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In this study, we report that layered double hydroxides (LDH) exhibited high
photocatalytic activities in degrading NOx gases for the first time. ZnAl-COs; LDHs with a
1.5 to 3.0 Zn/Al ratio were prepared by a coprecipitation method both with and without
hydrothermal treatment. Syntheses were carried out with high and low metal
concentrations, the latter being the most favorable in obtaining pure LDHs in the whole
Zn/Al ratio range. The samples were characterized by different techniques such as
PXRD, FT-IR, ICP mass, TGA, SBET, SEM and Diffuse reflectance (DR). The LDH particles
grew as well-defined hexagonal nanolayers, whose size and crystallization depended on
the synthetic procedure and the Zn/Al ratio. Those samples with lower crystallinity
exhibit the highest specific surface area values (> 50 mz-g’l). The ZnAl-CO3 LDHs were
UV light responsive with band—gap values close to 3.5 eV. The LDH photocatalysts show
a high performance towards the photochemical oxidation process of NO gas, with
efficiencies of around 55 %. Remarkably, the ZnAl-COs; photocatalysts exhibit an
impressive selectivity towards the deNOx process, avoiding the emission of the toxic
NO, gas into the atmosphere. Interestingly, these promising deNOx results are repeated
when working for a long irradiation period or with the highest concentration of NO in

polluted atmospheres.
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Highlights

- Zn-Al LDHs act as enhanced photocatalysts in deNOy processes
- High NO conversion value for Zn-Al LDHs is obtained
- deNOx selectivity of LDH is superior to that of benchmark TiO,

- Surface area of LDH samples affects NOx conversion more than their Zn/Al ratio

1. Introduction

The elimination of the gaseous pollutants is an environmental issue of huge
scientific and social interest. Nitric oxide (NO) and nitrogen dioxide (NO,) are together
referred to as nitrogen oxide gases (NOy ) [1].The contamination of urban areas by NOx
is becoming a severe environmental and human health issue, since many towns
worldwide frequently suffer peaks in NOx contamination, far superior to the current
legislation’s approved values. Human health could be affected in several ways when
NOx levels are high, as they cause diseases such as bronchitis, emphysema, cancer, etc.
[2-4]. In fact, thousands of early deaths worldwide are associated with these NO
emissions (72.000 in Europe in 2015).

Photocatalysis is one of the technologies that could be applied in the remediation
of this problem, where TiO, and TiO,-based compounds are more extensively studied as
one of the most efficient photocatalytic systems for the oxidative decomposition of NOx
(deNOx) [5-7]. In this sense, a broad catalogue of titania based photocatalytic building
materials (benchmark products) is known today. However, in spite of its excellent
performance as a photocatalyst, TiO, presents some disadvantages such as low
exploitation of sunlight (because it is a wide gap semiconductor with values above the
range 3.0-3.2 eV, and it only takes advantage of UV light) and low deNOx selectivity.

Moreover, TiO, has just recently been proposed to be classified as possibly causing



cancer when inhaled [8]. This could limit its applications and, therefore, a rapid advance
in the study and development of new deNOx photocatalysts seems reasonable.

Because of their unique properties and easy preparation, layered double
hydroxides (LDHs), also known as hydrotalcite-like materials, have been studied for
many potential applications in diverse and important fields such as medicine, pharmacy,
catalysis, adsorption etc. [9-18]. In recent years, these compounds have also emerged
as an important photocatalyst group, being widely investigated for the oxidative
decomposition of agueous contaminants and water splitting [19-21], and are promising
materials in the replacement of TiO, [22].

LDHs are layered materials whose structure is similar to that of brucite, Mg(OH),,
where a fraction of M(Il) ions is replaced by M(IIl) ones. This generates an excess of
positive charge in the layers, which are balanced by intercalating anions and water
molecules in the interlayer space. The general LDH formula can be represented as [M-
! I\/IX”'(OH)Z]”X wn | mH,0, where M(I1) and M(Ill) are divalent and trivalent cations and
X is the interlayer anion. All of them may vary over a wide range and X is quite easy to
exchange with other anions [23, 24]. The divalent and trivalent cations are octahedrally
coordinated by hydroxide ions [25] and these edge-shared octahedral units form infinite
layers with the O-H bond, perpendicular to the plane of the layers. The MOg
octahedron is one of the key factors affecting the photocatalytic properties of LDHs,
where the high dispersion of metal enables electron transfer and avoids the
recombination of electrons and holes [26].

The aim of this work was to prepare several ZnAl-CO3 layered double hydroxides
with different MIlI/MIII ratios and to evaluate their capacity for the photodegradation of
NOx as one of the more important air pollutants. However, although LDHs were studied
as precursors of mixed oxides which could photocatalyze the decomposition of NOx
[27], there is no report to our knowledge about pristine LDH application as
photocatalysts for the oxidative decomposition process of NOx gases. Herein, the
physico-chemical characterization and photocatalytic activity of different ZnAl-CO3 LDHs
are presented. Thus, by varying the synthesis procedure, it was possible to obtain LDH

photocatalysts with a higher surface area and Zn content.



Moreover, the studied systems display enhanced NOx removal efficiency
compared to that of benchmark TiO, P25, anticipating their potential use in

photocatalytic building materials [28] and air purification filters [29].

2. Materials and methods.

All synthetic reagents used were at least 98—-99% pure and were supplied by Sigma—

Aldrich.

2.1 Preparation of LDHs

Carbonate-intercalated ZnAl-LDHs with different Zn/Al ratios were prepared by
coprecipitation method at higher (named HC samples) and lower metal concentrations
(named LC samples), at constant pH solutions [23, 30].

Preparation of HC samples: Solutions containing 0.2 M Al(NOs)3-9H,0 and 0.3, 0.4, 0.5
and 0.6 M Zn(NOs),:6H,0, were slowly dropped into a suitable stochiometric
concentration of NaOH and Na,COs solution, under vigorous stirring, to prepare LDHs
with Zn/Al ratios of 1.5, 2, 2.5 and 3, which were named as HC1.5, HC2, HC2.5 and HC3,
respectively. The suspensions thus obtained were hydrothermally treated at 80 °C and
subsequently washed with distilled water, centrifuged and dried at 60 °C.

Preparation of LC samples: The same method described above was followed but the
solutions were not submitted to the hydrothermal treatment. The concentrations used
were of 0.03 M of Al(NO3)3-9H,0 and 0.045, 0.06, 0.075 and 0.09 M Zn(NQOs),-6H,0, and

the samples were named as LC1.5, LC2, LC 2.5 and LC3, respectively.
2.2 Characterization of the photocatalysts
Powder X-ray diffraction (PXRD) patterns of powdered samples were recorded under

atmospheric conditions on a Bruker D8 Discovery instrument using Cu Ka radiation (A =

1.5405 A) at the step size and step counting time of 0.02° (26) and 0.65 s, respectively.



Infrared spectra were obtained on a FTIR-ATR Perkin-Elmer Spectrum Two collecting 20
scans from 450 to 4000 cm™* with a resolution of 4 cm™.

The textural properties were studied by nitrogen adsorption—desorption isotherms
which were recorded on a Micromeritics ASAP 2020 apparatus. Samples were
previously outgassed at 100 °C under vacuum for 1 h. Specific surface areas (SSA) were
calculated by applying the BET method over the relative equilibrium pressure range
0.05 <P/Py < 0.30, in the N, adsorption isotherms. Scanning electron microscopy (SEM)

images were recorded in a Helios Nanolab 650 instrument.

Mg and Al elemental chemical analyses were performed on ICP mass (Perkin Elmer
Nexion X) after the dissolution of LDH in 0.1M HCI. The amount of water LDH samples
was determined by thermogravimetric analysis (TGA) on a Setaram Setsys Evolution
16/18 Apparatus Leading equipment at a heating rate of 5 °C-min™.

Diffuse reflectance (DR) spectra were recorded at a scan rate of 30 nm min~* from 300
to 900 nm in 0.5 nm steps, using a Varian Cary 1E spectrophotometer.

The nitrate content in the samples, after the photocatalytic test, was measured using a
Perkin-Elmer model Lambda 3B UV-visible spectrophotometer. Thus, the selected
sample was washed with Milli-Q water, stirred for 30 min and centrifuged. The nitrate

content in the filtered solution was determined following a simple spectrophotometric

method previously reported by Miranda et al. [31].

2.3 Photocatalytic activity measurement

The photochemical NO abatement test was performed by using a 50 x 50 mm
sample holder placed in a laminar flow reactor. The reactor was placed inside a
Solarbox 3000e RH light irradiation box equipped with an Xe lamp with controlled
irradiance (Fig. S1). 500 mg of LDH sample was used in each test and irradiated
with artificial sunlight (25 and 580 W m™ for UV and visible). As a pollutant, a
mixture of air/NO (obtained by mixing synthetic air and pure NO) was sent to the
photoreactor with a NO concentration of 150 and 600 ppb. A 50 + 5% relative humidity
of the supplied gas is maintained when air is previously passed through a gas-washing
bottle, filled with demineralized water. The flow rate, Q, is fixed at 0.30 L min™. The

accurate measurement of the concentration of NO, NOy and NO, was carried out using



a chemiluminescence analyzer (model Environment AC32M). For each test, and before
the irradiation, the air/NO gas stream was passed over the sample in the dark for a
period of 30 min to discard the existence of NOy adsorption. On the other hand, NO
photolysis was not observed when the test was performed in the absence of a
photocatalyst. Each test was repeated three times to obtain average concentration
values. The nitrogen oxide gas concentration values measured were discussed following

the following parameters:

NO conversion (%) = {([NOJi» - [NOJout)/[NOJin } x 100 (1)
NO; released (%) = ([INO,]out/[NO]Jin) x 100 (2)
NOx conversion (%) = {(INOx]in - [NOxJout)/[NOxJin} x 100 (3)

where [NOJin, [NOxlin and [NOJout, [NOxlout denote the measured inlet and outlet

concentrations, respectively, while [NOx] = [NO] + [NO,].

3. Results and Discussion

3.1 Characterization of the samples

PXRD patterns, included in Fig. 1, are characteristic of layered double hydroxides
with a rhombohedral symmetry. The basal diffraction plane with its corresponding
harmonics recorded (0 0 I) indicate the formation of layered material, and were similar
to those reported by other authors for similar LDH samples [22, 25]. The basal spacings,
doos obtained for all ZnAl-CO; samples (7.6 A) correspond to a LDH compound
containing carbonate [32].

The PXRD reflection peaks of HC (hydrothermally treated) samples (Fig.1a) were sharp
and narrow, showing well crystallized systems. The patterns of HC1.5 and HC2 were
almost the same except for the value d (119) which slightly decreased for HC1.5 (from
1.53 A to 1.52 A) in agreement with the decrease of molar ratio Zn/ Al and the smaller
size of AP* (0.675 A) compared to Zn** ions (0.88 A) [33]. However, as has been
previously reported [34], for the initial molar ratio M(Il)/M(lll) greater than 2.2, it was
not possible to obtain a pure LDH phase for the carbonate-intercalate ZnAl-LDH, under

conditions described for HC samples. The PXRD patterns of HC 2.5 and HC 3 show



reflections at 32 and 37 26 degrees, assigned to the formation of an additional phase of
Zn0. As reported by Vayssiers [35], this could be due to a hydrothermal temperature
which can provoke condensations of Zn-OH via dehydration to form an additional ZnO
phase in an aqueous media. Thus, we prepared LDH with a molar ratio Zn/Al =3 without
thermal treatment. Nevertheless, an additional Zn(OH4)2’ phase was observed (not
shown). When we prepared LDH at low metal concentrations (LC) and without thermal
treatment, only a pure LDH phase was observed in PXRD patterns in the whole Zn/Al
ratio range (Fig.1b) For our subsequent photocatalytic experiments, we used only pure
LDH samples, i.e. HC1.5, HC2, LC1.5, LC2, LC2.5 and LC3.

Chemical analysis data are shown in Table 1 and indicate that Zn/Al molar ratios in the
samples are similar to those of the starting solution used to prepare LDHs. The number
of water molecules has been calculated from the first weight loss in the TG curve. These
data together with Zn/Al atomic ratio have been used to propose chemical formulae of
the samples, assuming that the carbonate anions compensate all positive charge of Al

jons.

Table 1. Chemical and physical properties for the LDH samples: metal content and ratio;

proposed formulae; BET surface and band gap energy value.

Sample % Wt Atomic ratio Proposed Formulae Sget Band gap
Zn Al Zn/Al (m’g™) (eV)
HC 1.5 37.10 10.3 1.48 [ZNng s9Alg 41(OH),](CO3)g.20. 0.44H,0] 32.83 3.59
HC2 40.47 8.03 2.07 [Zng 67Alp33(0OH),](CO3)0.16. 0.73H,0] 23.34 3.57
LC1.5 39.09 10.50 1.53 [Zng 61Alg 35(0OH),](CO3)g.19. 0.22H,0] 77.86 3.45
LC2 43.20 8.43 212 [Zng 66Alo.31(OH),](CO3)g.16. 0.24H,0] 44.75 3.56
LC2.5 43.28 7.00 255 [Zng.7,Alg 28(0OH),](CO3)g.14. 0.17H,0] 52.11 3.41
LC3 45.96 6.40 3.05 [Zno.76Alg 24(0OH),](CO3)p12. 0.10H,0]  56.16 3.53

The FT-IR spectra of the original LDH samples (Supplementary Fig. S2) were all similar
and presented bands of around 3500 cm™ corresponding to the hydroxyl stretching
vibration mode, both from the layer groups and from the water molecules. A small
shoulder at 1630 cm™ corresponds to the bending mode of the interlayer water, a
rather strong band at 1380 cm™' due to the vibration mode v3 of the interlayer
carbonate anion, and the bands below 900 ™ are due to the M-O vibration and M-O-H

bending modes.



As observed from SEM images (Fig.2), the LDH nanocrystals showed a hexagonal
sheet-like morphology in accordance with the layered structure confirmed by PXRD
technique. HC samples exhibited well defined hexagonal layer crystals with width and
height dimensions of less than 470 and 60 nm, respectively. On the other hand, a
poorer crystallization was observed for LC samples, whose crystal dimensions were less
than 380 and 40 nm, respectively. In both types of synthesis, HC and LC, the
nanocrystals became larger as the Zn/Al ratio increased.

Adsorption-desorption isotherms of N, have been carried out to study the textural
properties of the samples, and some selected examples are shown in Fig. 3. According
to IUPAC classification [36], the isotherms correspond to a type Il with a contribution of
type IV, and were similar to those reported for LDH compounds [22, 37]. Type Il is
assigned to the adsorption on macro and non-porous materials, although hysteresis
loops also suggest the presence of mesopores. Since the N, diameter is larger than the
interlamellar space for carbonate containing layered double hydroxides, the specific
surface areas correspond to the external surface, and the pore volume to interparticle
pores. The H3 loop is characteristic of non-restricted multilayer adsorption at high
relative pressures, and it is observed in aggregates of plate-like particles giving rise to
slit-like pores [36]. Specific surface areas determined by BET method are given in Table
1 and were higher for LC samples, which is in agreement with their lower cristallinity
(due to the fact that these samples were not submitted to hydrothermal treatment), as
was confirmed by PXRD (Fig. 1) and SEM characterization (Fig. 2).

Additional characterisation concerning the light activation of the samples was
performed. The light absorption, which corresponds to electron excitation from
the valence band to the conduction band, can be used to determine the nature
and value of the optical band gap (Eg). The acquired diffused reflectance spectra
were converted to the Kubelka—Munk function [F(R)hv]?. The band gap energies
of the samples are estimated from the tangent lines in the plots of the modified
Kubelka—Munk function vs. the energy of exciting light [38] (Fig. 4). The estimated
band-gap values ranging between 3.41 and 3.59 eV are in line with those

reported for pure ZnAl LDHs (Table 1), which are UV light responsive [39-41].

3.2 deNOx photocatalytic tests



The photochemical ability of LDH samples to abate the concentration of
NO polluted atmospheres was studied. The photocatalytic removal of NO gas in
air is thought to occur through its complete oxidation to nitrate species. This
photochemical oxidation (PCO) process is complex and involves several steps and
intermediate species [42, 43]. The deNOx PCO mechanism proposed is the same

as that proposed for semiconductors such as TiO,, Fe;03 and ZnO [43-45]:

Zn/Al-LDH + hv = Zn/AI-LDH* (hy" + eq) (4)
hw' + H,O - -OH + H* (5)
ew + 0 > -0y (6)
.0, + H" > -O0H (7)
NO + 2:OH = NO; + H,0 (8)
NO; + -OH = NOs + H' (9)
NOx + ‘0, = NO5 (10)

Once a Zn/Al-LDH molecule adsorbs a UV light photon with energy equal
or greater than its band gap (= 3.5 eV), the excited electron of LDH is transferred
from the valence band (VB) to the conduction band (CB), and pairs of mobile
charges (e- and h+) reach the surface of the semiconductor particles [41, 46].
Now, in the presence of adsorbed water molecules, reactive oxygen species
(ROS) are formed (reactions 5 to 7), initiating the progressive oxidation of NO gas

(reactions 8 to 10).

Figure 5a shows the concentration profiles of the evolution of nitrogen oxide gases
recorded for the HC2 sample as a function of light irradiation time, as an example. In
the dark for the first 30 min, the inlet NO concentration was constant. Therefore, the
possibility of NO gas adsorption on the LDH particle surface was discarded. Conversely,
under irradiation, the NO concentration decreased suddenly indicating that light
exposure was essential to trigger the process. The NO removal rapidly increased on
time (60 min) and then approached an almost constant value, indicating the
achievement of a stable photo-oxidation activity. The photochemical process

stopped when illumination was shut down.
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The decrease in NO concentration values measured under light condition is
related to the amount of removed NO. Thus, following the NO conversion profiles
in Figure 5b, a clear dependence between photocatalytic efficiency and surface
area values was observed, as expected. NO removal efficiencies around 55 %
were found for LC samples, exhibiting almost double the surface area in
comparison to that of HC samples, whose NO removal efficiencies were limited to
33 %. Nevertheless, the Zn/Al ratio must also be taken into account in order to
explain some differences observed between the NO conversion profiles. Thus,
during the first ten minutes of irradiation, the NO conversion increases more
quickly in samples with a higher Zn/Al ratio. As expected, as the amount of Zn
active centres increase on the catalyst, the kinetic of the PCO process is
enhanced. However, when a steady state is reached, at around thirty minutes of
irradiation, the difference in the amount of Zn in the samples does not seem to
clearly alter the photochemical performance. Therefore, the Zn/Al-LDH samples
show high efficiency for NO conversion in the whole 1.5 to 3.0 metal ratio range,
the surface area being a characteristic of greater importance. As described
before, by changing the method of preparation from HC to LC, the samples
develop high surface area values and, therefore, exhibit the best photochemical
efficiency._It is of high importance to pay attention to the release of NO,
accounted for during the irradiation period (Fig. 5a), as a product of reaction (6).
The appearance of nitrogen dioxide as an intermediate specie is undesired as it is much
more dangerous than NO [47]. In this sense, the optimization of a deNOy photocatalyst
is focused on obtaining the highest NO conversion values but also to restrict the NO,
emissions. Therefore, it is of interest to know about the photocatalyst deNOx selectivity

[48], S, which is determined according to the equation:
[Nox]in _ [Nox]out )/INOx]
(INoJ. .~ -[NO]_ . )/INO]

S (%) = ( n_ % 100 (11)

indicating the ratio of degraded NO that is ultimately converted into harmless nitrate
(reactions 8 to 10), rather than into toxic nitrogen dioxide. Fig. 5¢ shows the NO and
NOy conversion, the NO; release and the S values measured from deNOy tests
performed on HC and LC phototacalysts. For comparison, S values for Aeroxide® TiO,

P25 (Evonik) — a material broadly used worldwide as a reference in photocatalytic
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deNOy processes — were also obtained. TiO, P25 exhibits similar physical characteristics
to LC samples, with nanoparticles around 20-50 nm in size, and with a surface area of
524m°gh.

The LC samples not only exhibit the highest NO conversion values, but also the lowest
NO, emissions (around 6 %), reaching a NOx gas removal value of 50 %. Therefore, the
selectivity of these systems is surprisingly high with S values of around 90%. To our
knowledge, these values are scarcely reported and only for some TiO, advanced
photocatalysts [5, 49-52]. In fact, when compared to a TiO, P25 benchmark product,
even though a somewhat higher photocatalytic performance for the NO oxidation (63%)
is observed, the NOx removal is limited to 42 % because the selectivity falls to 42%. The
low deNOx selectivity of titania oxides is due to the continuously increased emission of
NO, under light irradiation [53], as observed in the test shown in Fig. S3. On the other
hand, in agreement with our findings, low NO, release is also found in ZnO deNOy
photocatalysts [54] being associated with the sensitivity of this oxide to NO, gas [55].
Also, when compared with commercial ZnO nanopowders (< 100 nm; Aldrich 544906),
the LDHs exhibit better photocatalytic efficiency (Figures 5¢c and S2).

Additional experiments were performed in order to qualitatively characterize the
potential application of these photocatalysts. Firstly, the photocatalyst reusability was
preliminarily investigated for LC1.5 and LC3 samples. Three consecutive NO
photocatalytic removal experiments were run in periods of 60 min. Between
experiments, the samples were washed with water, centrifuged, collected and
dried to eliminate nitrate species. The data collected (Fig. 6a) so far, suggest that
no significant changes in the photocatalytic efficiency took place. Moreover, the
high deNOx selectivity remained constant as the NO, emission was low and
constant during the three runs. The excellent photocatalyst reusability found is in
line with the fact that no chemical or structural changes were observed after
photocatalysis and that surface area values is recovered after washing process
(Fig. S4, S5 and S6). On the other hand, we evaluate the potential ability of these
photocatalysts to confront to NO urban pollution, in a qualitative way. Fig. 6b
shows the diurnal mean values of NO concentration measured at urban
roadsides in a highly populated city [56]. During daylight hours, the NO

concentration increased rapidly after sunrise and reached its maximum level
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between 7-12 in the morning. In this sense, we have proved the activity of the
LC3 sample in an extended period of five hours under similar NO concentrations.
Thus, initiating a De-NOx test with 150 ppb, the LC3 sample once again showed
high and constant NO conversion values around 50% during this extended light
irradiation period. Moreover, the selectivity (data not shown) was maintained
around 90 %. This extended experiment was also useful in confirming the
formation and deposition of nitrate onto the surface of the LDH samples, as
expected from the PCO mechanism proposed. To consider the nitrogen mass
balance during the photocatalytic oxidation process on the sample, taking into
account the concentration of NO in the inlet gas and the gas flow rate, the
integral area of the NOx plot gives the amount of NO transformed into NO3
during the irradiation time [52], from which, 28.10 pg of nitrate was calculated to
be formulated on the photocatalyst. This value is close to that chemically
analysed in the corresponding washing solution obtained from LC3 samples, 27.8
png. On the other hand, the good De-NOx performance of LC3 was also observed
in an atmosphere with a higher NO concentration. Thus, similar efficiencies were
found when samples were used under NO 600 ppb inlet concentration, Fig. S.7.
The new findings from this research serve to anticipate the potential of ZnAl-CO3
LDH photocatalysts in real life applications. Thus, when added to materials
exposed to urban atmosphere (e.g. building materials, paints, metal covering ...)
it confers the ability to abate most of the NO concentration present in the
environment. As we have demonstrated the easiness of washing and the
reusability of the photocatalyst, this action is permanent as the surface of
materials is continuously cleaned by the dew and rain water. Moreover, because
of their capacity to abate high NO concentrations, the use of ZnAl-COz; LDH
photocatalysts could be envisaged for other deNOx applications, [57] for
example, in air cleaning devices. From these qualitative data, the NO urban
pollution could potentially be greatly minimized with the use of ZnAl LDH

photocatalysts.

4. Conclusions
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LDH photocatalysts were found to be active for the photochemical oxidation of NO gas
for the first time. ZnAl-CO3 LDHs were prepared by the coprecipitation method at high
(HC samples) and low metal concentrations (LC samples). Pure LDH phase is obtained in
LC samples for Zn/Al ratio as high as 3.0. However, in the case of HC samples, an
additional ZnO phase was found for Zn/Al ratio superior to 2.0. For all the prepared LDH
samples, the IR spectra indicated the presence of interlayer carbonate anions. The
synthetic procedure affected the crystalline growth. Well defined and larger hexagonal
nanolayers were found in HC samples, while the LC samples were smaller and with
poorer crystallization. The largest crystals were found when the Zn/Al ratio was
increased,

While the pore microstructure was similar for HC and LC samples. Because of the lower
crystallinity of LC samples, the estimated specific surface area values (around 55 m?-g™)
were almost double that of the HC samples. The ZnAl-CO; LDHs were UV light
responsive with band—gap values close to 3.5 eV. High NO removal efficiencies around
55 % were found. The photocatalytic efficiency was related to the surface area of the
samples, being higher in the case of LC samples. In comparison with the TiO, P25
benchmark product, ZnAl-CO3; LDHs exhibited impressive selectivity to the deNOx
process. Moreover, the studied photocatalysts maintain the same NO removal
efficiency and selectivity for an extended period and in the highest NO concentration
experiments. The easy and inexpensive preparation of the ZnAl-CO3; LDHs and the
promising deNOx results obtained here, open new and interesting perspectives for their

potential use in urban air remediation.
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Figure captions

Figure 1: PXRD patterns of HC and LC samples (* ZnO)
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Figure 2: SEM images of HC and LC samples
Figure 3: N, adsorption-desorption isotherms for HC and LC samples
Figure 4: Kubelka-Munk transformed reflectance spectra for HC and LC samples

Figure 5: (a) Nitrogen oxides concentration profiles obtained during the photo-
degradation of gaseous NO under light irradiation on sample HC2. De-NOx
performances for ZnAl-COs; photocatalysts: (b) NO conversion efficiencies; (c) NO and
NOy conversion, NO, released and selectivity values.

Figure 6: (a) NO and NO, concentration profiles obtained for LC1.5 (o) and LC3 ()

samples during successive experiments of photochemical degradation of NO gas under
light irradiation. (b) Diurnal distribution pattern of NO gas at urban roadside (orange
shading) and NO concentration profile obtained for LC3 sample (o) during 5 hours of
light irradiation

Figure S1: Schematic presentation of the continuous flow gas environmental reactor
used for this study. 1: MFC (Mass Flow Controllers); 2: Sample Line; 3: By-Pass Line; 4:
Reaction Chamber; 5: Sample holder; 6: UV-Vis Lamps; 7: NOx Analizer; 8: Data
Recorder.

Figure S2: FT-IR spectra obtained for LC samples

Figure S3: Nitrogen oxides concentration profiles obtained during the photo-
degradation of gaseous NO under light irradiation on TiO, P25 and ZnO photocatalysts.

Figure S4: PXRD patterns of LC samples before and after the photocatalytic process
Figure S5: FT-IR spectra of LC samples before and after the photocatalytic process

Figure S6: N, adsorption-desorption isotherms for LC 2.5 sample before and after the
photocatalytic process and after washing

Figure S7: Nitrogen oxides concentration profiles obtained during the photo-

degradation of gaseous NO (600 ppb inlet concentration) under light irradiation on
sample LC3.
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Figure 5
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