Dear Editor and Reviewers,
First of all, we would like to express our thanks to the Editor for considering our manuscript and Reviewers for taking time and effort to review the manuscript.  
We also sincerely appreciate all your valuable and constructive comments and suggestions that are very helpful in improving the manuscript. In the following part, we give our answers and actions point by point:
Response to Reviewer 1
1.	These following paragraphs claim lack of reference:
- “ Volatile organic compounds  VOCs), such as isopropanol (IPA), are widely used in industrial, medical, and ousehold applications”,
 We agree that a reference is necessary to support this general statement. We have now cited relevant literature to back up the widespread use of VOCs such as isopropanol in various fields. (Montero-Montoya R , López-Vargas R ,  Arellano-Aguilar O, Volatile Organic Compounds in Air: Sources, Distribution, Exposure and Associated Illnesses in Children, https://doi.org/10.29024/aogh.910)
- “ Zinc oxide (ZnO) is widely used in gas sensors due to its unique electronic properties and strong interaction with gas molecules”, 
 We acknowledge the need to support this claim with proper references. ZnO is a well-known material in gas sensing, and numerous studies have demonstrated its favorable properties. We have now added citations accordingly. ( C. Wang et al., "Metal oxide gas sensors: sensitivity and influencing factors", Sensors, 2010, https://doi.org/10.3390/s100302088; N. Yamazoe and Y. Shimizu, "Basic aspects of semiconductor gas sensors", Sensors and Actuators B, 1999, https://doi.org/10.1557/S0883769400052465)
-“UV irradiation is an effective approach to lower the operating temperature of ZnO gas sensors by generating photo-generated electron-hole pairs that participate in gas sensing reactions”.
 Thank you for pointing this out. We have now included references to prior studies that demonstrate the effect of UV activation on ZnO gas sensors and its mechanism. (Vijendra Singh Bhati , Mirabbos Hojamberdiev, Mahesh Kumar, Enhanced sensing performance of ZnO nanostructures-based gas sensors: A review, Energy Reports, https://doi.org/10.1016/j.egyr.2019.08.070)
2.	What is  the wavelength of CuKα of the XRD system?
[bookmark: _Hlk195082963] In our X-ray diffraction (XRD) measurements, we used Cu-Kα radiation with a wavelength of λ = 1.5406 Å. This is a commonly used radiation source in XRD analysis due to its suitable energy and penetration depth for a wide range of materials. The value of 1.5406 Å corresponds specifically to the Cu-Kα₁ line, which dominates the Cu-Kα doublet.
3.	Following Fig. 6a, Why the response of ZnO 100 at 225oC under dark higher than that at the same condition under UV irradiation? It is supposed to be improved due to the support of photo-generated charge carriers from UV illumination, isn’t it?
 We thank the reviewer for this insightful comment. Indeed, UV illumination (365 nm) typically enhances the gas sensing performance of ZnO by generating photo-induced electron–hole pairs, which facilitate surface reactions. However, in our case, the response at 225 °C under dark conditions was observed to be higher than under UV illumination. This behavior can be explained as follows: (1) Thermal dominance at high temperature: At 225 °C, thermally activated surface reactions are already highly efficient. The additional photoactivation under UV may provide minimal enhancement or may even lead to faster recombination of photo-generated carriers, thus limiting its effectiveness. (2) UV-induced desorption: UV illumination may cause desorption of adsorbed oxygen species or target gas molecules (toluene), reducing the surface density of reactive species and leading to a lower sensor response. (3) Modified surface reaction dynamics: At elevated temperatures, UV light can alter the reaction pathway of VOCs such as toluene, possibly forming intermediate species that do not contribute effectively to charge transfer and resistance change. In summary, the reduced response under UV at 225 °C can be attributed to the interplay between thermal activation and UV-induced effects, where thermal effects dominate and, in some cases, UV may even counteract the sensing response.
We have clarified this point in the revised manuscript.
4.	Please provide a more detailed explanation of why “a balance is achieved between surface reaction sites and efficient charge transport” will lead to higher response? And why “increased bulk volume promotes higher charge carrier recombination”. References need to be addressed here.
 We appreciate the reviewer’s valuable comment. We provide a more detailed explanation below.
1. Balance between surface reaction sites and charge transport: Gas sensing in metal oxide semiconductors like ZnO relies on two key factors: (i) the availability of surface-active sites for gas adsorption and reaction, and (ii) the efficient transport of charge carriers generated by these reactions to the electrodes. A nanostructured sensing layer with an optimal morphology (e.g., porosity, thickness, crystallinity) can achieve a balance between these two aspects. If the layer is too thin or has insufficient surface area, gas adsorption is limited. Conversely, if the layer is too thick or highly porous, although it provides more surface area, the transport of electrons or holes across the sensing layer becomes inefficient due to increased scattering or trap states. Therefore, the best sensing response is achieved when there is a sufficient number of reactive sites without compromising charge transport, minimizing recombination losses and ensuring that charge modulation reaches the electrode interface effectively. 
2. Increased bulk volume and recombination: As the thickness or bulk volume of the sensing layer increases, photo-generated or gas-reaction-induced charge carriers must travel longer distances to reach the electrodes. In this case, there is a higher probability of bulk recombination, especially if there are numerous grain boundaries, defects, or poor crystallinity within the material. These imperfections serve as recombination centers, reducing the net signal.
We have revised the manuscript accordingly and included these references in the updated version
5.	Authors use the word “likely” a lot, which raises higher suspect of the reliability of the data produced.
 We thank the reviewer for pointing out this important issue. We acknowledge that the repeated use of the word “likely” may give the impression of uncertainty. Our intention was to present plausible interpretations of the observed phenomena, especially when direct evidence for some mechanisms (e.g., surface chemistry or carrier dynamics) was not explicitly measured in this study. To improve clarity and scientific rigor, we have carefully revised the manuscript to: (1) Minimize speculative language, replacing “likely” with more definitive phrasing where the explanation is supported by established theories or cited literature; (2) Provide references to support mechanistic discussions; (3) Clearly distinguish between experimental results and hypothesis-based interpretations.
6.	200oC is not really “low operating temperature” and the applicable use of this work in real-life industry is questionable.
 We sincerely thank the reviewer for this valuable comment. We agree that, depending on context, 200 °C may not be considered a low temperature in absolute terms. However, in the field of metal oxide semiconductor gas sensors—particularly for volatile organic compounds (VOCs)—this temperature is considered relatively low when compared to conventional operating ranges.
For instance, ZnO-based sensors often require working temperatures in the range of 300–450 °C to achieve sufficient response to VOCs due to the need for activation of surface reactions [1]. In this regard, achieving a stable and selective response to isopropanol and toluene at 200 °C represents a significant step toward reducing power consumption and enhancing sensor longevity.
Furthermore, we have demonstrated that UV irradiation further improves sensing behavior, which opens the door for potential room-temperature operation in future work, especially when combining with surface modification strategies (e.g., noble metal decoration, heterojunction formation).
As for practical applications, many industrial and environmental monitoring systems (e.g., gas leak detectors, indoor air quality sensors, automotive exhaust monitors) are designed to operate at elevated temperatures. Thus, operation at 200 °C remains within the acceptable range for such use cases, especially when energy-efficient heating and sensor integration technologies are applied [2].
We have revised the manuscript to clarify this context and avoid ambiguity in the term “low temperature.”
References to be included:
1. Korotcenkov, G. Metal oxides for solid-state gas sensors: What determines our choice? Materials Science and Engineering B, 2007, 139(1), 1–23. https://doi.org/10.1016/j.mseb.2007.01.044 
2. Lee, J.H. Gas sensors using hierarchical and hollow oxide nanostructures: Overview. Sensors and Actuators B, 2009, 140(1), 319–336. https://doi.org/10.1016/j.snb.2009.04.026
7.	In Fig. 8b, the repeatability behavior in the response performance of ZnO100/Au5 toward 2.9% IPA at 200oC is not uniformly linear. This raises questionable concern about the reproducibility of the samples.
 We thank the reviewer for this valuable comment. The apparent non-uniformity observed in the initial cycles (particularly R₁ and R₂) can be attributed to two main factors: (1) Sensor surface conditioning effect: During the first few cycles under UV illumination, desorption of residual surface species and photochemical reactivation of sensing sites may occur, which often leads to a slight drift in the baseline and enhancement of sensitivity in subsequent measurements. (2) Insufficient recovery time: For the measurements shown in the later cycles, the recovery intervals between gas pulses were intentionally shortened for experimental time efficiency. As a result, the sensor did not always return fully to its baseline resistance before the next exposure cycle. This incomplete recovery may have led to a slight underestimation of the response amplitude in the later stages. Despite these factors, the sensor exhibits a clear trend of stabilization over time. Notably, after the initial phase, the response values become significantly more consistent, indicating good repeatability once a steady-state surface condition is reached. 
8.	At Fig. 7a, the base/initial resistance of the sample ZnO100/Au10 differs during gases measurement. These are the same samples at the beginning of the sensing measurement, before the input of the target gases, it is supposed to be the same, isn’t it? Please explain.
 We appreciate the reviewer’s observation and would like to confirm that all the measurements shown in Fig. 7a were performed using the same ZnO100/Au10 sample. The observed variation in baseline (initial) resistance among different gas exposure cycles can be attributed to two main reasons: (1) Sequential gas exposure without full recovery: The target gases (acetone, methanol, ethanol, toluene, and isopropanol) were introduced sequentially to the same sensor with limited recovery time between each cycle. As a result, the sensor surface may not have fully returned to its original condition before the next measurement, leading to slight deviations in the initial resistance values. (2) Adsorption memory effect: Some VOC molecules, especially heavier ones like toluene and isopropanol, tend to adsorb more strongly onto the ZnO/Au surface and require longer desorption time. Residual adsorbates from the previous cycle may influence the electronic properties of the sensing layer, causing a drift or offset in the baseline resistance.
These baseline variations are within an acceptable range and do not affect the comparison of gas responses, since the response was calculated as the relative change in resistance during each individual cycle. We have clarified this point in the revised figure caption and discussion.
9.	Please show the experimental evidences of oxidation states of gases molecules at your sensor surface to support your detailed mechanistic steps. 
 We appreciate the reviewer’s insightful request regarding the mechanistic validation of gas–surface interactions. In the current study, our primary focus was on evaluating the macroscopic gas sensing performance of ZnO-based sensors under UV365 nm illumination. As such, we did not conduct surface-specific analyses (e.g., in situ XPS, DRIFTS, or FTIR spectroscopy) to directly identify the oxidation states or intermediate species of gas molecules adsorbed on the sensor surface during gas exposure. However, the proposed sensing mechanism is based on well-established literature which has extensively reported on the interaction between ZnO surfaces and volatile organic compounds (VOCs), particularly under UV activation. These studies have demonstrated that VOCs such as isopropanol are oxidized by reactive oxygen species (e.g., O⁻, O₂⁻) formed on the ZnO surface, leading to changes in charge carrier concentration and hence sensor resistance [1,2]. UV light enhances this process by generating electron–hole pairs, which increase the density of reactive oxygen species available for surface reactions.
While we acknowledge the importance of direct experimental evidence to confirm the oxidation states, such as through in situ spectroscopic methods, the current work provides indirect support through the electrical response behavior under controlled gas exposure and UV modulation. Incorporating such techniques is an important direction for our future research, and we will clearly note this limitation and outlook in the revised manuscript.
References:
[1] Gurlo, A. (2011). Interplay between O₂ and SnO₂: oxygen ionosorption and spectroscopic evidence for adsorbed oxygen. ChemPhysChem, 12(4), 777–794.  https://doi.org/10.1002/cphc.200600292
[2] Wang, C., Yin, L., Zhang, L., Xiang, D., & Gao, R. (2010). Metal Oxide Gas Sensors: Sensitivity and Influencing Factors. Sensors, 10(3), 2088–2106. https://doi.org/10.3390/s100302088.
[3] Fang Xu and Ho-Pui HO, Light-Activated Metal Oxide Gas Sensors: A Review, Micromachines 2017, 8(11), 333; https://doi.org/10.3390/mi8110333
10. Typo errors remained, for example In page 7, " Figure 6(b) shows the response of ZnO sensors with different thicknesses (25–150 nm) to toluene at 200°C under UV365nm irradiation". "°C" should be separeted with 200 by a spacing.
 Thank you for pointing out the typo. We have carefully reviewed the manuscript and corrected the mentioned issue by inserting a space between the number and the unit (e.g., “200 °C” instead of “200°C”, and “UV365 nm” instead of “UV365nm”) in accordance with SI unit formatting standards. A thorough proofreading has also been conducted to eliminate similar spacing and formatting inconsistencies throughout the manuscript.
Response to Reviewer 2
Some edits must be done before accepting for publication:     
1) In this study, the authors create 1000 ppm of various target gases by using a bubble evaporator. However, the authors should clarify how the gas concentration was calculated from the vapor and dry air. 
 We thank the reviewer for pointing out the need for clarification. In our study, the bubble evaporator was used to generate saturated vapor of each target gas, which was then mixed with a known flow of dry air. For each compound, we calculated the theoretical vapor concentration based on the physical properties (vapor pressure and density) of the liquid at room temperature. The corresponding vapor concentrations used in our measurements were approximately: Toluene: 0.285% (2850 ppm), Acetone: 2.37% (23,700 ppm), Ethanol: 0.583% (5830 ppm), Methanol: 1.275% (12,750 ppm), Isopropanol: 0.635% (6350 ppm), CO₂: 4% (40,000 ppm), CH₄: 4% (40,000 ppm). The sensor response was measured at these respective concentrations. Afterward, in order to enable direct comparison of sensitivity between gases, the sensor responses were normalized to a reference concentration of 1000 ppm by using a linear approximation of the response–concentration relationship in the low-concentration regime (valid for our sensor within the range tested). This normalization is used only for comparative analysis in the discussion, not as the actual test condition.
We have revised the manuscript to explicitly state this procedure and added a brief explanation in the Experimental and Results sections for clarity. We hope this resolves the reviewer’s concern.
2) The photogenerated electrons and intrinsic electrons should be denoted uniformly through the manuscript. 
 We appreciate the reviewer’s observation. In the revised manuscript, we have carefully reviewed and standardized the terminology related to charge carriers to avoid confusion. Specifically: (1) Photogenerated electrons are consistently referred to as photo-induced electrons or photogenerated carriers (when both electrons and holes are involved), particularly under UV irradiation conditions. (2) Intrinsic electrons (those originating from the n-type nature of ZnO or donor defects such as oxygen vacancies) are now consistently referred to as intrinsic electrons or native free electrons.
This uniformity has been implemented throughout the discussion and mechanism sections to ensure clarity in distinguishing between the two types of charge carriers involved in the sensing process.
3) The value of XRD intensity in Figure 3 is not necessary. 
 In figure 3, that is EDS. We appreciate the reviewer’s suggestion. We agree that displaying the absolute values of EDS intensity is not essential for elemental identification. Accordingly, we have removed the intensity values from Figure 3 in the revised manuscript. The focus is now on the peak positions and relative intensities, which are sufficient to confirm the elemental composition of the samples.
4) To be favorable for the readers to understand the role of Au particles in the enhancing the gas-sensing properties, a schematic illustration of Au-ZnO Schottky contact should be added.  
 We thank the reviewer for this valuable suggestion. To provide a clearer understanding of the role of Au nanoparticles in enhancing the gas-sensing performance, we have added a schematic illustration in the revised manuscript (now Figure 9) showing the formation of the Schottky barrier at the Au–ZnO interface. This diagram highlights: (1) The energy band alignment at the Au–ZnO contact, (2) The charge carrier transfer and formation of depletion region, (3) The enhancement in electron–hole separation and modulation of surface reaction kinetics under gas exposure.
We believe this addition will help readers better visualize the proposed mechanism and support our discussion on the sensing enhancement.
5) The numbers on the axis of the inset in Figure 8(b) is too small.  
· We appreciate the reviewer’s observation. We agree that the axis labels in the inset of Figure 8(b) were too small and may affect readability. In the revised manuscript, we have enlarged the font size of the axis numbers to improve clarity and ensure the figure is more accessible to readers.
6) The unit part must be separated from the corresponding number parts, such as “365nm” to “365 nm”, “200oC” to “200 oC”.
· Thank you for pointing out this formatting issue. We have carefully revised the manuscript and corrected all occurrences where the unit was not properly separated from the number. Specifically, “365nm” has been changed to “365 nm” and “200oC” to “200 °C”, following standard scientific writing conventions. These corrections have been applied consistently throughout the manuscript.
