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ABSTRACT 1 

It has been long known that the electrophoretic velocity of a charged particle is independent of its 2 

size under the thin-Debye-layer limit. This so-called Smoluchowski velocity is, however, only 3 

valid for Newtonian fluids. A couple of recent theoretical studies predict the rheology-induced 4 

particle size dependence of electrophoresis in non-Newtonian fluids. This work presents the first 5 

experimental demonstration of such dependence in viscoelastic poly(ethylene oxide) (PEO) 6 

solutions. Three different-sized particles are observed to travel at the same electrophoretic velocity 7 

in a Newtonian buffer through a rectangular microchannel. In contrast, their measured 8 

electrophoretic velocities in the PEO solution exhibit an increasing trend for larger particles, which 9 

is consistent with the theoretical prediction. This particle size dependence is found to grow with 10 

increasing concentration or length of the PEO polymer. Both trends are attributed to the enhanced 11 

fluid elasticity as characterized by the increasing elasticity number.     12 

  13 
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INTRODUCTION 1 

Electrophoresis is the movement of a charged particle with respect to a liquid electrolyte under an 2 

applied electric field.1,2 It has found many applications ranging from DNA sequencing by capillary 3 

electrophoresis to cell manipulation in electrokinetic microfluidic devices.3-6 The electrophoretic 4 

velocity of a moderately charged particle with 𝜎∗ = 𝜎𝑎 𝜀𝜙⁄ ~1, where 𝜎 is the particle’s surface 5 

charge density, 𝑎 is the particle radius, 𝜀 is the liquid permittivity and 𝜙 is the thermal voltage, is 6 

a linear function of the imposed electric field strength, 𝐸, when 𝛽 = 𝐸𝑎 𝜙⁄ ≪ 1.7,8 This velocity 7 

follows Henry’s formula and exhibits an explicit dependence on the particle size through 𝛿 =8 

1 𝜅𝑎⁄  with 1 𝜅⁄  being the Debye length.9,10 It reduces to Smoluchowski’s formula under the thin-9 

Debye-layer limit with 𝛿 ≪ 1, which becomes independent of the particle size and shape.11 This 10 

regime of linear electrophoresis, however, breaks down for a highly charged particle with 𝜎∗ ≫ 1 11 

and/or under a large electric field with 𝛽 ≫ 1 because of the surface conduction effect in the 12 

Debye layer.12-22 The resulting nonlinear contribution to the electrophoretic velocity has been 13 

demonstrated to depend on the size, charge and shape of the particle.23-35 Particle size dependent 14 

electrophoretic velocity (more accurately, electrokinetic velocity because of the contribution of 15 

fluid electroosmosis) also occurs in a confined microchannel because of the boundary effect.36,37 16 

This dependence, however, remains insignificant unless the particle size-to-channel width ratio 17 

reaches the order of unity.38,39  18 

The studies reviewed above are all concerned with particle electrophoresis in Newtonian 19 

fluids. Recent investigations have highlighted the significant impacts of fluid rheological 20 
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properties on various electrokinetic phenomena.40-50 In particular, a couple of theoretical papers 1 

predict the onset of particle size dependent electrophoresis in non-Newtonian fluids even under 2 

the thin-Debye-layer limit. Khair et al.51 developed a general framework to calculate the 3 

electrophoretic velocity of a uniformly charged colloidal particle immersed in a complex fluid with 4 

a shear-rate-dependent viscosity. They considered both a power-law and a Carreau fluid in their 5 

theoretical scheme. They demonstrated the fluid rheology, either shear thinning or thickening, can 6 

lead to an explicit particle size and shape dependence of electrophoresis because of the non-7 

Newtonian stresses in the bulk fluid outside the thin Debye layer. In a later study, Li and Koch52 8 

analyzed the electrophoretic velocity of a weakly charged particle with a thin Debye layer in a 9 

dilute polymer solution. They modelled the polymer solution with different constitutive equations 10 

to account for the fluid elasticity and shear thinning effects. Their analysis indicates that the 11 

addition of polymers decreases the electrophoretic velocity because of both the increased viscosity 12 

and the induced fluid elasticity. The latter influence is manifested in terms of the Weissenberg 13 

number, 𝑊𝑖 = 𝜆𝑈 𝑎⁄  where 𝜆 is the fluid relaxation time and 𝑈 is the electrophoretic particle 14 

velocity in a Newtonian fluid, illustrating the size dependence of particle electrophoresis in a 15 

viscoelastic fluid. The authors further noted that the fluid shear thinning effect increases the 16 

electrophoretic velocity, consistent with the numerical simulations from Hsu and co-workers53-55 17 

for both spherical and rod-shaped particles in Carreau fluids.  18 

 We present in this work an experimental study of particle electrophoresis in viscoelastic 19 

polymer solutions through a rectangular microchannel. We test particles of three different 20 
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diameters that travel at an (nearly) identical electrophoretic velocity in the polymer-free 1 

Newtonian solution. Thus, any difference in the measured electrophoretic velocity of the three 2 

types of particles in the polymer solutions should be attributed to the polymer addition-induced 3 

fluid rheological effects. We also investigate how varying the concentration or length of polymers 4 

affects the electrophoretic velocity of different-sized particles. Moreover, we attempt to integrate 5 

the polymer concentration and length effects into one dimensionless plot to highlight the impact 6 

of fluid elasticity on particle-size dependent electrophoresis.    7 

  8 

MATERIALS AND METHODS 9 

Microchannel and Chemicals 10 

The experiment was conducted using a microfluidic device constructed from polydimethylsiloxane 11 

through the standard photo and soft lithography techniques.56 This device features a straight 12 

microchannel which is 2 cm long with a rectangular cross-section measuring 100 μm in width and 13 

50 μm in depth. The particle solutions were prepared by mixing and re-suspending 3, 5 and 10 μm-14 

diameter spherical polystyrene particles (Sigma-Aldrich) into 0.01 mM phosphate buffer 15 

(specifically, 0.00754 mM disodium phosphate and 0.00246 mM monosodium phosphate)-based 16 

poly(ethylene oxide) (PEO) (Sigma-Aldrich) solutions. The Debye length for this primarily uni-17 

bivalent solution was estimated to be around 1 𝜅⁄ = 0.06 µm,9 much smaller than the diameter of 18 

the smallest 3 μm particle for which 𝛿 =  1 𝜅𝑎⁄ = 0.04 ≪ 1. Therefore, all three particles used in 19 

this work can be safely viewed to satisfy the thin-Debye-layer limit. The concentration of each 20 
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type of particles was kept low (< 0.1% in volume fraction) to minimize the particle-particle 1 

interactions.  2 

The impact of fluid elasticity on particle electrophoresis was investigated under two conditions: 3 

one is to fix the molecular weight of PEO polymer to 𝑀𝑤 = 2 MDa while varying its concentration 4 

from 500 to 1000 and 2000 ppm, and the other is to fix the polymer concentration to 𝑐 = 1000 5 

ppm while varying the molecular weight from 1 to 2 and 4 MDa. The pure buffer solution, i.e., 6 

PEO free or 𝑐 = 0 , was also tested as a control experiment. We calculated the overlap 7 

concentration of PEO polymers from the expression of Graessley,57 𝑐∗ = 0.77 0.072𝑀𝑤
0.65⁄ , and 8 

obtained 𝑐∗ = 1346, 858 and 547 ppm for 𝑀𝑤 = 1, 2 and 4 MDa, respectively. In other words, our 9 

prepared PEO solutions are all in the dilute to semi-dilute regime with a negligible to weak shear 10 

thinning effect.58 Their zero-shear-rate viscosities, 𝜂0, are extracted from our previous papers.49,59 11 

Their relaxation times were estimated from the scaling formula,60 𝜆 ∝ 𝑀𝑤
2.073𝑐0.65, using the 12 

experimentally measured 𝜆 = 1.5 ms for 𝑐 = 1000 ppm and 𝑀𝑤 = 2 MDa PEO solution.61 Table 13 

1 summarizes the rheological properties of our prepared PEO solutions. 14 

Table 1. Rheological properties of the prepared PEO solutions. 15 

 𝑀𝑤 (MDa) 𝑐 (ppm) 𝑐∗ (ppm)  𝜆 (ms) 𝜂0 (mPas) 𝐸𝑙 

1 1000 1346  0.36 1.6 0.17 

2 500 858  0.96 1.8 0.52 

2 1000 858  1.5 2.4 1.1 

2 2000 858  2.4 4.1 3.0 

4 1000 457  6.3 3.3 6.2 

 16 
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 1 

Experimental Techniques 2 

DC electric fields were used to drive the prepared particle solutions through the microchannel. 3 

They were supplied by a high-voltage DC power source (Glassman High Voltage, Inc.) and 4 

spanned from 100 to 400 V/cm. The corresponding dimensionless electric field, 𝛽 = 𝐸𝑎 𝜙⁄ , was 5 

calculated to vary from 0.6 (for 3 µm particle at 100 V/cm) to 8 (for 10 µm particle at 400 V/cm). 6 

This range of 𝛽  was found in our recent paper30 to be not large enough to induce nonlinear 7 

electrophoresis for the same types of particles in the same Newtonian buffer solution as in this 8 

work. Joule heating effect was estimated negligible in 0.01 mM buffer-based solution over this 9 

range of electric fields.30,62 The electrokinetic motion of particles was recorded in the middle of 10 

the microchannel using a microscope (Nikon Eclipse TE2000U, Nikon Instruments) equipped with 11 

a CCD camera (Nikon DS-Qi1Mc). It was observed to align with the electric field direction for 12 

each type of particles in the suspensions, indicating a stronger electroosmotic fluid flow than the 13 

opposing electrophoretic particle motion such that, 14 

 𝑉𝑒𝑝 = 𝑉𝑒𝑜 − 𝑉𝑒𝑘,  (1) 15 

where 𝑉𝑒𝑝, 𝑉𝑒𝑜 and 𝑉𝑒𝑘 are the magnitudes of electrophoretic, electroosmotic, and electrokinetic 16 

velocities, respectively. The value of 𝑉𝑒𝑜 in each of the particle-free PEO and buffer solutions was 17 

measured using the electric current monitoring technique63 for the range of DC electric fields under 18 

test. The value of 𝑉𝑒𝑘 was determined using ImageJ software (National Institutes of Health) for 19 
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each type of particles traveling near the centerline of the microchannel. More than twenty particles 1 

were tracked in each analysis to obtain the average of 𝑉𝑒𝑘.  2 

 3 

RESULTS AND DISCUSSION 4 

Particle Electrophoresis in a Newtonian and a Polymer Solution  5 

Figure 1 shows the sequential images of the mixture of 3, 5 and 10 µm-diameter particles in the 6 

flow of Newtonian buffer (a) and 1000 ppm PEO (𝑀𝑤 = 2 MDa) (b) solutions, respectively, 7 

through the rectangular microchannel. The applied DC electric field was fixed at 200 V/cm in both 8 

cases. As viewed from the timelapses on top of the images, the electrokinetic motion of particles 9 

slows down in the PEO solution (Figure 1b) compared to that in the Newtonian solution (Figure 10 

1a). This observation is consistent with our previous studies,45,47,50 which can be attributed to the 11 

polymer contribution to the viscosity and the polymer-induced elasticity.52 The electrokinetic 12 

velocity remains nearly independent of the particle size in the Newtonian solution because the 13 

lines tracking the positions of different particles exhibit a parallel alignment in Figure 1a. This 14 

observation is evidenced by the experimentally measured data for the electrokinetic velocity, 𝑉𝑒𝑘, 15 

of the three types of particles that almost overlap in Figure 2a for every DC electric field ranging 16 

from 100 to 400 V/cm. This phenomenon is consistent with our recent observation of the same 17 

three types of particles in 0.075 mM phosphate buffer solution,30 indicating that these particles 18 

have almost equal zeta potentials in Newtonian solutions under the thin-Debye-layer limit.8,10 Also 19 

shown in Figure 2a is the experimentally measured electroosmotic velocity, 𝑉𝑒𝑜, in the Newtonian 20 
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buffer. It is obvious that both 𝑉𝑒𝑘  and 𝑉𝑒𝑜  (hence the electrophoretic velocity, 𝑉𝑒𝑝, from eq 1) 1 

exhibit a linear relationship with respect to the applied DC electric field in this Newtonian solution, 2 

which is consistent with our earlier studies30,35 indicating the absence of nonlinear 3 

electrophoresis21 over the range of electric fields under study here.  4 

 5 

Figure 1. Sequential images illustrating the electrokinetic motion of 3, 5 and 10 µm-diameter 6 

particles in the Newtonian buffer (a) and 1000 ppm PEO (2 MDa, b) solutions through a 7 

rectangular microchannel under an applied electric field of 200 V/cm. The dashed lines track the 8 

particle positions as time (highlighted on top of the images) progresses.  9 

 10 

In contrast, the slope of the particle tracking lines on the images in Figure 1b becomes steeper 11 

as the particle size decreases. Therefore, smaller particles have larger electrokinetic velocities in 12 
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the PEO solution, which is further demonstrate by the experimentally measured data of 𝑉𝑒𝑘 in 1 

Figure 2b for the DC electric field ranging from 100 to 400 V/cm. Also included in Figure 2b is 2 

the experimentally measured data for 𝑉𝑒𝑜 in the PEO solution over the same rage of DC electric 3 

fields. Like the observed trends for the Newtonian solution in Figure 2a, the obtained experimental 4 

data for 𝑉𝑒𝑘 and 𝑉𝑒𝑜 in the PEO solution can both be best fitted to linear trendlines in Figure 2b. 5 

This result suggests that the electrophoretic particle velocity, 𝑉𝑒𝑝 in eq 1, in the PEO solution also 6 

stays within the linear regime for the range of DC electric fields under test. Moreover, 𝑉𝑒𝑝 becomes 7 

smaller with the decrease of the particle diameter, which appears qualitatively consistent with the 8 

theoretical prediction of Li and Koch.52 We are unable to perform a quantitative comparison of our 9 

experimental data with that theory as the latter is only valid for dilute polymer solutions with the 10 

polymer viscosity being much smaller than the solvent viscosity.52 This assumption requires that 11 

the polymer concentration 𝑐  be much lower than the overlap concentration 𝑐∗ , which is not 12 

fulfilled in our experiment because the value of 𝑐 𝑐∗⁄  is greater than 0.5 for all our prepared PEO 13 

solutions (see Table 1). The observed particle-size dependent electrophoresis should be related to 14 

the polymer-induced fluid elasticity because the only difference in the experimental conditions 15 

between Figure 2a and Figure 2b lies in the suspending medium. Specifically, this trend can be 16 

attributed to the increased deformation of polymers as they are electrokinetically advected around 17 

the smaller particles with a smaller radius of curvature.52 We will present in the following sections 18 

a quantitative analysis of the parametric effects on particle size-dependent 𝑉𝑒𝑘  and 𝑉𝑒𝑝 in PEO 19 

solutions.  20 
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 1 

 2 

Figure 2. The experimentally measured electrokinetic velocity, 𝑉𝑒𝑘, of 3, 5 and 10 µm-diameter 3 

particles and electroosmotic velocity, 𝑉𝑒𝑜, in Newtonian buffer (a) and 1000 ppm PEO (2 MDa, b) 4 

solutions over a range of DC electric fields. The dashed lines are each a linear fit to the 5 

experimental data (symbols with error bars).  6 

 7 

Effect of the Polymer Concentration 8 

Figure 3 shows the experimental data for 𝑉𝑒𝑘 of 3, 5 and 10 µm-diameter particles and 𝑉𝑒𝑜 in 500 9 

ppm (a) and 2000 ppm PEO (𝑀𝑤 = 2 MDa) (b) solutions over the range of DC electric fields from 10 
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100 to 400 V/cm. In comparison to 1000 ppm PEO in Figure 2b, we see a decrease in both 𝑉𝑒𝑜 and 1 

𝑉𝑒𝑘  with the increase of the PEO concentration. This trend is consistent with our recent 2 

observation,50 which, as noted above, should arise from the increased fluid viscosity and elasticity 3 

effect (see Table 1).52 Moreover, we observe an intensified dependence of 𝑉𝑒𝑘 on the particle size 4 

as the PEO concentration increases from 500 ppm (Figure 3a) to 1000 ppm (Figure 2b) and 2000 5 

ppm (Figure 3b). This trend is believed to be related to the stronger polymer deformation around 6 

a particle because of the increased presence of polymer strands therein as the polymer 7 

concentration gets higher.  8 
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 1 

Figure 3. The experimentally measured electrokinetic velocity, 𝑉𝑒𝑘, of 3, 5 and 10 µm-diameter 2 

particles and electroosmotic velocity, 𝑉𝑒𝑜 , in 500 ppm (a) and 2000 ppm PEO (2 MDa) (b) 3 

solutions over a range of DC electric fields. The dashed lines are each a linear fit to the 4 

experimental data (symbols with error bars).  5 

 6 

In addition, we note that like 1000 ppm PEO solution in Figure 2b, 𝑉𝑒𝑜 and 𝑉𝑒𝑘 each exhibit a 7 

(almost) linear dependence on the DC electric field in 500 (Figure 3a) and 2000 ppm (Figure 3b) 8 

PEO solutions. Therefore, in the linear regime for electrokinetics, eq 1 can be rewritten as, 9 

 𝜇𝑒𝑝 = 𝜇𝑒𝑜 − 𝜇𝑒𝑘,  (2) 10 
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where 𝜇𝑒𝑝 , 𝜇𝑒𝑜 , and 𝜇𝑒𝑘  are the so-called electrophoretic, electroosmotic and electrokinetic 1 

mobilities, respectively.8,10 The values of 𝜇𝑒𝑜 and 𝜇𝑒𝑘 in the Newtonian and PEO solutions can 2 

each be obtained from the slopes of the linear trendlines to the experimental data for 𝑉𝑒𝑜 and 𝑉𝑒𝑘 3 

in Figures 2 and 3. They are then used to determine the values of 𝜇𝑒𝑝  from eq 2, which are 4 

presented in Figure 4 as a function of the particle diameter. The particle size dependence of 𝜇𝑒𝑝, 5 

and hence the electrophoretic velocity, 𝑉𝑒𝑝 , in the viscoelastic PEO solutions is clearly 6 

demonstrated in this figure. Moreover, though the absolute value of 𝜇𝑒𝑝 for each size of particle 7 

decreases with the increase of the PEO concentration, their relative differences in fact become 8 

larger. This trend can be viewed from the equations displayed on the chart for the power trendline 9 

fit to the data points, indicating that 𝜇𝑒𝑝 achieves a stronger dependence on the particle diameter 10 

in higher-concentration PEO solutions.  11 

 12 

 13 
 Figure 4. The experimentally obtained electrophoretic mobility, 𝜇𝑒𝑝, vs. the particle diameter in 14 

solutions with the concentration of PEO polymer (2 MDa) ranging from 0 (i.e., Newtonian) to 500, 15 
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1000 and 2000 ppm. The dashed lines are each a power trendline fit to the mobility data with the 1 

equation displayed on the chart.  2 

 3 

Effect of the Polymer Length 4 

Figure 5 shows the experimentally measured data for 𝑉𝑒𝑘 of 3, 5 and 10 µm-diameter particles and 5 

𝑉𝑒𝑜 in 1000 ppm PEO solutions with 𝑀𝑤 = 1 MDa (a) and 4 MDa (b), respectively, for the DC 6 

electric field ranging from 100 to 400 V/cm. Similar to the observed trends above in the PEO 7 

solutions with increasing polymer concentrations, we see a reduced 𝑉𝑒𝑜 and 𝑉𝑒𝑘 with the increase 8 

of 𝑀𝑤 (or alternately the polymer length) from 0 (i.e., Newtonian, Figure 2a) to 1, 2 (Figure 2b) 9 

and 4 MDa. Moreover, the particle size dependence of 𝑉𝑒𝑘 becomes stronger with the increase of 10 

𝑀𝑤 because of the enhanced fluid elasticity effect. This trend is consistent with that when the PEO 11 

concentration is increased (see Figure 3) because longer-strand polymers experience a more 12 

pronounced deformation as they are advected around particles, particularly strong for particles 13 

with small radii of curvature.52 It is important to note that there is an apparent deviation from the 14 

linear trendline for both 𝑉𝑒𝑘 and 𝑉𝑒𝑜 in 4 MDa PEO solution (Figure 5b). This phenomenon may 15 

be attributed to the fluid shear thinning effect that has been found to increase with the PEO 16 

length58,64 and is expected to cause a more significant enhancement in both fluid electroosmosis 17 

and particle electrophoresis with the increase of the applied electric field.40,53-55   18 
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 1 
Figure 5. The experimentally measured electrokinetic velocity, 𝑉𝑒𝑘, of 3, 5 and 10 µm-diameter 2 

particles and electroosmotic velocity, 𝑉𝑒𝑜, in 1000 ppm PEO solutions with the molecular weights 3 

of 1 MDa (a) and 4 MDa (b) over a range of DC electric fields. The dashed lines are each a linear 4 

fit to the experimental data (symbols with error bars). 5 

 6 

Like Figure 4, we used the slopes of the linear trendlines for 𝑉𝑒𝑜 and 𝑉𝑒𝑘 in Figure 5 to first 7 

obtain the values of  𝜇𝑒𝑜 and 𝜇𝑒𝑘 and then calculate the values of  𝜇𝑒𝑝 from eq 2. It is admitted that 8 

this treatment may not be accurate for the 4 MDa PEO solution where nonlinearity starts appearing 9 

at higher electric fields. We will investigate in future work whether and how fluid shear thinning 10 
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impacts the electric field-driven fluid flow and particle motion. Figure 6 presents the obtained 1 

values of 𝜇𝑒𝑝 of 3, 5 and 10 µm-diameter particles as a function of the 𝑀𝑤 of PEO polymer (note: 2 

𝑀𝑤 = 0 indicates the Newtonian solution). Because of the increased fluid viscosity and elasticity 3 

(see Table 1), 𝜇𝑒𝑝 decreases with the increase of 𝑀𝑤 for each type of particles. However, this trend 4 

appears to slow down at higher values of 𝑀𝑤 for all three particles, which may be because the total 5 

volume of polymers that are advected around any particles has an upper limit. The gap between 6 

𝜇𝑒𝑝  of any two pairs of particles still grows with the increase of 𝑀𝑤 , indicating a stronger 7 

dependence of 𝜇𝑒𝑝 on particle size in PEO solutions with longer polymer strands. This trend is 8 

consistent with that observed in the PEO solutions with increasing polymer concentrations (see 9 

Figure 4). 10 

 11 

Figure 6. Effect of the molecular weight, 𝑀𝑤, of PEO polymer on the experimentally obtained 12 

electrophoretic mobility, 𝜇𝑒𝑝, of 3, 5 and 10 µm-diameter particles in Newtonian (i.e., 𝑀𝑤 = 0) 13 

and 1000 ppm PEO solutions. The lines are used to guide the eyes only. 14 
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Summary of the Effect of Fluid Elasticity 1 

To put together the results for the effects of polymer concentration and length into one plot for a 2 

unified understanding, we employ the so-called elasticity number, 𝐸𝑙, to characterize the fluid 3 

elasticity effect. This dimensionless number is defined as the ratio of the Weissenberg number to 4 

the Reynolds number and is independent of the fluid kinematics as given by,50,58,61  5 

 𝐸𝑙 =
𝜆𝜂0(𝑤+ℎ)

𝜌𝑤2ℎ
,  (3) 6 

where the fluid relaxation time, 𝜆, and viscosity, 𝜂0, are both given in Table 1 for our prepared 7 

PEO solutions, 𝜌 is the fluid density, and 𝑤 and ℎ are the width and height of the microchannel, 8 

respectively. As viewed from Table 1, increasing the concentration or molecular weight of the 9 

PEO polymer leads to a greater value of  𝐸𝑙. Figure 7 shows the ratios of 𝜇𝑒𝑝 of 5 and 10 µm 10 

particles to that of 3 µm particles as a function of 𝐸𝑙 in the prepared PEO and Newtonian solutions. 11 

For smaller values of 𝐸𝑙 (less than 1), we observe a notably significant rise in both mobility ratios 12 

with the increase of 𝐸𝑙, signifying a substantial increase in the particle size dependence of 𝜇𝑒𝑝. 13 

Subsequently, there is a gradual ascent at higher values of 𝐸𝑙 until a plateau seems to be reached 14 

at the highest value of 𝐸𝑙~6 under test. This trend suggests that there may be a threshold value for 15 

𝐸𝑙, beyond which no further enhancement in the particle size dependence of 𝜇𝑒𝑝 can be observed. 16 

Such a phenomenon may be explained by the restriction posed upon the total volume of polymers 17 

that are advected around any particles with a limited space.   18 
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 1 

Figure 7. The ratios of the experimentally obtained electrophoretic mobility, 𝜇𝑒𝑝, of 5 and 10 2 

µm-diameter particles to that of 3 µm particles as a function of the elasticity number, 𝐸𝑙. The 3 

lines are used to guide the eyes only. 4 

 5 

CONCLUSIONS 6 

We have experimentally demonstrated the fluid rheology-induced particle size dependence of 7 

electrophoretic velocity under the thin-Debye-layer limit. Smaller particles are observed to travel 8 

electrokinetically faster than larger ones in the viscoelastic PEO solution though all these particles 9 

travel at the same velocity in the Newtonian solution. The former observation indicates a larger 10 

electrophoretic velocity with increasing particle size, which is qualitatively consistent with the 11 

recent theoretical prediction of Li and Koch.52 This phenomenon may be utilized to enhance the 12 

electrophoretic separation of micro/nanobioparticles in viscoelastic fluids for lab-on-a-chip 13 

applications. We have also conducted experiments to examine the effects of PEO concentration 14 

and length, respectively, on the electrophoretic mobility of particles in the linear regime of electric 15 

field. It is found that increasing either parameter leads to a stronger dependence of electrophoretic 16 
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velocity on the particle size, which can be integrated into one dimensionless plot in terms of the 1 

increasing elasticity number. This finding is expected to promote the use of electrophoresis for 2 

particle separation by size in microfluidic devices. We will investigate in future experiments 3 

whether and how fluid shear-thinning affects the electrophoretic behavior of particles.  4 
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