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1. Introduction – Self-assembled monolayer (SAM) functionalized surfaces represent an interesting tool 

for the development of ultrasensitive and selective sensing platforms for the detection of biomolecules 

and gases. Indeed, SAMs are used to generate different functional groups on the surface of a substrate, 

such as zinc oxide (ZnO), and their chemical structure can be properly modified to maximize the specific 

interaction with target analytes. [1-2] Herein, SAM functionalized ZnO nanowires (NWs)-based sensors 

are developed for acetone exhaled breath analysis. ZnO NWs are synthesized using a vapor–liquid–solid 

(VLS) mechanism and functionalized with different SAMs, i.e., (3-aminopropyl)trimethoxysilane 

(APTMS), 3-glycidoxypropyltrimethoxysilane (GLYMO), and tetraethyl orthosilicate (TEOS). X-Ray 

Photoelectron Spectroscopy (XPS), with its surface sensitivity, along with the capability to determine the 

chemical quantification and the presence of different functional groups, has been employed for the 

characterization of bare and SAM functionalized ZnO NWs, allowing us to make further considerations 

regarding the sensing mechanism and the improvement in the detection limit after the functionalization. 

2. Experimental - ZnO powder (99%, Sigma Aldrich) was used to prepare ZnO NWs by VLS growth 

mechanism on Au-catalyzed alumina substrates. Au catalyst deposition was done using RF magnetron 

sputtering, while the VLS process was carried out in a furnace with different temperature regions (ZnO 

powder heated up to 1200 °C, Al2O3 substrate kept at 380 °C, Ar used as gas carrier). The SAMs 

solutions were prepared in anhydrous ethanol and the ZnO NWs were dipped inside them for 18 h under 

stirring. Then the samples have been rinsed with ethanol and dried at 80°C. The surface morphology was 

examined using FE-SEM LEO 1525 (Gemini model; Carl Zeiss AG, Oberkochen, Germany) and a MIRA 

3 LMU (TESCAN, Brno, Czech Republic). XPS data were collected by using the Al Kα line (hν = 1486.6 

eV) from a twin anode X-ray source and a fully calibrated VG-Scienta R3000 spectrometer in the fixed 

analyzer transmission mode, with pass energies of 50 and 100 eV, and an overall energy resolution of 

0.85 eV. Details about the sensors fabrication and gas sensing measurements can be found in Ref. [1-2]. 

3. Results and Discussion – SEM images of ZnO NWs allowed us to estimate the diameter and length of 

the nanowires, found to be 14.5 ± 2.5 and 150 ± 28.5 nm, respectively, with dense morphology and 

random orientations. The XPS analysis demonstrated the presence of all the expected elements (Zn, O, C, 

Si, and N) in the appropriate samples, without additional surface impurities. In the case of APTMS, the 

presence of the amino group has been investigated by taking the high-resolution N 1s core level spectrum, 

not present in the other samples. Additionally, in the analysis of the TEOS functionalized ZnO NWs, the 

role of silicon was taken into account, since it was possible to clearly detect the Si 2p core level peak, by 

deconvolving the contribution of the loss structure ascribed to the Zn 3p. The sensing measurements 

showed high selectivity toward acetone, along with a sub-ppm detection limit for the functionalized 

samples. In the light of the SAM chemical structures, the sensing mechanism of the samples, depending 

on the SAM termination and the corresponding functional group, is discussed and analyzed. 

4. Conclusions – ZnO NWs samples, obtained by the VLS mechanism, have been successfully 

functionalized with different SAMs, as confirmed by the analysis of surface morphology and chemical 

composition by XPS. Moreover, it has been demonstrated that the functionalization improves the sensing 

performances of the ZnO NWs toward acetone, both in terms of selectivity and sensitivity. Finally, the 

sensing mechanism has been taken into account and specifically discussed for each SAM, according to 

the functional groups that can interact with the analyte. 
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