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Self-assembly and ambipolar charge transport in
columnar phases of polynuclear gold
isocyano–triphenylene complexes†

Estela de Domingo,a Gregorio Garcı́a, a Emiliano Tritto,a Bertrand Donnio, *b

Asmita Shah, c Dharmendra Pratap Singh *c and Silverio Coco *a

An uncommon approach to the synthesis of ambipolar semiconductors based on di- and tri-nuclear gold

isocyano–triphenylene complexes of the formula [(AuX)n(CN–C6H4–O–(CH2)6)n–TriPh] (n = 2, 3; X = Cl,

CRC–Ph) is described. Although mesomorphism has only been obtained with chloro derivatives, the

trialkynyl complex has turned out to be a precursor of gold nanoparticles. The chloro complexes self-

assemble in lamello-columnar phases, whose supramolecular organizations were confirmed by SAXS/

WAXS experiments. Both the tri(chloro-gold) and the di(chloro-gold) complexes display high ambipolar

charge transport along the columnar stacking direction, either in the mesophase (trichloro derivative) or in

the crystalline solid state (dichloro complex). The analysis of ambipolar charge transport in the chloro-gold

compounds has been performed using the time-of-flight (ToF) technique. The dichloro compound exhi-

bits an ambipolar charge carrier mobility of the order of 10�4 cm2 V�1 s�1, whereas the trinuclear com-

pound displays an ambipolar charge carrier mobility of the order of 10�3 cm2 V�1 s�1, which is attributed

to the addition of a supplementary peripheral –NC–Au–Cl complex unit, offering a drift field to the charge

carriers and a lower optical bandgap. Quantum chemical calculations show that the introduction of an

additional –NC–Au–Cl fragment to the dinuclear complex to give the trinuclear derivative promotes a

cofacial stacking of the molecules, which increases the mobility of the charge carriers of the system. Due

to their ambipolar charge carrier mobility, the poly-nuclear gold isocyano–triphenylene complexes

demonstrate their potential for use in organic electronics and optoelectronic devices.

Introduction

Columnar liquid crystals (CLCs) are a representative class of self-
assembled materials with a great variety of potential applications
as soft organic semiconductors with unidirectional charge car-
rier transport properties.1–15 Triphenylene derivatives are among
the most studied CLCs for applications in electronics, optoelec-
tronics and LEDs.16,17 Their properties, including charge mobi-
lity along the columnar stacking direction, can be modulated

through tailoring of the triphenylene core with a variety of
functional groups,18–22 among which are metal–organic
complexes.23–29 The functionalization of triphenylene molecules
with moieties prone to self-organization in domains at the
nanoscale sufficiently far from the aromatic core, for example,
at the end of peripheral chains, has become a useful strategy for
developing mesophases with segregated columns of different
nature.30,31 This columnar segregation allows for a finer mod-
ulation of electronic properties such as ambipolar charge
transport32–34 and photoconduction.35 In the case of tripheny-
lene molecules functionalized with a metal group, interesting
and unique hybrid inorganic/organic columnar mesophases,
whose structures contain columnar packings of triphenylene
moieties and independent stacks of metal fragments, have been
reported.29,36–42 In these mesophases, the effect of the inorganic
columns on the optical and charge mobility properties of the
material is remarkable. For example, using platinum-containing
moieties able to establish intermolecular metallophilic interac-
tions, highly stabilized phosphorescent mesophases with high
hole mobility along the columnar stack have been obtained.37

The high charge carrier mobilities of these mesophases are not
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du Littoral Côte d’Opale (ULCO), 62228 Calais cedex, France.

E-mail: dharmendra.singh@univ-littoral.fr

† Electronic supplementary information (ESI) available: Materials and methods,
full details of synthetic methods, spectroscopic and analytical data for the new
compounds, MALDI-TOF mass spectra, DSC thermograms not included in the
text and X-ray diffraction patterns not included in the text. See DOI: https://doi.

org/10.1039/d5tc00575b

Received 10th February 2025,
Accepted 19th March 2025

DOI: 10.1039/d5tc00575b

rsc.li/materials-c

Journal of
Materials Chemistry C

PAPER

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

9 
M

ar
ch

 2
02

5.
 D

ow
nl

oa
de

d 
on

 1
/1

6/
20

26
 1

1:
39

:1
5 

A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

https://orcid.org/0000-0003-3200-3153
https://orcid.org/0000-0001-5907-7705
https://orcid.org/0000-0002-2047-0750
https://orcid.org/0000-0001-6949-6110
https://orcid.org/0000-0002-8959-1075
http://crossmark.crossref.org/dialog/?doi=10.1039/d5tc00575b&domain=pdf&date_stamp=2025-03-31
https://doi.org/10.1039/d5tc00575b
https://doi.org/10.1039/d5tc00575b
https://rsc.li/materials-c
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d5tc00575b
https://pubs.rsc.org/en/journals/journal/TC
https://pubs.rsc.org/en/journals/journal/TC?issueid=TC013017


8564 |  J. Mater. Chem. C, 2025, 13, 8563–8570 This journal is © The Royal Society of Chemistry 2025

restricted to the presence of metallophilic interactions but most
likely to the ability of the metal containing moieties to self-
organize into large columnar domains. Hence, in triphenylene
molecules bearing Salen-type oxovanadium(IV) complexes,38

which self-assemble into one-dimensional structures via M� � �O
interactions, high charge mobilities have also been found. In
addition, an extraordinary enhancement of the hole mobility
upon metal coordination to the free triphenylene Schiff bases is
observed. This reveals the clear contribution of the metal–
organic groups to increasing the conductivity in these systems
and the high potential of metal–organic triphenylene molecules
as semiconducting soft materials.

Studies on the influence of metal–organic moieties on
the thermal, optical, and conduction properties of meso-
morphic triphenylene derivatives have been restricted to mono-
metallic systems. However, the triphenylene moiety has many
functionalization possibilities, particularly at the peripheral
2,3,6,7,10,11-positions, which represents an attractive platform
for the design of polydentate ligands.43 Although neither
is mesomorphic, there have already been a few reports of
trimetallic derivatives of triphenylene with Zn(II),44 Cu(II),45

and Au(I),46 as well as some triphenylene-based metal–organic
frameworks.47

On these grounds, we focus our attention on functionalizing
triphenylene systems with two or three metal complexes, with
the aim not only of preparing polymetallic liquid crystals, but
also to study the effect of incorporating various metal groups on
the charge mobility of the material. In this work, we report a new
series of mesomorphic di- and tri-nuclear gold isocyano–triphe-
nylene complexes of the formula [(AuX)n(CN–C6H4–O–(CH2)6)n–
TriPh] (n = 2, 3; X = Cl, CRC–Ph). The chloro complexes display
high ambipolar charge transport along the columnar stacking
direction, either in the mesophase or in the crystalline solid
state. Interestingly, the charge carrier mobility (using ToF)
increases ten-fold when going from the dinuclear derivative to
the trinuclear complex. The trialkynyl gold derivative (12) is not a
liquid crystal but undergoes extensive decomposition upon
heating, yielding gold nanoparticles.

The study of charge transport in triphenylene-based colum-
nar mesogens is of great interest as these supramolecular
systems have demonstrated their utility in fabricating various
optoelectronic devices. For example, the charge carrier mobility
for holes in the hexa-alkoxytriphenylenes (HATn) varies from
10�5 to 0.01 cm2 V�1 s�1 depending on the molecular ordering
and columnar phases exhibited by the materials; however, the
addition of any electron-deficient moiety can lead to changes
in molecular geometry and, thus, charge carrier mobility.48–50

In general, one of the disadvantages of the HATn system is the
absence of ambipolar charge mobility, which could not be
realized under typical experimental conditions; therefore,
efforts must be made to obtain ambipolar charge mobility in
triphenylene-based columnar systems, which has been investi-
gated herein.

Additionally, the observed mesophase charge mobility in
these systems has been observed to be temperature-
invariant,51,52 which has also been investigated in this study.

Results and discussion
Synthesis and characterization

The previously unreported di- and tri-isocyanide triphenylene
ligands were synthesized following standard methods, as
shown in Scheme 1.

The gold complexes were prepared by the reaction of the free
isocyanide with the corresponding gold precursor. They were
isolated as white solids. Full synthetic description, C, H, and N
analyses, yields, MALDI-TOF mass spectra, and relevant IR and
NMR characterization data are given in the experimental details
(ESI,† Fig. S1–S25).

The UV-vis absorption and fluorescence spectra of the free
isocyanide and the metal complexes in dichloromethane solution
are all very similar (Fig. 1, and Table S1, ESI†), displaying a
spectral pattern typical of 2,3,6,7,10,11-hexaalkoxytriphenylenes,
and related monometallic isocyanide complexes.37 In the com-
pounds described here, the triphenylene and the gold complexes
are not electronically connected due to the use of an alkyl chain as
a linker between them. Thus, as observed experimentally, a
significant influence on its electronic transitions is not expected.
Analogous results have been reported for related triphenylene
mononuclear compounds.36 In the solid state, all the compounds

Scheme 1 Synthesis of the di- and tri-isocyanide triphenylene ligands (7,
8) and their di- and tri-nuclear gold complexes (9–12).

Fig. 1 UV-vis absorption (a) and normalized luminescence emission
spectra (b) of the di- and tri-isocyanide ligands and their gold complexes
in dichloromethane solution (10�5 M) at 298 K.
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display emission spectra similar to those recorded in dichloro-
methane solution, but their intensity decreases noticeably as
described for related systems.37,41

Thermal behaviour and self-organization properties

The mesomorphic properties of the free isocyanides (7, 8) and
their gold(I) complexes (9–12) have been studied by polarised
optical microscopy (POM), differential scanning calorimetry (DSC,
Fig. S26–S31, ESI†), and small- and wide-angle X-ray scattering (S/
WAXS, Fig. 4 and Fig. S32–S34, ESI†). The optical, thermal and
thermodynamic data are collected in Table 1. The phase assign-
ment in Table 1 is based on the results of the S/WAXS studies.

Upon heating, the free isocyanide ligands (7, 8), the alkynyl
derivatives and the dinuclear chloro gold complex (9) melt
directly into an isotropic liquid and are not mesomorphic. In
contrast, the trinuclear gold compound (11) shows a mono-
tropic thermotropic liquid crystal behaviour. The texture
observed by POM on cooling from the isotropic liquid (Fig. 2)
is compatible with the occurrence of columnar mesophases,
which was confirmed by small-angle X-ray diffraction studies.

The compounds described here do not decompose when
they reach the isotropic state, except for the trinuclear alkynyl
complex (12) that undergoes extensive decomposition upon

reaching the clearing temperature. The decomposition leads to
the formation of a dark red product, whose UV-vis spectrum in
dichloromethane solution shows surface plasmon absorption at
530 nm (Fig. S35, ESI†), characteristic of gold nanoparticles.53

Transmission electron micrographs showed spherical nano-
particles with an average diameter of 17.3 � 0.5 nm with a
broad particle size distribution (Fig. 3). This thermal instability
has been studied in alkynylisocyanide gold mesogens without
the triphenylene group and is associated with the thermal
lability of the gold–isocyanide bond.54

S/WAXS studies

As just described, the tri(chloro-gold) complex (11) is meso-
morphic, but only after having been heated into the isotropic
liquid (above ca. 115 1C) and then cooled down to ambient
temperature (Fig. S30, ESI†). The phase that is formed after a
large supercooling (ca. 60 1C) and clears at ca. 58 1C on
subsequent heating is thus transient and monotropic. The
lamello-columnar mesophase was confirmed by SAXS/WAXS
measurements performed at several temperatures. The X-ray
pattern recorded at 20 1C, after being cooled from the isotropic
liquid, displays a broad signal in the wide-angle range, corres-
ponding to the average lateral distance between molten aliphatic
chains with a maximum at ca. 4.11 Å (hch) and several sharp
reflections in the small-angle range (Fig. 4).

Table 1 Optical, thermal, and thermodynamic data for the isocyanide
triphenylene ligands and their gold complexes

Compound Transitiona T (1C)b DHb (kJ mol�1)

(CN)2–TriPh (7) Cr - I 57 84.1
(CN)3–TriPh (8) Cr - I 52 35.7
[(AuCl)2((CN)2–TriPh)] (9) Cr1 - Cr2 44 3.0

Cr2 - Cr3 68 5.5
Cr3 - Cr4 77 �3.7
Cr4 - I 81 20.1
I - CrLamCol 54 12.5
CrLamCol - I 57 14.5

[(AuCC–Ph)2((CN)2–TriPh)] (10) Cr - I 18 4.1
[(AuCl)3((CN)3–TriPh)] (11) Cr - I 112 52.5

I - LamColrec 49 16.9
LamColrec - I 55 16.4

[(AuCC–Ph)3((CN)3–TriPh)] (12) Cr - I(dec) 142 28.5

a Cr, crystal phase; CrLamCol, lamello-columnar crystal (crystalline phase
with a rectangular sublattice); LamColrec: lamellar phase with a rectan-
gular superlattice (lamello-columnar mesophase); I, isotropic liquid;
mesophase assignment based on S/WAXS studies. b Data collected
from the first and second heating, and first cooling DSC cycles. The
transition temperatures are given as peak onsets.

Fig. 2 Optical polarizing microscopy photographs (crossed polarizers) on
cooling from the isotropic phase of [Au3Cl3((CN)3–TriPh)] (11) at 48 1C.

Fig. 3 TEM pictures (a) and (b) and histogram (c) of nanoparticle size
distribution obtained by thermal decomposition of 12 at 133 1C.

Fig. 4 Representative S/WAXS pattern of 11 at 20 1C after cooling from
the isotropic liquid (both lamellar and columnar indexations are shown).
Additional patterns of 11 are shown in Fig. S29 (ESI†).
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The peaks were indexed within a 2D rectangular lattice of
p2gg planar symmetry (hk with h + k = 2n + 1, Table S2, ESI†),
with the parameters a = 74.1 Å and b = 15.6 Å (Table 2).

The pattern further reveals a strong layering of the molecules,
as most of the reflections could also be indexed as 00l reflections
of a lamellar system (Table S2, ESI†); thus, the phase can be
assigned as lamello-columnar with a rectangular symmetry.
Making the reasonable assumption that both the triphenylene
parts and the metallic fragments segregate in the volume since
they have incompatible molecular shapes (i.e. discs vs. rods),37–41

the supramolecular organisation in the lamello-columnar phase
results from the superposition of two sublayers of different
nature separated by the aliphatic continuum (spacers and per-
ipheral aliphatic chains): one of the sublayers would consist of a
single row of columns, with the latter resulting from the stacking
of the triphenylene cores, and the other one would accommo-
date the peripheral phenyl(isonitrile)gold(I) chloride protomeso-
gens (Fig. 5). The ratio between the molecular volume (Vmol) and
the lattice area (Arec), scaled by the number of molecules per
lattice, Nmol, according to the formula, hmol = [Vmol � Nmol]/[Arec],
simultaneously provides values for Nmol and hmol, the lattice
thickness (Table 2), after successive trial and error attempts,
consistent with the symmetry elements of the planar group and
the various geometrical constraints. This calculation shows that
two complexes can be organized within such a rectangular
lattice, with a thickness hmol of about 4.66 Å, close to hch. The
non-centrosymmetric lattice, deduced from the reflection rules,
results from both the slight out-of-plane tilt of the triphenylenes
within the columns, resulting in the columns having an ellipsoid
cross-section instead of a cylindrical one,55 and the alternate
orientation of the transversal long elliptic axis along the a-axis.
The other sublayer is filled by the side-by-side antiparallel
arrangement of 3 phenyl(isonitrile)gold(I) chloride fragments
distributed in a way that the sum of their transverse area (SLam =
3 � sLam) is compensated by that of one triphenylene transverse
cross-section in the mesophases (Fig. 5).

The di(chloro-gold) complex (9) is however not meso-
morphic and displays a rather complicated thermal behaviour.
During the first heating, two crystal-to-crystal phase transitions
are detected at ca. 50.5 1C and 71.6 1C, respectively, immedi-
ately followed by a recrystallisation event at 76.5 1C, and
complete clearing at 84 1C (Fig. S28, ESI†). On cooling, the
isotropic-to-crystal phase transition is strongly supercooled (ca.
30 1C). The following cycles are much simpler and consist of a
single transition between a crystalline phase and an isotropic
liquid at 59 1C (and ca. 53 1C on cooling). The SAXS/WAXS
pattern, recorded at 20 1C on cooling from the isotropic liquid
(Fig. S32, ESI†), displays many sharp reflections over the entire
investigated angular range, along with a broad wide-angle
scattering signal, emerging from lateral interactions between
partially molten chains (hch). Such a typical pattern reveals a
crystal-like, three-dimensional long-range organization, coex-
isting with partially molten chain segments (this type of phase
can also be described as a soft crystalline phase). Similar to the
tri(chloro-gold) complex, the di(chloro-gold) complex displays a
strong lamellar structure and an in-plane rectangular sublattice,
but the p2mg planar symmetry (a = 81.22 Å, b = 24.52 Å) of a more
complex 3D structure could be deduced from SAXS/WAXS (the
3D structure, which could be indistinctly of monoclinic, quad-
ratic or orthorhombic nature, could not be solved at this stage).
The overall lamello-columnar supramolecular organisation is
similar to the above, in that it consists of the alternation of
sublayers of columns formed by the stacking of the triphenylene
cores and of phenyl(isonitrile)gold(I) chloride protomesogens
separated by the aliphatic continuum (Fig. 5). Due to the
molecular difference, and using the same geometrical approach,

Table 2 Mesophase parametersa at T = 20 1C (measured after cooling
from the isotropic liquid)

Compounds Parameters

(9) CrLamCol (crystalline phase with a p2mg rectangular
sublattice)
Vmol = 2625 Å3 (r = 1.18 g cm�3)
CrColrec CrLam
arec = 81.22 Å, brec = 24.52 Å dLamCol = 81.22 Å
Arec = 1991.5 Å2 dLam = 40.61 Å
Nmol = 4 SLam = 129.28 Å2

hmol = 5.27 Å Nmes = 2
sLam = 32.31 Å2

(11) LamColrec-p2gg
Vmol = 2690 Å3 (r = 1.315 g cm�3)
Colrec Lam
arec = 74.09 Å, brec = 15.57 Å dLamCol = 74.09 Å
Arec = 1153.6 Å2 dLam = 37.20 Å
Nmol = 2 SLam = 72.61 Å2

hmol = 4.66 Å Nmes = 3
sLam = 24.20 Å2

a arec, brec, Arec: rectangular lattice parameters and area; Vmol: molecular
volume; r: molecular density; Nmol: number of molecules (columns)/per
lattice unit (Nmol = NCol); hmol: molecular thickness, hmol = Nmol � Vmol/
Arec; dLamCol, dLam: lamellar periodicity; SLam: molecular area, SLam =
Nmol � Vmol/dLamCol., sLam: mesogen area; Nmes, number of mesogens
(–PhNCAuCl), sLam = SLam/Nmes = brec � hmol/Nmes). See also Fig. 5 and
Fig. S31 (ESI) for a graphical representation of these parameters.

Fig. 5 Schematic representations (2D projection) of the LamColrec meso-
phase of compound 11 and of the 2D sublattice of the CrLamCol crystalline
phase of 9, with respectively 2 and 4 molecules per lattice: black and blue
elliptic cross-sections of ribbons of the columns formed by the stacking of
the triphenylene mesogenic fragments (slightly titled), arranged in a
rectangular lattice/sublattice (red lines) with a p2gg (left) or p2mg (right)
plane group, respectively; black and blue rectangles, sublayers formed by
the metallic protomesogenic units (–Ph–NC–Au–Cl). The rest of the
lattice is occupied by the aliphatic chains (not shown). See also Fig. S31
(ESI†).
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four complexes can be organized within such a lattice, with a
thickness hmol of about 5.27 Å this time. One sublayer would
consist of the lateral arrangement of triphenylene columns in a
single row, with alternate orientation of their long transversal
long axis with respect to both a- and b-parameters of the
rectangular lattice, whereas the other sublayer is filled by 4
phenyl(isocyanide)gold(I) chloride fragments in a way that their
transverse area (SLam = 4 � sLam) is compensated by the
transverse cross-sections of two triphenylene moieties in the
crystal 3D lattice. The expansion of the lattice from trigold to
digold complexes may be due to the extra chain with respect to
the former compound, which requires more space and thus the
increase of the number of molecules per lattice.

Charge transport properties

The ambipolar charge transport properties were analysed by
determining the hole and electron mobilities in compounds 9
and 11 using the time-of-flight (ToF) technique. Firstly, the
compounds were filled in a 20 mm homeotropically anchored
ITO-coated cells. Due to the strong p–p stacking capability of the
triphenylene core, both compounds preferably adopt homeotro-
pic orientation, i.e. the columnar axis remains perpendicular to
the substrate. The compounds were irradiated using a Nd:YAG
pulse laser with an excitation wavelength of 355 nm. A suitable
bias voltage (positive for holes and negative for electrons) was
applied to observe the transient photocurrent curves for the
positive and negative charge carriers (i.e. holes and electrons,
respectively). After estimating the transit time at different tem-
peratures, the electron and hole mobilities were determined by
using the equation: me,h(T) = d2/V�t, where d is the thickness of
the cell, V is the applied positive or negative bias voltage and t is
the transit time for charge carriers at a particular temperature as
described in the previous articles.56,57

The transient photocurrent curves of both compounds are
presented in Fig. 6, which evinced the dispersive nature of
charge propagation corresponding to electrons and holes.
Usually, the dispersive nature of the photocurrent curves could
be due to several factors such as the bulk nature of molecules,
chemical or ionic impurities, the presence of shallow traps and
defects in the materials, etc.;58–60 however, in our case, the
dispersive nature is probably attributed to the presence of a
partially ionic moiety (–NC–Au–Cl) at the terminals of both
compounds causing an ionic hindrance in the electronic charge
transport (Fig. 6a and b). It is also observed that the magnitude

of photocurrent also depends on the laser intensity. The
observed photocurrent is directly proportional to the generated
charge carriers, i.e. I(t) = dQ/dt; however, the generation of
charge carriers remarkably depends on the production of exci-
tons and subsequent dissociation into electrons and holes after
the absorption of incident photonic energy via laser irradiation
on the material. Following the quantum mechanical approach,
the total surface charge density received at the bottom electrode
will be JBE = Ne/A, where N is the number of generated charge
carriers and A is the surface area of the bottom electrode. It is
therefore evident from Fig. 6c that the magnitude of photocur-
rent increases with increasing intensity of laser irradiation.

After extracting the transit time of charge carriers from the
photocurrent curves, the ambipolar charge mobility has been
calculated for the electrons and holes, which is plotted in Fig. 7a
and b, respectively, for both compounds 9 and 11. Compound
9 showed an ambipolar charge carrier mobility of the order of
10–4 cm2 V�1 s�1 which is almost temperature invariant; however,
the ambipolar charge carrier mobility has been found to be
superior for compound 11. The charge carrier mobility has been
found of the order of 10�3 cm2 V�1 s�1, in which electron mobility
(me) is superior to hole mobility (mh). This increase in mobility in
compound 11 is analogous to its LUMO level energy and optical
bandgap (B3.43 eV, Table S3, ESI†), which is lower than that for
compound 9 (B3.46 eV, Table S3, ESI†). The observed mobility in
9 and 11 is in good agreement with the previously reported
triphenylene-based compounds.15,54,55

Quantum chemical calculations

According to previous works on charge transport in discotic
liquid crystals, including triphenylene derivatives, charge-

Fig. 6 Ambipolar transient photocurrent curves for (a) 9, (b) 11 and (c) 11 with two different laser intensities, i.e. I3 E 3% (equivalent to 3 mW) and I4 E
4% (equivalent to 4 mW).

Fig. 7 Temperature dependence of ambipolar charge carrier mobility for
compounds (a) 9 and (b) 11. me and mh, respectively, represent the electron
and hole mobilities.
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carrier mobility is highly dependent on molecular arrangement
within the columnar stacking. This arrangement is mainly
determined by three key structural parameters: p-stacking,
lateral displacement, and azimuthal angle (t), the last of these
being the most critical factor.61,62 Therefore, to shed light on
the difference in the charge transport values of the studied
complexes, quantum chemical calculations were performed on
dimer models to describe the relative disposition between two
adjacent molecules within the columnar structures, (Fig. 8).
The quantum chemical calculations have been carried out
keeping the inter-disc distances at the experimental values
(5.27 Å for 9 and 4.66 Å for 11). See the ESI† for more details
and Fig. S37.

For the di(chloro-gold) complex (9), the most stable arrange-
ments were found for triphenylene cores with azimuthal angles
of 01, 451, 701, 1251, and 1651, which correspond to three
staggered configurations (451, 701, 1651) and two eclipsed
arrangements (01, 1251). The lowest energy arrangement is for
the staggered configuration with t = 451, but the relative energies
of the other four minima are 4.1 kcal mol�1 for t = 01 (eclipsed),

3.7 kcal mol�1 for t = 701 (staggered), and 2.2 kcal mol�1 for both
t = 1651 (staggered) and t = 1251 (eclipsed). Consequently, the
predominant contribution to the description of the molecular
stacking in this compound is due to staggered configurations.
These results are consistent with previous studies indicating that
alternating p-stacking geometries generally yield the most favour-
able arrangements.60 For the tri(chloro-gold) complex (11), five
minima were also identified. Three of them involve staggered
configurations (t = 401, 601, and 1601), while two exhibit eclipsed
arrangements (t = 01 and 1251). The minimal energy corresponds
to the alternating arrangement between the triphenylene cores
with t = 601. However, in this case the other four configurations
(two staggered and two eclipsed) show very low energy differences
(between 0.5 kcal mol�1 and 1.2 kcal mol�1) compared to the
minima.

In short, for both the di(chloro-gold) and tri(chloro-gold)
complexes, the relative disposition of molecules within the colum-
nar structure can be described as a combination of alternating
and eclipsed configurations between the aromatic cores, with
alternating arrangements being the predominant contribution.

Fig. 8 Relative energy (DE) evolution as a function of the azimuthal angle (t) between triphenylene cores. Intermolecular p-stacking distances have been
fixed according to experimental data from X-ray diffraction studies. DE values were calculated with respect to the minimum energy situation for each
complex (t = 451 and 601 for the di(chloro-gold) and tri(chloro-gold) complexes, respectively). Representations of two stacked molecules of di(chloro-
gold) and tri(chloro-gold) complexes (9 and 11, respectively, where both molecules are highlighted in different colours) corresponding to configurations
with minimal energy as a function of the azimuthal angle (t) are also displayed. H atoms are omitted.
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This finding aligns with previous studies on triphenylene-related
systems.60 However, in our case, the presence of the gold
substituent also allows the eclipsed configurations to be easily
accessible, especially in the tri(chloro-gold) complex, where the
contribution of the eclipsed configurations is comparable to that
of the staggered arrangements. This circumstance allows cofacial
stackings that enhance charge transport along the column.61

Therefore, the lower energy difference between alternating and
eclipsed dispositions in the tri(chloro-gold) complex allows
eclipsed structures to play a more significant role in describing
the supramolecular structure within the column, thereby improv-
ing charge transport properties.

Conclusions

This study shows that the chemical polyfunctionalization of
triphenylene mesogens at the end of the alkoxy substituents
with –NC–Au–X (Cl, CRC–Ph) synthons constitutes a simple
strategy to design semiconducting columnar phases with high
ambipolar charge mobility. As the number of organometallic
groups increases from two to three, the intermolecular interac-
tions become stronger. Consequently, the transition tempera-
tures increase, and the appearance of columnar mesophases is
favored for the chloro complexes. In contrast, the trialkynyl
derivative undergoes extensive decomposition upon heating,
leading to the formation of spherical gold nanoparticles.

The charge carrier mobility of this system was studied on
the di- and tri(chloro-gold) compounds. The di(chloro-gold)
compound (9) shows an ambipolar charge carrier mobility of
10�4 cm2 V�1 s�1. The introduction of a third organometallic
fragment into the system results in an increase in charge mobility
by one order of magnitude. This increase has been associated with
the greater tendency of 11 to stack co-facially, which enhances
charge transport along the column. This trend is also consistent
with the LUMO level energy and optical bandgap (3.43 eV) of 11,
which are found to be lower than those of the di(chloro-gold)
compound 9. These results evidence the potential use of poly-
nuclear gold isocyano–triphenylene complexes in organic electro-
nics and optoelectronic devices because of their appreciable
ambipolar charge carrier mobility and self-assembled supramole-
cular nature.
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G. Scalia, R. Judele, E. Kapatsina, S. Sauer, A. Schreivogel
and M. Tosoni, Angew. Chem., Int. Ed., 2007, 46, 4832–4887.

6 A. W. Hains, Z. Liang, M. A. Woodhouse and B. A. Gregg,
Chem. Rev., 2010, 110, 6689–6735.

7 M. Oukachmih, P. Destruel, L. Seguy, G. Ablart, P. Jolinat,
S. Archambeau, M. Mabiala, S. Fouet and H. Bock, Sol.
Energy Mater. Sol. Cells, 2005, 85, 535–543.

8 L. Schmidt-Mende, A. Fechtenkotter, K. Müllen, E. Moons,
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