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Abstract

This project is aimed to gain added durability by supporting ripening-resistant dendritic platinum
and/or platinum-based alloy nanostructures on carbon. We have developed a new synthetic
approach suitable for directly supporting dendritic nanostructures on VXC-72 carbon black (CB),
single-walled carbon nanotubes (SWCNTs), and multi-walled carbon nanotubes (MWCNTSs).
The key of the synthesis is to creating a unique supporting/confining reaction environment by
incorporating carbon within lipid bilayer relying on a hydrophobic-hydrophobic interaction. In
order to realize size uniformity control over the supported dendritic nanostructures, a fast
photocatalytic seeding method based on tin(IV) porphyrins (SnP) developed at Sandia was
applied to the synthesis by using SnP-containing liposomes under tungsten light irradiation. For
concept approval, one created dendritic platinum nanostructure supported on CB was fabricated
into membrane electrode assemblies (MEAs) for durability examination via potential cycling. It
appears that carbon supporting is essentially beneficial to an enhanced durability according to
our preliminary results.
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Introduction

Intriguing nanocomposites composed of carbon nanomaterials (CNMs) and supported
platinum and platinum alloy nanoparticles have drawn a lot of attention due to their application
as electrocatalysts in polymer electrolyte membrane fuel cells (PEMFCs) and direct methanol
fuel cells (DMFCs),' which have the potential to reduce energy consumption and the nation’s
dependence on imported petroleum. It is known that carbon supports facilitate the dispersion and
stabilization of nanoparticles and reduce nanoparticles aggregation arising from a physical
anchoring effect. However, platinum-based nanoparticles supported on CNMs are still subject to
sintering and losing surface areas. Previous approaches by alloying platinum nanoparticles with
base metals on carbon can only provide electrocatalysts with a lifespan of 2000h before losing up
to 50% of the original surface area. How to achieve the targeted 5000h lifespan of
electrocatalysts while maintaining or improving their activity set by department of energy (DOE)
remains a great challenge.’

As durability and surface area of materials are related to not only the size but the shape of
supported platinum and platinum-based alloy, the lack of shape control limits the longevity and
broad adoption of these electrocatalysts. Currently, platinum-based electrocatalyst are commonly
spherical or semi-spherical. Our proposed solution is to create new bottom-up synthetic methods
by combing CNMs and soft templates together to create a special reaction environments and thus
directing the nucleation and growth of shape-controlled platinum and platinum alloy

electrocatalyst (other than nanoparticles)

supported on carbon for durability

E improvement. We have previously
" synthesized many free-standing shaped
g'-‘ platinum nanostructures, such as dendritic
. nanosheets  (Figure la), foam-like
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respectively. Interestingly, compared to

unsupported commercial platinum black composed of 5-6 nm nanoparticles, the platinum



nanosheets and foam-like nanospheres exhibited significantly improved durability because of the
formation of metastable nanopores evolved from dendritic arms as shown in Figure 1./
Especially, Figure 2 shows that in life tests the fuel cells fabricated with platinum nanosheets and
foam-like spheres only exhibited 20% and 0% current density degradation, while the fuel cell
made from platinum nanoparticles lost 47% of the original current density.” This encouraging
result justified that supporting shaped and ripening-resistant platinum or alloy nanostructures on
CNMs to gain added durability is a necessary and reasonable step to take.

In addition, size uniformity control strategy was also proposed for the sake of minimizing
Ostwald ripening in which big particles grow into larger ones while small particles shrink until
disappear. In contrast to uneven sizes of nanostructures, those with uniform size are inherently
resistant to Ostwald ripening. Sandia National Laboratories’ (SNL) unique photocatalytic
seeding strategy based on a SnP> > ® has been previously demonstrated to be effective for size
control over unsupported nanostructures. The mechanism of our photocatalytic seeding is
depicted in the following. When a SnP molecule is exposed to visible or ultraviolet light, a
photoexcited porphyrin is generated and then reduced by an electron donor like ascorbic acid
(AA), forming a porphyrin radical anion that is a strong reducing agent capable of rapidly
reducing metal ions from solution. We have used this photocatalytic method to reduce gold,
silver, palladium, platinum, and semiconductors. Since the photoreaction is cyclic, each
photocatalyst molecule can reduce thousands of metal ions from its surroundings as additional
photons are absorbed. Finally, a large number of metal nanoparticles (seeds) are formed in the
vicinity of the porphyrin molecules in about 2-3 minutes. The seeding controls the number of
nucleation centers and provides each center with a nearly equal growth time, thus producing
structures with tunable and uniform sizes. In this project, we aimed to use the photocatalytic
seeding to achieve size uniformity control over shaped platinum nanostructures supported on

carbon.



Accomplishments

A primary goal of our research is demonstrating the feasibility and effectiveness of our wet-
chemical synthetic and photocatalytic seeding technique, and in particular the development of a
new synthetic method that produces desired carbon-supported ripening-resistant platinum
nanostructures with shapes different from traditional spherical/semi-spherical nanoparticles
under solution conditions. We have now successfully designed a unique supporting/confining
reaction environment by localizing hydrophobic carbon into hydrophobic lipid bilayer, leading to
directed growth of shaped platinum nanostructures on carbon, and approved the concept that
carbon supporting can result in added durability after examining MEAs fabricated from the
obtained foam-like nanostructures supported on carbon. In addition, we have incorporated
commercially available tin(IV) octaethylporphyrin (SnOEP) photocatalysts into lipid bilayer and
produced platinum nanoparticles to seed the growth of foam-like platinum nanospheres
supported on carbon to realize size uniformity control.
Finally, we have extended the synthesis to generate
PtRu and AuPd alloy nanostructures with sheet-like
shape potentially beneficial for durability improvement.

Develop wet-chemical synthetic methods needed for

confined and supported growth of dendritic platinum

nanosheets on carbon. This crucial task—the direct

. .. . Figure 3. Cartoon of multilayer vesicles
synthesis of dendritic platinum nanostructures on CB— .\ {sinine carbon black, which provide a confined

(bilayer) and supported (carbon black) reaction

has been accomplished.  After extensive screening .. ironment

studies, we arrived at the synthetic procedure described
briefly here. Initially, multilayer vesicles were prepared by
simply mixing DSPC lipids in AA (reducing agent) aqueous
solution with the aid of sonication using a water-bath cleaner.
A commonly used commercial CB (VXC-72) was added to
the vesicle suspension, followed by sonication to well

suspend the hydrophobic carbon materials allowing them to

be distributed into the hydrophobic region of the lipid layers

o ' . of vesicles as illustrated in Figure 3. The key of the synthesis
F igure 4. TEM image of dendritic . . ) .
platinum nanosheets supported on VXC-72 18 to create a special reaction environment where the growth
CB



of platinum is confined within the liposomal bilayer and simultaneously supported on carbon. An
aged aqueous platinum salt’ was mixed with the aqueous vesicles containing CB and the mixture
was allowed to react under ambient conditions for at least two hours for completion.
Transmission electron microscope (TEM) analysis on the obtained materials revealed the
presence of dendritic platinum nanosheets supported on VXC-72 CB as shown in Figure 4. The
supported sheets maintain dendritic features suggestive of carrying desired ripening-resistant
property. In addition, the introduction of carbon-platinum interaction is expected to bring in a
physical anchoring effect likely leading to extra durability improvement. We have mentioned
that multilayer vesicles can produce free-standing dendritic platinum nanosheets in the presence
of AA and platinum complexes. The confining effect coming from vesicles is crucial for
generating dendritic nanostructures. To confirm this point, vesicles in the reaction mixture were
left out while holding all the other reaction parameters constant. Consequently, semi-globular
platinum nanodendrites were obtained (Figure 5). Unlike the nanosheets with 2-3 nm thickness
because of the confining effect, these dendrites obviously take an isotropic growth mode causing
the loss of control over the growth along the thickness direction. This result verifies that confined
growth did not occur without vesicles involved. On the other hand, it is apparent that CB can
well support the platinum growth, since all the platinum nanostructures are associated with
carbon and there are no free platinum
present. The synergy arising from the
combination of vesicles and CB
allows confining and supporting the
growth of platinum nanostructures
concurrently. However, the problem

associated with this synthesis is that

some sheets (not shown) seem to

F igure 5. TEM image of semi-globular platinum nanodendrites
supported on CB at low (a) and high magnifications (b)

possess a small portion of globular
dendrite in the center, which is likely
an initial nucleation center making the obtained nanostructure deviated from ideal sheets. After
extensive studies, this issue remains and more studies are definitely required to optimize the
synthesis.

The other free-standing ripening-resistant platinum nanostructures identified previously by us
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are foam-like nanospheres composed of interwoven dendritic nanosheets. To support them on

carbon is a primary goal, which has been accomplished by using a synthetic strategy similar to

that of carbon-supported dendritic

platinum sheets. In a typical

synthesis, unilamellar liposomes

composed of equal moles of

DSPC and cholesterol were

a rotary

by

evaporation/incubation/extrusion

prepared

: 4
process in Nanopure water.”

VXC-72 CB was added to the

F igure 6. TEM image of foam-like platinum nanospheres supported on
carbon black at high (a) and low (b) magnifications

liposomal suspension under sonication to ascertain that hydrophobic carbon has been localized

into the hydrophobic region of the lipid bilayer. Finally, solid AA as reducing agent was placed

in the reaction vessel and the reaction mixture was allowed to react under ambient conditions for

at least two hours. The purpose of adding solid AA is to introduce a significant pH change in the

reaction mixture thus inducing unilamellar liposomes to agglomerate together. Previously we

have found that the aggregated liposomes as templating agents can lead to the formation of

unsupported foam-like platinum nanospheres. TEM analysis (Figure 6) on the resultant materials

revealed that foam-like nanospheres supported on carbon were obtained. It is worth pointing out

that all the foam-like nanospheres have been supported on carbon, which again confirmed that

Figure 7. HAADF STEM image of foam-
like platinum nanospheres supported on carbon
black

hydrophobic carbon is effective for supporting purpose. The
dendritic features of the constituent curved sheets are clear in
the supported
(HAADF) scanning TEM (STEM) was also used to
The STEM image as

spheres. High-angle annular dark-field
characterize the obtained materials.
shown in Figure 7 provides an enhanced contrast than
regular TEM and allows better examining the interface

between platinum and carbon. It appears that the platinum

also takes the form of dendritic sheets at the Pt/C interface.
size

However, the supported spheres have a wide

distribution. It is know that during a Ostwald ripening
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process big particles grow larger and larger while small ones continuously shrink until disappear.
Uneven sizes of particles inherently favor this ripening process. If the size uniformity of the
supported spheres can be achieved, it is likely that desired resistance to Ostwald ripening can be
added to the foam-like platinum on carbon. To meet this goal, photocatalytic seeding approach
recently developed at Sandia is applied to the reaction system as detailed in the following section.

Use photocatalytic seeding to realize size uniformity control over the supported foam-like
nanospheres.  This is a completed major task. We used the photocatalytic seeding technique to
produce platinum nanoparticles (seeds) within liposomal bilayer prior to mixing them up with
carbon and other reagents. Hydrophobic SnOEP molecules were placed into liposomal bilayer
during the process of preparing liposomes.’ The aged platinum complexes were mixed with the
SnOEP-containing liposomes suspended in AA
aqueous solution. Tungsten light irradiation led to
the formation of a large number of nanoparticles
(seeds). Figure 8 shows a typical TEM image of
obtained platinum seeds organized in circular
groups, indicating the templating effect
originating from the liposomes which cannot be
seen in a TEM image. The liposomes containing

seeds were further mixed with CB and extra aged

platinum salt for seeded growth of foam-like

. F igure 8. TEM image of platinum nanoparticles
spheres on carbon. These preV1ously formed (seeds) assembled in circular groups photocatalytically
produced by using SnOEP-containing liposomes

nanoparticles can bring a nearly
equal growth time for each
nucleation center thus offering
desired size uniformity. In contrast,
in the absence of photocatalytically

produced seeds the reaction system

experienced a slow and continuous
. nucleation process” and the seeds

F igure 9. TEM images of seeded foam-like platinum nanospheres p

supported on carbon at high (a) and low (b) magnifications have largely varied growth period

causing a wide size distribution.
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After attempts, it turned out that our photocatalytic seeding strategy is effective for size
uniformity control over the supported nanospheres as shown in Figure 9. The seeded
nanostructures are uniform in sizes and smaller in the average diameter than the un-seeded foam-
like spheres because of the addition of extra photocatalytically generated seeds. The curved
dendritic sheets interweave together but have not reached the spherical shape in that at a constant
platinum source there is relatively less amount of platinum distributed to each seed when the
total number of seeds increased. This is an essential step toward our ultimate goal of creating
ripening-resistant electrocatalysts while retaining or improving the activity. The photocatalytic
seeding method is capable of adjusting the number of initial seeds, which means the average
sizes of the foam-like spheres on carbon can be tuned by varying the ratio between seeds and
metal source. Small foam-like nanospheres are more open than their large version and may be
better in terms of mass transportation. In addition, small nanospheres can cover more carbon
support, which may be an advantage for the preparation of MEAs.

Support dendritic platinum nanostructures on carbon nanotubes. It is found that single- or
multi-walled carbon nanotubes as supports are advantageous over CB as far as durability is
concerned.'® In this regard, we have been successful in extending the synthesis of supported
dendritic nanostructures from CB to SWCNTs and MWCNTs. The synthesis procedure with
carbon nanotubes involved were the same as for the case of CB described above except that CB
was replaced by either SWCNTs or MWCNTSs. As shown in Figure 10a, when SWCNTSs were
utilized in the synthesis, a large percent of the dendritic nanosheets was not supported possibly
because of the
relatively  small
diameter and the
high curvature of
the SWCNTs,
which are not

suited to the

nucleation and

F igure 10. TEM image of dendritic nanosheets on SWCNTs (a) and foam-like nanospheres on
x%g:gs gb) with white arrows pointing to carbon nanotubes. (Insets: Illustrations of SWCNTSs and gI‘OWth of
s.

platinum. In

contrast, the MWCNTs are more effective than the SWCNTs for supporting dendritic platinum
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nanostructures as shown in Figure 10b. The large sizes of the MWCNTs comparable to those of
CB may be the reason why they can well support the platinum nanostructures. This study
demonstrated the ability of creating ripening-resistant electrocatalyst supported on different types
of carbon materials as long as they are hydrophobic and have a relatively large size. The results
further wvalidated our confining/supporting synthetic approach. Reducing the size and
manipulating the size uniformity of the spheres supported on MWCNTs by the photocatalytic
seeding method might also provide a better metal coating and an increased surface area worthy
of future study.

Synthesis of shaped alloy nanostructures with/without carbon support. Since one of our
goals is to synthesize ripening-
resistant alloy nanostructures and
support them on carbon to
achieve a better durability, we
have investigated the synthesis of
a series of alloy nanostructures
using unilamellar liposomes as
templating agents. This is
interesting from the standpoint of
determining the applicability of
the bilayer templating method for
the synthesis of dendritic alloys

beyond pure platinum.

This task really has two

. . F 1gure1 TEM images of platinum-based a110}; nanostructures prepared
parts—the first is the creation of using unilamellar liposomes as templates

various free-standing alloys in the absence of carbon including PtCo, Pt;Co, PtFe, Pt;Fe, PtRu,
and AuPd. For the synthesis with cobalt, iron or ruthenium complexes involved, we have
replaced AA with sodium borohydrides as the reducing agents in that AA is not strong enough to
reduce cobalt, iron, or ruthenium complexes. Synthetic procedures used for alloy preparation are
the same as those for the free-standing platinum® except that a mixture of different metal
complexes with certain molar ratios was utilized. Briefly, solid sodium borohydride was added to

extruded unilamellar liposomes and then mixed with an aqueous solution containing two
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different metal complexes with certain molar ratios. The reduction reactions were completed in
less than a minute. However, the as-prepared alloys do not have the expected dendritic features
based on TEM analysis (Figure 11). For the case of PtCo and Pt;Co alloy, a mixture of low-
quality hollow nanospheres with
irregular  nanostructures were
obtained. Similarly, Pt;Fe alloy were
in the form of nanoparticles and
PtFe alloy ended with irregular
shapes. The lack of dendritic shape
in the four alloys is possibly related
to the employment of sodium
borohydrides, which is an extremely

strong reducing agent and provides a

much faster reducing rate than AA.

Another contributor may be a special

F igure 12. TEM image of PtRu and AuPd alloy nanostructures
with/without carbon support growth habit of cobalt and iron or

their combination with platinum significantly different from platinum. In contrast to these failed
trials, we succeeded in the synthesis of PtRu and AuPd alloy by using a similar synthetic
approach. Note that in the synthesis of AuPd we used AA as the reducing agent. Figure 12 shows
that the PtRu nanostructures are in the form of nearly circular dendritic nanosheets as expected.
For the case of AuPd, although the nanostructures do not show dendritic arms, yet they do have
sheet-like morphologies with random holes embedded. These two alloy nanostructures offer the
opportunity of eventually creating ripening-resistant alloy nanostructures on carbon. The second
part of the task is to grow the alloy nanostructures on carbon and image these supported
nanostructures using TEM. VXC-72 CB was mixed with the liposomes prior to the addition of
reducing agents and metal complexes. The syntheses led to supported alloy nanostructures. As
shown in Figure 12, the dendritic PtRu nanosheets became semi-spherical nanoparticles after
being supported on carbon. It appears that the confining effect from liposomes did not play a role.
It is not clear why this happened. The AuPd nanosheets on carbon retained their original
morphology. To summarize, our confining/supporting synthetic strategy is effective in certain

scenarios but not universal yet. More investigations are required to gain a better understanding
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on how to render our approach more applicable in the synthesis of dendritic alloys with reducing
agents other than ascorbic acid.

Structural characterizations of the foam-like nanospheres supported on carbon. Among
the electrocatalysts obtained, the foam-like platinum nanospheres on carbon is the best in quality.
It is necessary to further characterize the nanospheres for more understanding and future
applications in fuel cells. As catalysts, their surface area and electrochemically active surface
area (ECSA) are main parameters of interest, because they are directly related to catalytic
activity and efficiency. For surface area measurements, the aforementioned synthesis was
successfully enlarged to generate sufficient quantities of materials (about 500 mg in a batch)
required for macroscopic analysis. The surface area of the spheres was determined to be about 30
m*/g using N, adsorption technique. Electrochemical characterizations were conducted in a
single-compartment three-electrode cell using a bipotentiostat (Pine Instruments). A rotating-ring
disk electrode (RRDE) with a Pt ring (6.25 mm inner-diameter and 7.92 mm outer-diameter) and
glassy carbon disk (5.61 mm diameter) was used as the working electrode. The catalyst ink was

prepared by blending 40 mg of catalyst

2L N |l powder with 4 mL of isopropyl alcohol in

I an ultrasonic bath. 18.9 pL of the catalyst

1_- / 1 ink was deposited onto the glassy carbon

E oF 1 disk. After drying, 6.3 uL of 0.25 wt %
§ _1-_ /\ / | Nafion solution was added on top of the
- / \ catalyst layer to ensure adhesion of the

2T \/ — A | catalyst on the glassy carbon substrate. A
3 / Scan rate: 50 mV/s P platinum mesh and an Hg/Hg,SO4 electrode

07 00 02 04 08 08 10 1z 14 were used as the counter and reference
H,S0, at scan rate of 50 mV/s solution was used as the electrolyte. All
potentials in this work were referred to a normal hydrogen electrode (NHE). Initially, the

solution was purged with nitrogen and cyclic voltammograms (CVs) were recorded by scanning
the disk potential from 1.24 to 0.0 V vs. NHE at a scan rate of 50 mV s™ as shown in Figure 13.
The hydrogen desorption and adsorption peaks were integrated and converted into ECSAs. The
ECSA was determined to be 13-21 m*/g using the rotating disk electrode (RDE). For RRDE
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measurements, CVs recorded at 5 mV s in nitrogen were used to obtain the background
capacitive currents. Next, the electrolyte was purged with oxygen for 15 min. The linear sweep
voltammograms were recorded at 1200 rpm of the RRDE. The oxygen reduction current was
taken as the difference between currents measured in the nitrogen- and oxygen-saturated
electrolytes. The mass activity and specific activity or our electrocatalysts determined by RRDE
are 5.6-6.3 A/gp and 35-42 pA/cm’p at 0.85 V, respectively. The mass and specific activity of
commonly used commercial ETEK electrocatalyst Pt/C determined under the same conditions is
3.2 A/gp and 35 pA/em’p at 0.85 V, respectively. In summary, our electrocatalyst is similar to
the commercial one in terms of mass and specific activity. These results verify that our
electrocatalysts basically retain the activity while may potentially improve durability. In other
words, durability enhancement, if exists, will not sacrifice the activity of catalysts.

Durability examination by potential cycling. An important topic remained to be addressed
is if the supported foam-like spheres have an improved durability than the un-supported ones. In
order to answer this question, the supported nanospheres were fabricated into MEAs. Briefly,
catalyst coated gas diffusion electrodes were prepared by spray-coating catalyst ink slurry onto
the microporous layer of 35BC paper electrodes (SGL carbon). The geometric surface area was
10cm®. Spraying was done using a custom designed computer controlled X-Y system and using
a syringe pump for controlled ink delivery. Anodes used in the experiment had a catalyst
loading of 0.4mg Pt/cm® (20% Pt on Vulcan XC72, E-tek) containing 25wt% Nafion. Cathodes
used had catalyst loadings of 0.4mg Pt/cm’® using the catalyst of interest and 25wt% Nafion.
Nafion 212 was purchased from Ion Power and was pretreated by boiling for 1 hour each in
solutions of 3% H,0,, DI water, IM H,SO4 and DI water. After pretreatment the Nafion 212
was stored in DI water in a sealed container in the dark. MEAs were prepared by hot pressing at
145 °C and 20001bs of force for 6 minutes for Nafion MEAs. For comparison, MEAs comprising
of free-standing foam-like nanospheres were also prepared using the same procedure. MEAs
with electrode geometric surface areas of 10cm® were assembled into fuel cell hardware (Fuel
Cell Technologies) and tested using Fuel Cell Technologies test stations. The load control, gas
flows, humidifier temperatures, cell temperature, and backpressure were all controlled by the test
stations. During testing the cell hardware was controlled at 80°C, gas flow rates of 400 sccm
were used, and backpressure of 30psig was maintained. The inlet gases where fed through

humidifiers were controlled at 80°C. UHP H,, and industrial grade oxygen were used for fuel cell
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performance evaluation. Polarization curves were measured by scanning the voltage from open
circuit voltage (OCV) to 0.7V with a step size of 0.01V holding each step for 6 minutes before
the data point is recorded. Below 0.7V a step size of 0.05V was used down to 0.25V at which
load was removed. Potential cycling experiments were done by feeding H, to the anode
electrode and UHP N, to the cathode electrode. The potential was then cycled between 1.1 and
0.6V vs. RHE at a scan rate of 20mV/s.

An eight day protocol was used to evaluate the fuel cell performance and catalyst
durability. On day one initial polarization curves were measured, and a 24 hour break in

protocol of alternating half hour constant voltage holds of 0.5 and 0.6V (under H,/O,) was

1
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F igure 14. Polarization curves of MEAs fabricated from unsupported (a) and supported (b) foam-like nanospheres during
a break in and following potential cycling process.

begun. On day two, once the break-in was complete, polarization curves were measured and a
series of 1000 potential cycles was begun which ran overnight. On day three the polarization
curves were measured and an additional 1000 cycles were started. On day four through seven
the same measurements were repeated. By the start of day eight the MEA had experienced 6000
potential cycles, at this point polarization curves were measured again and then the test was
ended.

Figure 14 shows that the MEAs apparently experienced performance enhancement after break in

and decayed during the following potential cycling process in terms of current density. The
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potential cycling (0.6-1.1 V) accelerates the aging of electrocatalyst and represents much severer
conditions for durability test than holding a cell potential at 0.5 V, in which for the MEA made
of the free-standing nanospheres no degradation was observed during a 75-h FC test as described
previously. It is worth pointing out that the degradation degree of the supported spheres is much
less than that of the supported spheres. For example, at 0.71 V the MEAs made of supported and
unsupported spheres lost 37.4% and 68% of their respective original current density after 6000
cycles. This result verifies that our ultimate goal of gaining added durability by carbon
supporting was achieved. However, we have realized that the FC test data and electrochemical
measurements are preliminary and more repetitions are needed for validation. Especially, a new
MEA fabrication method suitable for our new electrocatalysts should be developed for exploring
more advantages of our electrocatalysts, such as a better mass transportation due to the openness
of the foam-like nanospheres. In addition, the three-phase boundary (porous carbon/Pt/Nafion) is
definitely required to be manipulated to ensure each nanosphere has electron and proton pathway

as well as porous channels accessible for gas diffusion and water removal.Insert text here.
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Conclusion
Platinum-based electrocatalysts are the key components in proton exchange membrane fuel cells

(PEMFC) to catalyze hydrogen oxidation and oxygen reduction at anode and cathode,
respectively. During the catalytic process, the electrocatalysts generally in the form of
spherical/semi-spherical nanoparticles are prone to ripen and lose their activity. The low
durability of electrocatalysts is a technological barrier and impedes the commercialization of
PEMFC. To overcome the durability issue of the electrocatalysts, carbon supporting and alloying
with base metals have been widely employed. However, these approaches can only lead to an
electrocatalyst with 2000h of lifespan. How to meet the 5000h of lifespan by 2010 announced by
DOE remains a challenge. Recently, we discovered that free-standing dendritic platinum
nanostructures created at Sandia have improved durability compared with commercial platinum
black composed of unsupported semi-spherical nanoparticles. The durability enhancement
originates from unique dendritic shape of our platinum nanostructures different from
spherical/semi-spherical nanoparticles. In this project, we aimed to gain added durability by
supporting dendritic platinum nanostructures on carbon and/or alloying them with base metals.
For this purpose, we have developed a new synthetic approach suitable for directly supporting
the dendritic nanostructures on a variety of carbon nanomaterials including VXC-72 carbon
black (CB), single-walled carbon nanotubes (SWCNTs), and multi-walled carbon nanotubes
(MWCNTs). The key of the synthesis is to creating a unique supporting/confining reaction
environment by incorporating carbon into lipid bilayer relying on a hydrophobic-hydrophobic
interaction. Dendritic platinum nanosheets and foam-like platinum nanospheres composed of
convoluted sheets were successfully supported on carbon. We have also extended the synthesis
to unsupported dendritic PtRu and AuPd nanosheets. In particular, the AuPd alloy nanosheets
were supported on CB. In order to realize size uniformity control over the supported foam-like
spheres, a fast photocatalytic seeding method based on tin(IV) porphyrins (SnP) developed at
Sandia was applied to the synthesis by using SnP-containing liposomes under tungsten light
irradiation. For concept approval, the foam-like platinum nanospheres on CB were selected
among the obtained nanomaterials and fabricated into membrane electrode assemblies (MEAs)
for durability examination via potential cycling. It appears that carbon supporting is essentially
beneficial to a better durability according to our preliminary results. Since our dendritic platinum

nanostructures with/without carbon supports represent a new class of electrocatalysts,
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appropriate MEA fabrication method and FC test conditions correspondingly need to be
developed to more accurately quantify the durability improvement and other FC performance

parameters of our electrocatalysts.
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