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S-1. XRD characterization.

In Figure S1, the XRD measurements as a function of the base pressure for films 1.1, 

1.3, 2.1, 3.3, 7.3, 13 and 53 (·10-7 mbar) are shown. The XRD spectra show broad peaks 

corresponding with EuO nanocrystals with crystalline planes (111) y (220). The peak 

centered at 33° that appears in some spectra corresponds to the Silicon substrate. 

Looking more closely at the deconvolutions obtained for the spectra in the range from 

27° to 33°, it can be seen that the EuO peak corresponding to the plane (111) is present 

in all the spectra. However, for films 7.3, 13 and 53, a peak associated with the Eu2O3 

(401) crystalline plane is resolved. In addition, for films 7.3 and 13 there is a small 

contribution from the Eu2O3 (003) crystalline plane. All these contributions from the 

Eu2O3 belong to the monoclinic phase. In addition, it is noted that the (111) EuO 

contribution increases to a maximum value for the film of 1.3. This result was 

corroborated by the XPS analyses where it is observed that for films grown at lower 

pressure, the europium content in the 2+ oxidation state increases. Analyzing the spectra 

for the peak corresponding to the plane (220) of the EuO it is find the more significant 
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differences. One of the most striking results is that the (220) EuO crystalline plane is 

not observed for the films 13 and 53, but yes for the films 1.1, 2.1, 3.3 and 7.3. In other 

words, it is not found any contributions of EuO nanocrystals at (220) when a high base 

pressure (> 7.3 x 10-7 mbar) in the growth chamber is used. These results also 

correspond to those found by the deconvolutions and by the XPS where it is observed 

that the Eu3+ relative percentage fraction is bigger for films deposited at higher 

pressures. Conventionally, the growth of EuO nanocrystals is accomplished by raising 

the substrate temperature up to 350 °C for both MBE and PLD.1,2 On the other hand, in 

this work we achieved the growth of EuO nanocrystals at room temperature.

Figure S1: XRD spectra for films 1.1, 1.3, 2.1, 3.3, 7.3, 13 and 53. Dotted lines identify the crystalline 
planes of the EuO and Eu2O3 present in thin films. In orange the Eu3+ relative percentage fraction 
obtained by means of XPS analysis are represented. On the right-hand side of the screen the 
deconvolutions obtained for the region 27°-33° and 48°-53° are shown. The peak at 33° corresponds to 
the orientation (211) of the Silicon substrate.
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To obtain quantitative data of the EuO nanocrystals the (220) peak has been adjusted by 

means of a Gaussian function. For the calculations, the instrumental widening 

contribution was discounted taking in consideration the broadening obtained for the 

(211) monocrystalline Silicon peak. The peak centered in 50.5° is a combination of the 

(220) EuO and (020) Eu2O3 crystalline planes as it is showed in the XRD analysis. 

Therefore, this shift is related to a tensile stress. The presence of compressing and 

tensile stresses upon the deposition of films with different composition has been 

discussed in several works (see review an others),3,4  and has recently attracted great 

interest for other magnetic oxides like magnetite (Fe3O4).5 Moreover, the effect of stress 

is particularly relevant in the case of Europium oxides since we have shown that the 

influence of stress can induce the stabilization of thermodynamically unfavored phases 

of Eu2O3.6 In this work it is observed that the (220) XRD peak position in average shifts 

to higher diffraction angles when increasing the base pressure in the growth chamber. 

This displacement corresponds to an increasingly reduced out-of-plane lattice constant 

compared to the films grown at lower base pressures, and therefore it is related to a 

tensile strain. When films are under tensile strain the in-plane lattice constant stretches, 

while the out-of-plane lattice constant shrinks. The origin of the in plane tensile strain in 

our case is the oxygen incorporation during film growth as demonstrated by the XPS 

analysis. This tensile strain upon oxygen incorporation during growth has been reported 

for other oxides, and in particular for oxides grown by PLD.7 The observation of tensile 

strain due to oxygen incorporation during growth is contrast to the incorporation of 

oxygen by post deposition oxidation that usually leads to a compressive strain,6 or to 

strain relief with substantially more homogenous internal strain fields. 



S4

References

(1) Beukers, J. N.; Kleibeuker, J. E.; Koster, G.; Blank, D. H. a; Rijnders, G.; 
Hilgenkamp, H.; Brinkman, A. Epitaxial EuO Thin Films by Pulsed Laser 
Deposition Monitored by in Situ X-Ray Photoelectron Spectroscopy. Thin Solid 
Films 2010, 518 (18), 5173–5176. https://doi.org/10.1016/j.tsf.2010.04.071.

(2) Caspers, C.; Müller, M.; Gray, A. X.; Kaiser, A. M.; Gloskovskii, A.; Fadley, C. 
S.; Drube, W.; Schneider, C. M. Chemical Stability of the Magnetic Oxide EuO 
Directly on Silicon Observed by Hard X-Ray Photoemission Spectroscopy. Phys. 
Rev. B 2011, 84 (20), 205217. https://doi.org/10.1103/PhysRevB.84.205217.

(3) Murray, C. E.; Besser, P. R.; Witt, C.; Jordan-Sweet, J. L. Stress Gradients 
Induced in Cu Films by Capping Layers. Appl. Phys. Lett. 2008, 93 (22), 11–14. 
https://doi.org/10.1063/1.3035853.

(4) Oliver, J. B.; Kupinski, P.; Rigatti,  a. L.; Schmid,  a. W.; Lambropoulos, J. C.; 
Papernov, S.; Kozlov,  a.; Smith, C.; Hand, R. D. Stress Compensation in 
Hafnia/Silica Optical Coatings by Inclusion of Alumina Layers. Opt. Express 
2012, 20 (15), 16596. https://doi.org/10.1364/OE.20.016596.

(5) Yuan, K.; Lee, S. S.; Cha, W.; Ulvestad, A.; Kim, H.; Abdilla, B.; Sturchio, N. 
C.; Fenter, P. Oxidation Induced Strain and Defects in Magnetite Crystals. Nat. 
Commun. 2019, 10 (1), 703. https://doi.org/10.1038/s41467-019-08470-0.

(6) Quesada, A.; del Campo, A.; Fernández, J. F. Stabilization of Cubic Phase in 
Dense Eu2O3 Ceramics. Mater. Lett. 2015, 157, 77–80. 
https://doi.org/10.1016/j.matlet.2015.05.085.

(7) Kawashima, K.; Logvenov, G.; Christiani, G.; Habermeier, H. U. Interrelation of 
Epitaxial Strain and Oxygen Deficiency in La0.7Ca0.3MnO3-δ Thin Films. J. 
Magn. Magn. Mater. 2015, 378, 539–545. 
https://doi.org/10.1016/j.jmmm.2014.11.055.


