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Fifteen  years  ago,  Whitesides  et  al.  pioneered  a  work  on  self-propelled  catalytic

millimeter-scale ships,1  triggering a mighty development of synthetic micro and nanomotors.

These devices move autonomously in the presence of a fuel solution by converting chemical to

mechanical   energy.2  Most   of   reported   catalytic   micro   and   nanomotors   are   driven   by   the

decomposition of hydrogen peroxide, although there are other recent examples using glucose and

urea as fuels.3-5 Several applications for these miniaturized motors have been demonstrated such
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as electronic circuit healing,6 biosensing,4, 7 nanolithography,8 microfluidic pumping,9 nanocargo

transport10,  or  environmental remediation (for details,  see recent review articles11-16).  Most of

these applications require a precise control over the speed and directionality of the motors.17,

which are highly dependent  on the motor  design parameters,  such as  its  geometry,  size and

composition. Understanding the mechanisms involved in the propulsion of catalytic micro and

nanomotors   as   a   function   of   their   design   is   crucial   for   controlling   their   motion.   Different

propulsion mechanisms have been  identified,  such as bubble propulsion,  selfelectroosmosis,

selfdiffusiophoresis or interfacial tension.16  In the first mechanism, bubbles are formed on the

catalytic surface and impart momentum to the motor.  For example,  tubular microjets18,  19 are

driven by oxygen bubble propulsion, caused by the decomposition of H2O2 at the inner catalytic

surface.  While bubble propulsion seems at  first  glance the most intuitive way to explain the

motion of these motors, this mechanism cannot be used to rationalize, for instance, the motion of

bimetallic  structures  such  as  Pt/Au  or  Cu/Pt  nanowires  (NWs)  in  H2O2 and  I2 solutions

respectively.20,  21 For bimetallic NWs, self-electroosmosis  22,  23 is  generally the most accepted

mechanism compared to  others21,24.   In  this  case,  a selfinduced electric field is  generated by

redox reactions occurring on the two different metallic segments. The motion of other micro- and

nanomotors  has  been explained in  terms of  self-diffusiophoresis.  Several  works  suggest  that

micro-  and  nanoparticles  asymmetrically  coated  with  Pt  move  due  to  an  O2 concentration

gradient, caused by the asymmetric decomposition of H2O2 along the body of the motor.25-27 28, 29

Recent  investigations  evaluating  more  complex  motor  architectures  are  pointing  towards  a

concomitant occurrence of mechanisms.30, 31



Among all  micro-  and nanomotors’ structures,  NWs are particularly appealing due to

their  unique  physical  properties.32  Additionally,   NWs   can   be   compartmentalized   in   several

functional  modules  by  means  of  segmentation33  or   coaxial   lithography34  to   increase   their

capabilities and functionalities. For instance, the trajectory of catalytic NW motor consisting of

Pt/Ni/Au/Ni/Au segments can be controlled by means of magnetic fields.35 However, interfacing

certain building blocks can be detrimental for several applications. For example, the combination

of two dissimilar metallic segments such as Au and Ni can lead to an increase of the corrosion

rate of the magnetic part due to galvanic coupling.36  Also, the interaction of certain materials

(e.g. Ni) with the surrounding environment (e.g.biological or aquatic media) must be avoided to

prevent undesired leakage of toxic ions. Alternatively, coreshell arrangements can provide an

inert   housing   to   prevent   certain   components   to   be   in   direct   contact   to   the   surrounding

environment. Coreshell NWs have been manufactured using a wide variety of methods, and

usually they imply two or more steps.37-42 

In this work, we capitalize on a recently developed method, which allows for the batch

fabrication of freestanding NWs based on template-assisted electrodeposition and wafer bonding.

As the NWs are self-supported on the wafer after template removal, a second electrodeposition

step can be realized to produce a core-shell architecture. This newly developed method can be

adopted  to  fabricate  core-shell  NWs  with  various  material  combinations.  Here,  we  have

produced different types of bimetallic core-shell NWs such as Au/Ru, Rh/Au, Au/Rh and we

have  investigated  for  the  first  time  their  motion  in  H2O2 solutions.  We observed  abnormal

behaviors of these core-shell devices including a speed increase with the length of Au/Ru core-

shell NWs and a large speed difference among Au/Ru, Rh/Au and Au/Rh, which have not been



observed for the segmented (conventional bimetallic)  NWs. The experimental results suggest

that self-electroosmosis cannot be the sole mechanism for the locomotion of these architectures.

Indeed, we suggest that self-diffusiophoresis is additionally playing a role as well. Additionally,

magnetically  guided  motion  of  a  (Au-Ni)/Ru  core-shell  NW  is  demonstrated.  In  this

configuration, the magnetic component is enclosed within the shell, thus preventing the Ni core

to be in contact with the surrounding solution. 

Results

Numerical model of electroosmotic mechanism on core-shell NWs. It has previously been

established that the electroosmotic force is the main driving force for locomotion of nanomotors

based on  surface redox reactions.43, 44 The redox reaction consists of an oxidation reaction and

reduction  reaction  as  illustrated  in  Figure  1a.  Protons,  oxygen molecules,  and electrons  are

generated  in  the  oxidation  process  at  the  anode  (Au)  by  decomposing H2O2.  The  generated

protons travel by convection, diffusion, and migration to the cathode (Ru), where they react with

electrons,  oxygen  and  H2O2 molecules  to  produce  H2O  in  the  reduction  process.  As  a

consequence of this redox reaction, protons are asymmetrically distributed around the nanomotor

and, accordingly, an asymmetric  electric  field is  developed.  This self-generated electric field

causes  protons  to  migrate  inside  the  electrical  double  layer  that  naturally  formed  when the

nanomotor is immerged in a water solution. The proton migration leads to an electroosmotic

flow, which eventually causes the motion of the nanomotor. The influence of the electroosmotic

mechanism on the locomotion of our newly designed nanomotor is simulated using commercial

multiphysics   simulation   package   COMSOL   (5.1).  Figure   S1a  shows   that   the   proton

concentration around the Au/Ru coreshell NW is highly asymmetric, as expected. The protons

are highly concentrated at the Au (anode) end the NW, where they are generated, and have a low



concentration at   the Ru (cathode)  end,  where they are consumed.    As expected,  Figure S1b

shows that the electric potential is also asymmetric because of the  asymmetric distribution of

protons.  Figure 1b  shows that the  fluid  flows from the anode to the cathode, translating to a

directional motion of  the Au/Ru coreshell NW  with the  anode  forward. The simulation also

reveals that the fluid speed is highest at the interface between the cathode and anode of the core

shell NW, where the majority of the electroosmosis flow occurs. 

We notice in our simulation (Figure 1b) that near the opposite tip to the anode there is a

convergent flow loop on each side of the rod due to the coupling between the electrosmotic flow

moving from the anode to the cathode, and a flow from the surrounding solution due to the

electric field pointing towards the cathode. We further investigate how the length of Au/Ru core-

shell NW affects the convergent flow. When the length is small enough (~ 500 nm, Figure 1b

(i)), the electric field generated at the anode dominates the overall electroosmotic flow (Figure

S1c),  and  the  disturbance  to  the  fluid  flow  at  the  tip  of  the  cathode  is  negligible.  At

approximately 1.5 µm, a flow reversal at the tip occurs, which is caused by the migration of

protons from the surrounding solution to the cathode (Figure 1b (ii)). The reverse flow gains

enough strength to create vortices near the surface of the NW tip. Further increase in length

increase the size of vortices (Figure 1b (iii), (iv)). These vortices represent a local increase in the

fluidic drag at the tail of the NW, according to the observed negative fluidic speed at the tip of

the cathode as seen from the fluid profile along the NW long axis (Figure S1d). 

The nanomotor speeds are calculated from the fluid velocities around the core-shell NWs

using the Solomentsev and Anderson model.45 Figure 1c shows the speed as a function of length

of  the  core-shell  NW. The  decreased  speed  with  length  in  the  numerical  simulation  can  be



attributed to the increase in drag force of the nanomotor as  its length increases, since no-slip

boundary condition was chosen for the nanomotor surface in the simulation.

Design and fabrication of the Au/Ru core shell NWs. The fabrication process is illustrated in

Figure  2a.  First,  an  anodic  aluminium oxide  (AAO)  membrane  was  transferred  onto  a  Si

substrate via the Au/Au compressive bonding technique previously developed in our group.46

Next, Au was electrodeposited into the pores of the AAO. The AAO was then chemically etched

to  obtain   a   freestanding  Au  NW array  on   the  Si   substrate.  Ru  was   then   electrochemically

deposited on the freestanding Au NW array, hence the formation of a coreshell structure. The

strong adhesion between  the freestanding array and  the Si substrate  is  able  to  withstand the

electrophoretic   and   fluidic   forces   exerted   on   the   NWs   during   Ru   electrodeposition.   We

importantly note that the freestanding NWs must be kept in solution to prevent drying, because

the surface tension forces during drying will cause severe NW aggregation 47 and result in a non

uniform deposition of the Ru shell. After the Ru deposition, the NWs are released by sonication. 

A scanning electron microscope (SEM) image obtained using a back-scattered electron

(BSE) detector in Figure 2b shows a typical Au/Ru core-shell NW with an approximate diameter

and a length of 350 nm and 2.5 µm, respectively, where the length varies with the deposition

time of the Au core.  Since the intensity of the BSE signal is proportional to the atomic number,

the bright area and the dark area can be assigned to Au and Ru, respectively. The Au core appears

only at the base (left end) as a consequence of being released from the Si substrate. No obvious

defects are observed in the Au/Ru core-shell NW structure as is seen in the high-angle annular

dark field (HAADF) scanning transmission electron microscopy (STEM) image (Figure 2c). The

corresponding  energy  dispersive  X-ray  (EDX)  mapping  verifies  that  the  core-shell  NW  is



composed of Au and Ru (Figure 2d). For a better understanding of the Ru distribution, we further

selectively etched the Au core in Au etchant. Representative SEM and STEM images  (Figure

2e,f) show  that  the  remaining  structure  after  etching  is  a  Ru  shell.  The  Ru  shell  has  an

approximate diameter of 350 nm, which is similar to that of a Au/Ru core-shell NW. A smooth

surface of the nanoshell without holes or cracks on the rod is observed and confirms the uniform

distribution and the conformal growth of the Ru shell. Subsequent EDX mapping verifies that the

nanoshell solely consists of Ru (Figure 2g). 

Catalytic propulsion of the Au/Ru core-shell NWs. The catalytic locomotion of the Au/Ru

core-shell NWs (approximate length of 2.5 µm) in H2O2 solution was investigated at various

concentrations (0, 0.1, 0.3, 2.5, 5, 10 and 20 wt %). As expected, the speed of the core-shell NW

increases with the concentration of H2O2 (Figure 3a), showing the maximum speed of 41 ± 7.6

µm/s  at  20  wt  % H2O2.  The  positive  correlation  between  the  speed  of  the  motor  and  the

concentration of H2O2 is in accordance with previous findings.48-51 A representative core-shell-

NW trajectory is shown in Figure 3a (i).  A large displacement is observed over 4.55 sec in the

presence of H2O2 (5 wt %) in contrast to the control experiment, conducted in the absence of

H2O2, which shows Brownian motion and a very small displacement (Figure 3a (ii)).  

 To systematically understand the locomotion, we studied the dynamic motion behavior of

the core-shell NW with different lengths (1.8, 2.6 and 3.4 µm). We calculated the mean-square

displacement (MSD) from the recorded motion trajectory (see also supporting movie1) using:

ΔL2 (t )≡ ⟨ [r (t )−r (0 ) ]
2 ⟩       (1)

where r (t )=(x (t ) , y (t ) ) .



Similar to catalytic motors of other shapes, the MSD curves in Figure 3b and S2a,b show

sinusoidal  oscillations,  which  indicate  that  our  motors  exhibit  a  circular  motion.48,  52,  53 The

translational  velocity  (v),  rotational  velocity  (ω),  translational  diffusivity  (D)  and  rotational

diffusivity (Dr) for a moving particle can be extracted by fitting the MSD curves with53:

Δ L2 (t )=4Dt+
2v2Dr t

Dr
2
+ω2

+
2v2 (ω2−Dr

2 )
Dr
2
+ω2

+
2 v2 eD rt

(Dr
2
+ω2 )

2 [(Dr2−ω2 )cosωt−2ωDr sinωt ]  

For  comparison,  the  translational  diffusivity  Dt,b  and the  rotational  diffusivity Dr,b of  passive

Brownian motion  (i.e.  in  the  absence  of  H2O2)  of  our  core-shell  NW are  calculated  by  the

Einstein relation: 

Dt , b=
k BT

f t ,
∥       (3)

ΔL2 (t )=4Dt+
2v2Dr t

Dr
2
+ω2

+
2v2(ω2−Dr

2 )
Dr
2
+ω2

+
2 v2eD rt

(Dr
2+ω2 )

2 [(Dr2−ω2 )cosωt− 2ωDrsinωt ]        (4)

where  k B  is the Boltzmann constant,  T is the absolute temperature,  f t
∥ is the translational

frictional drag force and f r
∥   is the rotational frictional drag force parallel to the long axis of

NW with a length (L) and a diameter (d) in a viscous media Dt , b=
k BT

f t ,
∥ . Dr , b=

k BT

f r
∥  are defined as:54

f t
∥
=

2 πηL

ln (L/d )−0.207+
0.980
(L/d )

−
0.133

(L /d )2
         (5)

 k B        (6)

All of the values, as summarized in Table 1, vary as the length changes. The translational

diffusivity  Dt, rotational diffusivity  Dr, and rotational velocity decrease with increasing length



which are easy to understood by the Einstein law; as the length increases, both translational and

rotational drag forces increase, which results in a decrease in both the diffusivity and velocity.

However, while Dt is quite close to Dt,b, a discrepancy of several orders of magnitude is observed

between Dr and Dr,b   for longer core-shell NWs. The vortices at the tail of the cathode, found in

the numerical modelling (see again Figure 1b) may explain the observed discrepancy between Dr

and Dr,b for a longer NW. This additional fluidic drag caused by the vortices, electrochemically

formed   contributes  to  the  large  reduction  in  the  rotational  diffusivity,  hence  reducing  its

tendency to rotate and, therefore, increasing its motion stability (or directionality.) For a detailed

elucidation,  we example macro-scaled flying objects,  such as rockets  or airplanes.  For those

flying objects, it is commonly known that the center of drag force should locate behind the center

of thrust for a directional stability, and the stability further increases with the distance of the two

centers. In our case, the center of thrust locates at the tip of the anode, while the center of drag

force, supposed to be at the center for this rectangular shaped-nanomotor is actually shifted to the

side of the cathode tip due to the additional drag force. The distance of the two centers further

increases with the size of vortex as the length increases.   

In addition, the increase in translational velocity (ν) with increasing length is unexpected

and somewhat counter-intuitive. Previous study conducted on Cu/Pt nanomotors show a decrease

in velocity with increasing nanomotor length, most likely due to the increased drag force for a

longer length.20 However, in our experiments the speed of Au-Ru core-shell nanomotor increased

with  the  nanomotor  length,  as  shown by the  averaged measured  velocities  in  Figure  3c for

lengths of 1.5, 2.5 and 3.5 µm (N>8 for each length). Our experimental values show a dissimilar

trend  with  the  numerical  simulations  (Figure  1c).  The  increase  in  speed  with  length  in  the

experimental data implies that there might be an extra driving force that increases with length.



This extra driving force superimposes on the main driving force (electroosmotic force), resulting

in increase in the net propulsive force of the nanomotor  (Figure 3d). We can assume that the

extra driving force can be related to a self-diffusiophoresis mechanism because O2 concentration

gradient around the motor surface is reinforced as the catalytically reactive surface area (Ru)

increases with length. Although it is intuitively compelling that self-diffusiophoresis due to the

generated O2 concentration on the Ru surface leads to a speed enhancement, the exact magnitude

of  such enhancement  remains  unknown,  and it  is  therefore difficult  to  directly  compare the

relative contribution from the enhanced force due to O2 generation, and the larger viscous drag

that a longer rod would experience slowing down the motor.

Catalytic propulsion of the core-shell  NWs with various material  combinations and the

prediction of their propulsive force. In order to further investigate the role of diffusiophoresis

in the catalytic propulsion of core-shell naonomtors, we fabricated Au/Rh and Rh/Au core-shell

NWs with a length of 2.5 um. Their motion in the presence of 20 wt% H2O2 were compared with

that of Au/Ru core-shell NW. We note that Ru/Au core-shell NW was not fabricated due to the

growth limit of Ru cores beyond 200 nm in a length. The trajectories of the core-shell NWs are

represented in Figure 4. The speed comparison of these three types of nanomotors was Au/Ru >>

Rh/Au > Au/Rh (See the Supplementary movie2). 

Such a  trend  cannot  be  explained  by  existing  theory  on  self-electroosmosis,  and  we

reason as follows. The speed of a self-electroosmotic nanomotor is in general correlated to a

combination  of  the  surface  charge  of  the  nanomotor  (zeta  potential),  and the  self-generated

electric field as a result of surface electrochemical reactions. To understand the effects of these

two factors, we first measured the zeta potential of Au/Ru, Rh/Au and Au/Rh core-shell NWs, all



yielding results around ~ -26 mV. This indicates that the observed speed difference among these

three samples cannot be explained solely by the differences in their zeta potential. Secondly, as

far as self-generated electric field is concerned, we believe that the difference among these three

samples are to be insignificant, supported by a previous study by Wang et al.22 showing similar

speed  of  Au-Ru,  Rh-Au  and  Au-Rh  segmented  NW  motors.  To  briefly  summarize,  self-

electroosmosis mechanism would predict similar speeds for these three samples, which is in clear

contrast to what we have experimentally observed.

Given the inadequacy of self-electroosmosis in explaining the observed speed trend, we

attempt  to  reconcile  our  results  with  self-diffusiophoresis.  The  magnitude  of  the  self-

diffusiophoretic force (extra driving force) depends on the O2 concentration gradient, developed

by the decomposition of H2O2 on the catalytically active layer. According to the previous studies,

the decomposition rate of H2O2 on Ru is twice as high as Rh, while it is 10 times slower on Au

than on Rh.55 This implies that the predicted magnitude of the selfdiffusiophoretic forces on the

coreshell NWs are in the order of Au/Rh >> Rh/Au > Au/Ru core-shell NWs, provided that the

total number of H2O2 decomposition is defined as the product of the decomposition rate and  the

reactive  surface  area.  With  the  regards,  diffusiophoretic  force  directions  on  Au/Rh,  Rh/Au,

Au/Ru core-shell nanomotors can be predicted as  Au→Rh, Rh→Au and Au→Ru respectively.

The predicted force magnitudes and directions are illustrated in the left column of Figure 4. We

note that the arrow sizes are relative among three core-shell samples. 

To this end,, the relative speeds among three nanomotors are predicted by comparing the

magnitudes of the propulsive forces that is the sum of the self-electroosmotic force and self-

diffusiophoretic force. Since the Au/Ru and Au/Rh core-shell NW exhibits the highest and lowest

propulsive  force  respectively,  the  expected  speeds  for  the  core-shell  NWs  decrease  in  the



following  order:  Au/Ru  >  Rh/Au  >  Au/Rh.  This  prediction  is  in  accordance  with  our

experimental observation, confirming our propulsion mechanism. 

Magnetic guided motion of (Au-Ni)/Ru core-shell NWs. 

In  this  section,  we  demonstrate  that  the  trajectory  of  our  core-shell  NWs  can  be

controlled under an applied magnetic field in H2O2 solution. For a magnetically guided motion, a

Ni segment was additionally deposited on a Au segment, and subsequently coated with a Ru shell

(see  Figure  S3 for  SEM images  and  EDX mapping  of  the  (Au-Ni)/Ru  core-shell  NWs).  A

magnetic  guided  motion  was  performed  under  the  magnetic  field  ( B⃗ )  of  1mT  with  a

negligible magnetic field gradient. Supplementary movie 3 shows rectangular trajectories of two

(Au-Ni)/Ru core-shell NWs when the field orientation is switched counterclockwise with a step

of 90°. Interestingly, the magnetic field only serves to align the motors parallel to the magnetic

field lines, but it does not determine the heading direction along them. 

In conclusion, coreshell NWs composed Au/Ru have been fabricated and studied as a

potential catalytic nanomotor when submerged in H2O2.  Their maximum speed was observed to

be 41±7.6  µm/s at  a  20% H2O2  concentration.  Moreover,  decreased rotational  diffusivity  or,

equivalently, enhanced directionality  is observed with increased length, which results from the

formation of vortices at the end of the cathode as revealed by the electroosmotic mechanism

based numerical simulation. Experimentally, this nanomotor design exhibits a positive length

speed correlation, which is contrary to what occurs in other designs or in our simulation. In the

case   of   our   coreshell   nanostructures,   we   assume   that   the   propulsion   comes   from   two

simultaneous   mechanisms:   selfdiffusiophoresis  and   selfelectroosmosis.   When   the   catalytic



active surface area (Ru) increases with length, the selfdiffusiophoretic force increases due to a

higher O2 concentration gradient. For a coreshell Au/Ru NW, the generated selfdiffusiophoretic

force is superimposed to the selfelectroosmotic force with the same force direction. Therefore,

the net propulsion force is reinforced. The suggested propulsion mechanism also justifies the

large difference in speed among Au/Rh, Rh/Au and Au/Ru coreshell NWs, which has not been

observed   for   conventional   bimetallic   NWs.   Finally,   we   have   successfully   demonstrated

magnetically  guided  motion  of   coreshell  NWs by  inserting  a  Ni   segment   in   the  coreshell

architecture as a magnetic responsive material. The coreshell fabrication method presented here

also allows for the integration of materials within the shell such as magnetic parts, and prevent

them to be in direct contact with the surrounding environment. 
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Figure 1. Numerical modeling of Au/Ru core-shell NW in the presence of H2O2: (a) A schematic drawing of the
self-electroosmotic model for our Au/Ru core-shell NW. We note the force arrow is represented from the point of
view of the nanomotor, rather than fluid.  b)  Magnitude of fluid velocity (background),  fluid velocity (magenta
arrows) and electroosmotic flux (red arrows) of Au/Ru core-shell NW with a length of 2.5 um; the inserts are the
magnified images of the magnitude of fluid velocity (background) and fluid velocity field (magenta arrows) for the
length of (i) 0.5 um, (ii) 1.5 um, (iii) 2.5 um and (iv) 3.5 um; the diameter of NWs are fixed to 300 nm, and (c)
Speed as a function of lengths. 



Figure 2.  (a) A schematic drawing of the fabrication of core-shell NWs: the fabrication process includes AAO/Si
substrate bonding and electrodeposition. BSE images of (b) a Au/Ru core-shell NW and (e) a Ru shell. *Insets in (b)
and (e) are schematic drawings of Au/Ru core-shell NW and Ru shell, respectively. HAADF STEM images of (c) a
Au/Ru core-shell  NW and (f)  a  Ru shell.  TEM-edx maps  of  (d)  a  Au/Ru core-shell  NW and (g)  a  Ru shell,
respectively.



Figure3. Experimental data of Au/Ru core-shell NW in the presence of H2O2: (a) Averaged speed as a function of the
concentration of H2O2. Speed was averaged from at least 11 samples with an approximate length of 2.5 μm. Inset (i):
A tracked path of a core-shell NW at 5 wt % H2O2. And inset (ii): A tracked path of a core-shell NW at 0 wt % H 2O2.
(b) a MSD curve of Au/Ru core-shell NWs at the approximate length of  2.5 µm. (c) Speed of Au/Ru core-shell
NWs as a function of a length of NWs in the presence of 5 wt % H2O2. *The length of core-shell NWs ranges from 1
to 2 µm, 2 to 3 µm and 3 to 4 µm. Averaged speed from at least eight samples for each range. (d) A schematic
drawing of our proposed mechanism for the propulsion of the Au/Ru core-shell NWs. We note the force arrows are
represented from the point of view of the nanomotor, rather than fluid.

        



Table 1. Measured parameters (Dt, ν, Dr and ω) and theoretical values (Dt,b and Dr,b) of Au/Ru core-shell NWs 

  Parameters

Length

Dt (µm2/s)  Dt,b 

(µm2/s)
ν (µm/s) Dr (µm2/rad) Dr,b  

 (µm2/rad)
Ω

(rad/s)

1.8 µm 0.97 0.71 9.83 1.84 2.13 6.97

2.6 µm 0.58 0.58 16.35 0.44 1.52 5.73

3.4 µm 0.31 0.50 27.88 0.0015 1.18 1.43

Figure 4.  The predictions of the magnitude and direction of self-electroosmotic and self-diffusiophoretic forces,
and the experimentally observed tracked paths of (a) Au/Rh, (b) Rh/Au and (c) Au/Ru core-shell NWs over 4.8 sec.
* The arrow size are relatively predicted in three samples and force arrows are represented from the point of view of
the nanomotor, rather than fluid.
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