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ZnO samples with two distinct morphologies (porous particles and grenade-like structures) were synthesized via a sol-gel-hy-
drothermal method in a water-ethylene glycol binary solvent. By tuning the zinc precursor concentration, the morphologies were
precisely controlled. In the investigation of photocatalytic properties, we evaluated the material’s ability to degrade the organic
dye Rhodamine B (RB) under UV light. Additionally, we analyzed the active radicals generated during photocatalysis and eval-
uated the material’s recyclability. In the study of gas-sensing properties, we conducted a series of performance tests under vari-
ous conditions, including temperature, gas concentration, cycle stability, response and recovery times, and comparative re-
sponses in different atmospheres. Our results showed that the samples exhibited superior ethanol selectivity. Moreover, all
samples exhibited excellent cycle stability and fast response times. The small size and porous structure of the samples signifi-
cantly enhanced their gas-sensing performance by providing ample channels and space for gas diffusion and reaction during
testing. This unique morphology significantly improved the material’s gas-sensing performance.
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Avtorji ¢lanka so s sol-gel-hidrotermalno metodo v binarni etilen glikolni vodni raztopini sintetizirali vzorce nano delcev ZnO.
Delci so imeli dve izraziti morfologiji; prvi so bili porozni sferi¢ni delci in drugi delci v obliki nano "granatk". Z uglasevanjem
koncentracije prekurzorja cinka so natan¢no kontrolirali morfologijo Zno nano delcev. Nato so ugotavljali njihove
fotokataliticne lastnosti in ocenili njihovo sposobnost za degradacijo organske barve Rhodamine B (RB) pod ultra vijoli¢no
(UV) svetlobo. Dodatno so avtorji analizirali Se aktivne radikale, ki so se generirali med fotokatalizo in ocenili sposobnost
materiala za recikliranje. Studij lastnosti pomembnih za plinske senzorje so avtorji dolocali pri razli¢nih pogojih, vklju¢no z
vplivom temperature, koncentracije plina, stabilnosti ciklusa, odzivnega in obnovitvenega ¢asa ter primerjave odziva v razli¢nih
atmosferah. Rezultati raziskav so pokazali, da imajo sintetizirani vzorci vrhunsko selektivnost etanola. Nadalje so imeli vsi
vzorci odli¢no stabilnost ciklusa in hiter odzivni ¢as. Majhna velikost delcev in njihova porozna struktura pomembno
izboljSujeta njihove plinske senzorske lastnosti z zagotavljanjem dovolj velikega Stevila kanalckov za difuzijo plina med
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testiranjem. Ta unikatna morfologija delcev ZnO pomembno izboljSuje plinske senzorske lastnosti tega materiala.

Kljuc¢ne besede: cinkov oksid, nano delci, sinteza, fotokataliza, plinski senzorji, etanol

1 INTRODUCTION

Industrialization and urbanization have intensified
environmental pollution, particularly water and air con-
tamination. Photocatalysis and gas-sensing technologies
are considered promising solutions for pollutant degrada-
tion and trace gas detection, respectively.

Zinc oxide (Zn0), a typical n-type semiconductor
metal oxide, exhibits exceptional physical and chemical
properties, underscoring its vast application potential
across multiple domains. In photocatalysis, ZnO is com-
parable to titanium dioxide (TiO,), renowned for its
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physicochemical stability, non-toxicity, cost-effect-
iveness, and high photocatalytic efficiency.!”” These at-
tributes position ZnO as a preferred material for organic
pollutant remediation in aqueous environments. Addi-
tionally, ZnO is a pivotal gas-sensitive material in gas
sensor research, demonstrating significant sensitivity to
various gases, including ethanol,® nitrogen dioxide,’ ace-
tone,’ and hydrogen.!°

The composition, size, and morphology of a material
are key factors influencing its properties, guiding current
ZnO research in three main directions: elemental doping
(e.g., Au,'0 P,'011 Ag!?) integration with heterogeneous
semiconductors (e.g., CuO,"3 C;N4,'* CdS?), and mor-
phology control (e.g., nanoparticles,'> hollow spheres,'*
nanosheets,!! or flower-like!” structures). In photocata-
lysis, the size and morphology of a material are crucial
in determining the adsorption capabilities of the cata-
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lyst’s surface towards target pollutants and the active
sites that play a pivotal role during a photocatalytic pro-
cess.'®=20 In gas sensing, the adsorption of oxygen on a
material’s surface is a key determinant of its gas sensing
properties,?!' closely related to the surface morphology.
Consequently, ZnO with varying morphologies exhibits
substantial differences in gas sensing properties.?!'-2?

In this study, we synthesize ZnO materials using a
sol-gel-hydrothermal method in a binary solvent system
of water and ethylene glycol, producing a variety of ZnO
samples. By fine-tuning the zinc acetate concentration,
we precisely control the morphology of the resulting
ZnO structures. We investigate the fundamental struc-
tural characteristics, as well as the photocatalytic and
gas-sensing properties of these samples. In photo-
catalysis, we evaluate the material’s efficiency in the ul-
traviolet (UV) photocatalytic degradation of Rhodamine
B (RB), identify the active radicals involved in photo-
catalysis, and evaluate the material’s recyclability. For
gas-sensing applications, we conduct a series of perfor-
mance tests at various temperatures, gas concentrations,
and cyclic conditions, measuring response and recovery
times, and responses in different atmospheres. This de-
tailed analysis enables a thorough comparison of the
gas-sensing capabilities of our ZnO samples.

2 EXPERIMENT SECTION
2.1 Synthesis

ZnO was synthesized using a combined sol-gel and
hydrothermal method. Specific amounts of zinc acetate
and monoethanolamine were added to 20 mL of ethylene
glycol, followed by magnetic stirring at 60 °C for
30 min. Then, 10 mL of deionized water was added, and
the mixture was stirred for another hour. The resulting
milky solution was transferred to a 50 mL Teflon-lined
autoclave and heated at 180 °C for 10 h. The white pre-
cipitate was centrifuged, washed sequentially with water
and alcohol, and dried at 60 °C for 10 h. The final ZnO
product was obtained by annealing the dried material at
500 °C for 2 h. In this series, zinc acetate and mono-
ethanolamine were added in amounts of 0.11 g and
30 uL, 0.15 g and 45 pL, and 0.3 g and 90 pL, respec-
tively, with the corresponding samples labeled as ZnO-1,
7Zn0O-2, and ZnO-3.

2.2 Characterization

Crystallographic structures were studied with a D8
Tools X-ray diffractometer with Cu Ka (4 = 0.15405 nm).
The morphology and microstructure of the as-prepared
samples were observed with a scanning electron micro-
scope (SEM/EDS, JEOL JSM-6700F) and a transmission
electron microscope (TEM, JEM 3010 and Tecnai G2
F20). UV/visible absorption spectrum was measured
with a UV-2550 spectrophotometer. A fluorescence
spectrophotometer (Perkin Elmer LS 55) was used to ob-
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tain  the  photoluminescence  (PL) spectra.
Photoelectrochemical measurements were performed us-
ing a computer-controlled workstation (CHI650D,
Shanghai, Chenhua Co., China).

2.3 Photocatalytic reactions

The photocatalytic performance was assessed using
Rhodamine B (RB) as the target organic pollutant, with a
concentration of 10 mg-L! in a 100 mL solution. A total
of 20 mg of the catalyst was introduced into the RB solu-
tion. Before initiating the photocatalytic reaction, the
catalyst and RB solution were mixed and stirred in the
dark for 30 min to ensure adsorption equilibrium. The
photocatalytic reaction was then carried out under ultra-
violet (UV) light irradiation. At 5 min intervals, 3 mL
aliquots of the reaction mixture were collected, centri-
fuged, and the supernatant was analyzed. The RB con-
centration was measured using a UV-visible spectro-
photometer.

2.4 Free radical capture experiment

Before the photocatalytic test, specific scavengers for
active species were added. By comparing the pollutant
degradation efficiency with and without these scaven-
gers, the role of active species in the photocatalytic pro-
cess was determined. Tert-butanol (t-BuOH), sodium
ethylenediaminetetraacetate (EDTA), and benzoquinone
(BQ) were used as scavengers for hydroxyl radicals
(OH), holes (h*), and superoxide radicals (O*), respec-
tively, each at 1 mM-L-.

2.5 Gas sensing performance testing

Gas sensing performance was evaluated using the
CGS-I1TP intelligent gas sensing analysis system, pro-
duced by Beijing Elite Technology Co., Ltd. Prior to the
test, 0.1 g of a ZnO sample was mixed and ground with
alcohol in a mortar, then evenly applied to a ceramic
sample plate. The sample was left to air-dry and natu-
rally age for 24 h, after which it was used to fabricate a
gas sensor device. For the test, the device was positioned
on a temperature-controlled platform within a gas cham-
ber, secured with probes, and connected to the testing
electrodes. Measurements commenced once the resis-
tance of the sample stabilized at the testing temperature.

The device’s stable resistance in air was labeled as
Ra, and in the presence of the target gas, as Rg. Sensitiv-
ity was calculated as the Ra/Rg ratio. The test atmo-
sphere comprised five gases: ethanol, acetone, methanol,
formaldehyde, and benzene.

3 RESULTS AND DISCUSSION

3.1 Characterization

Figure 1 shows XRD spectra of the samples. All dif-
fraction peaks match the hexagonal wurtzite structure
(JCPDS 36-1451). This confirms that all ZnO samples
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Figure 1: XRD patterns of the samples

have a hexagonal wurtzite structure and are well-crystal-
lized. Moreover, the FWHM of the diffraction peaks de-
creases with increasing zinc acetate concentration, indi-
cating higher crystallinity in the corresponding ZnO
samples.

Figure 2 shows SEM images of the samples, reveal-
ing significant morphological changes with increasing
zinc acetate concentration during synthesis. The ZnO-1
sample (Figures 2a, a-1) consists mainly of individual,
dispersed porous granules with particle sizes ranging
from 100-200 nm. Some granules have hexagonal edges,
and a few double and triple particles are observed. The
ZnO-2 sample (Figures 2b, b-1) has a granular shape
similar to ZnO-1 but with a broader size range of
200-500 nm, indicating greater size variation and the
presence of larger particles.

The ZnO-3 sample (Figures 2¢, c-1) shows a distinc-
tive grenade-like morphology, with lengths of 2—4 um.
This structure is formed by the union of two hexagonal
prisms of differing sizes, characterized by flat cross-sec-

I
Figure 3: a) TEM and b) HRTEM images of ZnO-1
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Figure 2: SEM images of ZnO-1 (a, a-1), ZnO-2 (b, b-1), and ZnO-3
(c, c-1)

tions, rounded side edges, and a relatively smooth
surface. The length distribution is uneven, akin to the
morphology described in the literature.® This gre-
nade-like shape is typical of wurtzite ZnO, signifying a
stable crystal structure and a high degree of
crystallinity.!!
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To further study the microstructures of the ZnO sam-
ples, TEM and HRTEM analyses were performed on
ZnO-1. As shown in Figure 3a, the particle sizes range
from 100 to 150 nm. The image also reveals larger, irreg-
ularly shaped pores, consistent with the SEM results.
These pores have diameters of 10-50 nm. In the HRTEM
image (Figure 3b), distinct lattice fringes are visible,
with a spacing of approximately 0.28 nm, corresponding
to the (100) plane of ZnO.
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Figure 4: a) Absorption spectra of RB solution degraded by ZnO-1
under UV light; b) photocatalytic degradation of RB by ZnO series
samples; c) the corresponding curves between In(C/Cyp) and degrada-
tion time
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3.2 Photocatalytic behavior

We evaluated the photocatalytic performance of the
ZnO series samples using the organic dye RB as the tar-
get pollutant, with results presented in Figure 4. Fig-
ure 4a shows the absorption spectrum of ZnO-1 during
photocatalytic degradation of RB under UV light. The
intensity of the characteristic absorption peak of RB near
550 nm gradually diminished upon UV exposure, indi-
cating progressive degradation. After 55 min, RB is
nearly fully degraded.

Figure 4b illustrates the changes in the RB concen-
tration over time for the series samples, where C, repre-
sents the initial concentration and C is the real-time con-
centration. The photocatalytic efficiency decreased in the
order ZnO-1 > ZnO-2 > ZnO-3, achieving RB degrada-
tion rates of (94.7, 89.8, and 84.0) % after 55 min, re-
spectively. All photodegradations processes of RB were
found to follow the Langmuir-Hinshelwood first-order
kinetics model.?> The model can be expressed by
In(Cy/C) = kt, where k is the decomposition rate constant.
The calculated k values for ZnO-1, ZnO-2, and ZnO-3
were (0.054, 0.039, and 0.029) min!, respectively. Com-
bined with the SEM results, the ZnO-1 sample, which
had the smallest particle size, exhibited the highest
photocatalytic activity.

To investigate the stability of the samples, photo-
catalytic cycling tests were conducted on the ZnO-1
sample, with the results shown in Figure 5. After six
rounds of photocatalytic experiments, the degradation ef-
ficiency remained at 88.5 %, indicating good chemical
stability.

3.3 Photocatalytic mechanism

To elucidate the mechanism underlying the differ-
ences in photocatalytic performance among the ZnO se-
ries samples, we conducted photoluminescence (PL)
tests, with the results shown in Figure 6a. Each sample
exhibits a UV emission peak at approximately 395 nm,
corresponding to the recombination luminescence of
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Figure 5: Photocatalytic reusability of ZnO-1
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Figure 6: a) Photoluminescence (PL) spectra of samples; b) I-T (current-time) curves of samples under UV light

inter-band photogenerated electron-hole pairs in ZnO.%¢
The intensity of this peak increased significantly from
ZnO-1 to ZnO-3, indicating a pronounced enhancement
in carrier recombination. According to the photocatalytic
theory, an increased recombination rate of photo-
generated electron-hole pairs reduces photocatalytic effi-
ciency, leading to a sequential decline in performance
from ZnO-1 to ZnO-3. Furthermore, by combining these
findings with prior XRD and SEM data, we conclude
that as the Zn?* concentration increased during synthesis,
ZnO crystals underwent rapid growth and size expan-
sion. This growth likely elevated the concentration of lat-
tice defects, which act as recombination centers for free
excitons, thereby intensifying ZnO’s intrinsic lumines-
cence peak.

The photocurrent response of photocatalytic materi-
als in an electrochemical environment serves as a reliable
indicator for evaluating the generation, separation, and
transfer of photogenerated electron-hole pairs during
photocatalysis. A stronger photocurrent response indi-
cates a more efficient separation of these pairs. Fig-
ure 6b shows the photocurrent test results for the ZnO
samples. Upon illumination, the photocurrent increased
rapidly and returned to its baseline promptly after the
light was turned off, demonstrating excellent stability
and repeatability of the response. The photocurrent in-
tensities of the samples followed the following order:
ZnO-1 > ZnO-2 > ZnO-3. This result confirms that
7ZnO-1, which has the smallest particle size, achieved the
highest photogenerated charge carrier separation effi-
ciency, consistent with the PL data. Consequently,
ZnO-1 also exhibited the best photocatalytic perfor-
mance in the degradation tests.

To ascertain the primary active radicals participating
in the photocatalytic process and to delve into the under-
lying mechanism, we performed radical trapping experi-
ments using ZnO-1 as the representative sample. The
findings, presented in Figure 7, reveal that the inclusion
of EDTA exerts a minimal influence on the photo-
catalytic process, indicating that h* is not a dominant fac-
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tor in the reaction. Conversely, the addition of t-BuOH
exerts a noticeable effect on the degradation efficiency of
RB, suggesting the involvement of OH in the photo-
catalytic process. Most notably, the introduction of BQ
substantially inhibits the photocatalytic degradation of
RB, thereby establishing O as the most significant ac-
tive radical contributing to the photocatalytic process.

Based on the aforementioned analysis, the photo-
catalytic process involves the excitation of valence band
electrons in the ZnO material by UV light, causing them
to transition to the conduction band and leaving an equal
number of holes in the valence band. The conduction
band electrons then react with adsorbed oxygen on the
material’s surface, generating a significant amount of O*
radicals. These radicals can further react with conduction
band electrons and hydrogen ions in water to produce
H,0, and OH. Simultaneously, the valence band holes
react with water ions, also producing OH radicals. These
highly reactive species, with their strong oxidizing capa-
bilities, ultimately lead to the complete degradation of
the organic dye RB. The entire photocatalytic reaction
process can be summarized as follows:
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Figure 7: Effects of different scavengers on the photocatalytic effi-
ciency of ZnO-1
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Table 1: Responses of ZnO sensors to ethanol with different concentrations

Concentration/ppm 5 10 20 40 60 80 100 200

Response of ZnO-1 1.6 2.0 34 44 6.6 9.3 12.6 15.3

Response of ZnO-2 1.6 2.1 3.7 53 8.4 11.3 15.6 20.5

Response of ZnO-3 1.8 2.2 3.0 3.5 4.6 5.9 8.0
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Figure 8: a) Response versus operating temperature of ZnO sensors upon exposure to 100 ppm ethanol; b) response-recovery curves of ZnO sen-

sors to ethanol at different concentrations

ZnO + hv = ZnO (h* + ¢") (1)
e +0, >0, 2)

O,” +e +2H" = H,0, 3)
H,0, + e = OH + OH" 4)
RB + O,7, OH, h* = Products ®)

3.4 Gas sensing properties

It is widely recognized that the gas-sensing perfor-
mance of materials is intricately linked to their operating
temperature. To determine the optimal operating temper-
ature for our samples, we initially conducted tests on the
ZnO series to assess their sensitivity to 100 ppm ethanol
gas across a temperature range of 150400 °C, as illus-
trated in Figure 8a. The response values of the three
samples consistently displayed a pattern of the initial in-
crease followed by a decrease as the temperature rose,
each reaching its peak response at 300 °C. Consequently,
all further gas-sensing performance evaluations were car-
ried out at this identified optimal temperature. At this op-
timal operating temperature, the response values of the
three samples, ZnO-3, ZnO-1, and ZnO-2, ranked from
the lowest to the highest, were 8.0, 12.5, and 15.6. It is
worth mentioning that these response values are signifi-
cantly superior to those of our previous Ce:ZnO compos-
ites.?”’

Figure 8b shows response and recovery curves of the
ZnO series samples exposed to various concentrations of
ethanol gas. Upon the introduction of ethanol gas, the
samples’ response values increase rapidly. As the ethanol
gas concentration rises from 5 ppm to 200 ppm, the sen-
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sitivity of all three samples gradually increases. Their
specific values are presented in Table 1.

In accordance with the unified standard for the detec-
tion limit of gas-sensing materials, which requires a re-
sponse value greater than 3,>+?% the detection limit for
ZnO-1 and ZnO-2 samples is approximately 20 ppm,
whereas for ZnO-3, it is around 40 ppm. Beyond
40 ppm, the disparity in response values among the three
samples increases progressively, with ZnO-1 and ZnO-2
demonstrating enhanced sensitivity to gas concentration
changes and consequently exhibiting correspondingly
higher responses.

Selectivity is a crucial factor in assessing the overall
performance of gas-sensing devices. Figure 9 provides a
comparison of the sensitivity of ZnO series samples to
various gases at a concentration of 100 ppm, including

164
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Figure 9: Responses of ZnO sensors to different gases (100 ppm)
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ethanol, acetone, methanol, formaldehyde, and benzene.
The data clearly illustrate that the ZnO-2 sample exhibits
superior sensitivity across all tested gases compared to
the other two samples, with its highest sensitivity partic-
ularly notable for ethanol. Nonetheless, the minimal dif-
ference in its sensitivity to acetone and methanol sug-
gests limited selectivity. Among the samples, ZnO-3
exhibits the poorest selectivity, whereas ZnO-1 stands
out with the best selectivity, demonstrating a signifi-
cantly higher sensitivity to ethanol compared to other
gases.

Figure 10a illustrates the four response and recovery
cycles of the three ZnO sensors exposed to 100 ppm eth-
anol. Upon the introduction of ethanol gas, the sensitiv-
ity of all three samples promptly rises, and upon revert-
ing to an air atmosphere, it swiftly returns to its initial
values. The sensitivity, along with the response and re-
covery times, remains consistently stable throughout the
four repeated tests, demonstrating the excellent repro-
ducibility of the samples for ethanol detection.

To ascertain the response and recovery times of the
samples, Figure 10b presents the single response and re-
covery curve of the ZnO-2 sample exposed to 100 ppm
ethanol. In accordance with the widely accepted defini-
tions of response time,'"-'¢ the response time is defined as
the duration required for the device resistance to transi-
tion from its initial value to 90 % of the stable resistance
value upon contact with the target gas. Conversely, the
recovery time is defined as the period it takes for the de-
vice resistance to revert to 10 % of the stable resistance
value after being removed from the target gas atmo-
sphere. As illustrated in the figure, the sample demon-
strates an exceptionally rapid instantaneous response and
recovery, with respective times of 6 s and 25 s, which is
shorter than the data reported in the literature for sensors
based on ZnO? and ZnO composites (ZnO/Al,0;).3° The
response and recovery times of the other two samples
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under identical conditions are comparable to those of the
Zn0O-2 sample.

Based on the above comprehensive analysis, the opti-
mal operating temperature for the ZnO series samples is
approximately 300 °C, at which they demonstrate rapid
response and recovery rates, along with excellent cyclic
stability. At this temperature, samples ZnO-1 and ZnO-2
exhibit higher response to 100 ppm ethanol, with ZnO-1
particularly showcasing the best selectivity towards etha-
nol. SEM and TEM results reveal that samples ZnO-1
and ZnO-2 have a porous particulate morphology,
whereas sample ZnO-3 features a grenade-like structure.
Among the ZnO series samples exhibiting these two dis-
tinct morphologies, those with a smaller size and porous
particulate morphology deliver superior gas-sensing per-
formance, underscoring the profound influence of mor-
phological differences on the gas-sensing properties of
the samples.

3.5 Gas sensing mechanism

Typically, the sensitivity of gas-sensing materials is
determined by the ratio of the sensor resistance in air to
that in an ethanol atmosphere, known as Ra/Rg. When
ZnO samples of various morphologies are exposed to an
air atmosphere, the oxygen present adsorbs onto the ZnO
surface, capturing electrons from the conduction band of
the sample, thereby generating corresponding negative
ion groups, such as O,7, O, and O*. The reactions are
represented with the following equations:3'—3*

O2ir) = Oiaas) (6)
Oyt + € = Oypaas) (7
Opasy + € = 2045 (8)
Oy + € = O(ads)z_ ©))

Among these, Oy signifies the oxygen present in
the air, whereas O, refers to the oxygen adsorbed onto
the ZnO sensor surface. These reaction processes lead to
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Figure 10: a) Response and recovery repeatability curves relating to 100 ppm ethanol for the sensors; b) single-cycle response and recovery

curve of ZnO-2
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a decrease in the electron concentration within ZnO,
thereby forming an electron depletion layer of a specific
thickness on the surface. This, in turn, results in an in-
crease in the device resistance, denoted as Ra. When the
sample is exposed to the target gas atmosphere, such as
ethanol, the ethanol gas quickly adsorbs onto the surface
of the ZnO sample and reacts with the surface oxygen
ion groups. The reaction equations are as follows:333

C,H,0H,,, > C,H,0H,, (10)
C,H,0H,,, + 60,4,” = 2CO, + 3H,0 + 6¢ (11)
C,H,0H,, + 604> = 2CO, + 3H,0 + 12¢ (12)
C,H,0H,,, + 30,0 = 2CO, + 3H,0 + 3¢ (13)

In this context, C;HsOH signifies ethanol mole-
cules present in the air, whereas CoHsOH . refers to
those ethanol molecules that have been adsorbed onto
the surface of ZnO. The interaction between these ad-
sorbed ethanol molecules and the oxygen ion groups on
the sample surface prompts the release of trapped elec-
trons back into the conduction band of ZnO. This pro-
cess leads to a reduction in the thickness of the electron
depletion layer and a swift decline in the resistance Rg."?

It is evident that a larger Ra/Rg value corresponds to
a higher gas-sensing response in the material. The resis-
tance values across different atmospheres are influenced
by the thickness of the electron depletion layer, formed
due to oxygen adsorption on the surface of a gas-sensing
material — a phenomenon closely tied to the material’s
surface morphology. Samples characterized by a larger
specific surface area and smaller size exhibit a stronger
capacity for oxygen adsorption, typically resulting in a
higher Ra value in air and, consequently, a more pro-
nounced gas-sensitivity response.

SEM and TEM analyses reveal that within the series
of ZnO samples we prepared, ZnO-3 and ZnO-4, due to
their larger particle size, are minimally affected by the
surface-adsorbed oxygen in terms of internal electron dy-
namics, leading to a smaller Ra value. Conversely,
ZnO-1 and ZnO-2 exhibit similar porous morphologies,
with larger pores distributed both externally and inter-
nally. This structure enhances gas diffusion and reaction
kinetics by providing more channels and space within
the material. Additionally, the increased number of elec-
trons in the electron depletion layer results in a larger Ra
value, thereby giving these two samples enhanced
gas-sensing performance.

4 CONCLUSIONS

In a binary solvent system comprising water and eth-
ylene glycol, we successfully synthesized a series of
ZnO samples through a sol-gel-hydrothermal method.
Our research revealed that by precisely controlling the
concentration of the zinc source, we could tailor the mor-
phology of the samples, thereby producing two distinct
types of particulate morphologies: porous particles and

706

grenade-like structures. Notably, as the particle size in-
creased, the photocatalytic performance gradually
decreased. Among them, the ZnO-1 sample, character-
ized by its smallest particle size, exhibited the highest
photocatalytic rate of 0.054 min'. Radical scavenging
experiments further indicated that superoxide anion (O*")
was the most significant active radical contributing to the
photocatalytic process. In terms of gas-sensing perfor-
mance, our tests identified an optimal working tempera-
ture of around 300 °C for detecting ethanol vapor, with
the ZnO-1 and ZnO-2 samples showing particularly high
response values of 12.5 and 15.6, respectively. All sam-
ples demonstrated excellent cyclic stability and re-
sponse/recovery times. Selectivity tests involving five
different vapors — ethanol, acetone, methanol, formalde-
hyde, and benzene — highlighted the superior selectivity
of the ZnO-1 sample towards ethanol. This enhanced se-
lectivity is attributed to the unique combination of its
small size and porous morphology, which enhance gas
diffusion and surface interactions.

Building upon this work, future research will further
explore the applications of ZnO porous materials in
photocatalysis and gas sensors. This includes enhancing
visible-light-responsive photocatalytic performance
through structural design and elemental doping, as well
as developing gas sensors with visible-light-response ca-
pabilities.
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