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to study active matter.[8] Due to their 
immense versatility, the material chem-
istry community has undertaken great 
efforts to synthesize functional MNMs 
from different materials with distinctive 
structures using a range of synthesis and 
fabrication techniques.[1,9] Since the spe-
cific range of applications of a particular 
MNM is inherently linked to its intrinsic 
material properties, such as being cata-
lytic, magnetic, or photoactive, a great 
research effort has gone into the pursuit 
of an ever-expanding selection of materials 
with unique properties.[9,10]

One such group of materials is liquid 
metals (LMs). Low melting point LMs are 
fluidic at room temperature while main-
taining the same electrical conductivity 
as regular metals. A fascinating material 
with unique properties,[11] LMs are widely 
used for printing flexible electronic cir-
cuits and sensors[12] and have also been 
utilized in nanomedicine for biomedical 
theranostics as they are both deformable 
and biocompatible.[13] Several implemen-

tations of LM motors have appeared over the past few years, 
although typically operating at macroscopic (≥1 mm) scales. 
For example, millimeter-scale LM (Galinstan) motors achieved 
directional self-propulsion via the Marangoni effect, caused 
by an imbalance of surface tension arising either from an 
external electric field[14] or pH (or ionic) gradient.[15] In another 
example, millimeter-scale LM (EGaIn and Galinstan) droplets 
with attached aluminum flakes were shown to move in sodium 
hydroxide solution by bubble propulsion.[16] Moreover, an early 
study showed that LM (Galinstan) droplets coated with WO3 
nanoparticles as photocatalysts could be propelled by bubbles 
via photochemical reactions of WO3 with H2O2.[17] Although 
these pioneering studies have made great strides in LM-based 
motors, efforts to downscale them to micro- and nanorange 
are still rare. Two particular challenges that LM-MNMs have 
to overcome are Brownian motion and the highly viscous envi-
ronment for microscopic swimmers which require different 
propulsion mechanisms than for macroscopic LM motors. 
A recent pioneering study fabricated LM microrods using a 
template method and studied their propulsion via ultrasound 
as well as their usefulness in biomedical applications such 
as cancer therapy.[18] This opened up tremendous possibili-
ties of using LM-MNMs for a range of applications at micro/
nanoscales beyond cancer therapy.

Micro/nanomotors (MNMs) have emerged as active micro/nanoplatforms 
that can move and perform functions at small scales. Much of their success, 
however, hinges on the use of functional properties of new materials. Liquid 
metals (LMs), due to their good electrical conductivity, biocompatibility, 
and flexibility, have attracted considerable attentions in the fields of flexible 
electronics, biomedicine, and soft robotics. The design and construction of 
LM-based motors is therefore a research topic with tremendous prospects, 
however current approaches are mostly limited to macroscales. Here, the 
fabrication of an LM-MNM (made of Galinstan, a gallium–indium–tin alloy) is 
reported and its potential application as an on-demand, self-targeting welding 
filler is demonstrated. These LM-MNMs (as small as a few hundred nanom-
eters) are half-coated with a thin layer of platinum (Pt) and move in H2O2 via 
self-electrophoresis. In addition, the LM-MNMs roaming in a silver nanowire 
network can move along the nanowires and accumulate at the contact junc-
tions where they become fluidic and achieve junction micro welding at room 
temperature by reacting with acid vapor. This work presents an intelligent and 
soft nanorobot capable of repairing circuits by welding at small scales, thus 
extending the pool of available self-propelled MNMs and introducing new 
applications.

In recent years, there has been growing interest in micro/
nanomotors (MNMs, also known as colloidal motors or syn-
thetic microswimmers) due to their controlled self-propulsion 
and on-demand operability at small scales.[1,2] In the nearly two 
decades since their introduction,[3] MNMs have demonstrated 
their exciting potential as autonomous and intelligent micro/
nanotools for drug delivery,[4] microsurgery,[5] biosensing,[6] 
pollutant degradation,[7] and many other applications. In addi-
tion, MNMs are also widely used in physics as a model system 
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Herein, we report a new type of LM-MNM with dimensions 
ranging from hundreds of nanometers to a few micrometers, 
capable of moving through self-electrophoresis by electrochemi-
cally converting H2O2. The Janus structure of LM-MNMs is fab-
ricated by sputtering Pt onto one hemisphere of an LM micro-
sphere produced by ultrasonic dispersion. They can reach peak 
velocities of ≈30 µm s−1 without any visible bubbles emerging 
from their tails. To showcase their potential usefulness, we pro-
vide a proof-of-concept where these chemically powered LM-
MNMs are employed as intelligent microfillers that target and 
weld silver nanowires (AgNWs), thereby greatly improving the 
electrical conductivity of the AgNW network. This represents, 
to the best of our knowledge, the first report of chemically pow-
ered LM-MNMs operating at micro- and nanoscales, and also 
the first application of MNMs of any kind to carry out micro-
welding. By combining the unique properties of liquid metals 
with the propulsion and targeting capabilities of MNMs, this 
work provides a glimpse of the wide range of potential applica-
tions of LM-MNMs that extend far beyond the precise circuit 
repair and microwelding demonstrated here to fields like nano-
medicine and bioimaging.

For the fabrication of our LM-MNM Janus motors (Figure 1), 
we used Galinstan with a composition of 68.5% gallium, 
21.5% indium, and 10% tin and a melting point well below 
room temperature.[19] Furthermore, we used an ultrasound 

sonifier to disperse the LM bulk material in ethanol into  
micro/nanoparticles, which were then arranged into a mono-
layer on a glass substrate (see the Experimental Section). 
Then, a thin layer (about ≈10 nm) of metal (e.g., Pt, Ag, or Au) 
was deposited onto the top hemisphere of the particles using a 
sputter machine to produce the Janus particles. The resulting 
LM micro/nanoparticles are roughly spherical (Figure 1b) with 
user-controllable size distribution (tunable by adjusting the 
ultrasonic treatment parameters—Figure S1, Supporting Infor-
mation). The Janus structure of the fabricated LM-MNM was 
confirmed through scanning electron microscopy (SEM) and 
elemental mapping by energy dispersive spectroscopy (EDS) 
(Figure 1e,f). Notably, smaller LM particles can be obtained by 
increasing the power and duration of the ultrasound disper-
sion (see below).

One notable feature of the dispersed LM particles is a thin 
surface layer of Ga2O3, which is known to spontaneously and 
rapidly form as Galinstan is exposed to the oxygen in air (or 
water in our case).[20] Through high resolution transmission 
electron microscopy (TEM), we determined the layer thick-
ness as ≈2 nm (Figure 1c,d). This ultrathin oxide layer is 
important for three reasons. First, its presence maintains the 
spherical shape of the LM particles and prevents them from 
merging uncontrollably. Second, being a semiconductor, a 
Ga2O3 layer allows for electron transfer between the Pt layer 
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Figure 1. Fabrication and characterization of LM–Pt Janus particles. a) Fabrication of the LM–Pt Janus particles via sputtering Pt onto LM monolayers. 
b) SEM image of the LM spheres fabricated by ultrasonic dispersion. Inset: the obtained LM spheres are uniformly dispersed in ethanol. c) TEM image 
of an LM sphere. d) A thin Ga2O3 shell on the LM sphere. e) SEM image of a fabricated LM–Pt Janus sphere. f) EDS elemental mapping of the LM–Pt 
Janus sphere from (e) showing a Janus structure.
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and the LM core via electron tunneling,[21] which is necessary 
for self-electrophoresis to occur (see below). Third, this layer 
readily dissolves in diluted hydrochloric acid (pH = 0.4), thus 
enabling us to exploit the fluidic nature of the LM particles in 
a microwelding application demonstrated at the end of this 
article.

Upon being added to an aqueous solution containing H2O2, 
Pt-coated LM micro/nanoparticles transform into micro- and 
nanomotors and begin to move around rapidly. Typical tra-
jectories of moving LM-MNMs are shown in Movie S1 in the 
Supporting Information and Figure 2a,c. This result is further 
investigated by varying three key experimental parameters: the 
type of metal coating, the H2O2 concentration, and the particle 
size.

Metal Coating: While LM-MNMs coated with Au or Ag layer 
only exhibited a Brownian-like motion with very low activity 
even in the presence of 10 wt% H2O2 (Figure 2a,b), Pt-coated 
LM-MNMs achieved much higher velocities. It seems that the 
presence of highly catalytic Pt is crucial for the self-propul-
sion of the LM-MNMs, and that the catalytic reaction of H2O2 
decomposition provides the necessary energy. While this may 
appear similar to typical Pt-coated SiO2

[22] micromotors, we will 
show below that our MNMs operate by a different mechanism. 
We would also like to emphasize that we did not observe any 
bubbles in the immediate vicinity of a moving LM-MNMs, even 
at very high fuel concentrations (30% H2O2) thus ruling out 
bubble propulsion.[23]

H2O2 Concentration: It is known that the activity of chemi-
cally propelled MNMs largely depends on fuel concentrations. 
By increasing the H2O2 concentrations from 0.25 to 30 wt%, the 
LM-MNM velocities increased almost linearly from 1.0 ± 0.5 to 
32.9 ± 11 µm s−1 (Figure 2c, linear fit R2 = 0.91). This continued 
increase is somewhat surprising since the speeds of chemical 
MNMs typically reach a plateau at high fuel concentrations 
once the speed becomes limited by the surface reaction kinetics 
rather than the diffusion of fuel molecules.[24] The fact that we 
did not reach any plateau suggests that the reaction kinetics, of 
whatever the reaction might be, are very fast indeed.

Particle Size: The last experimental parameter we inves-
tigated is the LM-MNM size. As mentioned earlier, the LM 
particle size can be controlled by tuning the power and dura-
tion of the ultrasonic dispersion process. Here, we focus on 
two batches of LM particles: one batch with diameters of  
500–800 nm (650 ± 150 nm) and a second batch with particle 
sizes ranging from 2–10 µm.

Considering the strong Brownian motion of nanosized 
motors, the self-propulsion behavior of the 500–800 nm par-
ticles is characterized by an enhanced diffusion coefficient 
rather than an instantaneous speed[25] (Movie S2, Supporting 
Information). The mean squared displacement (MSD) of some 
typical LM nanomotors (LM-NMs) in different H2O2 concen-
trations is shown in Figure 3a. Their diffusion coefficients, 
D, can be extracted from the slope of the linear segments of 
the MSD plots according to MSD = 4DΔt (only diffusion in 
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Figure 2. LM-MNM speeds for different metal coatings and H2O2 concentrations. a) Video snapshots of LM-MNMs with Au, Ag, and Pt coatings in 
10 wt% H2O2 recorded for a period of 6 s. b) Average speed of LM-MNMs half coated with Au, Ag, and Pt. c) Average speed of Pt-coated LM-MNMs 
swimming in different concentrations of H2O2 (squares) and corresponding trajectories during 6 s (trajectories are matched to data points by colors). 
Error bars indicate standard deviation (N = 10).



© 2019 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim1905067 (4 of 8)

www.advmat.dewww.advancedsciencenews.com

2D is considered).[26] D increased from 0.64 ± 0.17 µm2 s−1 for  
0 wt% H2O2 (commensurate with the theoretical value of purely 
Brownian motion), to 23.36 ± 10.47 µm2 s−1 at 30 wt% H2O2 
(Figure 3b). Typical particle tracks are shown to help visualize 
the difference in activity (Figure 3b). In addition, due to highly 
efficient self-propulsion and its sustained duration, the active 
motion of LM-NMs changed from enhanced diffusion to long-
range ballistic self-propulsion.

In contrast, the microsized LM motors (2–10 µm) exhib-
ited insignificant Brownian motion. Furthermore, the 
speeds of the LM-MMs decreased with increasing particle 
diameters (Figure 3c). A typical video of the size dependent 
self-propulsion of the LM-MMs is provided in Movie S3 in 
the Supporting Information. This result agrees with pre-
vious studies on chemically propelled MNM systems.[27] Not 
only do larger motors move more slowly, they also move 
with an improved directionality. This can be shown by cal-
culating the average angular speed of moving LM-MMs as 
a function of motor size (Figure 3d). The angular speed 
decreased quickly from about 63 ± 10° s−1 for LM-MMs of 
diameters 3 ± 0.4 µm to 15 ± 3° s−1 for particle diameters 
of 9 ± 0.6 µm, indicating that larger LM-MMs move along 
more straight trajectories.

After investigating the effects of different particle and envi-
ronmental parameters on LM-MNM dynamics, we now turn 
our focus to the propulsion mechanism itself. Most typical pro-
pulsion mechanisms for chemically driven micromotors can 
be easily ruled out: bubble propulsion is unlikely as we did not 
observe any bubbles in the experiments; also the Marangoni 
effect which propels particles via surface tension gradients can 
be ruled out as this effect does not usually occur with micro/
nanoscale particles or with particles moving in aqueous solu-
tion rather than on a liquid–air interface.[28] Another popular 
mechanism is self-diffusiophoresis through surface chemical 
reactions that result in a local gradient of chemicals.[29] Unlike 
the Pt-coated SiO2 or PS spheres,[30] the LM-MNMs in our 
experiments moved significantly faster than Pt-coated SiO2 
motors fabricated in the same way. We believe that the most 
plausible explanation that aligns with our experimental obser-
vations is that our LM-MNMs are driven by an asymmetric dis-
tribution of protons which creates an electric field that propels 
the motors via self-electrophoresis, much in the same way as a 
bimetallic micromotor[31,32] (see Figure 4a). To explain this pro-
pulsion mechanism, let us assume that the H2O2 on the surface 
of the LM-MNMs Pt coating electrochemically decomposes in a 
similar fashion to an Au–Pt microsphere.[33] The Pt hemisphere 
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Figure 3. Size-dependent dynamics of LM-MNMs. a) MSD as a function of time interval in different H2O2 concentrations. b) Diffusion coefficients 
(bars) and typical trajectories (lines—the colors correspond to those from (a)) for different H2O2 concentrations. c) LM-MM speed as a function of 
particle diameter in 10 wt% H2O2. Inset: speeds in units of body-lengths per second. d) Angular velocities of differently sized LM-MMs and a schematic 
illustrating the calculation of angular velocities. Error bars indicate standard deviation (N = 10).
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preferentially catalyzes the oxidation of H2O2 and generates an 
excess of protons as the electrons migrate via the conductive 
core from the Pt side to the uncoated side where they reduce 
H2O2 (or O2) into water. This resulting asymmetric distribution 
of protons creates an electric field that propels the motors via 
self-electrophoresis.

Since a motor undergoing self-electrophoresis is essen-
tially a battery in short circuit, an electric current must flow 
from the cathode to the anode. To test this hypothesis, we car-
ried out electrochemical measurements (similar to previous 
studies[32,34]) to confirm the existence of the current flow and 
thus to confirm that self-electrophoresis is indeed the driving 
mechanism of our LM-MNMs. We measured the electrical cur-
rent between the Pt electrode and LM electrode immersed in 
H2O2 solution (Figure 4b inset for setup; see the Supporting 
Information for experimental details), which confirms our 
hypothesis. More importantly, the current density increased 
linearly (R2 = 0.98) from 0.38 ± 0.10 to 5.9 ± 1.1 µA cm−2 
when increasing the H2O2 concentration from 0.25 to 30 wt% 
(Figure 4b, Figure S2a, Supporting Information), suggesting 
that the current density of the electrochemical reaction is 
directly correlated with the self-propulsion velocity (Figure S2b, 
Supporting Information). Moreover, the current density of  
LM–Au and LM–Ag (Figure S2c, Supporting Information) 
combinations are much lower than that of LM–Pt, which is in 
good agreement with our observations that LM–Au and LM–Ag 
Janus particles hardly moved (Figure 2a). All these electrochem-
ical measurements lend strong support to our hypothesis of a 
self-electrophoresis mechanism.

To obtain more conclusive evidence and in an effort to quan-
titatively reproduce the observed motor speeds, we performed 
numerical simulations using an electrokinetic model reported 
previously[35,36] (see Figures S3 and S4 in the Supporting Infor-
mation). Our model is based on two important assumptions: 
i) the electrical double-layer on the motor surface is assumed 
to be thin and not significantly perturbed by the surface reac-
tions, and ii) the chemical reaction rate on the motor surface 
is assumed to be constant and uniform while proton fluxes 
normal to the surface are assumed to be equal and opposite on 
the anode and cathode sides of the motor. The flux is measured 
using the current density as a proxy (Figure 4b). The simu-
lated distributions of the electric potential (Figure 4c) and flow 
field (Figure 4d) show a typical self-electrophoretic micromotor 
moving away from the cathode end. From the flux numbers 
extracted from electrochemical measurements (Figure 3b), we 
obtained motor speeds of 1.74 µm s−1. This suggests that our 
proposed self-electrophoresis mechanism can provide a suf-
ficiently strong propulsive force to move an LM-MNM with 
speeds comparable to those observed in our experiments. We 
note, however, that our simulation could not explain the par-
ticle size dependence of the motor speeds, which could be due 
to the charged bottom substrate that is known to slow down 
electrophoretic micromotors[35,37] but was not considered in our 
model.

So far, we mostly considered the moving liquid metal 
microsphere as a solid particle and discussed its single-
particle dynamics and propulsion mechanisms. Next, 
we would like to highlight a potential example application of  
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Figure 4. Self-electrophoresis mechanism of LM-MNMs in H2O2. a) Schematic illustrating the self-propulsion mechanism due to oxidation on the 
Pt side and reduction at the uncoated hemisphere. b) Electrochemical measurement of the current density of the LM–Pt system (error bars indicate 
standard deviation, N = 10) for different H2O2 concentrations; the inset illustrates the experimental setup. c,d) Simulated results of the electrical 
potential (c) and the fluid field around a self-propelled LM–MNM (d).
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LM-MNMs that arises from their unique material properties:  
microwelding. We choose a AgNW network as our model 
scenario considering their wide use in electronic devices.[38] 
Particularly, the contact resistance at AgNW junctions has 
been a long-standing challenge for AgNW-based transparent 
conductive film applications.[39] Below, we demonstrate how  
LM-MNMs can serve as intelligent robotics devices that autono-
mously find and weld the cross-junctions of a AgNW network, 
and in doing so greatly reduce its contact resistance.

LM-MNMs tend to move along the AgNWs upon contacting 
the nanowires, with the AgNWs serving as guide tracks for 
the self-propelled motors (Figure 5a; Movie S4, Supporting 
Information). Structures providing guidance to motors has 
been reported previously.[40] Importantly, when the LM-MNMs 
encounter the junctions of the AgNW network, they can get 
stuck, thereby facilitating the subsequent welding process  
(see below).

Although flexible and conductive, the LM-MNMs stuck at 
the junctions are not yet capable of significantly reducing the 
contact resistance because: i) they are still in point contact with 
the nearby AgNWs and cannot form a robust bond, and ii) 
there is a thin oxide layer of Ga2O3 on the LM-MNM surface. 
In order to further reduce the contact resistance, we exposed 
the entire thin film with LM-MNM trapped at AgNWs junctions 
to acid vapor (Figure S5 and Movie S5, Supporting Informa-
tion), which resulted in the rapid removal of the Ga2O3 layer 

(Figure 5c; Figure S6, Supporting Information). The acid treat-
ment exposed pristine LM surfaces that readily formed metallic 
bonds with silver at the junctions of the AgNWs. LM-MNMs 
essentially served as fillers welding the AgNWs together. To 
examine the effect of this microwelding on reducing the con-
tact resistance, we measured the electrical resistance of an Au 
electrode (Figure S7, Supporting Information) on a glass slide 
where an AgNW network bridged the electrode gap. The resist-
ances of the electrode after different treatment were normalized 
according to the initial resistance value (R0) of electrodes with 
AgNW network only. After adding LM-MNMs, the resistance 
(R1) reduced to be 77% of R0 because of the presence of LM-
MNMs particles at the junctions of the AgNW networks. Then, 
the resistance after welding (R2) by acid treatment further 
decreased to be only about 40%, suggesting that LM-MNMs 
indeed welded the AgNW junctions and lowered the contact 
resistance (Figure 5d).

In summary, we have presented a liquid-metal-based 
deformable micro/nanomotor that is chemically self-propelled 
by self-electrophoresis. The spherical LM-MNMs were of a clas-
sical Janus structure, i.e., half-coated with Pt that catalyzes the 
decomposition of H2O2 fuel to harness energy for self-propul-
sion. Through electrochemical measurements and numerical 
simulations, we tentatively identify the self-propulsion mecha-
nism of the LM-MNMs as self-electrophoresis. Furthermore, 
we systematically investigated the dependence of LM-MMN 
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Figure 5. Microwelding of AgNW by self-propelled LM-MNMs. a) Video snapshot and b) instantaneous speed of a LM-MNM moving within the AgNW 
network. c) Schematic illustrating the HCl vapor treatment and the corresponding SEM images of LM-MNMs stuck at an AgNW junction before and 
after microwelding. d) Electrical resistance of a gapped gold electrode under different conditions: with AgNW network only (R0), and with AgNW and 
LM-MNMs before (R1) and after (R2) microwelding, respectively. (Error bars indicate standard deviation, N = 6).
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dynamics on fuel concentrations, coating metal types, and 
motor sizes. Due to their active self-propulsion, LM-MNMs can 
approach and move along AgNW networks until they become 
stuck at a junction. Such a spontaneous process enables the 
LM-MNMs to actively “search” for the target sites within the 
AgNW network, where they then perform microwelding to 
bond the AgNW junctions and lower the contact resistance as 
a result of their liquid metal nature. This work provided a pre-
liminary but novel application of LM-MNMs for circuit repair 
or circuit bonding at small scales. Despite being rather primi-
tive and limited, our chemically powered LM-MNMs could pro-
vide the necessary inspiration to create novel applications in 
a number of disciplines including robotics, material sciences, 
and biomedical engineering.

Experimental Section
Materials and Instruments: Liquid metal (Galinstan consisting 

of 68.5% gallium, 21.5% indium, and 10% tin), ethanol (>99%), 
hydrogen peroxide (H2O2, 30 wt%), and hydrogen chloride (HCl, 37%) 
were commercially purchased and used as received. An ultrasonic 
homogenizer (NingBo Scientz Biotechnology JY92-II DN) was used to 
break the LM into micro/nanoparticles. Their sizes and zeta potential 
were measured with a Zetasizer Nano ZSP (Malvern). A sputter machine 
(Kyky Technology; SBC-12) was used to coat a layer of platinum on 
the surface of the LM particles. A field-emission scanning electron 
microscope (FESEM; Hitachi S4700) and transmission electron 
microscope (Tecnai G2 Spirit) were used for SEM and TEM imaging. 
Videos showing the motors’ movements were captured via inverted 
optical microscopy using a digital camera (Lecia DMi8) at about 10 fps. 
Motor dynamics were tracked and analyzed by ImageJ.[41]

Synthesis of LM-MNMs: First, LM (20 µL) was added to 15 mL 
of ethanol and the container was kept in an ice bath. Then, probe 
sonication (300 W) was applied to break up the LM into small 
particles with the power and treatment time (up to 30 min) chosen 
accordingly in order to obtain different size distributions of the LM 
micro/nanoparticles (LM-MNPs). The synthesized LM-MNPs (ethanol 
suspension) were dropped uniformly onto a precleaned glass slide 
by O2 plasma treatment for 3 min to form a monolayer. A proper 
concentration of the LM-MNPs suspension (about 2 mg mL−1) was 
chosen in order to ensure monolayer formation instead of forming 
multiple layers. Then, the monolayer of LM-MNPs was half-coated with 
a thin layer of different metallic materials (Pt, Au, or Ag) using a sputter 
machine. Finally, the formed LM-MNMs were collected from the glass 
slide by bath sonication at low power (80 W) for about 30 s in order to 
avoid affecting the particles size and shape. Then, the LM-MNMs were 
dispersed in deionized water for further use.

Electrochemical Measurements: An electrochemical workstation 
(Shanghai Chenhua Instrument; CHI760E) was used to measure the 
i–t curve and open circuit potential (OCP). The working electrode was 
connected to the LM and the reference and counter electrodes were both 
connected to the metal (Pt, Au, or Ag) electrode. The different materials 
(Pt, Au, and Ag) were sputtered onto an aluminum foil to form the Pt, 
Au, and Ag electrodes. Then, the working electrode was connected to a 
copper wire that was inserted into a large LM droplet serving as the LM 
electrode. Different concentrations of H2O2 were added to the beaker 
and the i–t curve or open circuit voltage was measured for 60 s.

HCl Vapor Treatment, Vessel Design, and Fabrication: Solidworks 
was used for the design of the treatment vessel which was fabricated 
by 3D printing (SPSS-450). The vessel contained four sites for the 
sample loading and a sieve plate was placed above the samples to 
ensure uniform treatment by HCl vapor as shown in Movie S6 in the 
Supporting Information. Then, HCl vapor was pumped into the vessel 
along with compressed nitrogen from the inlets to react with the sample 
(Ag NWs+LM-MNMs).

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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