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Figure S1. Scattering parameters for each frequency. a) Nominal frequency of 20 MHz denotes 

a resonance frequency of 19.1 MHz. b) Nominal frequency of 180 MHz denotes a resonance 

frequency of 178.91 MHz.  
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Figure S2. Bright field image of 0.4 % Trypan blue-stained cells. a) before and b) after SAW 

at 19.1 MHz for 3 minutes with 4 × 106 particles per mL of PSMPs and 1 × 106 cells per mL of 

MDA-MB-231. 
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Figure S3. Theoretical ARF for each frequency with respect to PSMP diameter. 
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Figure S4. SAW-induced cell lysis with AuNPs. Lysis efficiencies under 178.91 MHz with or 

without AuNP denote relatively insufficient momentum of AuNPs. (n = 6, three technical 

repeats from two independent experiments, error bars represent standard deviation, p-value 

means not significant via unpaired student’s t-test). 
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Figure S5. Computational results of SAW-induced streamlines and velocity vectors in a sessile 

droplet. Visualization of overall streamlines and velocity vectors in the horizontal planes (z = 

300 μm and 600 μm) at a frequency of a) 20 MHz, and b) 180 MHz. 
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Figure S6. Cell staining for the evaluation of membrane anomalies. Cells were stained after 

SAW at 178.91 MHz for 10 min under room temperature (20 ℃).  
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Figure S7. Baseline-correction process of raw spectrum. 
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Figure S8. Spectra from different regions. a) five regions were selected to compare the signal 

enhancement by AuNPs. b) Raman spectrum from PSMP. c) Raman spectrum from PSMPs 

gap. d) Raman spectrum from PBS coalescence.  
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Figure S9. Relative standard deviation (RSD) values of specific peaks in R6G spectra.  
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Figure S10. Mean spectra of detergent-based cell lysis. Regardless of the concentration of 

Triton-X 100, high noise in the spectra disturbs spectrum profiling. 
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Figure S11. Loading plots for PC1 and PC2.  
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Figure S12. Scree plot for ten principal components.  
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Figure S13. Comparison of specific peaks in each condition. a) Spectral intensity comparison 

of each condition. b) PC1 loadings of specific peaks. 
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Raman shift (cm-1) Presumed element References 

490 Glycogen 1-3 

643 C–C twisting mode of tyrosine 3, 4 

776 Phosphatidylinositol 1, 5 

980 C–C stretching β-sheet 1, 6 

1001 Symmetric ring breathing mode of phenylalanine 3, 4 

1264 =C–H in plane bending (lipid) 3, 4 

1341 
A and G of DNA/RNA and CH deformation of 

proteins 
7 

1386 CH3 bend 3, 4 

1409 νs COO- 1, 8 

1520 –C=C– carotenoids 3, 4, 9 

1540 
Amide carbonyl group vibrations and aromatic 

hydrogens 
1 

1579 Pyrimidine ring (nucleic acids) and heme protein 3, 4 

 

Supplementary Table 1. Potential candidates for specific wavenumbers.  
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Supplementary Movie 1. Visualization of PSMPs and AuNPs. Frequency and attenuation 

length-dependent behaviors of PSMPs and frequency and attenuation length-independent 

behaviors of AuNPs.  
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