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DiscoƟc liquid crystals (DLCs) are a class of liquid crystals that exhibit unique
properƟes that make them aƩracƟve for optoelectronic applicaƟons. One of their
most beneficial characterisƟcs is their charge-carrier mobility, which is facilitated
along the stacking axis. This allows for the efficient movement of electrons through
the material, making it useful in the construcƟon of electronic devices. DLCs
also exhibit self-assembly, self-healing, and solubility in different organic solvents,
making them versaƟle and easy to work with. In this mini-review, we provide an
overview of DLCs and their pracƟcal applicaƟons, with a focus on their charge-
carrier mobility (CCM) and alignment. We explore the impact of alignment on
the CCM of DLCs and discuss various processing techniques used to achieve
alignment, such as zone-casƟng, Langmuir-BlodgeƩ deposiƟon, soluƟon casƟng,
surface treatment, I.R. irradiaƟon, zone melƟng, electric field impact, or usage of
sacrificial sheets. Understanding and controlling the alignment of DLCs is essenƟal
for the successful applicaƟon of these materials in electronic devices.

Keywords: Discotic liquid crystals (DLCs), Scanning tunneling microscopy, Optoelectronics,
Liquid-solid interface, Nanoparticles self-assembly

INTRODUCTION

D iscotic liquid crystals (DLCs) are
a type of liquid crystal in which
the molecules are disc-shaped,

with a flat core and a rim that is typi-
cally decorated with alkyl chains1. These
molecules self-organize into columnar
assemblies that exhibit liquid crystalline
behavior, which means that they have
properties of both liquids and solids2.
Unlike conventional nematic or smectic
liquid crystals, in which the molecules
are rod-shaped or plate-like, respectively,
the disc-like shape of the DLC molecules

allows them to form highly ordered stacks
of columns that can exhibit long-range
positional and orientational order3. The
properties of DLCs arise from the interac-
tions between the disc-shaped molecules,
which include van derWaals interactions,
π-π stacking interactions, and hydrogen
bonding4. The disc-like shape of the
molecules also leads to the formation
of polarized charge transfer (PCT) com-
plexes, in which electrons are transferred
from the core to the rim of neighboring
molecules5. These PCT complexes can
facilitate charge transport along the stack-
ing direction, making DLCs highly

Materials InnovaƟons | 2023 | hƩps://materialsinnovaƟons.hexapb.com/ 24

10.54738/MI.2023.3301
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://materialsinnovations.hexapb.com/


Optoelectronics Materials 10.54738/MI.2023.3301

useful in electronic applications. DLCs
can exhibit a range of mesophases, or
ordered phases of matter, depending
on the temperature and concentration
of the material6. These mesophases
include columnar hexagonal, colum-
nar rectangular, and columnar oblique
phases, among others1 7. The properties
of the mesophase can be tuned by vary-
ing the structure of the DLC molecule,
as well as the temperature, pressure,
and solvent conditions. DLCs have a
range of potential applications, includ-
ing in electronic devices such as solar
cells, field-effect transistors, and light-
emitting diodes8. The highly ordered
columnar structures of DLCs can facili-
tate efficient charge transport, while the
self-assembly and self-healing proper-
ties of these materials make them easy
to work with. Additionally, the solubil-
ity of DLCs in various organic solvents
makes them highly versatile and com-
patible with a range of processing tech-
niques9.

DLCs have piqued the inter-
est of numerous researchers since
their discovery by Chandrasekhar in
197710. Considerable investigation
and research have been conducted
to investigate DLCs in optics and
electronic devices. A discotic meso-
gen possesses a central aromatic core
surrounded by three to eight flexible
chains9. Nematic and columnar phases
are the primary dualistic categories
of mesophases in DLC arrangement.
Nematic phase discs have an orien-
tational direction, whereas columnar
phase discs stack into columns based
on their orientation. (Figure 1).] Differ-
ent research groups comprehensively
analyzes the chemical characteristics
of DLCs comprising hexagonal, quad-
rangular, diagonal, helical, or colum-
nar lamellar flexible configurations11.
On the contrary, the initial narrated
thermotropic DLCs, indenes and pseu-
doazulenes, do not possess flexible
chains. Primarily, numerous articles
have addressed the strategy and sig-
nificant DLC configurations and their
corresponding features12. The present

perspective emphasizes the character-
istics of DLCs for their future use in
optoelectronic approaches, underlining
the latest development in the DLCs
explored via STM.

Generally, DLCs link via effec-
tual π-π columnlike stacks establish-
ing excessive charge-carrier mobility
(CCM). In the columnar stacks, the
overlapping of molecular orbitals and
the degree of order govern the mag-
nitude of CCM13. The charge trans-
ference, i.e., in a 1-dimensional stack
system, assemble into an arrangement
that facilitates film development, which
is beneficial for electronic and opto-
electronic devices based on organ-
ics materials. Additionally, DLC’s liq-
uid peculiarity retains its capability
to self-heal the structural imperfec-
tions (i.e., grain boundaries), making
several square millimeters huge size
distinct domains of several microm-
eters14. Hence, the useful posses-
sions of DLCs comprise long-range
self-gathering (directive), processing
ease, solvent solubility, self-healing
(dynamics), and increased mobility
of charge carriers. Anisotropic devel-
opment driven by microsegregation
between flexible chains and rigid cores,
or van der Walls attraction between
cores, has been proposed as the mech-
anism by which columnar mesophases
grow. (V.W.)15,16 Along the column
direction, the core-core distance is typ-
ically around 3.5A, whereas the cores
center length in adjoining columns is
estimated using mesogen size, which
generally is about 20-40A17,18. The
flexible alkyl chains around the cores
effectively separate column from adja-
cent column. As a result of DLC
columns’ increased conductivity along
the column axis, they are referred
as quasi 1-D conducting wires. There
is no doubt that herringbone pack-
ing is valid in calamatic L.C.s, which
show 2-D charge transport similar to
that seen in pentacene or oligothio-
phene19. Additionally, DLCs have a
greater orbital overlap than calamat-
ics. The arrangement of the discoid

materials’ conjugated core determines
their electronic properties at the molec-
ular level due to changes in peripheral
chains or aromatic cores, which reg-
ulate both the solution and the bulk
phase self-assembly20. As a result, the
core and substituent structure of the
materials impact their overall electrical
properties. Besides this, the process-
ing technique affects the supramolec-
ular assemblage of DLCs. A brief
overview of DLCs and charge mobil-
ities explored via STM is elaborated
in the present perspective. Afterward,
we highlight specific features linked
with DLCs, i.e., configuration and
orientation. Then various processing
procedures to attain suitable arrange-
ments for efficient, practically applica-
ble device applications were mentioned
explored via. STM.

Previously, different DLCs have
been testified having a consider-
able number of discoid cores com-
prising triazine, triphenylene, ben-
zene, pyridine, Hexa-azatrinaphthylene
(HATNA), diazatriphenylene, Hexa-
azatriphenylene, pyrene, dibenzo-
napthacene, dodecaazatrianthracene
(DATAN), triazatruxene, or tri-
indole, tricycloquinazoline, pery-
lene, coronene diimide, phthalo-
cyanine (Pc), porphyrin, quin-
oxalinophenanthrophenazine (TQPP),
and Hexa-perihexabenzocoronene
(HBC), applicable for various opto-
electronic applications21–23. The self-
assembly and interaction of DLCs
were extremely impacted by flexible
chains and the central discoid core. For
instance, columnar mesophases cannot
be formed by substituting six alkylthio
or alkyl groups in hexaazatripheny-
lene. However, mesophase behavior is
induced by H-bonding side groups24.
H-bonding networks among benzamide
side-chain clusters of a phthalocyanine
derivative were attributed to the forma-
tion of columnar aggregates defined by
numerouss research group25–27. The
computational studies attribute this
behavior to the discoid cores’ inter-
molecular electrostatic potential28. It
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Figure 1. DLCs in (a) nematic and (b) columnar phases areschematic

shows an important role in the stabi-
lization or destabilization of columnar
phases. A position modification of the
functional group (i.e., carboxylic acid,
nitro group, or methyl carboxylate)
in dibenzophenazine DLCs sequence
from ”upper” to ”lateral” of aromatic
core intensely disturbs the stability and
mesophases29,30. Dibenzophenazine
and triphenylene derivatives’ stability
were also influenced due to symme-
try. Besides this, the melting temper-
atures of symmetrical DLCs declined
significantly more than their clearing
temperatures30. Even though electron-
withdrawing groups are substituted
in the discoid core to stabilize the
mesophases, the fluorescence quantum
yield increases.

FACTORS INFLUENCING
DLCs

The molecular structure of the DLCs,
solvent choice, substrate properties,
processing parameters, external stim-
uli, and annealing can all significantly
impact the alignment and organization
of DLC films31,32. Understanding these
factors and tailoring them to the desired

outcome can lead to highly ordered,
aligned, and efficient charge transport
in DLC-based devices.

Charge-Carrier MobiliƟes

Charge-carrier mobility is an important
property of semiconducting materials,
including DLCs. It refers to the ease
with which charge carriers (electrons
or holes) move through the material
when an electric field is applied33. In
general, higher charge-carrier mobili-
ties result in more efficient electronic
devices, as charge carriers can move
more quickly and with less resis-
tance, leading to faster response times
and higher electrical conductivity. In
DLCs, the charge-carrier mobility is
influenced by several factors, includ-
ing the molecular structure of the mate-
rial, the nature and distribution of the
charge carriers, and the local environ-
ment of the charge carriers within the
material. The mobility of charge carri-
ers in DLCs is typically determined by
experimental techniques such as field-
effect transistors (FETs), time-resolved
microwave conductivity (TRMC), and
space-charge-limited current (SCLC)
measurements34,35.The mobility of

charge carriers in DLCs is generally
lower than in conventional inorganic
semiconductors, such as silicon. This is
due in part to the relatively disordered
molecular structure of DLCs, which
can impede the movement of charge
carriers through the material. How-
ever, researchers have developed sev-
eral strategies to improve the charge-
carrier mobility in DLCs, including
the use of high-mobility materials, the
optimization of the molecular pack-
ing and orientation within the mate-
rial, and the introduction of dopants
or other additives to enhance charge
transport36,37. One promising approach
to enhancing charge-carrier mobility
in DLCs is the use of columnar self-
assembly, where molecules are stacked
in a highly ordered manner to cre-
ate pathways for charge-carrier trans-
port. Another approach involves the
use of charge-transport additives, such
as small-molecule dopants or poly-
mer blends, which can improve the
efficiency of charge-carrier transport
within the DLC material.

Overall, the charge-carrier mobility
in DLCs is an important property that
influences the performance of elec-
tronic devices based on these materi-
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als. Further research into the under-
lying mechanisms of charge trans-
port in DLCs and the development
of new strategies to enhance charge-
carrier mobility will be critical for
advancing the field of organic elec-
tronics. In organic semiconducting
materials, the charge carrier’s mobility
(CCM) may regulate the appropriate-
ness and compatibility with electronic
devices38. In crystalline constituents,
mobility is intensely affected because
it possesses dualistic properties. These
planar organic compounds (such
as anthracene or pentacene) exhibit
advanced mobility in amorphous mate-
rials because of their well-organized
stacking performance39. Exceptional
mobility has been demonstrated in a
single crystal device. The main restric-
tions of this technology are the expense
and time required to develop a single
crystal. In general, researchers focus
and target those systems that self-
assemble under wet-processing sur-
roundings such as charge separation in
photovoltaic cells, field-effect transis-
tor switching speed, or light-emitting
diode intensity (LED)40,41. Various
computational and experimental modus
operandi has been used to determine the
CCM in DLCs. These comprise time-
of-flight (TOF) procedure, field-effect
mobility, steady-state space charge-
limited current (SCLC) or (P.R.) pulse
radiolysis time-resolved micro-wave
conductivity method (PR-TRMC), PR-
TRMC governs CCM at the local level
and is comparatively unresponsive to
imperfections42,43 . They show CCM
within spatial constrained domains. It
was determined that the defect’s pres-
ence affected the macroscopic values
by using the TOF and field-effect pro-
cedures. In SCLC, the CCM is deter-
mined by examining the IV characteris-
tics of thin organic films that have been
compressed between the injecting elec-
trodes. Previously different researchers
elaborately discuss the CCM of various
DLCs using TOF15 and PR-TRMC
techniques44. According to Van de
Craats and Warman, a lower CCM

was commonly perceived during the
columnar hexagonal phase (C-HP)45.
The alkyl chains through oxygen atom
linked core show low CCM compared
to those DLCs in which the chains
are attached directly via methylene
moiety or through the sulfur. To cal-
culate the maximum CCM, eq. 1 is
used, centered on preceding PR-TRMC
investigational outcomes on porphyrin,
coronene, triphenylene, monoimide,
azocarboxyldiimido-perylene, peri-
hexabenzocoronene and phthalocya-
nine.

∑ µmax.3e−83=n cm2/V s (1)

Here, n represents the numeral of car-
bon, nitrogen, and oxygen atoms in the
core.

Earlier, Mullen and his fellows
proved that CCM anticipated is con-
strained to core size <40 in Hexa-
perihexabenzocoronene (HBC). The
nature of the substituents associ-
ated with discoid core influences
supramolecular order, solvability,
and, ultimately, CCM of DLCs. The
isotropic temperature and interaction
between the discoids were lowered
near the point of contact. When kept
at room temperature, the intramolec-
ular order is maintained at a high
level, with a CCM of 0.73 cm2V−1s−1.
When methyl benzenethiol-coated gold
nanoparticles are introduced to the C-
HP, the conductivity of 2,3,6,7,11-
(hexakishexyloxy)triphenylene is
raised by three orders of magnitude
from 10−12 to 10−99 Ω−1 cm−1). Gold
nanoparticle chains have been shown
to increase the conductivity by a factor
of three to four (∼10−6 Ω−1 cm−1).
TQPP-[SC12H25]4, was found to have
a saturation hole mobility of 10−3

cm2 V−1 s−1, with no mesophase.
However, TOF hexapentyloxytriph-
enylene hole mobility in the (C-HP)
reliant on temperature and electric-
field having CCM upto 2 10−3 cm2

V−1 s−1. Hexahexylthiotriphenylene
demonstrated electron and hole mobil-
ity in the order of 0.08 cm2 V−1 s−1

in helical C-HP).96. In general, the

lower CCM in the C-HP is due to the
increased structural and organizational
disorder in the columns caused by
the side groups’ relatively high vibra-
tional modes freedom. The processing
method impacts mobility’s reliance on
the DLC’s morphology. The 2, 3, 6,
7, 10, 11-Hexa(hexyloxy)triphenylene
gelation with hydrogen-bonded fibrous
groups heightens hole mobility from
4.5 x 10−4 to 1.2 x 10−3 cm2 V−1 s−1.
Temperature and electric field strength
do not affect mobility, which is self-
regulating. Few researchers claimed
that CCM mobility is restricted due
to structural imperfections. A defect-
free assembly is considered an ideal
surface increase in mobility of up to
15 centimeters per second. It has been
projected that electron mobilities for
lateral hopping exist at 300 K and that
this value increases considerably dur-
ing higher molecule assembly and ori-
entation46.

Molecular structure

The molecular structure of the DLCs,
such as their shape, size, and chemi-
cal functional groups, can significantly
influence their properties, including
their self-assembly, intermolecular
interactions, and charge transport47.
For instance, DLCs with elongated,
rod-like shapes tend to exhibit a high
degree of anisotropy in their molecular
alignment, leading to highly ordered
structures with excellent charge trans-
port properties. On the other hand,
DLCs with bulky or irregular shapes
can disrupt the molecular packing,
resulting in lower mobilities.

Solvent

The choice of solvent used for dissolv-
ing the DLCs can impact their molec-
ular packing and alignment on the sub-
strate48,49. For instance, polar solvents
such as water or ethanol tend to favor
polar interactions, leading to highly
ordered and aligned DLC films. In con-
trast, nonpolar solvents like chloroform
or hexane can promote π-π stacking
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interactions between the DLCs, leading
to more extended molecular packing.

Substrate
The substrate used for depositing the
DLCs can significantly impact their
alignment and organization. Substrates
with high surface energy, such as
metals or oxide surfaces, can pro-
mote the formation of highly ordered
and aligned DLC films50. Addition-
ally, surface functionalization with spe-
cific chemical groups or self-assembled
monolayers can tailor the surface prop-
erties to promote specific intermolec-
ular interactions and molecular align-
ment.

Processing parameters
Various processing parameters such as
temperature, pressure, concentration,
and deposition rate can significantly
impact the alignment and organization
of the DLCs51. For instance, higher
temperatures can promote molecular
diffusion and reorganization, leading to
better-aligned films, while high deposi-
tion rates can lead to less ordered struc-
tures.

External sƟmuli
External stimuli such as magnetic
fields, light, or electric fields can
induce molecular reorientation or
alignment, leading to highly ordered
DLC films52. For instance, magnetic
fields can align paramagnetic DLCs,
while light can induce photoisomeriza-
tion or photodimerization, leading to
specific molecular alignment.

Annealing
Annealing of DLC films can signif-
icantly impact their alignment and
organization. Annealing can promote
molecular diffusion and reorganization,
leading to highly ordered and aligned
films53,54. The annealing temperature
and duration can significantly impact
the degree of molecular reorientation,
with higher temperatures leading to

more extended molecular packing and
alignment.

Mesophase Engineering
Mesophase engineering in DLCs
involves controlling the alignment
and organization of the molecules in
the liquid crystal phase to optimize
their properties for various applica-
tions55,56. There are several methods
for mesophase engineering, including
the use of additives, surfactants, and
external fields.

Surfactants can also be used to
modify the properties of DLCs. For
example, adding surfactants can induce
the formation of different mesophases,
such as lamellar or hexagonal phases,
depending on the nature of the surfac-
tant and its interaction with the DLC
molecules58. This has been demon-
strated in the case of pyrene-based
DLCs, where the addition of surfac-
tants led to the formation of hexago-
nal mesophases with unique optical and
electronic properties.

External fields, such as electric or
magnetic fields, can also be used to
control the alignment and organiza-
tion of DLCmolecules59. For example,
applying an electric field to DLCs can
induce a reorientation of the molecules,
which can be used to tune their opti-
cal and electronic properties. This has
been demonstrated in the case of
triphenylene-based DLCs, where the
application of an electric field led to
a reorientation of the molecules and a
change in the color of the material.

Overall, mesophase engineering is
an important aspect of DLC research,
as it allows for the optimization of
their properties for various applica-
tions such as electronic and opto-
electronic devices. Different tech-
niques were employed to formulate
DLC mesophases60. Several research
groups have already examined the well-
organized coordinated self-assembly of
amphiphilic HBC derivatives. Trini-
trofluorene (TNF) substituents in
amphiphilic HBC derivatives from a
few micrometers extended coaxal nan-

otubular assembly with 16nm diam-
eter61. The electron donor graphitic
stratum of the -stacked HBC is cov-
ered via the electron-accepting TNF
layer. It enhances photochemical
charge carrier generation, resulting
in a rapid photoconductive response.
The electron-rich discoid doped with
TNF generates charge-transfer com-
plexes (CTC), which leads to the for-
mulation of supramolecular assemblies
and mesophases. CTC comprises pen-
takis(phenylethynyl)phenol and TNF
having a 1:1 ratio resulted in diverse
mesophases having high clearing tem-
perature62,63. CTC can be synthesized
by adding a TNF acceptor series to
mesogen having 5 methoxy clusters
with functional tail. There are also a lot
of different electron donors and accep-
tors at the end of the functionalization
of fluorinated dendrons, which makes
them even more useful.

ALIGNMENT OF DLCs
Columnar DLCs tend to align them-
selves in two distinct arrangements,
which are the face-on (or planar)
and edge-on (or perpendicular) align-
ments64,65. In the face-on alignment,
the disk-shaped molecules are oriented
parallel to the substrate or the sur-
face on which they are deposited,
with their long molecular axis lying
in the plane of the substrate. This
arrangement is favored when the sub-
strate surface is hydrophilic and the
DLC molecules have polar substituents
or functional groups that can inter-
act favorably with the substrate sur-
face. The face-on alignment can also
be achieved by shear or flow align-
ment during the deposition process. On
the other hand, in the edge-on align-
ment, the disk-shaped molecules are
oriented perpendicular to the substrate,
with their long molecular axis perpen-
dicular to the plane of the substrate.
This arrangement is favored when the
substrate surface is hydrophobic and
the DLC molecules have nonpolar sub-
stituents or functional groups that do
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Figure 2. (a) “Edge-on”, homogeneous planar unidirectional alignment; (b) homeotropic (face-on) alignment

not interact favorably with the substrate
surface66. The edge-on alignment can
also be achieved by using an exter-
nal magnetic field during the deposition
process.

A homogeneous uniaxial planar
structure, also known as edge-on, is
when the column axis is parallel to the
substrate. In the case of homeotropic
orientation, the column axis is per-
pendicular to the substrate. (Figure
2). The homeotropic orientation is
applicable for organic photovoltaics
or OLED application, but the unidi-
rectional planar shape is optimal for
OFET applications. Guillamat and his
colleagues proposed two molecular
configurations in rectangular colum-
nar organized mesophases67. They tilt
slightly in one of two directions: either
perpendicular or parallel to the sub-
strate. The experiment has proven that
when DLCs are slowly cooled from
the isotropic phase, face-on alignment
of primary molecular strata works as
a nucleation site for additional self-
assembly of perpendicular discs68. The
choice of alignment depends on the
specific application and the desired
properties of the DLC material. For
example, the edge-on alignment can
result in higher charge carrier mobil-
ity and better electrical conductivity,

while the face-on alignment can result
in higher photoconductivity and better
optical properties.

Methods of aƩaining Structural
alignment

The capability of switching orientation
and structural alignment is difficult to
achieve high CCM69,70. DLCs have
been aligned using a variety of ways,
some of which are detailed below

Zone CasƟng
In this method, a thin film’s homo-
geneous and uniform alignment is
achieved via controlling the concen-
tration gradient formed between the
moving supporting substrate and the
nozzle. Different casting parameters
such as solvent, temperature, concen-
tration, supply rate, substrate veloc-
ity, and nozzle/substrate distance may
slightly influence the acquired aligned
layers71,72. It permits the prearrange-
ment of organic materials homoge-
neously and consistently. It enables
the uniform and constant arrangement
of organic materials. Solvent-dissolved
DLC is continuously sprayed onto a
moving substrate with a temperature
gradient using a nozzle. A thin film’s
homogenous and uniform alignment

is attained via controlling the concen-
tration gradient formed between the
moving supporting substrate and the
nozzle. Different casting parameters
such as solvent, temperature, concen-
tration, supply rate, substrate veloc-
ity, and nozzle/substrate distance may
slightly influence the acquired aligned
layers (Figure 3). Zone casting of
HBC-C12 on a PTFE layer resulted in
forming a layer having a mobility of
1x10−2 cm2 V−1s−1 73.Jiang H hypoth-
esized columnar configuration direc-
tion of HBC-C12 has a tenfold upsurge
in photoconductivity over the perpen-
dicular orientation73. HBC derivative
aligned via the zone-casting technique
retains optical anisotropy, which is
reversibly (switched on/off) through
temperature change leading towards
molecules reorientation to an orthogo-
nal stacking arrangement from a tilted
stacking arrangement.

Amphiphilic HBC derivatives
were attained via Langmuir-Blodgett
(L.B.) Deposition. An L.B. film
is formed at the water-air inter-
face when hexaalkylhexa-peri-
hexabenzocoronene has an alkyl sub-
stituent ended having a carboxylic
assembly. The alkyl chain is π-π
stacked to generate two separate
phases. Another benefit of the benzyl-
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Figure 3. Schematic demonstration of the zone-casting technique

terminated octa-substituted phthalo-
cyanines is that they create highly well-
organized L.B. thin films with high
thermal stability, despite the edge-on
alignment seen in DLCs synthesized
using L.B. (one or two triphenylenes
connected to TNF)74.

SoluƟon-CasƟng
This method involves continuously
spraying a solvent-dissolved DLC onto
a moving substrate with a temper-
ature gradient using a nozzle. By
controlling the concentration gradi-
ent formed between the moving sup-
porting substrate and the nozzle, a
thin film’s homogeneous and uniform
alignment is achieved. For example,
zone casting of HBC-C12 on a PTFE
layer resulted in forming a layer hav-
ing a mobility of 1x10−2 cm2 V−1

s−1. On the substrate, an alterna-
tive method for accumulating DLCs
involves using oriented polytetrafluo-

roethylene (PTFE), which can align
HBC derivatives such as tripheny-
lene and phthalocyanine75. An aligned
polyimide stratum is also utilized to
collect triphenylene DLCs, similar to
the previous example.Solution-casting
is another method used to study DLCs
via STM. In this method, a solution
of the DLC material is prepared and
then deposited onto a substrate using
spin coating or drop casting techniques.
The DLCmaterial in the solution aligns
with the substrate and forms a thin
film. One approach to achieving align-
ment in solution-casting is using an ori-
ented polytetrafluoroethylene (PTFE)
substrate. PTFE has a high surface
energy, which enables it to align HBC
derivatives such as triphenylene and
phthalocyanine. The DLC material is
dissolved in a suitable solvent and
then deposited onto the PTFE substrate
using spin coating or drop casting tech-
niques. The PTFE substrate aligns the

DLC molecules, resulting in a thin film
with a preferred orientation.

Another approach involves using an
aligned polyimide layer to collect triph-
enylene DLCs76. The polyimide layer
is first aligned by rubbing it with a
velvet cloth or using a photoalignment
technique. The DLC material is then
deposited onto the aligned polyimide
layer using spin coating or drop casting
techniques. The DLC molecules align
with the polyimide layer and form a
thin film with a preferred orientation77.
Overall, solution-casting is a versatile
method for preparing DLC thin films
with various orientations and align-
ments. It allows for the deposition of
DLCs onto a wide range of substrates
and can be used to study the structure
and properties of DLCs using various
techniques, including STM.
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Surface Treatment

Annealing is a widely used treatment
for aligning DLCs, where the material
is heated above its crystallization tem-
perature and then cooled at a controlled
rate to form stable thin coatings78.
The use of surface treatments such as
Ar plasma, UV-ozone, or annealing
on an ITO surface can produce well-
aligned DLC thin films, which can
be favorable for wet conditions and
organic thin film formation. In addi-
tion, different surface and interface
interactions can influence the config-
uration of DLCs. One example is the
use of phosphocyanine (Pc) deriva-
tives with octet oligo(ethyleneoxy)
peripheral substituents, which have
been found to exhibit different align-
ments depending on the surface. On
a hydrophobic surface, the rod-like
liquid crystalline molecule aligns per-
pendicularly to the substrate to achieve
homeotropic alignment79. In contrast,
when the Pc molecule’s outer chains
have diverse interfaces, such as those
with hydrophilic surfaces, this results
in homogeneous or planar alignment,
where the molecules align parallel
to the substrate. Another treatment
method for modifying the alignment
of DLCs is through circularly polarized
infrared (IR) irradiation. This tech-
nique activates the vibrational mode of
a mesogen’s particular chemical bond,
allowing for a specific configuration
to be attained based on the incident
photon polarization direction and tran-
sition dipole moment for the vibra-
tional excitation. This alignment is typ-
ically achieved in higher-ordered DLC
phases, such as the Colh mesophase,
which has a high viscosity. Overall,
surface treatments and annealing can
significantly influence the alignment
and configuration of DLCs, and the use
of circularly polarized IR irradiation
can provide a means for selectively
modifying the alignment of specific
chemical bonds in the mesogens. These
techniques are important for exploring
the potential applications of DLCs in
optoelectronics, where precise align-

ment is critical for efficient device
performance.

IrradiaƟon
Infrared (IR) irradiation is a technique
used to modify the configuration of
DLCs for their effective utilization in
optoelectronics80. The alignment of
DLCs can be changed by activating
the vibrational mode of a mesogen’s
specific chemical bond using circu-
larly polarized infrared irradiation. The
vibrational excitation is achieved by a
specific grouping of the incident pho-
ton polarization direction and transi-
tion dipole moment81. This technique
is only effective in higher-ordered DLC
phases with high viscosity, such as the
Colh mesophase. The use of IR irradi-
ation to modify the alignment of DLCs
has been reported in studies by Shimizu
and colleagues50. By changing the
alignment of DLCs using IR irradia-
tion, it is possible to optimize their
charge-carrier mobility and other prop-
erties for use in optoelectronic applica-
tions. However, the precise mechanism
of this alignment process and the opti-
mal conditions for achieving it are still
the subject of ongoing research. Circu-
larly polarized infrared irradiation tech-
nique is utilized to modify the configu-
ration of the DLCs. Polarized infrared
irradiation changes the DLC alignment
by activating the vibrational mode of
a mesogen’s particular chemical bond.
The specific grouping of the incident
photon polarization direction and tran-
sition dipolemoment for the vibrational
excitation permits attaining a particular
configuration.

Annealing
Annealing is a successful way of align-
ing the DLCs82. For example, an ITO
surface treatment using Ar plasma,
annealing, or UV-ozone can produce
stable DLC thin coatings. The DLC
material is heated above its crystal-
lization temperature and then cooled
at a regulated degree to manufacturing
these films.

Langmuir-BlodgeƩ (LB) deposiƟon
In this method, an L.B. film is
formed at the water-air inter-
face when hexaalkylhexa-peri-
hexabenzocoronene has an alkyl sub-
stituent ended having a carboxylic
assembly. The alkyl chain is π-
π stacked to generate two sepa-
rate phases. Benzyl-terminated octa-
substituted phthalocyanines can create
highly organized L.B. thin films with
high thermal stability.

MagneƟc Influence
The mechanism to study DLC via STM
influence involves the use of a mag-
netic field to achieve a uniaxial ori-
entation of the discotic metallomeso-
gens83. In this case, CoS12 DLC was
used, which is a diamagnetic material
that maintains its interaction even in
the presence of an external magnetic
field. Lee and colleagues were able
to achieve a magnetic uniaxial colum-
nar assemblage of the CoS12 DLC
by continuously rotating the sample
from isotropic phase to liquid crys-
talline phase while in the presence of
a static magnetic field. The external
magnetic field provided an orientation
for the DLC, aligning it edge-on. This
alignment allowed for the DLC to be
studied using STM, which can visual-
ize the surface of the material at the
atomic level. This technique is useful
for understanding the morphology and
structure of DLCs, which is important
for their optoelectronics applications.
Magnetic alignment is just one of the
methods that can be used to achieve
alignment of DLCs, and other methods
such as surface treatment, zone cast-
ing, and Langmuir-Blodgett deposition
have also been explored.

Sacrificial Layer Influence
Various surface and interface interac-
tions can change the DLCs’ configu-
ration84. For example, phosphocya-
nine derivatives connected to octet
oligo(ethyleneoxy) peripheral sub-
stituents on a hydrophilic and homoge-
nous orientation on a hydrophobic sur-
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face have previously exhibited differ-
ent alignments. To study discotic liquid
crystals (DLCs) using scanning tunnel-
ing microscopy (STM), it is impor-
tant to first prepare the sample in a
way that allows for proper alignment
and observation of its properties85.
One method to achieve alignment is
through the use of a sacrificial polymer
layer. This method has been demon-
strated in an alkoxy phthalocyanine
DLC where homeotropic alignment
was achieved. The first step in this pro-
cess involves spin coating or casting
a layer of sacrificial polymer onto a
substrate. The DLC is then placed on
top of the sacrificial layer. The sacrifi-
cial layer acts as a temporary substrate
that can be removed once the DLC is
properly aligned. To align the DLC,
thermal annealing is used to induce
homeotropic alignment. The sample
is heated to a specific temperature
to induce the desired alignment, and
then cooled to ambient temperature
to maintain the alignment. Once the
alignment is achieved, the sacrificial
layer can be removed through a pro-
cess known as lift-off. This involves
dissolving the sacrificial layer in a
solvent that does not affect the DLC.
Using a sacrificial layer makes it possi-
ble to achieve homeotropic alignment
of DLCs, which allows for observation
of their properties using STM. This
method has been used to study vari-
ous DLCs and is a valuable tool for
developing optoelectronic devices.

DLCs invesƟgated via Scanning
Tunnling Microscope (STM)
Scanning Tunneling Microscopy
(STM) is a powerful tool for investigat-
ing the structure and properties of mate-
rials at the nanoscale, including Dis-
cotic Liquid Crystals (DLCs)86. DLCs
exhibit unique properties that make
them attractive for use in optoelectronic
applications, such as charge-carrier
mobility, self-assembly, and solubil-
ity in different organic solvents. STM
allows for the visualization of DLCs at
the molecular level, providing insight

into the structure and arrangement of
the disc-shaped molecules. STM imag-
ing can reveal the formation of ordered
columnar structures, each consisting
of stacked discotic molecules. These
columns can be aligned in various ori-
entations, depending on the processing
conditions used to prepare the DLC
material.

STM can also be used to study the
charge transport properties of DLCs.
By measuring the tunneling current
between the STM tip and the DLC
material, it is possible to investigate
the movement of charge carriers along
the columns of discotic molecules. The
charge-carrier mobility of DLCs can be
affected by a range of factors, includ-
ing the alignment of the columns and
the presence of defects or impurities
in the material. In addition to imag-
ing and charge transport measurements,
STM can also be used to manipulate
and modify the structure of DLCs. For
example, the tip of the STM can be used
to apply an electric field to the mate-
rial, which can induce changes in the
alignment of the discotic columns. This
can be used to create patterns or struc-
tures in the DLC material, which can
be useful for constructing electronic
devices. Hence, STM is a valuable tool
for investigating the structure and prop-
erties of DLCs, providing insight into
their potential applications in the field
of optoelectronics. By understanding
the behavior of these materials at the
nanoscale, it is possible to develop new
and innovative electronic devices that
harness the unique properties of DLCs.

Lee and his colleagues suggest an
alternate technique for phase-control
and electrical measurements of DLCs
at the nanoscale51. Using STM and
STS, they investigate the discotic liquid
crystalline of ndibenzo[a, c]phenazine
and the electron transfer character-
istics of self-assembled monolayers
formed by a DLC molecule at liquid-
solid (L.S.) boundary. As targeted
molecules possess an internal dipole
moment, the polarity of the substrate
underneath may regulate the molecular

polymorphs. They observed two types
of orientation, head-to-head and non-
head-to-head, which were resistant to
negative and positive STM bias. An
STM tip may modify their transitions
locally as shown in Figure 4(a).Besides
this the solvent did not impact the mor-
phology and orientation of molecules.
It is due to the low polarity or lack
of solvents, co-adsorbed molecules are
unaffected by the solvent. Unlike in 2D
systems, where substrate effects play
an important role, 3D systems empha-
size intermolecular attractions, which
leads to columnar packing (Figure
4(b). Additionally, STS results demon-
strate that the bandgap of packing I was
approximately 400 mV smaller than
that of packing II. The STM contrast
of packing I is brighter than packing
ii (Figure 4(c). According to STM, a
brighter contrast indicates higher con-
ductivity, which is in line with this
concept. Octanoic acid or n-tetradecane
molecular solvent did not alter surface
packing in any substantial way. There is
an insignificant solvent effect on self-
assemblies in a 2D self-assembly sys-
tem compared to those seen in a 3D
design.

Hence, molecules’ properties, such
as optical, mechanical, heterogeneous
catalysis and selectivity, can be influ-
enced by their molecular arrange-
ment, as shown in this study. Numer-
ous 2D materials consisting of self-
assembly films have shown fasci-
nating phenomena. Chunli Bai and
his colleagues investigate 1,7,13-
trialkanoyldecacyclene [TTD](with
n-carbon side chains, n=14 & 18)52.
According to their research, there is
a way to fill two dimensions of a
triphenylene core with only three side
chains at the interface. This studymight
serve as a counter-example to previous
research that found that three elongated
chains would not be enough to occupy
the center’s area. Figure 5 shows an
STM view of a stratum of TTD on
a graphite substrate, where two ori-
entation patterns represent the zigzag
motifs, as clearly evident. The observed
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Figure 4. (a) STM images of self-assembly of 1 using 1.0-mM sample solution. a (i, ii) STM image and models of packing-i and
packing-ii. STM image of solvent effect:b (i) octanoic acid, (ii) n-tetradecane. c (i, ii) STM images of concentration-dependent
surfaces comprised of the polymorphs of 1. The concentration of sample solutions for (i): 0.01 mM; (ii): 0.5 mM. The red and
blue arrows in b) indicate the packing-i and packing-ii motifs, Imaging conditions: Ebias, -900 mV; itunnelling, 150 pA. Reprinted
with permission51.

domains have darker and brighter
regions, corresponding positions of
interdigitated alkyl chains and decacy-
clene core moieties, respectively.

The TTDmolecules were assembled
into supramolecular twin chains stabi-
lized by 2D alkyl crystallization. The
assembling configurations seen might
be explained by the influence of two-
dimensional alkane lamella and steric
barrier caused by adsorbate-substrate
interactions. This could result in a loss
of symmetry in nonchiral molecules.
Specific geometries favored energeti-
cally resulting in structural transforma-
tions, i.e., chirality or the disintegration
of molecular symmetry, are two exam-
ples of this. They can be interpreted in
terms of three different driving forces.
The initial step is to attain the best
possible alignment with the substrate
lattice. The second goal is to encour-

age the generation of monolayers in
which hydrogen atoms are thought to
be in equilibrium. The steric hindrance
encourage molecules to attain antipar-
allel directions, i.e., antiferromagnetic-
like triangular networks. Besides this,
alkyl chains acquire parallel orienta-
tions to achieve maximum local 2D
crystallization regardless of the core
molecular symmetries.s. As a matter of
fact, molecules may experience spon-
taneous symmetrical splitting and lose
their previous configuration. Decacyc-
lene derivatives would have more steric
hindrance due to their larger cores than
triphenylene derivatives, and longer
side chain would result in more 2D
crystallization. In a two-dimensional
system, the TTD configuration appears
to balance core-substrate intermolecu-
lar interactions and surface free energy
minimization. A similar arrangement

is used by TTD when four additional
methylene units are added; however,
due to their longer side chains, the sep-
aration and angle were altered. HDTP,
a triphenylene derivative with only 12
methylene side chains, retains the uni-
formity of organic molecules through
self-assembly.

Due to ”their self-assembling char-
acteristics and innovative structural
features, liquid crystals are attracting
interest from experts in the develop-
ment of organic light-emitting devices,
photovoltaics, and thin-film transis-
tors, along with other scientific disci-
plines. The polar packing of molecules
gives rise to Ferro-or antiferroelec-
tric properties having numerous practi-
cal applications, such as piezoelectric-
ity, pyroelectricity, and fast-switching
electrooptical devices. It has been pre-
dicted that the transition temperature
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Figure 5. A large-scale image of one of two orientated stripes (57×57 nm2). Tunneling conditions: 800 mV, 1.10 nA. (b) STM
image of the other of two orientated stripes (57 × 57 nm2). Tunneling conditions: 880 mV, 0.99.(c,d) High-resolution STM
images of the TTD assembly. Reprinted with permission52.

would decrease with increasing thick-
ness. Still, in a study by Bune et
al.,53a first-order ferroelectric phase
was found with a transition tempera-
ture nearly identical to the bulk value,
challenging this prediction antiferro-
electric L.C. phase’s structure was
demonstrated by an STM image, which
revealed that the layers are made up of
innovative quadruple ”zigzag” molecu-
lar rows. STM is used to investigate the
submolecular structures of 2D assem-
bly of banana-shaped LC molecules,
P-n-PIMB (n) 18, 14, and 12, on the
HOPG substrate. The findings reveal
two types of coexisting molecular
arrangements. This surface nano-sized
assembling behavioral patterns of liq-
uid crystals may give important infor-
mation for experimental application
and theoretical research54–60.

The scanning tunneling microscope
(STM) is a powerful tool that uses an
external electric field to control chemi-
cal reactions and supramolecular phase
transitions at molecular scales. How-
ever, it has not been widely used for
crystal engineering applications. Khan,
S.B and his colleagues demonstrate the
use of the directional electric field of
an STM to manipulate supramolec-
ular crystallization on a solid sur-
face87. They found that a random-tiling
assembly of p-terphenyl-3,5,3’,5’-
tetracarboxylic acid can be transformed

into close-packed periodic assemblies
under positive substrate bias condi-
tions at the liquid/solid interface. They
were able to tailor the nucleation and
crystal growth of the resulting field-
induced products in real-time, produc-
ing a two-dimensional supramolecular
single crystal. The crystals exhibited
bright spectroscopic features that were
strongly dependent on the STM bias,
corresponding to variations in electron
density of states. As shown in Figure
6(a), the chemical structure of a TPTC
target molecule. While the core A–E
of the random tiling displays a nega-
tive STM bias, all other closed packed
patterns are biased positively. The R
and S forms are mirror images of one
another at the macro level, and the
H (head-to-head) package is a likely
third form, all of which share the same
cell unit size. The normal direction (n
line) of TPTC is perpendicular to the
packaging axis (m line) of the close
packing motif, which runs in the same
plane as HOPG. The blue arrows rep-
resent the path of the graphite structure
of the grid. The Ebias and itunneling
are 0.5 V, 70 pA. The d) and e) pan-
els show the random tiling of the five
pores on the surface and the percent-
age of them. Parameters of the unit
cells of a, b, and α : 0,9 (± 0,3) nm.
They report that an external, orientated
electric field of STM can be utilized

to generate STM bias-related new 2D
self-assembled structures, which would
be otherwise inaccessible by the drop-
casting or spin-coating methods.

Optoelectronics applicaƟons of
DLCs

DLCs have shown great potential in
optoelectronics applications due to
their unique electronic and optical
properties. Here are some of the opto-
electronics applications of DLCs. Fig-
ure 7 displays the DLCs applications in
numerous domains.

Organic Light Emiƫng Diodes (OLEDs)

DLCs can be used as emissive and con-
ductive layers in OLEDs due to their
high carrier mobility, high thermal sta-
bility, and strong charge transfer abil-
ity. This results in efficient light emis-
sion and better device performance88.

Organic Solar Cells (OSCs)

DLCs can be used as active layers in
OSCs due to their good photoconduc-
tivity and high electron mobility. They
can also be used as hole blocking and
electron blocking layers in OSCs to
improve device efficiency89.
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Figure 6. TPTC target molecule chemical structure. (b & c)The close-packed phase features a mirror image (R and S forms)
and an expected H (head-to-head) packing with the same unit cell dimensions. The packing axis of the close packing motif
goes along one of the normal directions of HOPG below (m line), and a molecular skeleton is 60o from the packing axis so
that TPTC lies nearly along another normal direction (n line). Graphite lattice structural direction is shown by blue arrows.
0.5 V, 70 pA for imaging (Ebias, itunneling). (d) & (e) demonstrate the random tiling and surface pores. a, b, and α unit-cell
parameters: 0.9 (± 0.3) nm, 1.7 (± 0.3), 87◦ (± 2◦). Reprinted with permission87

Organic Field-Effect Transistors
(OFETs)

DLCs can be used as semiconducting
layers in OFETs due to their high car-
rier mobility and low operating volt-
age90. This results in better device per-
formance and low power consumption.

Photovoltaic Devices

DLCs can be used as photoactive lay-
ers in photovoltaic devices due to
their high light absorption coefficient
and high photoconversion efficiency91.
They can also be used as charge trans-
port layers to improve device perfor-
mance.

Optoelectronic Sensors
DLCs can be used as sensitive layers in
optoelectronic sensors due to their high
sensitivity and selectivity towards spe-
cific analytes92. They can also be used
as transducers to convert optical signals
into electrical signals.

Organic Field-Effect Transistors
(OFETs)
DLCs can be used as semiconducting
layers in OFETs due to their high car-
rier mobility and low operating volt-
age. This results in better device perfor-
mance and low power consumption.

Photovoltaic Devices
DLCs can be used as photoactive lay-
ers in photovoltaic devices due to

their high light absorption coefficient
and high photoconversion efficiency93.
They can also be used as charge trans-
port layers to improve device perfor-
mance.

Optoelectronic Sensors
DLCs can be used as sensitive layers in
optoelectronic sensors due to their high
sensitivity and selectivity towards spe-
cific analytes61. They can also be used
as transducers to convert optical signals
into electrical signals.

Types of DLCs

There are various types of DLCs,
including hydrogenated DLC (a-C:H),
tetrahedral amorphous carbon (ta-C),
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nitrogenated DLC (a-C:N), and fluo-
rinated DLC (a-C:F)94,95. Each type
has its unique properties and potential
applications in various fields. Here are
some examples:

Hexa-peri-hexabenzocoronene (HBC)
HBC is a columnar DLC that has been
used in organic light-emitting diodes
(OLEDs) as an electron transport mate-
rial. It has a high charge carrier mobil-
ity and can improve the efficiency of
OLEDs.

Phthalocyanine (Pc)
Pc is a flat DLC that has been used
in organic photovoltaics (OPVs) as a
donor material. It has a strong absorp-
tion in the visible and near-infrared
regions, making it useful for harvesting
solar energy. Pc derivatives can also be
used as electron transport materials in
OLEDs.

Perylene diimide (PDI)
PDI is a planar DLC that has been used
in OPVs as an acceptor material. It has
a high electron affinity and can improve
the efficiency of OPVs. PDI derivatives
can also be used as hole transport mate-
rials in OLEDs.

Triphenylene (TP)
TP is a columnar DLC that has been
used in OLEDs as a hole transport
material. It has a high charge car-
rier mobility and can improve the effi-
ciency of OLEDs.

Tetracene
Tetracene is a planar DLC that has been
used in organic field-effect transistors
(OFETs) as an active material. It has a
high charge carrier mobility and can be
used for high-performance electronic
applications.

Perylene diimide (PDI) derivaƟves
PDI derivatives are a class of DLCs
that have been widely studied for their
potential use in organic solar cells.
They exhibit good electron transport
properties and high electron mobility,

which can improve the efficiency of
solar cells.

Quinacridone derivaƟves
Quinacridone derivatives are another
class of DLCs that have been used in
organic solar cells. They have a high
extinction coefficient and can absorb
light over a wide range of wavelengths,
making them useful for harvesting solar
energy.

Phthalocyanine derivaƟves
Phthalocyanine derivatives are a versa-
tile class of DLCs that have been used
in a variety of optoelectronic appli-
cations, including organic solar cells,
organic light-emitting diodes (OLEDs),
and photovoltaic devices. They have a
high absorption coefficient and can be
easily functionalized to tune their opti-
cal and electronic properties.

Triphenylamine derivaƟves
Triphenylamine derivatives are a type
of DLC that have been used in OLEDs
due to their high holemobility and good
charge injection properties. They have
also been used in organic photovoltaics
as electron donors.

Boron subphthalocyanine chloride
(SubPc)
SubPc is a DLC that has been used in
organic photovoltaics due to its high
electron mobility and good stability. It
has also been used in OLEDs and other
optoelectronic devices.

FUTURE PERSPECTIVES
DLCs have attracted significant atten-
tion recently due to their unique prop-
erties, including high charge-carrier
mobility along the stacking axis, self-
assembly, self-healing, and solubility
in various organic solvents96. These
properties make DLCs promising can-
didates for optoelectronic applications,
such as solar cells, organic light-
emitting diodes, and field-effect tran-
sistors97. The use of STM in explor-
ing the structure and properties of

DLCs has emerged as a promising
approach for developing efficient elec-
tronic devices. STM allows for the
visualization of DLCs at the molec-
ular level, providing insight into the
structure and arrangement of the disc-
shaped molecules. STM imaging can
reveal the formation of ordered colum-
nar structures, with each column con-
sisting of stacked discotic molecules.
STM can also be used to study the
charge transport properties of DLCs
and manipulate their structure to cre-
ate patterns or structures useful for
electronic device construction. Over-
all, exploring DLCs for optoelectron-
ics applications via STM holds great
potential for developing innovative
electronic devices98,99.

As recent literature explains, this
perspective describes the design, syn-
thesis, and morphology of numerous
ILCs. Columnar L.C.s provide a vari-
ety of ways of achieving tailored
structural spiral assemblies. The self-
organization process comprises stack-
ing units, self-assembly within twist-
ing columns, and column orientation
within prescribed 2D lattices. The non-
covalent contacts interact so that the
spiral columnar architecture is formed.
Another functional property associ-
ated with these helical structures is
supramolecular chirality, which can be
reversibly altered by externally driv-
ing the twisted sense. This enables
the development of information frame-
works of columnar mesophases to
switch their chirooptical characteris-
tics100. Thus, the ultimate goal is to
discover how to manage molecular
self-assembly and develop novel col-
loidal systems with specified func-
tions or features closely related to
the desired applications through attrac-
tive forces. This is an interdisciplinary
approach, as the breadth of this research
extends considerably beyond the typ-
ical boundaries of organic chemistry.
This technology applies to various
fields, including cosmetics, pharma-
ceutical formulations, nanomaterials,
and catalysis. Additionally, this enables
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Figure 7. DLCs applications and benefits in different domains.

the production of intermediary sys-
tems between homogeneous and het-
erogeneous mixes, combining the fea-
tures of homogeneous and heteroge-
neous catalysis. Consequently, mass
transfer between the catalyst and the
substrates is significantly enhanced by
the water/oil contact, and no stir-
ring is necessary. The separation of
reactants and products prevents (or
at least reduces) side reactions from
occurring101. Additionally, nanotube
films can be assembled using estab-
lished methods of L.C. alignment, such
as grooved surfaces, magnetic fields,
and patterned electrodes, to control
their organization. The nematic matrix
is found to order single- and multi-
walled carbon nanotubes in L.C. sol-
vents. Other nanometer-sized building
blocks can be aligned with L.C. to
control organized nanomaterials and
their structures. The next stage in
developing usable materials and func-
tioning devices is to invent process-
ing methodologies that allow the con-
trolled assemblage of configurations

into larger systems. Single- and multi-
walled nanocomposites (SWCNT and
MWCNT) have been showing promise
building blocks for a broad array of
applications, so processes for organiz-
ing them are particularly interesting.

CONCLUSIONS
In conclusion, DLCs have emerged
as promising candidates for optoelec-
tronic applications, with their unique
properties such as high charge-carrier
mobility along the stacking axis, self-
assembly, and solubility in various
organic solvents. The use of Scan-
ning Tunneling Microscopy (STM) in
exploring the structure and properties
of DLCs has provided valuable insights
into the behavior of these materials
at the nanoscale. By visualizing DLCs
at the molecular level and measur-
ing the tunneling current between the
STM tip and the DLC material, STM
has enabled the investigation of the
charge transport properties of DLCs
and their potential for use in electronic

devices. The manipulation of DLCs
using STM has also allowed for cre-
ating patterns or structures useful for
electronic device construction. Over-
all, exploring DLCs for optoelectron-
ics applications via STM holds great
potential for developing efficient and
innovative electronic devices.

Exploring discotic liquid crystals
(DLCs) for optoelectronic applications
through scanning tunnelingmicroscope
(STM) provides a promising avenue for
developing novel electronic devices.
STM enables the observation of molec-
ular arrangement and electronic prop-
erties of DLCs at the nanoscale level.
Through themanipulation of the DLCs’
self-assembly process, it is possible
to control their morphology, such as
column orientation within prescribed
2D lattices, and tailor their properties
for specific applications. The alignment
of DLCs through established meth-
ods such as zone-casting, Langmuir-
Blodgett deposition, or electric field
impact, allows for the control of their
electronic properties and charge-carrier
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mobility (CCM). STM also enables the
study of DLCs’ supramolecular chi-
rality, which can be reversibly altered
by driving the twisted sense. It opens
the possibility of developing informa-
tion frameworks to switch their chi-
rooptical characteristics. The interdis-
ciplinary approach required for devel-
oping DLCs for optoelectronic applica-
tions extends beyond the typical bound-
aries of organic chemistry. It applies to
various fields such as cosmetics, phar-
maceutical formulations, nanomateri-
als, and catalysis. In conclusion, the use
of STM in exploring DLCs offers a
promising avenue for developing func-
tional materials and devices for opto-
electronic applications.
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