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Schematic illustration of the sample preparation process. For more details, the reader is referred to
the following publications. Growth of NWs!=3, NW transfer*>. The nanowire synthesis was done
in a custom-built PVD-ALD system, which allows to directly transfer samples between the
chambers without breaking the vacuum. For the study, samples have been heated in sifu within the
TEM. For comparison, samples also have been heated ex situ in a furnace in argon atmosphere.
For the ex situ experiment, the NWs have been mechanically transferred on conventional TEM
grids with carbon film (gently sliding the TEM grid over the sample surface with freestanding
NWs).
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Supporting Figure 1. Schematic illustration of the sample preparation process.
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Example of a NW heated under beam-off conditions (no acquisition of EDX maps/STEM images
during the heating procedure). The NW shows the same behavior has a NW under in situ

conditions.

Initial foonm After annealing (408 100nm HAADF

Supporting Figure 3. Heating experiment under beam-off conditions. a) initial NW with core-
shell structure. During heating the NW has not been exposed to the electron beam. b) HAADF
image of the same NW after heating at 400 °C for 1h.
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Example of ex sifu annealed core-shell (Cu-Au) NWs using a furnace at 350 °C for 1h. After
heating, the NW shows a homogeneous composition of Cu and Au. In HR STEM, we see the
CusAu (ordered) structure.
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Supporting Figure 2. HAADF image of a NW after annealing in the furnace. The EDX map
shows a homogenous composition of Au and Cu. HRSTEM reveals the ordered L1, structure of
CusAu (ordered) phase.
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Figure 1.1 provides an overview of the considerations taken into account to calculate diffusion
coefficients based on our experimental data. Figure 1a illustrates schematically the projection of a

core-shell nanostructure (Cu core, Au shell) in TEM.
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Supporting Figure 4.1. a) Schematic illustration of the Cu-Au sample system. b) Calculated
projected atomic fraction of a core-shell structure along the beam direction. b) Simulated diffusion
of a core-shell structure by using Fick's laws of diffusion. ¢)Experimental EDX profile of core-
shell structure. Inset: EDX map and indicated position of the line scan d) Calculated concentration
profiles (of Au and Cu) per time during interdiffusion (line scan across core-shell structure).
Dimensions and diffusion coefficients are taken from the experiment. ¢) Experimental EDX data
obtained during in sifu heating in TEM.



Corresponding to this, figure 1b shows the calculated projected atomic fraction of such a structure.
The calculated profile was convolved with a gaussian function that simulates the finite resolution
of the electron beam. Figure 1c shows an experimental EDX line profile across a core-shell NW.
To calculate the diffusion coefficient, we take the projected profile into account and the relative
changes in composition during heating are considered. Figure 1d is a simulated diffusion process
of a core-shell structure according to Ficks law of diffusion. The interdiffusion of the core and the
shell is radially homogeneous. Figure le shows calculated concentration profiles per time during
interdiffusion (line scan across core-shell structure) based on the dimensions and diffusion
coefficient obtained in the experiment. Figure 1f shows the corresponding experimental EDX
profiles. The calculated concentration profiles and the experimental data show the same
progression with evolving time. The interdiffusion coefficients are calculated by using the equation

developed by Wagner for a binary diffusion couple®:
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Y= @7 X: position parameter
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R. Ravi and A. Paul demonstrated the general applicability of the equation to binary diffusion
couples’. In our work we follow the approach to calculate diffusion coefficients based on
composition profiles. The calculation takes the composition on the left and right hand side of the
diffusion couple into account. The molar volume Vi, is calculated based on the change in lattice

parameter a with composition:
a=0.408 Np, + 0.36(1-Nay)
V= Np*(a’/4) Na: Avogadro's number

Figure 2 shows the calculation procedure based on our experimental data (example: Au line profile
after annealing at 400 °C) for N, = 0.2. Figure 2a shows a plot of Y versus x, where we take the
slope at the point of interest (N 5, = Y). Figure 2b and 2c show the integrals (shaded areas) used
to calculate diffusion coefficients. Based on the extracted values, we calculated the interdiffusion

coefficient.
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Supporting Figure 4.2. EDX line profile of Au after annealing at 400 °C. a) Y plotted against x.
b) Y/Vm is plotted against x. ¢) (1-Y)/Vm is plotted against x.

In general, the calculation of interdiffusion coefficients are related to the diffusion fluxes following
Fick’s laws®. The Matano-Boltzmann method is based on simplifying the partial differential
equations of Ficks second law ? into ordinary differential equations based on the Boltzmann
parameter'®. However, this method relies on a precise determination of the Matano plane. Based
on that, Wagner has proposed a method to bypass the Matano plane location in the analysis of
binary interdiffusion. The Wagner equation represents an analytical approach based on algebraic
equations without the need to locate the Matano plane graphically. The details of this approach
can be found in text books'!12. It considers the actual variation of molar volume with composition
and is widely used to determine interdiffusion coefficients in binary systems '3 147, A. Gusak and
N. Storozhuk demonstrated the applicability of coefficients based on Wagner’s equation within

atomistic-scale models!>.
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CTEM image corresponding to the diffraction pattern shown the main manuscript in figure 3c.

CusAu (ordered)

Supporting Figure 5. CTEM image of the Cu;Au NW (left) and the corresponding diffraction
pattern (right). The NW is oriented in [110] zone axis. The aperture position is indicated with the
white dashed circle.
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ALD layer

Supporting Figure 7. EDX map of a 1 nm Al,Oj3 shell on a copper NW as well as a high resolution
STEM image of such a layer. While the shell looks largely homogenous in the EDX map, the high
resolution image reveals several inhomogeneities in the film (marked with white arrows).
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