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Zinc oxide (ZnO) quantum dots were synthesized in the presence of a columnar liquid crystalline perylene deriv-
ative. The liquid crystal molecules did not influence the nanoparticles' growth, and surprisingly they were effi-
cient in stabilizing the colloidal dispersion over several months. For the first time, the quantity of ZnO units
present in the ~4 nm sized ZnO nanoparticles was determined from the supramolecular interaction between
the nanoparticles and the liquid crystal molecules as well as by analyzing the stoichiometry of the mixture.
The quantity of ZnO units was also confirmed by theoretical studies performed by means of DFT calculations.

The mixture was efficiently applied for methylene blue photodegradation.

© 2020 Elsevier BV. All rights reserved.

1. Introduction

The bulk phase of zinc oxide (Zn0) has a band gap of 3.37 eV, and its
exciton binding energy is 60 mV at room temperature. This material ab-
sorbs light in the UV region (200-375 nm) and emits close to 520 nm as
a result of structural defects such as zinc and oxygen vacancies, or due to
surface impurities | 1-3]. Bulk ZnO is an n-type semiconductor [4] with
excellent mechanical and thermal stability that can have the crystalline
structures of hexagonal wurtzite, zinc blende and rock salt, in which
bonding is characterized by a tetrahedral geometry and sp> hybridiza-
tion [5-7].

Quantum dots (QDs) are semiconducting nanomaterials with diam-
eters ranging from 2 to 10 nm and three-dimensional (3D) quantum
confinement effects that lead to distinct optical and electronic proper-
ties [8]. ZnO QDs have received special attention due to their low toxic-
ity and have found many applications in light emitting devices [9,10],
electrochemical sensors [11,12], biological markers [13,14] and
photocatalysis [15,16]. Visible fluorescence emission ranging from
blue to yellow under ultraviolet (UV) light excitation can be obtained
by controlling the nanoparticles' diameter [ 1] and their structural de-
fects [3].
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As a photocatalyst, ZnO QDs have already been used under excita-
tion by natural and artificial UV and visible light in their pure form or
combined with other materials for the degradation of various poten-
tially toxic molecules [17,18]. Associating the photocatalytic activity of
Zn0 with QD nanostructures is lucrative, as decreasing semiconductor
size increases surface area, allows abundant surface states in various
morphologies and opens new possibilities for device design [19,20].

Molecular systems with complementary energy levels have been in-
vestigated in conjunction to enlarge the visible light absorption for pho-
tovoltaic applications, where the stability of the combined system,
especially under light irradiation, is essential for long lifetimes of the de-
vices. Liquid crystals (LCs) combine molecular order and fluidity, and
they have been used for many technological applications, in displays
[21], in organic electronic devices such as OLEDs [22], OFETs [23] and
0SCs [24], and in nanocomposite systems with metallic nanoparticles
|25], carbon nanotubes | 26] and quantum dots [27] in order to improve
the electro-optical properties of the combined systems |24,28,29]. Lig-
uid crystalline perylene derivatives absorb and emit visible light, form
long-range ordered m-aggregates in columnar superstructures and
show high electron mobility with pronounced n-type semiconducting
character [30]. We previously demonstrated that OLED performance
was improved by mixing two perylene derivatives compared to the in-
dividual materials alone [31].

In the present work, ZnO QDs were synthesized in the presence of a
LC perylene derivative to combine two n-type semiconductors and to
increase absorption range, but with superimposed photoluminescence.

Joumal of Molecular Liquids 310 (2020) 113273



The presence of the perylene did not affect the ZnO nanoparticle
growth, and it proved to be efficient in the stabilization of the ZnO QD
colloidal dispersions, despite the strong tendency of nanoparticles to ag-
gregate in a bulk liquid crystal host [32]. The experimental determina-
tion of supramolecular interactions supplemented by theoretical
modeling allowed the determination of the number of ZnO units in
the ZnO nanoparticles. The prepared ethanolic dispersion demonstrated
that ZnO was selective for photodegradation of methylene blue, with no
photochemical degradation effect on the perylene derivative.

2. Materials and methods
2.1. Materials

Commercial zinc acetate dihydrate (Zn(CH5C00),-2H,0) ACS ™ 99%
(Sigma-Aldrich), sodium hydroxide (NaOH) ACS reagent = 99.38%
(Vetec), and ethanol P.A. ACS 99.5% (Sigma-Aldrich) was used as re-
ceived. A 100 mL three-necked round bottom glass flask was used as a
reactor. A hot plate with magnetic stirrer was used to control tempera-
ture and to homogenize the reaction.

The synthesis and characterization of the perylene based liquid crys-
talline material, 3,9( 10)-bis-(2-methoxyethoxycarbonyl)-4,10(9)-bis
(2-(2-methoxyethoxy)ethoxycarbonyl)perylene (PerLC), was pub-
lished elsewhere [31,33]. The molecule (inset of Fig. 2) has a disc-like
structure with diameter 16.3 A determined by X-ray diffraction and pre-
sents a stable hexagonal columnar mesomorphism from room temper-
ature until 150 °C.

2.2, Synthesis of colloidal ZnO QDs

QDs were synthesized using the sol-gel method, based on methodol-
ogies reported in the literature [34-37| choosing ethanol as solvent
[37,38]. Initially stock solutions of NaOH and Zn(CH5COO),-2H;0
were prepared. Approximately 0.01 g of each reagent were weighted
and dissolved in 10 mL of ethanol, and the solutions were homogenized
at 60 °C in a water bath with stirring. Then, the volume of each reagent
to be added to the reactor was determined to obtain a total volume of
15 mL of reaction at 2.0 x 1073 mol L™ of Zn(CH3CO0),-2H,0 and
2.5 x 107> mol L=! of NaOH. The appropriate volume of ethanol was
added to the reactor to complete the final volume. The stock solutions
and the reactor are then placed in an ice bath (0 °C), followed by the ad-
dition of the calculated volume of the stock solution of Zn{ CH3C00)
2+2H50 and the system was maintained under agitation for 10 min for
homogenization. To produce the QDs, the predetermined volume of
NaOH was added dropwise, and the timer is set after the first drop.
One min later, the reactor is transferred from the ice bath to a water
bath at 60 “C and is stirred at that temperature for 120 min, when the
reaction is finished by taking the reactor out of the water bath and stop-
ping stirring.

For the synthesis of ZnO-PerLC QDs a stock solution of PerLC was
prepared at the concentration of 8.7 x 10™* mol L™" and 343 pL of
this solution was added after the addition of zinc acetate to the three-
neck round bottom glass flask to obtain a concentration of
2.0 x 10> mol L™, and the system was maintained under constant stir-
ring for 10 min.

In order to investigate the effect of the concentration of PerLC over
the ZnO QDs dispersion, a stock solution of PerLC at 1.0 mg mL™!
(1.3 x 1073 mol L=') was prepared and added to the colloidal disper-
sion of ZnO, at the beginning of the reaction, to obtain three different
PerLC concentrations (1.0 x 10 % mol L™, 1.0 x 10 > mol L ! and
1.0 % 10~ mol L71).

2.3. ZnO-doped perylene LC solid

Zn0 QDs in colloidal dispersion were prepared as described in
Section 2.2. An aliquot of 3.3 mL of the synthesis was separated to

yield 0.53 mg of ZnO QDs and then 9.47 mg of PerLC was dissolved in
that volume in order to achieve 5.3% and 94.7% of ZnO and PerLC, re-
spectively. The mixture was homogenized in an ultrasound bath for
15 min. To obtain the solid, the solvent was evaporated keeping the
mixture in an oven at 60 °C for 24 h.

2.4. Characterization

The UV-Vis absarbance spectra of ZnO QDs and PerLC dissolved in
ethanol were collected with an Ocean Optics USB4000 spectrophotom-
eter. For the photoluminescence (PL) measurements a Hitachi fluores-
cence spectrophotometer (Model F-7000) was used.

The shape and size of the nanoparticles were determined by trans-
mission electron microscopy (TEM) using a JEOL JEM-2100 microscope
operating at 200 kV.

The hydrodynamic diameter of ZnO and ZnO-PerLC nanoparticles
was obtained using Malvern's ZetaSizer Nano S equipment. This analysis
was performed after 2 h, 1 day and 14 days after the synthesis.

Optical textures of the materials sandwiched between two glass
slides were obtained using an Olympus BX50 polarizing optical micro-
scope (POM) equipped with a Mettler Toledo FP-82 hot stage to control
the temperature.

2.5. Supramolecular interaction of ZnO QDs with perylene derivative

A 1.0 x 107" mol L~! solution of PerLC was prepared in ethanol. ZnO
QDs were added (Zn0O unities = 2.0 x 1073 mol L™!) to the titrant in
order to maintain constant its concentration during PerLC additions.
2.0 mL of colloidal dispersion of ZnO QDs into a 3 mL quartz-cuvette
was titrated by successive additions of 20 pL of the PerLC solution.
After each addition, absorbance spectra were collected using a
Shimadzu UV-1800 spectrophotometer.

2.6. Photodegradation of methylene blue with ZnO QDs with and without
perylene derivative

Photocatalysis essays were performed using a 5.0 mL volumetric
flask as reactor. This flask was placed in a water reflux system in order
to remain at room temperature (23-25 °C) under constant magnetic
stirring. To the flask was added 100 pL of a 1.0 % 1072 mol L7 stock so-
lution of methylene blue (MB) in order to get 2.0 x 10> mol L' in the
colloidal dispersion of ZnO QDs (2.0 x 102 mol L ! ZnO, without or
with 2.0 x 107> mol L' PerLC). The reaction system was sunlight-
irradiated for two hours between 11 a.m. and 02 p.m. (period of highest
light intensity), using a glass to filter the radiation and on cloudless
days, keeping the same conditions for all photocatalysis essays. Aliquots
of the system under irradiation were taken and analyzed by scanning
absorbance from 200 to 700 nm on a Shimadzu UV-1800 spectropho-
tometer after 0, 5, 10, 20, 30, 40, 50, 60, 90 and 120 min. The kinetics
of the photodegradation was analyzed by using Eq. (1).

A; = Agel~kamt) (1)

where A, is the absorbance at the maximum absorbance wavelength of
MB (655 nm) at each time, £; A is the initial absorbance, and kg, is the
apparent first-order constant.

3. Results and discussion

Fig. 1 shows the absorbance spectra obtained over the temporal evo-
lution of the colloidal dispersion of ZnO QDs in ethanol at room temper-
ature, after the 2 h reaction was stopped. In a previous work, the
experimental conditions using this synthetic procedure were deter-
mined using 2-propanol, where without stabilizer the ZnO nanoparti-
cles grew up to the limit of the associated energy value of bulk ZnO
(3.37 eV) with 120 min of reaction | 34]. Here, using ethanol and without
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Fig. 1. Absorption time evolution of ZnO QDs (2.0 x 10~ mol L™ ' Zn0) without stabilizer
during 40 days, and PL spectrum immediately after quantum dot formation. Excitation
wavelength My = 335 nm.

stabilizer, a slight displacement of the absorption spectrum toward lon-
ger wavelengths is observed over 40 days. The optical band gap was de-
termined by Tauc plot based on UV-Vis absorption, being 3.50 eV and
3.45 eV for 120 min and 40 days, respectively. These values confirm
that, just after the synthesis, the ZnO nanocrystals are in the quantum
confinement regime. If the onset of ZnO absorption band is 2370 nm,
the band gap energy corresponds to the bulk phase [39]. The initial PL
spectrum is in the range 400-650 nm (Fig. 1), with a maximum around
505 nm, which is typical for ZnO QD emission.

Fig. 2 shows the absorption and PL (with excitation at 467 nm) of
PerlC in ethanol at a concentration of 1.0 x 107> mol L~". The vibronic
absorption and PL bands are typical for perylene based molecules. In
conjunction with the ZnO QDs, PerLC offers an additional absorption
band at 380-500 nm, which increases light absorption of the composite
system. Notwithstanding this, the PL of both is in the same spectral re-
gion, being broader for ZnO.

The absorption and emission spectra of the ZnO QDs synthesized in
the presence of PerLC (1.0 x 10~ *mol L ') are presented in Fig. 3,
where the concentration of ZnO units 2.0 x 1072 mol L~'. The absorp-
tion is the sum of the individual components, while the PL is dominated
by the PerLC emission profile, even when excited within long-
wavelength end of the absorption band of ZnO at 335 nm, where the ab-
sorption of PerLC is very low. The intensity of PerLC PL when excited in
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Fig. 2. Absorption and PL spectra of the LC perylene derivative in ethanol at concentrations
of 1.0 % 107% mol L™". Inset: molecular structure (only one of two regio-isomers is
sketched). Molar mass = 749.06 g/mol.
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Fig. 3. Absorption time evolution of ZnO QDs (ZnO = 2.0 x 10" mol L™ ') + PerLC
(1.0 % 10~ * mol L~ ") without stabilizer during 10 days, where the reaction was stopped
after 120 min. PL spectrum after 120 min of reaction. Excitation wavelength A,,. =
335 nm.

the Zn0O absorption region (335 nm) is around one order of magnitude
weaker than when excited at the maximum absorption of PerLC
(467 nm). Absolute PL quantum yields were obtained to be 84% for
PerLC (Nex = 467 nm) and 15% for Zn0 QDs (Aex = 350 nm).

The time evolution during 10 days shows the same absorption char-
acteristics, where the onset is the same asin case of pure ZnO QDs, indi-
cating that the nanoparticle growth is not affected by the presence of
the PerLC molecules during the reaction. The same was observed for a
PerLC concentration of 1.0 x 107> mol L™, see Fig. S1.

Fig. 4 shows TEM images of ZnO QDs synthetized without (a,b) and
with (¢, d) the presence of PerLC, where the measured particles diame-
teris4.1 & 0.5 nm and 4.0 & 0.4 nm, respectively, with size dispersion
around 10%. High resolution TEM images of both cases are shown in
Fig. 4(b) and (d), where interplanar spacings of 0.28 nm and 0.26 nm
were obtained, corresponding to the planes (100) and (002), respec-
tively. This crystalline structure is compatible with the ZnO wurtzite
hexagonal phase according to the ICSD 34477 crystallographic card
[40]. These results show that the presence of PerLC during the synthesis
does not affect the particle size and crystallographic structure.

Fig. 5 shows pictures of the colloidal dispersions under UV light ex-
citation at 365 nm. After 60 days, the dispersion without PerLC precipi-
tates at the bottom of the vessel, being evident from the yellow PL under
UV illumination, Fig. 5(C). On the other hand, Fig. 5(A) and (B) shows
that with PerLC concentrations of 1.0 x 10™* mol L™' and
1.0 > 107" mol L™, respectively, the dispersion is stable. Surprisingly,
the PerLC molecules act as stabilizer for the ZnO QDs colloidal disper-
sions [52] The dispersion samples of Fig. 5 are identical with those of
Figs. 1,3 and S2, photographed after 1 year of storage at room temper-
ature. Fig. 5(D) shows the sample of Fig. 5( C) after sonicating for 5 min.

The hydrodynamic diameter of the colloidal dispersions (ZnO QDs
and ZnO QDs + PerLC) was measured by dynamic light scattering
(DLS) as a function of time (Fig. S2). Just after the synthesis the hydro-
dynamic diameter of the ZnO QDs is smaller than for ZnO QDs prepared
in the presence of PerLC. The onsets of the absorbance spectra and the
TEM measurements both indicate that the size of the QDs themselves
is not affected by the presence of PerLC during the synthesis. Therefore,
the about 5 nm larger hydrodynamic sphere must result from the ad-
sorption of PerLC molecules onto the QD surfaces. One day after stop-
ping reaction the hydrodynamic diameter increased 92.5% and 27.3%
for pure ZnO QDs and Zn0 QDs + PerLC, respectively, which can be as-
sociated to QD aggregation. The role of the presence of PerLC on the col-
loidal ZnO QD dispersion is even more striking after longer periods:
after 21 days the hydrodynamic diameter has increased to 808% and
373% without and with PerLC, respectively. Taking the DLS
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Fig. 4. TEM images and size distribution histograms (insets) of ZnO QDs (ZnO = 2.0 x 10~ mol L™ ') synthesized without (a, b) and with (¢, d) presence of PerLC (2.0 x 10~° mol L™ 1).

High resolution TEM images (b) and (d) show the particles’ crystalline periodicities.

measurements of the samples shown in Fig. 5, the polydispersity index
was very high (100%) indicating the continuous formation of aggregates
(results not presented ). Thus, the presence of PerLC, lowers the size ag-
gregates, prevents the colloidal system from precipitate, despite not
preventing the aggregate growth.

In order to investigate the supramolecular interaction of the PerLC
molecules with the ZnO QDs, the spectral absorption changes of the
Zn0 QDs in the UV-vis region were studied by adding PerLC solutions,
see Fig. 6(A). With the first addition of PerLC at concentration of
9.90 x 1077 mol L™" a decrease in the ZnO absorbance at 345 nm was

Fig. 5. Photographs of colloidal dispersions of ZnO QDs after 1 year of storage; (A) and (B):
with addition of PerLC during the reaction (A: 1.0 10™*molL™"; B: 1.0 x 10> mol L™');
(C): pure ZnO QDs without PerLC. Nexe = 365 nm. The concentration of ZnO is
2.0 x 1073 mol L' in all dispersions. (D) shows sample (C) after sonicating for 5 min.

observed, which is associated to the first interactions between both
chemical species [41,42]. Subsequently, as the PerLC concentration in-
creases, the absorbance at 468 nm increases up following two linear
tendencies (Fig. 6(B)). Taking those data and treating them considering
a supramolecular complex formation, the mole ratio method was used
in order to obtain the stoichiometry of the complex. This method was
elaborated by Beltran-Porter et al. [43] and Ackermann &Connors [44]
that assign a measurable property of the system where the substrate
(here ZnO) concentration is held constant and the ligand (here PerLC)
concentration is varied. The plot with the measurable property against
the ligand/substrate ratio should show a discontinuity or an abrupt
change where the stoichiometric ratio can be found.

The stoichiometric ratio between PerLC and ZnO was determined in
triplicate experiments and found to be (2.0 + 0.1):1000 from the inter-
section of the two trend lines in Fig. 6(B), obtained by extrapolating in-
dependent linear fittings over the two data sets (with R? > 0.99), before
and after the intersection point. This demonstrates that the Beltran-Por-
ter approach can conveniently be used to obtain adsorbate/particle ra-
tios from absorption spectra of the molecular component on titration,
also to estimate the number of ZnO units per particle, once 1000 is
very close 972, determined theoretically to be the number of ZnO
units per ZnO QD particle (see below).

In support, theoretical studies were performed by means of DFT cal-
culations. The hseh1pbe functional was employed and as basis set the
pseudo potential lanl2dz [quantum mechanics level (QM)]. The force
field UFF was employed for the molecular mechanic (MM) level of the-
ory. The hseh1pbe functional has been widely used for the study of
crystalline surfaces of metal oxides [44,45]. In a first stage, the wurtzite
structure of the primitive cell of ZnO was optimized at the QM level by
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Fig. 6. (A) UV-vis spectra of colloidal dispersion of Zn0O QDs with increasing amounts of PerLC. (B) Absorbance values at 468 nm as a function of the molar ratio between PerLC and ZnO

concentrations by increasing additions of titrant (PerLC).

using the crystal 17 software [46,47] and the expansion of the cell was
performed until the achievement of a symmetric structure of
972 units of Zn0O, and as result was obtained an particle of a diameter
of 4.69 nm, which is in good agreement with the experimental results
of Fig. 4 (=4 nm). 972 Zn0O units constituting a QD closely coincide
with the 2:926 ratio obtained above, indicating that 1 QD is surrounded
by 2 PerLC molecules. The optimized QD structure is shown in Fig. 7. For
the first time, the results here shown (combining the Beltran-Porter ap-
proach and the theoretical studies) support that the number of ZnO
units per particle can be obtained from the particle size.

With respect to the interaction of PerLC with the surface of the nano-
particle, three possible planes of interactions were considered for the
estimation of the binding energy: the plane 100 with the oxygen
atoms exposed (0-Zn0-100), the plane 100 with the Zn atoms exposed
(Zn-Zn0-100) and the plane Zn-O (see Fig. 8(A)). The plane 100 was se-
lected because it was well characterized by the TEM analysis (Fig.4) and
itis also commonly used in the literature [48,49].

For the interaction energy calculation of PerLC with the ZnO surface,
a QM/MM calculation was performed for each plane separately and the
PerLC was considered in the QM level, while the surface was considered
in the MM level. These calculations were performed by using the soft-
ware Gaussian 16 [50]. The atoms positions of the ZnO particle were

fixed in order to maintain the previous optimized structure. Then, the
binding energy (BE) [51,52] can be estimated by Eq. (2) below:

BE = EPerLC‘—sur_ﬁJce_ (Esur_ﬁice + EHerLC) (‘Z}

where E is the electronic energy and surface represent the three evalu-
ated surfaces (0-Zn0-100, Zn-Zn0-100 and Zn-0). In Fig. 8(B), the in-
teraction for each plane and the corresponding binding energies were
found for the three cases, with the most favorable interaction with the
Zn-Zn0-100 plane ( —1.59 eV), suggesting a relatively strong interac-
tion between Zn0O and PerLC, which can impede ZnO QDs aggregation
and be responsible for the colloidal stabilization over time upon PerLC
addition.

The ZnO efficiency as photocatalyzer for MB degradation under sun-
light irradiation was investigated both for pure ZnO nanoparticles and
those made in the presence of PerLC (2.0 x 107> mol L=') (Fig. 9).

The photodegradation of MB using ZnO QDs without and with PerLC
were similar. In both cases, the absorption bands of the MB (655 nm)
disappeared after 2 h irradiation (see Fig. S3). The rate constants from
Eq. (1) were very similar, with kqpp, = 0.19 + 0.025 min ! for pure
Zn0 and kgpp = 0.18 £ 0.019 min ! for ZnO + PerLC. This indicates
that the presence of PerLC does not hinder the photocatalytic effect of

Diameter: 4.69 nm

Fig. 7. Optimized structure of a nanoparticle of 972 units of ZnO.
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Fig. 8. (A) Possible planes for the PerLC interaction with the surfaces of ZnO QDs and (B) the binding energy for the three possible planes.

Zn0 on MB. Fig. 9(B) shows the selectivity of ZnO QDs in the promotion
of MB photodegradation, since only the absorption bands of MB de-
crease, while the absorption bands of PerLC are not affected.

In view of the strong coupling between the ZnO QDs and the PerLC
molecules we also investigated the doping of the PerLC columnar LC
matrix with ZnO QDs (5.3 wt%). Optical textures were captured with
polarized light optical microscopy (POM) during cooling from the iso-
tropic phase (157 °C) to room temperature. Fig. 10 shows the recorded
images of pure PerLC (on the top) and doped with ZnO QDs (on the bot-
tom) at temperatures of 155 °C (a,d), 135 °C (b, e) and 25 °C (¢, f), fora
cooling rate of 5 °C min—".

Images at 155 °C show that pure PerLC has already entered the
Col,, mesophase, while the ZnO-doped PerLC is still in the isotropic
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phase, indicating that ZnO QDs are incorporated in the hexagonal
columnar lattice of PerLC, decreasing the isotropic-Coly, transition
temperature. For the doped sample the isotropic-Coly, transition
starts around 140 °C (Fig. 10(e)). This concords with reports on
the reduction of transition temperatures by doping columnar LCs
with metallic nanoparticles [25]. The texture of the doped sample
exhibits smaller domains (Fig. 10(e, f)) compared to pure PerLC,
which shows that the QDs disrupt the macroscopic homogeneity
of the LC without, however, destroying the microscopic and
mesoscopic Coly, organization. For the pure and doped samples the
images obtained at 25 °C (Fig. 10(c, f)) indicate that the Coly
mesophase is preserved at room temperature and no crystallization
was observed.
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Fig. 9. (A) UV-vis spectra and determination of MB photocatalysis rate constants in ethanol under sunlight irradiation with (A) pure ZnOQDS and (B) ZnO + PerLC QDs. The concentration

of PerLC was 2.0 x 10~° mol L™! and the concentration of ZnO was 2,0 x 10> mol L™ .



Fig. 10. POM images of pure PerLC (top) and 5.3 wt% doped with ZnO QDs (bottom) during cooling from the isotropic phase and captured at 155 °C (a, d), 140 °C (b, e) and 25 °C (c, f).
Images were captured with the sample confined between two glass slides and placed between crossed polarizers. The magnification of the images is 100x. The scale bar corresponds to

50 pm.
4. Conclusion

Zn0 quantum dots were successfully synthesized in the presence of
a perylene liquid crystal derivative, where the nanoparticle growth was
not impeded by the organic molecules. This procedure improved the
stability of the colloidal dispersion, which can be associated to the
strong coupling between nanoparticles and molecules. Absorption titra-
tion experiments allowed the determination of a selective 2:1 stoichio-
metric ratio between liquid crystal molecules and ZnO nanoparticles.
Theoretical simulations underpinned this result by showing a rather
strong absorptive interaction with one of the crystallographic planes.
The mixture was shown to be an efficient and selective catalyst for
methylene blue photodegradation. The ZnO nanoparticles were also ho-
mogeneously dispersed into the liquid crystalline matrix, affecting the
macroscopic domain size but keeping the columnar liquid crystal
mesophase stable over a wide temperature range including room tem-
perature. For practical applications, the observation that the ZnO quan-
tum dots can be efficiently dispersed inside the liquid crystal matrix,
together with the stability of both under sunlight irradiation, suggest
that the combined system could be applied as n-type semiconducting
wide absorbing active layer for photovoltaic applications.
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