
• Volatile organic compounds (VOCs) are important
biomarkers in exhaled breath or skin secretion of
patients under various medical or pre-medical
conditions. As such, VOCs have been explored as
alternative biomarkers in the detection of diseases,
including asthma, tuberculosis, and lung cancer.

• A rapid, cost-effective, facile, and sample-free
strategy is advantageous and critically needed for
premedical screening, medical diagnosis, and health
monitoring.

• We have demonstrated an innovative concept of
multimode sensing based a single sensor to monitor
the intrinsic chemical properties of species under
either oxidative or reductive states. Combining
multiple sensing modes and machine learning
algorithm, this technology is envisioned to meet the
challenges of complexity and heterogeneity of a
breathing/secretion environment. Such conditions
include moisture/pH/temperature variation, saliva,
mucosal glands, wet intraoral tissues, etc. that are
usually encountered during the premedical
screening, medical diagnostics, and health
monitoring.
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• Based on the training pool, a single ZnO nanowire sensor
possesses the capability to detect three types of covid-19
characteristic VOCs through combining impedance-metric
and resistance-metric modes.

• The species and concentration of tested analytes could be
simultaneously recognized and estimated with a low error
ratio.

• The sensor shows excellent resistance to water vapor.

CONCLUSIONS
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OBJECTIVES

• To realize differentiative sensing of VOC biomarkers
based a single sensor, combining multiple sensing
modes and machine learning algorithm.
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Nanoarray based VOC Sensors for Medical Applications

INTRODUCTION

EXPERIMENTAL METHODS

❖ Sensing Performance of ZnO Sensor

•The typical responses of ZnO nanowire arrays is
revealed in Figure 2 to the biomarker VOCs at room
temperature. The good sensing behavior is mainly
attributed to changes of dielectric property of gas-
dependent interfaces in the frequency domain,
because of the gas adsorptions and associated
electrochemical reactions. The obvious difference was
observed in impedance mode as compared with
responses in resistance mode. Such a diverse sensing
behavior at the frequency domain provides a unique
signature for identifying a certain gas specie, making it
feasible in establishing a meaningful training-set
database for gas specie recognition.

❖ Water Resistance

❖Machine Learning Data Processing

• A ZnO seed layer of 30 nm thick was uniformly
deposited using a radio frequency magnetron
sputtering system on Si substrate with a thermal
oxide layer of 100 nm SiO2. Then, the seeded
substrate was annealed in air at 350 °C for two hours
to enhance the crystallinity of ZnO seeds. ZnO
nanowire array growth was carried out in equal
molar aqueous solution of zinc acetate dehydrates
and hexamethylenetetramine at 90 oC for 3 h [1].
The resulting samples were collected from the
reactor, rinsed with de-ionized (DI) water, and dried
in air.

Fig.2. (a), (c), and (e). Resistance-metric responses of a typical
nanowire sensor towards ethyl butanoate, butyraldehyde, and
isopropanol; And the corresponding impedance spectra in the
presence of (b) Ethyl Butanoate, (d) Butyraldehyde, and (f)
Isopropanol with different concentrations. The alternative current (AC)
bias is set 0.2 V, with an operating frequency range from 1Hz to 1M
Hz. All of sensor tests were carried out at room temperature..

Fig. 3. (a) Processed 2D figure revealing datapoints obtained from
responses of single nanowire sensor upon exposure of Ethyl Butanoate,
Butyraldehyde, and Isopropanol after PCA transformation. (b) The
pattern recognition of three different VOC analytes training-set by
non-linear decision boundaries..

RESULTS

Fig. 4. The dynamic sensing response towards periodic Ethyl
Butanoate exposure in the presence of water vapor (1:150).
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Fig. 1. Schematic depicting the electrode configuration of ZnO
nanorod array grown on the SiO2/Si substrate. 

RESULTS

Machine learning is adopted to facilitate recognition of
multiple analytes based on obtained database [2,3].
The impedance-metric response of nanoarray sensor
displayed the largest responses in the low frequency
domain and thus the responses measured between
the 10-1000 Hz were employed to establish the
pattern recognition training-sets. After the principal
component analysis (PCA) transformation, the
obtained dataset is projected in 2D plane as the
training pool shown in Figure 3a. The perceptron-type
pattern recognition was carried out through the
artificial neural networks (ANN) training shown in
Figure 2b. The decision boundaries were automatically
established for selective recognitions of gas species.

As shown in Figure 4, the stable and reproducible 
response is demonstrated towards COVID characteristic 
VOC (Ethyl Butanoate) and water vapor mixture (1:150), 
indicating the excellent water resistance of ZnO sensor. 
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