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Materials and methods
Structure optimization
The influence of liquid density on the resonant frequency and quality factor was investigated using cyclohexane as the medium. Simulations were conducted for the resonator with seven different widths of the rectangular host plate. To isolate the density-dependent characteristics of the lateral-mode resonator, the viscosity of the cyclohexane was held constant at 0.959 mPa·s while the density was varied from 0.579 to 0.979 g/cm3. Fig. S1 shows a highly linear relationship between the resonant frequency and liquid density for all rectangular-plate widths, with R-square coefficients exceeding 0.999. The resonant frequency decreases by 3.86 – 4.05% across the liquid density range, with an absolute shift of 3.01 – 5.83 kHz. This reduction is attributed to the increased fluid mass loading on the resonator as the liquid density increases. In contrast, the quality factor exhibits minor fluctuations with changing liquid density, with the absolute change ranging from 0.21 to 2.40. Notably, for plate widths exceeding 1200 μm, the fluctuation in quality factor remains low, which indicates that increasing the host plate width enhances the independence of the quality factor from liquid density. These results demonstrate that the resonant frequency is primarily sensitive to liquid density, while the quality factor remains largely independent of the liquid density. This condition verifies the use of a single-variable relationship between the quality factor and liquid viscosity for sensing purposes.
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Fig. S1. Simulation results of the microcantilever-based resonator with different rectangular-plate widths and under varying liquid densities. a Resonant frequency of the resonator versus liquid density. b Quality factor of the resonator versus liquid density.
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