N
N

N

HAL

open science

2-Aryl-1,3,4-trifluoro-6,7,10,11-
tetrakis(alkoxy)triphenylene: a remarkable and highly
inclusive mesomorphic platform
Hui-Min Pan, Jiao He, Wen-Hao Yu, Ping Hu, Bi-Qin Wang, Ke-Qing Zhao,

Bertrand Donnio

» To cite this version:

Hui-Min Pan, Jiao He, Wen-Hao Yu, Ping Hu, Bi-Qin Wang, et al.. 2-Aryl-1,3,4-trifluoro-6,7,10,11-
tetrakis(alkoxy)triphenylene: a remarkable and highly inclusive mesomorphic platform. Journal of

Materials Chemistry C, 2023, 11 (42), pp.14695-14704. 10.1039/d3tc02569a . hal-04782826

HAL Id: hal-04782826
https://hal.science/hal-04782826v1

Submitted on 14 Nov 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-04782826v1
https://hal.archives-ouvertes.fr

2-Aryl-1,3,4-trifluoro-6,7,10,11-
tetrakis(alkoxy)triphenylene: a remarkable and highly

inclusive mesomorphic platform t

Hui-Min Pan,[a] Jiao He,[a] Wen-Hao Hu,[a] Ping Hu,[a] Bi-Qin Wang,[a] Ke-Qing Zhao,*[a] and
Bertrand Donnio*[b]

[a] College of Chemistry and Materials Science, Sichuan Normal University, Chengdu 610066, China. E-mail: kgzhao@sicnu.edu.cn
[b] Institut de Physique et Chimie des Matériaux de Strasbourg (IPCMS), UMR7504, CNRS-Université de Strasbourg, Strasbourg 67034, France. E-
mail: bertrand.donnio@ipcms.unistra.fr

Cite as : J. Mater. Chem. C 2023, 11, 14965-14704 (DOI: 10.1039/d3tc02569a).

T Electronic supplementary information (ESI) available. See DOI: https://doi.org/10.1039/d3tc02569a
Crystal structure data https://www.rsc.org/suppdata/d3/tc/d3tc02569a/d3tc02569a2.cif

Manuscript received: July 20, 2023
Accepted manuscript online: September 26, 2023
Version of record online: September 27, 2023

Non-covalent Q4arene—fluoroarene interactions have been increasingly exploited to create complex, soft
and/or rigid supramolecular assemblies and more recently to design liquid crystals.



https://doi.org/10.1039/d3tc02569a

Abstract Non-covalent arene-fluoroarene interactions are increasingly exploited to create complex, soft
and/or rigid supramolecular assemblies and more recently to design liquid crystals. These interactions stem
from the strong electronegativity of the fluorine atoms which modifies the dipole moment of the fluorinated
aromatic rings. Here, two new series of fluorine-containing triphenylene derivatives bearing 4 peripheral alkyl
chains of various lengths were synthesized by nucleophilic substitution of fluoroarenes (SnFAr). A first
monotonous series i.e. 2-phenyl-1,3,4-trifluorotriphenylenes (PHn, R = C,Hz,.1, n = 3-12) was obtained in ca.
60-90% vyields by reacting lipophilic 2,2’-dilithiobiphenyl derivatives with pentafluorobiphenyl CgFs-CsHs.
Following a similar synthetic procedure, a second series of analogous compounds with larger functional aryl
pending moieties, i.e. 2-aryl-1,3,4-trifluorotriphenylene derivatives, such as naphthalen-1/2-yl (NAA/NAB),
benzothiophen-2-yl (BT), triphenylen-2-yl (TP), pyren-1-yl (PY) and tetraphenylethylenyl (TPE), was also
prepared and obtained in moderate to high yields. Quite remarkably, induction and/or stabilization of
columnar mesophases were systematically observed for all these new fluorine-containing triphenylene
derivatives. PHn show wide ranges of Colhex phases including room temperature with clearing temperatures
that gradually decrease with the lengthening of the alkyl chains, in contrast to the analogous non-fluorinated
triphenylene derivative deprived of liquid crystal properties. BT8, NAA8, NAB8, TP8, PY8, TPES, consistently
display a columnar hexagonal (Colhex) mesophase whilst their mesophase ranges, though also broad, depend
strongly on the size and bulkiness of the side aromatic residue. This study demonstrates the essential role
played by aromatic fluorination and the predominance of arene-fluoroarene supramolecular interactions in
the effective induction of mesophases by directing face-to-face stacking of aromatic rings of opposite nature.
An X-ray single-crystal structure of PHO indeed reveals the presence of such arene-fluoarene interactions in
the solid state and the antiparallel m-nt stacking pattern. All the fluorinated molecules show blue
photoluminescence in diluted solution, with fluorescent absolute quantum yield as high as 57% for the PY-
containing triphenylene. PY8 reveals high hole transport mobility rate in the range of 102 cm? V1! s? as
measured by TOF, in similar range than other triphenylene-containing homologs.

Introduction

Discotic liquid crystals (DLCs)'® are unique type of soft supramolecular functional materials with dynamic and

order degree features, and have been widely studied for their great potential commercial applications in the
liquid crystal display industry,” as well as in organic electronics,®'* magnetic'®* and optical advanced
materials.®” DLCs usually consist of a polycyclic aromatic core and several peripheral alkoxy chains,* and they
are essentially electron-rich m-systems. The synthesis of most polycyclic aromatic discogens is mainly based
on transition metal catalyzed-based reactions such as Suzuki-Miyaura, Heck, Sonogashira cross-couplings and
oxidative m-extended Scholl reactions.'*?° Triphenylene derivatives are overwhelming in DLCs,° and the
archetypical representative, i.e. 2,3,6,7,10,11-hexakis(alkoxy)triphenylenes, can be simply prepared in large
scale in one step by the highly efficient oxidative trimerization of 1,2-dialkoxybenzene catalyzed by FeCls in
MeOH.?! Triphenylene-based DLCs play an important role in the design of many new functional materials, so
the development of practical and efficient, and preferably without the use of noble transition metal-based
catalysts (i.e. Ag, Au, Ni, Pd, Pt, Rh, Ir, Ru, ...), synthetic methodologies continues to attract organic and
materials chemists to expand the type of functionalities and but also to increase the structural diversity of
this ubiquitous molecular system.??-%

Fluorine atom is small but possesses a strong electron-withdrawing ability due to its strong electronegativity.
Substitution of aromatic cores by fluorine atoms thus changes drastically the electronic properties of the =-
conjugating systems and will affect their supramolecular architectures and organizations.?>2 The synthesis of
fluorine-substituted DLCs begins to spark the interest of materials’ chemists,?3” as in addition to bring novelty,
non-covalent arene-perfluoroarene intermolecular interactions may emerge, which strongly favor induction
and/or stabilization of columnar mesophases by supramolecular stacking.®® It also represents an elegant way
to produce novel DLC systems.3¥3° However, few syntheses of fluorine-containing DLCs have been reported
up to now, so reliable, economical and environmentally friendly synthetic methods are absolutely essential.

We recently reported an effective synthetic methodology based on the nucleophilic substitution of
fluoroarene (SxFAr) to produce a wide range of original fluorine-containing DLCs.*® Here, we propose an
extension of this chemistry to synthesize aryl-functionalized fluorine triphenylene derivatives. The “fluorine-
substituted triphenylene” motif with only four alkoxy chains was found to be a remarkable and inclusive
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mesogenic promoter as columnar mesophases were systematically formed even after the connection of large
bulky functional aromatic fragments, such as benzothiophene (BT), naphthalene (NAA and NAB), pyrene (PY),
triphenylene (TP) and tetraphenylethene (TPE). The photophysical and semiconducting properties, as well as
the self-organizing mesomorphism of these systems are reported and discussed with respect to chain-lengths
and side-groups.

Results and Discussion
Synthetic procedures

A very efficient synthetic strategy based on the nucleophilic substitution of fluoroarene was applied for the
preparation of these new families of fluorinated discotic compounds (Scheme 1). Both biphenylene
precursors, i.e. 2,3,4,5,6-pentafluoro-1,1'-biphenyl (Scheme S1, CgHs-C¢Fs) and 2,2'-dibromo-4,4',5,5'-
tetrakis(alkoxy)-1,1'-biphenyl (Schemes 1 and S2, 2Br-BPn) building blocks, were prepared with high
selectivity and in good yields (85% and 60-79%, respectively) by the direct nucleophilic mono-substitution
reaction between phenyllithium (obtained in situ from bromobenzene) and hexafluorobenzene?®?” or by the
FeCls-catalyzed Scholl reaction from 1-bromo-3,4-bis(alkoxy)benzene,*! respectively. Reaction of 2Br-BPn
with n-butyllithium yielded quantitatively 2,2’-dilithiobiphenyls (2Li-BPn), which then underwent in situ aryl
nucleophilic substitution (SnAr) reaction with CeFs-CeHs to give the target compounds, 2-phenyl-1,3,4-
trifluoro-6,7,10,11-tetrakis(alkoxy)triphenylene (Scheme 1, PHn, n = 3-12) in yields ranging between 61 to 87%
(Scheme 1).
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Scheme 1. Synthesis, Molecular Nomenclature and Yields of the

trifluorotriphenylenes.

Structures, 2-aryl-1,3,4-

Applying the above reaction conditions, 2-phenyl-1,3,4-trifluorotriphenylene (PHO), i.e. with no alkoxy chain,
was prepared in 42% yields (Scheme S3) for single crystal growth and molecular structure analysis, and to
confirm the annulation reaction pattern. For direct comparison of the impact of fluorine atom on the
mesomorphism and the role of arene-fluoroarene interactions on mesophase stabilization, a non-fluorine
homolog, namely 2,3,6,7-tetrakis(hexyloxy)-10-phenyltriphenylene (BTP6), was also synthesized by the Pd-
catalyzed Suzuki-Miyaura cross-coupling and FeCl; Scholl intramolecular oxidative cyclization reactions’
tandem (Schemes $4).141°

Prior to the preparation of the functional set of aryl-substituted triphenylene derivatives, 2Li-BP8 was first
reacted with CsFs to yield 1,2,3,4-tetrafluorotriphenylene (4F-TP8, Scheme S5).%° Once isolated, 4F-TP8 was
further reacted with the various Ar-Li, prepared in situ beforehand by reacting the various arylbromides (Ar-
Br) with n-butyllithium, to produce the target fluorinated derivatives, abbreviated as BT8, NAAS, NABS, PYS,
TP8 and TPE8 (Scheme 1).

This SxFAr synthetic method is thus facile, efficient, and highly reliable and last but not least, does not require
any precious transition metal as catalyst (transition metal-free) of interest for gram-scale production of
fluorous discotic structures. The structure and purity of all the compounds were confirmed by *H/C/**F NMR
(Figure S1-S54), elemental analysis and high-resolution mass spectrometry (HRMS, Figure S55-568).



Crystal structure

Single crystals of PHO suitable for X-ray analysis were obtained by slow evaporation of ethyl acetate solution,
and the results are displayed in Figure 1 and additional information is reported in Tables S1-6. The crystal unit
cell is monoclinic with the P21/n space group (no. 14). The crystal unit cell [a = 13.2645(2) A, b = 5.5284(1) A,
c=22.7571(3) A, B = 102.651(1) *, V = 1628.30(4) A3] contains 4 molecules, which gives a calculated density
of 1.462 g/cm3. The crystal structure is a direct and unequivocal proof that the SyFAr reaction of 2,2’-dilithio-
1,1’-biphenyl with 2,3,4,5,6-pentafluoro-1,1’-biphenyl yields 1,2,4-trifluoro-3-phenyltriphenylene worked
and occurred at the expected positions. The *F-NMR spectra of PHO and of the alkoxy-substituted substrates
PHn show 3 single peaks at almost identical positions (Figures S31-S37), which confirms that the substitution
pattern is the same for all these triphenylene derivatives. Furthermore, it also reveals the high planarity of
the fluoro-containing triphenylene core, with, however, a substantial planar deviation of the pending phenyl
group forming a large tilt of ca. 70° with the triphenylene (Figure S70a). This compound can pile on top of
each other by optimizing arene-fluoroarene interactions between fluorine-containing and fluorine-free zones
of the central triphenylene fragment, indeed possible due to the absence of aliphatic chains. The crystal
structure shows numerous F-H intermolecular short contacts of ca. 2.58-2.67 A and larger distances of 4.34
and 5.53 A between centroids of the closest stacked molecules (Figure S70b), which are responsible to this
highly coplanar but slightly offset stack.?®

Figure 1. Molecular structure of 1,2,4-trifluoro-3-phenyltriphenylene, PHO, and anti-parallel and shifted
stacking of the flat cores in the crystalline phase.

Thermal stability and mesomorphic properties

The thermal stability of these functional fluorinated organic materials, crucial for the applications’ processing
and physical properties studies, was investigated by thermogravimetric analysis (TGA, Figure S71) in dynamic
mode (scan rate of 10 °C/min). The results showed that all PHn have very good thermal stability, with
decomposition temperatures at 5% weight loss all above 310 °C; PH8, with 4 CgH1; chains, possesses the
highest decomposition temperature (354 °C), and thus the highest thermal stability. The presence and the
nature of various aryl pending groups do not affect significantly the overall thermal stability, as also, all six 2-
aryl-1,3,4-trifluorotriphenylene compounds (BT8, NAA8, NABS, PY8, TP8, TPES, Scheme 1) display slightly
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higher decomposition temperatures, above 345 °C (as determined at the 5% weight loss) than PHn
compounds; for information, the tetrafluorotriphenylene precursor, 4F-TP8, decomposes at ca 300 °C.* In all
cases, the investigation of the mesophase was performed well below those temperatures.

The thermotropic liquid crystalline properties of the synthesized molecules were studied by polarizing optical
microscopy (POM, Figure 2 and S72) and differential scanning calorimetry (DSC, Figures S73 and S74, Table
S7). All the phenyl-substituted triphenylenes PHn display optical textures with typical linear defects or fan-
shaped optical textures as well as large homeotropic domains (Figure 2a as a typical example), characteristic
of a columnar hexagonal mesophase, Colhex.

For the shorter terms PH3/4/6, another phase could be detected at lower temperatures by DSC only (still
with hexagonal symmetry as revealed by S/WAXS, and no detectable changes in the POM texture, vide supra).
Furthermore, PH3 behaves also quite differently, in that a crystallization event is observed on second heating
at around 100 °C (cold crystallization). No crystallization is observed for compounds PH6/8, whereas the
longer chains’ homologs, PH10/12, crystallize around zero Celsius. In this series, the clearing temperatures
decrease upon alkyl chain lengthening (Figure 3a). For comparison, the fully hydrogenated molecular
homolog, BTP6 (Figure 3a), is not mesomorphous, which clearly demonstrates the importance of the fluorine
aromatic substitution in the induction of columnar mesophases with high stability, indebted to the
establishment of effective arene-fluoroarene interactions.

Figure 2. Representative POM textures of some of the fluorinated mesogens: a) PH8, 111 °C, b) NAAS, 45 °C,
c) NABS, 162 °C, d) TPES, 95 °C (Images taken on slow cooling from isotropic liquid at a rate of 2 °C/min; scale
bar represents 500 EIm for all).

Similarly, the other six substituted triphenylene molecules with larger pending aromatic fragments all exhibit
a columnar mesophase as deduced from POM and DSC, despite the bulkiness of the aryl moieties. The POM
observation of highly fluid textures with fan-shaped features and large homeotropic zones (Figure 2b-d)
suggests that a Colhex phase is also induced in these systems. The less bulky molecule, BT8, excluding
momentarily PH8, exhibits the highest clearing temperature and is crystalline up to ca. 100 °C, whilst all the
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other compounds show room temperature columnar mesophases, with the clearing temperatures depending
of the aryl nature (Figure 3b). Mesogens with pyren-1-yl fragments (PY) and naphthalen-1-yl (NAA) and that
with the bulkier tetraphenylethylenyl (TPE) side-groups, show the lowest clearing temperatures of this set of
compounds. This reduction of the mesophase stability can be explained by the out-of-plane torsion of the
appended pyrene and naphthalene fragments with respect to the triphenylene plane (in PY8 and NAAS,
respectively) and by the free-rotation of the four phenyl rings of TPE8 (DFT, Tables S11-S12), that probably
perturb the regular ©-7t stacking and strongly reduce the arene-fluoroarene overlaps, thus resulting in the
overall weakening of the intermolecular interactions. In contrast, for BT8 and NAB8 mesogens, both
benzothiophen-2-yl (BT) and naphthalen-2-yl (NAB) fragments can rotate around the bond connecting with
the triphenylene moiety, as the phenyl group in PHn, without greatly perturbing the columnar stacking and
intermolecular interactions, hence the higher mesophase stability. The behavior of TP8 appears counter-
intuitive at first but even with strong deviation from the plane, the overlap between fluoro-containing and
fluoro-free zones of the central triphenylene fragment can nevertheless be optimized via face-to-face stacking
with a head-to-head arrangement resulting in the formation of columns. These results show that the fluorine
substituted triphenylene with four octyloxy chains can accommodate bulky aryl groups within columnar
stacking, with a very high ability to promote piling and to stabilize columnar mesophase.
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Figure 3. Phase diagram of (a) PHn (compared with BTP6) and (b) 2-aryl-1,3,4-trifluorotriphenylenes
(compared with 4F-TP8%),

Temperature-dependent X-ray scattering experiments were systematically carried out on all compounds in
order to unequivocally identify the nature of the mesophase. The X-ray patterns were recorded at several
temperatures between room temperature and the isotropic liquid (Figures S75 for PHn and S76 for the 2-aryl-
1,3,4-trifluorotriphenylenes, Table S8). They exhibit one sharp and very intense small angle diffraction peak,
along, as the chain-length increases in the PHn series or depending of the nature of the pending aryl in the
aryl-substituted triphenylene series, additional weaker but sharp reflections, with a reciprocal d spacing in
the ratio 1:V3:V4. These features, which are indicative of long-range ordered low-dimensional lattices, are
most readily assigned to the (10), (11) and (20) reflections of a columnar phase with a hexagonal lattice, in
agreement with POM observations. In the large-angle region, one broad scattering halo spreading between
4.2 and 4.5 A corresponding to the overlap of undifferentiated, lateral distances between molten aliphatic
tails (hen) and between aryl fragments (har), respectively, and a very intense and sharp signal, corresponding
to the n-7 intracolumnar stacking periodicity between adjacent aromatic cores (this signal decreases with
temperature in the PHn series); this stacking distance is comprised at ca. 3.44-3.47 and 3.54-3.66 A at low
and high temperatures, respectively for PHn series, and at 3.44-3.52 and 3.56-3.58 A for the other 2-aryl-
1,3,4-trifluorotriphenylenes, respectively. The hexagonal columnar phase for all the compounds thus results
from the long-range stacking of the central discotic molecular parts into column, located at the nodes of a
hexagonal array; the high intensity of the signal corresponding to the stacking periodicity and the correlation
length of stacking (with columnar stacks of ca. 10 to 25 molecules) suggest that, in all cases, the flat mesogenic
portions stack rather parallel on top of each other in the columns with no or small tilt (Table 1). As for the
pending aryl fragments, not directly involved in the stacking, they are partly blended with the aliphatic chain’s
continuum separating the columns (Figure 4). The variation of the columnar cross-section shows a linear
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increase with chain-length, confirming that in the PHn series, the mode or organization is the same
throughout with no change of tilt (Table 1, Figure S77). For the other aryl-substituted triphenylenes, the cross-
section is more or less in the same range, depending on the bulkiness of the aryl group, though with a slight
increase in the sequence NAAS, PH8, BT8, PY8, NABS (ca. 370-390 A?), and is substantially increased for TP8
(410 A%) and TPE8 (450 A?), with the most voluminous aryl fragments. In the mesophase, the central flat
triphenylene rings are stacked almost parallel to each other (Table 1) with a certain degree of rotational
freedom with respect to the columnar axis and translational freedom with respect to the lattice plane. This
is partly due to the presence of the aliphatic chains, which promotes alternation between chains and aryl
groups, and to the maximization of the intermolecular arene-perfluoroarene interactions (Figure 4).> The
protruding molten aryl groups are thus partly rejected outside of the columnar cores, and contribute to the
aliphatic continuum whilst affecting at the same time the shape of aromatic-aliphatic interface i.e. diffuse
interfaces.”**> These aryl groups also likely interact with other aryl groups between and within columns,
which could explain the unexpected variation in mesophase stability (Figure 3b). Such an arrangement causes
the formation of columns with an average cylindrical shape surrounded by the merging of the peripheral
molten aryls and the chains into a continuum (Figure 4).%

Note that for the short-chain compounds, PH3 and PH4, the reduction of the aliphatic volume due to chains’
shortening strongly reduces the density contrast between the rich-electron aromatic columns and the
aliphatic chains, explaining the reduction of the small-angle reflections’ intensity, and probably with the
lowering of the temperature, to the formation of 3D or plastic crystal phase (the presence of sharp peaks in
the molten chain angular range, reveal a lattice expansion in the third dimension; this phase, although
insufficiently characterized, was labelled as Mhey).

Table 1. Geometrical and parameters of the columnar mesophases of the various 2-aryl-1,3,4-
trifluorotriphenylenes.

Compds Temp.? a/Ab hr(E)/hcn® Vimol/p? hmot® v
PH3 180 a=16.32 3.65, hn (87) 883 3.83 18
Colhex A=230.6 3.62, hen 1.111
PH4 180 a=17.43 3.66, h (84) 1004 3.81 16
Colhex A=263.3 3.63, hen 1.069
PH6 150 a=19.04 4.17, hen 1214 3.87 23
Colhex A=314.0 3.57, he (51) 1.038
25 a=18.83 4.20, heh 1119 3.64 19
A=307.2 3.44, hy (85) 1.126
PHS8 120 a=20.84 4.43, heh 1419 3.77 20
Colhex A=376.2 3.54, hy (48) 1.019
25 a=20.61 4.34, hen 1335 3.63 19
A=367.7 3.44, hy (59) 1.084
PH10 100 a=22.61 4.46, heh 1627 3.68 16
Colhex A=442.6 3.54, hx (59) 1.004
50 a=22.22 4.43, heh 1575 3.68 19
A=427.6 3.47, h (68) 1.037
PH12 80 a=24.19 4.45, heh 1831 3.61 13
Colhex A=506.8 3.51, hy (50) 0.994
40 a=24.16 4.34, heh 1784 3.53 11
A =505.3 3.46, h (66) 1.020
NAAS 100 a=20.77 4.46, heh 1432 3.83 21
Colhex A=373.7 3.58, hy (55) 1.068
50 a=20.62 4.40, heh 1388 3.77 21
A=368.4 3.51, ha (67) 1.102
PY8 100 a=21.00 4.24, heh 1519 3.97 26
Colhex A=382.1 3.58, hx (50) 1.088
50 a=21.74 4.18, heh 1474 3.96 28
A=372.5 3.51, hn (68) 1.121
TPES8 80 a=22.91 4.34, hen 1738 3.82 23
Colhex A=4545 3.52, hr (53) 1.075

7



40 a=22.79 4.27, hen 1705 3.79 24
A=449.7 3.47, hx (63) 1.096
BTS 160 a=20.89 4.44, hen 1487 3.94 26
Colhex A=377.9 3.56, hr (40) 1.036
100 a=20.67 4.42, hen 1423 3.85 25
A =370.0 3.50, hr (54) 1.082
40 a=20.45 4.35, heh 1371 3.78 24
A=362.2 3.44, hy (59) 1.123
NABS 150 a=21.20 4.42, he 1507 3.87 23
Colhex A=389.4 3.57, hr (54) 1.015
100 a=21.11 4.37, hen 1455 3.77 21
A =386.0 3.51, hx (72) 1.051
40 a=21.07 4.33, hen 1403 3.65 19
A=384.4 3.44, hy (78) 1.090
TPS 140 a=22.09 4.37, hen 1582 3.74 18
Colhex A=422.6 3.56, hr (64) 1.072
90 a=21.90 4.34, hen 1531 3.69 18
A=4153 3.51, hr (73) 1.108
40 a=21.70 4.27, hen 1489 3.65 19
A =407.9 3.45, hr (80) 1.139

aTemperature of experiment (°C); PLattice parameter, a (A) and area, A = a2V3/2 (A2); “Average face-to-face
stacking distance between consecutive mesogens, hx (A), determined from scattering maximum from SWAXS
pattern, and &, correlation length (A) calculated by Debye-Scherrer formula; hcn, average distance between
molten chains; “Molecular volume (A3) and density (g cm™3) calculated from partial volumes of reference sub-
stances: Vmol = Var + Vch, the sum of the volume of the aromatic part, Var (from reference compounds) and the
volume of the chains, Vcn;*® p = MW/(Na.Vmol); *Columnar slice thickness, hmol = Vmol/A (A); fOut-of-plane tilt
angle of mesogen cores inside columns (°), v = arcos(hz/hmol).

Figure 4. Schematic representation (side and top views) of one triphenylene column with pending aryl
moieties, and of the self-assembly of the 2-aryl-1,3,4-trifluorotriphenylenes in supramolecular columns and
their arrangement within the hexagonal lattice of parameter a (blue: triphenylene disc; red: aryl pending
groups; grey: aliphatic continuum).

UV-Vis. Absorption and fluoresecent emission

Fluorescent and light-emitting large, m-conjugated DLCs still attract the interest of scientists not only for
academic reasons but also for their potential applications and uses in OLED, biological probes, chemical
sensors, stimuli responses and circularly polarized light-emitting materials.*’->* Large aromatic systems
containing pyrene (PY8) and tetraphenylethene (TPE8) are particularly important as potential fluorescent and
aggregate-induced light-emitting functional materials, respectively.>

The UV-Vis absorption and fluorescent emission of the synthesized molecules were studied in both dilute
solutions and in thin films (emission) to understand the effects of the n-conjugation extension, intermolecular
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interactions and coplanarity on the optical properties. All the molecules have their strongest absorption peak
around 300 nm, and weaker ones between 325 to 400 nm, whose position maxima depend on the aryl
substituent (Figure 5a). The latter absorption peaks correspond to the intramolecular charge transfer (ICT)
between the HOMO-LUMO frontier molecular orbitals. The emission spectra in solution display one single
broad peak (Figure 5b), with an emission peak maximum spanning from 402 to 463 nm, reflecting the n-
conjugation extension between triphenylene core and the side aryl substituents. They emit at different
wavelength, increasing from PH8 and NAAS, that emit at ca. 402 nm, followed by NAB8 (416 nm), TPES (426
nm) and TP8 (431 nm), and then at larger wavelengths by BT8 (454 nm) and PY8 (463 nm). In the solid state,
emission again display only one single, broad peak (450-700 nm), at larger wavelengths than in solution, this
redshift being caused by molecular aggregation (Figure 5c). The order is changed from solution, and TPES8 film
emits at 565 nm, reflecting its feature for aggregation-induced emission (AIE).>> The fluorescence absolute
guantum yields were measured in dilute solution, and PY8 shows the highest ® value of 57%; the other
molecules display ® values between 22 to 26%. PY8 and TPE8 have potential uses as mesogenic light-emitting
materials (Table 2).
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Figure 5. (a) UV/Vis. absorption and (b) fluorescent spectra in THF micromolar solution, and (c) emission in
solid thin-films of the various 2-aryl-1,3,4-trifluorotriphenylenes.

Table 2. UV-Vis and photoluminescence of the 2-aryl-1,3,4-trifluorotriphenylenes.

Compd. 7\a_b5" gb )\e_m (Qy)e )\e_md

BT8 296 5.54 454 (21) 550
351
382

PH8 284 1.39 402 (22) 518
356
374

NAA8 283 1.82 402 (22) 519
353
375

NABS8 283 1.83 416 (22) 526
356
375

PY8 280 9.99 463 (57) 527
328
344

P8 287 1.78 431 (24) 525
376

TPE8 287 1.24 426 (26) 565

376



aAbsorption wavelength (nm); °Molar absorption efficiency (x10% L mol™* cm™); “Solution emission wavelength (nm) and
absolute quantum yield (%); Thin-solid film emission (nm). The absorption spectra were measured in THF concentration
of 10° mol/L; the fluorescent emission spectra were measured in THF with concentration of 10 mol/L.

DFT computation results

The electronic structures of the methoxy homologs of the synthesized fluorinated arenes were studied by
theoretical calculation of DFT, using method of B3LYP-D3 with 6-311++g(d,p) set. The molecular
conformations with minimized energy, their HOMO and LUMO, energy gaps, are summarized in Figures 6 and
S78. Both in gas state and in THF diluted solution, these aryl-substituted molecules present intramolecular
electron transfer (ICT), from the electron-rich moiety with tetraalkoxy-substitution to the other
trifluorobenzene-Ar part. The calculated results of HOMO-LUMO energy gaps agree very well with the
experimental results of fluorescence: BT1, PY1 and TPE1 have narrowed energy band gaps, and emit lights at
longer wavelength.
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Figure 6. HOMO-LUMO and energy gap of the methoxy derivatives of the 2-aryl-1,3,4-trifluorotriphenylenes
in THF.

Charge carrier mobility by time-of-flight (TOF) technique

n-Conjugated discotic liquid crystalline materials usually tend to self-organize into ordered supramolecular
structures, via the stacking into columnar mesophases through strong m-m interactions between the poly-
aromatic cores. They thus have attracted considerable attention as emerging promising one-dimensional
semiconducting soft materials able to form easily solution processible and homogeneous, self-healing films,
essential features for the improvement of charge-transport properties in device performance, and potential
applications in laser jet printers as photoconductors and organic field effect transistors as
semiconductors.®%1%%¢ Electron-rich DLCs usually transport hole as p-type semiconductors, and electron-
deficient DLCs transport electron as n-type semiconductors. The fluorinated p-type can be n-type or
ambipolar semiconductors as fluorine atoms on arene can effectively adjust the electron density of the
polycylic aromatic rings.

Photocurrent of time-of-flight technique is a widely used method to measure the charge carrier mobility value
of bulk liquid crystalline samples. Usually the ITO coated sample cell thickness for TOF measurement is in the
range of 10-20 um, which is very similar to that of printed electronic devices. Further, TOF results are direct,
precise and reliable, and both positive (hole) and negative (electron) charge carrier can be measured directly.
These advantage features of the TOF technique make it applied widely for semiconducting property studies
for DLC samples.

PY8 was chosen for this measurement due to its moderate clearing temperature of 117°C, and to its large
pyrene core. The sample was filled in the cell by capillary force above the clearing temperature and the
sample was homeotropically aligned between two electrodes and the supplied supramolecular columns used
as the charge hopping pathway. The photoconductivity results are summarized in Figure 7 and SI.
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The transient photocurrent decay curves are non-dispersive, the drift time can be readout accurately (Figure
7b-d). PY8 displays positive charge conductivity even in the isotropic liquid state (4 x 10° cm? V1 s}, Figure
7a), possibly because of the high ratio of aromatic core/alkyl side chain. In the Colhex phase at 100 °C, the
value jumps to 103 cm? V1 s, about 25 time higher than that of the isotropic state, demonstrating the
anisotropic charge mobility feature of columnar mesophase (Figure 7a). Then on cooling, down to 30 °C, the
mobility rate decreases to 4 x 10 cm? V! 1, showing the small temperature dependence character of the
photoconductivity (Figure 7a). The measured TOF values are almost non-dependent on the applied electric
field (Figure 7b-d).

Thus, TOF photoconductivity values for PY8, in the range of 103cm? V1 s2, are higher than for the archetypical
2,3,6,7,10,11-hexakis(octyloxy)triphenylene, displaying hole mobility rate of 10* cm? V! s1.57 This high
mobility value may result from to the higher intracolumnar order triggered by stronger arene-perfluoroarene
interactions that stabilize regular long-range molecular stacking.

1,0E-02 | m
(a) COlpex Iso (b)
- 2
»
3 1,0E-03 | ge @00 =
E o0 ® =
g ¢ 5
z 5,
'8 1,0E'04 [ "g s‘czgov/cmsoo
= i 40000V /em
° e
1,0E-05 ————— . —a i ] 0 J Ll ks
0 50 100 150 0 100 200 300 400
Temperature / °C Time / us
0,8 5 7
(c) (d)
, 1.036 ms 2 ,
1265ms
< ~\ <«
; on "‘,T%.2>697ms ; | ox ~
3 i 3 Vall
§ V\‘n‘.’[ﬂ"f'rpomo 100 1000 10009 ..8 ! 1 |,A|‘/‘”“ %\ 10 100 500
2 " s T My o
n— Q J\ u ‘ ‘h JDOOOV/(m
\ 420900 (dn
L i
; , s R

0 100 200 300 400

Time / ms

Time / us

Figure 7. Photoconductivity of PY8 measured by transient photocurrent TOF technique (cell thickness: 19.6
um): (a) Temperature-dependent of hole mobility p values measured on both on heating (0) and cooling
(®). (b-d) Electric field dependency of positive photocurrent decay curves (normal plot and inserted log-log
plot): (a) in Colhex phase at 100 °C; (b) in the isotropic liquid state at 120 °C; (c) in Colhex phase at 30 °C (on
cooling).

Conclusions

Two series of fluorine-containing discotic liquid crystals have been synthesized by arene fluorine nucleophilic
substitution reaction, SyFar, without the use of transition metal catalyst. In particular, the synthetic
combination of low symmetry fluoro-triphenylene discotic columnar mesogens with potentially interesting
AIE functional groups such as tetraphenylethene and pyrene is presented here for the first time.

All the compounds, irrespective of the alkyl chain-lengths or the aryl-substitution, show a broad temperature-
range Colhex mesophase with high thermal stability, attributed to efficient face-to-face m-stacking driven
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concomitantly by the establishment of long-range non-covalent perfluoroarene-arene, n-n intermolecular
interactions and self-segregation between alkyl chain and aromatic core. Most of them are liquid crystalline
at room temperature. These compounds also exhibit blue light fluorescence, the emission of TPE8 being
shifted to 565 nm and PY8 showing a high fluorescent quantum vyield of 57%. Further, the transient
photocurrent time-of-flight technique measured hole mobility for PY8 in the range of 10 cm? V' s, larger
than for the archetypical 2,3,6,7,10,11-hexa(octyloxy)triphenelyenes.

The fluorine-substitution of aromatic core results in potentially strong dipolar DLCs and this strategy is being
increasingly developed for numerous applications. The facile synthesis of such a variety of highly functional,
low-symmetry triphenylene derivatives, endowed with excellent self-assembly, optical and electronic
properties, proposed here, is obviously not limited to these simple molecular skeletons and could be
extended to a wide range of novel multifunctional molecular materials with more complex molecular
structures of interest in the fields of organic electronics and displays.
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