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Abstract

In this work, the adsorption and photodegradation of acetaldehyde and ethylene on TiO, nanoparticles (NPs) with dominant
{001} facets were studied. Additionally, the first principle calculation was used to complement the experimental results.
TiO, NPs were synthesized by using a hydrothermal method. The experimental results indicated that adsorption amount of
acetaldehyde on TiO, {001} facets is higher than ethylene, with the initial concentration as 500 + 10 ppm. Photodegradation
efficiency of 88% was achieved for acetaldehyde in contrast to 17% for ethylene at flow rate of 10 sccm. The first principle
calculations show that the adsorption energy (E, ) for acetaldehyde is 0.603 eV and that of ethylene is 0.251 eV. This study is
imperative for understanding the adsorption and photodegradation process of acetaldehyde and ethylene, two typical VOCs,
and helpful to design the photocatalysts with high efficiency.
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1 Introduction

Volatile organic compounds (VOCs) are produced in the
environment by natural and anthropogenic activities that
can cause serious health problems [1, 2]. Regardless of its
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hazardous effect, VOCs additionally participate in differ-
ent reactions in the atmospheric environment, for instance,
reacting with ozone (O5) and NOx to form secondary organic
aerosols and further causing particulate matter pollution
(PM, 5 and PM, ). To this end, strategies have been adopted
to address this issue, such as removal through adsorption
and destruction that involves VOCs degradation by different
oxidation process [3]. However, a single approach is not suf-
ficient, thus, a consolidated methodology containing more
than one procedure is used. The photocatalytic oxidation
(PCO) of VOCs is a promising method for air purification of
which photocatalysts for example, TiO, [2], ZnO [4], WO,/
Bi, WO [5], and y-Al,O5 [6] have been widely used. Among
these, TiO, is a stable, nontoxic, and low cost photocatalysts,
which has been broadly considered for numerous electrical
and photocatalytic applications, for example, photoelectro-
chemical water splitting [7], photodegradation of hazardous
components in water and air [8, 9], phenol oxidation [10],
and supercapacitors [11].

Ethylene and acetaldehyde are delivered in the air through
natural and industrial sources. Even a small concentration
[parts-per-million (ppm) to parts-per-billion (ppb)] of eth-
ylene is physiologically exceptionally active that acts as an
aging (ripening) agent and cause substantial deterioration
of fresh fruits and vegetables during shipping and storage
[12]. A small concentration of ethylene can cause 10% to
80% of the product loss amid these operations. It has been
reported that (18 —45) x 10° tons of ethylene is annually
released by natural (74%) and anthropogenic sources (26%)
[13, 14]. Thus, it is imperative to remove ethylene in stor-
age and handling environment. The PCO of ethylene has
been reported to follow the Langmuir—Hinshelwood type of
kinetic, which is converted into CO, according to the reac-
tion: C,H, + 30, — 2CO, + 2H,0Oin the presence of TiO,
and UV light [15-17]. However, the underline mechanism
of ethylene adsorption and PCO is yet vague. For instance,
different endeavors have been accounted for to research PCO
of ethylene, yet, no mechanism could have been developed
because most of the studies detected only ethylene in the
photoreactor outlet. The PCO efficiency of ethylene has
been found to increase with increasing ethylene concen-
tration between 53 and 346 ppm, which can be associated
with gas supply [18]. Likewise, Park et al. [19] reported the
conversion of ethylene into CO,, CO, and H,O at room tem-
perature. Ethylene is first oxidized to CO through C,H,0"
radical formation, which further oxidizes into CO, through
reaction: O* + C,H, — (C2H4O)* — CO - CO,. They
recommended that reactive hydroxyl (OH®) and oxygen spe-
cies (037, O37) on catalyst surface play an essential role in
PCO of ethylene. As opposed to this mechanism, Yamazaki
et al. [18] reported that ethylene reacts with OH radicals on
the TiO, surface to form C,H,OH® intermediates, which fur-
ther reacts with oxygen species to form CO,. In this regard,

@ Springer

attempts have been reported to interpret the mechanism
of ethylene adsorption and PCO. Acetaldehyde is another
major indoor pollutant gas that belongs to carbonyl con-
taining compounds group [20]. Due to industrialization and
urbanization, the carbonyl-containing compounds are con-
stantly increasing in the environment. They also participate
in the formation of secondary aerosol and photochemical
smog. Furthermore, the low molecular weight carbonyl
containing compounds such as acetaldehyde and formalde-
hyde are mutagenic and carcinogenic by respiratory intake.
Recent studies have shown the potency of commercially
available nanosized and microsized TiO, powders for the
photodegradation of common indoor air pollutants includ-
ing toluene, acetone, and acetaldehyde [21]. Other attempts
incorporate surface modification of TiO, by depositing met-
als (Ag, Pt, Au) NPs. It has been reported that formaldehyde
can be completely oxidized to CO, and H,O using 1% Pt/
TiO, system at room temperature. The study confirmed that
charge on Pt, dispersion of Pt NPs on TiO, surface, and
surface oxygen species influence the photocatalytic activ-
ity. For example, negatively charged metallic Pt NPs and
chemically adsorbed oxygen species on the surface exhibit
superior photocatalytic activity [22].

For the gas phase PCO, the adsorption of gas molecules is
inevitable the first step. As described in previous study [23],
the rGO-TiO, hybrids significantly enhanced the degrada-
tion of gaseous VOCs by improving the adsorption ability
compared to pure TiO,. However, the adsorption mechanism
of VOCs on TiO, is not clearly investigated. Before modify-
ing the catalyst to improve the adsorption ability, the basic
interaction between the gas molecules and pure catalyst sur-
face should be figured out. In this way, it is very important
to comprehend different surface features of a photocatalyst
and the chemical structure of pollutant gas molecules to
understand the adsorption mechanism. In addition, it has
been reported that different facets of a similar semiconductor
material display dissimilar electronic and optical properties
due to variations in atomic arrangement and coordination on
the surface [24, 25]. Under normal growth conditions, the
anatase phase grows in tetragonal bipyramid shaped NPs
with a high percentage of {101} facets and low {001} per-
centage. The coordination of titanium (Ti) atom on the sur-
face plays a key role in the surface catalyzed reactions. For
example, the (001) surface exhibit 50% of five-coordinated
Ti (Tis.) atoms, while the (101) surface exhibit 100% of Tis,
atoms. Thus, the {001} facets are considered more reactive
for the surface catalyzed reactions. Along these lines, this
study presents an in-depth analysis of adsorption and PCO
oxidation of acetaldehyde and ethylene on TiO, {001} fac-
ets. It also provides comprehensive insight into the interac-
tion energy of the two types of VOCs with TiO, {001} facets
through DFT method, which offers a guideline to rationally
design a photocatalyst for practical applications. Firstly, the
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adsorption mechanism of acetaldehyde and ethylene was
examined using dynamic adsorption tests and temperature
programmed desorption (TPD). Next, the photocatalytic
degradation experiment was performed under UV/visible
irradiation. Also, the first principle calculation was used
to study the adsorption mechanism on the molecular level.
Various adsorption configurations were considered on TiO,
(001) surface and their adsorption energies were calculated.
Moreover, the highly stable adsorption complexes were fur-
ther used to calculate the local density of states (LDOS) and
electron density difference (EDD) to study the interaction of
these gases on TiO, (001) surface.

2 Experimental
2.1 Chemicals

The chemicals and solvents used in this experiment are com-
mercially available and were used without further purifi-
cations. The reagents used in this experiment are titanium
butoxide (C,4H;c0,Ti; 97%) and aqueous solution of hydro-
gen fluoride (HF: 40 wt%) from Sigma-Aldrich. Addition-
ally, absolute ethanol (>99.5%; Sigma-Aldrich) and deion-
ized water were used as solvents. Deionized water with a
resistivity of 18.2 MQ cm was obtained through a Milli-
Q Advantage A10 water purification system (Burlington,
USA).

2.2 Synthesis of TiO, NPs with Dominant {001}
Facets

The TiO, NPs were synthesized using strong acidic hydro-
thermal reaction using hydrogen fluoride (HF; 40 wt%).
Initially, 70 mL of C;4H;,0,Ti was mixed with 4 mL of
HF solution in a Teflon-lined reactor (100 mL). An aque-
ous solution of HF was used in this experiment. Then care-
fully closed the reactor and treated it at 200 °C for 24 h
and subsequently cooled it down to room temperature. The
as-prepared white powders were isolated using a high-speed
centrifuge (10,000 rpm) and washed five times with deion-
ized water (150 mL) and absolute ethanol (150 mL). The as-
prepared product was dried overnight at 100 °C in an oven.
Next, the powders were calcined at 550 °C for 2 h.

2.3 Characterization

The phase and morphology of TiO, NPs were studied using
X-ray diffractometer (Model: Ultima IV 2036E102, Rigaku
Corporation, Japan) with Gu Ka radiation (A=0.15418 nm,
20 varied from 20° to 80°, 8°/min) using continuous method,
the voltage is 40 kV and current is 40 mA. Transmission
electron microscope spectra were collected on FEI Electron

Optics microscope (Model: Tecnai G2 F20), respectively. A
DXR Raman spectrometer (Thermal Scientific Corporation,
USA) was used to study the Raman modes using a laser with
an excitation wavelength of 532 nm at laser power of 7 mW.
Photoluminescence (PL) spectrum was recorded by using
Edinburgh FL/FS900 spectrophotometer with an excitation
wavelength of 320 nm. TPD analyses were performed using
a ChemiSorb PCA-1200 (Builer, China). Initially, 0.1 g of
sample was taken in a quartz tube fixed inside an electric fur-
nace to control the temperature. The sample was subjected to
nitrogen flow to remove previously adsorbed surface species
at 120 °C for 1 h. The sample was subsequently cooled down
to room temperature. Next, the preselected gases ethylene
(49.8 ppm) or acetaldehyde (50 ppm) were led to pass (flow
rate of 30 mL/min~!) the sample tube for 2 h to achieve
the adsorption equilibrium. Finally, the high purity nitro-
gen was introduced, and the temperature was increased from
room temperature up to 800 °C with a step size of 10 K/
min~". In this way, desorption of sample gases was recorded
in a broad temperature range. The photocatalytic degrada-
tion experiment was performed using continuous gas flow
system coupled with gas chromatography. The detail of the
experimental setup is given in previously published work
[23]. 0.1 g of the sample was milled in absolute ethanol for
15 min and the slurry was deposited on the glass substrate
(area= 60 cm?) to develop films. The films were dried in an
oven at 100 °C for 2 h. Next, the films were transferred to a
closed chamber (20X 10X 1.5 cm) composed of inlet—outlet
valves for gases and a xenon lamp at a distance of 30 cm.
The adsorption and degradation of the gaseous pollutants
were detected using gas chromatography.

2.4 Computational Detail

The first principle calculations were performed using Vienna
Ab-Initio Simulation Package (VASP) [26-28]. The geom-
etries of molecules in the gas and on TiO, (001) surface
exhibiting different configuration were optimized using gen-
eralized gradient approximation (GGA) implemented by Per-
dew-Burke-Erzhenhof (PBE) [29, 30]. Initially, TiO, bulk
was optimized using 2 X 2 X 2 supercell. The fully relaxed
structure of bulk TiO, was cleaved along [001] direction in
a2x3x 1 supercell containing 120 as total number of atoms.
A vacuum of 20 A was used for to avoid interaction of reflec-
tive mirror images. A cutoff energy of 400 eV was used in
all calculations. The k-point grid was sampled as 2X3 X 1 in
the Brillion zone. Also, to account for the weak Vander wall
forces (vdW) between the gas molecules and TiO, (001) sur-
face, vdW D correction method (DFT-D framework) given
by Grimme was used [31]. The structure of the pure TiO,
slabs were obtained using periodic boundary conditions with
constraints on the coordinates of the bottom two layers. In
the same condition, TiO, slabs with acetaldehyde or ethylene
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bound on the surface were achieved. An ultrafast pseudopo-
tential was used in all calculations. The adsorption energy
(AE,,,) is calculated according to Eq. (1):

ads

AEads = (EMolecule + ESurface) - EMolecule/surface (1)

Epolecute 1S the energy of a molecule in the gas phase, Egy fce
is the slab energy without adsorption and Ey;gjccute/Surface 15
the energy of the surface and molecule complex. The local
and partial density of states (PDOS) were calculated for the
most stable adsorption complex. Finally, the electron den-
sity difference was calculated to trace the electron rich and
electron depleting regions.

3 Results and Discussion

Figure 1a shows the XRD pattern of TiO, NPs predomi-
nantly grown along the [001] direction. The XRD result
suggested a well-crystalline single-phase anatase TiO,. All
of the diffraction peaks were indexed to standard JCPDS:
21-1272 [32]. Figure 1b—d shows the high-resolution trans-
mission electron microscope (HRTEM) images for TiO,
NPs. The surface morphology of the particles demonstrated
well-dispersed square-shaped disk particles (Fig. 1c). How-
ever, a significant variation in the particle size was observed,
suggesting a nonhomogeneous grain growth. Additionally,
the lattice fringes were determined for the selected NPs and
the average values were calculated as 0.35 and 0.237 nm
(Fig. 1b). These values match well with the (101) and (004)
anatase TiO, atomic planes, respectively. To further com-
prehend the microstructure and XRD data, selected area

electron diffraction (SAED) (Fig. 1d) was carried out. It has
been previously reported that the top surface of the anatase
demonstrates the (001) facet and the lateral side demonstrate
the (101) facet of TiO, NPs [33, 34]. The top surface SAED
ring pattern fits well to the XRD data, where the diffraction
rings were used to calculate the distance from the center.
The corresponding high-resolution rings are associated with
different atomic planes exhibiting high peak intensity in the
diffraction pattern along (101), (004), (200), (211), (204),
and (220). The XRD and HRTEM results confirmed well-
crystalline single-phase TiO, NPs with dominant {001}
facet. The specific surface area was calculated as 67 m*/g.
The Raman spectroscopy was further performed to under-
stand the structure of TiO, NPs (Fig. 2). All the Raman
modes were matched with the previously reported results
for the same type of anatase system [35]. The character-
istic peaks for anatase TiO, were observed around 100 to
650 cm™!. The peaks around 143 (symmetric stretching of
Ti—O —Ti bonds), 195, and 396 cm™! (symmetric bending
vibrations) can be associated with 3E,, 2B,,, 1A,, Raman
modes [36]. The peak around 396 cm™! is assigned to E,
modes. The peaks at 518 (antisymmetric bending vibrations)
and 639 cm™! are associated with the unresolved doublet and
A /B, and A, respectively [37]. No other peaks can be
observed, which further confirms the formation of single-
phase anatase TiO, NPs. The inset figures show the UV-vis
absorption and photoluminescence spectroscopy results for
TiO, NPs. The fundamental absorption edge can be seen
around 400 nm. Typically, the band gap of TiO, has been
reported as 3.15 eV [38]. We calculated the band gap of
TiO, as 3.2 eV, which is in good agreement with the previ-
ously reported values [39]. The observed difference in the

Fig.1 a XRD pattern for the (a) r—— (b)
TiO, NPs, b HRTEM image L = [— TiO, NPs
of the lattice fringes of TiO,, ¢ SL g -
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Fig.2 Raman spectrum of the TiO, nanoparticles. The inset figure
shows the UV-visible and photoluminescence spectrum of TiO, nan-
oparticles

band gap value can be associated with slight variations in
crystal structure, which is responsible for variation of the
optical band gap.

As stated earlier, for the photodegradation of gaseous
reactions, it is pivotal that a gas molecule is adsorbed on
the surface of TiO, that further reacts with reactive oxygen
species such as oxide and hydroxyl radicles and subsequently
decompose [23]. The absorption of light excites photoelec-
trons in the conduction band (CB) while holes are created in
the valance band (VB). These electrons are responsible for
the production of reactive oxygen species on the surface [40,
41]. Therefore, it is significant to understand the interaction
of gaseous pollutants with a catalyst surface. Thus, the behav-
ior of ethylene and acetaldehyde on TiO, {001} facets was
experimentally studied. The adsorption and photocatalytic
activity of TiO, NPs was studied using ethylene and acetal-
dehyde as model VOCs (1000 + 10 ppm in gas cylinders) at
a flow rate of 5 sccm. Air produced by an air generator was
used as carrier gas which is adjusted at the same flow rate as
the VOCs pollutants, in this way, the initial concentration of
acetaldehyde and ethylene is fixed at 500 + 10 ppm,and the
corresponding flow rate was controlled at 10 sccm. Moreover,
similar initial concentration (500 + 10 ppm) of ethylene and
acetaldehyde was used in this experiment at 10, 20, and 40
sccm, in which air accounts for half of the flowing gas. The
adsorption efficiency (E) of the sample gases and the blank
chamber was calculated using Eq. (2) and (3).

Ecatalyst = {[.(4 v X (1- C/CO) dt]catalyst

: 2)

/I v X (1= C/Cy)dflyy )} X 100%
0

t
Eb]ank = {[g v X (1 - C/CO) d[]blank

; (3)
JI/v X (1= C/Cy)dflyam} X 100% = 100%
0

where C,, and C are initial gas concentration and at differ-
ent time intervals, respectively, v is flow rate, ¢ is the time
interval of reaction. The results are given in Fig. 3. It can be
seen that there is no significant increase in the adsorption
ability of ethylene on the surface of TiO, contrasted to blank
chamber. The results suggested only a 6% increase for ethyl-
ene adsorption compared to the blank chamber. In contrast
to ethylene, the acetaldehyde demonstrated a higher adsorp-
tion efficiency (156%) under similar adsorption conditions.
To further confirm these observations, the TPD experiment
(Fig. 4) was conducted. This test can provide an insight into
the interaction of the gaseous molecules on the surface of a
photocatalyst. Both ethylene and acetaldehyde demonstrated
peaks above 200 °C. The desorption peak of ethylene was
observed at 318 °C, while the acetaldehyde exhibited a des-
orption peak around 485 °C. Based on these results, it can
be inferred that the acetaldehyde molecules strongly bound
on TiO, (001) surface in contrast to ethylene, thus a high
temperature was required for the desorption of acetaldehyde
from the catalysts surface.

To further study the adsorption behavior of ethylene and
acetaldehyde, first principle calculations were performed.
The geometrically optimized TiO, (001) surface is given
in Fig. 5. The atomic configuration of TiO, (001) surface
is different from (101) surface, which contains under coor-
dinated five-fold Ti atoms (Tis.) [24, 42]. Similarly, two
and three-fold oxygen atoms (O,., O5.) are present at the
surface. The under coordinated atoms are regarded as the
active adsorption sites and render more reactivity to (001)
surface contrasted to (101) surface. The angle between
0,._Tis.—0,, is calculated as 138.789°, while the bond
distance between Tis, and O,, is calculated as 1.8889 A,
which is closer to the previously reported values [43]. The
fully relax structure was used for the ethylene and acet-
aldehyde adsorption exhibiting different configurations.

Figure 6 shows the adsorption of acetaldehyde and
ethylene on TiO, (001) surface exhibiting different ori-
entations (Ac_A to Ac_D). The corresponding adsorption
energies are given in Table 1. The acetaldehyde molecule
can attach to TiO, (001) surface through different bonds,
for example, CH;—, —C=0, and —H. Similarly, the car-
bonyl carbon atom (—C=O0) can interact simultaneously
with the Tis.—O,, on the surface through C-0,. and
Tis,—Omol (Omol =0 of the molecule). In the case of
Ac—A configuration, the distance between the carbonyl O
and Tis, is calculated as 2.394 A, which is a larger value
than the actual bond length between Tis;,.—O,, of surface.
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Fig.3 Adsorption of VOCs in
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Fig.4 Temperature programmed desorption of acetaldehyde and eth-
ylene

Next, the distance between carbonyl H and O, is 2.438 A.
Moreover, no structural deformation can be seen on TiO,
(001) surface. The corresponding adsorption energies for
different acetaldehyde configuration on TiO, surface sug-
gested low adsorption energies. Among these, the Ac_C
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These results suggest that acetaldehyde molecule interact
with the surface through chemical bonds forming a saddle
like structure, consequently, results in a strong interac-
tion. In contrast to acetaldehyde, the adsorption energy
values for ethylene are quite low. There is no significant
bond formation or distortion on TiO, surface. Even when
the initial position of the ethylene molecule was used as
chemical interaction (not shown for the most part), the
molecule moved away from the surface during simulation
to minimize the energy of the adsorption complex to form
a more stable geometry. The Et_B demonstrated higher
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Fig.5 Optimized structures of
the a side view and b top view
of anatase TiO, (001) surface.
Ti and O atoms are labeled as
dark brown and red spheres,
respectively. The bond length
isA

(a) 1.494

(b)

1334 1003
1092
2.802 1091 2.792
3111 3.774; : 3120
1.894 1.884
(Et A) (Et B)

Fig.6 Optimized geometries of selected VOCs on anatase TiO, (001)
surface; a acetaldehyde, b ethylene. The carbon and hydrogen atoms
are colored in dark gray and purple, while oxygen and titanium atoms

Table 1 Calculated adsorption

. Mode E 4 (eV)
energies of acetaldehyde and
ethylene on TiO, (001) surface Ac Et
A 0.35 0.101
B 0.115 0.251
C 0.603 —-0.134
D 0.007 0.1867

adsorption energy (0.251 eV) compared to other ethylene
configurations in this study. Therefore, it can be inferred
that the carbonyl group in acetaldehyde play a significant
role for adsorption on TiO, (001) surface. The LDOS and

(b)

(Top view)

1.497
1.228
2911
3.350 .

1.887

(Et_D)

(Et_C)

are colored in red and dark brown, respectively. The number demon-
strates the calculated bond length (unit: A)

PDOS were further studied to understand the coupling
between different atomic states. The corresponding LDOS
for the surface, molecules, and different atoms are given
in Fig. 7. The sharp peaks in Fig. 7a, j is the characteristic
molecular peaks in the gas phase. The PDOS for the sur-
face demonstrated that 3d-states of Ti strongly contributed
in the lower CB exhibiting a comparatively small contribu-
tion in the upper VB (Fig. 7a, f). A small contribution can
also be seen in the upper CB by Ti p-states. The oxygen
2p-states mainly contributed to the upper VB (Fig. 7b, g).
The intensity of these peaks is significantly lower in con-
trast to acetaldehyde and ethylene in the gas phase suggest-
ing more interaction. This behavior was further studied by
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Fig.8 Charge density difference for the acetaldehyde and ethylene
adsorbed complex

the electron density difference. The more stable adsorption
complex was used for calculating the EDD. The results are
given in Fig. 8. The yellow color represents the electron
depleting area while the green color shows the electron

Fig.9 Photodegradation of

rich area. It can be seen that most of the electron rich
area is surrounded by the carbonyl oxygen and surface
O,.. In contrast, the hydrogen atoms in ethylene do not
show any significant interaction with the surface oxygen
while the electron rich area is mostly around the double
bond between the C=C of ethylene. These results further
demonstrate the difference in behavior of ethylene and
acetaldehyde molecules on TiO, (001) surface.

Finally, experiments were performed to compare the pho-
tocatalytic degradation of acetaldehyde and ethylene under
different flow rate (Fig. 9). Initially, the gases were flown
through the chamber in the dark and a saturated state was
achieved in each experiment. Next, the 400 W xenon lamp
was turned on for the photodegradation process. It can be
seen that TiO, demonstrated a high photocatalytic degrada-
tion for acetaldehyde irrespective of the flow rate in con-
trast to ethylene. The photocatalytic activity was observed to

(b)
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Fig. 10 Photodegradation of VOCs control experiment with flow rate
of 10 sccm without TiO,

decrease with increasing flow rate for both the gases studied
in this work. Initially, when the flow rate was 10 sccm, 88%
of acetaldehyde was degraded. By increasing the flow rate
(20 and 40 sccm) the photodegradation efficiency signifi-
cantly decreased to 61% and 34%, respectively. However,
poor photodegradation behavior was observed in the case
of ethylene. Moreover, the flow rate has not significantly
affected the photodegradation efficiency, which further con-
firms the poor interaction of ethylene on TiO, {001} fac-
ets. This behavior can be associated with the fact that with
increasing flow rate the retention time of the gas molecules
becomes shorter, hence, little time is available to adsorb on
the surface in the reaction chamber and therefore, demon-
strate little degradation efficiency. It can be inferred from
these results that a higher photodegradation efficiency can
be achieved by optimizing the flow rate of the VOCs in the
degradation system. For the comparison, the photodegrada-
tion experiment was also performed in the blank chamber
(no catalysts) under similar conditions in order to exclude
the oxidation effect of oxygen in the chamber under 400 W
xenon lamp (Fig. 10). It is clear that no photodegradation
occurs in the absence of TiO, catalyst. Additionally, the
study confirms that the molecular structure of the gas mol-
ecule is an important parameter to be considered in order to
design the potential photocatalyst.

4 Conclusion

In summary, the adsorption behavior of acetaldehyde and
ethylene on TiO, {001} facets was successfully evaluated.
TiO, NPs with dominant {001} facet were synthesized in
strong acidic conditions by hydrothermal reaction. Acetal-
dehyde molecules demonstrated strong interaction with TiO,
surface due to its carbonyl group molecular structure. In
contrast to acetaldehyde, the ethylene has poor adsorption

capacity and lower degradation rate. The results were further
confirmed with the first principle calculations. The acetal-
dehyde molecule exhibited high adsorption energy, which
might be associated with the formation of chemical bonds
with (001) surface of TiO,. However, ethylene demonstrated
lower adsorption energy and no significant distortion on the
surface could be traced, indicating the weak interaction of
ethylene molecules with titania surface. This work is sig-
nificant to understand the interaction of different VOCs with
catalyst surface, which can be used for future references and
designing potential catalysts for the remediation of pollut-
ants from the environment.
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