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Parameters used to determine the appropriate electric field regime of
electrophoretic particle migration: Table S1
Three dimensionless parameters are employed to assess the electric field regime of electrophoretic particle

migration, these parameters are: the dimensionless applied field strength coefficient (), the Peclet number (Pe)
and the Dukhin number (Du). The expressions used to describe these parameters in this study are

_Ea
p=" (S1)
Pe = al(VEP,L; VEP,NL)| (S2)
Du = Xa (S3)

where E is applied electric field, a is the particle radius, and ¢ is the thermal voltage (~25 mV), D is the diffusion
coefficient, K” and K™ are the surface and bulk conductivity of the medium, respectively.

Table S1. Parameters employed to determine electric the field regime of electrophoretic particle migration.

Separation | Particle Diameter {p E for ui?,? 8 Pe Du Electric field

ID ID (pm) (mV) estimation (V/cm) regime

1 1 59+0.3 -25.5+4.2 150 2.0 0.6 0.02 | Moderate (E*)

2 11.7+£0.2 -23.8+ 1.1 100 2.7 0.8 0.01 Moderate (E?)

3 41+03 -19.1+£3.2 350 2.7 0.7 0.02 | Moderate (E*)

2 4 7.4+03 -31.8+1.8 100 1.7 0.6 0.02 | Moderate (E*)

2 11.7+£0.2 -23.8+ 1.1 100 2.7 0.7 0.01 Moderate (E?)

5 7.4+03 -31.8+1.8 100 2.0 0.8 0.03 | Moderate (E*)

3 6 2.4+0.1 -19.1+£2.2 400 2.1 0.6 0.04 | Moderate (E*)

2 11.7+£0.2 -23.8+ 1.1 100 2.7 0.7 0.01 Moderate (E?)

Particle concentration information: Includes Table S2

Particle suspensions to be used in experimentation were prepared by dilution the stock solution into the
suspending medium, the concentration of each particle suspension used in this study is included below:

Table S2. Concentration of the particle and cell sample suspensions employed in this study.

Separation ID Particle ID Diameter (um) C(E;c::rttliilt;g;:[:f)m
1 1 59+0.3 1.8
2 11.7+£0.2 0.6
3 4.1+0.3 6.9
2 4 7.4+03 3.2
2 11.7+£0.2 1.6
5 2.4+01 19.6
3 6 57+0.2 34
2 11.7+£0.2 0.3
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Reproducibility between experimental repetitions: includes Table S3

Each experimental separation was repeated at least three times, the values of the experimental retention times of
three distinct repetition of each separation are listed in Table S3.

Table S3. Experimental retention of each particle in each experimental repetition performed, including the standard
deviation between experimental repetitions. The results from the binary linear separation are not included in this table, since
the peaks overlapped in each one of the repetitions.

. tRe tRe tRe
SZS::I‘)?;::I Particles Repetition 1 Repetition 2 Repetition 3 SI;ODA)I;:V
(s (s (s
Binary nonlinear Red, 5.9 um 87 98 78 11%
EK regime Blue, 11.7 um 174 160 146 9%
] ] Green, 4.1 pm 148 184 142 14%
Tertiary lincar Bluc, 117 um 200 248 187 15%
EK regime
Red, 7.4 pm 260 342 270 15%
) ) Green, 4.1 pm 158 121 153 14%
Tertiary nonlincar Red, 7.4 um 237 154 193 21%
EK regime
Blue, 11.7 um 277 205 266 16%
Tertiary linear Red, 2.4 um 178 140 112 23%
EK regime Blue, 11.7 pm 191 152 121 23%
Green, 5.7 pm 257 224 195 14%
Tertiary nonlinear Red, 2.4 pm 92 81 87 6%
EK regime Green, 5.7 pm 138 180 138 16%
Blue, 11.7 um 244 261 269 5%

Confidence interval plots for linear and nonlinear separations: includes Figure S1
to Figure S3

Confidence interval plots are plotted for all linear and nonlinear separation which include Figure S1, Figure
S2, and Figure S3. In all cases the confidence plots for nonlinear separation produce more well-defined peaks
compare to linear separations.
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Figure S1. Confidence interval plots for the binary separation (Separation ID= 1). (a) Confidence interval plots for the
repetitions of the charge-based separation showing overlapping particle peaks, confirming that no separation took place under
AV = 800 V which corresponds to linear EK regime. (b) Confidence interval plots for the repetitions of the size-based
separation under AV = 1500 V which corresponds to nonlinear EK regime.
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Figure S2. Confidence interval plots for the first tertiary separation. (a) Confidence interval plots for the repetitions of the
charge-based separation showing overlapping particle peaks under AV =400 V which corresponds to linear EK regime. (b)
Confidence interval plots for the repetitions of the size-based separation under AV = 1500 V which corresponds to nonlinear
EK regime, showing less overlapped peaks compared to linear confidence intervals.
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Figure S3. Confidence interval plots for the second tertiary separation. (a) Confidence interval plots for the repetitions of the
charge-based separation showing overlapping particle peaks under AV = 800 V which corresponds to linear EK regime. (b)
Confidence interval plots for the repetitions of the size-based separation under AV = 1500 V which corresponds to nonlinear
EK regime, demonstrating well defined peaks compare to linear repetitions.
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