Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2018

Supporting Information

Unexpected Compositional and Structural Modification
of CoPt; Nanoparticles by Extensive Surface Purification

Martin D. Mizrahi, Galyna Krylova,? Lisandro J. Giovanetti, José M. Ramallo-Lépez,¢ Yuzi
Liu,? Elena V. Shevchenko,”* and Félix G. Requejo“*

4INIFTA, CONICET and Dpto. Quimica, Facultad de Ciencias Exactas, Universidad Nacional
de La Plata, P.O. Box 16, Suc. 4, 1900 La Plata, Buenos Aires, Argentina,

bCenter for Nanoscale Materials, Argonne National Laboratory, Argonne, Illinois 60439
USA.
Corresponding authors: Elena V. Shevchenko (eshevchenko@anl.gov) and Felix G. Requejo

(felix.requejo@gmail.com).

Coordination numbers analysis: Figure 1S shows the calculated average coordination numbers
(Npwp and Npc,) for a core/shell NP with Pt metallic core and a CoPt; alloy shell. Vertical red and
blue bars indicate the range of consistence between theoretical and EXAFS results. From these
figures it is clear that using the Pt/CoPt; model, it is impossible to find a region of the core radius

to fulfill experimental data on coordination numbers.
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Figure S1. Pt/CoPt; core/shell model: calculated average coordination numbers Np,p, (ved line)
and Np,c, (blue line) as function of Pt core radius for 5.9 nm and 9.3 nm NPs (left and right
images, respectively). The green horizontal bars represent the average coordination numbers
obtained by the EXAFS fits, and the vertical red and blue bars indicate the region of the core
radius for the matching between theoretical and EXAFS values of the Npp, and Npc,.
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Figure S2 shows the calculated average coordination numbers (Npp, and Npy,) for a random
distribution of Pt and Co atoms in a fcc structure. For both samples we used the Pt/Co ratios
obtained from the fits of the corresponding fluorescence spectra. Vertical black lines indicate the
average particle radius obtained by the analysis of TEM images. For these radii the calculated
average coordination numbers do not match to the estimates of the EXAFS fits.

AN}

10 —— . 95
5 Random distribution model - Pt/Co = 4.8 g | Random distribution model - Pt/Co = 5.4
o | - -
W E a0,
2 z |
5 6- / Calculated N S 854
= 04 - PPt © ]
e CoPt6 | Catculated N, LS 80L  coptg | cAdatedN,,
§ 2:/ LT § 54T —— Calculated N,, 7
Moo 777 2 20.
i
§ R~ 295nm S 46
Z 1 < R~ 4.65nm
05 10 15 20 25 30 30 35 40 45
Particle radius / nm Particle radius / nm

Figure S2. Calculated average coordination numbers Npp, (ved line) and Np,c, (blue line) as
function of core radius for a random distribution of Pt and Co atoms, with the Pt/Co ratio
obtained by fluorescence measurements for 5.9 nm and 9.3 nm NPs (left and right images,
respectively). The green horizontal bars represent the average coordination numbers obtained by
the EXAFS fits, and the vertical black line indicates the particle average radius obtained by TEM.

Co K-edge XANES analysis: Co K-edge XANES technique is a sensible tool to identify Co
species in small crystalline domains.! Figure S3 presents the Co K-edge absorption spectra of the
9.3 nm CoPt; NPs before and after extensive purification, as well as spectra corresponding to
metallic Co, CoO, Co;0, and CoPt; reference samples. The absorption edge at 7709 eV
corresponds to the electronic transition from 1s to 3d states, whereas the maximum at the white
line at 7725 eV is due to electronic transition from 1Is to 4p.2 The XANES spectra of CoPt; alloy
reference compound and extensively purified CoPt; NP samples revealed the same characteristic
feature at the edge and the two main resonances at 7709 and 7725 eV, and a third one at 7750 eV
(in both energy and intensity). On the contrary, the spectrum of as-synthetized CoPt; sample is
noticeably different than that of extensively purified NPs. The Co K-edge EXAFS study on as-
synthetized CoPt; NP indicate the presence of additional coordination shells for Co with Co-Co
and Co-O contributions (Figure S3b, Table S1) that is consistent with the presence of oxidized
Co atoms at the surface of the as-synthetized NPs.
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Figure S3. a) Co K-edge XANES spectra 9 nm CoPt; NP before and after purification, compared
with metallic Co foil, CoO, Co;04 and CoPt; reference compounds. b) Experimental Fourier
transform of the EXAFS oscillations at the Co-K edge (dotted line) and the corresponding fits
(red line) for non-purified CoPt; sample (corresponding data and fittings for purified sample are
showed in Figure 2 and Table 1 respectively in the manuscript.

Coordination Non-purified CoPt; NP sample
shell Average Coordination .
Interatomic distance R (A)
number N
Co-0O 2.84 2.04,
Co - Co 1.24 3.07;
Co - Pt 3.3¢ 2.68;




Table S1. Structural parameters obtained from the EXAFS fits at the Co-K edge for non-purified
CoPt; NPs. Subscript number represent the error in the last digit.
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