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Overview

This Supporting Information contains additional transmission electron microscopy (TEM)

images of the three bimetallic systems investigated in the main article, and provides more

details regarding the thermally induced structural transitions observed in the experiment.
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1 The Co-Au Bimetallic System

We start by presenting in Fig. S1 an overview image of the Co-Au cluster distribution on

the TEM grid directly after deposition.

Figure S1: Overview scan of Co-Au nanoparticles with a size distribution of all scanned
particles.

The Co-Au clusters undergo a transition towards a decentralised Co core at around 400◦C.

Note that the core is kept under a single protective layer of Au.

Figure S2: Thermally induced restructuring of a selected Co-Au cluster. The Co core,
clearly located in the center at first, undergoes a transition towards a decentralised position
at 400◦C.
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2 The Fe-Au Bimetallic System

Fig. S3 provides an overview image of the Fe-Au cluster distribution on the TEM grid directly

after deposition. Note that, due to shorter deposition times, the coverage is smaller than for

the Ni-Au and Co-Au systems.

Figure S3: Overview scan of Fe-Au nanoparticles with a size distribution of all scanned
particles.

In order to record the unusual effect of core fragmentation upon heating, the electron

beam dosage had to be kept at a minimum for this system. Therefore, in contrast to the

other two systems, we strongly limited the amount of images taken at atomic resolution.

Figure S5 depicts the evolution of three Fe particles from a centralised towards a decentralised

configuration at 400◦C. The fractured, decentralised core reappears after a phase transition

into the liquid state followed by subsequent cooling (see Fig S4).
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Figure S4: Transition of Fe-Au clusters from solid to liquid and back to the solid state,
corresponding to a temperature of 500◦C, 1100◦C and 500◦C again, respectively.

Figure S5: Three Fe-Au particles, first recorded at room temperature (a), then after heating
to a temperature of 400◦C (b).
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3 The Ni-Au Bimetallic System

Fig. S6 provides an overview image of the Ni-Au cluster distribution on the TEM grid directly

after deposition.

Figure S6: Overview scan of Ni-Au nanoparticles with a size distribution of all scanned
particles.

In contrast to the Co-Au system, here we observe a transition from a centralised Ni core

embedded in a Au shell towards a fully alloyed structure, taking place in the temperature

range between 300◦C and 400◦C. The structural changes with increasing temperature in steps

of 50◦C are captured in Fig S7. Note that a step at 350◦C has been skipped since the electron

beam exposure during TEM image scanning started to affect the cluster structures at this

temperature. For a single scan of a 5 nm cluster at atomic resolution a dose of 5.6 × 107

electrons is deposited onto that area. This issue was the topic of our previous study,1 which

discussed the impact of the electron beam, ways of minimizing structural damage, and its

potential use for intentional manipulations of a given sample.

We did a study on this thematic in Ref. 1 which shows the impact of the electron beam

and how to avoid or explicitly use this source of extra energy.
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Figure S7: Thermally induced evolution of a selected Ni-Au nanoparticle with 5 nm in
diameter.
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