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a b s t r a c t

Decorating semiconductor metal oxides (SMOs) with noble metals particles has been proved to be ef-

fective method to enhance their gas-sensing performance. However, the issue of noble metal particles

aggregation might affect the sensitivity and stability of the material. Herein, a strategy is proposed for

the construction of noble metals particles decorated SMOs featuring optimized gas sensing performance

through the derivation of metal-organic frameworks (MOFs). By utilizing Sn/Zn-ZIF-8 framework as pre-

cursor to encapsulate Pt nanoparticles (NPs) followed by calcination, a core-shell structure of SnO2-ZnO

encapsulated with Pt NPs (Pt@SnO2-ZnO) was successfully constructed. The Sn/Zn-ZIF-8 framework struc-

ture prevents the aggregation of Pt NPs, which facilitates the adsorption and dissociation of oxygen and

methanol molecules. Thereby the Pt@SnO2-ZnO based gas sensor exhibited significantly enhanced re-

sponse (73.6) towards 10ppm methanol at 320 °C and exceptionally low theoretical detection limit (0.18

ppb), providing an effective approach for the modification of SMOs-based gas-sensing materials.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Methanol, a member of the volatile organic compounds (VOCs),

serves as a typical basic material within the chemical industry

[1,2]. It is widely used as solvent, cost-effective reagent and sus-

tainable feedstock in the pharmaceutical, agricultural and biolog-

ical fields. Despite its wide range of utility, methanol poses a

significant health risk due to the properties of neurotoxicity and

hematotoxicity, which can lead to symptoms such as headaches,

metabolic acidosis, vision impairment, and in severe cases, even

fatal consequences [3,4]. In addition, the toxicity of methanol is ex-

acerbated by its metabolic conversion to formaldehyde and formic

acid, which in turn have adverse health effects. Hence, it is par-

ticularly important to develop a real-time sensor to monitor the

concentration of methanol vapor in the air. On the other hand,

methanol has received comparatively less attention compared to

ethanol, acetone, formaldehyde and toluene, which is an urgent

demand for the fast, convenient and stable sensors for methanol

detection [5–8].
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Semiconductor metal oxides (SMOs), as prevalent materials in

gas-sensing applications, have garnered extensive research atten-

tion. To date, numerous strategies have been proposed to enhance

the sensing performance of SMOs based gas sensors [9,10]. The

decoration of SMOs using noble metals particles (such as Pd, Pt,

Au, Ag) has emerged as one of the effective means for sensitiza-

tion [11–17]. In 1967, Shaver et al. first found that the Pt-modified

tungsten trioxide (WO3) was effective in improving its response-

recovery rate to hydrogen. This discovery has since stimulated

the development of the gas-sensing materials adorned with noble

metal enhancements [18].

The catalytic efficacy of noble metals is widely recognized to be

significantly influenced by particle size, with smaller particles gen-

erally demonstrating superior catalytic properties. In noble metal-

modified gas-sensing materials prepared by conventional methods,

the noble metal particles are usually dispersed on the surface of

metal oxides with high surface energy. With the working tem-

perature increasing or the working time lengthening, the noble

metal particles tend to aggregate, which results in the reduction

of the catalytic activity of the noble metal particles [19]. To ad-

dress this limitation, the noble metal@metal oxides featuring core-

shell structures have been developed with the following two ad-
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Scheme 1. The schematic illustration of the preparation and sensing process of

Pt@SnO2-ZnO based sensor.

vantages: (1) Preventing the aggregation of noble metal particles

and maximizing the catalytic activity of noble metal, (2) expanding

the interface contact area between noble metal particles and metal

oxides to generate more active sites, which could enhance the in-

teraction between different components and promotes the electron

transfer [20]. Metal-organic frameworks (MOFs) are good matrix

for ultrafine noble metal nanoparticles due to the high porosity

and cavity structure [21–25]. Upon thermal decomposition, noble

metal particles loaded MOFs can be readily transformed into core-

shell structured SMOs functionalized by uniformly dispersed noble

metal catalysts (metals and/or their oxides), whose catalytic effect

leads to effective improvement of sensing performance [26].

Herein, a strategy is proposed for the construction of noble

metals particles decorated SMOs featuring optimized gas sensing

performance through the derivation of MOFs. By utilizing Sn/Zn-

ZIF-8 framework as precursor to encapsulate Pt nanoparticles (NPs)

followed by calcination, a core-shell structure of SnO2-ZnO encap-

sulated with Pt NPs (Pt@SnO2-ZnO) was successfully constructed.

Due to the presence of Pt nanoparticles (NPs), the sensing per-

formance of the gas-sensing material for methanol is greatly

improved (Scheme 1). Compared with SnO2-ZnO, the Pt@SnO2-

ZnO core-shell structure exhibited significantly enhanced response

(73.46) towards 10ppm methanol at 320 °C and exceptionally low

theoretical detection limit (0.18 ppb). The improved sensing per-

formance for methanol is mainly attributed to (1) the chemical

and electronic sensitization of Pt NPs and (2) the core-shell struc-

ture that avoids the aggregation of Pt NPs. The method described

here for noble metal@metal oxides with core-shell structure de-

rived from noble metal-modified MOF precursors provides a gen-

eral strategy for constructing gas sensors with excellent sensing

performance towards methanol.

The formation process of Pt@SnO2-ZnO and the corre-

sponding morphological changes are shown in Fig. 1a. Firstly,

Zn(NO3)2·6H2O, SnCl2·2H2O and Pt NPs were successively dis-

solved in methanol and then stirred together with a methanol

solution containing 2-HmIm at room temperature. The Pt NPs

were encapsulated into the dodecahedron crystal during the self-

assembly formation of bimetallic Sn/Zn-ZIF-8. The prepared precur-

sor samples were analyzed by PXRD to confirm the crystal struc-

ture and chemical composition after encapsulation of Pt NPs in the

bimetallic MOF. As depicted in Fig. 1b, the characteristic diffrac-

tion peaks of the Pt@Sn/Zn-ZIF-8 and Sn/Zn-ZIF-8 samples coincide

with the positions of the PXRD diffraction peaks of the simulated

ZIF-8, indicating that the introducing of Sn2+ and the encapsula-

tion of Pt NPs inside the crystal does not induce any alterations to

the crystallographic structure. The Pt@SnO2-ZnO core-shell struc-

ture were obtained after pyrolysis at the optimized temperature of

400 °C for 3h under air atmosphere. The PXRD pattern of the py-

Fig. 1. (a) The scheme for the construction of Pt@SnO2-ZnO composites. PXRD pat-

terns of (b) Sn/Zn-ZIF-8 and Pt@Sn/Zn-ZIF-8, and (c) SnO2-ZnO and Pt@SnO2-ZnO.

(d) TEM and (e) HRTEM images of Pt@Sn/Zn-ZIF-8. (f) TEM and (g) HRTEM images

and (h) EDX elemental mapping analysis of Pt@SnO2-ZnO for the distribution of Zn

(orange), Sn (green), Pt (yellow) and O (blue) elements.

rolyzed samples is presented in Fig. 1c, and the diffraction peaks

at 31.78°, 34.34°, and 36.28° can be attributed to the (100), (002),

and (101) crystal planes of the ZnO (JCPDS No. 36–1451), respec-

tively. In addition, the diffraction peak at 29.36° is assignable to

the (111) crystal face of orthorhombic SnO2 (JCPDS No. 29-1484),

and no additional impurity peaks were observed, suggesting that

the Pt@Sn/Zn-ZIF-8 precursor has been successfully converted into

Pt@SnO2-ZnO during the heat treatment process [27]. However, the

characteristic peaks of Pt were not detected in the diffractograms,

which may be due to the low content of Pt NPs.

The morphologies of the samples (Pt@ZIF-8, Sn/Zn-ZIF-8 and

Pt@Sn/Zn-ZIF-8, Pt@ZnO, SnO2-ZnO and Pt@SnO2-ZnO) were ob-

served using scanning electron microscopy (SEM) (Fig. S1 in Sup-

porting information). It can be found that the morphology of

Pt@ZIF-8 (Fig. S1a) after encapsulating Pt NPs is basically the same

to that of ZIF-8. Moreover, Sn/Zn-ZIF-8 (Fig. S1b) and Pt@Sn/Zn-

ZIF-8 (Fig. S1c) exhibit similar polyhedral morphology, which

proves that the encapsulated Pt NPs do not disrupt the mor-

phology of Sn/Zn-ZIF-8. Upon undergoing a calcination process,

Pt@ZnO (Fig. S1d) could not maintain the polyhedral morphology

and changed into smaller-sized nanoparticles. Conversely, SnO2-

ZnO and Pt@SnO2-ZnO (Figs. S1e and f) retained the polyhedral

morphology as their precursors. However, a comparison of the par-

ticle sizes indicates a reduction relative to the precursors [28–30].

The microstates of the samples and the distribution of Pt NPs

within the samples were further investigated by TEM. The PVP-

treated Pt NPs are well-dispersed and the particle size is around

5nm (Fig. S2a in Supporting information). The HRTEM image of

Fig. S2b (Supporting information) clearly shows a crystallographic

spacing of 0.225nm, which corresponds to the (111) crystallo-
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Fig. 2. (a) The N2 adsorption-desorption isotherms and the corresponding pore

size distribution plots (inset) of Pt@SnO2-ZnO. (b) TGA profile of Sn/Zn-ZIF-8 and

Pt@Sn/Zn-ZIF-8. (c) Pt 4f spectra of Pt@SnO2-ZnO. (d) O 1s spectra of Pt@SnO2-ZnO

and SnO2-ZnO.

graphic plane of the Pt NPs. It should be noted that the amount of

Pt NPs encapsulated in Pt@ZIF-8 is relatively low, as shown in Fig.

S2c (Supporting information), which may be due to the high nu-

cleation rate of ZIF-8, resulting in the encapsulate and dispersion

of Pt NPs into massive crystals [31]. As a result, the Pt NPs could

hardly be observed in the TEM images of the samples obtained

after pyrolysis (Fig. S2d in Supporting information). However, the

Sn/Zn-ZIF-8 precursor and its derivatives exhibited a dodecahedral

morphology (Figs. S2e and f in Supporting information), and the

successful encapsulation of Pt NPs within the polyhedral structures

of Pt@SnO2-ZnO could be readily observed and confirmed.

The spatially confined domains of Pt NPs were realized by en-

capsulating them in the crystal of the bimetallic MOF precursor,

which can be clearly observed from Fig. 1d. The HRTEM image

of the Pt@Sn/Zn-ZIF-8 obtained from the selected region (Fig. 1e)

showed a lattice spacing of 0.227nm corresponding to the (111)

crystal plane of the Pt NPs, further confirming that the Pt NPs were

encapsulated inside the bimetallic MOF particles [32]. The sam-

ple Pt@SnO2-ZnO obtained after pyrolysis maintained the hollow

polyhedral structure of the precursor (Fig. 1f), and the lattice spac-

ing of 0.280nm and 0.260nm can be observed from Fig. 1g, which

corresponds to the (100) plane of ZnO and the (002) plane of or-

thorhombic SnO2, respectively [27]. Since most of the Pt NPs ex-

isted in the internal cavities of the polyhedral and it was difficult

to observe the corresponding lattice stripes, the distribution of Pt

NPs in the pyrolysis products was further investigated via energy

dispersive spectrometer (EDS). It can be clearly observed that Zn,

Sn and O elements are uniformly distributed throughout the poly-

hedral, while Pt NPs are relatively concentrated in the interior of

the composites (Fig. 1h) [33]. This proves that the core-shell struc-

ture of Pt@SnO2-ZnO was successfully constructed.

The porosity properties of SnO2-ZnO and Pt@SnO2-ZnO were

demonstrated by N2 adsorption-desorption isotherms (Fig. 2a and

Fig. S3 in Supporting information). The specific surface areas of

SnO2-ZnO and Pt@SnO2-ZnO were 26.57 and 34.17 m2/g, respec-

tively. The pore sizes were calculated using the Barret-Joyner-

Halenda (BJH) model, confirming the presence of micropores and

mesopores [34]. To elucidate the effect of Pt NPs in the formation

of bimetallic MOF derivatives, the thermal stability of Sn/Zn-ZIF-8

and Pt@Sn/Zn-ZIF-8 samples were analyzed. The sharp weight loss

in Fig. 2b can be attributed to the decomposition of organic lig-

ands. Notably, the sharp weight loss temperature of Pt@Sn/Zn-ZIF-

8 (432 °C) is lower than that of the Sn/Zn-ZIF-8 (447 °C), suggest-
ing the relatively lower thermal stability of Pt@Sn/Zn-ZIF-8. The Pt

NPs may have catalyzed the pyrolysis of the Pt@Sn/Zn-ZIF-8 in air,

inducing the collapse of more micropores and the rapid formation

of mesopores [35].

To investigate the surface chemical states of Pt@SnO2-ZnO and

SnO2-ZnO, X-ray photoelectron spectroscopy (XPS) spectra were

recorded (Fig. S4 in Supporting information). For the Pt@SnO2-ZnO,

the peaks at 69.55 eV and 74.01 eV correspond to Pt 4f7/2 and Pt

4f5/2 respectively, which is consistent with the peak of platinum

metal (Fig. 2c) [36]. In Fig. S5a (Supporting information), the two

peaks at 1021.82 eV and 1044.86 eV can be respectively labelled as

Zn 2p3/2 and Zn 2p1/2, which correspond to Zn(II) ions [37]. In

the Sn 3d spectra, the peaks at 486.66 and 495.01 eV correspond

to Sn 3d5/2 and Sn 3d3/2, respectively, suggesting the presence of

Sn(IV) ions (Fig. S5b in Supporting information) [38]. The Zn 2p

peaks and Sn 3d peaks for Pt@SnO2-ZnO did not exhibit signifi-

cant shifts compared to that of SnO2-ZnO. As for the SnO2-ZnO,

the presence of Zn(II) and Sn(IV) were confirmed by Zn 2p spec-

tra and Sn 3d spectra (Figs. S5c and d in Supporting information).

The oxygen species of the Pt@SnO2-ZnO and SnO2-ZnO were char-

acterized using O 1s spectra (Fig. 2d). The peaks for both materi-

als could be categorized into lattice oxygen and surface adsorbed

oxygen according to the results. The Pt@SnO2-ZnO exhibited the

higher surface adsorbed oxygen contents (51%) compared to SnO2-

ZnO (36%). Subsequently, the metal-atom ratios of the materials

were calculated and listed in Table S1 (Supporting information). It

can be found that the atomic ratio of Sn increases as the Pt NPs

were encapsulated into the dodecahedron.

To evaluate the sensing performance of Pt@SnO2-ZnO for

methanol detection, gas sensors were constructed with SnO2-ZnO

and Pt@SnO2-ZnO composites as sensing materials, respectively,

and their gas-sensing performance were tested. Fig. 3a shows the

response curves of the gas sensors for 10ppm methanol at dif-

ferent operating temperatures (180–350 °C). It is easy to find that

the sensitivity of the sensor shows a volcano pattern of increasing

and then decreasing with the change of operating temperature. At

temperatures suboptimal to the threshold, the kinetics of gaseous

adsorption, diffusion, and reaction at the material surface, as well

as the subsequent desorption, are markedly slowed, leading to at-

tenuated sensor responses. Conversely, when the temperature ex-

ceeds the optimal level, the desorption process is accelerated to

the point where it outpaces the adsorption, resulting in a sharp

decline in sensor response from its maximum value. It was de-

termined that the optimum operating temperature for SnO2-ZnO

and Pt@SnO2-ZnO based sensors is 320 °C. For the SnO2-ZnO based

sensor, the maximum response value of 25.74 for 10ppm methanol

is observed, while the sensitivity of the Pt@SnO2-ZnO based sen-

sor for 10ppm methanol can reach up to 73.60, which is the 2.86

times increased. In addition, the baseline resistances of SnO2-ZnO

and Pt@SnO2-ZnO based sensors at different test temperatures are

displayed in Fig. 3b. The baseline resistance of the sensors de-

creases with increasing test temperature, which is in line with the

trend of the resistance of semiconductors with temperature.

The cyclic resistance response curves of the Pt@SnO2-ZnO and

SnO2-ZnO based gas sensors to 10ppm methanol at 320 °C are

shown in Fig. 3c. As can be seen from the graphs, both gas sen-

sors display the typical n-type semiconducting sensing behavior,

wherein the sensor resistance decreases upon exposure to the

reducing gas and subsequently reverts to its initial value upon

reintroduction to air. The baseline resistance of the Pt@SnO2-ZnO

based gas sensor (30.0 M�) is higher than that of the SnO2-ZnO

based gas sensor (12.7 M�). This is because the spillover effect of

the noble metal Pt causes more oxygen molecules to be ionized

into oxygen ions by the adsorbed electrons on the trapping con-

duction band on the material surface, resulting in a thicker elec-
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Fig. 3. (a) The change of response and (b) baseline resistance variation curves of gas sensors based on SnO2-ZnO and Pt@SnO2-ZnO composites to 10ppm methanol at

different operating temperatures. (c) Dynamic resistance, (d) response-recovery curves and (e) response-recovery time of SnO2-ZnO and Pt@SnO2-ZnO based gas sensors at

320 °C for 10ppm methanol. (f) Dynamic response-recovery curve, (g) the change of response, (h) linear relationship of response-concentration and (i) the corresponding

log(S-1) vs. log(C) for different concentrations of methanol at 320 °C of Pt@SnO2-ZnO based sensor.

tron depletion layer, which is manifested as a high baseline re-

sistance [18,39]. The high baseline resistance is favorable to ob-

tain high responses, and thus the responses of the Pt@SnO2-ZnO

based sensor are higher compared to the SnO2-ZnO based sensor

(Fig. 3d). After the decoration with Pt NPs, the coefficient of vari-

ation (CV) of the composite decreased from 2.27% to 0.27%, in-

dicating that the response stability of the Pt@SnO2-ZnO has been

improved. The response-recovery time is labeled in Fig. 3e, and the

response time and recovery time of the Pt@SnO2-ZnO based sensor

for 10ppm methanol at 320 °C were 122 s and 66 s, respectively.

In practical applications, real-time detection of combustible and

toxic gases is important. Therefore, the dynamic response curves of

the Pt@SnO2-ZnO and SnO2-ZnO based sensors for methanol in the

concentration range of 0.1–20ppm at the optimal operating tem-

perature (Fig. 3f, Figs. S6a and b in Supporting information) were

investigated, respectively. The curves indicate that both sensors

have good response-recovery performance, with the magnitude of

the response being directly proportional to the concentration of

methanol. Notably, the responses of the Pt@SnO2-ZnO based sen-

sor to methanol were consistently surpass those of the SnO2-ZnO

based sensor, which might be related to the encapsulated Pt NPs.

Furthermore, the response of the Pt@SnO2-ZnO based sensor ex-

hibits a sharp increase with rising methanol concentrations within

the range of 0.1–5ppm (Fig. 3g). In contrast, the SnO2-ZnO based

sensor demonstrates a rapid response increase within a narrower

concentration range of 0.1–2ppm (Fig. S6b). This comparison sug-

gests that the surface of the Pt@SnO2-ZnO has a greater adsorption

capacity for methanol gas molecules. Even at 0.1 ppm methanol,

the Pt@SnO2-ZnO based sensor achieved a response of 3.99 (Fig. S6

in Supporting information), which is below the experimental limit

of detection concentration for the reported gas-sensing material in

Table 1. The responses of the Pt@SnO2-ZnO and SnO2-ZnO based

sensors were linearly fitted to the data of methanol gas concentra-

tion (Fig. 3h and Fig. S6c). The results of the fitting can be used to

further investigate the limiting concentration of the sensor for the

methanol detection, the following equation was used to calculate

the theoretical limit of detection (LOD) of the gas sensor:

LOD = 3(S0/m) (1)

where S0 is the standard deviation of the blank response value

tested in the absence of the target gas and m is the slope of the

linear fit equation. The calculated LOD for the Pt@SnO2-ZnO and

SnO2-ZnO based sensors were 0.18 ppb and 0.49 ppb, respectively,

indicating the potential of Pt@SnO2-ZnO based sensors for the de-

tection of extremely low concentration of methanol.

Humidity interference is also a critical consideration in gas de-

tection. Fig. 4a illustrates the sensing behaviors of Pt@SnO2-ZnO

and SnO2-ZnO based sensors for 10ppm methanol at varying lev-

els of different relative humidity. When the relative humidity is

increased by 10%, the response of the sensor immediately de-

creases dramatically, which may be due to the fact that water

molecules can occupy the active sites on the surface of the sensing

material, interfering with the adsorption of methanol molecules

[47]. Nevertheless, even at 80% relative humidity, the Pt@SnO2-

ZnO based sensor sustains a response value of 6.22, suggesting

the potential for use in practical situations. As shown in Figs. 4b

and c, the relationship between the responses of Pt@SnO2-ZnO

and SnO2-ZnO based sensors and the relative humidity was well

fitted with quadratic functions, making the proposed method for

quantitative analysis of methanol gas possible. To gauge the selec-

tivity of the sensors, the response of sensors to 10ppm acetone,

ethanol, formaldehyde, ammonia, and nitrogen dioxide was tested

at 320 °C, respectively (Fig. 4d). The summarized outcomes for the

Pt@SnO2-ZnO based sensors evidence its heightened selectivity for

methanol, outperforming the sensor responses to other test gases.

The corresponding selectivity coefficients are listed in Table S2

(Supporting information). Compared with other gas-sensing mate-

rials towards methanol in Fig. 4e, the Pt@SnO2-ZnO exhibit supe-

rior sensing response for low concentrations of methanol. More-
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Table 1

The performance comparison of the methanol gas sensors.

Gas sensor T (°C) Conc. (ppm) Response Response/recovery time Experimental minimum conc. (ppm)/response Ref.

Pt@SnO2-ZnO 320 10 73.6 122 s/66 s 0.1/3.99 This work

F-V2CTx/ZIF-67 25 10 7.75 3 s/12 s 1/1.12 [40]

2D Cu(I) CP 27 100 66.7 17.5 s/34.2 s 0.25/3 [41]

Indium tungsten oxide 312 400 12 2 s/9 s 20/1.95 [42]

Nano-spindle like In2O3 240 100 27 < 1 s/10 s 10/1.3 [43]

Zeolite/Pd-WO3 350 30 53 – 2/∼2 [44]

Pt-SnO2 80 100 190.88 10 s/10 s 5/24.85 [45]

SnS/SnS2 25 25 14.85 8 s/- 0.1/1.14 [46]

Fig. 4. Pt@SnO2-ZnO and SnO2-ZnO based sensors for (a) dynamic response curves toward 10ppm methanol at different relative humidity (RH). The fitted curve for methanol

concentration and response values of (b) Pt@SnO2-ZnO and (c) SnO2-ZnO. (d) Sensor responses to 10ppm various target gases of Pt@SnO2-ZnO and SnO2-ZnO at 320 °C
(black: C, white: H, red: O, blue: N). (e) The comparison of the sensing response for several the reported gas sensors towards methanol. (f) Long-term stability of the

Pt@SnO2-ZnO based sensor response to methanol at 320 °C for 14 days.

over, the results of long-term stability tests displayed that the

Pt@SnO2-ZnO based sensor showed good stability over 14 days

(Fig. 4f).

The sensing characteristics of semiconductor gas sensors are

profoundly influenced by the surface reaction mechanism. The

band structure of Pt@SnO2-ZnO is shown in Fig. S7 (Support-

ing information). When the gas sensor is exposed to air, oxygen

molecules adsorb on the surface of the gas-sensing material, trap-

ping electrons from the conduction band for ionization into ad-

sorbed oxygen ions, leading to the formation of a thicker electron

depletion layer. The result is an increase in the baseline resistance

of the gas-sensing material. It has been reported that the type of

oxygen adsorbed on the surface of a material can be explained by

Eq. 2 shown below:

log(S-1) = blog(C) + log(a) (2)

where a and b are constants, S is the response value, and C is the

concentration of the target gas [48]. The value of b around 0.5 or 1

corresponds to the adsorption of the surface oxygen species O2− or

O−, respectively. The b value of Pt@SnO2-ZnO is about 0.66, which

is close to 0.5, indicating that the main absorbed surface oxygen

species is O2− (Fig. 3i). Once methanol gas is injected, the oxy-

gen ions adsorbed on the surface of the material react with the

methanol gas, and then release the electrons back to the conduc-

tion band of the gas-sensing material, which results in the forma-

tion of narrower electron depletion layer and the consequent de-

crease in the resistance of the sensor (Fig. 5). The chemical reac-

tions involved at the surface of the gas-sensing material are as fol-

lows:

Fig. 5. Schematic illustration of the sensing mechanism of the Pt@SnO2-ZnO based

sensor.

O2 (gas) ↔ O2 (ads) (3)

O2 (ads)+ e− →O2
− (ads) (4)

O2
− (ads)+ e− →2O− (ads) (5)

O− (ads)+ e− →O2− (ads) (6)

CH3OH (gas)+4O2− →CO2 (gas)+2H2O (gas)+8e− (7)

In this work, the enhanced sensing performance of the

Pt@SnO2-ZnO based gas sensor for methanol can be attributed to

several factors. Firstly, Platinum occupying the 5d state has been

reported to decrease the adsorption and activation energies of the

material to the target gas, thus promoting the sensitivity of gas-

sensing material. When the Pt@SnO2-ZnO were exposed to air,

5



H. Zhang, H. Wang, J. Zhang et al. Chinese Chemical Letters 37 (2026) 111180

more oxygen molecules could be decomposed into chemisorbed

oxygen ions due to the spillover effect of Pt NPs. This augments

the surface reaction between the material and oxygen, leading to

more vigorous redox reactions with methanol molecules [49]. Sec-

ondly, core-shell structure plays a crucial role in preventing the

aggregation of Pt NPs within the limited space, which can greatly

utilize the catalytic effect of Pt NPs. As a result, the response of

the Pt@SnO2-ZnO based gas sensor to methanol was significantly

improved compared with that of the SnO2-ZnO-based gas sensor

under the same conditions.

Benefiting from the chemical and electronic sensitization of the

noble metal platinum, bimetallic Sn/Zn-ZIF-8 derivatives consist-

ing of encapsulated Pt NPs exhibit excellent sensing performance

for low concentrations of methanol. The Pt@SnO2-ZnO based sen-

sor displays enhanced sensing performance for 10ppm methanol

at 320 °C, with a 2.86 times improvement in response (73.6) com-

pared with that of SnO2-ZnO and a low limit of detection (0.18

ppb). The synergistic effect of the core-shell structure for keeping

Pt NPs from aggregating and the catalytic activity of Pt results in

a sensor with enhanced sensitivity, selectivity, and stability, mak-

ing it a promising candidate for practical methanol detection appli-

cations. The integration of metal-organic frameworks as precursor

platform with noble metals presents an effective approach in the

realm of chemiresistive gas sensor development.
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