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1 Validity of the reconstruction

The oversampling ratios, defined to be the total number of pixels in a direction
in the FFT array divided by the number of pixels in the object along the same
direction, for the current experiment are o, = 2.4, 6, = 2.3, 6, = 5.1 respectively.
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For a reconstruction its error metric, %~ is defined as,
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where j is the pixel, J the total number of pixels, I" is the measured intensity and
I* is the estimate of the intensity during the iterative reconstruction process.
Error metric represents the degree of match between the measured data and the
solution. We performed the reconstruction with 10 different random starts and
the best fitting (which have the smallest error metric) from the first generation

of iterate was chosen for performing further refinements (see Methods).

Shown in Supplementary Figure S1 is a plot of the error metric (square
symbols) of the first generation fittings from 10 different random starts, for the
measured diffraction data set after 10 hours diffusion. The low y* values

(<4.8x107) indicate good agreement between the reconstruction results and the



measured data. Furthermore the quantitative discrepancy was used to directly

compare the fittings against each other, which is defined as
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where p; and p; represent one of the fittings. Figure S1 includes the calculated

quantitative discrepancies (triangle symbols) between the solutions from
different random starts, with fitting No. 6 as the reference which has the lowest
error metric (4.47x107). It can be seen that all the quantitative discrepancies are
small (with a maximum value of 1.6%) and the fittings are highly consistent.
The error metrics and the quantitative discrepancy analysis shown here
demonstrate that the reconstruction results are reliable even for the data set
measured at the longest diffusion time in the experiment, where the diffraction

pattern became non-centrosymetric.
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Figure S1. The error metrics of the first generation fittings from 10 different
random starts (black squares) and the quantitative discrepancies of the fittings
(black squares), for the diffraction data set of the gold nanocrystal measured at

10 hours diffusion time.



It is also worth pointing out that in Fig. la-f in the main manuscript we show
the zoomed-in images in order to reveal the details of the fringes at the centre
part of the diffraction pattern, while the diffraction patterns used for the
reconstructions encompassing a nine-times as big area. This is for minimizing
the level of the artefacts in the retrieved amplitude, which may incur due to the

cut-off of the high frequency signals.

2 Dislocation loop simulation

Simulations were performed to compare with the BCDI measurements. Figure
S2 shows the phase structure for a dislocation loop, consisting of two opposite
edge dislocations formed from the insertion of a single plane of atoms over a
small region between two adjacent lattice planes. The distance between the two
edge dislocations is 120 pixels and the Q vector is chosen to be along the
horizontal direction. The phase was then modelled using an isotropic elastic

theory1 with the displacement components represented as:
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where r and 0 are the polar coordinates centred between the two edge
dislocations, and v the Poisson’s constant. The simulated phase 1s shown in Fig.
S2(a), and it presents a dipole-shaped structure with an abrupt change from -x to
n. To see how the finite resolution of the imaging system can affect the
measurement outcome for the phase structure, a Gaussian filter function (inset
of Fig. S2(b)) was further applied to the complex density (includes both the
amplitude and the simulated phase) of the dislocation loop structure, with a
standard deviation of 64 pixels which is deduced from the finite resolution of

the BCDI measurement, and the obtained phase is shown in Fig. S2(b). It can be



seen that after the Gaussian smearing, the full =& phase wrap and the dipole

shape are clearly preserved, consistent with the experiment results.
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Figure S2. The simulated phase structure from a simple dislocation loop
consisting of two opposite edge dislocations (a), and the smeared phase after
applied a Gaussian filter (b). Arrow in (a) shows the Q-vector direction. Inset of
(b) is the Gaussian filter function applied to the simulated complex density of

the dislocation loop.

3 Time dependence of the nanocrystal’s volume and surface area

Figure S3 summarises the time dependence of the volume (a) and surface area
(b) of the gold nanocrystal. Here the volume and surface are calculated from the
reconstructed amplitude at the 40% contour level, and normalized to the values
before the copper diffusion, with the error bars showing results between 35% to
45% contour levels. It can be seen that while the volume decreases with time,
the surface area increases with time, and both are roughly linear relationships.
After 10 hrs of copper diffusion, the crystal volume decreased to 0.68 and the
surface area increased to 1.2 of the initial values. The fitted slopes are -5.70x10
* Vo/min for the volume curve and 1.61x10™* Sy/min for the surface curve, as

shown in the red lines in Figure S3. Here the V, and S, are the volume and



surface area of the gold nanocrystal before the copper diffusion, and are 3.6x10°
*m’ and 5.1x10™° m? respectively, obtained from the reconstructed amplitude
of the nanocrystal. Inserting the values of the V, and Sy, the fitted slopes are -
3.5%x10% m’s” for the volume curve and 1.4x10™"* m’s™ for the surface area

curve.
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Figure S3. The time dependence of the volume (a) and surface area (b) of the

gold nanocrystal, normalized to the initial values before copper diffusion and

the linear fit (red lines).

For a sphere, the volume changes with the radius in a relation of dV = 4x-r’dr.
In the current experiment, as dV/dt = -3.5x10> m’s™, the diffusion rate along
radial direction, v, = dr/dt = (—3.5><10'25/47t)-r'2, scales with 172, indicating v,

increases rapidly as the crystal shrinks. The accelerating rate of reaction at the



interface between the alloy and the remaining crystal may be due to the higher

activity for smaller-sized nanocrystal.

4 Evaluation of the diffusion coefficient

By further analyzing the three dimensional amplitude histogram shown in Fig. 4
of the main manuscript, one can deduce the diffusion coefficient D of copper in
the gold nanocrystal. As the diffusion temperature in our experiment is well
below 0.3T,,, where T, is the melting temperature of gold, the lattice diffusivity
is negligible. In this case it is known that a root-mean-square (RMS)
relationship® can be used for the estimate of the diffusion coefficient D, and is
given by Equation (5).

x = (D)% (5)

Where ¢ is the time needed to achieve a diffusion distance x. For our experiment,
we set an amplitude threshold value of 0.4 and rule that any pixel with a lower
value is regarded as having been diffused with copper. One can then estimate
the percentage of the gold nanocrystal being converted by the diffusion and
work out the average diffusion depth x. Using this method, analysis from the
amplitude histogram in Fig. 4 yields a diffusion coefficient D of 8.7x10” um*/s
for copper in the gold nanocrystal at 300°C. Varying the amplitude threshold
value from 0.3 to 0.5 yields a diffusion coefficient D in the range between
4.5%x10” and 1.2x10™® um?s. Extrapolation from experiment results performed
at higher temperatures on bulk gold samples’ yields a diffusion coefficient D of
9.8x10"" pum®/s for copper in gold at 300°C. The much larger diffusion
coefficient obtained from our experiment shows the difference in activity
between nanocrystal and bulk material. Here the diffusion coefficient accounts
for the overall diffusion effectiveness (thus an average result) of copper inside
the single gold nanocrystal, the difference of the diffusion rate along different

directions inside the nanocrystal has been smeared out in the modelling.



5 SEM images

Figure S4. SEM images of the gold nanocrystal sample before (a), and after the
diffusion experiments (b) and (c). (c) was imaged at a tilted angle of 45°. Scale

bars equal to 2 pum. EDX measurement confirms that the continuous film on the



substrate in (c) consists of copper while for (a) the EDX measurement shows

that the corresponding areas consists of Si (the substrate material).

Supplementary Video S1. The temporal evolution of the diffraction pattern at
the centre position of the rocking curve for the gold (111) during the copper

diffusion, XZ plane view, time interval between successive frames is 22 mins.

Supplementary Video S2. The cross section slices of reconstructed amplitude of
the gold nanocrystal at diffusion time of 10 hrs, XZ plane view, shown as a
function of the y-coordinate with a distance of 10 nm between successive

frames.

Supplementary Video S3. 3D rendering of the density of the gold nanocrystal
with the corresponding phase overlaid on the surface, after 6 hours copper

diffusion.
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