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Optimization process of device parameters: In our recent studies, we examined the effect of
the acoustofluidic sharp-edge mixer structures in mixing performance through experimental
investigations® ! and theoretical simulations.”*! Generally, 1) number of sharp-edges:
Increasing the number of sharp-edges can permit intensive mixing of fluids.”) However, it is
not necessary to continuously increase the sharp-edges when the complete mixing is achieved.
2) tip angle of sharp-edges: The smaller the tip angle of sharp-edges, the larger the vibration
amplitude and thus the stronger the acoustic streaming effects for intensive mixing.[” 3)
distance between two adjacent sharp-edges: Increasing the distance between two adjacent
sharp-edges to 2 times and above (>600 um) does not favor the generation of eddies near the
tips, suggesting undesirable mixing performance.® 4) width of PDMS microchannel (W) and
height of sharp-edges (H): Increasing the ratio of W/H can break the flow pattern into two
distinct vortices and eddies might not be present at high values of W/H, which means that
expanding the width of microchannel or contracting the height of sharp-edge structures is not

desirable for achieving complete mixing.™**!
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Operating conditions (Applied voltage, frequency, and flow rate): For the synthesis of 3D
ZnO-Ag plasmonic nanoarray, the acoustic transducer (PUI Audio, AB2720B-LW 100-R) was
driven with an applied voltage and frequency of 10 V and 4.25 kHz, respectively. According
to our experimental investigations and previous studies,'*! a higher applied voltage (> 10 V)
can generate faster mixing performance inside the acoustofluidic sharp-edge device, but it is
not necessary since the applied voltage at 10 V is enough to permit complete mixing.
Whereas, lower voltage at 5 V or below cannot permit intensive mixing of reactants, and the
inefficient mixing may lead to uneven nanoarray pattern inside glass capillary. Regarding the
applied frequency, the strongest acoustic streaming effect is generated at around 4.0 kHz. The
device performance variation is usually observed from batch to batch due to the
manufacturing process and PDMS material/substrate used). In addition, flow rate plays a
significant role in the uniformity of 3D plasmonic nanoarray. Higher flow rates can generate
more uniform nanorod array from the entrance to the exit of square-shaped glass capillary, but
it is at the expense of greater reactants consumption. Whereas, lower flow rates can lead to
more obvious gradient length distribution profiles from the entrance to the exit of glass

capillary.

Estimation of homogeneous mixing time in acoustofluidic sharp-edge mixer: Herein, the
width and depth of the PDMS microchannel are 600 um and 50 um, respectively. Each sharp-
edge has a constant height of 300 um, and the distance between two adjacent sharp-edges is
300 pm. To estimate the complete mixing time, we observed that two fluids can be
completely mixed after only passing through the first two sharp-edge structures when
injecting both fluids at a flow rate of 1 uL/min. Therefore, the mixing distance is estimated to
be less than 1,000 um. Without the consideration of the volume of sharp-edge structures, the
corresponding complete mixing time is estimated to be 0.9 s; when considering it, the

complete mixing time should be even less.
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Figure S1: Statistical size distributions of silica nanoparticles from 200 particles under SEM.
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Figure S2: Fluorescence emission spectrum of fluorescent exosome standard (Excitation at

450 nm). See more information from Biovision Incorporated

(https://www.biovision.com/documentation/datasheets/M1075.pdf)
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Figure S3: NTA analysis showing the size distribution profiles of ExoStd™ human urine

fluorescent exosomes.

Figure S4: Top view optical image of solution with exosome-bound SNs-400 when the SAW

was OFF.
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Glass capillary wall
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Figure S5: Top view microscope image of solution with exosome-bound SNs-400 when
excited by the fluorescent light (~488 nm) under acoustic OFF status. The exposure time was

increased from 100 ms to 1 s for better observation.
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Figure S6: Top view microscope image of PBS solution with SNs-400 when excited by the

fluorescent light (~488 nm). The exposure time was 100 ms.
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Figure S7: Schematic diagram showing the fabrication workflow of acoustofluidic sharp-

edge mixer.
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Figure S8: Simulation of acoustic streaming patterns.
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Figure S9: Normalized fluorescent distribution profiles across the microchannel width of
acoustofluidic sharp-edge mixer from the yellow dash lines (analyzed from bottom to up
direction). Results were obtained with an applied voltage, frequency, and flow rate of 10 V,

4.25 kHz, and 1 pL/min, respectively.

Figure S10: SEM image showing the fine structures of ZnO nanoarray inside square-shaped
glass capillary. The glass capillary was broken into pieces before characterization, and the

yellow line is the boundary between glass wall and ZnO materials.
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Figure S11: SEM image of the resultant ZnO materials in the absence of acoustics (Acoustics

OFF).

100 pm

Figure S12: SEM image of the resultant ZnO materials when continuously operating for 5

hours during the growth step.
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Figure S13: TEM image of ZnO-Ag sample that was scratched from the inner wall of square-

shaped glass capillary.
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Figure S14: Schematic diagram showing the “hot-spots” phenomenon of different ZnO-Ag
nanoarray patterns. (A) Vertical and parallel pattern of ZnO-Ag nanorods with limited “hot-
spots” zones; (B) Tilted pattern of ZnO-Ag nanorods with an increased number of “hot-spots”

for enhancing the plasmonic sensing performance.



WILEY-VCH
Acoustics ON (7.5 MHz) Acoustics ON (7.65 MHz)

e
=
——

Figure S15: Top view optical images of solution with SNs-400 particles in plasmonic

nanoarray-deocrated glass capillary. From the right figure, a streaking effect was shown for

demonstrating the movement of nanoparticles from the middle to the edge regions.
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Figure S16: NTA analysis showing the size distribution profiles of ExoStd™ human urine

€X0Somes.
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Figure S17: (A) NTA analysis human plasma-derived exosomes. The isolation of exosomes

from human plasma was followed by our previously developed acoustofluidic method.’® (B)

Relative SERS intensity of exosomes-bound SNs-400 at different concentrations of exosomes

and the fitted linear relationship at peak 1241 cm™ (y=16.73x - 34.26, R°=0.991).
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Table S1. Comparison of methods for exosome detection.
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Detection methods Detection setup Exosome source Detection range LOD Reference
1.12x10%1.12x108
Electrochemical Gold film MCF-7 cells 96 exosomes/iL An etal.l
exosomes/pL
1x10%-5%10" 1.72x10*
Electrochemical Magnetic bead HepG2 cells Cao etal.®
exosomes/mL exosomes/mL
NaYF4:Yb, Er 1x10*1x108 1.1x10°
Immunofluorescent HepG2 cells Chen etal.™®
nanocrystal exosomes/pL exosomes/pL
PC3 and Hela cells; 0.4x10%-6x10° 3.58x10°
Colorimetric Magnetic bead Chen et al.t
plasma exosomes/mL exosomes/mL
2.2x105-2.4x107 2.2x10*
Colorimetric ZnO nanowire MCF-7 cells; serum Chen et al.™!
exosomes/pL exosomes/pL
Au@Pd 1.4x10*
Thermal response Serum 10-10° exosomes/pL Cheng etal.!?
nanopopcorn exosomes/pL
2x10%-1x10°
Electrochemical Gold film MCF-7 cells 200 exosomes/pL Doldan et al.¥

Electrochemical

SPRi

Immunofluorescent

Colorimetric

Electrochemical

SERS

Quartz crystal

microbalance

SERS

Colorimetric

Fluorescent

Magnetic bead

Gold nanoparticle

CuO nanoparticle

Magnetic bead

Magnetic bead

Gold nanoparticle

Gold film

Gold nanoparticle

Single-wall carbon
nanotube

Sepharose CL-4B

LNCaP, MCF-7, and

Hela cells

NSCLC cells; plasma

HepG2 cells

HepG2 cells; serum

MCF-7 cells; serum

Cell culture media

(PC9, HI1299, and

HPAEC cells)

HUMSC cells

MCF-7 cells

MCF-7 cells

TK-6 cells
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exosomes/pL
1x10%-1.2x10°
exosomes/pL
3.135x10%-100x10*
exosomes/pL
7.5x10%1.5x107
exosomes/pL
2.2x10%4.3x10°
exosomes/pL
1.5x10%-1x10°

exosomes/pL

1x10°-10x10°

exosomes/mL

2.5x108-5x10%
exosomes/mL
1x10%-5x10°
exosomes/mL
1.84x105-2.21x10"
exosomes/pL

2x108-1.5x10°

70 exosomes/pL

10* exosomes/uL

4.8x10*
exosomes/pL
2.2x10°

exosomes/pL

10° exosomes/uL

N/A

1.4x108
exosomes/mL
5x10°
exosomes/mL
5.2x10°
exosomes/pL

2.9x107

Dong et al.*

Fan et al.l*®

He et al.1d

He et al.*"]

Moura et al .18

Shin et al.l*%

Suthar et al,

Wang et al.?!

Xia et al.[?d

Xu et al.®
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exosomes/mL exosomes/mL

5x10%5x10°

Electrochemical Gold nanoparticle MCF-7 cells 125 exosomes/pL Zhang et al.?!
exosomes/pL
Magnetic
2.5x10%-2.5x107 7.5x10°
Immunofluorescent nanoparticle in  Plasma Zhao et al.!®!
exosomes/mL exosomes/mL
PDMS channel
Magneto-resistive MoS,-Fe;0, A431 cells 10%-10° exosomes 100 exosomes Zhu et al.[®
1.3x10°
Immunofluorescent Silicananoparticle Human urine 10*-10° exosomes/pL This study
exosomes/pL
3D Zn0O-Ag
SERS plasmonic Plasma 10%-10° exosomes/pL 20 exosomes/uL This study
nanoarray
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