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TEM image

Figure S1 : TEM transmission electron microscopy image of the initial Ag NPs obtained by
UHYV vapor deposition at room temperature (RT) on amorphous-C/SiO,/Si(100) substrate,
performed in the same procedure than [1].
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Synchrotron radiation experiments

In-situ Grazing Incidence Small Angle X-ray Scattering (GISAXS) and Grazing Incidence
Wide Angle X-ray Scattering (GIWAXS) measurements were carried out at the SOLEIL
Synchrotron in Gif-sur-Yvette, France, at the SIXS beamline [2,3]. The photon energies of 7.7
KeV or 16 KeV were used in the two different campaigns with an angle of incidence fixed at
0.18° and 0.08° respectively to optimize the analysis depth to some nanometers (fig. S2). The
energy range around 7.7KeV was chosen close to the K absorption edge of Co, while the
energies of the Ag absorption edges were not accessible in this beam line. The sample detector
distance was chosen for each x-ray energy to adjust the q range of the collected signal in the
reciprocal space. All GIWAXS signals were collected with a Cyberstar photon point detector,
at 16 KeV and with an XPAD 2D detector with dimensions of 240 x 560 pixels and a pixel size
of 130x130 pm?. The 2D detector used for the GISAXS measurements was a Mar CCD detector,
with dimensions of 2048 x 2048 pixels and a pixel size of 80x80 pum? located at 600mm and
1260mm of the sample at 7.7 KeV and 16 KeV, respectively. The GISAXS and GIWAXS
detectors were calibrated in terms of detection uniformity, spatially and energetically.
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Figure S2: Attenuation length of X-ray beam with the grazing incidence for silica, Ag and Co
at 7.7 KeV and for amorphous carbon at 7.7 KeV and 16 KeV.

The geometry of the scattering data collection is defined at a fixed grazing incidence o [4, 5,
6]: The scattered intensity is recorded as a function of the out-of-plane angle o¢ with respect to
the substrate surface and of the in-plane angle 20¢ (Fig. 1a). For GIWAXS, the exit angle o is
fixed and the scan angle is 20¢. The components of the momentum transfer q = k; - Ky, (scattering
vector) defined by the incident k; and the scattered ky wave vectors are g, = k; (cosas cos26s -
cosa,), qy = ki (cosas sin20y) and q, = k; (sinos + sinoy) in the laboratory frame, x and y in the
surface substrate plane and z out-of plane (y perpendicular to the incident beam). For GISAXS,
the intensity is recorded in qy and g, on the 2D detector.
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Figure S3: Representative 2D GISAXS pattern of the AgCo NPs (intensity in log scale). The qy
(resp. q,) axis is parallel (resp. perpendicular) to the sample plane and the one-dimensional qy
and g, cuts are showed by the white dashed lines.

X-ray scattering Analysis procedure

For GISAXS data analysis: two cuts of intensity, i.e. 1D profiles, in the (b) q, and (c) qy
directions (see figure 1b-c), were extracted from a 2D GISAXS pattern as shown in Figure S3
as in ref.[7]. The two perpendicular experimental cuts (marks) selected in the lobe intensity
region (dashed lines) in Figure S3 were simultaneously fitted with a dedicated code, [sSGISAXS
software [5]. The calculations were based on the Distorted Wave Born Approximation (DWBA)
theory, because of the X-ray reflection effect in grazing configuration in incidence and
emergence. The simulations were made for a distribution of weakly-truncated spherical shape
of nanoparticles, to consider of the weak interactions between the deposited metals and the
substrate. According to the NPs organization on the substrate, the inter-particles correlation
function was calculated using the Local Monodisperse Approximation (LMA), and a 1D-
paracrystal organization model [7,8]. The adjustable parameters of the simulations were the
NPs diameter D, the aspect ratio H/D (where H is the NPs height), the relative distribution of
diameter 6(D)/D, the inter-particles distance A, and its standard deviation o(A)/A [9,4].

For GIWAXS data analysis: the 1D experimental scattering profile was compared with
simulated pattern obtained from calculated model cluster on the basis of the Debye equation
[6,4] and considering the set-up geometry using a dedicated home-made software [10].
Preliminarily, a reference pattern from a substrate region without particle was measured in the
same conditions and in non-anomalous measurement, and was subtracted to the deposited
nanoparticle sample pattern. The model clusters were obtained from Monte Carlo (MC)
simulations with atomic displacements and chemical species exchanges of Co and Ag atoms in
the canonical ensemble, using a semi-empirical tight-binding potential. A weighted sum of the
intensities from several sizes or structures was used to fit the WAXS patterns considering the
size distribution coming from GISAXS results.
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Fig S4 : Anomalous variation of the atomic scattering factor terms (in number of electrons)
depending on the x-ray energy for Ag and Co close to the Co K edge.

For anomalous scattering, the measurements were based on the atomic scattering factor
variations, around an X-Ray absorption edge [11, 12, 13]. Basically, the scattered intensity
expression for CoAg bi-metallic NPs is:
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where q is the scattering vector, E is the X-ray energy, Syn(gq) is the Partial Structure Factor
(PSF) that represents the atomic pair correlation functions and thus provides the inter-atomic
first neighbors distances thanks to a Fourier transform. f), are the atomic scattering factors of
Co an Ag atoms. In particular, fi/(q,E) = forr (q9) + fi(E)+i fir'(E) where fyu (q) represents the
atomic form factor for the M type atom which is the Fourier transform of the atomic electron
density. f'(q,E) and f"(q,E) are the real and imaginary part of the dispersion correction which
represent the atomic dissipation and absorption of the incident electromagnetic wave (figure
S4).

Faraway of the absorption edge of the considered element, f(¢q,E) and f"(q,E) evolutions with
respect to the X-ray energy are negligible, so they were considered as constant. However, near
the absorption edge, these terms vary significantly, and strongly modify the scattering signal
[11, 14]. Considering the case of our bimetallic system containing elements Co and Ag: as the
anomalous scattering is performed around the absorption edge of the Co element, only the
atomic scattering factor of this metal will be affected. Thus, performing a subtraction between
the scattering spectra realized at least for two different energies (E; and E,), the expression of
the remaining scattering signal is:

Ale,(q) =1(q.E;) - 1(q.Eq)

Thanks to the intensity subtraction Al analysis, called the “differential method” [14] at the Co
K edge (one edge at least), the contributions to the scattering signal of pairs Ag-Ag were
eliminated, whereas Co-Co and Co-Ag atomic pairs contributions were not negligible. Thus,
A-GIWAXS method provided a selective access to Co atoms structural environment, and
allowed investigating the chemical configuration of the NPs.
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GIWAXS spectra during the Co deposition
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Figure S5 : GIWAXS spectra from the Figure 4b) as a function of deposited amount of Co atoms,
separated in 3 groups a), b) and c) for a better view. d) GIWAXS spectra of Ag clusters at the end of Ag
deposition and Co-Ag at the end of the Co deposition for 80% Co atoms. The initial spectrum of the Ag
clusters before Co deposition is on all figures in dark grey.
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