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Figure 1 (Color online) SPR refractive index sensor for gaseous formaldehyde using 2D hexagonal gold nanoarrays modified with zinc oxide
nanoparticles. (a) Schematics of the adsorption of gaseous formaldehyde by zinc oxide nanoparticle-modified gold nanoarrays showing the electron
transfer process between zinc oxide nanoparticles and formaldehyde; (b) the shifts of the surface plasmon formant when the dielectric environment of
the surface of the gold nanoarray changes with A, representing the red shift of the peak position of coating zinc oxide nanoparticles on the gold
nanoarray, and A4, being the red shift of the peak position of adsorption of formaldehyde molecules; (c) schematics of flow cell design and seal for SPR
gas refractive index sensor, including the bonding between the coverslip, PDMS gas channel and SPR array, and silica gel casting; (d) schematics of the
detection optical path.
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Figure 2 (Color online) Fabrication of SPR refractive index sensors. (a) Scanning electron microscope image of SPR gold nanoarrays; (b) SEM
image of gold nanoarrays coated with zinc oxide nanoparticles, with the SEM image of zinc oxide nanoparticles being illustrated by the inset;
(c) showing the actual gas sensing device, using a syringe for gas inlet and a balloon for gas collection with the inset showing the SPR refractive index
sensing substrate after silicone casting and sealing; (d) reflectance spectra of gold nanoarrays before and after coating with zinc oxide nanoparticles.
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Figure 3 (Color online) Refractive index sensing of SPR sensors at different percents by weight formula of glycerol-water solutions. (a) Reflectance
spectra of the sensor in glycerol-water solutions with values representing the percent by weight formula of the solutions; (b) magnified spectra of
different percents ranges in (a); (c) plot of solution refractive index as a function of SPR peak positions with refractive index of the mixed solutions

obtained from the CRC manual. Reproduced with permission of ref. [40].
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Figure 4 (Color online) Sensing and detection of gaseous formaldehyde. Reflectance spectra of the SPR sensor with (a) and without (b) modified
zinc oxide nanoparticles in different volumes of formaldehyde; (c) enlarged image of (a); (d) relationship between SPR resonance peak positions and
formaldehyde concentration for the SPR sensor with modified zinc oxide nanoparticles.
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SPR sensor functionalized with zinc oxide and its detection of
gaseous formaldehyde

ZENG Ning, DU YuanYuan, WEI YueYue & LIU BoWen'

College of Chemistry and Chemical Engineering, Lanzhou University, Lanzhou 730000, China

The surface plasmon resonance (SPR) refractive index (RI) sensor, developed on the basis of the extreme sensitivity of
the surface plasmon resonance condition (resonance wavelength, resonance angle, etc.) to the surface RI, has been
frequently used in physics, chemistry, biomedicine, and other fields. SPR characteristics, such as resonance wavelength
and resonance angle, depend highly on the surface RI. However, the object of sensing is primarily confined to the
solution system. This restriction is due to several factors, including: (1) the change in gas concentration and other
parameters has a negligible impact on the RI of the sensor surface, thus demanding a sensor chip with higher sensitivity;
(2) the transmission of the sensing gas requires a further combination of the sensor chip with a stable flow device;
(3) specific detection of gaseous molecules also requires specific modification to the surface of the sensor chip. In the
present work, we report a design of an SPR RI optofluidic sensing system of gaseous formaldehyde, in which zinc oxide
nanoparticles operate as the functional recognition layer. Following the surface modification with zinc oxide
nanoparticles, the ultra-sensitive, self-made SPR refractive sensor chip is tightly sealed with a gas flow device for in situ,
real-time gas transmission and sensing. The findings demonstrate that the detection system can precisely measure the
concentration of formaldehyde gas by shifting the positions of the SPR spectral peaks. Furthermore, zinc oxide
nanoparticles effectively enhanced the sensor’s ability to detect formaldehyde gas and tripled its sensitivity. This portable
real-time and in sifu gas sensor will play an essential role in the sensing and detection of more gaseous molecules.

surface plasmon resonance, SPR refractive index sensor, zinc oxide nanoparticles, detection of formaldehyde gas
PACS: 07.07.Df, 42.40.Eq, 52.40.Db, 78.20.Ci, 81.16.Nd
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