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Layered double hydroxides is a rising family of materials with interesting photocatalytic properties that are
starting to be employed on the CO, photoreduction to useful chemicals. However, the selectivity control
towards high energy value products, such as methane or methanol, is one of the main issues of this process
due to the easier formation of CO, which requires fewer electrons to be transferred, and the competition of

hydrogen evolution reaction. In this work, a new LDH material containing Ni, Ti and Al within the structure

Keywords:

Solar light photocatalysis, Solar energy
conversion, CO, photoreduction
Layered double hydroxides

Methane

Selectivity

Ti-based layered double hydroxides

was synthesised with the purpose of increasing the selectivity towards methane production. The material
was tested under solar simulator conditions, yielding a methane production of 148 umol g! h™', with a
selectivity of 86%, one of the highest values reported for this kind of material, while the competition from
hydrogen evolution was almost suppressed. The role of Ti directing the selectivity towards methane was
confirmed, since no CH,4 was produced when NiAl-LDH catalyst was used instead.

© 2021 The Author(s). Published by Elsevier B.V.
CC_BY_NC_ND_4.0

1. Introduction

Decreasing the emissions of CO, to the atmosphere is one of the
most urgent challenges that society faces nowadays [ 1,2]. One of the
best ways to deal with this problem is the conversion of CO; into
valuable carbon compounds such as CO, CH4, CH30H and others,
since CO, utilisation solves the environmental problem, while pro-
viding chemicals and fuels. Of all approaches that have been de-
veloped to transform CO,, CO, photoreduction (CO,PR) is among the
most promising ones, allowing to produce valuable chemicals using
sunlight as the primary energy source in a clean way [3-5].

Though a tangible progress has been achieved in this field in the
recent years, still several issues need to be solved [6]. For example,
most of the suitable photocatalysts for this reaction work under UV
irradiation, whereas photocatalysts exhibit low efficiency upon solar
light exposure. Fast recombination of the photogenerated charge
carriers is also another major limitation of the CO,PR efficiency. The
control of the selectivity of the products evolved and the competi-
tion of Hy evolution (a process thermodynamically and Kinetically
less demanding) is another important aspect to be considered [7]. All
the above issues lead to the need of developing new materials than
can improve the efficiency and selectivity of CO,PR.
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Layered double hydroxides (LDH) are a family of 2D layered
materials known for their use as visible-light driven photo-
catalysts [8-12]. Their composition can be expressed by the general
formula [MY-,MY(OH),**(A™ )x/nmH,0, were M" and M™ are diva-
lent and trivalent metal cations and A is an anion that is located
between the positively charged layers [13]. The cations are homo-
geneously distributed within the sheets. It is also possible to fit
monovalent or tetravalent cations inside LDH, the only limitation
being the ionic radius. Some advantages of LDHs, such as good ac-
tivity, tuneable composition and properties, low cost, and low en-
vironmental impact have boosted the use of these materials as
photocatalysts for CO,PR in the recent years [9,14-18]. In addition,
the surface hydroxyl groups act as a binding site for the acidic CO,
molecule, improving the CO, adsorption [19].

Several attempts have been made to control the selectivity of the
CO; reduction, eliminating the competition from H, evolution re-
action (HER), and increasing the selectivity towards products like
CH50H or CHy4, which need a suite of electrons and protons to be
formed [1,20-24]. It is known that Ni-containing photocatalysts have
an improved selectivity towards methane production [25-27]. The
introduction of Ni in LDH structures, combined with the selection of
the incident light wavelength (over 600 nm) has been reported to
enhance the methane production while almost suppressing the
evolution of Hy [28-32]. Other studies have revealed that Ti-con-
taining LDHs also have an increased selectivity towards methane
production [33]. It could be thought that combining those two
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elements (Ti and Ni) within the same marterial could result in an
improvement of methane production versus other competing pro-
ducts, particularly carbon monoxide or hydrogen.

Herein, in this work a new trimetallic LDH material containing
nickel, titanium and aluminium cations was prepared. Both the use
of methanol as solvent and the addition of titanium to the synthesis
direct the nucleation process, constructing a morphology where
cross-linked nanolayers assemble in radial direction to form a na-
noball 3D superstructure. This catalyst can reach 86% selectivity
towards methane production by CO,PR under solar light irradiation,
overcoming the need to cut wavelengths under 600 nm to reach CHy
selectivity. This research demonstrates the versatility of LDH mate-
rials, making possible to pre-design and select the optimal mor-
phology and composition of the photocatalyst to increase the
selectivity towards the target product.

2. Material and methods
2.1. Materials

Ni(NO3),-6H,0, and triethanolamine (TEOA) were purchased
from Alfa Aesar. Al(NOs)3-9H,0, NiCl5-6H,0, AICI5-6H,0, Ti(IV) bis
(ammonium lactate) dihydroxide, LiClO4 and 5 wt¥% perfluorinated
Nafion® resin solution were obtained from Sigma-Aldrich. Urea (99%)
was purchased from Honeywell. Water used in all the experiments
was milliQ purity grade.

2.2. Sample preparation

NiTiAl-LDH material was prepared by a modified solvothermal
method described in the literature [34]. In brief, 0.30 g (1 mmol)
of Ni(NOs3),-6H,0, 0.05 g (0.125 mmol) of Al(NO3)5-9H,0, 60 pL
(0.125 mmol) of a 50 wt% aqueous solution of Ti(IV) bis(ammo-
nium lactate) dihydroxide, and 0.12 g (2 mmol) of urea were
dissolved in 40 ml of methanol. The mix was stirred for 15 min
and then transferred to a 100 ml stainless steel autoclave and
heated at 120 °C for 24 h. The light green solid was collected by
vacuum filtration on a Biichner, washed with methanol and dried
at room temperature in a desiccator with vacuum. For compar-
ison, NiAl-LDH marterial was prepared following the same
method, adding 0.10 g (0.25 mmol) of AI(NO3)3-9H,0 and no ti-
tanium precursor.

To study the effect of the morphology on the catalytic activity,
NiTiAl-bulk was prepared following a hydrothermal procedure. In
brief, 1.62 g (6.67 mmol) of NiCl,-6H,0, 0.20 g (0.83 mmol) of
AlCl;-6H,0 and 400 pL (0.83 mmol) of a 50% wt. aqueous solution
of Ti(IV) bis(ammonium lactate) dihydroxide were dissolved in
10 ml of water. After that, the pH was slowly increased to 9 by
dropwise addition of a 2 M NaOH solution. Water was added until
a total volume of 33 ml was achieved. Then, the mixture was
transferred to a 45 ml stainless steel autoclave and heated at
105 °C for 48 h. The green solid was collected by vacuum filtration,
washed with water, and dried at room temperature in a desiccator
with vacuum.

2.3. Materials characterisation

Powder X-ray diffraction (PXRD) patterns were recorded on a
Philips X'PERT diffractometer equipped with a graphite mono-
chromator (40 kV and 45 mA) using the Cu Ka radiation
(» = 1.54178 A) in the range 26 = 5-90°. Field emission scanning
electron microscopy (FESEM) images and energy dispersive X-ray
(EDX) data were collected on a Zeiss Ultra 55 apparatus equipped
with an EDX detector. Transmission electron microscopy (TEM)
images were obtained on a JEOL JEM 2100 F apparatus. Diffuse
reflectance UV-visible spectroscopy (DRS) spectra were recorder
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on a PerkinElmer Lambda 1050 spectrophotometer, with the
sample supported on a Harrick Praying Mantis™ diffuse re-
flectance accessory. Dynamic light scattering (DLS) measurements
were carried out on a Malvern Zetasizer Ultra equipment, using
ethanol as solvent, with a concentration of catalyst of 0.075 g/L.
Specific surface area of the materials was measured by N, ad-
sorption isotherms at 77.3 K, using a Micromeritics ASAP 2010
instrument. XPS measurements were carried out on SPECS spec-
trometer equipped with a Phoibos 150 9MCD detector using a
nonmonochromatic X-ray source (Al and Mg) operating a 200 W.
XPS was calibrated against C 1s at 284.5 eV. CO adsorption ex-
periments were performed on a Quantachrome Autosorb-1C
equipment. First, samples were heated at 100 °C to eliminate ad-
sorbed water on the surface of the materials. Then, they were
degassed at 1333 Pa for 2 h and cooled down to 30 °C. Afterwards,
pure CO was introduced for the measurement of the adsorption
isotherm (i. e. the total CO uptake).

Electrochemical impedance spectroscopy (EIS) and photocurrent
measurements were performed using a Princeton Applied Research
VersaSTAT 3 potentiostat with a standard three-electrode single
compartment quartz cell. EIS measurements were recorded using a
0.1 M Na,SO4 aqueous solution as the electrolyte. The scanning
frequency range was 0.01 Hz-100 kHz at 0.625 V vs Ag/AgCl re-
ference electrode. Photocurrent measurements were obtained in a
0.1 M LiCl0,4 aqueous solution with a 5% (vol.) of methanol. The light
source was a 300 W Xenon lamp, with and without a 380 nm cut-off
filter. The working electrode was prepared by drop casting 80 pL of
catalyst dispersion (10 mg of catalyst, 170 uL of ethanol and 47 pL of
a commercial perfluorinated Nafion® resin solution, 5 wt%) onto a
FTO glass electrode. The area covered by the catalyst dispersion was
0.7 cm? (0.7 x 1 cm). Pt and Ag/AgCl electrodes were used as counter
and reference electrodes, respectively, for all electrochemical mea-
surements.

2.4. Photocatalytic tests

Photocaralytic CO, reduction tests were carried out in a closed
quartz reactor (55 ml volume). First, 20 mg of the catalyst were
dispersed in 4 ml of water under vigorous stirring. Then, 4 ml of
triethanolamine (TEOA) and 12 ml of acetonitrile were added to
have a final solvent composition of CH3CN:H,O:TEOA = 3:1:1 in
volume. The dispersion was sonicated for 15 min and then 6.6 mg
of Ru(bpy)sCl;-6H,0 were dissolved in this suspension. After
15 min of stirring, the orange dispersion was transferred to
the photoreactor and pure CO, was bubbled into the mixture
for 10 min, filling the reactor with a final overpressure of 0.5 bar.
The temperature of the reactor was controlled at 40 °C during
the test.

The activity of each catalyst was tested upon irradiation with a
Newport Oriel® Sol1A™ Class ABB 94041A solar simulator equipped
with a Xe arc lamp and a AM 1.5G filter. The course of the photo-
reaction was followed by analysing aliquots from the head space at
fixed intervals. Hydrogen evolved was analysed using a gas chro-
matograph (Agilent 490 MicroGC) equipped with a Mol Sieve 5 A
column and a TCD detector using Ar as the carrier gas. CO and CH4
produced in the irradiation were determined using a gas chroma-
tograph (Agilent 7890 A GC System) equipped with a Carboxen®-
1010 PLOT Capillary GC Column with a TCD detector using He as the
carrier gas.

For the recyclability tests, the materials were collected after re-
action by centrifugation (12,000 rpm, 15 min) and washed twice
with water. Afterwards, the solid was dispersed in 20 ml of a
CH5CN:H,0:TEOA 3:1:1 in volume mixture. Finally, 6.6 mg of Ru
(bpy)sCl,-6H,0 were dissolved in the suspension. The successive
tests were carried out as described above.
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Fig. 1. PXRD patterns of NiTiAl (a) and NiAl (b) LDHs.
3. Results and discussion
3.1. Material characterisation

Three LDHs were prepared in the present study. One of them is a
trimetallic NiTiAl-LDH synthesised by solvothermal method using
methanol as solvent and urea as alkalizing agent. Bimetallic NiAl-
LDH was also synthesised following the same procedure, but in
absence of Ti precursor. Finally, trimetallic NiTiAl-bulk was synthe-
sised by traditional hydrothermal method to compare the effect of
the morphology over the catalytic activity. In this study, a Ti complex
that is stable in aqueous solution was employed as the Ti source,
facilitating the incorporation of this metal to the structure, since
competitive processes of TiO, formation were avoided.

XRD patterns of both NiAl and NiTiAl LDH materials (Fig. 1, S1)
show the typical reflections of the a-Ni(OH), structure (JCPDS card
No. 38-0715). The peaks at 20 values of 10 and 20 degrees are related
with the (0, 0, I) faces of the material and the ¢ parameter of the unit
cell. The basal space is the distance between two consecutive layers
and its value is 1/3 of the ¢ parameter. The basal space obtained for
NiTiAl material is 8.8 A, which corresponds to a LDH structure
having intercalated nitrate anions [ 13]. The value obtained for NiAl is
9.3 A, associated with methoxy anions intercalation [35,36]. The
peak around 607 is related with the a parameter of the unit cell.
Values of cell parameters for both structures are given in Table 1. The
cation composition of the LDH samples was determined by EDX,
being 3:0.5:0.8 for NiTiAl-LDH and 2.5:1 for NiAI-LDH (Table 1, S1).

FESEM images of the samples (Fig. 2) reveal the influence of the
composition on the particle morphology under the same synthesis

Table 1
Cation composition, BET surface area and cell parameters from XRD data for NiTiAl
and NiAl LDHs.

Material

NiTiAl-LDH NiAl-LDH
a(A) 3.0 3.0
c(A) 264 279
BS® (A) 88 9.3
%Ni 69.6 714
%Al 12.0 28.6
%Ti 184 0.0
Theor. Ratio 4:0.5:0.5 4:1
Exp. Ratio 3:0.5:0.8 2.5:1
BET Area (m?/g) 325 0.44

@ BS: basal spacing.
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conditions. NiTiAl-LDH sample shows a morphology composed of
crosslinked nanosheets that assemble in nanoball superstructures
with a diameter in the range 100-600 nm as seen in Fig. 2a-b. On the
other hand, NiAlI-LDH nanosheets present larger lateral size and
thickness, and the nanoball superstructure is in general less regular
(Fig. 2c-d). The particle size is larger (several micrometres) com-
pared to the nanoballs present in NiTiAl-LDH, which agrees with the
higher degree of crystallinity found for NiAl in the XRD pattern.
FESEM image of NiTiAl-bulk LDH (Fig. S2a) shows higher degree of
aggregation.

To further study the particle size difference between both ma-
terials, DLS analysis of the samples suspended in ethanol was carried
out (Fig. 3). The larger average particle size in NiAl-LDH
(500-1200nm) compared to NiTiAl-LDH (100-500 nm) was also
observed for the suspended nanosheets.

TEM images of the samples further confirm the difference in
particle size and morphology between both materials. NiTiAl-LDH
TEM image (Fig. 4a) shows a nanosheet thickness of 2-4 nm, im-
plying the stacking of very few layers of the material, providing
higher number of accessible active sites. On the other hand, NiAl-
LDH (Fig. 4b) presents a more aggregated morphology typical of
hydrotalcites prepared by alcohothermal synthesis [37], with a na-
nosheet thickness of 15-20 nm. Larger particle size of NiTiAl-bulk
LDH is also confirmed by TEM (Fig. S2b).

3.2. Photocatalytic activity

The photocatalytic activity for CO,PR for the NiTiAl-LDH, NiAl-
LDH, NiTiAl-Bulk LDH and a blank in the absence of any catalyst but
in the presence of Ru(bpy)sCl, and TEOA is presented in Fig. 5. No
catalytic activity was observed in absence of TEOA or Ru(bpy)sCl,.
For the NiTiAl-LDH the main product is methane (148 pmolg™! h™)
with a selectivity of 86%. This value represents, to the best of our
knowledge, the highest selectivity towards methane reported for
LDH materials in similar conditions (Table S2). In the case of NiAl-
LDH, the main product is CO, with no methane production. The
amount of CO evolved is 328 umolg™' h™'. Some hydrogen is also
produced, at a rate of 74pmolg™! h™\. The products evolved by the
blank sample come from the activity of the Ru(bpy)s;Cl; complex,
(49 umol ¢! h™! Hy, 34 pmol ¢! h! CO) that exhibits some activity in
the conditions of the photocatalytic reaction [28]. The amounts of
evolved products were normalised to the number of equivalent
electrons consumed assuming that 2 electrons are needed for H, or
CO evolution and 8 electrons for the reduction to CH, The nor-
malised production obtained was 1229 umole™ g! h™! for NiTiAl-
LDH, 803 pmol e~ g”! h™! for NiAl-LDH and 167 umol e™ ¢! h™! for the
control sample with Ru(bpy)s2*. Thus, NiTiAlI-LDH is also more effi-
cient than the bimetallic NiAl-LDH or Ru(bpy)s2*.

The competition of HER is decreased when a LDH catalyst is used
probably due to the favourable adsorption of CO; on LDH na-
nosheets. Thus, selectivity towards hydrogen production is 59.1% for
the control using Ru(bpy)sCl, and TEOA, but it becomes 18.3% for
NiAI-LDH and it is almost suppressed by NiTiAl-LDH (only 5.8% se-
lectivity).

To prove the stability of the materials, recyclability tests were
carried out. As it is shown in Fig. S3, the amount and distribution of
products evolved remain stable for NiTiAl-LDH catalyst over three
different catalytic cycles. The small decrease of production in every
consecutive cycle can be explained as an effect of the loss of catalyst
mass over the different recovery processes. The stability of the
material was confirmed by XRD and EDX analysis of the recovered
sample (Fig. 54, Table S3).

From the different product selectivity, it can be inferred that the
mechanism through which the reaction is carried out is different for
each one of the samples. In the case of the homogeneous photo-
catalytic process, in which the Ru(bpy)sCl, is the active species, the
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Fig. 2. FESEM images of NiTiAI-LDH (a, b) and NiAl-LDH (c, d).
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Fig. 3. Particle size distribution of NiTiAl (a) and NiAl (b) LDHs suspensions in ethanol
(7.5-10" g/L) by DLS analysis.

presence of H,0 in its solvation sphere probably favours H; evolu-
tion. When the LDH catalyst is introduced, an electron transfer from
Ru(bpy)s2* in its triplet excited state to LDH would take place. The
favourable CO, adsorption on LDH increases selectivity towards CO,
reduction products, respect to H,0. CO, adsorption on LDHS occurs
on the surface hydroxyl groups present in the LDH (basic sites) that
have affinity for the acidic CO, molecule[19].

To explain the contrasting photocatalytic behaviour of the syn-
thetised materials, diffuse reflectance UV-visible spectroscopy
measurements were performed. As seen in Fig. 6a, NiAl-LDH pre-
sents three main absorption bands: the first one in the range of
200-300 nm, the second at 300-500nm, and the third one at
600-800 nm. The first one can be attributed to the ligand-to-metal
charge transfer (LMCT) from the O 2p orbital to the Ni 3d t,; orbital,
while the other two correspond to characteristic d-d transition of
the Ni(Il) cation in octahedral geometry [38]. In the NiTiAl-LDH

material, the first band is shifted to higher wavelengths, due to the
contribution of titanium [39], and the first Ni(Il) d-d band is merged
with it. The other Ni(Il) band at 600-800 nm is like the one present
in NiAl-LDH.

The band gap of the materials can be determined using the Tauc
Equation:

ahv = K (hv — Eg )" (1)

where o, h, v, K and E; are the absorption coefficient, Planck con-
stant, light frequency, proportionality constant and the optical band
gap of the marterial, respectively. The value of n parameter is related
to the electronic transition in a semiconductor. Its possible values
are 1/2, 3/2, 2 and 3 for direct allowed, direct forbidden, indirect
allowed and indirect forbidden transitions, respectively [40]. For the
materials under study, the band gap value was calculated from the (F
(R)hw)'/™ vs. hv plot, where F(R) is Kubelka-Munk function, propor-
tional to the absorption coefficient. A value of n=2 was chosen for
the calculations, corresponding with an indirect allowed transition
as reported in the literature for these materials [28,41,42]. The cal-
culated band gaps were 3.16 eV for NiTiAl-LDH and 4.41 eV for NiAl-
LDH (Fig. 6b). These band gap values correspond to UV absorptions.
Thus, under the present experimental conditions Ru(bpy)s%* dye
should be the light harvester.

It can be observed that the presence of titanium in the compo-
sition of the LDH structure also has an important role in the reaction
mechanism, since it changes completely the main product of the
CO,PR from CO in its absence to CH, when Ti is incorporated within
the layers. CO evolution is the most frequently observed process in
the CO,PR using LDH [3,19]. In contrast, in the present study, it was
observed that the presence of Ti in the composition drives the se-
lectivity towards CHg.

To demonstrate the effect of Ti in the electronic structure of the
material, XPS studies were performed. From Ni 2p XPS spectra of
NiTiAl and NiAl samples (Fig. S6a), a shift of the peaks to higher
binding energies for the Ti-containing material proves the electronic
interaction between Ni(Il) and Ti(IV) cations, resulting into a lower
electron density over Ni(Il) centres.

In addition, valence band XPS experiments (Fig. S6b) were car-
ried out to determine the position of the valence band edges for
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Fig. 4. TEM images and SAED patterns (inserts) of NiTiAl (a) and NiAl (b) LDHs.
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Fig. 5. Production (a) and selectivity (b) obtained in the photocatalytic CO, reduction
reaction conditions.

NiTiAl and NiAl LDHs, which were 2.79V and 0.4V vs NHE respec-
tively. The position of the conduction band edges could be calculated
using band gap values obtained from Tauc plots, resulting in —0.37V
and —4.01V vs NHE.

The potential of the conduction band of NiTiAl-LDH was higher introduction of Ti in the structure. In a hypothetical mechanism,
than the redox potential of the CO,/CH, pair, but lower than CO,/CO when the Ru(bpy)s?* absorbs visible light photons, electrons are
couple, which explained the change in selectivity after the promoted from HOMO to LUMO. Those electrons are transferred to

Fig. 6. UV-Vis diffuse reflectance spectra (a) and Tauc plots (b) of the samples.
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values vs NHE can be found in Fig. S6b.

NiTiAI-LDH, and then to the adsorbed CO, molecules, that are re-
duced to methane (Scheme 1).

To support the CH,4 selectivity in the case of NiTiAl-LDH, CO ad-
sorption measurements were performed. It was observed that CO
adsorption on NiTiAl-LDH is higher than on NiAI-LDH (Fig. S7). Based
on this data, it is proposed that CO, which is preferably produced by
NiAl-LDH, evolved to the gas phase once formed in the case of NiAl-
LDH photocatalyst. In contrast, CO as reaction intermediate would
remain strongly adsorbed in NiTiAl-LDH and, therefore, will react
further resulting in the formation of the most reduced CH, product.
BET surface area analysis of the materials was also carried out
(Table 1, S1). The values obtained were 3,25 m?/g for NiTiAl-LDH,
0,44 m?/g for NiAl-LDH and 97,99 m?/g for NiTiAl-Bulk LDH. It can be
observed that there is no direct correlation between the surface area
and the activity of the material.

From the EIS analysis of the samples (Fig. S8) a lower arc radius
was observed for Ti-containing samples, which revealed that those
systems had lower charge transfer resistance.

Photocurrent measurements were carried out to complement the
understanding of the photocatalytic behaviour of the materials
(Fig. 7). Under the same irradiation conditions using thin film of LDH
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Fig. 7. Photocurrent measurements of NiAl and NiTiAl LDHs by turning on and off the
illumination at regular time intervals. Electrolyte: 0.1 M LiClO4 aq. (5% vol. methanol).
Electrochemical cell: LDH/FTO working electrode, Ag/AgCl reference electrode and Pt
counter electrode. Atmosphere: N,. Light source: 300 W Xe lamp.
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deposited on FTO as working electrode, the obtained photocurrent
values were around 600 nA for NiTiAl-LDH and 900 nA for NiAl-LDH.
These values were obtained while irradiating with a full spectrum Xe
lamp, switching on and off the lamp every 10s. If a 380 nm filter
(cutting all the wavelengths shorter than 380 nm) is used, no ap-
preciable photocurrent is observed for any of the two LDHs. That
means that the charge separation on the LDH present in this study
only takes place under UV light irradiation. This implies that the
band corresponding to ligand-to-metal charge transfer observed in
the absorption spectrum in the range of 200-400nm is the re-
sponsible of the photoresponse, while the Ni d-d electronic transi-
tions do not contribute to charge separation, in accordance with the
calculated band gap. Photocurrent measurements explain why there
is no catalytic activity in absence of Ru complex. This proves that in
the photocatalytic tests carried out in this work, Ru(bpy)s2* is re-
sponsible of the light absorption, since the material was irradiated
with simulated solar light and LDH only absorbs UV-light photons,
which is a very small portion of solar light.

The particle morphology has also a big impact in the photo-
activity. Due to its smaller sheet dimension and thickness, there is a
higher degree of exposure of the active sites for NiTiAl-LDH com-
pared to NiTiAl-bulk, which increases CH,4 production.

4. Conclusions

A new trimetallic LDH material containing Ni, Ti and Al cations
has been synthetised by alcohothermal method. The incorporation
of titanium results in a nanoball morphology, with a smaller particle
size for the trimetallic NiTiAl-LDH than the NiAl-LDH samples. When
applied on the CO, photoreduction reaction, the catalyst yields 86%
selectivity towards methane production, almost suppressing the H,
or CO evolution under solar light. This selectivity has been attributed
to the band structure of the Ti-containing material, whose band
edges placement are more suitable for CO; reduction to CH,4 than CO.
The electronic interaction between Ni(Il) and Ti(IV) produces a shift
on the band edges position and reduces the optical band gap of the
material. A probable reduction mechanism was proposed in which
Ru(bpy)s%* would absorb visible light photons and transfer electrons
to the conduction band of NiTiAl-LDH at a lower potential than the
redox potential of the CO,/CO couple. Thus, NiTiAl-LDH would
transfer the electrons to CO;, reducing it to CH, instead. This work
features the high tuneability of LDH materials to drive product se-
lectivity, and how the understanding of the structure-function re-
lationship can lead to the pre-design of the material according to the
target reaction.
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