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Section S1. The simulation model and boundary conditions
A 3-D model of the same size as the experimental chip was established, and the boundary conditions for the

simulation space are shown in Figure S1.'4
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Figure S1 Schematic diagram of the (a) 3-D simulation model and (b) the corresponding boundary conditions.
The details of governing equations and boundary conditions used in the numerical simulation are given below:

At the electrode surface of negligible thickness (transparent to heat transfer), we have:

g=Ae'*; v, =V, =V, =0 (S
At the inlet of the channel:
0 T T —v(v.a): v -
%=0, g = Vo5 Vi =V (¥, 2)5 Vyo =V5(Y,2) (52)
At the outlet of the channel:
O¢ aTﬂ id
—=0; —/*==0; p=0 s3
po an p (S3)

At the interface between the PDMS cover and electrolyte media:

% =0; Tauia = Teoms 5 K % = Kepms aTgaMs ; V=V, =V, =0 (54)
At the interface between the glass substrate and electrolyte media:
g—ﬁ =0; Tuig =Tglass ; kﬂuid agfgid = kg|ass ag}:‘ss Ve =Vy =V, = 0 (S3)
At the top surface of PDMS cover:
Tooms = To (S6)
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At the bottom surface of glass substrate:

Tglass = TO (87)
here 7 is the local unit normal vector on the interface, p is the fluid pressure at the outlet, Kq;q =0.6(W / mK) is

thermal conductivity of fluid sample, Kopys=0.2(W/mK) s the thermal conductivity of PDMS cover,

Kyass =l.1(W/ mK) is the thermal conductivity of glass substrate. Where Tguq, Tppms and Ty represent

the temperate field inside the liquid media, PDMS cover and glass substrate, respectively.

Section S2. The electric field profile around the electrodes
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Figure S2 Changes in (a) the simulated electric field and (b) the corresponding gradient along a line above the

electrodes.

The electric field and its gradient were numerically calculated, as shown in Figure S2. It is clear that the highest
electric field arises in the vicinity of adjacent electrode edges, as shown in Figure S2a. The intensity of the electric
field decreases significantly at the regions away from the electrode edges. The gradient of the electric field, which
determines the magnitude of dielectrophoretic force, behaves the same trend as the electric field, as shown in Figure
S2b. It shows two peaks of gradient along the line at the cross section, predicting that the DEP force gains the

maximum in the same position.

Section S3. The critical flow rate and voltage for two-particle isolation
An appropriate combination of inlet flow rate and applied voltage contributing to isolating different particles into
independent medium, as shown in Figure S3. It is clearly that the critical voltage shows a linear increase with the

inlet flow rate.
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Figure S3 The red line with circle labelling represents critical value for that PS particles are transported into the
middle medium while droplets are railed into the upper medium. The black line with square labeling is the critical
value for that PS particles exit from the lower medium and droplets enter the upper medium.

Section S3. Multimode medium exchange for three different particles
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Figure S4 Multimode medium exchange for three different particles. (a) Both droplets were transferred to the upper
medium while the PS particles were escaped at the lower medium at A; = 12.5 V. (b) Both droplets were transported
to the upper medium while PS particles migrated into the middle medium at 16.25 V
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