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Motivation and Significance ALED of Pt on Pd powder (PdPt) How do we prepare Nanoporous Platinum?

Multimetallic materials often exhibit enhanced The OCP between the Pd working electrode and Ag/AgCl Nanoporous Metals (NPM) are nanostructured materials
functional properties compared to their parent metals reference electrode shows the changes at the surface of the with pore diameter less than 100nm, they possess superior
alone. They have a wide range of applications in Pd WE. The OCP stabilizes at -0.2 V which is the value for Pd properties of high surface to volume ratio, uniform pore size
areas such as hydrogen storage, catalysis, and hydride electrode. Small aliquots of adlayer salt H,PtClg distribution, unique physical, chemical and mechanical
electrocatalysis. Examples include a dramatic increases OCP. This accounts for the galvanic replacement of properties different from their bulk counter part.

increase in the oxygen reduction activity of Pt PdH at the surface witk ™* .., The nanoporous metals are synthesized by chemical
catalysts in the presence of subsurface alloy layers’, The OCP of Pd wire o reduction of metal salt in soft templates in the presence of a
surface-poisoning resistance in formic acid oxidation and other different °° nonionic surfactant oligo (ethylene glycol) hexadecyl ether
catalysts?, and improved kinetics in hydrogen storage surface area Pd powder &, "l (Brij 56)°. This soft template is washed by a 3:1 ratio of
materials3. Further, the topology (e.g., particle size, is shown in Fig. 4. The Papowder | HighSuface Aree ethanol and water. The synthesized nanoporous metals are
morphology, porosity) exhibited by metal materials stoichiometry involved

characterized by porosimeter.

plays an important role in determining functional IS given in Table 1. N Characterization of Nanoporous Platinum
properties. Despite much recent effort to develop 02f Swo—_

approaches to synthesize multimetallic materials, s ST Gm"i“fp'::"_m:omgm w0 wm w___  BET Surface Area of Nanoporous Pt from (NH,),PtCl, is
simultaneous control of both surface morphology Timetmin) found to be 30 m?/g and Pore width is found to be less than

and composition remains a challenge. This is 4nm as shown in Fig. 8.
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particularly true at large scale, and with high surface Fig.4. TEM image of PdPt (left) and OCP of Pd wire and Pd powder (right) 18 [

area powders and nanomaterial substrates. We have 16f J - Micelle with 2nm
14} 1 : hydrophobic tail
12: Desorption Isotherm . ;

E(V vs. Ag/AgCI)

developed means of preparing these materials that e e
10}

Surface Area (m2/g) from N,

addresses these issues known as Atomic Layer porosimetry 3.15%102 1.00 3.00
Electroless Deposition (ALED). o 2emx004cm 0409 0104 !
study* suggested 3D

Objectives o growth concluding |
+ Elucidate details of ALED process with noble metals o each cycle was not 00 0103203040506070509 1 1.

Added Pt4* reducing equivalents

1. Stoichiometry of galvanic replacement (Observea) S e strictly confined to a e CE) Poro Width ()

2. Growth rate per CyC|e Observed / Theoretical 3.07x103 5.00 4.00 Single atomic |ayer_
3. Growth mechanism

XPS data of Pt on Pd
(PdPt) from previous

Moles of surface atoms (111) 8.01x10-10 2.45%10-6 7.37x10-6

Quantity Adsorbed (cm?g STP)

Differential Pore Volume (cm?®/g)

Reducing equivalents (Pt4*

Fig 8. Isotherm from nanoporous Pt (left) and Pore size distribution (right). Inset

Table 1. Stoichiometry of Pt ALED on Pd (PdPt) shows diagram of micelle which self assembles itself.
(http://www.biomedcentral.com/content/figures/1757-5036-2-3-3-1.jpq)

« Expand the scope for different substrates and adlayers other

than noble metals ALED of Pd on Pt powder (PtPd)

1. Nanoporous metal - - Analysis using 1.4 Phenylene Diisocyanide
2. Adlayer metals other than noble metals Similar ALED approac® 1 - y g, y y

. =C
3. Substrate other than Pd IS used on Pt powd - /@»
Introduction and the amount - C=N Vibrational spectroscopy of phenylene

_ ] . deposition is quantifie diisocyanide (PDI) adsorbed on metals has been
What is Atomic Layer Electroless Deposition (ALED)? by X-ray Photoelectrc £ investigated in the context of research on Self-
ALED is a scalable approach to Spectroscopy (XPS Assembled-Monolayer (SAMs)®. We plan to use this
surface-modified metal powders in The OCP and XF - , technique to study the surface composition of ALED-
which deposition of adlayer elements spectra is shown in Fi - p T — prepared materials. PDI is adsorbed on the metal

- - ’ . 5 and Fiqg. 6 respectivel,. Time {mia.) surface by soaking in a THF solution of PDI.
on substrate metals is carried out. In g P y Fig. 5. Change in OCP over time P¢ y g e ._

this method, elements more noble The sample is then

than the surface hydrides of the 2 T——— e washed with THF and

substrate metal are deposited layer- | The stoichiometry data dried in a N, purge
by-layer in surface-limited fashion. | suggests the presence 2 '

The substrate is first charged with a | of negligible amount of Itis then pressed

i
’ B .
b . i +

controlled partial pressure of H, gas i bulk hydrides in Pt into a titanium grid

| substrates. XPS shows and subjected to

to chemically form a surface hydride. .
| the 3D growth.

After terminating the flow of reagent
gas, surface-limited reduction of an spectroscopy
adlayer of a different metal is carried Fig. 1. ALED scheme e, 315

. Pd metal* Fig. 9). The IR
out by galvanic exchange of the ~ °" °M¢@ (Fig. 9)
surface hydride. Fig. 6. Fitted XPS spectra of PtPd after 1 and 3 cycle (inset : raw data). shows a PDI

~ ptwire  Ptpowder NP, stretch around B0 T T e
frequency {cm™)
Surface Area (m2/g) from N, 2 BEx10-5 £ 20 SR 21 30 Cm-1 but When

i i orosimet : Fig. 9. PDI adsorbed
Results and Discussion : . g o - " 5D adsorbs on platinum . P adse
ample size cm x 0.04 cm A10g 10g

One pot preparation of Bimetallic materials and palladium the stretch shifts in a manner that is

ST RS ST 6370 A dependent upon the metal to which it is bound. From
ALED is a one pot approach Reducing equivalents (Pd2 3 181010 T these data we plan to determine the amount of
- Theoretical) ) | ) 7 8
containing reference  (Ag/AgCl), | | coverage from ALED."
counter (Pt) and working electrodes [R\ay\.  IREHEY/ & e (PR 2464107 488100 2456102 Conclusions
(Pd), and a stir bar as shown in Fig. S ol A A .

transmission IR

Observed / Theoretical 7.73%102 0.99 1.12

2. Working electrode is exposed 2cm, S e WA - * ALED approach is studied in detail using different substrates
to ensureg that a ansistgnt surface ' | Table 2. Stoichiometry of Pd ALED on Pt (PtPd) * NP, is used as potential substrate to form bimetallic PtPd

area is in contact with electrolyte € 5 G ALED on Nanoporous Platinum powder - Quantification of prepared bimetallic is done by using XPS.

(0.1M H,SO,) before and after Nj ” — NP (Pth)  Important preliminary data §ugges’Fs that IR spectroscopy. of
deposition. The cell is filled with 35 Pt PDI adsorbed on metal particles will be useful in determining

ml of electrolyte and purged with N, Fig. 2. ALED apparatus The OCP on NEPt, one cycle and three cycle are shoyvn Ig Flg..7 surface coverage. References
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