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Supplementary Information Text 
 
Effect of fluid viscosity. Three different flow rates, Q ∈ {3, 6, 10} µL/min over range of electric field strengths 
DV12/L ∈ {0, 20, 40, 60, 80, 100} V/cm were tested for each weight fraction of glycerol. The kinematic viscosity of 
the Newtonian water-glycerol mixture1, 2 more than doubles from 0.9 ´ 10-6 m2 s-1 to 2.0 ´ 10-6 m2 s-1, as glycerol 
fraction was changed from at 0 % (w/w) at 30 % (w/w) (Figure S1) at 25° C.  
 
 

 
Figure S1. The fluid kinematic viscosity, u [m2/s] as a function of glycerol weight fraction3 in terms of % (w/w) of 
water-glycerol mixtures.  
 

Table S1. Comparison of Rec for 0, 10, 20, 30 %(w/w) glycerol. 

Flow Rate, Q 
(µL/min) 0% (w/w) Glycerol 10% (w/w) Glycerol 20% (w/w) Glycerol 30 % (w/w) Glycerol 

3 0.26 0.21 0.16 0.12 

6 0.53 0.42 0.32 0.24 

10 0.88 0.70 0.54 0.40 
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The changes in electrophoretic number as a function of flow conditions are shown in Figure S2. The electrophoretic 
number follow the same trend as for the 0 % (w/w) glycerol; however, the magnitudes of electrophoretic number 
decrease as the fluid kinematic viscosity was increased. Figure S3 shows particle migration as a function of %(w/w) 
glycerol at 3 µL/min, 6 µL/min, and 10 µL/min. 

 

 
 
Figure S2. Electrophoretic number as a function of flow parameters. Electrophoretic number, |Be| at (a) 10% 
(w/w) glycerol, (b) 20% (w/w) glycerol, and (c) 30% (w/w) glycerol. The channel Reynolds numbers for the data in 
the plot correspond to the flow rates: 1, 2, 3, 4, 6, 8, 10, and 12 µL/min, respectively. 
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Figure S3. Effect of changing fluid viscosity at different flow rates. The width of the depletion region, dz as a 
function of changing glycerol weight fraction at (a) 3 µL/min, (b) 6 µL/min, and (c) 10 µL/min show that extent of 
migration decreases as the kinematic viscosity is increased. Error bars represent rms variance from the mean for 
three measurements at each tested flow condition. 
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Colloidal particle migration at 0% (w/w) glycerol. The electrophoresis-induced lift forces produce a non-
monotonic trend in colloidal migration, which can be seen in the confocal images presented in Figure S4, where 
migration was highest for the flow rate of 4 µL/min. 
 

 
Figure S4. Confocal images showing particle migration. Cross-section views from the observation volume, 
where the flow direction is perpendicular to the page. A range of critical flow conditions were tested, where 
representative migration trends for (a) Q = 1 µL/min; (b) Q = 4 µL/min; (c) Q = 12 µL/min are shown. Note that the 
extent of cross-stream migration away from the top and bottom walls is on the same order of magnitude, and highest 
for the 4 µL/min case at both DV12/L = 60 V/cm and DV12/L = 100 V/cm. The scale bar is 50.00 µm. 
 
Lift force calculation 
Khair et. al.4 obtained a leading order lift-force on a particle undergoing electrophoresis in inertial shear flow. The 
expression for this lift force was given by: 
 

 FEIL = 
7π
4  

ε|ζ |a3ρ�̇�E∞
μ

,                                                                          (S1)  

 
where ε = 7.08 × 10-10 F/m, ρ = 997 kg/m3, and μ = 8.9 × 10-4 Pa•s for aqueous buffer solution. For a colloidal 
particle with radius, a ~ 240 nm (2.4 × 10-7 m), �̇� = 2Q/(WH2), i.e. average shear (for Q = 12 µL/min, �̇� = 982 s-1 

based on average flow velocity4), E∞= 100 V/cm, the lift force ~ 10-17 N, or 10-2 fN. The calculated lift force was ~ 
10-18 N for Q = 1 µL/min at 100 V/cm. 
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Estimates of migration velocities 

 

Figure S5: Estimates of migration velocity along y as a function of flow rate and average electric field. Error bars 
represent rms variance from the mean for three measurements at each tested flow condition. 

 
Figure S6: Estimates of migration velocity along z as a function of flow rate and average electric field. Error bars 
represent rms variance from the mean for three measurements at each tested flow condition. 
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Migration from side-walls. The particle migration from side-walls suggested that the lift possibly depends on local 
shear rate. The analytical flow profile due to background Poiseuille flow (i.e., no particles in the flow), u'(y, z), is well-
known5, 6. Figure S7a shows a contour plot for normalized (to maximum flow velocity) flow profile as a function of 
y/W and z/H, the magnitude of local shear rate across the channel cross-section can be defined as6: 

γ̇(y, z) =*+
∂u'
∂y,

2

++
∂u'
∂z,

2

	,																																																																																																																(S2) 

where the normalized magnitude of local shear is plotted in Figure S7b. Interestingly, if the migration magnitude in 
y and z (Figure 5a and 5b) i.e., dy and dz were normalized with channel width and height, the magnitude of 
normalized local shear rate was on the same order suggesting that there needs to be further evaluation of the local 
shear rates as described in the main manuscript. 
 

 
Figure S7. Flow profile and shear rate. (a) Normalized velocity profile for the background Poiseuille flow,  	u//	u/m 
for the microchannel of height, H and width, W. (b) Magnitude of normalized local shear rate, γ̇  γ̇m⁄ , where γ̇m is 
the maximum shear rate, were the same order of magnitude, i.e.,~ 0.7 times the maximum shear rate, for example, 
at dy/W (red line) and dz/H (black line) for 3 µL/min and 60 V/cm. Similar observations were seen at other flow 
conditions. 
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