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The following arguments used for supporting fluid flow as the dominant mechanism 

influencing the long-range particle transport in the galvanic microreactor were presented 

previously in Punckt et al.
1
 We reproduce the arguments and calculations here using values for 

current densities and silica velocities taken at t ≈ 20 s from Figure 4 in this manuscript for 

completeness of the arguments used to explain inner- versus edge-aggregation. 

Ohmic potential drop estimate. For the line electrode shown in Figure 4 (t ≈ 20 s), we 

estimate the maximum Ohmic potential drop to be � � � �⁄  ≈ 38 V/m where i ≈ 150 µA/cm
2
 is 

the maximum current density and κ ≈ 400 µS/cm is the measured conductivity of the pH 3 

hydrochloric acid (HCl) electrolyte. On the copper triangle electrodes [Fig. 2], the maximum 
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electric field can reach as high as 110 V/m, but is confined to only a small area at the copper 

electrode corners. The electric field is directed from the copper anode to the gold cathode. 

Electrophoresis. In the thin double layer limit (� �� � 150 ≫ 1⁄ , where a = 1.5 µm is the 

silica particle radius and λD ≈ 10 nm is the Debye length), the electrophoretic velocity of silica 

due to the Ohmic potential drop is
2
 

�EP � ��ο��
� � �1	μm/s, 

where εεo ≈ 7.04 �10
-10

 F/m and µ ≈ 10
-3

 Ns/m
2
 are the absolute permittivity and viscosity of the 

pH 3 HCl solution, respectively, and ζ = −39 mV is the zeta-potential of the silica particle at 

pH 3. Electrophoresis thus causes silica particles to migrate against the direction of electric field 

(i.e., toward anodic copper). However, we observed that silica particles on the gold electrode 

migrate away from the copper anode against the direction predicted by electrophoresis with 

velocities in excess of 1 µm/s [Fig. 3(c)]. Thus, we contend that long-range particle motion is not 

a result of electrophoresis. However, close to the copper electrode and particularly on the edges 

and corners of the copper triangle electrodes where the electric field is high, electrophoretic 

effects may become important. 

Diffusiophoresis. The diffusiophoretic velocity is 

�diffusiophoresis � ��ο
&�

'(
) *+ζ � -

&
'(
) ln01 � 1-23 455 , 

with + � �67�8
�69�8

 and 1 � tanh <&�=
)
'(> where D+ and D- are the diffusivities of the cation and 

anion considered, kT/e is the thermal voltage, c is the concentration of the ionic specie 

concerned, and z is its charge number.
3
 Diffusiophoresis is the combination of two components, 

the “electrophoretic” component and the chemiphoretic component. The direction of the particle 

velocity with respect to the concentration gradient due to the electrophoretic component is 
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dependent on the sign of βζ. The direction of the particle due to the chemiphoretic component is 

always against the concentration gradient since the chemiphoretic component is independent of 

ζ. Thus, the direction of particle motion by diffusiophoresis with respect to the concentration 

gradient of the specie considered depends on the relative weight between the two components of 

diffusiophoresis. If we consider hydronium and cuprous chloride complex CuCl2
-
 as the anion-

cation pair (maximum difference in diffusivity), then the ratio of the chemiphoretic component to 

the electrophoretic component is ≈ 0.2. Thus, the electrophoretic component dominates, forcing 

the silica particles to travel against the direction of concentration gradient (βζ < 0). 

Consequently, the observed reversal of the silica particle motion rules out diffusiophoresis as the 

origin of particle motion.
1
  

Dielectrophoresis. The dielectrophoretic velocity is 

�DEP � -��οCD
E� FGHIJ|�|4|�|, 

where α is the Clausius-Mossotti factor which has the range of [-1/2, 1] for spherical particles.
4
 

Even if we underestimate the length scale of the electric field gradient to be 1 µm, the 

dielectrophoretic velocity scales with ~ 0.1 nm/s, which is much lower than the observed 

velocities for our particles.  
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