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ABSTRACT: This work reports an uncommon modulation of
columnar segregation of metal−organic triphenylene liquid crystals by
blending two structurally dissimilar metallomesogens that can self-
associate through complementary electron donor−acceptor interac-
tions. The constituent molecules are cis-[PtCl2(CNR)2] (CNR = 2-(6-
(4-isocyanophenoxy)hexyloxy)-3,6,7,10,11-pentakisdodecyloxytriphe-
nylene) that displays an organic/inorganic segregated columnar
mesophase and [PtCl2(Bipy)] (Bipy = didodecyl 2,2′-bipyridyl-4,4′-
dicarboxylate) that shows a lamellar mesomorphism. The phase
diagram of this system was constructed using polarized optical
microscopy (POM), differential scanning calorimetry (DSC), and X-
ray scattering data. The phase diagram corresponds to a typical binary
system with an intermediate compound (in this case a supramolecular
aggregate) of stoichiometry [PtCl2(CNR)2]/2[PtCl2(Bipy)], which is maintained in solution. This species shows an unusual
columnar mesophase formed by the stacking of alternating organic/inorganic fragments. Quantum chemical calculations show that
the columnar structure is mainly supported by complementary π electron donor−acceptor interactions between each triphenylene
group of the isocyanide complex and a platinum-bipyridine molecule. This induces the elimination of the organic/inorganic
columnar segregation of the isocyano parent component and constitutes an unconventional example of modulation of organic/
inorganic segregation in columnar mesophases by the intercalation of metal complexes into hexaalkoxytriphenylene stacks.

■ INTRODUCTION
Triphenylene-based discotic mesogens constitute a classical
example of self-organized columnar materials1−3 with interest-
ing physical and chemical properties that make them suitable
candidates for a number of applications including electro-
photography,4 electronics and optoelectronics,5 LEDs,6 chem-
ical sensing,7 and even for the preparation of birefringent films
that improve the viewing angle of liquid crystal displays.8

Their properties are frequently related to their degree of
structural organization. Therefore, understanding their dynam-
ics and phase behavior at the molecular scale is fundamental
for improved rational design. In this respect, chemical
functionalization of the triphenylene core with different
groups,9−17 including metal−organic moieties,18−24 has been
extensively used to modulate the properties of these systems.
There are also reports where the functionalization of the
triphenylene is made at the end of one of the alkoxy
substituents,25 which can favor the formation of mesophases
having segregated columns of different natures.26−33 With
metal−organic fragments, this is an easy way to produce hybrid
organic/inorganic mesophases.34−40

Another possibility to tune the structural organization of
liquid crystals is simply through the mixing of relatively simple
components.41−44 This approach is a useful alternative to the
synthesis-intensive requirements needed for tuning the proper-

ties of single-component molecules and materials.45−47 In fact,
in most technological applications, the liquid crystalline
material is not a pure substance, but it is a mixture of two or
more species.

A well-studied type of columnar liquid crystal based on
multicomponent systems is the case of aromatic donor−
acceptor columnar liquid crystals fashioned from two different
and complementary components, which self-assemble into
alternating face-centered columnar structures, for example,
binary mixtures of π-electron donating hexalkoxytriphenylene
molecules and different π-electron acceptor partners such as
naphthalene diimide,43 mellitic triimide,43 hexaazatripheny-
lenes,48 or perylene-diimides.49

Liquid crystalline blends involving inorganic species have
also been reported, but these studies are limited to a reduced
number of cyclopalladated complexes,50 salicylaldimato com-
plexes,51 N,N′-dialkylimidazolium tetrachlorometallate salts,52
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alkene-platinum(II) compounds,53 isocyanide-gold(I) deriva-
tives,54 dialkyl 2,2′-bipyridyl-4,4′-dicarboxylate complexes of
Pt(II) and Pt(IV),55 and some metal carboxylates.56−60

On these grounds and as a part of our continuing research
program on feature modulation of columnar metallomesogens,
here we have turned our attention to the use of mixtures for
this purpose. We followed a simple strategy of studying the
thermotropic behavior and phase diagram of a binary system
composed of structurally dissimilar metallomesogens able to
self-associate through complementary electron donor−accept-
or interactions. The selection of the electron donating part
(Scheme 1) follows from our previous studies, which

established that cis-[PtCl2(CNR)2] (CNR = 2-(6-(4-
isocyanophenoxy)hexyloxy)-3,6,7,10,11-pentakisdodecyloxytri-
phenylene) that bears the π-electron donating hexalkoxytri-
phenylene group (TPh) displays a hybrid organic/inorganic
rectangular columnar mesophase with segregated columns of
different natures.37 As the electron acceptor partner,
[PtCl2(Bipy)] (Bipy = didodecyl 2,2′-bipyridyl-4,4′-dicarbox-
ylate) that shows a lamellar mesomorphism was chosen.54

We have found a rich mesomorphic behavior, which is
dependent on the composition of the system. Self-assembly of
[PtCl2(Bipy)] and [PtCl2(CNR)2] in a 2:1 molar ratio results
in the formation of an unusual columnar mesophase consisting
of alternating stacking of organic/inorganic fragments. The
columnar structure is mainly supported by complementary π
electron donor−acceptor interactions between each tripheny-
lene group of the isocyanide complex and a platinum-
bipyridine molecule, which causes the elimination of the
organic/inorganic columnar segregation of the isocyano parent
component. In addition, quantum chemical calculations have
also been performed to gain insight into the supramolecular
self-assembled columnar structure at the molecular level. It is
worth empathizing that the size of the model system here
studied (616 atoms) and its complexity due to its metal−
organic nature exceed common theoretical studies on liquid
crystals.

■ RESULTS AND DISCUSSION
Synthesis. Literature methods were used for the synthesis

of cis-[PtCl2(CNR)2]
37 and [PtCl2(Bipy)].

54 Both complexes
were characterized spectroscopically, including 195Pt{1H}
RMN spectra, which had not been previously reported

(experimental section in the Supporting Information). The
binary mixtures of pure compounds were prepared by
dissolving the corresponding weights of the two compounds
together in dichloromethane at ambient temperature and
subsequently eliminating solvent under a vacuum.
Thermal Behavior and Self-Organization Properties.

The phase diagram of this system has been constructed using
polarized optical microscopy (POM), differential scanning
calorimetry (DSC), and X-ray scattering data. Transition
temperatures and thermal data are listed in Table 1 and Figure
1. The corresponding phase diagram is shown in Figure 2.

Scheme 1. Chemical Structures of [PtCl2(CNR2)] and
[PtCl2(Bipy)] Molecules

Table 1. Optical, Thermal, and Thermodynamic Data for
Mixtures [PtCl2(Bipy)]/[PtCl2(CNR)2]

mol %
[PtCl2(CNR)2] transitiona

temperatureb
(°C)

ΔHb
(kJ mol−1)

0 Cr → Cr’ 32 8.6
Cr’ → Lam 81 7.2
Lam → I 188 13.6

10 Cr + Colrec
→ Cr’ + Colrec

35 5.0

Cr’ + Colrec → Lam + I 82 5.1
Lam → I 152 4.0

20 Cr + Colrec → Cr’ +
Colrec

34 1.0

Cr’ + Colrec → Lam + I 80 2.5
Lam + I → I 91 0.6

25 Cr + Colrec
→ Cr’ + Colrec

40c 1.1c

Cr’ + Colrec → Lam + I 78c 1.7c

Lam + I → I 91c 1.2c

30 Cr + Col →
Cr’ + Colrec

36 0.6

Cr’ + Colrec
→ Colrec+ I

}87 1.1d

Colrec + I → I
33.3 Cr → Colrec −16 16.5

Colrec → I 97 2.7
35 Cr → Colrec* −16 14.5

Colrec* → I 100 2.3
40 Cr → Colrec* −10 20.0

Colrec* → I 110 4.5
50 Cr → Colrec* −6 24.2

Colrec* → I 109 6.7
60 Cr → Colrec* −4 27.9

Colrec* → I 103 7.9
70 Cr → Colrec −4 30.0

Colrec* → I 96 9.3
80 Cr → Colrec* −7 31.2

Colrec* → I 90 11.1
90 Cr → Colrec* −11 32.2

Colrec* → I 87 11.9
100 Cr → Colrec* −13 26.3

Colrec* → I 83 13.2

aCr, Cr’ crystal phases; Colrec, rectangular columnar mesophase;
Colrec*, segregated rectangular columnar mesophase; Lam, lamellar
mesophase; I, isotropic liquid. bData collected from the second
heating DSC cycle. cData collected from the first heating DSC cycle.
The transition temperatures are given as peak onsets. dCombined
transitions. For mixtures with compositions lower than 33.3% in
[PtCl2CNR2], transitions below −15 °C have been omitted for clarity.
All the DSC scans registered from −40 °C can be found in the
Supporting Information.
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The parent 2,2′-bipyridine compound shows a lamellar
(Lam) mesophase and crystal-to-crystal transitions before
melting,54 while the isocyano-triphenylene derivative displays a
rectangular columnar (Colrec*) mesophase, where triphenylene
cores and platinum moieties are segregated into different
columnar units.37

Figure 3 shows the electronic density map of
[PtCl2(CNR)2] as derived by considering just the 2 most
intense peaks of the X-ray powder diagram (green curve in
Figure 4). A detailed description of the procedure for obtaining
the density map can be found in the Supporting Information
and ref 61. The unit cell parameters are a = 63 Å and b = 85
Å.37 In the map we can identify the most intense maxima with
the metallic fragments, while the secondary maxima must
correspond to the triphenylenes. Each principal maximum
contains 2 adjacent Pt moieties. In this way, and according to
ref 37, each unit cell has 4 Pt atoms and 8 triphenylene discs
(the number of molecular units is Z = 4). The structure
presents an arrangement in segregated columns of different
natures (inorganic and organic) in a conventional fashion.
Figure 3 also shows a schematic representation of the
supramolecular organization of the complex, as suggested by
the electronic density map. The structure is formed by stacking
the elements drawn at a distance h = 3.5 Å in a direction
perpendicular to the paper. This stacking periodicity is

deduced from the position of the peak in the wide-angle
region (2θ ≈ 25°), as shown in the right-most diagram of
Figure 4. The mass density ρ is given by 4M/V, where M is the
molecular mass of the complex (2996 u) and V = abh. It turns
out ρ = 1.06 g/cm3, which is a reasonable value, supporting the
consistency of the proposed model.

The mixture with compositions of 66.7% [PtCl2(Bipy)]/
33.3% [PtCl2(CNR)2], which correspond to an intermediate
compound (see below), divides the diagram into two self-
contained zones. For concentrations lower than 33.3% in
[PtCl2(CNR)2], the parent components are immiscible, and
only two-phase areas are observed. In contrast, for higher
compositions, there is a total miscibility. Consequently, only a
single-phase region appears. In the isotropic liquid, at higher
temperatures, the system shows a single liquid phase over the
entire range of compositions.

The intermediate compound displays enantiotropic meso-
morphism from −16 to 87 °C. The texture observed by POM
on cooling from the isotropic liquid shows a mosaic-like
texture (Figure 5), similar to that of the pure [PtCl2(CNR)2].
However, the diffraction pattern of this species is different
from those of both pure components, the isocyanide complex
and the bipyridyl derivative (Figure 4), which reveals their
different natures.

Figure 1. Heating DSC scans of the [PtCl2(Bipy)]/[PtCl2(CNR)2]
mixtures. The compositions (mol % in [ PtCl2(CNR)2]) are given in
brackets.

Figure 2. [PtCl2(Bipy)]/[PtCl2(CNR)2] phase diagram. The
boundaries of the white regions could not be clearly determined.
The temperatures given for the two-phase region Colrec + I
correspond to the beginning and end of the transition.

Figure 3. (Left) Electronic density map of the Colrec phase of
[PtCl2(CNR)2] deduced from the X-ray powder diagram. The bright
color corresponds to high-density regions. (Right) Scheme of the
supramolecular organization in the mesophase. Red triangles and
circles represent Pt moieties and triphenylene discs, respectively. The
structure is built by stacking those elements at a distance of h in a
perpendicular direction.

Figure 4. Diffraction patterns in the mesophase state of pure
[PtCl2(Bipy)] (top); pure [PtCl2(CNR)2] (bottom); 33.3% compo-
sition in [PtCl2(CNR)2] (middle).
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In the small-angle region two peaks are essentially observed,
the second at twice the angle of the first (gray curve in Figure
4). This greatly contrasts with the X-ray patterns found for
typical columnar phases, where the angular positions of the
most prominent peaks do not bear a simple relationship. It is
interesting to note the remarkable displacement of the main
first peak toward larger angles in relation to that observed in
[PtCl2(CNR)2], which suggests a much smaller unit cell in this
case. Given the similarity of the two optical textures (Figure 5)
we also propose a Colrec phase for the mixture. Identifying the
observed peaks with reflections (11) and (22) the density map
shown in Figure 6 is obtained. This assignment implies a
correct mass density for the structure as will be shown below.
The plane group has c2mm symmetry, like [PtCl2(CNR)2]. In
this case, however, in contrast to the pure complex, the primary
and secondary maxima of the electronic density cannot be
distinguished from each other but are all the same size.
Consequently, each maximum must contain all possible
elements with high electronic density, that is, Pt atoms from
[PtCl2(CNR)2], triphenylene units, and bipyridine units
(which, in their turn, have associated their own Pt atoms).
All of these elements must stack together to conform the high-
density regions. This kind of “hybrid” organization implies an
unusual molecular rearrangement in which the inorganic−
organic columnar segregation of the parent [PtCl2(CNR)2]
compound has completely disappeared. Given the chemical
composition of the mixture, the content of each stack must be
composed by 5 objects: one metallic fragment from
[PtCl2(CNR)2], two triphenylene discs, and two
[PtCl2(Bipy)] units. Presumably this association is stabilized
through strong interactions between triphenylene and

bipyridine moieties, as will be shown later. The stacking
distance is in this case h’ = 3.4 Å, as deduced from the position
of the peak at 2θ ≈ 26° (diagram on the right in Figure 4).
Since there are two columns per unit cell, the mass density is
given by ρ = 2(M + 2M’)/(a’b’5h’), where M’ = 846 u is the
molecular mass of [PtCl2(Bipy)], and a’,b’ are the unit cell
parameters. A density ρ = 1.0 g/cm3 results for a’ = 26 Å, b’ =
35 Å, which fit the observed (11) and (22) peaks quite well.

Regarding the mixtures with compositions lower than 33.3%
in [PtCl2(CNR)2], the solid obtained from cooling a molten
mixture shows clearly the sum of the diffraction patterns of the
bipyridyl derivative and the intermediate compound just
described, proving that the solid is a mixture of both
components. When the mixed solid is heated, two regions of
partial melting or clearing appear on the diagram, and mixtures
of the end-member phases (Cr or Cr’ + Colrec and Lam + I)
are observed (Figure 2). Finally, the sample becomes an
isotropic liquid. In agreement with the power X-ray data, the
clearing point appears in the DSC scans as two endothermic
peaks revealing a simple eutectic system (Figure 1), the one at
lower temperature corresponding to the partial clearing
(eutectic temperature), and the second one, which appears
as a broad signal corresponding to the transition from the two-
phase region to isotropic liquid.

For compositions of [PtCl2(CNR)2] above 33.3%, only
single-phase areas are observed, and the DCS scans show fairly
sharp peaks. These observations are consistent with a solid
solution, which melts to give a rectangular columnar
mesophase with temperature range, texture, and diffraction
patterns (Figure 8) similar to those of the [PtCl2(CNR)2]
complex (Figures 1, 5, and 8).
Solution Characterization of Donor−Acceptor Inter-

actions. While both individual components are off-white or
yellow, the formation of mixtures resulted in the appearance of
an intense red color. The UV−vis spectra of thin films show a
broad absorption band centered at 520 nm, which is not
observed in the pure isolated complexes; a representative
example is gathered in Figure 9.

This result suggests the formation of supramolecular
aggregates through charge-transfer (CT) interactions between
electron donor (TPh)−acceptor (Bipy) pairs, as reported for
related systems.47 In dichloromethane solution, the UV/vis
absorption spectra of all the mixtures are very similar,

Figure 5. Optical polarizing microscopy photographs (×100, crossed
polarizers) on cooling from the isotropic phase of (a) pure
[PtCl2(CNR)2] at 70 °C; (b) 50% [PtCl2(Bipy)]/50%
[PtCl2(CNR)2] at 75 °C; (c) 66.7% [PtCl2(Bipy)]/33.3%
[PtCl2(CNR)2] at 70 °C; (d) 90% [PtCl2(Bipy)]/10%
[PtCl2(CNR)2] at 145 °C; and (e) pure [PtCl2(Bipy)] at 175 °C.

Figure 6. Electronic density map of the mixture [PtCl2(CNR)2]/
2[PtCl2(Bipy)] obtained from the X-ray powder diagram. Bright color
corresponds to high-density regions.

Crystal Growth & Design pubs.acs.org/crystal Article

https://doi.org/10.1021/acs.cgd.3c00660
Cryst. Growth Des. 2023, 23, 6812−6821

6815

https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig5&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig6&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.cgd.3c00660?fig=fig6&ref=pdf
pubs.acs.org/crystal?ref=pdf
https://doi.org/10.1021/acs.cgd.3c00660?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


displaying the structured spectral pattern characteristic of the
isocyano complex [PtCl2(CNR)2] (Figure 10).37 Note that the
characteristic absorptions of the bipyridyl component present
in the mixture are not observed,62 due to their overlap with the
most intense bands of the triphenylene-isocyanide complex.

In the case of the mixtures, in dichloromethane solution, all
of them are luminescent, showing the same emission spectrum
as that of the [PtCl2(CNR)2] complex (Figure 10). Thus,
under these conditions, the components of the mixture should
not interact strongly at the molecular level.

In the solid state, luminescence is observed only for
compositions lower than 33.3% in [PtCl2(CNR)2] (Figure
11). These mixtures display the characteristic phosphorescent
emission of the bipyridyl component, which decreases as the

percentage of the isocyano complex increases. The emission is
completely lost for 33.3% composition in [PtCl2(CNR)2].
These results are consistent with the two-phase regions
observed in the phase diagram for concentrations lower than
33.3%.

In contrast to the behavior observed in dichloromethane
solution, 1H NMR titration of [PtCl2(CNR)2] (10−2 M) with
[PtCl2(Bipy)]) in C6D6 showed a clear shift of some aromatic
signals (Figure 12), indicating supramolecular association
between both complexes through interactions involving the
triphenylene and bipyridine moieties. Plotting the experimental
displacements and fitting the points to appropriate models
gave a good estimation from a 1:2 full model (Figure 13),63−65

affording complexation constants: K1 = 7520 (±236) and K2 =

Figure 7. Diffraction patterns of [PtCl2(Bipy)] and some mixtures
with high content of the bipyridine component at different
temperatures. From top to bottom: pure [PtCl2(Bipy)] at 115 °C
(Lam), 60 °C (Cr’) and 15 °C (Cr); 90% [PtCl2(Bipy)]/10%
[PtCl2(CNR)2] at 110 °C (Lam + I), 60 °C (Cr’ + Colrec) and 10 °C
(Cr + Colrec); 80% [PtCl2(Bipy)]/20% [PtCl2(CNR)2] at 60° (Cr’ +
Colrec) and 10 °C (Cr + Colrec); 66.7% [PtCl2(Bipy)]/33.3%
[PtCl2(CNR)2] at 70 and 15 °C (Colrec).

Figure 8. Diffraction patterns of pure [PtCl2(CNR)2] and a 1:1
mixture at different temperatures. From top to bottom: 50%
composition at 70 °C (Colrec*) and −25 °C (Cr); pure
[PtCl2(CNR)2] at 70 °C (Colrec*) and −25 °C (Cr).

Figure 9. UV−vis absorption spectra and photographic images of thin
films of [PtCl2(CNR)2], [PtCl2(Bipy)], and a 1:1 mixture.

Figure 10. UV−vis absorption (top) and luminescence emission
(bottom, λexc = 340 nm) spectra (CH2Cl2, 10−5 M) of the
[PtCl2(Bipy)]/[PtCl2(CNR)2] mixtures. The compositions (mol %
in [PtCl2(CNR)2]) are given in brackets.
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218 (±3), thus confirming the stoichiometry of the
intermediate compound found in the solid state (see the
Supporting Information for details).

Moreover, concentration-dependent experiments for the
[PtCl2(CNR)2]/2[PtCl2(Bipy)] composition carried out by
1H NMR spectroscopy in C6D6 show that the shift of the
aromatic signals of the mixture with respect to those of the
individual components progressively decreases with increasing

dilution (Figure 14). This result reveals that for a
concentration of 10−4 M, the components would not aggregate
but would coexist independently.

Quantum Chemical Calculations. In order to gain a
deeper insight into the columnar structure at the molecular
level of the [PtCl2(CNR)2]/2[PtCl2(Bipy)] mixture, the
supramolecular aggregate (or cluster) of this system, whose
construction is based on the X-ray powder diffraction data, was
studied by using density functional tight-binding calculations
(see the theoretical section in the Supporting Information for a
more detailed description).66

The minimum-energy structure calculated for the cluster
model is constituted by the stacking of TPh discs (blue in
Figure 15), Pt fragments from [PtCl2(CNR)2] (red), and

[PtCl2(Bipy)] units (green). For some TPh fragments, we
have considered the complete [PtCl2(CNR)2] molecule in
order to show the cross-linked effect between columns. This
structure results in stacking distances of approximately 3.17 Å,
in agreement with experimental data. In this respect, it must be
mentioned that the slightly different stacking distances shown
in Figure 15 should not be considered as experimentally
distinguishable. Note that the supramolecular cluster displayed
in Figure 15 does not correspond to the stoichiometric

Figure 11. Luminescence emission spectra in the solid state of the
[PtCl2(Bipy)]/[PtCl2(CNR)2] mixtures (λexc = 350 nm). The
compositions (mol % in [ PtCl2(CNR)2]) are given in brackets.

Figure 12. 1H NMR titration of [PtCl2(CNR)2] with [PtCl2(Bipy)]
in C6D6. The spectra were recorded by using a constant concentration
of [PtCl2(CN-TPh)2] (10−2 M) at 298 K.

Figure 13. 1H NMR titration plots and curve fittings of
[PtCl2(CNR)2] and [PtCl2(Bipy)] in benzene-d6, HTriPh (8.24 →
7.96 ppm), and HA and HX signals.

Figure 14. 1H NMR of [PtCl2(CNR)2]/2[PtCl2(Bipy)] in benzene-
d6 at different concentrations.

Figure 15. Side view of the stacking model calculated by the GFN2-
xTB xTB tight-binding method for the columnar arrangement of the
[PtCl2(CNR)2]/2[PtCl2(Bipy)] mixture. Color code: Pt moieties
from [PtCl2(CNR)2], red; [PtCl2(Bipy)] molecules, green; TPh
fragments, blue. Hydrogen atoms are omitted. The shortest distances
between metallic and TPh fragments are also displayed. Units are in
Å.
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composition, but it represents the short-range structure where
each Pt fragment is sandwiched between two TPh discs.

Figure 16 collects interaction energies computed for the
supramolecular structure describing the columnar phase of the

[PtCl2(CNR)2]/2[PtCl2(Bipy)] mixture. The total interaction
energy has been calculated as the change in the energy of the
respective units, referring to the number of interacting Pt
atoms with TPh fragments. ΔE yields a value of −465.2 kJ·
mol−1 (−697.9 kJ·mol−1 refers to the number of
[PtCl2(CNR)2] molecules). In this case, ΔE has been
decomposed as the sum of the interaction energy between
d i ff e r en t f r a gmen t s : [P tC l 2 (B iPy ) ] · · ·TPh and
[PtCl2(CNR)2]···TPh. Both [PtCl2(BiPy)]···TPh and
[PtCl2(CNR)2]···TPh terms contribute similarly to the ΔE
(−201.2 kJ·mol−1). The contribution from the dispersion
energy (ΔEdis) represents only 54.7% to the total ΔE. As seen
below, charge transfer interactions play a key role in the
stabilization of the columnar phase of the [PtCl2(CNR)2]/
2[PtCl2(Bipy)] mixture.

Aimed at obtaining information into the nature of the
donor−acceptor interactions, we have assessed the charge
distribution, through the electrostatic potential plots (ESP) in
the supramolecular cluster here optimized as the changes with
respect to the constituent molecules (Figure 17).

The ESP plot of [PtCl2(Bipy)] reveals a centralized
distribution of negative charges (Red) across the Bipy motif,
while positive charges (Blue) are around the Pt atoms. On the
other hand, the ESP plot of [PtCl2(CNR)2] shows that relative
positive charges are localized within the center of the TPh core
as well over Pt atoms, while the (isocyanophenoxy)hexyloxy
regions hold most of the negative charges. As a matter of fact,
the optimized structure for the [PtCl2(CNR)2]/2-
[PtCl2(Bipy)] mixture indicated a face-to-face overlap between
Bipy or isocyanophenoxy motifs and TPh aromatic planes with
an eclipsed geometry. Such configuration allows that the Pt
moiety with a positive charge distribution be located over the
edge of TPh cores, which indicates a negative charge
distribution.

Finally, further analysis of the intermolecular interactions
has been carried out considering reduced density gradient
(RDG) isosurfaces to display the strength and nature of the
intermolecular interactions (Figure 18).67 Green RDG isosur-
faces are observed between TPh motifs and Pt organometallic
regions (for both [PtCl2(CNR)2] or [PtCl2(Bipy)]), indicating
van der Waals interactions between the TPh core and aromatic

regions around the Pt atoms (i.e., Bipy or isocyanophenoxy
motifs) and strong attractive interactions between Pt−Cl
regions and TPh edges, respectively.

■ CONCLUSIONS
This study shows that the use of liquid crystalline blends is a
simple and useful strategy to modulate the features of
columnar mesophases of triphenylene-derived metallomeso-
gens. The mixture of two platinum(II) complexes, the

Figure 16. Calculated iteration energies (ΔE) for the
[PtCl2(CNR)2]/2[PtCl2(Bipy)] mixture.

Figure 17. ESP plots of (a) [PtCl2(Bipy)] and [PtCl2(CNR)2]
molecules; (b) [PtCl2(CNR)2]/2[PtCl2(Bipy)] cluster (side and
upper views). For the sake of clarity, only PtCl2···TPh regions are
highlighted for the [PtCl2(CNR)2]/2[PtCl2(Bipy)] mixture. Red and
blue colors indicate the lowest and highest ESP. Hydrogen atoms are
omitted.

Figure 18. RDG isosurfaces of [PtCl2(CNR)2]/2[PtCl2(Bipy)] (with
special interest in PtCl2···TPh interacting regions). RDG green color
points out attractive interactions. Hydrogens atoms are omitted.
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isocyano-triphenylene derivative [PtCl2(CNR)2] that displays
an organic/inorganic segregated columnar mesophase, and
[PtCl2(Bipy)] (Bipy = didodecyl 2,2′-bipyridyl-4,4′-dicarbox-
ylate) that shows a lamellar mesomorphism, gives rise to an
interesting mesomorphic behavior. For concentrations lower
than 33.3% in [PtCl2(CNR)2], the parent components are
immiscible, and only two-phase areas corresponding to a
eutectic system are observed before clearing. In contrast, for
higher compositions, there is total miscibility, giving a
segregated columnar mesophase with a similar structure to
that of the isocyanide disk-like component but with wider
temperature ranges. The most remarkable result is the
formation of an intermediate supramolecular complex of
stoichiometry [PtCl2(CNR)2]/2[PtCl2(Bipy)], which divides
the phase diagram into two independent parts. This aggregate
displays a columnar mesophase that is different from those of
both pure components, whose structure is constituted by the
stacking of alternating organic/inorganic fragments. Quantum
chemical calculations, in accordance with UV−vis and 1H
NMR data, show that the formation of this columnar structure
is supported by π electron donor−acceptor interactions
between each triphenylene group of the isocyanide complex
and a platinum-bipyridine molecule.

These results show clearly that the formation of the
intermediate supramolecular complex through donor−acceptor
interactions produces the breaking of the organic/inorganic
columnar segregation of the isocyano parent component to
give a stacking of alternating organic/inorganic moieties. This
constitutes an unconventional example of modulation of
organic/inorganic segregation in columnar mesophases by
intercalation of platinum(II) complexes into hexaalkoxytriphe-
nylene stacks.

This approach can provide a useful alternative to property
modulation by chemical functionalization, for future tailoring
of metal−organic liquid crystals.
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