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Abstract

Ionic liquid (IL) additives to both traditional and advanced oxygen reduction reaction (ORR)
electrocatalysts have yielded remarkable improvements in catalyst performance and durability.
However, incorporating ILs or IL-modified catalysts into the electrodes of a proton exchange
membrane fuel cell (PEMFC) membrane electrode assembly (MEA) has proven to be challenging.
Sulfonated poly(ionic liquid) block copolymers (S-PILBCP) present an opportunity to incorporate
IL functionality directly into the ionomer, orthogonal to protonic conductivity. Here, we use a
rotating disc electrode (RDE) to characterize the interface between a S-PILBCP and Pt catalyst in
comparison to Nafion. Catalyst thin films prepared with S-PILBCP show an 80% improvement in
the ORR activity over those containing Nafion. Thin films of S-PILBCP also show a significantly

reduced degree of poisoning sulfonate adsorption on a Pt(111) surface in comparison to Nafion.



These half-cell results provide useful insights that help to highlight the source of the impact of the

S-PILBCP on PEMFC MEA performance.

1. Introduction

While decades of research and development have pushed proton exchange membrane fuel
cells (PEMFCs) closer to wide-spread commercial integration, one of the remaining hurdles to be
surmounted is the system cost per kW of power, < $40/kWhe('. This limitation can be correlated to
the total Pt catalyst loading in PEMFCs required as a consequence of the sluggish cathodic oxygen
reduction reaction (ORR) kinetics®>. Therefore, substantial research efforts have focused on
modifying the cathode catalyst layer (CCL) and its constituting components to lower PEMFC
system cost to a level competitive with other advanced energy technologies, particularly for the
transportation sector. Innovative approaches such as alloying Pt with other transition metals and
controlling the size and shape of Pt nanoparticles show up to 20-fold improvements in the ORR
activity*”’. Although these novel electrocatalysts lower kinetic losses, enabling low Pt loading in
catalyst layers, they suffer severe losses at high current density (HCD)®. Performance losses at
HCD are primarily attributed to the insufficient reactant transport within the catalyst layer’.
Cathode catalyst layers in PEMFCs typically consist of carbon supported Pt catalysts dispersed
with a supporting ionomer. lonomers, ion-conducting polymers such as Nafion, are incorporated
in the catalyst layer to enable proton transport between the catalyst layer and membrane!®. These
proton-conducting ionomers suffer from low oxygen permeability and consequently create a
reactant transport barrier when interfaced with the Pt catalyst'!. Additionally, specific adsorption
of the sulfonate functional groups present in Nafion onto the Pt catalyst leads to a reduction in

overall active site density'?~'%. Inhomogeneous ionomer distribution throughout the catalyst layer



exacerbates these issues!’!°. In addition to this, low Pt loading further contributes to HCD induced
oxygen starvation due to large interparticle distance between the catalyst particles?®?!. Thus,

despite significant advances in Pt-based electrocatalyst activity* 72224

, their impact on fuel cell
system power density and cost at reduced catalyst loadings has yet to be fully realized.
Hydrophobic ionic liquids (IL; organic salts that are liquid near room temperature), a
significant number of which possess oxygen solubilities greater than water, have been used as
interfacial additives for ORR electrocatalysts, demonstrating enhanced activity and durability®
122529 Moreover, a recent study has shown IL interlayers on Pt mitigate the specific adsorption of
the sulfonate groups present in Nafion'2. While their utility has been clearly demonstrated, the
direct mechanism of activity and durability enhancement through integration of ILs remains
controversial. Methodologies for IL incorporation into catalyst layers include pre-loading using

12,25-27.3031 " direct integration of IL into catalyst ink®?’, and a technique

solvent dispersed ILs
termed sequential capacitive deposition?®. All of these methodologies have proven to be effective
in enhancing ORR activity of Pt-based catalysts in half-cell testing® '»%>-3!, Despite measurable
performance enhancements in the half-cell, i.e. rotating disk electrode (RDE), there has been
limited success in direct integration of free ILs into the membrane electrode assemblies (MEA) of
PEMFCs?® using similar IL loading techniques. In contrast to RDE thin-film catalyst layers, MEA
electrodes require larger quantities of catalyst material, greater catalyst loadings/electrode
thicknesses. In addition, electrode structure and ionomer distribution (triple-phase boundary) have
a greater impact on device performance®’. The addition of a foreign component, i.e. ILs, when
using well established ink formulations and catalyst layer deposition techniques, has the potential

to negatively impact electrode structure and device performance. Possible reasons for the

underperformance of IL incorporated MEAs include an inhomogeneous distribution of the ILs



within the CCL or loss of free IL during MEA operation. To address these limitations, a new
ionomer chemistry was developed, incorporating IL chemistry: sulfonated poly(ionic liquid) block
copolymers (S-PILBCPs) *2. When incorporated into Pt/C loaded PEMFC CCLs, the new ionomer
yields a two-fold improvement in the kinetic activity at low current density (LCD). Furthermore,
a Nafion/S-PILBCP composite ionomer substantially improves the HCD performance as well*.
In the present work, we characterize the S-PILBCP/Pt interface through half-cell analytical
techniques to uncover the source of the enhanced PEMFC performance. The S-PILBCP [poly(SS-
H-b-VBIm-TFSI)] investigated in this study is a proton-conducting diblock copolymer, where one
block contains sulfonated styrene (SS) and the other contains an IL moiety
(vinylbenzylmethylimidazolium bis(trifluoromethylsulfonyl)imide: VBMIm-TFSI), with mobile
cations (H") from the SS block and mobile anions (TFSI") from the PIL block™®. Thin catalyst films
prepared with Pt/C and S-PILBCP show a nearly two-fold improvement in ORR kinetic activity
over similar catalyst films prepared with Nafion. S-PILBCP also shows a lower degree of sulfonate
coverage in comparison to Nafion, as measured through CO displacement on Pt single crystals.
We also measure oxygen permeability through S-PILBCP thin films and find that at low film
thicknesses, it exhibits similar permeabilities to that of Nafion. Taken together, the analysis
completed here gives insight into the utility of the S-PILBCP as either a CCL additive or ionomeric
replacement of Nafion as well as insight into previously observed MEA performance

enhancements>?.

2. Experimental Methods

Thin Film Catalyst Layer Fabrication



Catalyst inks are prepared by dispersing Pt/C catalyst, Pt on Vulcan carbon (obtained from
General Motors, 20 wt.%), in a 1:4 v:v mixture of IPA (Signa, electronic grade) and deionized
water (Millipore, 18.2 MQ resistivity) to obtain a solution with a 1 mg/ml concentration. The
appropriate amount of ionomer either Nafion (Fuel cell store, EW 1100, 5 wt.%) or S-PILBCP (5
wt.% solution in acetonitrile), synthesis described in ref. *, is added followed by sonication
(Branson 1800) for 30 minutes. All catalysts inks have an identical mass fraction of ionomer, either
Nafion or S-PILBCP, equal to 5 wt.% of total solids. Pt/C catalyst thin films are prepared by drop-
casting 14.7 ul of catalyst ink onto a clean glassy carbon substrate. Glassy carbon disks are
polished to a mirror finish using a micro polish paste (Buehler, 1 um) followed by sonication in
DI water for 1-2 minutes prior to catalyst loading. The catalyst ink is slowly dried under Ar (Airgas,
99.99%) flow to obtain a uniform coating on the glassy carbon disk. Catalytic activity is directly
dependent on the quality of the film, therefore any non-uniform films are rejected.

Pt(111) Single Crystal Preparation

Pt(111) single crystals (Princeton Scientific, 5 mm diameter) are annealed at 1100 °C for
10 minutes under forming gas (Airgas, 3% Ha/Ar). After cooling under forming gas flow, the
surface of Pt(111) disks are protected with a drop of Millipore water (Millipore, 18.2 MQ)
followed by transfer to a rotating disk electrode (RDE) collet. The collet is then mounted in the
RDE and the disk is immersed in the electrolyte under potential control, 0.1 V vs. RHE. Before
use, a cyclic voltammogram is recorded between 0.1 to 1.1 V vs. RHE at 50 mV/s in Ar-purged
electrolyte to confirm the successful preparation of the Pt(111) single crystal.
lonomer-coated Pt(111) single crystal electrode preparation

Nafion and S-PILBCP stock solutions (5 wt%) are diluted with IPA/acetonitrile/DI water

to obtain 0.1, 0.25, 0.5 and 1 mg/ml ionomer solutions. For both CO displacement and O



permeability measurements, ionomer thin films are deposited on freshly prepared Pt(111) single
crystals by putting 10 uL of the corresponding ionomer solution on the Pt(111) disk in an inverted
RDE and rotating at 900 rpm under flowing Ar.
Electrochemical Measurements

All glassware is cleaned by soaking in a solution of concentrated 1:1 H>SO4 and HNO; for
at least 12 hours followed by rinsing and boiling in DI Water before use. All electrochemical
measurements in this report are made in 0.1 M HCIO4 prepared from DI water (Millipore) and
concentrated HCIO4 (EMD Millipore, omnitrace ultra, 65-71%). Pt single crystals and catalyst thin
films are electrochemically characterized in a three-electrode cell with a Pt mesh (Alfa Aesar)
counter electrode and a Ag/AgCl reference electrode (BASi) using a Metrohm Autolab potentiostat
(PGSTAT302N). After every measurement, the Ag/AgCl reference electrode is calibrated against
a hydrogen reference. All potentials listed are referenced to the reversible hydrogen electrode
(RHE). Prior to testing, Pt(111) single crystals are cycled between 0.1 and 0.9 V vs. RHE at 250
mV/s and the Pt/C catalysts films are cycled between 0.1 and 1.2 V vs. RHE at 250 mV/s in Ar-
purged electrolyte to clean the surface. Baseline cyclic voltammetry (CV) is performed in Ar-
purged (Airgas, 99.99%) electrolyte by cycling the potential between 0.1 to 1.1 V vs. RHE at 50
mV/s. ORR polarization curves are measured at a rotation rate of 1600 RPM using a RDE (Pine
Instruments) with potential limits of 0.1 to 1.1 V vs. RHE in an Oz-purged (Airgas, 99.999%)
electrolyte at 20 mV/s. ORR measurements are corrected by subtracting the CV obtained at 20
mV/s in Ar-purged electrolyte. All potentials are corrected for the iR drop within the
electrochemical cell. The kinetic current density for ORR is calculated using the Koutecky-Levich

equation,

1 1 1
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where j represents the total measured current density, jq is the diffusion-limited current density,
and ji represents kinetic current density. Specific activity and mass-specific activity are calculated
by normalizing the kinetic current density by electrochemically active surface area (ECSA) and
mass of Pt in the catalyst film, respectively. ECSA is calculated by integrating the HUPD region
of the CV. Accelerated stress test (AST) is performed on Pt/C Nafion and S-PILBCP thin films in
air-equilibrated conditions by cycling the potential between 0.6 to 1.1 V vs. RHE at 50 mV/s for
10,000 cycles in 0.1 M perchloric acid. Cyclic voltammograms were recorded after every 1000

cycles to measure the ECSA.

All CO displacement experiments are performed in an FEP cell using a Ag/AgCl double
junction reference electrode in a three-step procedure. The FEP cell is cleaned by soaking in a
solution of concentrated 1:1 H>SO4 and HNOj for 6 hours followed by thorough rinsing and boiling
in DI Water before measurements. The first step involves recording a CV by cycling the potential
between 0.1 and 0.9 V vs. RHE in an Ar-purged electrolyte to ensure the cleanliness of the Pt(111)
single crystal. After recording a CV, the working electrode is held at a constant potential (0.2 V or
0.4 V vs. RHE) while purging with Ar. Once a steady-state current is established, CO gas is
bubbled into the electrolyte while rotating the RDE at 1600 RPM to facilitate efficient transport.
The current transient is recorded to measure the current spike that is associated with CO displacing
adsorption. Once the current decays back to the steady-state value, CO bubbling is stopped, and
the electrolyte is purged with Ar for at least 15 minutes. Finally, adsorbed CO is stripped from the
electrode surface by cycling the potential from 0.1 to 1.1 V vs. RHE in the Ar-purged electrolyte.

Integration of the current transient measured during CO displacement response gives CO



displacement charge which is normalized by the charge attributed to the stripping of the adsorbed

CO adlayer. A displacement coverage is then determined using this equation,

2 (qaisp)

Coverage =
Astrip

)
where qq;5p and g, represent the displacement charge and stripping charges, respectively.

O> permeability measurements are made by measuring the change in ORR diffusion-
limited current on a Pt(111) electrode as a function of ionomer thin film loading/thickness.
Comparing the diffusion-limited currents for the bare Pt(111) surface and the ionomer coated

Pt(111) surface, a through-film limiting current is calculated with following equation,

1 1 1
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where i, i; r, and i; . represent the measured limiting current, limiting current through film, and the

hydrodynamic Levich limiting current through the electrolyte, respectively.

3. Results and Discussion

Figure 1 shows the chemistry of the S-PILBCP in this study [poly(SS-H-6-VBMIm-
TFSI)], where the synthesis, chemical characterization, ionic conductivity, and water sorption are
reported elsewhere® and the conductivity and water sorption are comparable to Nafion***°. The
specific S-PILBCP used here, and in previous work??, is designed in such a way that it exhibits
orthogonal properties with the sulfonated block enabling proton conduction through the ionomer
and the IL block improving ORR kinetics and facilitating oxygen transport, making it an ideal
ionomer for PEMFC cathodes. Additionally, polystyrene-containing aromatic polymers have been
proven to be more stable than aliphatic, PFSA-based polymers in fuel cells®.

Figure 2(a) shows cyclic voltammograms (CV) of Pt/C + Nafion and Pt/C + S-PILBCP

catalytic thin films. Both CVs exhibit similar faradaic features, and the electrochemically active
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surface area (ECSA) extracted from the hydrogen adsorption-desorption is similar for both films,
1.68 cm?-Pt and 1.64 cm?-Pt for Nafion and S-PILBCP films, respectively. The CV of Pt/C + S-
PILBCP shows a more positive onset potential of Pt oxidation compared to Pt/C + Nafion. This is
consistent with experimental work using free ILs where the hydrophobicity of the IL decreased
the coverage of OHaa/Oad and delayed the onset potential for their formation?®3%3!, Li et al. showed
that the cathode catalyst layers containing the S-PILBCP ionomer exhibited a similar positive shift
in OHad/O44 formation compared to Nafion?2.

ORR polarization curves in Figure 2(b) demonstrate a marked increase in ORR activity in
a S-PILBCP containing Pt/C thin catalyst film compared to one containing Nafion. We have
chosen an ionomer loading of 5 wt.% so as to demonstrate the impact of the ionomer chemistry
without adversely affecting catalyst performance, as has been observed at higher ionomer loadings
3738 The S-PILBCP loaded catalyst layer exhibits an ~80% increase in both the specific and mass
activity over the Nafion containing catalyst layer, Figure 2(c¢). This ORR kinetic enhancement is
in line with what has been observed previously for free ILs incorporated into carbon supported
catalyst layers®® 393139 Performance comparisons in the half-cell, due to the presence of different
ionomers, are directly attributable to impacts of the ionomer on reaction kinetics. This is in contrast
to the MEA, where the distribution of the ionomer and formation of an optimal triple-phase

813,14 in addition to the intrinsic

boundary plays a significant role in defining electrode performance
catalyst activity. The observed shift in catalyst surface oxophilicity for both the S-PILBCP and
free ILs is suggestive of a reduction in spectator species (OHad/Oaq) within the mixed
kinetic/diffusion-controlled region for the half-cell ORR polarization. We hypothesize that it is

this reduction of spectator species and the exclusion of water from the catalyst surface, disrupting

any potentially ordered water network formation***!, that results in the ORR kinetic enhancements.



One could argue that the hydrophobic, perfluorinated backbone of Nafion would affect a similar
result due to the exclusion of water. However, a distinguishing difference is that the ionic IL block
of the S-PILBCP allows continued transport of water, O, and ions. Thus, the reaction can occur
on surface sites that are covered by the IL block of the S-PILBCP. Whereas for Nafion, the
aggregation of the dense, perfluorinated backbone on a catalyst surface renders surface sites
inactive, see schematic in Figure 3. Further support for the direct impact of the IL block in the S-
PILBCP on the reduction of OH.q coverage is demonstrated by the shift in the onset and peak
potential for CO stripping on a Pt(111) surface that is covered with S-PILBCP in comparison to
that covered with Nafion, Figure 4. As COaq oxidation is driven by direct participation of
neighboring OHag species through a Langmuir-Hinshelwood-type mechanism*, the positive shift
observed in CO,q stripping onset and peak potentials suggests a lower degree of OHad/Oaq coverage
for S-PILBCP coated Pt(111) compared to Nafion**,

In addition to the ORR activity enhancement, previous work with free IL-modified Pt-
based catalysts has demonstrated an increase in active area retention following accelerated stress
testing (AST)?"-2%3%31 This enhancement in catalyst durability has been attributed to the reduced
OH.d/Oad coverage and the consequent reduction in the degree of Pt dissolution per AST cycle®®.
The percent ECSA retention following the AST on Pt/C + Nafion and Pt/C + S-PILBCP (10,000
cycles between 0.6 and 1.1 V vs. RHE at 50 mV/s) is shown in Figure 5. The Pt/C catalyst thin
films prepared with S-PILBCP show lower oxide coverage than those prepared with Nafion®?,
Figure 1, due to the presence of hydrophobic IL block. As with free IL modified electrodes, this
reduced oxophilicity of the surface is the likely source of the stability enhancement in the presence

of the S-PILBCP. Improved ORR activity and enhanced catalyst durability indicate that the IL-
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block in the S-PILBCP is yielding or contributing to a similar behavior/performance with Pt-based
catalysts as that elicited with free ILs'>?3,

One of the limiting factors associated with the use of Nafion ionomers is the loss of active
sites due to specific adsorption of the charged sulfonate groups on the polymer side chains®!>!4,
The impact of this specific adsorption is observed to contribute to the performance loss in PEMFCs
at HCD®. We have previously demonstrated that free ILs reduce the degree and coverage of
sulfonate specific adsorption, either through physical exclusion or screening of the charge on the
sulfonate group'?. The proton conducting block of the S-PILBCP tested here differs from the
hydrophilic domains of Nafion in that the sulfonate groups are tethered to a styrene-based polymer
backbone. This corresponds to a much shorter side chain length in comparison to the longer ether-
linked side chains of Nafion and its comparable derivatives. We can quantitatively measure the
coverage of specifically adsorbed sulfonate groups for both Nafion and the S-PILBCP with CO
displacement'?*>*¢, Here we have covered a thermally prepared Pt(111) single crystal with Nafion
and S-PILBCP thin films by spin-coating. Following controlled potential immersion, CO 1is
bubbled into the electrolyte while holding a constant potential and the transient current response
is recorded, Figure 6(a) and (b). The measured current is due to the adsorption of neutral CO on
the Pt surface displacing a charged component. A negative charge is associated with the desorption
of an anionic species and a positive charge is associated with the desorption of a cationic species.
Integration of these current transients and normalization by the charge determined from stripping
of the subsequently adsorbed CO monolayer give a coverage for the ionic species prior to their
displacement'?*. Figure 6(c) shows the displaced charge for Pt(111), Pt(111) + Nafion, and

Pt(111) + S-PILBCP at 0.2 V and 0.4 V vs. RHE. The measured coverage at 0.2 V is due to the

displacement of adsorbed hydrogen while the coverage at 0.4 V, which is above the potential of
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zero charge (PZC) of Pt at pH 1, is due to the displacement of adsorbed sulfonate, as has been
demonstrated previously'>*. Comparing the measured coverage between the three surfaces, a
nominal anion coverage measured for the bare Pt(111) is likely related to the weakly interacting
ClOy4 anion present in the supporting electrolyte. When the Nafion film is added, the coverage of
anionic species is increased. This can be attributed to the specific adsorption of the sulfonate
terminated side chains. In the presence of the S-PILBCP ionomer, the coverage of anionic species
is identical to that of the bare Pt(111), indicating an absence of sulfonate specific adsorption.
Previous work has shown that ILs can mitigate the specific adsorption of the sulfonate groups in
Nafion'2. However, in the S-PILBCP, the IL-phase is distinctly separate from the sulfonate groups
in the block copolymer, so this is not likely the reason for the observed reduction in sulfonate
coverage for the S-PILBCP. Potential sources of the observed behavior include the shorter chain
length for the sulfonate side chain limiting its mobility and capacity to adsorb on the surface or the
rigidity of the S-PILBCP, limiting its degree of interaction between the proton conducting block
and metal surface. This contrasts with the observed behavior of Nafion, where domain
reorganization near a surface in coordination with the hydrophilicity/hydrophobicity of the surface
readily occurs. Reorganization can lead to a potential dependent concentration of charged species
at the catalyst surface®®.

Restricted oxygen transport through ionomers in PEMFC cathode catalyst layers is a
significant contributor to performance losses, particularly at HCD®?°. Oxygen permeability of an
ionomer thin film is tied to material and environmental conditions including film thickness, water
content, polymer phase segregation morphology, confinement effects at the ionomer-catalyst
interface, temperature, relative humidity, etc.!’*>? Many of the existing Oz transport

measurement techniques utilize bulk free-standing membranes™>°. However, preferential phase
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segregation and confinement effects in ionomer thin films have demonstrated that both ionic and
gaseous transport rates are uniquely affected at film thicknesses below 100 nm>*>°. Here, we use
ORR limiting currents measured in the presence of ionomer thin films on Pt(111) as a quantitative
analysis of oxygen transport through ionomer thin films. Figure 7(a) and (b) show the ORR
polarization curves for different Nafion and S-PILBCP loadings/thicknesses on Pt(111) electrodes
in 0.1 M HCIOs. The limiting current (i;) for Pt(111) and ionomer coated-Pt(111) is obtained from
the diffusion-limited region of the polarization curve, i.e. between 0.4 to 0.6 V vs. RHE. i
decreases with increasing ionomer loading/thickness as the ionomer layer creates a barrier for O
transport to the underlying electrode. The measured limiting current is a combination of O, mass
transport through the hydrodynamic boundary layer and the ionomer film in series. These
contributions can be deconvoluted into contributions from the ionomer film (i;y) and the RDE
boundary layer (i;¢) using Equation 3. i;.is determined from the limiting current on the bare Pt(111)
electrode in O> saturated 0.1 M HCI1Os. Figure 7(c¢) shows the through-film limiting current for S-
PILBCP and Nafion on Pt(111) as a function of polymer loading. Lower through-film current
indicates higher O; transport resistance through the ionomer. For S-PILBCP, i;s decreases with
polymer loading, consistent with higher O transport resistance at higher ionomer loadings. Nafion
at higher loadings exhibits disordered behavior where there appears to be limited correlations
between thickness and through-film current. In contrast, S-PILBCP exhibits an increase in O>
transport resistance that begins to plateau at higher loadings. The observed behavior, particularly
at high loadings, is likely the result of Nafion morphology reorganization as film thickness
increases, forming interconnected domains of water-filled channels®”%°. O transport is then
limited by diffusion through these channels, and in the absence of any further phase morphology

reorganization with increasing thickness, the O» transport resistance does not change. For the S-

13



PILBCP, however, the phase segregated morphology is entropically defined and may not change
with thickness. This is likely the reason for the observed behavior for the S-PILBCP. The key
observation here is that at low loadings/thicknesses, the S-PILBCP has no measurable difference
in Oy transport resistance compared to Nafion. Previous analysis has shown that ionomer
thicknesses at comparable loadings in gas diffusion electrodes (GDE) are on the order of 10 — 100

nm'3,

4. Conclusions

Rotating disk electrode (RDE) half-cell analysis is used to characterize a new hydrocarbon
S-PILBCP ionomer as a replacement for Nafion in PEMFC cathodes. RDE analysis of the S-
PILBCP incorporated catalyst layer demonstrates an ~80% improvement in both mass and specific
activity over a Nafion containing Pt/C catalyst layer. Additionally, S-PILBCP containing Pt/C
catalyst layers show superior durability in comparison to Nafion containing Pt/C catalyst layers
with ~30% increase in ECSA retained following AST. The utility of the S-PILBCP ionomer is
exhibited by a marked decrease in specifically adsorbed sulfonate coverage in comparison to
Nafion, as measured through CO displacement on thin film coated Pt(111). This results in a
reduction in active site blocking and is a potential source of the enhanced HCD MEA performance
demonstrated previously*?. Additionally, S-PILBCP thin films on Pt(111) show similar O
permeability to Nafion at moderate to low thicknesses. Combined, this work demonstrates the
promise and utility of hydrocarbon-based poly(ionic liquid) ionomers in replacing Nafion and

provide important insight that can be used for the analysis of their performance in PEMFC MEAs.
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Figure 1: S-PILBCP: poly(SS-H-5-VBMIm-TFSI).
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Figure 2: (a) Cyclic voltammograms in Ar-
saturated 0.1 M HCIO4 for Pt/C + Nafion (red) and
Pt/C + S-PILBCP (blue) catalysts layers. (b) ORR
polarization curves in Oz-saturated 0.1 M HCIO4 at
1600 RPM. (c) ORR specific (filled) and mass
activity (unfilled). Ionomer loading in the catalysts
layers is 5 wt.%. This value was chosen to emphasis
the difference in performance for the two ionomers
while not adversely impacting ORR activity, as

would be observed at higher loadings.
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Figure 3: Schematic representation of the interface between a Pt catalyst and S-PILBCP (left) and
Nafion (right) ionomer. While both the IL block in the S-PILBCP and aggregated perfluorinated
polymer chains in pseudo-phase segregated Nafion act to limit the water content at catalyst surface,
the interface between the S-PILBCP IL block and Pt remains active as it can facilitate transport of
water, protons, and oxygen while the aggregated perfluorinated polymer chains in Nafion will not.
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Pt(111) + S-PILBCP (blue) in Ar purged 0.1 M HC1Os4.
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Figure 5: Percent ECSA retained during the
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cycles from 0.6 to 1.1 V v/s RHE at 50 mV/s in
air equilibrated 0.1 M HCIO4 at 25 °C for Pt/C
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Figure 6: CO displacement time
transients at (a) 0.2 V vs. RHE and (b)
0.4 V vs. RHE in Ar-purged 0.1 M
HCIO4 for Pt(111) (black), Pt(111) +
Nafion (red), and Pt(111) + S-PILBCP
(blue). Time is set to zero when CO
bubbling is initiated. (c) Displacement
coverage as a function of applied
potential in 0.1 M HCIO4 for Pt(111)
(black square), Pt(111) + Nafion (red
triangle), Pt (111) + S-PILBCP (blue
circle). Data points and errors bars are
calculated from three separate single
crystal and film preparations.
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Figure 7: ORR polarization curves on Pt(111)
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