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S1 EBL pattern

Figure S1 shows the EBL pattern on the example of Sample-670. Sample-150 was

prepared with a similar pattern.
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a) Sketch of the EBL pattern of Sample-670 with the markers (a-z, A-Z and 50-200) and nanodots

00 kv 0
Fig. S1 EBL pattern of Sample-670

(indicated by a black dot) together with the distances (in gray) and b) overview of that pattern on

the sample in SEM.



S2 Nominal thickness

Since the two samples were prepared around one year after each other, two different
calibration samples were used. These calibration samples are needed to calculate the
deposition rate and therefore the thickness of the evaporated Pd layers.

For Sample-150 the calibration sample was prepared for .. =38 min with an aver-
age flux of feaipr = 10.6£2nA. The evaporated material was analyzed by X-ray
reflectivity (XRR), measuring a thickness of deajjpy = 25.54+0.23 A and a cover-
age of @y = 0.797 4+ 0.006. With this the deposition rate s was calculated by
$ = deatibr * Peatibr/ (Lealibr * fealibr)- Using this deposition rate, the nominal thickness
dnom on Sample-150 can be calculated to dpom = s - tsi150 - foo150 = 17.2847.53 A
= 1.7+ 0.7nm with the flux fg.150 = 215nA and the time tg.150 =13 min.

For Sample-670 the calibration sample was prepared for tcaipre =106 min with an
average flux of feaipre = 214+2nA. The evaporated material was analyzed by XRR
with a two layer fit with a thickness d; = 12.143 A, coverage ®; = 0.62, thickness
dy = 57.840.4 A and coverage ®5 = 0.64. With this the deposition rate s was calcu-
lated by s = (dy - ®1 + da - P2)/(tcatibr2 * fealibrz). Thus, the nominal thickness dpom
on Sample-670 is dnom = S - ts-670 - fs-670 = 48.94£1.6 A= 4.940.2nm with the average

flux fs.g7o = 40£5nA for a time tg g7 =61 min.



S3 Diffusion length

Sample-150 was overgrown with Pd for 13 min at 150°C and Sample-670 for 1h at
670°C. These different temperatures and times lead to different diffusion of the Pd
into the Pt. To estimate the diffusion of the Pd into the Pt NPs, the diffusion length
can be calculated.

Therefore, the diffusion coefficient was calculated using:
—E
D = Dge®RT (S1)
with the experimental prefactor Dy = 0.33 x 104 m?s~1[9] the activation energy
E=324kJ mol_l,[4] the gas constant R = 8.3 Jmol ' K~! and the temperature T
in K. From the diffusion coefficient the diffusion length of each sample was calculated
using | = v/ D -t, with the time ¢ in seconds. The diffusion during the cool down

after the overgrowth of the sample was neglected, resulting in diffusion lengths of

1.5 x 1072 nm for Sample-150 and 0.4nm for Sample-670.



S4 Nominal volume fraction

For both NPs the nominal composition in vol % was estimated by Vpg/Viot - 100 from
the total NP volume V;o; and the volume Vpq of the overgrown Pd. Therefore, the
NPs were assumed to have a hexagonal base and top, as shown in Figure S2. Thus the
volumes Vpq and Vie can be calculated by V = A - h using the nominal Pd thickness
as height h of the Pd volume and the measured height in the AFM for the total
NP volume. Thereby, the area of each NP was calculated by A = 2 - /3r? with the
diameter r as measured in the respective SEM images. Note, that this is only a rough

estimation, neglecting the side facets of the NP.

Fig. S2 Simplified sketch of a nanoparticle as used for estimating the nominal compo-
sition
With the height h, the radius r and the surface area (green) A.



S5 Height determination from intensity distribution

around Bragg peak

The size of the NPs can be determined from the three dimensional (3D) diffraction
pattern in reciprocal space. Therefore, all detector images of one dataset were flatfield
corrected, stacked and hot pixels were removed. Then, the resulting 3D diffraction
pattern was transformed into the laboratory coordinate system. An example of such a
3D diffraction pattern is shown in Figure S3a). From the line-profile along the fringes
in Qz-direction, perpendicular to the NP top facet, one can calculate the distances
dQ between the minima (green dots in Figure S3b)), which allows to determine the

height h of the nanoparticle by the following equation:
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Fig. S3 Example line profile through the intensity distribution around a Bragg peak
a) 3D logarithmic intensity distribution with an isosurface value of 0.3 around the Bragg peak in the
laboratory coordinate system at the initial state for Sample-670. b) Normalized line profile through
the intensity distribution along the blue lines in a) .



Since it is averaged over all n distances d@ with the standard deviation Saq the error

for the height is:

27
dQ2 dQ

To reduce statistical errors and to avoid gaps in the profile due to removed pixels,

each line-profile is averaged over 5 voxels and normalized, while taking into account

that the fringes are not exactly parallel to Qz.



S6 Phase retrieval algorithm sequences

Table S1 contains the phase retrieval algorithm sequences for all datasets obtained on
Sample-150. The corresponding region of interests (ROIs) used for the reconstructions
are displayed in Figure S4. Table S2 contains the same information about Sample-
670 and their corresponding ROIs are displayed in Figure S5 and Figure S6. Even
after choosing the best from over 250 single reconstructions, the result could not be
improved for Sample-150 dataset 3, 5 and 7 and Sample-670 datset 21 (for the latter
an average over 4 instead of 10 reconstructions is used for further analysis). Datasets

4, 6 and 10 of Sample-150 could not be reconstructed.

Table S1 Overview over the used sequences to reconstruct the datasets collected on Sample-150.
The achieved voxel size depends mainly on the size of the used ROIs, which are displayed in
Figure S4.

[ dataset number H cycles [ reconstruction methods [ shrink wrap [ voxel size X y X z [nm)] ]

1 3 300 HIO + 300 ER 0.2 7.1 Xx5.6 X5.6
2 3 300 HIO + 300 ER 0.2 7.1 x3.7x%x3.6
3 3 300 DM + 300 ER 0.17 7.1 X6.7%x6.6
4 - not reconstructable - -

5 3 300 DM + 300 ER 0.15 6.8 X 3.5 x 3.5
6 - dataset incomplete - -

7 3 300 DM + 300 ER 0.1 7.1 x32x3.2
8 3 300 HIO + 300 ER 0.07 7.0 X 5.6 Xx5.5
9 3 300 HIO + 300 ER 0.1 9.0 x 3.5 x3.5
10 - not reconstructable - -

11 3 300 HIO + 300 ER 0.07 7.5%x34x%x34
12 3 300 HIO + 300 ER 0.1 7.1 x33x3.3
13 3 300 DM + 300 ER 0.2 7.0x3.3x3.3
14 3 300 HIO + 300 ER 0.2 7.0x3.1x3.1

10



Fig. S4 ROI of stacked datasets on Sample-150
Overview over all used ROIs used to reconstruct the datasets. Dataset 4 and 10 were not
reconstructable and dataset 6 was incomplete, and are therefore not shown.
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Table S2 Overview over the used sequences to reconstruct the datasets collected on Sample-670.
The achieved voxel size depends on the size of the used ROIs, which are displayed in Figure S5
and Figure S6 and the range of the scanned angle.

[ dataset number H cycles [ reconstruction methods [ shrink wrap [ voxel size X y X z [nm)] ]

1 3 300 HIO + 300 ER 0.2 5.7x5.2x5.2
2 3 300 HIO + 300 ER 0.2 5.7 x 4.6 X 4.6
3 3 300 HIO + 300 ER 0.2 4.6 x 4.6 x 4.6
4 3 300 HIO + 300 ER 0.2 4.7 x 4.6 x 4.7
5 3 300 HIO + 300 ER 0.2 4.6 x 4.7 x 4.7
6 3 300 HIO + 300 ER 0.2 4.7 x 4.7 x 4.7
7 3 300 HIO + 300 ER 0.2 4.5 x 4.7 x 4.6
8 3 300 HIO + 300 ER 0.2 4.6 x 4.8 x 4.8
9 3 300 DM + 300 ER 0.2 4.8 x5.1x5.0
10 3 300 HIO + 300 ER 0.2 4.6 x 5.0 x 5.0
11 4 300 DM + 300 ER 0.2 4.6 x 4.6 x 4.6
12 3 300 DM + 300 ER 0.2 4.8 x 4.6 x 4.6
13 3 300 HIO + 300 ER 0.2 4.9%x4.6 x4.6
14 3 300 HIO + 300 ER 0.2 4.8 x 4.7 x 4.7
15 4 300 DM + 300 ER 0.2 4.6 x 4.8 x 4.7
16 3 300 DM + 300 ER 0.2 4.6 x 4.9 x 4.8
17 4 300 DM 4+ 300 ER 0.2 4.7x4.9x4.9
18 3 300 DM 4 300 ER 0.2 4.7 x 4.6 X 4.6
19 4 300 DM + 300 ER 0.2 4.8 x 4.8 x4.8
20 3 300 DM + 300 ER 0.2 4.6 X 5.2x5.3
21 3 300 HIO + 300 ER 0.2 4.8x4.7x4.6
22 4 300 DM 4+ 300 ER 0.2 4.9 x5.2x5.1
23 4 300 DM + 300 ER 0.2 4.8 x 4.8 x 4.7
24 4 300 DM + 300 ER 0.2 4.6 x 4.8 x 4.8
25 3 300 HIO + 300 ER 0.2 4.9x%x5.1x5.1
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Fig. S5 ROI of stacked datasets on Sample-670
Overview over the first half of the used ROIs used to reconstruct the datasets.
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Fig. S6 ROI of stacked datasets on Sample-670
Overview over the second half of the used ROIs used to reconstruct the datasets.
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S7 Lattice constant and strain from Bragg peak
position

The lattice spacing anp is calculated by

VETETE A
NP = 2 - sin(O) (54)

with the wavelength A and the 111 reflection (thus h = k =1 = 1). The angle between
the incident and the scattered beam 20 was calculated from the out-of-plane detector
angle ¢ and the in-plane detector angle v, taking the sample-detector distance SDD
and the in- and out-of-plane distance on the detector between the Bragg peak and the

direct beam position din-plane @0d dout-of-plane iNtO account:

dout—of—planc

SDD

)) - cos(y + arctan( din-plane ))) (S5)

20 = arccos(cos(d + arctan( <DD

The lattice constants for all datasets are listed in Table S3 and Table S4. Assuming
that we can determine the position of the Bragg peak in the detector image by £ 1 px
in in-plane and out-of-plane directions leads to an error on the lattice constant of

1 x 1073A for all datasets on both samples.
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Table S3 Overview over the lattice constant of all
datasets on Sample-150, including the corresponding
temperatures and gas conditions.

dataset number | anxp [A] | T [C] gas cond.
1 3.920 RT Ar
2 3.920 RT Ar
3 3.932 320 Ar
4 - 320 Ar
5 3.932 320 H2 treatment
6 - 470 Ar
7 3.937 470 Ar
8 3.920 RT Ar
9 3.932 320 Ar
10 3.938 470 Ar
11 3.937 470 methane ox.
12 3.939 520 methane ox.
13 3.942 560 methane ox.
14 3.944 620 methane ox.

We defined the strain € by
€ = (d — dNP)/dNP x 100 (86)
d is thereby the d-spacing in the direction of the measured Bragg peak, thus d = a/ V3
for the 111 Bragg Peak. With this the strain for a region with pure Pd at 680 °C was
calculated for Sample-670 to:
€= (apd — aNP)/aNP x 100 = (—0.46 + 002)% (87)
with anp = 3.94440.001 A from the Bragg peak center for dataset 22. The lattice

constants of Pd and Pt at several temperatures are displayed in Table S5. To include

the thermal expansion, the lattice constant of Pt was calculated by
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Table S4 Overview over the lattice constant for all
datasets on Sample-670, including the corresponding
temperatures and gas conditions.

dataset number | anp [A] | T [C] gas cond.

1 3.920 RT Ar

2 3.931 320 Ar

3 3.931 320 methane ox.
4 3.930 320 methane ox.
5 3.930 320 methane ox.
6 3.930 320 methane ox.
7 3.935 440 methane ox.
8 3.938 490 methane ox.
9 3.942 530 methane ox.
10 3.940 550 methane ox.
11 3.931 320 Ar

12 3.930 320 methane ox.
13 3.934 410 methane ox.
14 3.935 440 methane ox.
15 3.937 490 methane ox.
16 3.939 530 methane ox.
17 3.939 550 methane ox.
18 3.931 320 Ar

19 3.938 510 Ar

20 3.920 RT Ar

21 3.930 320 methane ox.
22 3.944 680 methane ox.
23 3.930 320 methane ox.
24 3.940 570 methane ox.
25 3.944 680 methane ox.

ap(T) =((7.08788 x 107¢ - T+ 5.24850 x 1079 - T? — 6.69487 x 10712 .13
+5.70500 x 1071° - T* — 2.36906 x 10~8 - T° 4 3.95580 x 10722.76 (S8)

—2.39745 x 107%) — 1/3 - !32717523/T) L g oy + apy g

as described in [2]. The lattice constant of Pd was calculated by

apa(T) =(-3.67831 x 103 + 1.10122 x 10°° - T+ 2.69121 x 102 - T*
(59)
~2.25680 x 10 ** - T° 4 6.58134 x 10 2/T) - apa rT + GPd RT

as described in [3].
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Table S5 Overview over the lattice
constant of Pt and Pd at selected
temperatures.

temperature [[ ap: [A] | apa [A] ]

RT 3.923 3.890
320°C 3.935 3.905
560°C 3.944 3.919
620°C 3.946 3.922
680°C 3.949 3.926

S8 Histogram of strain values

Figure S8 to Figure S13 show the histograms of the strain values on both samples at
selected heights, as shown in Figure S7. The strain is calculated relative to the lattice
constant determined for each dataset from the position of the Bragg peak, as described

in Section S7. The data was fitted either by one Gaussian defined as

flx)=a- e~ (T’ (510)
with the mean p and the variance o2 or by two Gaussians
f(,r) =a '6_(1;51)2 _~_a2.e_(w;:2)2 (Sll)

In the histogram of the cuts in Sample-150 in which the core-shell structure is visible,
one either observes two distinct peaks (f.e. in Figure S8c)) or at least a broadening of
the peak (f.e. in Figure S8d)). Both can only be fitted by two Gaussians and not by
one.

Figure S14 shows the histogram of all strain values of the initial and final state on
each sample. For Sample-150 the width of the histogram is decreasing at the final

state compared to the initial state (Figure S14c) compared to a)), while the width

18



is increasing for Sample-670 (Figure S14d) compared to b)). This broadening of the

peak for de-alloyed samples is also reported in literature.[5]

(a) (b)

Fig. S7 Images indicating the planes used to obtain the histograms.
a) Sample-150 inital state with planes indicating the cuts at different heights. b) Sample-670 initial
state with planes indicating the cuts at different heights.
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a) z=-20.0 nm b) z=0.0 nm
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Fig. S8 Histograms of the strain values at different heights, Sample-150 initial state
(RT, under Ar atmosphere)

a) Cut at —20nm, note that a three component fit seems more appropriate. b) Cut at Onm, the
negative strain peak is fitted to be at -0.018% with o2 = 0.007% and the positive strain at 0.121% with
2 =0.007%. c) Cut at 20 nm, the negative strain value is fitted to be at -0.032% with o2 =0.009%
and the positive value at 0.165% with 02 =0.006%. d) Cut at 30 nm, the negative strain value is
fitted to be at -0.081% with 02 =0.011% and the positive strain at 0.117% with o2 =0.009%. All
histograms are extracted from the first dataset of Sample-150 and fitted by two Gaussian functions,
defined as explained in the text. Additionally, the minima and maxima of each plane is written in
the sub-image headers of the cuts. The error on the strain values is £0.088%, see Section S12.

20
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Fig. S9 Histograms of the strain values at different heights, Sample-150 dataset 13
(560 °C under methane oxidation condition)

a) Cut at —20nm, one strain peak position is fitted to be at 0.000% with o2 =0.013% and the
positive strain at 0.092% with 02 =0.003%. b) Cut at 0 nm the negative strain peak position is fitted
to be at -0.069% with 02 =0.013% and the positive strain at 0.024% with o2 =0.006%. c) Cut at
20 nm the negative strain peak position is fitted to be at -0.163% with o2 =0.018% and the positive
strain at 0.044% with o2 =0.005%. d) Cut at 30 nm. The negative strain peak position is fitted to
be at -0.131% with 02 =0.045% and the positive strain at 0.071% with o2 =0.003%. All histograms

are extracted from dataset 13 of Sample-150 and fitted by two Gaussian functions. The error on the
strain values is £0.059%, see Section S12.
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a) | 2=-20.0nm b)
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Fig. S10 Histograms of the strain values at different heights, Sample-150 final state
(dataset 14, at 620 °C under methane oxidation condition)

a) Cut at —20 nm, the strain peak position is fitted to be at -0.021% with o2 =0.005%. b) Cut at 0 nm,
the negative strain peak position is fitted to be at -0.057% with o2 =0.003% and the positive strain
at 0.051% with o2 =0.003%. The positive value is smaller compared to the initial state. ¢) Cut at
20 nm, the strain peak position is fitted to be at -0.015% with 62 =0.006%. d) Cut at 30 nm, the strain
peak position is fitted to be at -0.031% with o2 =0.002%. All histograms from the last dataset on
Sample-150 (dataset 14), fitted with Gaussian functions. Besides for b), clearly one Gaussian is more
appropriate than two, which is also an indication that the strain values are getting less separated.
The error of the strain values is £0.038%, see Section S12.
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Fig. S11 Histograms of the strain values at different heights, Sample-670 initial state
(RT under Ar atmosphere)
Cuts at a) —20nm with fitted peak position at 0.000% with o2 =0.004%, b) 0 nm with fitted peak
position at 0.014% with 02 =0.002%, c) 20 nm with fitted peak position at -0.033% with o2 =0.001%
and d) 30nm with fitted peak position at -0.045% with o2 =0.001%. All from the first dataset of
Sample-670. The error on the strain values is +0.049%, as shown in Section S12.
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Fig. S12 Histograms of the strain values at different heights, Sample-670 dataset 22
(680 °C under methane oxidation condition)

a) Cut at —20 nm with minima of -0.37 and maxima of 0.35%, while the fitted peak positions are at -
0.113% with 02 =0.004% and 0.066% with 02 =0.005%. b) Cut at 0 nm with min: -0.27% max 0.13%,
while the fitted peak positions are at -0.087% with 02 =0.003% and 0.029% with o2 =0.003%. c) Cut
at 20 nm with min: -0.24% max 0.22%, while the fitted peak positions is at 0.006% with o2 =0.004%.
d) Cut at 30nm with min: -0.24% and max 0.2%, while the fitted peak positions is at 0.025% with
02 =0.004%. All from dataset 22 of Sample-670, fitted with one or two Gaussian functions. The error
on the strain values is £0.062%, as shown in Section S12.
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Fig. S13 Histograms of the strain values at different heights, Sample-670 final state
(680 °C under methane oxidation condition)

Cut at a) —20 nm with min: -0.37% max 0.19% while the fitted peak positions are at -0.0419% with
02 =0.019% and 0.0571% with 02 =0.003%. b) 0 nm with min: -0.28 max 0.08% while the fitted peak
position is at -0.010% with 02 =0.003%. c) 20 nm with min: -0.3% max 0.15% while the fitted peak
position is at -0.001% with 02 =0.003%. d) 30 nm with min: -0.22% max 0.22% while the fitted peak
positions are at -0.007% with o2 =0.008% and 0.123% with 02 =0.003%. All histograms are created
from the last dataset of Sample-670. The error on the strain values is +0.055%, as shown in Section
S12.
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Fig. S14 Histograms of all strain values
a) Sample-150 inital state b) Sample-670 initial state c) Sample-150 final state d) Sample-670 final
state
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S9 Experimental conditions

Figure S15 and Figure S16 show the experimental conditions including an overview
over reconstructions of all datasets for Sample-150 and sample-670, respectively. The
gas conditions and temperatures during the BCDI measurements are also listed in
Table S6 and Table S7. Since the set-up is not equipped with a massflow controller
calibrated for CH,, the CO massflow controller was used and the flow rate was adapted
according to the calculations in Section S15. Due to a mistake in the calculation during
the beamtime, the massflow of CH, was set to 2.6 mLmin~' instead of 1.5 mL min~"

to get an total flow of 50 mL min~".
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Fig. S15 Overview over the T and the gases on Sample-150

Including a topview on all reconstructions with isosurface value 0.2, besides for dataset 3-7 for which
an isosurface value of 0.1 was chosen, as described in Section S16. The colorbar indicates the strain.
The gas conditions are given in mL min—!, the black numbers denotes the measured BCDI datasets.

27



Q0990009900099 909

700F o o son s @
C £
600}
o 4 "
s00C o e
e b
O 400 G
[ S
~ r R 34 %
| 2
E "
100 y
or | | | {00 nm

T T Y N S I | L1
5000 5500 6000 6500 7000
time [min] lllllll.f%%g%Ellllllll

03 -02 -01 0 0.1 .2 0.

L0
4500

=}
w

Fig. S16 Overview over the T and the gases in Sample-670

Including a topview on all reconstructions with isosurface value 0.2. The colorbar indicates the strain.
The gas tests performed at RT between BCDI dataset 18 and 19 are left out for clarity, all other gas
conditions are given in mLmin~!. The black numbers denotes the measured BCDI datasets.

Table S6 Experimental conditions of all
datasets on Sample-150. Included are only
the conditions of the datasets, not the
conditions inbetween datasets.

dataset number | T [°C] gas
1 RT Ar
2 RT Ar
3 320 Ar
4 320 Ar
5 320 H2 treatment
6 470 Ar
7 470 Ar
8 RT Ar
9 320 Ar
10 470 Ar
11 470 methane ox.
12 520 methane ox.
13 560 methane ox.
14 620 methane ox.
15 680 methane ox.
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Table S7 Experimental conditions of all
datasets on Sample-670. Only included the
conditions of the datasets, not the
conditions inbetween datasets.

dataset number | T [°C] gas
1 RT Ar
2 320 Ar
3 320 methane ox.
4 320 methane ox.
5 320 methane ox.
6 320 methane ox.
7 440 methane ox.
8 490 methane ox.
9 530 methane ox.
10 550 methane ox.
11 320 Ar
12 320 methane ox.
13 410 methane ox.
14 440 methane ox.
15 490 methane ox.
16 530 methane ox.
17 550 methane ox.
18 320 Ar
19 510 Ar
20 RT Ar
21 320 methane ox.
22 680 methane ox.
23 320 methane ox.
24 570 methane ox.
25 680 methane ox.
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S10 Change of lineprofile through fringes

Figure S17 shows the line profiles through the fringes of selected datasets on Sample-
670. The increase of the asymmetry indicates the dealloying of the sample.[7] This
dealloying is also visible in the detector images in Figure S18. The line profiles are
extracted from the datasets as described in Section S5.

The lineprofiles through the fringes of selected datasets on Sample-150 show the oppo-
site trend: the symmetry is slightly increasing, as visible by eye in Figure S19. The
detector image at the beginning of the catalysis experiment (Figure S20a)) exhibits a
core-shell structure which is clearly changing towards a less strained NP by the end
of the experiment in Figure S20b). The development of the fringes can be followed in

a selection of detector images in Figure S21.
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Fig. S17 Line profiles through fringes of selected datasets on Sample-670

Increased asymmetry (higher offset between left and right side, different modulation and different
slope) from dataset 21 to 22, which is indicating the dealloying, as described in [7]. All gray dotted
lines have the same slope.
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Fig. S18 Selected stacked detector images of Sample-670
a) Dataset 21 and b) dataset 22. All stacked detector images are shown in Section S6. The ’splitting’
of the fringes in detector images indicate core-shell structures.[6].
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Fig. S19 Lineprofiles through fringes of selected datasets on Sample-150

They show a slight decreasing asymmetry over the course of the experiment. Especially from dataset
13 to 14, the offset between left and right side is reduced, which is indicating the start of the alloying,
as described in [7].

100

Fig. S20 Selected stacked detector images of Sample-150
a) Dataset 1 b) dataset 14. The detector images indicate a core-shell structure for dataset 1, see [6].
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Fig. S21 Stacked detector images of selected datasets on Sample-150

Clearly the intensity distribution is changing over the course of the experiment. The displayed
images have the same range around the Bragg peak for all datasets, other than the ROIs used for
reconstruction. ROIs chosen for reconstruction are displayed in Figure S4.
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S11 Radius of half-sphere of overgrown Pd

To confirm that Sample-670 was overgrown with sufficient Pd to fill the volume of
the compressive strain region of the NP in dataset 22, we estimate the volume of the
overgrown Pd. Therefore we assume a perfect hexagonal topfacet of the NP, so that
we can calculate the volume of the overgrown Pd with Vpq = A - h = 2/3r2h, as we
did in Section S4. Thereby, the height h is equal to the nominal thickness of 5nm
overgrown Pd. With Vpq L Vhalt-sphere it follows, that the volume would be sufficient
to fill a half-sphere of Viaitsphere = 4/ 67rrﬁalf_sphere with radius Thalfsphere = 42 nm.
This agrees (within the errorbars) to the radius » = 40 £ 5 nm of the area with the

compressive strain in datset 22 cut at —20 nm.
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S12 Strain error

The systematic absolute error of the strain values was estimated by calculating the
strain independently for all ten reconstructions selected for averaging. Afterwards,
calculating the standard deviation of the ten reconstructions at each point inside the
NP. Then all standard deviations were averaged to get the error bar for the strain of
one dataset.

This error does not include the error from reading the Bragg peak position for the

calculation of the lattice constant. That is described in Section S7.

Table S8 Overview over the absolute
strain error of all datasets on Sample-150.
Additionally, the table contains the lattice
constant anyp which was used to calculate
the strain. The lattice constant was
determined from the Bragg peak position, as
described in S7.

dataset number | strain error | anp [A}
1 +0.088% 3.920
2 40.083% 3.920
3 +0.122% 3.932
4 N _

5 +0.121% 3.932
6 N _

7 4+0.131 % 3.937
8 +0.074% 3.920
9 +0.078% 3.932
10 40.083% 3.938
11 +0.073% 3.937
12 4+0.091% 3.939
13 +0.059% 3.942
14 4+0.038% 3.944
15 - -

35



Table S9 Overview over the absolute
strain error for all datasets on Sample-670.
Additionally, the table contains the lattice
constant anp which was used to calculate
the strain. The lattice constant was
determined from the Bragg peak position, as
described in S7.

dataset number | strain error | anp [A}
1 40.049% 3.920
2 40.035% 3.931
3 +0.033% 3.931
4 +0.04% 3.930
5 4+0.045% 3.930
6 40.049% 3.930
7 +0.039% 3.935
8 +0.041% 3.938
9 4+0.042% 3.942
10 +0.036% 3.940
11 +0.028% 3.931
12 +0.035% 3.930
13 4+0.037% 3.934
14 40.046% 3.935
15 +0.029% 3.937
16 40.036% 3.939
17 40.030% 3.939
18 +0.033% 3.931
19 4+0.027% 3.938
20 40.043% 3.920
21 4+0.028% 3.930
22 +0.063% 3.944
23 40.036% 3.930
24 +0.049% 3.940
25 4+0.055% 3.944

S13 Critical thickness

The critical thickness was calculated by

_ apq 1—v-cos?(a) . he
21 f(1+v)-cos(N) ( (apd) +1) (512)

with the lattice constant apgq of Pd, the Poisson value v = 0.39 of Pd, the missfit
f = (apy — apg)/apq = 0.85, cos(A) = 0.5 and cos?(a) = 0.25.[8] This model is

assuming a stiff substrate.
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S14 Temperature calibration

The sample was heated using a graphite/boronitride resistance heater. A calibration
measurement was performed to correlate the applied currents to the temperature. This
calibration was done under 50 mL/min Ar with 0.1 bar on a Nb doped STO substrate
with identical thickness (0.5 mm) and the same YSZ spacer (1.5 mm) as used during
the in situ experiment at P10. The temperature was measured by a pyrometer with
emissivity € = 0.85 and the results are shown in Figure S22. Throughout the analysis
of the in situ experiment the temperatures T were calculated from the current I by
T =303.6- 1+ 12.94 for currents up to 1.47 A and T = 214.55 - I 4+ 143.88 for currents

above. The temperatures were rounded to the nearest ten.

900
800
200 y =303.6x + 12.945
R? = 0.9959
600
T 500
— 400 .
300 .,...'
200 o y =214.55x + 143.88
R? = 0.999
100 =
0@’
0 0.5 1 15 2 2.5 3 3.5
current [A]

® lowT ® hightT  seeeceees Linear (low T) Linear (hight T)

Fig. S22 Temperature calibration
The measured temperatures were fitted by two linear fits, which cross at 1.47 A. R? specify the errors
of the fits.
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S15 Calculation of real flow

CH, was flown in a massflow controller which was calibrated for CO. To get the real
flow Flea from the flow which was set in the software Fy., the following equation was

used:
Fset

HCMFC gas | PMFC gas
Hcreal gas Preal gas

F real =

(S13)

with the heat capacities HC and the density p of the real gas (here CH,) and of the
gas for which the MFC was calibrated (here CO).

The following values were taken from [1] and used for calculation:

For CH,: HCcn, = 0.568, pcu, = 0.7175

For CO: HCco = 0.249, pco = 1.25
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S16 Choosing isosurface value

For Sample-150 several isosurface values were tested on multiple datasets to choose the

best one, as shown in Figure S23 to Figure S27. We decided to use an isosurface value

of 0.2, since it looks the most reasonable for dataset 1, 9 and 14. Only for datasets 3-7,

an isosurface value of 0.1 was chosen, since for those datasets, the reconstructed shapes

have holes otherwise. Even after choosing the best from over 250 single reconstructions,

the result could not be improved for dataset 3 to 7.

2 & o
| . @
(a) (b) (¢)

Fig. S23 Testing different isosurface values for dataset 1

with a) 0.1 b) 0.15 ¢) 0.2 and d) 0.3, the colorbar represents the strain in %.

d & &
| | |
(a) (b) (c)

Fig. S24 Testing different isosurface values for dataset 3

with a) 0.1 b) 0.15 ¢) 0.2 and d) 0.3, the colorbar represents the strain in %.

il B Lo
(@ (b) (e)

Fig. S25 Testing different isosurface values for dataset 5

with a) 0.1 b) 0.15 ¢) 0.2 and d) 0.3, the colorbar represents the strain in %.
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Fig. S26 Testing different isosurface values for dataset 9
with a) 0.1 b) 0.15 c¢) 0.2 and d) 0.3, the colorbar represents the strain in %.
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Fig. S27 Testing different isosurface values for dataset 14
with a) 0.1 b) 0.15 ¢) 0.2 and d) 0.3, the colorbar represents the strain in %.
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