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Safe particle limit
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Going 3D
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Dealloying of small particles

element, Mg acting as sacrificial element, and Bi acting as the
dealloying melt medium. By immersing a Si−Mg precursor in a
Bi melt, Mg should selectively dissolve from the Si−Mg alloy
into the Bi melt, as suggested by our previous work on other
porous metals.21−23 Figure 2b shows a schematic of the
evolution of 3DNP-Si by immersing a Mg2Si precursor in a Bi
melt. Initially, the Mg2Si precursor intermetallic compound has
an atomically mixed structure (i). When the precursor is
immersed in the Bi melt, only the Mg atoms dissolve into the Bi
melt; the Si atoms left at the solid/liquid interface cohere,
growing Si islands in the melt (ii). After solidification by
cooling, the Bi elements filling the interspace of Si islands are
etched away; upon drying in air, the 3DNP-Si is produced (iii).
Figure 2c shows a scanning electron microscopy (SEM) image
and quantitative energy-dispersive X-ray (EDX) maps of Si and
Mg for the as-prepared Mg72Si28 precursor. The microstructure
of the precursor exhibited a typical hypereutectic structure with
primary dendritic grains embedded in the eutectic matrix.
These results show that the primary grain had a uniform

distribution of Mg and Si with a ∼2:1 Mg/Si concentration
ratio. The surrounding matrix was a Mg-enriched phase that
contained almost no Si. The X-ray diffraction (XRD) pattern in
Supporting Information Figure S1 confirms that the primary
grain was the Mg2Si intermetallic compound and the
surrounding matrix was mostly hcp-Mg. Figure 2d shows an
SEM image and quantitative EDX maps of Si and Bi for the
precursor dealloyed by immersion in a Bi melt at 1123 K for 30
min. After immersion, the grains retained almost the same
shape and dimensions as the original Mg2Si, but their chemical
composition changed. In the grain, the Si concentration
fluctuated and a Si/Bi composite structure formed. The
surrounding matrix was almost wholly replaced by Bi atoms.
Taking advantage of the high passivity of Si,25 we selectively
etched the composite in aqueous HNO3 to remove the Bi
phase from the Si/Bi composite and the matrix. Figure 2e (and
the enlarged version in Supporting Information Figure S2a and
b) shows an SEM image and quantitative EDX maps of Si and
Bi after etching. These results show a grain with a 3DNP

Figure 2. Preparation of bulk 3DNP-Si by dealloying in a metallic melt. (a) Schematic of producing 3DNP-Si by dealloying in a metallic melt. The
Si−Mg precursor and Bi melt were selected based on the miscibility of Mg−Bi and the immiscibility of Si−Bi. (b) Schematic of the evolution of the
3DNP structure by dealloying. (i) Initially, the Mg2Si intermetallic precursor has an atomically homogeneous structure. (ii) As the precursor is
immersed in the Bi melt, only the Mg atoms dissolve into the Bi melt, leaving Si atoms at the solid/liquid interface to cohere into Si islands. (iii) Bi is
etched away to form the 3DNP-Si. The colors of atoms correspond to those in panel a. (c) SEM image and corresponding EDX mapping of Si−Mg
precursor. Color of the mapping represents atomic concentration defined by the color bar in the right side of image. (d) SEM image and
corresponding EDX maps of sample after immersion in Bi. (e) SEM image and corresponding EDX map of sample after etching. (f) Photograph of
the bulk 3DNP-Si powder. (g) TEM image and corresponding selected area diffraction pattern of single grain from the powder.

Nano Letters Letter

dx.doi.org/10.1021/nl501500g | Nano Lett. 2014, 14, 4505−45104507
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Thank you for your attention.
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Open ques?ons:
- Why does J2 work?
- What does yield stress correspond to?
- What is the plas?city length scale?
- What are effects of plas?city 

(localiza?on) on ini?a?on?


