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Experimental Details

Here we present technical details describing device fabrications, device dimensions,
components, and equipment.

The photomask was designed using the AutoCAD software and printed with a mask
printer (Intelligent Micro Patterning LLC, Model SF-100 Xpress). First, a template for casting
was made on a silicon substrate, with SU-8 photoresist (Microchem, Newton, MA). The
template has features about 300 um deep which defines the depth of the EC cell, that is, the
distance between the working electrode and the counter electrode (see Fig. 1(a)). The dimension
of the EC cell is approximately 2.5x2.5x0.3 mm”.

A 10:1 ratio (w/w) of polydimethylsiloxane (PDMS) prepolymer and curing agent
(Sylgard 184, Dow Corning Co., Midland, MI, USA) were thoroughly mixed, degassed under
vacuum, poured onto the patterned template to a thickness of 1 cm, and cured in an oven at 75 °C
overnight."" ? The counter electrode was made of Pt. High temperature epoxy (Duralco 4461,
Cotronics Co., Brooklyn, NY) was used to form the base block for hosting the wires to connect
the Pt electrodes and the external electrochemical work station. It was fabricated by inserting the
copper metal wires (diameter 600 pum for the counter electrode and 350 um for the reference
electrode, respectively) through a PDMS block. Once the wires were secured in the block, a
mixture of epoxy was poured and cured for 24 hrs at room temperature followed by 2 hrs heating
at 110 °C in the oven. The surface of the epoxy block with embedded wires was polished with
fine sand papers to create a flat surface for sputter coating of Pt forming the metal electrode.
Prior to Pt sputtering (Denton Vacuum, LLC, Moorestown, NJ), the two electrodes were
separated by a narrow strip of tape (Fig. 1(b)). The Pt target was acquired from Kurt J. Lesker
Co., Clariton, PA with a purity of 99.99%. The sputtered Pt electrode is 200 nm thick. The tape
was removed after sputter coating forming the counter electrode and reference electrode. The
dimension of the Pt counter electrode is ~ 2.3x3 mmz, and the Pt reference electrode is ~ 0.5x3

2
mm .

The epoxy block was placed onto a SU-8 template containing the inlet and outlet ports
for electrolyte solutions and PDMS was cast. After removing the patterned PDMS substrate
from the template, two 0.5 mm diameter through-holes was made at the end of the round
reservoir by punching the substrate with a sharpened flat syringe needle (NE-301PL-C; Small
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Parts, Miramar, FL). The Au electrode was sputter coated (Model 30800, Ladd Research
Industries Inc., Burlington, VT) on the backside of the silicon nitride (SiN) membrane (window:
100 nm thickness SiN membrane, 1.5x1.5 mm?; and frame: 200 um thickness silicon, 7.5x7.5
mm?, Norcada Inc., Canada) with a thickness of 20 nm (Fig 1(c)). The dimension of the Au
electrode is ~ 2 x2 mm®. Here we simply assume that the actual electrode surface area is equal
to the geometric area. The PDMS piece and the SiN piece were treated with oxygen plasma
before bonding. The flow reservoir and microchannels were enclosed by irreversibly bonding

the PDMS block and the SiN window.

The EC vacuum interface consists of a PDMS microfluidic block, electro-osmotic pump
(Model: 3000126, Dolomite, United Kingdom, battery (Saft, Li-SOCIl,), and PTFE connecting
tubings (Valco Instruments Co. Inc. TX). The PDMS microfluidic block except for the
membrane window was coated by a thin layer of gold film. The continuous flow in the channel
was obtained by an electro-osmotic pump adapted for vacuum compatibility and it was powered
by a hermetic, glass-metal-sealed 3.6 V thionyl chloride lithium batteries (SAFT 1/2 AA, LS-
14250).> © It is used to reduce beam damage and keep stable electrolyte supply. The wire
connections were covered by UHV compatible fiberglass sleeving. A short capillary (Polymicro
Technologies, 360 um OD and 74 pm ID) was inserted in the PTFE tubing to form a tee. Above
the channel and reservoir on the SiN window, a hole of approximately 2 um in diameter was
drilled through by the ToF-SIMS primary ion beam.

Additional Figures

Figure S-1 depicts the ToF-SIMS depth profiling time series illustrating the drill through
of the SiN membrane, the gold electrode coated on the backside of the SiN, and observations of
the electrolyte adjacent to the electrode. During drilling, a Bi" beam (pulse width = 1000 ns)
with 20 kHz repeating rate was used. At sputter time 40 s, the SiN membrane and Au film
electrode were drilled through. This was confirmed by the sharp increase of the intensity of H’
and O signals, indicating that the electrolyte surface is being seen. After 2-3 more seconds (at
42-43 s), the Bi' beam pulse was changed from 1000 ns to 200 ns for better mass resolution so
that peak assignment was possible. It should be mentioned that with 1000 ns pulse, only H™ and
O’ signals can be easily separated from interferences.

It is interesting to note that signals of species that are known to form as a result of
subsequent interfacial reactions, such as Aul,’, I, and I3", can be detected after about 45 s.
Their signal intensities rise quickly and then reduce sharply. Species that are known to form as a
result of the redox reactions at higher potential in the electrolyte, such as 1037, also were
observed. However, the 103" signal decreases dramatically with time, indicating that the rate for
it to form (or disappear) is slower, because it is one of the more oxidized products (see reaction
(4)) in the chain reactions.
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Figure S-1. The ToF-SIMS depth profiling time series illustrating direct observations of
the electrode-electrolyte interface.

Each curve in Figure S-1 (45 s to 100 s range) corresponds to a 2D image of individual
species shown in Figure 3 and each image within Figure 3 corresponds to a m/z peak shown in
Figure 2. These experimental data are strong evidences that the depth profiling mode provides
direct spatial measurements of the electrode-electrolyte interface.

For better understanding, we drew a schematic illustration (Figure S-2) to show aperture
evolution:

Figure S-2 A corresponds to about the 10 s sputtering time in Figure S-1. Some SiN
material was sputtered away. Figure S-2 B corresponds to the ~38 s in Figure S-1. Some Au
was sputtered away, but no liquid was detected. Figure S-2 C corresponds to the ~45 s in Figure
S-1. The Bi" has sputtered through the Au layer; however, the aperture size was small. Figure
S-2 D corresponds to the ~100 s in Figure S-1. The aperture became larger with more Bi"
sputtering.

The electrode/electrolyte interface may be a ring (see red arrows in Figure S-2 C). This
interface is highly dynamic because high Bi" current density was used in our measurements.
Thus, the aperture became larger and larger during measurements. Meanwhile, excellent
detection limit of SIMS ensured us to get signals of interest, such as Aul,” and I,", from this
interface, although the area was limited.
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We may detect electrochemical products from electrolyte/vacuum interface also, because

soluble species of interest, such as 103 and I3", can diffuse from the adjacent Au/electrolyte
interface.
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Figure S-2. A schematic illustration of the aperture evolution during ToF-SIMS measurement.

Figure 2(b) depicts the m/z spectrum obtained at 0.8 V by the ToF-SIMS; however, only
peaks of interest are shown. An example of complete m/z spectra obtained at different potentials
is provided below in Figure S-3.
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Figure S-3: The ToF-SIMS m/z spectrum acquired at 0.8 V.

Additional References

The following references are not included due to the space constraint of the manuscript.

They are provided for the convenience of readers for further investigations and discussions.

EC cells developed for synchrotron studies are also provided.”"? However, these existing

cells do not employ microfluidic approach.

are included for the interest of readers.

Additional papers describing the study of the KI electrolyte in a three electrode system
13-23
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