nM 1% hk Lattice parameter/nm
3.92 2.252 2.252 100 10
BC(} 6.90 1.280 1.300 3 11 2=2.600
(120 C) 19.16 0.463 — 0.4 hen _ )
A=5.85 nm
24.98 0.356 — 3.8 hr
3.76 2.348 2.348 100 10
BCo 6.61 1.337 1.356 2.3 11 a=2.711
(160 C) 19.12 0.464 — 0.7 hen A=6.37 nm®
24.04 0.370 — 6.7 hn
4.10 2.153 2.153 100 10
BCe 7.01 1.261 1.243 1.3 11 a=2.486
35 C) 19.48 0.455 — 1.0 hen A=5.35nm’
24.96 0.356 — 33 hx
3.70 2.385 2.385 100 10
BCbb 7.56 1.168 1.193 0.8 20 a=2.754
(180 C) 19.05 0.466 — 0.1 hen A=6.56 nm?
24.20 0.367 — 0.4 hr
4.07 2.169 2.169 100 10
BCb 6.96 1.269 1.252 1.3 11 a=2.505
(200 C) 19.21 0.462 — 0.2 hen A=5.43 nm?
24.87 0.358 — 2.0 hr
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Table 3 Summary of UV-Vis absorption and photoluminescent emission
parameters of the benzo[g]chrysene derivatives

t 8/(><10j, Jon/nm jonfum Solution
Compd. Lemol '« . quantum
nm . solution film .
cm ') yield/%
BCd 284 5.08 551 576 21.98
307
422
BCo 280 5.45 529 540 23.67
305
419
BCe 302 5.66 466 498 3433
336
371
BCbb 282 5.53 532 552 22.23
306
418
BCb 284 6.43 551 573 26.74
444

THF #5759 UV-Vis IR 561 (c=1X 1075 mol-L™).
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Figure 6 Benzo[g]chrysene derivatives HOMO-LUMO and energy gap in THF
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Figure 7 Benzo[g]chrysene derivatives HOMO-LUMO and energy gap in vacuum
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